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Abstract 

Introduction: To compare the bioelectric impedance analysis (BIA) with indirect measurement methods in the evaluation of 

obese children. To determine the diagnostic value of BIA in the fatty liver and metabolic syndrome (MS) in obese children.  

Population and methods: One hundred thirty-four obese children whom ≥10 years of age were prospectively assessment. 

All patients were evaluated by foot to foot BIA and indirect measurement methods. Blood biochemical parameters such as 

glucose, lipids and insulin levels were studied and oral glucose tolerance test was performed. Fatty liver was assessed by 

ultrasonography. Compared BIA records and indirect measurements findings according to fatty liver and MS. Results: The 

study included females/males: 77/57, mean age of 13.3 ± 2.2 years. Fatty liver was detected in 94 patients, MS was diagnosed 

in 58 cases. There were no gender difference in terms of fatty liver and MS. Fatty liver was seen more frequently in patients 

with metabolic syndrome than in those without metabolic syndrome (p < 0.001). Fat Mass (FM) of ≥ 97th percentile was 

observed in 63% of the 94 patients with fatty liver versus 37.5% of 40 patients without fatty liver. A FM of ≥97th percentile 

was observed in 72% (n=42) of the 58 patients with metabolic syndrome, 42% (n=33) of 76 patients without MS. Body mass 

index, upper mid-arm circumference, waist circumference (WC), and hip circumference values were significantly increased 

in patients with fatty liver. There was a better correlation was determined between FM and FM Index with fatty liver compared 

to indirect measurement methods. BIA records were found moderately correlated with indirect measurements. Conclusion: 

Our results revealed that FM and FMI have a better correlated in obese children with fatty liver and metabolic syndrome than 

indirect measurement methods. The measurement of body FM by BIA can be used together with the indirect measurement 

methods to detect the fatty liver. FMI may be an alternative diagnostic criterion instead of WC for diagnosis of MS in children. 
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1. Introduction 

Obesity, a disease in which an excessive storage of fat changes the body’s metabolic balances, is increasing among 

children [1]. Body fat ratio is strongly associated with the risk of chronic diseases, such as non-alcoholic fatty liver, 
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insulin resistance, type II diabetes, dyslipidemia, hypertension (HT) and metabolic syndrome (MS) in childhood obesity 

[2, 3]. In obese patients, the body fat ratio is measured using both direct [underwater weighing, bioelectric impedance 

analysis (BIA), computerized tomography, magnetic resonance imaging, dual-energy X-ray absorption (DEXA), and 

ultrasonography (USG)] and indirect methods include anthropometric measurements [Body mass index (BMI), upper 

mid-arm circumference (UMAC), waist circumference (WC), and hip circumference (HC)] [4-6]. Bioimpedance analysis 

was evaluated as a valuable alternative to DEXA for body fat measurement [7]. Bioelectric impedance analysis is a 

relatively simple, quick, noninvasive and relatively low cost method for estimating body composition compared to some 

of the other methods of body composition analysis. In this study, we aimed to compare the BIA with indirect 

measurement. There is no study investigating the relationship between body fat ratio by BIA with fatty liver and 

metabolic syndrome in obese children in the literature. This study is evaluation of body fat composition by BIA in the 

diagnosis of fatty liver and MS in obese children. 

2. Population and Methods  

Between November 2016 and June 2018, 134 obese children ≥10 years of age were prospectively studied. This 

observational longitudinal study was approved by the local ethics committee (30.09.2014/18). Informed consent was 

obtained from the family. 

In this study, children were defined as obese if they had a BMI (kg/m2) greater than those in the 95% percentile, 

which is based on the Turkish standard [8]. We used a BMI standard deviation score (SDS) for the statistical analysis. 

2.1. Indirect Methods (Anthropometric Measurements)  

All measurements were performed by the same doctor and were recorded in the study files. The weight of each 

participant was measured while participants were wearing a light robe and no shoes. The height of each patient was 

measured while standing upright and with the back and head in an upright position. 

2.2. Upper mid-arm Circumference Measurement 

The distance between the humeral head and olecranon projection was measured while the patient was standing, with 

the left arm flexed and the elbow pointed straight down. After the mid-arm line was determined, it was measured while 

the arm was deflexed. 

