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Because of the limitation of body mass index (BMI) in distinguishing adipose mass from muscle, the tri-ponderal mass index (TMI) has been proposed as a new indicator for better assessing adiposity in children and adolescents. However, it remains unclear whether TMI performs better than BMI or other adiposity indices in predicting obesity status in childhood and obesity-related cardiovascular risk factors (CVRFs) in childhood or adulthood. We searched PubMed, Cochrane Library, and Web of Science for eligible publications until June 15, 2021. A total of 32 eligible studies were included in this systematic review. We found that TMI had a similar or better ability to predict body fat among children and adolescents than BMI. However, most of the included studies suggested that TMI was similar to BMI in identifying metabolic syndrome although TMI was suggested to be a useful tool when used in combination with other indicators (e.g., BMI and waist circumference). In addition, limited evidence showed that TMI did not perform better than BMI for identifying specific CVRFs, including insulin resistance, high blood pressure, dyslipidemia, and inflammation in children and adolescents, as well as CVRFs in adults.


Systematic Review Registration

https://www.crd.york.ac.uk/prospero, CRD42021260356.
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Introduction

The age-standardized prevalence of obesity among children and adolescents aged 5 to 19 years has globally increased from 0.7% in 1975 to 5.6% in 2016 among girls and 0.9% to 7.8% among boys (1). Obesity in children is a cause of several detrimental health outcomes in childhood and later in adulthood, such as left ventricular hypertrophy (2), increased carotid intima-media thickness (3), kidney disease (4), and liver disease (5), cancer, cardiovascular diseases, and death (6–8). Thus, an early and accurate diagnosis of obesity in children and adolescents is urgently needed, in order to reduce the short-term and long-term burden of pediatric obesity-related health outcomes.

Body mass index (BMI, kg/m2) is the most widely used physical indicator of adiposity in both children (with overweight/obesity cutoffs based on age and sex percentiles) and among adults (overweight: BMI 25–29; obesity BMI ≥ 30). Although BMI is strongly correlated with adiposity, the indicator cannot distinguish well between excess weight due to increased fat mass or increased muscle mass (9), especially for changes in body composition during adolescence, leading to weight increase being out of proportion of the change in height squared (10, 11). Although the percentage of body fat is suggested as an accurate method for identifying obesity in children and adolescents, it is less applicable for routine health care, as well as in school-based settings (12).

Tri-ponderal mass index (TMI), calculated as weight (kg)/height (m3), is an emerging indicator, which has been suggested to predict percent body fat (10) and metabolic syndrome (MetS) (13) at least as well as, or better than BMI. However, findings in other previous studies were inconsistent (14–17). For instance, the prevalence of overweight and obesity was higher when identified with BMI (based on standard deviation score, SDS) than with TMI in children and adolescents aged 6–17 years (14). It was also found that BMI (or BMI z-score or BMI-SDS) predicted MetS better than TMI among adolescents aged 10–17 years (15, 16).

It is however unclear whether the emerging TMI can better identify adiposity in childhood or adolescence than the commonly used BMI (10, 14, 18–26) and better predict obesity-related cardiovascular risk factors (CVRFs) such as high blood pressure, dyslipidemia, insulin resistance, and the MetS in childhood (13–16, 18, 21, 26–34) or adulthood (35–37). The misclassification of obesity may lead to either omissions of children who are at high risk of obesity-related diseases or excessive anxiety due to overdiagnosis and then unnecessary waste of medical resources (38). Identifying potential adiposity-related indicators that can accurately predict body fat or related risks has significant implications for prevention, treatment, and management of pediatric obesity.

Therefore, in order to assess whether TMI can be a substitute for BMI in routine pediatric clinical practice to estimate obesity and related CVRFs in children and adolescents or adults, we reviewed articles on the ability of TMI to identify increased body fat, in children and adolescents, and to predict CVRFs in both childhood and adulthood.



