
Vol.:(0123456789)1 3

https://doi.org/10.1007/s00431-022-04623-4

ORIGINAL ARTICLE

Cardiovascular health behavior and cardiorespiratory fitness 
in adolescents: a longitudinal study

César Agostinis‑Sobrinho1   · Justina Kievišienė1 · Alona Rauckienė‑Michaelsson1 · Viney Prakash Dubey1 · 
Sigute Norkiene1 · Carla Moreira2 · Luís Lopes2 · Rute Santos2,3,4

Received: 25 March 2022 / Revised: 2 September 2022 / Accepted: 7 September 2022 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract
Cardiorespiratory fitness has been substantially associated with health status. However, longitudinal studies on cardiorespira-
tory fitness and ideal cardiovascular health behavior (ICHB) in adolescents are scarce. The aim of this study was to evaluate 
the longitudinal association between ICHB (at baseline) and cardiorespiratory fitness (at follow-up). This is a 2-year prospec-
tive analysis of 445 adolescents (232 girls) aged 12–18 years. The ICHB was developed by the American Heart Association 
as meeting the ideal health behaviors for a healthy diet, physical activity, smoking status, and body mass index. ANCOVAS 
adjusted by age, sex, pubertal stage, socioeconomic status, and cardiorespiratory fitness showed that the higher the number 
of ICHB metrics accumulated at baseline (from 1 to 4), the higher the cardiorespiratory fitness levels over a 2-year period 
(p = 0.038). In logistic regressions, after adjusting for potential confounders, the odds ratios for having high cardiorespira-
tory fitness at follow-up was 4.9 (95% CI, 1.2–20.1, p = 0.02) for those who accumulated all four metrics of ICHB, when 
compared to those with 1 or less metrics of ICHB. In addition, the higher the number of ICHB metrics accumulated, the 
higher the likelihood of having a high cardiorespiratory fitness level over a 2-year period (p for trend = 0.01).

Conclusion: We identified a significant association between ICBH and cardiorespiratory fitness in adolescents. Therefore, 
improving ICBH in adolescence is likely to benefit the cardiorespiratory fitness.

What is Known:
• Smoking status, body mass index, physical activity, and diet are associated to cardiorespiratory fitness in adulthood.
• Lifestyle behaviors such as physical activity, smoking, body weight, and healthy diet are individually linked with cardiorespiratory fitness and, 

however, have not been examined jointly, as combined health behaviors.
What is New:
• Accumulation of cardiovascular health behavior metrics was positively associated with cardiorespiratory fitness at a 2-year follow-up, in 

adolescents.
• Meeting all the four metrics of ideal cardiovascular health behavior seems important for healthy cardiorespiratory fitness during adolescence.
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Abbreviations
ICHB	� Ideal cardiovascular health behavior
BMI	� Body mass index
CVD	� Cardiovascular disease
SRT	� Shuttle run test

Introduction

Adequate levels of cardiorespiratory fitness reduce the 
risk of all-cause risk mortality [1–3], incidence of heart 
diseases [4], and metabolic and other health disorders [5]. 
Recent research even indicates the possible immunoprotec-
tive role of cardiorespiratory fitness against SARS-CoV-2 
[6], and highlights the importance of increasing cardi-
orespiratory fitness in the general population to booster 
resilience to COVID-19 and other possible pandemics in 
the future [7]. Due to its diagnostic and prognostic value, 
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cardiorespiratory fitness is considered an essential marker 
in routine health assessment [1, 8] for chronic disease 
prevention [3]. In youth, cardiorespiratory fitness is an 
important predictor of not only physical health [4, 9–16], 
but also mental health [17, 18], and increases academic 
achievement [19–22]. Higher cardiorespiratory fitness is 
associated with lower risk of cardiovascular diseases [9, 
10, 23], improved metabolic health [11, 13, 24], and type 
2 diabetes, and adds to better lung function [15, 25] and 
health-related quality of life [26], in adolescents. It has 
also been shown that cardiorespiratory fitness, in adoles-
cence, is an indicator of higher burden of future disability 
[27].

