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Abstract

Persons at risk for hypertension may show elevated blood preBByat rest and during mental stress; however, the
hemodynamics underlying the BP of those persons at high risk are not well characterized. We chose 21 high risk and
21 low risk men using their parental hypertension history and resting systolic blood pressures on two screenings. Then,
on a day of extended rest versus a day with prolonged mental arithmetic and reaction time tasks, we examined whether
high risk BP elevations reflected greater vascular resistance or cardiac output. High risk men had raised systolic
diastolic pressuref~s = 74/15, ps < .000%.000) and higher vascular resistan@e = 6.6, p < .02 with minimal
differences in heart rate and cardiac output. This finding implicates vascular resistance as the altered element in BP
control in these high risk men tested in a familiar environment with minimal task-related threat.

Descriptors: Hypertension, Blood pressure, Cardiac output, Vascular resistance, Impedance cardiography, Mental
stress

The present report examines the hemodynamic basis of blood preiie sample was relatively small, and parental history was not al-
sure(BP) elevations in men at high risk for hypertensidtiRsk). ways verified by physician report.

Essential hypertension is a significant cause of organ damage, There are two primary models of hypertension development
contributing to cardiovascular disease morbidity and mortality, and Lovallo & Wilson, 1992a, 1992b The hyperkinetic circulatory

BP responses to behavioral stress may contribute to disease pratodel postulates an inappropriately elevated cardiac output with
gressionEverson, Kaplan, Goldberg, & Salonen, 1996; Lovallo & normal vascular resistan¢dulius, Esler, & Randall, 1975The
Wilson, 1992a, 1992bAs an aid to depicting the development of presumed excess cardiac output is said to cause stress on resistance
hypertension, an accurate description of cardiac output and vascwessels, thus causing thickened walls and narrowed internal diam-
lar resistance in HiRsk persons is critical to evaluating competingeters and leading to permanently elevated vascular resistance
models of hypertension and the potential for behavioral factors tdFolkow, 1982. Thus, altered blood vessel architecture is second-
contribute to the development of the disease. ary to persistently elevated cardiac output.

In previous work, 220 young men visited the laboratory for ~ The second model focuses on the action of intrinsic growth
screening, and we selected HiRsk individuals with both a positiveactors that would directly cause thickening of blood vessels and
parental historyPH+) and resting systolic BB: 125 mmHg. The  the left ventricle at all stages of the dised§®lkow, 1990; Lee,
HiRsks had elevated resting heart rateRs) and diastolic BPs, Bohm, Paul, & Ganten, 1993; Lovallo & Wilson, 1992a, 1992b
and they had greater HR and BP increases to mental arithmetieven in the presence of normal hemodynamic stinitiversa,
stress than did low risk mefLoRskg (al’Absi, Everson, & Lov-  Capasso, Olivetti, & Sonnenblick, 1992; Bergbrant, Hansson, &
allo, 1995; Everson, Lovallo, Sausen, & Wilson, 129%e do not  Jern, 1993; Korner, Angus, Bobik, & Jennings, 199hese mor-
know if the HiRsk BP elevations in that sample were due to alterecohologic changes appear to precede significant BP elevatioses
cardiac output, vascular resistance, or both. In a later study, HiRskereux, de Simone, Koren, Roman, & Laragh, 1991; Frohlich
men had higher systemic vascular resistance during rest and meat al., 1992 and lead to elevated vascular resistance.
tal stresgMarrero, Pincomb, al’Absi, & Lovallo, 1997However, Both models recognize an increased central nervous system
activation and sympathetic outflow in the prehypertensive state.
The heightened central nervous system reactivity of HiRsk persons
complicates the measurement of hemodynamic differences between
Supported by grant HL-32050 from the National Heart, Lung, and HiRsk and LoRsk persons. Previous hemodynamic studies have

