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Abstract 25 

Objective: To evaluate low birthweight and rapid postnatal weight gain as predictors of 26 

elevated blood pressure in adolescence in a population of low socioeconomic status.  27 

Methods: A cohort study was carried out with 208 adolescents, 78 born with low weight 28 

and 130 born with appropriate weight. The infants were followed up during the first six 29 

postnatal months and reassessed at 8 and 18 years of age. The main exposure variables 30 

were birth weight and weight gain in the first six postnatal months. Rapid weight gain 31 

was defined when above 0.67 z score. The investigated co-variables were: sex, maternal 32 

height and family income at birth, breastfeeding duration from birth to six months, 33 

nutritional status at eight years old, socioeconomic conditions, nutritional status, fat mass 34 

index and physical activity level at 18 years. The outcome variable was the occurrence of 35 

elevated blood pressure at 18 years old.  36 

Results: The proportion of adolescents with elevated blood pressure was 37.5%. The 37 

multivariable logistic regression analysis showed the variables independently associated 38 

with a higher chance of elevated blood pressure in adolescence were rapid postnatal 39 

weight gain (OR=2.74; 95% CI 1.22-6.14; p=0.014), male sex (OR=4.15; 95% CI 1.66-40 

10.38; p=0.002) and being physically active (OR=2.70; 95% CI 1.08-6.74; p=0.034).  41 

Conclusions: The occurrence of rapid weight gain in the first six postnatal months was a 42 

predictor for elevated blood pressure in adolescence. This result highlights the influence 43 

of factors related to development in early childhood on health problems in the future. 44 

 45 

Keywords: catch up growth, low birthweight, blood pressure, hypertension. 46 

 47 

 48 



3 

 

INTRODUCTION 49 

 50 

 Systemic arterial hypertension is characterized by the sustained elevation of the 51 

pressure exerted by the blood on the walls of arteries and affects approximately 1.13 52 

billion people throughout the world [1]. It is the main chronic noncommunicable disease 53 

[2] and the greatest risk factor for heart and cerebrovascular diseases [3].  54 

 The symptoms of hypertension rarely appear in the early stages and emerge 55 

throughout adulthood, resulting from diverse factors, such as the ageing process, a poor-56 

quality diet, excessive alcohol intake, inadequate physical activity, excess weight, and 57 

exposure to persistent stress [4]. However, studies have reported an increase in the 58 

number of cases found in children [5] and adolescents [6], underscoring the importance 59 

of controlling blood pressure (BP) in this phase of life, as the occurrence of high BP in 60 

childhood/adolescence is related to hypertension in adulthood [7]. 61 

 Besides the conditions listed above, others are beyond the control of the individual 62 

and may favor the development of an increase in BP, such as low birth weight, preterm 63 

birth, and compensatory growth in the first months of life [8, 9]. Low birth weight is a 64 

proxy of fetal growth restriction [10] and is associated with hypertension as well as other 65 

comorbidities in adulthood, such as diabetes and coronary artery disease [11]. Children 66 

with low birth weight have greater weight gains in the first 24 months of postnatal life 67 

[12]. This mechanism seems to have a beneficial effect on the newborn during these first 68 

two years [13], but is related to metabolic disorders in adulthood, especially when 69 

occurring in the first six months of life [14]. 70 

As rapid postnatal weight gain seems to favor the development of chronic diseases 71 

and obesity [15, 16], it is important to follow up such individuals to ensure the control of 72 

the development of chronic noncommunicable diseases and identify this association in 73 
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the early phases of the life cycle. Therefore, the aim of the present study was to evaluate 74 

low birth weight and rapid postnatal weight gain as predictors of elevated blood pressure 75 

among adolescents in a population with a low socioeconomic status.  76 

 77 

METHODS 78 

 79 

Setting and population  80 

A cohort study was conducted with 208 adolescents recruited at birth, followed 81 

up for the first six months of life, and reevaluated at the ages of eight and 18 years. This 82 

study was conducted at six maternities in urban areas of five cities in the southern portion 83 

of the coastal/forest zone in the state of Pernambuco in northeastern Brazil [17]. 84 

 85 

Birth cohort and follow-up data 86 

The study began in 1993 and 1994 with the recruitment of 549 full-term children 87 

with a gestational age greater than 37 weeks: 206 with low birth weight (LBW – 1800 to 88 

