Early Human Development 106-107 (2017) 53-58

Contents lists available at ScienceDirect

Early Human Development

journal homepage: www.elsevier.com/locate/earlhumdev

Effects of preterm birth and fetal growth retardation on life-course
cardiovascular risk factors among schoolchildren from Colombia: The
FUPRECOL study

Robinson Ramirez-Vélez **, Jorge Enrique Correa-Bautista ¢, Emilio Villa-Gonzalez <, Javier Martinez-Torres ¢,
Anthony C. Hackney ¢, Antonio Garcia-Hermoso **

@ Centro de Estudios en Medicion de la Actividad Fisica (CEMA), Escuela de Medicina y Ciencias de la Salud, Universidad del Rosario, Bogotd, D.C., Colombia

b Department of Education, Area of Physical Education and Sport, University of Almeria, Almeria, Spain

€ PROFITH “PROmoting FITness and Health through physical activity” research group, Department of Physical Education and Sport, School of Sport Sciences, University of Granada, Granada, Spain
4 Grupo GICAEDS, Facultad de Cultura Fisica, Deporte y Recreacion, Universidad Santo Tomds, Bogotd, D.C., Colombia

¢ Endocrine Section, Applied Physiology Laboratory, University of North Carolina at Chapel Hill, Chapel Hill, USA

f Laboratorio de Ciencias de la Actividad Fisica, el Deporte y la Salud, Facultad de Ciencias Médicas, Universidad de Santiago de Chile, USACH, Santiago, Chile

@ CrossMark

ARTICLE INFO ABSTRACT

Article history:

Received 29 November 2016

Received in revised form 31 January 2017
Accepted 5 February 2017

Available online xxxx

Background: Both fetal growth restriction and prematurity have been associated with cardiometabolic risk in
youth and adults, however, data on their combined effects on cardiometabolic health in youth are scarce.
Aims: This study aimed at assessing the effects of birth weight and gestational age combined on life-course car-
diovascular risk factors and obesity among schoolchildren from Colombia.
Study design: A cross-sectional study.
Subjects: Participants comprised 2510 Colombian schoolchildren (54.8% girls) aged 9-17.9 years.
Outcome measures: Four groups were created according to WHO criteria: those born at term with an appropriate
birth weight (>2500 g to <4000 g) for gestational age (term AGA); those born preterm (<37 to <42 completed
weeks) with an appropriate birth weight for gestational age (preterm AGA); those born at term with low birth
weight for gestational age (term SGA); and those born preterm with low birth weight for gestational age (pre-
term SGA). Anthropometric markers (body mass, height, waist circumference, and body mass index), blood pres-
sure, lipids profile, fasting glucose, and pubertal stage were assessed. The prevalence of metabolic syndrome was
determined by de Ferranti definition.
Results: There were differences between the 4 groups for calendar age (p = 0.011), body mass (p = 0.001),
height (p = 0.001), and body mass index (p = 0.027). Overall, preterm SGA group had a greater risk for having
elevated fasting glucose and metabolic syndrome (total sample and in boys) compared with term AGA group
(p < 0.05). For other cardiovascular risk factors, no significant relationships were observed based on birth
characteristics.
Conclusions: School-age children and adolescents with combined fetal growth restriction and prematurity exhib-
ited an increased prevalence of glucose risk and metabolic syndrome.

© 2017 Published by Elsevier Ireland Ltd.
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1. Introduction the precise mechanisms for this association remain unclear, metabolic

changes that could be related to alterations in body composition can

Previous large cohort studies have shown that birth weight (BW)
and gestational age (GA) are independent risk factors of overweight/
obesity, type 2 diabetes, and cardiovascular disease (CVD) [1,2]. Albeit

Abbreviations: AGA, appropriate birth weight for gestational age; BMI, body mass index;
BW, birth weight; CVD, cardiovascular disease; GA, gestational age; SES, socioeconomic
status; SGA, low birth weight for gestational age; WHO, World Health Organization.
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be found already in childhood [3]. For instance, individuals with low
BW present higher plasma inflammatory and metabolic biomarkers
concentrations than would be expected from their degree of obesity
[4,5]. For this reason, international organizations such as The World
Health Organization (WHO) and United Nations Millennium Develop-
ment Goals, included BW as one of the most important factors affecting
child morbidity and mortality; e.g., approximately one third of neonatal
deaths are attributable to it [6].

