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contraceptive use, ethnicity, alcohol intake, smoking, adult SES,
educational status, and physical activity for BMI and WC analysis,
plus BMI for hs-CRP analysis. Maternal covariates included family
income, smoking, alcohol drinking, weight gain during pregnancy,
maternal BMI, preterm pregnancy, gestational diabetes mellitus
(GDM), Uncomplicated-HTN, Complicated-HTN and breast feeding
>6 months. Univariate analysis using a P-value cut-off of 0.1 was
applied to select variables for multivariate modeling. To select the
most parsimonious model, stepwise backwards selection was
performed based on a P-value threshold as well as change in
estimate, both approaches carried out manually to determine the
final set of confounders. A very conservative approach was
followed by relying on a significant global P-value for the
trajectory group variable along with local P-values for each group.
Age, sex, contraceptive use in females, SES, and ethnicity of Gen2
adults were included in all multivariate models. Final covariates for
Model 1 included age, sex, female contraceptive use, ethnicity, SES
and physical activity. Model 2 additionally accounted for the
pregnancy covariates namely uncomplicated hypertension during

pregnancy, maternal alcohol drinking, and maternal BMI at
16 weeks. All models with hs-CRP as the outcome variable
adjusted for BMI. BMI was centered at 25 kg/m2 and modeled with
a second-order polynomial. Gen2 physical activity and SES
variables were normalized in the multivariate modeling using
z-score standardization. Interaction between trajectory groups and
sex of Gen2 adults was explored for all models. Birthweight of
Gen2 adults was also analyzed as a continuous variable to
estimate the effect on adiposity measures.
Results are presented as percentages, means with standard

deviations or medians with upper and lower quartiles. Stata v17.0
(Stata Corp., College Station, TX, USA) was used for all statistical
analyses with two-sided significance set at P < 0.05. Stata codes
are available for researchers upon request to authors.

RESULTS
Table 1 shows the general characteristics of the participants (Gen2)
at 20, 22, and 27 years and their mothers (Gen1) during pregnancy.

Fig. 1 Flow diagram of Raine Study participants attending the 20, 22 and 27-year follow-up. Flow diagram of Raine Study participants
attending the 20, 22 and 27-year follow-up with completeadult body mass index (BMI), waist circumference (WC) and lifestyle data.
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Fig. 2 Fetal growth trajectories using abdominal circumference (AC), femur length (FL), and head circumference (HC) anthropometric
markers. Reproduced from Yadav et al. [30]. DOI:10.1097/HJH.0000000000003035 with permission from Wolters Kluwer Health, Inc.
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Approximately 90% of Gen2 were Caucasians. Males and females
had a similar BMI at all three ages. However, males were more
likely to be overweight (BMI > 25 and <30 kg/m2) and have a
greater waist circumference, and more females had obesity
(BMI > 30 kg/m2) at each age. Median hs-CRP values tended to

be higher in females compared to males at each follow-up. Alcohol
was consumed by approximately 70–85% of males and females at
20, 22, and 27 years. The frequency of smoking was ~16% at 20-
years and ~22% at 27 years. Physical activity in males and females
was higher at 20-years than at 22 and 27 years. Female hormonal

Table 1. General characteristics of the participants (Gen2) at 20, 22 and 27 years and their mothers (Gen1) during pregnancy.

Characteristics Year 20 (n= 485) Year 22 (n= 421) Year 27 (n= 437)

Males
n= 231

Females
n= 254

Males
n= 213

Females
n= 208

Males
n= 218

Females
n= 219

Adult participants (Gen2)

Age (years) Mean (SD) 20.1 (0.4) 20.1 (0.4) 22.2 (0.8) 22.2 (0.8) 26.7 (0.4) 26.8 (0.4)

BMI (kg/m2) Median
(Q1, Q3)

23.5
(21.1,26.4)

23.1
(20.9,26.4)

24.2
(22.1,27.2)

23.8
(21.5,28.0)

24.7
(22.6,27.6)

23.7
(22.6,27.6)

*BMI categories

<25 (kg/m2) 64.5 67.7 60.6 61.5 51.4 61.6

Overweight 23.4 17.7 28.6 17.8 34.4 20.1

Obese 12.1 14.6 10.8 20.7 14.2 18.3

Waist circumference (cm)
Median (Q1, Q3)

79.1
(74.8,87.8)

73.9
(68.0,82.2)

83.5
(77.0,91.0)

76.0
(70.5,89.5)

85.5
(79.8,94.3)

76.6
(71.1,85.5)

hs-CRP (mg/L) Median
(Q1, Q3)

0.71 (1.2) 1.38 (2.8) 0.65 (1.0) 1.53 (4.2) 0.70 (1.4) 1.10 (2.6)

