Table 1. Characteristics of the participants of the included studies (n = 15).
	Study
	Study design
	Study sample
	Sex (n)
	Age (years)a
	Body mass (kg)a
	Height (cm)a
	BMI (kg/m2)a

	Agostinis-Sobrinho et al. (2017) [30]
	Cross-sectional
	LabMed Physical Activity Study. Adolescents from schools in four Portuguese cities.
	Boys (n=262)
Girls (n=267)
	14.39 ± 1.74 
14.27 ± 1.71
	56.89 ± 14.10 
53.44 ± 11.18
	162.9 ± 11.3  
157.7 ± 6.68
	21.20 ± 3.73 
21.41 ± 3.96

	Artero et al. (2011) [32]
	Cross-sectional
	HELENA-CSS. Adolescents’ students from ten European cities from nine countries.
	Boys (n=346)
Girls (n=363)

	14.9 ± 1.3
14.9 ± 1.2

	62.0 ± 13.9
56.1 ± 10.7
	170.8 ± 9.7
162.0 ± 7.2
	21.1 ± 3.7
21.3 ± 3.4

	Artero et al. (2014) [31]
	Cross-sectional
	HELENA-CSS. Adolescents’ students from ten European cities from nine countries. 
	Boys (n=296)   
Girls (n=343)
	14.8 ± 1.3 
14.9 ± 1.3
	60.9 ± 13.5 
55.9 ± 10.6
	170.2 ± 10.0  
162.2 ± 7.1
	20.9 ± 3.6
21.2 ± 3.4

	Castro-Piñero et al. (2019) [33]
	Cross-sectional
	HELENA-CSS. Adolescents’ students from ten European cities from nine countries.
	Boys (n=444)
Girls (n=506)
	14.7 ± 1.2
14.7 ± 1.2
	61.3 ± 13.7
55.6 ± 10.2
	169.3 ± 9.8
161.7 ± 7.1
	NR
NR

	Cohen et al. (2014) [34]
	Cross-sectional
	ACFIES. Low-middle socioeconomic status schoolchildren enrolled in public elementary and high schools in Bucaramanga, Colombia.
	Boys (n=351)   
Girls (n=318)
	11.51 ± 1.16 
11.52 ± 1.10
	39.86 ± 10.35 
40.33 ± 9.77
	144 ± 9  
146 ± 8
	18.93 ± 3.68 
18.81 ± 3.52

	Delgado-Alfonso et al. (2018) [35]
	Cross-sectional
	UP&DOWN. Children and adolescents from schools in Cadiz and Madrid, Spain.
	Children (n=230)
Youth (n=273)
	8.1 ± 1.5
14.1 ± 1.6
	30.7 ± 9.6
54.8 ± 12.8
	129.1 ± 11.1
160.4 ± 10.5
	NR
NR

	Demmer et al. (2016) [44]
	Longitudinal (cohort)
	Raine. Adolescents living in Perth, Australia.
	10 years: Boys (n=849)
10 years: Girls (n=783)
14 years: Boys (n=815)
14 years: Girls (n=774)
17 years: Boys (n=628)
17 years: Girls (n=616)
	NR
NR
NR
NR
NR
NR
	38.57 ± NR
38.71 ± NR
58.62 ± NR
56.67 ± NR
72.29 ± NR
63.66 ± NR
	143.69 ± NR
143.64 ± NR
166.27 ± NR
162.02 ± NR
178.3 ± NR
165.9 ± NR
	20.97 ± NR
NR
21.06 ± NR
21.53 ± NR
22.69 ± NR
23.12 ± NR

	Haapala et al. (2023) [36]
	Cross-sectional
	PANIC. Primary school children in Kuopio, Finland.