Previous research has analyzed individual associations 
between different cardiovascular health behaviors and car-
diorespiratory fitness. Significant associations were found 
between eating habits [28], smoking [29], body mass index 
(BMI) [30, 31], and cardiorespiratory fitness level in 
teens. However, longitudinal data covering all four cardio-
vascular health behaviors in combination (smoking status, 
body mass index, physical activity, diet) in adolescence is 
scarce. Indeed, studies targeting all four cardiovascular 
health behaviors (not only physical activity) in young age 
may contribute to health benefits through improvements 
in cardiorespiratory fitness. In this context, the aim of this 
study is to verify the association between accumulation 
of ideal cardiovascular health behavior (at baseline) and 
cardiorespiratory fitness at 2-year follow-up.

Methods

Study design and sample

The present study is a part of the “Longitudinal Analysis of 
Biomarkers and Environmental Determinants of Physical 
Activity (LabMed Physical Activity Study),” a school-based 
cohort conducted in northern Portugal. A more detailed 
discussion of sample and recruiting methodologies, pro-
cesses, and protocols may be found elsewhere [19, 31]. In 
brief, baseline data for 1229 adolescents aged 12 to 18 years 
were collected in 2011, and 1011 and 789 patients were 
reevaluated 1 (follow-up 1) and 2 years later (follow-up 2), 
respectively. Considering potential refusals to participate 
in the study due to blood analysis or accelerometer use for 
1 week, a “layered consent” was permitted. This allowed 
participants to consent some parts of the study protocol 
and not others. For example, an adolescent could perform 
physical fitness assessments and refuse to undergo blood 
analysis or accelerometer use. The present analysis consists 
of 445 adolescents who consented to use the accelerometers 
and undergo blood analysis. Therefore, at baseline and the 

2nd follow-up, 445 adolescents aged 12 to 18 years (232 
females) had complete data on the variables of interest for 
the current study. When compared to the initial sample 
(n = 1229 vs n = 445), the participants included in the cur-
rent analysis were similar in terms of age (14.1 ± 1.6 vs 
13.8 ± 1.6), body mass index (21 ± 3.8 vs 20.9 ± 3.5), car-
diorespiratory fitness (VO2peak mL/kg/min) (42.3 ± 6.8 vs 
42.1 ± 6.9), KIDMED score (7.1 ± 2 vs 7.2 ± 2.1), and for 
non-smokers (90% vs 93%).

Power analysis was calculated post hoc, for multiple regres-
sion analysis and analysis of covariance (ANCOVA), assuming 
a power of 80%, an effect size of 0.02, at two-sided 0.05 level.

The study was carried out in accordance with the World 
Medical Association’s Helsinki Declaration for Human Stud-
ies. The study was approved by the Portuguese Data Protec-
tion Authority (#1,112,434/2011), the Portuguese Ministry 
of Science and Education (0,246,200,001/2011), and the 
Faculty of Sport at the University of Porto. All research 
participants were informed of the study’s objectives, and 
signed informed consent was acquired from participating 
adolescents and their parents or guardians.

Measures

Cardiovascular health behaviors

Based on the American Heart Association definition, four 
cardiovascular health behaviors (body mass index, smoking 
behavior, physical activity, and diet) were considered. The 
determinants for the ideal cardiovascular health behavior 
metrics were classified according to the recommendations 
of the American Heart Association for 5- to 19-year-old chil-
dren and adolescents [32].

Body mass index

In accordance with established protocols, participants’ 
heights and weight were recorded while they were lightly 
dressed and barefoot on a portable stadiometer (Seca213, 
Hamburg, Germany) and a portable electronic weight scale 
(Tanita Inner Scan BC532, Tokyo, Japan) was used to 
measure the height and weight of the participants. Weight 
(kg)/height (m) was used to determine the BMI, or body 
mass index (m2). We categorized participants according 
to the WHO [33] criteria for children/adolescents (non-
overweight, overweight, and obese). To compose the ICHB 
metrics, non-overweight participants were classified as 
ideal and overweight and obese as not ideal.

