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What is already known about this subject?
· Early life weight gain is associated with adult abdominal fat. 
· No studies have investigated whether these associations begin in early childhood, and whether differential associations may partially explain sex and ethnic differences in fat accumulation.
What does this study add?
· The study describes associations between age-specific conditional relative weight gains and fat deposition in metabolically distinct abdominal fat compartments in a South Asian longitudinal birth cohort. 
· We showed that Indian ethnicity and female sex predisposed children to accumulate more fat in the visceral adipose depot with increasing conditional relative weight gain. The magnitude of association was higher for the 1-2 year time period. 
· These findings aid early identification of children at higher risk of fat accumulation, and suggest that 1-2 years might be an important period for interventions to prevent adverse metabolic outcomes. 






Objective: To investigate the independent associations between age-specific annual weight gain from birth to age 4 years and fat deposition in metabolically distinct compartments at age 4.5 years in a South Asian longitudinal birth cohort.
Methods: Volumetric abdominal MRI with comprehensive segmentation of deep (DSAT) and superficial subcutaneous (SSAT), and visceral adipose tissues (VAT) was performed in 316 children (150 boys, and 166 girls in three ethnic groups: 158 Chinese, 94 Malay, and 64 Indian) aged 4.5 years. Associations between fat volumes and annual relative weight gain conditional on past growth were assessed overall and stratified by sex and ethnicity. 
Results: Conditional relative weight gain had stronger associations with greater SAT and VAT at age 4.5 years in girls than boys, and in Indians compared with Malay and Chinese. Overall, the magnitude of association was the largest during 2-3 years for SAT, and 1-2 years for VAT. Despite similar body weight, Indian children, and girls had the highest DSAT and SSAT volumes at age 4.5 years (all p-interaction<0.05). No significant sex or ethnic differences were observed in VAT. With increasing BMI, Indian children had the highest tendency to accumulate VAT, and girls accumulated more fat than boys in all depots (all p-interaction<0.001).
Conclusions: Indian ethnicity and female sex predisposed children to accumulate more fat in the visceral adipose depot with increasing conditional relative weight gain in the second year of life. Thus, 1-2 years age may be a critical window for interventions to reduce visceral fat accumulation.    


