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Abstract
Background: Nonalcoholic fatty liver disease (NAFLD) is a global problem and pediatric obesity has risen dramatically.
Early NAFLD might progress to nonalcoholic steatohepatitis (NASH) or liver cirrhosis and significantly increase liver
disease-related mortality. We looked for NAFLD predictors in children and adolescents.
Methods: This community-based, cross-sectional study ran from December 2012 to September 2013 in southwestern
Taiwan. Children <10 and >19 years old, with detected hepatic diseases, or who drank alcohol were excluded. The diagnosis
of NAFLD was based on ultrasound: age, sex, anthropometric measurements, and laboratory data were evaluated for
associated risks by using logistic regression analysis. Receiver operating characteristic (ROC) curves were used to determine
cutoff values.
Results: We enrolled one thousand, two hundred and ten children (594 males; 616 females; mean age: 15.5 ± 2.8 years).
Age, anthropometric measurements, and laboratory data were significantly higher in children with NAFLD. The association
between NAFLD and the waist-to-height ratio (WHtR) was significant (adjusted odds ratio: 2.6; 95% confidence interval:
1.909-3.549; P < 0.001). It indicated highly suspicion of NAFLD (sensitivity: 70.1%; specificity 76.9%) when the WHtR for
children and adolescents is above the cutoff value of 0.469.
Conclusions: The WHtR might be a powerful index of the severity of pediatric NAFLD.
Keywords: Childhood obesity, cutoff value, nonalcoholic fatty liver disease, waist-to-height ratio, waist-to-hip ratio

Background
Non-alcoholic fatty liver disease (NAFLD) is an emerging health problem associated with childhood obesity
and adult metabolic syndrome (MetS) [1]. NAFLD might
be an early manifestation of insulin resistance [2], and
body fat distribution is important because high abdominal adiposity reflects excess central and visceral adipose
tissue (VAT), which is intimately associated with metabolic disease and adverse outcomes in adulthood [3].
Recent review study [4] claimed that the mean prevalence of NAFLD in general pediatric population was
7.6% lower than the rate (10.2% in Asian subjects)
* Correspondence: meiyen@gw.cgust.edu.tw
9
College of Nursing, Chang Gung University of Science and Technology,
Chiayi, Taiwan
10
Department of Nursing, Chang Gung University, Taoyuan, Taiwan
Full list of author information is available at the end of the article

according to prior autopsy study [5]. Another Taiwan investigation [6] also reported higher incidence of
pediatric NAFLD than the result from systemic review
(76% vs. 34.2% in obese group). Clinical and pathological
presentations of NAFLD are various, such as those in
asymptomatic hepatitis, fibrosis, or cirrhosis patients,
because of a lack of a definitive diagnosis and screening
guidelines. Therefore, simple, accurate, reproducible,
and inexpensive screening tools for early NAFLD are
essential for children and adolescents.
Liver biopsy is the gold standard diagnostic tool for
NAFLD, but it is expensive, invasive, risky, and infeasible
in an annual health check-up. Ultrasound is a popular
screening tool for patients with an abnormal liver function
test, which varies without consistent values or upper normal thresholds in children. Body Mass Index (BMI) and
waist circumference are anthropometric measurements
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widely used to evaluate the effects of obesity on metabovascular risk factors and NAFLD [7]. Contrary to waist
circumference and BMI, the values of waist-to-hip ratio
(WHR) and waist-to-height ratio (WHtR) have the advantages without requiring population-specific reference
tables or changes in body composition with growth and
development. Therefore, the WHR appears to be more
strongly associated with abdominal obesity than does BMI
[8], and the WHR is strongly correlated with VAT [9].
Moreover, one meta-analysis [10] showed evidence to
support the superiority of measuring centralized obesity,
especially the WHtR, rather than BMI and waist circumference, for detecting cardiovascular risk factors both in
men and in women. The WHtR has been proposed as a
more reliable anthropometric index for detecting childhood obesity [11], body fat percentage [12], and Lee et al.
[13] also reported the effects of the WHtR on visceral fat
and metabolic components in Korean children and
adolescents. However, no studies have evaluated the association between the WHtR and NAFLD in Asian pediatric
populations. Therefore, we try to assess the reliability of
anthropometric indices for hepatosteatosis in Taiwanese
children and adolescents.
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Fig. 1 Flow chart of participant selection. GB, gallbladder; HCV, hepatitis
C virus; HBV, hepatitis B virus; NAFLD, nonalcoholic fatty liver disease

Methods
Design

This study used a correlational cross-sectional design in
which anthropometric measure and NAFLD were
assessed concurrently in prepubertal children and
adolescents. Ethical approval was provided by the
institutional review board ethical committee (Chang-Gung
Memorial Hospital Ethics Committee No 102-4399B).
Sample