Blood Institute(Bethesda, Ml;)and the Medical Research Service of the used invasive methods to measure cardiac output and have tested
Department of Veterans Affairs.
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fight—flight reactions characterized by increased cardiac output an®rocedure
low vascular resistancé.ovallo et al., 1985 the hemodynamic The 2 screening days were always held before the 2 test days.
pattern seen in previous tests of high risk persons. This pattern magefore each session, participants abstained from alcohol for 24 hr
not represent the usual state of their cardiovascular systems. and from caffeine for 12 hr. Test sessions were held in the morning.
The present study sought to minimize anxiety and threat during During screenings, the participant relaxed for 5 min while seated,
nonstress portions of testing to dissociate the reactivity tendencie®llowed by three simulated casual BPs taken over 5 min, followed
of HiRsk men from their underlying hemodynamic pattern. Theby a 15-min series of 7-8 BPs taken at 2-min intervals, as previ-
stress day was compared with a rest day on which participanteusly described Everson et al., 1992 The average systolic BP
were monitored while relaxed and awake without behavioral de-over the 15 min was used to determine risk group classification.
mands. Based on previous findings, we expected vasular resistance On study days, participants were instrumented for recording
to be elevated in the HiRsk group with no difference in cardiacof cardiovascular function, had an intravenous catheter inserted,
output. and signed the consent form. Following 30 min of adaptation time
and placebo administration, the present protocol included rest
(60 min), tasks or continued re$60 min), and continued rest or
Method recovery(60 min) for 180 min of observation. A 5-min rest room

- break occurred at 60 min into the protocol.
Participants

Participants were 42 healthy male, Caucasian voluntgénsiRsk, Tasks

ﬁhl‘ois?j’ f§5ed 21|_735 ye?r?. \éol:l)imlieors We|_r|e COZS'deredt|_“RSkI’he task period consisted of alternating 15-min periods of mental
rihey had mm gg Systolic B mmPrg and one ortwo i metic and reaction time. Task orders and task and rest days
parents with essential hypertension, as confirmed by physician

renort. thereby matchina the risk profile of a larger ar fwere counterbalanced across participants within groups.

eport, thereby maiching the s ’p otie of-a 1a g? group 0 Reaction time consisted of rapidly depressing a response key to

volunteers in our prewo_u_s studi¢al'Absi et al., 19.95’ Evers_on an unsignaled visual cuéhe word go) presented 60 times in

et al,, 1992 LoRsk participants had average restllng sygtollc BP15 min by video monitor. To maximize alertness, the cues were

<h12? Imrr]n:-lg Td no parental hypertension, again confirmed bBf:)resented at unpredictable intervals ranging from 4 to 8@ s=

physician report. . . . 15 9. Participants were challenged with a reward incentive of
All participants met the following screening criteria: average

. . . $0.25 for each response &f270 ms. The number of bonuses
0,
BP <140/90 mmHg, body weight-20% of ideal by Metropolitan eamed was continuously displayed on the monitor.

Ir‘;fft Inrsel;r;?i?ogm%?:gﬂg?‘;mi‘()serlifc')rret?g;tt?:e%??gr r;\ealg:iennosicour:- Each participant was also administered a moderately difficult con-
P P ’ P yp tinuous mental arithmetic task in three 5-min blocks in alternate 15-

alcohol consumption=15 drinkgweek, smoking=10 cigarettes min periods. Given a three-digit number, the participant added the

?ay,l and cloff_eelocrj %qgllvvalﬁné le‘ﬁe'ni useztﬁ_cupsiftciez{; TTE digits and then added the resultant sum to the original number. This
Inal sampie Include 0 HiRsk smokef$-4 cigare on calculation was then performed on the new sum, and so forth. Each

and 1 cigarettélay). Volunteers signed an informed consent form - . .
- . . . answer was spoken via intercom to the experimenter, who informed
approved by the Institutional Review Board of the University of

. . he participant when an incorrect response was given.
Oklahoma Health Sciences Center and the Veterans Affairs Medt- P P P 9

ical C_er_lter and were pald for their participation. Participant Char'Apparatus and Dependent Variables
acteristics are shown in Table 1.

