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Abstract
Objective—To test the hypothesis that aerobic but not strength training would lead to attenuated
reactivity to and more rapid recovery from cognitive and orthostatic challenge and that
deconditioning would reverse this effect.

Methods—We conducted a randomized controlled trial (RCT) contrasting the effects of aerobic
vs. strength training on HR, 4 indices of RR interval variability (RRV), and blood pressure (BP)
reactivity to and recovery from psychological and orthostatic challenge in 149 healthy, young,
sedentary adults. Subjects were randomized to 12-week aerobic or strength training programs and
studied before and after training and again after 4 weeks of sedentary deconditioning. The data
were analyzed by performing a Group (aerobic vs. strength) by Session (study entry, post-training,
and deconditioning), by Period (baseline, speech, Stroop, math, tilt) 3-way ANOVA with
prespecified contrasts of the effect of group assignment on reactivity and recovery.

Results—Aerobic capacity increased in response to conditioning and decreased after
deconditioning in the aerobic but not the strength-training group. However, the two groups did not
differ on HR, RRV, or BP reactivity to or recovery from laboratory challenge.

Conclusions—These findings, from the largest RCT to address this matter to date, raise doubts
about attenuation of reactivity or enhancement of recovery as a putative mechanism underlying the
cardioprotective effects of aerobic exercise.
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Aerobic training for more than 3 hours per week elicits functional adaptations resulting in
improved cardiorespiratory efficiency. Many studies have reported cardioprotection and a
significant delay in all-cause mortality associated with higher levels of physical fitness (1-3)
and an increase in mortality among those who decrease exercise activity (4). There is a dose-
response relationship between fitness and survival but the magnitude of this benefit tends to
decline as fitness levels increase. These improvements have been shown to take place in
people of all ages (5-7). The evidence for the health benefits of physical activity is so great
that consensus panels have consistently recommended exercise as a central activity of a
healthy life (8-10).

A number of biologic mechanisms have been proposed to explain how physical activity
might decrease the risk of coronary artery disease (CAD) in normal subjects and slow its
progression in patients with existing heart disease. Platelet adhesiveness and aggregability
are depressed by exercise training (11). Through several different mechanisms, training
lowers metabolic demands of the myocardium or increases its electrical stability (12).
Abnormalities such as chronic activation of the adrenergic system with concomitant
decreases in vagal activity have been shown to be independent predictors of increased
cardiovascular mortality (13-16). In patients with moderate to severe congestive heart
failure, exercise training leads to significant improvements in functioning, with a significant
shift from sympathetic to parasympathetic dominance of cardiovascular autonomic control
after training (17).

Some evidence suggests that elevated cardiovascular reactivity to, and reduced recovery
from, challenging events may be related to the risk of CAD (18-22) and reactivity and
recovery appear to be related to physical activity and fitness. Like psychological stressors,
acute exercise elicits increases in HR, secondary to withdrawal of cardiac parasympathetic
and increased sympathetic activity, as well as increases in BP. After chronic exercise
training, however, these increases are reduced at equivalent workloads (23). Reduced HR
reactivity to and more rapid recovery from an acute bout of exercise are associated with
reduced risk of developing cardiovascular disease in healthy populations (24) and of
exacerbation of existing disease in CAD patients (25).

Exercise-induced improvements in reactivity to and recovery from psychological and
orthostatic challenge would be consistent with this evidence. Moreover, such a finding is
consistent with the cross-stressor adaptation theory (26) that holds that adaptations to
exercise stress lead to adaptations of the responses to other challenges.

An early meta-analysis of 34 studies of fitness and reactivity to psychological challenge
found evidence for attenuated psychophysiological responses to stress in fitter individuals
(27). A more recent meta-analysis also concluded that fitness was associated with improved
reactivity and recovery (28) but another found no support for this hypothesis (29). Most
studies addressing this matter are either cross-sectional or naturalistic follow-up studies
rather than randomized controlled trials.

