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The effectiveness of endurance exercise training (without concomitant weight loss) for improving lipoprotein lipid levels in 
obese individuals remains controversial. The purpose of this study was to determine whether lipoprotein lipid responses to 
endurance exercise training are affected by obesity, Healthy middle-aged and older (57 -+ 2 years) lean (n = 16; body mass 
index [BMI1, 22 to 26 kg/m2), moderately obese (n = 15; BMI, 27 to 30 kg/m2), and obese (n = 15; BMI, 31 to 37 kg/m 2) men 
underwent a 9-month endurance exercise training program. The groups differed in the initial degree of obesity, waist 
circumference, and waist to hip ratio (WHR), but not in age or maximal aerobic capacity (Vo2max). The obese group had lower 
baseline levels of high-density lipoprotein cholesterol (HDL-C) and HDL2-C, and higher triglyceride (TG) levels than the lean 
group. Exercise training increased Vo2max to a comparable degree in lean, moderately obese, and obese groups (18%, 24%, 
and 18%, respectively, P < .01). Exercise training significantly decreased TG levels in all groups, whereas total cholesterol and 
low-density lipoprotein cholesterol (LDL-C) decreased only in the obese group. Exercise training increased HDL-C and HDL2-C 
levels in lean (14% and 81%, respectively, P < .05} and moderately obese (7% and 59%, respectively, P < .05) men, whereas 
neither HDL-C nor HDL2-C changed in obese men. The change in HDL-C correlated negatively with initial BMI (r = - .42,  P < .01 ) 
and waist circumference (r = - .43,  P < .01). These results show that the effects of exercise training on HDL-C are blunted in 
obese middle-aged and older men, whereas improvements in TG occur independently of the degree of obesity. 
Copyright© 1997by W,B. Saunders Company 

D YSLIPIDEMIA is a major risk factor for the development 
of coronary artery disease (CAD) in older individuals. 1,2 

Besides aging, obesity and physical inactivity are important 
determinants of lipoprotein lipid levels in the elderly. 3,4 As a 
result, endurance exercise training and weight  loss are advo- 
cated as treatments to improve lipoprotein lipid profiles in older 
populations. In general, cross-sectional studies confirm that 
physically active middle-aged and older men have better lipid 
profiles than sedentary individuals. 3,5,6 However, this may be 
largely due to the lean body habitus associated with vigorous 
long-term exercise. In addition, a number  of studies in subjects 
of all ages suggest that loss of body fat is necessary to elicit 
changes in lipid metabolism with endurance exercise training. 7-9 
Thus, the effectiveness of endurance exercise training (without 
concomitant weight loss) in improving lipoprotein lipid levels 
in obese individuals remains controversial. 

We previously showed that dietary-induced weight loss 
resulted in greater improvements in lipid lipoprotein profiles 
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compared with endurance exercise training without weight loss 
in two groups of men matched for age, obesity, and maximal 
aerobic capacity ('~o2max). 9 These results raised the question of 
whether the lipid responses to endurance exercise training were 
blunted because the men were obese. To investigate this issue, 
we examined the effects of 9 months of endurance exercise 
training without weight loss on lipid metabol icr isk  factors for 
coronary artery disease (CAD) in groups of lean, moderately 
obese, and obese middle-aged and older men. 

SUBJECTS AND METHODS 

Subjects 

Healthy, nonsmoking, sedentary male volunteers aged 45 to 80 years 
with a wide range of obesity and physical conditioning status were 
recruited from the Baltimore-Washington metropolitan area for partici- 
pation in cross-sectional and longitudinal intervention studies that 
examined the effects of obesity and physical conditioning on cardiovas- 
cular risk factors for CAD. AI1 men underwent a screening physical 
examination and a fasting blood profile to exclude subjects with overt 
diabetes (fasting glucose level >7.8 mmol/L), hypertension (blood 
pressure >160/90 mm Hg), hyperlipidemia (triglyceride [TG] or 
low-density lipoprotein cholesterol [LDL-C] >90th percentile for age 
and sex), l° cancer, liver, renal, or hematologic disease, or orthopedic 
limitations. A graded exercise test according to the protocol used by 
Bruce and Horstein n was also performed to exclude men with 
exercise-induced myocardial ischemia. None of the men were on 
medications that affect blood pressure or lipid or glucose metabolism. 
All men provided informed consent to participate in the study according 
to the guidelines of the University of Maryland and Johns Hopkins 
Bayview Medical Center Human Studies Institutional Review Boards. 

