Cardiac output and stroke volume changes
with endurance training: The HERITAGE
Family Study

JACK H. WILMORE, PHILIP R. STANFORTH, JACQUES GAGNON, TREVA RICE, STEPHEN MANDEL,
ARTHUR S. LEON, D. C. RAO, JAMES S. SKINNER, and CLAUDE BOUCHARD

Department of Health and Kinesiology, Texas A&M University, College Station, TX; Physical Activity Sciences
Laboratory, Laval University, Quebec City, Quebec, CANADA, Division of Biostatistics, Washington University School of
Medicine, St. Louis, MO; School of Kinesiology and Leisure Studies, University of Minnesota, Minneapolis, MN;
Department of Kinesiology, Indiana University, Bloomington, IN; and Pennington Biomedical Research Center,

Baton Rouge, LA

ABSTRACT

WILMORE, J. H., P. R. STANFORTH, J. GAGNON, T. RICE, S. MANDEL, A. S. LEON, D. C. RAO, J. S. SKINNER, and C.
BOUCHARD. Cardiac output and stroke volume changes with endurance training: The HERITAGE Family&aysci. Sports
Exerc, Vol. 33, No. 1, 2001, pp. 99-10@urpose: The purpose of this study was to determine the magnitude of changes in cardiac
output (Qc), stroke volume (SV), and arterial-mixed venous oxygen differenc&yaliff) during submaximal exercise following a
20-wk endurance training program, with the primary focus on identifying differences in response by race, sex, kethagks: The
participants in this studyN = 631) were healthy and previously sedentary mér-(277) and womenN = 354) of varying age (17-65

yr) and race (blacksN = 217; whites,N = 414) who had completed the HERITAGE Family Study protocol. After baseline
measurements, participants trained on cycle ergometemsi3'dor a total of 60 exercise sessions starting at the HR associated with
55% of maximal oxygen uptake (%) for 30 min/session and building to the HR associated with 75%®, . for 50 min/session,
which was maintained during the last 6 wk. HR, Qc (Q®breathing), and SV (Qc/HR) were determined in duplicate at 50 W and
at 60% of V0,4, 0N two different days both before and after trainiRgsults: After training, there were significant decreases in HR
and Qc, and significant increases in SV and@-diff at 50 W (except for no change in a& diff in black men). The changes in HR
differed by sex and age, and the changes in SV, Qc, an@aiif differed by race. Qc decreased by 0.6riin™ at 50 W for the total
sample, consistent with the decrease i@,\Vat this power output. At 60% of ®,,,., HR decreased, and SV, Q, and &uvdiff
increased. There were small differences in response by sex (HR and SV), race (HR), and age (HR@oddR)ion: It is concluded

that the cardiovascular systems of men and women, blacks and whites, and younger and older subjects are not limited in their ability
to adapt to endurance traininigey Words: SUBMAXIMAL EXERCISE, VOZ, a-vQ DIFF, RACE, SEX, AGE

uring a single bout of exercise of increasing inten- unable to detect any left ventricular enlargement or en-

sity, it is generally acknowledged that heart rate hanced left ventricular systolic function. Previous studies

(HR) and cardiac output (Qc) increase in a near from the same laboratory had found that older men, 60-70
linear manner with increasing power outputs, whereas yr, can increase peak SV and improve left ventricular sys-
stroke volume (SV) tends to level off at between 40 and tolic function (9,23), and that young women (mean age5
60% of a person’s maximal oxygen uptak'eCQ(naX) (28). yr) respond similarly to young men (mean age&5 yr) (26).
Further, in response to endurance training, for the sameStudies from our laboratory (JHW) support the similarity in
absolute power output, Qc remains the same, or decreasethe cardiovascular responses of young men and women
slightly, whereas HR decreases and SV increases (28).(20—30 yr) to endurance training (18,19).
However, it appears that there are differences in both the It has been well established that women have a smaller
magnitude and direction of the cardiovascular responses toblood volume and heart size than men, even when expressed
acute bouts of exercise and chronic exercise training on therelative to body mass or fat-free mass (20). Further, women
basis of race, sex, age, and state of training. As an examplehave a lower hemoglobin concentration and arterial oxygen
Spina et al. (27) were unable to find increases in peak Qc content (20). As a result of these known differences, it is
and SV in a group of older women, 60—70 yr, who had quite likely that women of all ages might adapt differently
endurance-trained for 9—12 months despite a 21% increasdo endurance exercise training, even if they achieve similar
in \'/OZma)c Using radionuclide ventriculography, they were increases in maximal endurance capacity.