2.3. Waist Circumference Measurement 

The distance was measured between the last rib and the crista iliac while the patient was standing upright. 

2.4. Hip Circumference Measurement 

The widest diameter on the trochanter in the horizontal position was measured when the patient was standing with 

legs 20–30 cm apart. 

2.5. Fatty Liver Evaluation 

This test was performed by the same radiologist and using a B-mode USG method. Fatty infiltration was graded on 

a scale of 0–3 as follows: no fatty infiltration, 0; mild infiltration, 1; medium infiltration, 2; and severe infiltration, 3 [9]. 

2.6. Bioelectric Impedance Analysis, Body Fat Mass, and Weight Measurement 

These measurements were taken with a Tanita SC-331S Body Composition Analyzer (Tanita; Tanita Corp.) foot-to-

foot (four electrodes, twist on each foot) system device with the patient undressed. Fat mass (kg and %), muscle mass 

(MM; kg and %) values, and fat mass index (FMI; kg/m2); Individual FMI was calculated using the formula: fat mass 

(kg)/height2 [10]. Fat mass percentiles were evaluated based on the reference range for Turkish children [11]. 

2.7. Laboratory Results 

All results of oral glucose tolerance tests (OGTT), as well as LDL, HDL, triglyceride, cholesterol, uric acid, 

transaminase, fasting blood glucose, and fasting plasma insulin levels, were recorded.  

Impaired fasting glucose and type 2 diabetes mellitus were defined by OGTT results according to the American 

Diabetes Association guidelines [12]. 

2.8. Metabolic Syndrome (MS) 

This term was defined according to the Modified International Diabetes Federation criteria for children and 

adolescents [13]. 

2.9. Insulin Resistance 

The homeostasis model of assessment for insulin resistance (HOMA-IR) index was implemented using the following 
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equation: fasting insulin concentration (μU/mL)×fasting glucose concentration (mg/dl)/22.5. Prepubertal values of 2.5 

and above, as well as pubertal values of 4.0 and above, were considered as insulin resistance [14]. 

3. Statistical Analysis   

Parametric tests, was checked via Levene’s test. The assumption of normality was tested via the Shapiro-Wilk test. 

To compare the differences between the two groups, the student’s t-test was used and the Mann-Whitney U-test was 

used when these prerequisites were not fulfilled. Spearman’s or Pearson’s correlation coefficient was used to measure 

the relationship between two variables according to variable type. A chi-square test was used to determine the two 

discrete variables. A receiver operating characteristic (ROC) curve analysis was used to measure the discriminative 

power of the method. The data was evaluated via SPPS 20 (SPSS Statistics for Windows, Version 20.0., released in 

2011, Armonk, NY: IBM Corp.), p < 0.05 was taken as the significance level.  

4. Results  

The study included 134 children (77 females, 57.5 %), mean age of the overall participants was 13.3 ± 2.2. There 

were no differences in terms of age between the two genders (F: 13.4 ± 2.4 years, M: 13.1 ± 2.1 years). BMI-SDS mean 

was 2.9 ± 0.6 in 134 cases. No difference was determined in the BMI-SDS based on gender (p=0.77). 

An evaluation of USG results indicated that 70 % of patients (n = 94) had fatty liver. The distribution is as follows: 

grade 1, 36% (n=49); grade 2, 27% (n=36); and grade 3, 6.7% (n=9). No difference was determined in the frequency of 

fatty liver based on gender (p = 0.99).  

When OGTT results were evaluated, no patient was diagnosed with diabetes mellitus, impaired fasting glucose in 24 

cases and impaired glucose tolerance were detected in 24 cases. MS was found in 58 patients (43.3%). No significant 

differences were detected between males and females with respect to the prevalence of MS (p = 0.9). Fatty liver was 

seen more frequently in patients with MS than in those without MS (p < 0.001).  

BIA records; evaluation of the FM results determined that 56% of the patients (n = 75) were in the ≥ 97th percentile.  

