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Objective. To explore the anthropometric indicators suitable for screening for nonalcoholic fatty liver disease (NAFLD) in the
elderly population. Methods. This cross-sectional study screened subjects over 65 years, who had undergone a physical ex-
amination in 2019. Their height, weight, waist circumference, and fasting blood glucose and triglyceride levels were measured.
Body mass index (BMI), waist circumstance (WC), waist-to-height ratio (WHtR), relative fat mass (RFM), ponderal index (PI),
conicity index (CI), lipid accumulation product (LAP), and body shape index (ABSI) were calculated. Statistical analyses were
performed using the Chi-square test, logistic regression, and receiver operating characteristic (ROC) curve. Subjects. Of a total of
4985 subjects, 1173 diagnosed with NAFLD and 3812 without NAFLD were included. Results. The NAFLD group had increased
BMI, WC, WHItR, REM, PI, CI, and LAP. ABSI was only significantly different in males between the groups. Logistic regression
analysis showed that RFM was an effective prognostic factor for males with NAFLD, and LAP, BMI, and WC were effective
prognostic factors for females. ROC curve analysis showed that LAP played a significant role in the prediction of NAFLD.
Conclusion. LAP is closely related to the occurrence of NAFLD and could be an efficient screening and treatment tool for NAFLD
in the elderly people. Lay Summary. We conducted a screening and study of nonalcoholic fatty liver disease in the elderly
population by determining the association between obesity indexes and nonalcoholic fatty liver disease. We found that LAP is
practical, easy-to-measure tool for screening and studying NAFLD in the high-risk community elderly population, making it a
valuable indicator in research.

Asia, the United States, and Europe [4]. In the United States,
NAFLD and especially nonalcoholic steatohepatitis (NASH)
can lead to advanced liver disease: cirrhosis and liver cancer

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) is liver damage

caused by the accumulation of triglycerides (hepatic stea-
tosis) in liver cells, similar to that caused by alcohol, but it
occurs in people who do not abuse alcohol [1]. The oc-
currence and development of this disease is related to type 2
diabetes mellitus (T2DM), obesity, and metabolic syndrome
[2, 3]. Because of the obesity epidemic, NAFLD has become a
major cause of liver lesions in adults and children world-
wide, with a global prevalence of 24%; its prevalence is
highest in South America and the Middle East, followed by

[5]. NASH is considered the second leading indicator of liver
transplantation [6] in the United States after chronic hep-
atitis [7]. NAFLD has gradually replaced hepatitis B virus
infection as the highest risk factor for liver cirrhosis and even
liver cancer [8]. At the same time, there is growing evidence
that NAFLD, a multisystem disease, may lead to an increased
incidence of diabetes, metabolic syndrome, and cardiovas-
cular disease [9-12]. If the prevalence of obesity and T2DM
levels off in the future, we project a modest growth in total
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NAFLD cases (0%-30%), between 2016 and 2030, with the
highest growth in China as a result of urbanization and the
lowest growth in Japan as a result of a shrinking population
[13].

The gold standard for the diagnosis of NAFLD is the
histological findings of a liver biopsy, which are consistent
with the pathological diagnostic criteria for fatty liver disease
[14-17]. However, this approach is often not feasible in
population screening and clinical practice. Although there
are other methods, ultrasonography (US) is the most fre-
quently used modality to diagnose fatty liver [18] and has
been endorsed by the guidelines for the Asia-Pacific region
[19].

The diagnostic criteria for fatty liver on abdominal US
are two of three abnormalities: a diffusely increased liver
echogenicity near the field of the ultrasound echo (ie.,
“bright liver); the echo of the liver being greater than that of
the kidney or spleen; and the vascular blurring and gradual
attenuation of the fat field of the ultrasound echo [19]. It was
previously reported that patients with NAFLD had no
history of an alcohol drinking habit or the ethanol intake per
week was less than 140 g in men (70 g in women) in the past
12 months, and there is no specific disease that can cause
steatosis, such as viral hepatitis, drug-induced liver disease,
autoimmune liver disease, and so on [16].

Despite the huge economic and clinical burden of
NAFLD, liver US has become a safe and effective test
method, but as a screening method, it is still cumbersome
and expensive for screening for NAFLD [20, 21], especially
in the elderly population. Older people often suffer from
various chronic diseases and have a greater need for
screening and intervention for NAFLD than younger people.
Because of the relationship between obesity and NAFLD, it is
necessary to find simple and effective anthropometric in-
dexes to help screen and treat NAFLD in the elderly
population.

Body mass index (BMI) and waist circumference (WC)
are the most common indicators of obesity and have been
shown to have a certain correlation with NAFLD [22]. There
are new anthropometric indicators that are more sensitive
and specific in screening for NAFLD. Traditional obesity-
related indicators include BMI, WC, ponderal index (PI)
[23], and conicity index (CI) [24]. New anthropometric
indicators introduced in recent years include the waist-to-
height ratio (WHtR) [25], relative fat mass (REM) [26], lipid
accumulation product (LAP) [27], and a body shape index
(ABSI) [28]. The associations between different anthropo-
metric indicators and NAFLD are different. Currently, the
indicators with the strongest correlation with NAFLD are
still controversial, and these indicators are related to de-
mographic characteristics, such as sex, age, and ethnicity. In
this study, we aimed to explore different anthropometric
indicators for screening for NAFLD in the elderly
population.

2. Materials and Methods

2.1. Ethics Statements. The Henan University approved the
study protocol. This study was conducted in conformance
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with the principles of ethical standards. Written informed
consent was obtained from all participants.

2.2. Study Design, Data Collection, and Measurements. In
2019, the community health service center in the Pearl River
Delta region in Southern China organized a free physical
examination for persons older than 65 years of age within
the scope of management. This project was part of the
national basic public health service. The physical exami-
nation included but was not limited to a general exami-
nation, routine blood test, routine urine test, liver function
analysis (alanine transaminase, aspartate transaminase, and
total bilirubin levels), renal function analysis (serum cre-
atinine and urea level), fasting blood glucose (FBG) analysis,
blood lipid analysis, electrocardiography, and abdominal
US. Then, doctors provided health advice and guidance to
the patients based on the results of the physical examination.
Subjects with a positive hepatitis virus test result or those
who were diagnosed with hepatitis were excluded. A total of
4985 subjects were included in this cross-sectional study
based on data from this physical examination.

