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Abstract

Hypertension in adolescence may be a predictor of cardiovascular problems in adulthood. Therefore, verification of the fac-
tors associated with this condition in adolescence is important. The aim of this study was to analyze the relationship between
hypertension in adolescents with hypertension and the sociodemographic characteristics and lifestyle of their parents. This
study was conducted on 1231 adolescents, 1202 mothers, and 871 fathers. The blood pressure of the adolescents was
measured with an oscillometric device. Details of parental hypertension, sociodemographic characteristics, and lifestyle
were obtained by self-report. The prevalence of hypertension was higher among adolescents with older fathers and older
mothers, with both parents reporting hypertension and with mothers who were overweight. In multivariable analysis, adoles-
cents with older mothers (OR = 2.36; 95% confidence interval [CI] = 1.12-4.98), hypertensive mothers (OR = 2.22
[95% CI = 1.26-3.89]), and hypertensive fathers (OR = 1.70 [95% CI = 1.03-2.81]) were more likely to have hypertension.
In the analysis that considered clusters of health risk factors, higher risks of hypertension were observed in adolescents whose
mothers had four or more aggregated risk factors (OR = 2.53 [95% CI = 1.11-5.74]). In conclusion, there was a relationship
between hypertension in adolescents and hypertension in their parents. However, an association between hypertension in ad-
olescents and parental age and clusters of health risk factors was only observed for their mothers. J] Am Soc Hypertens
2018;12(3):182-189. © 2018 American Society of Hypertension. All rights reserved.
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likely to be hypertensive in adulthood,” leading to various
types of cardiovascular diseases.”®

Parental hypertension has been associated with a higher
risk of hypertension in their children.” Although there is a
link between genetic factors and the development of hyper-
tension in adolescents,” factors related to parental lifestyle
may also contribute to this phenomenon. For example,

Introduction

Hypertension is a relevant condition in childhood and
adolescence.'” Adolescents with hypertension are more
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Simonetti et al.” observed significant associations between
parental smoking and hypertension in children, even after
adjusting for confounding factors such as body mass index,
parental hypertension, and birth weight. Physical inactivity
and sedentary behavior of parents may also contribute to
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the adoption of these behaviors by their children and ado-
lescents, which, accompanied with unhealthy habits, !
increase the incidence of overweight and obesity and, ulti-
mately, hypertension among adolescents.'”

Despite these recognized relationships, little is known
about whether parental lifestyle factors such as sedentary
behavior, smoking, and alcohol consumption are related
to increased blood pressure values in adolescents. There-
fore, the aim of this study was to determine whether hyper-
tension in adolescents is associated with parental lifestyle
and other factors.

Methods
Sample

This study was conducted in the city of Londrina, south-
ern Brazil. According to the Regional Center for Education
of Londrina, there were 17,392 adolescents enrolled in high
schools in 2010, 55% females and 45% males (data pro-
vided by the Regional Center for Education of Londrina,
Brazil). This study was conducted in adolescents attending
the six largest public high schools in the downtown area.
These schools were intentionally chosen because they
receive students from all regions of the city and from
different socioeconomic statuses. Adolescents aged
14-17 years from all classes in these six schools were
invited to participate in this study, as were their parents
or guardians. Adolescents who agreed to participate in
the study received two consent forms—one for their parents
or guardians to authorize the adolescents’ participation in
the study and one for the mothers and fathers to sign if
they also agreed to participate in the study. Together with
the consent forms, the questionnaires were sent to the par-
ents to be answered at home. A total of 1495 students
agreed to participate in the study, but only 1267 returned
with their parents’ consent form signed, allowing their
participation in the study. Finally, 1231 adolescents partic-
ipated in the evaluations. The exclusion criteria were (1)
practice of physical activity within 24 hours prior to the
blood pressure assessment; (2) the consumption of caffein-
ated beverages and/or chocolate the day prior to the assess-
ment of the blood pressure measurement; and (3) the use of
medication for controlling blood pressure. This study was
approved by the ethics committee of the proponent research
institution.