To address this matter, we conducted a randomized controlled trial contrasting the effects of
aerobic vs. strength training on HR and RR interval variability (RRV) reactivity to and
recovery from psychological and orthostatic challenge in healthy, young adults. Subjects
were studied before and after training and again after 4 weeks of sedentary deconditioning.
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METHODS
Study Design

The study was a randomized controlled trial of aerobic vs. strength training on RRV, at rest
and in response to challenge. All subjects provided informed consent. The Institutional
Review Boards of Columbia University Medical Center and St. John’s University approved
this study.

Study Participants
We sought healthy, sedentary young adults, 18-45 years of age. Subjects were recruited by
flyers posted around the two universities.

Subjects were eligible if they did not exercise regularly or exceed American Heart
Association standards for average fitness (VO2max ≤ 43 and 37 ml/kg/min for men and
women respectively). Exclusion criteria included current symptoms of affective disorder,
psychosis, or substance abuse, current usage of psychotropic medication, and any medical
condition that affected the autonomic nervous system or cardiovascular system.

We received 1195 phone calls in response to the recruitment flyers. Four hundred twelve
participants provided written informed consent, of whom 263 were disqualified because they
had scheduling difficulties, exceeded VO2max criteria, or had resting systolic blood pressure
> 140 mmHg or frequent premature ventricular contractions (> 6/min) during VO2max
testing. The remaining 149 participants were randomized to either the aerobic (N=74) or
strength training (N=75) group. Data collection began in December 1998 and ended in
January 2003.

Each subject received a 6-month membership in a fitness facility and $300 for participation
in the study.

Determination of Aerobic Fitness
After phone screening to determine eligibility, maximum aerobic fitness (VO2max) was
assessed by a graded exercise test on an Ergoline 800S electronic-braked cycle ergometer
(SensorMedics Corp., Anaheim, CA). Each subject began exercising at 30 watts (W) for two
minutes, and the work rate was continually increased by 30 W every two minutes until
VO2max criteria (RQ ≥ 1.1, increases in ventilation without concomitant increases in VO2,
achievement of maximum age-predicted heart rate, and/or volitional fatigue) were reached.
Minute ventilation was measured by a pneumotachometer connected to a FLO-1 volume
transducer module (PHYSIO-DYNE Instrument Corp., Quogue, NY). Percentage of expired
oxygen (O2) and carbon dioxide (CO2) were measured using paramagnetic O2 and infrared
CO2 analyzers connected to a computerized system (MAX-1, PHYSIO-DYNE Instrument
Corp., Quogue, NY) and calibrated against known medical grade gases. The highest VO2
value attained during the graded exercise test was considered VO2max (30).

Experimental Protocol
Subjects meeting inclusion criteria were randomized to the aerobic- or strength-training
program. Both programs were 12 weeks in length. Before training, all subjects met
individually with a trainer to review their exercise regimens. After that, they exercised on
their own, 3-4 times per week, in designated facilities. They were permitted to construct
individualized exercise programs so long as they met the criteria below. Adherence to
training programs was documented by weekly logs and computerized attendance records.
Subjects were contacted on a weekly basis to monitor progress. During these weekly
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contacts, subjects received additional supervision as needed and motivational support to
adhere to their regimen

After completion of training, subjects returned for post-training VO2max and laboratory
testing, then began four weeks of sedentary deconditioning during which they were to
abstain completely from any form of exercise. After deconditioning, they returned for a final
testing session. Data collection staff were blind to training group assignment.

Conditioning Programs
Aerobic Conditioning—Subjects chose from a series of activities, e.g., cycling on a
stationary ergometer, running on a treadmill, or climbing on a Stairmaster. Subjects were
instructed to exercise at 70% of their maximum heart rate (220-age for men, 226-age for
women). They were given an initial goal of at least 20 mins aerobic exercise per session and
increased duration gradually over two to three weeks, up to 45-60 min. A trainer helped
subjects choose a starting workload setting for each machine, and they were instructed to
increase the workload over time when they felt able, while maintaining their 70% of max
HR throughout the session. Subjects measured their heart rates manually by palpation.

