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Background: The hypertriglyceridemic waist phenotype (HWP) has exhibited a strong
association with metabolic syndrome, a condition closely linked with nonalcoholic fatty
liver disease (NAFLD). However, no study has investigated whether the HWP can accurately
predict NAFLD among premenopausal and postmenopausal women or whether alternative
anthropometric indexes could replace waist circumference (WC) in the HWP. We examined
the power of phenotypes combining triglyceride (TG) levels with anthropometric indexes
such as body mass index (BMI), WC, waist-to-hip ratio, waist-to-height ratio, and percent
body fat, to detect NAFLD among premenopausal and postmenopausal women.

Methods: We conducted a cross-sectional study of 1125 premenopausal women and 654
postmenopausal women who had received an annual health checkup. For all the participating
women, we measured both anthropometric and biochemical indexes, such as serum lipid
levels. NAFLD diagnoses were made on the basis of abdominal ultrasonography findings.
The receiver operating characteristic curve and area under the curve (AUC) were used to
evaluate the indicators’ ability to detect NAFLD.

Results: Among the indicators of hepatic steatosis, the combined phenotypes of TG level
(>1.50 mmol/L) and BMI (>24.0 kg/m?) exhibited the largest AUC (0.841, 95%confidence
interval [CI] 0.812-0.871, P< 0.001) for premenopausal women, whereas WC alone exhib-
ited the highest predictive potential (0.765, 95% CI 0.729-0.801, P< 0.001) for postmeno-
pausal women.

Conclusion: Out of all the phenotypes combining a single anthropometric index with TG
level or WC and TG level, the combination of TG level and BMI was the best indicator of
NAFLD for premenopausal women. For screening NAFLD in postmenopausal women, WC
alone was superior to all other indicators.

Keywords: nonalcoholic fatty liver disease, hepatic steatosis, anthropometric index,

hypertriglyceridemic waist phenotype, menopause

Introduction

Nonalcoholic fatty liver disease (NAFLD) is one of the most common chronic liver
disorders and affects approximately 25% of the general population worldwide.'
NAFLD is divided into the histological categories of nonalcoholic fatty liver
disease and nonalcoholic steatohepatitis. Patients with nonalcoholic fatty liver
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disease include those with simple hepatic steatosis as well
as steatosis and mild nonspecific inflammation. The main
difference between the two categories is that nonalcoholic
steatohepatitis includes the additional presence of charac-
teristics of hepatocellular injury with or without fibrosis.>
The prevalence of NAFLD has increased in tandem with
the increasing rates of obesity worldwide. Between 75 and
100 million individuals in the United States are estimated
to have NAFLD.? The overall prevalence of NAFLD in
Chinese adults has reached 20.1%, according to a recent
meta-analysis.* Existing evidence suggests that NAFLD
might contribute to the development of type 2 diabetes
mellitus (T2DM) and metabolic syndrome (MetS) rather
than merely being a manifestation of these conditions.’
with NAFLD
a significantly increased risk of cardiovascular disease,’

Furthermore, individuals have
and patients with evidence of nonalcoholic steatohepatitis
(NASH) and advanced fibrosis have a markedly increased
risk of both overall and liver-specific mortality.” However,
most individuals with NAFLD are asymptomatic or have
nonspecific symptoms. Thus, early detection, intensive
surveillance, and appropriate intervention are necessary
to reduce morbidity and mortality in individuals with
NAFLD. Although liver biopsy has been the gold standard
for identifying NAFLD, using this method in a population-
based study is impractical because of its invasiveness,
poor acceptability, sampling variability, and cost.® For
these reasons, abdominal ultrasonography, which is
a noninvasive method, is the most common technique
used to assess the presence of NAFLD in clinical settings,
with a known sensitivity of 85% and specificity of 94%.°

