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Abstract

Objective: We aimed to evaluate the association between growth trajectories from birth to
adolescence and cardiometabolic risk markers levels at age 18 years in a population based
cohort. In order to disentangle the effect of weight gain from that of height gain, growth was
analyzed using conditional weight relative to linear growth (CWh) and conditional length/height
(CH).

Design: Prospective study.

Setting: 1993 Pelotas Birth Cohort, Southern Brazil.

Participants: Individuals that have been followed-up from birth up to adolescence (at birth, 1, 4,
11, 15 and 18 years).

Primary outcome measures: C-reactive protein (CRP), total cholesterol (TC), LDL-C, HDL-C,
TGL, systolic and diastolic blood pressure (SBP and DBP), BMI and waist circumference (WC).
Results: In both sexes, greater CWh at 1 year was positively associated with BMI and WC,
whereas greater CWh at most age periods in childhood and adolescence predicted increased
values of CRP, TC, LDL-C, TGL, SBP, DBP, BMI and WC, and decreased HDL-C. Higher CH
during infancy and childhood was positively related with SBP in boys and girls, and with BMI
and WC only in boys.

Conclusion: Our study showed that rapid weight gain from 1 year old onwards is positively
associated with several markers of cardiometabolic risk at 18 years. The lack of anthropometric
data at two years is a limitation in our study, since there is evidence suggesting that the hazards
of rapid weight gain appear particularly after the two first years of life. Overall, our study
support the "first 1000 days initiative" suggesting that prevention of excessive weight gain after

age two years might be important in reducing subsequent cardiometabolic risk.

Key-words: conditional growth, relative weight gain, linear growth, adolescents,

cardiometabolic risk, cohort studies.
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Strengths and limitations:

Population based sample birth cohort. Data collected prospectively over 18 years since
birth with high follow ups rates.

Availability of several anthropometric and biological markers of cardiometabolic risk
Use of conditional growth to examine highly correlated measurements, and assessment
of the separate contributions of linear growth and relative weight gain.

Use of sub-sample in one of the follow-ups. Multiple hypothesis testing lead to increased
Type I error.

Lack of anthropometric data at two years is a limitation in our study, since there is
evidence suggesting that the hazards of rapid weight gain appear particularly after the

two first years of life.

Funding: This article is based on data from the study "Pelotas Birth Cohort, 1993"
conducted by Postgraduate Program in Epidemiology at Universidade Federal de Pelotas
with the collaboration of the Brazilian Public Health Association (ABRASCO). From
2004 to 2013, the Wellcome Trust supported the 1993 birth cohort study. The European
Union, National Support Program for Centers of Excellence (PRONEX), the Brazilian
National Research Council (CNPq), and the Brazilian Ministry of Health supported
previous phases of the study.
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Introduction

Metabolic and cardiovascular diseases (CVDs) are important public health problems,
responsible for high morbidity and mortality burden in most regions of the world and causing

enormous costs in terms of human and economic resources [1].

Growth trajectories throughout life course, including the fetal period, may have effects
on cardiometabolic risk profile later in life [2]. It is well established in the literature that low
birthweight (a marker of fetal growth restriction) is a risk factor for type 2 diabetes [3], insulin
resistance [4] and CVDs [5, 6]. However, there is controversy about which age intervals of
accelerated growth (weight and height changes) lead to the development of chronic conditions.
Evidence suggests that accelerated weight gain during infancy is associated with an adverse
metabolic risk profile at adulthood [7-9]. In addition, it has been found that rapid weight gain
increase the risk of metabolic disturbances when occurs during childhood, as a result of a more

rapid development of body fat mass [10].

Studies on growth trajectories throughout life course and adult outcomes examine
weight gain, without any distinction between the weight gain relative to height and linear growth.
Dissimilar consequences of these measures have been found, which are relevant for healthcare
policy makers when developing programs on cardiometabolic risk prevention. In this study, we
aimed to assess the associations between size at birth (weight and length), conditional relative
weight (CWh) and conditional length/height (CH) at ages 1, 4, 11, 15, and 18 years old and
cardiometabolic risks markers (C-reactive protein (CRP), lipid profile, body mass index (BMI)
and waist circumference (WC)) in adolescents aged 18 years old members of the 1993 Pelotas

Birth Cohort study.
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Methods

The city of Pelotas is located in Southern Brazil. It is a middle-sized city with
nearly 330,000 inhabitants. In 1993, all mothers of hospital-delivered newborns (99% of all
births) who resided in the urban area of the city were invited to participate in a birth cohort
study. Data were collected on 5,249 live births and only 16 individuals refused to participate.
The cohort participants have been followed up at different time points thereafter. All visits were
carried out by trained interviewers and fieldwork team members. Further details of the

methodology have been published previously [11].

This study included information from six follow-ups: at perinatal, and at ages 1-, 4-, 11-,
15- and 18-years. The 1- and 4-year old follow-ups were conducted only in a subsample of all
low birthweight children plus a random sample of 20% of the rest of the sample (1460 children).
The response rates were 99.6%, 93.4%, 87.2% 87.5%, 85.7% and 81.4%, respectively Household
visits were performed in every follow-up except for the 18-y old wave that took place at the
university research clinic, where interviews, physical exams and collection of biological samples

were carried out [12].

The study and its protocols were approved by the School of Medicine Ethics Committee
of the Federal University of Pelotas. All participants or their legal representatives voluntarily
signed a consent letter (verbal consent was provided in perinatal phase) prior to participation in

each follow-up.

Assessment of outcomes
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We examined the following cardiometabolic risk markers measured at the 18-year old
visit: CRP, total cholesterol (TC), HDL-cholesterol (HDL-C), LDL-cholesterol (LDL-C),
triglycerides (TGL), systolic blood pressure (SBP), diastolic blood pressure (DBP), BMI and

WC.

Random venous blood samples were collected, left at room temperature for 30 minutes
and then centrifuged for 15 minutes at 2000g. Serum aliquots were stored at -80°C until analysis.
The tests were not taken in pregnant or suspected pregnant. Lipids were measured using an
automatic enzymatic colorimetric method in biochemistry analyzer BS-380, Mindray (Shenzhen
Mindray Bio-Medical Electronics Co., Ltd, China). CPR was measured by turbidimetric
immunoassay using also the BS-380 analyzer. Blood pressure was recorded in seated position
using a calibrated digital wrist monitor (Omron HEM-629, Beijing, China). Measurements were
taken at the start and at the end of the visit and mean of the two measurements was used in the

analysis.

Current BMI was calculated by dividing weight in kilograms by height squared in meters.
Weight was measured using a scale coupled to BodPod® equipment (Life Measurement, Inc.,
Concord, CA, USA) and height was obtained with standardized techniques using a wall-mounted
stadiometer (SECA 240; Seca, Birmingham, United Kingdom). Waist circumference was

measured with a fiberglass tape at the narrowest point of the torso.

Assessment of exposures

Birth weight and length were recorded in the maternity hospitals at delivery. In the

subsequent follow-ups the measurements were conducted at participant's home and at the
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research clinic in the 18-year old visit. On each occasion, weight and length or height were

measured by trained field workers using standard equipment and protocols.

We studied growth patterns in several life periods: infancy (from birth to 1 year old),
early and mid-childhood (1 to 4 and 4 to 11 years old, respectively), and early and late
adolescence (11 to 15 and 15 to 18 years old, respectively). For each age interval, the separate
effects of weight gain and linear growth were examined, using conditional relative weight and
conditional length/height proposed by Adair et al [13]. Conditional relative weight takes into
account current height and preceding weights and lengths or heights, and conditional
length/height takes into account prior weight and length or height measures but not current

weight [13].

To calculate these conditional measures, we computed sex-specific internal z-scores for
weight and length or height at each follow-up. Then, we regressed the z-score size measurements
(weight or height) at a given age, on z-scores at all previous measurements. The conditional
measure is represented by the standardized residuals derived from the regression, and indicates
the deviation from the individual's expected measures, in view of his or her previous growth and
the average growth of the cohort members. This could be interpreted as a measure of relatively
faster or slower weight or length/height change over a period of time. For example, an
adolescence with a positive value in CWh from 11 to 15 years, put on greater weight compared
with his or her previous weights and length/heights and weights and length/heights of all cohort
participants. As the conditional variables are uncorrelated, they can be included in a multiple

regression model without breaking any assumption of collinearity [14].
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Statistical analyses

We first described the outcomes by means (SD) (geometric means for CRP and TGL). T-
tests were used to estimate mean differences between sexes. To assess the association between
each outcome and conditional growth we used linear regression and p-values were obtained by
Wald's test. The outcomes were standardized to allow direct comparisons of the regression
coefficients. We adjusted for following confounder factors: family income (in minimum wages),
maternal education (completed years of schooling) at birth and self-reported skin color (white,
black or others). Unadjusted and adjusted coefficients and statistical significance of associations
did not differ markedly with the inclusion of confounders in our models, thus we presented only
adjusted results. Analyses were performed using Stata 12.1 (Stata Corp., College Station, Texas,

and EUA) and stratified by sex.

Results

At a mean age of 18.5 years 4106 adolescents were evaluated, of which 3869 had blood
information, 3987 had blood pressure measured, 3977 had anthropometric exams. Conditional
relative weight and conditional length/height data across infancy, childhood and adolescence
were available for 957 participants. Our main analysis samples consisted of those cohort
members who had complete data on exposures, confounders and at least one outcome. Therefore

our samples size were 917 for blood exams, and 946 for blood pressure, BMI and WC.

