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Abstract

It is unclear whether physical activity and cardiorespiratory fitness (CRF) are pathways that link low pulmonary function (LPF) to
increased blood pressure (BP). Therefore, we investigated the extent to which CRF and moderate-to-vigorous physical activity
(MVPA) mediate the relationship between LPF and high BP in adults. We conducted a cross-sectional study with 1,362
participants that underwent cardiopulmonary exercise testing (CPET), spirometry, and wore an accelerometer to determine
physical activity patterns. We performed mediation analyses using structural equations considering peak oxygen uptake (

.
VO2)

and MVPA as mediators, forced vital capacity (FVC) and forced expiratory volume in the first second (FEV1) as independent
variables, and systolic and diastolic blood pressure (SBP, DBP) as dependent variables. The probability of alpha error was set at
5%. We found a significant total effect of FVC on SBP and DBP considering

.
VO2 as mediator (Po0.01). Indirect effects were

also significant, with 42.6% of the total effect of FVC on SBP and 77% on DBP mediated by
.
VO2 (Po0.01). We did not observe

a direct effect of FVC on SBP and DBP. Considering FEV1 as an independent variable, the total effect on SBP was also
significant, as were the indirect effects, mediated by

.
VO2 at 14.8% for SBP and 7.6% for DBP (Po0.01). We did not find an

indirect effect of FVC or FEV1 considering the MVPA as a mediator. CRF mediates the pathway that links LPF and elevated BP.
Therefore, CRF is more sensitive to variations in FVC and FEV1 than MVPA.

Key words: CRF; Spirometry;
.
VO2; Hypertension; Mediation analysis

Introduction

Cardiovascular disease is the leading cause of death
worldwide, followed by pulmonary diseases and respira-
tory infections (1). Among the risk factors for cardiovas-
cular disease, elevated blood pressure (BP) is a prevalent
condition in adults and may be affected by biological and
lifestyle variables, including physical activity level and
fitness (2,3). Similarly, low peak lung function is common
even in early adulthood (4). Thus, monitoring lung function
may allow screening subjects with increased risk of early
respiratory, cardiovascular, and metabolic abnormalities
and premature death (4). However, both elevated BP and
low lung function are often silent conditions, being
frequently undiagnosed due to the absence of clinical
symptoms (3,5), although they can be detected by simple
and inexpensive assessment tools.

Lung function and cardiorespiratory fitness (CRF)
affect BP. There are reports of elevated BP related to
lung disorders and lung function decline (6,7). In addition,
previous studies have shown the association between
spirometric indices, e.g., forced vital capacity (FVC) and
BP (6). Likewise, low CRF is associated with elevated BP.
Moreover, the literature widely advocates the cardiopro-
tective role of CRF (8,9).

Among lifestyle variables that affect BP, there is
consistent evidence supporting that physical inactivity
(i.e., to perform less than 150 min per week of moderate-
to-vigorous physical activity - MVPA) is associated with a
higher incidence of cardiovascular diseases, including
hypertension (10,11). Studies such as the Nurses’ Health
Study II, the Aerobics Center Longitudinal Study, and
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Coronary Artery Risk Development in Young Adults
showed that higher levels of self-reported daily physical
activity and CRF are associated with a lower incidence of
hypertension (11,12).

Despite the well-described relationship between lung
function and BP, the possible pathways underlying this
relationship are still unclear. Also, it is unknown to which
extent this relationship is affected by CRF and physical
activity level since all of these variables are associated
with BP. To fulfill this gap and investigate the potential role
of mediators in these relationships, mediation analysis is
the appropriate method since it allows the exploration and
quantification of potential cause-and-effect relationships
(13,14). Although some of these associations have
already been investigated through multivariate methods,
the variables are often included as confounders instead of
exploring their possible mediating role.

Since spirometric indices are associated with BP, CRF,
and MVPA, and MVPA and CRF are also significantly
correlated to BP, we hypothesized that CRF and MVPA
mediate the relationship between lung function and BP.
Therefore, we aimed to investigate if CRF and MVPA are
mediators in the relationship between spirometric indices
and BP in asymptomatic adults. Secondarily, we intended
to investigate the extent of this mediation.

Material and Methods

Study design and participants
We conducted a cross-sectional study with 1,362

asymptomatic adults eligible from the Epidemiology and
Human Movement (EPIMOV) study (Figure 1). In brief, the
EPIMOV study was a prospective cohort study that
investigated the correlation between low physical activity
level and low physical fitness and cardiorespiratory,
metabolic, and locomotor outcomes over a short period
of time. We recruited volunteers through advertisements in
social media, local universities, and newspapers. Volun-
teer recruitment and data collection were conducted from
2013 to 2016. The Ethics Committee of the Federal
University of São Paulo approved the study (#186796),
and all volunteers signed an informed consent before
participation.

The inclusion criteria of the EPIMOV study were
asymptomatic subjects or subjects with treated and
controlled chronic conditions of either sex and aged 18
to 80 years. Exclusion criteria were previously diagnosed
pulmonary, cardiovascular, musculoskeletal, or neuromus-
cular diseases, recent respiratory infections, abnormalities
during exercise testing (i.e., chest pain, sudden drop in
diastolic blood pressure (DBP) X20 mmHg or systolic
blood pressure (SBP) X250 mmHg, severe arrhythmia,
stable angina, ST-segment depression), or early inter-
ruption of cardiopulmonary exercise testing (CPET) for
reasons other than exhaustion (i.e., submaximal exercise,
operational problems during the test). Participants

who demonstrated spirometric indices suggestive of
obstructive pulmonary disease or severe asthma and
those who did not attend the second day of evaluation or
were unable to use the accelerometer were also excluded
(Figure 1).