Trained investigators administered a face-to-face
structured questionnaire to document specified demo-
graphic data (age and sex) and information about health-
related behavior (smoking, alcohol use, physical intensity,
diet, history of hepatitis, and so on). Blood pressure of both
subject’s arms was measured by trained observers using an
automatic electronic sphygmomanometer. The mean read-
ing of all replicate measurements was recorded for further
analysis. Hypertension was defined as systolic blood pressure
>140 mmHg and/or diastolic blood pressure >90 mmHg, or
if the subjects were diagnosed with hypertension.

The anthropometric indexes, including weight and
height, were measured when the subjects wore light clothes
without shoes. WC was gauged with an inelastic soft ruler at
1 cm above the navel, measured, and recorded at the end of
the subjects’ natural breath.

The subjects were reminded to fast overnight for at least
8 hours, and the subjects’ venous blood samples were col-
lected by professional medical personnel for the evaluation
of FBG, triglyceride (TG), and other levels.

2.3. Ultrasonography. An experienced physician scanned the
subjects using real-time US by an experienced physician, and
the operating physician was blinded to the subject’s bio-
chemical test results and personal clinical diagnostic
information.

2.4. Diagnostic Criteria. According to the Chinese Diag-
nostic Criteria for Nonalcoholic and Alcoholic Fatty Liver
Disease, a diagnosis of NAFLD was based on subjects’ test
results [29].The calculations of the obesity indexes are as
follows:

BMI (kg/mz) =weight (kg)/height (m?),

WC (cm):
WC=80cm,

obesity, men: WC=>=85cm, women:
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TaBLE 1: Characteristics of subjects with NAFLD stratified by sex.
. Male (n = 1971) Female (n=3014)
Variables
Non-NAFLD NAFLD P value Non-NAFLD NAFLD P value

Age (years) [n (%)] <0.001 <0.001

-70 426 (68.6) 195 (31.4) 642 (59.8) 432 (40.2)

70-80 774 (74.9) 260 (25.1) 945 (64.3) 525 (35.7)

-80 266 (84.2) 50 (15.8) 359 (76.4) 111 (23.6)
Smoking [n (%)] 624 (75.5) 202 (24.5) >0.05 15 (71.4) 6 (28.6) >0.05
Drinking [n (%)] 120 (66.3) 61 (33.7) <0.05 3 (60.0) 2 (40.0) >0.05
Physical activity [n (%)] >0.05 <0.05

Lower 458 (77.9) 130 (22.1) 577 (69.0) 259 (31.0)

Middle 114 (73.5) 41 (26.5) 154 (63.9) 87 (36.1)

High 894 (72.8) 334 (27.2) 1210 (62.7) 720 (37.3)
Hypertension [n (%)] 881 (70.2) 374 (29.8) <0.001 1224 (61.5) 766 (38.5) <0.001
Fasting glucose (mmol/l) 56+1.8 6.1+2.0 <0.001 56+1.7 63124 <0.001
BMI (kg/mz) 23.2+3.2 26.7+2.9 <0.001 234+34 26.6+3.3 <0.001
WC (cm) 83.8+9.0 93.6+7.6 <0.001 83.0+9.0 90.7+7.9 <0.001
WHtR 0.52 +£0.06 0.57+£0.05 <0.001 0.55+0.06 0.60 + 0.06 <0.001
RFM 24.8+4.3 28.7+2.8 <0.001 39.4+43 42.3+31 <0.001
PI (kg/m3) 14.3+2.1 16.3+1.9 <0.001 15.6+2.4 17.6+2.4 <0.001
CI 1.26 £ 0.08 1.30 £ 0.06 <0.001 1.29+0.85 1.31£0.07 <0.001
LAP (cm-mmol/l) 31.2+31.3 72.1+50.4 <0.001 45.5+42.7 83.6 £ 66.4 <0.001
ABSI 0.082 + 0.005 0.082 +0.004 <0.001 0.083 + 0.005 0.083 £ 0.005 >0.05

Data are expressed as mean + standard deviation and numbers (percentage) as appropriate.

WHItR (cm/cm) = WC (cm)/height (cm); central obe-
sity, WHER > 0.5,

RFM =64 — (20 x height)/ WC (cm) + (12 x sex), mal-
e=0, female=1,

PI (kg/m?) = weight (kg)/height (m?),
CI=(m"*kg ") = WC (cm)/[0.109 x weight (kg)/height
(m)"],

LAP =men: (WC (cm)-65) x TG, women: (WC (cm)-
58) x TG,

ABSI (kg **.m""/¢) = WC (cm)/[BMI (kg/m?)*” x height
(m)l/Z].

Smoker was defined as current smoker or had been
smoking for more than 6 months, and alcohol use was
defined as drinking more than 50 ml per day or had been
drinking alcohol continuously or accumulatively for more
than 1 year. Regarding the physical intensity level, we
created a variable that added all activities for each individual
and then categorized the activities into three levels: lower
(zero or one activity in the past week), middle (two or more
activities per week in the past month), and high (more than
one activity per day in the past month).

2.5. Statistical Analysis. Statistical analyses were performed
using SPSS 20.0 for Windows (IBM Corp.). Subjects’ total
data were classified by the presence or absence of NAFLD
and stratified by sex. All subjects with missing data were
eliminated. Continuous data are expressed as mean-
+ standard deviation (SD) and compared using the t-test.
Categorical data were analyzed using the Chi-square test.
Comparisons between different anthropometric indexes
were assessed using Pearson’s test. Logistic regression
analysis was used to analyze the relationship between

TaBLE 2: Normal range of anthropometric indexes.

