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Abstract: This study had two main objectives: To examine the association between body fat
distribution and non-alcoholic fatty liver disease (NAFLD) and liver fat content, and to determine
whether the relationship between NAFLD and regional body fat distribution, with respect to liver
fat content in youths with excess adiposity, is independent of cardiorespiratory fitness (CRF) and
a healthy diet. Liver fat content (controlled attenuation parameter (CAP)), body fat distribution
(body mass index (BMI) z-score, waist circumference, waist-to-height ratio, fat mass/height, body fat
percentage, total fat mass, android-to-gynoid fat mass ratio, visceral adipose tissue (VAT), and lean
mass index, determined by dual-energy X-ray absorptiometry (DXA)), CRF (20-m shuttle-run test),
and healthy diet (adherence to the Mediterranean diet by KIDMED questionnaire) were measured in
126 adolescents (66% girls) aged between 11 and 17 years. Participants were assigned to two groups
according to the presence or absence of hepatic steatosis (CAP values >225 dB/m or <225 dB/m
of liver fat, respectively). Considering the similar total fat values for the two groups (>30% by
DXA), youths with NAFLD had higher fat distribution parameters than those without NAFLD,
regardless of sex, age, puberty stage, lean mass index, CRF, and healthy diet (p <0.01). In the
non-NAFLD group, the association between hepatic fat and fat distribution parameters presented a
similar pattern, although the association was statistically insignificant after adjusting for a potential
confounding variable (ps > 0.05), except for the case of VAT. Body fat distribution parameters were
higher in youths with NAFLD compared to those without NAFLD. Additionally, body fat distribution
showed a significant association with liver fat content as assessed by CAP in youths with NAFLD
independent of CRF and adherence to the Mediterranean diet, supporting the notion that upper body
fat distribution might play a pivotal role in the development of NAFLD in adolescents. These results
may have implications for the clinical management of youths with excess adiposity given the high
prevalence of NAFLD in children and young adults.
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1. Introduction

Non-alcoholic fatty liver disease (NAFLD), a well-recognized cause of chronic liver disease,
is a common clinical condition characterized by abnormal triglyceride accumulation in the liver [1].
Estimates of the incidence and global prevalence of NAFLD in western and developing countries
are worrying when considering the parallel burden of obesity and its metabolic complications [2,3].
A recent meta-analysis showed that obese individuals had a 3.5-fold increased risk of developing
NAFLD, supporting a relationship between body mass index (BMI) and NAFLD risk [2]. Furthermore,
it has been reported that up to one-third of overweight adolescents present with NAFLD [4]. The rate
of NAFLD varies between ethnic and racial groups, and in Latin America the prevalence ranges from
7.6% to 34.2% [5].

The pathogenesis and progression of pediatric NAFLD remains unclear, but an unhealthy lifestyle,
including sedentarism and a poor diet, could be responsible for the high prevalence of NAFLD since it
is known to increase with obesity, metabolic syndrome, and type 2 diabetes [6,7]. Thus, there is growing
evidence to support that pediatric NAFLD is closely related to excess adiposity and its metabolic
consequences [8]. Of particular note are visceral adipose tissue (VAT) and subcutaneous adipose tissue
(SAT) levels, which are believed to play a significant role in increased liver fat in youths [9].

Adipose tissue has traditionally been considered to be a simple triacylglycerol storage organ.
However, over the last decade several publications have stimulated research into its endocrine
functions as the synthesis and secretion of several hormones [10]. Adipose tissue is involved in
a range of processes, including control over nutrient uptake, insulin sensitivity, and inflammatory
mediators [10]. Excess adiposity, especially abdominal obesity, is associated with peripheral
insulin resistance, which in turn leads to metabolic syndrome, metabolic inflexibility, dyslipidemia,
hyperglycemia, hypertension, and other metabolic abnormalities [11]. Recent data have shown that
body fat distribution (i.e., fat mass and android-to-gynoid fat ratio) could modulate the action and
metabolism of the liver and skeletal muscle, leading to an increased risk of cardiovascular disease [12].

In the same line, regional body fat distribution, as measured by VAT and SAT area, has been
proposed as a determinant of NAFLD irrespective of general obesity [9,13]. Whereas VAT involves an
active endocrine organ that regulates metabolism and inflammation, SAT may act as a “metabolic sink”
and protect against the development of metabolic abnormalities [14]. Given that overweight or obese
adolescents have a greater NAFLD risk profile (i.e., hyperinsulinemia and lower insulin sensitivity) than
their normal-weight peers [15], it would be useful to learn whether the association between body fat
distribution parameters and NAFLD is independent of lifestyle factors closely associated with obesity
such as cardiorespiratory fitness (CRF) or a healthy diet. In addition, to date, most previous studies
have used simple anthropometric parameters such as weight, height, BMI, or skinfold thickness to
investigate the association between body fat distribution and NAFLD, whereas only a few studies have
used dual-energy X-ray absorptiometry (DXA) to examine body composition measurements [16,17].

In this context, the aims of the present study were three-fold: (i) To examine body fat distribution
parameters between youths with excess adiposity in the presence and absence of NAFLD; (ii) to study
the association between body fat distribution parameters and liver fat content by determining the
controlled attenuation parameter (CAP), which is an indicator of hepatic fat deposition; and (iii) to
investigate whether the relationship between body fat distribution parameters and liver fat content
is independent of lifestyle factors related to adipose tissue such as CRF or a healthy diet (optimal
adherence to the Mediterranean diet).

2. Experimental Section

2.1. Study Design, Setting, and Participants

The present cross-sectional study was developed under baseline analysis of the clinical
trial Exercise Training and Hepatic Metabolism in Overweight/Obese Adolescents (HEPAFIT),
ClinicalTrials.gov Identifier: NCT02753231. Details of background and design methods of the HEPAFIT
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Study have been previously published elsewhere [18]. For the current purposes, baseline data from
126 adolescents (66% girls) aged between 11 and 17 from Bogotd, Colombia, partook in this study.
The following inclusion criteria were adopted: Primary overweight or obese status, based on the
age- and sex-specific BMI cutoff values of the International Obesity Task Force (IOTF) guidelines [19],
or excess of adiposity (body fat >30% by dual-energy X-ray absorptiometry (DXA)), and inactivity
(no participation in exercise more than once per week in the previous six months). All participants
were informed of the study’s goals, and written informed consent was obtained from participants and
their parents or legal guardians. The protocol of the study was reviewed and approved by the Medical
Research Ethics Committee of the University of Rosario (ID CEI-ABN026-000140) and conducted in
accordance with the Declaration of Helsinki.

