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Abstract

Background: To compare the potential of triglyceride glucose index (TyG) and fatty liver index (FLI) and to
explore which index is better for detecting nonalcoholic fatty liver disease (NAFLD).

Methods: A cross-sectional study was conducted in 594 Chinese nondiabetic postmenopausal women
retrospectively. NAFLD was defined as a hepatic steatosis observed on liver ultrasonography in the
absence of a second cause. Binary Logistic regression model analysis was used to determine odds ratio
(OR) and corresponding 95% confidence interval (Cl) between hepatic steatosis and TyG as well as FLI.
Receiver operating characteristic curve (ROC) and area under curve (AUC) were employed to determine the
ability of FLI and TyG as well as the combination of TyG with obesity indices to detect hepatic steatosis,
and the AUC values were also compared between them.

Results: women with the highest value of FLI or TyG had significantly higher odds of hepatic steatosis.
The AUC values of FLI was significantly larger than that of TyG in either overall women (difference
between area: 0.0743, 95% Cl: 0.0396-0.109, P < 0.0001) or women younger (difference between area:
0.0629, 95% Cl: 0.0262-0.0996, P=0.0008) and older (difference between area: 0.116, 95% Cl: 0.0242-
0.207, P=0.0132) than 60 years. Furthermore, when TyG was added to each obesity index, the AUC value
of FLI was still significantly larger than that of each combination.

Conclusions: Compared with TyG along or combination of TyG and obesity indices, FLI is a better
surrogate index for detecting hepatic steatosis among Chinese nondiabtic postmenopausal women.

Introduction

Nonalcoholic fatty liver disease (NAFLD) is used to describe a condition of triglyceride accumulation in
the liver in the absence of excessive alcohol consumption and any other specific causes of hepatic
steatosis, and it encompasses a wide spectrum of hepatic injures ranging from simple nonalcoholic fatty
liver disease (steatosis) to nonalcoholic steatohepatitis (NASH) which is characterized by liver
inflammation with potential to progress to advanced fibrosis, cirrhosis, and hepatocellular carcinoma.[1-
3]. As the most common form of chronic liver disease, NAFLD affect 24—42% of people in Western
countries and 5-40% in Asian countries [4-6]. In China, NAFLD has become one of the major causes of
chronic liver disease, and the overall prevalence of NAFLD in Chinese adults has reached 20.1%
according to a recent meta-analysis [7]. NAFLD is frequently associated with visceral obesity,
dyslipidemia, insulin resistance, as well as type 2 diabetes mellitus (T2DM) and may represent another
component of metabolism syndrome (MetS), which is a well-known atherogenic condition [8].
Additionally, there is evidence that NAFLD might have a role in the development of T2DM and MetS rather
than just being one of its manifestations [9]. Further, individuals with NAFLD are at significantly higher
risk of cardiovascular disease [10—-13], and those with evidence of NASH and advanced fibrosis are at
markedly increased risk of adverse outcomes including overall mortality, and liver-specific morbidity and
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mortality, respectively [14]. Therefore, NAFLD is becoming an increasingly important health issue
worldwide.

In women, it seems that the prevalence of hepatic steatosis can be affected by menopausal status [15-
17]. A study reported that the prevalence of NAFLD in women was lower before menopause but was
higher after menopause than that in men [18], which might be explained by a decline in estrogen level
that leads to hepatic steatosis through a reduction of fatty acid oxidation and an increase in lipogenesis
within the liver [19]. Another point worth noting is that postmenopausal women accumulate more fat
tissue in the intra-abdominal region than do premenopausal women and subsequently have a greater risk
of developing metabolic disorders [20], which may make postmenopausal women more likely to develop
hepatic steatosis. Therefore, it is very important to explore a simple as well as effective method to screen
hepatic steatosis in population of postmenopausal women.

