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Abstract

:

An association between nutritional characteristics in theearlylife stages and the state of the cardiovascular (CV) system in early childhood itself and/or at the beginning of adulthood has been postulated. It is still controversial whether changes in weight, height and/or body mass index (BMI) during childhood or adolescence are independently associated with hemodynamics and/or arterial properties in early childhood and adulthood. Aims: First, to evaluate and compare the strength of association between CVproperties (at 6 and 18 years (y)) and (a) anthropometric data at specific growth stages (e.g., birth, 6 y, 18 y) and (b) anthropometric changes during early (0–2 y), intermediate (0–6 y), late (6–18 y) and global (0–18 y) growth. Second, to determine whether the associations between CVproperties and growth-related body changes depend on size at birth and/or at the time of CVstudy. Third, to analyze the capacity of growth-related body size changes to explain hemodynamic and arterial properties in early childhood and adulthood before and after adjusting for exposure to CV risk factors. Anthropometric, hemodynamic (central, peripheral) and arterial parameters (structural, functional; elastic, transitional and muscular arteries) were assessed in two cohorts (children, n = 682; adolescents, n = 340). Data wereobtained and analyzed following identical protocols. Results: Body-size changes in infancy (0–2 y) and childhood (0–6 y) showed similar strength of association with CV properties at 6 y. Conversely, 0–6, 6-18 or 0–18 ychanges were not associated with CV parameters at 18 y. The association between CV properties at 6 yand body-size changes during growth showed: equal or greater strength than the observed for body-size at birth, and lower strength compared to that obtained for current z-BMI. Conversely, only z-BMI at 18 y showed associations with CV z-scores at 18 y. Body size at birth showed almost no association with CVproperties at 6 or 18 y. Conclusion: current z-BMI showed the greatest capacity to explain variations in CV properties at 6 and 18 y. Variations in some CV parameters were mainly explained by growth-related anthropometric changes and/or by their interaction with current z-BMI. Body size at birth showed almost no association with arterial properties at 6 or 18 y.
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1. Introduction


Childhood overweight or obesity have beenshown to be associated with an increase in the prevalence of cardiovascular risk factors (CRFs), cardiovascular (CV) risk and development of CV and metabolic diseases later in life [1,2,3]. This, together with the observed increase in the prevalence of obesity during childhood has led to an increased interest in knowing the factors associated with increased adiposity gain and the link between adiposity gain in early life-stages and future CV alterations; fundamental steps to enable the development of adequate prevention, control and/or treatment strategies. Several studies have been carried out in children and adolescents mainly with the aim of analyzing the association between hemodynamic or arterial characteristics in childhood or adolescence and: (1) body size at birth, (2) growth-related increases in body weight (BW), height (BH), BW-for-BH (BWH), and/or body mass index (BMI), and/or (3) body size at the time of CV evaluation. Results have been heterogeneous. Up to now the factors associated with body size gain as well as the mechanisms underlying the association (impact) of body characteristics and their growth-related changes with CV parameters are not fully known. The controversial findings and lack of a clear understanding of the problem could be attributed to its inherent complexity (e.g., age-related differential impact of body size gain, interaction among co-factors, dependence on prior anthropometric conditions), as well as to characteristics and differences between studies designed to address it (e.g., methodological approaches, publication bias, statistical analyses) [4,5,6].



Early accelerated BW gain (e.g., defined as an increase in BW-for-age z-score of at least 0.67 units between 0 and 2 years old (y)) would be associated with detrimental CV changes in children and adolescents [7,8]. In this regard, at least five interrelated issues should be clarified. First, the strength of the association between CV characteristics (i.e., hemodynamic and arterial) and anthropometric changes (e.g., early BW gain), along with their independence from birth weight and current body conditions.An association between low birth weight (LBW) and CV alterationshas been described, which would be reinforced by (or could even depend on) an accelerated BW gain in the postnatal period and/or by associated excessive subsequent adipose gain expressed by an elevated BMI at the time of CV evaluation [9]. Second, the magnitude of the interactions of anthropometric and CV parameters respect to body size at birth and current BMI should be addressed [10]. Third, the association between BW gain and CV parameters should be analyzed considering that it may depend on the timing of growth-related body changes (e.g., acceleration) [7,8] and/or on thesubject’sage (i.e., at the time of CVassessment) [6,11]. Fourth, as previous works reported that early growthpatterns could be associated with the development or exposure to factors associated with increased CV risk (CRFs’ clustering) [12], the real (independent) clinical meaning or CV impact of BW gain should be determined, taking into account the exposure to CRFs. Fifth, the association between body size gain, birth-size and/or current anthropometric conditions with hemodynamic or arterial parameters could vary, depending on the: (a) arterial type (e.g., muscular vs. elastic); (b) site of evaluation and hemodynamic parameters considered (e.g., peripheral vs. central); and (c) arterial pathway considered (e.g., conductance vs. resistance) [13,14]. Recently, our group demonstrated that z-BMI variations in children and adolescents are positively associated with peripheral (brachial) and central (aortic) blood pressure levels (pBP and cBP, respectively); carotid, femoral and brachial artery diameters; carotid (but not femoral or brachial) intima-media thickness (IMT); arterial stiffness and stiffness gradient. Moreover, we found a “hierarchical order” among hemodynamic and arterial variations associated with z-BMI. pBP was the variable with the greatest variations associated with z-BMI (particularly pBP rather than cBP was associated with z-BMI). The stiffness of central (but not peripheral) arteries was associated with z-BMI (a pBP-dependent association). In turn, variations in arterial diameters were associated with z-BMI, without differences between the elastic and muscular arteries [13]. The above highlights the importance of a comprehensive, multiparametric approach when evaluating the CV system. If results obtained in an arterial segment and/or for a given parameter were generalized, significant errors (biases) could be made.



This work’s aims were: (1) to evaluate and compare the strength of association between hemodynamic and arterial characteristics and (a) anthropometric data at specific growth stages (e.g., birth, 6 y, 18 y) and (b) body size changes during early (e.g., 0–2 y), intermediate (0–6 y), late (6–18 y) and global (0–18 y) growth; (2) to determine whether the association between CV characteristics and growth-related body size changes depends on size at birth and/or at the time of CV evaluation; and (3) to analyze the explanatory capacity of growth-related body size changes for hemodynamic and arterial characteristics in early childhood (6 y) and at the beginning of adulthood (18 y), before and after adjusting for body-size at birth, current BMI and/or exposure to CRFs.