Strength Training—At the initial session, subjects established a level of effort that
permitted them to complete three sets of 10 repetitions for each of the following exercises:
bench presses, shoulder presses, quadriceps extensions, biceps curl, lateral pulls, triceps
presses, and hamstring curls exercise. Subjects were instructed to increase the weight loads
for these exercises by five pounds every two weeks.

Psychophysiology Testing Sessions
Subjects were tested in the Behavioral Medicine Laboratory after eating a light breakfast and
abstaining from caffeinated beverages. ECG electrodes were placed on the right shoulder, on
the left anterior axillary line at the 10th intercostal space and in the right lower quadrant.
Stretch bands were placed around the subject’s chest and abdomen for measurement of
respiration (see below). A Finapres blood pressure cuff was placed on the middle finger of
the non-dominant hand. Blood pressure data will be reported separately. Subjects were
tested three times: before training (baseline), after training (post-training), and after
deconditioning (post-deconditioning).

After instrumentation, the subject rested quietly in a comfortable chair during a 10 min
baseline period followed by a 5-min public speaking stressor and a 5-min recovery period.
Then the subject was placed in the supine position on a Midland electric tilt table modified
to suspend a computer monitor in the subject’s visual field for display of the psychological
tasks. A numeric keypad, for responding to the arithmetic and Stroop tasks, was secured in a
comfortable position relative to the dominant hand. Subjects could not see the keypad but
could identify the keys by feel. The subject then rested quietly for 6 min of adaptation to
position, followed by a two minute period for calibration of monitoring devices, and a
second 10 min quiet, resting baseline. Subjects then performed the mental arithmetic stressor
and the Stroop color-word task, each 5 min in length and each followed by a 5 min recovery
period. Subjects were instructed to remain silent throughout the procedures. After the second
recovery period, the tilt table was moved to the 70° head-up position and the monitoring
devices were recalibrated. Physiological signals were collected for 10 min in the upright
position.

Psychological Stressors
Public Speaking Task: Subjects were allowed to select one of five controversial topics,
e.g., AIDS, welfare, and were informed that their performance would be video-recorded for
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evaluation. After the instruction period, they were permitted to prepare for the speech for
five minutes, and then had five minutes to deliver it. A five-minute recovery period followed
the speech.

Mental Arithmetic: In this task, subjects were presented with a four digit number on the
computer monitor and were instructed to subtract serially by 7’s starting with this number,
which disappeared after the first answer was entered. At one min intervals, subjects received
verbal prompts, e.g., “please subtract faster.” This task was not paced by the computer but
subjects were instructed to subtract as quickly and accurately as possible.

Stroop Color-Word Task: In this version of the Stroop task, the computer monitor
presented color name words (blue, green, yellow, red) in a color which was either congruent
or incongruent with the name. The task was to press a key on the keypad corresponding to
the color of the letters, not the color name. The task was paced by the computer and an
incorrect response or failure to respond rapidly enough resulted in a message indicating
“incorrect” on the screen; pacing was automatically adjusted to enable subjects to achieve a
67% correct response rate

Measurement of Cardiac Autonomic Modulation
Analog ECG signals were digitized at 500 Hz by a National Instruments 16 bit A/D
conversion board and passed to a microcomputer. The ECG waveform was submitted to an
R-wave detection routine implemented by custom-written software, resulting in an RR
interval series. Errors in marking of R-waves were corrected by visual inspection. Ectopic
beats were corrected by interpolation.