Adolescents’ Variables

Blood Pressure

Systolic blood pressure (SBP) and diastolic blood pres-
sure (DBP) were measured with an electronic device
(Omrom HEM-742; Omron Corporation, Kyoto, Kansai,
Japan) that was previously validated for pediatric popula-
tions.'” After 5 minutes of resting in a sitting position,

two measures were taken on the right arm, with a
2-minute interval between them; the mean value was
used. Values higher than the 95th percentile of the National
High Blood Pressure Education Program cutoffs adjusted
for age, gender, and height (NHBPEP 2004) were consid-
ered as hypertensive.'*

Anthropometry

The adolescents were weighed using a digital scale with
accuracy of 0.1 kg; height was measured using a portable
stadiometer with an accuracy of 1 cm. Body mass index
(BMI) was calculated by dividing weight by the square of
the height. Adolescents were characterized as having or
not having excess weight according to the cutoff points
used by Cole et al.””

Parent or Guardian Variables

Hypertension

The parents’ hypertension status was assessed by self-
report using the following questions: ‘“Have you ever
been diagnosed as hypertensive by a doctor?” or “Do
you take any medication to control blood pressure?”’ Par-
ents who responded yes for one of the questions were
considered hypertensive.

Sociodemographic Variables and Anthropometry

The sociodemographic variables were age and parental
schooling in years of study. These variables were divided
into tertiles. The weight and height of the parents were as-
sessed by self-report. From these values, BMI was calcu-
lated by dividing weight by the square of the height.
Parents or guardians with a BMI value greater than
24.99 kg/m* were classified as overweight.

Sedentary Behavior

For parents or guardians, sedentary behavior considered
the time spent using a computer and watching television
in a week. The total hours of sedentary behavior were strat-
ified into quartiles: those located in quartile 1 were classi-
fied as having low sedentary behavior, quartiles 2 and 3 as
moderately sedentary and quartile 4 as high sedentary
behavior.

Physical Activity

Physical activity (PA) was assessed using the question-
naire by Baecke et al.'® This questionnaire provides a total
score based on the sum of different PA domains such as lei-
sure activities and sports activities outside the school envi-
ronment. PA during leisure time was determined from the
information of the frequency regarding time spent by adults
watching television, walking, or cycling during leisure
time. Sports practice was determined by the intensity and
length of time (number of hours per week) that the
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individual used to practice sports in the 12 months before
the evaluation. This instrument has been tested and vali-
dated in Brazilian adults,'” and it has been validated against
gold standard methods, such as the doubly labeled water
method, for measuring physical activity.'®

Initially, the score was calculated according to Baecke
et al.'® The score was then divided into quartiles: parents
located in quartile 1 were classified as inactive, quartiles
2 and 3 as moderately active and those in the highest quar-
tiles as physically active.

Alcohol Consumption

Alcohol consumption was assessed by the questionnaire
of the Brazilian Center for Psychotropic Drugs,'” which as-
sesses the frequency and amount of drinks consumed. Par-
ents or guardians who reported the consumption of more
than 1-2 doses 1-2 days or more per week were classified
as high consumers. The cutoff point adopted was that pro-
posed by Moreira et al.”’

Smoking

Smoking was assessed using the following question: Are
you a smoker? If yes, how many cigarettes do you usually
smoke per day? Adolescents and parents who reported be-
ing smokers and consumed at least one cigarette per day
were classified as smokers.

Statistics Analyses

The association of hypertension in adolescents with soci-
odemographic characteristics and other variables of parents
or guardians was evaluated using the chi-square test. All
variables that were significant at P < 20% were considered
in the multivariate model performed by binary logistic
regression. The adjusted multivariate analysis included
the adolescents’ gender, age, and BMI as confounding
factors.

In the analysis of the association between hypertension in
adolescents and hypertension and associations of health risk
factors for parents, the variables sedentary behavior and
physical activity were dichotomized, with health risk values
equal to or greater than the 75th percentile for sedentary
behavior and equal to or greater than the 25th percentile
for physical activity. The associations of health risk factors
for parents considered the following factors: hypertension,
overweight, smoking, high consumption of alcoholic bever-
ages, high sedentary behavior, and low physical activity. The
analysis of associations created compared: (1) having no risk
factors; (2) having one risk factor; (3) having two risk fac-
tors; (4) having three risk factors; and (5) having four or
more risk factors.

The confidence interval (CI) was 95%, and the statistical
significance adopted was 5%. The software used was SPSS,
version 15.0.

Results

The study included 1231 adolescents (515 boys and 716
girls), 1202 mothers or female guardians, and 871 fathers or
male guardians. The characteristics of the sample are
shown in Table 1. The prevalence of hypertension was
12%, 19.7%, and 23% in adolescents, mothers, and fathers,
respectively.