From December 2012 to September 2013 in Yunlin
County, Taiwan, 12,348 residents underwent a
community-based annual health checkup. We selected
10- to 19-year-olds for the study and obtained the informed consent from all of them. The exclusion criteria
were: (1) < 10 or >19 years old; (2) incomplete health
survey, anthropometric measurements, or laboratory data;
(3) hepatitis B (HBV), hepatitis C (HCV), or both; (4)
prior hepatic surgery; (5) habitual alcohol drinking; (6)
liver cirrhosis, nodules, or tumors revealed by ultrasound
scan. We finally enrolled 1210 participants (Fig. 1).
Anthropometric assessment

A noninvasive oscillometric monitor (Omega 1400;
Invivo Research Inc., Orlando, FL, USA) was calibrated
and then was used to measure blood pressure (BP) with
a standard procedure and appropriate cuff size. Every
participant’s BP was measured twice and recorded. If the
difference between first and second BP value was
>10 mmHg, BP was measured a third time. The mean

BP value was calculated in twice closest BP value and
hypertension was defined as an average systolic or diastolic blood pressure level that was in the 95th percentile
or greater based on at least three separate readings
under guideline of the National High Blood Pressure
Education Program (NHBPEP) [14].
Height (Ht), weight (Wt), and body mass index (BMI)
were anthropometric measurements and plotted on
Taiwan growth curves [15]. Height and body weight was
measured under light clothes and bare feet. Body Mass
Index (BMI) was calculated for each participantby using
the standard formula (weight in kilograms divided by
square of the height in meters). Based on the nationwide
standard set by the Taiwan Bureau of Health Promotion
(BHP, 2013), BMI was plotted on the age and sexspecific cutoff points to define the body size of children.
An anthropometric tape was used to measure waist
circumference (WC) and hip circumference. WC was
measured at the level midway between the lowest rib
margin and the iliac crest. Hip circumference was measured at the maximum protuberance of the buttocks in a
standing position.
Laboratory assays

Venous blood samples were drawn from all participants
after a 12-h overnight fast and delivered to the laboratory
on the same day. The serum collected in the morning was
measured (7600 Chemistry Analyzer; Hitachi Medical
Corp., Tokyo, Japan) to detect serum uric acid, triglyceride
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(TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), fasting plasma glucose (FPG), alanine aminotransferase (ALT), aspartate aminotransferase (AST),
gamma-glutamyl-transferase (GGT)), and creatinine (Cr).
Seropositivity of antibodies to HCV was assessed by
means of an electrochemiluminescence immunoassay and
seropositivity to HBV was assessed with a semiquantitative determination of hepatitis B surface antigens by using
a sandwich radioimmunoassay (Elecsys E-170; Cobas
Analyzer; Roche Diagnostics, Indianapolis, IN).
Lifestyle and medical history

Alcohol drinking, betel nut chewing, and cigarette smoking habits were evaluated. Participants were classified as
non-user (never drank alcohol/chewed betel-nut/smoked
cigarettes, or had not drunk/chewed/smoked for the
previous year), or current user (currently drinking/chewing/smoking).
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picture archiving and communication system (Centricity
PACS; GE Healthcare, Allendale, NJ, USA).
Definitions

(1) NAFLD was defined as (a) ultrasonographic evidence of
hepatic steatosis, and (b) absent current alcohol consumption, hereditary disorders, or using steatogenic medication.
(2) Obesity was defined when BMI was ≥ the 95th
percentile [15].
(3) Components of International Diabetes Foundation
defined MetS [16]: The criterion of waist circumference
for MetS was infeasible because of absent update references in Taiwan. For children 10-16 years old, MetS
components included triglyceride ≥150 (mg/dL),
HDL < 40 (mg/dL), SBP ≥ 130 mmHg or DBP ≥ 85 mmHg
and fasting glucose ≥100 mg/dL. For children >16 years
old, MetS criteria were triglyceride ≥150 (mg/dL),
HDL < 40 mg/dL in males and <50 mg/dL in females,
SBP ≥ 130 mmHg or DBP ≥ 85 mmHg and fasting
glucose ≥100 mg/dL.