Epidemiological studies have reported a relationship between BW
and CVD risk factors in adolescents and adults with a “U-shaped” or
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“J-shaped” response curve, but showing greater risk factors clustering in
individuals with low BW [1-3,7]. For example, infants with low BW
have been reported to typically have poor muscle tissue and insulin re-
sistance and glucose intolerance [8]. Regarding GA, scientific evidence
indicates a dose-response relationship between shorter length of gesta-
tion and increasing levels of cardiovascular risk factors during adoles-
cence [8]. These investigators also found that young adults who were
born preterm had higher levels of cardiometabolic risk factors and
were 2.5 to 4 times more likely to meet the criteria of metabolic syn-
drome than were their peers who were born at full term [9]. In contrast,
some studies reported that preterm birth is not associated with greater
cardiovascular risk in youth [10,11].

Both BW and GA are leading CVD risk factors among Hispanic/Latino
adults, raising concerns about whether an increased risk of these condi-
tions are also manifested at younger ages [1,8-10]. Few studies have
been analyzed the combined effect of both BW and GA on cardiometa-
bolic risk factors among young population, especially of Hispanic/Latino
ethnicity. The study of Juanola et al. [12] did observe in young Finns in-
creased blood pressure levels among those individuals born premature-
ly, who also had fetal growth restriction. In addition, another study
found that preterm birth, but not growth retardation at term, was asso-
ciated with higher blood pressure and a less favorable fat distribution
[13]. For that reason, describing the magnitude of these risk factors in
youth is important for prioritizing prevention and public health efforts
[14]. Thus, this study aimed at assessing the effects of BW and GA com-
bined on life-course cardiovascular risk factors and obesity among
schoolchildren from Bogota, Colombia.

2. Methods
2.1. Study design

The FUPRECOL Study (in Spanish -Asociacién de la fuerza prensil
con manifestaciones de riesgo cardiovascular tempranas en nifios y
adolescentes colombianos-) is a cross-sectional study that seeks to estab-
lish the general prevalence of CVD risk factors (anthropometric, adipos-
ity, metabolic and genetic markers) in the study population (children
and adolescents aged 9 to 17.9 years living in Bogota, Colombia) [15,
16]. The intent of the study was to examine the relationships between
physical fitness levels and CVD risk factors during the 2014-2015 school
year.

2.2. Study population

The FUPRECOL study was conducted from 2014 to 2015 in a con-
venience sample of volunteers and grouped by sex and age with one-
year increments (a total of nine groups). In total, 8000 school children
from 27 official schools aged 9.0-17.0 years, with valid data for gender
and body mass index (BMI) were included in a primary study. In this
paper, we analyzed a secondary cross-sectional study data set for the
main set consisting of the neonatal, anthropometric and cardiomet-
abolic parameters (n = 2510) assessed in the Colombian
schoolchildren (54.8% girls). All schoolchildren were of low-middle
socioeconomic status (SES, 1-3 in a scale of 1-6 defined by the Colom-
bian government) and enrolled in public elementary and high schools
(grades 5 through 11) in the capital district of Bogota, Cundinamarca
Department in the Andean region. Exclusion factors included clinical
diagnosis of cardiovascular disease, diabetes mellitus 1 and 2, pregnan-
cy, use of alcohol or drugs, macrosomia (defined as weight at
birth > 4000 g), and not having lived in Bogota for at least one school
year. None of the study participants were on any medical drugs treat-
ment. Exclusion from the study was made effective a posteriori, without
the students being aware of their exclusion, to avoid any undesirable
situations.

