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Long-term Effects of Varying Intensities and
Formats of Physical Activity on Participation
Rates, Fitness, and Lipoproteins in Men
and Women Aged 50 to 65 Years

Abby C. King, PhD: William L. Haskell, PhD; Deborah R. Young, PhD:

| Roberta K. Oka, DNS¢; Marcia 1. Stefanick, PhD

Background  Although exercise parameters such as intensity
and format have been shown to influence exercise participation
rates and physiological oulcomes in the short term, few data
are available evaluating their longer-term effects. The study
objective was to determine the 2-year effects of differing
intensities and formats of endurance exercise on excreise
participation rates, fitness, and plasma HDL cholesterol levels
among healthy older adults.

Methods and Results Higher-intlensity, group-based exercise
training; higher-intensity, home-based exercise; and lower-
intensity, home-based excrecise were compared in a 2-year
randomized trial. Participants were 149 men and 120 post-
menopausal women 50 to 65 years of age who were sedentary
and free of cardiovascular discase. Recruitment was achieved
through a random digit-dial community telephone survey and
media promotion. All exercise occurred in community settings,
For higher-intensity exercise training. three 40-minute endur-
ance training sessions per week were prescribed at 73% to 88%
of peak treadmill heart rate. For lower-intensity exercise, five
30-minute endurance training sessions per week were pre-
scribed at 609 1o 73% of peak treadmill heart rate. Treadmill
exercise performance, lipoprotein levels and other heart dis-
ease risk factors, and exercise adherence were evaluated at
baseline and across the 2-vear period. Treadmill exercise test
performance improved for all three training conditions during

Ithough the health effects of regular physical
activity across a variety of chronic diseas¢
arcas, including cardiovascular discase, are

now well established,'* identifying strategies for facili-
tating sustained exercise participation at a level sufficient
to provide these health benefits remains a major public
health challenge.* The modification of exercisc parame-
ters such as intensity and format (for example, class-
based versus home-based) have been found to influence
exercise participation rates in the short term (1 year or
less).* However, few data arc currently available evalu-
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year | and was successfully maintained during vear 2, partic
larly for subjects in the higher-intensity. home-based conditivg,
Subjects in that condition also showed the greatest yeur 2
exercise adherence rates (P<.003). Although no significant
increases in HDL cholesterol were observed during year 1, by
the end of year 2 subjects in the two home-based training
conditions showed small but significant HDI. cholesterol in-
creases over bascline (P<.01). The increases were particularly
pronounced for subjects in the lower-intensity condition. whose
exercise prescription required more [requent exercise sessions
per week, For all exercise conditions, increases in HDL cho-
lesterol were associated with decreases in waist-to-hip ratio in
both men and women (P<.04).

Conclusions  While older adults can benefit from mitiating u
regular regimen of moderate-intensity cxercise in terms of
improved fitness levels and small improvements in HDL ol
lesterol levels. the time frame necded to achieve HDL che
terol change (2 years) may be longer than that repa
previously for younger populations, Frequency ot participat
may be particularly important tor achieving such changes
Supervised home-hased exercise regimens represent a side,
attractive alternative for achieving sustained participation.
{Circulation. 1995:91:2596-2604.)
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ating the effects of such variables on longer-term partic-
ipation rates in reasonably representative samples ol
adult men and women.

In addition, it 1s becoming increasingly apparent:fiom
epidemiological evidence that the quantity and intensity
of physical activity required to obtain positive physiolog-
ical changes such as increases in cardiorespiratory Hir. s
may differ from that nceded to have a positive impac: n
other aspects of cardiovascular discase risk.'* Foi -
stance. it has been shown recently that more modur e
levels of activity carried out tor less than a year nuy
improve the lipoprotein profile (that is, increase HDL
cholesterol levels) of young adult women despite only
modest increases in fitness.” Cross-sectional population-
based investigations have indicated that exercise levels
attainable by older men and women are associated with
significantly greater HDL levels in older adulis.® Few
experimental data are available, however, 1o illuminate
the time frame (1 year versus 2 years) as well as the
frequency and intensity of physical activity required to
achieve positive lipid changes in older (postmenopausal)
women and men. In light of accumulating data mdicat-
ing that HDL levels may be a particularly important
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determmant of ischemic heart disease starting in the
sinth decade of ite and beyond, " a clearer delincation
of the general me course and “dose™ of physical activity
required o improve HDL levels 10 that population
segment s espectally warranted.

In an carlier report, results were presented across the
initial 12-month study period for the three exercise
triming conditions under study as well as the [2-month
wait-listed control condition.” The current study had two
miajor goals: (1) to evaluate the effects of group-hased
sersus supervised home-based endurance exercise train-
ngas owell as higher-intensity versus lower-intensity
draming levels on 2-year exercise partucipauion rates in
this community-based sample of 269 healthy, initially
sedentary women and men and (2) 0 compare the
changes in cardiorespiratory fitness and HDL choles-
terol levels achieved across a 2-year penod through the
three different traning regimens under investuigation.

