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To assess whether baseline plasma high-density lipoprotein (HDL) cholesterol levels affected the HDL response to weight loss, 
we examined lipoprotein changes in overweight men aged 30 to 59 years who were randomized to lose weight by exercise 
training (primarily running, n = 46) or by caloric restriction (ie, dieting, n = 42) or to remain sedentary, nondieting controls 
(n = 42) in a l-year study. In exercisers, absolute increases in HDL (mg/dL) were greatest in men with normal-to-high baseline 

HDL and least in men with low baseline HDL. Specifically, when divided into groups of low (537 mg/dL), intermediate (38 to 47 
mg IdL), and normal-to-high HDL cholesterol (248 mg/dL) at baseline, the exercisers increased HDL cholesterol by 2.3 2 1.9, 
4.9 f 1.1, and 7.0 * 1.3 mg/dL, respectively; HDLz cholesterol by 0.8 f 1.6,2.3 f 1.2, and 5.1 + 1.3 mg/dL; and HDL2 mass by 
2.8 + 5.1,9.5 -C 8.9, and 31.7 2 11.0 mg/dL. Relative increases in HDL cholesterol were more similar in the low (7.1% 2 S.l%), 

intermediate (12.4% f 3.9%). and normal-to-high men (13.2% 2 4.0%). Regression analyses were performed to assess 
whether baseline HDL cholesterol was related to the amount of absolute HDL change per unit of weight loss. In exercisers, the 

increase in HDL3 cholesterol concentrations was significantly greater in men with low HDL than in those with normal-to-high 
HDL at entry (2.0 f 0.8 v 0.2 2 0.8 mg/dL per kg/m2 lost). In contrast, the increase in HDL2 cholesterol was nearly four times 
greater in men with normal-to-high HDL than in those with low HDL at entry (3.7 ? 0.7 Y 1.0 & 0.7 mg/dL per kg/m* lost). In 

dieters, weight loss significantly increased HDL cholesterol, HDL2 cholesterol, and HDL2 mass after 1 year, but the absolute 
increases were unrelated to baseline HDL cholesterol level. Thus, exercise-induced weight loss but not diet-induced weight loss 
affects HDL cholesterol concentrations in men differentlv depending on their entry level. . 
Copyright 61 1994 by W.B. Saunders Company 
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OW PLASMA CONCENTRATIONS of high-density 
lipoprotein (HDL) cholesterol are associated with 

increased risk of coronary heart disease (CHD) in men.1,2 
HDL cholesterol includes two major subfractions, HDL. 

and HDL?. The HDL: subfraction has a higher cholesterol 
content and is of lesser density than HDL+ Elevated 

concentrations of either subfraction may provide protection 
from CHD.’ The National Cholesterol Education Program 
has identified low HDL cholesterol (135 mg/dL) as an 

important CHD risk factor? Hygienic measures have been 
suggested for increasing HDL levels, yet it remains to be 

determined whether such measures will be effective in the 
very population that most needs the increase. 

We have previously shown that weight loss through 
cxerzise or through dieting produces favorable changes in 
HDL cholesterol and HDL, concentrations.J,5 Metabolic, 
beh:,vioral, or genetic factors that produce low baseline 

HDL cholesterol could affect the HDL response to weight 
10~. This report extends our original findings by consider- 

ing the influence of baseline HDL cholesterol levels on the 
HDI. response to weight loss in 130 men who participated 
in a l-year controlled trial of weight loss by increased 

exercise alone or by caloric restriction (dieting) alone 
without change in diet composition.4J Our objective is to 
ashess whether weight loss by exercise or by dieting is as 
efl’cctivc at increasing HDL in men with low HDL as in men 
with higher HDL cholesterol. Characterizing men by initial 
HLJL. status may also reveal differences in the effects of 
weight loss by exercise or by dieting. 