2. Materials and Methods


2.1. Study Population


The study was carried out in the context of the Centro Universitario de Investigación, Innovación y Diagnóstico Arterial (CUiiDARTE) Project [13,14,15,16]. The protocol was approved by the Institutional Ethics Committee. Both parents’ consent and child’s assent were received before data collection. Participants (or their guardians) signed a written consent prior to the evaluation. Subjects from two cohorts, one of children (n = 682) and the other of adolescents (n = 340) were included (Table 1). The children cohort, defined based on probabilistic, bi-stage and stratified sampling of subjects attending public kindergartens in Montevideo, is part (subsample) of the longitudinal study “Patrón de crecimiento, estadonutricional y calidad de la alimentaciónen la primerainfancia: análisis de suimpactosobre la estructura y función vascular y el riesgo cardiovascular relativoenniñosuruguayos (CUiiDARTE-Agencia Nacional de Investigación e Innovación(ANII), Ministerio de Desarrollo Social (MIDES), United Nations Children’s Fund(UNICEF) that started in 2010 (first phase) and had in 2016 a second phase [15,16]. In turn, the adolescent cohort (subsample from Montevideo) belongs to a longitudinal (four stages) study called “Estudio Longitudinal del Bienestaren Uruguay” (ELBU) aimed at investigating multidimensional well-being [17] working with a national representative sample of children (and their families) attending in 2004 the first grade of primary public schools in urban areas, which account for 87% of the Uruguayan population.



Similar approaches were carried out on children and adolescents: clinical and anthropometric evaluation, compilation (questionnaires) of data about lifestyle and family history (e.g., educational level, socioeconomic conditions, nutritional factors) and non-invasive CV evaluation.




2.2. Anthropometric Evaluation


Anthropometric data (BW and BH) corresponding to ages ≤36 months (mos.) were obtained from registers of the obligatory health-controlsfor children within those ages, established by the Ministry of Health (Children cohort). BW and length at birth in the adolescent cohort were obtained by documented self-report, during parents’ interviews. In turn, following standard procedures, trained technicians obtained anthropometric data from children and adolescents (at participants’ home, school and/or during the CV evaluation). BW and BH were measured with lightweight clothing and without shoes. Standing BH was measured (subject’s head in the Frankfurt Plane position) using a portable stadiometer and recorded to the nearest 0.1 cm. BW was measured with an electronic scale (model 841/843, Seca Inc., Hamburg, Germany; model HBF-514C, Omron Inc., Chicago, Illinois, USA) and recorded to the nearest 0.1 kg. Two measurements were made and a third measurement was obtained in case the first two readings differed by more than 0.5 cm or 0.5 kg. After aggregating records from our technicians and those from health-controls, we obtained BW and BH data corresponding to: (1) birth, 6, 12, 18, 24, 36 and ~72 mos (~6 y) in the children cohort, and (2) birth, ~6 y, ~8 y, ~12 y and ~18 y in the adolescents’ cohort. BMI was calculated as BW-to-squared BH ratio and converted into z-scores (z-BMI). Standardized z-scores for BMI and BWH (up to 2 y), BW-for-age, BH-for-age and BMI-for-age were obtained using World Health Organization software (Anthro-v.3.2.2; Anthro-Plus-v.1.0.4). The changes or differences (Δ) in BWH z-score (ΔBWH z-score) between birth (0 y) and 24 mos. (0–2y, children cohort) were determined. In turn, the changes in z-BMI (ΔBMI z-score) between 0 and 6 y (0–6y, both cohorts), 0 and 18 y (0–18y, adolescents cohort) and 6 and 18 y (6–18y, adolescents cohort) were calculated. Changes were always determined as the difference between the latest (e.g., 18 y) and the earliest (e.g., 0 y) z-score.




2.3. Clinical Evaluation


None of the included subjects were taking medications, had congenital, chronic or infectious diseases at the moment of the CV study A brief clinical interview, together with the anthropometric evaluation enabled to assess CRFs exposure. Hypertension, dyslipidemia and diabetes were considered present if they had been previously diagnosed, in agreement with reference guidelines [18]. Subjects <16 y who had brachial systolic and/or diastolic pBP (pSBP and pDBP) >95th percentile for sex, age and BH during the study were considered with high BP levels (HBP); regardless previous diagnosis of hypertension. For subjects aged ≥16 y, HBP levels were defined using cutoff values similar to those for adults (pSBP ≥ 140 mmHg, pDBP ≥ 90 mmHg) [18]. Smokingwas defined as at least one cigarette/week for as long as a month. A family history of CV disease (CVD) was defined by presence of first-degree relatives with premature (<55 y in males; <65 y in females) CVD.




2.4. Cardiovascular Evaluation


CV studies were performed in children and adolescents (6 and 18 y, respectively) at the educational centers and/or in CUiiDARTE non-invasive vascular laboratories. The same protocol was applied in both cohorts (Figure 1) and was performed by experienced technicians using the same equipment. In order to reach steady hemodynamic conditions, before starting CV evaluation the subjects hada 10 min rest in a supine position in a quiet, temperature-controlled room.




2.5. Peripheral and Central Pressure and Aortic Wave-Derived Parameters


Heart rate (HR), pSBP and pDBP were obtained at 5 min intervals (Hem-4030, OmronInc., Illinois, USA). Peripheral pulse pressure (pPP = pSBP − pDBP) and mean BP (MBP = pDBP + pPP/3) were calculated. To assess cBP and aortic wave-derived parameters, radial artery BP waveforms were recorded using applanation tonometry (SphygmoCor-CvMS, AtCor-Medical, Sidney Australia) (Figure 1). Pressure signals were calibrated topDBP and MBP. A generalized transfer-function (GTF) enabled us to obtain the correspondingcBP waves and central systolic, diastolic and pulse pressure levels (cSBP, cDBP, cPP) [15,19] (Figure 1). Only adequate waveforms (visual inspection) and high-quality recordings (operator index ≥85) were considered. By means of pulse wave analysis (PWA) the first (P1) and second (P2) peaks in cBP wave were identified and their height (amplitude) and time were determined. Then, the difference between P2 and P1 was computed as central augmented pressure (AP) and used to quantify central aortic augmentation index (Aix = AP/cPP). Since AIx depends on HR, AIx adjusted to a 75 beats/minHR (AIx@75) was calculated. Forward and backward (Pf and Pb) components of the aortic pulse wave were also quantified (Figure 1). AIx is a measure of the contribution of reflections to cBP wave amplitude. It depends on the timing and magnitude of the reflected (backward) wave and is influenced by the compliance and structure of vessels distal to the site of measurement, as well as by the distance to the reflection sites. Greater Pb and/or AIx values indicate increased reflections and/or earlier return of reflected waves due to increased arterial stiffness and/or closer reflection sites. Systemic vascular resistance, cardiac output and index were quantified from brachial pulse contour analysis (Mobil-O-Graph, I.E.M.-GmbH, Stolberg, Germany) [15,19]. Only high quality records (index ≤2) and satisfactory waves (visual inspection) were considered. Subjects’ values are the average of at least six consecutive records obtained in a single visit.