Methods


Search Strategy

  
This review was performed according to the recommendation from the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement (PRISMA) (http://www.prisma-statement.org/). We searched relevant articles in PubMed, Cochrane Library, and Web of Science until June 15, 2021 using the following search strategy: (“Triponderal mass index” OR “Tri-ponderal mass index” OR “Tri-ponderal index”) AND (“children” OR “childhood” OR “adolescents” OR “adolescence” OR “teenagers” OR “youth” OR “students”) AND (“body mass index” OR “obesity” OR “body fat” OR “cardiovascular disease risk” OR “hypertension” OR “dyslipidemia” OR “insulin resistance” OR “impaired glucose” OR “metabolic syndrome” OR “MetS” OR “inflammation”). We also identified eligible papers from the lists of references in the identified papers. We have registered on PROSPERO (available at: https://www.crd.york.ac.uk/prospero/#aboutpage), and the ID is CRD42021260356.



Inclusion Criteria and Exclusion Criteria

Inclusion criteria were as follows: 1) original article; 2) body fat or adiposity assessed using TMI and BMI in childhood or adolescence; 3) the paper described the association of TMI and BMI measured in childhood and adult with selected CVRFs [i.e., hypertension; dyslipidemia; insulin resistance (IR) or impaired glucose; MetS; and inflammation] measured either in childhood (e.g., at the same time of measurement of the BMI/TMI, e.g., in cross-sectional surveys) or in adulthood (e.g., cohort studies) or both; and 4) cross-sectional, cohort, or retrospective studies. Exclusion criteria were as follows: 1) obviously irrelevant articles; 2) TMI measured in adulthood; 3) other languages rather than English; 4) letter or comment; and 5) studies without data of interest.



Identification of Relevant Studies and Data Extraction

Two independent authors (JS and RY) performed the literature search and extracted the data. In case of disagreement between the two authors, a third expert (BX) was consulted to reach an agreement. The information on the first author, publication year, country of origin, study design, sample size, age and sex distribution of the study population, exposures, outcome definition, adjusted covariates, and results was extracted from each eligible study.



Study Quality Assessment

An 11-item checklist of the cross-sectional study evaluation scale recommended by the Agency for Healthcare Research and Quality (AHRQ) was used to evaluate the quality of cross-sectional studies (39), with answers coded as “Yes” (1) or “No or not clear” (0). The total score of the scale is 11 points. A score of 8 to 11 points is rated as high quality, 4 to 7 points as moderate quality, and less than 4 points as low quality. The Newcastle–Ottawa Scale (NOS) star system (range 0 to 9 stars) was used to evaluate the quality of cohort and case–control studies (40). In brief, four items related to the selection of participants, two items to the comparability of participants, and three items to the exposures or outcomes. A score of “0–3” was regarded as low quality, “4–6” as moderate quality, and “7–9” as high quality.




Results


Study Selection

A total of 76 articles were initially identified. After excluding 28 duplicate articles, 48 remained for screening. After excluding 11 irrelevant articles, 2 letters/editorials, 1 in adults, 1 with overlapping data, 1 in Spanish, and 3 with no data of interest, 28 relevant studies were included. In addition, 4 additional articles were identified from the lists of references, resulting in a total of 32 articles eligible for the final systematic review. The detailed PRISMA flowchart of inclusion/exclusion of potential publications is presented in Figure 1.




Figure 1 | PRISMA flowchart of study selection.





Study Characteristics

Table 1 describes the characteristics of the included studies including 14 for the association between TMI and body fat in childhood and adolescence (10, 14, 18–26, 41–43), 20 for TMI and CVRFs in childhood and adolescence (13–18, 21, 26–34, 42–45), and 4 for the association in adulthood (35–37, 46). Twenty-five of the included studies used a cross-sectional design (10, 13, 15–28, 30–34, 41–43, 45), 2 a retrospective design (14, 44), 1 a case-control design (29), and 4 a cohort design (35–37, 46).


Table 1 | Study characteristics of the included studies.









Results

As shown in Table 2, All of the 32 included studies were of moderate to high quality except for one article rated as having a low quality (quality score = 3) (14).


Table 2 | Results of the included studies.






TMI for Screening Body Fat in Children and Adolescents

A total of 14 articles evaluated the ability of TMI to identify body fat mass in children and adolescents compared with BMI (Table 2) (10, 14, 18–26, 41–43).

It has been shown that percent of body fat (BF%) as a gold standard was better predicted by TMI than by BMI (10, 25), although one study reported that both relative fat mass pediatric (RFMp) based on height and waist circumference [WC], and waist-to-height ratio (WHtR) performed better than both TMI and BMI (25). When WHtR was used to define central obesity as the gold standard, three articles showed that TMI was better than BMI correlated with central fat accumulation in both preschool-aged children aged 2–5 years (24) and children and adolescents aged 5–17 years (19, 43).

