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Context—Cardiometabolic profiles of different body composition phenotypes are poorly 

characterized in young children, where it is well-established that high adiposity is unfavorable, but 

the role of lean mass is unclear.

Objective—We hypothesized that higher lean mass attenuates cardiometabolic risk in children 

with high fat mass.

Design, Setting, Participants—In 6-year-old children (n=377) from the Growing Up in 

Singapore Towards healthy Outcomes (GUSTO) prospective birth cohort, whole-body 

composition was measured by quantitative magnetic resonance, a novel validated technology. 

Based on fat mass index (FMI) and lean mass index (LMI), 4 body composition phenotypes were 

derived: low FMI-low LMI (LF-LL), low FMI-high LMI (LF-HL), high FMI-low LMI (HF-LL), 

high FMI-high LMI (HF-HL).

Main Outcome Measures—BMI z-score, fasting plasma glucose, insulin resistance, metabolic 

syndrome risk score, fatty liver index, and blood pressure

Results—Compared to the LF-HL group, children in both high FMI groups had increased BMI 

z-score (HF-HL: 1.43units 95% CI [1.11,1.76]; HF-LL: 0.61units [0.25,0.96]) and metabolic 

syndrome risk score (HF-HL: 1.64 [0.77,2.50]; HF-LL: 1.28 [0.34,2.21]). The HF-HL group also 

had increased fatty liver index (1.15 [0.54,1.77]). Girls in HF-HL group had lower fasting plasma 

glucose (-0.29mmol/L [-0.55,-0.04]) and diastolic blood pressure (-3.22mmHg [-6.03,-0.41]) than 

girls in the HF-LL group. No similar associations were observed in boys.

Conclusions—In a multi-ethnic Asian cohort, lean mass seemed to protect against some 

cardiometabolic risk markers linked with adiposity, but only in girls. Fat mass index seemed more 

important than lean mass index in relation to cardiometabolic profiles of young children.
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Introduction

An adverse cardiometabolic risk profile and adiposity in childhood are becoming 

increasingly prevalent and are linked to poorer cardiometabolic health later in life(1,2). 

Traditionally, BMI cut-offs of “overweight” and “obesity” have been used to identify high-

risk children. However, BMI might not be a good indicator of adiposity as it does not 

distinguish between fat, muscle, or bone. Further, BMI depends on factors including age, 

sex, ethnicity, and maturation stage(3,4). Disentangling the fat and lean components of total 

body mass and studying different body composition phenotypes might provide additional 

insights on childhood cardiometabolic risk due to the differing roles of lean and fat mass in 

health and disease.

Whole-body lean mass includes skeletal muscle, which is the largest insulin-sensitive tissue 

in the body responsible for insulin-mediated glucose disposal(5). A progressive loss of 

skeletal muscle with aging(6), known as sarcopenia, is linked to the metabolic 

syndrome(7,8). However, the role of skeletal muscle or lean mass on child cardiometabolic 

profile is unclear. Lean mass has been reported to be relatively protective of vascular 
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structure and function in children(9) and lower appendicular skeletal muscle mass relative to 

total body fat is linked to metabolic syndrome risk in overweight children(10). In contrast, 

increased lean mass index (LMI) has also been linked to decreased high-density lipoprotein 

and increased cardiometabolic risk factors, independent of fat mass index (FMI), in children 

and adolescents(11,12). Compared to lean mass, the role of fat mass is more well-

established. Higher FMI, calculated using fat mass divided by height squared, is linked to 

adverse cardiometabolic profiles in adults and children(9,12–17). However, it is unknown if 

lean mass attenuates the adverse effect of fat mass on cardiometabolic health, especially in 

young children where the role of lean mass is unclear.

As adverse cardiometabolic profiles tend to track from early childhood to adulthood(1,2), 

early risk stratification is important. However, the cardiometabolic profile of different body 

composition phenotypes are not well characterized in young children. Previous studies 

usually involved older children aged 8 to 19 years(9–12), probably due to measurement of 

body composition by dual X-ray absorptiometry, where radiation exposure might be a 

concern(18,19).

