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ABSTRACT 

 

The evidence that fetal life and early infancy are “critical” or “sensitive” ages for later 

cardiometabolic disease is based on flawed methods for comparing different age periods.  

Moreover, most previous studies have limited their focus to weight gain, rather than 

growth in length/height or body mass index (BMI). We undertook a secondary analysis of 

PROBIT (1996-2010), a birth cohort study nested within a large cluster-randomized trial 

in the Republic of Belarus, with repeated measures of weight and length/height from birth 

to 11.5 years of age. We used mixed effects linear models to analyze associations of 

changes in standardized weight, length/height, and BMI during five age periods 

(conception to birth, birth to 3 months, 3 to 12 months, 12 months to 6.5 years, and 6.5 to 

11.5 years) with fasting glucose, insulin, insulin resistance, β-cell function, and 

adiponectin at age 11.5 years. We observed strong associations between the metabolic 

markers and all three growth measures, with the largest effect sizes observed during the 

latest age period (6.5 to 11.5 years) and negligible associations during gestation and the 

first year of life. Later age-periods appear more “sensitive” than earlier periods to the 

adverse metabolic effects of rapid growth in childhood. 

 

Key words:  growth; sensitive period; metabolic risk; developmental origins of health 

and disease 



 

 3 

Observational studies have reported associations of  environmental exposures during fetal 

life, infancy and childhood (including physical growth, infection, socioeconomic factors, 

and lifestyle behaviours) with later-life chronic disease risk.(1-3) Some investigators 

have attempted to identify ‘critical’ and ‘sensitive’ age periods during which these 

exposures may influence an outcome.  A “critical” age period can be defined as one in 

which an exposure must occur to influence a later outcome, while a “sensitive” period is 

one in which an exposure has a larger effect than the same exposure during other periods. 

 

Growth has been the most commonly studied exposure with respect to adult chronic 

cardiometabolic diseases. In a previous study,(4) we examined various approaches to 

assessing sensitive age periods for the association between blood pressure at the age of 16 

years and earlier weight gain.  In that study, adolescence was a more sensitive period for 

relative weight gain than earlier periods. Other recent studies have reported similar 

results.(5,6) We also found that use of relative weight gain standardized by age and sex, 

or regression-based standardized residuals based on conditional weight, yielded more 

valid estimates of association with later blood pressure than did absolute weight gain.(4) 

Most previous studies comparing associations with growth at different ages have focused 

on weight gain, rather than growth in length/height or changes in BMI.  In this study, we 

examine all three growth measures in relation to blood-based biomarkers of metabolic 

risk measured in pre-adolescent children. Our aim was to assess which age periods were 

most strongly associated with metabolic risk and to examine evidence of critical or 

sensitive age periods.  
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METHODS 

 

We undertook a secondary observational analysis of data from the Promotion of 

Breastfeeding Intervention Trial (PROBIT)(7), with repeated anthropometric measures 

during infancy and childhood. PROBIT is a multi-centre, clustered-randomized 

controlled trial set in the Republic of Belarus.(7) The PROBIT trial randomized thirty-

one maternity hospitals and one polyclinic (outpatient clinic) affiliated with each hospital 

to either: 1) a breastfeeding promotion intervention based on the WHO/UNICEF Baby-

Friendly Hospital Initiative; or 2) to continue practices existing at the time of 

randomization.  A total of 17,046 breastfed newborns and their mothers were recruited 

during their postpartum stay between June 1996 and December 1997. In addition to being 

breastfed, trial eligibility criteria for the infants were: healthy, singleton, ≥37 completed 

weeks of gestation, ≥2.5 kg birth weight, and 5-minute Apgar scores ≥5.  

