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Abstract 

Background: Lean / Fat Free Body Mass (LBM) is metabolically involved in active processes such as resting energy 
expenditure, glucose uptake, and myokine secretion. Nonetheless, its association with insulin sensitivity / resistance / 
glucose tolerance and metabolic syndrome remains unclear in childhood.

Methods: The current investigation aimed to examine the differences in fat‑free mass /lean body mass according to 
the presence of insulin sensitivity/insulin resistance/glucose tolerance/metabolic syndrome in children.

A systematic search was carried out in Medline/PubMed, Embase, Scopus, Web of Science, and SciELO, covering the 
period from each database’s respective start to 21 June 2021. Two researchers evaluated 7111 studies according to 
the inclusion criteria: original human studies, written in English or Spanish, evaluating fat‑free mass/lean body mass in 
children and adolescents including both with and without insulin sensitivity/insulin resistance /glucose tolerance and 
metabolic syndrome and reported the differences between them in terms of fat free mass/lean body mass.

The results of the studies were combined with insulin sensitivity, insulin, resistance, glucose tolerance and metabolic 
syndrome. The standardized mean difference (SMD) in each study was calculated and combined using the random‑
effects model. Heterogeneity between studies was tested using the index of heterogeneity  (I2), leave‑one‑out sensi‑
tivity analyses were performed, and publication bias was assessed using the Egger and Begg tests.

Results: Finally, 15 studies which compared groups defined according to different glucose homeostasis criteria or 
metabolic syndrome out of 103 eligible studies were included in this systematic review and 12 studies in the meta‑
analysis. Meta‑analysis showed lower fat‑free mass/lean body mass percentage in participants with insulin resistance/
glucose tolerance/metabolic syndrome (SMD ‑0.47; 95% CI, − 0.62 to − 0.32) while in mass units (kg), higher values 
were found in the same group (SMD, 1.01; 95% CI, 0.43 to 1.60).

Conclusions: Our results identified lower values of fat‑free mass/lean body mass (%) in children and adolescents 
with insulin resistance/glucose tolerance/metabolic syndrome and higher values of fat‑free mass/lean body mass 
when these are expressed in kg. The evidence of the impact of lean mass on children’s glucose homeostasis or meta‑
bolic syndrome is limited, so future studies research should focus on explaining the effect of fat‑free mass/lean body 
mass on different metabolic outcomes. Moreover, it may be interesting to evaluate the quality (muscle density) or 
functional (muscle strength) outcomes in addition to both absolute (kg) and relative (%) values in future studies.

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

*Correspondence:  bruton@unizar.es
2 Growth, Exercise, Nutrition and Development (GENUD) Research Group, 
Universidad de Zaragoza, Zaragoza, Spain
Full list of author information is available at the end of the article

https://orcid.org/0000-0002-7034-8796
https://orcid.org/0000-0002-2219-3646
https://orcid.org/0000-0002-0520-1640
https://orcid.org/0000-0002-7985-9912
https://orcid.org/0000-0002-7215-6931
https://orcid.org/0000-0002-8895-7864
https://orcid.org/0000-0003-0454-653X
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12887-021-03041-z&domain=pdf


Page 2 of 23Córdoba‑Rodríguez et al. BMC Pediatrics           (2022) 22:58 

Key notes

• Our findings indicate a lower percentage of fat-free/
lean body mass in participants with insulin resist-
ance/glucose tolerance/metabolic syndrome, while 
higher values were found when expressed in kg.

• The heterogeneity between the studies, should be 
considered when analyzing the results.

• The evidence on the impact of lean mass on glucose 
homeostasis in children is limited.

Background
Insulin resistance (IR) is defined as the reduction of the 
tissue’s response to insulin action, and it is the opposite 
of insulin sensitivity (IS) [1]. Insulin resistance is signifi-
cant in public health. Its persistence over time and its 
tendency to progress clinically are the first stages of the 
development of Type 2 diabetes [2]. Currently, the fluctu-
ations of IR prevalence in children and adolescents range 
from 2.2% in those with a healthy weight to 10.8% in 
those with obesity [3]. Insulin resistance is recognized as 
a central component of metabolic syndrome (MetS) [4], 
characterized by central obesity and, at least, two of the 
following components: high blood pressure (BP), high tri-
glycerides (TG), reduced HDL cholesterol (HDL-C), and 
elevated fasting plasma glucose (FPG) [5, 6]. Metabolic 
syndrome’s relevance to future health is its relationship 
with the development of Type 2 diabetes and cardiovas-
cular diseases [6].To date, defining MetS’s prevalence in 
children has been challenging, given the different existing 
criteria described in the literature [6]. In a recent system-
atic review published by Sharma et al. [3], the prevalence 
of MetS in children and adolescents varied from 3.4% in 
normal-weight to 29% in the group with obesity.