The first 170 obese (body mass index [BMI] > 27 kg/m 2) men were 
enrolled over a 6-year period in a randomized clinical trial that 
compared the effects of weight loss alone versus aerobic exercise 
training alone on CAD risk factors. The results of this clinical trial have 
been previously reported. 9 During the final 2 years of the trial, an 
additional 28 lean men (BMI < 27 kg/m 2) were enrolled in an aerobic 
exercise training intervention. This permitted an examination of the 
relationship between baseline body composition and the effects of 
aerobic exercise training on CAD risk factors. Therefore, a total of 99 
sedentary men (71 with BMI > 27 kg/m 2 and 28 with BMI < 27 
kg/m 2) were enrolled in interventions.with exercise training only. Of 
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these 99 men, 65 completed the exercise training protocol; the others 
withdrew for personal reasons. In this study, we report data on 46 men 
who met the following criteria: (1) an increase in Vo2max of greater 
than 5% and (2) less than 5% loss of body weight with training. The age 
range of these men was 46 to 72 years, with l0 of the men younger than 
50 years and eight older than 65 years. Data on the 30 men with a BMI 
greater than 27 kg/m 2 have been previously reported, 9 whereas data on 
the men with a BMI less than 27 kg/m 2 have not been reported 
previously. 

Study Protocol 

Before baseline testing, the subjects were instructed by a registered 
dietitian for 3 months on the principles of an American Heart 
Association (AHA) phase I dietJ 2 By the end of 3 months, all of the 
men were in compliance with the AHA phase I diet. Subjects were asked 
to remain weight-stable and to follow this diet throughout the entire 
exercise intervention. Compliance was monitored weekly by recording 
body weight and reviewing 7-day food-exchange records. The macronu- 
trient composition of the diets was 52% + 6% for carbohydrate, 30% + 
4% for fat, and 18% _+ 2% for protein, both the week before the start of 
baseline testing and the week before posttesting. To further ensure 
dietary stability during metabolic testing, subjects were provided with a 
6-day weight-maintaining AHA phase I diet to be consumed during the 
testing period. The macronutrient composition of this diet was consis- 
tent with what was reported on each subject's 7-day food record. 

After completion of baseline testing, all subjects entered a 9-month 
endurance exercise intervention. The men exercised on treadmills, cycle 
ergometers, and ski machines 3 d/wk at our facility under the 
supervision of a trained exercise physiologist, a nurse, and the 
investigators. The exercise intensity was prescribed based on target 
heart rates (THRs) calculated from the Karvonen equation, [HRR. (0.50- 
0.80)] + HRrest, where heart rate reserve (HRR) is maximal HR minus 
resting HR obtained from each subject's 9o2max. ]3 The duration and 
intensity of the exercise progressed from 10 to 20 minutes at 50% to 
60% HRR during the first week of exercise, to 45 to 60 minutes at 70% 
to 80% HRR by the fourth month. The subjects warmed-up and 
cooled-down by walking 3 to 5 minutes at a slow pace. To ensure 
compliance with the training intensity, at least three heart rate readings 
were taken during each exercise session and recorded in an exercise log 
book. Body weight was recorded once per week to monitor weight 
stability, and if any subject lost more than 0.5 kg from the previous 
week, calories were increased to maintain body weight. Compliance 
with the training program was maintained by telephoning subjects who 
missed two consecutive sessions. Attendance was greater than 80% of 
all possible exercise sessions for all three groups. Following the 9 
months of exercise training, the men were again provided weight- 
maintaining AHA phase I diets for 6 days before and during metabolic 
testing. Post--exercise training evaluations of body composition, 9ozmax, 
and lipoprotein lipids were performed 24 to 36 hours after the last 
exercise session for each subject. 

Testing Procedures 

All measures of body composition were performed at the same time 
of the morning after a 12-hour fast. The minimal waist circumference 
and the circumference of the maximal gluteal protuberance were 
measured in duplicate, and the waist to hip ratio (WHR) was calculated. 
Body density was measured by hydrostatic weighing with correction for 
residual lung volume determined by helium dilution. Percent body fat 
was calculated using the Siri equation.14 Fat-free mass was calculated as 
the difference between total body mass and fat mass. 

9o2max was measured on a motor-driven treadmill during a progres- 
sive exercise test to voluntary exhaustion, as previously described. 15 
Vo2max was considered valid when at least two of three criteria were 
met: (1) maximal heart rate greater than 90% of age-predicted maximal 

heart rate (220 bpm - age), (2) respiratory exchange ratio of at least 
1. t0, and (3) plateau in Vo2 (<0.2 L/rain change) with increasing work 
rate. 9ozmax is expressed in liters per minute and, milliliters per 
kilogram per minute. 

