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Abstract

Cardiorespiratory fitness (CRF) and physical activity (PA) are associated with autonomic function but
their associations to orthostatic autonomic responses are unclear in epidemiological setting. We
hypothesized that higher CRF and PA would associate with higher immediate vagal responses and
lower incidence of adverse findings during orthostatic test. At age of 46, 787 men and 938 women
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without cardiorespiratory diseases and diabetes underwent an orthostatic test (3-min sitting, 3-min
standing) with recording of R-R intervals (RRi) and blood pressure (BP) by finger plethysmography.
Acute responses of RRi (30:15 ratio) and BP were calculated. CRF was measured by a submaximal
step test and daily amount of moderate-to-vigorous PA (MVPA) for two weeks by wrist-worn
accelerometer. Lifelong PA was based on questionnaires at ages of 14, 31 and 46. High CRF was
significantly associated with higher RRi 30:15 ratio (adjusted standardized f=0.17, p<0.001) and
milder acute decrease of systolic BP while standing (=0.10, p=0.001), while MVPA was not (3=0.04
for RRi 30:15 ratio and 3=0.05 for systolic BP acute response). High lifelong PA was significantly
associated with higher RRi 30:15 ratio ($=0.08, p=0.002) but not with acute systolic BP response.
Those in the lowest tertile of CRF had 9.2-fold risk (p=0.002) of having postural orthostatic
tachycardia syndrome compared to more fit. Cardiorespiratory fitness and lifelong physical activity,
but not current physical activity, were independently associated with higher cardiac vagal response
to orthostasis. The present results underscore the importance fitness and lifelong physical activity in
prevention of abnormal autonomic function and related cardiovascular risk.
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Introduction

Impaired autonomic function is associated with cardiovascular mortality in patients with
cardiometabolic disease and in general population.”? It is also associated with aging and several risk
factors for cardiometabolic disease, such as obesity and physical inactivity.>> Abnormal autonomic
function manifests typically as increased sympathetic activity and decreased vagal activity which
increases risk for fatal cardiac arrhythmias — excessive and long-lasting sympathetic activity gradually
damaging end organs irreversibly.*’

Low cardiorespiratory fitness (CRF) is an important risk factor of cardiovascular mortality.®
Physical activity (PA) and exercise are keys to improve CRF but PA also has been associated
with longevity independently of CRF.? Both higher CRF and higher PA are associated with
more favourable cardiovascular autonomic function, i.e. higher cardiac vagal and lower

sympathetic activity.3' 1% Therefore, improving CRF and PA are key factors to reduce
cardiometabolic risk,** where their effects on autonomic function form substantial

component.>”

An orthostatic test is feasible way to determine cardiovascular function in response to

12,1 . .
*13 Abnormal autonomic and hemodynamic responses, such as

sympathetic stimulus.
orthostatic hypotension,** orthostatic hypertension,’ and postural orthostatic tachycardia
syndrome (POTS),"® have clinical significance. As higher CRF and PA have been associated
with better steady-state cardiac autonomic function,®> contrasting results have been

1619 Also, contribution of CRF and PA to

orthostatic response in epidemiological setting in unclear. Therefore, the purpose of this

reported regarding in responses to orthostasis.

study was to determine the relationship between CRF and objectively measured PA with
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autonomic and hemodynamic responses to orthostatic test in population-based sample of
middle-aged men and women. Secondly, the associations of lifelong PA (PAre) with the
orthostatic responses were assessed. We hypothesized that a low CRF and PA are associated
with attenuated immediate vagal response to orthostasis and higher incidence of adverse
findings during orthostatic test. Furthermore, we tested the hypothesis that gender would
modify the association of autonomic function to CRF and PA.

Materials and methods

Subjects

All those individuals living in northern Finland whose expected date of birth fell between
January 1% and December 31* 1966 in Northern Finland (96.3% of all 1966 births, n = 12,058
live births) were included in the prospective NFBC1966-study. Since their mother’s
recruitment during her first visit to the maternity health clinics, data have been collected on
their health, lifestyle and socioeconomic status. The study was conducted according to the
Declaration of Helsinki and approved by the Ethical Committee of the Northern Ostrobothnia
Hospital District in Oulu, Finland. The study participants provided their written informed

consent for the study.

