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Abstract

AIM: To investigate the association between serum alpha-fetoprotein (AFP) levels and fatty liver disease (FLD) in a Chinese population.

METHODS: A cross-sectional study was performed among subjects who presented for a health examination at the First Affiliated Hospital, College of Medicine, Zhejiang University in 2013. FLD was diagnosed based on an ultrasonography examination. Serum AFP levels were measured with a chemiluminescence immunoassay.

RESULTS: Of the 9800 subjects enrolled, 2601 were diagnosed with FLD. Subjects with FLD had higher serum AFP levels than those without the disease. Subjects with high serum AFP levels had a higher prevalence of FLD, metabolic syndrome, and its components. Univariate logistic analysis showed that elevated serum AFP levels were associated with an increased risk of FLD (OR = 1.057, 95%CI: 1.031-1.084). However, after adjusting for covariates, AFP no longer remained significantly associated with the risk factors for FLD. 

CONCLUSION: Our results suggest that serum AFP levels are significantly associated with FLD and that AFP acts as a cofactor, but not as an independent factor, for FLD.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Fatty liver disease (FLD) is a common liver disease that may progress to cirrhosis and hepatocellular carcinoma. In this study, we observed that serum alpha-fetoprotein (AFP) levels are significantly increased in subjects with FLD, and that AFP levels are significantly associated with metabolic parameters. Univariate logistic analysis showed that elevated serum AFP levels are associated with an increased risk of FLD. However, multivariate logistic regression analysis showed that AFP is not independently associated with the risk factors for FLD. Our results suggest a significant association between AFP and FLD, as well as suggesting that AFP acts as a cofactor, but not as an independent factor, for FLD.
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INTRODUCTION

Fatty liver disease (FLD) is a common condition that is characterized by significant lipid deposition within the liver parenchyma. FLD could be induced through both alcoholic and non-alcoholic pathways. Non-alcoholic fatty liver disease (NAFLD) is also called metabolic fatty liver disease, and is closely associated with obesity and metabolic syndrome[1]. Alcoholic fatty liver disease, on the other hand, is caused by excessive alcohol consumption[2]. In parallel with the epidemic of obesity, NAFLD has become an epidemic around the world. More than 30% of adults are affected by NAFLD in the United States[3], with a prevalence as high as 20% in developing countries such as China[4]. With increasing consumption of alcohol, alcoholic fatty liver disease has also become a growing public concern worldwide[5].

FLD includes a wide clinical and histological spectrum, including simple steatosis, steatohepatitis, fibrosis, and cirrhosis. Simple steatosis is generally considered to be a benign condition, while steatohepatitis may progress to cirrhosis in up to 20% of patients[6]. FLD may progress to hepatocellular carcinoma (HCC) as well[7,8]. Non-alcoholic steatohepatitis has recently been reported to be the second leading etiology of HCC requiring liver transplantation, and is recognized as the most rapidly growing indication for liver transplantation in patients with HCC in the United States[9].

Alpha-fetoprotein (AFP) is a well-established tumor marker for HCC. The potential association between AFP and FLD has been examined in recent studies. Babali et al[10] observed that patients with fatty liver had a significantly increased serum AFP level, with said level being positively correlated with the grade of hepatic steatosis. Kara et al[11] compared serum AFP levels in 130 male NAFLD patients with those in 57 healthy male controls, but did not observe any significant association between AFP and histopathological findings in NAFLD patients. Polyzos et al[12] did not observe any positive association between AFP and NAFLD. The inconsistency of these studies may arise from differences in study population, sample size, and diagnostic methods for FLD.

In this study, we performed a large-sample, cross-sectional survey to analyze the association between AFP and FLD in a Chinese population.