Normal
Male
BMI (kg/m?) 18.5-24.9
WC (cm) <102 (<44 in)
WHitR <0.5
Female
BMI (kg/m?) 18.5-24.9
WC (cm) <88 (<35 in)
WHitR <0.5

different anthropometric indicators and NAFLD, and the
odds ratio (OR) and 95% confidence interval (CI) were used
to reflect the correlations. BMI, WC, WHtR, RFM, PI, CI,
LAP, and ABSI, adiposity phenotypes, were modeled as
continuous variables and divided into quartile segments to
evaluate their impact on the prevalence of NAFLD. Since the
calculations of LAP and RFM are different in men and
women, the relationship between different anthropometric
indicators and NAFLD were analyzed separately for men
and women. The area under the curve (AUC) in the receiver
operating characteristic (ROC) analysis was calculated to
assess the diagnostic ability of all the anthropometric indexes
for screening for NAFLD and determine the optimal cut-off
point with Youden’s index (sensitivity + specificity — 1 was
the highest). All statistical comparisons were two-tailed, and
Pvalues < 0.05 were considered significant.

3. Result

This study included 4985 Chinese elderly individuals (1971
men and 3014 women; age: 73.8 + 6.4 years, range: 66-115
years). Among these subjects, 505 (25.6%) men and 1068
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1.66 (1.23-2.26)
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1.73 (1.28-2.35)
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TaBLE 3: Multivariate logistic of anthropology indexes for NAFLD in men.
Variables Model 1 P Model 2 P
BMI <0.001 <0.001
Q1 (<21.75) 1.00 1.00
Q2 (21.75-24.06) 5.36 (3.03-9.50) 5.22 (2.93-9.31)
Q3 (24.06-26.26) 15.13 (8.75-26.15) 14.75 (8.47-25.67)
Q4 (>26.26) 35.87 (20.83-61.77) 34.01 (19.60-58.99)
WC <0.001 <0.001
QI (<80.0) 1.00 1.00
Q2 (80.0-87.0) 5.13 (3.06-8.58) 4.94 (2.94-8.28)
Q3 (87.0-93.0) 12.39 (7.54-20.36) 11.65 (7.06-19.22)
Q4 (>93.0) 34.07 (20.78-55.86) 30.96 (18.78-51.06)
WHtR <0.001 <0.001
Q1 (<0.49) 1.00 1.00
Q2 (0.49-0.53) 4.44 (2.73-7.24) 4.25 (2.60-6.94)
Q3 (0.53-0.57) 10.65 (6.70-16.92) 9.90 (6.20-15.80)
Q4 (>0.57) 26.62 (16.65-42.55) 24.14 (15.01-38.82)
RFM <0.001 <0.001
Q1 (<23.49) 1.00 1.00
Q2 (23.49-26.44) 4.66 (2.78-7.83) 4.48 (2.66-7.54)
Q3 (26.44-28.78) 12.03 (7.33-19.76) 11.31 (6.85-18.65)
Q4 (>28.78) 25.99 (15.90-42.50) 23.73 (14.42-39.03)
PI <0.001 <0.001
Q1 (<13.34) 1.00 1.00
Q2 (13.34-14.74) 5.76 (3.46-9.60) 5.54 (3.30-9.30)
Q3 (14.74-16.16) 11.24 (6.84-18.47) 11.09 (6.69-18.38)
Q4 (>16.16) 24.71 (15.12-40.38) 23.49 (14.24-38.72)
CI <0.001 <0.001
Q1 (<1.22) 1.00 1.00
Q2 (1.22-1.27) 2.67 (1.89-3.76) 2.44 (1.72-3.45)
Q3 (1.27-1.32) 4.19 (3.02-5.83) 3.70 (2.65-5.16)
Q4 (>1.32) 5.44 (3.90-7.60) 4.55 (3.24-6.41)
LAP <0.001 <0.001
Q1 (£16.66) 1.00 1.00
Q2 (16.66-31.08) 8.89 (4.21-18.77) 8.44 (3.99-17.83)
Q3 (31.08-53.20) 26.42 (12.81-54.52) 23.92 (11.57-49.49)
Q4 (>53.20) 84.64 (41.16-174.05) 75.62 (36.69-155.87)
ABSI <0.05 <0.05
Q1 (<0.0784) 1.00 1.00

1.53 (1.12-2.09)
1.87 (1.38-2.53)
1.46 (1.07-1.99)

Model 1: unadjusted. Model 2: adjusted for age, drinking, physical activity, FGE, and hypertension.

(35.4%) women were diagnosed with NAFLD by us. Table 1
shows the characteristics of the individuals included in the
current analysis. In both sexes, the number of cases of
NAFLD tended to increase with age (P< 0.05). Furthermore,
we found that participants with hypertension had a higher
risk of NAFLD than nonhypertensive participants (P < 0.05).
Comparison of the NAFLD and control groups revealed that
the groups were significantly different in terms of alcohol use
in men, but this difference was not observed with respect to
alcohol use in women probably because very few women in
our cohort used alcohol. Physical activity made sense for
women but not for men. In both sexes, participants in the
NAFLD group exhibited significantly higher values of FBG,
BMI, WC, WHtR, RFM, PI, CI, and LAP than those in the
control group. The NAFLD and control groups were

significantly different in terms of ABSI in men but not in
women, and the ROC curve demonstrated that ABSI may
not be a good predictor of NAFLD.

Table 2 lists the anthropometrics criteria for determining
obesity; the RFM, PI, CI, LAP, and ABSI decision criteria
indicate no obesity, while the universal cut-oft points for
BMI and waist circumference are not appropriate for use
worldwide [30].