Mean levels of SBP were higher in boys than girls, as well as WC. On the other hand,
girls had higher values on TC, HDL-C, LDL-C and TGL compared to boys. No differences were

shown for DBP and BMI by sex (Table 1).
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Table 1. Mean (SD) for outcomes at 18 years of age in the main analyses samples, stratified by

sex. 1993 Pelotas Birth Cohort®

Outcomes Boys Grls P-value
N=438 N=479

Protein-c (mg/L)"° 0.64 (3.10) 1.35(3.92) <0.001
Total cholesterol (mg/dl) 151.31 (24.46) 172.29 (30.35) <0.001
HDL cholesterol (mg/dl) 52.78 (8.75) 59.50 (10.54) <0.001
LDL cholesterol (mg/dl) 83.55 (18.46) 97.14 (25.42) <0.001
Triglycerides (mg/dl)® 70.81 (1.46) 74.79 (1.44) 0.03
Systolic blood pressure (mm/Hg) © 130.35 (11.56) 115.40 (10.04) <0.001
Diastolic blood pressure (mm/Hg) © 70.54 (8.29) 69.71 (7.83) 0.12
Body mass index ° 23.00 (4.25) 23.58 (5.05) 0.05
Waist circumference ° 77.51 (9.71) 73.74 (10.32) <0.001

Data are arithmetic mean (SD) unless otherwise indicated
* Main analyses sample includes individuals with complete data on all growth measures, all
confounders and at least one outcome.
® Geometric mean (SD)
“ Boys N=447 ; girls N=499

Mean outcome values of the main analysis samples were compared with mean outcome
values of all participants who had information on blood tests, blood pressure and anthropometric
measures. Only few differences were observed between both samples. Boys included in the main
analyses had lower CPR and higher HDL-C values as compared to boys who were evaluated at
the 18-years follow-up. Among females, those included in the main analyses showed higher
LDL-C than the total girls who were examined at the 18-years follow-up (Supplementary file).

Proportions of males and females were slightly different in both samples, with males slightly

sub-represented in the main analyses sample compared with the sample comprised by all
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participants who had information on blood tests, blood pressure and anthropometric measures

(about 47.6% vs 49.8%).

Tables 2 and 3 show the association of size at birth, CWh and CH with cardiometabolic
risk markers at 18 years old.

CRP levels showed positive association with CWh during childhood and adolescence
(from 1 to 4 years, 4 to 11 years and 11 to 15 years in both sexes, and 15 to 18 years only in
girls). The association between CRP and weight gain appeared to be stronger and with an
increasing trend across age periods in girls. Positive associations between CRP and CH between
1 and 4 years were found in both sexes (Tables 2 and 3).

Overall, lipid profile was associated with CWh gain during childhood and adolescence,
especially in boys. CWh in the early childhood (1 to 4 years) was positive associated only with
TGL, and CWh between 4 and 11 years was positively associated with LDL-C and TGL and
negatively associated with HDL-C (Table 2). CWh during early and late adolescence (11 to 15
years and 15 to 18 years) were positively related with TC, LDL-C and TGL, and negatively
related with HDL-C(Table 2). In girls, HDL-C was inversely associated only with CWh in mid-
childhood (4-11y) and both early and late adolescence (11-15y and 15-18y); whereas TC and
LDL-C and TGL showed positive associations with CWh in late adolescence (Table 3).

Findings for SBP were similar for both sexes. However, DBP showed different patterns
between sexes. Higher CWh during early and mid-childhood (1-4 y and 4-11y) and through early
and late adolescence (11-15 y and 15-18y) was associated with higher SBP in both sexes, and
with higher DBP only in girls. Regarding linear growth, conditional length gain during the first

year of life and CH gain during early and mid-childhood (1-4 y and 4-11y) was related with

10

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 10 of 25
vs)

‘ybLAdoo Aq paloalold 1sanb Ag 2oz ‘0T udy uo jwod fwg uadolwqy/:diny woly papeojumod '8T0Z Alenuer £Z Uo y9TET0-.T0Z-uadolwag/9eTT 0T St paysignd 1siiy :uadoO CIN


http://bmjopen.bmj.com/

Page 11 of 25

oNOYTULT D WN =

BMJ Open

increased levels of SBP in both sexes, whereas CH gain during early and mid-childhood were
related with increased levels of DBP only in girls (Tables 2 and 3).

CWh in all age periods were associated with higher BMI and WC in boys and girls, with
apparently larger coefficients after the first year of life (Table 2 and 3). CH between birth and
age 1 year were positive related with BMI and WC only in boys. CH throughout early and mid-
childhood (1-4 y and 4-11y) was positive related with BMI and WC in both sexes (Table 2 and

3). CWh was more strongly related to BMI and WC than linear growth.

11
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Table 2. Association of conditional relative weight and conditional height with cardiometabolic risk markers at 18 years old in boys.

1993 Pelotas Birth Cohort.

Cardiometabolic risk markers

CRP TC HDL-C LDL-C TGL SBP DBP BMI wC
Conditional weight
CWhoO-1y -0.00 0.07 0.03 0.07 0.01 0.04 0.04 0.24 0.26
(-0.04;0.04) (-0.01;0.14)  (-0.05;0.10)  (-0.01;0.14)  (-0.01; 0.03)  (-0.04; 0.11)  (-0.06;0.13)  (0.17;0.33) (0.18; 0.35)
CWh 14y 0.08 0.04 -0.03 0.05 0.04 0.09 0.06 0.43 0.41
(0.03;0.13)  (-0.04;0.12)  (-0.11;0.05)  (-0.03;0.13)  (0.01;0.06)  (0.01;0.17)  (-0.04;0.16)  (0.35; 0.51)  (0.33;0.49)
CWh4-11y 0.09 0.06 -0.08 0.09 0.02 0.08 0.10 0.48 0.44
(0.05;0.14)  (-0.01;0.13)  (-0.15;-0.01)  (0.01;0.16) (0.01;0.04)  (0.01;0.16)  (0.01;0.19) (0.42; 0.53) (0.38; 0.50)
CWh1l1-15y 0.08 0.13 0.01 0.15 0.05 0.08 0.09 0.33 0.29
(0.02; 0.13) (0.05; 0.20) (-0.07; 0.09) (0.07; 0.23) (0.02;0.07)  (0.01;0.15)  (-0.01;0.19)  (0.28; 0.38) (0.24; 0.36)
CWh 15-18 y 0.04 0.16 -0.11 0.18 0.07 0.12 0.08 0.46 0.47
(-0.01; 0.09)  (0.08;0.23)  (-0.19;-0.04)  (0.11; 0.26) (0.05;0.09)  (0.04;0.19) (-0.01;0.18)  (0.44;0.47) (0.45; 0.50)
Conditional length/height
CH 0-1y 0.00 -0.01 -0.01 -0.00 -0.01 0.14 0.08 0.10 0.20
(-0.04;0.05)  (-0.10; 0.07)  (-0.09;0.07)  (-0.09;0.08)  (-0.03;0.02)  (0.06;0.23)  (-0.02;0.18)  (0.01;0.19) (0.10; 0.29)
CH 14y 0.05 0.06 0.03 0.05 0.02 0.09 0.04 0.18 0.24
(0.01;0.11)  (-0.02;0.14)  (-0.05;0.11)  (-0.04;0.13)  (-0.01;0.04)  (0.01;0.18)  (-0.06; 0.14)  (0.09; 0.26) (0.17; 0.33)
CH 4-11y -0.00 0.04 -0.08 0.07 0.02 0.13 0.21 0.13 0.18
(-0.05; 0.04)  (-0.03; 0.12)  (-0.15;-0.01)  (-0.01;0.15)  (-0.00;0.04)  (0.05;0.21)  (0.12;0.30) (0.07; 0.20) (0.11; 0.25)
CH11-15y -0.04 -0.00 0.01 0.00 -0.02 0.03 0.04 -0.01 0.02
(-0.09;0.01)  (-0.08;0.07)  (-0.07;0.09)  (-0.08;0.08)  (-0.04; 0.00) (-0.05;0.11) (-0.07;0.14)  (-0.06; 0.04)  (-0.04; 0.08)
CH 15-18 y -0.00 -0.10 -0.03 -0.08 -0.02 0.07 0.02 -0.05 0.02
(-0.05; 0.05) (-0.17;-0.02)  (-0.11;0.04)  (-0.15;-0.00)  (-0.04; 0.00)  (-0.01; 0.15)  (-0.08; 0.12)  (-0.10;-0.01)  (-0.03; 0.08)

CRP: reactive-C protein, TC: total cholesterol, HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipoprotein cholesterol, TGL: triglycerides,

DBP: diastolic blood pressure, SBP: systolic blood pressure, BMI: body mass index, CC: waist circumference, CWh: conditional relative weight, CH: conditional

height

Data are B (95% CI). The outcome variables were normalized. Regression coefficient (B) values were calculated with linear regression models and indicate the
SD change in the outcome per SD change in the predictor. All models were adjusted for mother’s education (years of schooling) and household wealth (in
minimum wages) at birth and skin color of the adolescent.
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Table 3. Association of conditional relative weight and conditional height with cardiometabolic risk markers at 18 years old in girls.

1993 Pelotas Birth Cohort

Cardiometabolic irsk markers

CRP TC HDL-C LDL-C TGL SBP DBP BMI WC
Conditional weight
CWhoO-1y 0.03 -0.01 -0.04 -0.01 0.01 0.06 0.03 0.25 0.21
(-0.05;0.12)  (-0.10; 0.09)  (-0.13;0.05)  (-0.11;0.10)  (-0.03; 0.06)  (-0.00;0.13)  (-0.06;0.12)  (0.15;0.35) (0.12; 0.30)
CWh 14y 0.08 -0.02 -0.02 -0.03 0.03 0.12 0.12 0.56 0.45
(-0.01;0.18)  (-0.12;0.08)  (-0.11;0.08)  (-0.14;0.07)  (-0.03;0.08)  (0.05;0.18)  (0.03;0.23) (0.47; 0.65) (0.37; 0.54)
CWh4-11y 0.12 -0.04 -0.15 0.03 0.00 0.10 0.13 0.62 0.53
(0.03;0.20)  (-0.13;0.06) (-0.24;-0.07)  (-0.07;0.13)  (-0.02;0.02)  (0.04;0.17)  (0.04;0.22) (0.55; 0.68) (0.47; 0.59)
CWh1l1-15y 0.14 0.00 -0.18 0.05 0.03 0.15 0.11 0.45 0.39
(0.06;0.24)  (-0.09;0.01) (-0.27;-0.10)  (-0.05;0.15)  (0.01;0.05)  (0.09;0.21)  (0.03; 0.20) (0.40; 0.50) (0.34; 0.46)
CWh 15-18 y 0.21 0.14 -0.10 0.20 0.03 0.16 0.13 0.51 0.47
(0.12; 0.30) (0.04;0.24)  (-0.19;-0.02)  (0.09;0.29)  (0.01;0.05)  (0.10;0.22)  (0.04;0.22) (0.50; 0.53) (0.43; 0.50)
Conditional length/height
CH 0-1y 0.02 0.08 0.17 0.03 -0.02 0.09 0.01 0.01 0.08
(-0.07;0.13)  (-0.01;0.17)  (0.08;0.26)  (-0.07;0.12)  (-0.07;0.02)  (0.02;0.15)  (-0.07;0.10)  (-0.08;0.11)  (-0.00; 0.17)
CH 14y 0.13 0.06 0.11 0.01 0.03 0.10 0.11 0.12 0.22
(0.03;0.22)  (-0.04;0.16)  (0.02;0.21)  (-0.09;0.12)  (-0.02;0.08)  (0.03;0.17)  (0.01; 0.20) (0.01; 0.22) (0.12; 0.31)
CH 4-11y -0.02 0.05 0.04 0.04 -0.00 0.08 0.20 0.12 0.12
(-0.11;0.07)  (-0.04; 0.15)  (-0.04;0.13)  (-0.06; 0.14)  (-0.02;0.02)  (0.02;0.14)  (0.11;0.29) (0.04; 0.20) (0.04; 0.20)
CH 11-15y -0.01 -0.02 -0.07 0.02 -0.01 0.08 0.02 -0.01 0.08
(-0.10; 0.08)  (-0.11;0.08)  (-0.15;0.02)  (-0.09; 0.12)  (-0.03; 0.02)  (0.02;0.15)  (-0.07;0.10)  (-0.07;0.06)  (0.01;0.13)
CH 15-18y -0.10 0.00 -0.05 0.01 0.01 -0.00 0.00 -0.05 -0.01
(-0.18;-0.01)  (-0.09; 0.10)  (-0.14; 0.03)  (-0.09; 0.11)  (-0.01; 0.03)  (-0.07; 0.06)  (-0.08;0.09)  (-0.07;-0.03)  (-0.05; 0.05)