2.3. Neonatal outcomes

Families provided the BW by presenting the vaccine chart and/or
live birth certificate, all official documents provided by the maternity
on the day of birth. At the initial interview, the parents/guardians
were asked about their official BW documents. The sample was further
limited to those whose BW was either registered in the birth certificate,
or the mother affirmed (during data collection) to accurately recall the
BW and she provided a valid value. The BW was classified as follows:
low BW (<2500 g) and normal BW (>2500 to <4000 g), on the basis
of the WHO [17] definition. Regarding GA, information about the
onset of the delivery was retrieved from the medical records of the re-
spective obstetric center. The duration of gestation was categorized as
preterm (<37 completed weeks, 154-258 days) and term GA (37 to
<42 completed weeks, 259-293 days), according to WHO [17]
definition.

2.4. Anthropometric and adiposity variables

Variables were collected at the same time in the morning, between
7:00 and 10:00 a.m., following an overnight fast. Body weight and
height were measured using standard procedures with electronic scales
(Tanita® BC544, Tokyo, Japan) and mechanical stadiometer platform
(Seca® 274, Hamburg, Germany), respectively. Body mass index
(BMI) was calculated as the body mass (weight) in kilograms divided
by the square of height in meters. Weight status (i.e., underweight, nor-
mal weight, or overweight/obese) was defined according to the Interna-
tional Obesity Task Force (IOTF) age and sex-specific thresholds for BMI
[18]. Waist circumference (WC) was measured at the midpoint be-
tween the last rib and the iliac crest using a tape measure (Ohaus®
8004-MA, Parsippany, NJ, USA). In all the measures, high levels of test-
retest reliability [body weight (intraclass correlation, ICC = 0.983),
height (ICC = 0.973), BMI (ICC 0.897), and WC (ICC = 0.967)] were
found.

We used a classical bipolar technique to estimate body fat (%) using a
BIA-TANITAg Model BF689 (Tanita, Tokyo, Japan; TEM = 0.639) accord-
ing to the manufacturer's instructions. The mean of two readings was
used, taken in the morning under controlled temperature - humidity
conditions, after urination and a 15-minute rest with the child shoeless
and fasted. A detailed description of the BIA technique can be found
elsewhere [19]. The corresponding intra-observer technical error (reli-
ability) of the measurements was 0.95%.

2.5. Resting blood pressure

An electronic oscillometric device was used to determined resting
blood pressure (Riester Ri-Champion model, Jungingen, Germany)
twice after being seated in a quiet room for 10 min with their back sup-
ported by two researchers and their feet on the ground. Two blood pres-
sure readings were taken with a 10 min interval of quiet rest between
measurements. Before blood pressure session monitoring, the accuracy
of the device was tested against a standard mercury sphygmomanome-
ter in a random sub-sample (n = 25) to ensure that there was no con-
sistent difference of >10 mm Hg in measured blood pressure and
inter-observer variability was R = 0.96. Mean systolic blood pressure
was defined as ideal (<90th centile and mean diastolic blood
pressure < 90th centile), or non-ideal (systolic blood pressure > 90th
centile or diastolic blood pressure > 90th centile). All centile-based
threshold limits were sex- and age-specific and selected on the basis
of the International Diabetes Federation [20] definition of metabolic
syndrome.

2.6. Biochemical assessments

Blood samples were collected between 6:00 and 8:00 a.m. after at
least 12 h fasting by two experienced paediatric phlebotomists. Blood
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samples were obtained from an antecubital vein, and analyses were
subsequently completed within 1 day from collection. The levels of tri-
glycerides (TG), total cholesterol, cholesterol linked to high-density li-
poproteins (HDL-c) and glucose were measured using colorimetric
enzymatic methods, employing a Cardiocheck analyzer. The fraction of
cholesterol linked to low-density lipoproteins (LDL-c) was calculated
using the Friedewald formula [21]. Inter-assay reproducibility (coeffi-
cient of variation), determined from 80 replicate analyses of 8 plasma
pools over 15 days, revealed a maximum inter-assay coefficient of vari-
ation of 3.3% and a maximum intra-assay coefficient of variation of 8.3%.