In the EPIMOV study, we carried out the study protocol
on three separate days, respectively at the Angiocorpore
Institute of Cardiovascular Medicine, a clinical analysis
laboratory, and the EPIMOV laboratory. On the first day,
we collected clinical and sociodemographic information
(self-report), anthropometric measurements (scale with
stadiometer), lung function (spirometry), followed by CRF
(CPET). On the second day, we evaluated the lipid and
glycemic profile (blood sample analysis). On the third day,
seven days after the initial evaluation, participants
returned the triaxial accelerometer and we assessed body
composition (bioelectrical impedance), heart rate vari-
ability (heart rate monitor), postural balance (force plat-
form), muscle function (isokinetic dynamometry and
handgrip strength), functional exercise capacity (6-min
walking test), cardiovascular risk score (self-report), and
BP (electronic sphygmomanometer). We provided a
detailed description of measurements that were included
in the present study, as described below.

Main outcome: blood pressure
In a seated position, SBP and DBP were measured

after five min of rest using a validated digital device
(Omron HEM 705CPINT, USA) (15). We recorded three
measurements with a 1-min interval between them. The
average of the last two measurements was considered for
analysis. All blood pressure measurements were taken
during the morning (from 8 a.m. to 10 a.m.), when the
blood pressure reaches a plateau (16).

Main predictors: forced vital capacity and forced
expiratory volume in the first second

Lung function was assessed using a portable spirom-
eter (Quark PFT, COSMED, Italy) during the morning or
afternoon according to the participant’s convenience to
carry out the assessments. According to the American
Thoracic Society recommendations (17), we registered
FVC, forced expiratory volume in the first second (FEV1),
and the FEV1/FVC ratio. For those who had an FEV1/FVC
o0.7 on pre-bronchodilator spirometry, we conducted
forced spirometry 15 min after the patient inhaled 400 mg
of salbutamol. We considered a spirometrically-defined
restrictive ventilatory defect in the presence of FVCo80%
of the predicted value with an FEV1/FVC ratio of X70%
(18,19).

Potential mediators
Cardiorespiratory fitness. We conducted the CPET on

a treadmill (ATL, Inbrasport, Brazil) following a ramp
protocol in which increases in speed and inclination were
individualized according to the estimated maximum peak
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oxygen uptake (
.
VO2) (20,21). We performed the tests for

all participants at the same altitude, atmospheric pressure,
and temperature (22°C), and a cardiologist supervised all
tests. CPET was performed after spirometry in the
morning or afternoon.

The maximal CPET aims to take the subject to
exhaustion within 8 and 12 min of exercise. Before the
test started, the subjects rested for 3 min, allowing an
initial evaluation of baseline measurements. A speed of
3 km/h and an incline of 0% were set for all participants
at the beginning of the test. When the subjects reached
exhaustion, the CPET was interrupted at the subject’s
request or the physician’s, if there were signs of
myocardial ischemia (ST-segment depression), chest
pain, sudden drop in DBP X20 mmHg or SBP X250
mmHg, signs of respiratory failure, loss of coordination, or

mental confusion. The exercise was followed by 3 min of
recovery.

The entire test was performed with a 12-lead electro-
cardiogram (C12X, COSMED). Every two min during the
CPET, we assessed BP and perceived exertion regarding
dyspnea and lower limb fatigue using the modified Borg
scale.

Throughout the test, metabolic, cardiovascular, and
ventilatory responses were measured breath by breath
with a gas analyzer (Quark PFT, COSMED). The

.
VO2 was

measured breath by breath, and we calculated the
average

.
VO2 every 15 s. We considered as maximum

effort those tests in which the subject achieved a heart
rate at the peak of exercise X85% of the predicted
value for age (220–age), a gas exchange rate (R) X1.0,
or a

.
VO2 plateau. The average

.
VO2 of the last 15 s,

Figure 1. Flowchart of the study. COPD: chronic obstructive pulmonary disease; HF: heart failure; EPIMOV: Epidemiology and Human
Movement Study.
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immediately before the recovery phase, was considered
the peak

.
VO2 (20).

Accelerometer-based sedentary behavior and physical
activity. Physical activity level was evaluated with a
previously validated triaxial accelerometer (ActiGraph
GT3X+, MTI, USA) (22,23). The participants completed
seven consecutive days of assessment during waking
hours, excluding showers and aquatic activities. To be
considered valid, the days of data collection were required
to have at least 10 h of continuous monitoring, starting at
wake-up time. Non-wear time and the thresholds for the
intensity of the physical activity were evaluated as
previously described (23).