All BPs and HRs were measured by a Dinamap oscillometric
monitor (Critikon, Tampa, FL with the cuff placed on the left arm.
Stroke volume was measured using an impedance cardiograph
system(Minnesota Impedance Cardiograph Model 904B, Minne-
apolis, MN) coupled to an analog-to-digital converter and micro-

Table 1. Participant Demographic Characteristics computer to provide ensemble-averaged waveforms of the primary
impedance signalAZ) and its first derivativgdZ/dt). The aver-
LoRsk HiRsk t ageddz/dtand the electrocardiogram were used to calculate stroke
i L volume using the equation of Kubicek et @l974. Band electrode
Anthropometric characteristics | t foll d standard quideli d et al. 1990
Age (years 24.6(0.9) 255(0.9 “1 placement followed standard guide in&sherwood et al., 199
Weight (kg) 77 (4.7 87 (4.8 1.52 Distances between the recording electrodes were held constant for
Height (cm) 172 (2.7 176 (2.9 <1 each participant across study days.
BMI (Q/CTZ) 2.6(0.21) 29(02n <1 Dependent variables included systolic BP, diastolic BP, mean
_Body fat (%) . 18 (0.9 172089 <1 arterial pressuréMAP), HR obtained from the Dinamap monitor,
First screening session . .
SBP(mmHg) 116 (2.0 134(2.0) 6.32%k* and stroke volumgSV) from impedance data. Cardiac output
DBP (mmHg) 65 (1.9 74 (1.9 3.55%* (CO) and systemic vascular resistanl&/R) were derived as fol-
HR (bpm) 66 (2.6) 67 (2.7) <1 lows: CQL/min) = SV-HR, and SVRdyne-s-cm~®) = MAP/
Second screening session CO-80
SBP(mmHg) 112(2.0) 127 (2.0 5.23%** s .k | by i d di hv h b l
DBP (mmHg) 63 (1.9 70 (1.9 2.30% troke YO umes by Impe ance car |Ograp Yy have ! een vall-
HR (bpm) 67 (2.3 66 (2.3 <1 dated for this laboratory against nuclear ventriculograpfilson,

Sung, Pincomb, & Lovallo, 1989The ensemble-averaged stroke
Note: BMI — body mass index: SBP: systolic blood pressure: DBR volume has been validated against hand-scored beat-to-beat records
diastolic blood pressure; HR h’eart rate; entries show meaﬁéEM); ('?Yersor" Lovallo, Pincomb, K'Z‘_”lkevmh‘ & Wilson, 1991n ad- .
n = 21 in each group. dition, computer-averaged cardiac output measurements by im-
*p < .025. **p < .001. ***p < .0001. pedance cardiography have been validated against simultaneous
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thermodilution measuremen(iRickett & Buell, 1992. Impedance time at rest and during tasks, we conducted analyses of the simple
cardiography has been shown to be valid for between-group comaroups X Periods(baseline, Period 1, Period 2, recoveigter-
parisons of absolute cardiac outgidehlsen et al., 199land has  actions separately on the rest day and on the task(Wéwer,
been used by others to compare hemodynamic profiles of groups 4972. This method resulted in heterogeneous sources of variation
different levels of risk for hypertensioi®herwood, Hinderliter, &  entering into the error term, and degrees of freedom were calcu-
Light, 1995. Day-to-day reliabilities of stroke volume measure- lated using Sattherthwaite’'s approximation as outlined by Winer
ments were checked at rest ugim 2 Groupsx 4 Days analysis of (1972, pp. 380—384 Primary analyses were conducted on a mi-
variance(ANOVA ). None of the termggroups, days, or Groups crocomputer using SYSTA{Evanston, IL.

Days were significantFs < 1. At baseline, Pearsars = .87 on

rest days and .83 on task days, indicating stable measuremeq{.‘,sesuItS

within participants across days.

Blood was collected by syringe every 15 min for measuremenRisk Group Characteristics at Screening
of caffeine, adrenocorticotropin, and cortisol. No group differencesRisk group comparisons are given in Table 1. The groups were
were found, and the effects of caffeine on these variables haveomparable in anthropometric characteristics, although HiRsk par-
been reported elsewhetkovallo et al., 1996 ticipants were modestly heavier.