Tables 3 and 4 show the results of the association of the
anthropometric quartile with NAFLD; model 1 was unad-
justed. Model 2 was adjusted for age, alcohol use, physical
activity, hypertension, and FBG level. When all anthropo-
metric indexes were classified by quartile range, which we
found before and after adjustment of the model, the OR
value corresponding to each anthropometric index was



International Journal of Endocrinology 5
TaBLE 4: Multivariate logistic of anthropology indexes for NAFLD in women.
Variables Model 1 P Model 2 p
BMI <0.001 <0.001
Q1 (£22.07) 1.00 1.00
Q2 (22.07-24.53) 3.29 (2.49-4.35) 3.16 (2.38-4.20)
Q3 (24.53-26.84) 5.84 (4.46-7.66) 5.36 (4.07-7.07)
Q4 (>26.84) 13.23 (10.07-17.37) 11.99 (9.09-15.83)
wWC <0.001 <0.001
Q1 (<80.0) 1.00 1.00
Q2 (80.0-86.0) 2.77 (2.13-3.60) 2.58 (1.97-3.37)
Q3 (86.0-92.0) 6.01 (4.68-7.71) 5.55 (4.30-7.16)
Q4 (>92.0) 10.72 (8.27-13.89) 9.90 (7.60-12.90)
WHtR <0.001 <0.001
Q1 (<0.53) 1.00 1.00
Q2 (0.53-0.57) 2.94 (2.30-3.76) 2.79 (2.17-3.59)
Q3 (0.57-0.61) 4.55 (3.58-5.77) 4.34 (3.40-5.54)
Q4 (>0.61) 7.86 (6.15-10.05) 8.07 (6.26-10.40)
RFM <0.001 <0.001
Q1 (<38.11) 1.00 1.00
Q2 (38.11-41.00) 2.64 (2.04-3.41) 2.45 (1.89-3.18)
Q3 (41.00-43.23) 4.42 (3.44-5.68) 4.09 (3.17-5.29)
Q4 (>43.23) 7.87 (6.12-10.12) 7.84 (6.05-10.14)
PI <0.001 <0.001
Ql (<14.52) 1.00 1.00
Q2 (14.52-16.23) 3.04 (2.34-3.96) 2.92 (2.24-3.82)
Q3 (16.23-17.87) 4.83 (3.73-6.25) 4.59 (3.53-5.97)
Q4 (>17.87V) 9.58 (7.41-12.39) 8.90 (6.84-11.57)
CI <0.001 <0.001
Q1 (<1.24) 1.00 1.00
Q2 (1.24-1.30) 2.17 (1.75-2.70) 1.97 (1.58-2.47)
Q3 (1.30-1.35) 2.46 (1.96-3.09) 2.37 (1.88-3.00)
Q4 (>1.35) 2.57 (2.04-3.23) 2.69 (2.12-3.41)
LAP <0.001 <0.001
Q1 (£27.60) 1.00 1.00
Q2 (27.60-46.08) 5.09 (3.72-6.98) 4.90 (3.56-6.73)
Q3 (46.08-72.21) 9.01 (6.62-12.26) 8.32 (6.09-11.37)
Q4 (>72.21) 21.85 (16.03-29.80) 19.75 (14.42-27.05)
ABSI <0.05 >0.05
Q1 (<0.080) 1.00 1.00

Q2 (0.080-0.0828)

Q3 (0.0828-0.0863)

Q4 (>0.0863)

1.16 (0.94-1.43)
1.28 (1.04-1.58)
0.94 (0.76-1.17)

1.11 (0.90-1.38)
1.24 (1.00-1.53)
1.03 (0.82-1.28)

Model 1: unadjusted. Model 2: adjusted for age, physical activity, FGE, and hypertension.

significantly higher than that of the reference group. Ad-
ditionally, with the increase of the quartile level of each
anthropometric index, the OR value corresponding to each
anthropometric index also gradually increased (P <0.001),
except for ABSI in women, for which we found no difference
in increased ABSI in women after adjusting the model.

As shown in Figure 1, the difference in anthropometric
indicators between ages for men and women, WHtR, RFM,
CIL, and ABSI increased with age, but BMI, WC, PI, and LAP
decreased with age in the Chinese elderly population.
However, for each age-specific group, men consistently had
significantly greater WHtR, RFM, PI, CI, LAP, and ABSI
than women did (all, P <0.001).

For each Z-score standardization, as shown in Table 5,
after adjusting for confounding factors, a 1-SD increment

change for most adiposity indexes was associated with a
higher risk of NAFLD in the sex-specific and age-specific
groups. RFM had the highest OR in men in all age groups
(<70 years: 4.53, 70-80 years: 3.48, and >80 years: 4.28).
However, in women, LAP had the highest OR in the <70-
year-old group (3.59), followed by BMI (2.63) in the 70-80-
year-old group, and WC had the highest OR in women aged
80 years or older (2.76).

Table 6 presents the optional cut-off values and corre-
sponding sensitivity, specificity, and AUC of each adiposity
index for identifying NAFLD by sex. LAP had the highest
AUC and highest cut-off value. When the cut-off values were
0.827 in men and 0.765 in women, Youden’s indexes (men:
sum of sensitivity, 79.8%; specificity, 70.4%; women: 71.0%
and 67.0%, respectively) were the largest (Figure 2).
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2.93 (2.41-3.56)
2.82 (2.32-3.44)
1.30 (1.13-1.50)
1.23 (1.07-1.43)°

3.51 (2.36-5.22)
3.76 (2.47-5.74)
3.83 (2.53-5.80)*
3.74 (2.44-5.73)*
3.42 (2.29-5.11)%
3.33 (2.20-5.04)
4.41 (2.70-7.22)*
428 (2.58-7.11)
2.84 (1.98-4.06)*
2.99 (2.06-4.41)
2.01 (1.42-2.85)*
1.86 (1.32-2.71)¢
3.95 (2.68-5.83)°
4.04 (2.68-6.09)*
1.26 (0.93-1.71)°
1.19 (0.86-1.64)°

Female

BMI Z-score

WC Z-score

WHItR Z-score

REFM Z-score

PI Z-score

CI Z-score

LAP Z-score

ABSI Z-score

Crude OR
Adjusted OR
Crude OR
Adjusted OR
Crude OR
Adjusted OR
Crude OR
Adjusted OR
Crude OR
Adjusted OR
Crude OR
Adjusted OR
Crude OR
Adjusted OR
Crude OR
Adjusted OR

2.87 (2.42-3.39)
2.75 (2.32-3.27)
3.11 (2.61-3.70)*
3.02 (2.52-3.61)
2.86 (2.42-3.39)*
2.76 (2.33-3.28)
3.24 (2.68-3.92)*
3.13 (2.58-3.80)°
2.54 (2.17-2.98)*
2.44 (2.08-2.86)*
1.83 (1.59-2.10)°
1.76 (1.53-2.03)*
3.95 (3.07-5.07)*
3.59 (2.79-4.61)
1.23 (1.08-1.39)°
1.20 (1.05-1.36)°