The measurements were calculated as h/day con-
sidering the total wear time and the number of calendar
days of use, and the percentage of the entire time. Activity
counts of all three axes (vertical, horizontal, and medio-
lateral) were measured. The thresholds for the intensity
of physical activity were sedentary behavior as the
number of min spent with o100 counts per minute (cpm)
(i.e., measured accelerations stored at 1Hz), which
represents o1.5 METs of energy expenditure; light-
intensity physical activity as o1,951 cpm and o3 METs;
and MVPA as 41,951 cpm and X3 METs (23). To be
physically inactive is to not engage in sufficient physical
activity, especially MVPA, in order to ensure its benefits
(24). Conversely, engaging in postures or activities (e.g.,
sitting for long periods and watching TV) that require
minimal movement and low energy expenditure (o1.5
METs) is considered sedentary behavior (24). Therefore,
participants who achieved less than 150 min/week of
MVPA or less than 75 min/week of vigorous physical
activity were considered physically inactive (25).

Covariates
Clinical and sociodemographic assessment. We

obtained age, sex, race, educational level, and cardio-
vascular risk through self-report. The risk factors for
cardiovascular disease were older age (445 years old
in men and 455 in women), hypertension, diabetes or
hyperglycemia, dyslipidemia or hypercholesterolemia,
current smoking, and family history of premature coronary
heart disease (i.e., myocardial infarction or sudden death
in first-degree relatives) (26).

Cardiovascular risk score. We calculated the cardio-
vascular risk score as recommended by the Brazilian
Cardiology Society (26). Briefly, this continuous score is
reported as a percentage and is calculated based on sex,
age, SBP, treatment for arterial hypertension, current
smoking, diabetes, and body mass index (BMI). The
higher the score, the higher the cardiovascular risk.

Anthropometric evaluation. We measured the height
and weight of participants using a scale with a stadio-
meter based on standard methods (27). We calculated
BMI in kg/m2 and defined obesity as a BMI X30 kg/m2

(27).

Statistical analysis
Statistical analysis was performed using STATA,

version 14 (StataCorp, USA). Initially, the data were
analyzed descriptively. Continuous and categorical vari-
ables are reported as means±SD and frequency (per-
centage), respectively. We set the probability of alpha
error at 5% for all analyses.

We used structural equation modeling frameworks to
examine whether CRF and MVPA mediate the relationship
between spirometric indices (FVC and FEV1) and BP
(SBP and DBP). FVC and FEV1 served as independent
variables, CRF and MVPA as mediators, and SBP and
DBP as dependent variables. We also included age, sex,
height, and a clustered cardiovascular risk score (sex,
age, SBP, treatment for arterial hypertension, current
smoking, diabetes, and BMI) (26) as covariates in all
models. Finally, we adjusted the models for CRF when
MVPA was considered the potential mediator and vice-
versa. Since MVPA was evaluated as a mediator in the
mediation model and the mediation analysis is a series of
linear regressions, the models were fitted for the amount
of MVPA as a continuous variable.

Accordingly, the main premises for mediation analysis
were ensured (28): the independent causal variables
(FVC and FEV1) have to correlate significantly with the
outcome (BP) (significant total effect, path c); the
independent variables (FVC and FEV1) have to correlate
significantly with the mediator (CRF and MVPA) (path a);
and the mediators (CRF and MVPA), in turn, have to
correlate significantly with the dependent variable (BP)
(path b).

As shown in Figure 2, we investigated the total (path c)
and direct effects (path c’) using regression coefficients
and significance between each model’s independent and
dependent variables. We also examined the indirect effect
obtained from the product of coefficients (a � b, path ab).

The total effect c represents the correlation between
spirometric indices and BP without considering the

Figure 2. The structural equation modeling used in the present
study for assessing the mediation role of cardiorespiratory fitness
(CRF) and moderate-to-vigorous physical activity (MVPA) in the
correlation between lung function and blood pressure.
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potential mediator (CRF or MVPA). In contrast, path a
represents the correlation between the independent
variables (FVC and FEV1) and the mediator (CRF or
MVPA). Effect b represents the correlation between the
mediator (CRF or MVPA) and the dependent variable
(BP). After the necessary adjustment for confounders
(29), the ab pathway represents the indirect effect of
pulmonary function activity, i.e., the effect mediated by the
CRF or MVPA. The mediated effect is simply the
multiplication of effects a and b. Therefore, the direct
effect c’ represents the independent variable’s effect after
considering the mediated effect, i.e., ab – c (28). In the
presence of a significant total effect (path c), the mediation
is complete when the direct effect c’ is zero and becomes
non-significant after controlling for the mediator, which
means that the effect of the independent variables (FVC
and FEV1) on the dependent (BP) no longer exists when
we consider the role of the mediator (CRF or MVPA).

Then, we calculated the percentage of the total effect
mediated by the quotient b/c. As a general rule, we
considered a complete mediation when the rate of the total
mediated effect exceeds 80% (28). Conversely, in the
case of the significant total effect, a partial mediation is
considered when the direct effect remains significant and
Ba0 after considering the mediator with percentages of
total mediated effects (ab/c) below 80%.

In the present study, the structural equations were
generated based on all available data (n=1362) using the
full-information maximum likelihood, which allows valid
inferences under the assumption that the data are missing
at random.

Considering the influence of obesity on the spirome-
trically-defined restrictive ventilatory defect, we performed
a sensitivity analysis stratifying our initial sample into
obese (BMI X30 kg/m2) and non-obese subjects and
conducted the mediation analysis. We found no significant
differences, and therefore we presented the results of our
entire sample here. Similarly, we found no differences
when stratifying the sample by physical activity level (i.e.,
inactive and active subjects).