Participants rated their moods using 12 10-point visual analog Average BPs taken over 15 min during the screenings showed
scales(boredom, concentration, control, distress, effort, interestthe expected elevations in both systolic and diastolic BPs among
impatience, irritability, pleasantness, stimulation, tiredness, and terHiRsk men,Fs(1,40 = 39/9.6, ps = .00005.004. The average
sion) adapted from Forsmarfsee Lundberg & Frankenhaeuser, systolic BPs for the HiRsk group would place them at approxi-
1980. Distress and activation subscales were computed based anately the 90th percentile on Screening 1 and the 80th on Screen-
previous factor analyses. Distress was the average of reports @ig 2 using age group nornidlational Institutes of Health, 1980
impatience, irritability, distress, pleasantness, and control, with théAmong LoRsk men, the comparable percentiles are the 40th and
last two reversely scored. Activation was calculated as the averaggbth percentiles. The HiRsk group may be described as having
of reported effort, tension, concentration, interest, and stimulationhigh normal BPs and the LoRsk group as having low normal BPs.

Although BPs declined from the first to second screening,
Data Reduction and Analysis Fs(1,40 = 24/18, ps < .0001, the group difference was signifi-
Variables derived from the Dinamap monitor were sampled everycant on both visit§+18/+10 mmHg,ps < .001/.01, on Screen-
2 min. Impedance-derived measurements were obtained over twiag 1; +15/+7 mmHg, ps < .001/.05, on Screening)2 There
1-min intervals every 5 min. Data were then averaged to representere greater reductions from the first to the second day in the
the 15-min periods during rest and tasks. Preliminary analysesliRsk group(7/5 mmHg than in the LoRsk group4/2 mmHg).*
comparing responses with the mental arithmetic versus the reac-
tion time task indicated that mental arithmetic led to greater BPGroup Differences on Test Days
rises and increases in CO. However, the groups did not differ inThe cardiovascular and mood data are shown in Figure 1 and
response to either task, and there were no differences betweérable 2. Rest day values are shown as solid markers. The main
groups over repetitions of the tasks. For clarity of presentation, théANOVAs showed that HiRsk participants had significantly ele-
alternating 15-min periods of the two tasks were averaged into twwated systolic and diastolic BPEs(1,40 = 60/22, ps < .00001,
30-min task periods and compared with corresponding periods cficcompanied by an elevated vascular resistaRte40 = 6.63,
the rest day. p = .014, based on main effects of group. The groups were not

Mood ratings were taken at the end of adaptation, following thedifferent in HR or CO,Fs(1,40 < 1.0, and no differences were
postplacebo rest, after the tasks, and at the end of recovery.  found for reports of moods stateéss(1,40 < 2.0,ps > .16. There

In the primary caffeine study design, participants were screenedere no interactions of group with days, periods, or Day®e-
twice and then tested on 2 days of placebo and 2 days of caffeingods for any variable. Based on these results, further examination
administration, in counterbalanced order. Therefore, including thef group differences in BP and vascular resistance was conducted
screenings, half of the data are from Days 3 and 4 and half fronfor each day.

Days 5 and 6 in the laboratory. The original sample included 48

participants(24 HiRsk and 24 LoRsk Impedance data for six Risk Groups on Rest Day

participanty3 HiRsk and 3 LoRskwere unusable, and these data Unless otherwise noted, the results are based on the simple
were dropped from all subsequent analyses, leaving a final sampl8roupsX Periods interactions for each day of testing.

of 21 HiRsk and 21 LoRsk participants. Rest day systolic and diastolic BPs were elevated in HiRsk

