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Abstract
Background

The progression of hepatic �brosis in patients with non-alcoholic fatty liver disease (NAFLD) constitutes
a major concern in public health as it is associated with many liver-related complications and mortalities
such as cirrhosis, varices, or the development of liver cancer. The purpose of this study was to identify
predictive factors that deteriorated the degree of hepatic �brosis, using the FIB-4 score, in elderly NAFLD
patients.

Methods

We collected data from a health examination database. Background information, including demographic
characteristics, biochemical blood tests, blood pressures, body mass index (BMI), and abdominal
sonography, was collected. We compared the FIB-4 scores from patients’ �rst and last visits at their
health check-up, and multiple logistic regression models with 95% con�dence intervals (CI) were used for
adjusting covariates to test the risk factors for deterioration of the FIB-4 scores.

Results:

A total of 742 patients with NAFLD were included in this study, and 534 (72%) were female. The average
age and BMI were 71.8 ± 5.6 years and 26.1 ± 3.0 kg/m2, respectively. We divided the population based
on mild, moderate, and severe hepatic �brosis groups according to their FIB-4 scores. Patients with severe
FIB-4 scores had a baseline total cholesterol and low-density lipoprotein (LDL) lower than the mild and
moderate group (p<0.05), and fasting glucose was higher in the mild versus moderate group (p<0.05).
After adjusting for covariates, dyslipidemia, including higher serum levels of LDL (odds ratio [OR]:1.02, CI:
1.00-1.03) and log-triglyceride (OR: 1.68, CI: 1.15-2.45), lower levels of log-high-density lipoprotein
(OR:1.68, CI: 1.16-2.42), and longer follow-up years (OR:1.17, CI: 1.08-1.27) were factors that deteriorated
the FIB-4 scores.

Conclusions

Our study concluded that FIB-4 scores increased over time, and dyslipidemia was a major deteriorating
factor for hepatic �brosis. Therefore, elderly patients with NAFLD should be regularly followed-up and
assessed for dyslipidemia to prevent further deterioration of hepatic �brosis.

Background
Non-alcoholic fatty liver disease (NAFLD) is characterized by excess accumulation of triglyceride in the
hepatocyte and has become the most common cause of liver disease around the world in parallel with
the obesity epidemic (1). NAFLD can subsequently progress to cirrhosis, liver failure, and the development
of liver cancer (2–4) which places a heavier clinical burden on the healthcare system (5). Compared with
the general population, the mortality rate among community-diagnosed NAFLD patients is signi�cantly



Page 3/13

higher, and liver-related death is a leading cause of mortality (2). Therefore, identifying and modifying the
risk factors that accelerate the progression of NAFLD is crucial in reducing many liver-related
complications and mortalities.

There have been previous studies (6, 7) regarding the association between certain risk factors for NAFLD,
such as female sex, hypertension, and serum glycated hemoglobin (HbA1c). Elderly patients have a
higher risk of liver-related disease and death (2). Based on published literature derived from this
systematic review (8), results show that 33.6% of NAFLD patients may develop �brosis progression and
clinical risk factors included the presence of hypertension, a low aspartate aminotransferase(AST):
alanine transaminase(ALT) ratio, and higher steatosis grade. Other studies proposed that the �brosis
stage is an independent risk factor (9), and older age and impaired fasting glucose are associated with
liver-related morbidities and mortalities (2).

Despite these clinical �ndings, studies using a de�nition of NAFLD liver biopsy have included small
numbers of patients. The �brosis-4 (FIB-4) score is an accepted scoring system which is a simple,
inexpensive, and non-invasive method of measuring the extent of hepatic �brosis in patients with NAFLD
[4]. We can screen for patients at risk of advanced hepatic �brosis and follow-up their long-term
prognosis. Further research is needed to assess clinical risk factors associated with the development of
progressive �brosis and strengthen our understanding of disease prevention. The purpose of this study
was to identify predictive factors that deteriorated the degree of hepatic �brosis, using the FIB-4 score, in
elderly NAFLD patients.