Protocol

Postal surveys enquiring about the participant’s health status and lifestyle, including an
invitation to attend a clinical examination, were sent in 2012-2014 to subjects who were
living at known addresses in Finland (n=10,321). The response rate to the postal surveys was
66% (n=6,825). A total of 5,861 (57%) subjects participated in the clinical examinations in
one of the three laboratory units (Oulu, southern and northern Finland) between April 2012
and March 2014. The present study included those who were examined in the Oulu
laboratory unit (n=2,740) (Figure 1). The subjects entered the laboratory between 7:00 and

11:00 a.m. after overnight fasting (12 hours) and abstained from smoking and drinking coffee
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during the examination day. VVenous blood samples were drawn for the analysis of glycemic
status and lipid profile. Serum glucose was analyzed using an enzymatic hexokinase/glucose-
6-phosphate dehydrogenase method. Total cholesterol, high-density lipoprotein and low-
density lipoprotein cholesterol, and triglycerides were determined using an enzymatic assay
method. The concentration of glycated and total hemoglobin were measured using
immunochemical assay methods. The ratio is reported as relative hemoglobin Alc (NGSP,
%; IFCC mmol/mol). The samples were analyzed in NordLab Oulu, a testing laboratory
(T113) accredited by Finnish Accreditation Service (FINAS) (EN ISO 15189) (All methods:
Advia 1800; Siemens Healthcare Diagnostics Inc., Tarrytown, NY, USA). Seated systolic
(SBP) and diastolic blood pressures (DBP) were measured three times (the two lowest values
averaged, Omron M10, Omron Healthcare, Kyoto, Japan) after 15 minutes of rest. After the
anthropometric measurements, including body composition by bioimpedance (InBody720,
InBody, Seoul, Korea), and other examinations, the participants had a light meal 60-90 min
before the orthostatic test and performance of the submaximal exercise test. Subsequently, the
two-week monitoring of PA was initiated. On a separate day, an oral glucose tolerance test
was conducted according to the recommendations of the World Health Organization in those

participants without medication for diabetes.

Inclusions/Exclusions

Out of 2,740 subjects, who were examined in the Oulu laboratory unit, the main outcome variables
were successfully analyzed in 2,337 subjects. Further exclusions are described in Figure 1. The final
population included 1,731 subjects (787 men and 938 women) of whom CRF, objectively measured
PA and PA, ;s were determined for 1,626, 1,650 and 1,389 subjects, respectively (Table 1).

Lifestyle factors

PA was self-reported at 14, 31 and 46 years of age. At the age of 14, the subjects were asked how
often they participated in sports after school hours with the following alternatives 1) daily, 2) every
other day, 3) twice a week, 4) once a week, 5) every other week, 6) once a month and 7) generally
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not at all. The answer options 6 and 7 were combined. At the ages of 31 and 46, the subjects were
asked how often they participated in brisk PA/exercise during their leisure-time. The term 'brisk' was
defined as PA causing at least some sweating and getting out of breath, corresponding to moderate-
to-vigorous intensity. The six response alternatives were 1) daily, 2) 4-6 times a week, 3) 2-3 times a
week, 4) once a week, 5) 2-3 times a month, and 6) once a month or less often. History and
frequency of smoking was enquired and the subjects were classified as non-, ex- and current
smokers. The amount of alcohol consumed per day was estimated from the items enquiring the
frequency and the usual amount of beverage consumed on one occasion. Total sitting time during
waking hours was established by asking the subjects how many hours on average they sat on
weekdays (at work, at home, in a vehicle and elsewhere) and the total sum of sitting hours was used.
Finally, Athens Insomnia Score for nocturnal sleep was assessed.”

Physical activity monitoring

PA was objectively measured with a wrist-worn Polar Active device (Polar Electro Oy, Kempele
Finland). Participants were asked to wear the Polar Active monitor for 24 hours every day for at least
14 days, also while sleeping, in the non-dominant hand’s wrist. The first day when activity monitors
were given was excluded from the analysis. An eligible day was considered as at least 600 min/day
wearing time during waking hours. Participants with four or more eligible days were included in the
analyses. In the whole dataset, mean (SD) for eligible days was 13.6 (1.2), ranging from 4 to 19 days
and including weekends. Polar Active provides daily PA based on estimated metabolic equivalent
(MET) values every half minute.” Daily averages of duration spent in different PA levels (min/day)
were calculated in all participants using the cutoff values provided by the manufacturer (very light:
1-2 MET, light: 2-3.5 MET, moderate: 3.5-5 MET, vigorous: 5—-8 MET and very vigorous >8 MET). The
three highest activity levels were combined as moderate-to-vigorous physical activity (MVPA).
Genderwise tertiles and percentiles of MVPA were formed. Although the amount of MVPA
measured by the wrist-worn Polar Active was previously reported to be higher compared to hip
worn accelerometers when using standard cutoffs of 3 MET and 6 MET for moderate and vigorous
PA, the differences between Polar Active and hip-worn monitors were shown to decline when using
the cutoffs values provided by the Polar Active manufacturer.”*

Lifelong physical activity

Latent Class Analysis was used to obtain clusters in which the individuals had a similar
profile of PA from adolescence to middle-age. The method has been described elsewhere in
detail . Briefly, three lifelong PA trajectory groups (active, semi-active and inactive) were
formed according to the self-reported frequency of PA at 14, 31 and 46 years of age (PALrg).

The number of clusters (1-7) is increased until the most appropriate model is found using
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Bayesian Information Criterion. The clustering was performed for all the applicable subjects

and both genders together, not only for those subjects with measured orthostatic test.

