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ABSTRACT

39

Background. Improved quality of life (QOL) is a purported benefit of exercise despite few

40

randomized controlled trials (RCTs) examining this assertion and no data from dose-response

41

trials.

42
43

Methods. The effect of 50%, 100%, and 150% of the NIH Consensus Development Panel1

44

physical activity dose on QOL was examined in a six-month RCT. Participants were 430

45

sedentary postmenopausal women (BMI 25.0 to 43.0 kg/m2) with elevated systolic blood

46

pressure randomized to a non-exercise control group (n=92) or 1 of 3 exercise groups: exercise

47

energy expenditure of 4 (n=147), 8 (n=96), or 12 (n=95) kcal/kg/week (KKW). Eight aspects of

48

physical and mental QOL were measured at baseline and month 6 with the Medical Outcomes

49

Study Short-Form 36 Health Survey.

50
51

Results. Dose-response effects were tested with trend analysis across groups using regression

52

analysis (alpha=.05). Analysis of covariance was used to test if the exercise groups differed

53

from control on QOL change (alpha=.0167). Age, ethnicity, BMI, antidepressant use, and

54

employment, marital, and smoking status were covariates. Trend analysis indicated that dose-

55

response effects were present for all components of QOL, except bodily pain. For all mental and

56

physical QOL scales, except bodily pain, the 12 KKW group significantly improved QOL

57

compared to control. The 4 KKW group significantly improved general health, vitality, and

58

mental health compared to control. All exercise groups significantly improved social

59

functioning compared to control. Controlling for weight change did not attenuate the exercise-

60

QOL association.

61
62

Conclusion. Exercise training improved QOL in a dose-dependent fashion that was independent

63

of weight change.

64
65
66

Trial Registration: clinicaltrials.gov Identifier NCT 00011193

3
66

A sedentary lifestyle is a risk factor for many chronic conditions including diabetes, heart

67

disease, stroke, and certain types of cancers.2-7 Regular physical activity and higher levels of

68

cardiorespiratory fitness are associated with lower risk for premature mortality, and exercise

69

training has been demonstrated to improve a number of important risk factors such as

70

cardiorespiratory fitness,8 weight, HDL cholesterol, and fasting insulin.9 Though mood, level of

71

functioning, energy level, and other measures of quality of life (QOL) are purported to be

72

improved by regular exercise, this claim is largely unsubstantiated in populations without

73

significant morbidities. There is strong evidence that regular exercise substantially improves

74

QOL in populations with serious diseases such as cancer10 or chronic obstructive pulmonary

75

disease,11 but the data are not as supportive in populations without disease. Although many, but

76

not all, epidemiology studies have found an association between exercise and QOL, the available

77

data from intervention trials fail to consistently find a strong effect of exercise training on

78

QOL.12, 13 Further, the data from intervention trials are difficult to interpret due to small sample

79

sizes, inadequate control groups, poor exercise compliance, and many studies included a weight

80

loss component making it difficult to separate the benefits of weight loss from increased

81

exercise.

82
83

To our knowledge, there are no well-controlled, properly powered randomized controlled trials

84

(RCTs) examining the role of exercise at improving QOL among individuals without significant

85

comorbidities. The Dose-Response to Exercise in postmenopausal Women (DREW) study was

86

designed to examine the health benefits of 50%, 100%, and 150% of the NIH Consensus Panel1

87

physical activity recommendation in 464 sedentary, overweight or obese, postmenopausal

88

women with elevated blood pressure. The primary outcomes of cardiorespiratory fitness and

89

blood pressure have been reported,8 but data on a number of important secondary outcomes also

90

were included a priori in the study design, and these included a QOL survey.14 Given the

91

relatively large sample size, very high compliance to a tightly controlled exercise intervention,

92

and the high participant retention rate, DREW provides an excellent opportunity to examine the

93

effects of exercise on QOL. Identifying a dose-response relation between exercise and QOL

94

could not only help determine minimum exercise thresholds for promoting QOL, but increase

95

assurance that the exercise-induced benefits are not spurious or the result of chance alone. Thus,

96

the primary aim of this study was to examine changes in QOL across different doses of

4
97

supervised exercise. We hypothesized that six-months of structured moderate intensity exercise

98

would significantly improve QOL in a dose dependent manner.

