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Abstract

The underuse of cardiovascular recovery as an adjunct to reactivity may stem from a lack of research on how to assess
the process reliably. We explore the test—retest reliability of three simple, intuitive approaches to measuring recovery,
and of a more sophisticated curve-fitting technique. Eighteen young normotensive subjects experienced three stressors
twice each, with 10-min baseline, 3-min task, and 20-min recovery periods and continuous monitoring of heart rate and
blood pressure. Reactivity showed moderate reliability, but the three simple approaches to measuring recovery revealed
essentially none. However, the curve-fitting approach, using a three-paraamataunt, speed, and level of recovery

logistic function was reliable. This approach, capturing the inherently dynamic process of cardiovascular recovery, may
allow researchers to usefully add the assessment of recovery to paradigms exploring reactivity as a risk factor for
cardiovascular disease.
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There has been recently a renewed interest in examining not jusion for the discrepancy between the promise of recovery and the
cardiovascular reactivity, or how aroused people become by pampractice of laboratory reactivity studies is that there is no guiding
ticular stressors, but also recovery, or how much time it takessmpirical work on which measures of recovery are reliable. The
people after the stressor to return to resting letidiscking Schuler  purpose of this study was to explore the reliability of a variety of

& O'Brien, 1997; Linden, Earle, Gerin, & Christenfeld, 1997 measures of cardiovascular recovery, and to propose ways of as-
Several studies suggest that cardiovascular recovery may be sgssing recovery that are likely to reveal relationships with other
some clinical utility. For example, delayed recovery has been imvariables.

plicated as a risk factor for the development of cardiovascular Demonstrating that recovery can be assessed reliably does not
diseaséHaynes, Gannon, Orimoto, O'Brien, & Brandt, 19%hd mean that the recovery measures capture critical aspects of the
hypertension(Borghi, Costa, Boschi, Mussi, & Ambrosini, 1986; functioning of the cardiovascular system. Answering that question
Franz, 1986; Gerin, & Pickering, 1999n addition, it has been requires studies linking the particular measures of recovery to
shown that people who are physically fit show the same reactivitjong-term health outcomes, or to markers for heart disease, such as
to psychological stressors as those who are not fit, but recovehnypertension or left-ventricular hypertroptiyilson, 1997. How-

from the stressors more rapidlifdamieson & Lavoie, 1987; ever, the development of reliable methods of assessing recovery
McCubbin, Cheung, Montgomery, Bulbulian, & Wilson, 1992 should encourage researchers who examine the role of reactivity in
Delayed recovery from laboratory stressors has also been linked foredicting, or causing, later disease to include measures of recovery.

anger, both as an individual differen¢@aber & Burns, 1996; Lai The reactivity hypothesis suggests that people who show ex-
& Linden, 1992, and as a situational characterigtitarle, Linden,  aggerated cardiovascular responses to stress are at risk of later
& Weinberg, 1999; Lai & Linden, 1992 hypertension and cardiovascular disease. The weak version of this

Despite positive findings using measures of recovery, manyhypothesis suggests that reactivity is a marker for disease vulner-
studies of cardiovascular reactivity do not include recovery peri-ability, but the strong, or causal version of this hypothesis suggests
ods. Of those that do include such periods, only a fraction mentionthat frequent large blood pressure excursions actually damage the
having done any analyses on these data, and fewer still repodirculatory system and can lead to the development of hyperten-
having found anythingLinden et al., 199¥. One likely explana- sion and coronary artery disease. One implication of this latter

view is that it may not be just the magnitude of the cardiovascular

We thank John Wixted for curvefitting advice and inspiration response to stress that is important, but also its duration. That is,
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thus of considerable potential value. Clearly, measures of recovergoint following the stressor, characterize the process with mea-
that are not stable cannot usefully predict any later disease outcomgsurements of a level. Another advantage is that the curve is based

