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Cardiorespiratory Fitness and Blood Pressure: A Longitudinal Analysis

Abstract

OBJECTIVES: To examine the association between cardiorespiratory fitness and cardiovascular indices 2
years later, and to determine whether changes in cardiorespiratory fitness are associated with
cardiovascular indices at a 2-year follow-up in adolescents. STUDY DESIGN: The sample comprised 734
adolescents (349 girls) aged 12-18 years followed for 3 years from the LabMed Physical Activity Study.
Cardiorespiratory fitness was assessed by the 20-meter shuttle run test. Height, weight, waist
circumference, and resting blood pressure (BP) were measured according to standard procedures.
RESULTS: Regression analyses showed a significant inverse association between cardiorespiratory
fitness at baseline and systolic BP (B = -0.126; P = .047) and rate pressure product (B =-29.94; P =.016),
at follow-up after adjustments for age, sex, height, pubertal stage, socioeconomic status, and waist
circumference. Significant differences were found between cardiorespiratory fitness groups (fit vs unfit)
at baseline and systolic BP and rate pressure product at follow-up (P < .05 for all). Analysis of covariance
showed a significant association between cardiorespiratory fitness changes and systolic BP (P = .024)
and rate pressure product (P = .014), after adjustment for age, sex, height, pubertal status, socioeconomic
status, and waist circumference. CONCLUSIONS: Changes in cardiorespiratory fitness during adolescence
were associated with cardiovascular indices over a 2-year period. Adolescents with persistently low levels
of cardiorespiratory fitness exhibited the highest levels of systolic BP and rate pressure product.
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Running title: Cardiorespiratory fitness and blood pressure

ABSTRACT

Objectives: This study aimed i) to examine the association between cardiorespiratory
fitness and cardiovascular indexes 2 years later; (ii) to determine whether changes in
cardiorespiratory fitness are associated with cardiovascular indexes at 2-yr follow-up, in
adolescents.

SUBJECTS/METHODS: The sample comprised 734 adolescents (349 girls) aged
from 12-18 followed 3 yr from the LabMed Physical Activity Study.

Results: Cardiorespiratory fitness was assessed by 20 meters’ shuttle run test. Height,
weight, waist circumference and resting blood pressure (BP) were measured according
to standard procedures. Regression analyses showed a significant inverse association
between cardiorespiratory fitness at baseline and systolic BP (B =-0.126; p=0.047) and
rate pressure product (B =-29.94; p=0.016), at follow up after adjustments for age, sex,
height, pubertal stage, socioeconomic status and waist circumference. Significant
differences between cardiorespiratory fitness groups (Fit vs Unfit) at baseline and
systolic BP and rate pressure product at follow up (p<0.05 for all) were found.
Regarding the cardiorespiratory fitness-change categories, analysis of covariance
showed a significant association between cardiorespiratory fitness-changes and systolic
BP (p=0.024) and rate pressure product (p=0.014), after adjustment for and age, sex,
height, pubertal status, socioeconomic status and waist circumference.

Conclusions: Changes in cardiorespiratory fitness during adolescence were associated
with cardiovascular indexes over a two-year period: adolescents with persistently low
levels of cardiorespiratory fitness exhibited the highest levels of systolic BP and rate
pressure product.

KEYWORDS: blood pressure, aerobic fitness changes, youth.



Introduction

Globally, cardiovascular disease accounts for approximately 17 million deaths
annually (1), and hypertension is responsible for at least 45 percent of deaths due to
heart disease every year (1). The prevalence of raised blood pressure (BP) in children
and adolescents has become a significant public health issue (2). BP seems to track from
childhood to adulthood, and an elevated BP during childhood is likely to predict adult
hypertension (3). Hypertension seems to be one of the major modifiable risk factors for
cardiovascular disease with roots in childhood (3,4), and therefore, studies are needed to
identify the determinants of BP tracking in childhood and adolescence (3).

Findings from cross-sectional studies in adolescents have shown that low
cardiorespiratory fitness is inversely associated with increased BP (5,6). In addition,
longitudinal studies have shown that a high level of fitness in childhood is associated
with lower BP in adulthood (7,8). Kvaavik and colleagues reported that physical fitness
levels at the age of 13 years were inversely related to systolic and diastolic BP two
years later (9). However, it is of interest to the public’s health to better understand how
changes in cardiorespiratory fitness during adolescence correlate to BP later in life.