2.7. Cardiometabolic risk assessment and diagnosis of metabolic syndrome

The prevalence of metabolic syndrome and its components (un-
healthy and healthy categories) were evaluated according to de Ferranti
et al. [22]. The diagnosis of metabolic syndrome required meeting at
least three of the following five criteria: TG > 100 mg/dL; HDL-
¢ < 50 mg/dL (<45 mg/dL for boys aged 9 to 19 years); fasting
glycemia > 110 mg/dL; WC > 75th percentile for age and gender; and
systolic blood pressure > 90th percentile for age, gender and height.

2.8. Sexual maturation

Maturation status was assessed by the classification described by
Tanner (self-reported pubertal status), which is based on the extent of
hair covering of the pubertal regions (five stages: I—V) [23]. Each par-
ticipant entered an isolated room, where using a set of images exempli-
fying the various stages of sexual maturation, they categorized the
development of their own genitalia (for boys), breasts (for girls), arm-
pits (for boys) and pubic hair (for both genders). The reproducibility
of our data reached 78%. All data were recorded on paper by FUPRECOL
evaluators.

2.9. Ethics statement

The study protocol was explained verbally to the participants and
their parents/guardians before they gave their written consent. Partici-
pation in the study was fully voluntary and anonymous, with no explicit
incentives provided for participation. The Review Committee for Re-
search on Human Subjects at the University of Rosario (code no. CEI-
ABN026-000262) approved all study procedures. The protocol was in
accordance with the latest revision of the Declaration of Helsinki and
current Colombian laws governing clinical research on human subjects
(Resolution 008430/1993 Ministry of Health).

2.10. Statistical analysis

The normality of the distribution of the variables was assessed by
use of the Shapiro-Wilk test. The results are presented as the mean
(standard deviation) or relative frequency as a percentage. Differences
between neonatal groups, anthropometric characteristics, cardiovascu-
lar risk factor and number of metabolic syndrome components were
assessed by analysis of variance (ANOVA). Four groups were created:
i) term AGA: those born at term with an appropriate BW for GA; ii) pre-
term AGA: those born preterm with an appropriate BW for GA; iii) term
SGA: those born at term with low BW for GA (SGA); and iv) preterm
SGA: those born preterm with low BW for GA. Multiple logistic regres-
sion was used to determine the independence of the influence for the
variables associated with each group (term AGA, preterm AGA, term
SGA, and preterm SGA), identified by using bivariate analysis adjusted
for gender, age, pubertal stage, and weight status in all participants.
All the analyses were carried out using the IBM SPSS 21 (SPSS, Inc., Chi-
cago, lllinois, USA). The level of statistical significance was established as
p <0.05.

3. Results

Table 1 shows the demographic descriptive statistics of the sample.
The final sample had a mean age of 13.2 (2.2) [range 11-14] years and
contained slightly more females (54.8%). There were significant differ-
ences between groups for calendar age, body mass, height, and BMI.
Pairwise comparisons showed lower values of height in preterm SGA
group compared with the other groups. Also, preterm SGA group re-
ported lower values of age and body mass compared with term AGA
and preterm AGA groups. In other parameters, no significant differences
were observed based on birth characteristics.

Table 2 shows the multiple logistic regressions of the variables asso-
ciated with the birth characteristics using bivariate analysis adjusted for
gender, age, pubertal stage, and weight status. In the whole sample, the
preterm SGA group showed higher likelihood (OR) to have unhealthy
fasting glucose levels (OR = 1.84, CI 95% 1.05 to 3.23; p < 0.001) and
metabolic syndrome (OR = 1.58, CI1 95% 1.04 to 2.41; p < 0.001) com-
pared to the reference group (preterm IGA). In boys, preterm SGA
(OR = 2.13, C195% 1.13 to 4.04; p < 0.001) showed higher odds of hav-
ing metabolic syndrome compared to the reference group.

4. Discussion

Having reached term-born status seems to be a protecting factor
from metabolic syndrome in school-age children and adolescents. In
the current study, school-age children and adolescents with combined
fetal growth restriction and prematurity did exhibit an increased prev-
alence of glucose risk and metabolic syndrome. Therefore, our findings
suggest that premature youths, preterm SGA, may require additional
long-term follow up of their cardiovascular health.