Metabolic syndrome is associated with obesity. This 
situation is concerning because the number of children 
with obesity worldwide is expected to reach 250 million 
in 2030 [7]. The most widely used tools for detecting 
obesity and its cardiometabolic complications in chil-
dren and adolescents is body mass index (BMI=Weight/
Height2, kg/m2). However, the BMI presents a critical 
limitation; it is not able to differentiate between body 
fat mass (FM) and fat-free body mass (FFM) [8]. Tradi-
tionally, most of the research in the field of metabolic 
complications associated with obesity in children has 

focused on evaluating body fat because of its strong 
association with cardiometabolic risk [9–12]. It is 
important to note that children with obesity, defined by 
BMI, have shown not only an increased FM but also a 
higher FFM [13, 14].

FFM is also an essential component of body composi-
tion. It represents approximately 80% of the body weight, 
including bones and lean body mass (muscles, extracel-
lular water, nerve tissue, and other cells that are not adi-
pocytes or fat cells) [15]. Fat-free/lean body mass (LBM) 
is involved metabolically in active processes such as rest-
ing energy expenditure, glucose uptake, and myokine 
secretion, which improve insulin sensitivity and stimulate 
lipolysis [16]. Currently, how high levels of body fat are 
associated with increased insulin resistance, MetS, dys-
lipidemia, and Type 2 diabetes is clear; meanwhile, the 
effects of LBM in some outcomes from a metabolic point 
of view are unclear [17]. In 2016, a review by Perreault 
et  al. [18] concluded that the evidence on the mecha-
nisms that link FFM and glucose homeostasis is currently 
limited, probably because studies have been carried out 
mainly in adults when the metabolic complications have 
already  been established.  Therefore, the primary objec-
tive of  this systematic review and meta-analysis was to 
examine the possible differences in FFM/LBM in chil-
dren with and without IS/IR, or glucose tolerance (GT) 
or MetS.

Methods
Data sources and search strategy
This review was carried out following the guidelines for 
systematic reviews and meta-analyses (PRISMA) [19–
21]. It was registered in the international database of 
prospectively registered systematic reviews (PROSPERO; 
http:// www. crd. york. ac. uk/ prosp ero) with the registra-
tion number CRD42019124734.

The search was carried out in the following data-
bases: Medline/Pubmed (National Library of Medicine 
of the USA); Embase (Elsevier); Scopus (Elsevier); Web 
of Science [Core Collection / SciELO Science Citation 
Index] (Clarivate Analytics), and SciELO.org (FAPESP 
/ CAPES / CNPq / Virtual Health Library / BIREME /
Support Foundation to the Federal University of São 
Paulo-FapUnifesp).

The keywords used for the search (body composi-
tion, LBM, FFM, lean mass, lean tissue mass, lean body 

The systematic review was prospectively registered at PROSPERO (registration number CRD42019124734; available at: 
http:// www. crd. york. ac. uk/ prosp ero [accessed: 05 April 2019]).
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weight, skeletal muscle mass, muscle mass, fat-free mass 
index (FFMI), skeletal muscle mass index, muscle mass 
index, IS, IR, GT, metabolic syndrome x, MetS, infant, 
child, adolescent, and adolescence), were validated in 
MeSH (National of Library of Medicine of the USA con-
trolled vocabulary thesaurus used for indexing articles 
for PubMed) and Emtree (controlled vocabulary the-
saurus for biomedicine and life science for Embase). In 
addition, for these two databases (Medline/Pubmed and 
Embase), as well as for the others (Scopus, Web of Sci-
ence [Core Collection and SciELO Citation Index], and 
SciELO.org), we used free terms or descriptors (key-
words and phrases). These terms were searched under 
specific field codes in the title, abstracts, and keywords 
(depending on the search engine characteristics used) 
to retrieve most of the literature on the topic with terms 
not classified in the thesaurus. For our Medline/Pubmed 
and Embase searches, we added a highly sensitive filter to 
identify human studies.

For information retrieval, we applied an advanced 
search for each database using Boolean operators and 
wildcards, according to the characteristics and filters that 
each source provided for the queries. A search strategy 
was proposed that contemplated the grouping of related 
key terms through the “OR” operator and the crossings 
between the sets of words determined with the “AND” 
operators; within each set of terms, the corresponding 
wildcards were used; the asterisk character (*) as a trun-
cation option and quotation marks (“), for a slightly more 
exact search of the phrases.

The search strategies were reviewed by another high-
level information retrieval specialist prior to execution 
using the PRESS checklist [22], and are described in 
Tables S1 and S2.

Inclusion criteria
We included studies that (1) evaluated children and ado-
lescents aged 0 to 18, with and without IS, IR, GT, and 
MetS; (2) evaluated body composition, namely, LBM, 
FFM, LM, lean tissue mass, skeletal muscle mass, mus-
cle mass, skeletal muscle mass index, muscle mass index 
and FFMI, and reporting the differences that included 
both with or without IS, IR, GT, and MetS; (3) evalu-
ated the results of IS and/or IR, GT, and MetS, including 
HDL-C, blood pressure, glucose, waist circumference, 
triglycerides, and insulin; (4) have one of the follow-
ing study designs: cross-sectional study, case-control, 
observational study, or randomized controlled trial study 
design; (5) were published in peer-reviewed journals; (6) 
conducted studies in humans; (7) conducted studies pub-
lished in English or Spanish, and (8) conducted studies 
published up to 21 June, 2021.