Although it appears that both sex and aging can affect the

0195-9131/01/3301-0099/$3.00/0 cardiovascular response to endurance training, it is less clear
MEDICINE & SCIENCE IN SPORTS & EXERCISE if race is also a factor in modifying this response. Berry et
Copyright © 2001 by the American College of Sports Medicine al. (4) reported differences in the responses of black and
Received for publication April 2000. white male subjects to an acute bout of exercise at 0, 50, and
Accepted for publication April 2000. 100 W (W) on a cycle ergometer, with blacks having similar
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TABLE 1. Pretraining physical characteristics of the participants.

Participants Age (yr) Height (cm) Weight (kg) BMI (kg~m_z) BSA (m?)
All participants (N = 631) 346 =132 169.5 = 9.6 75.8 = 17.1 26352 1.89 +0.25

By sex
Men (N = 277) 35.7 = 141 1775 = 6.4 841 =159 26.7 =438 2.04 = 0.21
17-29 yr (N = 126) 228 +38 178.3 + 6.3 789156 248 =47 1.98 = 0.21
30-49 yr (N = 89) 392+66 1774 = 6.6 89.9 = 149 286 =45 212020
50-65 yr (N = 63) 56.1 = 4.1 176.2 = 6.0 86.2 = 147 27.7 =44 2.06 = 0.20
Women (N = 354) 338 £125 163.2 £ 6.5 69.3 + 15.1 26.0 +55 1.78 = 0.21
17-29 yr (N = 164) 226 =36 163.3 = 6.2 64.5 = 15.0 241 =54 1.71 = 0.21
3049 yr (N = 141) 39.7 = 6.1 163.5 = 6.8 729 =134 273=50 1.83 £ 0.19
50-65 yr (N = 49) 548 =37 162.3 = 6.4 75.5 = 15.1 28753 1.86 = 0.21

By race
Blacks - total (N = 217) 33.0x106 167.2 =94 76.9 = 16.8 275*57 1.90 + 0.24
Men (N = 77) 343113 1762 £ 6.5 83.4 =152 26.8 =46 2.03 = 0.21
Women (N = 140) 323 +10.2 1622 = 6.5 733166 279=62 1.83 +0.23
Whites - total (N = 414) 355+ 144 170.7 £ 95 753172 257438 1.89 + 0.26
Men (N = 200) 36.2 = 15.0 178.0 + 6.2 84.3 £ 16.2 266 =49 2.05 £ 0.22
Women (N = 214) 349137 163.9 = 6.4 66.8 = 13,5 248 =47 1.75 +0.20

* Data are expressed as mean + SD.

Qc values, but lower HRs and a trend for higher SVs at eachthe required exercise tests and exercise prescription. A total
power output. It is possible that the observed differences in of 744 participants finished all HERITAGE testing and
response to an acute bout of exercise between blacks andraining protocols. Of this total, 633 had complete cardio-
whites could also be present in the response of blacks andvascular data during submaximal exercise and constitute the
whites to endurance exercise training. To the best of our sample for this paper. Their characteristics are presented in
knowledge, this has never been studied. Table 1. Each Clinical Center’s Institutional Review Board
Therefore, the purpose of this study was to determine the had previously approved the study protocol, and informed
effects of a highly controlled, 20-wk endurance training consent was obtained from each participant.
program on Qc, SV, and arterial-mixed venous oxygen Experimental design and exercise test protocols.
difference (a-\Q, diff) during submaximal exercise in a Participants were screened by the Clinical Center's super-
previously sedentary population of black and white partic- vising physician and staff, and only those who were previ-
ipants in the HERITAGE Family Study. The HERITAGE ously sedentary, free of preexisting disease, and not taking
Family Study is a large multicenter clinical trial investigat- medications that would affect any of the outcome variables
ing the possible genetic basis for the large variability in the were allowed to enter the study (5). A comprehensive bat-
responses of physiological measures, as well as risk factorgery of tests was administered before starting the training
for cardiovascular disease and type 2 diabetes mellitus, toprogram, which included the following: health, medical, and
endurance exercise training. This study includes four Clin- nutrition questionnaires; maximal and submaximal exercise
ical Centers [Indiana University (formerly at Arizona State tests; blood tests for lipids, lipoproteins, and sex steroids;
University), the Pennington Biomedical Research Center intravenous glucose tolerance test; resting blood pressure;
(formerly Laval University, Québec, Canada), the Univer- and body composition tests. After the initial test battery,
sity of Minnesota, and Texas A&M University (formerly at  subjects completed a 20-wk endurance training program (3
The University of Texas at Austin)] and a Data Coordinating d-wk™ for a total of 60 exercise sessions) on cycle ergome
Center (Washington University School of Medicine, St. ters that were computer-controlled to maintain the partici-
Louis, MO). Details of the HERITAGE Family Study aims, pants’ HRs at levels associated with fixed percentages of
experimental design, and measurement protocols have beetheir aerobic capacity '(Zma)). The training program