Introduction
Differential partitioning of fat has different metabolic consequences, with strong evidence of associations in adulthood (1-4). Within the abdominal fat depots, superficial subcutaneous adipose tissue (SSAT), deep subcutaneous adipose tissue (DSAT) and visceral adipose tissue (VAT)) have different functional characteristics and associations with metabolic risk (2, 3). SSAT, along with lower body fat depots like gluteofemoral fat, has been proposed as a protective depot that can safely sequester fat, and is associated with better glycemic control and a lower cardiovascular risk profile (1, 4). In contrast, DSAT and VAT have greater expression of lipolytic and pro-inflammatory genes and are strongly linked with insulin resistance and higher cardiometabolic risk (5-7). Many of the adverse effects of obesity on cardio-metabolic risk factors during childhood are strongly associated with increased accumulation of abdominal fat (8). Rapid weight gain in early life, childhood and adolescence has been shown to be positively associated with abdominal fat accumulation in adulthood (9-11). However, whether these associations begin in early childhood, and whether differential associations may partially explain sex and ethnic differences in abdominal fat accumulation is unknown. 
Sex and ethnic differences in abdominal fat partitioning have been reported in adolescents and adults (12-17), with multiple studies showing that men have higher levels of VAT than women, which may partly explain their increased predisposition to metabolic diseases (12, 13, 18). The timing of this sexual dimorphism is not clear, with some reports indicating that it emerges even before puberty (19). South Asians have a strong predisposition to accumulate abdominal fat, particularly in the DSAT compartment, compared to other ethnic groups, accompanied by higher risk of cardiovascular and metabolic diseases (15, 20).
In this study, we evaluated the associations of sex and ethnicity with abdominal fat accumulation in early childhood in an Asian cohort. We also assessed whether sex and ethnicity modified the associations of adiposity, and rapid weight gain during infancy and early childhood with abdominal fat volumes at age 4.5 years. Early identification of such at-risk groups could help in designing interventions to prevent adverse metabolic outcomes. Previous studies on abdominal fat in children have often focused on pre-adolescents and adolescents (16, 21), with a few based on neonates (22-24). Most studies of abdominal fat quantification in children have used proxy measures of abdominal fat, such as waist circumference or waist-to-hip ratio, or have assumed that fat partitioning at a single abdominal magnetic resonance (MR) / computed tomography (CT) image slice (usually L4-L5 vertebrae or at the umbilicus) is representative of fat partitioning in the entire abdomen (16, 25). Abdominal fat area estimated from a single image slice has differential associations with fat volume and metabolic risk factors based on the slice location between L1 and L5 vertebrae, thereby limiting the use of single slice measurements for abdominal fat depots (26, 27). In this study, we used volumetric MRI with comprehensive image segmentation to measure DSAT, SSAT and VAT volumes.
Methods
Study population
The participants were recruited from the Growing Up in Singapore Towards healthy Outcomes (GUSTO) study, a prospective birth cohort (28). Briefly, 1247 pregnant women aged 18 years and above were recruited in their first trimester from KK Women’s and Children’s Hospital and the National University Hospital between June 2009 and September 2010. A total of 1176 babies were born. Of the 981 children approached for MRI at 4.5 years of age, 503 consented (Figure 1). Successful MRI was performed on 392 children, 76 (19%) were excluded due to poor image quality, leaving a final sample of 316 participants: 150 boys and 166 girls across three ethnic groups (158 Chinese, 94 Malay, and 64 Indian). Written informed consent was obtained from the women and the study was approved by the National Healthcare Group Domain Specific Review Board and the SingHealth Centralized Institutional Review Board. 
Maternal data
Demographics (age, ethnicity and education level) and maternal prepregnancy weight were collected through questionnaires at study enrolment in the first trimester. Gestational age was determined by an ultrasound scan at 7-12 weeks. During the study visit in the second trimester (26-28 weeks), maternal height and weight were measured and an oral glucose tolerance test was administered to determine fasting and 2-h plasma glucose levels. Maternal prepregnancy BMI was calculated as self-reported prepregnancy weight (kg) divided by the squared height (m2). Serial measurements (every 1 to 2 months) of maternal weight throughout pregnancy were extracted from clinical records. Gestational weight gain per week between 15 and 35 weeks of gestation was determined from the linear weight trajectory obtained using a linear mixed-effects model with the best linear unbiased predictor (29). 
Offspring anthropometric measures
Weight and length of the infant at birth were abstracted from hospital medical records. Infant weight at 12 months was measured to the nearest g using a calibrated SECA 334 weighing scale. At 24, 36, and 48 months, child’s weight was measured to the nearest g using SECA 803 weighing scales. Recumbent length of the infant/child at birth, 3, 6, 9, 12, 15, 18, and 24 months was measured from the crown of the head to the soles of the feet using an infant mat (SECA 210 Mobile Measuring Mat) to the nearest 0.1 cm. Standing height at 36 and 48 months were measured using a SECA 213 stadiometer. Skinfold thicknesses (triceps, biceps, subscapular and supra-iliac) were measured in triplicate using Holtain skinfold calipers (Holtain Ltd.) on the right side of the body, recorded to the nearest 0.2 mm. Abdominal circumference was measured at the level of the iliac crest using an inelastic measuring tape. The observers underwent anthropometric training and standardization sessions every 3 months to be equipped to obtain anthropometric measurements that, on average, were closest to the values measured by the trainer. The inter-observer reliability was assessed by technical error of measurement and coefficient of variation and the error values were found to be low (30).