Adolescents whose mothers were hypertensive had a
higher mean SBP (P = .046) and a higher mean DBP
(P = .002) compared with adolescents with normotensive
mothers. Similar relationships were observed for adoles-
cents whose fathers were hypertensive, as the mean SBP
(P = .006) and DBP (P = .001) values were higher in ad-
olescents with hypertensive fathers compared with adoles-
cents whose fathers were normotensive.

There was a significant association between hypertension
in adolescents with maternal age, BMI, and hypertension
and with paternal age and hypertension. None of the par-
ents’ lifestyle characteristics were associated with hyper-
tension in adolescents (Tables 2 and 3).

In the unadjusted analysis of the associations, hypertension
in adolescents was significantly associated with maternal
age, BMI, and hypertension and with paternal age and hyper-
tension. In the adjusted analysis, after all variables were
simultaneously inserted into the model, hypertension in ado-
lescents remained associated with maternal age and with
hypertension among both mothers and fathers (Table 4).

Table 1
Characterization of the sample

Variables Mean Standard Deviation
95% CI)

Adolescents

Age 15.55 1.07

Weight 60.12 13.07

Height 166.70 9.18

BMI 21.55 3.89

SBP 114.97 11.38

DBP 64.84 7.80

Hypertension (%) 12.00 (10.21-13.84)
Mothers

Age 4331 7.18

Weight 68.01 12.84

Height 161.36 6.47

BMI 26.10 4.66

Hypertension (%) 19.7 (17.47-21.97)
Fathers

Age 45.76 7.45

Weight 82.16 14.50

Height 173.14 7.01

BMI 27.35 4.20

Hypertension (%) 23.3 (20.50-26.11)

BMI, body mass index; CI, confidence interval; DBP, diastolic
blood pressure; SBP, systolic blood pressure.
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Table 2
Hypertension in adolescents and the sociodemographic character-
istics and risk factors for health in their parents or guardians

Table 3
Hypertension in adolescents and the lifestyle characteristics of
their parents or guardians

Parents’ Characteristics Total (n) HTN (%) P-Value Parents’ Lifestyle Total (n) HTN (%) P-Value
Mother or female guardian Mother or female guardian
Age (y) Sedentary behavior (h/wk)
<40 437 7.3 <.001 <14 322 11.8 .649
41-46 409 12.9 15-28 564 10.9
>47 356 15.7 >29 316 12.9
Education level (y) Physical activity
<8 288 12.8 .669 Inactive 369 13.0 .886
9-11 520 9.8 Moderate 522 10.1
>12 394 13.4 Active 311 12.8
Hypertension High consumption of alcohol
Absence 965 9.4 <.001 Absence 860 12.3 359
Presence 237 21.0 Presence 342 10.2
BMI (kg/m?) Smoking
<25 542 7.9 <.001 Absence 1051 11.3 278
>25 660 14.8 Presence 149 14.7
Father or male guardian Father or male guardian
Age (y) Sedentary behavior (h/wk)
<43 349 8.0 .002 <14 229 10.4 129
44-47 193 15.5 15-29 419 12.6
>48 329 16.1 >30 223 15.2
Education level (y) Physical activity
<8 175 13.7 468 Inactive 224 16.0 123
9-11 374 10.4 Moderate 424 11.7
>12 322 14.9 Active 223 11.2
Hypertension High consumption of alcohol
Absence 668 10.4 <.001 Absence 345 11.8 .608
Presence 203 20.1 Presence 526 13.3
BMI (kg/m?) Smoking
<25 256 13.3 744 Absence 714 13.1 524
>25 615 12.5 Presence 156 10.8

BMI, body mass index; HTN, hypertension.

The associations between hypertension in adolescents and
associations of health risk factors for parents revealed that
when mothers had four or more risk factors simultaneously,
adolescents were 2.5 times more likely to have hypertension
compared with mothers with no risk factors (Table 5).

Adolescents who had only one hypertensive parent were
approximately twice as likely to have this problem
(OR = 2.11 [95% CI = 1.30-3.48]). When both parents
had hypertension, adolescents were four times more likely
to have hypertension (OR = 3.72 [95% CI = 1.48-9.35]).

Discussion

The main findings of this study were that hypertension in
adolescents was associated with older maternal age and hy-
pertension in both parents. Moreover, the largest number of
associations of health risk factors for mothers had a signif-
icant relationship with hypertension in adolescents.