Because NAFLD is

metabolic comorbidities, such as obesity, dyslipidemia,

frequently associated with

insulin resistance, MetS, and T2DM,' and may also
represent another component of MetS, numerous epi-
demiological and public health studies have employed
anthropometric indices to predict hepatic steatosis
because of the simplicity of their measurement.'®'?
However, the majority of these studies have analyzed
only one or several anthropometric measurements to
screen for NAFLD. Several studies have investigated
the effects of the hypertriglyceridemic waist phenotype
(HWP), which is the combination of triglyceride (TG)
levels and waist circumference (WC). The results of
these studies have revealed that the HWP is closely
related to T2DM,'? cardiovascular disease,'® and
MetS'® and have suggested that the use of WC and
TG levels together could lead to more accurate

predictions of metabolic abnormalities than the use of
WC or TG level alone. However, no studies have
investigated whether the HWP can accurately predict
NAFLD in premenopausal and postmenopausal women.
In addition, an anthropometric index’s ability to predict
NAFLD may differ according to patients’ menopausal
status.'? Therefore, we examined the predictive power
of phenotypes combining TG levels with various
anthropometric indices, including body mass index
(BMI), WC, waist-to-hip ratio (WHR), waist-to-height
ratio (WHtR), and percent body fat (PBF), to detect
hepatic steatosis in premenopausal and postmenopausal
women and assist general physicians in identifying
patients at risk of NAFLD and patients requiring
further evaluation.

Participants and Methods
Study Population

This was a cross-sectional study. Participants were
recruited in a consecutive manner from a group of patients
who had voluntarily undergone an annual health checkup
at the Department of Medical Examination Center of
College Hospital (PUMCH,
Beijing, China) between July and December 2017. This
study was approved by the Ethics Committee of PUMCH,
China Academy of Medical Sciences and was conducted

Peking Union Medical

in accordance with the standards of the International
Committee on Harmonization on Good Clinical Practice
and the revised version of the Declaration of Helsinki. All
women were of Chinese nationality and between the ages
of 20 and 79 years. Participants with malignancy or severe
renal or hepatic diseases were excluded. Participants were
also excluded from this study if they met any of the
following criteria: (1) history of chronic viral liver disease
(a positive test for hepatitis B surface antigens or hepatitis
C antibodies), autoimmune liver disease, or inflammatory
bowel disease; (2) extensive history of alcohol intake (>20
g of ethanol per day); (3) use of a medication that might
affect body weight or body composition (such as steroids)
within the 6 months prior to the study; and (4) participa-
tion in a weight loss program. Postmenopausal women
were defined as women who naturally had amenorrhea
without any pathological cause for 12 months after their
final menstruation. A total of 1125 premenopausal women
and 654 postmenopausal women were included in this
study.
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Procedure

All study participants provided written informed consent
form before participation. A standard questionnaire was
used by trained physicians to collect information on lifestyle
factors (smoking status [nonsmoker, ex-smoker, or current
smoker] and drinking status [nondrinker, ex-drinker, or cur-
rent drinker (alcohol intake of < 20g of ethanol per day)]), the
last menstrual cycle, medical history, and medication use
(such as antihypertensive, hypolipidemic, or hypoglycemic
medications). Two blood pressure readings (to the nearest
2 mm Hg) were obtained from the right arm of participants in
a seated position after 30 minutes of rest. The average of
these two measurements was used. A routine physical exam-
ination was then performed on all participants.

Anthropometric Measurements and
Definitions of the HWP, Overweight, and
Obesity

The weights and heights of the participants were measured
by well-trained examiners. BMI was calculated as weight
(kg)/height® (m?). WC was measured to the nearest 0.1 cm at
the end of normal expiration at the midpoint between the
lower borders of the rib cage and the iliac crest. Hip circum-
ference was obtained at the widest point between the hips and
the buttocks. WHR was calculated as WC (cm) divided by
hip circumference (cm). WHtR was calculated as WC (cm)
divided by height (cm). PBF was estimated through multi-
frequency bioelectric impedance analysis (Inbody 720;
Biospace Co. Ltd., Seoul, Korea). Four electrodes were
placed on the palms and thumbs of both hands, and four
electrodes were placed on the anterior and posterior aspects
of the soles of both feet. Recent reports have defined HWP as
follows: TG level > 1.50 mmol/L and WC > 85cm in
women.'® Therefore, women with TG level< 1.50 mmol/L
or WC < 85cm were regarded as not having HWP.

Overweight was defined as a BMI of 24.0 kg/m? or higher
or PBF of 30% or higher, whereas central obesity was defined
as a WHR of 0.8 or higher or WHIR of 0.5 or higher."” In the
HWP, we replaced the WC criterion (=85cm) with the criteria
for overall and central obesity to obtain a variety of pheno-
types combining TG level and anthropometric indices.