Abdominal ultrasonography

Right upper quadrant ultrasound was performed on one
of three units: an Aloka SSD 4000 (Hitachi Aloka Medical Ltd., Tokyo, Japan) with a UST-979-3.5 curved array
transducer; CGM OPUS 5000 (Chang Gung Medical
Technology Co., Ltd., Taipei, Taiwan) with a CLA35
curved array transducer; or an Acuson S2000 Ultrasound System (Siemens, Malvern, PA, USA) by using a
C4-1 MHz curved array transducer. Technical parameters were adjusted for each patient with the standard
protocol for a right upper quadrant ultrasound examination. The liver was considered normal if the echotexture was homogeneous without acoustic attenuation,
the portal veins were visible, the diaphragm was well visualized, and echogenicity was similar or slightly higher
than that of the renal parenchyma. The diagnosis of fatty
liver was based on the differences between the echogenicity in the liver and the kidney, vascular blurring of the
hepatic vein trunk, and deep attenuation in the right
hepatic lobe. The severity of fatty liver change was classified according to the standardized ultrasonographic
criteria: grade 0, normal liver, a normal echo texture and
absence of fatty change; grade 1, mild fatty liver change,
a mildly increased echogenicity in the parenchyma
comparing with the kidney, and slightly impaired
visualization of intrahepatic vessels and diaphragm;
grade 2, medium grade diffuse increased in hepatic echogenicity, mild deterioration in the image of the diaphragm
and intrahepatic vessels; grade 3, moderate-to-severe fatty
liver change, marked increase in fine echoes in the parenchyma with poor or non-visualization of the intrahepatic
vessel borders, diaphragm, and posterior right lobe of the
liver. The criteria for severe fatty liver changes were
obvious and unambiguous. All images were reviewed on a

Statistical analysis

SPSS 19.0 (SPSS, Inc., Chicago, IL, USA) was used for
all analyses. Numeric variables were expressed as
mean ± standard deviation (SD) and categorical variables
as number (percent). Continuous data for the study
group and comparison group were compared using
Student’s t test. Categorical data were analyzed using χ2
or Fisher’s Exact tests, and 95% CIs and multivariate logistic regression analyses were used to identify the best
subset of independent predictors. All tests were twosided and significance was set at P < 0.05. A multiple
logistic regression analysis was used to identify the variables affecting the dependent variable NAFLD (using
odds ratios [ORs] and 95% CIs). The independent
variables included in the analyses were age groups, sex,
and BMI categories.
The cutoff value for the risk score was determined by
using the receiver operating characteristic (ROC) curve
procedure. The ROC curve was plotted for NAFLD;
sensitivity was plotted on the y-axis and the falsepositive rate (1−specificity) was plotted on the x-axis.

Results
Participant demographics

The data of 616 (50.1%) females and 594 (49.1%) males
(mean (SD) age: 15.5 (2.8) years) were analyzed (Table 1).
The overall prevalence of obesity in the study population
was 16.3%. Those obese subjects were predominant in
male gender (male vs female 62.4% vs. 37.6%; P < 0.001)
with similar portion of smoking and betel nut chewing
compared with non-obese group. Higher BMI (28.3 ± 3.2
vs. 19.9 ± 2.7; P < 0.001), body weight (74.7 ± 15.5 vs.
51.7 ± 11.6; P < 0.001), and waist circumference
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Table 1 Baseline characteristics of the study participants by adiposity
Variable

P

Total

Obese

Non-obese

(N = 1210)

(n = 197)

(n = 1013)

Age (years)

15.5 ± 2.8

15.2 ± 3.0

15.6 ± 2.8

0.063

Male, n (%)

594 (49.1)

123 (62.4)

471 (46.5)

< 0.001

Anthropometric assessment
Body weight (kg)

55.5 ± 14.9

74.7 ± 15.5

51.7 ± 11.6

< 0.001

BMI (kg/m2)

21.3 ± 4.2

28.3 ± 3.2

19.9 ± 2.7

< 0.001

Waist (cm)

71.8 ± 10.8

73.5 ± 12.6

71.5 ± 10.4

0.060

Waist-to-height ratio

0.8 ± 0.1

0.5 ± 0.1

0.4 ± 0.1

0.123

Waist-hip ratio

0.45 ± 0.06

0.81 ± 0.08

0.80 ± 0.07

0.236

Systolic BP (mmHg)

114.2 ± 18.5

115.8 ± 19.5

113.9 ± 18.3

0.208

Diastolic BP (mmHg)

67.9 ± 12.9

68.5 ± 13.9

67.9 ± 13.8

0.503

Pulse pressure (mmHg)

46.3 ± 14.2

47.2 ± 14.6

46.1 ± 14.1

0.304

Smoking, n (%)

29 (2.4)

6 (3.0)

23 (2.3)

0.515

Betel nut chewing, n (%)

6 (0.5)

2 (0.9)

4 (0.4)

0.335

Creatinine (mg/dL)

0.79 ± 0.17

0.77 ± 0.16

0.79 ± 0.17

0.177

Fasting blood glucose (mg/dL)

90.8 ± 8.6

91.1 ± 7.2

90.7 ± 8.8

0.608

ALT (mg/dL)

17.0 ± 16.4

18.1 ± 19.8

16.8 ± 19.7

0.336

AST (mg/dL)