Materials And Methods

Study population and methods
Background information, including demographic characteristics, medical history, personal habit history,
blood pressures, body mass index, biochemical blood tests, and abdominal sonography, was collected
from an elderly health examination database. Biochemical blood tests included fasting glucose, total
protein, albumin, AST, ALT, total cholesterol, low-density lipoprotein (LDL), high-density lipoprotein (HDL),
triglyceride (TG), blood urea nitrogen (BUN), uric acid, hemoglobin, platelet count, and creatinine. Each
participant underwent an abdominal ultrasound by a well-trained gastrologist to assess the degree of
fatty liver disease. Participants who were diagnosed with fatty liver disease by abdominal sonography at
baseline and underwent multiple health check-ups were investigated. Individuals younger than 65 years-
old, who had a history of hepatitis C virus infection (or positive anti-HCV), hepatitis B virus infection (or
positive HbsAg), or regularly consumed alcohol were excluded from this analysis, leaving a database of
742 elderly participants (208 men and 534 women). The FIB-4 index was calculated as AST × age /
(platelet count × √ALT).

The research was approved by Mackay Memorial Hospital’s Institutional Review Board (approval number
18MMHIS137).



Page 4/13

Statistical analysis
The participants were classi�ed into two groups based on changes of their FIB-4 scores from their �rst
and last regular health exams: the improved or maintained and deteriorated group. SPSS software
version 26.0 (IBM Corp.) was used for all statistical analyses. Continuous variables are expressed as
means and standard deviations while categorical variables are expressed in the form of frequencies and
percentages. Chi-square and Student’s t-tests were used to compare characteristics between groups.

Multiple logistic regression models with 95% con�dence intervals (CI) were used for adjusting covariates
to test the risk factors for deterioration of the FIB-4 scores. The odds ratios (ORs) and 95% con�dence
intervals (CIs) were presented, and any P-value < 0.05 was considered statistically signi�cant. Log
transformation was used for TG and HDL because their data did not follow a normal distribution.

Results
A total number of 742 patients were enrolled in the analysis, with a mean age and BMI of 71.8 ± 5.6 years
and 26.1 ± 3.0 kg/m2, respectively. Patients of whom 72.0% were female, 55.3% had hypertension, 16.6%
had diabetes mellitus (DM), 25.5% had hyperlipidemia, and 60.2% had metabolic syndrome, as shown in
table 1. The patient population was divided into 3 groups: mild (20.3%), moderate (71.6%), and severe
(8.1%), based on their FIB-4 scores. We used a lower cutoff point of 1.3 and a higher cutoff point of 2.67
(4). Our analysis revealed that patients with severe FIB-4 scores had a baseline total cholesterol and LDL
signi�cantly lower than the mild and moderate group (p<0.05), and fasting glucose was higher in the mild
versus moderate group (p<0.05), as shown in table 1.

After 4.08 years of follow-up, the patients were divided into two groups based on whether or not there was
a deterioration of their FIB-4 scores between their �rst and last visits at their health check-ups. Factors
including higher levels of LDL (p<0.05), lower levels of HDL (p<0.05), and longer follow-up years (p <
0.001) showed signi�cant difference between the two groups, as shown in table 2.

In multiple logistic regression models, dyslipidemia, including higher serum levels of LDL (OR = 1.02, CI:
1.00-1.03, p < 0.05) and TG (OR = 1.68, CI: 1.15-2.45, p < 0.05), and lower serum levels of log (HDL) (OR =
0.43, CI: 0.22-0.84, p < 0.014) and total cholesterol (OR = 0.99, CI: 0.98-1.00, p < 0.05) were associated
factors that deteriorated the FIB-4 scores.

In addition, low HDL (OR = 1.68, CI: 1.16-2.42, p < 0.01) and high TG (OR = 1.41, CI: 1.02-1.93, p < 0.05),
along with longer follow-up years (OR = 1.17, CI: 1.08-1.27, p < 0.001) were also factors that deteriorated
the FIB-4 scores, as shown in table 3.

Discussions
The principal �ndings of this study are that FIB-4 scores increased over time, and dyslipidemia was a
major deteriorating factor for hepatic �brosis, as shown in Table 3. Therefore, regardless of whether an
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individual has hepatic steatosis or non-alcoholic steatohepatitis (NASH), all NAFLD patients should be
followed-up and assessed for dyslipidemia to prevent further deterioration of hepatic �brosis.