Automatic alerts for each database were established to 
provide weekly updates of new literature until June 2021.

Reference lists of included articles were manually 
screened to identify additional studies.

Exclusion criteria
We excluded (1) studies in children having diseases other 
than IS, IR, GT, and MetS; (2) studies without informa-
tion regarding FFM/LBM and IS/IR/GT/MetS in chil-
dren or adolescents, (3) studies in which FFM/LBM for 
the whole body or subtotal body were not available; (4) 
studies in adults and animals, and (5) those presented in 
languages other than Spanish or English.

Search results
Once executed search strings, exported the informa-
tion from each database was in bibliographic manage-
ment formats (Pubmed format [Medline/Pubmed], RIS 
(Embase, SciELO), CSV (Scopus), and CIW (Web of Sci-
ence [Core Collection / SciELO Citation Index]). The text 
files were saved in folders and consolidated through a 
desktop application used for text mining called Vantage-
Point - VP (Search Technology Inc. 2020); with Vantage-
Point - VP we removed the duplicate references from the 
debugging of diacritics, spaces, and special characters, 
then we removed in phases the duplicates (by title, by 
abstract, by DOI). The de-duplication method used is one 
of the many procedures used by information profession-
als, being systematic, rigorous, and reproducible Bramer 
[23]. The search returned a total of 7111 potentially eli-
gible articles. Two reviewers (DC and II) independently 
examined each publication for possible inclusion based 
on title, abstract, and full text, according to the inclusion 
and exclusion criteria.

The discrepancies among the reviewers were resolved 
by consensus. The arbitration of a third reviewer was 
used for the unresolved discrepancies (AGB).

Data extraction
Independently, two of the authors (DC and II) extracted 
data from each study, including the author, study date, 
study design, location, inclusion and exclusion criteria, 
participant data, methodology used to evaluate FFM/
LBM and results. This information was recorded in a file 
developed with Microsoft Excel®, which was previously 
tested by the authors.

Outcome assessment
As primary results, the means (M) and standard devia-
tions (SD) of weight and/or height and/or FFM  and/or 
LBM were registered for each group. If this information 
was not available in the original paper (n = 11, includ-
ing [24–34], we contacted the corresponding authors to 
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obtain the desired information. Four of them [26, 28, 29, 
34] responded. In the studies by Gonzalez-Gil et al. and 
Rodríguez-Rodríguez et al. [24, 27], the mean values (M) 
and standard deviations (SD) were calculated from the 
first quartile, median, third quartile, and sample size val-
ues, following Wan’s [35] guidelines.

As secondary results, all those outcomes that were 
associated with FFM/LBM, such as lean-fat ration, irisin 
concentration, leptin, and LBMI-Z were registered.

Quality assessment
The analysis of the studies’ quality was performed by 
two of the authors (DC and II) independently, using the 
following tools: 1) for cross-sectional studies, the BSA 
Medical Sociology Group quality evaluation tool [36], 2) 
for longitudinal studies, the scale created by Tooth et al. 
[37], 3) for clinical trials, the Cochrane Collaboration’s 
tool [38]. The results of the quality assessment are shown 
in Additional  file  1: Tables S3, S4, and S5. Quality was 
rated as high, moderate, low, or very low according to 
the GRADE (Grading of Recommendations Assessment, 
Development and Evaluation) criteria [39]. Summary of 
findings table were constructed using GRADE pro GDT 
(GRADEpro Guideline Development Tool [Software], 
McMaster University, 2020 [developed by Evidence 
Prime Inc]) [40].

Statistical analysis
For the data analysis, we used Review Manager 5.4.1 
(The Nordic Cochrane Centre, The Cochrane Collabo-
ration, Copenhagen, Denmark) Software to calculate 
the standardized mean difference (SMD) with 95% con-
fidence intervals (CI). The standardized mean difference 
for continuous data (FFM/LBM (kg) or (%)) in each study 
was calculated and combined using the random-effects 
model (DerSimonian and Laird approach). In the studies 
in which there was a double comparison, obese vs. obese 
and normal weight vs. obese, both comparisons were 
included in the meta-analysis.

Positive effect sizes indicated higher FFM/LBM (kg) 
or (%) in individuals with IS/IR/GT/MetS compared to 
individuals without IS/IR/GT/MetS. Negative effect sizes 
indicated lower FFM/LBM (kg) or (%) in individuals with 
IS/IR/GT/MetS compared to individuals without IS/IR/
GT/MetS.