We aimed to characterize the cardiometabolic profile of distinct body composition 

phenotypes in young children aged 6 years by measuring whole-body lean and fat mass 

using a novel, validated quantitative nuclear magnetic resonance technology(20). We 

hypothesized that high fat mass is associated with adverse cardiometabolic profiles while 

high lean mass may attenuate the adverse cardiometabolic profile in children with high fat 

mass. Sex-specific interactions will also be investigated as sex differences in body 

composition and cardiometabolic markers can be observed even before puberty(21).

Materials and methods

Study population

Children were from the Growing Up in Singapore Towards healthy Outcomes (GUSTO) 

prospective birth cohort study recruited from two major public hospitals in Singapore – the 

KK Women’s and Children’s Hospital and the National University Hospital – between 2009 

and 2010(22). Pregnant women in their first trimester were eligible if they were Singapore 

citizens or permanent residents aged 18 years and above, planned to deliver in KK Women’s 

and Children’s Hospital or National University Hospital, live in Singapore for the next 5 

years, willing to donate birth tissues at delivery, not receiving chemotherapy, not on 

psychotropic drugs, and not having type 1 diabetes. At a clinical follow-up visit at 6 years of 

age out of 1026 children approached for body composition analysis, 377 children were 

included (Figure 1). The main reasons for not being included were no access to the body 

composition machine (n=255), parental concerns (n=372) and other reasons (n=22) 

including machine related issues. Ethic approvals were granted from the National Healthcare 

Group Domain Specific Review Board and SingHealth Centralized Institutional Review 

Board. The children filled an assent form to document their understanding and participation 

in the study while their parents gave written informed consent.
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Body composition

Whole-body lean mass and fat mass were measured by EchoMRI™ Adolescent Humans 

Body Composition Analyzer (EchoMRI Corporation, Singapore)(20). EchoMRI™ uses 

quantitative nuclear magnetic resonance technology based on stimulation of hydrogen nuclei 

in a magnetic field by radio frequency pulses. Relaxation of the hydrogen nuclei generates 

radio signals that are different in fat and lean mass, enabling differentiation of these tissues. 

Therefore, lean mass measured by EchoMRI™ excludes fat, bone minerals, and substances 

which do not contribute to the nuclear magnetic resonance signal, such as hair and nails. 

Quality control measures for EchoMRI™ were performed daily according to the 

manufacturer’s recommendations, including calibration of the machine with 8 bottles of 

canola oil. Children were measured in light clothing, in the supine position, and instructed to 

minimize their movement, although slight motions are generally well-tolerated. FMI and 

LMI were calculated using fat mass or lean mass (kg) divided by height (m) squared and 

dichotomized into “high” and “low” groups based on cohort- and sex-specific medians to 

derive four distinct body composition groups: low FMI-low LMI (LF-LL), low FMI-high 

LMI (LF-HL), high FMI-low LMI (HF-LL) and high FMI-high LMI (HF-HL).

Cardiometabolic markers at age 6 years

Cardiometabolic markers were measured in subsets of children who attended the study visit 

and gave consent for the various measures, described below.

Standing height (SECA213 stadiometer), weight (SECA803 Weighing Scale) and abdominal 

circumference (measuring tape) were measured using standardized protocols(22). Sex and 

age standardized z-scores of BMI (z-BMI) and height (z-height) were calculated using 

World Health Organization growth standards(23).

After an overnight fast, venous blood was drawn to measure fasting plasma glucose (Abbott 

Architect c8000 analyzer at KK Women’s and Children’s Hospital and Beckman AU5800 

analyzer at National University Hospital) as well as serum insulin (Beckman DXL800 

analyzer, Beckman Coulter), high density lipoprotein cholesterol (Beckman AU5800 

analyzer, Beckman Coulter), triglycerides, and gamma-glutamyl-transferase (Beckman 

AU5800 analyzer, Beckman Coulter). Homeostasis model assessment of insulin resistance 

was calculated using the following formula(24): [fasting insulin (mU/L) * fasting glucose 

(mmol/L)] / 22.5.

Peripheral systolic blood pressure and diastolic blood pressure were measured (Dinamap 

CARESCAPE V100, GE Healthcare, Milwaukee, WI) from the right upper arm by trained 

research coordinators using a standardized protocol(25).