	Boys (n=202)
Girls (n=189)
	7.7 ± 0.4
7.6 ± 0.4
	26.6 ± 5.5
25.6 ± 5.9
	129.7 ± 5.2
127.7 ± 5.8
	NR
NR

	Jimenez-Pavon et al. (2012) [37] 
	Cross-sectional
	HELENA-CSS. Adolescents’ students from ten European cities from nine countries.
	Boys (n=499)   
Girls (n=554)
	14.9 ± 1.3 
14.9 ± 1.2
	62.1 ± 14.0 
56.0 ± 10.2
	170 ± 10  
160 ± 10
	21.4 ± 3.8 
21.3 ± 3.4

	Jung et al. (2022) [38]
	Cross-sectional
	[bookmark: _Hlk162894381]KNHANES. Korean children and youth.
	Boys (n=1487)
Girls (n=1310)
	14.4 ± 0.1b
14.4 ± 0.1b
	Overall weight z-score: 0.4 ± 0.0b
	Overall height z-score: 0.6 ± 0.0b
	Overall BMI z-score:
0.2 ± 0.0b

	Lang et al. (2019) [39]
	Cross-sectional
	CHMS. Canadians’ children and youth.
	Children boy (n=1086)
Children girl (n=1071)
Youth boy (n=857)
Youth girl (n=786)
	8.5 ± NR
8.7 ± NR
14.4 ± NR
14.6 ± NR
	NR
NR
NR
NR
	NR
NR
NR
NR
	18.2 ± NR
17.7 ± NR
21.9 ± NR
22.1 ± NR

	Li et al. (2018) [40]
	Cross-sectional
	NHANES. Children in the non-institutionalized general population of the United States.
	Boys (n=474) 
Girls (n=485)
	15.3 ± 2.3 
15.4 ± 2.3
	NR
NR
	NR
NR
	23.9 ± 6.0 
24.3 ± 6.7

	López-Gil et al. (2021) [41]
	Cross-sectional (cohort)
	Children enrolled in the Growth and Obesity Chilean Cohort Study.
	Boys (n=185)
Girls (n=267)
	7.8 ± 0.5
7.9 ± 0.4
	27.9 [7.6]c
28.2 [8.1]c
	126.6 ± 5.6
127.1 ± 5.8
	17.1 [3.2]c
17.4 [3.9]c

	Tarp et al. (2019) [42]
	Cross-sectional and longitudinal (cohort)
	CHAMPS-study DK. Public school children in Svendborg, Denmark.
	Boys (n=253)
Girls (n=259)
	8.5 ± 1.4
8.4 ± 1.4
	28.6
27.8
	134.4 ± 10.4
132.0 ± 9.4
	NR
NR

	Zaqout et al. (2016) [43]
	Cross-sectional and longitudinal (cohort)
	IDEFICS. Children from eight European countries.
	Boys (n=786)
Girls (n=770)
	Overall:
8.4 ± 1.6d
	NR
	NR
	Overall BMI z-score:
0.21 ± 1.31


LabMed Physical Activity Study: Longitudinal Analysis of Biomarkers and Environmental Determinants of Physical activity. HELENA-CSS: Healthy Lifestyle in Europe by Nutrition in Adolescence Cross-sectional study. ACFIES: Association between Cardiorespiratory Fitness, Muscular Strength and Body Composition with Metabolic Risk Factors in Colombian Children. UP&DOWN: Follow-up in healthy schoolchildren and in adolescents with DOWN syndrome. Raine: Western Australian Pregnancy Cohort study. CDAH: Childhood Determinants of Adult Health study. PANIC: Physical Activity and Nutrition in Children study. KNHANES: Korea National Health and Nutrition Examination Survey. CHMS: Canadian Health Measures Survey. NHANES: National Health and Nutrition Examination Survey. CHAMPS-study DK: Childhood Health, Activity and Motor Performance School Study Denmark. IDEFICS: IDentification and prevention of dietary and lifestyle induced health EFfects In Children and infantS. BMI: body mass index. BMIZ-score: age and sex adjusted BMIz-scores. NR: not reported. aData presented as mean ± standard deviation. bData presented as mean ± standard error. cData presented as median [interquartile range].  dAge regarding baseline sample (n = 1635).