2.6. Arterial Beat-to-Beat Diameter and Intima-Media Thickness (IMT)


Left and right common carotid and femoral arteries (CCA, CFA) were analyzed using ultrasound (6–13 MHz, M-Turbo, SonoSite Inc., Bothell, WA, USA) and image sequences (30 s, B-Mode, longitudinal views) were stored for off-line analysis. Beat-to-beat diameter waves were obtained using border detection software. Systolic (SD) and end-diastolic (DD) diameters and IMT (far wall, end-diastolic) values were obtained averaging at least 20 beats (Figure 1). CCA diameter and IMT were measured one centimeter proximal to the bulb; CFA diameter and IMT were measured in the straight segment of the penultimate centimeter proximal to the arterial bifurcation (Figure 1) [13].




2.7. Local and Regional Arterial Stiffness


CCA and CFA pressure-strain elastic modulus (EM; local stiffness) were calculated as EM = PP/(SD − DD)/DD; cPP and pPP were considered to quantify CCA EM and CFA EM, respectively. Aortic regional stiffness was assessed by means of carotid-femoral pulse wave velocity (cfPWV) (SphygmoCor-CvMS) (Figure 1). The SphygmoCor allowed us to obtain cfPWV from sequential CCA and CFA wave recordings. cfPWV was calculated as the quotient between pulse wave travel distanceand pulse transit time. Real cfPWV was obtained multiplying measured cfPWV by 0.8. cfPWV values were obtained as the mean of three measurements.




2.8. Data Analysis and Statistics


A step-wise analysis was performed. First, CV variables were standardized and expressed as z-scores. To this end, subjects not exposed to CRFs (i.e., hypertension, HBP, dyslipidemia, smoking, diabetes, obesity or family history of CVD) were selected from each cohort (reference subgroups: 400 children, 153 adolescents) (Supplementary (S) Table S1). Working with the reference subgroups, mean value (MV) and standard deviation (STD) were determined for each variable (considering age and sex). Then, individual data were converted into z-scores (dimensionless numbers obtained by subtracting the reference MV from an observation, dividing the result by the reference STD) (Table S2) [13].



Second, Pearson product-moment correlations were obtained to quantify the strength of association between CVz-scores and anthropometric variables: (1) at birth: BWH z-score (both cohorts); (2) at the time of the CVstudy: current z-BMI (6 y for children, 18 y for adolescents); (3) growth-related changes: (a) early: ΔBWHz-score 0–2y, (b) intermediate: ΔBMI z-score 0–6y, (c) late: ΔBMI z-score 6–18y and (d) global: ΔBMI z-score 0–18y (Table 2 and Table 3).



Third, statistical comparisons of the correlations’ strengths were done using two-tailed William’s test, making statistical corrections for dependent (same cohort) and overlapping (correlations have a variable in common) variables (e.g., when comparing the correlations “ΔBMI z-score 0–6y and z-pSBP” and “current z-BMI and z-pSBP” in the children cohort) [20] (Table 2 and Table 3). Comparisons between cohorts were made considering William’s test for non-overlapping (no variables in common) and independent (different cohort) variables (e.g., when comparing the R obtained for ΔBMI z-score 0–6y and z-pSBP in children and adolescents) (Table 4).



Fourth, the association between CV z-scores and anthropometric changes during growth was analyzed after statistical adjustment (partial correlations) for: (a) BWH z-score at birth; (b) BWH z-score at birth and current z-BMI and (c) BWH z-score at birth and ΔBMI z-score 6-18y (Table 5, Table 6, Table 7 and Table 8). Multiple linear regression models (MLR; input: enter and forward), enabled to analyze the association between standardized CV data (dependent variables) and (1) single, specific anthropometric changes (ΔBWH z-score 0–2y, Δz-BMI 0–6y, Δz-BMI 0–18y and Δz-BMI 6–18y); (2) BWH z-score at birth; (3) current z-BMI, and (4) the interactions between growth-related changes and birth size or current z-BMI (e.g., (Δz-BMI 0–6y*BWH at birth) and (Δz-BMI 0–6y*current z-BMI)). In other words, since an association between postnatal growth and CV properties might be modified by birth or current body size, interaction between these conditions and growth-related body size changes on CV characteristics was tested adding two product terms (as continuous variables) to the model [21] (Tables S3–S12).



Fifth, using MLR models (input: enter and forward) we analyzed the association between standardized CV variables at 6 and 18 y and anthropometric variables and CRFs (independent variables) (Table 8 and Table 9, Tables S13 and 14). A variance inflation factor (VIF) <5 was selected to evaluate (discard) significant collinearity.



Analyses were done using MedCalc Statistical Software (v.18.5. MedCalc Inc., Ostend, Belgium); Cocor Statistical Package (http://comparingcorrelations.org/) and IBM-SPSS Software (v.20, IBM-SPSS Inc., Chicago, IL, USA). A p ˂ 0.05 was considered statistically significant.





3. Results


3.1. Arterial System at 6 and 18 y: Comparative Analysis of the Association between Birth or Current Body Size and Early, Intermediate, Late or Global Growth-Related Body Size Changes


The association between CV z-scores at 6 y and (a) body size at birth and 6 y or (b) body size changes during growing-up (0–2 or 0–6y) are shown in Table 2 (children cohort). Both, ΔBWH z-score 0–2y and Δz-BMI 0–6y, were associated with structural and hemodynamic parameters. Positive associations were found between z-pSBP, z-pMBP, z-cSBP, z-cDBP and the ΔBWH z-score 0–2y and Δ z-BMI 0-6y (p < 0.05). Negative associations were observed when z-AP, z-AIx and z-AIx@75 were considered. z-Pf was positively associated with Δz-BMI 0-6y (statistical threshold, p = 0.053), but the association with ΔBWH z-score 0–2 y did not reach significance (p = 0.09). The characteristics and statistical significance of the associations between anthropometric changes and structural properties varied, depending (among on other factors) on the structural parameter considered. No significant associations were found between stiffness z-scores and ΔBWH z-score 0-2 y and Δz-BMI 0–6 y (Table 2)



Unlike BWH at birth, current z-BMI (6y) was associated with hemodynamic and structural parameters. Furthermore, whereas BWH at birth did not show significant associations with hemodynamic variables, current z-BMI was associated (p < 0.05) with almost all of them (pBP, cBPandwave-derived parameters) (Table 2).