A pediatric metabolic syndrome risk score was calculated based on a previously published 

equation(26). First, cohort-specific sex-standardized abdominal circumference, systolic 

blood pressure, diastolic blood pressure, homeostasis model assessment of insulin resistance, 

triglycerides, and high density lipoprotein cholesterol z-scores were derived. Then, 

metabolic syndrome risk score was calculated by summing the z-scores of four components 

of cardiometabolic risk: 1) abdominal circumference, 2) mean z-scores of systolic and 

diastolic blood pressure, 3) homeostasis model assessment of insulin resistance and 4) mean 
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z-scores of triglycerides and high density lipoprotein cholesterol (z-score of high density 

lipoprotein cholesterol multiplied with −1, due to its inverse association with metabolic 

risk). Fatty liver index was calculated based on a published equation using triglycerides, 

gamma-glutamyl-transferase, and abdominal circumference(27). It is an index to estimate 

non-alcoholic fatty liver disease with modest efficacy compared to magnetic resonance 

spectroscopy which is expensive and not routinely accessible.

Covariates

Ethnicity, age, household income, and self-reported pre-pregnancy weight were obtained 

through interviewer-administered questionnaires. A 75g 2h-oral glucose tolerance test was 

performed to measure gestational (26-28 weeks) fasting plasma glucose and 2-hour plasma 

glucose [Advia 2400 Chemistry system (Siemens Medical Solutions Diagnostics, Deerfield, 

IL, USA) and Beckman LX20 Pro analyser (Beckman Coulter, USA)]. Gestational diabetes 

was diagnosed according to the 1999 World Health Organization criteria (fasting plasma 

glucose ≥7.0mmol/L or 2-hour plasma glucose ≥7.8mmol/l). Infant’s birthweight and sex 

were obtained from medical records. Gestational age was derived based on first trimester 

ultrasound scans. Cohort-specific birthweight percentiles, adjusted for sex and gestational 

age, were calculated(28) to identify small-for-gestational-age (birthweight <10th centile), 

large-forgestational-age (birthweight >90th centile), and appropriate-for-gestational-age 

infants(28).

Statistical analyses

We analyzed differences in baseline sociodemographic and clinical characteristics between 

the body composition groups using one-way ANOVA for continuous variables and chi-

square test for categorical variables. Multiple linear regression was performed to analyze 

associations between the body composition groups and cardiometabolic markers at age 6 

years, adjusted for ethnicity, sex, household income, maternal age, pre-pregnancy body mass 

index, gestational diabetes, prematurity, and size at birth, to reduce confounding bias by 

these potential confounders.

Differences in cardiometabolic markers for the body composition groups of primary interest, 

HF-HL and HF-LL, together with LF-LL, were compared against the LF-HL group, which 

was used as the reference group because it was hypothesized to be the healthy group among 

the four body composition groups. Differences in cardiometabolic markers between the two 

body composition groups with high FMI (HF-HL vs. HF-LL) were compared to determine 

whether the HF-HL group was metabolically favorable compared to HF-LL. By including a 

multiplicative interaction term, significant interactions were found between sex and body 

composition groups with high FMI (HF-HL, HF-LL) on two outcomes: fasting plasma 

glucose and diastolic blood pressure. Sex-stratified analyses were presented for these 

outcomes. All analyses were performed using the Stata16.0 software (StataCorp LP, TX). 

Two-sided P values <0.05 were considered statistically significant.
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Results

Population characteristics

Table 1 shows the characteristics of the 377 children who participated in this study grouped 

by body composition groups: LF-HL (21%), LF-LL (29%), HF-HL (29%), HF-LL (21%). 

There were 202 (53.6%) Chinese, 113 (30.0%) Malay, and 62 (16.4%) Indian children.

Children in the 4 body composition phenotype groups had differing sociodemographic 

characteristics. Compared to all children included in this study, the LF-HL group had a 

higher proportion of children of Chinese ethnicity and who came from high income 

households. The HF-HL group included a higher proportion of children of Malay ethnicity 

and who came from low income households, while the HF-LL group included a higher 

proportion of children of Indian ethnicity and who had older mothers (Table 1). Children in 

the 4 body composition phenotype groups also had differing maternal prenatal and perinatal 

characteristics. Children in the LF-LL group had mothers with the lowest mean pre-

pregnancy BMI, gestational fasting plasma glucose, and had the highest prevalence of 

preterm and small-for-gestational-age infants. In contrast, children in the HF-HL group had 

mothers with the highest mean pre-pregnancy BMI, gestational fasting plasma glucose, and 

had the highest prevalence of large-for-gestational-age infants. Mothers of children in the 

HF-LL group had the highest prevalence of gestational diabetes.