Table 2. Characteristics of the outcome measurements and main results of the included studies (n = 15).
	Study
	Study design
	N
	%Boys
	Markers
	Correlations (p value)
	Comments

	Agostinis-Sobrinho et al. (2017) [30]
	Cross-sectional (cohort)
	529
	49.5
	Leptin
hs-CRP
C3
C4
Fibrinogen
IL-6
Albumin
Interferon-α
	r = −0.462 (p<0.001) (relative HGS)
r = −0.243 (p<0.001) (relative HGS)
r = −0.245 (p<0.001) (relative HGS)
r = −0.140 (p<0.001) (relative HGS)
r = −0.172 (p<0.001) (relative HGS)
r = 0.017 (NS) (relative HGS)
r = 0.016 (NS) (relative HGS)
r = 0.046 (NS) (relative HGS)
	HGS was the relative value of dividing by body mass. The r-values were adjusted for age, sex, and pubertal stage.

	Artero et al. (2011) [32]
	Cross-sectional (cohort)
	709
	48.8
	HOMA-IR
	r = −0.186 (p<0.001) (relative HGS)
	HGS was the relative value of dividing by body mass. The r-values were adjusted for age, sex, pubertal stage, and center.

	Artero et al. (2014) [31]
	Cross-sectional (cohort)
	639
	46.3
	C3
C4
CRP
	r = −0.240 (p<0.001) (relative HGS)
r = −0.195 (p<0.001) (relative HGS)
r = −0.139 (p<0.001) (relative HGS)
	HGS was the relative value of dividing by body mass. The values were adjusted for age, sex, pubertal stage, and center (dummy variable).

	Castro-Piñero et al. (2019) [33]
	Cross-sectional (cohort)
	950
	46.7
	Fasting glucose


Fasting insulin
	r = 0.105 (p=0.001, overall) (absolute HGS)a
r = 0.013 (p=0.793, boys) (absolute HGS)a
r = −0.105 (p=0.018, girls) (absolute HGS)a
r = −0.170 (p<0.001, overall) (absolute HGS)a
r = 0.042 (p=0.374, boys) (absolute HGS)a
r = −0.171 (p<0.001, girls) (absolute HGS)a
	Absolute averaged left and right HGS was reported as well as it was divided by body mass. These results were sent by the authors and are crude data (not adjusted for age and/or sex).

	Cohen et al. (2014) [34]
	Cross-sectional (cohort)
	669
	47.5
	Fasting glucose
HOMA-IR
hs-CRP
	r = −0.028 (NS) (relative HGS)
r = −0.1775 (p<0.001) (relative HGS)
r = −0.107 (p<0.05) (relative HGS)
	HGS was the relative value of dividing by body mass. The values were adjusted for age, sex and maturation status and physical activity.

	Delgado-Alfonso et al. (2018) [35]
	Cross-sectional (cohort)
	Children: 230
Youth: 273
	
	CRP

TNF-α

C3

C4

IL-6
	r = −0.268 (p<0.010, children) (relative HGS)
r = −0.173 (p<0.050, youth) (relative HGS)
r = −0.091 (NS, children) (relative HGS)
r = 0.012 (NS, youth) (relative HGS)
r = −0.173 (p<0.010, children) (relative HGS)
r = −0.180 (p<0.010, youth) (relative HGS)
r = −0.214 (p<0.010, children) (relative HGS)
r = −0.137 (p<0.050, youth) (relative HGS)
r = −0.247 (p<0.001, children) (relative HGS)
r = −0.103 (NS, youth) (relative HGS)
	HGS was the relative value of dividing by body mass. The values were adjusted for sex and maturation status (Tanner stage) and body mass index.


	Demmer et al. (2016) [44]
	Longitudinal (cohort)
	14y: 1346
17y: 1048
	14y: 51.3
17y: 50.5
	HOMA-IR
hs-CRP
	β = 0.003 (p= 0.013) (adjusted HGS)b
β = 0.005 (p= 0.013) (adjusted HGS)b
	It was calculated a height-adjusted and weight-adjusted HGS. The results reported unadjusted and adjusted by body mass index. The results were positive when unadjusted and negative after adjustment.