Biochemical Measurements

Venous blood samples were collected after a 12-hour over-
night fast and were immediately centrifuged at 4°C.
Concentrations of plasma glucose, total cholesterol (TC),
TG, high-density lipoprotein cholesterol (HDL-c), low-

density lipoprotein cholesterol (LDL-c), uric acid, and
high-sensitivity C-reactive protein (hs-CRP) were mea-
sured using an automatic analyzer (Beckman 5800;
Beckman Coulter Inc., Brea, CA, USA).

Statistical Analysis

Statistical analysis was performed using SPSS version
17.0 (SPSS Inc, Chicago, IL, USA). Normally distributed
variables were described as means (SD), whereas skewed
variables were presented as medians (interquartile range,
25-75%). The Kolmogorov—Smirnov test was performed
to determine whether the quantitative data conformed to
a normal distribution. In the analysis of the participants’
basic characteristics, the participants were divided into
two groups: a NAFLD group and a non-NAFLD group
(participants whose physical examinations during the
recruitment period did not reveal hepatic steatosis).The
quantitative variables were compared between the
NAFLD and non-NAFLD groups through an indepen-
dent-samples #-test or the Mann—Whitney U-test as
appropriate, whereas categorical variables (such as the
percentages of patients with T2DM, drinking status, and
smoking status) were presented as frequencies (percen-
tages) and examined using a chi-square test. A binary
logistic regression analysis was performed to estimate the
associations of hepatic steatosis with phenotypes combin-
ing TG levels and anthropometric indices or TG or WC
alone, with adjustment for age, lifestyle variables, blood
pressure, the presence of diabetes, and fasting blood
glucose (FBG), hs-CRP, serum uric acid (SUA), alanine
aminotransferase (ALT), and aspartate aminotransferase
(AST) levels. The area under the curve (AUC) of the
receiver operating characteristic (ROC) curve was used
to compare the indices’ ability to predict hepatic steato-
sis. All P values were two-tailed, and P< 0.05 was con-
sidered statistically significant.

Definition of NAFLD

Abdominal ultrasonography (Nemio 30, Toshiba, Japan)
was performed by an experienced examiner who was
blinded to the results. NAFLD was defined as the presence
of hepatic steatosis in ultrasonography, indicated by
a bright hepatic echo pattern, increased attenuation of the
echo beam, and loss of intrahepatic architectural detail
without a secondary cause. The degree of NAFLD was
categorized as absent, mild, moderate, or severe based on
the NAFLD sonographic criteria.
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Table | Baseline Characteristics with and without Hepatic Steatosis Among Pre- and Postmenopausal VWWomen