RR Interval Variability—Mean HR and the standard deviation of the RR interval
(SDRR), the root mean squared successive difference (rMSSD), and spectral power in the
low (0.04-0.15 Hz (LF)) and high (0.15-0.50 Hz (HF)) frequency bands were computed.
Spectra were calculated on 300 second epochs using an interval method for computing
Fourier transforms similar to that described by DeBoer, Karamaker, and Strackee (31).
Additionally, data were analyzed in 60 sec epochs to allow for analysis of recovery from
challenge using the area under the curve method (see below). Prior to computing Fourier
transforms, the mean of the RR interval series was subtracted from each value in the series
and the series then was filtered using a Hanning window (32) and the power, i.e., variance
(in msec2), over the LF and HF bands was summed. Estimates of spectral power were
adjusted to account for attenuation produced by this filter (32).

Measurement of Blood Pressure
Blood pressure was measured on a beat-to-beat basis by an Ohmeda Finapres 2300 monitor.
Except for the last minute of each period of data acquisition, the servo self-adjust
mechanism was disabled. The analog pressure waveform was digitized at 500 Hz and
collected by the microcomputer. A series of systolic and diastolic values were produced by
another peak detection program. Errors in marking systole and diastole were corrected
interactively using this program. Files of SBP and DBP then were created.

Measurement of Respiration
Thoracic and abdominal respiration signals were collected by a Respitrace monitor. Signals
were submitted to a specially written respiration-scoring program that produced min by min
means of respiratory rate.
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Computation of Reactivity and Recovery
For each variable, reactivity to each task was computed as the difference between the mean
value during the task and the mean of the preceding baseline. For each baseline, the two 300
sec epochs were averaged to yield a single value. To increase response stability, data from
the arithmetic and Stroop tasks were averaged, as were the recovery periods that followed
them (33). The speech task was treated separately because it was delivered in the seated, not
the supine, position. To allow for complete equilibration to the upright position, data from
the first 5 min epoch after tilt were excluded from analysis. No recovery data were collected
after tilt.

We also computed recovery as area under the curve (AUC), constructed from 60 sec epoch
length data described previously (34). A greater AUC indicates more complete recovery. For
recovery from the arithmetic and Stroop tasks, data were averaged on a minute-by-minute
basis (e.g., (Stroop recovery min1 + Math recovery min1)/2) and the recovery curves were
constructed from these 1 min averages.

Statistical Analysis
Data were analyzed in 300-sec epochs for the seated and supine baseline and for the speech,
arithmetic, and Stroop task stressors. Recovery periods were analyzed in 60 sec epochs to
allow for computation of area under the curve. All indices of RRV were log transformed
prior to statistical analysis.

The data were analyzed by performing a 3-way ANOVA – Group (aerobic vs. strength) by
Session (baseline, post-training, and after deconditioning), and Period within session
(baselines, public speaking, arithmetic, and Stroop tasks, tilt, and recovery) - with models
estimating pre-specified contrasts that assess within-group, within- session change between
periods (i.e., reactivity) for a given outcome measure, group differences in reactivity within
each session, and differential (between groups) change in reactivity across pairs of sessions.
A similar modeling procedure was used to assess change in recovery. The study’s primary
hypothesis – that after training, cardiovascular reactivity would be smaller and recovery
would be more rapid in the aerobic training group compared to the strength-training group -
was addressed by testing the statistical significance of the between-group change in
reactivity or recovery across time. In accord with intention-to-treat principles, multi-level
mixed modeling software (SAS 9.2 Proc Mixed) was used to generate full-information
maximum likelihood (FIML) estimates, using all available data, of the 3-way ANOVA
model. Separate analyses were performed for the five outcome measures.

Separate contrasts were specified for the speech task, the combined arithmetic and Stroop
task, and tilt test. Comparisons regarding recovery from challenge were also treated
separately (for speech task and for combined math/Stroop tasks). Finally, two additional
specific contrasts were modeled separately, comparing the three-way interaction across
reactivity change scores (3 comparisons) and another across recovery change scores (2
comparisons), thus providing a discriminating F-test with fewer df required than the full
model.