The gold standard for diagnosis and quantification of hepatic fibrosis in individuals with NAFLD is liver
biopsy. However, this method has limited diagnostic value in a population-based study due to its invasive
nature [21]. For this reason, non-invasive methods are preferred as first line investigations. In clinical
settings, an abdominal ultrasonography is the most common technique used to assess the presence of
NAFLD. However, abdominal ultrasonography is also laborious for study participants. Since hepatic
steatosis is closely associated with obesity as well as metabolic disorders, a number of studies have
been conducted in order to find simple and efficient markers to screen hepatic steatosis. These markers
often include anthropometric indices [22-24], serum lipid-associated indices [25, 26], aminotransferases
[27], or the markers composed of them. Bedogni et al. developed a simple scoring system called the fatty
liver index (FLI) as a predictor of fatty liver disease [28], and several studies have reported that NAFLD
assessed by FLI was well-correlated with hepatic steatosis using abdominal ultrasonography in a general
population [29, 30]. In one of our previous studies, we have identified that FLI is a better marker for
predicting the presence of hepatic steatosis in postmenopausal women as compared with several obesity
indices including body mass index (BMI), waist circumference (WC), waist-to-hip ratio (WHR), waist-to-
height ratio (WHtR), and visceral adiposity index [31]. Recently, there is growing interest in the triglyceride
glucose index (TyG). A large observational study from China has reported that TyG is effective to identify
individuals at risk for NAFLD, especially when combining it to alanine aminotransferase (ALT) [32]. In
addition, several studies have determined that TyG is a surrogate for identifying insulin resistance [33,
34], which is closely linked with hepatic steatosis. However, between FLI and TyG, it is still unclear which
index is better for detecting of hepatic steatosis among a population of postmenopausal women.
Therefore, we conducted this study to investigate their potential to detect hepatic steatosis, using the
data from one of our previous studies [31], from which women without diabetes were selected as a
nondiabetic population in this study.

Methods

Participants
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This was a retrospective study involving 594 postmenopausal women who had previously been recruited
in one of our previous studies, from July to September 2016. Those women voluntarily visited the
Medical Examination Center of Peking Union Medical College Hospital, China Academic Medical Science
and Peking Union Medical College (Beijing, China), for a health checkup. A standard questionnaire was
used by trained physicians to collect information of the participants, including age, lifestyle factors
(smoking and drinking status), medical history, medication use and duration of menopause. The
exclusion criteria have been well described in one of our previous studies [31]. Based on the previous
study, we further excluded individuals with diabetes in this study in order to avoid the potential effects of
diabetes on the serum lipids and fasting plasma glucose, if that actually happens, the values of TyG
would be greatly affected. All participants were naturally postmenopausal women who had amenorrhea
for at least 12 months after their final menstruation and did not have any pathological cause of
amenorrhea [35,36].

Measurements

Anthropometric measurements of individuals wearing light clothing and without shoes were conducted
by well-trained examiners. Height was measured to the nearest 0.1cm with a portable stadiometer. Weight
was measured in an upright position to the nearest 0.1kg with a calibrated scale. BMI was calculated by
dividing weight (kg) by height squared (m?). WC measurements were taken at the end of normal
expiration to the nearest 0.1cm, measuring from the midway between the lower borders of the rib cage
and the iliac crest. Hip circumference was obtained at the widest point between the hip and the buttocks.
WHR and WHtR were then calculated.

All participants underwent venous blood collection in the morning after fasting for 10-12 hours to
determine concentrations of total cholesterol (TC), triglyceride (TG), high density lipoprotein cholesterol
(HDL-c), low density lipoprotein cholesterol (LDL-c), fasting plasma glucose (FPG), high sensitivity C-
reactive protein (hs-CRP), ALT, aspartate aminotransferase (AST), andy-glutamyltransferase (y-GGT),
using an automated analyzer (Olympus AU5800, Japan).

Evaluation criteria

The FLI was calculated according to a previously published report by Bedogni et al.;[28]

[eO.QSSXIoge (TG) + 0.139xBMI+0.718xlog e (GGT) +0.053xwaist circumference-1 5.745)] / [1 +g 0953 xlog e (TG) +

0.139xBMI+0.718xlog e (GGT) + 0.053xwaist circumference—15.745] x 100, with TGs measured in mg/dl, GGT in U/L, and
WC in cm. FLI were divided into three groups, low (<30), intermediate (30-59), and high (=60).