When BMI and TMI were used as continuous variables, TMI correlated similarly or better than BMI with BF% in children and adolescents (18, 19, 22, 23, 41, 42). Although TMI and BMI among children and adolescents aged 5–18 years explained a similar proportion of the variability for BF%, TMI was recommended to replace BMI z-score in children and adolescents due to its lower false-positive rate of obesity than the BMI z-score (boys: 2.9% vs. 21.8%; girls: 17.5% vs. 28.5%) (18, 19, 22). TMI presented a higher area under the curve (AUC) value than BMI for predicting high BF% (0.96 vs. 0.93, p < 0.001) measured by dual-energy X-ray absorptiometry (DEXA) among children and adolescents aged 8–17 years (23) or more strongly correlated with BF% compared to BMI in adolescents (41, 42).

The remaining four studies could not conclude about a possible advantage of either TMI or BMI to identify overweight or obesity status because of the lack of a gold standard (to objectively assess adiposity) and inconsistent cutoffs (14, 20, 21, 26). Akcan et al. found that TMI identified a lower prevalence of overweight and obesity among children aged 6–17 years compared to BMI-SDS (14), which was contrary to the finding among children aged 9–13 years, independent of sex (20). When considering overweight and obesity separately, Ashley-Martin et al. found that BMI defined more overweight than TMI, whereas TMI defined more obesity than BMI among children and adolescents aged 6–19 years (21), inversely to the findings among children and adolescents aged 10–20 years reported by Park et al. (26).

Overall, studies using a gold standard for comparison and using BMI and TMI as continuous variables suggested that TMI performed equally or better than the widely used BMI to predict BF% and central fat among children and adolescents. TMI was preferred in adolescence due to its stability.



TMI and Obesity-Related Cardiovascular Risk Factors in Children and Adolescents

Twenty articles on the association between TMI and MetS and its components were included in this systematic review (Table 2) (13–18, 21, 26–34, 42–45).


MetS

Ten articles have evaluated the association of TMI and other anthropometric indicators with MetS, metabolic risk score, or cardio-metabolic risk (13, 15–18, 27–30, 33). Three of the 10 articles showed that TMI was not better than other indicators such as BMI (or BMI z-score or BMI-SDS) among children and adolescents aged 10–17 years to predict MetS and a metabolic risk score (15–17). However, the other seven articles suggested that TMI could be a useful screening tool or similar to BMI in predicting MetS or cardio-metabolic risks in children and adolescents aged 5.3 to 25 years (13, 18, 27–30, 33).

TMI was found to be associated with obesity-related CVRFs, including MetS and its components [elevated blood pressure (BP), elevated WC, low high-density lipoprotein cholesterol (HDL-C), and elevated triglycerides (TG)] in late adolescence (28). It was reported that TMI performed similarly to FMI (27) or BMI, or was an auxiliary indicator in addition to BMI, to identify MetS, a metabolic risk score, or CVRFs among children and adolescents aged 5–18 years (13, 18, 29, 33). However, the tri-ponderal body shape index [WC z-score/(TMI2/3*height1/2)] including TMI and WC z-score components performed more accurately in predicting MetS than BMI and TMI (Youden index: 0.85 vs. 0.73 vs. 0.70) among children and adolescents aged 7–18 years, suggesting that the combination of TMI and a WC z-score could be considered as a useful predictor for MetS in children and adolescents (30).

Overall, TMI performed similarly as compared to BMI and other indicators in predicting MetS in most of the included studies, and TMI was also suggested to be a useful tool when used in combination with other adiposity indicators (e.g., BMI and WC) for identifying MetS.



Insulin Resistance

Eight articles compared TMI and BMI for identifying insulin resistance (IR) or impaired glucose in children and adolescents (Table 2) (13, 14, 21, 29, 31, 32, 34, 45). Among these eight articles, seven reported that BMI (used as a continuous variable) performed similarly or marginally better than TMI for identifying IR (13, 21, 29, 31, 32, 34, 45). In addition, compared to BMI, TMI was more likely to underestimate IR (14). The inconsistent cutoffs of TMI and BMI for identifying overweight might lead to different identification of IR. When restricted to children and adolescents aged 4–18 years with overweight or obesity, WHtR or WC, used as continuous variables, seemed to perform best among the four obesity-related indicators (TMI, WC z-score, BMI z-score, and BMI) to predict IR (31, 32).