Compared to ΔBWH z-score 0–2y and Δz-BMI 0–6y, current z-BMI levels (at 6 y) were more strongly associated with CV z-scores. For example, R coefficients for the association between z-pSBP and ΔBWH z-score 0–2y, Δz-BMI 0–6y and current z-BMI (6 y) were 0.16, 0.20 and 0.32, respectively (p < 0.05). When compared, the association was stronger in case of z-BMI at 6 y (p = 0.019 and p = 0.009) (Table 2). The strength of association between arterial parameters at 6 y and ΔBWH z-score 0–2y and Δz-BMI 0–6y did not show statistical differences, with the only exception of z-Right CCA SD, DD and IMT that showed stronger association with 0–6y changes (p = 0.026, p = 0.002 and p < 0.01, respectively).



In adolescents, CVz-scores showed associations with current z-BMI, while almost no association was observed between arterial parameters at 18 y and prior body size characteristics (i.e., BWH at birth and Δz-BMI 0-6y) (Table 3). On the other hand, in case of variables associated with Δz-BMI 0–18y (z-pSBP, z-pPP, z-CCA SD and DD) or BWH z-score at birth (z-Right CCA EM and z-Left CCA EM), the comparative analysis (William’s test) showed that the strongest associations were obtained when considering current z-BMI (18 y) (Table 3).



Jointly analyzing data from both cohorts it was observed that the strength of the associations between CV z-scores and current z-BMI (6 or 18 y), were always greater than those obtained for any change in body size between birth and the time of the study (0–2, 0–6 or 6–18 y) (Table 2 and Table 3).



As mentioned, arterial properties at 6 y were associated with body size changes in that life period (i.e., 0–2 and 0–6 y) whereas the CV properties in subjects 18 y showed almost no association with prior (i.e., Δz-BMI 0–6, 6–18 and 0–18 y) anthropometric conditions (Table 4). When the cohorts were statistically compared, it was observed that for the same “body change” (Δz-BMI 0–6 y), associations were significant for almost all the studied variables when subjects were 6 y, but not when they were 18 y (Table 4).



Thus, as the subject’s age increases, the association between CV z-scores and prior anthropometric changes (i.e., during childhood) decreases (Table 4).




3.2. Arterial Structure and Function at 6 y: Independent Association with ΔBWH z-Score 0–2 y


Associations between hemodynamic and structural parameters at 6 y and ΔBWH z-score 0–2 y kept significant after controlling for BWH z-score at birth (Table 5). After adjusting for BWH z-score at birth and current z-BMI only associations with z-cSBP (but not with z-pSBP, p = 0.103) remained significant (R = 0.14, p = 0.041) (Table 5). Thus, the association between ΔBWH z-score 0-2 y and cSBP, while weak, is independent of size at birth and at the time of CV study. AIx@75 (p = 0.009) and Pf (p = 0.052) showed significant associations after controlling for body size at birth (Table 5).



As mentioned, significant positive associations were found between ΔBWH z-score 0–2 y and structural parameters. Disregarding BWH z-scores at birth, ΔBWH z-score 0-2y values were positively associated with z-IMT (both CCA) and z-diameters (both CFA, left CCA). Then, the greater the body size change within the first 2 y, the higher the diameters and wall thickness (Table 5). The associations between ΔBWH z-score 0–2 y and z-IMT remained significant after adjusting for BWH at birth and current z-BMI (6 y). Then, regardless of nutritional status at birth and at the time of arterial evaluation, z-IMT levels at 6 y are influenced by ΔBWH z-score 0–2y (Table 5).



There were no significant associations between ΔBWH z-score 0–2 y and stiffness z-scores, before (zero-order correlations) and after (partial correlations) adjusting for BWH z-scores at birth and/or current z-BMI (Table 5).




3.3. Arterial Structure and Function at 6 and 18 y: Independent Association with Δz-BMI(Body Mass Index) 0–6 y


Table 6 shows correlations between CV z-scores (at 6 and 18 y) and Δz-BMI 0-6y. In children, z-pSBP, z-pDBP, z-pMBP, z-cSBP, z-cDPB and z-cMBP correlated (positively) with Δz-BMI 0–6 y. Associations remained significant after controlling for BWH at birth, but showed dependence on current z-BMI. AIx and AIx@75 showed significant negative associations when controlling for BWH at birth but when controlling for z-BMI at 6 y, positive correlations were observed (R=0.14, p = 0.034; R=0.19, p = 0.005). Both z-CCA IMT were associated with Δz-BMI 0–6 y, with independence of BWH at birth and current z-BMI. Similar results were observed for right and left CFA IMT and DD.



CV parameters (z-scores) at 18 ywere not associated (zero-order correlation) with Δz-BMI 0–6 y. However, several correlations became significant after adjusting for BWH z-scores at birth. Then, body size changes within 0–6 y would contribute to explain CV characteristics at 18 y. Unlike the observed at 6 y, CVparameters at 18 ywere not associated with Δz-BMI 0–6 y (except z-Pb and z-left CCA IMT) after adjusting for body size at birth and current z-BMI (Table 6)




3.4. Arterial Structure and Function at 18 y: Independent Association with Δz-BMI 0–18 y and 6–18 y


Table 7 and Table 8 show the association between CV z-scores and Δz-BMI 0–18 and 6–18 y. There were no independent associations between CV properties at 18 y and overall (0–18 y) or late (6–18 y) anthropometric (z-BMI) changes, being the only exceptions z-pPP (for Δz-BMI 0–18 y; p = 0.017) and z-Right CCA SD (for Δz-BMI 6–18 y; p = 0.035). Then, global changes in body size from birth (0–18 y) or childhood (6–18 y) until late in adolescence would not contribute to explain CV characteristics at the beginning of adulthood, with independence of birth size or current z-BMI.




3.5. Hemodynamic and Arterial Properties at 6 and 18 y: Hierarchical Impact of Anthropometric Variables


MLRmodels allowed analyzing whether growth-related body size changes contribute to explain CV properties, considering and comparing BWH z-score at birth, current z-BMI and the interaction of variables (Supplementary Tables S3–S12). In children, cBP and pBP variables (z-SBP, z-DBP, z-PP, z-MBP) were only explained by z-BMI, while wave-derived parameters were explained by z-BMI (z-AIx@75, z-Pf, z-Pb), ΔBWH z-score 0–2 y (z-AIx, z-AP), Δz-BMI 0–6 y (z-AIx) and by Δz-BMI 0–6 y and z-BMI interaction (z-AP). Structural variables were mainly explained by z-BMI; arterial stiffness showed no association with body size parameters (Supplementary Tables S3–S6).



In the adolescents: (1) Δz-BMI 0–6 y showed explanatory capacity when interacting with current z-BMI (both z-CFA IMT) (Supplementary Tables S7 and S8); (2) Δz-BMI 0–18 y showed explanatory capacity when interacting with current z-BMI (z-cDBP, z-Right CFA diameters) or BWH z-score at birth (z-cDBP, z-cPP) (Supplementary Tables S9 and S10) and (3) Δz-BMI 6–18 ydid not showsignificant explanatory capacity for the studied variables (Supplementary Tables S11 and S12). Current z-BMI was always the variable with the greatest explanatory power. The explanatory capacity of the interactions between z-BMI (or z-BWH at birth) and Δz-BMI 0-6, 0–18 or 6–18 y was limited. Compared to current z-BMI, intermediate (0–6 y), late (6–18 y) or global (0–18 y) body-size changes showed almost no explanatory capacityfor interindividual variations in CV properties at 18 y.