TyG was calculated as: TyG = Ln [TG (mg/dl) FPG (mg/dl)/2] [34]. To date, there is no recommended cut-
off value of TyG to detect hepatic steatosis, thus values of TyG were divided into quartiles (quartile 1, <
8.1; quartile 2, 8.1-8.5; quartile 3, 8.5-8.8; quartile 4, = 8.8) according to its respective cut-off points of
entire distribution for this study population.
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BMI was divided into three groups, normal (< 24.0 kg/m?), overweight (24.0-27.9 kg/m?), and obesity (=
28.0kg/m?) [37]. AWHIR of = 0.50 or a WHR of = 0.85 was defined as a central obesity [38-40].

Ultrasonography for liver and criteria of NAFLD

NAFLD was defined as the presence of definite hepatic steatosis on ultrosonography, such as a bright
hepatic echo pattern, increased attenuation of the echo beam and loss of intrahepatic architectural detail
without a secondary cause [41,42]. Ultrosonography of the liver was performed using a 3.5-MHz conves-
array probe and a 7.5-MHz linear-array probe (Nemio 30, Toshiba, Japan) by an experienced examiner
who was unaware of the laboratory and other results.

Statistical analysis

Statistical analysis was performed using the Statistical Package for Social Science (SPSS version 16.0,
Chicago, IL, USA). The independent-sample t-test was used to compare continuous variables between
NAFLD group and the control group. Categorical variables were represented by frequency or percentage
and examined by X? test. Binary logistic regression analyses were used to determine the odds ratio (ORs)
and 95% confidence interval (Cl) of hepatic steatosis according to the classifications of TyG as well as
FLI with adjustment for potential confounders. Receiving-operating characteristic (ROC) curves and area
under the curve (AUC) were employed to calculate the AUC values of FLI, TyG as well as combination of
TyG with each obesity index to detect hepatic steatosis. Comparisons between the AUC of FLI and TyG,
as well as TyG plus each obesity index (BMI, WHR, or WHtR) were conducted by the method described by
DelLong [43].

Results

The basic characteristics of participants with and without
NAFLD

Of the 594 postmenopausal women, 29.3% (n = 174) were detected in the presence of hepatic steatosis
by ultrasonography. Compared with women without hepatic steatosis, women with hepatic steatosis had
significantly higher age, BMI, WC, WHR, WHtR, FLI, TyG, SBR, DBP, GGT, ALT, FPG, TC, TG, LDL-c, hs-CRP,
and prevalence of hypertension, but lower HDL-c (all P < 0.001). There were no significant differences in
the concentration of AST between the two groups (Table 1).
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Table 1

The basic characteristics between two groups

Variables

Age (year)

BMI (kg/m?)

Waist circumference (cm)
Waist-to-height ratio
Waist-to-hip ratio

Fatty liver index

TyG

SBP (mmHg)

DBP (mmHg)

GGT (IU/L)

ALT (IU/L)

AST (IU/L)

FPG (mmol/L)

Total cholesterol (mmol/L)
Triglyceride (mmol/L)

HDL-cholesterol (mmol/L)
LDL-cholesterol (mmol/L)

Hs-CRP (mg/L)
Hypertension

Smoking status

Nonsmoker

Exsmoker

Smoker

Alcohol consumption status
Nondrinker

Exdrinker

Drinker

All (n = 594)

54.4(6.7)
23.8(2.6)

78.6(5.4)
0.49(0.04)
0.84(0.06)
19.9(15.6)
8.5(0.5)
117(17)
71(8)
19(10)
19(9)
20(5)
5.1(0.4)
5.19(0.87)
1.35(0.77)

1.40(0.31
3.22(0.77

1.3(1.6)
21.0(125)

80.8(480)
8.3(49)
10.9(65)

76.4(454)
9.6(57)
14.0(83)

NAFLD (n = 174)

56.5(6.1)
25.5(2.1)

82.0(4.3)
0.51(0.03)
0.88(0.05)
32.5(16.0)
8.8(0.5)
123(18)
73(9)
23(10)
22(10)
20(6)
5.2(0.4)
5.38(0.81)
1.79(0.93)
32400 7)
1.8(1.8)
31.0(54)