99
100

METHODS

101

Study Design

102

A complete description of the DREW study design and methods has been published elsewhere.8,

103

14

104

group and three exercise groups with incrementally higher doses of energy expenditure. The non-

105

exercise control group was asked to maintain their baseline level of activity during the six-month

106

study period. The research protocol was reviewed and approved annually by The Cooper

107

Institute Institutional Review Board. Written informed consent was obtained from all participants

108

prior to their participation.

In brief, the study was a randomized dose-response exercise trial with a non-exercise control

109
110

Study Participants

111

Thorough descriptions of the recruiting, screening process, and methods have been published.8, 14

112

Briefly, the study was limited to postmenopausal women age 45 to 75 years who were sedentary

113

(not exercising more than 20 minutes on 3 or more days a week, and < 8000 steps per day

114

assessed over the course of one week), overweight or obese (BMI 25.0 to 43.0 kg/m2), and who

115

had a systolic blood pressure of 120.0 to 159.9 mm Hg. Exclusion criteria included history of

116

stroke, heart attack, diabetes, or any medical condition that prevented participants from adhering

117

to the protocol or exercising safely. Women with a score ≥ 10 on the Center for Epidemiological

118

Studies Depression scale (CES-D)15 were excluded based data indicating that women who meet

119

or exceed this cut-score have a greater probability of attrition and poor adherence. Participants

120

were recruited from the Dallas, Texas area from April 2001 to June 2005.

121
122

Outcomes

123

Change in QOL was measured with the Medical Outcomes Study Short-Form 36 Health Survey

124

(SF-36).16, 17 The SF-36 is a self-administered 36-item questionnaire that measures physical and

125

mental QOL. Physical QOL is measured with the following four scales: physical functioning

126

(PF), role limitations due to physical problems (Role-Physical or RP), bodily pain (BP), and

127

general health perception (GH). Mental QOL also is measured with four scales: role limitations

5
128

due to emotional problems (Role-Emotional or RE), social functioning (SF), vitality (VT), and

129

mental health (MH). The validity and reliability of the SF-36 have been established and there are

130

standardized norms available for comparative purposes.16, 17 Participants’ raw scores were

131

converted into scale scores ranging from 0 to 100, with higher scores representing better QOL or

132

higher functioning for all scales.

133
134

Other Measures

135

Maximal fitness testing was conducted using a Lode Excalibur Sport cycle ergometer

136

(Groningen, Netherlands) with respiratory gases measured using a Parvomedics True Max 2400

137

Metabolic Measurement Cart. Weight was measured on an electronic scale (Siemens Medical

138

Solutions, Malvern, PA) and height was measured using a stadiometer. Body mass index (BMI)

139

was calculated as weight in kilograms, divided by height in meters squared. Smoking history,

140

medical history and medication use were assessed by detailed questionnaires. Blood pressure

141

was measured a using a Colin STBP-780 automated blood pressure unit with participants in the

142

recumbent position. Detailed descriptions of the testing procedures are provided elsewhere.8, 14

143
144

Exercise Training

145

Women were assigned to either a non-exercise control group or to groups that expended 4, 8, or

146

12 kilocalories per kilogram body weight per week (KKW), which corresponds to 50%, 100%

147

and 150%, respectively, of current public health physical activity recommendations.1 Smaller

148

changes in study endpoints were expected in the 4 KKW group; therefore, randomization

149

procedures were created to assign more participants to that group based on the recommendation

150

of the study biostatistician. Exercising women participated in 3 or 4 training sessions each week

151

for 6 months with training intensity at the heart rate associated with 50% of each woman's peak

152

VO2. All exercise sessions were performed under observation and supervision in an exercise

153

laboratory with standardized prescriptions for exercise dose and strict monitoring of the amount

154

of exercise completed in each session. Participants were weighed each week and their weight

155

was multiplied by their exercise dosage to determine the number of calories to be expended for

156

the week. Women in the exercise groups alternated training sessions on semi-recumbent cycle

157

ergometers and treadmills. Adherence to exercise training over the entire 6-month period was

6
158

calculated for each individual by dividing the kcal expended during the exercise training by the

159

kcal prescribed for the training period multiplied by 100.