Orthostatic test

Orthostatic test consisted of 3 min of seated rest followed by 3 min active standing. Each
participant sat down on a chair to allow instrumentation and was provided with a review of
the protocol. Standard lead-11 ECG (Cardiolife, Nihon Kohden, Tokyo, Japan) and blood
pressure (BP) by finger photoplethysmography accompanied with the measurement of
cardiac output (Nexfin, BMEYE Medical Systems, Amsterdam, the Netherlands) were
recorded with a sampling frequency of 1,000 Hz (PowerLab 8/35, ADInstruments, Bella
Vista, New South Wales, Australia). The finger cuff was adjusted so that SBP and DBP
assessed by finger photoplethysmography (left arm, supported by an arm sling) did not differ
by more than 10 mmHg from the values measured by the automated sphygmomanometer
(right arm, Omron M10). Physiological calibration of finger BP was then turned off. After
these procedures (5-10 min), there was at least a 1-min period allowing stabilization of heart
rate (HR) before the recording of 3 min in the seated position and following 3 min of active

standing. The participants were allowed to breathe spontaneously.

Analysis of orthostatic responses

Analysis software (Labchart 7 Pro; ADInstruments) was used to extract beat-to-beat values of heart
rate HR, SBP, DBP, mean blood pressure (MBP) and cardiac output (CO). Stroke volume (SV) and
systemic vascular resistance (SVR) were derived from these data. Cardiac index (Cl) and stroke
volume index (SVI) were calculated by dividing CO and SV, respectively, by body surface area. SVR
index (SVRI) was calculated by diving ClI by MBP. For the acute responses, minimum and subsequent
maximum values of R-R interval RRi 30:15 ratio), SBP and DBP were detected from the first 30
seconds after command to stand up (AcuteMin or AcuteMax). The minimum and maximum RRi were
detected around 15" and 30" beat after standing up, respectively. Continuous decrease in RRi after
the maximum RRi was confirmed. The RRi 30:15 ratio was computed by dividing the maximum RRi
by minimum RRi."> The mean values of all hemodynamic variables were analyzed from 60-180
seconds while seated and from 120-180 seconds while standing (Standing 2-3’). Absolute and

This article is protected by copyright. All rights reserved.



relative changes from seated position were calculated. The relative changes (A) were used in analysis
when the acute and later responses were investigated as continuous variables.

The abnormal responses to the orthostatic test were defined according to the following limiting
value. The RRi 30:15 ratio was defined to be abnormal when the value was < 1.00 and borderline
case when the value was 1.00-1.03. POTS was defined as condition where the HR was in standing
position 2120 bpm or the HR increased 230 bpm.** Orthostatic hypertension was defined as
condition where the SBP increased in standing position 220 mmHg. Orthostatic hypotension was

defined as condition where the SBP decreased 220 mmHg or DBP decreased 210 mmHg in standing

position.'> 1>

Cardiorespiratory fitness

CRF was measured by a submaximal 4-min single-step test with a stepping rate of 23 ascents
per minute paced by metronome and expressed as peak HR during the step test (HRstep) (34).
In a sub-sample (n=124) of NFBC1966 at the age of 31, the correlation between HRstep and
directly measured maximal oxygen uptake during a maximal cycle ergometer test was shown
to be -0.52.% Stepping was performed without shoes on a bench adjusted to a height of 33 cm
for women and 40 cm for men. HR was measured during and 90 s after the stepping in a
seated position (RS800CX). The population was divided into CRF gender-wise tertiles and
percentiles according to HRstep. The participants who terminated the test due to exhaustion
were placed in the lowest tertile or percentile. Out of 1,731 participants, 1,570 successfully
performed the test, 56 terminated the test due to exhaustion (test duration > 60 s), 4
terminated the test due to some reason other than exhaustion, 98 did not perform the test due
to impaired health status (e.g. musculoskeletal problems, elevated blood pressure or exercise-
induced angina pectoris) or unwillingness, and in 3 there were technical problems with HR
recording.

Statistical analysis

The distributions of the outcome variables (orthostatic test) were first assessed by analyzing
the skewness of the data by visual inspection of histograms. In the case of skewed
distributions (skewness|>1; RRi 30:15 ratio), the variable was transformed into its natural

This article is protected by copyright. All rights reserved.



logarithm (In), which eliminated skewness in the dependent variable. Thereafter, this
transformed variable was verified to be Gaussian. The t-test was used for continuous
variables to analyze the statistical significance of the differences between the genders.
Gender-differences in categorical variables were analyzed using Chi-square test. Interactions
of CRF, MVPA and PA_ e (in tertiles) with gender were assessed by ANCOVA (continuous
outcome variables) or logistic regression (categorical outcome variables). Associations of
CRF, MVPA and PA_ ke with the outcome variables were assessed by linear regression
analysis and the models were further adjusted for the potential contributing factors (gender,
percent body fat, smoking, alcohol consumption, sitting time, Athens Insomnia Score,
glycated hemoglobin, serum total and high-density lipoprotein cholesterol and triglycerides).
The relative changes, instead of absolute, in hemodynamic variables were used in linear
regression to minimize the effect of baseline value. Low-density lipoprotein cholesterol was
excluded from the covariates due to its significant collinearity with total cholesterol (variance
inflation factor > 5). The data were analyzed using SPSS software (IBM SPSS Statistics 24,

IBM Corp., New York). A p-value <0.05 was considered significant.