MRI protocol and image analysis
The children underwent MRI of the abdomen without sedation using the Siemens Skyra 3T MR scanner. Sixty axial slices with 5-mm slice thickness and in-plane resolution of 0.94 × 0.94 mm were acquired using a water-suppressed HASTE sequence (repetition time (TR)=1000 ms, echo time (TE)=95 ms) and body matrix coil after anatomical localization. The images were acquired in the abdominal region using the liver dome and upper sacrum as anatomical references. The HASTE sequence was chosen over the commonly used Dixon sequence for abdominal imaging because of its fast imaging capability and lesser susceptibility to breathing artifacts (31). The breath-hold requirement for the Dixon sequence makes it unsuitable for pediatric population.
The SAT and VAT depots were segmented from the abdominal MR images using a fully automated graph theoretic segmentation algorithm (32). The first step of the algorithm used intensity thresholding to remove non-fat from fat tissues. Connected component analysis was then used to remove the upper limbs and create a fat mask. In the second step, the fat mask was classified into SAT and VAT compartments by removing the narrow connections between them using graph cuts. The output image was then manually edited to remove bowel and other misclassified structures. The SAT compartment was subclassified into DSAT and SSAT by manually drawing a boundary along the fascial plane. The volumes of each fat depot were computed by summing the voxels and multiplying by the image resolution. 
The manual editing procedure was performed by a trained MR reader who was blinded to all the participant information. The quality of the manual editing was validated by repeating the procedure twice on randomly selected 30 data sets and measuring the intra-rater reliability. The mean Dice similarity indices for intra-rater reliability for DSAT, SSAT and VAT were 0.95, 0.98 and 0.99 respectively. 
Estimation of conditional relative weight gain
Conditional relative weight gain was computed as the standardized residual of current weight regressed on current height and all previous weight and height measures (9, 33). The conditional relative weight gain denotes the child’s deviation from the expected weight gain for a specific interval, given the child’s current height and past growth measures. A child with a positive conditional weight gain in an interval indicates that he/she experienced a faster growth in this interval, than expected for his/her current height and prior size. We determined the conditional relative weight gain in annual intervals between birth and 4 years and in 3-month intervals in the first 18 months of life. These conditional relative weight gain measures are uncorrelated with each other and thus eliminate the statistical problems associated with modeling highly correlated weight measures. For example, conditional relative weight gain can be used to evaluate the effect of growth between 1 and 2 years on childhood abdominal fat, independent of growth between birth and 1 year.
Statistical analysis
Statistical analyses were performed using SPSS 23.0 software. We used Pearson’s chi-squared test to evaluate if there were sex differences across the ethnic groups. Analysis of variance (ANOVA) was used to compare the means of abdominal fat depot volumes and anthropometric measures between the ethnic groups and sexes. To assess ethnic and sex differences in the association between childhood adiposity and abdominal fat partitioning at age 4.5 years, we used analysis of covariance (ANCOVA) with the abdominal fat depots (SAT, VAT, DSAT and SSAT) as dependent variables, ethnicity or sex as the covariate, BMI at 48 months and the interaction terms ‘BMI × ethnicity’ or ‘BMI × sex’ as independent variables in separate analyses. 
Multiple linear regression models were used to examine the association of abdominal fat depot volumes (SAT, DSAT, SSAT, and VAT) with conditional relative weight gain during infancy and early childhood, overall, and stratified by sex and ethnicity. Multiplicative interaction terms ‘conditional relative weight gain × sex’ or ‘conditional relative weight gain × ethnicity’ were added as independent variables to assess the sex and ethnic modifications of associations for every growth period (birth-1 year, 1-2 years, 2-3 years, and 3-4 years) in separate analyses. Beta coefficients and their 95% confidence intervals reflecting the association between the fat depot volumes and conditional relative weight gain measures and the interaction p-values were calculated. The analyses were adjusted for sex or ethnicity, maternal prepregnancy BMI, maternal antenatal fasting glucose, gestational weight gain per week, gestational age at delivery, and maternal education. 
Results
Pearson’s chi-squared testing showed no relationship between sex and ethnicity (p=0.612). Table 1 shows the demographics and clinical characteristics of the study participants, stratified by ethnicity and sex. No difference in mean birth weight was observed between the three ethnic groups within the studied samples. Indian children were the tallest at age 4.5 years (107.7 cm, p<0.001), followed by Chinese (105.4 cm) and Malay children (104.3 cm), but no differences were observed in weight. No differences were seen among the ethnic groups for BMI, abdominal circumference or sum of skinfold thicknesses. Nonetheless, significant differences in abdominal subcutaneous fat distribution were observed between the ethnic groups; Indian children had the highest SAT (both DSAT and SSAT), followed by Malay and Chinese children (504.5 ml, 588.3 ml, and 668.6 ml for Chinese, Malay and Indian children respectively, p=0.013). The ethnic difference in VAT was small and non-significant. 