In a recent cross-sectional study conducted in a total of 10,692 Co-
lombian children the prevalence of low BW was 8.7%. In the current
study the prevalence of was comparable at 10.1%. Our data confirms
what has been reported by the Colombian National Department of Sta-
tistics (DANE) and by non-governmental organizations in the country
-“Asi vamos en salud”, in Spanish—, which estimated a national low BW
prevalence between 8 and 9% [24]. In our study, youth who belong to
the term AGA group showed significant differences for body mass and
height compared to the unhealthy group. Previous evidence supports
our findings, which has reported that infants with low BW had poor
muscle tissue in prepubertal children [25]. However, other factors
must also be taken into account, since in the current study the term
AGA group displayed higher age and pubertal stage than preterm SGA
group. Moreover, there were other important factors which were im-
possible to measure in the present study, such as; data about complete
prenatal care, which appears to be of great importance to the decreased
(low) BW, and avoidance of related future complications [26].

Regarding individual components of metabolic syndrome, evidence
shows controversial results about it relationship with BW and GA indi-
vidually. Our study shows that to be preterm or with low BW is not re-
lated with any individual cardiovascular risk factor compared to term
born youths. These findings corroborate previous findings in other
countries [9,27]. For example, prematurity did not increase obesity
risk in adolescents (n = 134) from Brazil [10]. However, despite the re-
lationship being non-significant for cardiovascular risk factors and neo-
natal outcomes, all our values tended to be less healthy in the three
groups compared to term born youths.

Assessing both neonatal characteristics, our study shows that the
preterm SGA group had higher risk for having higher fasting glucose
compared with term AGA group. This is probably associated with re-
duced insulin sensitivity in preterm SGA youths [10,11]. Our results,
however, are not in accordance with those of Willemsen et al. [28]
which analyzed 479 prepubertal short children born SGA. This study
showed that those born preterm had a higher systolic and diastolic
blood pressure, lower percent body fat and higher insulin secretion
and disposition index than term SGA children, but no differences in
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Table 1

Mean, standard deviation and relative frequency [%] according to birth weight and gestational age groups by anthropometrics, cardiovascular risk factor and number of metabolic syn-

drome components.

Variables Term AGA (1) Term SGA (2) Preterm AGA (3) Preterm SGA (4) All participants P trend
Anthropometric characteristics

n [%] 1158 [46.1] 260 [10.3] 843 [33.5] 249 [10.1] 2510 [100]

Boys 516 [44.6] 123 [47.3] 394 [46.7] 101 [40.6] 1134 [45.2] 0.305
Girls 642 [55.4] 137 [52.7] 449 [53.3] 148 [59.4] 1376 [54.8]

Age (years) 13.3(2.2) 13.1(2.8) 13.2(2.2) 12.8 (2.3)*¢ 13.2(2.2) 0.011
Body mass (kg) 473 (114) 45.9 (44.4) 47.1 (11.7) 443 (11.8)*¢ 46.8 (2.2) 0.001
Height (cm) 153.4 (11.6) 152.5 (150.9) 153.1 (12.2) 150.0 (11.9)3P< 152.8 (11.6) 0.001
Body mass index (kg/m?) 19.8 (3.0) 194 (19.1) 199 (3.2) 194 (3.2) 19.7 (3.1) 0.027
Waist circumference (cm) 64.8 (7.5) 64.0 (63.0) 64.7 (7.5) 63.5 (8.0) 64.6 (7.6) 0.055
Weight status n [%]

Underweight 176 [15.2] 46 [17.7] 121 [144] 46 [18.5] 389 [15.5] 0.466
Normal weight 712 [61.5] 161 [61.9] 507 [60.1] 143 [57.4] 1523 [60.7]

Overweight 215[18.6] 40 [15.4] 161[19.1] 43[17.3] 459 [18.3]

Obese 55 [4.7] 13 [5.0] 54 [6.4] 17[6.8] 139 [5.5]

Pubertal stage n (%)

[ 68 [5.9] 16 [6.2] 66 [7.8] 21[8.4] 171[6.8] 0.066
11 238 [20.6] 54[20.8] 179 [21.2] 71[28.5] 542 [21.6]

11 363 [31.3] 85[32.7] 275 [32.6] 79 [31.7] 802 [32.0]