Results
Cardiorespiratory fitness and orthostatic responses

Hemodynamics at seated rest and in response to standing are presented for both genders in Table 1.
In the univariate analysis, high CRF (low HRsep) Was significantly associated with lower HRseateq and
HRaacutemin @and higher HRastanding 23, HRaacutemax @nd RRi 30:15 ratio (Table 2, Figure 2). These
associations remained significant in the multivariate analysis, except for HRastanding 2-3 (Table 3). In the
univariate analysis high CRF was significantly associated with lower SBPseateq and DBPscateq and higher
SBPaacutemin (Table 2, Figure 2). The associations of CRF with DBPsg,eq and SBPaacutemin Femained
significant in the multivariate analysis (Table 3). In the univariate analysis high CRF was significantly
associated with lower Clseateq aNd SVlastanding 2-3» and higher SVlseateq and SVRIseateq (Table 2). These
results remained significant in the multivariate analysis, except for SVlastanding 2-3 (Table 3). CRF was
significantly associated with PA ;. (crude standardized f=0.25, p<0.001) and the amount of MVPA
(B=0.311, p<0.001).
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In the multivariate analysis, the body fat percentage was observed as more significant determinant
of some orthostatic responses than CRF. The body fat percentage was significantly associated with
HR astanding 2-3 (adjusted standardized B=-0.10, p=0.012), SBPastanding 2-3 (B=0.09, p=0.016), DBPastanding 2-3
(B=0.08, p=0.037), and SVRlastanding 2-3 (B=0.11, p=0.003) whereas contribution of CRF was not
significant. Also, the body fat percentage was significantly associated with SBPacutemax (B=0.17,
p<0.001) and DBPpacutemax (B=0.10, p<0.001) despite the significant relationship of these markers to
CRF.

Moderate-to-vigorous physical activity and orthostatic responses

In the univariate analysis high MVPA was significantly associated with lower HRseaeq, and higher

HR astanding 2-3» HRaacutemax @and RRi 30:15 ratio (Table 2, Figure 2). After adjustments for covariates, all
association remained significant, except for RRi 30:15 ratio (Table 3). In the univariate analysis high
MVPA was significantly associated with lower Clsesteq @aNd SVlastanding 2-3» and higher SVRIseareq (Table 2).
After adjustments for covariates, the associations for Clseateq and SVRIseateq remained significant
(Table 3).

Lifelong physical activity and orthostatic responses

In the univariate analysis high PA sz was significantly associated with lower HRs.teq, and higher
HRaacutemax @and RRi 30:15 ratio (Table 2, Figure 3). After adjustments for covariates, all association
remained significant (Table 4). In the univariate analysis high PA was significantly associated lower
Clseated aNd SVlastanding 2-3 and higher SVRIseaeq (Table 2). After adjustments for covariates, all
associations remained significant (Table 3).

Abnormal responses to orthostatic test

Cardiovascular autonomic function according to gender-wise tertiles of CRF, MVPA and PA ¢ are
presented in Table 4. Lower CRF was significantly associated with higher prevalence of POTS. Those
in the lowest tertile of CRF had 9.2-fold adjusted risk (p=0.002) of having postural orthostatic
tachycardia syndrome compared to more fit participants.

Gender-interactions in orthostatic responses

There was a linear and positive relationship between CRF and HRaacutemax in both genders, the
relationship being stronger in men (p=0.014). A trend of similar interaction was observed with
association of high CRF to higher RRi 30:15 ratio (p=0.053). Low CRF was linearly associated with
higher SBPs..iq in both genders, and the association was stronger in women (p=0.053). MVPA-
gender interaction (p=0.024) was observed with DBP astsnging 2-3. In Wwomen, both low and high MVPA
were associated with higher DBPasanding 2-3» Whereas in men this relationship was linear (Figure 4). In
women, both low and high MVPA were associated with greater SVRIasanding 2-3, Whereas in men they
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correlated with lower SVRlastanding 2-3 (P=0.007) (Figure 4). No gender-interactions were observed in
associations of CRF, MVPA and PA  with prevalence of abnormal orthostatic responses.