presented in detail in a previous publication (5). started at 55% of D, max for 30 min/session and gradually
increased to 75% of 8, for 50 min/session, which was
METHODS maintained during the last 6 wk of training. The full test

battery was administered again at the conclusion of the
Participants. The HERITAGE Family Study subject training program.

population consisted of families, including the natural father ~ Subjects completed a total of three exercise tests, each on
and mother£65 yr of age) and generally three offspring 17 a different day, both before and after the period of exercise
yr of age or older for white families, or at least two first- training. These included the following: a maximal test
degree relatives for black families. Inclusion and exclusion (MAX), a submaximal test (SUBMAX), and a submaximal
criteria were summarized in detail in a prior publication (5). to maximal test (SUBMAX/MAX). All exercise tests were
Specific criteria of importance to this paper included the fact conducted on a cycle ergometer (SensorMedics Ergo-Met-
that participants were sedentary at baseline, normotensive orics 800S, Yorba Linda, CA). Subjects completed the initial
mildly hypertensive €£160/100) without antihypertension MAX exercise test using a graded exercise test protocol,
medication, and had a body mass index (BMif) 40.0 starting at 50 W for 3 min. The rate of work was then
kg-m™. Participants were included in the study with BMIs increased by 25 W every 2 min thereafter to the point of
slightly in excess of this value if they were considered by the exhaustion. For older, smaller, or less fit subjects, the test
supervising physician to be “healthy” and able to perform was started at 40 W and increased by 10- to 20-W incre-
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ments. Using the results of this initial maximal test, subjects  All data were analyzed using the SAS statistical package
then performed the SUBMAX exercise test on a second day (version 6.12; SAS Institute Inc. Cary, NC). Data are ex-
at 50 W and at a power output equivalent to 60% of their pressed as mean SD except where noted. For all com-
initial V O,,,,.c The SUBMAX/MAX exercise test was then  parisons across groups, Qc and SV were statistically ad-
performed on a third day, starting with the SUBMAX pro- justed for size using body surface area as determined by the
tocol, i.e., 50 W and 60% of the initial ®,,,,, and cor equation of DuBois and DuBois (8). A matched-patest
tinuing with the MAX test protocol to a maximal level of ~was used to determine significant differences between pre-
exertion. The results of the three exercise tests were used t@nd post-training data. A multiple testing analysis of vari-
determine the reproducibility of measurements (24,31), asance (ANOVA) was implemented by using the general
well as to establish the endurance training program power linear models procedure to determine the influence of sex,
outputs and to quantify the magnitude of the training re- age (younger: 17-29 yr; middle-aged: 30—49 yr; older:
sponse (5). 50-65 yr), and race (blacks vs whites) on the magnitude of

Cardiovascular and metabolic measurements. change in any given variable. Statistical significance was
For the SUBMAX and SUBMAX/MAX tests, two HR and ~ €stablished at the 0.05 level.

Qc values were obtained and averaged both at 50 W and at

60% of the initial VO, pre- and post-training. Subjects RESULTS

exercised for approximately 12—15 min at each power out-
put, with a 4-min period of seated rest between power
outputs. The values presented in this paper represent th
mean of the responses at each power output for the two
submaximal tests, both before and after training. Qc was
determined using the Collier G@ebreathing technique (6),

as described by Wilmore et al. (30). Each Clinical Center
used the same electronic mixing system to assure the prope
volume and concentration of G@or rebreathing dependent
on each subject’s steady stat®yand end-tidal pCQ SV

was derived by dividing the estimated Qc by the measured
HR at the time of the Qc determination (i.e., SVQc/HR).