19.1 ± 7.4

19.6 ± 9.6

19.0 ± 6.9

0.328

Lifestyle history

Biochemistry data

Uric acid (mg/dL)

5.73 ± 1.43

5.71 ± 1.51

5.73 ± 1.42

0.782

GGT (U/L)

15.2 ± 10.3

16.5 ± 14.3

14.9 ± 9.4

0.063

LDL (mg/dL)

95.5 ± 25.7

95.6 ± 27.4

95.5 ± 25.3

0.957

VLDL (mg/dL)

15.6 ± 7.7

15.8 ± 7.5

15.5 ± 7.7

0.628

HDL (mg/dL)

57.9 ± 11.4

58.1 ± 11.9

57.9 ± 11.3

0.821

Lipid profiles

Cholesterol (mg/dL)

162.3 ± 27.3

162.8 ± 29.4

162.2 ± 26.9

0.777

TG (mg/dL)

78.2 ± 41.2

80.1 ± 44.8

77.9 ± 40.4

0.490

GGT (U/L)
NAFLD, n (%)

15.2 ± 10.3

16.5 ± 14.3

14.9 ± 9.4

0.063

167 (13.8)

35 (17.8)

132 (13.0)

0.078

Abbreviation: ALT aspartate aminotransferase, AST alanine aminotransferase, NAFLD non-alcoholic fatty liver disease, BW body weight, BMI basal metabolic index,
BP blood pressure, GGT gamma-glutamyl aminotransferase, LDL low-density lipoprotein cholesterol, VLDL very-low-density lipoprotein cholesterol, HDL high-density
lipoprotein cholesterol, TG triglycerides

(73.5 ± 12.6 vs. 71.52 ± 10.44; P = 0.020) were observed in
obese group; however, the BP or laboratory data were insignificantly different.
Factors associated with ultrasonically diagnosed NAFLD

The participants were divided into two groups based on
whether they had been ultrasonically proved fatty liver,
and, according to ultrasonographic criteria, 167 (13.8%) of
the participants were diagnosed with NAFLD (Table 2).
The percentage differences between NAFLD participants
was not significant based on sex (male: 54.5% vs. female:
48.2%; OR: 1.285; 95% CI: 0.926-1.784), age (18.0 ± 1.9 vs.
15.1 ± 2.8; OR: 1.823; 95% CI: 1.627-2.042), or obesity

(21.0% vs. 15.5%; OR: 1.442; 95% CI: 0.958-2.170) in
comparison with the non-NAFLD group. Additionally,
NAFLD group members had a significantly greater WHR
(0.86 ± 0.08 vs. 0.79 ± 0.07; OR: 2.556; 95% CI: 2.1063.104), greater WHtR (0.51 ± 0.07 vs. 0.44 ± 0.05; OR:
3.885; 95% CI: 2.331-5.233) as well as higher BMI than
those in the non-NAFLD group. Although serum Cr and
fasting blood glucose levels were non-significant between
groups, NAFLD group members had significantly higher
BPs and lipid profiles (LDL, VLDL, TG, and TC levels);
ALT, AST, uric acid, and GGT levels; and lower HDL
levels than non-NAFLD group members. Participants with
higher grade NAFLD also had a significantly larger WHtR.
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Table 2 Baseline characteristics of the study participants by NAFLD
Variable

NAFLD
(n = 167)

Non-NAFLD
(n = 1043)

Crude OR (95% CI)

P

Age (years)

18.0 ± 1.9

15.1 ± 2.8

1.823 (1.627-2.042)

< 0.001

Male, n %

91 (54.5)

503 (48.2)

1.285 (0.926-1.784)

0.133

BMI (kg/m2)

23.0 ± 4.7

21.0 ± 4.0

1.109 (1.070-1.150)

< 0.001

Waist-hip ratio

0.86 ± 0.08

0.79 ± 0.07

2.556 (2.106-3.104)

< 0.001

Waist-to-height ratio

0.51 ± 0.07

0.44 ± 0.05

3.885 (2.331-5.233)

< 0.001

Systolic BP (mmHg)

121.2 ± 19.4

113.1 ± 18.1

1.023 (1.014-1.031)

< 0.001

Anthropometric Assessment

Diastolic BP (mmHg)

71.8 ± 14.3

67.4 ± 12.7

1.024 (1.012-1.036)

< 0.001

Pulse pressure (mmHg)

49.4 ± 14.5

45.8 ± 14.1

1.017 (1.006-1.028)

< 0.001

Creatinine (mg/dL)

0.76 ± 0.17

0.79 ± 0.17

0.364 (0.132-0.999)

0.050

ALT (mg/dL)

30.0 ± 27.5

14.9 ± 12.7

1.048 (1.037-1.060)

< 0.001

AST (mg/dL)