Discussion

The main finding of the present study was that both cardiorespiratory fitness and lifelong physical
activity were positively associated with immediate vagal response to upright standing. High
cardiorespiratory fitness was also associated with lower incidence of postural orthostatic tachycardia
syndrome. The present results suggest that high cardiorespiratory fitness and lifelong physical
activity may prevent development autonomic dysfunction related to orthostasis.

It has been well established that higher CRF is associated with lower resting HR driven by cardiac
vagal activity and greater stroke volume.? The present results suggest that CRF is also positively
related to immediate vagal responses to upright standing, i.e. greater or faster vagal withdrawal,
which potentially diminished acute decrease in BP, followed by efficient vagal rebound. It is also
reasonable to expect that those with higher CRF and baseline vagal activity have more capacity for
immediate vagal withdrawal.”” While orthostatic responses are mediated mainly via baroreflex'> **
and CRF is positively associated baroreflex sensitivity,® baroreflex serves a potential factor explaining
the present findings. Complementary analysis with our present and previous data showed that
baroreflex sensitivity correlated strongly with RRi 30:15 ratio (r=0.43 for seated and r=0.55 for

*22 Also, increased cardiovagal response to Valsalva maneuver after aerobic

standing position).
training in young men also supports the present finding.”® However, lower cardiovagal response to
Valsalva maneuver has been reported in female athletes compared to sedentary counterparts.”
Also, in the present study, men tended to benefit more from higher CRF than women regarding RRi
30:15 ratio. In contrast, Gabbett et al. reported no significant changes in initial (30 s) responses to
passive head-up tilt after aerobic training in elderly despite evident improvement in CRF."” Notably,
they did not observe improved baroreflex sensitivity either, which may underscore the importance
of baroreflex in the immediate responses to orthostasis. For the lesser immediate decrease in BP
among those with higher CRF, higher plasma volume, which often accompanies higher CRF, may play
a role in addition to effective baroreflex.'® While the present findings on immediate hemodynamic
responses to standing describe mainly cardiac responses, some peripheral vascular effects may also

be involved in this cascade.*

The present results suggest that low CRF would associate with greater prevalence of POTS that
supports the vast majority of previous studies.'® However, the relative change in HR in response to
sustained standing was not substantially associated with CRF. Therefore, greater incidence of POTS
with lower CRF may largely be explained by higher basal (resting) HR due to lower cardiac vagal
activity among those with lower CRF.?> However, higher CRF was substantially associated with lower
Cl, DBP and higher SVRI at seated rest. This finding may be explained by improved oxygen extraction
accompanying high CRF resulting in lesser need for perfusion.®" In this study, CRF was positively
associated with SVRI, which is in contrast with previous studies, where exercise training has been
associated with lower total peripheral resistance and decrease of sympathetic activity at rest.'*
Also, CRF seemed not to be associated with later orthostatic relative responses of central
hemodynamics in multivariate analyses, suggesting that CRF may not be determinant of in later
cardiac or even peripheral responses to upright position. Therefore, it seems that CRF is mainly
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associated with overall vagal activity, regardless of position, and with immediate but not later
hemodynamic response to orthostasis.

Regular PA has been associated with cardiovascular health.'! The relationship between CRF and
cardiovascular health is even stronger, suggesting that improved cardiovascular health with PA, as
well as autonomic function, may be largely related to response of CRF to PA with interactions with

genetic factors.>*

The present study verified the importance of CRF over PA for autonomic
function and central hemodynamics at rest and during immediate response to upright standing. The
associations of PA to outcome variables were similar but evidently weaker than observed with CRF.
PA was not associated with the incidence of POTS. Both objective and lifelong subjective
measurement of PA were positively associated with HR response and decrease in SVI during
sustained standing. Reduction in SVI from lying to standing position, accompanied with increased
HR, has been observed indicating increased venous pooling,* which may also relate to acute
exercise effects.®®> However, we cannot conclude to which extent acute effects of habitual exercise

may play part in the objectively measured and lifelong PA.

While the associations between CRF and immediate autonomic responses followed similar pattern
between men and women, the relationship between CRF and immediate HR responses to upright
standing were stronger in men. In other words, men may benefit from higher CRF more than women
in terms of vagal responses orthostasis. Women exhibit partly different mechanisms in blood
pressure regulation to men, e.g. lesser sympathetic effects on peripheral vasculature.® Therefore, it
could be hypothesized that factors mediating the association between CRF and vagal responses may
differ between genders. Later orthostatic responses in DBP and SVRI suggested U-shaped association
with daily amount of MVPA in women and inverse U-shaped association in men. This underscores
the complexity of physiology underlying gender-interactions in associations between CRF, MVPA and
hemodynamic responses to orthostasis, which we cannot establish with the present data. On
average, men had greater HRpacuemax and RRI 30:15 ratio and lower HRpacuemin than women. Although
POTS or other orthostatic abnormalities were not more common in women than men in the present
study, women have been overrepresented in patient populations suffering from these syndromes.*’
Better immediate autonomic response in men than in women may support these previous
observations.