2.67 (2.33-3.07)
2.63 (2.29-3.03)
2.55 (2.21-2.93)
2.48 (2.15-2.86)
2.14 (1.88-2.44)%
2.11 (1.85-2.41)*
2.30 (1.99-2.64)
2.26 (1.95-2.61)*
2.27 (1.99-2.58)*
2.24 (1.97-2.56)*
1.35 (1.21-1.51)%
1.32 (1.19-1.48)
2.70 (2.23-3.06)*
2.50 (2.13-2.93)
0.95 (0.86-1.06)°
0.94 (0.84-1.05)°

2.69 (2.07-3.49)
2.63 (2.00-3.46)"
2.89 (2.18-3.82)°
2.76 (2.06-3.69)*
2.16 (1.68-2.78)*
2.12 (1.64-2.78)
2.38 (1.79-3.16)*
2.32 (1.72-3.14)
2.19 (1.72-2.78)*
2.15 (1.67-2.78)*
1.32 (1.06-1.65)°
1.32 (1.05-1.67)°
2.03 (1.61-2.55)*
1.82 (1.43-2.32)*
0.94 (0.76-1.17)°
0.96 (0.76-1.20)°

a: P <0.001, b: P<0.05, and c: P > 0.05; OR: odds ratio. Adjusted OR: adjusted for age, drinking, sedentary behavior, physical activity, FGE, and hypertension.
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TaBLE 6: The cut-off, sensitivities, specificities, Youden’s index, and area under the curve of different variable for the screening of NAFLD in

men and women.

Cut-off Sensitivity (%) Specificity (%) Youden’s index AUC (95% CI)

Male (1971/505)

BMI 24.01 83.4 61.3 0.45 0.795 (0.774-0.816)
wC 90.00 70.4 74.5 0.45 0.801 (0.781-0.822)
WHtR 0.53 86.3 55.5 0.42 0.776 (0.754-0.798)
RFM 26.04 85.5 56.1 0.42 0.778 (0.756-0.800)
PI 15.09 72.3 66.7 0.40 0.766 (0.744-0.788)
CI 1.26 78.2 48.0 0.26 0.670 (0.644-0.695)
LAP 36.15 79.8 70.4 0.51 0.827 (0.808-0.846)
ABSI 0.079 77.8 28.4 0.11 0.561 (0.533-0.589)
Female (3014/1068)

BMI 23.99 78.7 56.7 0.35 0.747 (0.729-0.764)
wC 87.75 67.0 68.9 0.36 0.739 (0.721-0.757)
WHtR 0.57 70.0 59.1 0.29 0.704 (0.686-0.723)
RFM 40.89 70.4 59.6 0.30 0.705 (0.687-0.724)
PI 16.20 70.2 60.8 0.31 0.717 (0.699-0.736)
CI 1.28 72.2 44.9 0.17 0.594 (0.574-0.615)
LAP 49.17 71.0 67.0 0.38 0.765 (0.748-0.782)
ABSI 0.081 64.8 38.9 0.04 0.500 (0.479-0.521)

AUC: area under the curve; 95% CI: 95% confidence interval.

ROC curve

100.0

80.0

60.0

Sensitivity

40.0

20.0

0.0 T T T T 1

0.0 20.0 40.0 60.0 80.0 100.0

1 - specificity
Diagonal segments are produced by ties.

Source of the curve

—— BMI —— RFM —— LAP
— WC PI ABSI
WHtR — CI Reference line

ROC curve

100.0

80.0

60.0

Sensitivity

40.0

20.0

0.0 + T T T T 1
0.0 20.0 40.0 60.0 80.0 100.0
1 - specificity
Diagonal segments are produced by ties.

Source of the curve

— WC —— RFM —— LAP
—— BMI PI ABSI
WHItR — CI Reference line

FiGure 2: ROC curve showing the performance of different anthropometric indexes in predicting NAFLD.

Figure 3 shows the relationship between NAFLD and the
conversion of anthropometric indicators into dichotomous
variables, as determined by the optimal cut-off point for age
and sex stratification after adjusting for confounding vari-
ables. In addition to ABSI, we found that the other an-
thropometric indexes had a low optimal critical value as a
reference, and the OR (95% CI) corresponding to the high
critical value was greater than 1.

4. Discussion

The increase in the prevalence and severity of NAFLD has
been associated with rising trends in obesity [31], particu-
larly in morbidly obese patients, and it can reach 90% [32].
Obesity can lead to the development of metabolic syndrome
and complications, including NAFLD, T2DM, hypertension,
hyperlipidemia, and cardiovascular diseases (CVDs) [33];
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FIGURE 3: After adjusting for confounding factors, the optimal cut-off value was taken as the demarcation point for the correlation between
anthropometric indexes and NAFLD. Confounding variables: age, drinking, physical activity, hypertension, and FBG.

thus, NAFLD is likely to represent the hepatic manifestation
of the metabolic syndrome [34]. In common obesity or
conditions lacking adipose tissue such as lipodystrophies
[35], hepatocytes store extra lipids, resulting in intrahepatic
fat accumulation (simple steatosis [SS]), which is farther
amplified by the high dietary fat and carbohydrates com-
monly observed in obesity. The latter increases de nova li-
pogenesis. Uncontrolled obesity leads to the development
and progression of inflammatory processes in the liver.
Cirrhosis and liver cancer are the results of the continuous
and vigorous response to these processes [36]. There is also
so-called metabolically “obese” normal-weight (MONW)
people who are lean with metabolic dysfunction [37]. Be-
cause of their body size, they are classified as lean people
according to their BMI, but they have metabolic syndrome
risks. For groups such as MONW, conventional obesity
indicators cannot be used for discrimination of NAFLD, so
more appropriate obesity indicators should be used to screen
the population. Therefore, this study used different an-
thropometric indicators and developed simple and sensitive
indicators for NAFLD screening in China.