RESULTS
Descriptive Data

One hundred forty nine healthy men (N=58) and women (N=91) were randomized and
tested prior to training. Two groups were well balanced with respect to demographic and
physical characteristics (Table 1). 101 participants completed training, yielding a dropout
rate of 32%. 87 participants completed deconditioning. The dropout rates were the same for
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both groups. Dropouts were significantly younger (28.42 vs. 32.17 years, p = 0.003) and
there were significantly more women dropouts (42 vs. 17, p=0.037). However, they do not
differ in other demographic and physical characteristics.

Effect of Training on Aerobic Capacity
As we have previously reported, there were significant effects of group assignment
(F(1,503) = 3.83, p = 0.0509), testing session (F(2,503) = 68.95, p < .0001), gender
(F(1,503) = 46.16, p < .0001), BMI (F(1,503) = 15.20, p = .0001), and age (F(1,503) = 8.84,
p =.0031) on aerobic capacity. Aerobic capacity increased after training and decreased after
deconditioning only in the aerobic group (35).

Impact of Training on Heart Rate Reactivity to and Recovery from Challenge
Figure 1 presents the HR data for the aerobic (top panel) and strength training (bottom
panel) groups throughout the protocol. As this figure indicates, the tasks behaved as
expected, producing substantial increases in HR, which recovered after the task ended,
consistent with the highly significant effect of period in Table 1. The figure also suggests
that as expected, aerobic but not strength training led to a reduction in HR from baseline to
post-training and a return of HR at post-deconditioning, although this effect achieved only
marginal significance.

The group X session X period interaction, the test of the primary hypothesis that aerobic
training would lead to reduced HR reactivity and more rapid HR recovery, achieved
marginal significance, as indicated in Table 2. Examination of the pre-specified contrasts
revealed that this effect was produced by marginally significant baseline - post-training
difference between reactivity to math/Stroop challenge: after training, HR reactivity to these
tasks fell by 0.20 bpm in the aerobic group (5.61 to 5.41 bpm) compared to a reduction in
reactivity of 1.61 bpm (7.65 to 6.04 bpm) in the strength training group (t(122) = 1.80 p =
0.07). In addition, there was a marginally significant group difference in reactivity to the
math/Stroop task from post-training to post-deconditioning. In the aerobic group, reactivity
fell from 5.41 bpm at post-training to 3.88 bpm at post-deconditioning. In the strength
training group, reactivity fell from 6.04 bpm at time 2 to 5.89 at post-deconditioning (t(94.4)
= -1.73, p = 0.09).

Reactivity to speech and to tilt did not differ between the two training groups in any of the
sessions. There was no effect of group assignment on recovery to either speech or the
combined math/Stroop tasks. Results did not differ when using the more sensitive AUC
approach to quantifying recovery.

Impact of Training on RR Interval Reactivity to and Recovery from Challenge
Table 2 presents the results of analyses for the four indices of RRV. The highly significant
effect of period indicates that RRV fell in response to challenge and then rose during
recovery, as Figure 2 shows. For all indices except rMSSD, the group X session interaction
achieved marginal significance suggesting, as Figure 2 indicates, that RRV increased from
baseline to post-training in the aerobic group, but not in the strength training group and that
this effect was reversed in post-deconditioning. In all cases, the group X session X period
interaction failed to achieve significance, indicating that there was no differential effect of
training on reactivity to or recovery from any of the stressors. Operationalizing recovery as
AUC did not change the results. Examination of Figure 2, which presents the data for HF-
RRV for the aerobic (top panel) and strength (bottom panel) training groups, shows how
similar the two groups were in response to challenge across the three sessions.
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Impact of Training on BP Reactivity to and Recovery from Challenge
Table 2 also presents the results of analyses for systolic and diastolic blood pressure. For
BP, like HR and RRV, there was a highly significant effect of period, indicating, as Figure 3
shows, that both SBP and DBP rose in response to challenge and fell during recovery. The
group X session interaction failed to achieve significance for both SBP and DBP, indicating
that across both groups, there was no BP change from baseline to post-training to post-
deconditioning. The group X session X period interaction was not significant for SBP or
DBP, indicating, as for other outcome variables, that there was no differential effect of
training on reactivity or recovery from any of the stressors.