Heterogeneity between trial results was tested using 
the heterogeneity index  (I2) whose thresholds for inter-
pretation are < 25%, low heterogeneity; 50 to 75% may 
represent moderate heterogeneity; > 75% may represent 
high heterogeneity [41]. The p-value associated with the 
studies’ heterogeneity was calculated, indicating a non-
significant result as the absence of heterogeneity. Leave-
one-out sensitivity analyses were performed to assess the 

influence of outliers in FFM/LBM (%) and FFM/LBM (kg) 
using Open Meta [Analyst] software.

Publication bias was assessed by Egger’s test following 
the indications provided by Peters et  al. [42]. Addition-
ally, the Begg and Mazumdar test was applied to measure 
asymmetry in funnel plots [43].

Results
Finally, the following 103 articles were selected: [24–34, 
44–135] after the evaluation of the full texts, 78 were 
excluded for the following reasons: (1) the design of the 
studies did not meet the inclusion criteria defined for this 
review [44–46, 48–53, 55–57, 59–61, 65, 66, 68–73, 79, 
81, 84, 86, 88–91, 97, 100–104, 106, 108, 110, 112–117, 
119–122, 124–132, 134, 135] (2) the studies did not pre-
sent an evaluation of whole body FFM/LBM, these were 
[47, 54, 58, 62–64, 67, 74–78, 80, 82, 83, 85, 92–96, 105, 
107, 109, 111, 123] and (3) another language [87] (Fig. 1).

Characteristics of the included studies
This review includes the results of 15 studies. Eleven 
of them [24, 25, 27, 29, 30, 32–34, 98, 99, 118] were 
cross-sectional studies (CS). One [31] was a longitu-
dinal study, and three [26, 28, 133] were clinical trials 
(CT) (Fig.  1), which included a total of 5642 children 
(51.8% boys). The information included in this system-
atic review and meta-analysis corresponds to the base-
line data for the longitudinal studies and clinical trials 
to make them suitable to compare or combine in this 
systematic review.

Regarding the quality assessment, ten (90.9%) of the 
cross-sectional studies [24, 25, 27, 29, 32–34, 98, 99, 118] 
received a moderate overall rating. Weiss et al. [30] had a 
high overall rating (9.1%), see Additional file 1: Table S3. 
According to the scale by Tooth et  al. [37], the longitu-
dinal study [31] had a low score (13/33), see Additional 
file  1: Table  S4. According to the Cochrane Collabora-
tion’s tool [38] for assessing risk, the three clinical trials 
[26, 28, 133] presented bias risk. However, it is unlikely 
for this review that it affected the results because the 
included information corresponds to the baseline data 
before the intervention took place (Additional file  1: 
Table S5). Quality of evidence across studies was evalu-
ated for each outcome using the GRADE approach [39]. 
A summary of findings table is presented in Additional 
file 1: Table S6.

Participants sample size, country, and age
The sample sizes of the studies included in this review 
ranged from n  = 28 to n  = 3004 participants [30, 34]. 
Regarding the countries where the studies were devel-
oped, five [25, 30, 33, 34, 98] were carried out in the USA, 
two [31, 32] in Italy, and two [26, 28] in Brazil. One study 
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was performed in Mexico  [24], Spain [27]; Chile [29]; 
France [133]; Iran [99]; and Turkey [118].

The age of the participants ranged from 5.2 to 19 years.

Maturation stage
Ten studies [25, 26, 28, 30–33, 98, 99, 133] provided 
information on the methodology used for the assessment 
of the maturation stage; the Tanner scale was the method 
most widely used. Of the population referred to in these 
studies, 28.7% (n = 349) were in Tanner I stage, that is, 
[30–33, 98, 99] and 73.3% (n  = 959), in Tanner stages 
from II to V, namely, [25, 26, 28, 30, 32, 33, 98, 99, 133].

FFM/LBM measurement techniques
There are several body composition techniques 
available for the estimation of FFM/LBM in infants, 
children, and adolescents, including anthropomet-
ric measurements, bioelectrical impedance analy-
sis (BIA), air-displacement plethysmography (ADP), 
dual-energy X-ray absorptiometry (DXA), comput-
erized tomography (CT), magnetic resonance imag-
ing (MRI), and ultrasound techniques [136]. In this 
review, one (n = 443) study [27] used anthropomet-
ric measurements. Three (n  = 280) studies [24, 99, 
118] used BIA. Eight studies (n = 4640) [25, 29–32, 
34, 98, 133] used DXA, and three (n = 279) studies, 
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Embase: 4190 records
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Web of Science: 2678

Scielo: 4
Databases (n = 12664)
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[26, 28, 33] used air displacement plethysmography 
(BOD-POD).

Seven studies [28–30, 32–34, 98] registered LM, LBM, 
or lean tissue mass, which refers to the fat-free and bone 
mineral-free component, including muscles, skin, ten-
dons, and connective tissues [137]. Seven studies [24–
27, 31, 118, 133] expressed the results in terms of FFM, 
defined as the sum of muscle mass, bones, internal organ 
non-adipose components, and extracellular fluid [138]. 
One study expressed the results in terms of muscle mass 
[99].