Venous blood samples for measurement of lipoprotein lipid levels 
were drawn after a 12-hour fast on days 4 and 6 of the controlled 
metabolic diet. The reported values are the mean of these two samples. 
The samples were transferred to chilled tubes containing 1 mg 
EDTA/mL blood, and the plasma was separated by centrifugation at 
4°C. Total cholesterol, high-density lipoprotein cholesterol (HDL-C), 
HDL2-C, and TG levels were measured, and LDL-C was calculated as 
previously described. 9 

Statistics 

The 46 men were classified into three groups according to a tertile 
split for the initial level of obesity as measured by BMI. The lean (BMI, 
22 to 26 kg/m2), moderately obese (BMI, 27 to 30), and obese (BMI, 31 
to 37) groups consisted of 16, 15, and 15 men, respectively. Data were 
analyzed using the Macintosh Statview program (Abacus Concepts, 
Calabasas, CA). Within-group differences between preintervention and 
postintervention measures of all variables were determined using a 
paired t test. Differences between groups at baseline and as a result of 
the intervention were tested for significance using ANOVA and 
Scheffe's test. Stepwise multiple regression analyses were performed to 
determine independent predictors of the changes in lipid variables. The 
level of significance was set at P less than .05 for all analyses. Data are 
reported as the mean + SD. 

R E S U L T S  

Baseline Characteristics 

All three groups differed significantly in the initial measures 

o f  obesity, including waist  c i rcumference and W H R  (Table 1). 

There were no significant differences between groups in initial 

age or Vozmax.  The obese group had lower initial levels o f  
HDL-C and HDL2-C than the lean group and higher  TG levels 

than the lean and moderately obese groups (Table 2). 

Effect of Exercise Training on Lipoprotein Lipids 

Exercise training increased ~'o2max (P < .0001) in all three 

groups (18%, 24%, and 18% for lean, moderate ly  obese,  and 

obese, respectively).  There  were small but  significant (P < .05) 

decreases in body weight  ( < 2  kg) and percent  body fat 
( <  1.5%) in all groups as a result o f  the 9 months  of  endurance 

Table 1, Baseline Physical Characteristics ofthe Lean, Moderately 
Obese, and Obese Groups 

Moderately 
Lean Obese Obese 

Characteristic (n = 16) (n - 15) (n = 15) 

Age(yr )  57 ± 6 59 ± 6 55 -+ 7 

Weight (kg) 81 -+ 9 a 89 + 9 b 97 + 12 c 

BMI (kg/m 2) 25 ± 1 a 29 _+ 1 b 33 ± 2 c 

Body fat (%) 23 -+ 6 a 27 -+ 5 b 31 -+ 6 b 

Fat-free mass (kg) 63 ± 6 65 ± 8 6"7 ± 10 

Waist (cm) 91 ± 6 a 100 ± 5 b 111 ± 6 c 

WHR 0.91 -+ 0.05 a 0.95 ± 0,04 b 1.00 ± 0.04 c 

Vo2max 

L/min 2.6 ± 0.5 2,6 ± 0,6 2."7 ± 0.5 

mL/kg/min 32 ± 5 30 -+ 5 28 ± 4 

NOTE. Data are the mean ± SD. Different superscripts dist inguish 

differences at P < .05 among groups by Scheffe's test. 
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Table 2. Fasting Lipid Values Before and After 9 Months of Endurance Exercise Training in Lean, Moderately Obese, and Obese Men 

Group TG Total Cholesterol HDL-C HDL2-C LDL-C 

Lean (n = 16) 

Pretraining 1.17 + 0.49 a 4.63 + 0.59 0,93 -+ 0.10 a 0.09 _+ 0.05 a 3.15 _+ 0.52 

Posttraining 0.96 _+ 0.27* 4.47 _+ 0.72 1.06 + 0.181 0.16 _+ 0.12" 2.97 +- 0.57 

Change -0 .20  +- 0.35 -0 .19 + 0.48 0.10 _+ 0.09 a 0.04 _+ 0.07 -0.21 +_ 0.51 

Moderate ly  obese (n = 15) 

Pretraining 1.24 _+ 0.40 a 4.65 _+ 0.98 0.85 - 0.16 0.05 + 0.05 b 3.23 _+ 0.93 

Posttraining 1.10 _+ 0.38* 4.50 + 0.80 0.91 _+ 0.18" 0.10 _+ 0.11" 3.08 -+ 0.75 

Change -0 .15  +_ 0.29 -0 ,16  -+ 0.53 0,06 -+ 0.08 a 0.05 +_ 0.07 -0 .15 +_ 0.46 

Obese (n = 15) 

Pretraining 1.73 _+ 0.63 b 4.68 -+ 0.52 0.78 ± 0.13 b 0.03 _+ 0.03 b 3.08 + 0.59 

Posttraining 1.43 + 0.51t 4.29 _+ 0.39* 0.80 +- 0.13 0.04 _+ 0,04 2.84 ± 0.39* 

Change -0 .29  +_ 0.37 -0 .37 + 0.41 0.01 +_ 0,07 b 0.01 + 0.03 -0 .25 ± 0.39 

NOTE. Data are the mean -+ SD in mmol/L. Different superscript letters distinguish differences at P < .05 among groups by Scheffe's test. 