In this cross-sectional study, BMI, WC, WHtR, RFM, PI,
CL LAP, and ABSI were measured, and in the logistic re-
gression, after adjusting confounding factors, REM had the
highest OR values in different age groups of men (<70 years:

4.856, 70-80 years: 3.485, and >80 years: 4.192). The result
was different in women. In different age groups, different
ORs indicated the maximum value. For instance, LAP had
the highest value in the <70-year-old group (3.585); in the
70-80-year-old group and >80-year-old group, BMI (2.634)
and WC (2.758) had the highest ORs. In the analysis of
NAFLD with the ROC curve, we found that LAP was sig-
nificantly associated with NAFLD in men and women. LAP
had the largest AUC in both sexes and thus had the best
diagnostic value. When the cut-off of LAP was 35.97 in men,
the highest sensitivity and specificity were 80.7% and 70.4%,
respectively, and when the cut-off of LAP was 49.17 in
women, the sensitivity and specificity were 71.0% and 67.0%,
respectively.

NAFLD has become a global problem with high mor-
bidity and mortality, but there is no medication specifically
approved for its treatment [38]. Lifestyle modification re-
mains the cornerstone of NAFLD management. Based on
these observations and given that steatosis is a prerequisite,
followed by hepatic inflammation and fibrosis, this steatosis
may remain unchanged for years [38]. We have proposed
that the prevention or solution to SS may be an effective way
to intervene and prevent the sustainable development of
NAFLD [39]. Weight loss interventions (diet and exercise)
have been shown to reduce all-cause mortality in obese
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adults [40]. In a recent review of NAFLD in older women,
lifestyle modifications with weight loss and exercise were
regarded as first-line treatment [41], and data from studies
on animal models indicate that exercise training effectively
reduces liver fat accumulation [42, 43].

Using obesity indicators to prevent obesity should be a
major goal for policymakers and healthcare systems [36].
BMI as a traditional obesity index is not fully applicable to
populations with metabolic dysfunction. WC is better than
BMI, an index of obesity boundary, is closely related to
abdominal fat content, and is considered to represent vis-
ceral stored fat [44]. However, the cut-off proposed by WC
varies between diverse races and countries [45], which
makes it more difficult for WC to become the universal
obesity screening tool. Compared with WC, TG was in-
cluded in LAP, and it is reasonable to speculate that the two
LAP components—that is, enlarged abdominal fat depots
and increased TG concentration—are each an indication
that available lipid fuels have exceeded the individual’s
capacity to buffer and safely store this major form of ac-
quired energy [27]. Therefore, LAP can replace various
clinical indicators of lipid accumulation and become a
prerequisite for the diagnosis of metabolic syndrome
[46, 47]. LAP has been shown to be able to identify various
diseases such as insulin resistance, CVDs [48], polycystic
ovary syndrome [46], and hypertension and to assist in
defining the concept of systemic fat abdominal visceral
adipose tissue separation [49].

In conclusion, LAP is simple and easy to measure, and it is
very suitable for research and as a practical tool for screening
and studying NAFLD in the high-risk community elderly
population. Its diagnostic accuracy of LAP is higher in men
than in women. Therefore, elderly men with high levels of
LAP need to be vigilant, and diet and exercise intervention
should be carried out as soon as possible for weight loss. In
this study, the causal relationship between anthropometric
indicators and NAFLD could not be assessed because of the
cross-sectional study design; therefore, a prospective cohort
study may vyield better analysis and prediction of NAFLD
indicators. The lack of hip measurements in our data col-
lection prevents other obesity-related anthropometric indi-
cators (such as waist-to-hip ratio) from being applied to
statistical analysis. Hip measurement is an important indi-
cator of body shape, but further studies may be needed to
confirm the correlation between hip measurements and
NAFLD. Participants in this study were all residents of
southern China, so our findings may not be applicable to
other countries, regions, or ethnic groups. Large prospective
multicenter cohort studies are needed to demonstrate the
reliability of these results in a population.

Data Availability

The data used to support the findings of this study are
provided in Supplementary Materials.

Disclosure

Yan Zhang, Bo Li, and Jinghua He are co-lead authors.

International Journal of Endocrinology

Conflicts of Interest

The authors declare that they have no conflicts of interest
regarding the publication of this paper.

Authors’ Contributions

All authors contributed to the development of the con-
ceptual framework of this study. PXW and JHH initiated the
study and supervised the collection of research data. BL and
NL contributed to data interpretation. YZ and BL analyzed
the data and drafted the manuscript. All authors contributed
to critical revisions of the paper and approved the final
version for publication. Yan Zhang, Bo Li, and Jinghua He
contributed equally to this work.

Acknowledgments

The authors acknowledge Peixi Wang (Institute of Chronic
Disease Risks Assessment, Henan University) for his helpful
suggestions and spiritual support. The authors are grateful to
the investigators for their contribution to data collection.

Supplementary Materials

The data in supplementary file are additional datasets
provided for the help of readers. (Supplementary Materials)

References

[1] G. A. Michelotti, M. V. Machado, and A. M. Diehl, “NAFLD,
NASH and liver cancer,” Nature Reviews Gastroenterology &
Hepatology, vol. 10, no. 11, pp. 656-665, 2013.

[2] N. Chalasani, Z. Younossi, J. E. Lavine et al., “The diagnosis

and management of non-alcoholic fatty liver disease: practice

guideline by the American association for the study of liver
diseases, American college of gastroenterology, and the

American gastroenterological association,” Hepatology,

vol. 55, no. 6, pp. 2005-2023, 2012.

P. Angulo, J. M. Hui, G. Marchesini et al., “The NAFLD fi-

brosis score: a noninvasive system that identifies liver fibrosis

in patients with NAFLD,” Hepatology, vol. 45, no. 4,

pp. 846-854, 2007.

[4] Z. M. Younossi, A. B. Koenig, D. Abdelatif, Y. Fazel, L. Henry,
and M. Wymer, “Global epidemiology of nonalcoholic fatty
liver disease-Meta-analytic assessment of prevalence, inci-
dence, and outcomes,” Hepatology, vol. 64, no. 1, pp. 73-84,
2016.