Body weight was similar in boys and girls at birth, and at age 4.5 years, as were height, BMI and abdominal circumference at age 4.5 years. The sum of skinfold thicknesses was higher in girls than boys (34.2 mm vs. 28.2 mm, p<0.001). Girls also had larger volumes of DSAT (182.0 ml vs. 129.2 ml, p=0.004) and SSAT (441.8 ml vs. 365.8 ml, p=0.003) than boys, while VAT volumes were similar.
Figure 2 shows how ethnicity modified the relationships between BMI and abdominal adiposity. With increasing BMI, Chinese children had the least tendency to accumulate fat in all abdominal depots. Indian and Malay children tended to accumulate DSAT and SSAT to similar degrees, while Indian children had the strongest tendency to accumulate VAT. Figure 3 shows sex differences in the magnitude of the association between BMI and abdominal adiposity. With increasing BMI, girls had a stronger tendency than boys to accumulate fat in all depots. 
Associations between conditional relative weight gain in early childhood and abdominal adiposity at age 4.5 years stratified by ethnicity and sex are presented in Table 2 and Table 3 respectively. Overall, SAT and VAT were positively associated with conditional relative weight gain at all annual intervals in all three ethnic groups. The associations for DSAT and SSAT followed the trend similar to that observed for SAT (data not shown). Significant differences in the strength of association were observed among the three ethnic groups, with Indian children showing a stronger association than Malay and Chinese children at all time points (p-interaction <0.01). 
The highest predicted increase in SAT volume per s.d. increase in conditional relative weight gain z-score in Chinese children was observed for the weight gain from 1 to 2 years (β=116.30 ml, 95% CI: 65.20, 167.41, p<0.001) and in the Malay children from 2 to 3 years (β=255.53 ml, 95% CI: 190.72, 320.34, p<0.001). Indian children had the strongest association in the 1-2 year time interval (β=399.61 ml, 95% CI: 265.60, 533.62, p<0.001). The 1-2 year age period in the Chinese children also showed the strongest association with VAT (β=34.86, 95% CI: 22.63, 47.09, p<0.001). The magnitude of association with VAT was highest between 2-3 year period and 1-2 year period in the Malay children and Indian children respectively. Indian children also showed the strongest positive association between conditional relative weight gain measures in shorter time intervals in the first 18 months and abdominal fat at 4.5 years, compared with Malay and Chinese. (data not shown).
Girls had stronger associations between conditional relative weight gain and abdominal adiposity at all growth intervals, except for SAT at the 1-2 year interval, where the association for boys was marginally but non-significantly higher than that of girls. The conditional relative weight gain between 1-2 years showed the strongest positive association with VAT for both boys and girls. One s.d. increase in conditional relative weight gain z-score was associated with 46.24 ml increase in VAT volume in girls compared to 25.94 ml observed in boys. The association with SAT was stronger in the 1-2 year period for boys and 2-3 year period for girls. Girls had stronger associations compared to boys across all the shorter time intervals, but the differences were significant only across selected time intervals (data not shown).
Discussion
We observed positive associations between conditional relative weight gain in early life (annual intervals between birth and 4 years) and abdominal adiposity at age 4.5 years and these associations appeared to be sex-, ethnicity- and time-dependent. Rapid weight gain during early life is associated with obesity in later childhood and adolescence (34, 35). Very few studies have investigated its association with adult abdominal adiposity (9-11). To our knowledge, ours is the first study to assess the association of conditional relative weight gain in infancy and early childhood with comprehensive abdominal fat measures at age 4.5 years. In our study, among all three ethnic groups we found that higher conditional relative weight gain in infancy and early childhood was strongly associated with greater abdominal adiposity at age 4.5 years. However, the association was significantly stronger for Indian children than for Chinese and Malay children, suggesting that rapid weight gain during early childhood might be more detrimental to metabolic health in Indian children. We also found certain periods of growth to contribute more to higher abdominal fat accumulation. Overall, 2-3 year period had the highest magnitude of association for SAT and 1-2 year period had the strongest association for VAT. The temporal changes in these associations varied between the ethnic groups indicating ethnic-specific sensitive periods of early growth that could have stronger influence on childhood obesity. 
Faster weight gain in infancy and early childhood had a stronger effect on both SAT and VAT accumulation in girls than in boys. Our results suggest that weight gain in boys during this period may be linked to higher fat-free mass accumulation, rather than fat mass. This is in agreement with the results of longitudinal studies showing higher fat-free mass in boys than girls from birth, and higher fat mass for girls than boys after 18 months of life (36). 