Methods
Experimental Design -

Eligihility criteria included currently residing in Sunnyvale,
Calit, with noomtention of maoving from the community over a
2vear perind. age between SO and 65 years, free of cardiovas-
cular disease or stroke (determined by medical history, clinical
cxamination. and ECGs recorded at rest and exereise). seden
fary, that is, no participation ina regular program of physical

mdinoning two or more times per week for at least 20 minutes

I session or ina participative spott at least twice per week

ming the precedimg b months, free of musculoskeletal prob-

ms that would prevent participation in moderate levels of
chwsical activity, not currently taking medication tor the treat-
ment of hyvpertension or hyperlipidemia, for women, post-
menopausal and not currently (for the previous h-month
perind) takimg postmenopausal hormone replacement, and
willing to accept random assignment. The Stanford Medical
School human use review board approved the projeet, and the
mrocedures followed were inaccordance with institutional
guidelines. All subjects gave informed consent before partici-
pating i the study.

The 50- o 65-vear-old age group was targeted in this study
for several reasons. (1) incidence ol a number of chronic
discases. including cardiovascular discase, begins to increase
nuticenbly in both women and men in this age group' and (2)
prevenbive achivities, including physical activity. undertaken at

Frstime in fite can have important effects on tuture health
dus U This s particularly the case in light of the number of

(s that many persons in the United States reaching this age

¢ oremaining e them !

ndwviduals were recruited through a random digit-dial tele-
one survey of the community and citvwide promotion (tele-
vision, radio. and  pewspaper announcements). During the
[week period betore randomization, subjects underwent ex-
ensive medical and physical assessment. After stratification by
sev und cigarette smoking status, subjects were rundomly
asigned to one of four conditions using a computerized version
ol the Efron procedure™ (1} migher-intensity, group-based
Crercise training, (2) higher-intensity, home-hised exercise
raining. (3) lower-intensity, home-based exercise training. and
() a1 year delayed treatment contral condition that received
A esererse traming program during the second year. Although
the primary purpose of the sceond study vear was to evaluate
the muintenance of changes that had occurred durmg the first
vt in the three expenimental conditions, it also provided a
Uoie opportunity to assess longer-term effects of the three
: COToeRerdise training regimens on variables such as li-
I dein levels that had not changed significantly during the

| T "

11 er-Intensity, Group-Based Exercise Training
Hhiese sesstons were provided at a local community senior
seniter and community college and were designed 1o simulate

supervised exercise programs available i many communities.
Exercise sessions were taught by two communily exeriise
instructors with BA degrees in physical cducation who were
certified o teach physical education in the Cablornis junior
college system. Instructors met with project swaft penodically
throughout the 2-year period 1o ensure compliance with the
study protocol Sessions were conducted in the morning, late
afternoon, and carly evening 6 days per week. Bach session
lasted 60 minutes and included a 40-minute endurance training
period. Subjects were encouraged 10 attend three classes per
week throughout the 2 years. The major endurance actvity
during class was walking-jogging, with some use of stationary
cyeles and treadmills,

Al buscline, cach subject was provided an exercise prescrip:
tion in which the exercise intensity was gradually increased over
the mitial 6-week period 1o 73% 1o 88% of the peak heart rate
achieved during symptom-limited treadmill testing, This inten-
sity range is comparable 10 7 10 75 metabolic equivalents
(METs), One MFT is defined as the energy expended per
minute while sitting quictly and is equivalent o 3.5 ml ol
oxygen uptake per kilogram of body weight per minute, ' Class
attendance was recorded throughout the 2 years 1o estahlish
participation rates. Subjects also recorded their exercise heart
rate and rating of perceived exertion' on the class attendance
sheets at the end of cach class period

Higher-intensity, Home-Based Training

Prescriptions were similar to those of subjects performing
group-based training: three Hl-minute fraiming sesstons pes
week, cach contaming a 40-minute endurance trmmng period
at 73% 1o 88% ot peak treadmill heart rate During 4 30- 10
d-minute introductory session, a project statl member pro-
vided mstruction on monitoring pulse rate. Written informa-
ton and activity logs were provided, and the staff member
telephoned the subject at home the tollowing week w check on
progress. Telephone contact was made once per week for the
first 4 weeks, biweekly for the following 4 weeks, and then once
muonthly through |2 months Telephone contacts were used 1o
monitor progress, answer questions, and provide individualized
feedback. During the second year, subjects m this condition
were encouraged to continue 1o selt-monitor their physical
activity on a regular (dailv) basis'® and were matled self-ussess-
ment and informational matenials related o relupse prevention
on i monthly basis.' Stafi-imitiated telephone contact was
reduced to an average of one contact per 2-month period.

Lower-Intensity, Home-Based Training

Prescriptions were based on a heart rate 609 1o 73% of that
achieved during symptom-limited treadmill testing. This inten-
sity range is comparable to 4w 4.5 METs. To ensure that the
estimated total caloric expenditure per weck was comparahle
dcross the three exercise conditions, these subjects were Jdi-
rected to complete ive d-nmute exercse sessions per week
Instructions for exercise and telephone contacts were the same
as tor subjects in the higher-intensity, home-hased training
condition. Similar to the higher-intensity, home-based condi
pon. subjects in this condition were encouraged during the
second year 10 continue Lo self-monitor then physical aciivity
regularly, were mailed self-assessment and informational ma-
terials related to relapse prevention onoa monthly basis. and
received stafl-ininated telephone contacts on an average of
onee per 2-month period.