Regarding the used indices to assess FFM/LBM, from 
the 14 studies included in the review, three [28, 29, 33] 
described LBM or lean tissue mass (%). Three studies 
[30, 33, 98] described LBM or lean tissue mass (kg). one 
study [34] described LBMI-Z, and another [32] described 
LBMI (kg/m2).

Regarding FFM, four studies [26, 27, 31, 118] described 
FFM (%). Six studies [24–26, 31, 118, 133] described FFM 
(kg) and, one study [118], FFMI.

Gonzalez-Gil et  al. study [24] described lean-fat ratio 
calculated as the quotient of muscle mass (kg) and fat 
mass (kg) and [24, 99] muscle mass (kg).

The results of the individual studies are presented in 
Tables 1, 2 and 3.

Methodologies of glucose homeostasis measurement
For glucose homeostasis, several tests exist to assess 
the in  vivo action of insulin, involving model evalua-
tions, glucose sensitivity studies, and insulin and glucose 
clamps. These are fasting plasma glucose (aFPG), fast-
ing plasma insulin resistance (FPI), insulin resistance 
(IR), homeostatic model assessment (HOMA), quantita-
tive insulin sensitivity check index (QUICKI), meal tol-
erance test (MTT), oral glucose tolerance test (OGTT), 
intraperitoneal insulin sensitivity test (IPIST), and intra-
peritoneal glucose tolerance test (IPGTT) [139]. How-
ever, the hyperinsulinemic-euglycemic clamp is the gold 
standard [140].

In this review, three (n = 366) studies [24, 98, 99] exam-
ined glucose homeostasis using fasting plasma glucose. 
Two studies (n = 355) [25, 98] used an oral glucose tol-
erance test (OGTT). Four (n = 3603) studies used other 
indices, such as the ratio of fasting glucose to fasting 
insulin (GF/IF); these were [31–34]. Eight (n  = 1140) 
studies [26–29, 31, 99, 118, 133] used the homeostasis 
model assessment insulin resistance index (HOMA-
IR). And, the quantitative insulin sensitivity check index 
(QUICKI) was used in three (n  = 229) studies [26, 28, 
31]. See Tables 1, 2 and 3.

A study by Weiss et  al. [30] used the euglycaemic 
hyperinsulinaemic and hyperglycaemic clamps, in which 

case, the term glucose tolerance was used (n = 28). See 
Table 2.

To summarize, three studies [27–29] investigated FFM/
LBM in children and adolescents using IR. Three [25, 30, 
98] involved children and adolescents with GT problems, 
and nine [24, 26, 31–34, 99, 118, 133] involved children 
and adolescents with MetS.

FFM/LBM differences according to IR, GT, or MetS
When performing the meta-analysis, using the three 
metabolic conditions together, it was observed that indi-
viduals with IR/GT/MetS had lower FFM/LBM (%) than 
those without IR/GT/MetS (SMD -0.47; 95% CI, −0.62 
to −0.32; Fig. 2A). The heterogeneity between the stud-
ies was moderate  (I2 = 73; p = 0.001), According to the 
GRADE system, the certainty of the evidence was very 
low.

Figure  3A shows the analysis of FFM/LBM (kg) abso-
lute values in the participants with or without IR/GT/
MetS. The group with IR/GT/MetS had a higher FFM/
LBM (kg) (SMD, 1.01; 95% CI, 0.43 to 1.60) compared to 
the group without IR/GT/MetS. The heterogeneity was 
high  (I2 = 93; p = < 0.001).

A sensitivity analysis was performed including only 
one comparison per study (obese vs. obese; excluding the 
obese vs. normal-weight comparison), the results were 
consistent; the group with IR/GT/MetS still had a higher 
FFM/LBM (kg) (MSD, 0.55; 95% CI, 0.19 to 0.92) when 
compared to the group without IR/GT/MetS. High het-
erogeneity was found  (I2 = 81, p = < 0.001). The quality of 
evidence for this outcome was low.

FFM/LBM and insulin resistance
In the meta-analysis (Fig.  2B), subgroup analysis results 
suggested a lower FFM/LBM (%) in the group of partici-
pants with IR (SMD, −0.53; 95% CI, −0.71 to −0.35) with 
high heterogeneity between studies  (I2  = 87; p  < 0.01). 
According to the GRADE system, the certainty of the evi-
dence was very low.

Because each of the three included studies for the IR 
group  used a different measurement technique. A sub-
group analysis taking into account the used body compo-
sition device could not be performed.

Only the study by Sanches et al. [28] included data for 
FFM/LBM (kg). Therefore, we were not able to perform a 
meta-analysis for this variable in IR children.