[5] Q. M. Anstee, G. Targher, and C. P. Day, “Progression of
NAFLD to diabetes mellitus, cardiovascular disease or cir-
rhosis,” Nature Reviews Gastroenterology ¢ Hepatology,
vol. 10, no. 6, pp. 330-344, 2013.

[6] R. J. Wong, M. Aguilar, R. Cheung et al., “Nonalcoholic
steatohepatitis is the second leading etiology of liver disease
among adults awaiting liver transplantation in the United
States,” Gastroenterology, vol. 148, no. 3, pp. 547-555, 2015.

[7] Z. Younossi, Q. M. Anstee, M. Marietti et al., “Global burden
of NAFLD and NASH: trends, predictions, risk factors and
prevention,” Nature Reviews Gastroenterology ¢ Hepatology,
vol. 15, no. 1, pp. 11-20, 2018.

[8] R. Loomba and A. J. Sanyal, “The global NAFLD epidemic,”
Nature Reviews Gastroenterology & Hepatology, vol. 10, no. 11,
pp. 686-690, 2013.

[3


http://downloads.hindawi.com/journals/ije/2021/6678755.f1.pdf

International Journal of Endocrinology

[9] T. Fukuda, M. Hamaguchi, T. Kojima et al., “The impact of
non-alcoholic fatty liver disease on incident type 2 diabetes
mellitus in non-overweight individuals,” Liver International,
vol. 36, no. 2, pp. 275-283, 2016.

S. Ballestri, S. Zona, G. Targher et al., “Nonalcoholic fatty liver

disease is associated with an almost twofold increased risk of

incident type 2 diabetes and metabolic syndrome. evidence
from a systematic review and meta-analysis,” Journal of

Gastroenterology and Hepatology, vol. 31, no. 5, pp. 936-944,

2016.

[11] G. Targher, C. D. Byrne, A. Lonardo, G. Zoppini, and
C. Barbui, “Non-alcoholic fatty liver disease and risk of in-
cident cardiovascular disease: a meta-analysis,” Journal of
Hepatology, vol. 65, no. 3, pp. 589-600, 2016.

[12] G. Musso, R. Gambino, J. H. Tabibian et al., “Association of
non-alcoholic fatty liver disease with chronic kidney disease: a
systematic review and meta-analysis,” PLoS Medicine, vol. 11,
pp. 1-26, 2014.

[13] C. Estes, Q. M. Anstee, M. T. Arias-Loste et al., “Modeling
NAFLD disease burden in China, France, Germany, Italy,
Japan, Spain, United Kingdom, and United States for the
period 2016-2030,” Journal of Hepatology, vol. 69, no. 4,
pp. 896-904, 2018.

[14] Association AG, “American Gastroenterological Association
medical position statement: nonalcoholic fatty liver disease,”
Gastroenterology, vol. 123, pp. 1702-1704, 2002.

[15] J.-G. Fan and G. C. Farrell, “Epidemiology of non-alcoholic
fatty liver disease in China,” Journal of Hepatology, vol. 50,
no. 1, pp. 204-210, 2009.

[16] M. D. Zeng, J. G. Fan, L. G. Lu et al, “Guidelines for the
diagnosis and treatment of nonalcoholic fatty liver diseases,”
Journal of Digestive Diseases, vol. 9, no. 2, pp. 108-112, 2008.

[17] R. Vuppalanchi and N. Chalasani, “Nonalcoholic fatty liver
disease and nonalcoholic steatohepatitis: selected practical
issues in their evaluation and management,” Hepatology,
vol. 49, no. 1, pp. 306-317, 2009.

[18] D. N. Amarapurkar, E. Hashimoto, L. A. Lesmana,
]J. D. Sollano, P.-J. Chen, and K.-L. Goh, “How common is
non-alcoholic fatty liver disease in the Asia? Pacific region and
are there local differences?” Journal of Gastroenterology and
Hepatology, vol. 22, no. 6, pp. 788-793, 2007.

[19] G. C. Farrell, S. Chitturi, G. K. Lau, and J. D. Sollano,
“Guidelines for the assessment and management of non-al-
coholic fatty liver disease in the Asia? Pacific region: executive
summary,” Journal of Gastroenterology and Hepatology,
vol. 22, no. 6, pp. 775-777, 2007.

[20] UK NGC, Non-Alcoholic Fatty Liver Disease (NAFLD): As-
sessment and Management. NICE Guideline, National Insti-
tute for Health and Care Excellence, no. 49, London, UK,
2016.

[21] J.Lee, N. Lim, T. Baek, S. Park, and H. Park, “Anthropometric
indices as predictors of hypertension among men and women
aged 40-69 years in the Korean population: the Korean ge-
nome and epidemiology study,” BMC Public Health, vol. 15,
p. 140, 2015.

[22] R. Zheng, Z. Chen, J. Chen, Y. Lu, and J. Chen, “Role of body
mass index, waist-to-height and waist-to-hip ratio in pre-
diction of nonalcoholic fatty liver disease,” Gastroenterology
Research and Practice, vol. 2012, Article ID 362147, , 2012.

[23] C.D.V.Florey, “The use and interpretation of ponderal index
and other weight-height ratios in epidemiological studies,”
Journal of Chronic Diseases, vol. 23, no. 2, pp. 93-103, 1970.

[24] R. Valdez, J. C. Seidell, Y. I. Ahn, and K. M. Weiss, “A new
index of abdominal adiposity as an indicator of risk for

[10

11

cardiovascular disease. a cross-population study,” Interna-
tional Journal of Obesity and Related Metabolic Disorders:
Journal of the International Association for the Study of
Obesity, vol. 17, no. 2, pp. 77-82, 1993.

[25] M. Ashwell and S. Gibson, “A proposal for a primary
screening tool: “keep your waist circumference to less than
half your height”™ BMC Medicine, vol. 12, p. 207, 2014.