Inclusion of a higher-mtensity, five-times-per-week. home.
based exercise condition as well as a lowern-intensity, five -tmes-
pur-week, group-based condition wiss considered onginally.
However, due to hudgetary constraimts as well as the large body
ol evidence demonstrating the difficulty of abtaming adeguate
adherence 1o higher-intensity exercise regimens as well as
class-hased regimens of less than five iimes per weck,! these
two allernatives were deemed impractical tor this study.

I-Year, Delayed Treatment Control Condition

Subjects assigned to the l-year, delaved treatment control
condition were requested not o change ther actvity habits
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during the nitial 12-month study period. This time period is
substantially longer than that used in the vast majority of
exercise lraining studies of this type.'” Practical constraints
prevented us from maintaining the wait-list control condition
for longer than | year. Because they received a physical activity
program of their choice during the second year and thus
could no longer serve as contral subjects, they will not be
discussed further.

Measurement of Functional Capacity

At bascline and every 6 months subsequently across the
2-year period, all subjects performed a symptom-limited tread-
mill exercise test using a Balke-type protocol with workloads
mcreasing by approxamately 2 METs every 3 minutes.! Test
completion was evaluated according to objective criteria (res-
piratory exchange ratio greater than 1.0 and plateauing of heart
rate andfor oxygen uptake). A 12-lead ECG was recorded at
rest and monitored continuously during the exercise test.
Oxygen 'j.lpiakc during exercise was determined each minute
using a semiautomatic computer-based system described pre-
viously.'¥ Maximal oxygen uptake (Vo.max) was defined as the
highest value determined during the last 2 minutes of exercise.

Measurement of Other Heart Disease Risk Factors

Resting blood pressure, fasting plasma lipoprotein concen-
trations, body weight and composition, and smoking status
were assessed at baseline, 12 months, and 24 months. Resting
blood pressure was measured using a Hawksley random zero
mercury sphygmomanometer. After a 3-minute period of rest,
with the subject seated, blood pressure was measured three
times using the right arm. The average of the second and third
readings was used for analyses. Body weight was measured to
the nearest one-tenth kilogram using a balance-beam scale with
the subject in underclothing and without shoes. Body mass
index (BMI) was calculated using the formula weight (kg)/
height (meters)’,

Subjects reported the average number of cigarettes smoked
per day. Exposure to cigarette smoke was assessed by measur-
ing expired air carbon monoxide and plasma thiocyanale
concentrations.? Waist circumference, measured horizontally
to the nearest centimeter at the level of the natural waist (the
narrowesl part of the torso as seen from the anterior aspect).
and hip girth, measured at the largest horizontal circumterence
around the buttocks, were measured in the standing position
(without clothing) in triplicate (average of three readings
used in analysis) during two separate visits. The percentage
of body fat was determined using hydrostatic weighing. as
described previously.®

Venous blood was collected in the morning, after the sub-
jects had abstained from all food and drink except water for 12
to 16 hours and from vigorous activity for at least 12 hours. for
measurement of total plasma cholesterol, triglyceride, HDL,
and LDL concentrations. It was immediately mixed with 1.5 mg
of EDTA per milliliter and kept at 4°C until centrifugation,
which eccurred within 30 minutes. Plasma for lipid and lipopro-
tein analyses was stored at 4°C and assayed within 4% hours.

All lipid and lipoprotein measurements were made in the
Biochemistry Laboratory at the Stanford Center for Research
in Discase Prevention by laboratory stafl blinded to subject
assignment. Plasma levels of total cholesterol and triglyceride
were measured by enzymatic procedures (ABA 200 instrument,
Abbott Laboratories).?' 22 HDL cholesterol was measured by
dextran sulfate—-magnesium precipitation®® followed by enzy-
matic determination of chalesterol.® The level of LDL choles-
terol was calculated?? as the level of total cholesterol minus the
levels of HDL cholesterol and VLDL cholesterol. These mea-
surements were consistently within specific limits as monitored
by the Lipid Standardization Program of the Centers for
Disease Control and Prevention and the National Heart, Lung,
and Blood Institute during this period,

The entire baseline evaluation was repeated at 12 and 24
months. During the course of testing, clinic assessment staff

were blind to the results of the subjects” previous visits and
had limited involvement i other aspects of the study. including
the intervention.

Assessment of Exercise Adherence

BExereise adherence rates were determined for all random-
ized subjects. Subjects in the two home-based exercise condi-
tions were instructed to_complete logs describing the exercise
type, frequency. duration, exercise heart rate, and rating of
perceived exertion for each traming session. Logs were re-
turned monthly by mail throughout the 24-month period.
Timely return of the logs was achieved through a brief tele-
phone reminder call before the end of the month. If a log
was not returned, the subject was contacted by telephone to
obtain adherence rates for that month. Average monthly
adherence rates across the 24-month period were calculated
as follows: number of exercisc sessions reported as a per-
centage of exercise sessions prescribed for the month
Subjects in the higher-intensity. group-based condition com-
pleted in-class attendance sheets that included recording of
exercise heart rate. Reports of class attendance were visually
confirmed by the instructor.

