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Abstract
Background: The work intends to investigate the correlation of the lipid ratios to the severity of hepatic
steatosis and the presence of liver �brosis among non-alcoholic fatty liver disease (NAFLD) patients.

Methods: Randomly selected 3402 participants were differentiated into the NAFLD (n =2036) and the
non-NAFLD group (n =1366) in accordance with the outcomes of the liver ultrasonography. The related
anthropometric and biochemical parameters were measured, while the severity of hepatic steatosis and
the presence of liver stiffness were appraised by transient elastography.

Results: The triglycerides/ high-density lipoprotein cholesterol (TG/HDL-C) and total cholesterol/HDL-C
(TC/HDL-C) ratios exhibited a close connection with the severity of hepatic steatosis. Furthermore, higher
area under the receiver operator characteristic (AUROC) value for TG/HDL-C than those of TC, TG, LDL-C,
HDL-C, TC/HDL-C and non-HDL-C, was observed. Accordingly, the AUROC and optimal cut-off point of
TG/HDL-C for NAFLD were 0.771 (95%CI: 0.755-0.787), 1.08 (sensitivity: 72.2 %, speci�city: 68.3%),
respectively. TG/HDL-C and TC/HDL-C were independent risk factors for the presence of liver �brosis in
NAFLD. Notably, the fact of relatively high AUROC while low AUROC (0.610) values of TG/HDL-C for
detecting the presence of liver �brosis relative to other lipid indexes indicated that it could not function as
a desirable indicator of the presence of liver �brosis in NAFLD.

Conclusions: TG/HDL-C can be an independent risk factor for the severity of hepatic steatosis and the
presence of liver �brosis in NAFLD, furthermore, it possesses predictive signi�cance to NAFLD but not to
liver �brosis.

Background
As a principal chronic disorder for liver, non-alcoholic fatty liver disease (NAFLD) consists of a series of
clinical conditions covering simple liver steatosis to non-alcoholic steatohepatitis (NASH), liver �brosis,
cirrhosis and hepatocellular carcinoma. With the improvement of people's living standard and rapid
lifestyle transitions, China experiences an unforeseen prompt increase in the burden of NAFLD within a
short time and the prevalence of NAFLD reaches to 29.2% in China [1]. Furthermore, China will appear the
fastest growth in the prevalence of NAFLD, with cases of 314.58 million up to 2030 [2], representing a
substantial clinical burden and a public health concern. Besides the key cause for liver-related morbidity
and mortality, accumulating evidence has shown that NAFLD was closely associated with metabolic
syndrome, type 2 diabetes (T2DM) and cardiovascular disease (CVD) [3–5]. Thus, identifying individuals
who face a risk to potentially develop to NAFLD is of signi�cance to solve this public health problem.

NAFLD is often related to and accompanied by lipid abnormalities, including high-density lipoprotein
cholesterol (HDL-C), triglycerides(TG) and non-HDL-C[6]. During recent years, the concept of the lipid
ratios, i.e. total cholesterol (TC)/HDL-C, TG/HDL-C, have been proposed as alternative biomarkers for
predicting insulin resistance (IR) [7, 8], which plays a crucial role in the pathogenesis of NAFLD. In light of
this theory, the relations between TC/HDL-C, TG/HDL-C and NAFLD have extensively been characterized.
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For instance, a cross-sectional, retrospective study revealed that adults with individually or combinedly
elevated TC/HDL-C or TG/HDL-C ratios, possessed superior potential for the development of NAFLD, in
particular under advanced status [9]. Similarly, another report based on a Chinese community population
demonstrated that the independent relation of TG/HDL-C with NAFLD in apparently healthy individuals
and may be used as a surrogate for NAFLD [10]. In spite of being the gold criterion to diagnose NASH and
its associated progressive �brosis, the clinical application of liver biopsy is limited due to its invasion and
high cost. As a non-invasive approach, Transient elastography (TE) was widely utilized for the prognosis
steatosis grades in NAFLD patients in accordance with the Ultrasound Attenuated Parameter (UAP) in
several studies. At the same time, liver stiffness measurement (LSM) has been used to decide the
developmental stages of �brosis [11]. Despite these, the data characterizing the connection of the lipid
ratios with the severity of hepatic steatosis and the presence of liver �brosis in NAFLD are limited