The aims of this study were: (i) to examine the association between
cardiorespiratory fitness and cardiovascular indexes two years later; and (ii) to
determine whether changes in cardiorespiratory fitness are associated with
cardiovascular indexes at a two-year follow-up in a sample of adolescents.

Methods
Study Design and Sample

The current study is part of the “Longitudinal Analysis of Biomarkers and

Environmental Determinants of Physical Activity (LabMed Physical Activity Study)”, a

school-based cohort carried out in the Northern Region of Portugal, which aimed to



evaluate the independent and combined associations of dietary intake and fitness levels
on cardiometabolic risk factors. Detailed description of sampling and recruitment
approaches, data collection, analysis strategies have been described elsewhere (10,11).
In short, selection of schools was based on pragmatic, budgetary and logistical reasons.
Thus, a total of 5 schools were randomly selected within those which had previous
collaboration agreements established with our research centre and fitted the above-
mentioned criteria. Baseline data was collected in 2011 for 1,229 adolescents aged 12
to-18 years 1,011 and 789 subjects were reevaluated 1 and 2 years later, respectively. Of
those, a total of 734 adolescents (349 girls), that had complete data at baseline and 2yr
follow-up on the variables of interest, were included in the present study. None of the
subjects were taking any medication or had any clinically manifest illness. The
participants were informed and advised to abstain of alcohol, tobacco and from any
exercise minimum 24 hrs before tests. Throughout the study no exclusion criteria was
applied to avoid discriminations. However, for the present analysis only apparently
healthy adolescents were considered.

The protocol was conducted according to the World Medical Association’s
Helsinki Declaration for Human Studies. The Portuguese Data Protection Authority
(#1112434/2011), the Portuguese Ministry of Science and Education
(0246200001/2011) and Faculty of Sport, University of Porto, approved the study. All
participants in this study were informed of the study’s aims, and written informed
consent was obtained from participating adolescents and their parents or guardians.
Measures
Cardiorespiratory Fitness

Cardiorespiratory fitness was assessed with the 20-metre Shuttle Run Test (20 m

SRT) (12). This test is arguably the most popular field-based assessment to estimate of



cardiorespiratory fitness in children and youth worldwide (13). This test requires
participants to run back and forth between two lines set 20 m apart. Running speed
started at 8.5 km/h and increased by 0.5 km/h each minute, reaching 18.0 km/h at
minute 20. Each level was announced on a tape player. The participants were instructed
to keep up with the pace until exhausted. The test was finished when the participant
failed to reach the end lines concurrent with the audio signals on two consecutive
occasions. Otherwise, the test ended when the subject stopped because of fatigue. The
participants received verbal encouragements from the investigators to achieve
maximum performance, i.e. to keep running as long as possible. The test was performed
once, and the number of shuttles performed by each participant was recorded to
posterior calculation of VOymax using Léger’s equations (12). Adolescents were also
classified in two groups (Fit and Unfit) according to specific cut points for adolescents
(14).
Blood Pressure

Blood pressure was measured according to the procedures recommended in the
literature (15-17). Blood pressure was measured using a Dynamap vital signs monitors
(model BP 8800, Critikon, Inc., Tampa, Florida). Appropriate cuff size matched to the
size of the child’s extremity was used (15). Trained nurses took measurements, and all
adolescents were required to sit and rest for at least 5 min prior to the first blood
pressure measurement. Participants were in a seated, relaxed position with their feet
resting flat on the ground. Two measurements in the non-dominant arm were taken,
after five and 10 min of rest and abstinence from coffee, tobacco or alcohol. The mean
of these two measurements was considered. If the two measurements differed by 10
(mmHg) or more, a third measure was taken and the first one discarded (17). This

approach was used in a previous studies in a population with similar



characteristics (18,19). The rate pressure product was calculated as (heart rate x systolic
BP) and pulse pressure was defined as the difference between systolic BP and diastolic
BP.
Socioeconomic Status

The socioeconomic status was assessed with the Family Affluence Scale (20),
developed specifically to measure children and adolescents socio-economic status in the
context of the Health Behaviour in School-Aged Children Study.
Anthropometrics

Body height was measured to the nearest 0.1 cm in bare or stocking feet with the
adolescent standing upright against a portable stadiometer (Seca213, Hamburg,
Germany). Body weight was measured to the nearest 0.10 kg, lightly dressed, with no
shoes, using a portable electronic weight scale (Tanita Inner Scan BC532, Tokyo,
Japan)(21). Body mass index (BMI) was calculated as the ratio of body weight (kg) to
body height (m?) and adolescents were classified according to Cole’s body mass index
categories (22). Waist Circumference (WC) measurements were taken midway between
the lower rib margin and the anterior superior iliac spine at the end of normal expiration
following standard procedures (21).
Pubertal stage

Self-assessment was performed by having participants choose the specific
pictures for Tanner stages of sexual maturation that best described their current stage of
development (breast and pubic hair development in girls and genital and pubic hair
development in boys ranging from stage | to V), according to the criteria of Tanner and

Whitehouse (23,24).