We observed sex and ethnic differences in abdominal fat partitioning in GUSTO children at age 4.5 years. Among adults, studies have reported higher VAT in Caucasians compared to African-Americans (14). Indian adults have been reported to accumulate more visceral fat even at low BMI values compared to other ethnic groups (37). These ethnic differences have been shown to be present even at birth (22, 23). In the GUSTO cohort, we previously reported that Indian and Malay neonates had a larger DSAT volume than Chinese neonates, with no differences in SSAT or VAT volumes (23). At 4.5 years, we continue to find that abdominal fat partitions differently among the three ethnic groups for all the subcutaneous fat depots (total SAT, DSAT and SSAT), but not for VAT. The differential associations observed between early life weight gain and abdominal fat could possibly partially explain the sex and ethnic differences in the abdominal fat partitioning. 
Ethnicity can also modify the associations between abdominal fat depots and metabolic risk factors. For instance, while VAT is strongly linked to insulin resistance, African-Americans are more insulin resistant than Caucasians despite their lower VAT (14, 21). South Asians accumulate higher body fat than Caucasians, even at low BMI, and also show a stronger association between abdominal adiposity and hyperinsulinemia (38). Ethnic differences in abdominal fat partitioning have also been reported in Asian neonates, within 3 weeks of birth (22, 23). In our current study, Indian children had the lowest levels of VAT among lean children, yet showed the strongest tendency to accumulate VAT with increasing BMI. Between the sexes, girls had higher DSAT and SSAT volumes than boys, but no significant differences in VAT volumes. Our results agree with previous studies reporting higher SAT in girls, but no significant differences in VAT (23, 39). The association we observed between BMI and abdominal adiposity in early childhood was stronger in girls than boys.
VAT is more detrimental to metabolic health than SAT. Though this has been well studied in adults (3, 6), the results are inconclusive in the pediatric population. Increased VAT has been shown to be associated with adverse metabolic profile in children with obesity (40, 41), while some studies have shown SAT to be a stronger predictor of metabolic risk factors than VAT (8, 40). Further research is required to ascertain the role of SAT and VAT in metabolic health in children. Besides its impact on metabolic health, increased visceral obesity in childhood leads to faster maturation and polycystic ovary syndrome in girls (42). Thus, the increased predisposition to accumulate fat in the abdominal depots could possibly have several adverse effects of obesity later in life.
Strengths of our study include its longitudinal study design, participants from the three Asian ethnic groups comprising the majority of the Singaporean population, growth outcomes measured at multiple time points throughout infancy and childhood and MR-based abdominal fat partitioning determined at age 4.5 years. A limitation is the lack of blood samples obtained at this age, precluding us from assessing the metabolic syndrome from measurements of triglycerides, fasting glucose and insulin. These would have been useful in understanding the relationship between fat partitioning and the metabolic profile of these children. A further limitation is that, while maternal weight data was collected using validated electronic weighing scales in the antenatal clinics and infant anthropometry using standardized research protocols, there may still be residual measurement error as in any cohort study. In this study, we have focused on investigating the total effect of ethnicity on growth and abdominal fat partitioning among the Chinese, Malay and Indian children. However, in earlier studies within GUSTO, we did observe ethnic differences in infant feeding practices and dietary intake that could potentially mediate the effect of ethnicity on fat partitioning (43, 44). Measurements of physical activity were not available during early childhood. Since feeding practices and dietary intake are potential causal intermediates of the link between ethnicity and fat accumulation, adding them as covariates in a simple multiple regression model can lead to bias in the estimate of the total effect of ethnicity due to statistical over-adjustment (45). Decomposing the total effect of ethnicity on fat accumulation into different pathways (diet, feeding practices, physical activity, etc.) requires more sophisticated statistical approaches (structural equation model or marginal structural model), which is beyond the scope of the current work. 
In summary, we observed ethnic and sex differences in abdominal fat partitioning in Asian children at age 4.5 years. We also found that sex, ethnicity, and time period modified the associations of rapid infancy weight gain and whole body adiposity with abdominal fat. In particular, we found that Indian ethnicity, female sex and the second year of life predisposed children with increasing adiposity and weight gain to accumulate more fat in the visceral adipose depot. Our study highlights the strengths of multi-ethnic cohorts for investigating the etiology of ethnic variation in cardiometabolic risk during early development. Identification of sex- and ethnicity-specific risk factors could help in developing targeted interventions to prevent future adverse metabolic outcomes. Previous studies have indicated that physical activity interventions in children can prevent excess fat mass accumulation in childhood (46, 47). Our findings may help in identifying children who are at higher risk of fat accumulation, and who may therefore be suitable targets for preventive interventions. 
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Table 1. Demographic and clinical characteristics of the study participants.
	