82.2(143)
7.5(13)
10.3(18)

79.3(138)
5.8(10)
14.9(26)
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Non-NAFLD(n = 420)

53.5(6.8)
23.2(2.5)

77.2(5.0)
0.48(0.03)
0.83(0.05)
14.7(12.1)
8.3(0.5)
114(16)
70(8)
17(10)
17(8)
20(5)
5.0(0.4)
5.12(0.89)
1.16(0.60)

1.45(0.32
3.14(0.75

1.1(1.4)
16.9(71)

80.2(337)
8.6(36)
11.2(47)

75.2(316)
11.2(47)
13.6(57)

P value

<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.270

<0.001
0.001

<0.001

<0.001
<0.001

<0.001
<0.001
0.853

0.121




Variables

All (n = 594)

NAFLD (n = 174)

Non-NAFLD(n = 420)

BMI, body mass index; FLI, fatty liver index; TyG, triglyceride glucose index; SBP, systolic blood
pressure; DBP, diastolic blood pressure; y-GGT, y-glutamyltransferase; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; FPG, fasting plasma glucose; HDL-c, high-density lipoprotein
cholesterol; LDL-c, low-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein

Associations between the presence of hepatic steatosis and the classifications of FLI and TyG

The lowest values of FLI and TyG were used as the reference, respectively. For FLI, compared with women

with the lowest level (< 30), women with the upper two levels had significantly higher odds of hepatic
steatosis (all P<0.01) after adjusting for age, lifestyle factors (smoking and drinking status), blood
pressure, history of hypertension, TC, HDL-c, LDL-c, ALT, AST, FPG, and hs-CRP (Table 2).

Table 2

Odds ratio and 95% confidence interval (Cl) for the presence of hepatic steatosis according to the
respective cutoff values for fatty liver index and triglyceride glucose index.

Variables Cases
()
Triglyceride glucose index
Quartile 1 11
Quartile 2 28
Quartile 3 54
Quartile 4 81
P for trend

Fatty liver index

<30 90
30-60 74
>60 10
P for trend

*P<0.05; "P<0.01

Total participants (n)

148
149
149

148

472
108

14

Prevalence (%)

7.4
18.8
36.2

o4.7

<0.001

19.1
68.5

71.4

<0.001

OR(95% ClI)

reference

1.889(0.819-4.360)
2.848(1.236-6.562)"

5.299(2.073-13.547)"

reference
5.156(3.070-8.659)™

8.095(2.192-29.891) ™

As for TyG, women in the third and highest quartiles had significant higher odds of hepatic steatosis (all
P < 0.05) than women in the lowest quartile, with adjustments for age, BMI, WC, lifestyle factors (smoking
and drinking status), blood pressure, history of hypertension, TC, LDL-c, HDL-c, ALT, AST, GGT, and hs-CRP

(Table 2).
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ROC curve analyses of the two indicators of hepatic steatosis and comparison of AUC values between
FLI and TyG as well as TyG plus each obesity index

The AUC values and the 95% ClI for detecting the presence of hepatic steatosis by FLI and TyG are shown
in Table 3. Both FLI and TyG showed significant areas under the ROC curve in women under or over
60 years of age or in overall women (Fig. 1, 2, and 3).

Table 3

The AUC values and corresponding 95% confidence interval (Cl) of the indices.
Variables Standard error AUC (95% CI) p-value
Women with Age < 60 years
Triglyceride glucose index 0.023 0.779(0.734-0.823) <0.001
Fatty liver index 0.019 0.842(0.805-0.878) <0.001
Women with Age = 60 years
Triglyceride glucose index 0.049 0.680(0.584-0.775) <0.001
Fatty liver index 0.040 0.795(0.718-0.873) <0.001
Overall (n = 594)
Fatty liver index 0.017 0.836(0.803-0.868) <0.001
Triglyceride glucose index 0.020 0.764(0.724-0.804) <0.001
Triglyceride glucose index + BMI 0.020 0.780(0.741-0.819) <0.001
Triglyceride glucose index + WHtR 0.020 0.776(0.737-0.815) <0.001
Triglyceride glucose index + WHR 0.020 0.778(0.738-0.817) <0.001
AUC, area under the curve; Cl, confidence interval; BMI, body mass index; WHR, waist-to-hip ratio;
WHTtR, waist-to-height ratio