2499 g) and 343 with appropriate birth weight (ABW – 3000 to 3500 g). The inclusion 89 

criteria were belonging to families who earned up to four times the Brazilian monthly 90 

minimum wage as well as the absence of infection, congenital anomalies, and genetic 91 

syndromes [18]. 92 

The mothers were interviewed using a form with pre-coded closed-ended 93 

questions addressing socioeconomic status, mother’s exposure to smoke during 94 

pregnancy, and characteristics of the newborn. Anthropometric data and information on 95 

the duration of breastfeeding were also collected. The children had a median of 40 days 96 

of total breastfeeding [19]. 97 
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Between May 2001 and August 2002, when the children were eight years of age, 98 

only 213 of the 549 children who composed the initial sample were encountered (86 with 99 

LBW and 127 with ABW). These children were reevaluated in terms of socioeconomic 100 

status and anthropometric characteristics (weight, height, and waist circumference). No 101 

statistically significant difference in socioeconomic status was found between the 102 

children who remained and those who dropped out of the study [20]. 103 

Between April and September 2012, more than 18 years from the onset of the 104 

cohort, 217 adolescents were found and were reevaluated with regards to socioeconomic 105 

status, family income per capita, anthropometric characteristics (weight, height, and 106 

waist circumference), blood pressure, percentage of body fat, and level of physical 107 

activity. Losses to follow-up accounted for 60.47% of the initial sample, as 217 108 

adolescents were found at 18 years of age. Most losses occurred due to difficulty locating 109 

individuals and changes of address to another state. Despite the losses, no statistically 110 

significant differences in socioeconomic characteristics were found between those who 111 

remained in the study and those who dropped out (Appendix 1). 112 

The present paper involves data from 208 adolescents (71 with LBW and 137 with 113 

ABW) whose BP was measured. The BP of nine adolescents was not analyzed because 114 

the cuff of the equipment was inadequate for the arm circumference of these individuals 115 

due to obesity. The adolescents in the sample were those with data from six months, eight 116 

years, and 18 years of age.  117 

 118 

Variables of interest  119 

 The independent variables were birth weight and postnatal weight gain. The 120 

following were the covariables in each evaluation phase: at birth – child’s sex, height, 121 

and birthweight, mother’s exposure to smoke during pregnancy, family income 122 
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(categorized as < or ≥ the Brazilian monthly minimum wage, which corresponded to 123 

US$70 at the time), and total duration of breastfeeding using the median of 40 days as the 124 

cutoff point; at eight years of age: body mass index (BMI), waist circumference and gain 125 

in BMI between six months and eight years; at 18 years of age: family income per capita, 126 

gain in BMI between eight and 18 years, height, BMI, fat mass index, and physical 127 

activity level. The outcome variable was elevated blood pressure at 18 years of age.  128 

 129 

Anthropometric evaluation 130 

At birth, anthropometric characteristics (weight and length) and gestational age 131 

determined using the method proposed by Capurro et al. [21] were recorded within the 132 

first 24 hours of life. The anthropometric characteristics were determined again in the 133 

home setting at a frequency of twice per week until the children had completed 26 weeks 134 

of age. Growth rate was classified as rapid when the difference in the Z score for the 135 

weight for age index between six months of age and birth was more than 0.67 standard 136 

deviations [22], considering the curves of the [23].  137 

At eight years of age, BMI according to age and sex was calculated with the aid 138 

of the Anthro Plus software and classified as excess weight (when higher than one 139 

standard deviation) or normal weight (≤ one standard deviation), considering the curves 140 

of the [24]. Waist circumference was measured at the midpoint between the edge of the 141 

last rib and the iliac crest using a non-elastic metric tape (Lasso; Child Growth 142 

Foundation) with the children in underwear, feet in a relaxed posture, arms alongside the 143 

body, feet together, and weight distributed evenly between the feet. The measurement 144 

was performed in triplicate for all individuals and the mean of the three values was 145 

considered for the data analysis. The cutoff point for the classification of high central fat 146 

mass was the 80th percentile proposed by Taylor et al. [25]. 147 
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Weight and height of the adolescents were determined for the calculation of the 148 