CRP: reactive-C protein, TC: total cholesterol, HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipoprotein cholesterol, TGL:

triglycerides, DBP: diastolic blood pressure, SBP: systolic blood pressure, BMI: body mass index, CC: waist circumference, CWh: conditional

relative weight , CH : conditional height

Data are B (95% CI). The outcome variables were normalized. Regression coefficient (B) values were calculated with linear regression models and

indicate the SD change in the outcome per SD change in the predictor. All models were adjusted for mother’s education (years of schooling),

household wealth (in minimum wages) at birth and skin color of the adolescent.
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Discussion

Our results showed some differences in the relative contributions of weight gain and
linear growth to cardiometabolic risk. We observed that higher conditional relative weight at
most age periods in childhood (1-4 y and 4-11 y) and adolescence (11-15 y and 15-18 y) was
positively associated with most of the cardiometabolic markers (CRP, lipid profile, SBP, DBP,
BMI and WC) at 18 years old adolescents of both sexes, while conditional relative weight during
the first year of life was only related to BMI and WC. By contrast, associations between linear
growth and the cardiometabolic markes showed a less consistent pattern when compared with
weight gain. Greater conditional length at infancy was associated with higher values of SBP in
boys and girls, and with BMI and WC only in boys.

Overall, our findings are consistent with published literature of low-, middle- and high-
income countries showing that excessive weight gain from mid-childhood onwards, specifically
after the second year of life, predicts metabolic and cardiovascular diseases later in life [13, 15,
16]. The association between weight gain throughout life and CRP concentrations at young
adulthood was examined in the 1982 Pelotas Birth Cohort. In agreement with our analysis, the
study showed that excessive weight gain at all ages periods after the second year of life in both
sexes were positively associated with CRP levels in 23 years old participants of both sexes [17].
We also found that excessive weight gain during childhood and adolescence was associated with
increased total cholesterol, LDL-C and TGL and decreased HDL-C. Weight gain from birth to 4
years and lipid profile levels at 18 years was studied in the 1982 Cohort and negative
associations were found between excessive weight gain from 2 to 4 years and HDL-C, although

the association was reduced after controlling to current BMI [18]. In a study using data from the
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ALSPAC cohort in England, the authors observed that greater BMI in mid-childhood predicted
higher blood pressure (SBP and DBP) in 17 years old adolescents [19].

Fall et al., assessed the relations between components of metabolic syndrome and weight
gain at three periods from birth to age 28 years, age in which the outcomes were measured. In
line with our findings, the study showed that greater weight gain in childhood (2 to 11 years) was
associated with increased values of WC, SBP and TLG, while greater weight gain from 11 to 28
years predicted higher WC, TGL, total cholesterol and SBP and lower HDL-C. They also
observed positive associations between rapid weight gain during the two first postnatal years and
WC, SBP and TGL [15].

In concordance with analysis from the Vellore Birth Cohort in India [20], we observed
that infancy (birth to 1 year) rapid conditional relative weight was positive associated with BMI
and WC, but not with other cardiometabolic markers. A meta-analyses assessing infant growth
and subsequent obesity, also showed that infants who grew more rapidly had higher risk of
developing obesity at posterior ages [7]. Studies that assessed the relation between growth and
body composition showed that rapid weight gain in infancy were more related with fat free mass
than fat mass in adulthood [13, 21]. In contrast, rapid weight gain from childhood onwards
generally is associated with accumulation of greater fat mass compared with free fat mass [10,
13, 21-23]. These findings may explain the positive associations of relative weight gain at all age
periods with BMI, as this indicator does not distinguish body fat from free fat mass.

In relation to linear growth, we observed that faster conditional height mainly in
childhood was found to be positive associated with blood pressure (SBP and DBP), BMI and
WC at 18 years old in both sexes, with less consistent associations in girls compared to boys. A

previous report with data of the same cohort examined the association between conditional
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growth at three different age ranges up to 4 years old, BMI and blood pressure at 15 years, and
found positive associations between conditional height from 1 to 4 years and both outcomes,
although the association with SBP became insignificant adjusted for current BMI [24]. Haugaard
et al, found positive association between linear growth during childhood and SBP and WC at age
8 years old [25]. The previously mentioned Vellore Birth Cohort showed that rapid conditional
height throughout course life was positive associated with blood pressure and WC in young
adults [20]. It is known that blood pressure is higher in taller people, this may be result of an
adaptation of the vascular function to perfuse a longer arterial tree. However, inverse relations
between adult height and cardiovascular diseases have been described as well [26], which
suggests that this adaption possibly has not pathological consequences.

Strengths of this study include the large and population based sample and the availability
of several anthropometric and biological markers of cardiometabolic risk. Furthermore, our data
have been collected prospectively since birth by trained staff with the use of standardized
methods, reducing the susceptibility to misclassification. We also highlight the use of conditional
growth to examine highly correlated measurements typical of longitudinal studies, and the
assessment of the separate contributions of linear growth and weight gain relative to linear
growth. Nevertheless, the assessment of relative weight gain does not distinguish between free-
fat and fat mass gain.

We acknowledge some limitations of our study. First, at 18 years old, we followed up
81.3% of the original cohort and managed to have outcome measurements among most of them
(94.2%, 97.1% and 97.8% for blood exams, anthropometric measures and blood pressure,
respectively). These are high follow-ups rates for longitudinal studies and minimize the

possibility of selection bias, however, our analysis were carried out only by those cohort
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members with anthropometric data from several follow-ups (including sub-samples). The
potential impact of the losses on our results is difficult to assess. Second, we cannot rule out the
possibility of random significant associations, as it is known that multiple hypothesis testing lead
to increased Type I error. Third, measurements at age 2 years old were not available in the 1993
Pelotas Birth Cohort, and therefore we had no ability to assess growth at this age point. The
inclusion of age 2 years old in longitudinal studies assessing the associations between growth
and cardiometabolic risk is very important due to growing evidence showing that excessive
relative weight gain denotes increased risk for cardiometabolic health when occurred after the
age of 2 years. For this reason, our findings support the initiative of improving nutrition during
the "first 1000 days of life" (from conception up to age 2 years) to promote long-term benefits on
health, as greater infant weight gain and linear growth have more benefits than risks for health,
specially improvement of capital human outcomes as schooling and final achieved height [13,
16].

Given that cardiometabolic risk can track from adolescence to adulthood, a better
understanding of the possible adverse effects of growth patterns at earlier stages in life can help
to develop interventions aimed at preventing subsequent chronic diseases. Based on this study
and other published evidence, we conclude that excessive weight gain from childhood onward
may have an adverse effect on cardiometabolic health later in life. This reinforces efforts to
inform strategies to avoid putting on weight children after their 2 first years of life for
cardiovascular prevention. Evidence regarding linear growth throughout birth to late adolescence

and subsequent cardiometabolic risk remains unclear and needs further investigation.
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1

2

3

g Supplementary file

g Table 1. Mean (SD) for outcomes at 18 years of age in the main analyses samples* and samples comprised by all the adolescents with outcomes
8 measures at the 18 years follow-up, stratified by sex. 1993 Pelotas Birth Cohort.

9 Boys Girls

10

1 Outcomes N  Main analyses N All p- Main analyses N All p-
12 participants ~ value* participants  value*
13 sample sample

14 Plasma glucose (mg/dl) 438  93.60(20.88) 1933 93.92(22.65) 0.79 479  88.41(15.36) 1936 89.74(18.64)  0.15
15 HbAlc (%) 438 4.97 (0.60) 1924 4.96 (0.57) 0.74 475 4.86 (0.50) 1910  4.84(0.52) 0.45
16 C-reactive Protein (mg/L) 438 0.64 (3.10) 1933 0.67 (3.26) <0.01 479 1.35(3.92) 1936 1.35 (3.86) 0.88
17 Total cholesterol (mg/dl) 438  151.31 (24.46) 1933 152.72(24.55) 027 479 172.29(30.35) 1936 169.80(29.19) 0.10
:g HDL cholesterol (mg/dl) 438 52.78 (8.75) 1933 51.78 (8.75) 0.03 479  59.50(10.54) 1936 59.84(10.92) 0.54
;? LDL cholesterol (mg/dl) 438  83.55(18.46) 1933 84.28(20.23) 049 479 97.14(25.42) 1936 93.89(23.84)  0.01
29 Triglycerides (mg/dl) 438 70.81 (1.46) 1933 73.56 (1.51) 0.16 479 74.79 (1.44) 1936  74.93 (1.49) 0.62
23 Systolic blood pressure 447  130.3 (11.56) 1979 130.71(11.90) 0.52 499 115.40(10.04) 2008 115.06(9.95)  0.50
24 (mm/Hg)

25 Diastolic blood pressure 447 70.54 (8.29) 1979  70.95 (7.94) 0.33 499 69.64 (7.83) 2008  69.46 (7.75) 0.64
26 (mm/Hg)

27 Body mass index 447 22.99 (4.24) 1970  23.36 (4.23) 0.10 499 23.58 (5.06) 2003  23.52(4.76) 0.80
28 Waist circumference (cm) 447 77.51 (9.71) 1972 78.45 (9.61) 0.06 499 73.74(10.31) 2005 73.75(9.75) 0.98
29 Data are arithmetic mean (SD) unless otherwise indicated

30 * Geometric mean (SD)

31 *Main analyses samples includes individuals with complete data on all growth measures, all confounders and at least one outcome.