The impact of chronic liver disease on hepatic lipid metabolism has been mentioned in several studies
(10, 11). One important �nding in this study is that patients with severe NAFLD, as indicated by a FIB-4
score greater than 2.67, were found to have lower lipid levels, speci�cally total cholesterol and LDL, than
patients with moderate and mild FIB-4 scores. The improvement in dyslipidemia in patients with lower
FIB-4 scores can possibly be explained by hepatic synthetic failure in patients with cirrhosis (12, 13),
under the assumption that patients with more severe FIB-4 scores were mostly cirrhotic. However, it is
important to note that NAFLD is comprised of a spectrum of conditions ranging from steatosis to NASH,
and that the decline in serum total cholesterol, TG, or LDL may indicate that the patient is already pre-
cirrhotic or cirrhotic. Furthermore, the amount of decrement in serum total cholesterol, LDL, and HDL have
a positive correlation with the severity of liver damage. It is well known that in advanced cirrhosis, the
levels of total cholesterol are decreased. In this study, we found that levels of total and LDL cholesterol
were both decreased. From a clinically practical standpoint, this could possibly mask the severity of
patients’ cardiovascular risk due to the improvement in blood lipid tests.

Another interesting �nding is that fasting glucose was higher in the mild versus moderate NAFLD group
(p < 0.05), as shown in Table 1. Although the relationship between the metabolism of glucose and chronic
liver disease is not fully understood, there have been several proposed mechanisms for glucose
homeostasis in NAFLD (11). A possible explanation for a lower fasting glucose in moderate versus mild
NAFLD group is that the liver’s ability to mobilize and distribute glucose to peripheral tissues is
diminished, this is especially seen in patients with cirrhosis where their liver is severely dysfunctional
(14).

Dyslipidemia, characterized by lower levels of HDL, and higher levels of LDL and TG, along with
metabolic syndrome, insulin resistance, have long been known to be associated with NAFLD (2, 15, 16).
However, the exact pathogenesis and progression of non-alcoholic fatty liver still remains to be
uncovered. In our study, we found that dyslipidemia was a signi�cant factor that increased the FIB-4
score in patients from their �rst and last visits. Dyslipidemia is most likely an end result of in�ammation
and oxidative stress on the liver, which is an oversimpli�ed explanation of the several proposed complex
mechanisms and pathways that cause an accumulation of triglycerides in the liver (17). An important
metabolic change that plays a part in the pathogenesis of NAFLD is hyperinsulinemia, which increases
fatty acid uptake (18), transcriptionally upregulates de novo lipogenesis in the liver (19), and heightens
production rates of very-low-density lipoprotein (VLDL) particles (20). These VLDL particles, a major
source of circulating TG, may be one of the causes of high TG commonly seen in NAFLD (21).
Consequently, the failure of insulin to suppress VLDL secretion leads to dyslipidemia, and overproduction
of TG worsens the present steatosis. In essence, dyslipidemia is both a cause and result of NAFLD.
Moreover, the increase in VLDL secretion does not compensate for the overproduction of the TG because
the free fatty acids incorporated into VLDL particles are from intracellular storage rather than de novo
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synthesis (20, 22). These metabolic changes listed above are also discussed on a molecular level (23),
but are beyond the scope of our study.

In summary, these mechanisms can all be attributed to insulin resistance (15), which causes a
diminished response to insulin in patients with NAFLD. Therefore, it is evident that conditions a�liated
with insulin resistance such as obesity and metabolic syndrome are also strongly associated with fatty
liver and should be treated along with NAFLD. Given the �nding that FIB-4 scores increased over time, we
recommend all patients with NAFLD, whether it’s simple steatosis or NASH, be regularly followed-up.
Although the natural history of NAFLD generally starts from steatosis to NASH, cirrhosis, and even
hepatocellular carcinoma (HCC), there have been reports of the development of HCC without apparent
cirrhosis (24). More importantly, NAFLD is associated with many hepatic and extrahepatic complications
and morbidities (25, 26), and this calls for more adequate surveillance of fatty liver patients to prevent
further deterioration of their FIB-4 scores.