Reliability depends not just on characteristics of the measuregn the entire range of data, rather than on a subset of the scores, for
but also on characteristics of the sample tested. Generally, thexample those that are taken 3 min after the end of the stressor.
standard for psychological measures is that they be sensitive to th&dditionally, a curve-fitting approach can provide multiple param-
naturally occurring differences between people. This is the theoeters that allow the simultaneous assessment of several different
retical foundation of the test-retest measure of reliability, whichaspects of the process, such as the amount and the speed of re-
assesses whether relative differences between people are presereedery. For all of these reasons, the curve-fitting-derived param-
from one testing session to another, or nonparametrically, whethezters have some potential to display reliability greater than that
they come out in roughly the same order on the scale. Of cours@btained from more conventional means of assessing recovery.
the range of people in the sample is still a determining factor in the
assessed reliability of the measure. If the people are all similar ONethods
the critical dimension, the reliability is likely to be small, whereas
the same measure will be more reliable when a broad range d®articipants
people is included. For example, a relatively crude measure oParticipants were 18 college studef® women and 6 menall
resting blood pressure may show reasonably high test-retest relpetween the ages of 19 and 24 years. They were all normotensive
ability if the sample includes both normotensive and hypertensiveresting blood pressure less than 180 mmHg, with no history
individuals. A more sensitive measure would be needed to distinef heart disease. The participants were all research assistants, in-
guish between normotensive subjects. However, a sensitive meaelved in a variety of other projects. Most were familiar with the
sure is what is required if the measure is to be useful for predictindlood pressure apparatus and the basic procedures of reactivity
future disease outcomes. Because of the emphasis in cardiovasaxperiments.
lar reactivity work on individual difference markers of future pa-
thology, a good measure will be one that is sensitive to differencefRecording of Cardiovascular Activity
between currently healthy young people. Blood pressure and heart rate were collected using an Ohmeda

In the present study, we measure heart rate and blood pressukénapres 2300 blood pressure monitor, which takes beat-to-beat
recovery following a series of stressful tasks, and then evaluate theressures in a noninvasive manner, using the Pefiaz m@itiest
test-retest reliability of a variety of ways of quantifying this re- seling et al., 1985 Systolic and diastolic pressures, as well as
covery. Although there are generally accepted ways of assessirfteart rate, were recorded. The Finapres uses a finger cuff, worn on
resting levels and reactivity, the same is not true for recoverythe third finger of the nondominant hand. This apparatus has been
Because resting and stress levels are each fairly constant statelgmonstrated as a useful alternative to intraarterial blood pressure
they can be characterized reasonably by an average reading oveeasurement in laboratory testifignholz et al., 1988; Imholz,
appropriate periods. Reactivity is generally assessed by taking thgettels, van der Meiracker, Wesseling, & Wieling, 199@d in
difference between the mean over the stress period and subtractietjinical practice(Gorback, Quill, & Lavine, 1991; Imholz, Wiel-
from that the mean over the prestress resting period. Howeveing, Langewouters, & van Montfrans, 1991; Wieling, ten Harkel,
recovery is an inherently dynamic process, with no clear end point& van Lieshout, 1991 In addition, the Finapres has been shown
and so there is no one obvious way to capture the phenomenadwo track intraarterial readings extremely well, even during sudden
numerically. changes of blood pressu¢Parati, Casadei, Groppelli, Di Rienzo,