No difference was found percent of  ≥ 97th FM based on gender (p=0.08).  Fatty liver was determined 80% in the cases 

with ≥ 97th percentile of FM (n=75). FM of ≥ 97th percentile was observed in 63% of the 94 patients with fatty liver 

versus 37.5% of 40 patients without fatty liver. A FM of ≥97th percentile was observed in 72% (n=42) of the 58 patients 

with metabolic syndrome, 42% (n=33) of 76 patients without MS. FM and FMI significantly higher in cases with fatty 

liver and metabolic syndrome. Comparison of all measurements records according to fatty liver and MS were shown in 

Tables 1 and 2. Moderate correlations were determined between indirect measurements and BIA records in this study 

population (Tables 3 and 4). 

Table 1. Demographic, indirect measurement methods and BIA findings in cases according to fatty liver 

Subjects Fatty liver (n=94) No Fatty liver (n=40) p 

Sex (F/M) 54/40 23/17 0.99 

Age 14.1 ± 2.2 13 ± 2 0.006 

MS (n=58) 54 4 <0.001 

Triglycerides (mg/dL) 152 ± 69 106 ± 28 <0.001 

Cholesterol (mg/dL) 178 ± 36 158 ± 22 0.001 

ALT (UI/L) 34 ± 27 21 ± 7 0.002 

BMI (SDS) 3.03 ± 0.64 2.07 ± 0.52 0.009 

UMAC (cm) 31,6 ± 3,3 30,1 ± 3,4 0,018 

WC (cm) 106,4 ± 11,1 101,2 ± 9,6 0,01 

HC (cm) 108,8 ± 13,2 102,2 ± 11,1 0,01 

FM (kg) 38,3 ± 10,1 31,3 ± 7,2 <0.001 

FMI (kg/m2) 19.2 ± 0.3 16.4 ± 2.5 <0.001 

MM (kg) 44.8 ± 9,2 45.4 ± 12,7 0.76 

FM/MM 0.85 ± 0,14 0.7 ± 0,15 <0.001 

BMI: Body mass index, SDS: Standard deviation score, UMAC: Upper mid-arm circumference, WC: Waist 

circumference, HC: Hip circumference, FM: Fat mass, MM: Muscle mass, FMI: Fat mass index, MS: 

Metabolic syndrome. 
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Table 2. Demographic, indirect measurement methods and BIA findings in cases according to MS 

Subjects MS (n=58) No MS (n=76) p 

Sex (F/M) 54/40 23/17 0.99 

Age 13.3 ± 2 13.2 ± 2.2 0.9 

Triglycerides (mg/dL) 182 ± 71 105 ± 28 <0.001 

HDL (mg/dL) 36.8 ± 7 44 ± 9 <0.001 

ALT (UI/L) 36 ± 30 26.1 ± 17 0.019 

Fasting Insulin 22.7 ± 14.5 19.2 ± 10.7 0.1 

BMI (SDS) 3.09 ± 0.66 2.83 ± 0.57 0.015 

UMAC (cm) 32,9 ± 3,2 30,1 ± 3,3 <0.001 

WC (cm) 108,9 ± 10,9 101.8 ± 9,9 <0.001 

HC (cm) 111,8 ± 12,8 103,3 ± 11,7 <0.001 

FM (kg) 40.6 ± 9.7 32,8 ± 8.6 <0.001 

FMI (kg/m2) 19.8 ± 2.8 17.3 ± 2.9 <0.001 

MM (kg) 47.2 ± 9,4 43.2 ± 10.8 0.028 

FM/MM 0.86 ± 0,14 0.76 ± 0,16 0.001 

BMI: Body mass index, SDS: Standard deviation score, UMAC: Upper mid-arm circumference, WC: Waist circumference, 

HC: Hip circumference, FM: Fat mass, MM: Muscle mass, FMI: Fat mass index, MS: Metabolic syndrome. 

Table 3. Correlation coefficients of body measurements with fatty liver and MS 

Body Measurement NAFL (r / p) MS (r / p) 

WC 0.229 / 0.008 0.317 / <0.001 

UMAC 0.211 / 0.015 0.308 / <0.001 

HC 0.231 / 0.007 0.326 / <0.001 

BMI (SDS) 0.269 / 0.002 0.248 / 0.04 

FM 0.317 / <0.001 0.383 / <0.001 

FMI 0.405 / <0.001 0.349 / <0.001 

FM/MM 0.401 / <0.001 0.287 / 0.001 

BMI: Body mass index, SDS: Standard deviation score, UMAC: Upper mid-arm circumference, WC: Waist circumference, HC: Hip circumference, 