 

Study sample 

13,889 children (82% of the original cohort) attended the follow-up visit at 6.5 years, and 

13,710 (81%) attended the visit at 11.5 years. A total of 12,973 (76%) children attended 

the follow-up visits at both 6.5 (from 2002 to 2005) and 11.5 years of age (from 2008 to 

2010), and 12,854 (75%) had valid weight and height measures at all visits during 

infancy, 6.5 years, and 11.5 years. Of the 13,710 children who attended the 11.5-year 

follow up visit, 13,545 had blood samples collected. Our study sample therefore 

comprised 12,581 children (74% of the original cohort) with all valid weight and height 

measures (first year and 6.5- and 11.5-year follow-ups) and blood samples (at the 11.5-
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year follow up). Signed parental consent was obtained at enrollment and at each follow-

up, and child assent at the 11.5-year follow-up.  The Institutional Review Board at the 

Montreal Children’s Hospital approved the consent and assent forms and ethical approval 

for the initial study and all subsequent follow-up. 

 

Anthropometric measurements 

PROBIT infants were followed up by their polyclinic pediatricians at 1, 2, 3, 6, 9, and 12 

months, when measurements of weight and length were obtained as part of routine 

follow-up clinical practice. At 6.5 and 11.5 years, weight and height were measured at 

dedicated research clinics using identical equipment models across the polyclinics, with 

standardized training and quality assurance procedures.(8-12) Standing height, measured 

with a wall-mounted stadiometer, and weight, measured on an electronic digital scale 

(Seca Bella 840 for the 6.5-year follow-up visit; Tanita TBF 300GS body fat analyzer for 

the 11.5-year follow-up visit), were obtained in duplicate and averaged.(8-12)  After 

completion of these visits, audit visits were conducted on a randomly selected subsample 

to ensure inter-observer reproducibility. Weight or height measures were considered 

implausible if they were beyond 4 standard deviations above or below the sex- and age-

specific mean, and were excluded.(13) 

 

Growth in weight, length/height, and BMI 

We assessed child growth during five age periods with potential etiological relevance to 

metabolic risks at 11.5 years: conception to birth, birth to 3 months, 3-12 months, 12 

months to 6.5 years, and 6.5 to 11.5 years. The postnatal age periods were not arbitrarily 
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chosen. The second and third were derived from a cubic spline-based analysis of the 

PROBIT cohort demonstrating knots at 3 and 12 months, with linear changes in weight 

gain between successive knots from birth to age 5 years;(14) the last two were based on 

the timing of the PROBIT follow-ups at 6.5 and 11.5 years. 

 

The follow-up visits at 6.5 and 11.5 years occurred within a window of ±3months, as 

prescribed in the research protocol.(8,13) Weights and heights at 78 months (6.5 years) 

and 138 months (11.5 years) were then linearly extrapolated from the measurements 

obtained on the day of follow-up. Weight (height) at 78 months was linearly extrapolated 

from the weights (heights) measured at the 12-month and 6.5-year follow-up visits; 

weight (height) at 138 months was linearly extrapolated from the weights (heights) 

measured at the 6.5-year and 11.5-year follow-up visits.  

 

Comparisons of absolute weight, length/height, or BMI gains at different periods of life 

will be affected by these underlying differences in growth rates, as well as duration, at 

different ages and may bias inferences about their relative importance for later outcomes. 

Standardization of relative changes in weight, length/height, and BMI is necessary to 

account for different growth velocities and durations of the studied age periods.(4) Four 

different approaches for standardization were discussed and compared in our previous 

study; the results strongly suggested conditional weight (length/height) standardized 

residuals as the best approach.(4) Weight gain was based on age- and sex-specific 

conditional weight standardized residuals.(4,15-16) At a given age (3 months, 12 months, 

6.5 years (78 months), or 11.5 years (138 months)), conditional weights were calculated 
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as residuals from sex-stratified linear regression of weight at that age on all prior weights; 

the regression model also included quadratic terms for prior weights to account for non-

linearity. The conditional weight residual is thus the deviation in a child’s weight from 

the child’s “expected” weight (i.e., the difference between the observed weight gain over 

the interval and the gain expected, given all prior weights).(16)  

 

We standardized the conditional weight gain to allow comparisons across ages by 

dividing it by its standard deviation estimated from the weight regression model. At birth, 

sex-specific weight-for-GA z-scores were used as a measure of fetal growth, based on an 

internal (PROBIT sample) standard. These conditional weight standardized residuals at 3, 

12, 78, and 138 months are independent of one another and thus uncorrelated with all 

prior weights,(4,15-16), allowing for the assessment of the unique contribution of weight 

gain in each age interval. 