32 *p-value for T-test. C-reactive protein and triglycerides were log transformed to performed de test.
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item Pag.
No Recommendation
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 1
abstract
(b) Provide in the abstract an informative and balanced summary of what was 1
done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 4
reported
Objectives 3 State specific objectives, including any prespecified hypotheses 4
Methods
Study design 4 Present key elements of study design early in the paper
Setting Describe the setting, locations, and relevant dates, including periods of
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods 5
of selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and
methods of case ascertainment and control selection. Give the rationale for
the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and
methods of selection of participants
(b) Cohort study—For matched studies, give matching criteria and number of NA
exposed and unexposed
Case-control study—For matched studies, give matching criteria and the
number of controls per case
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, 6-7
and effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of ~ 6-7
measurement assessment (measurement). Describe comparability of assessment methods if
there is more than one group
Bias 9 Describe any efforts to address potential sources of bias NA
Study size 10 Explain how the study size was arrived at
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If
applicable, describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 8
confounding
(b) Describe any methods used to examine subgroups and interactions NA

(c) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-up was
addressed

Case-control study—If applicable, explain how matching of cases and
controls was addressed

Cross-sectional study—If applicable, describe analytical methods taking
account of sampling strategy

(e) Describe any sensitivity analyses
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Results
Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially 8
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage NA
(c) Consider use of a flow diagram NA
Descriptive 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and 9
data information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest 8
(¢) Cohort study—Summarise follow-up time (eg, average and total amount)
Outcome data 15*  Cohort study—Report numbers of outcome events or summary measures over time  Table 1
Case-control study—Report numbers in each exposure category, or summary
measures of exposure
Cross-sectional study—Report numbers of outcome events or summary measures
Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and  Table 1
their precision (eg, 95% confidence interval). Make clear which confounders were ~ and 3
adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period
Other analyses 17  Report other analyses done—eg analyses of subgroups and interactions, and
sensitivity analyses
Discussion
Key results 18  Summarise key results with reference to study objectives 14
Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or 16
imprecision. Discuss both direction and magnitude of any potential bias
Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations,  14-17
multiplicity of analyses, results from similar studies, and other relevant evidence
Generalisability 21  Discuss the generalisability (external validity) of the study results 16
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 18

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

applicable, for the original study on which the present article is based

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.

For peer review only - http://bmjoper?bmj.com/site/about/guidelines.xhtml

"1yBuAdoa Aq paroslold 1sanb Aq 20z ‘0T Mdy uo jwoo fwag uadolway/:dny wouy papeojumoq 8102 Alenuer £Z Uo #9T6T0-/T0Z-Uadolwg/9eTT 0T sk paysiignd 1siy :uado rINg


http://bmjopen.bmj.com/

BMJ Open

BM) Open

Growth across life course and cardiovascular risk markers
in 18 years old adolescents: the 1993 Pelotas Birth Cohort

Journal:

BMJ Open

Manuscript ID

bmjopen-2017-019164.R1

Article Type:

Research

Date Submitted by the Author:

25-0Oct-2017

Complete List of Authors:

Buffarini, Romina; Universidade Federal de Pelotas

Restrepo-Méndez, Maria Clara; Universidade Federal de Pelotas, Centro
Internacional de Equidade

Silveira, Vera; Federal University of Pelotas (UFPel), Postgraduate
Programme in Epidemiology

Goncalves, Helen; Universidade Federal de Pelotas

Oliveira, Isabel; Federal University of Pelotas (UFPel), Postgraduate
Programme in Epidemiology

Menezes, Ana; Federal University of Pelotas (UFPel), Postgraduate
Programme in Epidemiology

Assuncao, M.C; Federal University of Pelotas, Post-Graduate Program in
Epidemiology

<b>Primary Subject
Heading</b>:

Epidemiology

Secondary Subject Heading:

Public health, Epidemiology

Keywords:

DIABETES & ENDOCRINOLOGY, EPIDEMIOLOGY, PAEDIATRICS, PUBLIC
HEALTH

ARONE"

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

“ybBuAdoa Aq paroslold 1sanb Aq 20z ‘0T [Mdy uo jwoo fwag uadolway/:dny wouy papeojumoq ‘8102 Alenuer £ Uo #9T6T0-/T0Z-uadolwg/9eTT 0T sk paysiignd 1say :uado rINg


http://bmjopen.bmj.com/

Page 1 of 33 BMJ Open

oNOYULT D WN =

Growth across life course and cardiovascular risk markers in 18 years old adolescents: the

1993 Pelotas Birth Cohort

Romina Buffarini*l; Maria Clara Restrepo-Méndezz; Vera Maria Silveira3; Helen D. Gongalvesl,

Isabel O. Oliveira4, Ana Maria Menezes', Maria Cecilia Formoso Assun(;:?lo5

! Post-graduate Program in Epidemiology, Federal University of Pelotas, Marechal Deodoro

1160, 3rd floor, 96020-220, Pelotas, Brazil

2 MRC Integrative Epidemiology Unit, Population Health Sciences, Bristol Medical School,
University of Bristol, Oakfield House, Oakfield Grove, Bristol BS§2BN, UK

3 Clinical Medical Department, Faculty of Medicine, Federal University of Pelotas, Rua Félix da
Cunha 614, Centro, 96010-000, Pelotas, Brazil
* Department of Physiology and Pharmacology, Federal University of Pelotas, Campus

Universitario s/n, Capdo do Ledo, 96010-900, Pelotas, Brazil

> Department of Nutrition, School of Nutrition, Federal University of Pelotas, Campus Anglo,

Gomes Carneiro 1, 96010-900, Pelotas , Brazil

"Corresponding author: Romina Buffarini. Correspondence address: Marechal Deodoro 1160,
3rd floor, 96020-220, Pelotas, RS, Brasil. Phone/Fax +55 (53) 3284 — 1300. E-mail:

romibuffarini@gmail.com.

Manuscript word count: 3148

Abstract word count: 257

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"1ybuAdoo Aq paroslold 1sanb Aq 20z ‘0T [Mdy uo jwod fwag uadolway/:dny wouy papeojumoq ‘8102 Alenuer £ Uo #9T6T0-/T0Z-uadolwg/9eTT 0T Sk paysiignd 1say :uado NG


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Abstract

Objective: We aimed to evaluate the association between growth trajectories from birth to
adolescence and cardiovascular risk markers levels at age 18 years in a population based cohort.
In order to disentangle the effect of weight gain from that of height gain, growth was analyzed
using conditional weight relative to linear growth (CWh) and conditional length/height (CH).
Design: Prospective study.

Setting: 1993 Pelotas Birth Cohort, Southern Brazil.

Participants: Individuals that have been followed-up from birth up to adolescence (at birth, 1, 4,
11, 15 and 18 years).

Primary outcome measures: C-reactive protein (CRP), total cholesterol (TC), LDL-C, HDL-C,
triglycerides (TGL), systolic and diastolic blood pressure (SBP and DBP), BMI and waist
circumference (WC).

Results: In both sexes, greater CWh at 1 year is positively associated with BMI and WC,
whereas greater CWh at most age periods in childhood and adolescence predicted higher CRP,
TC, LDL-C, TGL, SBP, DBP, BMI and WC levels, as well as lower HDL-C level. Higher CH
during infancy and childhood is positively related with SBP in boys and girls, and with BMI and
WC only in boys.

Conclusion: Our study shows that rapid weight gain from 1 year old onwards is positively
associated with several markers of cardiovascular risk at 18 years. Overall, our results for the
first year of life add evidence to the "first 1000 days initiative" suggesting that prevention of
excessive weight gain in childhood might be important in reducing subsequent cardiovascular

risk.

Key-words: conditional growth, relative weight gain, linear growth, adolescents, cardiovascular

risk, cohort studies.
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Strengths and limitations:

Population based sample birth cohort. Data collected prospectively over 18 years since
birth with high follow ups rates.

Availability of several anthropometric and biological markers of cardiovascular risk

Use of conditional growth to examine highly correlated measurements, and assessment
of the separate contributions of linear growth and relative weight gain.

Use of sub-sample in one of the follow-ups. Multiple hypothesis testing lead to increased
Type I error.

Lack of anthropometric data at two years is a limitation in our study, since there is
evidence suggesting that the hazards of rapid weight gain appear particularly after the

two first years of life.

Funding: This article is based on data from the study "Pelotas Birth Cohort, 1993"
conducted by Postgraduate Program in Epidemiology at Universidade Federal de Pelotas
with the collaboration of the Brazilian Public Health Association (ABRASCO). From
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National Research Council (CNPq), and the Brazilian Ministry of Health supported
previous phases of the study.
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Introduction

Metabolic and cardiovascular diseases (CVDs) are important public health problems
that cause enormous costs in terms of human and economic resources and are responsible for

high rates of morbidity and mortality in most regions of the world[1].

Growth trajectories throughout life course, including the fetal period, may have effects
on cardiovascular risk profile later in life [2]. It is well established in the literature that low
birthweight (a marker of fetal growth restriction) is a risk factor for type 2 diabetes [3], insulin
resistance [4] and CVDs [5, 6]. However, the critical age interval (first year of life or middle
childhood) for accelerated growth (weight and height changes) that leads to the development of
chronic conditions remains controversial [5, 7, 8]. Evidence suggests that accelerated weight
gain during infancy is associated with an adverse metabolic risk profile at adulthood [7, 9, 10]. In
addition, it has been found that rapid weight gain increase the risk of metabolic disturbances
when occurs during childhood, as a result of a more rapid development of body fat mass [11].

