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Background: Fatty liver index (FLI) is a predictor of non-alcohol fatty liver disease
(NAFLD). This study aimed to assess the association between FLI and carotid
intima media thickness (CIMT).

Methods: In this cross-sectional study, we enrolled 277 individuals for health
examination from the China-Japan Friendship Hospital. Blood sampling and
ultrasound examinations were conducted. Multivariate logistic regression and
restricted cubic spline analyses were performed to evaluate the association
between FLI and CIMT.

Results: Overall, 175 (63.2%) and 105 (37.9%) individuals had NAFLD and CIMT,
respectively. The multivariate logistic regression analyses results showed that
high FLI was independently associated with a high risk of increased CIMT, T2 vs.
T1 (odds ratio [OR], 95% confidence interval [Cl]): 2.41, 1.10-5.25, p = 0.027; T3
vs. T1 (OR, 95% Cl): 1.58, 0.68-3.64, p = 0.285. The association between FLI and
increased CIMT exhibited a J-shaped curve (nonlinear, p = 0.019). In the
threshold analysis, the OR for developing increased CIMT was 1.031 (95% ClI:
1.011-1.051, p = 0.0023) in participants with FLI < 64.247.

Conclusion: The relationship between FLI and increased CIMT in the health
examination population is J-shaped, with an inflection point of 64.247.

KEYWORDS

fatty liver index (FLI), carotid intima-media thickness, J curve, health examination, athrosclerosis

Abbreviations: CVD, Cardiovascular disease; CIMT, Carotid intima media thickness; CT, Computed
tomography; FLI, Fatty liver index; GGT, Gamma glutamyl transferase; hbalc, Glycosylated haemoglobin;
HDL-CHigh-density lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; NAFLD, Non-

alcohol fatty liver disease.
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1 Introduction

Non-alcoholic fatty liver disease (NAFLD) is characterized by
fatty liver that is related to over-nutrition in the absence of excessive
alcohol consumption (1, 2). NAFLD is now the most common liver
disease with a prevalence of approximately 20-30% among adults
worldwide, and a very high disease burden in Asia (3). NAFLD is
growing at a rate that is parallel to that of the obesity epidemic, and
people with NAFLD have increased risk of cardiovascular disease
(CVD) according to meta-analyses of large observational studies
(4). Subclinical atherosclerosis, an early stage of CVD, is of vital
clinical significance. The onset of clinical CVD events can be
delayed or prevented if screening and precautionary measures are
available at this stage (5). Accordingly, metrics that indicate poor
cardiovascular prognosis, such as increased carotid intima media
thickness (CIMT) for arterial wall thickness (6) and increased
brachial-ankle pulse wave velocity for stiftness (7), are particularly
important in patients with NAFLD.

NAFLD is diagnosed using modalities, such as ultrasound,
computed tomography (CT), magnetic resonance imaging (MRI),
and liver biopsy. Non-invasive serum-based methods of diagnosing
hepatic steatosis, such as fatty liver index (2, 8) (FLI, an index based
on body mass index [BMI]), waist circumference, triglyceride level,
and gamma glutamyl transferase (GGT) level, were mentioned in
previous studies, although their diagnostic cut-off values were not
consistent. FLI might serve as a prognostic indicator of death and
morbidity including CVD, cancer, respiratory disease, and liver
disease (9). Hepatic steatosis index and FLI are independently
correlated with carotid atherosclerosis in patients with type 2
diabetes mellitus (10). However, whether FLI influences the risk
of increased carotid intima-media thickness (CIMT) during health

examination remains unknown.

2 Methods and materials
2.1 Data sources and study population

This cross-sectional study was conducted at the Health
Examination Center of China-Japan Friendship Hospital in
Beijing, China. We continuously recruited 943 individuals who
underwent health examinations, including anthropometry,
laboratory tests, and liver and carotid ultrasound examination,
between September 2018 and October 2021. Standardized
questionnaires (to collect data, such as demographic information,
lifestyle, and history of disease) were completed under the guidance
of the researchers. We determined whether a participant had
increased CIMT based on the reports of carotid ultrasound
examination, and data on FLI was collated. Six hundred and
sixty-six participants without data on FLI and carotid ultrasound
examination were excluded. Pregnant and lactating women;
participants with a history of severe brain disease, coronary heart
disease, lung disease, kidney disease, blood disease, psychiatric
disease, infectious disease, and malignancy; and those with
missing information were excluded. Finally, 277 participants who
underwent carotid ultrasound were recruited (Figure 1). This study
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943 paricipants from Physical Examination Center

666 paticipants excluded:
without FLI (n =244 )
without carotid ultrasound (n =422 )

A 4

277 paricipants enrolled in the final analysis

FIGURE 1
Flowchart of patient selection. FLI, fatty liver index

was conducted in accordance with the Declaration of Helsinki and
was approved by the Clinical Research Ethics Committee of China-
Japan Friendship Hospital (2018-110-K79-1). All participants
voluntarily agreed to participate in this study and provided
written informed consent.