Variables Premenopausal Women Postmenopausal Women
Non-NAFLD (n=906) NAFLD (n=219) Non-NAFLD (n=393) NAFLD (n=261)
Age, median (SD), y 40.7(6.9) 44.4(5.4)° 57.9(8.1) 58.8(7.6)
BMI, mean (SD), kg/m? 22.2(2.6) 26.4(3.4)* 23.3(2.9) 26.5(3.0)*
WC, median(IQR), cm 78.4(75.5-81.9) 85.3(81.9-89.7)* 80.9(77.4-84.8) 86.8(82.9-91.7)*
WHR (SD) 0.80(0.05) 0.89(0.07)° 0.83(0.06) 0.90(0.07)°
WHtR (SD) 0.48(0.04) 0.53(0.05)° 0.51(0.05) 0.55(0.05)°
PBF, mean (SD),% 25.1(6.1) 30.8(5.4)% 29.0(6.2) 33.0(5.6)*
SBP, mean (SD), mmHg 109.5(11.7) 118.0(14.4) 121.7(17.4) 128.9(18.6)*
DBP, mean (SD), mmHg 66.2(8.2) 72.009.7) 70.6(8.8) 73.8(9.9)*
TC, mean (SD), mmol/L 4.72(0.81) 5.04(0.91) 5.30(0.90) 5.39(0.93)
TG, median (IQR), mmol/L 0.85(0.63-1.18) 1.56(1.16-2.02)* 1.13(0.85-1.58) 1.65(1.19-2.21)
HDL-c, median (IQR), mmol/L 1.43(1.23-1.65) 1.19(1.04-1.37)* 1.42(1.24-1.64) 1.23(1.07-1.39)*
LDL-c, mean (SD), mmol/L 2.81(0.70) 3.15(0.77)* 3.23(0.77) 3.43(0.84)"
FBG, median (IQR), mmol/L 4.9(4.5-5.2) 5.1(4.9-5.5) 5.1(4.8-5.5) 5.5(5.0-6.0)*
ALT (IQR), U/L 14(11-18) 21(15-31)* 17(14-22) 21(16-27)*
AST (IQR), U/L 17(15-20) 19(16-25)* 20(18-24) 21(17-24)
Serum uric acid (IQR), mg/d| 4.1(3.54.7) 4.8(4.1-5.4) 4.4(3.8-5.1) 4.9(4.3-5.6)"
hs-CRP, (IQR), mg/L 0.4(0.2-0.9) 1.2(0.6-2.5)° 0.7(0.4-1.4) 1.6(0.8-2.7)°
T2DM, n (%) 18(2.0) 17(7.8) 41(10.4) 63(24.1)°
Antihypertensive medications, n (%) 47(5.2) 43(19.6) 104(26.5) 104(39.8)
Hypolipidemic medications, n (%) 32(3.5) 35(16.0) 50(12.7) 55(21.1)
Hypoglycemic medications, n (%) 16(1.8) 9(4.1) 39(9.9) 47(18.0)
Smoking status
Nonsmoker, n (%) 714(78.8) 166(76.1) 316(80.4) 199(76.2)
Ex-smoker, n (%) 62(6.8) 16(5.4) 19(4.8) 12(4.6)
Current smoker, n (%) 130(14.4) 36(16.5) 52(14.8) 50(19.2)
Drinking status
Nondrinker, n (%) 677(74.7) 156(71.2) 279(71.0) 182(69.7)
Exdrinker, n (%) 61(6.7) 14(6.4) 31(7.9) 20(7.7)
Current drinker ®, n (%) 168(18.6) 49(22.4) 83(21.1) 28(12.6)

Notes:*P<0.01; *Represents alcohol intake < 20 of ethanol per day.
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL-c, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity
C-reactive protein; IQR, interquartile range; LDL-c, low-density lipoprotein cholesterol; PBF, percentage of body fat; SBP, systolic blood pressure; SD, standard deviation;
T2DM, type 2 diabetes mellitus; TC, total cholesterol; TG, triglyceride; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio.

Results

Basic Characteristics of the Participants
Among the premenopausal women, 19.5% were classed as
having hepatic steatosis; 39.9% of the postmenopausal
women were a diagnosed as having hepatic steatosis through
abdominal ultrasonography.

Table 1 presents the characteristics of the participants.
Compared with premenopausal women without hepatic
steatosis, those with hepatic steatosis were older (P<
0.01); had significantly higher values for BMI, WC,
WHR, WHtR, PBF, systolic blood pressure (SBP), and
diabolic blood pressure (DBP);had significantly higher
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Table 2 Analysis of the Association Between Hepatic Steatosis and Indicators in Premenopausal Women

Index Unadjusted Adjusted®
Odds Ratio P Odds Ratio P

TG (continuous) 4.87(3.72-6.38) < 0.001 2.98(2.23-3.98) < 0.001
WC (continuous) 1.26(1.22-1.30) < 0.001 1.19(1.14-1.23) < 0.001
HWP 6.92(5.32-8.99) < 0.001 4.10(3.07-5.48) < 0.001
BMI+TG 7.59(5.84-9.88) < 0.001 4.91(3.67-6.57) < 0.001
WHR+TG 6.90(5.33-8.92) < 0.001 4.43(3.32-5.90) < 0.001
WHtR+TG 5.63(4.37-7.24) < 0.001 3.55(2.66—4.74) < 0.001
PBF+TG 5.93(4.59-7.66) < 0.001 3.74(2.79-5.01) < 0.001

Note:*Results were obtained after adjusted for age, smoking and drinking status, presence of diabetes, serum uric acid, blood pressure, medications use, hs-CRP, FBG, ALT,
and AST.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; FBG, fasting blood glucose; hs-CRP, high-sensitivity C-reactive
protein; HWP, hypertriglyceridemic waist phenotype; PBF, percentage of body fat; TG, triglyceride; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-
height ratio.