FM: Fat mass, MM: Muscle mass, FMI: Fat mass index, MS: Metabolic syndrome 

Table 4. Correlation coefficients of indirect measurement methods and BIA records 

Body Size FMI (r) FM (r) p 

WC 0.645 0.795 <0.001 

UMAC 0.566 0.684 <0.001 

HC 0.652 0.807 <0,001 

BMI (SDS) 0.638 0.593 <0.001 

BMI: Body mass index, SDS: Standard deviation score, UMAC: Upper mid-arm circumference, WC: Waist circumference, HC: Hip circumference, 

FM: Fat mass, MM: Muscle mass, FMI: Fat mass index, MS: Metabolic syndrome. Pearson correlation was used. 

Laboratory findings; significant differences in serum triglycerides, HOMA-IR, and HDL values were observed in 

patients whose fatty liver and MS (p <0.01). Comparison of laboratory findings was shown in Table I and Table II 

according to clinical picture. When evaluation of correlation plasma lipid and measurement methods FMI, FM was 

correlated better method with TG level (r=0.257, r=0.326, p=0.001) while no significant correlation between BMI and 

TG level. UMAC was the method that showed the better correlation with cholesterol in indirect measurement methods 

(r=0.237, p= 0.06). No significant correlation was found between cholesterol level and used all measurement methods 

(p>0.05).  

ROC curve analysis was shown based on fatty liver and measurement methods (Figure 1). Analysis of ROC curve 

according to MS and measurement methods were shown in Figure 2. The cut-off value of the FMI was 13.2 kg/m2, and 

the sensitivity of fatty liver was found to be 71% while the specificity was 68% (95% CI = 0.672–0.839). An evaluation 

of HC, the cut-off value was 102.5 cm, sensitivity was 71%, and specificity was 50%, (95% CI = 0.546–0.745). 

Evaluation based on metabolic syndrome revealed, the cut-off value was 13.2 kg/m2 for FMI, sensitivity was 76%, and 

specificity was 53% (95% CI = 0.614–0.792) while WC cut-off value is 102.5 cm, sensitivity was 72 %, and specificity 
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was 54% (95% CI = 0.542–0.777, Figure 2). BMI-SDS cut-off level for MS was found 2.94, sensitivity was 72%, and 

specificity was 53%, while cut-off level for fatty liver was found 2.79, sensitivity 72%, specificity 53% was determined. 

 
Area under the Curve: FMI: 0.755, FM: 0.705, WC: 0.645, HC: 0.645. 

WC: Waist circumference, HC: Hip circumference, FM: Fat mass, FMI: Fat mass index. 

Figure 1. ROC curve analysis of fat mass, fat mass index and indirect methods according to fatty liver 

 
Area under the Curve: FM: 0.723, FMI: 0.703, WC: 0.684, HC: 0.690.  

WC: Waist circumference, HC: Hip circumference, FM: Fat mass, FMI: Fat mass index 

Figure 2. ROC curve analysis of fat mass, fat mass index and indirect methods according to metabolic syndrome 
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5. Discussion  

This study was demonstrated fatty liver a high frequency seen in obese children and it was more frequency seen in 

cases with MS. Anthropometric measurements and BIA results was moderately correlated in obese children. Different 

studies have reported the prevalence of fatty liver in obese children to range from 24%-58% [15, 16]. Although liver 

biopsy is the gold standard in the diagnosis of fatty liver, its invasive application prevents it from being used routinely 

as a diagnostic method [17]. The sensitivity and specificity of USG, which is a noninvasive and commonly used 

technique in the detection of fatty liver, were 89% and 93%, respectively [18]. USG evaluation of fatty liver was 

positively related indirect measurement methods that was reported [19]. We evaluated fatty liver by USG, fatty liver 

was higher seen in cases with >97th percentile of FM, but fatty liver was not found in all of the patients with FM >97th 

percentile. The better correlation was found between FM, FMI with fatty liver in our study. According to MM didn't 

difference was found between obese children with and without fatty liver. Therefore the higher MM was found in cases 

with MS than without MS. Although higher fatty liver was detected in MS despite were found higher MM. These 

findings show that MS another important risk factor for fatty liver.  