Statistical Analyses

ANOVA procedures were used to evaluate between-group
differences at baseline and with respect 1o exercise adherence.
Repeated-measures ANCOVA procedures were used to assess
changes across the 2-vear period.”™ ANCOVA was chosen
because, although we did not expect baseline differences be-
tween the conditons, given random assignment to study con-
dition, the bascline values were likely to be highly correlated
with the outcome measures in each condition. Using the
baseline value as a covariate helps to increase the power of the
statistical test by removing individual differences at baseline as
a source of variance in the outcome measures. In analyzing
change. main effects for group assignment, sex, and cgaretie
smoking status along with interactions of the latter two vari-
ables with group assignment were cvaluated, with baseline
levels of the dependent variables serving as covariates. Tukey's
studentized range test was used to compare group means for all
significant ANOVA effects, and the least squares means pro-
cedure?® was used to compare group means for all significant
ANCOVA effects. To evaluate correlates of change in HDL
cholesterol across the 2-year study period. simultaneous mul-
tiple regression analysis was undertaken.® o was set at (5
using a4 two-tailed test of significance.

Results

Subjects

One hundred wenty women and 149 men were ran-
domly assigned o one of the three exercise training
conditions. As reported previously, the inclusion of a
random digit-dial telephone survey to recruit ‘partici-
pants achieved as representative a community sample as
has been reported in a study of exercise training to date.
with over 20% of age-eligible and medically eligibl.
subjects originally contacted randomized. As noted in an
earlier report, demographic and health-related differ-
ences between those eligible subjects entering the study
and those who refused study participation were mini-
mal.” The study sample was similar to the target com-
munity in the 50- to 65-year age group on a range of
demographic and health variables” including mean age
(=SD) (women, 56.9+=4.4 vears; men, 55.8+4.0 years),
ethnicity (percent white for women, 89.9%: men,
93.9%); years of formal education (women, 14.2+2.2

currently employed for women, 64.7%; men, 87.87% )
marital status (percent currently married for women,



King et al - Long-term Effects of Exercise Training in Older Adults

2599

Baseline Values and 24-Month Changes in Selected Risk Factors by Exercise Training Condition and Sex

Higher-intensity,

Higher-intensity, Lower-Intensity,

Group-Based Home-Based Home-Based
Women Women Women

Variable Men (n=37) {n=32) Men (n=40) (n=34) Men (n=37) (n=27)
Cigarette smakers, No. 5 & 7 7 5 5
Voamax, mL/kg per min®

Baseline 287+4.4 249128 30.5-6.2 24.6+59 309-56 23.4:33

0-24 mao change 19+49 0.2+3.6 PR 287 23164 1.8+33
Treadmill duration, min”

Baseline 11.9-27 94:22 125234 10.0-3.8 13534 8.8+2.1

0-24 ma change 21232 11=24 232386 19242 18241 13218
Body mass mdex. ka/m” '

Baselinge 27.4*45 26340 27.9-39 270785 266-3.2 25337

0-24 mo change 01744 02243 ~0:1+-3:8 0157 -0.2:3.3 -0.4+38
LDL cholestaerol, mmal/Lt

Baseline 4 08+0.99 4.13+0.99 3.89.094 4.05-1.08 372-0.87 4,1720.96

0-24 mo change -0,352095 ~0.62+0.94 -0.28+0.90 0.34-1.02 0.40=0 82 -0.34+0.82
HOL cholesterol, mmol/L13

Baseline 1.30-0.33 1351040 1.1320.32 1.55+0.45 1.1870.23 1.4320.37

0-24 me change 0.0110.32 0.06+0.42 0.05+032 0.07+0.45 0.11=0.24 0.10-0.37
Triglycerides, mmol/L§

Baseline 1.41=0.68 1.1320.52 1.39+0.75 1.23x0.00 1.44-0.81 1.04+0.43

0-24 ma change -0.09+0.56 0.10+0.54 0.18+0.80 0.01 £0.81 0.12+0.85 0.32:0.52

*Change over baseline for all three exercise training conditions (sexes combined) significant at A< 11,
tChange aver baseling tor two home-based exercise training conditions (sexes combined) significant at P<.01.

$To convert values to mg/dL, multiply by 3867,
§To convert values to mg/dL, multiply by 88.57.

SA3%0 men, 83.9%); cigarette smoking status (women,
2. 37 men, 18.8%): and mean BMI (women, 26.674.8
wm’ men, 27.6 24,0 kg/m’). Subjects were comparable
Aeross the three exercise training conditions on all major
vartubles of interest at baseline, substantiating the sue-
cess of the randomization procedure.

AL 2 years, subject retention rates across the three
conditions equaled 89.2% (range for conditions, 87%
10 90.89%), with comparable rates obtained for men
(89.9% ) and women (88.39%). Subject loss to follow-
up was due primarily to relocation out of the area
(n=14}). medical contraindications to continuing in
the study (n=8), and loss of interest (n=10) and was
similar across the three exercise training conditions.
Adherence rates for the prescribed exercise programs
across the 2-year period were calculated for all subjects
retained. Physiological data for all three time periods
hasehne. 12 months, and 24 months) were successtully

ullected on 75.5% of this sample (comparable percent-
wes across conditions).