2.2 Anthropometric and
biochemical measurements

The health examinations were performed in the morning.
Anthropometric indicators were measured by professionally
trained physicians. Height, weight, and waist circumference
were measured while the participants were in the standing
position without shoes and heavy clothing. After 10 min of rest,
the blood pressure was measured using an upper arm electronic
sphygmomanometer. Fasting blood samples were stored and
measured in the laboratory of China-Japan Friendship Hospital.
Laboratory investigation data were obtained from the electronic
medical record system, including data on total cholesterol,
triglyceride, high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), fasting blood
glucose (FBG), glycosylated hemoglobin (HbAlc), alanine
aminotransferase, aspartate aminotransferase, GGT, and
alkaline phosphatase.

The determination of previous disease (hypertension, NAFLD,
and diabetes) was based on a question in the questionnaire that
asked whether they had been previously informed by a doctor that
they had the condition. Body mass index (BMI) was calculated as
the weight (in kilograms) divided by the square of the height (in
meters). Waist circumference was the circumference at the level of
the flat navel. FLI was calculated using a previously published
formula (8).

2.3 Determination of CIMT and
carotid plaque

Carotid atherosclerosis was evaluated using high-resolution
ultrasonography to determine the atherosclerotic indices of
intima media thickness in the common carotid arteries, carotid
artery bulbs, and internal and external carotid arteries. CIMT was
measured from the upper edge of the clavicle to the lower edge of
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the mandible. The mean-intima media thickness was defined as the
mean intima media thickness of the proximal and distal walls of
both common carotid arteries on a longitudinal scan at a point
10 mm proximal to the beginning of the dilation of each carotid
artery bulb. A single trained medical technologist performed all
examinations using high-resolution ultrasonography with a 7.5-
MHz transducer that produced an axial resolution of 0.1 mm
(Siemens, Erlangen, Germany). In this study, the average value
was considered the final CIMT value. Normal CIMT was defined as
CIMT < 1.0 mm, whereas carotid intima-media thickening was
defined as CIMT = 1.0 mm as previously described. Based on the
results of carotid ultrasonography, participants with carotid plaques
were classified as the plaque group and those without carotid
plaques were classified as the non-plaque group.

2.4 Statistical analyses

Baseline characteristics are described as the mean (standard
deviation) and median (interquartile range) for continuous
variables, and numbers (percentage) for categorical variables.
One-way Analysis of Variance (ANOVA) or Kruskal-Wallis H
test was used for continuous variables, and Chi-square or Fisher’s
exact test was used for categorical variables to determine differences
between the groups. Prior to regression analysis, missing values for
covariates were imputed using multiple imputations of the fully
conditional normative (FCS-MI) method. This method enables the
specification of multivariate imputation models on a variable-by-
variable basis and uses a principled but malleable approach to
address missing data. Five datasets were established and modeled
individually, with missing data imputed.

Univariate and multivariate logistic regression models were
used to determine the odds ratios (OR) and 95% confidence
intervals (CIs) for the relationship between FLI and CIMT. We
selected these confounders based on their association with the
outcomes of interest or a change in effect estimate of more than
10% (11). Model 1: adjusted for age and sex; Model 2: adjusted for
variables included in Model 1, smoking, drinking, systolic blood
pressure, diastolic blood pressure, HDL-C, and HbA1c; and Model
3: adjusted for variables included in Model 2, hypertension history,
and NAFLD history. Additionally, restricted cubic spline regression
was performed with four knots at the 5th, 35th, 65th, and 95th
percentiles of FLI to assess linearity and examine the curve between
FLI and CIMT. We used a two-piece-wise logistic regression model
with smoothing to analyze the association threshold between FLI
and CIMT after adjusting the variables in Model 3. The likelihood-
ratio test and the bootstrap resampling method were used to
determine the inflection points.