	Ethnicity
	Sex


	
	Chinese, n=158
	Malay, n=94
	Indian, n=64
	P value
	Boys, n=150
	Girls, n=166
	P value

	Maternal data
Prepregnancy BMI (kg/m2)
Antenatal fasting glucose at 26 weeks (mmol/L)
Gestational weight gain per week, (g/week)
Gestational age at delivery (weeks)
Maternal education, n
< 12 years
≥ 12 years
	
21.7 ± 3.1
4.3 ± 0.4
468.0 ± 117.7
38.8 ± 1.4

61
95
	
25.2 ± 5.5
4.2 ± 0.5
462.6 ± 149.3
38.1 ± 1.9

70
24
	
23.3 ± 4.6
4.5 ± 0.5
434.7 ± 121.8
38.7 ± 1.8

22
40
	<0.001
<0.001
0.223
0.021
<0.001

	
23.0 ± 4.3
4.3 ± 0.4
446.5 ± 114.3
38.4 ± 1.7

71
76
	
23.6 ± 4.8
4.3 ± 0.5
471.8 ± 140.3
38.7 ± 1.9

82
83
	0.230
0.849
0.086
0.136
0.524


	
Weight (kg)
Birth
1 year
2 year
3 year
4 year
4.5 years
	
3.1 ± 0.4
9.2 ± 1.1
11.8 ± 1.5
14.0 ± 2.0
16.0 ± 2.2
17.3 ± 2.6
	
3.0 ± 0.5
9.3 ± 1.2
11.9 ± 1.6
14.4 ± 2.1
16.5 ± 2.9
17.5 ± 3.0
	
3.0 ± 0.6
9.4 ±1.1
12.1 ± 1.9
14.6 ± 2.7
17.1 ± 3.9
18.3 ± 4.1
	
0.543
0.623
0.676
0.157
0.051
0.108
	
3.1 ± 0.4
9.6 ± 1.1
12.2 ± 1.6
14.4 ± 2.2
16.5 ± 2.6
17.7 ± 3.1
	
3.0 ± 0.5
9.0 ± 1.1
11.6 ± 1.6
14.0 ± 2.2
16.3 ± 3.1
17.4 ± 3.1
	
0.181
<0.001
0.002
0.118
0.662
0.366

	Height at 4.5 years (cm)
	105.4 ± 4.2
	104.3 ± 3.6
	107.7 ± 4.5
	<0.001
	105.6 ± 4.4
	105.4 ± 4.2
	0.649

	BMI at 4.5 years (kg/m2)
	15.5 ± 1.6
	16.0 ± 1.9
	15.6 ± 2.5
	0.114
	15.8 ± 1.9
	15.6 ± 1.9
	0.322

	Abdominal circumference at 4.5 years (cm)
	51.4 ± 4.0
	52.1 ± 5.2
	52.7 ± 6.7
	0.219
	51.8 ± 4.9
	51.9 ± 5.1
	0.954

	Sum of skinfold thicknesses at 4.5 years (mm)
	30.0 ± 9.1
	32.5 ± 12.3
	33.0 ± 16.0
	0.110
	28.2 ± 9.9
	34.2 ± 12.6
	<0.001

	Abdominal fat at 4.5 years (ml)
Total SAT
DSAT
SSAT
VAT
	
504.5 ± 258.9
128.6 ± 105.3
375.9 ± 158.3
195.6 ± 61.3
	
588.3 ± 443.1
171.3 ± 191.6
417.0 ± 254.3
186.5 ± 70.2
	
668.6 ± 538.5
205.9 ± 222.7
462.7 ± 317.8
184.1 ± 114.5
	
0.013
0.004
0.033
0.501
	
494.9 ± 346.6
129.2 ± 142.8
365.8 ± 205.7
195.4 ± 72.1
	
623.9 ± 420.4
182.0 ± 179.6
441.8 ± 245.1
186.2 ± 81.7
	
0.003
0.004
0.003
0.295

	Statistically significant (p<0.05) p values are highlighted in bold.
SAT, subcutaneous adipose tissue; DSAT, deep subcutaneous adipose tissue; SSAT, superficial subcutaneous adipose tissue; VAT, visceral adipose tissue.