22.2 ± 10.3

18.7 ± 6.7

1.048 (1.028-1.069)

< 0.001

Biochemistry data

Uric acid (mg/dL)

6.35 ± 1.59

5.63 ± 1.38

1.403 (1.254-1.570)

< 0.001

GGT (U/L)

22.8 ± 17.4

18.7 ± 6.7

1.068 (1.050-1.085)

< 0.001

104.4 ± 30.4

94.1 ± 24.5

1.014 (1.008-1.020)

< 0.001

Lipid profiles
LDL-C (mg/dL)
VLDL (mg/dL)

19.4 ± 10.6

14.9 ± 6.9

1.060 (1.041-1.080)

< 0.001

HDL-C mg/dL

54.4 ± 11.5

58.5 ± 11.3

0.966 (0.951-0.982)

< 0.001

Cholesterol-C mg/dL

168.6 ± 31.4

161.3 ± 26.5

1.009 (1.004-1.015)

0.001

Triglyceride (mg/dL)

98.8 ± 59.9

74.9 ± 36.2

1.011 (1.007-1.014)

< 0.001

Abbreviation: ALT aspartate aminotransferase, AST alanine aminotransferase, NAFLD non-alcoholic fatty liver disease, BW body weight, BMI basal metabolic index,
BP blood pressure, GGT gamma-glutamyl aminotransferase, LDL low-density lipoprotein cholesterol, VLDL very-low-density lipoprotein cholesterol, HDL high-density
lipoprotein cholesterol, TG triglycerides

(Figure 2) In addition, participants with more than two
IDF-defined MetS components had a significantly larger
WHtR than subjects with less than two points (0.49 vs
0.44; P < 0.001) (Fig. 3).
Hierarchical multiple logistic regression showed that the
WHtR was most significantly associated with NAFLD (adjusted OR: 2.600; 95% CI: 1.909-3.549; P < 0.001) after
final adjustments (Table 3).
The area under the ROC curve (AUC) of the WHtR and the
WHR for NAFLD

Fig. 2 Box plots showing comparisons between waist to height ratio
(WHtR) and grade of NAFLD. In each group, the central line indicates
the median value, the upper and lower lines represent the upper and
lower quartiles, and the crosses show the minimum and maximum
values. The WHtR differs significantly with the grade of NAFLD (Grade
0, 0.70; Grade 1, 0.97; Grade 2/3, 1.46; linear trend P < 0.001).NAFLD,
non-alcoholic fatty liver disease

The WHtR AUC (0.80; CI: 0.760-0.839) predicting
NAFLD was significantly higher than the WHR AUC
(0.755; CI: 0.714-0.795) (Fig. 4). The cutoff value of the
WHtR for children and adolescents was 0.469, which indicates a high risk of having NAFLD if it was above the
value (sensitivity: 70.1%; specificity 76.9%).

Discussion
Although many studies have evaluated the correlation
between the WHtR and central obesity, this is the first
study to reveal a strong relationship between the WHtR
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Fig. 3 The differences between mean values of WHtR and components
of IDF defined MetS. IDF, International Diabetes Foundation; WHtR,
waist-to-height ratio

and NAFLD in children and adolescents. The participants with a higher WHtR value had a 2.6-fold higher
risk of NAFLD (95% CI: 1.909-3.549; P < 0.001) per
standard deviation (SD), and the cutoff value was 0.469
for 10- to 19-year-olds.
The prevalence of NAFLD in our participants was
13.8% in the total population, which was similar to the
findings (10.2%) in the autopsy study [5]. The prevalence
rate of NAFLD was higher in obese group; however, the
rate was relatively lower than those reports of prior
investigations [4, 6]. Differences might be associated
with geographical region, diet habit and study sample
size. In fact, Fishbein and colleagues [17] supported the
notion that visceral adiposity was better than BW or
BMI at predicting fatty liver. We also found nonsignificant metabovascular features in the obese group, but all
these features of MetS were significant in participants
with NAFLD. These findings were compatible with the
Bogalusa Heart Study [18], which showed that the
Table 3 Association of the WHtR and WHR with NAFLD in four
adjusted multiple logistic regression analysis models
Explanatory variables of primary interest (per SD increase)
Waist-Hip Ratio

Waist-to-Height Ratio

Model

OR

95% CI

P

OR

95% CI

P

Model 1

1.857

1.504-2.294

< 0.001

2.725

2.090-3.551

< 0.001

Model 2

1.800

1.456-2.225

< 0.001

2.718

2.064-3.581

< 0.001

Model 3

1.563

1.262-1.936

< 0.001

2.610

1.921-3.547

< 0.001

Model 4

1.562

1.259-1.936

< 0.001

2.600

1.909-3.549

< 0.001

SD standard deviation, OR odds ratio, CI confidence interval
Model 1: adjusted for age and sex
Model 2: further adjusted for body mass index and pulse pressure
Model 3: further adjusted for serum creatinine, uric acid, GGT, ALT, AST
Model 4: further adjusted for lipid profiles