MATERIALS AND METHODS

Study population

This study was performed among adults who presented for their annual health examinations at the First Affiliated Hospital, College of Medicine, Zhejiang University in 2013. The analyses were limited to participants who had full records of anthropometric and biochemical data, as well as results of hepatic ultrasonography examination. Pregnant women and subjects with a self-reported history of chronic viral hepatitis, cirrhosis, or malignant disease were excluded from the analysis. A total of 9800 participants (5880 men and 3920 women) with a median (interquartile range) age of 46.0 (39.0-53.0) years were included in the final analysis. All participants were informed verbally about the purpose and design of the study. Written informed consent was not required due to the observational nature of the study. The personal information of each participant was anonymized both at collection and prior to analysis. The study was approved by the Ethics Committee of the First Affiliated Hospital, College of Medicine, Zhejiang University.

Clinical examinations

Clinical examinations were performed following standard procedures as previously described[13,14]. All participates were instructed to complete an overnight fast. Body weight (kg) and standing height (cm) were recorded in light, indoor clothing without shoes. Waist circumference was measured using a non-stretchable standard tape at the minimum circumference between the iliac crest and the rib cage. Blood pressure was recorded using an automated sphygmomanometer with the subject in a sitting position.

Approximately 10-ml whole blood samples were collected from each subject, with serum samples being separated for further analysis without freezing. Serum biochemical values were measured using a Hitachi 7600 AutoAnalyzer (Hitachi, Tokyo, Japan) using standard methods. Serum AFP levels were determined with a chemiluminescence immunoassay using an Abbott-Architect Immunoanalyzer (Abbott Laboratories, Abbott Park, IL).

Diagnosis of FLD and metabolic syndrome

FLD was diagnosed based on ultrasonography criteria suggested by the Chinese Liver Disease Association[15]. The criteria are described as follows: FLD is considered to be present if the ultrasound examination shows a diffuse enhancement of near-field echo in the hepatic region and gradual attenuation of the far-field echo combined with any of the following: (1) unclear display of intrahepatic lacuna structure; (2) mild-to-moderate hepatomegaly with a round and blunt border; or (3) color Doppler ultrasonography showing a reduction in the blood flow signal in the liver or a blood flow signal that is difficult to display even when the distribution of the blood flow is normal.

Metabolic syndrome was defined according to the revised ATP Ⅲ criteria of metabolic syndrome in an Asian Study[16]. Metabolic syndrome was considered to be present if subjects fulfilled any three of the following five factors: (1) central obesity: waist circumference ≥ 90 cm for males and ≥ 80 cm for females, and/or BMI ≥ 25 kg/m2 for both genders; (2) hypertriglyceridemia: triglycerides ≥ 1.7 mmol/L; (3) reduced high-density lipoprotein cholesterol (HDL-C): HDL-C < 1.03 mmol/L for males and < 1.29 mmol/L for females; (4) elevated blood pressure: systolic blood pressure ≥ 130 mmHg or diastolic blood pressure ≥ 85 mmHg; and (5) elevated fasting blood glucose: fasting blood glucose ≥ 5.6 mmol/L or previously diagnosed type 2 diabetes.

Statistical analysis

Data were expressed as the mean and standard deviation or the median and interquartile range as appropriate. Student’s t-test, Mann-Whitney U test, and (2 test were used for comparisons between the groups. Spearman’s analysis was used to determine the correlations between serum AFP levels and other metabolic parameters. Univariate and multivariate logistic regression analyses were applied to assess the factors associated with the presence of fatty liver. All of the analyses were performed using SPSS 13.0 software for Windows (SPSS Inc., Chicago, IL). P < 0.05 (2-tailed) was considered to be statistically significant.
RESULTS

Clinical characteristics of the subjects

Of the 9800 subjects enrolled in this study, 2601 (26.5%) and 3110 (31.7%) fulfilled the diagnostic criteria of FLD and metabolic syndrome, respectively. The prevalence of metabolic syndrome parameters including central obesity, elevated blood pressure, hypertriglyceridemia, reduced HDL-C, and elevated fasting blood glucose was 45.1%, 44.3%, 31.4%, 52.7%, and 11.3%, respectively.