DISCUSSION
Numerous studies have demonstrated that physical activity is associated with
cardioprotection and reduction in all-cause mortality (1-3), so much so that consensus panels
consistently recommend exercise as an activity central to good health (8-10, 36). Among the
many mechanisms proposed to account for the health benefits of exercise is attenuated
reactivity to and enhanced recovery from challenge. We conducted a randomized controlled
trial to test the hypothesis that aerobic exercise, in contrast to strength training, would lead
to attenuated HR and RRV reactivity to and enhanced recovery from cognitive and
orthostatic challenge and that sedentary deconditioning would reverse these effects.

As expected, participants randomized to the aerobic but not the strength training condition
showed improvements in fitness, measured as aerobic capacity. Moreover, four weeks of
sedentary deconditioning reversed these improvements. Correspondingly, there was an
across-the-board reduction in HR after 12 weeks of aerobic but not strength training, an
effect that was reversed by deconditioning. Nevertheless, improvements in fitness were not
associated with reductions in HR reactivity to the public speaking task, the aggregated
Stroop and math tasks, or the tilt test. Improvements in fitness had no impact on HR
recovery from challenge. Similarly, aerobic training did not alter RR interval variability or
BP reactivity to or recovery from challenge.

These findings contradict many in the field and differences in study design, number and
selection of participants, and outcome measure are most likely responsible. Many studies
reporting reduced reactivity or improved recovery from challenge are cross-sectional in
nature. In their meta-analysis, Forcier et al. reported that fit individuals had reduced HR
reactivity to and improved HR recovery from psychological challenge but of the 33 studies
they included, 19 were cross-sectional. Of the 14 training studies, only 7 showed an effect
on HR reactivity and the total number of healthy participants in these studies was 90 (28).
More recently, Rimmele et al. reported reduced autonomic nervous system reactivity to
psychological stress in trained participants. However, this finding is based on comparisons
of elite and amateur sportsmen and untrained men (37). In a previous study, this group
reported similar findings (38). Hamer et al. also reported that greater physical fitness was
associated with attenuated autonomic reactivity to stress but in this study as well, these
findings were based on cross-sectional comparisons of fitness and reactivity to stress (39).

In addition to design, our study differs from other studies in the outcome measures selected:
only HR, RRV, and BP. As Jackson and Dishman demonstrated, in a meta-analysis
reviewing 73 studies, the relationship between fitness and reactivity and recovery has been
examined on a wide range of dependent variables including but not limited to heart rate,
blood pressure, plasma catecholamines, vascular resistance, stroke volume, skin
conductance, and muscle sympathetic nerve activity (29). They reported that fitness was
associated with slightly greater reactivity to but better recovery from psychological
challenge. The effects, however, were smallest in the better-controlled studies and of the 73
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studies they reviewed, only 19 were RCTs. In these 19 studies, there was no improvement in
reactivity after training. Thus, our finding of no effect of exercise training on HR or RRV
reactivity or recovery is broadly consistent with those employing the most rigorous research
designs.