BMI (kg/m²). Weight was determined using a digital scale (Filizola) with a capacity of 149 

up to 150 kg and was recorded with a precision of 0.1 kg. The adolescents wore light 150 

clothing and weight was measured with the individual standing on the center of the 151 

platform of the scale with body weight distributed evenly between the feet and gazing 152 

forward, as recommended by Gibson (2005) [26]. Height was measured using a 153 

stadiometer with a sliding scale (Leicester Height Measure – Child Growth Foundation). 154 

The adolescents were instructed to remove any jewelry and accessories from the head, 155 

stand erect with the head positioned parallel to the horizontal plane, knees extended, feet 156 

together, arms alongside the body, palms turned toward the thighs, and ankles, buttocks, 157 

and shoulders in contact with the stadiometer. Height was measured twice and the mean 158 

of the two measurements was considered for the analysis. If a difference of more than 0.5 159 

cm was found between the measurements, height was measured a third time and the two 160 

closest measurements were used for the determination of the mean. Median height 161 

according to sex was considered as the cutoff point to establish categories.  162 

BMI at six months, eight years, and 18 years of age was transformed into z scores 163 

based on the distribution curve of the population studied. Differences in BMI in z scores 164 

between eight years and six months as well as between 18 years and eight years were 165 

considered to determine the growth gain in these periods. The same cutoff point for 166 

weight gain between birth and six months of age was adopted.  167 

Waist circumference was measured on the adolescents in the same manner as 168 

performed at eight years of age. The waist circumference of three female adolescents who 169 

were pregnant for more than 12 weeks was not considered in the study.  170 

Bioelectrical impedance analysis  171 
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Bioelectrical impedance analysis (BIA) was performed to determine the body 172 

composition of the adolescents using the Maltron tetrapolar BF-906 device. The 173 

adolescents were instructed to avoid physical exercise in the 12 hours prior to the exam, 174 

not ingest alcohol, tea, coffee, effervescent or energy beverages in the 24 hours prior to 175 

the exam, eat up to three hours prior to the exam, and urinate 30 minutes prior to the 176 

exam. During the reading, the adolescents were instructed to remain lying on the non-177 

conductive surface with legs and arms separated from the trunk. The adhesive electrodes 178 

were attached to the hand, wrist, foot, and ankle on the right side of the body [27]. 179 

Pregnant adolescents, those suspected to be pregnant, and those who did not 180 

follow the instructions were not submitted to this evaluation, which led to the exclusion 181 

of 12 subjects. Data on fat weight obtained through BIA were used to identify the 182 

proportion of body fat mass using the fat mass index [fat mass (kg)/height squared (m²)] 183 

[28]. Adolescents with a fat mass index higher than the median for their sex were 184 

considered to have excess body fat.  185 

 186 

Physical activity 187 

The level of physical activity was classified based on the intensity, frequency, and 188 

duration of the activity on a weekly basis. For such, the short version of the International 189 

Physical Activity Questionnaire (IPAQ) was used [29]. Physical activity level was 190 

analyzed as a categorical variable (sedentary or active). Individuals who did not practice 191 

any physical activity and those who practiced only light activities were classified as 192 

sedentary, whereas those who practiced light activities plus moderate or intense activities 193 

and those who practiced moderate or intense activities were classified as active. 194 

 195 

Blood pressure 196 
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 For the adolescents, BP was measured on the right arm, which was relaxed and 197 

supported on a table, with the adolescent in the sitting position with feet supported on the 198 

floor. A digital device (Omron, HEM FL 31) with a precision of 1 mmHg and a 22-42 cm 199 

cuff were used. The reading was performed twice after five minutes of rest and with a 200 

five-minute rest period between readings. When the difference between readings was 201 

more than 1 mmHg, a third reading was performed 10 minutes after the first reading. The 202 

mean of the two closest readings was used for analysis. Values of > 120 mmHg for 203 

systolic pressure and/or > 80 mmHg for diastolic pressure were considered for the 204 

classification of elevated blood pressure [30]. 205 

 206 

Statistical analysis 207 

The processing of the data was performed with the aid of the Statistical Package 208 

for the Social Sciences, version 15.0 for Windows (SPSS Inc., Chicago, IL, USA). The 209 