In addition to examining the reliability of three standard meth- & Mancia, 1989, making it a good candidate for use during re-
ods of measuring recovery, we also explored more novel curvectivity and recovery testing. For the entire collection period, the
fitting approaches. The three standard method$Bro measure  participant was seated with the monitored hand resting at heart
how much time elapses between the end of the stressor and tlevel on a table to the participant’s side.
parameter’s return to prestress levély;to measure the difference
between the prestress baseline and the measure at a fixed tin®ressor Tasks
following the end of the stressor; af8) to measure the difference Participants experienced each of three different tasks twice. The
between the average over the entire recovery period and the préhiree tasks each lasted 3 min and were a physical task, a mental
stress level. The final measure that we examine is one derived frorarithmetic task, and a speech task. In the physical task participants
more sophisticated curve-fitting procedures, in which the paramwalked in place. They did this while seated to eliminate postural
eters of the best-fitting equation are the individual difference meachanges between this and the baseline and recovery periods. They
sures. We used a logistic curve, which describes the size and ratere instructed to lift each foot 8 inches with each step, and this
of transition between two relatively stable levels. Such curves ar¢evel was marked on the desk next to their seat. They were further
used frequently to characterize dose—response relation@us  instructed to keep their steps synchronized to the beats of a met-
nel, 1998; Arcangeli et al., 1998They have also been used to ronome, set at the brisk rate of 150 beats per milopen).
describe other sorts of transitions between two stable states, such For the mental task, participants did a serial subtraction task in
as children’s acquisition of gramméemper, Rice, & Chen, 1995  which they subtracted 13s from a large starting number out loud.
people’s awareness of alcohol warning labéitankin et al.,  They were told to go as quickly as possible, but were given no
1996, and the relationship between latency and magnitude ofeedback during the task unless they made a mistake, in which case
eye-movements in schizophrenic populatigicDowell, Clem-  they were informed of the correct answer, and allowed to continue.
entz, & Wixted, 1996 For the speech task, participants gave a brief talk on drug

There are several potential benefits to assessing cardiovasculkagalization. To make the event more stressful, a faculty member
recovery using a curve-fitting procedure. One is that the curve caserved as the audience, and the speech was also recorded with a
capture the dynamic nature of the process. Other approaches, suclearly visible tape recorder. Participants were told they would
as measuring how much recovery has occurred at a fixed timgive a speech, and would have 3 min to prepare their talk. They
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were told they would be given the position they would have tolished studies, and are intuitively appealing. These are time to
support, as well as several arguments that they could use in thecovery, recovery at a fixed point, and total carryover. The final
talk. For one speech they were asked to argue in favor of drugneasure examined was one derived from more sophisticated curve-
legalization, and in the other they were asked to argue against thiitting procedures, in which the parameters of the best-fitting equa-
position. In both cases, they did not know the topic of the speection were the individual difference measures.

until the start of the preparation period, and the order of the two

speeches was counterbalanced across participants. The person serv-Time to recoveryHow quickly people recover from a stressor

ing as the audience remained attentive but neutral during the speeatan be assessed by the number of seconds that elapse between the

The same faculty member was present for both speeches. time the stressor ends and the time the measure returns to its
resting level. Here, we assume that the prestress level is the resting
Procedure level to which the physiological parametéystolic blood pres-

Participants came to the laboratory on six separate occasions, agdre, diastolic blood pressure, or heart yatél return. Because
performed each of the three tasks twice. The two sessions of eaghe Finapres produces a reading for each heartbeat, we could mea-
task occurred 1 week apart at the same time of day. This schedulsure the time that elapses before a single reading is back to base-
was planned to minimize the effects of outside influences, such aline. However, single readings tend to be unreliable. Instead, we
school and work schedules. The order in which participants pareomputed 30-s running averages, and measured the time until the
ticipated in the three different pairs of tasks was determined ranfirst of these periods was back to baseline. The score is then the
domly. Participants were asked not to discuss anything about theumber of seconds that elapses from the end of the stressor to
tasks with anyone until the experiment was complete. the first time that the average over the next 30 s is at, or below, the
When the participants arrived, they were seated in a chair adprestress baseline.
jacent to a small table, and instrumented with the blood pressure
cuff. They were told they should sit quietly, with little movement,  Recovery at a fixed poin second intuitive way of assessing
for the 10-min baseline period. The experimenter left the roomrecovery is to measure the amount of residual arousal at a specific
during the baseline period, and returned at the end of 10 min. Thgme after the end of the stressor. We used the average for each
experimenter then explained the particular task the participant shoulgheasure taken over a 1-min period starting t3 min after the stressor
do, and started the participant on the 3-min task. At the end of thignds, The baseline level is subtracted from this value to calculate
period, the experimenter told the participant that he or she shoulghe residual arousal during this period.
sit quietly for another 20 min, again without moving. The exper-
imenter left the room for the recovery period. At the end of this  Tota carryover. The final intuitive method of calculating re-
period, the blood pressure cuff was removed, and the session Wagyery that was evaluated involves calculating the total carryover
over. ) ) during the entire 20-min recovery period. The carryover is as-
For the speech tasks, the procedure was slightly different. INgessed by averaging over the recovery period for each measure,
stead of the regular experimenter returning after the baseline peyng subtracting from that score the baseline level. This calculation
riod, the faculty member who was to serve as the audience camg mathematically equivalent to computing the area between the
into the room. He explained the speech task briefly, gave thecovery curve and the resting level, starting at the end of the
participant the sheet with the topic and the possible arguments, angressor and ending at 20 min.
allowed the participant 3 min to prepare. At the end of this period,