Overall, TMI did not seem to be superior to BMI for predicting IR in children and adolescents. However, WHtR or WC could be a useful indicator for identifying IR among children and adolescents with overweight and obesity.



Blood Pressure

Only five studies compared the correlation of TMI and BMI with BP, with inconsistent results (Table 2) (13, 17, 21, 33, 43). Although BMI correlated with BP levels stronger than TMI (17, 33), one study based on 5,814 children and adolescents aged 6–19 years showed that, similar to BMI using a continuous variable, TMI (used as a continuous variable) had a low ability to identify high BP, with an AUC of only 0.66 to predict systolic BP and 0.60 to predict diastolic BP (21); similar findings were found among 57,201 Chinese children and adolescents aged 7–18 years, among 10,441 American adolescents aged 12–18 years (13) and among Italian adolescents (43).

Overall, only a few studies examined the question and they tended to suggest that either TMI or BMI performed poorly in identifying high BP in children and adolescents, and the ability varied in different populations.



Dyslipidemia

As shown in Table 2, three articles showed that both TMI and BMI poorly predicted dyslipidemia (13, 14, 21). Although using the same BMI classification, total cholesterol (TC) in boys and HDL-C and TG in girls were worse among children with overweight defined by TMI than among those with normal TMI (26), BMI (as a continuous variable) seemed to be more strongly associated with TC (R2: 0.32 vs. 0.27), HDL (-0.52 vs. -0.46), and TG (0.32 vs. 0.27) compared to TMI, while TMI (as a continuous variable) was more strongly associated with low-density lipoprotein-cholesterol (LDL-C) than BMI (0.38 vs. 0.33) (29), similar to findings on low HDL-C reported by Leone et al. (17), but inversely to findings by Alfaraidi et al. (42).

Overall, there are limited studies on the association of TMI and BMI with dyslipidemia components, and findings suggest that BMI performs better than TMI to identify high TC and TG, whereas TMI is superior to BMI to identify high LDL-C. This will need further evaluation.



Inflammatory and Liver Function Markers

As shown in Table 2, for C-reactive protein (CRP), the prediction accuracy of TMI and BMI z-score was similar (AUC: 0.74 vs. 0.73) (21), whereas other inflammatory markers including leptin, IL-6, and fetuin-A were more closely correlated with BMI than TMI (29). For liver enzymes, overweight and obese status based on TMI could significantly predict elevated serum glutamic oxaloacetic transaminase or elevated serum glutamic pyruvic transaminase, compared with overweight and obesity status based on BMI. However, different cutoffs were defined for BMI vs. TMI, which limits direct comparison (14). For non-alcoholic fatty liver, the discriminating ability of TMI was similarly poor as BMI, with AUC values of only 0.58 (44).

Overall, there is only limited evidence about the performance of TMI and BMI to predict inflammatory markers, which needs further research.




TMI in Childhood or Adolescence for Prediction of Specific CVRFs in Adulthood

Only four articles focused on the association of TMI vs. other obesity-related indicators in childhood or adolescence with CVRFs in adulthood (35–37, 46) (Table 2). BMI at ages 2 to 20 years predicted the presence of CVRFs in young adults aged 20 years as well or better than TMI. For example, the ability to predict adult IR, elevated insulin levels, and hypertension seemed to be stronger for BMI vs. TMI (as assessed in childhood), but similar for the prediction in adults of impaired fasting plasma glucose (FPG), low HDL-C, high LDL-C, high TG, and high aortic intima-media thickness (37). Similarly, another study showed that the AUC values for TMI, or for combination of TMI and BMI, did not outperform BMI alone in predicting adult obesity, diabetes, high carotid intima-media thickness, high LDL-C, and hypertension (35). The AUCs were low for TMI (0.53, 0.56, and 0.54), as well as for other adiposity indicators such as abdominal volume index (0.61, 0.62, and 0.61), BMI (0.59, 0.60, and 0.59), and WC (0.61, 0.61, and 0.61) in childhood to predict adult homeostasis model assessment 2-insulin resistance (HOMA2-IR), HOMA2-β, and high fasting insulin (36). However, when considering growth trajectory instead of a single measurement in childhood, a persistently high TMI during adolescence had predicted diabetes quite well in adults (AUC value as high as 0.81) (46).