Kolmogorov-Smirnov test was used to determine the pattern of normality of the outcome 210 

variable (systolic and diastolic pressure) and the null hypothesis was accepted. The 211 

Student’s t-test was used for the comparison of the means of systolic and diastolic 212 

pressure according to the explanatory variables. The outcome variables were categorized 213 

and Pearson’s chi-square test was used with the level of significance set at 5% (p ≤ 0.05). 214 

The predictor effect of the independent variables on the outcomes was evaluated 215 

using multivariate logistic regression analysis with a hierarchical model for the 216 

incorporation of variables. For such, a block modeling process was employed. This model 217 

was previously established considering a logical relation between the exposure variables 218 

and outcome. All variables with a p-value < 0.10 in the bivariate analysis were selected 219 

for the regression analysis to restrict the number of variables incorporated into the 220 

analysis as a function of the sample size. As BMI and waist circumference were highly 221 
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correlated, only the latter was incorporated into the regression analysis due to its relation 222 

to greater cardiovascular risk and the quantity of visceral adipose tissue [31]. All variables 223 

remained in the final model. 224 

 225 

Ethical aspects  226 

This study received approval from the Human Research Ethics Committee of the 227 

Center for Health Sciences of the Federal University of Pernambuco (certificate nº 336/08 228 

from December 14th, 2009) and was conducted in accordance with the ethical aspects 229 

stipulated in the Declaration of Helsinki as well as Resolution nº. 196/1996 of the 230 

Brazilian National Board of Health. The legal guardians signed a statement of informed 231 

consent authorizing the participation of the adolescents in the study. When the adolescent 232 

was his/her own legal guardian, he/she signed the statement. 233 

 234 

RESULTS 235 

Among the 208 adolescents evaluated, the female sex accounted for 59.6% and 236 

the prevalence of elevated blood pressure was 37.5%. A total of 66.6% of the adolescents 237 

had a family income per capita less than half the Brazilian monthly minimum wage and 238 

20.2% had excess weight. Regarding the variables at birth and six months of age, 34.1% 239 

had low birth weight, 59.1% had a family income less than the Brazilian monthly 240 

minimum wage and, among the 156 evaluated at six months of age, 39.7% had rapid 241 

postnatal weight gain. Among the 150 adolescents evaluated at eight years of age, 21.3% 242 

had excess weight.   243 

The adolescents with the highest mean systolic pressure were males, those whose 244 

mothers were taller, and those who had a family income equal to or higher than the 245 

Brazilian monthly minimum wage at birth. A high mean systolic pressure was also found 246 
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in adolescents who exhibited rapid weight gain in the first six months of life as well as 247 

those who, at eight years of age, had excess weight and a high waist circumference. At 248 

18 years, having height above the median, excess weight, and being physical active were 249 

also associated with a higher mean systolic arterial pressure (Table 1). 250 

Higher mean diastolic arterial pressure was found among adolescents whose 251 

mothers were taller, those who, at eight years of age, had a high waist circumference, and 252 

those who, at 18 years of age, were taller, had excess weight, and had excess body fat 253 

(Table 1).  254 

A greater frequency of elevated blood pressure in adolescence was found among 255 

males, those who had rapid postnatal weight gain, excess body weight, a high weight 256 

circumference, as well as those who were taller in adolescence (Table 2). 257 

The results logistic regression analysis of the factors associated with elevated 258 

blood pressure in adolescence are displayed in Table 3. The likelihood of having elevated 259 

blood pressure was greater among adolescents who had rapid postnatal weight gain 260 

(OR=2.74; 95% CI 1.22-6.14; p=0.014), those who reported being physically active 261 

(OR=2.7; 95% CI 1.08-6.74; p=0.034), and males (OR=4.15; 95% CI 1.66-10.38; 262 

p=0.002). 263 

 264 

 265 

DISCUSSION 266 

 The present study evaluated low birth weight and rapid postnatal weight gain as 267 

predictors of elevated blood pressure in adolescence and identified other factors 268 

associated with this outcome in a birth cohort involving a population with a low 269 

socioeconomic status. Among the main results, we identified that rapid weight gain in the 270 

first six months of life was independently associated with a greater chance of elevated 271 
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blood pressure in adolescence. Other factors independently associated with this outcome 272 

were the male sex and being physically active.  273 

The longitudinal design with follow-up since birth enabled obtaining information 274 