FFM/LBM and GT
We were not able to estimate the differences in the FFM/
LBM (%) in individuals with or without GT because no 
studies reported FFM/LBM (%) in this group. However, 
for FFM/LBM (kg), Fig. 3B shows that there were statis-
tical significant differences in FFM/LBM (kg) between 
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Fig. 2 Random‑effects meta‑analysis with IR/MetS or without IR/MetS on FFM/LBM (%). a FFM/LBM (%) b Subgroup analyses by diagnosis (group 
IR and group MetS). c Leave‑one‑out meta‑analysis. Abbreviations: FFM, fat‑free mass; LBM, lean body mass; IR, insulin resistance; MetS, metabolic 
syndrome
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both groups (SMD, 2.07; 95% CI, 0.04 to 4.10), with high 
heterogeneity  (I2  = 98; p < 0.01). The results were not 
consistent when performing the analysis that included 
a comparison per study (obese vs. obese; excluding the 
obese vs. normal-weight comparison); there were no 
statistically significant differences between both groups 
(SMD, 0.54; 95% CI, −0.72 to 1.81), and high heteroge-
neity  (I2 = 95; p < 0.01). The quality of evidence for this 
outcome was very low.

FFM/LBM and MetS
In the meta-analysis (Fig. 2B), the results of the subgroup 
analysis showed that there were statistical significant dif-
ferences in FFM/LBM (%) between both groups (SMD, 
−0.31; 95% CI, −0.59 to −0.04), with low heterogeneity 
 (I2 = 47; p = 0.13) and the quality of evidence was very low.

Figure  3B shows the subgroup analysis for FFM/LBM 
(kg) in the participants with or without MetS, suggesting 
higher values of FFM/LBM (kg) in the group of partici-
pants with MetS (SMD, 0.62; 95% CI, 0.36 to 0.88) with 
low heterogeneity  (I2 = 44; p = 0.09). The quality of evi-
dence for this outcome was low.

Regarding the analysis by subgroups, taking into account 
the type of device used to assess the FFM/LBM (kg), sig-
nificantly higher FFM/LBM (kg) values were found in the 
groups with MetS when evaluated with anthropometry-
BIA (SMD, 0.64; 95% CI, 0.15 to 1.14; Fig. 3C) with mod-
erate heterogeneity  (I2 = 63; p = 0.07), BOD- POD (SMD, 
0.60; 95% CI, 0.271 to 0.93; Fig. 3C) with low heterogeneity 
 (I2 = 0.0; p = 0.89), and DXA (SMD, 1.49; 95% CI, 0.21 to 
2.78; Fig. 3C) with high heterogeneity  (I2 = 97; p < 0.01) and 
the quality of evidence was very low.

The results were consistent when performing the analy-
sis including a comparison per study (obesity vs. obesity, 
excluding the obese vs. normal-weight comparison); 
higher values of FFM/LBM (kg) were found in the group 
of participants with MetS (SMD, 0.44; 95% CI, 0.21 to 
0.68) with low heterogeneity  (I2 = 0; p = 0.51) and the 
quality of evidence was low.

When performing the analysis, including a comparison 
per study (obesity vs. obesity, excluding the obese vs. nor-
mal-weight comparison), no significant differences were 
found between groups when measured using anthropom-
etry-BIA and DXA.

Sensitivity analysis
A forest plot was conducted leaving one out of the total 
included studies for each combination as  a sensitivity 

analysis. The effect size remained significant after the 
omission of each study from the meta-analysis (Figs. 2C 
and 3D).

Publication bias
No evidence of publication bias was found for stud-
ies measuring FFM/LBM (%) (Begg’s p = 1.000; Egger’s 
p = 0.681). For the studies that included measurements 
of FFM/LBM (kg), no evidence of publication bias was 
found according to the Begg test (p = 1.000), but we have 
obtained significant results of possible bias when the 
Egger test was used (p  = 0.006), although the reduced 
number of included studies could limit this analysis.

To summarize, the meta-analysis showed lower FFM/
LBM values (%) in participants with IR/GT/MetS. This 
situation can also be seen in the diagnostic subgroup 
analyses in the case of IR and MetS. Regarding FFM/
LBM behavior, when expressed in (kg), the meta-analyses 
showed higher values in the group with IR/GT/MetS; this 
could also be evidenced in the subgroup analyses by diag-
nosis in the case of GT and MetS. Regarding the device 
used for its measurement, significant differences were 
found between groups with MetS when evaluated with 
anthropometry-BIA, BOD-POD and DXA. For IR, it was 
impossible to show the difference because the analysis by 
subgroups could not be performed, given the low num-
ber of studies included in this systematic review.

Discussion
To the best of our knowledge, this is the first systematic 
review and meta-analysis providing an overview of cur-
rent scientific evidence regarding the possible differences 
between FFM/LBM in children with and without IR, glu-
cose tolerance, or MetS.

Our systematic review and meta-analysis identified 
lower values of FFM/LBM (%) in children and adoles-
cents with IR/GT/MetS, and higher values of FFM/LBM 
when these are expressed in kg. Considering that the per-
centage of LBM/FFM automatically decreases in propor-
tion to increases in % of body fat [141], it is likely that 
children and adolescents with IR/GT/MetS will present 
higher values of body fat and android fat (visceral fat) 
accumulation, as shown in adults [142]. This will even-
tually lead to lower values of FFM/LBM in proportion 
to the total body weight. This effect on glucose homeo-
stasis could be entirely or largely due to the association 
between adiposity and insulin resistance, previously 
described in children [143].