Fig. 4 ROC curve analysis to determine the cutoff value of the WHtR and
WHR for predicting NAFLD. The cutoff value of the WHtR for predicting
NAFLD is 0.469 (sensitivity: 70.1%; specificity: 76.9%). The area under the
ROC curve (AUC) of the WHtR is 0.80 and of the WHR is 0.755; P = 0.010).
NAFLD, nonalcoholic fatty liver disease; ROC, receiver operating
characteristic; WHtR, waist-to-height ratio; WHR, waist-to-hip ratio

distribution of central fat in 5- to 17-year-olds, determined by using WC, and was associated with abnormal levels of TG, LDL-C, HDL-C, and insulin. Boyraz
et al. [19] further reported that obese children with
NAFLD had frequent MetS features. Schwimmer and
colleagues [20] had previously shown that children
with MetS had 5 times the odds of having NAFLD than
those overweight and obese children without MetS.
Additionally, pediatric MetS definition was limited
because (1) all anthropometric assessments (BW, BMI, and
WC) varied with age, gender, and ethnicity; and (2) MetS
criteria could not be adequately defined because WC
reference data were lacking update in many countries.
WHtR is a better predictor for NAFLD than the WHR
in some reasons: (1) more accurate sagittal and upper
abdominal fat distribution; (2) hip circumference reflects
different body components, such as fat, muscle, as well
as bone mass. A WHtR threshold level of 0.5 has been
proposed and recently validated [21]. Weili and colleagues [12] suggested 0.445 as the WHtR cutoff value
for overweight and 0.485 for obesity in Chinese children
and adolescents. A study [22] in Brazil showed a WHtR
cutoff value of from 0.42-0.45 for dyslipidemia stratified
by sex. Lee et al. [13] reported WHtR cutoff range of
0.54-0.61 is corresponded to the visceral fat area (VFA)
of Korean 10- to 15-year-olds and WHtR cutoff range of
0.51-0.56 is corresponded to the VFA of 16- to 18-yearolds. Tuan and colleagues [23] used dual-energy X-ray
absorptiometry to report 5355 children at the 75th percentile had a WHtR between 0.5-0.537, which was
strongly correlated with adiposity. However, the WHtR
cutoff value for ultrasonically defined NAFLD has not
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been validated. We found that the WHtR cutoff value of
0.469 is corresponded to NAFLD in Taiwanese 10- to
19-year-olds. The cutoff value is similar to the prior
validation studies but refills the gap for echogenic assessment in general health checkup.
Feldstein and colleagues [24] reported that the survival
of children with NAFLD was significantly shorter than
that of their peers without NAFLD. Thus predicting
NAFLD was very essential for early intervention on
childhood obesity and metabovascular complications.
The association of insulin resistance syndrome and
cardiovascular risk is not only related to the degree of
obesity, but also appears to be critically dependent on
body fat distribution [11, 25]. Ochiai and colleagues [26]
had observed strong correlation of WHtR than BMI or
WC with ALT levels, and higher value of WHtR was
significantly correlated with more cardiometabolic risk
factors [27], hypertension [28], and future mortality [29].
Additional large cohort studies are required to confirm
that WHtR is associated with NAFLD and with subsequent adult metabovascular insults.

Limitations

A liver biopsy has been a gold standard in the clinical
diagnosis of NAFLD, but it is not well suited for screening or monitoring children because it is invasive and
expensive, and it can cause complications in a pediatric
physical examination. Ultrasonic sensitivity is acceptable,
and interoperative differences can be reduced by experienced ultrasound users or by a review. A small regional
study will limit the accuracy of the findings, but a large
nationwide study will increase it. Nambiar and colleagues [30] had reported that error associated with the
WHtR was “clinically and biologically acceptable”.

Conclusion
Despite some limitations, our study showed that the
WHtR is strongly associated with fatty liver in children
and adolescents. In addition to dietary education and
exercise to prevent childhood obesity, using the WHtR
simply as a primary screening tool should increase early
detection of NAFLD and assess cardiometabolic risks
before puberty.
Abbreviations
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; AUC: Area
under the curve; BMI: Body mass index; FPG: Fasting plasma glucose;
GGT: Gamma-glutamyl-transferase; HBV: Hepatitis B virus; HCV: Hepatitis C
virus; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density
lipoprotein cholesterol; MetS: Metabolic syndrome; NAFLD: Non-alcoholic
fatty liver disease; NASH: Nonalcoholic steatohepatitis; ROC: Receiver
operating characteristic; TC: Total cholesterol; TG: Triglyceride; VAT: Visceral
adipose tissue; VLDL: Very-low-density lipoprotein cholesterol; WHR: Waist to
hip ratio; WHtR: Waist-to-height ratio