on the growth of the children in a systematic manner from birth to six months as well as 275 

in childhood and adolescence. After 18 years of follow-up and reevaluations of the same 276 

population, it was possible to investigate whether deviations in normal growth that 277 

occurred during the “window of opportunity” for child development may be risk factors 278 

for health problems in the future.  279 

Exposure to adverse health problems in the critical phases of development 280 

(prenatal and postnatal periods) and associations with adaptations that have consequences 281 

for health in adulthood have been discussed for several years in the literature [32]. A poor 282 

nutritional status for the fetus can lead to low birth weight, which, in turn, is associated 283 

with a greater risk of rapid postnatal weight gain [15]. Rapid weight gain in the first 284 

months of life is initially a protective response that favors the maintenance of the child’s 285 

life and adaptations to the extrauterine environment [13]. However, this compensatory 286 

mechanism can lead to changes in hormone concentrations and hormonal sensitivity in 287 

difference tissues, the inadequate development of organs, and, consequently, a 288 

predisposition to metabolic and cardiovascular complications in adulthood, including 289 

hypertension [33].  290 

No association was found between low birth weight and elevated blood pressure 291 

in adolescence in the present study. However, a greater likelihood of elevated blood 292 

pressure was found among the adolescents who had rapid postnatal weight gain. These 293 

results are in agreement with findings described by Bustos et al. [34], who reported no 294 

association between low birth weight and higher BP in adolescence. In environments with 295 

a low social economic status, the association between low birth weight and higher BP 296 
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levels was found when children also exhibited rapid postnatal weight gain [35]. This 297 

suggests that rapid weight gain may be an early determinant of the risk for hypertension 298 

in subsequent phases of the life cycle. 299 

In an investigation conducted to identify which of these two factors (low birth 300 

weight and rapid postnatal weight gain) was more important to the development of high 301 

BP, Kelishadi et al. [36] found that only those with rapid postnatal weight gain were at 302 

greater risk for hypertension. Subsequent studies confirmed this finding [37, 14, 38].  303 

 Regarding the effect of postnatal weight gain on health in adulthood, Metcalfe and 304 

Monaghan [39] presented the notion of “grow now, pay later”, by which rapid growth at 305 

the onset of life is associated with metabolic and cardiovascular complications in 306 

adulthood. However, other studies observed signs of these complications, including an 307 

increase in BP, before reaching adulthood. Singhal et al. [40] concluded that rapid weight 308 

gain at the onset of life, independently of the type of feeding in this period, promoted an 309 

increase in BP at six and eight years of age. The same findings were seen at 10 years of 310 

age [38] and in adolescence [39, 41]. 311 

 The mechanisms involved in the late onset increase in BP after rapid postnatal 312 

weight gain have not yet been clarified. According to Singhal [42], rapid postnatal weight 313 

gain is associated with obesity, low sensitivity to insulin, low HDL cholesterol, high 314 

triglyceride levels, and markers of atherosclerosis at 18 years of age. These factors 315 

predispose individuals to hypertension and the risk of cardiovascular disease.  316 

Upon finding that low birth weight and rapid postnatal weight gain up to three 317 

years of age were associated with an increase in uric acid and BP, Park et al. [43] 318 

suggested that being born with a low weight leads to less development of the renal system, 319 

promoting hyperfiltration due to the lower number of nephrons and, consequently, 320 

systemic hypertension. This response may be more accentuated in those with rapid 321 
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postnatal weight gain. Besides the lower number of nephrons, there is also a lower 322 

quantity of glomeruli, which, when associated with the increase in metabolic demand 323 

stemming from the accelerated weight gain, leads to the early development of 324 

hypertension [44]  325 

Children with a high waist circumference at eight years of age were threefold more 326 

likely to have elevated blood pressure in adolescence. The fact that this association had 327 

only borderline significance in the multivariate logistic regression (p = 0.078) was 328 

probably due to the small sample size, as suggested by the wide confidence interval. This 329 

association has biological relevance, as a high waist circumference indicates greater 330 

deposition of body fat, especially visceral fat, which is an independent predictor of 331 

morbidity and mortality due to cardiovascular disease [31]. Therefore, this variable 332 

warrants further investigation. 333 

 Adolescents who reported being more active had a greater likelihood of elevated 334 