Subjects without 2-year physiological data were com-
pired with subjects with 2-year data at the baseline and
l-year time points. For each ol the three training
conditions, no statistically significant differences were
ihserved for either men or women who had versus did
not have 2-vear data on major variables of interest
{haseline and 1-year Vo.max, percent body fat, BMI, or
lipid concentrations: P values =.10: all means being
compared were within a half a standard deviation of one
another, suggesting that they were within the’ limifs
imposed by the measurement error of the tesis).

Dieseriptive data (means. standard  deviations), by
sereise training condipon and sex, are shown in the

tble for the physiological variables of interest across

w 2-year study period. As noted earlier, there were no

‘ween-group differences on these vanables at baseline,

35

1

Exercise Adherence Across the 2-Year Period

As described in a previous study.” reported adherence
to each prescribed exercise frequency, intensity, and
duration was successfully corroborated through a va-
riety of methods during the trial, including treadmill
cxercise performance data, ambulatory heart rate and
motion recordings (Vitalog), and exercise heart rates
and ratings of perceived exertion recorded after each
exercise session. As noted earlier, exercise adherence
rates were calculated on all subjects available for fol-
low-up during the 2-vear period (89.2% of all originally
randomized subjects).

As shown in Fig 1, during the first year, subjects in the
higher- and lower-intensity, home-based exercise tran-
ing programs, who did not differ significantly from one
another in exercise adherence rates, reported signifi-
cantly greater exercise adherence (mean£5D, 78.7£33.9%
and 75.1%£31.8%, respectively) than those assigned 1o
higher-intensity, group-based e¢xercise tramming (mean,
532.6£29.8%: P<.0005)." This pattern generally contin-
ued during year 2. with a notable variation. The higher-
intensity, home-based training condition maintained an
adherence level thal was relauvely high (mean, 67.8+
46.09%) and significantly better than that for the higher-
intensity, group-based condition (mean, 36.4*33.0%).
However, the adherence rate for the lower-intensity,
home-based condition (mean, 49.0+42.7%%) dropped to
a level that was more similar to that for the higher-
intensity, group-based condition and significantly lower
than that for the higher-intensity, home-based condition
(F=5.99, P<_0029). Anccdotal reports from participants
suggested that the vear 2 decline in exercise adherence
among the lower-intensity. home-based subjects may
have been due primarily to the increasing difficulty of
maintaining a five-times-per-week  exercise schedule.
particularly given the reduction in stafl support that
occurred in year 2.
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Similar to what was observed during year 1. smokers
continued to have a lower level of exercise adherence
relative to nonsmokers during year 2 (mean*SD,
37.1237.0% and 54.0£40.7%, respectively; P<_.01). There
was no significant main effect for sex and no interaction
effects for either smoking status or sex with group. In
addition, there were no sex differences within any of the
groups for exercise adherence.

Changes in Treadmill Performance From Baseline
Through 2 Years

As reported previously, subjects in all three training
conditions showed significantly greater improvements in
Vo,max and treadmill exercise test duration than control
subjects across the initial 12-month period (P values
<.03; Reference 9). As shown in Fig 2, these increascs
were reasonably well maintained across year 2 (differ-
ences between year | and year 2 nonsignificant for all
conditions). The repeated-measures ANCOVA for
Vo.max indicated that there was also a timeXgroup
trend (F=2.66, P<.07), reflecting the somewhat larger
increase in Vo.max achicved during year 2 by the
higher-intensity, home-based training condition relative
to the other two training conditions. (This trend was
confirmed when changes during year 2 alonc were
compared among the three conditions using ANOVA.)

The changes in Vomax and treadmill exercise test
duration observed across the 2-year period are consis-
tent with the exercise adherence levels reported by
subjects in each of the three exercise training conditions
during that time period, as reflected in Figs 1 and 2.
Similarly, the higher levels of adherence evidenced by all
three conditions in year 1 relative to year 2 (shown in Fig
1) correspond to the larger increases in Vo,max achieved
during the first year relative to the second year, provid-
ing additional evidence for the relation between exercise
adherence and change in Vo,max in the study sample.

There were no significant main or interaction effects
with respect to sex or smoking status for either the
Vo.max or the treadmill exercise test duration variables.

Changes in Lipid Concentrations From Baseline
to 2 Years

As reported previously,” changes in total cholesterol,
HDL cholesterol, LDL cholesterol, and plasma triglye-
erides did not differ significantly between the three
exercise training conditions versus the l-year wait-listed
control group at the end of year I, nor did any of the

three exercise training conditions show significant in-
creases in HDL cholesterol levels over and above their
baseline levels after the first year (no within-group differ-
ences during year 1),

The repeated-measures ANCOVA showed a signifi-
cant time effect for HDL cholesterol changes occurring
by the end of year 2 relative to year 1, with a general
increase in HDL levels across the three training condi-
tions in the second year (F=5.19, P<.02). Further
inspection of the data using paired-comparison ¢ tests

C ]

Year 1 []

% Change in VO, max

Higher-

Higher-

Lower-

Intensity Intensity Intensity
Group- Home- Home-
Based Based Based

Baseline-Year 1 ] Baseline-Year 2

% Change in Treadmill Duration

Higher- Higher- Lower-
Intensity Intensity 1 ity
Group- Home- Home-
Based Based Based