The definition of this critical period is crucial to inform health policies.

Studies on growth trajectories throughout life course and adult outcomes examine
weight gain, without any distinction between the weight gain relative to height and linear growth.
Dissimilar consequences of these measures have been found [12, 13], which are relevant for
healthcare policy makers when developing programs on cardiometabolic risk prevention. In this
study, we aimed to assess the associations between size at birth (weight and length), conditional
relative weight (CWh) and conditional length/height (CH) at ages 1, 4, 11, 15, and 18 years old

and cardiovascular risks markers (C-reactive protein (CRP), lipid profile, body mass index
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(BMI) and waist circumference (WC) in adolescents aged 18 years old members of the 1993

Pelotas Birth Cohort study.

Methods

The city of Pelotas is located in Southern Brazil. It is a middle-sized city with
nearly 330,000 inhabitants. In 1993, all mothers who delivered a newborn in any of the five
hospitals of the city and who resided in the urban area were invited to participate in a birth cohort
study (99% of all births). Data were collected on 5,249 live births and only 16 individuals
refused to participate. The cohort participants have been followed up at different time points
thereafter. All visits were carried out by trained interviewers and fieldwork team members.

Further details of the methodology have been published previously [14].

This study included information from six follow-ups: at perinatal, and at ages 1-, 4-, 11-,
15- and 18-years. The 1- and 4-year old follow-ups were conducted only in a subsample of the
original cohort. Same children were the target population (N=1460) for both follow-ups which
consisted of all low birthweight children (N= 510) plus a random sample of 20% of children who
were not born low birth weight (N= 950). The response rates for each follow-up were 99.6%
(N=5,249), 93.4% (N=1,363), 87.2% (N=1,273), 87.5% (N=4,452), 85.7% (N=4,349) and 81.4%
(N=4,106), respectively (Supplementary file 1). More details of each follow up are described
elsewhere [15]. A diagram with the description of the cohort follow-ups used in this study is
available in Supplementary filel. Household visits were performed in every wave except for the
18-y old visit that took place at the university research clinic, where interviews, physical exams

and collection of biological samples were carried out [16].
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The protocol study was approved by the School of Medicine Ethics Committee of the
Federal University of Pelotas. All participants or their legal representatives voluntarily signed a
consent letter prior to participation in each follow-up. Verbal consent was provided in perinatal

phase.

Assessment of outcomes

We examined the following cardiovascular risk markers measured at the 18-year old
visit: CRP, total cholesterol (TC), HDL-cholesterol (HDL-C), LDL-cholesterol (LDL-C),
triglycerides (TGL), systolic blood pressure (SBP), diastolic blood pressure (DBP), BMI and

WC.

Venous blood samples were collected regardless of fasting status, left at room
temperature for 30 minutes and then centrifuged for 15 minutes at 2000g. Serum aliquots were
stored at -80°C until analysis. Blood samples were not taken in pregnant or suspected pregnant
participants (N=59). Lipids were measured using an automatic enzymatic colorimetric method in
biochemistry analyzer BS-380, Mindray (Shenzhen Mindray Bio-Medical Electronics Co., Ltd,
China). CPR was measured by turbidimetric immunoassay using also the BS-380 analyzer.

Blood pressure was recorded in seated position using a calibrated digital wrist monitor
(Omron HEM-629, Beijing, China). Measurements were taken at the start and at the end of the

visit and mean of the two measurements was used in the analysis.

Current BMI was calculated by dividing weight in kilograms by height squared in meters.

Weight was measured using a scale coupled to BodPod® equipment (Life Measurement, Inc.,
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Concord, CA, USA) and height was obtained with standardized techniques using a wall-mounted
stadiometer (SECA 240; Seca, Birmingham, United Kingdom). Waist circumference was

measured with a fiberglass tape at the narrowest point of the torso [17].

Assessment of exposures

Birth weight and length were recorded in the maternity hospitals at delivery. In the
subsequent follow-ups the measurements were conducted at participant's home and at the
research clinic in the 18-year old visit. On each occasion, weight and length or height were

measured by trained field workers using standard equipment and protocols.

We studied growth patterns in several life periods: infancy (from birth to 1 year old),
early and mid-childhood (1 to 4 and 4 to 11 years old, respectively), and early and late
adolescence (11 to 15 and 15 to 18 years old, respectively). For each age interval, the separate
effects of weight gain and linear growth were examined, using conditional relative weight and
conditional length/height proposed by Adair et al [12]. Conditional relative weight takes into
account current height and preceding weights and lengths or heights, and conditional
length/height takes into account prior weight and length or height measures but not current

weight [12].

To calculate these conditional measures, we computed sex-specific internally derived
z-scores for weight and length or height at each follow-up. Then, we regressed the z-score size
measurements (weight or height) at a given age, on z-scores at all previous measurements. The
conditional measure is represented by the standardized residuals derived from the regression, and

indicates the deviation from the individual's expected measures, in view of his or her previous

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"1ybuAdoa Aq pa1osiold 1sanb Aq 20z ‘0T [Mdy uo jwod fwag uadolway/:dny wouy papeojumoq ‘8102 Alenuer £ Uo #9T6T0-/T0Z-uadolwg/9eTT 0T Sk paysiignd 1say :uado NG


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

growth and the average growth of the cohort members. This could be interpreted as a measure of
relatively faster or slower weight or length/height change over a period of time. For example, an
adolescence with a positive value in CWh from 11 to 15 years, put on greater weight compared
with his or her previous weights and length/heights and weights and length/heights of all cohort
participants. As the conditional variables are uncorrelated, they can be included in a multiple

regression model without breaking any assumption of collinearity [18].

Statistical analyses

We first described the outcomes by means (SD) (geometric means for asymmetric data:
CRP and TGL). T-tests were used to estimate mean differences between sexes. To assess the
association between each outcome and conditional growth we used linear regression and p-
values were obtained by Wald's test. The outcomes were standardized to allow direct
comparisons of the regression coefficients. We adjusted for following confounder factors: family
income (in minimum wages), maternal education (completed years of schooling) at birth, self-
reported skin color (white, black or others), breastfeeding (total duration of breastfeeding in
months) and maternal smoking during pregnancy (yes/ no). Unadjusted and adjusted coefficients
and statistical significance of associations did not differ markedly with the inclusion of
confounders in our models, thus we presented only adjusted results. We included a term of
interaction by sex in the model which provided statistical evidence of interaction in most of the
associations, therefore, analyses are shown stratified by sex. Analyses were performed using

Stata 12.1 (Stata Corp., College Station, Texas, and EUA

Results
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At a mean age of 18.5 (SD 0.25) years 4106 adolescents were evaluated. Conditional
relative weight and conditional length/height data across infancy, childhood and adolescence
were available for 957 participants (23.4% of the 18-year old follow-up). Our main analysis
samples consisted of those cohort members who had complete data on exposures, confounders
and at least one outcome. Therefore our samples size were 917 for blood exams, and 946 for

blood pressure, BMI and WC.

Mean levels of SBP were higher in boys than girls, as well as WC. On the other hand,
girls had higher values on TC, HDL-C, LDL-C and TGL compared to boys. No differences were

shown for DBP and BMI by sex (Table 1).

Table 1. Mean (SD) for outcomes at 18 years of age in the main analyses samples, stratified by

sex. 1993 Pelotas Birth Cohort®

Boys Girls
Outcomes P-value
N=438 N=479

Protein-c (mg/L)"° 0.64 (3.10) 1.35(3.92) <0.001
Total cholesterol (mg/dl) 151.31 (24.46) 172.29 (30.35) <0.001
HDL cholesterol (mg/dl) 52.78 (8.75) 59.50 (10.54) <0.001
LDL cholesterol (mg/dl) 83.55 (18.46) 97.14 (25.42) <0.001
Triglycerides (mg/dl) b 70.81 (1.46) 74.79 (1.44) 0.03
Systolic blood pressure (mm/Hg) © 130.35 (11.56) 115.40 (10.04) <0.001
Diastolic blood pressure (mm/Hg) © 70.54 (8.29) 69.71 (7.83) 0.12
Body mass index (kg/mz) ¢ 23.00 (4.25) 23.58 (5.05) 0.05
Waist circumference (cm) © 77.51(9.71) 73.74 (10.32) <0.001

Data are arithmetic mean (SD) unless otherwise indicated

* Main analyses sample includes individuals with complete data on all growth measures, all
confounders and at least one outcome.

® Geometric mean (SD)

“ Boys N= 447 ; girls N=499
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Mean outcome values of the main analysis samples were compared with mean outcome
values of all participants who had information on blood tests, blood pressure and anthropometric
measures. Only few differences were observed between both samples. Boys included in the main
analyses had lower CPR and higher HDL-C values as compared to boys who were evaluated at
the 18-years follow-up. Among females, those included in the main analyses showed higher
LDL-C than the total girls who were examined at the 18-years follow-up (Supplementary file 2).
Proportions of males and females were slightly different in both samples, with males slightly
sub-represented in the main analyses sample compared with the sample comprised by all
participants who had information on blood tests, blood pressure and anthropometric measures
(about 47.6% vs 49.8%). Comparing those included in the main analyses sample with those
excluded, we observed statistical evidence of differences in mean of triglycerides and waist

circumference among boys (Supplementary file 3).

Tables 2 and 3 show the association of size at birth, CWh and CH with cardiovascular
risk markers at 18 years old.

CRP levels showed positive association with CWh during childhood and adolescence
(from 1 to 4 years, 4 to 11 years and 11 to 15 years in both sexes, and 15 to 18 years only in
girls). The association between CRP and weight gain appeared to be stronger and with an
increasing trend across age periods in girls. Positive associations between CRP and CH between
1 and 4 years were found in both sexes (Tables 2 and 3).

Overall, lipid profile was associated with CWh gain during childhood and adolescence,
especially in boys. CWh in the early childhood (1 to 4 years) was positive associated only with
TGL, and CWh between 4 and 11 years was positively associated with LDL-C and TGL and

negatively associated with HDL-C (Table 2). CWh during early and late adolescence (11 to 15

10
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years and 15 to 18 years) were positively related with TC, LDL-C and TGL, and negatively
related with HDL-C(Table 2). In girls, HDL-C was inversely associated only with CWh in mid-
childhood (4 to 11 years) and both early and late adolescence (11 to 15 years and 15 to 18 years);
whereas TC and LDL-C and TGL showed positive associations with CWh in late adolescence
(Table 3).