blood pressure. This finding is contrary to the well-documented benefits of physical 335 

activity regarding the prevention and control of hypertension [45, 46, 5, 6] Reporting a 336 

similar result to that of the present investigation, Tsioufis et al. [47] and Teh et al. [48] 337 

justified this unexpected finding to a possible overestimation of physical activity 338 

performed by the respondents due to the fact that the IPAQ is self-reported. We also 339 

consider this possibility. According to Lee et al. [49], there is a possible overestimation 340 

in the level of physical activity reported through the IPAQ of around 84%. 341 

A greater likelihood of elevated blood pressure was found in male adolescents. 342 

This association has also been found in previous studies [5, 6, 41]. According to Maranon 343 

and Reckelhoff [50], this finding may be secondary to sex hormones, as female hormones 344 

are associated with protective factors (vasodilation, a reduction in the synthesis of 345 

angiotensin II, and a reduction in the response to aldosterone), whereas androgens 346 
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contribute to the emergence of hypertension due to the greater activation of the 347 

sympathetic nervous system, greater sodium reuptake in the proximal tubule, and an 348 

increase in the synthesis of angiotensin). Differences between the sexes also mediate the 349 

relations of catecholamines in alpha and beta adrenergic receptors, promoting greater 350 

sympathetic activity and, consequently, an increase in BP in men [51].  351 

 The present study has limitations that should be considered. Losses to follow-up 352 

are a common occurrence in longitudinal studies, especially in developing countries, and 353 

impede the evaluation of the same individuals in all steps of the investigation. Moreover, 354 

it was not possible to evaluate body fat with other more accurate methods to identify the 355 

quantity of body fat and investigate the association with blood pressure. Another 356 

limitation was the evaluation of physical activity level using an instrument that may not 357 

have been precise enough to measure the intensity of the activities.  358 

In conclusion, the present findings lend strength to the hypothesis that events in 359 

critical phases of development are associated with future adverse health conditions. It is 360 

important to investigate factors associated with elevated blood pressure at early ages of 361 

the life cycle prior to the development of hypertension. Among such factors, the present 362 

study highlights rapid postnatal weight gain, indicating that children with this growth 363 

deviation in the first months of life seem to be predisposed to an increase in blood pressure 364 

independently of their birth weight and other factors throughout life. Thus, such 365 

individuals should be regularly followed up to minimize the accumulation of other risk 366 

factors for hypertension. 367 

 368 

Abbreviations 369 

 370 

ABW – appropriate birth weight 371 
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BP - blood pressure  372 

BIA - bioelectrical impedance analysis 373 

BMI - body mass index 374 

CI – confidence interval 375 

FMI – fat mass index 376 

LBW – low birth weight 377 

MW - minimum wage 378 

OR – odds ratio 379 

SD- standard deviation 380 

WC - waist circumference 381 

WHO - World Health Organization 382 
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TABLE 1. Mean systolic and diastolic blood pressure of adolescents according to variables 628 

at birth, in childhood and adolescence 629 

Variables  Systolic blood pressure 

(mmHg) 

Diastolic blood pressure 

(mmHg) 

N (%) Mean SD p Mean SD P 

At birth        
Sex        
    Male 84 (40.4) 123.76 (12.48) <0.001 72.14 (8.44) 0.549 
    Female 124 (59.6) 112.86 (11.18)  71.41 (8.64)  
Birth weight        
    Low weight  71 (34.1) 117.73 (11.05) 0.692 71.81 (6.84) 0.901 
    Appropriate weight 137 (65.9) 116.99 (13.73)  71.66 (9.33)  
Maternal height (cm)        
    ≥ 150  168 (80.8) 118.19 (12.60) 0.030 72.44 (8.68) 0.012 
    < 150  40 (19.2) 113.34 (12.70)  68.68 (7.33)  
Family income (MW)        
    <1 123 (59.1) 115.78 (11.67) 0.050 71.09 (8.01) 0.207 
    ≥1 85 (40.9) 119.33 (14.21)  72.62 (8.86)  
        
At six month (N=156)        
Postnatal weight gain (SD)        
    >0.67  62 (39.7) 120.61 (12.42) 0.007 73.43 (8.57) 0.095 
    ≤0.67  94 (60.2) 114.74 (13.81)  70.94 (9.27)  
        