(See figure on next page.)
Fig. 3 Random‑effects meta‑analysis with IR/GT/MetS or without IR/GT/MetS on FFM/LBM (kg). a FFM/LBM (kg) b Subgroup analyses by diagnosis 
(group GT and group MetS). c Subgroup analysis by a device (anthropometric measurements and BIA group and BOD‑POD and DXA group). d 
Leave‑one‑out meta‑analysis. Abbreviations: FFM, fat‑free mass; LBM, lean body mass; IR, insulin resistance; GT, glucose tolerance; MetS, metabolic 
syndrome
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Fig. 3 (See legend on previous page.)
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In this review, two studies [27, 29] found that adoles-
cents with IR had significantly lower FFM/LBM (%). This 
could be due to the fact that FFM is a metabolically active 
tissue associated with insulin-stimulated glucose uptake 
in the postprandial state in humans, as well as greater 
insulin sensitivity [144], reduction in the accumulation of 
fat inside the muscle [145], and muscle secretory prod-
ucts or “myokines” that favor IS [16].

Furthermore, low muscle mass has been associated 
with cardiovascular risk factors, such as increased blood 
pressure, risk of abdominal obesity, and hypertriglyc-
eridemia [122], as well as arterial stiffness [146] and low 
muscle fitness, which, in turn, has been independently 
associated with metabolic risk in children and adoles-
cents [147].

Finally, this systematic review identified six stud-
ies that found higher levels of FFM/LBM/muscle mass 
in children with MetS or GT. Five (n = 3435) of them 
[24, 26, 33, 34, 133] found higher levels in children with 
MetS, and one (n = 205) with glucose tolerance [25]. 
Other available studies have described higher levels of 
FFM/LBM in individuals with MetS. You et  al. [148] 
found that in postmenopausal women, 50 to 70 years 
old, lean mass (kg) was significantly higher (p  < 0.05) 
in the group of women with higher HOMA-IR scores 
and MetS compared to those without MetS (44.4 ± 0.9; 
41.2 ± 0.9). Brochu et al. [142], in a study with 43 post-
menopausal and sedentary women, found that women 
with metabolically abnormal obesity MAO (low IS) 
showed higher levels of LBM (kg) than those who were 
metabolically healthy but obese (MHO) (43.8 ± 5.5; 
48.1 ± 7.2 [p  < 0.03]). These findings are in line with 
our meta-analysis findings. People presenting these 
diseases generally have a higher weight and, conse-
quently, higher absolute lean mass values. Nonetheless, 
as shown in this meta-analysis, relative values (%) are 
generally similar or even lower, which, as stated above, 
represent not only the values on FFM/LBM but also the 
proportion of fat mass.

On the other hand, other studies have shown that 
increased muscle mass does not necessarily translate 
into better muscle quality or better physical performance 
in people with MetS. This is the case of the study devel-
oped by Mesinovic et al. [149] with overweight and obese 
older adults. They observed that people with MetS had 
lower muscle quality (muscle density and strength nor-
malized to lean mass) despite having a higher FFM. The 
previous suggests that a higher FFM does not confer an 
advantage from a functional point of view. Similarly, the 
study carried out with 1050 adolescents participating in 
the Korean National Health and Nutrition Examination 
Survey found a lower handgrip-to-weight ratio in adoles-
cents with metabolic syndrome [67].

The mechanisms underlying the association between 
FFM/LBM and IR, GT or MetS are not entirely clear. 
In the case of adults, it is attributed to the types of fib-
ers (higher percentage of type II and type IIx muscle fib-
ers) whose capillary density is reduced, which limits the 
transport of glucose to the muscles; as well as a reduced 
oxidative capacity and an increase in intramuscular fat 
storage [150]. However, more children-focused studies 
are needed to examine these mechanisms in the early 
stages of life.

Limitations and strengths
This systematic review and meta-analysis presents some 
limitations. The first one involves the different terms 
found in the literature to define both FFM and LBM 
[151] and IR, GT, and MetS [152], especially in pediatric 
populations.

The second is related to the investigations’ population 
heterogeneity. Some of the studies focused on patients 
with obesity, while others included children and ado-
lescents with both normal BMI and obesity, in different 
age ranges, maturation stages, grouping them by gender, 
or combining the two. Some presented heterogeneous 
methodologies for determining body composition. For 
instance, Rodríguez-Rodríguez et  al. [27] used anthro-
pometric measurements. Three others [24, 99, 118] used 
BIA, three [26, 28, 33] used ADP, and eight [25, 29–32, 
34, 98, 133] used DXA. The different used techniques 
could explain the differences in the results of fat mass 
and subsequently of lean mass, since, as shown in other 
studies [153, 154], these body composition methods are 
not interchangeable and can affect the results due to 
intra-instrument and inter-instrument variability. Factors 
related to the technician (that is, intra-operator and inter-
operator variability), factors related to the subject (that is, 
preparation of the subject as position and measurement 
schedule, among others) and even factors related to the 
environment (for example the temperature of the envi-
ronment in the case of BIA) will influence results [137].