160
161

Participant Retention, Adherence, Blinding, and Randomization

162

A detailed description of procedures for participant retention, adherence, blinding, and random

163

assignment are provided elsewhere.8, 14 To facilitate retention and adherence, participants

164

completed a two-week pre-randomization run-in period and they signed behavioral contracts in

165

which they agreed to adhere to the study protocol. Participants were compensated $150 (total)

166

for completion of baseline ($75) and follow-up ($75) assessments. An additional $350 in

167

incentives was available based on adherence. Assessment personnel were blind to treatment

168

assignment, although blinding was not possible for intervention personnel. Participants were

169

reminded not to discuss their group assignment with the assessment team. Randomization

170

assignment was computer generated and conducted by the statistician.14

171
172

Statistical Analysis

173

Descriptive baseline characteristics of groups were tabulated as means and standard deviations

174

(SD) or as percentages. Differences on baseline SF-36 scale scores among specific subgroups

175

(ethnicity/race, age group, smoking status, marital status, antidepressant use, employment status,

176

and BMI range) were evaluated with analysis of variance (ANOVA), with post-hoc tests when

177

appropriate.

178
179

Dose-response effects were evaluated with regression analysis to test for trends in QOL change

180

across groups with adjustment for pre-specified covariates that were identified with the subgroup

181

analysis mentioned above (ethnicity, age group, smoking status, marital status, antidepressant

182

use, employment status, and BMI range). Differences in QOL change across groups were tested

183

by analysis of covariance (ANCOVA) with adjustment. For statistically significant ANCOVAs

184

(p < .05), pair-wise comparisons between exercise groups and the control group were made using

185

the Bonferroni correction for multiple testing. An alpha level of 0.0167 (.05/3 = 0.0167) was

186

utilized because it was our a priori intention to compare only the differences between the

187

exercise groups and the control group; hence, p-values were multiplied by three and reported

7
188

using the following notations: *p < .05, **p < .01, ***p < .001. Results are presented as adjusted

189

least-squares means with 95% confidence intervals.

190
191

Analyses were limited to participants with baseline data. If the outcome value was missing for

192

the participant, we inserted the baseline value for that outcome (i.e., last observation carried

193

forward). Any QOL values > 3 standard deviations from the mean were defined as outliers and

194

eliminated. For exploratory purposes, all QOL outcomes were tested using only available data,

195

without using baseline values carried forward for missing follow-up data. The results from these

196

analyses did not differ substantially from the analyses with baseline values carried forward (the

197

primary analyses); therefore, only the primary analyses are presented. All reported p-values are

198

two-sided. All analyses were performed using SAS version 9.1 (Cary, NC).

199
200

RESULTS

201

A total of 4545 telephone screens were conducted and 4081 potential participants were ineligible

202

based on inclusion and exclusion criteria (Figure 1). After giving informed consent, 464 were

203

randomized, of which 432 had complete QOL data at baseline and 398 of these participants

204

completed the study with 356 usable follow-up QOL surveys. Baseline values were carried

205

forward for missing data/drop-outs, resulting in 430 participants’ data included in the primary

206

analyses. Two participants’ data in the 4 KKW group were eliminated due to being outliers.

207
208

As summarized in Table 1, the study population had a mean (SD) age of 57.4 (6.5), a mean BMI

209

of 31.8 (3.8) kg/m2, and 34.9% were non-Caucasian. Almost 30% of the study population

210

reported a history of depression with 18.2% taking anti-depressant medication at baseline. Only

211

4.4% of the participants were current smokers and 76.5% were employed. Almost half of the

212

participants were using hormone therapy and 15.2% were taking thyroid medication. With the

213

exception of blood pressure, as a group the cardiovascular risk factors were in normal ranges.

214

The mean baseline peak VO2 was very low at 15.4 (2.9) ml/kg/min (see Table 2). Adherence to

215

exercise was 95.4%, 88.1%, and 93.7% across the 4, 8 and 12 KKW groups and each group

216

spent 73.9, 138.3, and 183.6 minutes per week exercising, respectively (Table 2).

217
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218

The mean baseline scores for QOL scales for the total population and by group are presented in

219

Table 1 and, as illustrated in Figure 2, the DREW sample at baseline had scores similar to the

220

general United States (U.S.) population.18 The mean baseline scores for QOL scales across

221

specific subgroups are presented in Table 3, and, although some comparisons had small sample

222

size, these data demonstrate that we observed many of the expected QOL differences among

223

groups. For example, QOL at baseline was lower on all scales among participants taking

224

antidepressant medication compared to participants not taking such medication. Employed

225

participants reported better QOL on the PF, RP, and BP scales. Differences among ethnicity/race

226

categories were observed on PF and VT scores, and differences were noted among the age

227

groups on PF, GH, and SF. Bodily pain differed by smoking status, and PF, RP, BP, and GH

228

differed by BMI category.