At 8 years (N=150)        
BMI        
    Overweight/obesity 32 (21.3) 124.00 (13.52) 0.003 73.75 (8.24) 0.249 
    Adequated/thinness 118 (78.7) 116.13 (12.38)  71.68 (9.13)  
Waist circumference        
    Increased 17 (11.3) 127.88 (12.41) 0.001 76.35 (8.44) 0.038 
    Normal 133 (88.7) 116.51 (13.28)  71.58 (8.91)  
BMI gain between 6 month 

and 8 years* (SD) 

       

    >0.67  19 (16.5) 122.47 (14.22) 0.134 74.89 (7.25) 0.218 
    ≤0.67  96 (83.5) 117.12 (14.10)  71.96 (9.79)  
        
At 18 years        
Per capita family income 

(MW) # 

       

    <0.5 138 (66.6) 117.31 (12.92) 0.980 72.24 (8.68) 0.262 
    ≥0.5  69 (44.4) 117.26 (12.86)  70.83 (8.19)  
BMI gain between 8 and 18 

years (SD) 

       

    > 0.67  20 (14.2) 119.60 (12.21) 0.640 75.90 (8.30) 0.079 
    ≤ 0.67  121 (85.8) 118.08 (13.61)  72.23 (8.65)  
Height        
    ≤ Median 108 (51.9) 115.39 (12.58) 0.029 70.54 (7.94) 0.039 
    > Median 100 (48.1) 119.26 (12.92)  72.99 (9.04)  
Waist circumference ##        
    Increased 39 (19.0) 119.05 (12.71) 0.367 72.44 (9.26) 0.629 
    Normal 166 (81.0) 116.98 (13.57)  71.70 (8.34)  
BMI        
    Overweight/obesity 42 (20.2) 121.81 (11.14) 0.010 74.45 (7.80) 0.020 
    Adequated/thinness 166 (79.8) 116.09 (13.04)  71.01 (8.61)  
FMI        
    Excess body fat 95 (48.5) 117.44 (11.40) 0.750 73.74 (7.64) 0.017 
    Normal body fat 101 (51.5) 118.02 (13.81)  70.91 (8.72)  
Physical exercise        
    Sedentary  71 (34.1) 114.35 (10.50) 0.018 72.38 (7.50) 0.416 
    Active 137 (65.9) 118.76 (13.74)  71.36 (9.05)  

Student’s t-test. *N=115; **N=149; ***N=148; # N=207; ## N=205. MW- minimum wage. BMI – Body 630 

mass index. FMI – fat mass index 631 
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 633 
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TABLE 2. Frequency of systemic arterial elevated blood pressure in adolescents according 634 

to variables at birth. in childhood and adolescence 635 

Variables Systemic Blood Pressure 

Elevated blood 

pressure 

Normal  

 n=78 % n=130 % P 

At birth      
Sex      
    Male 48 57.1 36 42.9 <0.0001 
    Female 30 24.2 94 75.8  
Birth weight      
    Low weight  23 32.4 48 67.6 0.294 
   Appropriate weight 55 40.1 82 59.9  
Maternal height (cm)      
    ≥ 150  68 40.5 100 59.5 0.073 
    < 150  10 25.0 30 75.0  
Family income (MW)      
    <1 41 33.3 82 66.7 0.147 
    ≥1 37 43.5 48 56.5  
      
At six month      
Postnatal weight gain (SD)      
    >0.67  32 51.6 30 48.4 0.002 
    ≤0.67  25 26.6 69 73.4  
      
At 8 years      
BMI      
    Overweight/obesity 20 62.5 12 37.5 0.004 
    Adequated/thinness 40 33.9 78 66.1  
Waist circumference      
    Increased 13 76.5 4 23.5 0.003 
    Normal 47 35.3 86 64.7  
BMI gain between 6 month and 8 years 

(SD) 

     