 

Length/height gain was quantified in a similar way to weight gain, i.e., based on 

conditional length (during infancy) or height (for later periods) standardized residuals. At 

birth, sex-specific length-for-GA z-scores were used, again based on the internal 

(PROBIT sample) standard. Unlike weight and height, BMI does not increase 

monotonically with age.(17) Changes in age- and sex-specific BMI-for-age z-scores were 

therefore used to assess the impact of change in BMI on metabolic measures at 11.5 years. 

Sex-specific BMI-for-age z-scores were calculated based on an internal (PROBIT sample) 

standard. 
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Metabolic risk biomarkers at 11.5 years 

At the 11.5-year follow-up visit, we measured three biomarkers reflecting metabolic risk:  

blood glucose, insulin, and adiponectin. Polyclinic pediatricians collected finger-prick 

whole-blood samples were collected on the children after an overnight fast.  The 

pediatricians directly measured glucose on one freshly expressed blood sample, using the 

Roche ACCU-CHEK Advantage meter system.  The remaining samples were collected as 

10 blood spots, each 10 mm in diameter, on specially manufactured filter paper. The 

filter-paper blood spots were left to air-dry, then stored in freezers at each of the 31 

polyclinic sites at -20ºC until transport to the laboratory at the National Mother and Child 

Centre in Minsk, where they were stored at -80ºC for a median of 18.6 (interquartile 

range, 13.8 - 22.2 ) months.(9,10) Insulin and adiponectin were assayed from the dried 

blood spots after a single thaw.   

 

Standard operating laboratory procedures, training, and quality assurance ensured high-

quality measurements from the dried blood spots, as reported previously in detail.(9,10)  

These included the use of whole blood standards for insulin, an ELISA procedure for 

adiponectin previously validated on dried blood spots, internal quality control samples, 

and verification of stability for 30 months at -80oC.(10,12) 

 

Insulin was quantified from the dried blood spots using a commercial kit (Mercodia 

Human Insulin ELISA 10-1113-01, Mercodia AB). We calculated the homeostasis model 

assessment of insulin resistance (HOMA-IR) and the homeostasis model assessment of β-

cell function by the following equations (18): 
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 HOMA-IR = insulin (μU/mL) x glucose (mmol/dL)/22.5, 

 HOMA-β (%) = [20*insulin(μU/mL)]/[glucose (mmol/dL)-3.5]. 

Adiponectin concentration, a marker of insulin sensitivity, was quantified using an assay 

kit (adiponectin human ELISA, EIA4177, DRG International Inc, New Jersey). 

Apolipoprotein A1 and apolipoprotein B measurements were also attempted as markers 

of cardiovascular risk, but as previously reported,(10) showed unacceptable measurement 

error and are therefore not reported here. We did not measure lipids directly, because 

their stability in dried blood spots has been questioned and measurement from dried 

blood spots has not been validated.(10,12) 

 

 

Statistical analysis 

Our analysis was based on mixed effects linear regression models to assess the 

associations between child growth (conditional weight standardized residuals, conditional 

length/height standardized residuals, and changes in BMI z-scores) during the studied age 

periods and five blood biomarkers of metabolic risk (fasting glucose, insulin, insulin 

resistance, β-cell function, and adiponectin) at age 11.5 years.  All models accounted for 

clustering within polyclinics by including a random effect term for polyclinic. All models 

also adjusted for trial arm and baseline covariates, including sex, maternal age, maternal 

and paternal height and BMI, maternal and paternal education, and geographic region.  