Strengths And Limitations
There are several limitations to our study. First, since the progression of �brosis in patients with NAFLD is
affected by many factors such as genetics, the external environment, and intrinsic microbial factors (8,
17), how these factors play a part in the deterioration of hepatic �brosis in our selected population is
unknown. Second, the deterioration rate of the FIB-4 score, which correlates with clinical NAFLD
progression, was not conducted in our study, but is crucial in differentiating which groups of patients are
at risk of rapid progression that may need appropriate treatment. Third, this study is limited by the
overrepresentation of females (72%) in the health examination database, which may be seen as a
selection bias to our study. However, this may be explained by a previous study that indicated an
association between NAFLD and female sex (7). Nevertheless, there is con�icting data about the
association of sex and prevalence of NAFLD (27), since the true prevalence of NAFLD is di�cult to
predict. Fourth, each participant underwent an abdominal ultrasound by a well-trained gastrologist, but
not all were able to be conducted by the same gastrologist, which may have different assessments on the
degree of fatty liver disease, increasing the possibility of misclassi�cation bias. However, only slight
variations may exist from this limitation. Overall, despite these limitations, our study population size was
adequate, with 742 participants, and utilized a commonly accepted and non-invasive scoring system (FIB-
4) to measure the deterioration of hepatic �brosis, which provides us with generalizability of the results.

Conclusions
Our study concluded that FIB-4 scores increased over time, and dyslipidemia was a major deteriorating
factor for hepatic �brosis. Patients with more severe hepatic �brosis, indicated by high FIB-4 scores,
might manifest an improvement in their lipid pro�le — a sign of cirrhotic stage NAFLD — due to hepatic
synthetic failure, and should be given proper care and education on prevention of disease progression.
Despite patients’ severity of NAFD, they should be regularly followed-up to prevent further deterioration of
hepatic �brosis.
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Table 1 Characteristics of Study Population and Severity Groups of Hepatic Fibrosis According to FIB-
4 Scores

  Total
subjects

Severity of hepatic �brosis  

    Mild Moderate Severe  

Variables n=742 n=151
(20.3)

n=531
(71.6)

n=60 (8.1) p

Age (yrs) 71.8 ± 5.6 68.9 ± 4.3 72.2 ± 5.0 75.2 ± 6.0 <0.001

Gender, male (n, %) 208 (28.0) 27 (17.9) 152 (28.6) 29 (48.3) <0.001

Hypertension (n, %) 410 (55.3) 75 (49.7) 298 (56.1) 37 (61.7) 0.216

Diabetes Mellitus (n, %) 123 (16.6) 32 (21.2) 86 (16.2) 5 (8.3) 0.070

Hyperlipidemia (n, %) 189 (25.5) 35 (23.2) 142 (26.7) 12 (20.0) 0.403

Metabolic syndrome (n, %) 447 (60.2) 94 (62.3) 321 (60.5) 32 (53.3) 0.482

Obese a (n, %) 245 (33) 52 (34.4) 171 (32.2) 22 (36.7) 0.720

Body mass index (kg/m2) 26.1 ± 3.0 25.9 ± 3.1 26.1 ± 3.0 26.3 ± 3.3 0.637

Total cholesterol (mg/dL) 194.9 ± 34.1 200.5 ±
37.1

194.8 ±
33.1

181.6 ±
31.7

0.001

LDL (mg/dL) 116.4 ± 31.0 122.2 ±
32.7

116.1 ±
30.5

104.8 ±
28.0

0.001

Triglyceride (mg/dL) 132.5 ± 66.2 136.1 ±
64.8

132.3 ±
67.0

125.3 ±
63.4

0.558

HDL (mg/dL) 55.0 ± 13.9 54.6 ± 13.6 55.2 ± 13.9 54.2 ± 15.0 0.807

ALT (IU/L) 23.8 ± 13.0 22.6 ± 10.0 23.2 ± 12.0 31.8 ± 22.7 <0.001

AST (IU/L) 24.5 ± 10.0 20.1 ± 4.2 24.2 ± 8.0 38.12 ±
20.5

<0.001

Platelet count (103/μL) 218.5 ± 50.7 227.2 ±
56.7

216.4 ±
48.8

215.6 ±
50.0

0.064

Fasting plasma glucose
(mg/dL)