Fic 2. Bar graphs show percent change in treadmill exercise
performance variables (Vo.max, treadmill duration) across the
first year and the entire 2-year period by exercise training
condition assignment. Note: For Vo,max change from baseline
to 2 years, higher-intensity, home-based condition was greater
than the other two conditions (P=.07).
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L'_I Vest 1 B Yo 2

Cumulative % Change in HDL-C

Higher- Lawer-
Intensity Intensity
Home Huimr.
Based Based

Fic 3. Bar graph shows cumulative percent change in HDL
cholesterol at 2 years by exercise training condition assignment.
Note: 2-year change from baseline is significant in the higher-
intensity, home-based condition (P<.01) and in the lower-inten-
sity, home-based condition (P<.0002).

showed that in contrast to similar analyses conducted
between year | and baseline data as well as year 2 and
vear 1 data, the 2-year increases over baseline reached
statistical significance in both the higher-intensity,
home-based (t=2.6, P<.01) and lower-intensity, home-
based (t=4.0, P<.0002) conditions but not in the higher-
intensity, group-based condition (£=.13).

As shown in Fig 3, the HDL increases above baseline
were especially pronounced for the lower-intensity.
home-based training condition at 2 years. Despite a
reduction in adherence in year 2 shown by this group
with respect to its original five-sessions-per-week exer-
cise prescription, subjects in the lower-intensity, home-
based condition nonetheless averaged 2.4 exercise ses-
sions per week during vear 2, with an average of three
exercise sessions per week across the entire 2-year
period. In comparison, subjects in the higher-intensity,
home-bascd condition averaged 2.0 exercise sessions per
week during year 2 and 2.2 exercise sessions per week
across the entire 2-year period, while the subjects in the
higher-intensity, group-based condition averaged 1.1 ex-
ercise sessions per week during year 2 and [.3 cxercise
sessions per week across the 2-year period. In contrast to
the changes in treadmill test performance, these results
suggest that the frequency of exercise may be important
in producing metabolic changes related to increases in
HDL cholesterol. In contrast. a higher-intensity exercise
level did not appear to be essential in promoting HDL
cholesterol increases in the sample.

To evaluate the influence of exercise frequency on
HDL cholesterol further, each of the three exercise
training conditions was subdivided into two groups:
subjects who achieved a minimum of 2 days of exercise
participation per week throughout the 2-year study
period and subjects who achieved less than 2 days of
cxercise participation per week during the 2-year time
period. Change in HDL cholesterol across the 2-year
period was subsequently evaluated for these subgroups
and 1s shown in Fig 4.

The similar pattern of differences shown across the
three training regimens supports the concept that fre-
quencey of exercise participation across an extended time
period rather than its intensity may be important in
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Fic 4. Bar graph shows mean change (with standard error bars)
in HDL cholesterol based on the average number of exercise
sessions per week completed across 2 years by exercise train-
ing condition.

influencing HDL cholesterol levels in this age group.
Although differences within each training condition did
not reach statistical significance (possibly due to the
sample sizes of the resulting subgroups coupled with the
relatively large standard errors observed for the HDL
changes), the same session-based comparison under-
taken when the three exercise training conditions were
combined was significant (£<.001). Percentages of
women and men were similar for the subgroups.

The chmcal meaningfulness of the HDL cholesterol
differences was evaluated more specifically by comparing
the percentages of subjects within each exercise training
condition who achieved a greater than 5 mg/dL (0.13
mmol/L) increase in HDL cholesterol across the 2-year
study period—the average amount of change reported in
exercise training studies of 12 weeks’ duration or longer
with younger adults.”* As shown in Fig 5, over half
(51.7%) of subjects in the lower-intensity, home-based
condition had an increase of this magnitude or greater
compared with a third or less in the higher-intensity,
home-based and gmup-based conditions (35.2% and
32.0%. respectively; y° test, 5.9; P<.05). Similar per-
centages of women and men achieved these changes for
cach of the three training conditions.
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Fic 5. Bar graph shows percent of subjects in each exercise
training condition achieving HDL cholesterol change of greater
than 5 mg/dL {0.13 mmol/L) at 2 years. Note: Lower-intensity,
home-based training condition was greater than the other two
conditions (P=.05).
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Total cholesterol, LDL cholesterol, and triglyceride
levels did not change significantly within or between any
of the exercise training conditions across the 2-year
period (Table).

Changes in Other Health Variables From Baseline
to 2 Years

There were no significant between-group or within-
group changes in either BMI. waist-to-hip ratio, or body
fat percentage for any of the three training conditions
across the 2-year period (Table). Resting blood pressure
levels also did not change in this initially normotensive
sample, nor did self-reported alcohol intake, general
dictary intake (assessed by the semiquantitative food
frequency questionnaire’” and a dietary habits question-
naire). smoking habits, or medication use change signif-
icantly for any of the three conditions during the study
period. Exercise participation rates across the study
period were found to have small but significant associa-
tions with increases in Vo.max as well as decreascs in
BMI for men and women (r=.30 to .37, P<<.05).