Group demographic characteristics were compared using Sturersus LoRsk men during the entire 180 min of observations,
dent’st test. BPs and HRs were compared between groups over the24/70 mmHg versus 1081 mmHg respectivelyFs(1,80 =
two screening sessions in a set of 2 Groxp8 Days ANOVAs. In  56/21, ps < .0000%.0001, confirming their screenings. BPs were
the main study, cardiovascular activity was tested using 2 Rislstable over each observation period for each group, as indicated by
Groups(low, high) X 2 Days(rest, tasks X 4 Periods(baseline,  nonsignificant periods effect§,s(3,38 = 0.281.26, and by non-
Period 1, Period 2, recoversepeated measures MANOVAs. Mood  significant GroupXx Periods interactiong;s(3,38 = 0.1¢/1.11.
reports were compared using 2 Risk Grogiesv, high) X 2 Days Vascular resistance levels showed a significant elevation among
(rest, tasks X 4 Periods(baseline, pretask, posttask, recoyery HiRsk men versus the LoRsk men on the rest day, as indicated by
repeated measures multivariate MANOVAs. Tests of the periods
factor were based on Wilks's lambda.

- . . . : 1 The Groupx Day interactions indicated a trend toward a greater
In accord with the primary questions, simple effects and S|mplereduction in diastolic BP among the HiRsk m&{1,40 = 3.23,p = .08,

interaction effects tests were conducted within the_ larger primaryerhaps reflecting a response to the novel screening environment on Ses-
ANOVAs. Because our main focus was to contrast risk groups ovesion 1.
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Lis y——————— a significant effect of groups (1,80 = 5.60,p < .005. Although
1.65 e S— vascular resistance increased over tirfé€3,38 = 10.70,p <
' /’/ .0001, the effect was similar for both groups, as indicated by a
1.55 / e nonsignificant Groupx Period interactionF (3,38 = 1.84. The
1.45 - e resting data indicate that the cause of the elevated BPs in the
\9\@/2 HiRsk group was an elevated vascular resistance.
135 |- % — A
\\~‘\<,—"f ******* A:Z;
1.25 AT e zoomn ot = — - Task Effects
15 | |r Tasks The primgry_ analyses based on the Groupsi_)ay§ X Periods_
‘ : ! ANOVAs indicated that the tasks produced significant elevations
Base Per 1 Per 2 Recov

in cardiovascular activity relative to comparable rest day times. A
[FLoRsk-Rest [F]LoRsk-Task [®]HiRsk-Rest LPJHiRsk-Task series of significant Days< Periods interactions revealed task-
related elevations in BPEs(3,38 = 38/28, ps < .0000%.00001,
Figure 1. Vascular resistanc@lyne s-cm-10~8) for 60 min of rest before HRs,F (3,38 = 36,p < ',00001’ COsF (3,38 = 25,p < .00001,
onset of task¢Base, the first and second 30-min periods during the tasks aNd lower vascular resistancé(3,38 = 8.43,p < .0005. The
(Per 1, Per 2 and the 60 min of posttask redRecoy. Rest day data are  €ffortful engagement in the alternating tasks appears to have pro-
shown at comparable periods. duced consistent elevations in CO in each 30-min task period.

Mood reports taken at the end of the tasks indicated substantial
increases in activation and distress as indicated by significant
Day X Period interactionsFs(3,38 > 17.3,ps < .00001. These
data indicate that the tasks were effective at producing symptoms
of mild stress for their duration.

Table 2. Blood Pressure and Hemodynamic Variables ) .
Risk Groups During Tasks

LoRsk HiRsk The risk groups did not differ in their BP responses to the tasks.
The GroupsXx Periods simple interaction terms were nonsignifi-
Rest Task Rest Task cant,Fs(3,38 < 1.0/1.0. The groups also had similar changes in
Systolic blood pressurenmHg) vascular resistance over p_eriods_ on the_ task Ha3,38 < 1.5,
BSE 109(1.5) 110 (1.4 124 (1.5 123(1.4) based on Groupx Period simple interactions. Posttask reports of
T1 109(1.6) 118(1.9 123(1.6) 131(1.9 activation and distress were similar for the groups(3,38 < 2.0.
T2 109(1.5 118(1.9 124 (1.6 132(1.9
REC 109(1.3) 111(1.3 124 (1.3 124 (1.3