The a-vQ, diff was determined by dividing the ®, for a
given power output by the Qc for that power output (values
expressed in mL of @100 mL? of blood).

For all three tests, @,, VCO, expiratory minute verti
lation (VE), and the respiratory exchange ratio (RER) were
determined every 20 s and reported as a rolling average of
the three most recent 20-s values, using a SensorMedic

2900 metabolic meas'urement. cart. The\M, . was defined The same relative power output (60%,Q,) represented
as the peak 0, obtained during the test. Determined by 5 higher power output posttraining compared with pretrain-
electrocardiography, HR was recorded during the last 15 s There were significant decreases in HR and significant
of each stage of the MAX test and once steady state hadi,creases in SV, Qc, and @y diff posttraining for the total
bee_n achieved at each of the submaximal power OUtpUtSsample and all subgroups. With respect to HR, men expe-
during the SUBMAX and SUBMAX/MAX tests. rienced a greater decrease compared with women, and older
Quality assurance, quality control, and statistical  \yomen experienced a greater decrease compared with mid-
methodology. Important quality assurance and quality  gje-aged women. A racial difference was also noted, but this
control procedures were instituted across all four Clinical \yas significant only for women, with white women expe-
Centers, as described by Gagnon et al. (11). Staff from all riencing a greater decrease in HR compared with black
Clinical Centers were trained centrally on several occa- women. SV increased substantially in the total group
sions, and all staff had to be certified on each technique (+10.8%) and in all subgroups (range: mean from 10.1% to
for which they were responsible. A detailed Manual of 11.1%), with men experiencing a small, but significantly
Procedures (MOP) was developed, and staff were re-greater increase than women (11.1% vs 10.6%). Qc in-
quired to review those sections of the MOP for which creased equally in all groups (range: 6.9—8.4%), with the
they were responsible every 6 months. The reproducibil- exception of the older women (2.8%). There was a similar
ity of measurements in this study was very high as has increase in a-@, diff posttraining across all groups.
been previously reported (31). Coefficients of variation
(CVs) for the HR, blood pressure, and Qc at 50 W and
60% of VO,,,,.,ranged from 4.4 (HR at 60%) to 7.6 (SV DISCUSSION
at 50 W), and intraclass correlation coefficients (ICCs)  For the total sample, the changes in HR, SV, Qc, and
ranged from 0.76 (Qc at 50 W) to 0.93 (Qc at 60%). a-vQ, diff at 50 W consequent to training were in the

The mean increase ih(VZmaX consequent to the 20-wk
Endurance training program was 16.2%, with a variation
among subjects of from 0 to 51%. Decreases in exercise HR
at each power output posttraining compared with pretraining
further confirmed a substantial training response.

The pre- and posttraining data for the cardiovascular
fesponses to submaximal exercise are presented in Table 2
(50 W data) and Table 3 (60% of(¥ max data). At the
same absolute power output (50 W), there were significant
decreases in HR and Qc, and significant increases in SV and
a-vQ, diff for the total sample and all subgroups, with the
exception of no increase in agy diff in blacks. Within
subgroups, women had a much greater decrease in HR at 50
W than men, but their mean pretraining value was 23
beatsmin™ greater. Further, older women had a greater
decrease in HR than the younger and middle-aged women.
Blacks had a greater increase in SV than whites, but this was
significant only in men. Whites had a greater decrease in Qc
Scompared with blacks, but this was significant only in men.
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TABLE 2. Changes in cardiovascular variables and a-v0, diff at 50 Watts.