Overall, TMI in childhood or adolescence seems to have a lower ability than BMI and other adiposity indicators to predict specific CVRFs in adulthood, whereas TMI trajectory has a higher ability than BMI trajectory in predicting diabetes in adulthood.





Discussion


Main findings

To the best of our knowledge, this is the first review to summarize the evidence regarding TMI as a screening tool for body fat and CVRFs in childhood and adulthood. TMI seemed to perform similarly or better than BMI for predicting body fat and central fat and performed similarly well as BMI in identifying MetS. However, the available evidence on the comparison of TMI and BMI (measured in childhood) for identifying specific CVRFs (in childhood or later in adulthood) including IR, high BP, dyslipidemia, and inflammation was limited and not compelling.



TMI Performed Better Than BMI to Estimate Body Fat in Children and Adolescents

Unlike for adults, no standard BF% cutoff was established to define excess adiposity among children and adolescents until now (47), and objective measurements of fat mass [e.g., DEXA, doubly-labeled water (48), and isotope dilution technique (49)] were much complex and expensive. The components of TMI or BMI (weight and height) can be simply measured using the weight scale and the stadiometer that are widely used for routine pediatric clinical practice. Therefore, in this review, we compared the performance of TMI and BMI and our study suggested that TMI performed better than BMI to estimate body fat in children and adolescents at clinical practice.

The disadvantage of BMI and the advantage of TMI to estimate body fat are as follows. First, although BMI z-score seemed to predict well total fat mass, it predicted BF% weakly with altered body composition among adolescents (50). Second, the definition of overweight and obesity using BMI should be based on sex- and age-specific percentile values in childhood, but this requires using complex tables (10), which may overestimate the actual prevalence of adiposity in children, excessively worrying families and patients (50–53), particularly for adolescents who may be more prone to fat-shaming and weight bias (54). Third, TMI (which is defined independently of age and sex) could be simpler to use compared to age- and sex-stratified BMI cutoffs and a specific cutoff of TMI has been proposed (10). A better relation of TMI with body fat mass across age may be consistent with the fact that BF% may change largely during adolescence (possibly more among girls) due to the height spurt in this age range (55). Fourth, compared to BMI, TMI was more correlated with WHtR, which is a reliable clinical measure of abdominal obesity and is consistently associated with CVRFs (56). TMI could therefore help identify children and adolescents who are overweight or obese based on BMI but also have central obesity and increased risk of CVRFs.



TMI Was More Simple and Accurate Than Other Indicators to Estimate Body Fat in Children and Adolescents

Although the RFMp calculated based on WC and height performed better to estimate BF% than TMI (25), the inter-operator variability between WC measurements is significant, which may cause more misclassification of MetS (57). Furthermore, for tall and thin people, WHtR may be unusually high, causing RFMp and RFM to tend to be 0 or negative (25). Therefore, considering the accuracy and simplicity of the use of TMI in primary health care services and its constancy in predicting adiposity at adolescence, TMI may be useful to evaluate body fat in adolescents. Yet, definite answers about the performance of BMI vs. TMI to predict adiposity in chidden and adolescents needs further studies using objective measurement of body fat mass (e.g., DEXA, isotope dilution) as the gold standard for comparisons, and do so in several populations, and within different ethnic, age, and sex groups.



TMI Performed Similarly as Compared to BMI and Other Indicators in Predicting MetS and Its Components

Although TMI was superior to BMI to screen central fat (19, 24), in this review, it was similar to or not better than BMI to identify MetS and specific CVRFs. One possible reason might be that adiposity defined according to TMI or BMI only accounts for one of the MetS criteria. Another reason might be the inconsistent performances of three indicators (TMI, BMI, and WC) in identifying specific CVRFs including IR, high BP, dyslipidemia, and inflammation (13, 14, 21, 29, 31, 32), which are the main components of MetS.