the experimenter told the participant to begin the speech. Curve fitting. The final method of assessing recovery modeled

the process using mathematical equations, adjusting the parameters

Analyse; . to optimize the fit for each participant on each physiological mea-

Basel!ne Levels, Task Levels, and Reactivity ) sure, for each of the six sessions. The set of parameters that pro-

Basellng blood pressure and heart raFe levels yvere eSt'mated,fﬁhce the least squared error from the fitted equation represents the
each session by averaging over the final 5 min of the 10-min,o.q\res of recovery. To calculate these parameters, we used a
pretask period. Discarding the first 5 min of the baseline per'OdQuasi-Newton minimization algorithm to minimize squared devi-
allows for adaptation to occur and thus provides a more Stabl%tions between the model and the observed dafa Fletcher,
estimate of the resting levéManuck, Kasprowicz, Monroe, Lark-
ing, & Kaplan, 1989. The task level was calculated as the average  rpo process to be modeled, recovery from a stressor response,
over Fhe 3-min stressor period, and the measure of reactivity WA the transition between two fairly stable levels: the stressor level
the difference between stress and baseline le¢aierages were and the posttask recovery level. An equation that captures such

computed using the pulse-basec_i te_c_hmque; G'Y”“' Christenfeld, %ansitions is the logistic function. Here we use a version of this
Gerin, 1997). The test-retest reliability of baseline measures was, -tion with three parameters:

assessed by computing correlations between scores for the pairs of
tasks for each physiological parameter. Thus, for example, we
correlated baseline levels during the first session of the physical measuréime) = a c
H H i H .33*time/b)
task with baseline levels during the second session of that task for 1+ 0.02&"
systolic blood pressure, diastolic blood pressure, and heart rate.
Similar analyses were done for the other tasks, and also for reac- The three parameters capture psychophysiologically meaning-

tivity scores. ful aspects of the recovery process. The first gp@rameter ")
represents the amount that the measure drops between the stressor
Recovery Measures level and the posttask recovery level. The second parartidter

We examined the reliability of four possible measures of re-represents the time it takes the measure to drop from the stressor
covery. The first three are measures that have been used in pulevel to the recovery level. The final parametés”) represents the
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posttask recovery level to which the measure drops. The meanin@able 1. Test—Retest Reliability of Resting

of each parameter is illustrated in Figure 1, which shows logisticCardiovascular Levels

curves generated by this equation with the parameters varied

systematically. Task
Although the logistic equation describes the transition between

two levels(here, the stressor level and the posttask recovery)level Physical Mental Speech
it actually never reaches either one, but only approaches themgysolic Bp 26 61 63
asymptotically. Because of this asymptotic nature of the equationDiastolic BP .33 .76 .38
there is technically no point when the drop from the stress leveHeart rate 81 79 71