Cardiometabolic profile of body composition phenotypes

Adjusting for confounders, both high FMI groups (HF-HL and HF-LL) had several elevated 

cardiometabolic markers compared to the LF-HL reference group. Higher z-BMI was 

observed in the HF-HL group, β (95% CI), 1.43units (1.11, 1.76) and HF-LL group, 

0.61units (0.25, 0.96) (Table 2). Higher metabolic syndrome risk score was also observed in 

the HF-HL group, 1.64 (0.77, 2.50) and HF-LL group, 1.28 (0.34, 2.21). In addition, the HF-

HL group had higher fatty liver index, 1.15 (0.54, 1.77). Comparing the low FMI groups 

(LF-LL vs. LF-HL), other than having lower z-BMI, -0.72units (-1.05, -0.40) the LF-LL 

group did not differ significantly in any other cardiometabolic risk markers compared to the 

LF-HL reference group.

Lean mass in children with high adiposity

Comparing the high FMI body composition groups which were of interest (HF-HL vs. HF-

LL), other than having higher z-BMI, 0.89units (0.45,1.32), the HF-HL group did not differ 

significantly in any other cardiometabolic risk markers compared to the HF-LL group (Table 

3). There were significant interactions between sex and the two body composition groups 

(HF-HL and HF-LL) on fasting plasma glucose and diastolic blood pressure, P=0.006 and 

0.03, respectively (Table 4). Compared to the HF-LL group, girls from the HF-HL group had 

lower fasting plasma glucose, -0.29 mmol/L (-0.55, -0.04) and lower diastolic blood 

pressure, -3.22mmHg (-6.03, -0.41). These associations were not significant in boys.
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Discussion

In the present study, 6-year-old children in the “high FMI” body composition phenotype 

groups had more adverse cardiometabolic profiles compared with those with low FMI. 

Among children with high FMI, having high LMI seems to slightly attenuate the adverse 

cardiometabolic profile, but only in girls. The potentially sex-specific protective role of lean 

mass on cardiometabolic profile of girls with high adiposity needs to be confirmed in larger 

studies and other populations. In contrast, among children with low FMI, high LMI was not 

linked to significantly different cardiometabolic profiles, suggesting that the potentially 

protective effect of LMI might not be detectable in children with low adiposity. Our study 

suggests that in young children, the protective role of high LMI is neither strong nor 

consistent. Therefore, it might be important to focus on all children with high FMI for early 

risk stratification, monitoring, and potential interventions.

Consistent with the literature on older children and adults, we observed strong associations 

between high FMI groups and adverse cardiometabolic risk markers in young children. By 

estimating fat mass and fat-free mass based on a combination of bioelectrical impedance and 

body measurements, a longitudinal study which followed up children aged 8, 11, and 14 

years for up to 4 years found that the association between BMI and adverse blood lipid 

levels was mainly attributable to FMI, rather than the fat-free mass index(29). Pooled 

analysis of two adult twin cohorts, which measured body composition by dual X-ray 

absorptiometry and bioelectrical impedance, respectively, similarly found that FMI was 

more strongly associated with cardiometabolic profile than fat-free mass index(30). We also 

observed that children from the high FMI groups were more likely to be from minority 

ethnicities, from low income households, and to have mothers with higher pre-pregnancy 

BMI and gestational glycemia. Hence, FMI seems to be a good marker of cardiometabolic 

risk in young children and curbing excessive child adiposity through diet(31,32) or 

exercise(33), especially focusing on families with socioeconomic disadvantage or mothers 

with prenatal risk factors, might be vital for optimizing cardiometabolic health.

Several studies in children, adolescents, and adults have reported associations between 

increased lean mass, skeletal muscle mass, or muscle to fat ratio, with more favorable 

cardiometabolic profiles. In Korean children and adolescents aged 10–18 years, increased 

appendicular skeletal muscle to body fat ratio was associated with lower cardiometabolic 

risk(10) while in Chilean adolescents aged 16 to 17 years, low lean mass was associated 

with higher cardiometabolic risk(34). In 17 280 Korean adults (mean age: 48.1±8.2 years), 

transitioning from a low fat-high muscle phenotype to any of the low muscle phenotypes 

over the 5 year follow-up period was associated with increased type 2 diabetes risk(35). 