We evaluated the fit of the model with the comparative
fit index, where we considered values above 0.9 as
evidence of good fit. Finally, we used the Sobel-Goodman
test to investigate the proportion of total mediated effects.

Results

Participants were mainly overweight and physically
active women with low prevalence of smoking and
hypertension (Table 1).

The use of a triaxial accelerometer was, on average,
884±76 min per day. Despite being mostly physically
active (4150 min MVPA/week), participants spent 73, 22,
and 5% of the total accelerometer wear-time on sedentary
behavior (i.e., o100 cpm, p1.5 MET), light-intensity
physical activity, and MVPA, respectively.

We found significant negative correlations between
FVC and SBP and DBP (Figure 3A and B) and between
FEV1 and SBP and DBP (Figure 3C and D).

According to the mediation analysis, CRF (i.e., peak.
VO2) mediated the relationship between spirometric
indices and BP (Figure 4). We found a significant total
effect of FVC on SBP and DBP considering the peak

.
VO2

as a mediator. Indirect effects were also significant, with
42.6% of the total effect of FVC on SBP and 77% of the
total effect of FVC on DBP mediated by the peak

.
VO2. We

did not observe a significant direct effect of FVC on SBP
and DBP with coefficients different from zero, indicating
that this relationship was partially mediated by CRF
(Figure 4A and B).

Regarding FEV1, the total effect and the indirect
effects on SBP were also significant. CRF mediated
14.8 and 7.6% of the relationship between FEV1 and SBP
and DBP, respectively. However, the direct effects were
still significant, indicating a weak partial mediation of the
peak

.
VO2, in the relationship between FEV1 and BP

variables (Figure 4C and D).
As expected, the total and direct effects of FVC and

FEV1 on BP indices were significant (Figure 5). Never-
theless, MVPA was not considered as a mediator since we
did not observe any significant indirect effect of FVC or
FEV1 on BP.

Discussion

In the present study, we aimed to investigate whether
CRF and MVPA mediated the relationship between
spirometric indices and BP in adults. According to our
results, CRF is a mediator linking lung function and BP in
asymptomatic adults. Unexpectedly, MVPA did not play a
mediating role in this relationship.

Robust longitudinal studies have already established
the cause-and-effect relationship between low lung func-
tion and elevated BP (6,8,19,30). Regarding path dia-
grams, we observed that both FVC and FEV1 presented
effects on BP. Also, the models considering FVC as the
independent variable showed more significant effects than
FEV1. Interestingly, Imaizumi et al. (31) found similar
results. They evaluated 95 patients with hypertension
without previously diagnosed respiratory diseases and
showed that the lower the % FVC, the higher the daytime
SBP (31). In addition, reduced FVC could inhibit lung
stretch receptors and, consequently, activate the sympa-
thetic nervous system, leading to increases in BP (31).

Although the relationship between lung function and
hypertension has been suggested previously (19), the
pathways underlying this relationship remain unclear and
require further research. Moreover, our results indicated
that changes in lung function do not directly affect BP due
to the mediating role of CRF. It is well known that high
peak

.
VO2 represents better overall health status, while

low peak
.
VO2 is a strong predictor of cardiovascular
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Table 1. General characteristics of the study sample (n=1362).

Age (years) 46.7±14.2

Gender, %

Males 39.7

Females 60.3

Weight (kg) 76.9±17.2

Height (m) 1.64±0.09

Body mass index (kg/m2) 28.4±6.0

Peak oxygen uptake (mL/min) 2385±881

Peak oxygen uptake (mL�min–1�kg–1) 32.1±11.6

Peak oxygen uptake (% pred.) 102.2±20.4

Moderate-to-vigorous physical activity (h/week) 4.66±2.89

Systolic blood pressure (mmHg) 127.7±16.4

Diastolic blood pressure (mmHg) 80.1±9.6

Cardiovascular risk, %

Arterial hypertensiona 19.9

Diabetesa 9.3

Dyslipidemiaa 30.9

Obesitya 36.4

Current smokinga 11.0

Physical inactivityb 27.0

Framingham Cardiovascular Risk Score (%) 44.0±18.0

Spirometry

FVC (% pred.) 95.3±13.3

FEV1 (% pred.) 94.8±14.0

VEF1/CVF (%) 81.3±6.0

Spirometrically-defined restrictive ventilatory disorder (%) 10

Data are reported as means±SD or as frequency and %. FEV1: forced expiratory
volume in 1 s; FVC: forced vital capacity. aSelf-reported cardiovascular risk factor.
bAccelerometer-based physical inactivity.