Page 7 of 8

Acknowledgments
We thank Alfred Hsing-Fen Lin for the assistance with statistics. We would
like to thank the participants in this study and all staffs in the Yunlin Chang
Gung Memorial Hospital for support in making this study possible.
Funding
none.
Availability of data and materials
All data generated or analyzed during this study are included in this published
article.
Authors’ contributions
MSL, THL, MYC were involved in the study concept and design. THL, SEG, MHT
were involved in the field study and data acquisition. MSC, TJH and MHT were
involved in the analysis and interpretation of the data. MSL, THL were involved
in the drafting of manuscript. MSL, MYC were involved in the critical revision of
manuscript. All authors read and approved the final manuscript.
Ethics approval and consent to participate
This study was approved by the institutional review board ethical committee
(Chang-Gung Memorial Hospital Ethics Committee No 102-4399B). It was a
secondary data analysis in accordance with a community-based annual
check-up program in a southwestern village in Taiwan, and the data were
obtained from chart-review.
Consent for publication
Not applicable.
Competing interests
The authors declare they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Cardiology, Chang Gung Memorial Hospital, Yunlin, Taiwan.
2
Department of Internal Medicine and Traditional Chinese Medicine, China
Medical University Hospital, Taichung, Taiwan. 3Graduate Institute of Nursing,
Chang Gung University of Science and Technology, Chiayi, Taiwan. 4Chronic
Diseases & Health Promotion Research Center, Research Center for Industry
of Human Ecology, Chang Gung University of Science and Technology,
Taoyuan, Taiwan. 5Department of Pediatrics, Chang Gung Memorial Hospital,
Yunlin, Taiwan. 6Department of Hepato-Gastroenterology, Chang Gung
Memorial Hospital, Yunlin, Taiwan. 7Department of Pulmonary Disease,
Chang Gung Memorial Hospital, Yunlin, Taiwan. 8Department of Respiratory
Care, Chang Gung University of Science and Technology, Chiayi, Taiwan.
9
College of Nursing, Chang Gung University of Science and Technology,
Chiayi, Taiwan. 10Department of Nursing, Chang Gung University, Taoyuan,
Taiwan. 11Research Fellow, Chang Gung Memorial Hospital, Chiayi, Taiwan.
Received: 28 March 2017 Accepted: 20 October 2017

References
1. Nobili V, Bedogni G, Berni Canani R, et al. The potential role of fatty liver in
paediatric metabolic syndrome: a distinct phenotype with high metabolic
risk? Pediatr Obes. 2012;7(6):e75–80.
2. Manco M, Marcellini M, Devito R, et al. Metabolic syndrome and liver histology
in paediatric non-alcoholic steatohepatitis. Int J Obes. 2008;32:381–7.
3. Kim JA, Park HS. Association of abdominal fat distribution and
cardiometabolic risk factors among obese Korean adolescents. Diabetes
Metab. 2008;34(2):126–30.
4. Anderson EL, Howe LD, Jones HE, et al. The prevalence of non-alcoholic
fatty liver disease in children and adolescents: a systematic review and
meta-analysis. PLoS One. 2015;10(10):e0140908.
5. Schwimmer JB, Deutsch R, Kahen T, Lavine JE, Stanley C, Behling C. Prevalence
of fatty liver in children and adolescents. Pediatrics. 2006;118(4):1388–93.

Lin et al. BMC Public Health (2017) 17:851

6.

7.

8.

9.

10.

11.