Hence, we hypothesized that increased lean mass might attenuate adverse cardiometabolic 

profiles in children with high adiposity.

Our findings suggest potential sex-specific protective effects of high LMI on 

cardiometabolic markers in girls with high FMI. Among girls with high FMI, high LMI was 

associated with slight reductions in fasting plasma glucose and diastolic blood pressure, 

without significant changes in any other cardiometabolic risk markers investigated. Sex-

specific associations between body composition and cardiometabolic risk have been reported 
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in other studies(10). One explanation might be that the protective effects of LMI are greater 

and more easily detected in people at higher cardiometabolic risk, such as older adults(35), 

or children with higher adiposity(10) such as girls in our cohort who had higher mean FMI 

than boys. Another explanation is there might be sex-specific differences in body fat 

partitioning where boys in our cohort might concurrently have high lean mass and high 

intramyocellular lipids, which is associated with skeletal muscle insulin resistance and 

attenuates the protective effect of lean mass(36). However, our imaging technique using 

quantitative magnetic resonance measures total body fat and will therefore not provide 

information on specific body fat partitioning such as intramyocellular fat.

Overall, in young children, the protective effect of LMI seems to be weak and sex-specific. 

In pooled analyses, we found that children in the HF-HL group had similarly elevated 

cardiometabolic risk markers as children in the HF-LL group, consistent with a cross-

sectional study in 14 807 Korean adults aged 18-65 years, which suggests no significant 

protective role of lean mass among people with high adiposity(37). A few studies even 

reported detrimental, instead of protective, effects of LMI or fat-free mass index on 

cardiometabolic risk. In adults aged 50–70 years, higher fat-free mass index was 

independently associated with metabolic syndrome risk after adjusting for fat mass(13) 

while in adolescents aged 12-20 years, LMI was positively associated with elevated 

cardiometabolic risk markers, even after adjustment for FMI(11). The biological 

mechanisms for the contrasting associations between lean mass and cardiometabolic 

markers are poorly understood and further studies are required.

This study has several strengths and limitations. First, it involves the use of a novel, 

validated quantitative nuclear magnetic resonance technology (EchoMRI™), with several 

advantages over other methods of measuring body composition such as bioelectrical 

impedance analysis, air displacement plethysmography, or dual X-ray absorptiometry. 

Unlike bioelectrical impedance analysis and air displacement plethysmography, EchoMRI™ 

is more tolerant to movement, not influenced by body hydration, and not based on 

assumptions from derived body density models or density of fat-free mass(20). Unlike dual 

X-ray absorptiometry, EchoMRI™ does not involve radiation and is suitable for use in 

young children. Second, in our deeply-phenotyped cohort, we measured a comprehensive 

panel of cardiometabolic risk markers, which included blood glucose and lipids, a holistic 

pediatric metabolic syndrome score, and fatty liver index, to capture any early subclinical 

changes in cardiometabolic profile. Third, we prospectively collected a range of socio-

demographic factors, maternal comorbidities, and perinatal factors which reduced recall bias 

and enabled us to further understand the associations independent of these potential 

confounders. Limitations of our study include the cross-sectional design which prevents us 

from making causal inferences of the effects of different FMI and LMI composition on 

cardiometabolic markers. The sample size for each body composition group is relatively 

small, especially for sex-specific analyses. We did not investigate tissue-specific distribution 

of fats such as intramyocellular lipids and liver fat, which might also contribute to the 

observed cardiometabolic profile(38). Caution must be taken when trying to generalize 

findings from our multi-ethnic Asian cohort to other populations.
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Conclusions

From the four body composition phenotypes characterized, young children with high FMI 

had elevated cardiometabolic risk markers, regardless of level of LMI. Hence, preventing 

excessive accumulation of fat rather than optimizing lean mass might be vital to curb the 

early development of cardiometabolic risk. Further studies are needed to confirm the 

potentially sex-specific protective role of LMI in children with high FMI, and to understand 

the evolving role of lean mass over the life course.
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Figure 1. Study flow chart showing children who participated in this study
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Table 1
Characteristics of study participants by body composition groups