Our findings also provide no support for the cross-stressor adaptation theory. Originally
formulated by Sothmann et al. (26), the theory holds that the cardiovascular responses to an
acute bout of exercise, e.g., increasing HR, decreasing vagal cardiac control, are attenuated
by exercise training and that this cardiovascular adaptation to exercise stress generalizes to
responses to other challenges. Mueller et al. suggest that this putative effect is attributable to
training-induced diminished sympathetic nervous system responsiveness (40) and support of
this view, cite a report by O’Sullivan and Bell (41). This report describes a cross-sectional
study in which the HR and BP responses to handgrip, mental arithmetic, and cold pressor
were smaller in 8 fit participants compared to 8 unfit ones. Then the unfit participants
completed 5 weeks of moderate intensity training and were retested. After training, their
responses to the challenges were reduced, a finding that demonstrated reduced sympathetic
responsiveness to challenges other than exercise.

Our data, based on a much larger sample, contradict these findings. Moreover, a very recent
study specifically addressed the hypothesis that training-induced diminished SNS
responsiveness to exercise challenge generalizes to other stressors. Ray and Carter reported
that 14 weeks of exercise training failed to alter muscle sympathetic nerve activity responses
to mental arithmetic (42). Thus, our data support those of Ray et al. and are inconsistent with
the cross-stressor adaptation theory.

Finally, we considered the possibility that the failure to support the hypothesis that aerobic
training attenuates reactivity to and improves recovery from psychological challenge was
due to insufficient statistical power. Given the sample size of 100 after dropout, we
calculated that the study had 80% power to detect an effect size of 0.44, equivalent to a
reactivity difference of 2 bpm between two groups, at the .05 significance level. Thus, we
conclude that the failure to support the hypothesis was not due to insufficient statistical
power.

Limitations
While our findings cast doubt on the attenuation of reactivity to psychological or orthostatic
challenge as a mechanism by which increased physical fitness risk of cardiovascular disease,
they are limited in important respects. First, they pertain solely to specific measures of
cardiovascular function. Improvements in fitness may attenuate reactivity to or enhance
recovery from challenge in other cardiovascular measures or other physiological systems
such as HPA indices or inflammatory markers. Each of these has been shown to be sensitive
to psychological challenge and each is linked to cardiovascular disease outcomes.

Second, our exercise-training program was only moderate in intensity, yielding
improvements in aerobic capacity of approximately 15%. It is conceivable that more
intensive training programs would produce the expected effects on reactivity and recovery.
However, even moderate improvements in exercise capacity are associat ed with
cardioprotective effects (9, 10). Therefore, it seems unlikely that the failure to support the
hypothesis was due to an insufficiently intensive training program.

Third, our participants may not have adhered to the training protocols as intended.
Participants were supervised during their initial training session but after that, they exercised
on their own and our data on adherence is based solely on self-report. Nevertheless, the
aerobic and strength training groups differed precisely as expected on changes in aerobic
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capacity after training and again after deconditioning. Therefore, it appeared that subjects
exercised as planned.

Conclusion
To conclude, we conducted a randomized controlled trial of the impact of aerobic vs.
strength training on HR, RRV, and BP reactivity to and recovery from psychological and
orthostatic challenge. We found that although the aerobic but not the strength training group
showed the expected improvement in aerobic capacity after training and the expected
reversal of this effect after sedentary deconditioning, there was no group difference in
reactivity to or recovery from challenge. Aerobic conditioning is associated with reduced
risk of CAD but attenuated reactivity to or improved recovery from psychological and
orthostatic challenge is not likely to be a mechanism.
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Figure 1.
Heart rate (bpm) at rest and in response to and recovery from cognitive and orthostatic
challenge during sessions 1 (solid line), 2 (dotted line), and 3 (broken line) in the aerobic
and strength training groups.
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Figure 2.
High frequency RR interval variability (ln msec2) at rest and in response to and recovery
from cognitive and orthostatic challenge during sessions 1 (solid line), 2 (dotted line), and 3
(broken line) in the aerobic and strength training groups.
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Figure 3.
Systolic blood pressure (mmHg) at rest and in response to and recovery from cognitive and
orthostatic challenge during sessions 1 (solid line), 2 (dotted line), and 3 (broken line) in the
aerobic and strength training groups.
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