Higher blood pressure levels in adolescents were associ-
ated only with maternal age and not with paternal age. One

HTN, hypertension.

hypothesis is that this relationship may be determined by
the older age of these mothers during pregnancy. Similar
findings were observed in a study by Whincup et al.,”' in
which the age of mothers was related to hypertension in
children. A possible explanation is that older mothers
have an increased risk of having children with a low birth
weight,”> which has been associated with hypertension in
children. The occurrence of diabetes in children should
also be considered. In a meta-analysis, Cardwell et al.”?
observed that for each increase of 5 years in maternal
age, the likelihood of the child having diabetes increased
by 5%. Subjects with diabetes have increased inflammatory
markers related to endothelial dysfunction.”* Unfortunately,
we did not collect data regarding the adolescents’ diabetic
status. Furthermore, the relationship between older parental
age and BMI of adolescents (data not shown [there was a
marginal relationship between maternal age and BMI in
adolescence]) may also have contributed to this relationship
since being overweight is commonly associated with
hypertension.”



186 D.G.D. Christofaro et al. | Journal of the American Society of Hypertension 12(3) (2018) 182—189

Table 4
Multivariable model analysis of the association between hypertension in adolescents’ and parents’ variables
Variables Unadjusted Adjusted
OR CI (95%) P-Value OR CI (95%) P-Value
Mother’s
Age
<40 Ref Ref Ref Ref Ref Ref
41-46 1.88 1.18-2.98 007 2.50 1.28-4.89 007
>47 2.36 1.49-3.74 001 2.36 1.12-4.98 024
BMI
<25 Ref Ref Ref Ref Ref Ref
>25 2.02 1.38-2.95 <.001 1.04 0.63-1.74 .859
Hypertension
Absence Ref Ref Ref Ref Ref Ref
Presence 2.56 1.75-3.75 <.001 2.22 1.26-3.89 005
Father’s
Age
<43 Ref Ref Ref Ref Ref Ref
44-47 2.11 1.21-3.65 .08 1.14 0.57-2.26 702
>48 2.20 1.35-3.57 .001 1.15 0.58-2.27 .687
Hypertension
Absence Ref Ref Ref Ref Ref Ref
Presence 2.16 1.41-3.30 <.001 1.70 1.03-2.81 035
Sedentary behavior (h/wk)
<14 Ref Ref Ref Ref Ref Ref
15-28 1.23 0.74-2.06 415 1.43 0.79-2.62 235
>29 1.53 0.87-2.68 132 1.34 0.69-0.260 .381
Physical activity
Inactive Ref Ref Ref Ref Ref Ref
Moderate 0.69 0.43-1.10 .698 .68 0.38-1.19 177
Active 0.65 0.38-1.14 .659 .62 0.32-1.19 152

BMI, body mass index; CI, confidence interval.

Bold values are statistically significant.

Corroborating our findings regarding the association be-
tween parental and adolescents’ hypertension, in a cross-
sectional study, Gomez-Garcia et al.?° found that children

of parents with hypertension or diabetes were more likely
to develop cardiovascular risk factors. These results were
also observed by Kelishadi et al.”’ after evaluating the

Table 5
Association between hypertension in adolescents and clustering of health risk factors of their parents or guardians
Variables Unadjusted Adjusted
OR CI (95%) P-Value OR CI (95%) P-Value
Mother or female guardian
None Ref Ref Ref Ref Ref Ref
One factor 1.08 0.58-1.98 798 0.89 0.46-1.71 730
Two factors 1.71 0.95-3.07 .071 1.31 0.70-2.47 391
Three factors 1.87 0.98-3.56 .055 1.23 0.61-2.47 561
> Four factors 3.33 1.59-6.94 .001 2.53 1.11-5.74 .026
Father or male guardian
None Ref Ref Ref Ref Ref Ref
One factor 0.44 0.19-1.03 .060 0.40 0.16-0.99 .048
Two factors 0.56 0.26-1.23 154 0.50 0.21-1.16 110
Three factors 0.72 0.32-1.58 416 0.52 0.22-1.24 144
>Four factors 1.23 0.53-2.83 .619 1.07 0.43-2.69 .870

BMI, body mass index; CI, confidence interval.
Adjusted for sex, age and BMI of adolescents.