In sensitivity analyses, the analysis was repeated for data
without multiple imputation. Furthermore, potential
modifications of the relationship between FLI and CIMT were
assessed, including the following variables: sex, age (< 45 vs. >50
years), hypertension history (yes or no), and NAFLD history (yes or
no). Heterogeneity among subgroups was assessed using
multivariate logistic regression analysis, and interactions between
subgroups and FLI were examined using likelihood ratio testing. All
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analyses were performed using the statistical software packages R
3.3.2 (http://www.R-project.org, The R Foundation, Shanghai,
China) (accessed on March 10, 2022) and Free Statistics software
version 1.7 (12). A descriptive study was conducted on all
participants. A two-tailed p-value <0.05 was considered significant.

3 Results
3.1 Demographics and baseline information

In total, 277 individuals had sufficiently reliable data to meet the
inclusion criteria of our study. Table 1 illustrates the baseline
characteristics of all subjects according to their FLI. There were
105 (37.9%) individuals with carotid intima media thickness. The
average age of the study participants was 47.1 (10.9) years, and 212
(76.5%) were male. Higher FLI was associated with increased
smoking and higher systolic blood pressure, diastolic blood
pressure, FBG, HbAlc, alanine aminotransferase, aspartate
aminotransferase, and alkaline phosphatase levels (P < 0.001 for all).

3.2 Nonlinear correlation between
FLI and CIMT

The multivariable logistic regression analyses results of the
associations between FLI and CIMT is presented in Table 2. The
analysis was performed after adjusting for confounding factors,
including age, sex, smoking, drinking, systolic blood pressure,
diastolic blood pressure, HDL-C, HbAlc, hypertension history,
and NAFLD history. Compared with individuals with lower FLI
T1 (< 38.70), the adjusted OR values for FLI and CIMT in T2
(38.70-67.45) and T3 (= 67.45) were 2.41 (95% CI: 1.10-5.25, p =
0.027), and 1. 58 (95% CI: 0.68-3.64, p = 0. 285), respectively.
Accordingly, the association between FLI and CIMT exhibited a J-
shaped curve (nonlinear, p = 0. 027) in the restricted cubic spline
(Figure 2). In the threshold analysis, the OR of developing CIMT
was 1.031 (95% CI: 1.011-1.051, p = 0.002) in participants with FLI
< 64.247 (Table 3). This means that the risk of increased CIMT
increases by 3.1% with every 1 unit increase in FLI. The association
between FLI and CIMT was stable when the FLI was >
64.247 (Table 3).

3.3 Stratified and sensitivity analysis

In several subgroups, stratified analysis was performed to assess
the potential effect of modifications on the relationship between FLI
and CIMT. No significant interactions were found in any subgroups
after stratifying by age, sex, NAFLD history, and hypertension
history (Supplementary Figure 1). In sensitivity analyses, results
obtained without using multiple imputations remained consistent
(Supplementary Tables 1, 2). Compared with individuals with lower
FLIin T1 (<38.70), the adjusted OR values for FLI and CIMT in T2
(38.70-67.45) and T3 (267.45) were 3.32 (95% CI: 1.00-11.04, p =
0.05), and 1.67 (95% CI: 0.39-7.24, p = 0. 491), respectively.
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TABLE 1 Baseline characteristics of the study participants stratified by the tertiles of the FLI.