	Haapala et al. (2023) [36]
	Cross-sectional (cohort)
	391
	51.7
	hs-CRP

Leptin

Leptin receptor

HMW-adiponectin

IL-6

TNF-α

GlycA
	β = 0.002 (NS) (relative HGS)c
r = 0.052 (NS) (relative HGS)d
β = −0.026 (NS) (relative HGS)c
r = −0.025 (NS) (relative HGS)d
β = 0.047 (NS) (relative HGS)c
r = 0.096 (NS) (relative HGS)d
β = −0.043 (NS) (relative HGS)c
r = −0.042 (NS) (relative HGS)d
β = −0.030 (NS) (relative HGS)c
r = −0.029 (NS) (relative HGS)d
β = −0.073 (NS) (relative HGS)c
r = −0.072 (NS) (relative HGS)d
β = −0.069 (NS) (relative HGS)c
r = −0.068 (NS) (relative HGS)d
	HGS was relative value of dividing by lean mass. The results were adjusted for age and sex, or age, sex and %fat, or age, sex, and body mass index-standard deviation score.

	Jimenez-Pavon et al. (2012) [37] 
	Cross-sectional (cohort)
	1053
	47.4
	Fasting glucose



Fasting insulin



HOMA-IR



QUICKI



	r = −0.006 (boys) (absolute HGS)
r = −0.085 (NS) (girls) (absolute HGS)
r = 0.004 (boys) (relative HGS)
r = −0.062 (girls) (relative HGS)
r = 0.071 (NS, boys) (absolute HGS)
r = −0.011 (NS, girls) (absolute HGS)
r = −0.249 (boys) (relative HGS)
r = −0.205 (girls) (relative HGS)
r = 0.058 (boys) (absolute HGS)
r = −0.016 (NS, girls) (absolute HGS)
r = −0.244 (boys) (relative HGS)
r = −0.213 (girls) (relative HGS)
r = −0.075 (boys) (absolute HGS)
r = 0.028 (NS, girls) (absolute HGS)
r = 0.230 (boys) (relative HGS)
r = 0.188 (girls) (relative HGS)
	Absolute combined left and right HGS was reported as well as it was divided by body mass. These are the results from partial correlations, controlled by pubertal status. Multiple linear regression shows significant associations. 

	Jung et al. (2022) [38]
	Cross-sectional (cohort)
	2797
	53.2
	Fasting glucose

Fasting insulin

HOMA-IR

HbA1c

Insulin resistance
	r = −0.0115 (NR, absolute HGS)a
r = −0.0615 (NR, relative HGS)a
r = −0.0162 (NR, absolute HGS)a
r = −0.3278 (NR, relative HGS)a
r = −0.0188 (NR, absolute HGS)a
r = −0.3232 (NR, relative HGS)a
r = −0.0222 (NR, absolute HGS)a
r = −0.0357 (NR, relative HGS)a
OR = 0.026 (p<0.01) (relative HGS)
	Absolute combined left and right HGS was reported as well as it was divided by body mass. These results were sent by the authors and are crude data (not adjusted for age and/or sex). 

	Lang et al. (2019) [39]
	Cross-sectional (cohort)
	Children boy: 1086
Children girl: 1071
Youth boy: 857
Youth girl: 786
	Children: 50.3
Youth: 52.2
	CRP



Non-fasted glucose



HbA1c
	B = 0.1 (children boy) (adjusted HGS)e
B = −0.1 (children girl) (adjusted HGS)e
B = −0.1 (youth boy) (adjusted HGS)e
B = −0.0 (youth girl) (adjusted HGS)e
B = −0.0 (children boy) (adjusted HGS)e
B = 0.0 (children girl) (adjusted HGS)e
B = 0.0 (youth boy) (adjusted HGS)e
B = 0.0 (youth girl) (adjusted HGS)e
B = −0.0 (children boy) (adjusted HGS)e
B = −0.0 (children girl) (adjusted HGS)e
B = 0.0 (youth boy) (adjusted HGS)e
B = 0.0 (youth girl) (adjusted HGS)e
	Absolute combined left and right HGS was converted to age- and sex-standardized z-scores for statistical analysis.