The aim of this study intends to explore the issue described above. Additionally, the predictive implication
of the lipid ratios and those long-time used lipid indicators of TC, low-density lipoprotein cholesterol (LDL-
C), TG and HDL-C, are compared and evaluated.

Materials And Methods

Study population
A total of 3402 participants ever enrolled in a health examination between May 2017 and July 2019 were
randomly selected from the Health Promotion Center of the First A�liated Hospital of Nanjing Medical
University. All participants were further divided into the NAFLD (n = 2036) and the non-NAFLD group (n = 
1366) in accordance with the outcomes of liver ultrasonography. Exclusion criteria for all participants
were: 1) subjects consumed signi�cant alcohol (> 140 g/week and > 70 g/week for men and women,
respectively); 2) subjects suffered from hepatitis B or C virus infection or from pre-existing chronic liver
disease (eg, autoimmune liver disease, primary sclerosing cholangitis, drug-induced liver disease); 3)
subjects taking lipid-lowering drugs such as statin; 4) hyperthyroidism, kidney disorders, and other lipid
metabolism dysfunction associated diseases. The study was approved by the Human Research Ethics
Committee of the First A�liated Hospital of Nanjing Medical University. The informed consent
requirement was exempted because of the retrospective study.

Physical Examination And Biochemical Tests
Weight, height, waist circumference and blood pressure were measured in all participants. Following
overnight fasting, collected venous blood specimens were examined for the serum lipids, glucose, hepatic
function and uric acid were measured by enzymatic methods (Chemistry Analyzer Au2700, Olympus
Medical Engineering Company, Japan). Glycated hemoglobin A1c (HbA1c) values were de�ned by high-
performance liquid chromatography. Liver ultrasonography was performed in all participants. Non-HDL-C
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is equal to TC minus HDL-C, while the TC/HDL-C or TG/HDL-C ratio is equal to TC or TG dividing HDL-C,
respectively.

Liver Stiffness And Steatosis
Transient elastography was carried out using the FibroTouch (Wuxi Hisky Medical Technologies Co., Ltd.,
China) according to the operations manual. The extent of liver �brosis and hepatic steatosis was
determined by liver stiffness measurement (LSM) and fat attenuation parameter (FAP). According to the
FAP value, NAFLD patients were subdivided into three groups: the mild (240 dB/m ≤ FAP < 265dB/m), the
moderate (265 dB/m ≤ FAP < 295dB/m) and the severe NAFLD group (FAP ≥ 295 dB/m). According to the
LSM value, patients with NAFLD were also subdivided into two groups: the non-liver (LSM ≤ 7.3 Kpa) and
the liver �brosis group (LSM > 7.3 Kpa).

Statistical analysis
Mean ± SD represented continuous variables. T-test was applied to examine differences between two
groups, while one-way ANOVA with Bonferroni correction for pairwise comparisons was utilized to
examine differences among the three groups. Pearson’s qui-squared test was applied to assess
categorical variables presented as percentages (numbers). The binary or multinomial logistic regression
analysis was carried out to explore the independent indicators for NAFLD and liver �brosis. Receiver
operator characteristic (ROC) analyses were performed to calculate area under the ROC curve (AUROC) of
each lipid parameter for incident NAFLD and liver �brosis. SPSS18.0 statistical software was used to
analyse all data, with p < 0.05 denoting statistical signi�cance (two-sided).