Variable Pretraining (Mean = SD) Posttraining (Mean + SD) Absolute Difference (post - pre)  Significant Difference* (P < 0.05)
Heart rate (beats/min—")
Total 120.2 = 184 108.8 + 14.4 -114 a
Men - total 1071 = 11.8 98.3 = 9.1 -88 ab
17-29 yr 106.6 + 10.5 98.3 + 86 -83 —
30-49 yr 107.8 = 12.0 98.9+93 -89 —
50-65 yr 107.0 + 13.8 97298 -9.38 —
107.0 = 13.8 972+98 -98 -
Women - total 130.5 = 16.1 117.0 = 12.1 —135 ab
17-29 yr 132.0 = 15.6 1189 = 114 -1341 g
30-49 yr 128.9 +17.0 116.0 = 12.7 -12.9 g
50-65 yr 129.6 = 14.8 1135 = 12.1 —-16.1 e, f
Blacks - total 125.8 + 194 113.6 = 145 -12.2 a
Men 1089 = 11.8 99.9 + 83 -9.0 a
Women 1352 = 16.3 1212 113 -14.0 a
Whites - total 1172 £17.2 106.2 + 13.6 -11.0 a
Men 106.4 = 11.7 976 + 9.4 -8.8 a
Women 1274 =152 1143 £ 11.9 -13.1 a
Stroke volume (mL/beat ")
Total 959 =189 99.8 ~ 18.6 +3.9 a
Men - total 108.7 = 16.7 1124 = 16.9 +3.7 a
17-29 yr 112.6 + 154 115.4 = 16.2 +2.8 —
30-49 yr 107.2 + 16.2 112.0 = 17.6 +4.8 —
50-65 yr 103.1 = 184 106.8 = 15.9 +3.7 —
Women - total 859 +13.7 90.0 +13.2 +4.1 a
17-29 yr 845 +14.2 88.3 =129 +3.8 —
30-49 yr 88.1 =13.0 91.7 =133 +3.6 —
50-65 yr 84.6 =136 90.6 +13.3 +6.0 —
Black - total 94.4 +18.1 99.7 =189 +5.3 a,c
Men 110.1 = 15.0 116.5 + 17.3 +6.4 a, d
Women 85.8 +13.3 90.5 +12.4 +4.7 a
Whites - total 96.7 =19.2 99.8 = 18,5 +3.1 a,c
Men 108.1 = 17.3 110.7 = 16.5 +2.6 a, d
Women 86.0 = 14.0 89.6 = 13.7 +3.6 a
Cardiac output (L/min~")
Total 13+14 10.7 14 -0.6 a
Men - total 11.5+15 11.0+14 -05 a
17-29 yr 119+14 113+14 -0.6 —
30-49 yr 14+13 11.0+15 -04 —
50-65 yr 109 =17 10313 -06 —
Women - total 11.0=13 104 +13 -0.6 a
17-29 yr 11014 104 1.2 -06 —
30-49 yr 112+12 105+ 1.3 -0.7 —
50-65 yr 108 =15 10214 —-0.6 —
Blacks - total 116+13 1M11+14 -05 a,c
Men 11913 116+15 -0.3 a, d
Women 11.5+13 109+13 -0.6 a
Whites - total 111 +15 104 +1.3 -0.7 a,c
Men 11416 10714 -0.7 a, d
Women 10.8 £ 1.3 101 +£1.2 -0.7 a
a-v0, diff (mL/100 mL~")
Total 92+12 9411 +0.2 a
Men - total 96+13 97+12 +0.1 a
17-29 yr 9.0+1.0 92+ 1.1 +0.2 —
30-49 yr 99+12 100 1.3 +0.1 —
50-65 yr 102 £ 15 103 £ 1.1 +0.1 —
Women - total 8910 9110 +0.2 a
17-29 yr 8709 89+10 +0.2 —
30-49 yr 90+09 92+1.0 +0.2 —
50-65 yr 9511 9.7+1.1 +0.2 —
Blacks - total 9111 9111 0.0 c
Men 9311 93+13 0.0 —
Women 89+1.0 9.0+1.0 +0.1 —
Whites - total 93+12 95+ 11 +0.2 a,c
Men 9714 99+12 +0.2 a
Women 9.0+1.0 92+1.0 +0.2 a

* a, significant difference pre- to posttraining; b, significant difference between men and women; ¢, significant difference between blacks and whites; d, significant difference between
black men and white men; e, significant difference compared with the 17 to 29-year-old group; f, significant difference compared with the 30 to 49-year-old group; g, significant
difference compared with the 50 to 65-year-old group.

direction and of the magnitude expected on the basis of thesmaller decrease in Qc-0.3 vs —0.7 L'min™) compared
existing research literature with one notable exception: with white men. Thus, black men achieved the appropriate
black men did not increase a&y diff posttraining. To VO, at 50 W posttraining by maintaining Qc rather than
achieve the same®, at 50 W posttraining, black men had increasing a-¥, diff, whereas white men increased @y

a greater increase in SW6.4 vs+2.6 mL:beat *) and a diff, allowing Qc to decrease. A similar trend was noted for
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TABLE 3. Changes in cardiovascular variables and a-v0, diff at 60% of V0.