Alcohol drinkers (%) 75.3 70.1 85.0 79.8 74.8 69.9

Alcohol intake (g/wk
ethanol) Median (Q1, Q3)

80.0
(10.0,90.0)

50.0
(0.0,120.0)

109.7
(39.8,240.3)

50.0
(11.1,103.5)

79.2 (0.0,202.5) 42.2
(0.0,118.8)

Smoking (% smokers) 15.6 16.1 17.4 16.4 23.4 21.0

Physical Activity (METmin
/week) Median (Q1, Q3)

7386.0
(3546.0,
13050.0)

9936.0
(3336.0,
16398.0)

3816.0
(1893.0, 7164.0)

2147.5
(801.0, 4563.0)

2698.5
(1200.0, 5112.0)

1920.0
(495.0, 3564.0)

Socioeconomic status
(SEIFA score) Median
(Q1, Q3)

1072.8
(995.7, 1114.4)

1075.9
(1006.8,
1121.5)

1080.9
(1002.9, 1120.0)

1069.0
(1006.8, 1116.5)

1079.1
(1003.9, 1118.4)

1069.3
(1006.8,
1116.5)

Educational status (%)

Category-1 81.6 72.4 52.4 51.5 21.5 19.6

Category-2 15.0 20.7 26.0 19.8 32.6 28.0

Category-3 3.4 6.9 21.6 28.7 45.8 52.4
#Contraceptive use in
females (%)

- 60.2 - 59.6 - 48.9

Ethnicity (% Caucasians) 87.9 89.8 88.7 90.9 89.9 91.3

Breastfed >6 months (%) 57.7 57.9 58.5 58.1 58.8 53.8

Birthweight (g) Mean (SD) 3371.5 (552.3) 3308.8 (510.2) 3343.1 (581.9) 3322.2 (516.5) 3416.1 (572.5) 3338.3 (528.4)

Birth length (cm)
Mean (SD)

49.3 (2.7) 48.7 (2.3) 49.1 (3.1) 48.7 (2.2) 49.5 (2.9) 48.8 (2.3)

Maternal (Gen1)

BMI (kg/m2) Median
(Q1, Q3)

22.9
(21.1,24.8)

23.2
(21.2,25.9)

22.8
(20.7,24.6)

23.5
(21.0,26.2)

22.9
(21.1,25.5)

23.4
(21.1,25.9)

Preterm delivery (%) 4.8 5.5 7.0 5.3 6.0 4.1

GDM (%) 2.6 1.6 3.3 1.4 3.2 0

Maternal smoking (%) 21.2 23.2 18.3 24.0 16.5 25.6

Alcohol drinkers (%) 60.6 57.5 59.2 56.3 58.3 58.0

Uncomplicated-HTN (%) 26.4 18.5 25.8 20.7 26.2 19.2

Complicated-HTN (%) 3.5 2.8 4.7 1.0 3.2 2.3

Low income (%) 33.2 34.6 37.3 34.2 38.8 34.4

SD standard deviation, Q1 1st quartile or 25th percentile, Q3 3rd quartile or 75th percentile, BMI body mass index, hs-CRP high-sensitivity C-reactive protein.
*BMI categories: <25, overweight (≥25 and <30), obese (≥30) [in kg/m2]; SEIFA: Socioeconomic indexes for areas; Educational status: Category-1 Those
completing high school, Category-2 Those with apprenticeship or vocational training, Category-3 Those in university.
#Contraception refers to the use of hormonal contraceptives; GDM- gestational diabetes mellitus; HTN- hypertension; Low income- family income at the time
of conception, low being annual income < $24,000 (AUS).
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contraceptive use was 60.2% at 20 years and 48.9% at 27 years.
Birthweights were similar between males and females. In relation
to maternal characteristics (Gen1), 7% reported preterm deliveries,
3.3% gestational diabetes, 26.4% Uncomplicated-HTN and 4.7%
complicated HTN (Table 1). More than 16% of Gen1 mothers
smoked and >56% consumed alcohol during pregnancy.