starts, and no point when the measure actually reaches the recov-
ery level. Accordingly, the time of recovery parametds”) mea- Note: BP = blood pressure.
sures the time it takes the measure to go 95% of the way between
the two levels. The moment when the curve has fallen 2.5% from
the stress-level asymptote is set at the end of the stressor, and
recovery is considered complete when the measure is within 2.5%ecovery. Two-second blocks were used rather than 1-s blocks
of the posttask level. With this particular equation, the start ofbecause, with a heart rate below 60 bpm, 1-s blocks would leave
recovery is when “time™= 0, and time before this is negative. The seconds for which there would be no readings. Using 2-s blocks,
constants in the equation serve to convert the transition-time pahen, eliminates these missing values, and ensures that all curves
rameter(“b”) to seconds and fix the start of recovery at the mo-will be fit with the same number of data points. The first 30 s of
ment that the stressor ends. the stressor are not included, because during this time the measures
For the purposes of analysis, the data were averaged into 2&e not stable, but are rising from resting to stress levels.
blocks, and the curve was fit to a 12.5-min period, starting 30 s The parameters are estimated independently for each of the
after the onset of the stressor, and ending after the first 10 min othree physiological measures for each of the six sessions for each
of the 18 participants. The parameter of greatest importance is the
rate of recovery measure—parametet. The amount of recovery
is likely to be largely a function of the reactivity; how far partici-

200 pants come down will depend heavily on how far they went up.
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Figure 1. Effects of individually varying each of the three parameters of
the logistic function. The top panel shows a typical curve. The secon
shows the effect of reducing only the amount of recovery parameter “a.
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The recovery level parameter is likely to be similar to the prior
measure of the participants’ baseline; where they return to be close
to where they started. The recovery time parameter, however, is
not dependent on the amount of recovery or the level to which the
physiological measure returns.

Results

Test—Retest Reliability

Reliability of Baseline

The reliability of the resting baseline levels for the three tasks
for systolic and diastolic blood pressure and heart rate are shown
in Table 1. Over the nine measures, the average reliability coeffi-
cient wasr = .621

For heart rate, the reliability was high for all three tasks. The
blood pressure resting levels were more mixed. This result is due
at least in part to the nature of the equipment used. The Finapres
has been shown to be accurate at tracking changes that occur
within a single session, during which the cuff is never removed
(Gerin, Rosofsky, Pieper, & Pickering, 199®ut changes in cuff
placement may affect levels, producing an unusual situation in

1This and all subsequent computations of mean correlations are based
on the Fischer to z transformationHays, 1973. There are several ways
to think about significance levels for these analyses. All correlations have
16 degrees of freedom, and so individual reliability coefficients greater
thanr = .40 are significanp < .05, one-tailed. The significance of the
distribution of nine test-retest coefficients can also be tested. With a .5
probability of any one coefficient being positive, finding eight or nine
positive scores is significanp, < .05 using the binomial test. Such a test
probably falsely assumes independence of the nine coefficients, but still
rovides a rough guide to significance. However, in general, for the as-
essment of reliability, statistical significance is not the critical issue. The
effect size, which provides information about how much stability there is

The third panel differs from the first only in that it has a faster rate of from session to session, is far more useful. Accordingly, we will report the
recovery parameter “b.” The bottom panel differs from the first only in that size of the reliability correlations. Readers may compute significance lev-
it has a lower level of recovery parameter “c.” els, using one of the above techniques, if they wish.
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Table 2. Reactivity Scores for the Three Tasks Table 4. Test—Retest Reliability of Three Measures of Recovery
for Each Physiological Measure
Task
Task
Recovery measure Physical Mental Speech
Physical Mental Speech
- - - - - - A. Time to recovery
Timel Time2 Tmel Tme2 Tmel Time2 Systolic BP 26 73 - 19
: Diastolic BP —-.20 .01 14
Systolic BP  39.3  37.1  19.6 145 347 258 Heart rate 31 16 _ 08
(11.9 (149 (8.0 9.3 (17.89 (10.9 ) .
Diastolic BP ~ 19.9 186 109 102 193 173 B g;gt%‘l’i‘zfé gt a fixed point 5 o .
(86 (129 (4.7 (5.3 (5.9 (7.2 ySIoliC : : :
Heart rate 397 350 7.6 43 138 8.7 Diastolic BP 24 31 53
(13.4) (13.0 (7_9) (4.8) (13.8) (7_4) Heart rate .26 A7 17
C. Total carryover
. ] Systolic BP .10 A1 .09
Note: Standard deviations are in parentheses=BBlood pressure. Diastolic BP 42 20 39
Heart rate .25 .30 .29
Note: BP = blood pressure.
which test-retest correlations for changes may be almost as high as
those for levels.
Reliability of Reactivity measure of individual differencésOn average, it took 322 s for
The reactivity means for the three cardiovascular measures faystolic blood pressure to return to baseline, 293 s for diastolic

both sessions of all three tasks are shown in Table 2. blood pressure, and 155 s for heart rate.