12.
13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Huang SC, Yang YJ. Serum retinol-binding protein 4 is independently
associated with pediatric NAFLD and fasting triglyceride level. J Pediatr
Gastroenterol Nutr. 2013;56:145–50.
Zhang HX, Xu XQ, Fu JF, et al. Predicting hepatic steatosis and liver fat
content in obese children based on biochemical parameters and
anthropometry. Pediatr Obes. 2015;10(2):112–7.
Al-Attas OS, Al-Daghri NM, Alokail MS, et al. Association of body mass index,
sagittal abdominal diameter and waist-hip ratio with cardiometabolic risk factors
and adipocytokines in Arab children and adolescents. BMC Pediatr. 2012;12:119.
Brambilla P, Bedogni G, Moreno LA, et al. Crossvalidation of anthropometry
against magnetic resonance imaging for the assessment of visceral and
subcutaneous adipose tissue in children. Int J Obes. 2006;30(1):23–30.
Lee CM, Huxley RR, Wildman RP, et al. Indices of abdominal obesity are
better discriminators of cardiovascular risk factors than BMI: a meta-analysis.
Clin Epidemiol. 2008;61(7):646–53.
Nambiar S, Hughes I, Davies PS. Developing waist-to-height ratio cut-offs to
define overweight and obesity in children and adolescents. Public Health
Nutr. 2010;13(10):1566–74.
Weili Y, He B, Yao H, et al. Waist-to-height ratio is an accurate and easier index
for evaluating obesity in children and adolescents. Obesity. 2007;15(3):748–52.
Lee KK, Park HS, Yum KS. Cut-off values of visceral fat area and waist-toheight ratio: diagnostic criteria for obesity-related disorders in Korean
children and adolescents. Yonsei Med J. 2012;53(1):99–105.
National High Blood Pressure Education Program Working Group on High
Blood Pressure in Children and Adolescents. The fourth report on the
diagnosis, evaluation, and treatment of high blood pressure in children and
adolescents. May 2005. NIH Publication No. 05-5267. http://www.nhlbi.nih.
gov/health/prof/heart/hbp/hbp_ped.pdf. Accessed 27 July 2011.
Chen W, Chang MH. New growth charts for Taiwanese children and
adolescents based on World Health Organization standards and healthrelated physical fitness. Pediatr Neonatol. 2010;51(2):69–79.
Zimmet P, Alberti KG, Kaufman F, et al. The metabolic syndrome in children
and adolescents-an IDF consensus report. Pediatr Diabetes. 2007;8(5):299–306.
Fishbein MH, Mogren C, Gleason T, et al. Relationship of hepatic steatosis to
adipose tissue distribution in pediatric nonalcoholic fatty liver disease. J
Pediatr Gastroenterol Nutr. 2006;42(1):83–8.
Freedman DS, Kahn HS, Mei Z, et al. Relation of body mass index and waistto-height ratio to cardiovascular disease risk factors in children and
adolescents: the Bogalusa heart study. Am J Clin Nutr. 2007;86(1):33–40.
Boyraz M, Hatipoğlu N, Sarı E, et al. Non-alcoholic fatty liver disease in
obese children and the relationship between metabolic syndrome criteria.
Obes Res Clin Pract. 2014;8(4):e356–63.
Schwimmer JB, Pardee PE, Lavine JE, et al. Cardiovascular risk factors and
the metabolic syndrome in pediatric nonalcoholic fatty liver disease.
Circulation. 2008;118(3):277–83.
McCarthy HD, Ashwell M. A study of central fatness using waist-to-height
ratios in UK children and adolescents over two decades supports the simple
message- ‘keep your waist circumference to less than half your height’. Int J
Obes. 2006;30:988–92.
de Pádua Cintra I, Zanetti Passos MA, Dos Santos LC, et al. Waist-to-height
ratio percentiles and cutoffs for obesity: a cross-sectional study in Brazilian
adolescents. J Health Popul Nutr 2014; 32(3): 411-419.
Tuan NT, Wang Y. Adiposity assessments: agreement between dual-energy
X-ray absorptiometry and anthropometric measures in US children. Obesity.
2014;22:1495–504.
Feldstein AE, Charatcharoenwitthaya P, Treeprasertsuk S, et al. The natural
history of non-alcoholic fatty liver disease in children: a follow-up study for
up to 20 years. Gut. 2009;58(11):1538–44.
Lawlor DA, Benfield L, Logue J, et al. Association between general and
central adiposity in childhood, and change in these, with cardiovascular
risk factors in adolescence: prospective cohort study. BMJ. 2010;341:
c6224.
Ochiai H, Shirasawa T, Nishimura R, et al. Waist-to-height ratio is more
closely associated with alanine aminotransferase levels than body mass
index and waist circumference among population-based children: a crosssectional study in Japan. BMC Pediatr. 2015;15:59.
Graves L, Garnett SP, Cowell CT, et al. Waist-to-height ratio and
cardiometabolic risk factors in adolescence: findings from a prospective
birth cohort. Pediatr Obes. 2014;9(5):327–38.
Kromeyer-Hauschild K, Neuhauser H, Schaffrath Rosario A, et al. Abdominal
obesity in German adolescents defined by waist-to-height ratio and its

Page 8 of 8

association to elevated blood pressure: the KiGGS study. Obes Facts.
2013;6(2):165–75.
29. Browning LM, Hsieh SD, Ashwell M. A systematic review of waist-to-height
ratio as a screening tool for the prediction of cardiovascular disease and
diabetes: 0.5 could be a suitable global boundary value. Nutr Res Rev.
2010;23(2):247–69.
30. Nambiar S, Truby H, Abbott RA, et al. Validating the waist-height ratio and
developing centiles for use amongst children and adolescents. Acta
Paediatr. 2009;98:148–52.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