	Li et al. (2018) [40]
	Cross-sectional (cohort)
	959
	49.4
	Fasting glucose


Fasting insulin


HOMA-IR


2-hour glucose
	B = 0.01 (p=0.77, overall) (relative HGS)e
B = 0.01 (p=0.82, boys) (relative HGS)e
B = 0.02 (p=0.54, girls) (relative HGS)e
B = −0.003 (p=0.017, overall) (relative HGS)e
B = −0.005 (p=0.001, boys) (relative HGS)e
B = −0.002 (p=0.45, girls) (relative HGS)e
B = −0.003 (p=0.025, overall) (relative HGS)e
B = −0.005 (p=0.002, boys) (relative HGS)e
B = −0.002 (p=0.52, girls) (relative HGS)e
B = −0.27 (p<0.0001, overall) (relative HGS)e
B = −0.27 (p=0.0006, boys) (relative HGS)e
B = −0.23 (p=0.09, girls) (relative HGS)e 
	Absolute combined left and right HGS was reported as well as it was divided by body mass. Results were presented only for relative HGS adjusted for age, race, body mass index, and physical activity.

	López-Gil et al. (2021) [41]
	Cross-sectional (cohort)
	452
	40.9%
	Fasting glucose





Fasting insulin





HOMA-IR
	r = −0.033 (p=0.479, overall) (absolute HGS)a
r = −0.086 (p=0.243, boys) (absolute HGS)a
r = 0.017 (p=0.781, girls) (absolute HGS)a
r = −0.138 (p=0.003, overall) (relative HGS)a
r = −0.223 (p=0.002, boys) (relative HGS)a
r = −0.080 (p=0.194, girls) (relative HGS)a
r = 0.022 (p=0.636, overall) (absolute HGS)a
r = 0.036 (p=0.629, boys) (absolute HGS)a
r = 0.009 (p=0.884, girls) (absolute HGS)a
r = −0.153 (p=0.001, overall) (relative HGS)a
r = −0.101 (p=0.170, boys) (relative HGS)a
r = −0.185 (p=0.002, girls) (relative HGS)a
r = 0.006 (p=0.895, overall) (absolute HGS)a
r = −0.002 (p=0.977, boys) (absolute HGS)a
r = 0.005 (p=0.936, girls) (absolute HGS)a
r = −0.179 (p<0.001, overall) (relative HGS)a
r = −0.174 (p=0.018, boys) (relative HGS)a
r = −0.191 (p=0.002, girls) (relative HGS)a
	Absolute average of left and right HGS values was reported as well as it was divided by body mass.

	Tarp et al. (2019) [42]
	Cross-sectional and longitudinal (case control)
	512
	49.4
	HOMA-IR
	Cross-sectional:
r = 0.3392 (p=0.068, boys) (absolute HGS)a
r = 0.3410 (p=0.168, girls) (absolute HGS)a
r = −0.0903 (p=0.068, boys) (relative HGS)a 
r = −0.1791 (p=0.168, girls) (relative HGS)a
Longitudinal:
β = −0.06 (p=0.17, overall) (relative HGS)c
	HGS was reported as the average of left and right maximum scores as well as it was divided by body mass. Model included age, sex, school-type, family history of cardiovascular disease, diabetes or hypertension, sexual maturity, mother's body mass index, and mother's educational attainment. However, the r-values were sent by the authors and are crude data (not adjusted for age and/or sex).

	Zaqout et al. (2016) [43]
	Cross-sectional and longitudinal (case control)
	1556
	50.5
	HOMA-IR
	Cross-sectional:
β = 0.040 (p=0.030, overall) (absolute HGS)c
r = 0.0892 (overall) (absolute HGS)d
β = 0.045 (p=0.068, boys) (absolute HGS)c
β = 0.039 (p=0.168, girls) (absolute HGS)c
Longitudinal:
β = −0.019 (p=0.457, overall) (absolute HGS)c
β = −0.017 (p=0.607, boys) (absolute HGS)c
β = −0.024 (p=0.528, girls) (absolute HGS)c 
	HGS was reported as the average of left and right maximum scores. Mixed models regression adjusted for sex, age, level of parental educational attainment, sugar and fat propensity score, and body mass index.