For each of the three tasks, we computed the test—retest relia-
bility of the change from baseline to stress levels. The reliability of Recovery at a fixed pointWe examined residual arousal for
the reactivity is shown in Table 3. The reliability of the reactivity each measure by computing the difference between baseline and an
change scores falls within the typical range for these measureayerage taken over a 1-min period starting 3 min after the stressor
ments(Gerin et al., 1993; Manuck et al., 1988ithough the phys-  ends3 Averaging across the three tasks, the residual elevation above
ical task appears slightly less reliable than the others. The lowepaseline at the third minute was 6.5 mmHg for systolic blood
reliability scores for the walking-in-place task may be due in partpressure, 2.6 mm Hg for diastolic blood pressure, and 1.9 bpm for
to movement artifacts resulting from the greater physical activityheart rate. The reliability for this measure is shown in Table 4B.
for this task. However, the fact that the reliability of the base|in6Again, this measure does not produce impressive reliability, with
levels before the physical taglvhere there is no activilywas also  an average of = .21.
slightly lower suggests that task differences in the reliability of
reactivity may be just random variability. The mean reliability

e o Total carryover.We measured the difference between baseline
coefficient for reactivity was = .54.

and the average over the recovery period for each meésihe.
reliability of this measure is shown in Table 4C. The reliability for

Reliability of Recovery this measure, as for the other two, was not high, with an average
Time to recoveryWe assessed how many seconds elapsed bes¢ . — 24 The mean carryover was 100 mmHg-minutes for sys-

tween the time the stressor ended and the time a 30-s runningjic hiood pressure, 52 mmHg-minutes for diastolic blood pres-
average of the measure was at or below the baseline level. ThEure and 14 pulses for heart rate.

reliability of this measure is shown in Table 4A. We conclude, on the basis of these results, that the simple,

The time-to-recovery measure was far from reliable. The avery, itively appealing methods of calculating recovery scores do not
age coefficient was = .11. Only one of the nine correlations was ., ide measures with satisfactory levels of reliability.
large, and this was probably a fluke, given the small size of the
other eight correlations. On the basis of these results, time te
recovery does not appear to have sufficient reliability to be a useful ~ *There are two parameters that can be varied with this measure. One
can, instead of waiting for complete recovery, measure elapsed time until
the participant is some specified fraction of the way back to baseline. For
example, rather than the number of seconds to return to baseline, one can
measure the number of seconds until the parameter is 50% of the way back
o ) o from the stress level to the resting level. The other parameter is the number
Table 3. Test-Retest Reliability of Cardiovascular Reactivity of seconds in the running average. Instead of waiting until the average over
a 30-s period is back to a predetermined level, one could wait until the

Task average over a 10-s period is back to that level. Varying these parameters,
however, does not produce reliability any higher than that shown in the
Physical Mental Speech table for 100% recovery and a 30-s running average.
3For this method of assessing recovery, there are two basic parameters
Systolic BP 28 62 60 that can be varied: how long after the stressor offset the measurement is
Diastolic BP 22 68 62 taken, and how long a period goes into that measure. Altering these pa-
Heart rate 64 48 60 rameters did not appreciably improve the reliability of this measure.