Findings for SBP were similar for both sexes. However, DBP showed different patterns
between sexes. Higher CWh during early and mid-childhood (1 to 4 years and 4 to 11 years) and
through early and late adolescence (11 tol5 years and 15 to 18 years) was associated with higher
SBP in both sexes, and with higher DBP only in girls. Regarding linear growth, conditional
length gain during the first year of life and CH gain during early and mid-childhood (1 to 4
years and 4 to 11 years) was related with increased levels of SBP in both sexes, whereas CH gain
during early and mid-childhood were related with increased levels of DBP only in girls (Tables 2
and 3). Mean Arterial Pressure (MAP) was also assessed. In general, the results are consistent
with those shown for SBP and DBP in both sexes (Supplementary file 4).

CWh in all age periods were associated with higher BMI and WC in boys and girls, with
apparently larger coefficients after the first year of life (Table 2 and 3). CH between birth and
age 1 year were positive related with BMI and WC only in boys. CH throughout early and mid-
childhood (1 to 4 years and 4 to 11 years) was positive related with BMI and WC in both sexes
(Table 2 and 3). CWh was more strongly related to BMI and WC than linear growth.

All the regression coefficients are shown in the original scales of outcomes (e.g.: mg/dl

for lipid profile) in Supplementary file 5.

11
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Table 2. Association of conditional relative weight and conditional height with cardiovascular risk markers

BMJ Open

at 18 years old in boys.

1993 Pelotas Birth Cohort.
Cardiovascular risk markers
CRP TC HDL-C LDL-C TGL SBP DBP BMI WwC
Conditional weight
CWhOtoly -0.00 0.07 0.03 0.07 0.01 %%j 0.04 0.26 0.27
(-0.04; 0.04)  (-0.01;0.14)  (-0.04;0.10)  (-0.01;0.15)  (-0.01; 0.03) 8 1'12)’ (-0.04;0.13)  (0.18; 0.34) (0.19; 0.35)
CWhltody 0.08 0.03 -0.03 0.05 0.04 0.09 0.05 0.43 0.40
(0.03;0.13)  (-0.05;0.12)  (-0.11;0.05)  (-0.03;0.11)  (0.01;0.06)  (0.01;0.17)  (-0.04;0.15)  (0.35; 0.50)  (0.33;0.48)
CWh4tolly 0.10 0.06 -0.08 0.09 0.02 0.08 0.10 0.48 0.44
(0.05;0.14)  (-0.01;0.13)  (-0.15;-0.01)  (0.01; 0.16) (0.01;0.04)  (0.01;0.16)  (0.01;0.19) (0.42; 0.53) (0.38; 0.50)
CWh 11 tol5 0.07 0.13 0.01 0.14 0.04 0.08 0.08 0.33 0.29
y (0.02; 0.12) (0.04; 0.20) (-0.08; 0.09) (0.07; 0.23) (0.02;0.06)  (0.01;0.15)  (-0.01;0.17)  (0.28; 0.38) (0.24; 0.36)
CWh 15 to 18 0.04 0.16 -0.11 0.18 0.07 0.12 0.08 0.46 0.47
y (-0.01;0.09)  (0.08;0.23)  (-0.19;-0.04)  (0.11; 0.26) (0.05;0.09)  (0.04;0.20)  (-0.01;0.18)  (0.44;0.47) (0.45; 0.50)
Conditional length/height
CH Otoly 0.00 -0.01 -0.01 -0.00 -0.01 0.14 0.08 0.11 0.20
(-0.04; 0.05)  (-0.09; 0.07)  (-0.09;0.07)  (-0.08;0.08)  (-0.03; 0.02)  (0.06; 0.23)  (-0.02;0.18)  (0.02; 0.19) (0.11; 0.29)
CH lto4dy 0.05 0.06 0.03 0.05 0.02 0.09 0.04 0.18 0.24
(0.01;0.11)  (-0.02;0.14)  (-0.05;0.11)  (-0.04;0.13)  (-0.01;0.04)  (0.01;0.17)  (-0.06;0.14)  (0.09; 0.26) (0.17;0.33)
CH 4tolly 0.00 0.06 -0.08 0.07 0.02 0.13 0.21 0.13 0.18
(-0.05;0.04)  (-0.03;0.12)  (-0.15;-0.01)  (-0.01;0.15)  (-0.00; 0.05)  (0.06;0.21)  (0.12;0.30) (0.07; 0.20) (0.11; 0.26)
CH1ltol5y -0.03 -0.00 0.01 0.00 -0.02 0.03 0.04 -0.02 0.02
(-0.09; 0.01)  (-0.08;0.07)  (-0.07;0.08)  (-0.08;0.08)  (-0.04;0.00) (-0.05;0.11) (-0.06;0.14)  (-0.08;0.04)  (-0.04; 0.08)
CH15t0o 18y -0.00 -0.10 -0.03 -0.08 -0.02 0.07 0.02 -0.06 0.02
(-0.05; 0.05)  (-0.17;-0.02)  (-0.11;0.04)  (-0.15;-0.00)  (-0.04; 0.00)  (-0.01;0.14)  (-0.08;0.11)  (-0.10; -0.01)  (-0.03; 0.08)

CRP: reactive-C protein, TC: total cholesterol, HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipoprotein cholesterol, TGL: triglycerides,

DBP: diastolic blood pressure, SBP: systolic blood pressure, BMI: body mass index, CC: waist circumference, CWh: conditional relative weight, CH: conditional

height

Data are B (95% CI). The outcome variables were normalized. Regression coefficient () values were calculated with linear regression models and indicate the
SD change in the outcome per SD change in the predictor. All models were adjusted for smoking during pregnancy, breastfeeding, mother’s education (years of
schooling) and household wealth (in minimum wages) at birth and skin color of the adolescent.
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Table 3. Association of conditional relative weight and conditional height with cardiovascular risk markers at 18 years old in girls.

1993 Pelotas Birth Cohort
Cardiovascular irsk markers
CRP TC HDL-C LDL-C TGL SBP DBP BMI wC
Conditional weight
CWhOtoly 0.03 0.01 -0.04 -0.01 0.01 0.06 0.03 0.25 0.22
(-0.05;0.12)  (-0.10;0.09)  (-0.13;0.05)  (-0.10;0.10)  (-0.03;0.06)  (-0.00; 0.13)  (-0.06;0.12) (0.15; 0.35) (0.13; 0.31)
CWhltody 0.08 -0.03 -0.03 -0.04 0.02 0.12 0.12 0.56 045
(-0.01;0.18)  (-0.13;0.07)  (-0.12;0.08)  (-0.15;0.07) (-0.03;0.07)  (0.05;0.18) (0.03; 0.22) (0.47; 0.65) (0.37; 0.54)
CWh 4 to 11 0.11 -0.04 -0.15 0.03 0.00 0.10 0.13 0.62 0.53
y (0.02; 0.20) (-0.13; 0.06)  (-0.24;-0.07)  (-0.07;0.13)  (-0.02;0.02)  (0.04; 0.17) (0.04; 0.22) (0.55; 0.68) (0.47; 0.59)
CWh 11 to 15 0.14 0.00 -0.18 0.06 0.03 0.15 0.11 0.45 0.40
y (0.06; 0.23) (-0.09; 0.10)  (-0.26;-0.09)  (-0.05;0.15)  (0.01;0.05) (0.09; 0.21) (0.03; 0.19) (0.40; 0.50) (0.34; 0.45)
CWh 15to 18 0.22 0.14 -0.10 0.20 0.03 0.16 0.13 0.51 0.47
y (0.13; 0.31) (0.04;0.24)  (-0.19;-0.02)  (0.09;0.29) (0.01; 0.06) (0.10; 0.22) (0.05; 0.22) (0.50; 0.53) (0.43; 0.49)
Conditional length/height
CH Otoly 0.01 0.08 0.16 0.03 -0.02 0.09 0.01 0.01 0.08
(-0.08;0.12)  (-0.01;0.17) (0.08; 0.25) (-0.07;0.12)  (-0.07;0.02)  (0.02; 0.16)  (-0.08;0.10)  (-0.08;0.12)  (-0.00; 0.17)
CH ltody 0.13 0.06 0.11 0.01 0.03 0.11 0.11 0.13 0.22
(0.04; 0.22) (-0.04; 0.17) (0.02; 0.20) (-0.09;0.12)  (-0.02; 0.08)  (0.04; 0.18) (0.02; 0.21) (0.02; 0.23) (0.12; 0.31)
CH 4tolly -0.02 0.05 0.03 0.04 -0.00 0.08 0.20 0.12 0.12
(-0.11;0.07)  (-0.04;0.15)  (-0.05;0.12)  (-0.06;0.14)  (-0.02;0.02)  (0.02;0.14) (0.11; 0.29) (0.04; 0.20) (0.04; 0.20)
CH 11 to 15 -0.01 -0.02 -0.07 0.02 -0.01 0.08 0.02 -0.01 0.08
y (-0.10;0.08)  (-0.11;0.08)  (-0.15;0.02)  (-0.09;0.12)  (-0.03;0.02)  (0.02;0.15)  (-0.07;0.10)  (-0.07; 0.06) (0.01; 0.13)
CH 15 to 18 -0.10 0.00 -0.05 0.01 0.01 -0.00 0.00 -0.05 0.01
y (-0.19;-0.02)  (-0.09; 0.10)  (-0.14;0.03)  (-0.09;0.11) (-0.01;0.03) (-0.07; 0.05) (-0.08;0.08) (-0.08; -0.03)  (-0.05; 0.05)

CRP: reactive-C protein, TC: total cholesterol, HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipoprotein cholesterol, TGL:

triglycerides, DBP: diastolic blood pressure, SBP: systolic blood pressure, BMI: body mass index, CC: waist circumference, CWh: conditional

relative weight , CH : conditional height

Data are § (95% CI). The outcome variables were normalized. Regression coefficient (B) values were calculated with linear regression models and

indicate the SD change in the outcome per SD change in the predictor. All models were adjusted for smoking during pregnancy, breastfeeding,

mother’s education (years of schooling), household wealth (in minimum wages) at birth and skin color of the adolescent.
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Discussion

Our results showed some differences in the relative contributions of weight gain and
linear growth to cardiovascular risk. In general, we observed that higher conditional relative
weight in childhood (1 to 4 years and 4 to 11 years) was positively associated with CRP, LDL-C,
TGL, SBP, DBP, BMI and WC in boys, and with CRP, DBP, SBP, BMI and WC among the
girls (inverse associations with HDL-C in both sexes). Higher conditional relative weight in
adolescence (11 to 15 years and 15 to 18 years) was positively associated with CRP, TC, LDL-C,
TGL, SBP, BMI and WC and negatively associated with HDL-C in both sexes, and with DBP
only in girls. Also, conditional relative weight during the first year of life was only related to
BMI and WC at 18 years old adolescents of both sexes. By contrast, associations between linear
growth and the cardiovascular markers showed a less consistent pattern when compared with
weight gain. Greater conditional length at infancy was associated with higher values of SBP in
boys and girls, and with BMI and WC only in boys.