SUBJECTS AND METHODS 

Suqle nnd Experirnentul Design 

Dais were obtained from a randomized. controlled clinical trial 

of exercise and weight loss in sedentary middle-aged men who were 

nonsmokers. not taking medication that might affect lipid metabo- 
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lism or blood pressure, normotensive, and normolipidemic.J The 

men were aged 30 to 59 years and were 20% to 60% over 

Metropolitan ideal weight. They were assigned at random to one of 

the following three experimental conditions: control (no change in 

diet or exercise); exercise (supervised physical activity. primarily 

brisk walking and running, with no change in diet): and calorie 

restriction (ie, dieting without increased exercise). The exercisers 

were asked to begin calisthenics and to walk. jog. or run for 25 

minutes three times per week at 60 O/c to 805 of maximal heart rate. 

We recommended that the periods of continuous jogging be 

increased to 40 to SO minutes 4 days or more per week. The dieters 

were given individual prescriptions designed to reduce total body 

fat by one third over a 9-month period, assuming that a 7.762-kcal 

reduction in energy intake would produce a l-kg fat loss.’ The 

dieters met regularly with a nutritionist. either individually or as a 

group, for instructions on dieting and reinforcement of hehavioral 

strategies. The training staff were unaware of the participants’ 
HDL levels. The participants were therefore prescribed the same 

dietary intervention and training assistance, without regard to their 

initial HDL levels. Making changes in dietary composition was 

discouraged in all groups. During a tinal h-week stabilization 

period, the dieters adjusted food intake and the exercisers adiusted 

exercise level to keep weight stable.’ 
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Laboratory Procedures 

At baseline and 1 year, the men reported to our clinic in the 
morning after having abstained for 12 to 16 hours from all food and 
any vigorous activity. Weight and height were determined in light 
clothing without shoes on a standard beam balance. Two separate 
measurements of HDL cholesterol levels were obtained from 
plasma drawn at the baseline visit. The first HDL cholesterol level 
was determined in our laboratory by dextran sulfate-magnesium 
precipitation followed by enzymatic determination of choles- 
fero16,’ This measurement was consistently in a state of control, as 
monitored by the Lipid Standardization Program of the Centers for 
Disease Control and the National Heart, Lung, and Blood Insti- 
tutes. Plasma HDL cholesterol, HDLa cholesterol, and HDLJ 
cholesterol concentrations were also determined at the University 
of Washington by enzymatic methods following precipitation by 
dextran sulfate-magnesium. 6s Reference samples were used to 
ensure that HDLr cholesterol measurements had a coefficient of 
variation less than 7.7% and that HDL3 cholesterol measurements 
had a coefficient of variation less than 4.4%. Plasma HDLz and 
HDLs total mass concentrations were determined by analytic 
ultracentrifugation.’ The reproducibility of lipoprotein mass con- 
centrations as determined by measurements within individuals at 
different visits shows that repeated measurements of HDLz mass 
and HDLs mass are correlated at r = .78 and r = .75, respectively.‘” 
Dietary nutrient intakes were estimated by computer analysis of 
food records maintained by the participants over a 7-day diet 
period.” Body mass index was calculated as a person’s weight (kg) 
divided by the square of their height fm). Self-reported physical 
activity level was estimated from a 7-day physical activity question- 
naire.‘* Additionally, the runners recorded exercise durations and 
frequencies in diaries. The entries were verified by the training 
staff. 

Statistical Analyses 

We used regression analyses to test whether baseline HDL 
cholesterol levels are related to the HDL response to weight loss by 
exercise or by dieting. A regression line was drawn for the l-year 
change in HDL (the dependent variable, plotted along the y-axis) 
versus baseline HDL (the independent variable, plotted along the 
x-axis) in exercisers, dieters, and controls separately. The differ- 
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ence between the exercisers’ and controls’ or between the dieters’ 
and controls’ regression lines represents the effect of the interven- 
tion for a given baseline value of HDL cholesterol. If the two 
regression lines are parallel, then the effect of the intervention on 
HDL is constant for all baseline concentrations. If the slopes of the 
regression lines are significantly different from each other, then the 
intervention effect depends on baseline HDL cholesterol concen- 
trations. Separate baseline HDL cholesterol measurements were 
used for the independent variable (Stanford measurement) and for 
calculating the change in HDL cholesterol between baseline and 1 
year (Universi~ of Washington measurement), thereby minimizing 
the effect of regression to the mean (see Discussion). 