Table 3 Analysis of the Association Between Hepatic Steatosis and Indicators in Postmenopausal Women

Index Unadjusted Adjusted®
Odds Ratio P Odds Ratio P

TG (continuous) 1.33(1.21-1.47) < 0.001 1.26(1.13-1.39) < 0.00!
WC (continuous) L17(1.14=1.21) < 0.001 LI5(1.11=1.19) < 0.00!
HWP 3.67(2.85-4.73) < 0.001 3.00(2.27-3.96) < 0.001
BMI+TG 4.22(3.26-5.47) < 0.001 3.45(2.60-4.56) < 0.001
WHR+TG 4.09(3.16-5.31) < 0.001 3.41(2.57-4.53) < 0.001
WHtR+TG 3.58(2.75-4.66) < 0.001 2.97(2.22-3.99) < 0.001
PBF+TG 3.20(2.51-4.07) < 0.001 2.63(2.02-3.43) < 0.001

Note:*Results were obtained after adjusted for age, smoking and drinking status, presence of diabetes, serum uric acid, blood pressure, medications use, hs-CRP, FBG, ALT,
and AST.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; FBG, fasting blood glucose; hs-CRP, high-sensitivity C-reactive
protein; HWP, hypertriglyceridemic waist phenotype; PBF, percentage of body fat; TG, triglyceride; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-

height ratio.

levels of TC, TG, LDL-c, FBG, ALT, AST, SUA, and hs-
CRP; had a significantly higher likelihood of having dia-
betes (all P<0.01); and had lower HDL-c levels (P< 0.01).
Compared with postmenopausal women without hepatic
steatosis, those with hepatic steatosis had significantly
higher BMI, WC, WHR, WHtR, PBF, SBP, and DBP
values and TG, LDL-c, FBG, ALT, SUA, and hs-CRP
levels and a significantly higher rate of diabetes (all P<
0.01) but lower HDL-c levels (P< 0.01).No significant
differences in age, TC level, or AST level were observed
between the two groups.

Associations of Hepatic Steatosis with All

Indices According to Menopausal Status
Tables 2 and 3 list the associations of hepatic steatosis
with the phenotypes combining TG levels with anthropo-
metric indices and with the phenotypes of TG level or WC
alone for premenopausal and postmenopausal women. All
indices exhibited significant associations with hepatic stea-
tosis in both premenopausal and postmenopausal women.
For premenopausal women, out of all the variables com-
bining TG levels and anthropometric indices, the TG level +
BMI phenotype exhibited the strongest association with
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Table 4 AUC of the Indicators to Detect Nonalcoholic Fatty Liver Disease According to Menopausal Status

Variables Premenopausal Women Postmenopausal Women
AUC 95% CI P AUC 95% ClI P

TG (continuous) 0.823 0.793-0.853 < 0.001 0.705 0.665-0.745 < 0.001
WC (continuous) 0.829 0.801-0.857 < 0.001 0.765 0.729-0.801 < 0.001
HWP 0.806 0.771-0.842 < 0.001 0.728 0.688-0.768 < 0.001
BMI+TG 0.841 0.812-0.871 < 0.001 0.756 0.719-0.794 < 0.001
WHR+TG 0.828 0.797-0.859 < 0.001 0.748 0.710-0.786 < 0.001
WHR+TG 0.793 0.761-0.825 < 0.001 0.713 0.674-0.753 < 0.001
PBF+TG 0.750 0.715-0.785 < 0.001 0.714 0.674-0.754 < 0.001

Abbreviations: AUC, area under the curve; BMI, body mass index; Cl, confidence interval; HWP, hypertriglyceridemic waist phenotype; PBF, percent body fat; TG,
triglyceride; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio.

hepatic steatosis (adjusted OR = 5.04 [3.78-6.72], P< 0.001),
followed by the TG level + WHR, HWP, TG level + PBF, and
TG level + WHtR phenotypes, with adjustment for age,
smoking and drinking status, blood pressure, the presence
of diabetes, and FBG, hs-CRP, SUA, ALT, and AST levels.