Correlates of Change in HDL Cholesterol Across
the 2-Year Period

Potential correlates of HDL cholesterol changes
across the 2-year period were evaluated using simulta-
neous multiple regression analysis. We were particularly
interested in evaluating the relation between changes in
body composition measures with changes in HDL cho-
lesterol across the sample, since the presence of a
significant inverse relation between such measures and
HDL cholesterol would provide additional evidence
supporting the reliability of the HDL cholesterol mea-
surement across the 2-year period.***

For each sex separately, the following variables were
included in the regression model: age, smoking status,
exercise condition assignment, average number of ses-
sions completed per week across the 2-year period, and
2-year changes in BMI and Vo,max, along with alcohol
usc. This analysis was subsequently repeated with
change in waist-to-hip ratio and change in body fat
percentage substituted, in turn, for change in BML

For men, with BMI change in the model, reductions in
BMI (standardized coefficient, —.30; P<.002) and
greater age (standardized coefficient, .22: P<.02) were
independently associated with increases in HDL choles-
terol during the 2-year period. The model explained
22.8% of the variance in 2-year HDL cholesterol change.
Similar results were obtained when change in percent
body fat was substituted for BMI change (for reductions
in percent body fat, P<.007; for greater age, P<.01;
R*=19.2%). When change in waist-1o-hip ratio was
substituted for BMI change, reduction in waist-to-hip
ratio (standardized coefficient, —.20; P<_.04), increases
in Vo.max (standardized coefficient, .28; P<.008), status
as a nonsmoker (standardized coefficient, .19: P<.04),
and greater age (standardized coefficient, .19; P<.03)
were independently associated with increases in 2-year
HDL cholesterol. The latter model explained 19% of the
variance in 2-year HDL cholesterol change.

For women, the only variable that reached statistical
significance was change in waist-to-hip ratio (standard-
ized cocfficient, —.29; P<<.019), with decreases in waist-
to-hip ratio associated with increases in HDL cholesterol
across the 2-year period. The model explained 23.19% of
the variance in 2-year HDL cholesterol change.

The lack of a significant independent association
between txercise participation rate and HDL cholesterol
change in the above models could be due to its relation,
noted earlier, with changes in BMI in the sample.

Discussion

Participation over 2 years in any of three endurance
excrcise regimens by a reasonably representative sample
of older, previously sedentary adults was found to be
associated with significant gains in cardiorespiratory
fitness and, in the two home-based exercise conditions,
improvements in HDL cholesterol. The increasc n
Vo.max achieved in this community-based study, while
smaller than that reported in laboratory-based training
studics, has been associated with significant improve-
ments in health and functioning® and is likely to be
more feasible to obtain across the population at lurge. In
fact, the moderate-intensity programs undertaken in the
current study are precisely the types of regimens cur-
reatlv being advocated by a range of national organiza-
tions to improve the nation’s health.* Similar to recently
reported studies in younger women.” we found that
higher-intensity exercise levels were not essential in
order to obtain significant increases in plasma HDL
cholesterol concentrations. Rather, the results indicate
that frequency of exercise may be particularly important
in influencing HDL cholesterol levels in both men and
women 1n the current age group. The potential impor-
tance of excrcise frequency for improvement in 1IDL
cholesterol has been noted in a study of 53 male college
students who were assigned to run a specified distance
each day, three days per week, in either one, two, or
three blocks of time during the day.’' While across a
10-week period all three training groups increased their
maximal oxygen uptake significantly relative to the con-
trol group, only the group who ran three times per day
showed significant improvement in HDL cholesterol. In
contrast, while a study of middle-aged men (ages 30 to
47 years) did not find significant differences in serum
lipid concentrations after participation in 16 weeks of
endurance training (walking. jogging) of either 2 or 4
days per week.** the authors noted that most between-
group differences in other variables of interest (for
example, recovery heart rate) occurred only after 16
weeks of training, suggesting the importance of longer-
term training for achieving optimal physiological changes, ™

Of note in the current study was the greater length of
time required to achieve inereases in HDL cho!us[urolf{'n
our older age group relative to studies of younger
individuals.>>" These increascs did not become nofice-
able statistically until 2 years of regular exercise partic-
ipation were achieved, which contrasts with the shorter
time frames (6 to 12 months) that have been observed
for younger adults.>** As noted in a recent review, ™
such experimental data have been particularly lacking in
postmenopausal women. Although it is tempting to
conclude that frequency may be more important than
intensity in influencing HDL cholesterol levels in this
sample, the lack of a tull factonal design (that is, the
inclusion of a higher-intensity, S-days-per-week exercise
condition) places limits on such conclusions.