2.2. Physical Examination

Weight (kg) was measured with an electronic scale (Model Tanita® BC-418%, Tokyo, Japan),
and height (cm) was measured with a stadiometer (Seca® 206, Hamburg, Germany), measured in
duplicate following standard protocols. Body mass index (BMI) z-score was calculated using WHO
Anthro-Plus program (AnthroPlus software®, version 1.0.4, World Health Organization, Geneva,
Switzerland, 2011). Waist circumference was obtained in the standing position, at the middle point
between the anterior iliac crest and lower border of the rib, using a tape measure. Pubertal stage
was recorded by self-report according to Tanner and Whitehouse [20]. Waist-to-height ratio (WtHR)
was calculated as the ratio of waist circumference to height (both in cm). Anthropometric variables
were measured by a Level 2 expert certified by the International Society for the Advancement of
Kinanthropometry. The same trained investigator made all anthropometrics measurements.

2.3. Body Composition

Fat mass/height (kg/ m?), body fat (%), total fat mass (kg), android/gynoid fat mass (kg),
VAT (cm®), and lean mass index (calculated by dividing lean mass by the square of the height),
were measured by DXA using the Hologic Horizon DXA System® (Quirugil, Florida, MI, USA) with
Discovery software, version 12.3 (Bellingham, WA, USA). The DXA equipment was calibrated at the
start of each testing day by using a lumbar spine phantom as recommended by the manufacturer and
was completed following the same protocol by the same researcher within each study. All subjects
were assessed for all included measures related to physical examination and body composition in the
same day.

2.4. Liver Fat Content

The FibroScan® 502 Touch device (Echosens, Paris, France), with the M probe placed on
the skin between the ribs over the right lobe of the liver, was used to capture the CAP, as a
surrogate marker of the deposit of fat in the liver. The detailed protocol of the measurement and
calculations has been published elsewhere [21]. Thereafter, participants were categorized according to
Desai et al. [22] into two groups according to the presence or absence of hepatic steatosis (CAP values
>225 dB/m or <225 dB/m of liver fat, respectively). CAP has been proposed as a highly sensitive,
noninvasive, and accurate technique for assessing liver fat accumulation [23]. CAP has a number
of advantages when compared to other common measures: Providing an instantaneous assessment
of liver steatosis, quantificational accuracy and ease of performance, as well as inexpensive cost
and reproducibility [24,25]. CAP is also an operator-friendly technique with a high inter-rater
reliability concordance correlation coefficient value of 0.82 [26]. Comparing CAP to the conventional
ultrasound-based Hamaguchi steatosis scoring system, Carvalhana et al. [27] reported a correlation
of r = 0.75, p < 0.001, between ultrasound and CAP. In the same line, Park et al. [28] reported that
magnetic resonance proton density fat fraction had a diagnostic area under the receiver operating
characteristic curve (AUROC) values of 0.90 for diagnosing stage 2 and stage 3 versus stage 0 and stage
1, and a 0.92 for diagnosing stage 3 versus stage O—stage 2, whereas CAP AUROC values were 0.70 and
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0.73, respectively. Additionally, in a recent meta-analysis of 19 CAP studies with histologic features
as reference [29], CAP had overall AUROC values of 0.823 to detect stage 0 versus stage 1-stage 3,
0.865 to detect stage 0 and stage 1 versus stage 2 and stage 3, and 0.882 to detect stage O—stage 2 versus
stage 3 steatosis.

2.5. Healthy Diet

Habitual food consumption was assessed using the brief-type self-administered adherence to
the Mediterranean diet. The KIDMED index (Mediterranean Diet Quality Index for children and
adolescents) was used [30]. The KIDMED index is a scientifically validated survey that is based on
16 questions, is self-administered, and sustains the principles of the Mediterranean dietary patterns,
as well as those that undermine it. The final results of the index vary between 0 and 12 points. In this
study, we divided participants into two groups, more than or equal to 8 points (ideal healthy diet) and
less than or equal to 7 points (non-ideal healthy diet).

2.6. Maximum Oxygen Consumption

CREF (VO,peak, mL/kg/min) was assessed by the 20-m shuttle-run test, which has been shown to
be valid, reliable, feasible, and safe for the assessment of physical fitness in children and adolescents [31].
We estimated the VO,peak according to the number of laps performed, per Léger et al. [32].

2.7. Statistical Analysis

All statistical analyses were performed using SPSS version 24.0 for Windows (IBM, Armonk, NY, USA),
and the significance level was set at p < 0.05. The Kolmogorov—Smirnov normality test was conducted
before association analysis. Data were expressed as mean =+ standard deviation or median (interquartile
range) for continuous variables and as frequencies for categorical variables. Due to their skewed distribution,
the following variables were log-transformed before analyses: age, waist circumference, waist-to-height ratio,
CAP, and VO,peak. To aid interpretation, data were back-transformed from the log scale for presentation in
the results. Unadjusted differences in descriptive characteristics between youth with or without NAFLD
were compared using an independent t-test, the Mann-Whitney U-test, or the chi-square test for the
continuous and categorical measures. Differences in fat distribution parameters such as weight, BMI z-score,
waist circumference, WtHR, fat mass/height, body fat percentage, total fat mass, android /gynoid fat mass,
and VAT, between youth with or without NAFLD, were examined by analysis of covariance (ANCOVA),
adjusting by sex, age, puberty stage, and lean mass index (Model 1); CRF (Model 1 + CRF), and adherence
to the Mediterranean diet (Model 3: Model 2 + Mediterranean patterns).