Diastolic blood pressurénmHg) Cardiac and Vascular Contributions to

BSE 61(1.3 61(1.4 69 (1.3 70(1.4  Blood Pressure Within Groups _
T1 61(1.9 66 (1.5 70(1.3 74 (1.5 To test the relative contributions of CO and vascular resistance to
T2 60 (1.6 66 (1.5 70(1.6) 73 (1.9 group BP levels, we conducted a regression analysis in which
) REtC o )62(1-4) 61(1.6) 7114 69(1.6  MAP variance was predicted using CO and vascular resistance,
eart rate(bpm ; ; _
BSE 62(2.0) 63(2.3 60 (2.1 60 (2.3 avgr;’:tged across peno;i; or:j iach dayl. On the rest dﬁ/, HiRsk ar
T1 61(2.0 69 (2.7) 59 (2.0 67 (2.7) terial pressure was predicted by vascular resistanee?. H,p <
T2 59(2.0 68(2.9 59 (2.0 65 (2.9 .03, but not by COt = 1.84,p > .08. Among LoRsk participants,
REC 61(2.0) 62 (2.3 59 (2.0 59 (2.3 both CO and vascular resistance contributed to variance in resting
Cardiac outputL/min) arterial pressuregs > 4.7, p < .001. On the task day, in both
_‘?fE f-gﬁg-j; g-g 28-2 g-g Eg-jg 23283 groups, CO and vascular resistance each contributed variance to
T2 4.9(0.9 5.7(0.4 4.9(0.4) 5.7 (0.4) the measurement of MARS > 2.65,ps < .02.
REC 4.8(0.3 4.9(0.3 4.8(0.3 5.1(0.3
Vascular resistancayne s-cm-1078)
BSE 1.24(1.0 1.32(0.9 1.49(1.0 1.46(0.89
$; 123&3 ig?ggg 125 8% 132 Egg 2 Based on inspection of the vascular resistance data and based on the
REC 1' 6 1'1 1'40 0'9 1.68 1'1 1'45 0'9 elevated vascular resistance values in the HiRsk group, we conducted an
S - (1.0 | -40(0.9 68(1.1) -45(0.9 exploratory analysis contrasting vascular resistances on the rest versus task
Activation ratings(1-10 scalg days separately for LowRsk and HiRsk groups using the simple Days
BSE 3.6(0.37) 3.6(0.39 3.9(0.38 4.2(039  periods interaction terms.
Tl 3.3(0.34 3.1(0.3y 3.8(0.39 4.0(0.39 The LoRsks did not differ in vascular resistance between rest and task
T2 3.5(0.39 6.4(0.29 3.9(0.39 6.5(0.29  days and did not show differential variation across periods on either day, as
REC  3.4(0.39 35(0.33 3.8(0.39 4.0(0.34  indicated by a nonsignificant days effe€t(1,40 < .003, and Daysx
Distress rating$1-10 scalg Periods interactioni (3,38 = 2.14,p > .10.
BSE 3.8(0.19 3.9(0.20 4.1(0.20 4.5(0.2) The HiRsk group members exhibited significantly higher vascular re-
T1 2.8(0.42 2.9(0.39 3.2(0.43 3.8(0.40 sistance on the rest day than on the task day, as indicated by a significant
T2 4.0(0.2) 5.2(0.28 4.2(0.21 5.9(0.28 Days X Periods simple interactiof,(3,38 = 7.21,p < .001, and a simple

REC 3.0(0.42 3.2(0.42 3.3(0.43 3.7(0.43 main effect of daysF (1,40 = 17.7,p < .00001. The simple main effect

of periods for the HiRsk group on the rest day was significk8,38 =

9.86, p < .0005, indicating higher levels of resistance over time. The
Note: BSE = 60 min rest, T1= 0—30 min rest or task, T2 30—60 min comparable effect on the task day was nonsignifica(®,38 = 1.97,p >

rest or task, REG= 60 min rest; entries show meatrSEM); n = 21 in .10, indicating stable vascular resistance values among HiRsks across task
each group. periods.
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Discussion reduced sense of threat, thus unmasking the underlying hypertension-