Previous evidence from low-, middle- and high-income countries showed that excessive
weight gain predicts subsequent metabolic and cardiovascular diseases when occurs in
childhood, specifically after the second year of life. [12, 13, 19]. Overall, our findings showing
association from early-childhood (after the first year of age) onwards are consistent with this
evidence. The association between weight gain throughout life and CRP concentrations at young
adulthood was examined in the 1982 Pelotas Birth Cohort. In agreement with our analysis, the
study showed that excessive weight gain at all ages periods after the second year of life in both
sexes were positively associated with CRP levels in 23 years old participants of both sexes [20].
We also found that excessive weight gain during childhood and adolescence was associated with

increased total cholesterol, LDL-C and TGL and decreased HDL-C. Weight gain from birth to 4
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years and lipid profile levels at 18 years were studied in the 1982 Cohort and negative
associations were found between excessive weight gain from 2 to 4 years and HDL-C, although
the association was reduced after controlling to current BMI [21]. In a study using data from the
ALSPAC cohort in England, the authors observed that greater BMI in mid-childhood predicted
higher blood pressure (SBP and DBP) in 17 years old adolescents [22].

Fall et al., assessed the relations between components of metabolic syndrome and weight
gain at three periods from birth to age 28 years, age in which the outcomes were measured. In
line with our findings, the study showed that greater weight gain in childhood (2 to 11 years) was
associated with increased values of WC, SBP and TLG, while greater weight gain from 11 to 28
years predicted higher WC, TGL, total cholesterol and SBP and lower HDL-C. They also
observed positive associations between rapid weight gain during the two first postnatal years and
WC, SBP and TGL [19].

In concordance with analysis from the Vellore Birth Cohort in India [23], we observed
that infancy (birth to 1 year) rapid conditional relative weight was positive associated with BMI
and WC, but not with other cardiovascular markers. A meta-analyses assessing infant growth and
subsequent obesity, also showed that infants who grew more rapidly had higher risk of
developing obesity at posterior ages [7]. Studies that assessed the relation between growth and
body composition showed that rapid weight gain in infancy were more related with fat free mass
than fat mass in adulthood [12, 24]. In contrast, rapid weight gain from childhood onwards
generally is associated with accumulation of greater fat mass compared with free fat mass [11,
12, 24-26]. These findings may explain the positive associations of relative weight gain at all age

periods with BMI, as this indicator does not distinguish body fat from free fat mass.
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In relation to linear growth, we observed that faster conditional height mainly in
childhood was found to be positive associated with blood pressure (SBP and DBP), BMI and
WC at 18 years old in both sexes.A previous report with data of the same cohort examined the
association between conditional growth at three different age ranges up to 4 years old, BMI and
blood pressure at 15 years, and found positive associations between conditional height from 1 to
4 years and both outcomes, although the association with SBP became insignificant adjusted for
BMI at 15 years [27]. Haugaard et al, found positive association between linear growth during
childhood and SBP and WC at age 8 years old [28]. The previously mentioned Vellore Birth
Cohort showed that rapid conditional height throughout life course was positive associated with
blood pressure and WC in young adults [23]. It is known that blood pressure is higher in taller
people, this may be result of an adaptation of the vascular function to perfuse a longer arterial
tree. However, inverse relations between adult height and cardiovascular diseases have been
described as well [29], which suggests that this adaption possibly has not pathological
consequences.

Strengths of this study include a population based sample and the availability of several
anthropometric and biological markers of cardiovascular risk. Furthermore, our data have been
collected prospectively since birth by trained staff with the use of standardized methods,
reducing the susceptibility to misclassification. We also highlight the use of conditional growth
to examine highly correlated measurements typical of longitudinal studies, and the assessment of
the separate contributions of linear growth and weight gain relative to linear growth.
Nevertheless, the assessment of relative weight gain does not distinguish between free-fat and fat

mass gain.
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We acknowledge some limitations of our study. First, our analysis were carried out only
by those cohort members with anthropometric data from several follow-ups, including sub-
samples. The potential impact of losses to follow-up on our results is difficult to assess. Second,
we cannot rule out the possibility of random significant associations, as it is known that multiple
hypothesis testing lead to increased Type I error. Third, measurements at age 2 years old were
not available in the 1993 Pelotas Birth Cohort, and therefore we had no ability to assess growth
at this age point. The inclusion of age 2 years old in longitudinal studies assessing the
associations between growth and cardiovascular risk is very important due to growing evidence
showing that excessive relative weight gain denotes increased risk for cardiovascular health
when occurred after the age of 2 years. Even though, we do not have evidence of the impact of
conditional growth at age 2 on later outcomes, our findings for the first year of life add to the
evidence that improving nutrition during the "first days of life" would result on long-term
benefits on health, as greater infant weight gain and linear growth during this period have more
benefits than risks for health, specially improvement of capital human outcomes as schooling and
final achieved height [12, 13].

Although we studied an particular population (e.g.: children born in 1993 in the urban
area of Pelotas, Brazil), we observed many similarities of results with several studies, revealing
that our findings may be generalisable to populations in other low- and middle-income countries.

Given that cardiovascular risk can track from adolescence to adulthood [30, 31], a better
understanding of the possible adverse effects of growth patterns at earlier stages in life can help
to develop interventions aimed at preventing subsequent chronic diseases. Based on this study
and other published evidence, we conclude that excessive weight gain from childhood onward

may have an adverse effect on cardiovascular health later in life. This reinforces efforts to inform
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strategies to avoid putting on weight children after their 2 first years of life for cardiovascular
prevention. Evidence regarding linear growth throughout birth to late adolescence and

subsequent cardiovascular risk remains unclear and needs further investigation.
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Years 1993 1994 1997 2004 2008 2011
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11 \ 4 A\ 4 \ 4 \4 \ 4 \ 4
12 Ages Perinatal 1 year 4 years 11 years 15 years 18 years

15 Target-population | N= 5,249 N= 1,460 N= 1,460 N=5,249 N=5,249 | N=5,249

21 Located N=5,249 N=1,363 N=1,273 N=4,452 N=4,349 N=4,106

24 _ -/
25 Y

28 With complete data on exposures (conditional growth) N=957

30
31
32
33
34
35

38 Complete data on conditional growth, all Complete data on conditional growth, all
39 confounders and blood exams: N=917 confounders and blood pressure, BMI and waist

41 circumference : N=946

44 Figure 1. Description of the 1993 Pelotas (Brazil) Birth Cohort.
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Table 1. Mean (SD) for outcomes at 18 years of age in the main analyses samples* and samples comprised by alfthe adolescents with outcomes
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=
o
=]
0]
>
N
o
[t
Iy
o
[t
©
[y
(o2}
~
o
=)
N
w

measures at the 18 years follow-up, stratified by sex. 1993 Pelotas Birth Cohort. 5
Boys Girls
5
Outcomes : All p- . o All p-
N Main analyses N ;L « N Main analyses s N L .
sample participants  value sample § participants  value
Plasma glucose (mg/dl) 438 93.60(20.88) 1933 93.92(22.65) 0.79 479 88.41(15.36) 5936 89.74(18.64)  0.15
HbAlc (%) 438 4.97 (0.60) 1924  4.96 (0.57) 0.74 475 4.86 (0.50) 3910  4.84(0.52) 0.45
C-reactive Protein (mg/L) 438 0.64 (3.10) 1933  0.67(3.26) <0.01 479 1.35(3.92) 9936  1.35(3.86) 0.88
Total cholesterol (mg/dl) 438  151.31(24.46) 1933 152.72(24.55) 0.27 479 172.29(30.35) 936 169.80(29.19) 0.10
HDL cholesterol (mg/dl) 438 52.78 (8.75) 1933 51.78 (8.75) 0.03 479 59.50(10.54) 9936 59.84(10.92) 0.54
o
3
LDL cholesterol (mg/dl) 438 83.55(18.46) 1933 84.28(20.23) 0.49 479 97.14(25.42) 3936 93.89(23.84) 0.01
Triglycerides (mg/dl) 438 70.81 (1.46) 1933  73.56 (1.51) 0.16 479 7479 (1.44) 3936  74.93(1.49) 0.62
Systolic blood pressure 447  130.3(11.56) 1979 130.71(11.90) 0.52 499 115.40(10.04) %OOS 115.06 (9.95)  0.50
(mm/Hg) 9
Diastolic blood pressure 447 70.54 (8.29) 1979  70.95 (7.94) 0.33 499 69.64 (7.83) 2008  69.46 (7.75) 0.64
(mm/Hg) S
Body mass index 447 22.99 (4.24) 1970  23.36 (4.23) 0.10 499 23.58 (5.06) 12003 23.52 (4.76) 0.80
Waist circumference (cm) 447 77.51 (9.71) 1972  78.45(9.61) 0.06 499 73.74(10.31) 2005 73.75(9.75) 0.98
Data are arithmetic mean (SD) unless otherwise indicated S
O

* Geometric mean (SD)

*Main analyses samples includes individuals with complete data on all growth measures, all confounders and at Iea§t one outcome.
*p-value for T-test. C-reactive protein and triglycerides were log transformed to performed de test.
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Table 1. Differences in mean (SD) for outcomes at 18 years of age between included and excluded parUupantsgstratlfled by sex. 1993 Pelotas

Birth Cohort.