The associations of liver fat content with fat distribution parameters were examined using
regression analyses controlling for sex, age, puberty stage, and lean mass index (Model 1);
and additionally for CRF (Model 2) and adherence to the Mediterranean diet (Model 3). In all
models, there were no significant interactions by sex (ps > 0.1): Hence the ANCOVA and regression
analyses were performed for boys and girls together.

3. Results

The descriptive characteristics of the participants in the study are shown in Table 1. We did not
observe any significant differences in age, puberty stage, VO, max, and Mediterranean diet optimal
adherence between youths with or without NAFLD. Participants with NAFLD had higher values of all
fat distribution parameters (weight, BMI z-score, waist circumference, WtHR, fat mass-to-height ratio,
body fat percentage, total fat mass, android-to-gynoid fat mass ratio, and VAT, ps < 0.01).
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Table 1. Descriptive characteristics of participants in the study.

Characteristics Wh((;le: Slzrg;ple l(le:F;;? N(()nl\ié;;];D p-Value
Chronological age, years ? 13 (12-15) 14 (12-15) 13 (12-15) 0.984
Puberty stage (Ito V), % * 0/15/26/42/18 0/20/25/39/15 0/11/26/44/20 0.165

Weight, kg 57.4 (10.5) 61.3 (11.5) 54.0 (8.0) <0.001

BMI z-score 1.5(0.8) 1.8 (0.8) 1.2(0.8) <0.001

Waist circumference, cm 2 74.0 (70.2-79.7) 77.9 (72.9-85.6) 72.1 (69.2-77.3) <0.001
Waist-to-height ratio @ 0.47 (0.44-0.52) 0.49 (0.46-0.55) 0.50 (0.44-0.49) <0.001

Fat mass/height, kg/m? 9.5 (2.0) 10.3 (2.3) 8.8 (1.6) <0.001

Body fat, % 39.7 (4.4) 40.8 (4.9) 38.7 (3.7) 0.009

Total fat mass, kg 57.7 (10.0) 61.0 (11.0) 54.8 (8.0) 0.009

Android fat mass, kg 3.8(0.9) 4.2 (1.0) 3.5(0.7) <0.001

Gynoid fat mass, kg 9.2(1.9) 9.7 (2.0) 8.8(1.7) <0.001

Visceral adipose tissue, cm’ 342.6 (104.4) 396.3 (110.6) 294.9 (70.5) <0.001

Lean mass index, kg/m? 13.6 (1.4) 13.2 (1.3) 14.0 (1.5) 0.008
Controlled attenuation parameter, dB/m @ 218.5(197.0-247.5)  249.0 (237.2-277.1) 198 (181.0-210.1) <0.001
VO,peak, mL/kg/min ? 37.9 (36.0-39.9) 37.9 (36.1-40.4) 37.9 (36.0-39.6) 0.290
Mediterranean diet optimal adherence, % 31.0 23.7 373 0.093

2 Median and interquartile range. Significant between NAFLD groups differences (t-tests or * chi-squared test X?).
Here, z-BMI: z-score of body mass index; VO,peak: maximal oxygen uptake; PHV: peak height velocity; NAFLD:
non-alcoholic fatty liver disease. Equations to estimate VO,peak in boys and girls = 31.025 + 3.238 x (S x (3.248 x

(A +0.1536 x (S x A)))), where A is age and S is final speed (S = 8 + 0.5 x last stage completed).

The covariance analysis showed that differences in fat distribution parameters between youths
with and without NAFLD were independent after adjusting for sex, age, puberty stage, and lean
mass index (p < 0.001, Model 1, Figure 1), CRF (p < 0.001, Model 2, Figure 1), and adherence to the
Mediterranean diet (p < 0.001, Model 3, Figure 1).

The linear regression showed that higher liver fat content as measured by CAP (NAFLD group)
correlated significantly with higher fat distribution parameters independent of sex, age, puberty stage,
and lean mass index, except for weight and body fat percentage variables (Model 1, p < 0.05, Table 2).
The relationships of fat distribution parameters still persisted after adjusting for CRF, except in the case
of the weight, body fat percentage, and gynoid fat mass variables (Model 2, p < 0.05, Table 2), and for
CRF + adherence to the Mediterranean diet (Model 3, p < 0.05, Table 2), except in the case of the body
fat percentage and gynoid fat mass variables. Lastly, the association of liver fat content as measured by
CAP in the non-NAFLD group with fat distribution parameters presented a similar pattern, although
the association was statistically insignificant after adjusting for a potential confounding variable
(ps > 0.05, Models 1 and 3, Table 2), except for the case of the VAT parameter.
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Figure 1. Fat distribution parameters in youth according to the presence or absence of non-alcoholic
fatty liver disease (NAFLD). Analysis of covariance (ANCOVA) Model 1: Adjusted for sex, age,
puberty stage, and lean mass index; ANCOVA Model 2: Model 1 additionally adjusted for
cardiorespiratory fitness (CRF); Model 3: ANCOVA Model 2 additionally adjusted for Mediterranean
diet optimal adherence.
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Table 2. Association of liver fat content by controlled attenuation parameter (CAP) on fat distribution
parameters in youth with an excess of adiposity according to the presence or absence of NAFLD groups.

Liver Fat Content (CAP, dB/m)

No NAFLD Model 1 Model 2 Model 3
B p-Value B p-Value B p-Value
Weight, kg 0.167 0.276 0.176 0.248 0.181 0.253
BMI z-score 0.088 0.506 0.094 0.469 0.094 0.482
Waist circumference, cm 0.236 0.180 0.221 0.207 0.220 0.212
Waist-to-height ratio 0.215 0.097 0.188 0.151 0.196 0.142
Fat mass/height, kg/ m? 0.062 0.655 0.056 0.687 0.054 0.703
Body fat, % 0.032 0.813 0.049 0.716 0.050 0.713
Total fat mass, kg 0.104 0.494 0.109 0.476 0.113 0.466
Android fat mass, kg 0.176 0.220 0.175 0.222 0.177 0.222
Gynoid fat mass, kg 0.012 0.938 0.162 0.271 0.027 0.869
Visceral adipose tissue, cm® 0.294 0.041 0.290 0.043 0.293 0.045
NAFLD