229
230

Figure 3 summarizes the mean change in SF-36 measures across the control and exercise groups.

231

The positive linear trend across groups was statistically significant for all physical and mental

232

QOL scales, except bodily pain (BP), indicating a dose-response effect of exercise on QOL. For

233

all physical and mental QOL scales, except BP, the 12 KKW group significantly improved QOL

234

compared to the control. Additionally, the 4 KKW group significantly improved GH, VT, and

235

MH compared to control. All three exercise groups significantly improved SF compared to

236

control. The analyses were conducted without the aforementioned covariates and the results were

237

virtually identical.

238
239

The mean change in weight across the control, 4 KKW, 8 KKW and 12 KKW groups was -0.94

240

(4.0), -1.34 (3.5), -1.86 (3.4), and -1.34 (2.9) kg, respectively, with no between group

241

differences. To examine the effect of weight loss on improvement in SF-36 measures, all

242

analyses were repeated with additional adjustment for change in body weight. Weight change

243

was a significant covariate in only two of the eight comparisons and inclusion of this covariate

244

did not have a meaningful effect on any of the mean values, significance, nor trends across

245

exercise groups. To further assure that weight loss was not responsible for the observed results,

246

change in SF-36 scores across the exercise groups was examined with participants sub-grouped

247

into those who lost weight and those who maintained or gained weight. Figure 4 summarizes the

248

change in SF-36 scores across exercise groups for these subgroups. None of the p-values for the

9
249

treatment-by-subgroup interactions were significant for any of the SF-36 scales, suggesting the

250

pattern of change in each of the SF-36 measures across the exercise groups was similar for the

251

both subgroups.

252
253

All analyses were repeated with change in fitness as a covariate, and the conclusions from these

254

analyses were not meaningfully affected. Change in fitness was also correlated with change in

255

QOL and only two of the eight correlation coefficients differed significantly from zero and the

256

size of the coefficients was small (Physical Functioning, r=.11, p=.02; Role Physical, r=.12,

257

p=.02). These findings suggest that changes in fitness are not necessary to improve QOL when

258

individuals increase physical activity.

259
260

To explore the effect of antidepressant use on the results, participants were sub-grouped by

261

antidepressant use (yes/no), and change in QOL among exercise groups was tested with an

262

exercise group by sub-group interaction. The interaction term was not significant for all four

263

physical measures of QOL (p-values > .11), but it was significant for the Role Emotional, Social

264

Functioning, and Vitality scales (the p-value for the Mental Health scale approached

265

significance; p=.06). These findings and examination of group means indicated that participants

266

in the non-exercise control condition who took antidepressant medication experienced no

267

increase in QOL during the trial, and for some mental QOL measures they experienced

268

decreased QOL. Conversely, control participants who were not taking antidepressant medication

269

experienced small increases in QOL during the trial.

270
271

COMMENT

272

The primary finding from this randomized controlled exercise trial was a significant, positive

273

dose-response relation between the amount of exercise performed and improvements in measures

274

of both physical and mental QOL. While improved quality life is routinely cited as a benefit of

275

regular exercise, data to support this claim are limited to conflicting epidemiology reports or

276

from studies in persons diagnosed with major chronic diseases such as cancer. Though not

277

observed for all measures, it is of interest that even 4 KKW of exercise (approximately 74 min

278

per week) was associated with a significant improvement in QOL for several of the QOL scales

279

as compared with women in the non-exercise control group. It is noteworthy that the

10
280

improvements in QOL occurred at a modest training intensity (heart rate at 50% peak VO2) and,

281

as demonstrated by our low dropout rate and excellent adherence in all exercise groups to the

282

six-month caloric expenditure target, the exercise prescriptions were well-tolerated by

283

participants. As a consequence of randomizing more participants to the 4 KKW group, statistical

284

power was sufficient to detect differences in QOL change between the control and 4 KKW

285

group, but not the control and 8 KKW group, despite very similar effect sizes. The significant

286

trend (regression) analyses confirm the dose-response effect, however.