Results

Baseline characteristics of the population involved in this
study
Clinical and biochemical characteristics of the participants were listed in Table 1, NAFLD patients tended
to be men and possessed higher body mass index (BMI), systolic blood pressure (SBP), diastolic blood
pressure (DBP), fasting blood glucose (FBG), HbA1c, TC, TG, LDL-C, TC/HDL-C, TG/HDL-C, non-HDL-C,
serum uric acid, ALT, AST, GGT while lower HDL-C (all P < 0.05) when compared to non-NAFLD individuals.
Notably, no difference existed in terms of age between the two groups.
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Table 1
Baseline characteristics of individuals with or without NAFLD

  Non-NAFLD (n = 1366) NAFLD (n = 2036)

Age(years) 49.02 ± 10.81 49.42 ± 10.08

Sex(male/Female) 689/677 1577/459*

BMI (kg/m2) 22.48 ± 3.77 26.61 ± 4.55*

SBP (mmHg) 122.85 ± 17.69 130.74 ± 16.43 *

DBP (mmHg) 74.67 ± 11.15 81.17 ± 10.95 *

FBG (mmol/L) 5.26 ± 1.06 5.77 ± 1.39*

HbA1c (%) 5.53 ± 0.62 5.80 ± 0.87*

TC (mmol/L) 5.28 ± 1.04 5.41 ± 1.06 *

TG (mmol/L) 1.30 ± 0.59 2.02 ± 1.10*

LDL-C(mmol/L) 3.23 ± 0.77 3.44 ± 0.76*

HDL-C(mmol/L) 1.44 ± 0.32 1.22 ± 0.25*

TG/HDL-C 0.98 ± 0.56 1.77 ± 1.17*

TC/HDL-C 3.78 ± 0.89 4.54 ± 0.97*

non-HDL-C 3.84 ± 0.97 4.19 ± 0.98*

Uric acid (mmol/l) 310.80 ± 80.71 370.73 ± 84.23*

ALT (U/L) 19.85 ± 10.71 29.97 ± 17.09*

AST (U/L) 22.46 ± 7.48 24.87 ± 8.44*

GGT (U/L) 25.98 ± 19.87 41.96 ± 28.07*

Values are presented as mean ± standard deviation.

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood
glucose ; TC, total cholesterol; TG, triacylglyceride; LDL-C, high-density lipoprotein cholesterol; HDL-C,
high-density lipoprotein cholesterol; ALT: alanine aminotransferase; AST aspartate transaminase;
GGT: gamma-glutamyl transpeptidase. Compared with non-NAFLD, *P < 0.05

Lipid Ratios Are Associated With Hepatic Steatosis
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In accordance with the FAP value, NAFLD patients were further divided into three groups: the mild (n = 
735), the moderate (n = 559) and the severe NAFLD group (n = 742). Interestingly, there were pronouncedly
differences in TG, TC/HDL-C, TG/HDL-C and HDL-C among the mild, moderate, and severe NAFLD groups
(P < 0.05) (Fig. 1). Furthermore, patients in the moderate/severe group exhibited higher non-HDL-C than
that in the mild NAFLD group (P < 0.05) (Fig. 1), whereas patients of the severe group displayed elevated
TC relative to those in the mild/moderate NAFLD group (P < 0.05) (Fig. 1).

Baseline characteristics of individuals with or without liver �brosis in NAFLD

In line with the LSM value, NAFLD patients were further differentiated into the non-liver (n = 1665) and
liver �brosis groups (n = 371). As listed in Table 2, patients with liver �brosis similarly tended to be men
and displayed higher parameters in BMI, SBP, DBP, FBG, HbA1c, TG, TC/HDL-C, TG/HDL-C, non-HDL-C,
serum uric acid, ALT, AST, GGT while lower HDL-C (all P < 0.05) relative to individuals without liver �brosis.
Likewise, these two groups exhibited no differences of age, TC and LDL-C.