Weight, kg 0.102 0.564 0.062 0.733 0.368 0.013
BMI z-score 0.353 0.009 0.298 0.039 0.295 0.043
Waist circumference, cm 0.797 <0.001 0.765 <0.001 0.763 <0.001
Waist-to-height ratio 0.459 <0.001 0.423 0.002 0.422 0.003
Body fat, % 0.218 0.161 0.138 0.413 0.136 0.426
Fat mass/height, kg/ m? 0.348 0.016 0.297 0.044 0.296 0.049
Total fat mass, kg 0.349 0.011 0.307 0.039 0.306 0.042
Android fat mass, kg 0.377 0.006 0.338 0.018 0.338 0.019
Gynoid fat mass, kg 0.311 0.037 0.256 0.107 0.255 0.114
Visceral adipose tissue, cm3 0.568 <0.001 0.543 0.001 0.544 0.001

B is a standardized regression coefficient. Model 1: Adjusted for sex, age, puberty stage, and lean mass index;
Model 2: Model 1 additionally adjusted for CRF; Model 3: Model 2 additionally adjusted for Mediterranean diet
optimal adherence. The bold indicates p-values <0.05.

4. Discussion

We studied the associations between body fat distribution determined by DXA and liver fat
content measured by CAP in youths with excess adiposity with or without NAFLD. Our findings
demonstrate that youths with excess adiposity were much more likely than those without excess
adiposity to have NAFLD assessed by transient elastography, supporting that adiposity is a
determinant of NAFLD. Additionally, this study showed for the first time that the direct relationship
between body fat variables and liver fat accumulation was independent of CRF and a healthy diet in
Latin American youth populations.

An upper body fat distribution, commonly associated with increased visceral fat, has been related
to an abnormal metabolic profile [33]. Whereas some publications have reported that obesity is closely
related to NAFLD [34], our study, however, supports two current beliefs: (i) That the correlation
between hepatic fat and body fat distribution can be found in adolescence and (ii) that the association
between fat distribution and hepatic fat content is independent of lifestyle factors such as CRF or a
healthy diet [16].

Our data reveal that there were differences in several body fat parameters including weight,
BMI z-score, waist circumference, WtHR, fat mass-to-height ratio, percentage of body fat, total
fat mass, android fat mass, gynoid fat mass, and VAT between schoolchildren with and without
NAFLD after adjusting for several confounding factors. These findings imply that higher body fat
distribution might be independently predictive of increased fatty liver risk in adolescents. Similarly,
abdominal fat was reported to influence the development of NAFLD in a Korean cohort of obese
children [17], whereas Kelishadi et al. [15] showed a correlation between waist circumference and fatty
liver biochemical indexes such as alanine aminotransferase (ALT), aspartate aminotransferase (AST),
and alkaline phosphatase (ALP) in Iranian children and adolescents. However, it should be noted
that Sorrentino et al. [35] suggested that liver enzymes levels cannot be used as surrogate markers
of NAFLD.
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We also demonstrated that BMI z-score, waist circumference, WtHR, fat mass-to-height ratio,
total fat mass, android, and VAT were significantly associated with liver fat content as measured
by CAP in youths with NAFLD independently of CRF and adherence to the Mediterranean diet.
These findings agree with a recent study that concluded that obese children and adolescents with
higher intra-abdominal adipose tissue were more likely to develop NAFLD with independence of
possible confounding variables [16]. These results support the “portal free fatty acid” hypothesis that
suggests that an expanded visceral fat depot might, through its active lipolysis, expose the liver to
high concentrations of free fatty acids, leading to impaired metabolism [36]. Considering that a recent
longitudinal study revealed that children with increased adiposity are more likely to develop NAFLD
in adulthood [8], our findings are clinically relevant since they sustain that DXA body composition
measurements could be significant when assessing the risk of NAFLD in youths with excess adiposity.
However, further research is still needed to assess the predictive ability of each body fat parameter in
terms of detecting NAFLD.

Previous reports that found an association between being overweight or obese and a higher
prevalence of NAFLD either did not account for physical activity patterns or used self-reported
measures of physical activity, which led to substantial misclassification [37]. CRF is an objective
laboratory measurement that reduces the misclassification bias that often results from self-reported
measures of physical activity [38]. In particular, CRF has positive effects on endocrine metabolism
and body composition in children and adolescents [39]. Furthermore, high CRF levels are believed
to improve insulin sensitivity and increase glucose uptake and therefore could be associated with
lower fat levels [37]. Contrastingly, low CRF levels are associated with a higher risk of cardiovascular
disease and mortality [40], whereas their influence on fatty liver disease is contentious [41]. In the
present study, we did not observe any significant differences between CRF levels for adolescents with
or without NAFLD. A lack of physical activity levels was also an important limitation of this study.

In young populations, diet has been proposed to influence liver fat content, although the
corresponding data are inconsistent [42]. Here, we did not collate enough dietary data from our
participants in order to assess the influence of diet, nor did we observe significant associations between
adherence to the Mediterranean diet and liver fat as measured by transient elastography. In any case,
we did not detect a substantial difference in adherence to the Mediterranean diet between adolescents
with and without NAFLD after taking into account food consumption variables (data not shown).

The pathophysiological mechanisms underlying the interplay between NAFLD and fat
distribution remain unknown. Low-grade inflammation, peripheral insulin resistance, and elevated
serum levels of free fatty acids, especially fatty infiltration of the liver, may modulate the action and
liver metabolism and have been proposed as key contributors to high fat levels in individuals with
NAFLD [43]. Furthermore, a previous meta-analysis concluded that subjects with central obesity
measured by WtHR had a higher risk of NAFLD than individuals with general obesity, supporting the
idea that body fat distribution plays a primary role in the development of a fatty liver [44]. Considering
that the liver is a key organ central to carbohydrate and lipid metabolism [45], in cases of upper body
fat distribution we could speculate that portal free fatty acid (FFA) concentrations resulting from
lipolysis might be significantly greater than arterial FFA concentrations. Therefore, the liver might
be exposed to greater amounts of FFA, leading to an increased risk of NAFLD [46]. Additionally,
visceral fat might release sufficient IL-6 to increase portal vein IL-6 concentrations, thus affecting
hepatic metabolism [47].