Clinical characteristics were compared between subjects with and without FLD. As shown in Table 1, subjects with FLD are older and predominantly male. Significantly more unfavorable anthropometric and biochemical variables are observed among subjects with FLD compared with those without FLD. A notable finding is that serum AFP levels are significantly increased in subjects with FLD compared with those without FLD (Table 1), suggesting a potential association between AFP and FLD.

Correlations between AFP and metabolic syndrome

To better understand the association between AFP and FLD, we analyzed the association between AFP and the features of metabolic syndrome, which are closely associated with FLD. Spearman’s analysis showed that serum AFP levels are significantly and positively correlated with body mass index, waist circumference, systolic and diastolic blood pressure, triglyceride level, and fasting blood glucose, whereas they are negatively correlated with high density lipoprotein cholesterol (Table 2). These results suggest that subjects with higher serum AFP levels are associated with more unfavorable metabolic parameters.

We also analyzed the association between serum AFP levels and the prevalence of metabolic syndrome and its components. We divided all of the subjects into two groups according to the median level of serum AFP (3.0 (g/L), and observed a significantly higher prevalence of FLD, metabolic syndrome, and its components including central obesity, elevated blood pressure, hypertriglyceridemia, and elevated fasting blood glucose in subjects with serum AFP ≥ 3.0 (g/L compared with those with serum AFP < 3.0 (g/L (Figure 1). These results suggest a significant association between AFP and metabolic syndrome, while also indirectly supporting an association between serum AFP levels and FLD.

Risk factors for the presence of FLD

We further applied both univariate and multivariate logistic regression analyses to assess the risk factors for FLD. In the univariate model, elevated serum AFP levels were observed to be associated with an increased risk of FLD (OR = 1.057, 95%CI: 1.031-1.084; Table 3). However, after adjusting for the 17 variables listed in Table 4 using a multivariate stepwise logistic analysis (Backward: Wald; Entry: 0.05, Removal: 0.10), AFP no longer remained significantly associated with the risk factors for FLD. This result indicates that the relation between AFP and FLD is somehow influenced by other variables.
DISCUSSION

In this study, we aimed to investigate the association between serum AFP and FLD in a Chinese population. Of the 9800 subjects enrolled, the prevalence of FLD was 26.5%. Subjects with FLD exhibited higher serum AFP levels than those without FLD. A significant association between serum AFP levels and metabolic syndrome indirectly supports the link between AFP and FLD. Univariate logistic analysis showed that elevated serum AFP levels are associated with an increased risk of FLD. However, multivariate logistic regression analysis showed that AFP is not independently associated with the risk factors for FLD. These results suggest a significant association between AFP and FLD, as well as suggesting that AFP may act as a cofactor, but not as an independent factor, for FLD.

FLD is a common liver disease that affects approximately 27% of the urban adult population in China[17] and an even higher proportion of adults in developed countries[18]. FLD may progress to end-stage liver diseases such as cirrhosis and HCC. A recent study reported that FLD, both alcoholic and non-alcoholic, accounted for 9.2% of all HCC cases diagnosed in Japan between 2006 and 2009[19]. Another recent study also reported that non-alcoholic steatohepatitis was ranked as the second most common etiology of HCC requiring liver transplantation in the United States[9], and non-alcoholic steatohepatitis is the most rapidly growing indication for liver transplantation in patients with HCC in the United States[9]. Postoperative morbidity and 30-d mortality rates were significantly higher in the FLD-related HCC patients than viral hepatitis-associated HCC patients[20]. Based on these findings, screening for HCC in FLD patients would be beneficial, and this may be particularly applicable for steatohepatitis patients.

AFP is a major serum protein produced by the liver of a fetus. Serum AFP levels peak around the 12th week of gestation and then decline to negligible levels during the first year of life. AFP is observed to be elevated in several non-neoplastic hepatic disorders[21]. A statistically significant increase in serum AFP levels was also observed in patients with fatty liver compared with healthy controls (4.09 ± 1.68 ng/mL vs 2.95 ± 0.41 ng/mL, P = 0.008) by Babali et al[10], and their correlation analysis showed that serum AFP levels positively correlate with the grade of hepatic steatosis[10]. However, there have been other studies which not observe any difference in serum AFP levels between subjects with or without fatty liver[11,12]. The inconsistency among these studies may be explained by the differences in the study population, sample size, and diagnostic methods for FLD.