Dietary assessment

The KIDMED questionnaire (Mediterranean Diet Quality 
Index for children and adolescents) [34] was used to analyze 
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dietary intake and food consumption, with an index ranging 
from 0 to 12 points. Participants were classified as having 
an ideal healthy diet (≥ 8 points), whereas children and ado-
lescents with < 7 points were classified as having a non-ideal 
healthy diet, as previously reported [35].

Physical activity level

Accelerometers GT1M (ActiGraph, Pensacola, FL, USA) 
were used to assess physical activity. Participants were 
instructed to wear the accelerometer on the right side of the 
hip, with the notch facing up for 5 days in a row (three week-
days and two weekend days) and to take it off for water-based 
activities. While setting the 2-s epoch length, more precise 
estimations of physical activity intensity was made. Analyzing 
the accelerometer data was done using an automated tool for 
data reduction (ActivLive software v. 6.12, ActiGraph, Pen-
sacola, FL, USA). Non-wear time was identified as periods 
with 60 min of consecutive zeros. For determining levels of 
physical activity, the cut-points recommended by Evenson, 
Catellier et al. [36] were used. More than 60 min of moderate-
to-vigorous physical exercise per day was considered an ideal 
level of physical activity for adolescents [32, 35].

Smoking habits

Self-reported questionnaires were used to collect smoking 
data. Never smokers were considered having ideal smoking 
behaviors.

Controlling variables

Pubertal stage

In accordance with Tanner and Whitehouse’s criteria, par-
ticipants self-assessed their pubertal stage of secondary sex 
characteristics (breast and pubic hair growth in girls and 
genital and pubic hair development in boys), which ranged 
from stage I to V [37].

Socioeconomic status

The Family Affluence Scale 10 was used to determine the 
socio-economic condition of the adolescents. Based on six 
questions, the scale had a range of 0 to 13 points. The high-
est socioeconomic position was indicated with a score of 13. 
The responses were added together, and a continuum vari-
able was created for the purpose of doing statistical analysis.

Cardiorespiratory fitness

Cardiorespiratory fitness was assessed with the 20-m shuttle 
run test (20 m SRT). A detailed description of this test can 

be found elsewhere (Leger run test). The test was performed 
once, and the number of shuttles performed by each partici-
pant was recorded. We estimated the peak oxygen consump-
tion (VO2peak, mL/kg/min) using the equation reported by 
Leger et al. [38]. The participants were also classified into two 
cardiorespiratory fitness groups (low and high) according to 
the proposed cut-off for this population by Ruiz et al. [14].

Statistics analysis

Descriptive data are shown as means and standard devia-
tions. All variables were checked for normality (Kolmogorov– 
Smirnov test) and presented normal distribution. Numbers 
(n) and percentage (%) are presented for categorical variables. 
Independent two-tailed t-tests for continuous variables and chi-
square for categorical variables were used to examine sex dif-
ferences. Paired sample t-test and ANOVA were used to test 
differences in cardiorespiratory fitness levels by sex at baseline 
and follow-up.

ANCOVA with Bonferroni post hoc multiple comparison 
tests was used to assess the differences of cardiorespiratory 
fitness levels (at baseline and follow-up) across ICHB met-
rics (at baseline). Cardiorespiratory fitness at follow-up were 
entered as the dependent variable, ICHB metrics (accumula-
tion of metrics from 0 to 4) was entered as an independent 
variable, and age, sex, pubertal stage, and socioeconomic 
status as covariates. Longitudinal analyses were additionally 
controlled by cardiorespiratory fitness at baseline.