“4For this recovery measure, it is possible to calculate the total carryover
for periods other than the entire 20-min posttask recording. However, re-
Note: BP = blood pressure. ducing the carryover period does not improve the reliability of the measure.
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Curve fitting. Fitting the recovery data with a logistic curve Table 5. Test—Retest Reliability of Parameters
produces three parameters that repres@ntthe amount that the Derived From Curve-Fitting Procedures
measures drop from stress to recovery levéts;the time that
transition takes; andc) the level to which the parameter drops. Task
The equation was fit to the recovery data for all 18 participants, for )
each of the two sessions of the three tasks for all three cardiova&®cvery measure Physical ~ Mental  Speech
cular measures, resulting in a total of 324 fits. On average, the\ parameter “a"—amount of recovery

equation accounted for 58% of the variance in readings. Figure 2 Systolic BP .60 .63 .53

shows a sample curve fit to the data from one participant’s heart- Diastolic BP 48 61 62

rate recovery following the physical task. Heart rate 58 62 77
The test—retest correlations for the three curve-fitting paramB. Parameter “b"’—rate of recovery

eters are shown in Table 5. All three parameters showed reasonable S?’;;?(')'ECBBPP 'gg 'S? g’g

reliability. The amount of recovery—parametes™*—showed a Heart rate 69 77 90

reliability, averaged over the three tasks and three measures; of ~ p,iameter “c’—recovered level

.61. The parameter that assesses the speed of recovieiy—* Systolic BP 38 73 56

showed an average reliability of= .56. The final parameter— Diastolic BP .15 .80 47

“c"—which assesses the level to which people asymptotically return, Heart rate -84 -85 69

showed an average reliability of= .65. Although these reliability
coefficients are not huge, they are at roughly the same level as theote: BP = blood pressure.
reliability of reactivity for these three tasks = .54). It seems
clear that this curve-fitting approach to assessing recovery is cag
pable of producing individual difference measures that are stabl

over time. .
measures, the average correlation between @figgdrameter and

The three curve-fitting-derived parameters are conceptuall3{he reactivity score was= .84 (range: .62 to .94 The other two

'_Pﬁ:fﬁrr;ien;r_as%gg:gr;%;g?sirg?nur}ﬁics‘;ﬁle elgyr ‘Zr:d ilﬁgsl g;éi%ct)v_?_r )arameters were much less closely related to reactivity. The speed-
p P ylargely P ’ gf-recovery measure—parametdr’“—showed an average corre-

average correlation between tre¢ ‘and “b” parameters, across the lation of r = .11 (range: .13 to .42. The measure that captures

gwﬁe tfa_skls,é :Wosg'il_‘:‘] per I?Sk‘ ancrirtTr?ennge?surens,trtgaasig the level to which people return after the stressoc™—correlated
ange.—.1510 .59. The average correlation betwee only r = .15 with reactivity (range: —.33 to .58. The level-of-

imilar to how far they come down afterwards. This prediction was
e case. Across the three tasks, two trials per task, and three

N parameterls t\'Na$b:t —.Ogugrarég“ei’—.SS tﬂ i?( Flnall.y; t;nle recovery measure was closely related to the original resting base-
;veégge correlation betweebrand ‘¢t wasr = . 17{range.—. line, average = .92 (range: .55 to .98 Given that how much the

measures went up was closely related to how much they came
) ) o down, it is clear that the level to which they come down should be
The Relationship of Recovery and Reactivity Measures similar to the level from which they start€dThus, whereas the
Aside from the basic reliability of the curve-fitting approach to the 56yt of recovery is closely related to reactivity, and the level of
mgasurement of recovery, these data can also address the rele_ltl_ngovery is similar to the resting level, the speed of recovery
ship between the measures of recovery and measures of reactivifheasure does seem to be providing information that is independent
The parameter that describes the size of the drop from stress levels it provided from the assessment of only reactivity.

to recovery levels—d"—ought to be closely related to measures g three intuitively appealing, though largely unreliable, mea-

of reactivity. How far the levels go up during stress should begeg of recovery were not independent of reactivity. The time-to-
recovery measure on average correlated with reactivity .48
(range:—.14 to .76. The recovery-at-a-fixed-point measure cor-
related with reactivityr = .39 (range: —.20 to .69. The final
measure, total carryover, revealed an average correlation with re-
activity of r = .32 (range:—.21 to .62. Partialling these measures
for their dependence on reactivity did not appreciably change their
test—retest reliability. After removing the influence of reactivity,