Page 7/17

Table 2
Baseline characteristics of individuals with or without liver �brosis in NAFLD

  Non-liver �brosis (n = 1665) liver �brosis(n = 371)

Age(years) 49.29 ± 9.88 50.02 ± 10.91

Sex(male/Female) 1272/293 305/66*

BMI (kg/m2) 26.14 ± 4.43 28.70 ± 4.47*

SBP (mmHg) 129.66 ± 16.16 135.43 ± 16.80 *

DBP (mmHg) 80.68 ± 10.95 83.34 ± 10.73 *

FBG (mmol/L) 5.67 ± 1.30 6.18 ± 1.68*

HbA1c (%) 5.74 ± 0.81 6.06 ± 1.09*

TC (mmol/L) 5.40 ± 1.06 5.48 ± 1.07

TG (mmol/L) 1.93 ± 0.90 2.44 ± 1.68*

LDL-C(mmol/L) 3.43 ± 0.77 3.47 ± 0.75

HDL-C(mmol/L) 1.23 ± 0.24 1.17 ± 0.25*

TG/HDL-C 1.66 ± 0.91 2.23 ± 1.88*

TC/HDL-C 4.47 ± 0.94 4.83 ± 1.09*

non-HDL-C 4.16 ± 0.98 4.32 ± 0.99*

Uric acid (mmol/l) 367.33 ± 83.91 385.98 ± 84.02*

ALT (U/L) 28.42 ± 15.92 36.97 ± 20.17*

AST (U/L) 24.12 ± 7.81 28.22 ± 10.19*

GGT (U/L) 40.56 ± 27.31 48.28 ± 30.48*

Values are presented as mean ± standard deviation.

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood
glucose ; TC, total cholesterol; TG, triacylglyceride; LDL-C, high-density lipoprotein cholesterol; HDL-C,
high-density lipoprotein cholesterol; ALT: alanine aminotransferase; AST aspartate transaminase;
GGT: gamma-glutamyl transpeptidase. Compared with non-liver �brosis, *P < 0.05

Multinomial logistic regression assessment the risk of hepatic steatosis severity
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After adjusting for sex, BMI, SBP, DBP, FBG, HbA1c, uric acid, ALT, AST and GGT, TG, HDL-C, TG/HDL-C,
TC/HDL-C and non-HDL-C were all signi�cantly correlated with the severity of hepatic steatosis. Brie�y,
compared to those without NAFLD, the odds ratios of TG for the mild, moderate and severe NAFLD were
1.904 (95% CI 1.610–2.251, P < 0.001), 2.173 (95% CI 1.817-2.600, P < 0.001), 2.512 (95% CI 2.090–3.019,
P < 0.001), respectively. The odds ratios of HDL-C for the mild, moderate and severe NAFLD were 0.355
(95% CI 0.232–0.543, P < 0.001), 0.260 (95%CI 0.156–0.432, P < 0.001), 0.178 (95%CI 0.101–0.313, P < 
0.001), respectively. The odds ratios of TG/HDL-C for mild, moderate and severe NAFLD were 1.967
(95%CI 1.659–2.333, P < 0.001), 2.314 (95%CI 1.930–2.773, P < 0.001), 2.570 (95%CI 2.134–3.095, P < 
0.001), respectively. The odds ratios of TC/HDL-C for mild, moderate and severe NAFLD were 1.301
(95%CI 1.149–1.472, P < 0.001), 1.609 (95%CI 1.398–1.851, P < 0.001) and 1.775 (95%CI 1.526–2.065, P 
< 0.001), respectively. The odds ratios of non-HDL-C for mild, moderate and severe NAFLD were 1.093
(95%CI 0.978–1.222, P = 0.116), 1.277 (95%CI 1.125–1.450, P < 0.001), 1.341 (95%CI 1.169–1.538, P < 
0.001), respectively.