By analyzing 9800 subjects who presented for their health examination at a large medical center, we observed that subjects with ultrasonography diagnosed FLD have higher serum AFP levels than those without FLD. We also observed that serum AFP levels are significantly and positively correlated with metabolic syndrome and its components. Our univariate logistic regression analyses showed that AFP is significantly associated with the risk factors for FLD. However, AFP no longer remains significantly associated with the risk factors for FLD in the multivariate model. Our results suggest a significant association between serum AFP levels and FLD.

It is interesting to consider why serum AFP levels are elevated in subjects with FLD. Hepatocyte necrosis and subsequent hepatic regeneration is hypothesized to be responsible for the increases in serum AFP levels[21]. Hepatocyte proliferation during liver regeneration is also observed to be associated with dedifferentiation of mature hepatocytes and temporarily increased expression of AFP in the liver[22]. Serum AFP levels may also increase as a result of altered hepatocyte-hepatocyte interaction and the loss of normal architectural arrangements[23]. Although the precise mechanisms remain unclear, our results still have significant clinical implications. Based on the fact that FLD may progress to HCC and that serum AFP levels are elevated in subjects with FLD, monitoring serum AFP levels to screen for HCC in FLD patients has significant clinical importance. Indeed, a study reported that AFP combined with prothrombin induced by a lack of vitamin K or a vitamin K antagonist-Ⅱ (PIVKA-Ⅱ) may be considerably valuable for surveillance of HCC in FLD[24].

Several limitations are acknowledged in this study. First, FLD was diagnosed based on hepatic ultrasonography, which is not sensitive for mild hepatic steatosis; neither is it sensitive for diagnosing steatohepatitis or fibrosis. Therefore, the association of serum AFP levels with histopathological findings in FLD could not be analyzed in this study. Liver biopsy is the gold standard for the diagnosis of FLD, but such a procedure is invasive and may cause complications[25]. Ultrasonography is widely used in large sample studies of FLD because it is widely available, safe, and has acceptable diagnostic value for detecting hepatic steatosis[26]. Second, FLD can be caused through both alcoholic and non-alcoholic etiologies. In this study, we did not record alcohol consumption information in all subjects. Whether AFP is differentially associated with alcoholic and non-alcoholic fatty liver disease remains to be determined. Third, serum insulin levels have not been analyzed in this study. It remains unclear whether serum AFP levels are associated with insulin resistance. Nevertheless, our correlation analysis showed that serum insulin levels were significantly associated with metabolic variables, and subjects with higher serum AFP levels had a higher prevalence of metabolic syndrome and its components. Our results indirectly suggested a potential positive association between serum AFP levels and insulin resistance. Moreover, the degree of apoptosis in hepatocytes is known to be elevated in steatotic livers[27,28]. Thus, it would be valuable to correlate AFP levels with markers of hepatocyte cell death, such as cytokeratin 18 fragments. Further studies are needed to clarify these issues.

In conclusion, our large cross-sectional study shows that serum AFP levels are significantly association with FLD and may act as a cofactor, but not as an independent factor, for FLD. Our results indirectly suggest that it may be worthwhile to monitor serum AFP levels to screen for HCC in FLD patients. 
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Figure 1  Prevalence of fatty liver disease, metabolic syndrome, and its components in subjects with different serum alpha-fetoprotein levels. Subjects were classified into two groups according to the median level of serum alpha-fetoprotein (AFP) (3.0 (g/L). Significantly higher prevalence of fatty liver disease, metabolic syndrome, and its components including central obesity, elevated blood pressure (BP), hypertriglyceridemia (hyperTG), and elevated fasting blood glucose (FBG) were observed in subjects with serum AFP ≥ 3.0 (g/L compared with those with serum AFP < 3.0 (g/L. FLD: Fatty liver disease; HDLC: High-density lipoprotein cholesterol; FBG: Fasting blood glucose.
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Table 4  Multivariable analysis for factors associated with fatty liver disease