Variable Pretraining (Mean = SD) Posttraining (Mean + SD) Absolute Difference (post - pre) Significant Difference* (P < 0.05)
Heart rate (beats/min—")
Total 1401 = 16.3 135.8 + 14.8 —43 a
Men - total 138.1 + 156 132.8 + 133 -53 a, b
17-29 yr 1457 = 12.5 139.6 = 10.3 —-6.2 —
30-49 yr 135.6 = 13.4 131.4 = 10.6 —4.2 —
50-65 yr 126.4 + 15.6 1211 + 135 -5.3 —
Women - total 141.7 =16.7 138.2 =155 -35 a,b
17-29 yr 150.9 = 13.8 1471 =125 -38 —
30-49 yr 135.9 + 14.8 134.0 + 12.6 -19 g
50-65 yr 1274 =134 1202 = 11.2 -7.2 f
Blacks - total 137.4 =146 134.7 £ 13.0 -2.7 ac
Men 134.6 = 13.1 130.7 =115 -39 a
Women 138.9 = 15.2 136.9 + 13.3 -20 a, d
Whites - total 1415 £ 17.0 136.4 = 15.6 -51 a,c
Men 139.4 = 16.2 133.6 = 13.9 -58 a
Women 1435 =175 139.0 + 16.7 —45 a, d
Stroke volume (mL/beat~")
Total 98.6 = 22.2 109.2 + 23.6 +10.6 a
Men - total 114.8 = 19.8 1275 +19.2 +12.7 ab
17-29 yr 1191 = 17.7 1321 =185 +13.0 —
30-49 yr 115.0 = 20.7 128.0 = 17.7 +13.0 —
50-65 yr 105.8 = 19.8 1175 +19.3 +11.7 —
Women - total 85.9 + 14.5 95.0 + 154 +9.1 a,b
17-29 yr 845148 93.8 = 15.0 +9.3 —
30-49 yr 87.9 =145 97.3 =157 +9.4 —
50-65 yr 852 =127 924 =154 +7.2 —
Black - total 96.5 + 21.3 106.5 = 22.1 +10.0 a
Men 1151 = 19.8 1278 =174 +12.7 a
Women 86.2 = 13.9 94.7 =142 +8.5 a
Whites - total 99.7 = 22.6 110.7 = 24.2 +11.0 a
Men 1146 = 19.9 127.3 £19.9 +12.7 a
Women 85.8 = 14.8 951 = 16.2 +9.3 a
Cardiac output (L/min~")
Total 13.7 £ 3.1 147 = 3.1 +1.0 a
Men - total 15.8 £2.9 16.9+ 2.9 +1.1 a
17-29 yr 173 +23 184+ 24 +1.1 —
30-49 yr 155 +2.8 16.8 + 2.3 +1.3 —
50-65 yr 132 +22 141+22 +0.9 —
Women - total 120+ 2.0 13.0+22 +1.0 a
17-29 yr 126 1.9 137+ 2.0 +1.1 g
30-49 yr 11.9+20 129+ 2.1 +1.0 g
50-65 yr 107 1.6 11.0+17 +0.3 e, f
Blacks - total 131 +28 142 +27 +1.1 a
Men 154 £ 2.6 16.6 £ 2.3 +1.2 a
Women 11.9+19 129+19 +1.0 a
Whites - total 140 £ 3.2 15.0 £ 3.3 +1.0 a
Men 15.9 = 3.0 17.0 + 3.0 +1.1 a
Women 122+ 2.0 13.1+23 +0.9 a
a-v0, diff (mL/100 mL~")
Total 103 1.6 109 +1.6 +0.6 a
Men - total 11.4+13 121 +13 +0.7 a
17-29 yr 114+13 12113 +0.7 —
30-49 yr 116+12 123 +13 +0.7 —
50-65 yr 113+15 11.9+14 +0.6 —
Women - total 95+12 101 +1.2 +0.6 a
17-29 yr 96+ 1.1 101 £ 1.1 +0.5 —
30-49 yr 93+12 10.0 £1.2 +0.7 —
50-65 yr 94+12 101 +1.3 +0.7 —
Blacks - total 9.7+15 103 +15 +0.6 a
Men 108 1.3 115+14 +0.7 a
Women 9112 9712 +0.6 a
Whites - total 106 1.5 113+15 +0.7 a
Men 11613 123 +12 +0.7 a
women 9.7+10 103+ 1.1 +0.6 a