110.0 ± 21.6 114.8 ±
25.6

108.5 ±
20.5

111.4 ±
18.5

0.019

Total protein (g/dL) 7.3 ± 0.4 7.3 ± 0.3 7.3 ± 0.4 7.2 ± 0.5 0.400

Albumin (g/dL) 4.3 ± 0.2 4.3 ± 0.2 4.3 ± 0.2 4.3 ± 0.3 0.184

Note. LDL: low-density lipoprotein, HDL: high-density lipoprotein, AST: aspartate aminotransferase, ALT:
alanine aminotransferase; a Obese: body mass index >27 (kg/m2).
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Table 2 Factors Associated with Deterioration of FIB4_Score in NAFLD Elderly

  No deterioration Deterioration  

Variables n=248 n=494 p

Age (yrs) 72.0 ± 5.5 71.7 ± 5.1 0.448

Gender (female, n, %) 170 (68.5) 364 (73.7) 0.142

Hypertension (n, %) 139.0 (56.0) 271.0 (54.9) 0.758

Diabetes mellitus (n, %) 43.0 (17.3) 80.0 (16.2) 0.693

Hyperlipidemia (n, %) 61.0 (24.6) 128.0 (25.9) 0.698

Metabolic syndrome (n, %) 146 (58.9) 301 (60.9) 0.589

Obese a (n, %) 81 (32.7) 164 (33.2) 0.883

Total cholesterol (mg/dL) 192.7 ± 33.8 196.0 ± 34.2 0.215

LDL (mg/dL) 113.2 ± 31.1 118.0 ± 30.9 0.045

Triglyceride (mg/dL) 126.0 ± 65.7 135.8 ± 66.3 0.060

High triglycerideb 100 (40.3) 234 (47.4) 0.069

HDL (mg/dL) 56.4 ± 14.2 54.2 ± 13.7 0.042

Low HDLc 52 (21.0) 154 (31.2) 0.003

Fasting plasma glucose (mg/dL) 110.8 ± 21.0 109.7 ± 22.0 0.518

Total protein (g/dL) 7.3 ± 0.4 7.3 ± 0.4 0.149

Albumin (g/dL) 4.3 ± 0.2 4.3 ± 0.3 0.593

AST (IU/L) 27.2 ± 13.3 23.1 ± 7.6 <0.001

ALT (IU/L) 25.2 ± 16.1 23.0 ± 11.1 0.060

Follow-up years (yrs) 3.6 ± 2.0 4.3 ± 2.3 <0.001

Note. LDL: low-density lipoprotein, HDL: high-density lipoprotein, AST: aspartate aminotransferase, ALT:
alanine aminotransferase; a Obese: body mass index >27 (kg/m2); b High triglyceride is < 150 mg/dL; c

Low HDL is < 50 mg/dL in females, < 40 mg/dL in males.

 

Table 3 Adjusted Odds Ratios of Dyslipidemia for Deterioration of FIB-4 scores 
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    Adjusted Odds Ratios 95% CI  

      UL LL p

Model 1 LDL (mg/dL) 1.02 1.00 1.03 0.016

Total cholesterol (mg/dL) 0.99 0.98 1.00 0.045

Log (triglyceride)* 1.68 1.15 2.45 0.008

Follow-up years (yrs) 1.17 1.08 1.27 <0.001

Model 2 Log (HDL)* 0.43 0.22 0.84 0.014

Model 3 Low HDLa 1.68 1.16 2.42 0.006

Model 4 High triglycerideb 1.41 1.02 1.93 0.037

Note. Models were adjusted with age, sex, body mass index, follow-up years, diabetes, and hypertension.
CI: con�dence interval, LL: lower limit, UL: upper limit, LDL: low-density lipoprotein, HDL: high-density
lipoprotein; a Low HDL is < 50 mg/dL in females, < 40 mg/dL in males. b High triglyceride is >150 mg/dL.
*Non-normal distribution parameters were log transformed for analysis.