 There isn’t any previous study that evaluate of BIA and fatty liver in obese children. However, a positive correlation 

between fatty liver and UMAC and BMI has been demonstrated in the literature [20, 21]. Adult study were demonstrated 

fatty composition and distribution especially abdominal fat accumulation was important for fatty liver and MS, therefore 

BIA records was better correlated with fatty liver than WC, BMI [22]. Better correlations were found between FM, FMI 

with fatty liver. Another study was reported that BIA FM positive correlated to BMI, WC in obese children [23]. Our 

findings support these data and FM, FMI moderately positive correlated to BMI-SDS, WC, UMAC and HC in obese 

children.  

Fat mass accumulation, especially central fat deposition strongly associated of MS and cardiovascular risk [24]. 

Another study was reported fat accumulation was positive associated total cholesterol, triglyceride and LDL level while 

centrally deposited fat may influence the development of dyslipidemia more than the total body fat [25]. The study was 

reported the reduction of BMI-SDS was associated plasma lipid levels, but not accurately showed improved body 

composition. Those findings showed that using BMI-SDS method alone might not be enough in evaluation of obese 

children [25]. Our study was also demonstrated BMI-SDS no significant correlation with triglyceride and cholesterol 

levels. We found FM, FMI and UMAC significant correlation with triglyceride level.  

Body mass index is often used in the diagnosis of obesity, but it does not differentiate between fat mass and fat-free 

mass and has a limited correlation with fat distribution [26]. Therefore, it is important to determine both fat tissue 

location and its percentage in body composition. The visceral location of fat tissue revealed in the developmental age is 

a significant factor in the development of metabolic syndrome [23]. Dual-energy X-ray absorptiometry is now accepted 

as a reference and gold standard method for assessing body composition in children and adolescents with obesity. It is 

expensive and accessibility is limited for most clinicians and practitioners [27]. Current findings indicate significant 

correlations between BIA and DEXA results in adults and adolescents [27, 28]. Indirect measurements methods give 

simple analysis in obese cases. Our findings show that there was better correlation FM and FMI with WC and HC in 

obese children.  

MS is another problem in obese children. Waist size measurement is used as a diagnostic criterion for metabolic 

syndrome [12]. A positive correlation was determined between MS and FM, FMI, similarly positive correlation was 

also detected with HC and WC. In the NHANES study, DEXA analysis on 3004 participants, the area under curve 

(AUC) values of BMI and FMI showed were moderate identifiers for MS. Unlike our study, NHANES study had 16% 

obese participants and MS was identified in 6% of overall cases. The study population mean age was 16.1± 2.51, but 

our study population mean age was 13.3 ± 2.2, MS was defined in 43% of our study participants. This study showed 

that AUC values of FM and FMI higher than WC and BMI values for identifying of MS. The higher MM was found in 

cases with MS, also FM and FMI significantly higher in MS cases than without MS.  FMI may be the better indicator 

for MS, because WC and BMI aren't demonstrating about body fat composition, especially it may also be affected by 

muscle mass in the cases. 

The different type BIA models uses for measure of body composition. According to model, the measurement makes 

on the different position, example supine or standing position. Foot to foot BIA impedance is measured through the 

electronic pathway of the lower extremities Foot to foot BIA model conveniently predicts fat-free mass in Asian subjects 

was reported [29]. Another problem is validation of FM based on BIA model. We were used validated reference based 

on foot to foot model BIA in Turkish children [11]. Limitation of this method we didn't found about abdominal fat 

distribution, because it is important factor for fatty liver. But we found FM and FMI was moderately correlated with 

WC. 
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6. Conclusion  

Our results revealed that FM and FMI have a better correlated in obese children with fatty liver and metabolic 

syndrome than indirect measurement methods. However, the measurements by the foot-foot BIA method did not show 

a significant superiority in detecting fatty liver and metabolic syndrome in obese children according to indirect methods.  

The measure of FM, FMI, FM/MM were found the moderately positive correlation with BMI, UMAC, HC, and WC in 

obese children. The measurement of body FM and FMI can be used together with the indirect measurement methods to 

detect the fatty liver. FMI may be an alternative diagnostic criterion instead of WC for diagnosis of MS in children. 
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