In overall women, the AUC values of FLI and TyG to detect hepatic steatosis were 0.836 (95% Cl: 0.803—
0.868,P<0.001) and 0.764 (95% Cl: 0.724-0.804, P <0.001), respectively (Table 3 and Fig. 1). For
women younger than 60 years, the AUC values of FLI and TyG were 0.842 (95% CI: 0.805-0.878, P <
0.001) and 0.779 (95% CI: 0.734-0.823, P<0.001) (Table 3 and Fig. 2); for women older than 60 years,
they were 0.795 (95% CI: 0.718-0.873, P<0.001) and 0.680 (95% CI: 0.584-0.775,P<0.001) (Table 3
and Fig. 3), respectively. Moreover, the differences in AUC values between the two indices were also
compared. According to the method by DelLong [43], the AUC value of FLI was significantly larger than
that of TyG in either overall women (difference between area: 0.0743,95% Cl: 0.0396-0.109, P <0.0001)
or women younger (difference between area: 0.0629, 95% Cl: 0.0262-0.0996, P = 0.0008) or older
(difference between area: 0.116, 95% Cl: 0.0242-0.207, P =0.0132) than 60 years (Table 4). Furthermore,

the comparison of the AUC between FLI and combination TyG with each obesity index was also
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conducted. When TyG was added to BMI, WHR, or WHtR, although the combined AUC of TyG plus each
obesity index was slightly higher than that of TyG alone (Table 3 and Fig. 4), the AUC value of FLI was
still significantly larger than that of each combination (Table 4 and Fig. 4). (The ROC curves, sensitivity,
specificity, as well as the AUC values of BMI, WC, WHR, and WHtR, TyG, and FLI for detecting hepatic
steatosis are shown in Supplemental Table and Supplemental Figure)

Table 4
Comparison of the AUC values between FLI and TyG along as well as combination TyG with obesity
indices for detecting hepatic steatosis

Difference between area (95% ClI) P-value
FLIvs. TyG along
Overall women 0.0743 (0.0396-0.109) <0.0001
Women < 60 years 0.0629 (0.0262-0.0996) 0.0008
Women = 60 years 0.116 (0.0242-0.207) 0.0132
FLIvs. (TyG + BMI) 0.0560(0.0263-0.0857) 0.0002
FLIvs. (TyG + WHR) 0.0581(0.0276-0.0886) 0.0002
FLI vs. (TyG + WHtR) 0.0595(0.0297-0.0894) 0.0001
AUC, area under the curve; FLI, fatty liver index; TyG, triglyceride glucose index; BMI, body mass index;
WHR, waist-to-hip ratio; WHtR, waist-to-height ratio

Discussion

To the best of our knowledge, this study is the first study to compare the discriminatory potentials of fatty
liver index (FLI) and triglyceride glucose index (TyG) for detecting hepatic steatosis in Chinese
nondiabetic postmenopausal women. In this study, we found that both FLI and TyG had the significantly
higher odds ratio for hepatic steatosis than their respective reference after adjusting for the potential
confounders. Moreover, we also found that FLI is a superior surrogate index than TyG for detecting the
presence of hepatic steatosis in Chinese nondiabtic postmenopausal women. Furthermore, when TyG
was added to each obesity index, the superiority of FLI over each combination is still significant. In
conjunction with our previous findings [31], where we have identified that FLI is a better marker for
predicting the presence of hepatic steatosis in postmenopausal women compared with several obesity
indices including BMI, WC, WHR, WHtR, and visceral adiposity index, it seems that FLI may be the first
choice when screening for hepatic steatosis in Chinese nondiabetic postmenopausal women.