Boys EGIHS
=
Outcomes N Main analyses N Excluded p- « N Main analyses 'OUON Excluded p- -
value S value
sample sample E
C-reactive Protein (mg/L) 438 0.64 (3.10) 1495  0.68 (3.30) 0.26 479 1.35(3.92) s%457 1.35(3.83) 0.95
Total cholesterol (mg/dl) 438  151.31(24.46) 1495 153.13(25.11) 0.17 479 172.29(30.35) 9457 168.9 (28.76)  0.06
HDL cholesterol (mg/dl) 438 52.78 (8.75) 1495  51.70 (8.75) 0.44 479  59.50(10.54) 3457 59.95(11.04) 0.3
o
3
LDL cholesterol (mg/dl) 438  83.55(18.46) 1495 84.48(20.73) 0.40 479  97.14(25.42) F457 92.82(23.20) <0.00
Triglycerides (mg/dl) 438 70.81 (1.46) 1495  74.38 (1.52) 0.03 479 74.79 (1.44) 9457  74.97 (1.50) 0.91
Systolic blood pressure 447  130.30 (11.56) 1532 130.83(12.00) 0.40 499 11540 (10.04) 3509 114.99 (9.94) 057
(mm/Hg) =
Diastolic blood pressure 447 70.54 (8.29) 1532 71.09 (7.83) 0.13 499 69.64 (7.83) 34509  69.40 (7.72) 0.56
(mm/Hg) §
Body mass index (kg/m®) 447  22.99 (22.60) 1523 23.47(23.26) 0.08 499  23.58(23.14) g504 23.50(23.27) 0.75
Waist circumference (cm) 447 77.51 (9.71) 1525 78.72(78.24) 0.03 499  73.74 (10.31) 1506 73.76 (73.27)  0.97
Data are arithmetic mean (SD) unless otherwise indicated S
* Geometric mean (SD) £

*Included participants (main analyses samples): includes individuals with complete data on all growth measures, @l confounders and at least one

outcome.

*p-value for T-test. C-reactive protein and triglycerides were log transformed to performed de test.
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Table 1. Association of conditional relative weight and conditional height with mean arterial

pressure at 18 years old in boys and girls. 1993 Pelotas Birth Cohort.

BMJ Open

Mean arterial pressure (MAP)

Conditional weight
CWhOtoly
CWhltody
CWh4tolly
CWh11ltol5y
CWh15t0 18y
Conditional length/height
CHOtoly

CH 1tody

CH 4tolly
CH11lto15y
CH15t0 18y

Boys

Girls

0.04 (-0.04; 0.13)
0.08 (-0.01; 0.17)
0.11 (0.02; 0.19)
0.08 (0.01; 0.18)
0.11 (0.02; 0.20)

0.12 (0.31; 0.22)
0.07 (-0.20; 0.17)
0.20 (0.11; 0.28)
0.04 (-0.05; 0.13)
0.05 (-0.04; 0.13)

0.06 (-0.03; 0.14)
0.14 (0.05; 0.22)
0.14 (0.06; 0.22)
0.15 (0.07; 0.22)
0.16 (0.09; 0.24)

0.05 (-0.03; 0.13)
0.13 (0.04; 0.22)
0.17 (0.09; 0.24)
0.05 (-0.02; 0.13)
0.00 (-0.07; 0.07)

CWh: conditional relative weight, CH: conditional height

Data are 3 (95% CI). The outcome variables were normalized. Regression coefficient () values
were calculated with linear regression models and indicate the SD change in the outcome per SD

change in the predictor. All models were adjusted for mother’s education (years of schooling)

and household wealth (in minimum wages) at birth and skin color of the adolescent.
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Table 1. Association of weight and length at birth, conditional relative weight and conditional height wite cardiovascular risk markers

at 18 years old in boys. 1993 Pelotas Birth Cohort.

Cardiovascular risk markers

(g Kremue
o

CRP TC HDL-C LDL-C TGL SBP BMI wC
(mg/L) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mm/Hg) (men/Hg) (kg/m?) (cm)

Conditional relative weight 5
CWhOtoly 0.99 2.41 0.37 1.74 1.01 0.60 55_40 1.19 2.77
CWhltody 1.27 0.83 -0.41 0.85 1.05 1.15 @39 1.92 4.03
CWh4tolly 1.24 1.58 -0.84 1.96 1.02 1.17 @78 2.17 4.37
CWh 1lto 15y 1.14 3.50 0.03 3.10 1.05 0.97 §60 1.50 2.98
CWh15t0 18y 1.18 4.48 -1.16 3.19 1.12 1.00 68 2.08 4.73
Conditional length/height 2
CHOtoly 0.99 -0.13 -0.06 0.16 0.99 1.97 66 0.49 2.04
CH 1to4dy 1.14 1.74 0.29 1.04 1.05 1.25 €29 0.85 2.43
CH 4tolly 1.05 1.32 -0.88 1.69 1.03 1.80 £66 0.60 1.84
CH11lto 15y 0.96 -0.21 0.33 -0.06 0.97 0.45 @2-30 -0.09 0.18
CH15t0 18y 0.97 -2.75 -0.36 -1.76 0.97 0.90 @13 -0.25 0.23
o

TC: total cholesterol, HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipoprotein chglesterol, TGL: triglycerides,
DBP: diastolic blood pressure, SBP: systolic blood pressure, BMI: body mass index, CC: waist cwcmmference CWh: conditional
relative weight gain, CH : conditional height gain

Data are B (95% CI). The outcome variables are presented in original scales. Regression coefficient (Bﬁvalues were calculated with
linear regression models and indicate a unit change in the outcome (e.g.: 1 cm or 1 mm/Hg) per SDoehange in the predictor. All
models were adjusted for mother’s education (years of schooling) and household wealth (in minimum wages) at birth and skin color of
the adolescent. The models for plasma glucose concentrations were further adjusted for time from previo@ meal.
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Table 2. Association of Conditional relative weight and conditional height with cardiovascular risk maEkers at 18 years old in girls.
1993 Pelotas Birth Cohort

Cardiovascular risk markers 5
CRP TC HDL-C LDL-C TGL SBP DBP BMI wcC
(mg/L)  (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mm/Hg) (#m/Hg) (kg/m?) (cm)

Conditional relative weight N
CWhOtoly 1.07 0.21 -0.11 -0.40 1.01 0.96 59.26 1.15 2.31
CWhltody 1.24 -1.10 -0.33 -0.98 1.02 1.56 g).% 2.53 4.48
CWh4tolly 1.21 -1.05 -1.63 0.69 1.00 1.42 gl.lO 2.77 5.28
CWh 1lto 15y 1.24 0.27 -1.91 1.22 1.05 2.00 &.87 2.02 3.95
CWh15t0 18y 1.59 3.88 -1.13 4.49 1.06 2.19 %L.OZ 2.32 4.63

Conditional length/height S
CHOtoly 0.99 2.36 1.76 0.70 0.99 1.21 .06 0.10 0.94
CH 1tody 1.16 1.89 1.04 0.33 1.02 1.53 .91 0.57 2.20
CH 4tolly 1.01 1.30 0.37 0.90 0.99 1.12 51.65 0.52 1.20
CH11lto 15y 0.97 -0.56 -0.75 0.29 0.99 1.12 20.16 -0.03 0.68
CH15t0 18y 0.85 0.16 -0.53 0.16 1.02 -0.11 %0.01 -0.23 0.01

HbAlc: glycated hemoglobin, CRP: reactive-C protein, TC: total cholesterol, HDL-C: high-density lipgprotein cholesterol, LDL-C:
low-density lipoprotein cholesterol, TGL.: triglycerides, DBP: diastolic blood pressure, SBP: systolic blo§d pressure, BMI: body mass
index, CC: waist circumference, CWh: conditional relative weight gain, CH : conditional height gain >

Data are 8 (95% CI). The outcome variables are presented in original scales. Regression coefficient (Bfvalues were calculated with
linear regression models and indicate a unit change in the outcome (e.g.: 1 cm or 1 mm/Hg) per SD%hange in the predictor. All
models were adjusted for mother’s education (years of schooling) and household wealth (in minimum Wages) at birth and skin color of
the adolescent. The models for plasma glucose concentrations were further adjusted for time from previouds meal.
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item Pag.
No Recommendation
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 1
abstract
(b) Provide in the abstract an informative and balanced summary of what was 1
done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 4
reported
Objectives 3 State specific objectives, including any prespecified hypotheses 4
Methods
Study design 4 Present key elements of study design early in the paper
Setting Describe the setting, locations, and relevant dates, including periods of
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods 5
of selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and
methods of case ascertainment and control selection. Give the rationale for
the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and
methods of selection of participants
(b) Cohort study—For matched studies, give matching criteria and number of NA
exposed and unexposed
Case-control study—For matched studies, give matching criteria and the
number of controls per case
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, 6-7
and effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of ~ 6-7
measurement assessment (measurement). Describe comparability of assessment methods if
there is more than one group
Bias 9 Describe any efforts to address potential sources of bias NA
Study size 10 Explain how the study size was arrived at
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If
applicable, describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 8
confounding
(b) Describe any methods used to examine subgroups and interactions NA

(c) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-up was
addressed

Case-control study—If applicable, explain how matching of cases and
controls was addressed

Cross-sectional study—If applicable, describe analytical methods taking
account of sampling strategy

(e) Describe any sensitivity analyses
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Results

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially 8
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage NA
(c) Consider use of a flow diagram NA

Descriptive 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and 9

data information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest 8
(¢) Cohort study—Summarise follow-up time (eg, average and total amount)

Outcome data 15*  Cohort study—Report numbers of outcome events or summary measures over time  Table 1
Case-control study—Report numbers in each exposure category, or summary NA
measures of exposure
Cross-sectional study—Report numbers of outcome events or summary measures NA

Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and  Table 2
their precision (eg, 95% confidence interval). Make clear which confounders were ~ and 3
adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized NA
(¢) If relevant, consider translating estimates of relative risk into absolute risk fora ~ NA
meaningful time period

Other analyses 17  Report other analyses done—eg analyses of subgroups and interactions, and
sensitivity analyses

Discussion

Key results 18  Summarise key results with reference to study objectives 14

Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or 16
imprecision. Discuss both direction and magnitude of any potential bias

Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations,  14-17
multiplicity of analyses, results from similar studies, and other relevant evidence

Generalisability 21  Discuss the generalisability (external validity) of the study results 16

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if 18

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

applicable, for the original study on which the present article is based

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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