287
288

Most cross-sectional studies have observed higher levels of activity to be associated with higher

289

QOL scores,13 particularly for physical aspects of QOL.19 However, in one cross-sectional study,

290

extended bouts of exercise were associated with poor QOL.20 Prospective observational studies

291

suggest that people who report higher levels of exercise also report higher QOL scores, at least

292

among women.21 Nonetheless, as in all observational studies, causation cannot be implied from

293

these findings and it is easy to hypothesize that people with a higher perceived QOL are more

294

like to be physically active or more likely to increase their level of exercise. To our knowledge,

295

we are the first to demonstrate in an RCT that instituting a regular exercise program results in

296

significant improvements in both mental and physical QOL and that these improvements are

297

sensitive to exercise dose; i.e., dose-dependent. The robust effect of exercise on mental QOL in

298

the present study is of interest, since cross-sectional studies find an association primarily

299

between physical aspects of QOL and exercise. It is also of interest that physical activity induced

300

changes in QOL were independent of changes in fitness, suggesting that changes in fitness are

301

not requisite for physical activity induced improvements in QOL.

302
303

In an uncontrolled weight loss study, which included exercise, weight loss and/or exercise was

304

associated with improved QOL,22 and a prospective observational study supports the hypothesis

305

that weight loss among overweight women is associated with improved QOL.23 The findings

306

from DREW provide insight into the relative importance of weight loss in exercise-induced

307

changes in QOL, as weight loss in DREW was small and did not differ significantly among the

308

groups. Moreover, exercise induced improvements in QOL were independent of weight loss and

309

the magnitude of change in QOL was similar among those that did and did not lose weight.

11
310

These results support the hypothesis that exercise in the absence of substantial weight loss can

311

significantly improve both physical and mental QOL.

312
313

The public health implications of our findings are significant. We are in the midst of a large shift

314

in the demographics of the U.S. with the proportion of Americans over age 65 growing

315

dramatically over the next few decades. While maximizing longevity is of great importance,

316

maximizing QOL should also be a priority. Our findings suggest that increasing physical activity

317

is an effective tool to improve QOL. Increasing exercise, particularly as individuals age, has

318

many health benefits, e.g., cardiovascular disease (CVD) risk factors are reduced,8,9 and our

319

results indicate that improved QOL can be added to the list of benefits of exercise, and that these

320

improvements are dose-dependent and independent of weight loss, at lease in people similar to

321

this study sample.

322
323

Limitations and Strengths

324

The study has limitations because its sample was limited to sedentary, overweight or obese,

325

postmenopausal women at risk for CVD. Thus, we do not know if the results will apply to other

326

women or men. Nonetheless, the study sample was a group that would likely benefit from

327

exercise training and represents a sizeable proportion, probably a majority, of U.S. women in the

328

age range of 45 to 75 years. Further, although baseline SF-36 scores were similar to the national

329

mean, baseline QOL scores were high, yet we were able to detect significant improvements in

330

QOL. Because participants assigned to incrementally higher doses of exercise spent more time

331

exercising at the center, they had more contact with study personnel and this contact could have

332

influenced QOL. However, in the only other RCTs testing if exercise affects QOL12, the amount

333

of contact between study personnel and participants varied systematically among the study

334

groups, yet no consistent effect of exercise on QOL was found, suggesting that contact with

335

study personnel has little effect on QOL. Lastly, the DREW study was not designed specifically

336

to evaluate the effect of exercise on QOL, however, QOL measures were pre-planned secondary

337

outcomes and this RCT provides compelling evidence of the dose-response relation between

338

exercise and improved QOL.

339
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340

The study reported herein has many strengths, including being an RCT with three different

341

exercise doses and with all exercise completed in the laboratory. Our study had a large

342

proportion of non-Caucasian participants (primarily African-American), and exercise energy

343

expenditure, heart rate, and steps taken during exercise on the treadmill were extensively

344

monitored. Exercise adherence was excellent, the dropout rate was low, and baseline SF-36

345

values were similar to the national mean for the U.S. Additionally, expected differences on

346

baseline QOL scores were observed among subgroups, including BMI category and employment

347

status. The exercise doses, including intensity, are easily obtainable and were well tolerated by

348

sedentary women, resulting in confidence that the exercise doses utilized in this study can be

349

achieved by women in the community.