Statistics Analysis

Descriptive data of baseline participants’ characteristics are shown as means and
standard deviations. Paired t-test were performed to access differences between
baseline and follow-up variables.

Aim 1: To examine the association between cardiorespiratory fitness at baseline
and cardiovascular indexes 2 years later, we performed multiple linear regression
analyses. Systolic and diastolic BP, pulse pressure and rate pressure product at baseline
and follow-up were entered as dependent variables in separate models, cardiorespiratory
fitness at baseline as independent variable and age, sex, height, pubertal stage,
socioeconomic status and waist circumference as covariates. These analyses were
additionally controlled for the corresponding baseline value of the dependent variable.
We also conducted analysis of covariance (ANCOVA) to study differences on Systolic
and diastolic BP, pulse pressure and rate pressure product at follow-up by
cardiorespiratory fitness levels at baseline (high vs. low). Systolic and diastolic BP,
pulse pressure and rate pressure product at follow-up were entered as dependent
variables, in separate models, cardiorespiratory fitness (Fit vs. Unfit) was entered as an
independent variable, and age, sex, height, pubertal stage, socioeconomic status and
waist circumference at baseline as covariates. These analyses were additionally
controlled for the corresponding baseline value of the dependent variable.

Aim 2: To determine whether changes in cardiorespiratory fitness (from baseline
to follow-up) is associated with cardiovascular indexes in adolescents at follow-up. We
computed a cardiorespiratory fitness variable as follows: adolescents who were in the
Unfit category both at the baseline and follow-up were classified as “persistent low
fitness”, and those who dropped from Fit category at baseline to Unfit category at

follow-up were classified as “decreasing fitness”. The other categories were “persistent



high fitness” (Fit category at both baseline and follow-up), and “increasing fitness”,
those who changed from Unfit category at baseline to Fit category at follow-up. The
association of cardiorespiratory fitness-change (persistent low, decreasing, persistent
high, and increasing) categories with cardiovascular indexes at follow-up was assessed
by ANCOVA. The cardiovascular indexes at follow-up were entered as dependent
variables, in separate models, cardiorespiratory fitness-change categories as an
independent variable, and age, sex, height, pubertal stage, socioeconomic status and
waist circumference at baseline as covariates. These analyses were additionally
controlled for the corresponding baseline value of the dependent variable.
Results

The general sample features are shown in Table 1. Boys and girls increase the
number of shuttles over a two-year period (p<0.05). Boys showed lower levels of
diastolic BP, pulse pressure and rate pulse pressure at follow-up; whereas girls showed
lower levels of systolic BP, diastolic BP and rate pulse pressure at follow-up (p<0.05

for all).

FFEXINSERT TABLE 1****

Regression analyses showed a significant inverse association between
cardiorespiratory fitness at baseline and systolic BP (B=-0.126; p<0.047), and rate
pressure product (B=-29.94; p=0.016), at follow-up, after adjustments for age, sex,
height, pubertal stage, socioeconomic status and waist circumference (Table 2, model

2).

*FAXINSERT TABLE 2****



ANCOVA (Fig.1) showed significant differences between cardiorespiratory
fitness groups (Fit vs Unfit) at baseline and systolic BP and rate pressure product at
follow up (p<0.05 for all) after adjustment for sex, age, height, pubertal status,
socioeconomic status, waist circumference and additionally, adjusted for the

corresponding baseline levels of the dependent variable - model 2.

*wxxx[NSERT FIGURE 1%+

Figure 2 shows the association of cardiorespiratory fitness-change categories
with cardiovascular indexes at follow-up. ANCOVA showed significant differences
between Persistent Low and Persistent High groups on Systolic BP (F, 723= 4.96
p=0.002), diastolic BP (F, 723= 2.66 p=0.047) and rate pressure product (F, 723)=
6.98, p<0.001) after adjustment for and age, sex, height and pubertal status,
socioeconomic status and additionally, adjusted for the corresponding (dependent
variable) baseline levels (models 1). When waist circumference at follow-up was
included (models 2), these differences between groups remain significant only for

systolic BP (F(s, 723=3.16, p=0.024) and rate pressure product (F, 723=3.54, p=0.014).