Although significant increases in HDL cholesterol
over baseline levels were found among subjects assigned
to the home-bused exercise conditions, the absolute
magnitude of the changes obscrved across the 2-yeur
period was modest. This raises the question of the
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clinical significance of the results. The dose-response
relation between increases in HDL cholesterol levels
and important clinical end points such as coronary heart
disease cvent rates has been evaluated systematically by
Gordon and colleagues™ across four major prospective
American studies. They reported that a 1-mg/dL incre-
ment in HDL cholesterol was associated with a signifi-
cant coronary heart disease risk decrement of 2% i men
and 3% in women. In addition, a I-mg/dL. increment in
HDL cholesterol was associated in the Lipid Research
Clinics Prevalence Mortality Follow-up Study with sig-
nificant 3.7% and 4.7% decrements in cardiovascular
discase mortality rates in men and women, respective-
ly.** The results from these studies suggest the potential
public health utility of even reasonably modest increases
in HDL cholesterol across a population. Of note in the
current study, while the overall mean increases in HDL
cholesterol across the three exercise training conditions
were small, the majority of subjects in the higher-
intensity (59%) and lower-intensity (68.8%), home-
based exercise conditions were able to achicve mean
increases of HDL cholesterol of approximately 3 mg/dL
or greater, HDL changes of this magnitude are compa-
rable to those reported by Duncan and colleagues® for
several different walking programs undertaken by their
vounger women subjects. In addition. approximately 529
of subjects in the lower-intensity, home-based exercise
condition were able to achieve 2-vear HDL cholesterol
increases of over 5 mg/dL. which, based on the Gordon
et al (1989) results®® translates into a reduction in
coronary heart discase risk of approximately 10% or
greater. While subjects in the lower-intensity, home-
based exercise condition were able to achieve these
increases by engaging in approximately 30 minutes of
brisk walking about three times per week—Ilevels of
physical activity that should be quite feasible for the
majority of the American public to attain—the fact that
a 2-year period of such physical activity increases was
required to achieve these HDL increments is sobering,
The results underscore the continuing challenge of
developing intervention strategies, applicable on a pop-
ulation-wide basis, for promoting long-term physical
aclivity participation.

While our data indicate that the study sample pro-
vided a good representation of the healthy adults of
advanced middle age residing in the target community,*
the community being studied was largely white and well
cducated. Investigations in different populations are
necessary to better determine the generalizability of
these results.

Practical constraints prevented us from maintaining
the wait-list control condition for longer than a 1-year
period. Although, clearly, having a 2-year assessment-
only condition would have been optimal, the daunting
number of difficulties related to study recruitment and
the adequate maintenance of persons in such a con-
dition made it infeasible for the type of study being
currently described."”

The lack of an assessment-only control gmup durlni.,
the second year prevents us from making definitive
conclusions concerning the cause of the increases n
HDL cholesterol observed by the end of the 2-vear
period. 1t is possible, for instance, that laboratory drift
could have resulted in overall inereases in HDL choles-
terol during year 2 relative to year 1. While we cannot
definitely rule out this possibility, there are several

reasons that make such an explanation less likely, includ-
img the facts that (1) HDL cholesterol measurements
were performed in a specialized lipid research labora-
tory that remained standardized during the study period
within the relatively narrow limits imposed by the Na-
tional Heart, Lung, and Blood Institute and Centers for
Disease Control Lipid Standardization programs; (2) the
research laboratory was blinded to subject assignment; if
there was laboratory drift, then one would expect it to
affect all three conditions in a similar manner rather
than creating the pattern of between-group and within-
group differences in HDL cholesterol observed; in fact,
laboratory cocfficients of variation (cv) reported during
this time period for HDL cholesterol were found to be
quite satistactory (intraday cv=2.0%; interday cv=4.0%),
and (3) the significant associations found between changes
in HDL cholesterol and reductions in body weight and
composition measures, noted in other studies, support
the reliability of the HDL measurement procedures.

The suggestion that a longer time frame and reason-
able frequency of ongoing exercise participation may be
required to achieve HDL cholesterol increases in older
adults underscores the importance of physical activity
regimens that are convenient and enjoyable cnough to
be adequately sustained over time. In the sample of
adults under study, supervised home-based exercise
training regimens afforded the additional flexibility and
convenience not typically offered by class-based pro-
grams that may be required to achieve adequate long-
term participation rates. As reported previously, such
home-based regimens were found to be safe for persons
in this age group and were initially preferred by a greater
percentage of the community in the target age range
relative to more typical class or group exercise programs.?

Although none of the three exercise training condi-
tions resulted in significant decreases in group means for
body weight or body composition measures across the
2-year period, the results from the multiple regressions
suggest that the increases in HDL cholesterol observed
were being mediated at least in part by reductions in
overall body weight in men as well as changes in body
composition in both men and women. It is possible that
given the moderate amounts of exercise being under-
taken by this older study sample, 2 years were required
to achieve the amount of body composition changes '
required to begin to have noticeable effects 'on HDL
cholesterol levels. Given subject reports indicating that
dietary intake remained reasonably stable across the
study period, it is likely that the relatively modest
changes in body weight and composition being observed
were attributable largely to the increased energy expen-
diture accompanying participation in the exercise train-
ing regimens. It is reasonable to assume that these
positive benefits of physical exercise could be enhanced
further through appropriate caloric restriction changes
promoting increased weight loss, with larger increases in
HDL cholesterol a possible result.*

We conclude that adults of advanced middle age can
benefit from initiating a regular regimen of moderate-
intensity endurance exercise in terms of cardiorespira-
tory fitness as well as some modification of lipoprotein
levels. However, the time frame needed to achieve
lipoprotein change may be longer than that reported for
vounger populations. It appears that exercise participa-
tion frequent enough to begin to induce changes in body
composition and related variables may be particularly
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important for achieving such changes. Exercise regimens
resulting in the greatest levels of ongoing participation
are especially warranted. Supervised home-based exer-
cise regimens represent one such alternative that merits
further investigation as a means for expanding the pro-
gramming options available to middle-aged and older
adults. In addition, continued efforts 1o combine physical
activity regimens with other hygienic measures that may
positively mfluence HDL cholesterol levels. such as
weight loss and smoking cessation,™ are indicated.
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