We also used t tests to test for differences in changes between 
exercisers, dieters, and controls when the data were stratified by 
their entry plasma HDL cholesterol concentration. Again, to 
minimize the effects of regression to the mean, we used separate 
HDL cholesterol measurements for stratifying the sample and for 
computing the HDLchange from baseline to 1 year. The cut-points 
were chosen before analysis. The low group in this sample of 
overweight men was defined by the lowest HDL quartile, between 
24 and 37 mg/dL, the intermediate group was defined by the 
interquartile range of HDL, between 38 and 47 mg/dL; and the 
normal-to-high HDL group was defined by the highest HDL 
quartile. between 48 and 78 mg/dL. We chose the upper and lower 
quartiles because they provide a wide separation between the high 
and low group while maintaining adequate sample size for param- 
eter estimation. Regression analyses were used to test whether 
entry HDL cholesterol levels affected the HDL response to weight 
loss. All significance levels are two-tailed. 

RESULTS 

Table 1 displays baseline characteristics for men with 
low, intermediate, and normal-to-high HDL cholesterol. At 
baseline, entry HDL cholesterol correlated negatively with 
plasma triglyceride concentrations and carbohydrate intake 
and positiveIy with alcohol intake. Tables 2 and 3 show that 
the intakes of alcohol, carbohydrate, and fat showed little 
mean change during the trial and were unrelated to 
baseline HDL choiesterol, except for fat intake in controls. 

table 1. Baseline Characteristics for Men With Normal-to-High, Intermediate, and Low HDL Cholesterol Concentrations 

Correlation With 

Baseline HDL 

HDL Cholesterol (mg/dL) Cholesterol 

Intermediate Normal-to-High All 

Low ( s 37) (38.47) (248) (24.78) 

LDL cholesterol (mg/dLl 32.5 r?: 34 3.6”t 40.3 62 + 3.9t 52.3 34 lr 7.8 130 .94* 

HDL2 cholesterol (mg/dLl 3.4 E!Z 19*t 5.5 2 2.5t 11.9 i- 5.4 .82$ 

HDL3 cholesterol lmg/dLl 29.1 i 2.9*t 34.8 A 3.7t 40.4 + 4.4 .82$ 

HDLz mass (mg/dU 7.4 z!z 8.4V 19.0 + 14.5t 52.2 t 31.1 .80$ 

HDLJ mass (mQ/dL) 182.9 * 31.6*t 211.5 2 25.4t 243.9 t 36.1 .67$ 

Triglycerides (mg/dC) 165.0 t 63.8t 138.0 + 66.7t 88.5 2 42.7 -.41* 

Alcohol intake (% of total calories) 6.0 rt 6.5 5.7 + 5.6 7.4 5 7.6 .17f 

Carbohydrate intake (% of total calories) 39.2 ZV. 8.4t 38.1 + 6.2t 37.0 + 7.4 -.21* 

Fat intake (K of total calories) 39.1 i 6.2 40.4 -t 5.0 40.0 2 6.2 .ll 

Body mass index (kg/mz) 29.6 + 1.9 29.7 i. 2.3t 28.6 2 2.3 -.16 

Reported physical activity (kcal/kg/d) 35.8 2 3.6 34.6 -t 2.5 34.5 + 1.6 -.13 

NOTE. Results are the mean r SD. Divide by 38.6 to convert cholesterol from mg/dL to mmol/L and by 88.5 to convert triglycerides from mQ/dk. to 
mmol/L. 

*Significantly different from intermediate at P I .05. 

tsignificantly different from high at P I .05. 