To verify the association between accumulation of ICHB 
at baseline and cardiorespiratory fitness 2 years later, we 
conducted logistic analysis to study differences on cardiores-
piratory fitness at follow-up by ICHB metrics. Cardiorespi-
ratory fitness at follow-up 2 (high and low) was entered as 
the dependent variable, ICHB metrics as an independent 
variable, and age, sex, pubertal stage, socioeconomic status, 
and cardiorespiratory fitness at baseline as covariates.

Data analysis was performed using the Statistical Package 
for the Social Sciences for Windows (Version 26.0 SPSS 
Inc., Chicago, IL). A p value < 0.05 denoted statistical sig-
nificance. Power analysis was calculated with G*Power (ver-
sion 3.1.9.2, Dusseldorf, Germany).

Results

Baseline characteristics of the participants are presented in 
Table 1.

Overall, most of the participants were nonsmokers (93%) 
and had a normal BMI for age and sex (73%). However, less 
than a half of adolescents were eating healthy (46%) and only 
(33%) of total sample adhered to physical activity guidelines. 
Boys were more physically active than girls (p < 0.05).
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Descriptive characteristics of participants according to 
cardiovascular health behaviors and cardiorespiratory fit-
ness are shown in Table 2. In girls, both at baseline and 
follow-up, cardiorespiratory fitness was higher for those 
who met the ideal tobacco, BMI, and dietary pattern metrics 
(p < 0.05), whereas for boys, higher cardiorespiratory fit-
ness was observed for those who met ideal BMI and dietary 
pattern metrics (p < 0.05; baseline and follow-up), and ideal 
physical activity at baseline (p < 0.05).

ANCOVA (Fig. 1) showed the differences on cardiores-
piratory fitness levels (at baseline and follow-up) by ICHB 
metrics (at baseline) in two models (unadjusted “model 1” 
and adjusted “model 2”). Cross-sectional analyses show a 

significant difference of cardiorespiratory fitness at baseline 
and all 4 ICHB metrics at baseline (model 1, F(3, 441) = 25. 41, 
p > 0.001, and model 2, F(3, 435) = 24. 95, p > 0.001). Longitudi-
nal analyses show a significant difference of cardiorespiratory 
fitness (follow-up) and accumulation of all 4 metrics (baseline) 
in model 1 (F(3, 441) = 20.69, p > 0.001) and accumulation of 
3 and 4 ICHB metrics (baseline) in model 2 (F(3, 434) = 2.61, 
p = 0.038).

Figure 2 shows the odds for high cardiorespiratory fitness 
at 2-year follow-up by accumulated metrics of ideal cardio-
vascular health behavior at baseline. Analyses showed a sig-
nificant association between ICHB at baseline and cardiores-
piratory fitness (p for trend = 0.01), at 2-year follow-up, after 

Table 1   Characteristics of study 
participants

* Significantly different from girls (p < 0.05)
Pubertal stage A, breast development in girls; genital development in boys. Pubertal stage B, pubic hair 
development

Characteristics at baseline Total (445) Boys (213) Girls (232)

Age (year) 13.8 (± 1.6) 13.7 (± 1.5) 13.9 (± 1.6)
Body mass index (kg/m2) 20.9 (± 3.5) 20.7 (± 3.5) 21.03 (± 3.5)
KIDMED index 7.21 (± 2.0) 7.11 (± 2.1) 7.3 (± 1.8)
Moderate-to-vigorous physical activity 

(min/day)
56.5 (± 20.6) 62.3 (± 19.8) 51.1 (± 19.9)*

Socioeconomic Status 6.5 (± 1.6) 6.6 (± 1.5) 6.8 (± 1.5)
Pubertal status A: ≤ III/IV/V (%) 46/43/11 54/35/11 38/51/11
Pubertal status B: ≤ III/IV/V (%) 32/49/19 39/50/11 26/48/26
Cardiovascular health behaviors
Nonsmokers, n (%) 416 (93) 197 (92) 222 (95)
Non-overweight, n (%) 329 (73) 163 (76) 168 (72)
Physically active, n (%) 147 (33) 96 (44) 52 (22)*
Healthy diet, n (%) 207 (46) 97 (45) 111 (47)