All
(n=377),

mean (SD)
or n (%)

Low FMI-
High LMI

(n=79),
mean (SD)
or n (%)

Low FMI-
Low LMI
(n=109),

mean (SD)
or n (%)

High FMI-
High LMI
(n=110),

mean (SD)
or n (%)

High FMI-
Low LMI

(n=79),
mean (SD)
or n (%)

p

Parental characteristics

Ethnicity 0.009

  Chinese 202
(53.6%) 49 (62.0%) 61 (56.0%) 48 (43.6%) 44 (55.7%)

  Malay 113
(30.0%) 25 (31.6%) 29 (26.6%) 43 (39.1%) 16 (20.3%)

  Indian 62 (16.4%) 5 (6.3%) 19 (17.4%) 19 (17.3%) 19 (24.1%)

Monthly household income 0.03

  High (≥ S$6000) 73 (20.9%) 21 (28.8%) 22 (22.0%) 19 (18.4%) 11 (15.1%)

  Mid(S$4000 – 5999) 91 (26.1%) 16 (21.9%) 26 (26.0%) 20 (19.4%) 29 (39.7%)

  Low (< S$4000) 185
(53.0%) 36 (49.3%) 52 (52.0%) 64 (62.1%) 33 (45.2%)

Maternal age at delivery (yr) 31.1 (5.3) 31.5 (4.8) 30.5 (5.4) 30.4 (5.4) 32.4 (5.4) 0.03

Pre-pregnancy BMI
(kg/m2)

22.64
(4.29)

22.23
(4.05)

21.60
(3.59)

24.01
(4.71)

22.75
(4.44) <0.001

Gestational fasting 0.15

plasma glucose (mmol/L) 4.39 (0.47) 4.36 (0.34) 4.32 (0.40) 4.45 (0.57) 4.44 (0.51)

Gestational 2-hour 0.10

plasma glucose (mmol/L) 6.36 (1.36) 6.14 (1.44) 6.29 (1.23) 6.38 (1.30) 6.67 (1.52)

Gestational diabetes 0.02

  No 310
(85.6%) 68 (88.3%) 93 (87.7%) 94 (89.5%) 55 (74.3%)

  Yes 52 (14.4%) 9 (11.7%) 13 (12.3%) 11 (10.5%) 19 (25.7%)

Child characteristics

Sex 0.80

  Girl 188(49.9%) 37 (46.8%) 57 (52.3%) 57 (51.8%) 37 (46.8%)

  Boy 189
(50.1%) 42 (53.2%) 52 (47.7%) 53 (48.2%) 42 (53.2%)

Prematurity 0.03

  Term 351(93.1%) 76 (96.2%) 95 (87.2%) 104(94.5%) 76 (96.2%)

  Preterm 26 (6.9%) 3 (3.8%) 14 (12.8%) 6 (5.5%) 3 (3.8%)

Birthweight (kg) 3.08 (0.43) 3.13 (0.35) 2.94 (0.50) 3.18 (0.44) 3.10 (0.35) <0.001

Size at birth 0.02

  Appropriate-for-gestational-age 269
(71.4%) 59 (74.7%) 70 (64.2%) 79 (71.8%) 61 (77.2%)

  Small-for-gestational-age 44 (11.7%) 7 (8.9%) 23 (21.1%) 7 (6.4%) 7 (8.9%)

  Large-for-gestational-age 64 (17.0%) 13 (16.5%) 16 (14.7%) 24 (21.8%) 11 (13.9%)

Adiposity markers at 6 years

z-BMI -0.01 (1.32) -0.35(0.56) -1.12 (0.76) 1.15 (1.27) 0.27 (1.12) <0.001

z-height -0.09 (1.01) -0 27(0.93) -0.38 (0.96) 0.16 (0.97) 0.14 (1.06) <0.001
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All
(n=377),

mean (SD)
or n (%)

Low FMI-
High LMI

(n=79),
mean (SD)
or n (%)

Low FMI-
Low LMI
(n=109),

mean (SD)
or n (%)

High FMI-
High LMI
(n=110),

mean (SD)
or n (%)