Binary logistic regression analysis for the risk of liver �brosis in NAFLD

In line with binary logistic regression analysis, TG (OR = 1.341, 95%CI 1.195–1.505, P < 0.001), HDL-C (OR 
= 0.512, 95%CI 0.292–0.895, P = 0.019), TG/HDL-C (OR = 1.322, 95%CI 1.178–1.483, P < 0.001) and
TC/HDL-C (OR = 1.252, 95%CI 1.098–1.427, P = 0.001) presented a positive correlation with liver �brosis
upon adjusting for sex, BMI, SBP, DBP, FBG, HbA1c, uric acid, ALT, AST and GGT. On the contrary, there
were no obvious relationship of NAFLD with TC, LDL-C, or non-HDL-C following the adjustment for sex,
BMI, SBP, DBP, FBG, HbA1c, uric acid, ALT, AST and GGT.

Diagnostic Value Of Lipid Parameters For Na�d
The cut-off points of lipid parameters for predicting NAFLD, together with their corresponding speci�city
and sensitivity, were summarized in Table 3 and Fig. 2. Higher AUROC value of TG/HDL-C than those of
TC, TG, LDL-C, HDL-C, TC/HDL-C and non-HDL-C was observed. Accordingly, the AUROC and optimal cut-
off point of TG/HDL-C was 0.771 (95%CI 0.755–0.787) and 1.08 (sensitivity: 72.2%, speci�city: 68.3%),
respectively, suggesting that TG/HDL-C had better predictive effects than other lipid parameters and was
an acceptable predictor of NAFLD.
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Table 3
ROC curve for predicting NAFLD and cut-off points for maximum sum of sensitivity and speci�city

  ROC (95%CI) P Cut-off point Sensitivity (%) Speci�city (%)

TC (mmol/L) 0.538(0.518–0.558) 0.010 5.29 0.521 0.542

TG (mmol/L) 0.748(0.731–0.764) 0.008 1.40 0.698 0.675

LDL-C(mmol/L) 0.583(0.564–0.603) 0.010 3.35 0.538 0.602

HDL-C(mmol/L) 0.292(0.274–0.310) 0.009 1.30 0.641 0.676

TG/HDL-C 0.771(0.755–0.787) 0.008 1.08 0.722 0.683

TC/HDL-C 0.721(0.703–0.738) 0.009 4.03 0.681 0.649

non-HDL-C 0.605(0.586–0.625) 0.010 3.94 0.581 0.583

Diagnostic value of lipid parameters for liver �brosis in NAFLD

The cut-off points of lipid parameters for predicting liver �brosis, together with their corresponding
speci�city and sensitivity, were listed in Table 4 and Fig. 3. AUROC value of TG/HDL-C was larger than
that of TG, HDL-C and TC/HDL-C. However, The AUROC value of TG/HDL-C(0.60 < AUROC < 0.70) for liver
�brosis was relatively smaller than that for NAFLD, which indicated that TG/HDL-C could not be
acceptable predictors of liver �brosis in NAFLD.

Table 4
ROC curve for predicting liver �brosis and cut-off points for maximum sum of sensitivity and speci�city

  ROC (95%CI) P Cut-off point Sensitivity (%) Speci�city (%)