350
351

CONCLUSIONS

352

In this study of previously sedentary, overweight or obese, postmenopausal women, exercise

353

improved both physical and mental QOL in a dose dependent fashion, and the improvements in

354

QOL were independent of weight loss.

355
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Figure Captions

361

Figure 1. CONSORT diagram describing recruitment and retention of participants. *Baseline

362

values were carried forward if follow-up QOL scores were missing.

363
364

Figure 2. Mean (+ SD) baseline SF-36 scores for the DREW sample and the national mean for

365

the United States.

366
367

Figure 3. Mean change (Least-squares means + 95% confidence interval) on SF-36 measures

368

across the control and exercise groups. The dose-response relations between exercise dose and

369

change in QOL were evaluated with regression analysis to test for trends in QOL change across

370

groups (the p-values for these trend analyses are included in the figure). Differences in QOL

371

change across groups were tested by analysis of covariance (ANCOVA) with adjustment for pre-

372

specified covariates (age, antidepressant use, BMI, employment status, ethnicity, marital status,

373

and smoking status at baseline). Significant ANCOVAs (p < .05) were followed by pair-wise

374

comparisons to test if the exercise groups differed significantly from the control group. The

375

alpha level was set a 0.0167 (.05/3=0.0167) and all p-values were multiplied by three; hence, the

376

following notation was used to depict statistical significance: *p < .05, **p < .01, ***p < .001.

377
378

Figure 4. Change in SF-36 scores across the exercise groups was examined for two sub-groups of

379

participants: 1) those who lost weight vs. 2) those who maintained or gained weight, using

380

analysis of covariance (ANCOVA) with baseline age, antidepressant use, employment status,

381

ethnicity, marital status, and smoking status as covariates. Mean change (Least-squares means +

382

95% confidence interval) on SF-36 scales across the control and exercise groups for participants

383

who did and did not lose weight are depicted. P-values for interaction effects are included,

384

which tested if the dose response relation between exercise dose and QOL change differed

385

between participants who did and did not lose weight.

386
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Table 1. Baseline characteristics of the study sample.
Randomization Groups
All

Control

participants

4

8

12

kcal/kg/wk

kcal/kg/wk

kcal/kg/wk

(n= 430)

(n=92)

(n= 147)

(n=96)

(n=95)

57.4 (6.5)

57.1 (6.0)

57.9 (6.6)

57.7 (6.6)

56.5 (6.7)

12 (2.8)

3 (3.3)

4 (2.7)

3 (3.1)

2 (2.1)

12-16 yrs

295 (68.6)

66 (71.7)

103 (70.1)

63 (65.6)

63 (66.3)

>16 yrs

123 (28.6)

23 (25.0)

40 (27.2)

30 (31.3)

30 (31.6)

393 (91.4)

86 (93.5)

138 (93.9)

85 (88.5)

84 (88.4)

Caucasian

280 (65.1)

62 (67.4)

90 (61.2)

60 (62.5)

68 (71.6)

African American

122 (28.4)

20 (21.7)

48 (32.7)

30 (31.3)

24 (25.3)

28 (6.5)

10 (10.9)

9 (6.1)

6 (6.3)

3 (3.2)

329 (76.5)

78 (73.9)

109 (74.2)

75 (78.1)

77 (81.0)

19 (4.4)

3 (3.3)

8 (5.4)

2 (2.1)

6 (6.3)

History of Depression, No.(%)

128 (29.8)

27 (29.4)

41 (27.9)

24 (25.0)

36 (37.9)

Anti-depressant medication, No. (%)

78 (18.2)

17 (18.5)

27 (18.4)

18 (18.8)

16 (16.8)

Thyroid medication, No. (%)

65 (15.2)

13 (14.1)

18 (12.2)

16 (16.7)

18 (19.0)

Hormone therapy, No. (%)

196 (47.2)

48 (52.2)

62 (42.2)

42 (43.8)

44 (46.3)

Characteristics
Demographics
Age, y
Education, No. (%)
<12 yrs

Married, No. (%)
Ethnicity, No. (%)

Hispanic/other
Employed, No. (%)
Cigarette smoker, No. (%)

Cardiovascular disease factors
LDL-C, mg/dL

118.4 (26.4) 118.3 (26.4) 117.6 (27.2) 118.2 (25.3) 120.2 (26.7)