The present study examined the hemodynamic inputs responsibl€/2t€d response tendencies. Such a novelty effect was observed in
for BP elevations in HiRsk men familiarized with the laboratory €NdOCrine responses of persons with BH, who had elevated resting
and exposed on separate days to extended rest and to rest pr:a%rtlsol levels on Day 1 in the laboratory but normal values on
nonaversive behavioral challenges. The HiRsk participants did ndP2ys 3—4(@'Absi & Lovallo, 1993.

have elevated CO at either time. Instead, elevated BPs among ) ) L ) .
HiRsk participants were supported by a raised vascular resistance, -aboratory studiesStudies of reactivity in hypertension risk

In addition, the BP responses to the tasks were not greater in g€ often based on single exposures to the laboratory, short rest
HiRsk group. This pattern of results also occurred in a previousoe”c_’ds' and _bl_r|ef_, unfamiliar tasks. Such condltlons favor greater
study on HiRsk men using similar task®larrero et al., 1997 cardiac reactivity in BH or PHF_ persongCarroll, Harris, & Cross,

In view of the elevated vascular resistance among the HiRsk291; Sausen, Lovallo, & Wilson, 1991; Sherwood et al., 1995;
men at rest and the balanced combination of vascular resistancdi€Per et al., 1998 In contrast, elevated vascular resistance was
and CO contributions to raised BP during the tasks, task-relatefPund in BH men adapted to the laboratory for 2-5 déang,
activation appears to shift the dominant vascular resistance pattefrPV2/l0, Teague, Pincomb, & Wilson, 199®r in response to
among HiRsk men to a pattern of both CO and vascular resistanc&aieine administration, a vasoactive stimulBncomb et al., 1996
Given that the tasks were minimally threatening, the question ariseSIRSK volunteers had elevated HR and BP responses to a novel
as to whether HiRsk men would have presented a more cardiadnental arithmetic task on their first laboratory vigt'Absi et al.,

predominant pattern in the case of tasks that are novel, highiy 999 and they exhibited a "white coat” effect indexed by a sig-
threatening, or aversive. nificant decline in BP from simulated manual readings to a longer

These results raise three related issues for the design and ifie'ies of automated readingBernardy, Everson, al'Absi, Schott,
terpretation of studies of cardiovascular reactivity in hypertensiorf< Lovallo, 1995. The present study involved no explicit threat
risk. () The findings are consistent with the vascular resistancé?d Participants were well adapted to the laboratory, potentially
model of hypertension developmets) The findings suggest that _dlmlnlshmg card_lac reactions and leaving tonic vascular resistance
conditions of testing and familiarity with the laboratory may dif- INcréases in their place.
ferentially affect hemodynamic patterns of HiRsk persons at rest
and during stressor challenge) The findings yield testable pre-
dictions for future research.

Clinical studies.The influence of novelty and threat may also
affect clinical studies of hypertension development, and design
issues in the major studies supporting the CO theory leave their
Models of Hypertension conclusions in doubt. Two widely cited studiésund-Johansen,

In evaluating models of hypertension etiology, comparing HiRsk1991; Weiss et al., 1978using invasive methods to measure car-
and LoRsk normotensive individuals would seem to be a simplediac output, have reported that BH persons had elevated resting
process of observation. However, this comparison has proven urFOs with normal peripheral resistances on initial evaluation, fol-
expectedly difficult due to selection criteria and conditions of mea-lowed by a shift to normal COs and elevated peripheral resistances
surement. The two strongest risk factors for hypertension are PH ©n subsequent observations. These results were interpreted as dem-
and elevated BRHiggins, Keller, Metzner, Moore, & Ostrander, Onstrating the natural course of essential hypertension develop-
1980. Assignment of PH persons to the HiRsk group without ment. However, measurement of CO using cardiac catheterization
regard to their BP levels has not proven satisfactory, with incon2nd indicator dilution techniques is anxiety provoking and anxio-
sistent BP reactivity across studies in Phpersongcf. Muldoon,  Iytic medications are often used in diagnostic procedures, although
Terrell, Bunker, & Manuck, 1993 Relative to parental history, a hotin these studies. The volunteers were likely to have been highly
modestly elevated BP is about twice as strong a predictor of futur@nxious, particularly on their first evaluation.