Age and Trajectory Influence the Association Between TMI vs. BMI in Childhood or Adolescence and Obesity-Related Morbidity in Adulthood

Although BMI in childhood or adolescence seemed to perform marginally better than TMI to predict obesity-related morbidity in adulthood (35, 36), the difference disappeared after adjusting for age (35), suggesting that age might be an important confounding factor that influences the association between BMI in childhood and obesity-related morbidity in adulthood. BMI was better than TMI only in late adolescence to predict adult IR and hypertension, suggesting that the variation of BMI during adolescence influences the strength of the association (10, 37). When considering trajectories, persistently high TMI during 13 and 18 years performed better than the BMI trajectory to predict adult diabetes (46), suggesting that, during adolescence, TMI trajectory (i.e., repeated measurements) may better reflect growth and predict adult CVRD outcomes. Therefore, further prospective studies with large sample sizes, multiethnic populations, and repeated measurements of anthropometric indicators are needed to confirm these findings.



Strengths and Limitations

To the best of our knowledge, this is the first comprehensive review that compared TMI with BMI or other indicators in children and adolescents to predict obesity-related morbidity in both childhood and adulthood. Several limitations should be noted in this review. First, there was high heterogeneity between studies in the considered variables and how the adiposity cutoffs were defined, which limits direct comparisons. Second, most studies on the identification of CVRFs in childhood and adolescence were cross-sectional, which cannot prove causality (55). It must be however mentioned that a marker does not necessarily need to be causally related to an outcome to enable a good prediction. Third, a majority of the included studies came from Western countries, which limits the extrapolation of the results to other populations. Further studies with various ethnic/race groups are needed to confirm the predictive ability of TMI to predict adiposity in children and adolescents. Fourth, although TMI seems better than BMI to predict concomitant fat mass in children and adolescents, neither TMI nor BMI can distinguish fat mass from non-fat mass, and these indicators cannot replace objective measurement of fat mass (e.g., DEXA, isotope dilution). Again, an ultimate fully valid method to compare how BMI or TMI predicts adiposity should rely on objectively measured adiposity as the gold standard (e.g., DEXA, isotope dilution methods) and use a similar dichotomization of categories of elevated BMI or elevated TMI (e.g., using the same percentile cutoffs, e.g., p80 or p90) to enable valid comparisons; this was only rarely performed in the considered studies.




Conclusions

In conclusion, TMI only requires a single threshold according to sex (i.e., no need for sex- and age-specific thresholds) and TMI seems to predict adiposity similarly or better in children and adolescents than BMI. In addition, TMI seemed to perform similarly as BMI for identifying MetS. However, the clinical use of TMI vs. BMI in childhood, in order to predict specific elevated CVRFs in childhood or later in adulthood, is still not definitive and needs further studies, particularly those with a longitudinal design.
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Resuts

(1) For chiden and adolesoents aged 810 17 years, TMi s bete o estimate BF% than
BN, especialy in boys (ooys: R = 064 . 0.38; g R = 072 5. 0.6)

2) The misciassifcaton of orerweight was less than BMI 2-500r0 (8.4% vs. 19.4%, p < 0.001)
bt equal o updatec BMI percentis based on he sam cafa st (5.4% v 8.0%, p = 0.62),
Honever, Tl was prefere cue o s simpicity wih n0 compicated pacenies.

) The resuls viere simdar when stcatfed by sex.

1) WHIR was most srongly corelated i BF% (o cosficent =0.73, p < 0,001, folowed
oy WG SDS, TMI, and BMI SDS (o =071 v5. 068 v5. 068, p < 0.001).

2 TMiand WHIR were more appicabe for pudlic healh use than BM, WC, and BF5% due 1o
their simpiciy in cacuating and identing obesty. The AUCS of hess indicaors remained
‘Simiar when statfied by sex.

At acsusting for potental variablo, the correlason between TMI and BE% was 6qual to BMI
85 15, 0.85), whereas th orrolation betwoan TMI and WHER = 0.46 vs. 0.41)
or WHIR (= 0,86 5. 0.78) was stronger than BMIz-score.

TMi evealo oss ovenveght and obesty than B, About 22 Ovenwsight chicren and 8
‘obese chiiren entifed by BMI-SDS e regarded as nommal-weight chiken dentied by
TWi. 44 besa chien (based on BM) wero overweight according 0 TM.

TMI reveaiod moro overwoight nc obosity than BM (ovenwoight 5.665% vs. 1,845 cbesy:
1.98% 15, 0.66%).

“The classicaton of ovenweight and obesity by TMI and BMIwere s folows: venweight
oys: 7.3% vs. 26%; 2.2% vs. 0.7%; g 4.0% . 1.0%; obesty: boys: 22% vs. 07%:
g 1.8% 5. 06%.