This study had several strengths. First, to the best of our knowledge, this is the first study
to investigate whether the association between body fat distribution and NAFLD is independent
of CRF and a healthy diet in youths, as previous studies have been conducted in adult cohorts.
Second, in addition to conventional anthropometric indices such as BMI z-score, waist circumference,
and WtHR, we also evaluated body fat distribution using a DXA device, which is considered
the gold standard measurement for regional body composition due to its excellent accuracy and
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reproducibility [48]. It should also be noted that highly standardized procedures were developed as
part of the HEPAFIT study in order to reduce measurement bias.

Nevertheless, we must acknowledge that the study had some limitations. As it is a cross-sectional
study, we could not infer causality, and further longitudinal studies are needed to investigate the
contribution of body fat distribution in the pathogenesis of NAFLD in young subjects. We used liver
transient elastography, a highly sensitive, noninvasive, accurate technique for estimating liver fat
accumulation [49]. Additionally, although CAP is established as a useful diagnostic method in detecting
liver fat content, a relative disadvantage of this technique is the fact that CAP might be affected by body
mass index, larger skin capsular distance, age, width of intercostal space, or visceral fat [25]. However,
the convenience and noninvasiveness of CAP for pediatric population screening has not lost its appeal,
but rather is becoming increasingly necessary. Furthermore, the internal validity of this study could
be significantly limited by genetic basis, which was not taken into consideration and could therefore
introduce unobserved heterogeneity. However, we did adjust for several potential confounding factors
such as sex, age, puberty stage, lean mass index, CRF, and adherence to the Mediterranean diet. Finally,
although our sample was larger than previous studies, it was still relatively small, so these findings
must be interpreted with caution, and further studies in larger populations are required to validate
our preliminary results.

5. Conclusions

In summary, body fat distribution parameters were higher in youths with NAFLD compared
to those without NAFLD. Additionally, body fat distribution was significantly associated with liver
fat content measured by CAP in youths with NAFLD irrespective of CRF and adherence to the
Mediterranean diet, supporting the theory that upper body fat distribution might play a pivotal role
in the development of NAFLD in adolescents. These results may have important implications in the
clinical management of youths with excess adiposity given the high prevalence of NAFLD in children
and young adults. Future longitudinal studies are required to further clarify the role of body fat
distribution in the development of NAFLD.

Author Contributions: Conceptualization, RR.-V,, J.E.C.-B.,, M.C.-R., ].5.-R.V,, and K.G.-].; Data curation, J.E.C.-B.,
M.C.-R,, E.G.-],, and K.G.-].; Formal analysis, R.R.-V. and K.G.-].; Funding acquisition, R.R.-V. and J.E.C.-B.;
Investigation, R.R.-V.,, M.I,, and K.G.-].; Methodology, M.1,, ].5.-R.V,, E.G.-]., and K.G.-].; Project administration,
R.R.-V. and K.G.-].; Resources, E.G.-].; Supervision, M.I,, ] E.C.-B., and K.G.-J.; Validation, ].E.C.-B. and K.G.-].;
Visualization, M.C.-R.; Writing—Original draft, ].5.-R.V. and E.G.-].; Writing—Review and editing, R.R.-V,, M.C.-R.,
and K.G.-]. All authors read and approved the final manuscript.

Funding: The HEPAFIT Study was carried out with the financial support of Instituto Colombiano para el
Desarrollo de la Ciencia y la Tecnologia “Francisco José de Caldas” COLCIENCIAS (contract code 59700 and no.
122277757900). K.G.-R. received a scholarship from the Universidad del Rosario, Colombia, Escuela de Medicina y
Ciencias de la Salud, to do a Doctorate. R.R.-V. received funding from Convocatoria de Comité de Becas 2017,
Universidad del Rosario, Colombia. M.I. is granted in part by a research grant PI117/01814 of the Ministerio de
Economia, Industria y Competitividad (ISCIII, FEDER). The content of this paper reflects the authors’ views
alone, and the Colombian Community and COLCIENCIAS are not liable for any use that may be made of the
information contained herein.

Acknowledgments: The authors are grateful to the Bogota District Education Secretary for the data used in this
study. The authors also thank the participating Bogota District students, teachers, schools, and staff.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Brunt, EM. Nonalcoholic steatohepatitis: Definition and pathology. Semin. Liver Dis. 2001, 21, 3-16. [CrossRef]
[PubMed]

2. Li, L; Liu, D.-W,; Yan, H-Y,; Wang, Z.-Y,; Zhao, S.-H.; Wang, B. Obesity is an independent risk factor for
non-alcoholic fatty liver disease: Evidence from a meta-analysis of 21 cohort studies. Obes. Rev. 2016, 17, 510-519.
[CrossRef] [PubMed]


http://dx.doi.org/10.1055/s-2001-12925
http://www.ncbi.nlm.nih.gov/pubmed/11296695
http://dx.doi.org/10.1111/obr.12407
http://www.ncbi.nlm.nih.gov/pubmed/27020692

J. Clin. Med. 2018, 7, 528 10 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Poggiogalle, E.; Donini, L.M.; Lenzi, A.; Chiesa, C.; Pacifico, L. Non-alcoholic fatty liver disease connections
with fat-free tissues: A focus on bone and skeletal muscle. World |. Gastroenterol. 2017, 23, 1747-1757.
[CrossRef] [PubMed]

Welsh, J.A.; Karpen, S.; Vos, M.B. Increasing prevalence of nonalcoholic fatty liver disease among United
States adolescents, 1988-1994 to 2007-2010. J. Pediatr. 2013, 162, 496-500. [CrossRef] [PubMed]
Loépez-Velazquez, J.A.; Silva-Vidal, K.V.; Ponciano-Rodriguez, G.; Chavez-Tapia, N.C.; Arrese, M.; Uribe, M.;
Méndez-Sanchez, N. The prevalence of nonalcoholic fatty liver disease in the Americas. Ann. Hepatol. 2014,
13,166-178. [PubMed]