Variables


�
OR


�
95%CI


�
P value


�
�
Age (yr)


�
1.011


�
1.004-1.018


�
   0.003


�
�
Male gender


�
1.408


�
1.160-1.709


�
   0.001


�
�
Body mass index (kg/m2)


�
1.268


�
1.218-1.321


�
< 0.001


�
�
Waist circumference (cm)


�
1.064


�
1.049-1.080


�
< 0.001


�
�
Diastolic blood pressure (mmHg)


�
1.020


�
1.014-1.027


�
< 0.001


�
�
Alanine aminotransferase (U/L)


�
1.043


�
1.036-1.051


�
< 0.001


�
�
Aspartate aminotransferase (U/L)


�
0.953


�
0.940-0.966


�
< 0.001


�
�
Triglyceride (mmol/L)


�
1.293


�
1.226-1.362


�
< 0.001


�
�
HDL cholesterol (mmol/L)


�
0.411


�
0.307-0.550


�
< 0.001


�
�
LDL cholesterol (mmol/L)


�
1.318


�
1.189-1.461


�
< 0.001


�
�
Fasting blood glucose (mmol/L)


�
1.338


�
1.251-1.430


�
< 0.001


�
�
Serum uric acid (mol/L)


�
1.004


�
1.003-1.005


�
< 0.001


�
�
HDL: High-density lipoprotein; LDL: Low-density lipoprotein.





Table 2  Correlations between alpha-fetoprotein and features of metabolic syndrome


�
BMI


�
WC


�
SBP


�
DBP


�
TG


�
HDL-C


�
FBG


�
�
r value


�
   0.101


�
  0.17


�
 0.11


�
   0.135


�
 0.17


�
  -0.043


�
   0.086


�
�
P value


�
< 0.001


�
< 0.001


�
< 0.001


�
< 0.001


�
< 0.001


�
< 0.001


�
< 0.001


�
�
BMI: Body mass index; DBP: Diastolic blood pressure; FBG: Fasting blood glucose; HDL-C: High density lipoprotein cholesterol; SBP: Systolic blood pressure; TG: Triglyceride; WC: Waist circumference.








Table 3  Univariable analysis for factors associated with fatty liver disease


Variables


�
OR


�
95%CI


�
P value


�
�
Age (yr)


�
1.017


�
1.013-1.021


�
< 0.001


�
�
Male gender


�
4.185


�
3.748-4.672


�
< 0.001


�
�
Body mass index (kg/m2)


�
1.667


�
1.629-1.706


�
< 0.001


�
�
Waist circumference (cm)


�
1.187


�
1.177-1.197


�
< 0.001


�
�
Systolic blood pressure (mmHg)


�
1.038


�
1.035-1.041


�
< 0.001


�
�
Diastolic blood pressure (mmHg)


�
1.068


�
1.063-1.073


�
< 0.001


�
�
Alanine aminotransferase (U/L)


�
1.050


�
1.047-1.053


�
< 0.001


�
�
Aspartate aminotransferase (U/L)


�
1.039


�
1.033-1.045


�
< 0.001


�
�
Gamma-glutamyltransferase (U/L)


�
1.013


�
1.012-1.015


�
< 0.001


�
�
Direct bilirubin (mol/L)


�
1.006


�
0.982-1.031


�
   0.631


�
�
Indirect bilirubin (mol/L)


�
1.020


�
1.010-1.030


�
< 0.001


�
�
Triglyceride (mmol/L)


�
1.992


�
1.898-2.091


�
< 0.001


�
�
Total cholesterol (mmol/L)