I\ 410 [35.4] 91 [35.0] 284 (33.7] 68 [27.3] 853 [34.0]

\Y 79[6.8] 14 [54] 39[4.6] 10 [4.0] 142 [5.7]

Cardiovascular risk factors

Systolic blood pressure (mm Hg) 1114 (12.9) 110.3 (134) 1124 (134) 111.5 (14.1) 111.6 (13.3) 0.100
Diastolic blood pressure (mm Hg) 68.6 (8.9) 67.3 (8.9) 68.4(9.0) 68.2 (8.8) 68.4 (13.3) 0.233
Total cholesterol (mg/dl) 141.5(25.2) 140.4 (26.0) 140.7 (25.4) 143.3 (25.2) 141.3 (8.9) 0.483
HDL cholesterol (mg/dl) 46.6 (11.6) 46.9 (12.6) 46.6 (12.0) 472 (11.8) 46.7 (11.9) 0.874
LDL cholesterol (mg/dl) 81.0 (25.5) 81.5(29.1) 79.1 (24.8) 81.8 (25.0) 80.5 (25.6) 0.269
Triglycerides (mg/dl) 89.6 (46.2) 89.1 (39.7) 88.7 (38.6) 90.8 (39.0) 89.4 (42.4) 0.917
Fasting glucose (mg/dl) 82.0 (15.1) 82.9 (16.8) 82.3 (15.5) 82.8 (16.7) 82.3 (15.6) 0.779
Number of Metabolic syndrome criteria n [%]°

No criterion 234[20.2] 47[18.1] 194 [23.0] 53[21.3] 528 [21] 0.086
1 criterion 528 [45.6] 122 [46.9] 332[394] 101 [40.6] 1083 [43.1]

2 criteria 294 [25.4] 71[27.3] 233[27.6] 62 [24.9] 660 [26.3]

3 or more criteria 102 [8.8] 20[7.7] 84[10.0] 33[13.3] 239[9.5]

Bonferroni-adjusted pairwise significant differences.

AGA, appropriate birth weight for gestational age; SGA, low birth weight for gestational age.

2 1vs.4,p<0.001.
b 2vs. 4,p<0.001.
€ 3vs.4,p<0.001.

4 Number of metabolic syndrome (MS) were defined according criteria de Ferranti et al. [27].

fasting glucose. The Cardiovascular Risk in Young Finns Study found in
1756 adults that preterm AGA persons did not have elevated cardiovas-
cular risk factors when compared with those born at term [13]. Finally,
young adults who were born term SGA did not exhibit increased preva-
lence of any of cardiovascular risk factors compared to those who term
born [13]. The differences between the present study and earlier studies
may be caused by cut-off values used to defined health risk status in
each parameter.

Birth weight reflects the pattern of intrauterine growth, and being
born SGA might have long-term impacts on chronic disease in youths
and adulthood [1-4,12], however the mechanisms of such “metabolic
imprinting” are not yet been understood [13]. The results of the first sur-
vey of the CASPIAN (Childhood & Adolescence Surveillance and Preven-
tion of Adult Non-communicable disease) study showed that girls who
are born small for GA are at a higher risk for metabolic syndrome [29].
Contrastingly, the NEOLONG study reported neither low BW at birth
nor short stature at follow-up, could be associated with parameters
that indicate an increased risk for the metabolic syndrome during child-
hood [30]. In our study, in boys and in the whole of sample, being pre-
term and SGA increased the risk of having metabolic syndrome.
Currently no universally accepted definition of metabolic syndrome ex-
ists for children and adolescents, therefore discrepancies between re-
sults and its relationship with neonatal outcomes could be due to this
lack of agreement. In addition, the gender differences that we found in
terms of the association between BW and the risk of developing

metabolic syndrome in childhood should be examined in longitudinal
studies.