Figure 3. Correlations between lung function and blood pressure. (A) Forced vital capacity vs systolic blood pressure (r = –0.289;
Po0.0001); (B) forced vital capacity vs diastolic blood pressure (r = –0.256; Po0.0001); (C) forced expiratory volume in 1 s vs systolic
blood pressure (r = –0.269; Po0.0001); (D) forced expiratory volume in 1 s vs diastolic blood pressure (r = –0.203; Po0.0001).
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disease and increased risk of death (9). Exercise training
and lifestyle changes lead not only to adaptations in the
cardiovascular system, but also to changes in CRF, with
little or no effect on lung function (32). However, a recent
review showed that lung function declines proportionally to

CRF with advancing age (32). Accordingly, a longitudinal
study showed that a high CRF in early adulthood is
associated with low decline in FVC and FEV1 after 20
years, regardless of smoking load (8). We attributed our
results to the strong association between lung function

Figure 4. The mediating role of cardiorespiratory fitness (CRF) assessed by the peak oxygen uptake (
.
VO2) during a treadmill

cardiopulmonary exercise testing in the correlation between (A) forced vital capacity (FVC) and systolic blood pressure (SBP), (B) FVC
and diastolic blood pressure (DBP), (C) forced expiratory volume in the first second (FEV1) and SBP, and (D) FEV1 and DBP. *Po0.05;
**Po0.01.

Figure 5. The mediation role of the cardiorespiratory fitness (CRF) assessed by moderate-to-vigorous physical activity (MVPA) during a
treadmill cardiopulmonary exercise testing in the correlation between (A) forced vital capacity (FVC) and systolic blood pressure (SBP),
(B) FVC and diastolic blood pressure (DBP), (C) forced expiratory volume in the first second (FEV1) and SBP, and (D) FEV1 and DBP.
*Po0.05; **Po0.01.
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and CRF and to the genetic determination of both. While
lung function can be genetically determined in about 80%
(33), up to 60% CRF can (34). The fact that lung function
has an even more significant genetic influence than CRF
supports the pathways proposed in the present study. Low
lung function probably contributes to a poor CRF and,
therefore, indirectly affects BP. Another potential explana-
tion for our results is related to hemodynamic and
autonomic aspects. Bianchim et al. (35) showed an
association between spirometric indices and autonomic
cardiovascular function evaluated using heart rate vari-
ability, regardless of smoking and physical inactivity.
Additionally, a high CRF indicates a more cardioprotective
profile, including better adapted autonomic tone and
endothelial function (9).

Contrary to what we initially expected, MVPA was not
a significant mediator between lung function and BP.
Previously, Jacobs et al. (6) showed that the change in
FVC has a consistent relationship with the incidence of
hypertension in adults in ten years of follow-up, regardless
of physical activity. We can attribute this finding, at least in
part, to MVPA being external to body functioning, and
hence, a behavioral predictor rather than a mediator itself.
In this perspective, MVPA would act more as a confound-
ing variable than as a mediator in the relationship between
spirometric indices and BP. Moreover, aerobic training led
to more adaptations in the cardiovascular and neuromus-
cular systems than in lung structure and function (32).
Therefore, it seems better to develop strategies to
increase CRF to prevent hypertension than to aim at
improving lung function, which responds better to medica-
tion than to exercise training.

The present study has limitations that should be
considered. The study design supposedly precludes the
cause-and-effect relationship. However, it is worth noting
that the mediation analyses allow the evaluation of
underlying pathways linking cause and effect, regardless
of study design (13,14). Cardiovascular risk was self-
reported, which may have introduced information bias.
Lastly, BP measurements were not obtained from a 24-h
ambulatory monitoring. Although BP measurements were
undertaken during the known blood pressure morning
plateau, other variables were obtained throughout the day
(i.e., spirometry and CPET). Similar to blood pressure,
lung function, heart rate, and cardiorespiratory fitness
have diurnal and seasonal variations that must be
considered (16,36–38). As these evaluations were carried
out during the morning and afternoon, this is another
limitation of the present study. Despite a significant diurnal
and day-to-day variation, Knaier et al. (39) found that peak.
VO2 was not affected by time of day. Participants’
characteristics, such as chronotype (36,39,40), may play

a role in achieving peak
.
VO2 and/or maximum heart rate.

However, we did not consider these aspects in the present
study.

In contrast, one of the main strengths of this study was
the unprecedented investigation of the role of CRF and
MVPA as mediators of the relationship between spiro-
metric indices and BP. To our knowledge, this is the first
study to consider CRF as a mediator rather than a
confounder, linking lung function and BP. Another strength
of this study was the use of direct measurements of both
CRF and MVPA, which reduces the information bias
commonly associated with estimated peak

.
VO2 and

physical activity assessed by questionnaires. It is worth
mentioning that our sample size was robust enough to
conduct the proposed analysis.

The key message of our study was that a combination
of low FVC and low peak

.
VO2 might be an alert to incipient

elevated BP. Considering the mediating role of CRF
between lung function and BP, we believe that CRF
should be assessed in clinical practice using the CPET or
even field walking tests. Furthermore, mild or moderate
changes in lung function are often not diagnosed and
hence underestimated. Despite spirometry being
neglected in clinical practice, future studies should
investigate the contribution that routine spirometry, a
simple and inexpensive test, can make to early identifica-
tion of subjects at increased risk for developing hyperten-
sion. In addition, routine assessment of spirometric
indices and CRF seems to contribute to the design of
more assertive preventive strategies for reducing the
incidence of hypertension.

Conclusion
We may conclude that CRF mediated the relationship

between lung function and BP in asymptomatic adults,
mainly for FVC. Unexpectedly, MVPA was not a mediator
of this relationship. A pathway involving poor CRF should
be considered when assessing the impact of lung function
on elevated BP. Lastly, we noted that a combination of
prophylactic spirometry and CRF assessment may repre-
sent a valuable tool for hypertension and cardiovascular
risk screening.