HDL-C, mg/dL

57.4 (14.3)

Triglycerides, mg/dL

129.2 (64.0) 133.9 (67.7) 130.0 (60.1) 127.8 (58.2) 124.9 (71.8)
94.7 (9.6)

Fasting glucose, mg/dL

56.4 (13.3)

95.1 (13.2)

58.1 (14.5)

94.4 (8.6)

57.0 (15.2)

94.6 (8.3)

57.8 (14.0)

95.1 (8.3)

Blood pressure, mm Hg
139.8 (13.0) 141.6 (12.2) 139.4 (13.2) 140.2 (13.5) 138.2 (12.9)

Systolic
Diastolic

81.0 (8.5)

80.9 (7.8)

80.9 (9.0)

80.9 (8.0)

81.0 (8.9)

84.6 (6.5)

86.4 (12.3)

83.4 (11.5)

85.2 (12.8)

84.3 (11.2)

31.8 (3.8)

31.4 (3.6)

32.1 (4.1)

31.5 (3.7)

32.4 (3.9)

Anthropometrics
Weight, kg
2

Body mass index (kg/m )
Quality of Life (SF-36)

18
Physical QOL
Physical Functioning

78.2 (18.6)

78.9 (16.6)

78.0 (19.3)

75.4 (21.0)

80.8 (16.6)

Role Physical

75.5 (34.1)

78.8 (31.2)

72.8 (37.0)

77.6 (33.5)

74.5 (32.8)

Bodily Pain

70.7 (19.5)

69.8 (17.0)

71.4 (20.3)

72.0 (20.9)

69.2 (19.2)

General Health

72.0 (16.2)

70.9 (16.2)

72.9 (16.1)

70.5 (17.3)

73.3 (16.4)

Role Emotional

78.3 (33.9)

77.2 (36.3)

78.2 (34.6)

84.0 (29.8)

73.7 (34.0)

Social Functioning

84.8 (19.4)

83.4 (20.3)

85.7 (18.4)

87.6 (16.3)

81.8 (22.4)

Vitality

54.2 (20.3)

52.7(19.7)

54.5 (21.0)

56.3 (20.1)

53.1 (20.3)

Mental Health

77.7 (13.8)

76.6 (14.6)

78.1 (13.5)

78.5 (13.1)

77.3 (14.3)

Mental QOL

446

Continuous variables presented as means (SD) and dichotomous variables presented as count

447

(percentage). Abbreviations: LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density

448

lipoprotein cholesterol.

449

SI conversions: To convert LDL-C and HDL-C to mmol/L multiply by 0.0259. To convert triglycerides to

450

mmol/L multiply by 0.0113. To convert glucose to mmol/L multiply by 0.0555

451
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451

Table 2. Mean (SD) exercise-related variables at baseline and change in exercise-related variables after

452

exercise training.
Randomization Groups
All

Control

4

8

12

kcal/kg/wk

kcal/kg/wk

kcal/kg/wk

(n= 430)

(n=92)

(n= 147)

(n=96)

(n=95)

Baseline Peak relative VO2, ml/kg/min

15.4 (2.9)

15.5 (3.1)

15.5 (3.0)

14.7 (2.5)

15.7 (3.0)

Change in Peak relative VO2, ml/kg/min

0.78 (1.9)

-0.30 (1.9)

0.65 (1.9)

1.33 (1.6)

1.52 (1.80)

6-mo Adherence (%)a

92.8 (20.4)

N/A

95.4 (15.5)

88.1 (26.4)

93.7(19.5)

2.9

N/A

2.7

2.9

3.1

113.8 (61.3)

N/A

73.9 (15.5)

Exercise-related variables

Mean Number of Sessions per week
Time spent exercising (min/week)

b

138.3 (25.3) 183.6 (43.3)

453

Abbreviations: VO2, volume of oxygen consumed.

454

a

455

exercise training by the kilocalories prescribed for the training period *100.

456

b

457

initial ramping period, which represents 6 months of data for the 4-kcal/kg, 5 months for the 8-kcal/kg,

458

and 4 months for the 12-kcal/kg/wk groups.