*P < .05, tP  < .01: within-group pre- v post-exercise training. 

exercise training. Fat-free mass did not change in any group. 
Neither absolute nor percent changes in "~o2max and body 
weight differed among groups (Fig 1). 

Exercise training significantly decreased TG levels in all 
groups, whereas total cholesterol and LDL-C decreased only in 
the obese group (Table 2). However, absolute and relative 
changes in total cholesterol, LDL-C, and TG following exercise 
did not differ among groups (Fig 2). Exercise training increased 
HDL-C and HDL2-C levels in lean (14% and 81%, respectively, 
P < .05) and moderately obese (7% and 59%, respectively, 
P < .05) men, whereas neither HDL-C nor HDL2-C changed in 
obese men (Table 2). Absolute and relative changes in both 
HDL-C and HDL2-C were significantly greater in lean com- 
pared with obese men (Fig 3). 

Relationship of Body Composition to Changes 
in Lipoprotein Lipids 

Univariate regression analyses were used to determine the 
contribution of the change in Vo2max and initial measures of 
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Stepwise multiple regression analyses were used to deter- 
mine the independent predictors of the change in HDL-C. When 
initial BMI, waist circumference, and percent body fat were 
included in the model, the analysis indicated that waist circum- 
ference was the only independent predictor of the change in 
HDL-C (r = - .43,  P < .01). 
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Fig 1. Absolute and relative 
changes in weight and ~/02max 
following 9 months of endur- 
ance exercise training in lean, 
moderately obese, and obese 
men. There were no significant 
differences among groups, 
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5- Total Cholesterol LDL-C Triglyceride 

Fig 2. Relative changes in total 
cholesterol, LDL-C, and TG fol- 
lowing g months of endurance 
exercise training in lean, moder- 
ately obese, and obese men. 
There were no significant differ- 
ences among groups. 
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DISCUSSION 

Endurance exercise training is advocated as an effective 
treatment for low HDL-C levels in older patients. 16 The results 
of this study show that 9 months of endurance exercise training 
decreased total cholesterol, TG, and LDL-C levels to a compa- 
rable degree in lean, moderately obese, and obese middle-aged 
and older men. However, exercise training increased HDL-C 
and HDL2-C levels in lean and moderately obese men, but not in 
obese men. Furthermore, increases in HDL-C and HDL2-C with 
training were inversely related to BMI and waist circumference 
at baseline. These results indicate that improvements in HDL-C 
levels with endurance exercise training are blunted in obese 
compared with lean men, and suggest that weight loss may need 
to be incorporated with exercise training to increase plasma 
HDL-C in obese middle-aged and older men. 

We previously showed that dietary-induced weight loss 
increased HDL-C and HDL2-C to a greater extent than endur- 
ance exercise training without weight loss in obese men of this 
age, 9 suggesting that weight loss is the preferred treatment for 
improving the lipid profile of healthy, obese middle-aged and 
older men. In that study, HDL-C did not significantly increase in 
49 obese men who underwent 9 months of endurance exercise 

training that increased Vo2max by 17% and who remained 
weight-stable. However, HDL-C levels increased 13% in 44 
men who followed a hypocaloric diet for 9 months and lost a 
mean of 9.5 kg with no change in Vo2max. 

The men in each group of the present study were of 
comparable age and initial cardiovascular fitness level (either 
expressed in liters per minute or normalized for body weight) 
but differed with respect to baseline body fat composition and 
distribution as indicated by significant differences in BMI, 
percent body fat, waist circumference, and WHR among the 
groups. The men also differed with respect to initial HDL-C and 
TG concentrations. This raised the question as to whether 
differences in these baseline parameters could account for the 
differential response to training in lean and obese men. Multiple 
regression analyses performed to test this question showed that 
BMI and waist circumference were the strongest predictors of 
the change in HDL-C, with no independent contribution from 
the change in Vo2max, WHR, or baseline HDL-C or TG 
concentrations. It is possible that our results were obtained 
because the obese men were not able to exercise at the same 
level of intensity as the moderately obese and leaner men. 
However, this is unlikely, because attendance was the same for 
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Fig 3, Absolute and relative 
changes in HDL-C and HDL2-C 
following 9 months of endurance 
exercise training in lean, moder- 
ately obese, and obese men. 
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all groups, and by the fourth month of training, all groups were 
exercising at the same relative intensity (70% to 80% heart rate 
reserve) for the same duration (45 to 60 minutes). Thus, the 
blunted HDL-C response seen in the obese men is most likely 
due to the excess amount of adipose tissue. 