Roberts, E.A. Non-alcoholic fatty liver disease (NAFLD) in children. Front. Biosci. 2005, 10, 2306-2318. [CrossRef]
[PubMed]

Loomba, R;; Sirlin, C.; Schwimmer, J.B.; Lavine, J. Advances in pediatric nonalcoholic fatty liver disease.
Hepatology 2009, 50, 1282-1293. [CrossRef] [PubMed]

Yan, Y.; Hou, D.; Zhao, X,; Liu, J.; Cheng, H.; Wang, Y.; Mi, J. Childhood adiposity and nonalcoholic fatty
liver disease in adulthood. Pediatrics 2017, 139, €20162738. [CrossRef]

Lee, S.; Kuk, J.L. Visceral fat is associated with the racial differences in liver fat between black and white
adolescent boys with obesity. Pediatr. Diabet. 2017, 18, 660—-663. [CrossRef]

Coelho, M; Oliveira, T.; Fernandes, R. Biochemistry of adipose tissue: An endocrine organ. Arch. Med. Sci.
2013, 9, 191-200. [CrossRef]

Kwon, H.; Kim, D.; Kim, J.S. Body fat distribution and the risk of incident metabolic syndrome: A longitudinal
cohort study. Sci. Rep. 2017, 7, 10955. [CrossRef] [PubMed]

Després, ].-P. Body fat distribution and risk of cardiovascular disease: An update. Circulation 2012, 126, 1301-1313.
[CrossRef] [PubMed]

Sundaram, S.S.; Zeitler, P.; Nadeau, K. The metabolic syndrome and nonalcoholic fatty liver disease in
children. Curr. Opin. Pediatr. 2009, 21, 529-535. [CrossRef] [PubMed]

Ibrahim, M.M. Subcutaneous and visceral adipose tissue: Structural and functional differences. Obes. Rev.
2010, 11, 11-18. [CrossRef] [PubMed]

Kelishadi, R.; Cook, S.R.; Adibi, A.; Faghihimani, Z.; Ghatrehsamani, S.; Beihaghi, A.; Salehi, H.; Khavarian, N.;
Poursafa, P. Association of the components of the metabolic syndrome with non-alcoholic fatty liver disease among
normal-weight, overweight and obese children and adolescents. Diabetol. Metab. Syndr. 2009, 1, 29. [CrossRef]
[PubMed]

Silveira, L.S.; Monteiro, P.A.; Antunes, BM.M.; Seraphim, PM.; Fernandes, R.A.; Christofaro, D.G.D.;
Junior, LEEFEF. Intra-abdominal fat is related to metabolic syndrome and non-alcoholic fat liver disease in
obese youth. BMC Pediatr. 2013, 13, 115. [CrossRef] [PubMed]

Yang, H.R.; Chang, E.J. Insulin resistance, body composition, and fat distribution in obese children with
nonalcoholic fatty liver disease. Asia Pac. . Clin. Nutr. 2016, 25, 126-133. [CrossRef]

Gonzalez-Ruiz, K.; Correa-Bautista, J.E.; Izquierdo, M.; Garcia-Hermoso, A.; Dominguez-Sanchez, M.A.;
Bustos-Cruz, R.H.; Garcia-Prieto, J.C.; Martinez-Vizcaino, V.; Lobelo, E.; Gonzalez-Jimenez, E.; et al. Effects
of an exercise program on hepatic metabolism, hepatic fat, and cardiovascular health in overweight/obese
adolescents from Bogota, Colombia (the HEPAFIT study): Study protocol for a randomized controlled trial.
Trials 2018, 19, 330. [CrossRef]

Cole, T.J.; Lobstein, T. Extended international (IOTF) body mass index cut-offs for thinness, overweight and
obesity. Pediatr. Obes. 2012, 7, 284-294. [CrossRef]

Tanner, ] M.; Whitehouse, R.H. Clinical longitudinal standards for height, weight, height velocity, weight
velocity, and stages of puberty. Arch. Dis. Child. 1976, 51, 170-179. [CrossRef]

Ramirez-Vélez, R.; Izquierdo, M.; Correa-Bautista, J.; Tordecilla-Sanders, A.; Correa-Rodriguez, M.; Schmidt
Rio-Valle, J.; Gonzalez-Jiménez, E.; Gonzalez-Ruiz, K. Grip strength moderates the association between
anthropometric and body composition indicators and liver fat in youth with an excess of adiposity.
J. Clin. Med. 2018, 7, 347. [CrossRef] [PubMed]

Desai, N.K.; Harney, S.; Raza, R.; Al-Ibraheemi, A.; Shillingford, N.; Mitchell, P.D.; Jonas, M.M. Comparison
of controlled attenuation parameter and liver biopsy to assess hepatic steatosis in pediatric patients. J. Pediatr.
2016, 173, 160-164. [CrossRef] [PubMed]


http://dx.doi.org/10.3748/wjg.v23.i10.1747
http://www.ncbi.nlm.nih.gov/pubmed/28348479
http://dx.doi.org/10.1016/j.jpeds.2012.08.043
http://www.ncbi.nlm.nih.gov/pubmed/23084707
http://www.ncbi.nlm.nih.gov/pubmed/24552858
http://dx.doi.org/10.2741/1699
http://www.ncbi.nlm.nih.gov/pubmed/15970496
http://dx.doi.org/10.1002/hep.23119
http://www.ncbi.nlm.nih.gov/pubmed/19637286
http://dx.doi.org/10.1542/peds.2016-2738
http://dx.doi.org/10.1111/pedi.12492
http://dx.doi.org/10.5114/aoms.2013.33181
http://dx.doi.org/10.1038/s41598-017-09723-y
http://www.ncbi.nlm.nih.gov/pubmed/28887474
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.067264
http://www.ncbi.nlm.nih.gov/pubmed/22949540
http://dx.doi.org/10.1097/MOP.0b013e32832cb16f
http://www.ncbi.nlm.nih.gov/pubmed/19444112
http://dx.doi.org/10.1111/j.1467-789X.2009.00623.x
http://www.ncbi.nlm.nih.gov/pubmed/19656312
http://dx.doi.org/10.1186/1758-5996-1-29
http://www.ncbi.nlm.nih.gov/pubmed/20028551
http://dx.doi.org/10.1186/1471-2431-13-115
http://www.ncbi.nlm.nih.gov/pubmed/23919592
http://dx.doi.org/10.6133/apjcn.2016.25.1.15
http://dx.doi.org/10.1186/s13063-018-2721-5
http://dx.doi.org/10.1111/j.2047-6310.2012.00064.x
http://dx.doi.org/10.1136/adc.51.3.170
http://dx.doi.org/10.3390/jcm7100347
http://www.ncbi.nlm.nih.gov/pubmed/30322094
http://dx.doi.org/10.1016/j.jpeds.2016.03.021
http://www.ncbi.nlm.nih.gov/pubmed/27039224