Maternal age was categorized as <20 years, 20-34 years, or ≥35 years; maternal and 

paternal height and weight were reported by the mother at the 6.5-year follow-up visit. 

Maternal and paternal education at baseline was categorized as "university," "partial 
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university," "high school," or "incomplete high school." Geographic region was defined 

by four categories based on east vs west and urban vs rural residence. Tanner pubic hair 

stage was measured at the 11.5-year follow-up visit.  Although it is widely known that 

puberty stimulates growth in both height and weight, earlier weight gain has also been 

shown (including a recent report based partly on the PROBIT cohort(19)) to accelerate 

pubertal development. In other words, faster growth can be either a cause or consequence 

of accelerated puberty. We therefore carried out a sensitivity analysis in which we also 

adjusted for Tanner pubic hair stage. 

 

For weight (and length/height) gains, we included conditional weight standardized 

residuals (conditional length/height standardized residuals) for all ages in a single 

regression model, since all the conditional measurements are uncorrelated, and compared 

the results among the studied age periods. For changes in BMI z-scores, we used a series 

of sequential models: for each age-period, the model makes adjustment for changes in 

BMI z-scores in all preceding age periods, but not in subsequent age-periods.(4,20-21) 

Previous studies have shown that children who did not attend either the 6.5-year or 11.5-

year follow-ups were similar to those who did attend.(4, 9-10) We therefore did not 

impute missing data for those excluded. Data were analyzed using SAS version 9.4 (SAS 

Institute, Cary, NC). 

 



 

 11 

RESULTS 

 

Baseline characteristics of the PROBIT children with complete data who were followed 

up at both age 6.5 years and 11.5 years are summarized in Table 1. The median (inter-

quartile range) ages at the latter follow-up examinations were 6.5 (6.4 - 6.6) years and 

11.6 (11.3 - 11.9) years, respectively. Mean weight, length/height, and BMI for the study 

sample at birth, 3 months, 12 months, 78 months (6.5 years), and 138 months (11.5 years), 

along with weight- and height-gain rates, are shown in Table 2. As reported previously,(4) 

infants grew fastest in the first 3 months after birth (0.89 kg per month in weight and 3 

cm per month in length) and at half that rate from 3 to 12 months (0.50 kg and 1.7 cm per 

month). Height gain rate decreased to 0.7 cm per month from 12 months to 6.5 years and 

further decreased to 0.5 cm per month from 6.5 years to 11.5 years. However, weight 

gain rate was lowest from 12 months to 6.5 years of age (0.18 kg per month) and nearly 

doubled from 6.5 years to 11.5 years (0.31 kg per month). As a result, BMI did not 

increase from 12 months to 6.5 years (Table 2). BMI increased with age in the first year, 

from 12.7 kg/m2 at birth to 16.5 kg/m2 at 3 months and 18.4 kg/m2 at 12 months. It then 

decreased to 15.7 kg/m2 at 6.5 years, before increasing again to 18.3 kg/m2 at 11.5 years. 

 

Parameter estimates for the associations of standardized conditional weight residuals at 

birth, 3 months, 12 months, 6.5 years, and 11.5 years with glucose, insulin, and 

adiponectin concentrations at 11.5 years are detailed in Table 3 and summarized visually 

in the Figure. As seen in Table 3, similar patterns were observed for the other two growth 

measures, conditional length/height standardized residuals and change in BMI z-scores. 



 

 12 

For all five metabolic risk biomarkers, larger associations were observed for growth 

during childhood than during fetal life or infancy, with the largest observed for the latest 

age period (6.5 to 11.5 years).  Negligible associations were observed at birth and during 

the first year (birth to 3 months and 3 to 12 months), except for adiponectin, for which a 

small but statistically significant positive association was observed for birth weight and 

birth length (Table 3). All models were adjusted for trial arm, child sex, maternal and 

paternal characteristics (maternal and paternal height, BMI, and education), and 

geographic region. The sensitivity analysis including further adjustment for Tanner pubic 

hair stage had almost no impact on the results (data not shown, available upon request). 