* a, significant difference pre- to posttraining; b, significant difference between men and women; c, significant difference between blacks and whites; d, significant difference between
black women and white women; e, significant difference compared with the 17 to 29-year-old group; f, significant difference compared with the 30 to 49-year-old group; g, significant
difference compared with the 50 to 65-year-old group.

black and white women, but it was not statistically signifi- women, but the greatest difference was only 3.2 bets’.

cant. There is no obvious explanation for this difference in There were no other sex, race or age differences in response
response between black and white men. Further, this differ-to training at 50 W.

ence was not present at 60% boymax Older women had The decrease of 0.6-min™ in Qc (—5.3%) at 50 W

a greater decrease in HR than the middle-aged and youngeposttraining was not unexpected. Although most studies

CARDIAC OUTPUT, STROKE VOLUME, AND ENDURANCE TRAINING Medicine & Science in Sports & Exercisee 103



TABLE 4. Changes in maximal heart rate and estimated maximal cardiac output.

Pretraining Posttraining Absolute Difference Significant difference*
Variable (Mean = SD) (Mean = SD) (post - pre) (P < 0.05)
Heart rate (beats/min—")
Total 184.9 = 13.9 184.3 + 12.8 —-0.6 a
Men - total 185.3 = 14.3 183.2 + 134 -2.1 ab
17-29 yr 194.0 + 9.1 190.8 + 8.8 -3.2 —
30-49 yr 182.2 = 121 181.2 = 11.1 -1.0 —
50-65 yr 1724 +14.4 170.7 = 13.7 -17 —
Women - total 184.6 = 13.6 185.1 +12.3 +0.5 b
17-29 yr 1920 =95 192.2 + 89 +0.2 —
3049 yr 180.9 = 12.0 181.6 = 104 +0.7 —
50-65 yr 170.0 = 135 1712 =113 +1.2 —
Blacks - total 183.0 = 14.0 183.3 = 12.7 +0.3 c
Men 182.1 = 141 181.8 = 13.3 -0.3 d
Women 183.5 = 14.0 184.2 + 12.2 +0.7 —
Whites - total 185.9 = 13.8 184.7 = 12.9 -1.2 ac
Men 186.5 = 14.3 183.7 = 134 -28 a, d
Women 185.3 +13.3 185.6 + 12.4 +0.3 —
Cardiac output (L/min~")
Total 182 =43 201 =44 +1.9 a
Men - total 21.3+4.0 233 +39 +2.0 ab
17-29 yr 23.1+34 252 +33 +2.1 —
30-49 yr 209 =39 232 +33 +2.3 —
50-65 yr 181 3.2 200 +3.2 +1.9 —
Women - total 15.8 £ 2.7 17528 +1.7 ab
17-29 yr 162 £ 2.8 18.0 £ 2.7 +1.8 —
3049 yr 159 £ 2.7 176 =28 +1.7 —
50-65 yr 144 +22 157 =24 +1.3 —
Blacks - total 17.6 £ 3.9 195 4.0 +1.9 a
Men 209 +37 232 +32 +2.3 a
Women 15.8 £ 2.6 174 +26 +1.6 a
Whites - total 185+ 44 204 =46 +1.9 a
Men 214 + 44 23.4 + 41 +2.0 a
Women 159+ 28 17629 +1.7 a

* a, significant difference pre- to posttraining; b, significant difference between men and women; c, significant difference between blacks and whites; d, significant difference between
black men and white men; e, significant difference compared with the 17 to 29-year-old group; f, significant difference compared with the 30 to 49-year-old group; g, significant
difference compared with the 50 to 65-year-old group.