Bold values are statistically significant.
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relationship between hypertension in children and adoles-
cents with hypertensive parents. In a cohort study conduct-
ed in 1948 in the city of Framingham in the United States,
Lee et al.”® analyzed several biological markers and identi-
fied a correlation between SBP levels of parents and those
of their children. These findings point to a significant ge-
netic influence. Some genes transmitted from parents to
their children can cause an increase in the renal absorption
of salt in association with potassium deficiency, causing
increased blood pressure.”” In addition, in our study, a
multivariable analysis was performed comparing adoles-
cents of parents without hypertension to those who had
only one or both parents with hypertension and found an
increased risk when both parents had hypertension.

Few studies have investigated whether parental lifestyle
behaviors are associated with hypertension in adolescents.
In the present study, no association was observed between
lifestyle behaviors of parents and blood pressure levels in ad-
olescents. In a study conducted by Watt et al.,” no associa-
tion was found between parents with higher sodium
excretion levels and higher blood pressure levels in children.
Different findings were reported by Simonetti et al.” in
Germany, who found that the children of parents who
smoked were more likely to have hypertension. The differ-
ences among results may be due to different methodologies.
For example, this study used the average of two blood pres-
sure measures and an oscillometric automatic device,
whereas Simonetti et al.” used three measurements and an
aneroid device. In addition, the prevalence of smoking
among parents in the study by Simonetti et al.” was higher
compared with that observed in our study: 28.5% of fathers
and 20.7% of mothers reported being smokers in Germany;
in our study, 17.9% of fathers and 12.4% of mothers reported
this behavior. Another factor may be the age of the individ-
uals. In the study by Simonetti et al.,” the population was
composed of preschool children who generally spend more
time with their parents and therefore are more likely to be
exposed to smoke and subsequently to develop higher blood
pressure levels. The population of our study was composed
of adolescents, who are generally more independent and
have other social relations mainly composed of their peers.

One of the novelties of this study was that it analyzes
whether the association of parental health risk factors
would increase the chance of hypertension in adolescents.
This was not confirmed with fathers, but the adolescents
of mothers with four or more associated risk factors were
2.5 times more likely to have hypertension. In addition to
genetic factors, which could influence the occurrence of hy-
pertension in adolescence, mainly due to some conditions
during pregnancy, mothers tend to spend more time with
their children than fathers and perhaps have more influence
on their behavior such as sedentary lifestyle, physical inac-
tivity, smoking, and alcohol consumption.

One of the limitations of this study is the self-reported
assessment of hypertension among parents, which may

contribute to its possible underestimation. The nonevalua-
tion of diabetes in this study should be considered a limita-
tion because parents’ diabetes may be a risk factor for high
blood pressure in children. Moreover, although we included
adolescents’ age, sex, and BMI in the statistical models as
possible confounders, others such as physical activity,
sedentary behavior, and alcohol consumption by adoles-
cents were not included, and these behaviors may play an
important role in the incidence of hypertension among
young people.'”'? Another factor is the cross-sectional
design of the study, a feature that does not allow us to infer
a causal effect about the association of parental hyperten-
sion and higher blood pressure values in adolescents. The
measurement of blood pressure in a single day is another
factor to be considered as a limitation because it can over-
estimate the prevalence of hypertension.”’ In addition, it
was not possible to differentiate biological parents from
guardians because the coordinator of the Education Depart-
ment of the city where the study was conducted asked us
not to inquire the adolescents about this situation to avoid
possible constraints to the adolescents. Nevertheless, we
believe that the majority of the adults who responded
were the biological parents of the adolescents since our
study was performed in a population whose socioeconomic
status varies from average to low, which does not favor, for
example, the hiring of maids. In addition, only approxi-
mately 4% of the male and female adults included in this
study were older than 60 years, indicating they were poten-
tially grandparents responsible for the adolescents. Howev-
er, a positive aspect of this study is the large sample size,
which is composed of adolescents, parents, or guardians,
and the analyses exploring whether the lifestyle of these
parents or guardians influence the blood pressure of adoles-
cents. Another relevant aspect is the adjustment of statisti-
cal models for the main confounding variables in the
analyses to verify whether some variables would modify as-
sociations in the final model.

In conclusion, this study showed that hypertension in ad-
olescents is associated with hypertension in their parents
and was related to maternal age and the presence of four
or more health risk factors in mothers. The focus of health
promotion activities should include the family as a whole,
particularly mothers, thereby seeking to decrease the chan-
ces of hypertension in children.
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