T prvalence of ovenvght defned by T was lower than that dsfned by BMI(15% vs.
187%), bt e prevaience of sty defined by TMi was ighar than that defned by BMI
(7% s.89%

Athough TI (R~ 0.73fo boys and R ~ 075 for i) and BMI (R = 074 for boys and
R = 0.75 for gs) perormod simiarin the portion of thvariably for BF%, TMI was.
rocommended 1o repiace the BMI z-score i chicren and aclescents de (0. ower false-
ostive ato of obesity (boys: 21.8% v 3.0%; g 28.5% vs. 17.5%.

T was a bt precictor for BF% n both sexes than BMI (boys: B = 0,67 vs.0.44; i
=079 v5. 0.74). TMI presents a highe AUC vake than BM for predictng high adposty i
chicren and adoescents (096 5. 093).

“The AUC of TWi was higher than BMfor scresning cental fat accumuation 092 vs. 087,
rogarcoss of sox.

(1) REMp and WHIR showed simia near assocton wih BF%, olowed by TM and BM n
Chicvon and adcescents 8 0 14 years (¥ = 0.77, 076, 069, 056 for boys, R = 074, 0.74,
071,065 for g,

@) Sevkar ot i boys aged 15 9 10 years. WHIR (3 = 0.80 for boys and 070 for )
showed igher predictng abiy than RFM (0,79 for boys and 0.72 or i) among boys,
folowsd by B and TMI i chidren and addlescents 2ged 15-19 years (3 = 070 and 069
for boys and 0.73.and 0.72 for gits. However, the predicing abiy was simiar among gs.
) REMp for chkdren and adcesosnts 8 o 14 yeers of a0 and RFM for adlesoents 1510 19
yeas3 0f a8 were usefl 0 estmato whoe-body a pecentage and diagnoss body fat-
defned ovenvvght o cbesty.

The provlence of ovenveght defned by T was sight hgher than hat deined by B
(10.6% us. 10.2%), but the prevalence of obesiy defned by T was lower than that dofined
by BMI (5.3% s, 106%) simlar n botn sex.

“The corriaton between B and BF% (r = 0.919) was higher than TMI r = 0.896), WG

(= 0842, WHIR (1 = 0.800), and WHR r = 0.522).

Forchicken aged 6-11 yeas, the AUC vaues of BMI (0980 forboys and 0981 for ) vas
‘sinicanty higher than TMI (0957 and 0948, WC (0.940 and 0.945), and WHIR (0.999 and
0.821) whereas for acolescents aged 12-17 years, T (0976 fo males and 0.945 for
fommaos) parformed bettr than BM (0.967 and 0943, WHIR (0960 and 0.878), and WC
(0945 and 0.854 to denty obesity

Wi was associatod with % (= 0.74, < 0.0001) and WHIR (- = 0.85,p < 0.0001)
among adolesoents wih type 2 diabetes, whereas BMI as ot

T was beter than M and BMI 2-score to dioriminate centa at among adoloscen's.
(AUG i boys: TMI 096, B 0.95. p < 0.001, BM 2-5c0re 0.95,p = 0,002: AUG i gs:
TMI0.97, BVI 096, p < 00001, BV 2:50070 096, p < 0.0001)

Thia cossalanos ol conteal chaslly based o T 8:9% S Eions and 07996 sl was ioher
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“Tho power of T o datoct MetS was comparabia to FM
12y

AUGs for gits: TW 0.674: FM 0698,

'AUGSfo boys: TME: 0755 P 0752

1317 yoars

AU for gits: TW 0.684; FM 0698,

AUCs forboys: TWI 0.729; FM 0745

B 2:5000 (ALUC 0.676), BMI (0653, and WG (0.676) wevo. stvonge predictr for
motabolc sk core than TMI (0.655)

TMi showed simiar good portomance i oniing CMR (AUC of CMRT and CWRZ: 088,
95% G10.84-0.92: 082, 0.79-085) 0 WHIR (083, 0.83-092: 0.2, 079-0.86), BVI SDS
089, 085-096; 084, 0.81-0.87), nd WC SDS (0,89, 0.86-0.5; 084, 081-087), bt
Fighor poiomanca than BF% (0.83, 0.76-0.88; 077, 0.74-0.80.