In addition to the traditional cardiometabolic risk factors, higher PA and CRF seems to improve the
overall prognosis.’ Independent roles of PA and CRF were also present in the current study
suggesting that high CRF and PA have significant contribution to rapid vagal responses to upright
standing — probably reflecting proper baroreflex-mediated changes in autonomic outflow. This may
underscore and verify the role of antiarrhytmic vagal activity of potent mechanistic link in the

association of CRF to cardiovascular morbidities.” > ® %

Compared to PA, CRF was more strongly
associated with immediate orthostatic responses. In regard to orthostatic function, the primary goal
of PA and exercise should preferably be improved fitness, while PA may have some effects on
autonomic function independently of CRF.? Previously, CRF was suggested to be more important
contributor than adiposity to long-term health outcomes and CVD risk was reported to be higher
with inactive obese compared to their active counterparts.’ These findings are consistent with the
present results, albeit the contribution of percent body fat and serum triglyceride concentration
were remarkable with orthostatic responses (Supporting information). Interestingly, higher body fat

percentage was related to higher BP and SVRI and lower HR response during later phase of
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orthostasis, whereas CRF was not. These findings suggest that CRF contribute mainly to acute
cardiovagal responses to orthostasis, whereas the body fat percentage to later responses to
orthostasis. Higher BP and SVRI response to orthostasis may be precursor of orthostatic
hypertension, where peripheral adrenergic hypersensitivity has been observed.* However, Wu et al.
reported that orthostatic hypertension is not related to obesity although its association to diabetes
mellitus was evident."

The present study is limited by the time elapsing since the preceding meal may have affected
autonomic function, which was relatively short but controlled. Thus, its confounding effects are
presumably small. Also, the objective PA measurements were based on wrist-worn accelerometry
with known limitations regarding PA without arm movement and sensitivity.” Yet, the ability of the
present PA method to identify the fulfiiment of daily PA recommendation is comparable to hip-worn
devices.”! The CRF was estimated by achieved HR in the submaximal step test, which induces bias
caused by individual differences in maximal HR* and does not fully concur with the direct
measurement of maximal oxygen uptake.” Furthermore, we cannot establish the causality in the
present observations due to the study’s cross-sectional design. The study is limited by the small
number of cases with clinically abnormal orthostatic responses. This was most probably due to short
standing period and milder hemodynamic adjustments needed when changing position from seated
to upright.

In conclusion, both cardiorespiratory fitness and lifelong physical activity were positively associated
with immediate vagal response to upright standing. The present results suggest that high
cardiorespiratory fitness and lifelong physical activity may prevent development autonomic
dysfunction related to orthostasis, particularly postural tachycardia syndrome.

Perspectives

High cardiorespiratory fitness was independently associated with immediate vagal response to
standing countering acute fall in blood pressure. Also, high cardiorespiratory fitness appeared to be
associated with lower incidence of postural tachycardia syndrome. Whereas the role of habitual
physical activity seems to be lesser, physical activity should targeted to improve cardiorespiratory
fitness to prevent development of abnormal autonomic function.
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Table 1. Characteristics of the study population.

Men

n=787

Women

n=938

Lifestyle

Smoking status, n§

Alcohol consumption, g-d™

Athens Insomnia Score for Nocturnal Sleep
Sitting time on weekdays, self-report, h/day
MVPA, mean min/day

Lifelong PA§

Cardiorespiratory fitness by step test
HRsrep, bpm
Clinical and laboratory measurements
Body mass index, kg:-m™
Waist-hip-ratio
Body fat, %
HbAlc, %
mmol/mol
Plasma glucose, mmol-L*
Total cholesterol, mmol-L™
LDL cholesterol, mmol-L™

HDL cholesterol, mmol-L™

Non-smoker

Ex-smoker

Current smoker

Active

Semi-Active

Inactive
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315 (42 %)
223 (30 %)
209 (28 %)
15 (21)
3(3)

8 (3)
82 (40)
170 (28 %)
267 (44 %)

172 (28 %)

147 (15)

26.5(3.5)

0.96 (0.06)
22.3(6.3)
5.5(0.3)

37 (4)

5.6 (0.5)
5.6 (1.0)
3.8(0.9)

1.4 (0.3)

465 (52 %)

207 (23 %)

230 (26 %)
6 (9)%
3(3)

7 (3)%
62 (30)%
181 (23 %)
400 (51 %)

199 (26 %)

150 (15)

25.8 (4.6)%

0.85 (0.05)%
31.9 (8.0)%
5.4 (0.3)%

36 (4)

5.2 (0.4)%
5.2 (0.9)%
3.2(0.9)%

1.7 (0.4)¢



Triglycerides, mmol-L™*
Orthostatic test
Heart rate
Seated, bpm
AStanding 2-3’, %
AAcuteMax, %
AAcuteMin, %
RRi 30:15 ratio
Systolic blood pressure
Seated, mmHg
AStanding 2-3’, %
AAcuteMin, %
AAcuteMax, %
Diastolic blood pressure
Seated, mmHg
AStanding 2-3’, %
AAcuteMin, %
AAcuteMax, %
Cardiac Index
Seated, L/min/m?
AStanding 2-3’, %
Stroke Volume Index
Seated, mL/m?