Abdominal circumference (AC) trajectories
Relationship of AC trajectories with BMI. Compared with the
reference average-stable trajectory (Group-3), participants in Group-4
(average-falling) (β=−1.45 kg/m2, 95% CI=−2.43, −0.46) and
Group-6 (high-falling) (β=−1.01 kg/m2, 95% CI=−1.96, −0.05)
had significantly lower BMI (P= 0.004 and P= 0.038, respectively) in
models that accounted for age, sex, female contraceptive use,
ethnicity, SES and physical activity (Table 2A BMI, Model 1 and

Supplementary Table 1). The associations persisted for Group-4 when
further adjusted for maternal covariates (Table 2A BMI, Model 2 and
Supplementary Table 2). Maternal uncomplicated hypertension
(P= 0.010), maternal alcohol drinking (P= 0.006) and maternal BMI
at 16 weeks (P< 0.001) were independently associated with offspring
BMI (Supplementary Table 2). The observed associations between
fetal growth trajectory groups for all three anthropometric
parameters (AC, FL, and HC) and adult BMI, WC and hs-CRP, based
on linear mixed modeling (Model 1) have been summarized in Fig. 3.
No significant sex-trajectory interaction was detected.
In analyses examining BMI categories with AC trajectory

groups, there were 7.1 and 10.4% participants with obesity in
Group-4 and Group-6 respectively, compared to 22.3% in the
reference Group-3 at 27 years, with similar trend at 20 and
22 years (Supplementary Table 3).

Table 2. Fetal growth trajectories and their association with BMI, WC & hs-CRP.

2A: Abdominal circumference (AC)
#Trajectories
(Group
membership)

Group-1
Low-
falling 5.3%
(n= 36)

Group-2
Low-
stable 13.1%
(n= 89)

Group-4
Average-
falling 20.6%
(n= 139)

Group-5
Average-rising 12.4%
(n= 84)

Group-6
High-
falling 18.3%
(n= 124)

Group-7
High-
rising 5.6%
(n= 38)

Global
P value

BMI Model 1 −0.06 −0.31 −1.45** 0.26 −1.01* 0.20 0.011

Model 2 0.86 0.21 −1.03* −0.04 −0.75 −0.47 0.044

WC Model 1 −0.44 −1.06 −3.10* 0.78 −1.86 0.16 0.033

Model 2 2.56 0.24 −2.20* 0.20 −1.19 −1.38 0.138

hs-
CRP

Model 1 1.40* 1.07 1.05 0.99 0.98 0.70** 0.001

Model 2 1.48** 1.07 1.06 0.98 0.97 0.70** 0.001

2B: Femur length (FL)
#Trajectories (Group
membership)

Group-1
Low-falling 5.9%
(n= 40)

Group-2
Very-low-rising 7.7%
(n= 52)

Group-3
Low-stable 31.7%
(n= 215)

Group-5
High-stable 12.4%
(n= 84)

Global
P value

BMI Model 1 0.50 2.58** 0.45 0.35 0.028

Model 2 0.39 1.77* 0.50 0.05 0.159

WC Model 1 −1.39 5.22* 0.37 2.04 0.055

Model 2 −1.62 3.42 0.47 1.29 0.296

hs-CRP Model 1 1.13 1.37** 1.37*** 1.12 <0.001

Model 2 1.13 1.38** 1.39*** 1.12 <0.001

2C: Head circumference (HC)
#Trajectories (Group
membership)

Group-1
Low-stable 8.0%
(n= 54)

Group-2
Average-falling 31.5%
(n= 214)

Group-3
Low-rising 8.1%
(n= 55)

Group-5
High-stable 11.6%
(n= 79)

Global
P value

BMI Model 1 −0.55 −0.10 0.57 −0.61 0.488

Model 2 −0.26 −0.37 0.14 −0.82 0.415

WC Model 1 −0.95 −0.76 1.15 −0.89 0.714

Model 2 −0.23 −1.33 0.35 −1.34 0.515

hs-CRP Model 1 1.16 1.05 1.02 0.80* 0.020

Model 2 1.15 1.04 1.02 0.78** 0.024

Linear mixed modeling results displayed.
BMI body mass index (β coefficient in kg/m2), WC waist circumference (β coefficient in cms), hs-CRP high-sensitivity C-reactive protein (Exponentiated β
coefficients).
Significant P values: *<0.05, **<0.01, ***<0.001.
#Trajectories based on 1333 participants; Reference group is Group-3 (Average-stable) with a membership of 24.9% (n= 169) for abdominal circumference,
Group-4 (Average-stable) with a membership of 42.4% (n= 288) for femur length and Group-4 (Average-stable) with a membership of 40.8% (n= 277) for head
circumference.
Sample Size: Model 1: BMI and WC- 1242 observations representing 606 participants who attended one or more follow-up; hs-CRP 1139 observations/574
participants. Model 2: BMI and WC- 1223 observations/596 participants; hs-CRP- 1126 observations/566 participants.
Model 1 covariates- age, sex, female contraceptive use, ethnicity, socioeconomic status & physical activity; Model 2 covariates- Model 1 plus uncomplicated
hypertension during pregnancy, maternal alcohol drinking, and maternal BMI at 16 weeks (only maternal BMI at 16 weeks for hs-CRP). Models for hs-CRP
additionally adjusted for adult BMI.
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