*wxexx[NSERT FIGURE 2%%

Discussion
The main findings of the present longitudinal study in adolescents indicate that:
Levels of cardiorespiratory fitness at baseline are inversely associated with systolic BP

and rate pressure product at follow-up (two years later) after adjustments for age, sex,



height, pubertal stage, socio-economic status and waist circumference. We also
observed that adolescents with higher cardiorespiratory fitness at baseline had lower
systolic BP and rate pressure product at follow-up than those with lower
cardiorespiratory fitness. Importantly, two-year changes in cardiorespiratory fitness are
associated with systolic BP and rate pressure product at follow-up adjusted for potential
confounders. Our findings underscore the potential modifying effect of
cardiorespiratory fitness on the BP trajectory over adolescence. The maintenance of
adequate cardiorespiratory fitness levels might extend normal BP ranges, delaying the
development of hypertension later in life.

These findings were consistent with previous cross-sectional studies showing
that diastolic and systolic BP were significantly associated with cardiorespiratory fitness
(5). A five-year longitudinal study with 125 subjects who were 10 years old at baseline
reported that improvements in cardiorespiratory fitness and muscular strength during
childhood led to a more favourable systolic BP in adolescence (25). However, in a
twenty-year follow-up from adolescence, similar although nonsignificant trends were
observed for cardiorespiratory fitness vs BP (4).

The mechanism by which cardiorespiratory fitness provides differential benefits
for BP among adolescents is not yet clear (26). This is in large part due to the fact that
the etiology of raised BP is multifactorial in nature, and it is not clear how these factors
interact and contribute to the development of hypertension (3,27). Nevertheless, it is
known that cardiorespiratory fitness can be modified by exercise training and may
prevent increases in BP through beneficial alterations in insulin sensitivity, endothelial
function, and autonomic nervous system function (26).

Our results also highlight the potential effect of visceral adiposity in BP values.

When our analyses were adjusted for waist circumference, the association between

10



cardiorespiratory fitness and cardiovascular indexes did not remain significant for
diastolic BP. Our results are partially in agreement with several cross-sectional studies
that examined the mediation effect of adiposity in a relationship between
cardiorespiratory fitness and BP in children (28) and young adults (29), and showed that
measures of body composition acted as mediators between cardiorespiratory fitness and
BP. Indeed, it is known that excessive adiposity is a strong determinant of hypertension
in adults (30) as well as in children and adolescents (31). However, interestingly, in the
analysis (ANCOVA) of cardiorespiratory fitness changes, our results remain significant
for systolic BP and rate pressure product even when adjusted for waist circumference.
These results have a higher clinical significance since elevated BP during childhood is
likely to predict adult hypertension (3), and it seems to be an independent prognostic
indicator of adult cardiovascular risk (32). The clear pattern for increased
cardiovascular indexes among our sample suggests that persistent, low cardiorespiratory
fitness across adolescence may pose a real health hazard.

Our findings have important clinical and public health implications for the
prevention of cardiovascular diseases, especially those related to high BP. Since the
evidence for a specific BP goal in children is scarce, and there is uncertainty as to the
relative roles of BP targets and drug-specific effects on cardiovascular and renal
outcomes (2), the findings of the present study suggest that cardiorespiratory fitness
plays an important role in BP during adolescence. Despite guideline recommendations,
most of the population fails to adopt or achieve an optimal number of healthy behaviors
that help to prevent hypertension. These results provide an important public health
message and suggest that not only should achieving normal-weight status be the
primary goal for hypertension prevention but also needed are improvements in

cardiorespiratory fitness to maintain optimal blood pressure among youth.
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A major strength of the present study is its longitudinal design, allowing us to
evaluate the associations between cardiovascular indexes and cardiorespiratory fitness
changes in a prospective study with a two-year follow-up. Other strengths are the large
sample size and the fact that our analysis took into consideration important confounders
such as pubertal status and waist circumference. The cardiorespiratory fitness test used
in our study have been shown to be valid, reliable and feasible for health monitoring
purposes in adolescents and is suitable for mass testing as it is simple, economical and
easy to administer (13,14). In addition, we classified the participants in two
cardiorespiratory fitness groups according to the sex-specific cut-off points recently
proposed (14). Limitations of the current study include the fact that our sample
comprises predominantly healthy adolescents within the middle and higher socio-
economic strata. We also can’t comment on whether our data accurately reflects the true
BP status of the participants as it was only measured on one occasion each year. This
point must be taken into consideration when interpreting our results.