AStanding 2-3’, %

Systemic Vascular Resistance Index,

Seated, mmHg-m?/L/min

AStanding 2-3’, %
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1.4 (1.0)

74 (12)
16.6 (8.0)
32.4(12.0)
3.3(9.1)

1.29(0.16)

125 (14)
-1.0 (5.1)
21.7(9.7)

8.6 (7.8)

74 (8)
2.8 (4.1)
-26.7(9.8)

9.9 (7.3)

3.15 (0.51)

2.29 (5.85)

43.2 (5.8)

-11.9 (6.7)

30.0 (5.6)

-1.6 (6.0)

1.0(0.5) %

75 (11)
16.2 (7.4)
27.9 (10.0)%
4.6 (7.3)*

1.23(0.11)%

118 (16)%
-0.8 (5.6)
-20.4 (8.5)t

5.1(7.9)%

70 (9)%
4.24.7)%
-21.9 (8.8)%

9.8(7.9)

3.25 (0.57)%

0.37 (6.54)%

43.7 (6.3)

-13.4 (7.1)%

28.0 (6.1)%

13(7.1)%



Abnormal responses to orthostatic test

POTS (HRgtang 2 120 bpm or AHRgang = 30 bpm) 13 (1.7 %) 10 (1.1 %)
Ortostatic hypertension (ASBP > 20 mmHg) 1(0.1%) 5 (0.5 %)
Ortostatic hypotension (ASBP < -20 or ADBP < -10 mmHg) 2 (0.3 %) 5 (0.5 %)
Any abnormal 15 (1.9 %) 20 (2.1 %)

The values are absolute or relative (%) number of cases, means (SD) and p value for sex-difference.
MVPA moderate-to-vigorous physical activity, HbAlc glycated hemoglobin, LDL low-density
lipoprotein, HDL high-density lipoprotein, HR heart rate, RRi average of difference of successive
heart rate intervals, RRi 30:15 ratio immediate heart rate maximum/minimum (30:15) ratio, POTS
postural orthostatic tachycardia syndrome, HRsng heart rate in standing position ~ p<0.05, t p<0.01
and ¥ p<0.001 compared to men.
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Table 2. Associations between cardiovascular autonomic function, cardiorespiratory fitness (CRF) by
peak heart rate during submaximal stepping-test (HRsrgp), daily amount of moderate-to-vigorous
physical activity (MVPA) and lifelong physical activity (PA_e).

n=1626 n=1650 n=1389
Orthostatic test CRF (HRstep) MVPA PA e
Heart rate
Seated -0.56% -0.17+ -0.16%
AStanding 2-3’ 0.05" 0.10% 0.05°
AAcuteMax 0.19% 0.15% 0.13%
AAcuteMin -0.05" 0.04 -0.01
RRi 30:15 ratio (In) 0.18% 0.10% 0.11%
Systolic blood pressure
Seated -0.12% 0.01 -0.01
AStanding 2-3’ -0.01 -0.01 -0.06"
AAcuteMin 0.09% 0.05 0.02
AAcuteMax -0.03 0.02 0.02
Diastolic blood pressure
Seated -0.18% 0.01 -0.01
AStanding 2-3’ 0.03 0.01 -0.02
AAcuteMin 0.01 -0.02 -0.02
AAcuteMax 0.01 0.02 -0.02
Cardiac Index
Seated -0.36% -0.17¢ -0.15%
AStanding 2-3’ -0.02 0.03 -0.06"
Stroke Volume Index
Seated 0.16% -0.03 0.00
AStanding 2-3’ -0.05" -0.06 -0.09t

Systemic Vascular Resistance Index
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Seated 0.22% 0.14% 0.11f

AStanding 2-3’ 0.01 -0.03 0.02

Values are standardized betas by linear regression. RRi average of difference of successive heart rate
intervals, RRi 30:15 ratio immediate heart rate maximum/minimum (30:15) ratio, : p<0.05, T p<0.01,
$p<0.001.
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Table 3. Multivariate analysis of associations between cardiovascular autonomic function,
cardiorespiratory fitness (CRF) by peak heart rate during submaximal stepping-test (HRsep), daily
amount of moderate-to-vigorous physical activity (MVPA) and lifelong physical activity (PAyg) in
men and women.