Acknowledgments

This study was funded by the São Paulo Research
Foundation (FAPESP, grant number 2011/07282-6). We
thank Dr. Willian M. Vollmer, Dr. Mary Ann McBurnie, and
Dr. Michael Leo from Kaiser Permanente Center for
Health Research Northwest, Portland, OR, USA, for
receiving Prof. Victor Dourado as a visiting researcher
for research training in mediation analysis.

Braz J Med Biol Res | doi: 10.1590/1414-431X2022e11754

Cardiorespiratory fitness and its mediating role 8/10

https://doi.org/10.1590/1414-431X2022e11754


References

1. World Health Organization. The top 10 causes of death.
2020. Available from: https://www.who.int/news-room/fact-
sheets/detail/the-top-10-causes-of-death.

2. Kokkinos P. Cardiorespiratory fitness, exercise, and blood
pressure. Hypertension 2014; 64: 1160–1164, doi: 10.1161/
HYPERTENSIONAHA.114.03616.

3. World Health Organization. Hypertension. 2021. Avail-
able from: https://www.who.int/news-room/fact-sheets/detail/
hypertension.

4. Agustí A, Noell G, Brugada J, Faner R. Lung function in
early adulthood and health in later life: a transgenerational
cohort analysis. Lancet Respir Med 2017; 5: 935–945, doi:
10.1016/S2213-2600(17)30434-4.

5. Soriano JB, Miravitlles M, García-Río F, Muñoz L, Sánchez
G, Sobradillo V, et al. Spirometrically-defined restrictive
ventilatory defect: population variability and individual
determinants. Prim Care Respir J 2012; 21: 187–193, doi:
10.4104/pcrj.2012.00027.

6. Jacobs Jr DR, Yatsuya H, Hearst MO, Thyagarajan B,
Kalhan R, Rosenberg S, et al. Rate of decline of forced vital
capacity predicts future arterial hypertension: the coronary
artery risk development in young adults study. Hypertension
2012; 59: 219–225, doi: 10.1161/HYPERTENSIONAHA.
111.184101.

7. Scarlata S, Costanzo L, Giua R, Pedone C, Incalzi RA.
Diagnosis and prognostic value of restrictive ventilatory
disorders in the elderly: a systematic review of the literature.
Exp Gerontol 2012; 47: 281–289, doi: 10.1016/j.exger.2012.
02.001.

8. Benck LR, Cuttica MJ, Colangelo LA, Sidney S, Dransfield
MT, Mannino DM, et al. Association between cardiorespira-
tory fitness and lung health from young adulthood to middle
age. Am J Respir Crit Care Med 2017; 195: 1236–1243, doi:
10.1164/rccm.201610-2089OC.

9. Ross R, Blair SN, Arena R, Church TS, Després JP, Franklin
BA, et al. Importance of Assessing Cardiorespiratory Fitness
in Clinical Practice: A case for fitness as a clinical vital sign:
a Scientific Statement From the American Heart Associa-
tion. Circulation 2016; 134: e653–e699, doi: 10.1161/CIR.
0000000000000461.

10. Carnethon MR, Evans NS, Church TS, Lewis CE, Schreiner
PJ, Jacobs DR, et al. Joint associations of physical activity
and aerobic fitness on the development of incident
hypertension: coronary artery risk development in young
adults. Hypertension 2010; 56: 49–55, doi: 10.1161/HYPER
TENSIONAHA.109.147603.

11. Chase NL, Sui X, Lee DC, Blair SN. The association of
cardiorespiratory fitness and physical activity with incidence
of hypertension in men. Am J Hypertens 2009; 22: 417–424,
doi: 10.1038/ajh.2009.6.

12. Forman JP, Stampfer MJ, Curhan GC. Diet and lifestyle risk
factors associated with incident hypertension in women.
JAMA 2009; 302: 401–411, doi: 10.1001/jama.2009.1060.

13. Rijnhart JJM, Lamp SJ, Valente MJ, MacKinnon DP, Twisk
JWR, Heymans MW. Mediation analysis methods used in
observational research: a scoping review and recommenda-
tions. BMC Med Res Methodol 2021; 21: 226, doi: 10.1186/
s12874-021-01426-3.

14. Lange T, Hansen KW, Sørensen R, Galatius S. Applied
mediation analyses: a review and tutorial. Epidemiol Health
2017; 39: e2017035, doi: 10.4178/epih.e2017035.

15. Barroso WKS, Rodrigues CIS, Bortolotto LA, Mota-Gomes
MA, Brandão AA, de Magalhães Feitosa AD, et al. Brazilian
guidelines of hypertension - 2020. Arq Bras Cardiol 2021;
116: 516–658, doi: 10.36660/abc.20201238.

16. Kawano Y. Diurnal blood pressure variation and related
behavioral factors. Hypertens Res 2011; 34: 281–285, doi:
10.1038/hr.2010.241.

17. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R,
Coates A, et al. Standardisation of spirometry. Eur Respir J
2005; 26: 319–338, doi: 10.1183/09031936.05.00034805.

18. Mannino DM, Holguin F, Pavlin BI, Ferdinands JM. Risk
factors for prevalence of and mortality related to restriction
on spirometry: findings from the First National Health and
Nutrition Examination Survey and follow-up. Int J Tuberc
Lung Dis 2005; 9: 613–621.