The joint analysis of both cohorts showed that CV variables were mainly associated with current (i.e., 6 or 18 y) z-BMI. Body-size changes showed little individual explanatory power and their contribution was mainly relatedto the interaction with z-BMI at the time of CVevaluation.




3.6. Arterial Function at 6 and 18 y: Impact of Body Size Changes vs. Anthropometric and Cardiovascular Risk Factors (CRFs)


Table 9 and Supplementary Table S13 show explanatory models for CV parameters in children. pBP parameters were explained by current z-BMI, while cBP parameters and wave-derivedindexes were mainly associated with z-pSBP. Then, early (0–2 y) or intermediate (0–6 y) body size changes contributed little to explain cBP or pBPvariations found at 6 y compared to the conditions associated with CV risk (i.e., BMI and pSBP) at the time of the CV study.



Explanatory variables for variations in structural parameters showed heterogeneity. At 6 y inter-individual variations in CCA SD and DD were associated with current z-BMI and z-pSBP. When considering CFA z-diameters or z-IMT levels the explanatory variables were: (a) current z-BMI (for z-left CCA IMT, CFA diameter), (b) Δz-BMI 0-6y (for z-Right CFA IMT and diameters), (c) ΔBWH z-score 0–2 y (for z-Right CCA IMT) and (d) BWH z-score at birth (for z-Right CCA IMT). Stiffness variations were not associated with anthropometric variations (Table 9). For the adolescents cohort (Table 10, Supplementary Table S14), the independent variables that remained significant in all the models (p < 0.05) were z-pSBP and current z-BMI (Table 10). Then, at 18 y nor BWH z-score at birth, nor the bodily changes during growth (early, intermediate, late or global), explained the CV interindividual variations (with the only exception being the interaction between current z-BMI and Δz-BMI 0-6 y for z-Right CCA IMT) (Table 10).



From the joint analysis of data from both cohorts and considering the exposure to CRFs, it can be asserted that: (1) current z-BMI was the variable mostly associated with CV characteristics; (2) the older the subject, CV properties (e.g., arterial structure) are less explained by changes in body size during the early growth phases.





4. Discussion


To our knowledge, this is the first study to describe the association of growth-related changes in body size during early, intermediate, late, or global growth with hemodynamic (central and peripheral) and arterial (structural and functional) properties in early childhood and beginning of adulthood, adjusting for characteristics at birth, at the time of the CV study and for CRFs exposure. Associations were assessed considering three interrelated comparative analysis: (1) strength and (2) independence of the associations and (3) explanatory power of anthropometric parameters and factors associated with CV risk. Our main findings were:




	
First, growth-related body size changes (0–2 and 0–6 y) were associated with interindividual variations (z-score) in CV properties at 6 y. Conversely, CV z-scores variables at 18 y were not associated with body size changes (0–6, 6–18 or 0–18 y) (Table 2 and Table 3). Thus, as the subject’s age increases, the association between CV properties and prior body size changes (i.e., during childhood) decreases (Table 4).



	
Second, the strength of association between growth-related body changes and CV properties at 6 y was: (a) equal or greater than that observed for body size at birth and (b) lower than the obtained for current z-BMI (at 6 y). Most of the associations between ΔBWH z-score 0–2 y or Δz-BMI 0–6 y and the CV properties at 6 y were independent of the BWH z-score at birth (Table 5 and Table 6). Then, in 6 y children the “hierarchical order” among explanatory variables for CV variations would be: current z-BMI > ΔBWH z-score 0–2 y or Δz-BMI 0–6 y> BWH z-score at birth (Table 2). On the contrary, only current z-BMI showed significant association with CV properties at 18 y (Table 3). In summary, while current z-BMI showed the strongest association, body size at birth showed almost no association with CV properties, regardless of subjects’ age at the time of the CV study (Table 2 and Table 3).



	
Third, in general terms, current z-BMI was the anthropometric parameter with the greatest explanatory capacity for CV variations observed at 6 y. Though, variations in some CV parameters were mainly explained by growth-related body changes and/or by their interaction with current z-BMI (Tables S4 and S6). Similar results were observed when the associations were analyzed considering the exposure to CRFs (e.g., hypertension, dyslipidemia) (Table 9). In turn, current z-BMI was the anthropometric variable with the greatest explanatory capacity for CV conditions and variations at 18 y.In summary, body size changes during childhood and/or adolescence contributed to explain arterial variations through the interaction with current z-BMI or BWH z-score at birth (Tables S8, S10 and S12). Among factors associated with CV risk, z-BMI and/or z-pSBP were the main explanatory variables for CV z-scores (Table 10).








The explanatory capacity of growth-related body changes was reduced or lost with, as the age at which the CV system was evaluated increased. In this regard, at least two issues must be analyzed. On the one hand, the impact (association) of anthropometric changes on the CV properties evaluated at a given age, would vary, depending on the period of “body change or gain” considered (e.g., 0–2 y vs. 0–6 y). On the other hand, the association between CV properties and the anthropometric changes observed in a given period (e.g., 0–6 y) could depend on the age at which the CV system is evaluated (e.g., 6 vs. 18 y, like in this work). Studies suggested that BW gain patterns in very early infancy (e.g., 0–6 postnatal mos.) [22,23,24] would be particularly important as determinants of future pBP levels, while other studies showed that BW gain during childhood would be a stronger predictor of pBP [25,26]. The exact “timing of the BW gain” associated with middle or long-term CV risk is still debated, highlighting the need for additional research to clarify and/or reconcile mixed findings. In this work, in general terms we did not find differences in the strength of association when comparing 0–2 vs. 0–6 y data, but some CV characteristics assessed at 6 y showed greater association with 0–6 y anthropometric changes. Evelein et al. (2013) reported that postnatal BW for length gain (0-3 mos.) was associated with carotid IMT (but not stiffness) in children (5 y) [21]. However, when data about growth in later infancy (3–6, 6–9 and 9–12 mos.) were considered, no associations with arterial properties were found [21]. Skilton et al. (2013) reported that BW gain, BH-adjusted-BW gain and ΔBWH z-score 0-18 mos. were positively associated with carotid IMT assessed at 8 y [27]. Unfortunately, the impact of changes in different periods was not analyzed. Linhares et al. (2015) found that the “adverse” long-term effect of accelerated growth in infancy varied depending on the time of growth acceleration. Particularly, carotid IMT at ~30 y was associated with 2–4 y BW-gain, rather than with early BW gain [7]. Additionally, Vianna et al. (2016), found that the relative BW-gain between 2 and 4 y was associated with increased aortic stiffness (evaluated by cfPWV) at ~30 y, whereas birth weight, BW-gain within the first 2 years of life (0–2 y) and linear growth (length/height gain) in childhood were not associated with cfPWV [28]. Pais et al. (2016) assessed PWV in children (8–9 y) and analyzed data considering and categorizing growth trajectories. The highest arterial stiffness levels were observed in groups with accelerated body growth during childhood, with adequate early growth pattern [29].