 

 

DISCUSSION 

 

For all five metabolic risk biomarkers (glucose, insulin, insulin resistance, β-cell function, 

and adiponectin), growth during childhood appears to be a more sensitive period for 

metabolic risk biomarkers measured in pre-adolescence, with magnitudes of association 

increasing with advancing age. The increase with age in magnitude of positive 

associations of all three growth measures with glucose and insulin concentrations and 

both indices of insulin resistance, and the corresponding increase in magnitude of 

negative associations with adiponectin concentration, all point in the same direction:  

worsening metabolic function with later increases in infant and child growth.  These 

results are also consistent with those we previously reported for weight gain and systolic 

and diastolic blood pressures at 16 years.(4)  
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Most previous studies of critical or sensitive periods have focused on fetal life and 

infancy. Birth weight for gestational age and weight gain in early infancy have been 

previously associated with adiposity, obesity, blood pressure, and other metabolic 

outcomes later in childhood or adulthood.(15,16,20,22-24) Yet several recent 

publications have reported that older childhood age periods may be more “sensitive” to 

weight gain.(4-6) Few studies, however, have compared the magnitude of association 

during fetal life or infancy with that in older age periods. Moreover, few have studied 

growth in length/height or changes in BMI, and even fewer have obtained circulating 

biomarkers of metabolic risk.(5,6) It is important to point out that the association of faster 

length/height gain may not reflect a causal effect of growth in stature on metabolic risk.  

As we have recently reported,(25) faster length/height gain may itself be a consequence 

of faster weight gain, although final adult height may not be affected. 

 

We observed that the age interval 6.5-11.5 years, i.e., the period immediately preceding 

the age at which we measured metabolic risk biomarkers in blood, was more “sensitive” 

to growth in weight, length/height, and BMI than earlier age periods. The measurement 

of growth (in weight, height, and BMI) gain at each age is the deviation of each child’s 

measurement from his or her “expected” measurement, based on sex and size at the 

previous age, not the instantaneous weight velocity at that age. In our previous study,(4) 

we demonstrated a pattern of increasing association with age between weight (height) 

gain and blood pressure measured at 16 years. Our new finding in the present paper is 

consistent with those reported in several other studies(4-6) in observing that weight gain 
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during later age periods is more strongly associated with later metabolic health. Moreover, 

we also confirm recent findings from our own (4) and other studies (14-16) that 

standardization of relative changes in growth measures by age and sex provides a more 

valid demonstration of graded, "dose-response” associations with later metabolic 

outcomes than absolute changes in weight, length, or BMI. 

 

Strengths of our study include its multi-center, longitudinal (birth cohort) design, large 

sample size, high rate of follow-up, frequent measures of weight and length/height at 

birth and throughout infancy, research-standard anthropometric measurements at ages 6.5 

and 11.5 years, fasting biomarker studies at of 11.5 years, and control for a large number 

of potential confounding factors (especially both mother’s and father’s height and BMI). 

One potential weakness is that, unlike the weights and heights obtained at 6.5 and 11.5 

years, those obtained during infancy did not necessarily use identical measurement 

equipment and procedures across the 31 participating polyclinics, which probably 

increased random measurement error.  Our large sample size should have compensated, 

at least in part, for that weakness.  Another potential weakness is that we did not have 

access to serial fetal ultrasound measurements to model intrauterine growth trajectories. 