19. Sperandio EF, Arantes RL, Matheus AC, Silva RP da, Lauria
VT, Romiti M, et al. Restrictive pattern on spirometry:
association with cardiovascular risk and level of physical
activity in asymptomatic adults. J Bras Pneumol 2016; 42:
22–28, doi: 10.1590/S1806-37562016000000030.

20. Gonze BB, Ostolin TLVDP, Barbosa ACB, Matheus AC,
Sperandio EF, Gagliardi AR de T, et al. Dynamic physiolo-
gical responses in obese and non-obese adults submitted to
cardiopulmonary exercise test. PLoS One 2021; 16:
e0255724, doi: 10.1371/journal.pone.0255724.

21. Porszasz J, Casaburi R, Somfay A, Woodhouse LJ, Whipp
BJ. A treadmill ramp protocol using simultaneous changes in
speed and grade. Med Sci Sports Exerc 2003; 35: 1596–
1603, doi: 10.1249/01.MSS.0000084593.56786.DA.

22. Brooks AG, Gunn SM, Withers RT, Gore CJ, Plummer JL.
Predicting walking METs and energy expenditure from
speed or accelerometry. Med Sci Sports Exerc 2005; 37:
1216–1223, doi: 10.1249/01.mss.0000170074.19649.0e.

23. Matthews CE. Calibration of accelerometer output for adults.
Med Sci Sports Exerc 2005; 37: S512–S522, doi: 10.1249/
01.mss.0000185659.11982.3d.

24. Després JP. Physical activity, sedentary behaviours, and
cardiovascular health: when will cardiorespiratory fitness
become a vital sign? Can J Cardiol 2016; 32: 505–513, doi:
10.1016/j.cjca.2015.12.006.

25. Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP,
Cardon G, et al. World Health Organization 2020 guidelines
on physical activity and sedentary behaviour. Br J Sports
Med 2020; 54: 1451–1462, doi: 10.1136/bjsports-2020-10
2955.

26. D’Agostino Sr RB, Vasan RS, Pencina MJ, Wolf PA, Cobain
M, Massaro JM, et al. General cardiovascular risk profile for
use in primary care: the Framingham Heart Study. Circula-
tion 2008; 117: 743–753, doi: 10.1161/CIRCULATIONAHA.
107.699579.

27. Centers for Disease Control and Prevention. Center for
Health Statistics. NHANES National Youth Fitness Survey
(NYFS) Body Measures Procedures Manual. March 2012.
Available from: ohttps://www.cdc.gov/nchs/data/nnyfs/body_
measures.pdf4. Accessed March 21, 2022.

Braz J Med Biol Res | doi: 10.1590/1414-431X2022e11754

Cardiorespiratory fitness and its mediating role 9/10

https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
http://dx.doi.org/10.1161/HYPERTENSIONAHA.114.03616
http://dx.doi.org/10.1161/HYPERTENSIONAHA.114.03616
https://www.who.int/news-room/fact-sheets/detail/hypertension
https://www.who.int/news-room/fact-sheets/detail/hypertension
http://dx.doi.org/10.1016/S2213-2600(17)30434-4
http://dx.doi.org/10.4104/pcrj.2012.00027
http://dx.doi.org/10.1161/HYPERTENSIONAHA.111.184101
http://dx.doi.org/10.1161/HYPERTENSIONAHA.111.184101
http://dx.doi.org/10.1016/j.exger.2012.02.001
http://dx.doi.org/10.1016/j.exger.2012.02.001
http://dx.doi.org/10.1164/rccm.201610-2089OC
http://dx.doi.org/10.1161/CIR.0000000000000461
http://dx.doi.org/10.1161/CIR.0000000000000461
http://dx.doi.org/10.1161/HYPERTENSIONAHA.109.147603
http://dx.doi.org/10.1161/HYPERTENSIONAHA.109.147603
http://dx.doi.org/10.1038/ajh.2009.6
http://dx.doi.org/10.1001/jama.2009.1060
http://dx.doi.org/10.1186/s12874-021-01426-3
http://dx.doi.org/10.1186/s12874-021-01426-3
http://dx.doi.org/10.4178/epih.e2017035
http://dx.doi.org/10.36660/abc.20201238
http://dx.doi.org/10.1038/hr.2010.241
http://dx.doi.org/10.1183/09031936.05.00034805
http://dx.doi.org/10.1590/S1806-37562016000000030
http://dx.doi.org/10.1371/journal.pone.0255724
http://dx.doi.org/10.1249/01.MSS.0000084593.56786.DA
http://dx.doi.org/10.1249/01.mss.0000170074.19649.0e
http://dx.doi.org/10.1249/01.mss.0000185659.11982.3d
http://dx.doi.org/10.1249/01.mss.0000185659.11982.3d
http://dx.doi.org/10.1016/j.cjca.2015.12.006
http://dx.doi.org/10.1136/bjsports-2020-102955
http://dx.doi.org/10.1136/bjsports-2020-102955
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.699579
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.699579
https://www.cdc.gov/nchs/data/nnyfs/body_measures.pdf
https://www.cdc.gov/nchs/data/nnyfs/body_measures.pdf
https://doi.org/10.1590/1414-431X2022e11754


28. Mediation (David A. Kenny). Available from: ohttp://davida-
kenny.net/cm/mediate.htm4. Accessed March 21, 2022.

29. Valente MJ, Pelham WE, Smyth H, MacKinnon DP. Con-
founding in statistical mediation analysis: What it is and how
to address it. J Couns Psychol 2017; 64: 659–671, doi:
10.1037/cou0000242.