459

Adherence was calculated for each individual by dividing the kilocalories expended during the 6-month

Data for individuals who completed the intervention. Data are for exercise training period excluding the

462

461

Physical
Functioning
76.4 (18.6)
81.5 (18.9)
83.1 (15.1)
81.6 (17.2)
77.8 (18.7)
70.0 (19.8)
78.0 (19.3)
79.9 (16.1)
72.9 (19.2)
81.9 (14.3)
77.9 (18.9)
79.1 (18.0)
74.6 (20.7)
72.8 (21.5)
79.9 (17.3)
83.1 (16.3)
77.8 (18.4)
71.9 (20.2)

N

280
122
28

175
195
60

307
104
19

37
393

351
78

101
329

151
177
102

79.0 (31.6)
77.1 (33.2)
67.6 (38.1)

67.8 (40.5)
77.9 (31.6)

77.2 (33.0)
67.9 (38.0)

81.8 (30.4)
74.9 (34.4)

76.0 (33.4)
76.4 (35.0)
63.1 (40.3)

79.3 (31.2)
74.7 (34.6)
67.1 (39.2)

74.7 (33.7)
77.5 (35.0)
75.0 (35.4)

Role
Physical

72.3 (19.5)
72.0 (19.2)
66.1 (19.6)

65.2 (20.9)
72.4 (18.8)

71.7 (18.9)
66.4 (21.5)

74.6 (18.7)
70.3 (19.6)

70.6 (19.4)
73.1 (18.2)
59.7 (24.9)

71.6 (19.5)
70.0 (19.6)
70.4 (19.3)

70.3 (18.9)
71.3 (20.7)
72.0 (20.9)

Bodily
Pain

75.1 (15.6)
71.1 (16.0)
69.1 (16.9)

71.9 (16.4)
72.1 (16.2)

73.4 (15.9)
65.7 (16.3)

68.9 (17.7)
72.3 (16.1)

71.7 (16.0)
73.9 (16.6)
66.6 (18.0)

69.1 (17.1)
73.2 (15.0)
76.7 (16.1)

72.3 (15.6)
70.8 (17.3)
74.5 (17.7)

General
Health

Table 3. Unadjusted fitted mean (SD) baseline quality of life (SF-36) scores by subgroups.
Physical Health Measures

Baseline Category
Ethnicity/Race
Caucasian
African American
Hispanic or Other
Age Group
45-54 years
55-64 years
>65 years
Smoking Habits
Never
Former
Current
Marital Status
Not Married
Married
Antidepressant Use
No
Yes
Employed
No
Yes
BMI Range
Overweight
Obese Class I
Obese Class II

460

75.1 (35.9)
82.3 (30.4)
76.1 (36.1)

76.2 (38.4)
78.9 (32.4)

80.8 (32.2)
67.1 (38.9)

75.7 (32.1)
78.5 (34.1)

77.6 (34.7)
79.2 (32.6)
84.2 (28.0)

77.7 (33.0)
78.1 (34.8)
80.6 (33.8)

78.0 (33.4)
77.9 (35.5)
83.3 (32.1)

Role
Emotional

86.8 (18.6)
84.6 (20.5)
82.2 (18.4)

84.0 (20.8)
85.0 (18.9)

86.1 (18.9)
78.8 (20.7)

78.4 (22.6)
85.4 (19.0)

85.1 (19.6)
84.2 (19.2)
82.9 (17.3)

81.8 (20.8)
87.2 (17.3)
85.8 (20.5)

84.9 (19.5)
83.3 (20.3)
89.7 (12.3)

Social
Functioning

55.8 (20.6)
54.5 (20.8)
51.2 (18.9)

54.1 (21.1)
54.2 (20.1)

56.4 (20.0)
44.4 (19.2)

48.1 (23.4)
54.8 (20.0)

54.1 (20.7)
55.0 (20.0)
50.8 (17.3)

54.3 (21.0)
54.1 (20.0)
54.1 (19.7)

52.3 (19.7)
57.9 (21.0)
57.1 (21.4)

Vitality

Mental Health Measures
Mental
Health

77.3 (15.3)
78.3 (12.5)
77.0 (13.6)

76.8 (14.2)
77.9 (13.6)

78.6 (13.7)
73.3 (13.3)

75.5 (16.2)
77.9 (13.5)

77.7 (14.1)
78.6 (12.5)
72.0 (14.0)

76.3 (14.0)
78.2 (13.5)
79.6 (13.7)

77.4 (13.4)
77.8 (14.9)
79.6 (12.5)
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