Table 2   Cardiorespiratory 
fitness levels at baseline and 
at follow-up by cardiovascular 
health behaviors at baseline

* Different from non-ideal (p < 0.05 for all)

Cardiovascular health 
behaviors

Cardiorespiratory fitness (VO2max, in mL/min/kg)

Girls Boys

Baseline 2-year follow-up 2 Baseline 2-year follow-up

Tobacco
Ideal 36.9 (± 4.7)* 37.9 (± 4.9)* 46.1 (± 6.2) 46.9 (± 6.9)
Non-ideal 36.6 (± 4.8) 34.4 (± 6.3) 45.5 (± 6.2) 44.9 (± 7.2)
Body mass index
Ideal 39.9 (± 4.7)* 38.5 (± 5.2)* 47.5 (± 5.8)* 48.1 (± 6.9)*
Non-ideal 37.2 (± 4.1) 35.7 (± 4.2) 41.3 (± 4.6) 42.6 (± 6.1)
Physical activity
Ideal 39.8 (± 5.1) 38.7 (± 5.5) 46.8 (± 6.1)* 47.3 (± 6.9)
Non-ideal 38.9 (± 4.6) 37.4 (± 4.8) 45.1 (± 6.1) 46.1 (± 7)
Dietary pattern
Ideal 40.1 (± 4.5)* 38.4 (± 5.1)* 46.8 (± 6.0)* 47.8 (± 6.5)*
Non-ideal 38.3 (± 4.7) 37.8 (± 4.9) 45.3 (± 6.2) 45.9 (± 7.2)
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adjustment for age, sex, pubertal status, socioeconomic status, 
and cardiorespiratory fitness at baseline. The odds ratios for 
having high cardiorespiratory fitness at follow-up were 0.7 for 
2 metrics (95% confidence interval [CI], 0.3–1.6) (p = 0.46), 
1.3 for 3 metrics (95% CI, 0.6–3.12, p = 0.45), and for 4 met-
rics 4.9 (95% CI, 1.2–20.1, p = 0.02) when compared to those 
with 1 or less accumulated metrics of ideal cardiovascular 
health behaviors, after adjustments for potential confounders.

Discussion

Our study showed that the accumulation of cardiovascular 
health behavior metrics was associated with cardiorespira-
tory fitness at 2-year follow-up.

To the best of our knowledge, this is the first study to 
report the longitudinal association between ICBH (smoking 
status, body mass index, physical activity, diet) and cardi-
orespiratory fitness in adolescents. Adolescence is a critical 
period of human development characterized by profound 
physiological changes, and adherence to healthy habits is 
particularly relevant at this stage of life, since these may 
influence essential indicators linked to future health out-
comes, such as cardiorespiratory fitness. Indeed, cardiores-
piratory fitness is considered a critical hallmark for health 
during youth, and maximal oxygen uptake (VO2 max) a 
good indicator for it [39].

In addition, our results show that as increase the num-
ber of ICHB metrics as higher the cardiorespiratory fitness 
levels over 2 years. Moreover, those adolescents who had 

Fig. 1   Differences on cardi-
orespiratory fitness levels (at 
baseline and follow-up) by ideal 
cardiovascular health behav-
iors (at baseline). Model 1: 
unadjusted. Model 2: adjusted 
for age, sex, pubertal status, 
and socioeconomic status. The 
longitudinal analysis (follow-
up) was additionally adjusted 
for its corresponding baseline 
levels. a Significantly different 
from all. b Significantly differ-
ent from 1 and 2. c Significantly 
different from all. d Signifi-
cantly different from all
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at least 3 or 4 ICHB were significantly different from all 
others groups (from 1 to 4). Our findings are in line with 
Ruiz and colleagues who reported a cross-sectional associ-
ations between cardiorespiratory fitness and ICHB among 
European children and adolescents [40]. However, we have 
extended those results by involving a longitudinal cohort 
and our results highlight that meeting the ICHB metrics 
seems important for healthy cardiorespiratory fitness lev-
els 2 years later, in adolescents. In adolescence, ICHB 
(smoking, BMI, physical activity, and diet) is associated 
with both mental and physical well-being which leads to 
an active and healthy lifestyle, reduce the prevalence of 
mental illnesses [17, 18], and display prognostic ability 
for all-cause and disease-specific mortality outcomes in 
adulthood [41]. Despite the fact that our results will need 
to be confirmed or ruled out by future studies with ado-
lescents, it seems important that ICHB associated with 
cardiorespiratory fitness at 2-year follow-up, given that 
it has been shown that adolescence with higher levels of 
cardiorespiratory fitness tend to perceive their health as 