This study has several strengths. To our knowledge, our study is the
first to evaluate the relationship between BW and GA with cardiovascu-
lar risk factors in schoolchildren from Colombia. Also, few studies have
analyzed the combined effect of BW and GA on cardiometabolic risk fac-
tors in any youth population. However, several limitations should also
be mentioned. First, this study did not include nutritional data from
infancy, because, although observation studies have suggested that
programming extends throughout the first years of life, with
breastfeeding representing a protective effect, their results are contro-
versial [13,30]. Moreover, other factors were not studied such as prena-
tal care, one of the most important tools available to health care
providers to detect time-sensitive, modifiable obstetric risk factors (in-
fections, micronutrients deficiencies, metabolic, and placental diseases)
that may impact on optimal fetal development, as well as final BW. The
possibility of confounding by socioeconomic status has also to be
considered, but no associations were found on socioeconomic status
between groups, due to all participants belonging to low-middle socio-
economic status.

5. Conclusions

Our findings suggest that being born premature is not in itself an ex-
posure sufficient enough to impact upon youth cardiometabolic health,



R. Ramirez-Vélez et al. / Early Human Development 106-107 (2017) 53-58 57

Table 2
Multiple logistic regressions of the variables associated with to birth weight and gestation-
al age groups using bivariate analysis adjusted age, pubertal stage, and weight status by
gender.

Variables Boys Girls All participants

OR d 95% OR 95% OR 95%

Overweight + obesity

Preterm AGA 092 053 1.60 0.82 054 125 084 061 1.17
Term SGA 135 096 190 1.04 080 136 1.13 092 138
Preterm SGA 141 083 241 086 0.57 128 1.04 076 1.44
High waist circumference

Preterm AGA 062 0.18 212 1.12 042 3.02 0.87 040 1.87
Term SGA 1.05 054 205 131 069 246 1.18 0.75 1.87
Preterm SGA 185 0.76 449 061 018 2.08 1.14 056 231
High systolic blood pressure

Preterm AGA 082 045 148 099 056 1.75 090 0.60 136
Term SGA 132 092 187 128 090 1.83 131 1.02 1.68
Preterm SGA 145 0.84 251 137 083 227 139 096 2.02

High diastolic blood pressure

Preterm AGA 115 060 220 060 031 115 0.80 0.51 127
Term SGA 132 086 202 084 057 122 102 077 135
Preterm SGA 132 067 257 089 051 155 1.04 0.68 1.60
High total cholesterol

Preterm AGA 129 072 231 099 060 1.62 1.09 0.75 158
Term SGA 091 059 140 098 071 135 094 073 1.22
Preterm SGA 141 076 259 085 052 140 1.04 0.71 153
Low HDL cholesterol

Preterm AGA 092 062 137 082 057 119 087 066 1.13
Term SGA 121 093 158 093 073 118 105 088 125
Preterm SGA 130 085 199 124 087 178 127 097 167
High LDL cholesterol

Preterm AGA 160 093 274 057 029 113 101 067 153
Term SGA 090 059 137 0.73 049 1.08 0.80 0.60 1.07
Preterm SGA 114 060 218 100 058 173 106 0.70 161
High triglycerides

Preterm AGA 1.09 067 177 132 090 194 120 0.89 161
Term SGA 1.07 0.77 148 1.02 078 132 102 084 125
Preterm SGA 141 086 231 103 070 152 1.18 0.87 1.60
High fasting glucose

Preterm AGA 092 053 1.60 0.82 054 125 135 0.73 248
Term SGA 135 096 190 104 080 136 102 066 1.60
Preterm SGA 141 0.83 241 086 057 128 1.84 1.05 323
Metabolic syndrome

Preterm AGA 052 020 134 113 062 205 086 052 142
Term SGA 131 082 208 105 070 157 115 0.85 155
Preterm SGA 213 113 404 127 073 222 158 1.04 241

Reference group: term and appropriate birth weight for gestational age.
AGA, appropriate birth weight for gestational age; SGA, low birth weight for gestational
age. Bold text indicates P < 0.05.

but that individuals also need to be born with SGA. If this is the case then
these youths should require additional long-term follow-up health-
care. We recommend there is a need for future prospective studies ini-
tiated in the prenatal period. These will be important to clarify the com-
plex mechanism of adaptation to fetal growth restrictions or excesses,
as the most effective way to ensure a healthy metabolic development
throughout childhood.
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