    >0.67  10 52.6 9 47.4 0.207 
    ≤0.67 35 36.5 61 63.5  
      
At 18 years      
Per capita family income (MW)  55 39.9 83 60.1 0.447 
    <0.5  23 33.3 46 66.7  
    ≥0.5       
BMI gain between 8 and 18 years (SD) 8 40.0 12 60.4 1.000 
    > 0.67  51 42.1 70 57.9  
    ≤ 0.67       
Height 33 30.6 75 69.4 0.044 
    ≤ Median 45 45.0 55 55.0  
    > Median      
Waist circumference  16 41.0 23 59.0 0.716 
    Increased 62 37.3 104 62.7  
BMI      
    Overweight/obesity 19 45.2 23 54.8 0.286 
    Adequated/thinness 59 35.5 107 64.5  
FMI      
    Excess body fat 36 37.9 59 62.1 0.770 
    Normal body fat 41 40.6 60 59.4  
Physical exercise      
    Sedentary  21 29.6 50 70.4 0.098 
    Active 57 41.6 80 58.4  

 636 
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TABLE 3. Logistic regression of factors associated with elevated blood pressure in 637 

adolescents aged 18 years 638 

Variables Unadjusted OR  Adjusted OR  

OR (95% CI) P OR (95% CI)    P 

Block 1       

    Postnatal weight gain (>0.67SD) 2.94 (1.50-5.79) 0.002 2.74 (1.22-6.14) 0.014 

    Waist circumference at 8 years 

(increased) 

5.95 (1.84-19.27) 0.003 3.23 (0.87-11.85) 0.078 

Block 2       

   Maternal height (≥150cm) 2.04 (0.94-4.45) 0.073 1.81 (0.55-5.99) 0.329 

   Adolescent height (>median) 1.86 (1.05-3.28) 0.032 1.12 (0.47-2.66) 0.807 

Block 3       

    Physical activity level (active) 1.70 (0.92-3.13) 0.091 2.70 (1.08-6.74) 0.034 

Block 4       

    Sex (male) 4.18 (2.30-7.59) <0.001 4.15 (1.66-10.38) 0.002 

All variables remained in the logistic regression analysis  639 

Reference categories: Block 1. Postnatal weight gain (≤ 0.67SD); Waist circumference (normal);  640 

Block 2. Maternal height (< 150 cm); Adolescent height (≤ median). Block 3. Physical activity level 641 

(sedentary). Block 4. Sex (female) 642 

 643 

 644 

 645 

 646 

 647 

 648 

 649 

 650 

 651 
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 653 
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 659 

 660 
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 663 

 664 
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 670 

 671 

 672 

 673 

 674 

 675 

 676 



31 

 

APPENDIX 1. Socioeconomic and maternal characteristics at birth of adolescents traced 677 

and those lost to follow-up according to birth weight 678 

 

Low birth weight (n=206) Appropriate birth weight (n=343) 

Lost 

n = 132 

Traced 

n = 74 
 

Lost 

n = 200 

Traced 

n = 143 
 

 n (%) n (%) p n (%) n (%) P 

Sex        
 Male 61 (66.3) 31 (33.7) 0.651 89 (61.8) 55 (38.2) 0.314 
 Female 71 (62.3) 43 (37.7)  111 (55.8) 88 (44.2)  
       
Smoking 

during 

pregnancy 

      

Yes  43 (74.1) 15 (25.9) 0.085 39 (58.2) 28 (41.8) 0.905 
No 89 (60.1) 59 (39.9)  161 (58.3) 115 (41.7)  
       
Maternal 

schooling 

(years) 

      

Never studied 23 (63.9) 13 (36.1) 0.716 36 (64.3) 20 (35.7) 0.074 
1 to 4   96 (65.3) 51 (34.7)  137 (60.1) 91 (39.9)  
≥ 5  13 (56.5) 10 (43.5)  27 (45.8) 32 (54.2)  
       
Family income 

(MW) 

      

≤ 1 93 (67.9) 44 (32.1) 0.219 112 (57.1) 84 (42.9) 0.270 
1.01 – 2.0 30 (54.5) 25 (45.5)  63 (64.3) 35 (35.7)  
> 2.0 9 (64.3) 5 (35.7)  25 (51.0) 24 (49.0)  
       
Family size 

(people) 

      

≤4  77 (68.1) 36 (31.9) 0.232 97 (51.9) 90 (48.1) 0.011 
>4  55 (59.1) 38 (40.9)  103 (66.0) 53 (34.0)  

Yates corrected chi-square. Significance level p ≤ 0.05. MW – minimum wage. 679 