FLI
Characteristic Ti ™ value
(<38.70) (38.70-67.45)
No. 277 92 92 93
Age, years 47.1 £10.9 453 +11.5 479 + 11.1 48.2 +10.0 0.145
Sex, Male (%) 212 (76.5) 59 (64.1) 73 (79.3) 80 (86) 0.002
Smoking, n (%) 99 (35.7) 17 (18.5) 37 (40.2) 45 (48.4) < 0.001
Drinking, n (%) 93 (33.6) 26 (28.3) 30 (32.6) 37 (39.8) 0.245
Hypertension History, n (%) 177 (63.9) 44 (47.8) 57 (62) 76 (81.7) < 0.001
NAFLD History, n (%) 161 (58.1) 43 (46.7) 58 (63) 60 (64.5) 0.025
DM, n (%) 9(3.2) 4 (4.3) 2 (2.2) 3(3.2) 0.764
NAFLD, n (%) 175 (63.2) 30 (32.6) 67 (72.8) 78 (83.9) < 0.001
Pulse (bpm) 75.5 £ 10.5 72.7 £10.2 774 +10.5 76.5 +10.3 0.006
SBP (mmHg) 1329 + 16.8 126.7 £ 16.5 1329 £ 153 1389 + 16.4 < 0.001
DBP (mmHg) 81.7 £ 124 759 £ 12.7 81.6 9.8 87.6 £ 11.8 < 0.001
WC (cm) 937 £9.5 852 +72 93.7 £59 102.0 + 6.6 < 0.001
HC (cm) 103.2 + 6.7 98.6 £ 5.7 103.9 £ 5.0 107.0 + 6.4 < 0.001
BMI (Kg/mz) 27.0+32 243 +23 269 + 1.7 29.7 £ 3.0 < 0.001
TC (mmol/L) 4.8 (4.2, 5.5) 4.8 (4.3,5.5) 4.6 (4.2, 5.5) 4.8 (4.2,54) 0.812
TG (mmol/L) 1.6 (1.1, 2.2) 1.0 (0.7, 1.3) 1.6 (1.3, 2.0) 24 (1.8, 3.3) < 0.001
HDL-C (mmol/L) 12 (1.1, 1.4) 14 (1.2, 1.6) 1.2 (1.0, 1.4) 1.1(1.0, 1.3) <0.001
LDL-C (mmol/L) 2.8 (2.4, 3.4) 2.8 (2.4, 3.4) 2.8 (2.4, 3.6) 2.8 (2.4, 3.4) 0.433
FBG (mmol/L) 58+ 15 54 +1.0 57+13 64 +19 < 0.001
HbAlc (%) 57+08 56 £ 0.6 56+ 0.6 59+1.0 < 0.001
Antihypertension Drugs, n (%) 17 (6.1) 5(5.4) 4 (4.3) 8 (8.6) 0.456
ALT (IU/L) 29.0 (21.0, 40.0) 22.0 (16.8, 28.2) 30.0 (21.0, 39.2) 37.0 (26.0, 52.0) < 0.001
AST, (IU/L) 22.0 (18.0, 27.0) 20.0 (17.8, 23.0) 21.0 (19.0, 26.0) 25.0 (21.0, 30.0) < 0.001
TBil, (Lmol/L) 12.4 (9.4, 16.3) 12.6 (9.5, 16.6) 12.3 (8.8, 16.1) 12.6 (9.7, 16.3) 0.724
DBil, (umol/L) 1.9 (1.6, 2.4) 1.8 (1.5, 2.3) 2.0 (1.5, 2.5) 2.0 (1.6, 2.4) 0.268
ALP, (IU/L) 70.0 (61.0, 82.0) 65.0 (57.0, 79.0) 68.5 (61.8, 81.5) 77.0 (64.0, 86.0) 0.001
GGT, (IU/L) 28.0 (20.0, 42.0) 19.0 (14.0, 25.2) 28.0 (23.0, 34.2) 47.0 (29.0, 73.0) < 0.001
CIMT, n (%) 105 (37.9) 24 (26.1) 42 (45.7) 39 (41.9) 0.015
Carotid Plaques, n (%) 111 (40.1) 31 (33.7) 42 (45.7) 38 (40.9) 0.25

Data are presented as means + SD or medians (inter-quantile range (IQR)) for continuous variables and number (percentages) for categorical variables. FLI, fatty liver index; BMI, body mass
index; T, tertiles; DM, diabetes mellitus; NAFLD, non-alcoholic fatty liver disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; WC, waist circumference; HC, hip circumference;
BMI, body mass index; TC, Total Cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FBG, fasting blood glucose; HbAlc,
glycosylated hemoglobin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBil, total bilirubin; DBil, direct bilirubin; GGT, y-glutamyl transpeptidase; ALP, alkaline
phosphatase; CIMT, carotid intima media thickness.

stratified and sensitivity analyses showed that the relationship
between FLI and CIMT remained robust.

The leading cause of death in individuals with NAFLD is CVD
examination demonstrated a J-shaped relationship between FLIand ~ (13). A recent meta-analysis reported that NAFLD was associated

4 Discussion

This cross-sectional study of participants who underwent health

CIMT, with an inflection point of approximately 64.247. Both the  with a moderately increased risk of fatal or non-fatal CVD events
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TABLE 2 Multivariate logistic regression analyses of associations between FLI and CIMT.

Unadjusted Model 1 Model2 Model3
OR (95%Cl) P-value OR (95%Cl) P-value OR (95%Cl) P-value OR (95%Cl) P-value
FLI 277 1.01 (1.00~1.02) 0.0190 1.01 (0.997~1.02) 0.120 1.01 (0.99~1.02) 0.220 1.01 (0.995~1.02) 0.210
T1 92 Ref Ref Ref Ref
T2 92 2.38 (1.28~4.43) 0.006 2.23 (1.09~4.55) 0.028 2.27 (1.06~4.85) 0.034 2.41 (1.10~5.25) 0.027
T3 93 2.05 (1.1~3.81) 0.024 1.79 (0.87~3.67) 0.111 1.56 (0.68~3.56) 0.296 1.58 (0.68~3.64) 0.285
P for trend 0.027 0.138 0.351 0.357

Model 1: Adjust for age and sex.
Model 2: Adjust for Smoking, Drinking, SBP, DBP, HDL-C, HbAlc in addition to model 1.
Model 3: Adjust for Hypertension history, NAFLD history in addition to model 2.