The dependence on the age at the time of CV study ascribed to the association between an anthropometric parameter and CV properties has been previously described, mainly for birth weight. About this, body size at birth has been associated with pBP levels, andit was reported that the relation becomes progressively stronger with increasing age, being hypothesized that the initiating process occurs in uterus and amplifies throughout life [11,30,31], satisfying theories that seek to explain the detriment of the CV system related to low birth weight and/or catch-up growth [32]. It was even postulated that interactions between increased arterial stiffness, increased pPP, stretching of vascular smooth muscles and synthesis of collagen may contribute to the amplification phenomenon through a feedback loop [33]. By contrast, Lule et al. analyzed data from studies that measured pBP at different ages and did not find an age-related increase in the strength of the association between birth weight and pBP [6]. Furthermore, the relationship between birth weight and later pBP varied depending on the age of the participants: neonates showed consistent positive association; mainly negative associations were seen in children, and studies in adolescents showed inconsistent results [6]. Then, as age increases, the positive association observed in neonates could become negative, non-existent or even positive, which is in agreement with our findings. This could be explained, at least in theory by the fact that as age increases the exposure-time to already present factors capable of impacting on the CV system also increases. As age increases, subjects could become exposed to factors (i.e., CRFs) capable of modifyingCV properties. Then, the association between anthropometricchanges and CVproperties could be modified by exposure to co-factors.



As mentioned in 6 y children the “hierarchical order” among explanatory variables for CV variations would be: current z-BMI >ΔBWH z-score 0–2 y or Δz-BMI 0–6 y> BWH z-score at birth (Table 2). Conversely, only current z-BMI showed significant association with arterial properties at 18 y (Table 3). Birth weight showed almost no association with CV properties, disregard of the subjects’ age at the time of the CV study (Table 2 and Table 3), and most of the associations between ΔBWH z-score 0–2 y or Δz-BMI 0–6 y and CV characteristics at 6 ywere independent of birth conditions (Table 5 and Table 6). Then, the association between body-size changes during infancy or childhood and the CV system at 6 y, would not depend on having been born with low, normal or elevated BWH. When current z-BMI was considered some associations between bodily changes in childhood and CV properties at 6 y were no longer significant. In adolescents, the associations between body changes and CV variables were always dependent on z-BMI at the time of CV study (Table 6, Table 7 and Table 8).



The dependence (or independence) of the association between CV parameters and growth–related anthropometric changes on bodysize at birth and/or on current z-BMI has been previously assessed, with dissimilar findings. A positive association was observed between BW gain or adiposity accumulation during childhood and later pBP levels [23,34,35,36,37]. However, the extent to which birth size modifies the associations between postnatal growth and future pBP levels and/or arterial properties remains unclear. Belfort et al. (2007) found that infants who were thinner at birth were more susceptible to adverse effects on pBP at 3 y of accelerated BWH gain within the first 6 postnatal mos. [22]. Whether the finding is extensive to mid-childhood when BP is highly correlated with adult BP [38] is to be clarified. Leunissen et al. (2012) showed that regardless of birth-size, adiposity accumulation during childhood is a risk factor for later (~20 y) development of high BP levels [37]. Accordingly, Kelishadi’s review (2014) concludes that early growth, rather than birth weight, would be important as a determinant of later BP levels [32]. Supporting a BMI-independent association between body size changes and CV properties, Thiering et al. studied children (n = 1127, age≤10 y) and reported that higher BW peak (velocity) in infancy was associated with an increase in pSBP and pDBP after confounders adjustment [39]. In contrast, it has been proposed that the association between BMI at adiposity peak and BP at 6 y would be mediated by current BMI [40]. Marinkovic et al. (2017) observed that infant peak BW velocity and BMI at adiposity peak associationwith childhood pSBP and pDBP (at 6 y), which could be explained by current BMI [12].



Our results support the proposal that the association between anthropometric parameters and pBP depends on current BMI, at the same time as they provide original information showing that unlike what was described for pBP, the association between growth-related body size changes (0–2 y) and cBP at 6 y would not depend on current z-BMI. This is further supported by the fact that reflection parameters, which are main determinants of the differences between cBPand pBP, also showed associations not explained by current BMI (Table 5 and Table 6). It is to note that compared to pBP, the cBP would be of greater value in terms of association with CVchanges and risk prediction [41].



As stated above, the association between growth-related body-size changes and arterial thickness has been previously described [21,27,42]. Our results provide additional information, showing that at 6 y, the association between body size gain and thickness is independent of body size at birth and current z-BMI at 6 y, and that it is statistical significant for both carotid (elastic) and femoral (muscular) arteries. In turn, Evelein et al. (2013) described interaction between birth size and postnatal weight for length by analyzing the impact on arterial stiffness (i.e., distensibility and arterial elastic modulus). The thinner the children were at birth, the lower the distensibility (greater the elastic modulus) with increasing weight for length gain [21]. Then, the impact of birth-size and or growth-related changes would vary depending on the CV properties considered.



Finally, as mentioned, current z-BMI was the anthropometric parameter with the greatest explanatory capacity (power) for the CV variations observed at 6 and 18 y. However, interindividual variations in some hemodynamic and arterial parameters at 6 and 18 y were mainly explained by growth-related body changes and/or by their interaction with current z-BMI (Tables S4 and S6 for children; Tables S8, S10 and S12 for adolescents). Similar results were observed when the associations were analyzed taking into account the exposure to CRFs (Table 9 and Table 10). In children, body change during growth, independently or by means of an interaction with current z-BMI, allowed to explain to a greater extent some CV characteristics (i.e., arterial thicknesses and diameters). In other words, disregard of birth size, exposure to CRFs and/or z-pBP, arterial wall thickness and/or diameters at 6 y could be explained by body growth between 0–2 or 0–6 y. Thus, although CV properties at 6 y would be associated with current z-BMI, knowing the history of BW gain could contribute to a better understanding of the CV characteristics of a specific child. Two children with similar z-BMI, could present CV differences associated with their “history” of body size changes (e.g., between 0–2 or 0–6y). Furthermore, for variables such as wall thickness in children, the history of weight gain would havegreater explanatory capacity than current z-BMI or factors with recognized impact on the CV system (e.g., CRFs). In adolescents, the history of BW gain would not be a primary explanatory variable for CVvariables (i.e., for IMT), but due to variables interactions it could contribute or complement data obtained from current z-BMI and/or BP.