The birth weight-for-gestational-age z-score was used as a measure for overall fetal 

growth. While we have previously shown that fetal weight gain trajectory does not add 

information to birth weight for gestational age in predicting later childhood size,(25) the 

jury is still out with respect to predicting later cardiometabolic outcomes. 
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Earlier puberty is associated with faster growth in the age interval 6.5-11.5 years and 

potentially with metabolic risks at 11.5 years. The differences reflected in the Tanner 

pubic hair stage we measured at 11.5 years are likely to have begun months or even a 

year or two earlier, and thus we cannot rule out a mediating effect of pubertal onset on 

the observed associations between growth between 6.5 and 11.5 years and the metabolic 

risk markers we measured at 11.5 years. Nonetheless, the very similar results obtained 

with and without adjustment for Tanner pubic hair stage suggests that it is not a potent 

confounder or mediator. Since we did not measure the metabolic risk biomarkers until 

age 11.5 years, we cannot exclude the possibility of reverse causality. In other words, it is 

possible that metabolic changes reflected by those biomarkers might have been the cause, 

rather than the consequence, of faster growth, especially in the interval from 6.5 to 11.5 

years. Belarus is a nation of homogeneous ethnicity where child obesity is less prevalent 

than in most Western countries.  Although our findings may not be generalizable to the 

latter settings, their similarity to those reported from other studies(5,6) suggests that the 

pattern of associations we observed is robust. Future follow-up into adulthood of our and 

other cohorts should shed additional light on the relations between growth in fetal life, 

infancy, and childhood and metabolic outcomes later in adult life.  If those future studies 

confirm our findings about later sensitive periods, they have important implications for 

developing and testing preventive interventions to alter nutrition, physical activity, and 

other behaviours during later childhood and adulthood--a major challenge for future 

clinical care and public health. 
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Table 1.  Baseline characteristics of PROBIT children who attended both of the 

follow-up visits at 6.5 and 11.5 years of age (n=12,581) 

 

Characteristic  

Place or residence, N (%)  

   East/urban 4,052 (32.2) 

   East/rural 2,009 (16.0) 

   West/urban 2,998 (23.8) 

   West/rural 3,528 (28.0) 

  

Maternal age, N (%)  

< 20 years 1,683 (13.4) 

20-34 years 10,368 (82.4) 

≥35 years 530 (4.2) 

  

Maternal education, N (%)  

   Completed university 1,676 (13.3) 

   Partial university 6,493 (51.6) 

   High school 3,969 (31.6) 

   Incomplete high school 443 (3.5) 

  

Maternal height (cm), mean ± SD* 164.4 ± 5.6 

Maternal BMI (kg/m2), mean ± SD* 24.5 ± 4.4 

Paternal height (cm), mean ± SD* 176.1 ± 6.6 

Paternal BMI (kg/m2), mean ± SD* 25.7 ± 3.3 

 

 

 

*Based on heights and weights reported by the mother at the 6.5-year visit. 
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Table 2. Weight, length/height, and BMI at follow-up visits (mean ± SD) 

Age Weight (kg) Weight-gain rate 

(kg/mo) 

Length/Height 

(cm) 

Length/Height-

gain rate (cm/mo) 

BMI 

Birth 3.4 ± 0.4 -- 52.0 ± 2.2 -- 12.7 ± 1.1 

3 months 6.1 ± 0.7 0.89 61.0 ± 2.5 3.0±0.8 16.5 ± 1.5 

12 months 10.6 ± 1.0 0.50 75.9 ± 2.6 1.7±0.3 18.4 ± 1.5 

78 months* 22.6 ± 3.5 0.18 119.8 ± 4.9 0.7±0.1 15.7 ± 1.7 

138 months* 41.1 ± 9.3 0.31 149.2 ± 7.2 0.5±0.1 18.3 ± 3.2 

 

*Weights (lengths/heights) at 78 and 138 months were linearly extrapolated, based on 

weights (lengths/heights) at the 12-month and 6.5-year, and the 6.5-year and 11.5-year 

follow-up examinations, respectively.  
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Table 3. Adjusted associations (95% confidence intervals) of relative growth measures 

with five metabolic risk biomarkers at 11.5 years* 

 

 

*Associations per SD increase in conditional weight, conditional length/height, and 

change in BMI, with adjustment for trial arm, child sex, maternal and paternal 

characteristics (maternal and paternal height, BMI, and education), and geographic region. 