High FMI-
Low LMI

(n=79),
mean (SD)
or n (%)

p

Fat mass (kg) 4.38 (2.52) 2.99 (0.52) 2.87 (0.70) 6.24 (3.33) 5.25 (1.88) <0.001

FMI (kg/m2) 3.23 (1.64) 2.28 (0.40) 2.21 (0.49) 4.49 (2.08) 3.82 (1.20) <0.001

Lean mass (kg) 12.46 (1.89) 13.08 (1.30) 10.99 (1.35) 13.85 (1.72) 11.93 (1.55) <0.001

LMI (kg/m2) 9.33 (1.00) 9.95 (0.53) 8.47 (0.75) 10.15(0.69) 8.76 (0.62) <0.001

Metabolic markers at 6 years

Fasting plasma glucose (mmol/L) 4.53 (0.38) 4.53 (0.44) 4.51 (0.40) 4.50 (0.36) 4.59 (0.32) 0.50

Fasting insulin (pmol/L) 30.62 (16.25) 27.43 (13.54) 26.58 (14.11) 33.56 (15.77) 35.00 (19.83) 0.01

Homeostasis model assessment of insulin 
resistance (units) 0.90 (0.50) 0.81 (0.44) 0.77 (0.43) 0.98 (0.48) 1.04 (0.61) 0.01

Metabolic syndrome risk score -0.08 (2.22) -0.95 (1.47) -0.97 (1.74) 0.67 (2.17) 0.90 (2.66) <0.001

Fatty liver index 1.07 (1.43) 0.53 (0.18) 0.49 (0.20) 1.72 (2.00) 1.39 (1.57) <0.001

Cardiovascular markers at 6 years

Systolic blood pressure (mmHg) 101.06 (8.18) 100.55 (8.16) 99.30 (7.93) 102.84 (8.03) 101.50 (8.35) 0.01

Diastolic blood pressure (mmHg) 59.62 (5.48) 58.71 (5.07) 59.17 (5.48) 60.08 (5.58) 60.50 (5.61) 0.13

Abbreviations: FMI – fat mass index; LMI – lean mass index
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Table 3
Differences in adiposity and cardiometabolic markers between the high fat mass index 
body composition groups in 6-year-old children

High FMI-High LMI (vs. High FMI-Low LMI)

β (95% CI) P

Adiposity markers

z-BMI 0.89 (0.45,1.32) <0.001

z-height 0.15 (-0.50, 0.21) 0.42

Metabolic markers

Fasting plasma glucose (mmol/L) -0.12 (-0.26, 0.02) 0.09

Fasting insulin (pmol/L) 0.05 (-1.19,1.30) 0.93

Homeostasis model assessment of insulin resistance (units) 0.00 (-0.27,0.26) 0.98

Metabolic syndrome risk score 0.20 (-0.91,1.31) 0.72

Fatty liver index 0.69 (-0.23,1.61) 0.14

Cardiovascular markers

Systolic blood pressure (mmHg) 1.47 (-1.38,4.31) 0.31

Diastolic blood pressure (mmHg) -0.98 (-2.94,0.98) 0.33

Abbreviations: FMI – fat mass index; LMI – lean mass index
Models were adjusted for ethnicity, sex, household income, maternal age, pre-pregnancy body mass index, gestational diabetes, prematurity, and 
size at birth.
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Table 4
Differences in cardiometabolic markers between the high fat mass index body 
composition groups, stratified by sex

Fasting plasma glucose (mmol/L) Diastolic blood pressure (mmHg)

β (95%CI) P β (95%CI) P

Girls

High FMI-Low LMI Ref. Ref.

High FMI-High LMI -0.29 (-0.55, -0.04) 0.03 -3.22 (-6.03, -0.41) 0.03

Boys

High FMI-Low LMI Ref. Ref.

High FMI-High LMI 0.06 (-0.12, 0.24) 0.49 1.65 (-1.59, 4.88) 0.31

P for interaction1 0.006 0.03

Abbreviations: FMI – fat mass index; LMI – lean mass index
Models were adjusted for ethnicity, household income, maternal age, pre-pregnancy body mass index, gestational diabetes, prematurity, and size at 
birth.

1P-value of interaction term between two high fat mass index body composition groups and sex
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