5. Strengths and Limitations


This work has several strengths that should be considered. First, the population-based prospective cohort design, including a large number of subjects studied from early life. Repeated measures during growth-period enabled us to study the impact of growth profiles or patterns on CV properties, assessed at two specific times: early childhood (6 y) and onset of adulthood (18 y). Second, we used our own specific “reference populations” to define CV z-scores (Supplementary Tables S1 and S2). Third, many potential confounders were considered in order to isolate the effect of BW gain in the statistical models. Fourth, taking into account that the impact of body change on the CV system may depend on the period in which it occurs, we studied different periods of body gain (0–2, 0–6, 0–18, 6–18 y). Fifth, the relationship between BW gain and adult pBP is one of the most studied, based on the “fetal origin” hypothesis, but pBP is a particular variable and does not inform about central hemodynamic conditions, or about structural and/or functional arterial changes (e.g., associated with early vascular aging or atherosclerosis development). Thus, we designed an integral approach in which multiple CV parameters (e.g., pBP, cBP, arterial diametersand thicknesses, local and regional stiffness) and different arterial pathways (i.e., elastic and muscular) were evaluated. Sixth, unlike most works that analyzed the associations between body changes and the CV system considering a single age, we studied children and young adults. Up to now, most studies included premature, small for gestational age, obese and/or hypertensive subjects and data about the CVimpact of growth-related bodychanges in healthy pediatric and/or adolescent populations werescarce. In this work, healthy children and adolescents were studied.



Some limitations should be considered. First, we did not have information about blood biomarkers measured by our technicians. Therefore data about some conditions (i.e., existence of dyslipidemia) was obtained from reference physicians, registers and/or self-reports. Second, although we adjusted for several potential confounders, residual confounding factors may persist, as in any observational study. Third, in this work we chose to use change in BWH z-score or z-BMI between two time points as growth-indicators. This approach is a simple practical (clinical) method for quantifying a “change”; although more detailed growth patterns could be derived from longitudinally collected anthropometric measures in both cohorts. Fourth, we did not perform an analysis discriminating by sex; despite we are aware of data suggesting that the impact of childhood growth on the CV system may differ between boys and girls [12]. Fifth, we included subjects born at term and preterm, but as most of them belonged to the first condition (98% and 92% inchildren and adolescent cohorts, respectively) the results should be assigned to term-born subjects. Sixth, comparative analysis of the associations between anthropometric data and CV (hemodynamic and/or arterial) variables measured at 6 and 18 y was done considering two different cohorts, instead of a single cohort followed for more than 20 years. Although obtaining similar data for different cohorts could be considered as strength of the work, as a limiting factor it should be noted that for some variables data were not obtained in both cohorts and some aspects of the associations could only be evaluated in one of them. Finally, we did not analyze growth considering body composition (e.g., fat mass) and its changes as was previously done [43].




6. Conclusions


Body-size changes in infancy (0–2 y) and childhood (0–6 y) showed similar strength of association with respect to CV properties assessed at 6 y. Conversely, changes between 0–6, 6-18 or 0–18 y were not associated with CV parameters evaluated at 18 y.



The association between CV characteristics at 6 yand body-size changes during growth showed: (a) equal or greater strength than the observed for body-size at birth, and (b) lower strength with respect to that obtained when considering current z-BMI at 6 y. In 6 y children variables capable of explaining CV variations showed a “hierarchical order”. Conversely, only z-BMI at 18 y showed significant associations with arterial z-scores at 18 y. Body size at birth showed almost no association with arterial characteristics at 6 or 18 y. The associations between ΔBWH z-score 0–2 y or Δz-BMI 0–6 y and CV properties at 6 y were mostly independent of body-size at birth. When current z-BMI was taken into account some associations between body changes in childhood and CV properties at 6 y were no longer significant. In adolescents, the associations between growth-related body changes and CV properties were dependent on z-BMI at the time of CVstudy.



Current z-BMI was the anthropometric parameter with the greatest capacity to explain the variations in CV properties at 6 y. However, interindividual variations in some hemodynamic and arterial parameters were mainly explained by growth-related anthropometric changes and/or by their interaction with current z-BMI. Similar findings were observed when the associations were analyzed taking into account the exposure to factors associated with CV risk. Current z-BMI at 18 y was the anthropometric variable with the greatest capacity to explain CV variations at 18 y. Body-size changes during childhood and/or adolescence contributed to explain arterial variations through the interaction with current z-BMI or BWH z-score at birth.
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	AIx
	central (aortic) augmentation index



	AIx@75
	AIx adjusted to a 75 beats/min heart rate



	AP
	central (aortic) augmented pressure



	BH
	body height



	BMI
	body mass index



	BW
	body weight



	BWH
	body weight for body height



	cBP
	central (aortic) blood pressure



	CCA
	common carotid artery



	CFA
	common femoral artery



	cfPWV
	carotid-femoral pulse wave velocity



	CRFs
	cardiovascular risk factors



	CV
	cardiovascular



	CVD
	cardiovascular disease



	DD
	diastolic arterial diameter



	EM
	pressure-strain arterial elastic modulus



	HBP
	high blood pressure levels



	HR
	heart rate



	IMT
	intima-media thickness



	LBW
	low birth weight



	MLR
	multiple linear regression models



	mos.
	Months



	MV
	mean value



	Pb
	amplitude of the cBP backward component



	pBP
	peripheral (brachial) blood pressure



	pDBP
	peripheral (brachial) diastolic blood pressure



	Pf
	amplitude of the cBP forward component



	pMBP
	peripheral (brachial) mean blood pressure



	pPP
	peripheral (brachial) pulse pressure



	pSBP
	peripheral (brachial) systolic blood pressure



	PWA
	pulse wave analysis



	SD
	systolic arterial diameter



	STD
	standard deviation



	VIF
	variance inflation factor



	y
	years old



	z
	z-score
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Figure 1. 1-A: Radial pulse wave obtained by applanation tonometry (SphygmoCor device); pSBP, pDBP, pPP: peripheral systolic, diastolic and pulse pressure. GTF: general transfer function. 1-B: Aortic wave derived using a GTF; augmented pressure (AP) and augmentation index (AIx) quantified from time-domain pulse wave analysis (PWA). cSBP, cDBP, cPP: central systolic, diastolic and pulsepressure. P1, P2: first and second pressure wave peaks. 1-C: Forward (Pf) and backward (Pb) components’ amplitude obtained from wave separation analysis (WSA). 2-A, 2-B: Methodological approach used to assess common carotid (CCA) and femoral (CFA) artery diameter and intima-media thickness (IMT). Z: acoustic impedance. 2-C: Software for IMT and diameter measurement (Hemodyn-4M). 3-A, 3-B: Methodological approach used to assess carotid-femoral pulse wave velocity (cfPWV). Δx: CCA-to-CFA distance. Δt1, Δt2: time delay between R (ECG) and CCA and CFA foot wave. Δt3: time delay between arterial waves. 3-C: Software for cfPWV measurement (SphygmoCor device). 
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Table 1. Clinical, anthropometric and arterial parameters, of children and adolescent cohorts.
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Children Cohort (n = 632)

	
Adolescent Cohort (n = 340)




	

	
MV

	
STD

	
Min.

	
p25th

	
p75th

	
Max.