1

HGS: handgrip strength. BMI: body mass index. HOMA-IR: homeostasis model assessment-estimated insulin resistance. QUICKI: quantitative insulin sensitivity check index. HbA1c: glycated haemoglobin. C3: complement component 3. C4: complement component 4. CRP: C-reactive protein. hs-CRP: high-sensitivity C-reactive protein. IL-6: interleukin-6. TNF-α: tumor necrosis factor alpha. GlycA: glycoprotein acetyls. HMW-adiponectin: high-molecular weight adiponectin. OR: odds ratio. lnOR: natural logarithm of the odds ratio. NS: not significant. aData sent by the corresponding author. bThe authors did not report if beta coefficients were standardized or unstandardized. cStandardized beta coefficient. dData calculated from standardized beta coefficient. eUnstandardized beta coefficient.
Table 3. Synthesis of the meta-analyses pooling Fisher’s r-to-z transformed correlation coefficients from the cross-sectional included studies.
	Correlation analysis
	k
	c
	n
	Summary effect
	p
	Heterogeneity

	Variable 1
(“predictor”)
	Variable 2
(“outcome”)
	
	
	
	Fisher’s z [95%CI]
	r [95%CI]a
	Classificationb
	
	τ2
	I2
	H2
	p (Q statistics)

	HGS
	Fasting glucose
	4
	4
	5252
	 0.004 [–0.06 to 0.07]
	0.004 [–0.06 to 0.07]
	Trivial
	0.902
	0.004
	80.6%
	5.2
	0.003

	HGS
	Fasting insulin
	3
	3
	4302
	0.0008 [–0.03 to 0.03]
	0.0008 [–0.03 to 0.03]
	Trivial
	0.962
	0.0001
	13.0%
	1.2
	0.419

	HGS
	HOMA-IR
	5
	5
	6370
	0.09 [–0.04 to 0.22]
	0.09 [–0.04 to 0.22]
	Trivial
	0.190
	0.021
	96.0%
	25.1
	<0.001

	HGS/BW
	Fasting glucose
	4
	4
	4971
	 –0.06 [–0.09 to –0.03]
	–0.06 [–0.09 to –0.03]
	Trivial
	<0.001
	0.000004
	0.4%
	1.0
	0.219

	HGS/BW
	Fasting insulin
	4
	4
	5252
	–0.23 [–0.31 to –0.14]
	–0.23 [–0.30 to –0.14]
	Small
	<0.001
	0.006
	87.8%
	8.2
	<0.001

	HGS/BW
	HOMA-IR
	6
	6
	6192
	–0.22 [–0.28 to –0.15]
	–0.22 [–0.27 to –0.15]
	Small
	<0.001
	0.004
	80.0%
	5.0
	<0.001

	HGS/BW
	CRP
	2
	2
	1142
	 –0.18 [–0.26 to –0.10]
	–0.18 [–0.25 to –0.10]
	Small
	<0.001
	0.001
	44.7%
	1.8
	0.179

	HGS/BW
	hs-CRP
	2
	2
	1198
	–0.18 [–0.31 to –0.04] 
	–0.18 [–0.30 to –0.04]
	Small
	0.013
	0.008
	86.6%
	5.7
	0.016

	HGS/BW
	C3
	3
	2
	1671
	 –0.23 [–0.28 to –0.18]
	–0.23 [–0.27 to –0.18]
	Small
	<0.001
	0.000
	0.0%
	1.0
	0.446

	HGS/BW
	C4
	3
	3
	1671
	 –0.17 [–0.22 to –0.12]
	–0.17 [–0.22 to –0.12]
	Small
	<0.001
	0.000
	0.0%
	1.0
	0.631

	HGS/BW
	IL-6
	2
	2
	1032
	 –0.08 [–0.26 to 0.11]
	–0.08 [–0.25 to 0.11]
	Trivial
	0.413
	0.016
	89.0%
	9.1
	0.003


k: number of individual studies. c: number of independent comparisons. n: sample size. r: correlation coefficient. CI: confidence interval. HGS: handgrip strength. HGS/BW: handgrip strength relativized by participants body weight. HOMA-IR: homeostasis model assessment-estimated insulin resistance. QUICKI: quantitative insulin sensitivity check index. CRP: C-reactive protein. hs-CRP: high-sensitivity C-reactive protein. C3: complement component 3. C4: complement component 4. IL-6: interleukin-6. aThe summary effect and its confidence interval were converted back to r values for presentation and respective classification. bThe r values were interpreted per Pearson thresholds [27]: trivial (<0.10), small (0.10 to <0.30), moderate (0.30 to <0.50), and large (≥0.5).