The results of endurance exercise training studies on HDL-C 
levels in middle-aged and older individuals are disparate. 
Contrasting results may be due to differences in baseline body 
composition or to a failure to control changes in body weight 
with exercise training. In a meta-analysis that included 95 
studies, Tran and Weltman 17 showed that there is a significant 
relationship between changes in body weight and lipoprotein 
lipid responses to exercise training in subjects of all ages. 
Studies in middle-aged and older individuals show that subjects 
who have an increase in HDL-C with exercise training either are 
not obese (BMI < 27 kg/m2) 182° or lost body weight during the 
exercise training period. 7,s,21-23 Furthermore, few of these 
studies controlled for differences in dietary composition be- 
tween subjects, which could influence the response of lipopro- 
tein lipids to endurance exercise training. Subjects in the present 
study were stabilized on the AHA phase I diet for the duration of 
the study. Also, to eliminate differences in macronutrient 
composition before obtaining the duplicate blood samples for 
determination of lipoprotein lipid levels, subjects were provided 
with an identical-composition weight-maintaining AHA phase I 
diet for 4 to 6 days both before and after exercise training. 

The duration and intensity of the endurance training interven- 
tion may also affect the HDL-C response to exercise. In one 
study, 8 months of exercise training had no significant effect on 
HDL-C levels, whereas 14 months of training increased HDL-C 
levels by 6%. 24 In another study, 1 year of exercise had little 
effect on HDL-C levels in older adults, whereas individuals who 
continued to exercise for 2 years had a 5-mg/dL increase. 25 
Similarly, 6 months of low-intensity exercise had no effect on 
HDL-C concentrations in 11 non-obese, older men and women, 
but six additional months of high-intensity training increased 
HDL-C levels by 14%. 19 Other studies suggest that there is a 
training intensity threshold at which beneficial changes in 
HDL-C levels occur, z2,26 This suggests that the duration and 
intensity of exercise training required for improvements in 
HDL-C concentrations are important and may be greater than 
previously appreciated. Thus, the effect of an exercise program 
on HDL-C levels seems dependent on the baseline weight and 
regional body fat distribution, the duration and intensity of 
exercise training, and the presence or absence of concomitant 
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weight loss. It is possible that the obese men in our study would 
have had greater improvements in HDL-C concentrations if 
they had either exercised more vigorously for a longer period or 
lost a significant amount of weight. 

A number of physiological mechanisms might be responsible 
for the blunted HDL-C response to exercise training in obese 
men. Obesity, particularly visceral obesity, is associated with 
increased free fatty acid (FFA) concentrations, which are 
associated with adverse effects on glucose and lipoprotein 
metabolism, including the development of insulin resistance, 
increased production of TG-rich very-low-density lipoproteins, 
and a reduction in HDL particlesY Although FFA concentra- 
tions were not measured in these subjects, previous studies in 
our laboratory demonstrated an inverse association between the 
suppression of plasma FFA levels during a euglycemic- 
hyperinsulinemic clamp and measures of total obesity and 
WHR. 28 Other investigators also report adverse effects of 
obesity and abdominal body fat distribution on FFA kinetic 
responses to exercise. 29 However, no study examined these 
relationships in lean and obese subjects. Whether abnormalities 
in FFA metabolism associated with abdominal obesity and 
insulin resistance can account for the blunted HDL-C response 
to exercise training in obese subjects in the present study 
remains to be determined. 

In conclusion, these results suggest that endurance exercise 
training without concomitant weight loss increases HDL-C 
levels in lean and moderately obese middle-aged and older men, 
but not in obese men. Although exercise training did not 
significantly increase HDL-C concentrations in obese men, it 
did decrease TG, LDL-C, and total cholesterol levels. Thus, 
obese men achieve other lipid benefits from exercise training, 
despite a lack of improvement in HDL-C levels. Therefore, public 
health policy to reduce the risk for CAD in obese middle-aged and 
older individuals should more strongly emphasize the importance of 
endurance exercise training in combination with weight loss. 
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