J. Clin. Med. 2018, 7, 528 11 0f12

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Lédinghen, V.; Vergniol, J.; Foucher, J.; Merrouche, W.; Bail, B. Non-invasive diagnosis of liver steatosis using
controlled attenuation parameter (CAP) and transient elastography. Liver Int. 2012, 32, 911-918. [CrossRef]
[PubMed]

De Lédinghen, V.; Vergniol, J.; Capdepont, M.; Chermak, F,; Hiriart, J.-B.; Cassinotto, C.; Merrouche, W.;
Foucher, J.; Brigitte, L.B. Controlled attenuation parameter (CAP) for the diagnosis of steatosis: A prospective
study of 5323 examinations. J. Hepatol. 2014, 60, 1026-1031. [CrossRef] [PubMed]

Lv, S.; Jiang, S.; Liu, S.; Dong, Q.; Xin, Y.; Xuan, S. Noninvasive quantitative detection methods of liver fat
content in nonalcoholic fatty liver disease. J. Clin. Transl. Hepatol. 2018, 6, 217-221. [CrossRef] [PubMed]
Ferraioli, G.; Tinelli, C.; Lissandrin, R.; Zicchetti, M.; Rondanelli, M.; Perani, G.; Bernuzzi, S.; Salvaneschi, L.;
Filice, C. Interobserver reproducibility of the controlled attenuation parameter (CAP) for quantifying liver
steatosis. Hepatol. Int. 2014, 8, 576-581. [CrossRef] [PubMed]

Carvalhana, S.; Leitao, J.; Alves, A.C.; Bourbon, M.; Cortez-Pinto, H. How good is controlled attenuation
parameter and fatty liver index for assessing liver steatosis in general population: Correlation with
ultrasound. Liver Int. 2014, 34, e111-e117. [CrossRef] [PubMed]

Park, C.C.; Nguyen, P; Hernandez, C.; Bettencourt, R.; Ramirez, K.; Fortney, L.; Hooker, J.; Sy, E.;
Savides, M.T.; Alquiraish, M.H.; et al. Magnetic resonance elastography vs transient elastography in
detection of fibrosis and noninvasive measurement of steatosis in patients with biopsy-proven nonalcoholic
fatty liver disease. Gastroenterology 2017, 152, 598-607. [CrossRef]

Karlas, T.; Petroff, D.; Sasso, M.; Fan, ].-G.; Mi, Y.-Q.; de Lédinghen, V.; Kumar, M.; Lupsor-Platon, M.;
Han, K.-H.; Cardoso, A.C.; et al. Individual patient data meta-analysis of controlled attenuation parameter
(CAP) technology for assessing steatosis. J. Hepatol. 2017, 66, 1022-1030. [CrossRef]

Serra-Majem, L.; Ribas, L.; Ngo, J.; Ortega, R M.; Garcia, A.; Pérez-Rodrigo, C.; Aranceta, J. Food, youth and
the Mediterranean diet in Spain. Development of KIDMED, Mediterranean Diet Quality Index in children
and adolescents. Public Health Nutr. 2004, 7, 931-935. [CrossRef]

Ramirez-Vélez, R.; Rodrigues-Bezerra, D.; Correa-Bautista, J.E.; Izquierdo, M.; Lobelo, F. Reliability of
health-related physical fitness tests among Colombian children and adolescents: The Fuprecol study.
PLoS ONE 2015, 10, 1-12. [CrossRef] [PubMed]

Léger, L.A.; Mercier, D.; Gadoury, C.; Lambert, ]. The multistage 20 metre shuttle run test for aerobic fitness.
J. Sport. Sci. 1988, 6, 93-101. [CrossRef] [PubMed]

Jensen, M.D. Role of body fat distribution and the metabolic complications of obesity. J. Clin. Endocrinol. Metab.
2008, 93, S57-563. [CrossRef] [PubMed]

Chan, D.FY;; Li, AM.; Chu, W.C.W.; Chan, M.HM.; Wong, EM.C.; Liu, EK.H.; Chan, ILHS,; Yin, J;
Lam, C.W.K.; Fok, T.E,; et al. Hepatic steatosis in obese Chinese children. Int. J. Obes. 2004, 28, 1257-1263.
[CrossRef] [PubMed]

Sorrentino, P.; Tarantino, G.; Conca, P; Perrella, A.; Terracciano, M.L.; Vecchione, R.; Gargiulo, G.;
Gennarelli, N.; Lobello, R. Silent non-alcoholic fatty liver disease—A clinical-histological study. ]. Hepatol.
2004, 41, 751-757. [CrossRef] [PubMed]

Bjorntorp, P. “Portal” adipose tissue as a generator of risk factors for cardiovascular disease and diabetes.
Arteriosclerosis 1990, 10, 493-496. [CrossRef] [PubMed]

Church, T.S.; Kuk, J.L.; Ross, R.; Priest, E.L.; Biltoft, E.; Biltoff, E.; Blair, S.N. Association of cardiorespiratory
fitness, body mass index, and waist circumference to nonalcoholic fatty liver disease. Gastroenterology 2006,
130, 2023-2030. [CrossRef]

Johnson, N.A.; George, J. Fitness versus fatness: Moving beyond weight loss in nonalcoholic fatty liver
disease. Hepatology 2010, 52, 370-380. [CrossRef]