[26] O. O. Woolcott and R. N. Bergman, “Relative fat mass (RFM)
as a new estimator of whole-body fat percentage—a cross-
sectional study in American adult individuals,” Scientific
Reports-UK, vol. 8, Article ID 10980, 2018.

[27] H. S. Kahn, “The “lipid accumulation product” performs
better than the body mass index for recognizing cardiovas-
cular risk: a population-based comparison,” BMC Cardio-
vascular Disorders, vol. 5, p. 26, 2005.

[28] N.Y. Krakauer and J. C. Krakauer, “A new body shape index
predicts mortality hazard independently of body mass index,”
PLoS One, vol. 7, Article ID ¢39504, 2012.

[29] J. G. Fan, ]. D. Jia, Y. M. Li et al., “Guidelines for the diagnosis

and management of nonalcoholic fatty liver disease: update

2010,” Journal of Digestive Diseases, vol. 12, no. 1, pp. 38-44,

2011.

“Clinical guidelines on the identification, evaluation, and

treatment of overweight and obesity in adults--the evidence

report. national institutes of health,” Obesity Research, vol. 6,

no. Suppl 2, pp. 515-209S, 1998.

[31] L. Li, D.-W. Liu, H-Y. Yan, Z.-Y. Wang, S.-H. Zhao, and

B. Wang, “Obesity is an independent risk factor for non-alco-

holic fatty liver disease: evidence from a meta-analysis of 21

cohort studies,” Obesity Reviews, vol. 17, no. 6, pp. 510-519, 2016.

S. Satapathy and A. Sanyal, “Epidemiology and natural history

of nonalcoholic fatty liver disease,” Seminars in Liver Disease,

vol. 35, no. 3, pp. 221-235, 2015.

[33] E. D. Angelantonio, S. N. Bhupathiraju, D. Wormser et al.,
“Body-mass index and all-cause mortality: individual-par-
ticipant-data meta-analysis of 239 prospective studies in four
continents,” The Lancet, vol. 388, pp. 776-786, 2016.

[34] N. Sattar, E. Forrest, and D. Preiss, “Non-alcoholic fatty liver
disease,” BM]J, vol. 349, Article ID g4596, 2014.

[35] S. A. Polyzos and C. S. Mantzoros, “Leptin in health and
disease: facts and expectations at its twentieth anniversary,”
Metabolism, vol. 64, no. 1, pp. 5-12, 2015.

[36] S. A. Polyzos, J. Kountouras, and C. S. Mantzoros, “Obesity
and nonalcoholic fatty liver disease: from pathophysiology to
therapeutics,” Metabolism, vol. 92, pp. 82-97, 2019.

[37] G. Mintziori and S. A. Polyzos, “Emerging and future ther-
apies for nonalcoholic steatohepatitis in adults,” Expert
Opinion on Pharmacotherapy, vol. 17, no. 14, pp. 1937-1946,
2016.

[38] G. Marchesini, S. Moscatiello, S. Di Domizio, and G. Forlani,
“Obesity-associated liver disease,” The Journal of Clinical
Endocrinology & Metabolism, vol. 93, no. 11_supplement_1,
pp. s74-s80, 2008.

[39] V. G. Athyros, T. K. Alexandrides, H. Bilianou et al., “The use
of statins alone, or in combination with pioglitazone and
other drugs, for the treatment of non-alcoholic fatty liver
disease/non-alcoholic steatohepatitis and related cardiovas-
cular risk. an expert panel statement,” Metabolism, vol. 71,
pp. 17-32, 2017.

[40] C. Ma, A. Avenell, M Bolland et al., “Effects of weight loss
interventions for adults who are obese on mortality, car-
diovascular disease, and cancer: systematic review and meta-
analysis,” BM] (Clinical Research ed.), vol. 359, Article ID
74849, 2017.

(30

(32



12

[41]

[42]

(43

(44]

[45]

[46

(47]

(48]

(49]

J. Frith and J. L. Newton, “Liver disease in older women,”
Maturitas, vol. 65, no. 3, pp. 210-214, 2010.

A. Pighon, R. Barsalani, S. Yasari, D. Prudhomme, and
J. Lavoie, “Does exercise training prior to ovariectomy protect
against liver and adipocyte fat accumulation in rats,” Cli-
macteric, vol. 13, pp- 238-248, 2009.

M.-S. Gauthier, K. Couturier, J.-G. Latour, and J.-M. Lavoie,
“Concurrent exercise prevents high-fat-diet-induced macro-
vesicular hepatic steatosis,” Journal of Applied Physiology,
vol. 94, no. 6, pp. 2127-2134, 2003.

T. S. Han, E. M. Van Leer, J. C. Seidell, and M. E. J. Lean,
“Waist circumference action levels in the identification of
cardiovascular risk factors: prevalence study in a random
sample,” BM]J, vol. 311, no. 7017, pp. 1401-1405, 1995.

K. G. M. M. Alberti, R. H. Eckel, S. M. Grundy et al,
“Harmonizing the metabolic syndrome,” Circulation, vol. 120,
no. 16, pp. 1640-1645, 2009.

D. Macut, I. Bozi¢ Anti¢, J. Bjeki¢-Macut et al., “Lipid ac-
cumulation product is associated with metabolic syndrome in
women with polycystic ovary syndrome,” Hormones, vol. 15,
no. 1, p. 35, 2016.

A. F. G. Cicero, S. D’Addato, and A. Reggi, “Giulio mar-
chesini, and claudio borghi, on behalf of the brisighella heart
study,” Metabolic Syndrome and Related Disorders, pp. 412-
416, 2013.

I. Kyrou, D. B. Panagiotakos, G.-M. Kouli et al., “Lipid ac-
cumulation product in relation to 10-year cardiovascular
disease incidence in Caucasian adults: the ATTICA study,”
Atherosclerosis, vol. 279, pp. 10-16, 2018.

H. Wang, Y. Chen, G. Sun, P. Jia, H. Qian, and Y. Sun,
“Validity of cardiometabolic index, lipid accumulation
product, and body adiposity index in predicting the risk of
hypertension in Chinese population,” Postgraduate Medicine,
vol. 130, no. 3, pp. 325-333, 2018.

International Journal of Endocrinology