better in terms of physical functioning, emotional well-
being, self-esteem, and social and family functioning [42]. 
Another large population-based prospective study showed 
the impact of cardiorespiratory fitness in adolescence in 
the prevention of future neurotic disorders [17]. Increas-
ing cardiorespiratory fitness is not only beneficial to ado-
lescents’ mental well-being [18], but also with academic 
achievement [20, 43]. The effect of how each ICHB com-
ponent may affect cardiorespiratory fitness in adolescents 
is not well established. But, it is known that diet [43], 
physical activity [44], smoke, and obesity [45] have been 
individually associated with cardiorespiratory fitness.

A recent study showed gender differences in the preva-
lence of each component of the ICHB [46] and we observed 
similar trend in our research; we found girls engaged in less 
ideal physical activity than boys, but have often a healthy 
diet. Adolescent boys smoking prevalence is usually greater 
in other adolescent groups [47], which is in line with our 
results were. Gender plays a significant role in health behav-
iors throughout the lifespan [48]. During the socialization 

Fig. 2   Odds ratios of ideal cardiovascular health behavior metrics (and 95% confidence interval) for high cardiorespiratory fitness at 2-year 
follow-up, adjusted for age, sex, pubertal status, and socioeconomic status and cardiorespiratory fitness at baseline
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process, boys are encouraged to be more active than girls 
[48], whereas among girls, body image dissatisfaction has 
been associated with healthier eating choices [49]. Impor-
tant to mention, that our longitudinal analysis were adjusted 
for potential confounds such as sex, age, pubertal stage and 
socioeconomic status.

Without an ideal level of cardiovascular health behaviors 
during adolescence, a significant health benefit is lost, which 
may result in unacceptably high rates of adult-onset CVD 
[50]. However, early intervention and prevention actions tar-
geting adolescent ideal cardiorespiratory fitness level have 
been associated with the maintenance of health parameters 
in later life [51]. Our findings highlight the need to promote 
healthy behaviors altogether in order to attained healthy car-
diorespiratory fitness levels, in adolescents.

This study has several strengths. First, our research 
includes four main components of ICHB such as smoking 
status, body mass index, physical activity, diet and not only 
discusses the relationship between single component with 
cardiorespiratory fitness, but also integrates each component 
to show its relationship more intuitively by using the form 
of standardized scores. Second, by analyzing a longitudi-
nal cohort we highlight that meeting all the four metrics of 
ICHB was important for cardiorespiratory fitness 2 years 
later in adolescents. And finally, the fact that we used objec-
tive measures of physical activity and a validated fitness 
test should also be considered a strength of this study. This 
study is not without limitations. Firstly, the results are not 
generalizable due to the sample not being nationally repre-
sentative. Secondly, the ICHB was assed only in baseline; 
hence longitudinal research in adolescents is needed verify 
the changes in ICHB and its effects. Lastly, it should also 
be noted that the formation of the ICHB metrics relies on 
the use of binary variables and on the assumption that all 
components contained in this score contribute in the same 
way to the final index.

In summary, we identified a significant association between 
ICBH at baseline and cardiorespiratory fitness over 2 years 
in adolescents. Therefore, improving ICBH in adolescence is 
likely to benefit the cardiorespiratory fitness.
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