For postmenopausal women, out of all the phenotypes
combining TG levels and anthropometric indices, the TG
level + WHR phenotype exhibited the strongest associa-
tion with hepatic steatosis (adjusted OR = 3.53 [2.66—
4.68], P< 0.001), followed by the TG level + BMI, TG
level + WHtR, HWP alone, and TG level + PBF pheno-
types, with the same adjustments for variables as those
made for the premenopausal women.

Indicators’ Performance in Detecting
NAFLD

Table 4 presents the predictive power of the phenotypes
combining TG levels with anthropometric indices in pre-
menopausal and postmenopausal women. Both the pheno-
types combining TG level with anthropometric indices and
the phenotypes of TG level and WC alone had significant
areas under the ROC curve. However, the AUCs of these
indicators suggest that they performed differently in
detecting hepatic steatosis between and within the preme-
nopausal and postmenopausal groups.

For premenopausal women, the TG level + BMI phe-
notype exhibited the largest AUC, followed by the WC
alone, TG level + WHR, TG level alone, HWP alone, TG
level + WHtR, and TG level + PBF phenotypes. For
postmenopausal women, the WC alone phenotype exhib-
ited the largest AUC for detecting the presence of hepatic

steatosis, followed by the TG level + BMI, TG level +
WHR, HWP alone, TG level+ PBF, TG level + WHtR, and
TG level alone.

Discussion

We found that out of the various phenotypes combining
a single anthropometric index with TG level and those of
WC or TG level alone, the optimal indicator of hepatic
steatosis may differ according to patients’ menopausal
status. The TG level + BMI combination was the best
indicator of hepatic steatosis for premenopausal women,
whereas in postmenopausal women, WC alone was super-
ior to all phenotypes combining TG level with an anthro-
pometric index. These results suggest that menopausal
status should be considered when selecting the appropriate
marker for detecting NAFLD. According to the ROC
analysis, the combination of TG level and BMI (0.841
[95% confidence interval (CI), 0.812—0.871]) can detect
the presence of hepatic steatosis in premenopausal women
with high accuracy. For postmenopausal women, WC
alone (0.765 [95% CI, 0.729-0.801]) detected the presence
of hepatic steatosis with high accuracy.

Obesity, especially central obesity, is a well-known risk
factor for NAFLD. In the case of central obesity, insulin
resistance is a common condition that contributes to the
excessive release of fatty acids from adipose tissue and that
also upregulates the transcription of genes promoting de
novo lipogenesis in the liver. These reactions lead to hepatic
steatosis.'® In this study, the prevalence of NAFLD in post-
menopausal women was higher than that in premenopausal
women (39.9% vs 19.5%). The prevalence of NAFLD in
postmenopausal women was higher than the overall
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prevalence of NAFLD in Chinese adults,* whereas the pre-
valence in premenopausal women was similar to the reported
results, suggesting that menopause is associated with the
progression of NAFLD.'? These results are similar to those
of Wong et al, who reported that the prevalence of NAFLD
was approximately two times higher in men than in women
but that the prevalence of NAFLD in women older than 50
years was equal to or higher than that in men.?® Given that the
average age of menopause is approximately 50 years, meno-
pause itself might affect metabolic changes and increase the
development of NAFLD. One possible explanations is that
a decline in estrogen level leads to hepatic steatosis through
areduction of fatty acid oxidation and an increase in lipogen-
esis within the liver.?' In addition, postmenopausal women
accumulate more fat tissue in the intra-abdominal region than
do premenopausal women and are therefore more likely to
develop metabolic disorders,”” making postmenopausal
women more prone to hepatic steatosis. Furthermore, the
percentage of postmenopausal women with diabetes was
higher than the percentage of premenopausal women with
diabetes in our study (15.9% vs 3.1%), which may contribute
to the difference in the prevalence of NAFLD between pre-
menopausal and postmenopausal women.

A large amount of research has investigated the sim-
plest and most inexpensive methods of screening for
NAFLD. Among the available methods, anthropometric
indices, including BMI, WC, WHR, and WHtR, are fre-
quently used because of the simplicity of their measure-
ment in population studies. Although several studies have
examined the association between NAFLD and commonly
used anthropometric indices to determine the best indica-
tor of NAFLD in different populations,'®!
has examined the best obesity parameter for predicting the

2 only one study

risk of NAFLD in premenopausal and postmenopausal
women.'? Although the anthropometric index WHR was
not the main observational indicator of NAFLD in our
study, one of our previous studies showed that WHR was
the best predictor for MetS development in postmenopau-
sal Chinese women.'”