Table 2. Estimated regression coefficients of the association between conditional relative weight gain and abdominal adiposity (SAT and IAT) at age 4.5 years stratified by ethnicity.
	Conditional relative weight gain
	Chinese

	Malay

	Indian

	‘Ethnicity × conditional relative weight gain’ interaction p value

	
	β
	95% CI
	P value
	β
	95% CI
	P value
	β
	95% CI
	P value
	

	SAT
0-1 year
1-2 years
2-3 years
3-4 years
	
105.65
116.30
109.04
1.99
	
57.58
65.20
65.13
-54.61
	
153.71
167.41
152.95
58.59
	
<0.001
<0.001
<0.001
0.944
	
92.01
152.07
255.53
171.34
	
-8.15
56.63
190.72
72.87
	
192.17
247.52
320.34
269.82
	
0.071
0.002
<0.001
0.001
	
318.04
399.61
268.57
358.85
	
156.82
265.60
128.33
235.12
	
479.26
533.62
408.82
482.59
	
<0.001
<0.001
0.001
<0.001
	
0.003
<0.001
0.001
<0.001

	VAT
0-1 year
1-2 years
2-3 years
3-4 years
	
10.26
34.86
9.34
-10.43
	
-2.61
22.63
-2.73
-24.96
	
23.12
47.09
21.42
4.11
	
0.117
<0.001
0.128
0.158
	
12.81
18.74
29.83
17.66
	
-5.50
1.32
15.39
-0.80
	
31.13
36.16
44.28
36.12
	
0.167
0.035
<0.001
0.060
	
56.63
85.79
41.40
69.36
	
23.12
61.59
10.16
40.51
	
90.15
109.99
72.65
98.22
	
0.002
<0.001
0.011
<0.001
	
0.007
<0.001
0.026
<0.001

	All regressions were adjusted for sex, maternal education, maternal prepregnancy BMI, maternal antenatal fasting glucose, gestational weight gain per week, and gestational age at delivery. Statistically significant (p<0.05) p values are highlighted in bold.
SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue.






Table 3. Estimated regression coefficients of the association between conditional relative weight gain and abdominal adiposity (SAT and IAT) at age 4.5 years, overall, and stratified by sex.
	Conditional relative weight gain
	Total1

	Boys2

	Girls2

	‘Sex × conditional relative weight gain’ interaction p value

	
	β
	95% CI
	P value
	β
	95% CI
	P value
	β
	95% CI
	P value
	

	SAT
0-1 year
1-2 years
2-3 years
3-4 years
	
145.23
185.44
192.18
154.11
	
98.43
140.17
152.41
103.95
	
192.02
230.71
231.95
204.28
	
<0.001
<0.001
<0.001
<0.001
	
90.49
193.98
145.30
76.80
	
29.14
131.47
94.61
7.60
	
151.84
256.49
195.99
146.00
	
0.004
<0.001
<0.001
0.030
	
201.19
177.45
233.41
196.73
	
130.80
112.49
168.70
127.45
	
271.58
242.41
298.11
266.01
	
<0.001
<0.001
<0.001
<0.001
	
0.025
0.690
0.038
0.009

	VAT
0-1 year
1-2 years
2-3 years
3-4 years
	
21.15
37.65
22.01
20.83
	
10.86
28.05
12.41
9.58
	
31.45
47.26
31.60
32.09
	
<0.001
<0.001
<0.001
<0.001
	
9.41
25.94
12.23
2.36
	
-3.83
11.62
0.355
-12.52
	
22.64
40.25
24.112
17.24
	
0.162
0.001
0.044
0.753
	
30.24
46.24
30.54
30.30
	
14.41
33.64
15.06
14.60
	
46.07
58.85
46.01
46.01
	
<0.001
<0.001
<0.001
<0.001
	
0.094
0.039
0.094
0.005

	1 Regressions were adjusted for sex, ethnicity, maternal education, maternal prepregnancy BMI, maternal antenatal fasting glucose, gestational weight gain per week, and gestational age at delivery. 
2 Regressions were adjusted for ethnicity, maternal education, maternal prepregnancy BMI, maternal antenatal fasting glucose, gestational weight gain per week, and gestational age at delivery. 
Statistically significant (p<0.05) p values are highlighted in bold.
SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue.
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Figure 1. Flow chart of the GUSTO study population at age 4.5 years.
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Figure 2. Effect of ethnicity on the association between BMI at 48 months and abdominal adipose depot volumes at 54 months (p<0.001 for interaction).
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Figure 3. Effect of sex on the association between BMI at 48 months and abdominal adipose depot volumes at 54 months (p<0.001 for interaction).
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