TG (mmol/L) 0.599(0.567–0.630) 0.016 1.97 0.515 0.607

HDL-C(mmol/L) 0.415(0.383–0.447) 0.016 1.19 0.534 0.572

TG/HDL-C 0.610(0.579–0.641) 0.016 1.70 0.518 0.621

TC/HDL-C 0.597(0.565–0.630) 0.017 4.52 0.601 0.553

Discussion
We for the �rst time demonstrated a relationship of the lipid ratios to the severity of NAFLD and the
presence of liver �brosis evaluated by transient elastography in a large cohort study. Importantly, this
study provided the major �nding of a positive correlation of TG/HDL-C to the severity of hepatic steatosis
and the presence of liver �brosis of NAFLD among the population of apparently healthy individuals.
Notably, TG/HDL-C could be a superior biomarker for NAFLD relative to other lipid ratios like TC/HDL-C,
while it could not be a promising predictor for liver �brosis in NAFLD.
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As a burgeoning health problem, NAFLD is currently considered as the commonest prevalent chronic liver
problem in China [12]. It has been clear that with the continued growth in the prevalence of obesity and
diabetes, increased incidence of a series of liver-related disorders like NASH, cirrhosis, and other liver
complications will be witnessed [2]. Moreover, increased NAFLD morbidity might pose great risks to the
development of metabolic, cardiovascular and renal diseases [13, 14]. Therefore, identifying individuals
with increased risks developing to NAFLD could solve this important public health issue.

Recently, TG/HDL-C ratio was applied to clinical setting, mainly including predicting T2DM, IR and
cardiovascular diseases [15, 16], which are all related to NAFLD. The association between TG/HDL-C and
NAFLD has gained more interest from many scholars. A retrospective cohort research has indicated that
TG/HDL-C had a close relationship with NAFLD within the population of non-obese Chinese individuals
lacking of dyslipidemia, and it could be utilized as an effective predictor for NAFLD [17]. Similarly, a
cross-sectional study in China has also indicated that TG/HDL-C is independently associated with NAFLD
in apparently healthy individuals and can be employed as a surrogate for NAFLD [10]. Consistent with
these, the current study also con�rmed a signi�cantly positive correlation of TG/HDL-C to NAFLD. Despite
these, the investigation on the relationship of the TG/HDL-C with the severity of hepatic steatosis and the
presence of liver �brosis and comparison of the predictive value of TG/ HDL-C with other lipid ratios like
TC/HDL-C, has not been performed. This work demonstrated that TG/HDL-C was an independent risk
factor for severity of hepatic steatosis and the presence of liver �brosis in NAFLD even upon adjusting
other risk factors such as BMI, FBG and HbA1c. Meanwhile, the results from ROC analysis further
demonstrated that TG/HDL-C had higher predictive value for NAFLD than other lipid parameters and lipid
ratios, implying a potential surrogate for NAFLD. Although the AUROC of TG/HDL-C for detecting liver
�brosis was larger than other lipid indexes, the AUC value of TG/HDL-C was relatively low (AUROC 0.6–
0.7), indicating limited accuracy of TG/HDL-C in predicting liver �brosis in NAFLD. Though the
mechanism behind the connection of TG/HDL-C with NAFLD remains unsolved, we speculated that
insulin resistance might be a potential mediator. In clinical studies, the close relation of TG/HDL-C to IR
has been identi�ed in various populations including overweight and obese children and adolescents,
middle-aged and elderly population, and people with different glucose tolerance status [18–20].
Furthermore, it has been suggested to be a clinically useful tool to assess IR, as con�rmed by the fact
that IR can boost the secretion of adverse VLDL particles while reduce the concentration of HDL-C in
experimental studies [21, 22]. Thus, IR promotes the elevation of TG/HDL-C, meanwhile, it is
fundamentally involved in the NALFD pathogenesis [23]. Therefore, we speculated that IR may establish a
connection for TG/HDL-C and NAFLD, whereas the exact molecular mechanisms require further
investigations.

Previous study demonstrated that TC/HDL-C can indirectly re�ect the number of LDL-C particles and
function as a powerful risk indicator for IR, CVD, and T2DM [24]. Furthermore, the Jinchang cohort study
showed that TC/HD-C displayed a positive correlation with NAFLD and had signi�cant predictive value
for NAFLD than TC, HDL-C and Apolipoprotein B to Apolipoprotein A1 (ApoB/ApoA1) [25]. Higher
TC/HDL-C in adults often signi�ed increased risk for NAFLD, thereby implying a role of TC/HDL-C for
predicting the incidence of NAFLD [9]. However, these two studies have not addressed the relation of the
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TC/HDL-C to the severity of hepatic steatosis and the presence of liver �brosis and compared the
predictive value of TC/ HDL-C with TG/HDL-C. This work indicated that TC/HDL-C was an independent
risk factor for the severity of hepatic steatosis even upon adjusting other risk factors, such as BMI, FBG
and HbA1c. ROC analysis results demonstrated that TC/HDL-C (the AUROC > 0.70) was an acceptable
predictor for NAFLD, while TC/HDL-C had a lower AUROC than TG/HDL-C. Although TC/HDL-C could be
an independent risk factor for liver �brosis in NAFLD, the AUC value of it was low (AUROC 0.5–0.6),
indicating that it could not function as a perfect predictor for liver �brosis in NAFLD.