‘Siar 0 BM. TV was a goo predicor for HOVIAR o hving more thn 3 abnormal st
1AUC 083 and 081, b poor or CRP (73 0.74), gh TG (067 and 068, lowHOLC
067 21056, N1 TC (060 0.62), and igh BP SBP 06 an 0.66; DBP:05. 056,
‘Gomparod wih nomal weigh, ovenweght cefned by Tl was assodated ih Mt OR
25.57)an s camponents, ncuding low HOLC (231, dlvated TG (259, dvated BP (139,
and lvated WC (20.18), Th assocton was ironger fo obesty defned by TW, suggestng
M might be sed as  sreeio fo o ovrweigh an abesit i céca setng.

®:

‘Gompared {0 BMI, TMi was more kel to overook IR, Of 22 overvsight chicren dsfined by

BMI with normal TMI 22.7% had IR. 2 of 8 Gbese chicven (26%) defined by B vith nomal

T hact R, Among 44 obeso chidren based on BM but ovenveight based on TMI and

40.9% wero detectod as R,

High Lve enzymes:

‘Compared o BMI, TWI was beter to precct visoeral ciposty

High iver enzymas wero not found i any of the chidren with normal TM.

Dysipidemia:

Among overweight chidron based on BN but ol with TMI 9,15 had High TG, 4.6% igh

TG and low HDLC, and 50% high LDL

Among adclescents, compared with B, T, WG, WHIR, and WH.R, the TBS| WG 2-

‘score/(TMP“Height"?) was considered the best predictor of MetS. The TBSI was sigicanty

more scourate than the B and TMI (Youdan index: 085 vs. 073 vs. 0.70)for classiing

inchviduals with MetS and n heathy groups.

B BVIFFMS "WC; AUC fomd, 0.69; malo 0.59) performed margialy bette than BMI

(0:68.3n 0.58, TWI (0.66.and 0.5), FMI (067 an 0.59), FFMI (0.61 an 0.55), WHIR (0.68

and 0.56), and BMI SOS (0,63 and 0.58) i predicing MetS

'WHIR perormed best in precictng ipd metabolism markers and gcoss, folowed by the

T, WG 2-5c0re, and BV z-score among chien and adolosconts with 0bosty.

(1) T was sigficanty associatod with matabol variaos, the ranges of ORS were 109

195% Ci 1,04, 1.14) for impaied FPG, 1.13 for yslpidemi (95% CI 1.11, 1.18),a0d 123

195% Ci 122, 1.25) or igh BP. Simiar resuts were found among Americans.

{2) TMI showed simiar values 10 BMI pacenties bt were more precse than BMIz:500r@ 10

precict cardovascular isks. However, for speciic cargovascuar risks, TMI was: s 10 BMI

to dentiy I, beter than BMIto idenily igh B, and poor as BMI to ety dysipidom.

19)The rangos of misclassifcation ates were 19.1% (0 34.7% for TMI and 26.3% (0 36.8%

for BMI 2.sc0re in G, smiar for American subjcts.

(1Among those vith normal B, boys vith overwoight TWI had higher TC (174.4 m/l vs.

163,6 mg/l, p = 0.002) and TG (1019 my/dvs. 77.4 o/, p = 0.028), compared wih boys.

with nommal TWE: giis with ovenweght TM had owor HDL-G (50.1 mg/dlvs. 53.5 mg/d,

= 0.045) and igher TG (102.8 M/l vs. 81.4 . p = 0028), compared with gls with

nomal ™.

12) Among those with overweight BMI, boys with ovenweight TMi had higher TC (169.8 miyal

V5. 157.5 mg/d, p < 0.001) and LDLC (101.7 mgclv5. 90.8 mg/d. p < 0.001), gs had

lower HDLG (495 mg/d v5. 51.9 me/d, p = 0.019)and TG (06.5 mg/dlvs. 52.6 mg/,
0.004), compared with those with nonmal TM

18)Tho obesiy.reated comorbictos (except or DB) of the ovenwoight group (5ased on TM)

v Wom Lsilar e aame Bl aklatar ioanshor ovaraslohl.

L

Age, sex, deondl consumpton,
smoking, housahold ncoms,
physical activy, ural residence,
Pypertonsion, dabetos mefs,
and dysipidema

None

Age, gender and pubertal stage
Age and sex