In addition to being correlated with central obesity,
NAFLD is correlated with insulin resistance, which may
contribute to impairment in the oxidation and utilization of
fatty acids.”> Such impairment increases the flux of free
fatty acids from adipose to nonadipose tissue, resulting in
abnormalities in fat metabolism and increasing the severity
of many of the fundamental metabolic derangements, such
insulin

as hyperlipidemia, that are characteristic of

resistance.”* Moreover, evidence indicates that hepatic TG

level is a strong determinant of hepatic insulin resistance
and the intramyocellular TG level of muscle insulin

resistance,25 -27

suggesting that TG level plays a vital role
in insulin resistance. Thus, numerous studies have investi-
gated the role of the HWP in screening for MetS and MetS-
related diseases. However, to the best of our knowledge,
whether the HWP or phenotypes combining TG level and
other anthropometric indices can accurately predict NAFLD
among premenopausal and postmenopausal women remains
unclear. In our study, the associations between hepatic stea-
tosis and phenotypes combining TG level with anthropo-
metric indexes were stronger in premenopausal women than
in postmenopausal women. For premenopausal women, the
TG level + BMI phenotype exhibited the strongest associa-
tion with hepatic steatosis according to the regression ana-
lysis. For postmenopausal women, the TG level + WHR
phenotype exhibited the strongest association with hepatic
steatosis. Our results are consistent with those of a recent
study that reported that the anthropometric indices BMI,
WC, and WHR exhibited similar potential for predicting the
risk of NAFLD in premenopausal women but that WHR
was the most discriminative indicator for detecting NAFLD
in postmenopausal women.'? A possible explanation is that
WHR reflects the assumed ratio of abdominal visceral adi-
pose tissue (VAT) to femoral-gluteal subcutaneous adipose
tissue (SAT). Because hormonal changes after menopause
cause the deposition of abdominal VAT from femoral SAT,
the clinical significance of WHR may become clearer after
menopause,”® whereas the imbalance between visceral and
lower extremity subcutaneous fat is less relevant to the risk
of NAFLD in premenopausal women.'

Furthermore, we analyzed the ROC curve and the AUC
for each indicator to evaluate these indicators’ ability to
detect NAFLD and found that the optimal indicator of
hepatic steatosis differed between premenopausal and
postmenopausal women. The TG level + BMI phenotype
had the largest AUC value for premenopausal women. By
contrast, the WC alone phenotype exhibited the largest
AUC for detecting hepatic steatosis in postmenopausal
women. These findings suggest that anthropometric
indices and blood lipid levels should be combined to
maximize the potential for identifying hepatic steatosis in
premenopausal women. For postmenopausal women, as
other studies have shown,'*!” the anthropometric indices
WC and WHR can be used to screen for NAFLD at least
as effectively as phenotypes combining TG level and
anthropometric indices.
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This study investigated the ability of phenotypes com-
bining TG levels and anthropometric indices to detect
hepatic steatosis among premenopausal and postmenopau-
sal women. However, the study had several limitations.
The cross-sectional design made it difficult to assess
whether a causal relationship existed. In addition, ultraso-
nography is not the gold standard for diagnosing NAFLD,
although it is generally regarded as a fairly noninvasive
and reliable method for hepatic steatosis diagnosis with
high sensitivity and specificity.” We also only collected
general information regarding patients’ medication use,
such as the use of antihypertensive, hypolipidemic, or
hypoglycemic medications. However, different medica-
tions for the treatment of the same disease may affect
metabolic markers differently and therefore could have
affected the results of this study to some extent. Finally,
we were unable to collect detailed data regarding patients’
dietary habits and physical activity levels.

Conclusions

The combination of TG level + BMI is the best indicator
of hepatic steatosis for premenopausal women. For post-
menopausal women, WC alone is superior to all other
phenotypes in the screening of NAFLD. Menopausal sta-
tus should be considered during the selection of the appro-
priate marker for detecting NAFLD.
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