	
MV

	
STD

	
Min.

	
p25th

	
p75th

	
Max.






	
Demographic, anthropometric and cardiovascular risk factors




	
Age (years)

	
6.02

	
0.3

	
5.07

	
5.80

	
6.26

	
6.66

	
18.2

	
0.50

	
17.0

	
17.8

	
18.5

	
20.7




	
Subjects (n, %female)

	
632 (49.5)

	
340 (53.2)




	
Body weight (kg)

	
22.31

	
4.67

	
14.00

	
19.20

	
24.35

	
46.50

	
64.4

	
14.2

	
40.2

	
55.0

	
70.0

	
120.0




	
Body height (m)

	
1.14

	
0.05

	
0.99

	
1.10

	
1.17

	
1.33

	
1.66

	
0.09

	
1.32

	
1.60

	
1.73

	
1.94




	
BMI (Kg/m2)

	
17.03

	
2.48

	
12.10

	
15.37

	
18.06

	
27.15

	
23.17

	
4.47

	
15.1

	
20.2

	
24.7

	
48.2




	
z-BMI (STD)

	
0.96

	
1.47

	
−2.60

	
0.06

	
1.62

	
7.37

	
0.36

	
1.16

	
-3.4

	
−0.4

	
1.0

	
4.8




	
z-BW for age (STD)

	
0.45

	
1.30

	
−2.39

	
−0.45

	
1.18

	
6.15

	
-

	
-

	
-

	
-

	
-

	
-




	
z-BH for age (STD)

	
−0.33

	
1.04

	
−3.43

	
−1.05

	
0.29

	
3.55

	
−0.41

	
0.88

	
−4.73

	
-0.90

	
0.13

	
2.39




	
Obesity (n, %)

	
108 (17.1)

	
26 (7.4)




	
Dyslipidemia (n, %)

	
1 (0.2)

	
18 (5.3)




	
Diabetes (n, %)

	
1 (0.2)

	
0 (0.0)




	
Hypertension (n, %)

	
27 (4.3)

	
18 (5.3)




	
CV Family background (n, %)

	
0 (0.0)

	
13 (3.9)




	
Current Smoke (n, %)

	
0 (0.0)

	
35 (10.4)




	
Anthropometric z-scores




	
z-BW for age at birth (STD)

	
0.02

	
0.95

	
−5.24

	
−0.56

	
0.68

	
2.95

	
−0.18

	
1.24

	
-5.19

	
−0.89

	
0.57

	
2.87




	
z-BH for age at birth (STD)

	
−0.27

	
1.13

	
−4.91

	
−1.00

	
0.46

	
4.75

	
−0.35

	
1.52

	
-5.75

	
−1.15

	
0.46

	
4.82




	
z-BMI for age at birth (STD)

	
0.27

	
1.06

	
−3.59

	
−0.38

	
0.93

	
3.65

	
−0.01

	
1.72

	
−6.31

	
−1.00

	
0.96

	
5.56




	
z-BW for height 24 m. (STD)

	
0.59

	
1.26

	
−3.86

	
−0.20

	
1.29

	
4.76

	
-

	
-

	
-

	
-

	
-

	
-




	
z-BW for age 24 m. (STD)

	
0.38

	
1.14

	
−2.83

	
−0.44

	
1.08

	
4.54

	
-

	
-

	
-

	
-

	
-

	
-




	
z-BH for age 24 m. (STD)

	
−0.15

	
1.11

	
−4.12

	
−0.92

	
0.60

	
3.30

	
-

	
-

	
-

	
-

	
-

	
-




	
z-BMI for age 24 m. (STD)

	
0.66

	
1.29

	
−4.07

	
−0.15

	
1.40

	
5.42

	
-

	
-

	
-

	
-

	
-

	
-




	
1st Wave: anthropometry

	

	

	

	

	

	

	

	

	

	

	

	




	
Age (years)

	
-

	
-

	
-

	
-

	
-

	
-

	
6.7

	
0.5

	
5.42

	
6.32

	
6.92

	
8.98




	
z-BW for age (STD)

	
-

	
-

	
-

	
-

	
-

	
-

	
0.39

	
1.01

	
−1.93

	
−0.27

	
1.06

	
3.56




	
z-BH for age (STD)

	
-

	
-

	
-

	
-

	
-

	
-

	
−0.13

	
0.93

	
−3.19

	
−0.72

	
0.53

	
2.10




	
z-BMI for age (STD)

	
-

	
-

	
-

	
-

	
-

	
-

	
0.65

	
0.99

	
−1.81

	
−0.08

	
1.27

	
4.63




	
2nd Wave: anthropometry

	

	

	

	

	

	

	

	

	

	

	

	




	
Age (years)

	
-

	
-

	
-

	
-

	
-

	
-

	
8.1

	
0.4

	
6.82

	
7.77

	
8.38

	
10.27




	
z-BW for age (STD)

	
-

	
-

	
-

	
-

	
-

	
-

	
0.44

	
1.14

	
−2.40

	
–0.36

	
1.24

	
4.05




	
z-BH for age (STD)

	
-

	
-

	
-

	
-

	
-

	
-

	
−0.10

	
0.98

	
−4.53

	
–0.69

	
0.51

	
2.07




	
z-BMI for age (STD)

	
-

	
-

	
-

	
-

	
-

	
-

	
0.66

	
1.16

	
−3.12

	
−0.17

	
1.36

	
4.99




	
3rd Wave: anthropometry

	

	

	

	

	

	

	

	

	

	

	

	




	
Age (years)

	
-

	
-

	
-

	
-

	
-

	
-

	
12.2

	
0.5

	
10.74

	
11.83

	
12.46

	
14.80




	
z-BW for age (STD)

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-




	
z-BH for age (STD)

	
-

	
-

	
-

	
-

	
-

	
-

	
–0.03

	
1.12

	
–3.46

	
–0.87

	
0.71

	
2.98




	
z-BMI for age (STD)

	
-

	
-

	
-

	
-

	
-

	
-

	
0.4