n=1611 n=1611 n=1389
CRF (HRsrep) MVPA PA,e
Orthostatic test
Heart rate
Seated -0.60% -0.10% -0.11%
AStanding 2-3’ -0.01 0.06" 0.03
AAcuteMax 0.14% 0.08t 0.08t
AAcuteMin -0.08t - -
RRi 30:15 ratio (In) 0.17% 0.04 0.08t
Systolic blood pressure
Seated -0.04 - -
AStanding 2-3’ - - -0.05
AAcuteMin 0.10t - -
Diastolic blood pressure
Seated -0.13% - -
Cardiac Index
Seated -0.40% -0.12% -0.12%
AStanding 2-3’ - - -0.07°
Stroke Volume Index
Seated 0.16% - -
AStanding 2-3’ 0.00 -0.04 -0.07t
Systemic Vascular Resistance Index
Seated 0.27% 0.11% 0.10%

Values are standardized betas by linear regression that are presented only in case of significant
univariate associations. RRi average of difference of successive heart rate intervals, RRi 30:15 ratio
immediate heart rate maximum/minimum (30:15) ratio, ~ p<0.05, t p<0.01, £p<0.001. Values are
adjusted for gender, percent body fat, smoking, alcohol consumption, sitting time, Athens Insomnia
Score, glycated hemoglobin, serum total and high-density lipoprotein cholesterol and triglycerides.
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Table 4. Cardiovascular autonomic function according to tertiles of cardiorespiratory fitness (CRF) by peak heart rate during submaximal stepping-test
(HRs7ep), daily amount of moderate-to-vigorous physical activity (MVPA) and lifelong physical activity (PA_re) in men and women.

CRF (HRstep) MVPA PALre

High Middle Low High Middle Low High Middle Low
n=440 n=598 n=555 n=512 n=543 n=556 n=345 n=654 n=362
POTS 0(0.0) 3(0.5) 16 (2.8)" 5(0.9) 1.6 % 8 (1.5) 3(0.9) 9(1.3) 7 (1.9)
Orthostatic hypertension 1(0.2) 0(0.0) 3 (0.5) 2 (0.4) 0.0% 3(0.6) 1(0.3) 2 (0.3) 1(0.3)
Orthostatic hypotension 2 (0.5) 1(0.2) 3 (0.5) 2 (0.4) 1(0.2) 4(0.8) 2 (0.6) 3(0.4) 1(0.3)
Any abnormal 3(0.7) 4(0.7) 21(3.6)" 9(1.6) 10 (1.8) 14 (2.7) 6(1.7) 13 (1.9) 9(2.4)

The values are absolute or relative (%) number of cases, HR heart rate, POTS postural orthostatic tachycardia syndrome. * p<0.05 compared to High, ¥

p<0.05 compared to Middle.
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Figure legends

Figure 1. The selection of the study population from the Northern Finland Birth Cohort 1966.
Antihypertensive medication included B-blockers, angiotensin-converting enzyme inhibitors,
angiotensin |l receptor blockers, diuretics and calcium channel blockers. HR heart rate, BP blood
pressure, CO cardiac output, CRF cardiorespiratory fitness, MVPA moderate-to-vigorous physical
activity and PA, lifelong physical activity measurement successfully performed.

Figure 2. Correlations of cardiorespiratory fitness (CRF) as evaluated by peak heart rate during the
step test (HRstep) and daily amount of moderate-to-vigorous physical activity (MVPA) to immediate
heart rate and blood pressure responses to upright standing. RRi 30:15 ratio (In) immediate heart
rate maximum/minimum (30:15) ratio (a, d), HRaacutemax relative change of HR within first 30 seconds
while standing (b, ), SBPacuiemin relative change of systolic blood pressure within first 30 seconds
while standing (c, f).

Figure 3. The immediate responses of heart rate and blood pressure to upright standing across the
groups based on lifelong physical activity (PA_). RRi 30:15 ratio (In) immediate heart rate
maximum/minimum (30:15) ratio (a), HRaacutemax relative change of HR within first 30 seconds while
standing (b), SBPacuiemin relative change of systolic blood pressure within first 30 seconds while
standing (c).

Figure 4. The responses of diastolic blood pressure and systemic vascular resistance to upright
standing across the tertiles of daily amount of moderate-to-vigorous physical activity (MVPA).
DBP pstanding 2-3 Telative change of diastolic blood pressure within third minute while standing (a),
SVRIpstanding 2-3 r€lative change of systemic vascular resistance index within third minute while
standing (b).

This article is protected by copyright. All rights reserved.



Northern Finland 1966: 12 058 live born

Birth Cohort 1966

2012: 10 312 alive in Finland

No orthostatic test with 2012-2014: 5 861 participated
hemodynamic measurement < L. . .

n=3 121 clinical examinations

Any missing main outcome variable |, 2 740 with orthostatic test with
n=403 hemodynamic measurement

y

Antihypertensive medication, n=330 , . .
Diabetes, n=148 e 2 337 with main outcome variables

Cardiac disease, n=48
y

Respiratory disease, n=210 : -
Total: 606 Final sample: 1 731 subjects

« 787 men, 938 women
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