In conclusion, changes in cardiorespiratory fitness during adolescence were
associated with cardiovascular indexes over a two-year period: adolescents with
persistently low levels of cardiorespiratory fitness exhibited the highest levels of

systolic BP and rate pressure product.
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Figure 1- Differences on blood pressure indexes at follow-up by cardiorespiratory
fitness levels at baseline.

Model 1: adjusted for age, sex, height, pubertal status, socioeconomic status (at
baseline) and additionally, adjusted for its corresponding baseline levels.

Model 2: Model 1 additionally adjusted for waist circumference at baseline.
#Significantly different from Fit group (model 1)

® Significantly different from Fit group (model 2)
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Figure 2- Associations of cardiorespiratory fitness changes (from baseline) and follow-
up of blood pressure indexes.

Model 1: adjusted for age, sex, height, pubertal status, socioeconomic status (at
baseline) and additionally, adjusted for its corresponding baseline levels.

Model 2: Model 1 additionally adjusted for waist circumference at baseline.
#Significantly different from Fit group (model 1)

® Significantly different from Fit group (model 2)
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Table 1. Characteristics of study participants.

Baseline Follow-up Baseline Follow-up
Girls (n=349) Girls (n=349) Boys (n=385) Boys (n=385)
Characteristics
Age (year) 14.17(x1.7) 16.16 (+1.7) 14.52(1.8) 16.52(+1.8)
Weight (Kg) 52.85(+10.5) 57.7(+10.1) 57.03(+14.1) 64.80(+12.8)
Height (cm) 157.3(+0.6) 160.6(+0.5) 163.5(.1.1) 171.5(0.7)
Waist circumference (cm) 71.9(x9.7) 74.7(x9.3)* 73.9(29.7) 77.2(x9.5) ¢
Body mass index 21.3(+3.6) 22.35(+3.6) 21.07(+3.5) 21.9(+3.5)
Underweight (%) 4 4.3 55 6.5
Normal weight (%) 68.5 69.3 69.2 72.6
Overweight (%) 21.2 19.2 20.6 17.2
Obese (%) 6.3 7.2 47 3.7
Breast/genital development:
< VIV (%)* 37.5/49/13.5 6.9/52.7/40.4 44.1/43.1/12.8 5.8/50.1/44.1
Pubic hair development:
< VIV (%)* 27/48.1/24.9 3.2/39.8/57 30/ 52/ 18 2.4/41.5/56.1
Heart Rate 85 (+13) 78 (+12)® 83 (+14) 73 (+13)*
Systolic Blood Pressure (mmHg) 117.32(x12.0) 113.9(¢11.9) ® 121.93(+14.5) 121.38(+12.4)
Diastolic Blood Pressure (mmHg) 63.98(%7.81) 60.04(8.3) * 63.8(x8.25) 61.1(+8.25) ®
Pulse Pressure 53.3(+8.12) 53.8(+8.21) 58.04(+9.9) 60.4(18.4)*
Rate Pulse Pressure 10123(+2163) 8933.16(+2163) * 10182(+2386)  8895.20(+2025)
Cardiorespiratory fitness 31.05(+15.1) 38.05(+16.8) * 58.09(%25.1) 71.25(+26.1) *

(Number of Shuttles)

2 different from baseline values (p<0.05 for all).
* Pubertal stage according to the criteria of Tanner and Whitehouse (1976) (24).



Table 2 Unstandardized regression coefficients examining the association between (baseline)
cardiorespiratory fitness and Blood pressure indexes (follow-up)

Cardiorespiratory fitness*

Dependent Variable Model R? B P value
Systolic BP 1 0.297 -0.182 0.009
2 0.300 -0.126 0.047

. . 1 0.182 -0.092 0.073
Diastolic BP 2 0181 -0.088 0.113
Pulse Pressure 1 0.245 -0.096 0.073
2 0.252 -0.034 0.550

Rate Pressure product L 0.196 -45.07  <0.001
2 0.207 -29.94 0.016

BP: blood pressure. Model 1; adjusted for age, sex, height, pubertal stage, socioeconomic status at baseline and
additionally controlled for the corresponding (dependent) baseline value. Model 2; Model 1 additionally adjusted for

waist circumference at baseline
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