Ornelas, R.T,; Silva, A.M.; Minderico, C.S.; Sardinha, L.B. Changes in cardiorespiratory fitness predict
changes in body composition from childhood to adolescence: Findings from the European Youth Heart
Study. Phys. Sportsmed. 2011, 39, 78-86. [CrossRef]

Laukkanen, J.A.; Kujala, U.M. Low cardiorespiratory fitness is a risk factor for death: Exercise intervention
may lower mortality? J. Am. Coll. Cardiol. 2018, 72, 2293-2296. [CrossRef]

Pilve, K.S.; Pahkala, K.; Suomela, E.; Aatola, H.; Hulkkonen, J.; Juonala, M.; Lehtim&ki, T.; Rbnnemaa, T.;
Viikari, J.S.A.; Kdhonen, M.; et al. Cardiorespiratory fitness and risk of fatty liver. Med. Sci. Sport Exerc. 2017,
49,1834-1841. [CrossRef] [PubMed]


http://dx.doi.org/10.1111/j.1478-3231.2012.02820.x
http://www.ncbi.nlm.nih.gov/pubmed/22672642
http://dx.doi.org/10.1016/j.jhep.2013.12.018
http://www.ncbi.nlm.nih.gov/pubmed/24378529
http://dx.doi.org/10.14218/JCTH.2018.00021
http://www.ncbi.nlm.nih.gov/pubmed/29951367
http://dx.doi.org/10.1007/s12072-014-9573-1
http://www.ncbi.nlm.nih.gov/pubmed/26202762
http://dx.doi.org/10.1111/liv.12305
http://www.ncbi.nlm.nih.gov/pubmed/24034415
http://dx.doi.org/10.1053/j.gastro.2016.10.026
http://dx.doi.org/10.1016/j.jhep.2016.12.022
http://dx.doi.org/10.1079/PHN2004556
http://dx.doi.org/10.1371/journal.pone.0140875
http://www.ncbi.nlm.nih.gov/pubmed/26474474
http://dx.doi.org/10.1080/02640418808729800
http://www.ncbi.nlm.nih.gov/pubmed/3184250
http://dx.doi.org/10.1210/jc.2008-1585
http://www.ncbi.nlm.nih.gov/pubmed/18987271
http://dx.doi.org/10.1038/sj.ijo.0802734
http://www.ncbi.nlm.nih.gov/pubmed/15278103
http://dx.doi.org/10.1016/j.jhep.2004.07.010
http://www.ncbi.nlm.nih.gov/pubmed/15519647
http://dx.doi.org/10.1161/01.ATV.10.4.493
http://www.ncbi.nlm.nih.gov/pubmed/2196039
http://dx.doi.org/10.1053/j.gastro.2006.03.019
http://dx.doi.org/10.1002/hep.23711
http://dx.doi.org/10.3810/psm.2011.05.1897
http://dx.doi.org/10.1016/j.jacc.2018.06.081
http://dx.doi.org/10.1249/MSS.0000000000001288
http://www.ncbi.nlm.nih.gov/pubmed/28398943

J. Clin. Med. 2018, 7, 528 12 0of 12

42.

43.

44.

45.

46.

47.

48.

49.

Panera, N.; Barbaro, B.; Della Corte, C.; Mosca, A.; Nobili, V.; Alisi, A. A review of the pathogenic and
therapeutic role of nutrition in pediatric nonalcoholic fatty liver disease. Nutr. Res. 2018, 58, 1-16. [CrossRef]
[PubMed]

Mazzotti, A.; Caletti, M.T.; Sasdelli, A.S.; Brodosi, L.; Marchesini, G. Pathophysiology of nonalcoholic fatty
liver disease: Lifestyle-gut-gene interaction. Dig. Dis. 2016, 34, 3-10. [CrossRef] [PubMed]

Pang, Q.; Zhang, J.Y.; Song, S.D.; Qu, K; Xu, X.S;; Liu, S.S.; Liu, C. Central obesity and nonalcoholic fatty
liver disease risk after adjusting for body mass index. World ]. Gastroenterol. 2015, 21, 1650-1662. [CrossRef]
[PubMed]

Postic, C.; Dentin, R.; Girard, J. Role of the liver in the control of carbohydrate and lipid homeostasis.
Diabet. Metab. 2004, 30, 398-408. [CrossRef]

Vogelberg, K.; Gries, F.; Moschinski, D. Hepatic production of VLDL-triglycerides. Dependence of portal
substrate and insulin concentration. Horm. Metab. Res. 1980, 12, 688-694. [CrossRef]

Fontana, L.; Eagon, J.C.; Trujillo, M.E.; Scherer, P.E.; Klein, S. Visceral fat adipokine secretion is associated
with systemic inflammation in obese humans. Diabetes 2007, 56, 1010-1013. [CrossRef]

Lee, S.Y.; Gallagher, D. Assessment methods in human body composition. Curr. Opin. Clin. Nutr. Metab. Care
2008, 11, 566-572. [CrossRef]

Sporea, I; Sirli, R.; Deleanu, A.; Popescu, A.; Cornianu, M. Liver stiffness measurement by transient
elastography in clinical practice. J. Gastrointest. Liver Dis. 2008, 17, 395-399.

@ © 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.nutres.2018.05.002
http://www.ncbi.nlm.nih.gov/pubmed/30340810
http://dx.doi.org/10.1159/000447275
http://www.ncbi.nlm.nih.gov/pubmed/27548720
http://dx.doi.org/10.3748/wjg.v21.i5.1650
http://www.ncbi.nlm.nih.gov/pubmed/25663786
http://dx.doi.org/10.1016/S1262-3636(07)70133-7
http://dx.doi.org/10.1055/s-2007-999233
http://dx.doi.org/10.2337/db06-1656
http://dx.doi.org/10.1097/MCO.0b013e32830b5f23
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Experimental Section 
	Study Design, Setting, and Participants 
	Physical Examination 
	Body Composition 
	Liver Fat Content 
	Healthy Diet 
	Maximum Oxygen Consumption 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