FLL, fatty liver index; CIMT, carotid intima media thickness; T, tertiles; OR, odds ratio; CI, confidence interval; Ref, reference; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C,
high-density lipoprotein cholesterol; HbAlc, glycosylated hemoglobin; NAFLD, non-alcoholic fatty liver disease.

(pooled HR: 1.45, 95% CI: 1.31-1.61). This risk markedly increases
across the severity of NAFLD, especially in the fibrosis stage (pooled
HR: 2.50, 95% CI: 1.68-3.72) (4). The mechanism by which steatosis
increases the risk of CVD is unclear. Cardiometabolic disease,
characterized by metabolic disorder triggered cardiovascular
events, is a leading cause of death and disability. However, CVD
events are a late step in the process of atherogenesis which makes it
difficult to ascertain the contribution of steatosis itself.

We postulated that if steatosis played an independent role in the
development of atherosclerosis, it should promote the occurrence
and progression of early, pre-atherosclerotic lesions. In Familial
Combined Hyperlipidemia patients with more severe steatosis, the
risk of atherosclerotic plaque development was significantly
increased in patients with liver fibrosis, suggesting that
dyslipidemia and insulin resistance may be processes between

10.0 P for non-linearity: 0.027

2.0 +

Odds Ratio of CIMT

T
0 20 40 60 80 100

FIGURE 2

Restricted cubic spline plot of the association between FLI and
CIMT. Solid and dashed lines represent the predicted and 95%
confidence interval. FLI, fatty liver index; CIMT, carotid intima-
media thickness.

Frontiers in Endocrinology

liver disease and atherosclerotic damage (14). Metabolic
syndrome could worsen CIMT in patients with NAFLD (15). In
rats with NASH, CIMT correlated with hepatic inflammation score
(16). Moreover, mechanism studies have found that the
accumulation of fat in the liver could increase free fatty acid
levels, which are involved in inflammatory responses and
endothelial injury during the development of atherosclerosis (17).
NAFLD might accelerate the progress of increased CIMT by a
common metabolic dysfunction, such as insulin resistance, glucose
and lipid metabolism disorders (18, 19), and low-grade
inflammation (20).

FLI is a predictor of NAFLD and is calculated using serum
triglyceride and GGT levels, BMI, and waist circumference. FLI
integrates obesity, central obesity, lipid metabolism disorders and
GGT, which might serve as a marker of metabolic dysfunction (21)
and low-grade inflammation (22-24). Furthermore, non-invasive
hepatic steatosis indices are positively correlated with fasting blood
insulin, C peptide, triglyceride, total cholesterol, and LDL-C levels,
but negatively correlated with HDL-C levels, which are also
associated with atherosclerosis. In this study, we demonstrated
that a threshold effect was presented by restricted cubic spline,
which might be an indicator of CIMT, a pre-atherosclerotic lesion
that predicts cardiovascular events. Therefore, we believe that
NAFLD may contribute to the occurrence and development of
carotid atherosclerosis by aggravating metabolic dysfunction
and inflammation.

Predicting early atherosclerosis plays an important role in
decreasing CVD events. A J-shaped relationship was
demonstrated between FLI and CIMT in this study. The CIMT
increased proportionally with FLI, and this association was
independent of traditional cardiometabolic risk factors.

Our study has several limitations. First, this was a cross-
sectional study and the results of this study should not be used to
draw causal conclusions. Second, the overall sample size of our
study was small due to missing data from laboratory results. Third,
even though regression models were constructed, and stratified
analyses and sensitivity analysis were performed, residual
confounding effects from unmeasured or unknown factors could
not be entirely excluded. Therefore, further studies between FLI and
CIMT are required in the future.
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TABLE 3 Threshold effect analysis of the relationship of FLI with CIMT.

FLI Model
OR (95% CI) ‘ P-value
<64.247 1.031(1.011 - 1.051) ‘ 0.0023
>64.247 0.966(0.924 - 1.009) ‘ 0.1229
log likelihood ratio test 0.008

FLI, fatty liver index; CIMT, carotid intima media thickness; OR, odds ratio; CI,
confidence interval.

In conclusion, the results of this study indicate that FLI, which is
readily available in clinical practice, may be more useful as a risk
assessment index for CIMT among people undergoing health
examination. This may have clinical utility and guide
treatment choices.
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