140

120

100

& the test—retest correlations for time-to-recovery, recovery-at-a-fixed-
e 80 point, and total carryover were= .14 (range:—.20t0 .69, r = .25
% 6ol (range:—.03 to .69, andr = .09(range:—.18 to .41, respectively.
] :
£ 0] - ''=80.5
=86.1 SAlthough the correlations between asymptotic recovery levels and
20 ] pretask levels were high, there was a slight difference at the level of means.

Averaging across the six sessions, participants’ systolic blood pressure
i returned to a level that was 4.3 mmHg above the baseline level. Diastolic
200 -100 0 100 200 300 400 500 600 blood pressure also was slightly elevated, 2.0 mmHg above baseline. Heart
rate, on the other hand, showed complete recovery, returning, on average,
to within 0.06 bpm of pretask levels. Consistent with the unreliability of the

) L ) . __recovery-at-a-fixed-point measures, there was no appreciable consistency
Figure 2. The logistic curve fit to one participant’s heart rate data during i, the difference between the baseline and asymptotic recovery(litbl

the last 2.5 min of the physical task, and the first 10 min of the recoveryan average test-retest correlatior of .13; range:—.43 to .47. Whatever
period. The recovery period starts at time). The three parameters indi- the small amount of residual arousal that is visible in blood pressure rep-
cate the amount, speed, and level of recovery. resents, it was not a stable individual difference.

Time (sec)
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Discussion transition between a stress and resting levels appear to capture this
process reliably, and similar models of the transition from resting
The data presented suggest that it is possible to derive reliabl® stress levels may also be fruitful.
measures of cardiovascular recovery from stress using curve- Although the measure of recovery explored here has the po-
fitting techniques. The more traditional approaches did not apiential to aid in the understanding of cardiovascular responses to
pear to tap anything stable about the individual. It is importantstress, there are some limitations to this approach. First, assessing
to note that the test of reliability is conservative. The range ofrecovery in this manner requires continuous, or at least frequent,
individual differences in cardiovascular functioning in the par- measurement of heart rate and blood pressure. Intermittent moni-
ticipant sample was presumably small because all were youndpring, with measurements taken only every few minutes, is un-
healthy, fit, normotensive individuals, and such similarity makeslikely to produce data useful for estimating curve-fitting parameters.
it more difficult to find stable differences between participants. However, whereas the continuous blood pressure monitor used
The measures that appeared worthless in these data may be udete(a Finapresis of severely limited availability, there are other
profitably when the range of participants is much greater, ordevices soon to be available that will make this sort of curve fitting
when the effects of significant manipulations are investigatedpossible for other researchers. Second, the sort of recovery that has
However, the conservatism of the present test makes it eveheen described in this study is fairly rapid, occurring within a few
more remarkable that the curve-fitting-derived parameters showethinutes of the end of the stressor. It is possible that there are
test—retest stability across tasks and across physiological me@nportant individual differences that were not captured by the
sures. In situations in which simpler methods of assessing refaboratory tasks we used, but that have implications for recovery.
covery have produced positive results, curve-fitting approache&or example, people may differ in their tendency to ruminate about
should be even more fruitful. stressful episodes, and such rumination might extend stress re-
It is possible that not only is speed of recovery important insponses far past the actual event. It may be that other techniques
understanding cardiovascular functioning, but that speed of reaawill be required to measure this sort of delayed recovery. However,
tivity is also useful in this regard. It may be the case that howit is clear that short-term cardiovascular recovery from stress can
quickly people respond to stress could be assessed using curviee measured reliably, that such measurements can add some in-
fitting procedures. As we have shown with cardiovascular recovenformation that is independent of that provided by the assessment of
following stress, static measures may not be useful for capturingnly reactivity, and that, whereas various simple approaches can-
inherently dynamic processes. Mathematical models describing theot provide additional information, curve fitting can.
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