Thirdly, some studies [24–31, 33, 98, 133] used absolute 
or relative FFM/LBM measures (kg and %), which makes 
it difficult to compare the individuals of different sizes 
adequately, given that FFM varies with height, weight, 
and age, and FFM percentage decreases automatically 
in proportion to increases in % body fat. Some studies 
[32, 34, 118] did show different indices using measures 
adjusted for height (kg/m2) or lean to fat ratio (muscle 
mass (kg)/fat mass (kg) [24].

Furthermore, using absolute (kg) or relative values (% 
or index) can generate different and even contradictory 
results. For instance, in the study developed by Masquio 
et al. [26], the MetS group presented a significantly higher 
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FFM (kg); however, this difference was not significant when 
the analysis was performed as a percentage. In the study 
conducted by Ayvaz et al. [118], there were no differences 
reported in FFM (kg) and FFM (%) between participants 
with MetS. However, when the results were presented as 
FFMI, it was found that children with obesity and MetS had 
lower FFMI values than those without MetS.

Other authors have recently also highlighted that the 
way of expressing FFM/LBM (absolute vs. relative values) 
greatly influences the direction of the association with 
metabolic health [150]. Further studies considering height 
adjusted indices to assess FFM/LBM are necessary [155].

Fourth, the selection bias of the patients who partici-
pated in the included studies may have influenced the 
present meta-analysis results. Besides, the publication 
bias could potentially have led to an underestimation of 
the pooled estimates.

Fifth, most of the studies included in this review did 
not investigate the association between FFM/LBM and 
IR/GT/MetS in children and adolescents as their primary 
objective, limiting the results presented here as they are 
not studies especially designed for this.

Sixth, this review did not include grey literature such as 
technical reports, conference proceedings, and doctoral 
theses, which could also prove helpful.

Seventh, in the different analysis, very few studies eval-
uated their effect; therefore, the results should be viewed 
with caution.

Eight, high heterogeneity was found in some of the per-
formed meta-analysis. This could be due to the fact that 
we could not control the possible covariates (population 
enrolled, study design, methodologies for determining 
body composition and glucose homeostasis, maturation, 
nutritional status) that may explain this heterogeneity 
because of the low number of studies included, calling for 
caution in the interpretation of the results.

Lastly, the strength of the evidence is low due to the 
observational design of almost all included studies, and 
it was not possible to establish any causal relationship 
between FFM/LBM and IR/GT/MetS in children/adoles-
cents. The certainty of the evidence was reduced to low 
and very low, mainly due to the inconsistency and impre-
cision of the included studies.

However, this study also has several strengths. As far 
as we know, this study is the first systematic review and 
meta-analysis that examines the differences in FFM/LBM 
according to the presence of IR/GT/MetS in children and 
adolescents. This review followed strict procedures to 
ensure the validity of the results (registered in the PROS-
PERO database, PRISMA protocol, two reviewers, qual-
ity evaluation of the studies, use of the GRADE system to 
rate the certainty of the evidence, the performance of a 
meta-analysis).

Based on the findings of this review, there are a num-
ber of considerations for future research in this area. It 
is necessary to define a criterion for the classification of 
MetS in children, given the different existing criteria in 
the literature. In addition, an attempt should be made to 
unify a unit of expression of the FFM/LBM since different 
expressions can lead to contrasting conclusions.

Finally, research studies should focus on explaining the 
effect of FFM/LBM on different metabolic outcomes, prefer-
ably involving representative population samples and robust 
body composition techniques to obtain a better understand-
ing of such associations. Moreover, it may be interesting to 
evaluate the quality (muscle density), composition (accumu-
lation of fat inside the muscle or intramuscular adipose tis-
sue), or the functional results (relative strength) in addition 
to the absolute (kg) and relative (%) values in future studies. 
Additionally, further studies should evaluate those factors 
that during the prenatal period and early postnatal develop-
ment can affect the results of FFM/LBM.

Conclusion
The main finding of this systematic review is that there 
is limited evidence on the impact of FFM/LBM on IS/
IR/GT/MetS in children and adolescents, and the avail-
able literature is contradictory. Furthermore, the way of 
expressing FFM/LBM influences the observed results on 
its association with IS/IR/GT/MetS. Our results indicate 
a lower percentage of FFM/LBM in participants with IR/
GT/MetS. At the same time, higher values were found 
when expressed in mass (kg) units.

This research proposes a new study scenario that con-
siders the effect of FFM/LBM on metabolic outcomes to 
explain the inconsistent association with obesity assessed 
using the BMI. This reinforces the routine assessing body 
composition in the pediatric population.
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