Globally, the prevalence of NAFLD is estimated to be about 25% and often accompanies an increased
prevalence of overweight or obesity [44]. With the introduction of westernized lifestyle and increasing
frequency of obesity in the Asia-Pacific region including China, the prevalence of NAFLD has increased
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rapidly over the past two decades [7, 45, 46]. In this study, the prevalence of NAFLD was 29.3%, which is
slightly higher than the result of a recent meta-analysis where the overall prevalence of NAFLD in Chinese
adults was reported to be 20.1%. The explanation might be due to the different study population.
However, the prevalence in this study is slightly lower than the result of one of our previous studies in
which the prevalence of hepatic steatosis was 33.4% [31]. That is because we have excluded women with
a history of T2DM or who were highly suspected of diabetes based on the results of physical
examination, since NAFLD is closely associated with diabetes.

For women after menopause, fat distribution shifts from gluteofemoral subcutaneous adipose tissue
(SAT) to abdominal visceral adipose tissue (VAT) [47]. It has been reported that significant increases in
VAT only occur in those women who become postmenopausal during a four-year follow-up [48]. As a
result, it is that the decrease of SAT as well as the increase of VAT makes postmenopausal women more
prone to cardiometabolic disorders as compared with premenopausal women. Wong et al. reported that
the prevalence of NAFLD was about two times higher in men compared with in women, but the
prevalence of NAFLD in women increased with age and, in those older than 50 years, the prevalence of
NAFLD became similar and even higher than that in men [49]. Considering that the average age of
menopause is approximately 50 years, the assumption that menopause itself might affect metabolic
changes and increase the development of NAFLD can be supposed [24].

It has been confirmed that there are close links between fatty liver and underlying insulin resistance,
metabolic syndrome, T2DM, cardiovascular damage as well as cardiovascular events. Moreover, the
clinical importance of NAFLD stems not only from its increasing prevalence in the general population but
also its potential to progress to cirrhosis and liver failure [50]. A very recent review has demonstrated that
individuals with evidence of NASH and advanced fibrosis are at markedly increased risk of adverse
outcomes including overall mortality, and liver-specific morbidity and mortality, respectively [14].
Therefore, NAFLD has been becoming an increasingly recognized public health problem. In order to
facilitate the screening of NAFLD in the population, a number of studies have been conducted with
attempt to explore not only simple but also accurate markers. It has been confirmed that central obesity is
definitely associated with NAFLD. In individuals with central obesity, an increased VAT results in an
excessive production of inflammatory adipokines and hormones in conjunction with an increased
lipolysis and influx of free fatty acid to the liver, which eventually leads to the synthesis of hepatic TG
[51]. Therefore, obesity indices are frequently used in the screening of NAFLD [22-24]. According to Yoo
et al., WC and WHtR were found to be as useful as dual-energy X-ray absorptiometry (DXA) and computed
tomography (CT) for predicting NAFLD in adults aged 20-88 years [22]. Recently, Hong et al. have
reported that WHR is a more accurate indicator for NAFLD than BMI and WC in postmenopausal women
[24]. The possible explanation may be that WHR reflects the assumption ratio of abdominal VAT to
gluteofemoral SAT, and it has been reported that the ratio of VAT to SAT is independently associated with
the clustering of multiple cardiometabolic risk factors in women but not in men [52]. Further, because the
hormone changes after menopause causes the deposition of abdominal VAT from the femoral SAT, the
clinical significance of WHR might be more distinct after menopause [48]. Also, one of our previous
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studies showed that, among the indicators of central obesity, WHR is the best predictive marker for MetS
development in Chinese postmenopausal women [40].

In addition to obesity indicators, the associations of other markers with NAFLD have been also
investigated. Previously, we reported a index termed fatty liver index (FLI), which is an index firstly
reported by Bedogni et al. and its score ranges from 0 to 100 [28]. A FLI of <30 could be used to rule out
(sensitivity =87%) and a FLI of = 60 to rule in hepatic steatosis (specificity = 86%) in an Italian
population, thus, Bedogni et al suggested that the FLI was a simple and accurate predictor of hepatic
steatosis. The validation of FLI in general populations has been confirmed in several studies [29, 30], and
our previous study also showed that NAFLD assessed by FLI is well-correlated with hepatic steatosis
using abdominal ultrasonography in Chinese postmenopausal women [31]. Unfortunately, there are few
similar reports on the use of FLI to screen NAFLD in postmenopausal women other than our report, in
which we compared the FLI and several frequently used obesity indices and found that FLI is generally
better than indices including BMI, WC, WHR, WHtR, as well as visceral adiposity index in detecting hepatic
steatosis in postmenopausal women.