have reported no change in Qc at the same absolute subin Qc was less than one-third of that observed in the
maximal power output posttraining (3), some have not middle-aged and younger women, yet their HR decreased
(1,20). Andrew et al. (1) and Ekblom et al. (10) reported to a much greater extent.
posttraining decreases in Qc of 1.5 and 1:@ib™, respee Although values for Qc, SV, and a& diff were not
tively, at approximately the same power output. The decline obtained at each subject’s maximal power output, Qc max
in Qc posttraining was associated with a decline of similar for each subject was estimated by multiplying SV at 60%
magnitude in \D, (—3.5%). Several investigators have re VOZmaX by HR max. This approach has been used by others
ported a decline in @, at the same absolute submaximal in the past based on previous research that demonstrates that
power output posttraining (12,29,32), but others have not SV values plateau between 40% and GO%Z}AaXin un-
(13,15,16). The subjects in the present study obviously trained or moderately trained subjects (2,17,21). Highly
became more efficient over the course of the 20-wk cycle trained subjects, however, do appear to be able to increase
ergometer training period. We had attempted to prevent atheir SV up through maximal power outputs when compared
“learning effect” by providing the subjects with practice with untrained or moderately trained subjects (7,14,22).
trials on the cycle ergometer before the initial tests and by Estimated Qc max increased from 18.2 to 20:mib™ for
having the subjects perform three exercise tests before startthe total sample (10.4%). Men had a slightly greater abso-
ing their training programs. It is likely that this represents a lute increase than women (2.0 vs 1.7min™), whereas
true increase in efficiency. women had a greater relative increase (10.8% vs 9.4%).
At 60% of \'/OZmax subjects were exercising at higher There were no other significant differences between sub-
power outputs posttraining, as reflected by a significantly groups (see Table 4).
higher VO, posttraining (1.63 tmin™ vs 1.43 Lmin™). Spina et al. (26) have reported that SV may decline in
This increase in D, was the result of an increase in both untrained individuals between 50% and 100%&’[)2\4“
Qc and a-\Q, diff. The increase in Qc was solely the and this might be reversed with training. Thus, recognizing
result of a large increase in SV, as HR actually decreased.these limitations in estimating Qc max, it appears that the
There were statistically significant differences in the re- there were no differences by sex, age, or race in the ability
sponse to training by sex (HR and SV), race (HR for to increase Qc max with training. Spina et al. have reported
women), and age (HR and Qc for older women), but these in two studies of older women, 60—70 yr of age, that 9-12
differences, with one exception, were small and of little months of endurance training increaséd)z\{qax 21% (27)
physiological significance. For older women, the increase and 22% (25). However, the increase in both studies was the
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result of an increase in a® diff, and not Qc. SV max  difference between subgroups was the failure of black men
remained unchanged in both studies. The authors postulatedo increase a-@, diff at 50 W compared with white men.
that the inability of these older women to increase SV could They compensated for this by increasing their SV to a
be related to estrogen deficiency. The older women in the greater extent than the white men. There was a substantial
present study were younger, and not all were postmeno-decrease in Qc at 50 W after training, which was associated
pausal. Further, some were on estrogen replacement therwith a decrease of similar magnitude irQy.

apy. This could explain why the older women in the present

study increased their SV at 60% éfogmax and their esti The HERITAGE Family Study is supported by the National Heart,
mated Qc at maximal power output consequent to training. IéLcj)rL]Jg(J: r?:% B;?;’dH'Cj;i;gtse erosug[]et:r? fg:;fJVFV'i[‘%%:a?”t(E %43220 é’%:
Their absolute (and relative) increase in estimated QC Maxy 47357 (4. S Skinner, PI); and HL47321 (J. H. Wilmore, PI). Claude

was 1.3 Lmin™ (9.0%) compared with 1.8 and 1.7rhin™* Bouchard is partially supported by the George A. Bray Chair in
(11.1% and 10.7%) in the younger and middle-aged groups, Nutrition. Credit is also given to the University of Minnesota CIinic_aI
respectively. Therefore, the trend for an attenuated r_esfpons{:ft?;{;Zu%zgtgngngthGéa;";n'\:'yolj_?g/?gf;?&éz:cﬁzmﬁ”E')‘(Z‘:; -

in estimated Qc max was there, but it was not statistically sScience and Health Enhancement.

significant. Thanks are expressed to all of the co-principal investigators,

In summary the alterations in cardiovascular function investigators, co-investigators, local project coordinators, research
! assistants, laboratory technicians, and secretaries who have con-

resulting from 20 wk of endurance training were very sim- triputed to this study (see Bouchard et al. (5)). Finally, the HERITAGE
ilar across sex, age, and race at both the same absolute (56onsortium is very thankful to those hard-working families whose

W) and relative (60% of D rates of work, with few  Participation has made these data possible.
) ( 2ma) Address for correspondence: Jack H. Wilmore, Department of Health

excepti_on_s. EStimated_ SV max and Qc max also increa'Sedalnd Kinesiology, TAMU 4243-158 Read Building, Texas A&M University,
by a similar amount in all subgroups. The most notable College Station, TX 77843-4243; E-mail: jwilmore@tamu.edu.
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