  

Glucose, mg/dL 

 

Insulin, mU/L 

 

HOMA-IR 

 

HOMA-β 

 

Adiponectin,µg/mL 

Conditional weight 

standardized residuals 

     

Birth 0.11 (-0.10, 0.32) -0.07 (-0.18, 0.04) -0.01 (-0.04, 0.03) -0.74 (-2.07, 0.59) 0.19 (0.05, 0.34) 

3 months  0.08 (-0.13, 0.28) 0.23 (0.11, 0.34) 0.07 (0.03, 0.10) 2.14 (0.81, 3.46) -0.08 (-0.22, 0.07) 

12 months  0.16 (-0.04, 0.37) 0.19 (0.08, 0.30) 0.05 (0.01, 0.09) 2.13 (0.81, 3.45) 0.04 (-0.11, 0.18) 

6.5 years  0.76 (0.55, 0.97) 1.09 (0.97, 1.20) 0.28 (0.24, 0.32) 10.91 (9.56, 12.27) -0.55 (-0.70, -0.40) 

11.5 years 0.94 (0.73, 1.14) 1.31 (1.20, 1.42) 0.31 (0.28, 0.35) 13.24 (11.93, 14.55) -0.82 (-0.97, -0.68) 

Conditional length/height 

standardized residuals  

     

Birth -0.11 (-0.29, 0.08) -0.11 (-0.21, 0.00) -0.02 (-0.05, 0.01) -0.68 (-1.89, 0.52) 0.22 (0.09, 0.35) 

3 months  0.00 (-0.22, 0.21) 0.13 (0.01, 0.25) 0.04 (0.00, 0.08) 1.38 (0.01, 2.76) -0.11 (-0.26, 0.04) 

12 months  0.31 (0.10, 0.52) 0.26 (0.15, 0.38) 0.08(0.04, 0.11) 2.96 (1.61, 4.31) -0.09 (-0.24, 0.06) 

6.5 years  0.45 (0.24, 0.67) 0.65 (0.53, 0.77) 0.16 (0.12, 0.20) 6.58 (5.17, 8.00) -0.19 (-0.35, -0.04) 

11.5 years 0.87 (0.66, 1.07) 0.88 (0.77, 1.00) 0.21 (0.17, 0.25) 8.73 (7.40, 10.07) -0.49 (-0.63, -0.34) 

Change in BMI z-scores      

Birth 0.16 (-0.05, 0.36) -0.04 (-0.16, 0.08) -0.01 (0.04, 0.03) -0.76 (-2.10, 0.57) 0.03 (-0.12, 0.17) 

0-3 months 0.25 (-0.01, 0.51) 0.12 (0.00, 0.24) 0.04 (0.00, 0.08) 0.98 (-0.41, 2.37) 0.01 (-0.14, 0.17) 

3-12 months -0.06 (-0.28, 0.16) 0.00 (-0.13, 0.12) -0.01 (-0.05, 0.03) -0.07 (-1.51, 1.36) 0.15 (-0.01, 0.30) 

1-6.5 years 0.74 (0.52, 0.96) 0.99 (0.86, 1.11) 0.26 (0.22, 0.30) 9.71 (8.28, 11.14) -0.52 (-0.67, -0.36) 

6.5-11.5 years 1.03 (0.76, 1.31) 1.67 (1.51, 1.82) 0.40 (0.35, 0.45) 17.14 (15.36, 18.91) -1.04 (-1.23, -0.84) 
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Figure 1. Adjusted associations and 95% confidence intervals of conditional weight 

standardized residuals with glucose, insulin, and adiponectin at 11.5 years* 

 

 
 

*Associations per SD increase in conditional weight, with adjustment for trial arm, child 

sex, maternal and paternal characteristics (maternal and paternal height, BMI, and 

education), and geographic region. 
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