diseaseJulius et al., 1990 with elevated systolic BP predicting Interpretation of these studies is limited gy lack of parallel

2.3 times the risk of low normal BP. The two together provide theObservations of LoRsk control subjects, allowing age factors to
best early estimate of future riglohlsson & Henningsen, 1982; play an unknown role in the changing hemodynamic patteis;
Paffenbarger, Thorne, & Wing, 1968; Thomas & Duszynski, 1982 the use of antihypertensive medications and a changing patient
and this classification has yielded consistent reactivity difference§omposition across 20 years in the Lund-Johard@91) study;
(al’Absi et al., 1995; Everson et al., 1992; Marrero et al., 1997 (c) the elevated COs of BH persons on initial observation were
This dual-risk-factor approach may be useful in future studies ofnetabolically appropriate, not metabolically excessive, as called

hypertension risk and behavioral stress. for in the hyperkinetic mod€lLund-Johansen, 19%land(d) com-
pared with CO, high vascular resistance at entry to the Lund-
Conditions of Testing and Methods of Measurement Johansen study was more prognostic of future hypertension and

Elevated sympathetic activation in HiRsk persons may cause difneed for medications. Based on these considerations, it is difficult
ferential reactivity to threatening situations. In normotensive ani-to conclude with confidence that these studies support the hyper-
mals, Masor{1968 showed that stimulus novelty is a potent trigger kinetic model of hypertension development.

of pituitary-adrenocortical activation. In humans, fear and threat of =~ The participants in these studies may have become less anxious
aversive stimulation lead to increased cardiac output and reducedith repetition of the invasive procedures, diminishing cardiac
vascular resistancé.ovallo et al., 1985; Sinha, Lovallo, & Par- activation and leaving enhanced vascular resistance as the remain-
sons, 1992 The central nervous system activation of HiRsk anding sign of a tonically elevated sympathetic activity. Age factors
borderline hypertensivéBH) groups would have the effect of would have had a similar effect due to decliniggadrenergic
exaggerating these tendencies, causing a range of responses a®eeptor densities. The presence of normotensive longitudinal con-
result of the individual’'s psychological characteristics in combi- trol groups would provide a valid test of both hypotheses.

nation with putative systemic effects associated with hypertension In relation to the hyperkinetic model, studies show a more
development. These signs would diminish with familiarity and mixed pattern of hemodynamic activati¢e.g., Julius, Schork, &
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Schork, 1988 and a population-based study found elevated vasof the testing. Conditions favoring fight—flight reactions and evok-
cular resistance in BH persons based on noninvasive techniquéisg anxiety appear more likely to produce CO differences and

(VanHooft, Grobbee, Waal-Manning, & Hofman, 1993 greater BP reactions among unadapted HiRsk men.
This hypothesis is amenable to empirical test. One approach
Future Studies would be to examine hemodynamic characteristics of risk groups

In view of the foregoing considerations, we suggest that the quessver successive visits to the laboratory with systematic threat and
tion of an elevated CO in hypertension development be expandedonthreat challenges over these visits. This sort of investigation
to include the conditions of testing. We then might ask: Do HiRskmay help in understanding differences among studies by clarifying
persons have elevated COs and greater BP responses to stress, Hraleffects of specific emotional states in high risk groups.

if so, under what conditions of testing? The present findings, in  The present results suggest that increased sympathetic nervous
view of the range of results reported by others, suggest that theystem activity in HiRsk men may manifest itself as an elevation
pattern of hemodynamic activity at rest and in response to behawef vascular resistance under conditions of familiarity with the test
ioral challenges may vary according to the emotional backgrouneénvironment and lack of novelty or threatening incentives.
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