NAFLD is considered as the liver manifestation of MetS and the two key components of MetS, triglyceride
(TG) and fasting plasma glucose (FPG) are overproduced by the fatty liver [53]. Recently, the triglyceride
glucose index (TyG) has been recommended as a reliable and simple surrogate marker for insulin
resistance [33, 34, 54]. The close association between the TyG and liver steatosis has been demonstrated
in people from Mexico and China [32, 55]. The explanation may be that TyG is a specific indicator of
hepatic insulin resistance since it is well correlated with the amount of hepatic fat [32], whose amount
predicts mortality and development of T2DM in individuals with NAFLD [56]. In addition, several studies
have found that triglyceride to high-density lipoprotein cholesterol ration is independently associated with
NAFLD as well as the severity of NAFLD [25, 26]. However, there are sparse studies specifically examining
the association between TyG and hepatic steatosis among postmenopausal women.

In our present study, we firstly reported the comparison of the potential between FLI and TyG to detect
hepatic steatosis in a population of menopausal women, and found that FLI is superior to TyG among
postmenopausal women. After grouping by age, the superiority of FLI over TyG is unchanged. Unlike FLI,
the TyG index does not contain variables that directly reflect body weight or body shape, although both
FLI and TyG contain TG within them. Therefore, we further added obesity indices including BMI, WHR, or
WHIR to the TyG to observe their combined effects to detect hepatic steatosis. Although the combined
AUC of TyG plus each obesity index was slightly higher than that of TyG alone, the AUC value of FLI was
still significantly larger than that of each combination, suggesting that FLI is a superior indicator for
screening hepatic steatosis among postmenopausal women in a population-based study.

Strengths and limitations

This study firstly compares the differences in the ability to detect hepatic steatosis between FLI and TyG
as well as the combination of TyG and obesity indices among postmenopausal women, and confirms

that FLI is a superior indicator over TyG along or the combination of TyG and frequently used obesity
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indices. In addition, we only recruited relatively healthy women without diabetes, which avoids the
potential influence of diabetes on metabolisms of the participants. Furthermore, we not only calculated
the AUC values of FLI and TyG, but also compared the differences between them statistically, which
enhances convincingness of our data. On the other side, the current study has several limitations. Its
cross-sectional design makes it difficult to assess causal relationship. Also, we did not evaluate the level
of insulin resistance as well as the blood estrogen level in each participant, thus, we could not provide
any mechanistic explanation regarding our results. In addition, because all participants of this study, who
were of Chinese ethnicity and were residents of Beijing, were enrolled in a single hospital and the sample
size was relatively small, so our results cannot be extrapolated beyond this group. Further,
ultrasonography as a modality for detecting NAFLD is not the gold standard for the diagnosis of NAFLD,
but is generally regarded as a fairly noninvasive and reliable modality for the diagnosis of hepatic
steatosis, with a known sensitivity of 85% and specificity of 94% [57]. Finally, we were unable to collected
detailed data about diet and physical activity and so on.

Conclusions

In a population-based study involving the screening of NAFLD in postmenopausal women, FLI is a better
surrogate marker for predicting the presence of hepatic steatosis as compared with TyG index.
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Figure 1

Receiver operating characteristic (ROC) curves of fatty liver index and triglyceride glucose index used to
predict the presence of hepatic steatosis in overall women
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Figure 3
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Receiver operating characteristic (ROC) curves of fatty liver index and triglyceride glucose index used to

predict the presence of hepatic steatosis in women younger than 60 years
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Figure 5

Receiver operating characteristic (ROC) curves of fatty liver index and triglyceride glucose index used to
predict the presence of hepatic steatosis in women over the age of 60 years
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Figure 7

Receiver operating characteristic (ROC) curves of fatty liver index, triglyceride glucose index (TyG) as well
as the combination of TyG with obesity indices used to predict the presence of hepatic steatosis in overall
women
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