Non-HDL-C, consisting of very low-density lipoprotein (VLDL) remnant particles and intermediate density
particles, is often used to indirectly estimate the LDL particle number, which is more closely linked with
the occurrence of cardiovascular and atherosclerotic events than LDL-C [26]. Zelber-Sagi S et al. found
that as an independent predictor for NAFLD, non-HDL-C was superior over TC, TG, HDL-C and LDL-C [27].
Similarly, previous report indicated that pronouncedly increased non-HDL-C were often related to NASH
rather than steatosis in patients not receiving lipid-lowering agents [28]. However, the resolution NASH
was frequently associated with the improvement in TG and HDL but not non-HDL-C [29]. Our results
indicated that even following the adjustment of other risk factors like BMI, FBG and HbA1c, non-HDL-C
was remarkedly related to the moderate and severe hepatic steatosis. However, the connections between
non-HDL-C and the mild hepatic steatosis or between non-HDL-C and liver �brosis was absent when
adjusting other risk factors. Additional studies with larger populations and gold-standard hepatic biopsy
are still needed to verify the relationship of non-HDL-C with NAFLD.

Several limitations exist in this study. Firstly, it is hard to completely de�ne whether the lipid ratios have a
causative effect on the severity of hepatic steatosis and liver �brosis due to the cross-sectional design.
Secondly, liver biopsy is considered the gold standard for the determination of steatosis or liver �brosis,
while it is invasive and costly. Additionally, liver biopsy might be impractical in such a large number of
subjects who underwent health check-up examinations. By comparison, we used the ultrasonography
examination and transient elastography for non-invasive assessment of hepatic steatosis and �brosis.
Thirdly, since serum insulin level was not measured in our study, we cannot explore whether the
connection of NAFLD with TG/HDL-C is possibly in�uenced by IR.

Conclusion
The evidence provided here show that the lipid ratios, especially TG/HDL-C, are closely linked with
increased risk for the severity of hepatic steatosis and the presence of liver �brosis in NAFLD. This work
con�rms that TG/HDL-C can be a biomarker for NAFLD, with a greatly promising value. Considering the
potential signi�cance of TG/HDL-C to public health, it is important to check peoples whose TG/HDL-C are
elevated, especially TG/HDL-C over 1.08, lifestyles modi�cation is needed for preventing future NAFLD.

Abbreviations
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NAFLD, non-alcoholic fatty liver disease ; NASH, non-alcoholic steatohepatitis; BMI, body mass index; SBP,
systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose ; TC, total cholesterol;
TG, triacylglyceride; LDL-C, high-density lipoprotein cholesterol; HDL-C, high-density lipoprotein
cholesterol; ALT
alanine aminotransferase; AST:aspartate transaminase; GGT:gamma-glutamyl transpeptidase; LSM, liver
stiffness measurement; FAP, fat attenuation parameter; CVD, cardiovascular disease; T2DM, type 2
diabetes; IR, insulin resistance; AUC, Area under the curve; CI, Con�dence intervals
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Figure 1

Lipid ratios are associated with hepatic steatosis
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Figure 2

Area under the receiver operating characteristics curves (AUROCs) of parameters for NAFLD
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Figure 3

Area under the receiver operating characteristics curves (AUROCs) of parameters for liver �brosis