�
1.462


�
1.392-1.534


�
< 0.001


�
�
HDL cholesterol (mmol/L)


�
0.079


�
0.065-0.097


�
< 0.001


�
�
LDL cholesterol (mmol/L)


�
1.248


�
1.163-1.340


�
< 0.001


�
�
Fasting blood glucose (mmol/L)


�
1.828


�
1.724-1.938


�
< 0.001


�
�
Serum uric acid (mol/L)


�
1.010


�
1.009-1.010


�
< 0.001


�
�
Alpha-fetoprotein (g/L)


�
1.057


�
1.031-1.084


�
< 0.001


�
�
HDL: High-density lipoprotein; LDL: Low-density lipoprotein.





Table 1  Comparison of clinical characteristics between the subjects with and without fatty liver disease


�
Without FLD1


�
With FLD2


�
t value


�
P value


�
�
Age (yr)


�
  45.0 (39.0–53.0)


�
  48.0 (41.0–55.0)


�
   8.248


�
< 0.001


�
�
Gender (male/female, n)


�
3748/3451


�
2132/469


�
712.0053


�
 < 0.0013


�
�
Body mass index (kg/m2)


�
22.92 (2.71)


�
26.72 (2.72)


�
 61.262


�
< 0.001


�
�
Waist circumference (cm)


�
80.4 (8.9)


�
92.7 (7.7)


�
 58.903


�
< 0.001


�
�
Systolic blood pressure (mmHg)


�
123.8 (17.0)


�
134.9 (16.1)


�
 29.053


�
< 0.001


�
�
Diastolic blood pressure (mmHg)


�
  75.4 (10.9)


�
  83.3 (10.5)


�
 31.739


�
< 0.001


�
�
Alanine aminotransferase (U/L)


�
  17.0 (13.0–24.0)


�
  29.0 (21.0–43.0)


�
  42.1944


�
 < 0.0014


�
�
Aspartate aminotransferase (U/L)


�
  20.0 (17.0–24.0)


�
  23.0 (19.0–29.0)


�
  25.3394


�
 < 0.0014


�
�
Gamma-glutamyltransferase (U/L)


�
  19.0 (13.0–31.0)


�
  39.0 (25.0–64.0)


�
  39.8464


�
 < 0.0014


�
�
Direct bilirubin (mol/L)


�
3.0 (2.0–4.0)


�
3.0 (2.0-4.0)


�
   2.113


�
   0.053


�
�
Indirect bilirubin (mol/L)


�
  9.0 (6.0–11.0)


�
  9.0 (7.0–12.0)


�
    4.7064


�
 < 0.0014


�
�
Triglyceride (mmol/L)


�
  1.10 (0.80–1.58)


�
  1.92 (1.40–2.68)


�
  41.7974


�
< 0.001


�
�
Total cholesterol (mmol/L)


�
  4.75 (0.90)


�
  5.08 (0.96)


�
 15.839


�
< 0.001


�
�
HDL cholesterol (mmol/L)


�
  1.19 (0.29)


�
  1.02 (0.23)


�
 26.529


�
< 0.001


�
�
LDL cholesterol (mmol/L)


�
  2.54 (0.62)


�
  2.63 (0.66)


�
 6.19


�
< 0.001


�
�
Fasting blood glucose (mmol/L)


�
  4.72 (4.44–5.02)


�
  5.04 (4.67–5.56)


�
  26.2504


�
 < 0.0014


�
�
Serum uric acid (mol/L)


�
317.7 (85.3)


�
390.8 (83.3)


�
 37.671


�
< 0.001


�
�
Alpha-fetoprotein (g/L)


�
  2.90 (2.20–3.90)


�
  3.10 (2.40–4.10)


�
    7.6534


�
 < 0.0014


�
�
1n = 7199; 2n = 2601; 32 value; 4Z value. The data are expressed as the mean ± SD or median (interquartile range) depending on the data distribution. FLD: Fatty liver disease; HDL: High-density lipoprotein; LDL: Low-density lipoprotein.