30. Sparrow D, Weiss ST, Vokonas PS, Cupples LA, Ekerdt DJ,
Colton T. Forced vital capacity and the risk of hypertension.
The normative aging study. Am J Epidemiol 1988; 127: 734–
741, doi: 10.1093/oxfordjournals.aje.a114854.

31. Imaizumi Y, Eguchi K, Hoshide S, Kario K. Association
between decreased respiratory function and increased
blood pressure variability. Blood Press Monit 2018; 23:
79–84, doi: 10.1097/MBP.0000000000000310.

32. Roman MA, Rossiter HB, Casaburi R. Exercise, ageing and
the lung. Eur Respir J 2016; 48: 1471–1486, doi: 10.1183/
13993003.00347-2016.

33. Ross JC, Castaldi PJ, Cho MH, Hersh CP, Rahaghi FN,
Sánchez-Ferrero G V., et al. Longitudinal modeling of lung
function trajectories in smokers with and without chronic
obstructive pulmonary disease. Am J Respir Crit Care
Med 2018; 198: 1033–1042, doi: 10.1164/rccm.201707-
1405OC.

34. Lundby C, Montero D, Joyner M. Biology of
.
VO2 max:

looking under the physiology lamp. Acta Physiol (Oxf) 2017;
220: 218–228.

35. Bianchim MS, Sperandio EF, Martinhão GS, Matheus AC,
Lauria VT, da Silva RP, et al. Correlation between heart rate
variability and pulmonary function adjusted by confounding
factors in healthy adults. Braz J Med Biol Res 2016; 49:
e4435, doi: 10.1590/1414-431X20154435.

36. Červená K, Spišská V, Kolář D, Evansová K, Skálová K,
Dostal J, et al. Diurnal and seasonal differences in
cardiopulmonary response to exercise in morning and
evening chronotypes. Chronobiol Int 2021; 38: 1661–1672,
doi: 10.1080/07420528.2021.1938598.

37. Afonso LS, dos Santos JFB, Lopes JR, Tambelli R, Santos
EHR, Back FA, et al. Freqüência cardíaca máxima em
esteira ergométrica em diferentes horários [in Portuguese].
Rev Bras Med Esporte 2006; 12, doi: 10.1590/S1517-869
22006000600004.

38. Goel A, Goyal M, Singh R, Verma N, Tiwari S. Diurnal
variation in peak expiratory flow and forced expiratory
volume. J Clin Diagn Res 2015; 9: CC05–CC07.

39. Knaier R, Infanger D, Niemeyer M, Cajochen C, Schmidt-
Trucksäss A. In athletes, the diurnal variations in maximum
oxygen uptake are more than twice as large as they day-to-
day variations. Front Physiol 2019; 10: 219, doi: 10.3389/
fphys.2019.00219.

40. Vitale JA, Weydahl A. Chronotype, physical activity, and
sport performance: a systematic review. Sports Med 2017;
47: 1859–1868, doi: 10.1007/s40279-017-0741-z.

Braz J Med Biol Res | doi: 10.1590/1414-431X2022e11754

Cardiorespiratory fitness and its mediating role 10/10

http://davidakenny.net/cm/mediate.htm
http://davidakenny.net/cm/mediate.htm
http://dx.doi.org/10.1037/cou0000242
http://dx.doi.org/10.1093/oxfordjournals.aje.a114854
http://dx.doi.org/10.1097/MBP.0000000000000310
http://dx.doi.org/10.1183/13993003.00347-2016
http://dx.doi.org/10.1183/13993003.00347-2016
http://dx.doi.org/10.1164/rccm.201707-1405OC
http://dx.doi.org/10.1164/rccm.201707-1405OC
http://dx.doi.org/10.1590/1414-431X20154435
http://dx.doi.org/10.1080/07420528.2021.1938598
http://dx.doi.org/10.1590/S1517-86922006000600004
http://dx.doi.org/10.1590/S1517-86922006000600004
http://dx.doi.org/10.3389/fphys.2019.00219
http://dx.doi.org/10.3389/fphys.2019.00219
http://dx.doi.org/10.1007/s40279-017-0741-z
https://doi.org/10.1590/1414-431X2022e11754

	title_link
	Introduction
	Material and Methods
	Study design and participants
	Main outcomecolon blood pressure
	Main predictorscolon forced vital capacity and forced expiratory volume in the first second
	Potential mediators
	Cardiorespiratory fitness


	Figure 1.
	Outline placeholder
	Accelerometerhyphenbased sedentary behavior and physical activity

	Covariates
	Clinical and sociodemographic assessment
	Cardiovascular risk score
	Anthropometric evaluation

	Statistical analysis

	Figure 2.
	Results
	Discussion
	Table  Table 1. General characteristics of the study sample lparn=1362rpar
	Figure 3.
	Figure 4.
	Figure 5.
	Conclusion

	Acknowledgments

	REFERENCES
	References