*Correlated significantly with baseline HDL cholesterol at P c .05. 
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Table 2. Intervention Effects in Men With Normal-to-High, 

Intermediate, and Low HDL Cholesterol Concentrations 

HDL Cholesterol (mg/dL) 

LOW Intermediate Normal-to-High 

(<37) (38.471 (2481 

Assigned to exercise (%) 38.2 33.9 35.3 

Assigned to diet (%) 23.5 32.3 41.2 

Assigned to control I%) 38.2 33.9 23.5 

Distance run (exercisers) 6.9 f 4.6 10.3 + 5.9 11.6 &I 5.5 

Xaloriesid (dieters) -273 ?z 366 -370 -c 406 -338 -c 571 

Wercent alcohol intake* 

ixercisers 0.2 -t 3.0 0.9 2 3.3 - 1.2 -c 3.3 

Iieters PO.3 + 2.2 PO.5 + 4.2 PO.4 2 4.2 

Zontrols - 1.6 5 4.3 -0.3 + 4.8 0.6 -c 3.5 

IFercent carbohydrate+ 

Exercisers 2.3 2 6.0 0.3 + 5.2 2.3 + 6.6 

IIieters 1.5 + 3.7 1.7 + 6.4 1.3 + 7.6 

I:ontrols -2.5 + 5.9 -0.8 + 4.9 1.0 + 3.2 

APercent fat* 

lixercisers -1.6 + 6.2 -2.4 + 4.4 -0.9 ? 6.3 

Dieters ~2.5 ? 6.3 -2.2 ? 5.4 -1.6 f 8.1 

Controls 4.1 ? 3.6t 1.3 f 6.7 -1.5 + 5.1 

1Bsdy mass index 

Exercisers -1.1 + 1.3 -1.2 t 1.3 -1.5 + 1.1 

Ilieters -2.0 + 0.8 ~2.4 _t 1.1 -2.3 ? 1.6 

(:ontrols 0.5 5 1.0 0.0 * 1.5 0.1 + 0.7 
- 

N’ITE. Results are the mean t SD. 

*Significantly different from intermediate at P 5 .05. 

tbignificantly different from high at P 5 .05. 

rExpressed as the percent of total calories. 

25 
AHDL-cholesterol Al 

20 
AHDL@holesterol OB 

Dis:ances subsequently run during the trial correlated 
significantly and positively with baseline HDL cholesterol 
(I = 34. P = .02), even when adjusted for baseline body 
mass index (r = 32, P = .03). ’ I I 

Figure 1 displays the changes in HDL in exercisers and 

scdcntary controls by their baseline HDL cholesterol levels. 
The difference between the regression lines for the exercis- 

125 
- AHDLg-mass 

100- p=O.O06 l 

Table 3. Correlation Between Baseline HDL Cholesterol and 

Intervention Effects 
__- 

Distance run (exercisers) .34* 

Kaloriesid (dieters) -.06 

APercent alcohol intaket 

Exercisers -.18 

Dieters .06 

Controls .07 

APercent carbohydratet 

Exercisers .I1 

Dieters .I3 

Controls .23 

IPercent fatt 

Exercisers .Ol 

Dieters p.19 

Controls -.31 

ABody mass index 

Exercisers p.26 

Dieters -.14 

Controls -.13 

*Correlated significantly with baseline HDL cholesterol atf c .05. 

tExpressed as the percent of total calories. 

20 30 40 50 60 70 80 
Baseline HDL-cholesterol (mg/dl) 

Fig 1. Relationship between baseline HDL cholesterol levels and 
l-year change in (A) HDL cholesterol, (6) HDL, cholesterol, and (C) 
HDL2 mass in (0) exercisers and (*) controls. Significance levels are 
given for the difference in the regression slopes. Independent HDL 
cholesterol measurements are used for baseline HDL and AHDL. 
Baseline HDL cholesterol was not significantly related to changes in 
the exercisers’ HDL3 cholesterol (pE - PC = -0.01 f 0.08, P = .88) and 
HDL( mass (BE - Bc = 0.11 + 0.67. P = .88: results not displayed). 
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ers and controls becomes larger as the baseline HDL 
cholesterol is increased. The positive difference between 
the regression line slopes of the exercisers (BE) and controls 
(PC) is significant (BE - Bc = 0.26 4 0.10, P = .02), suggest- 
ing that the increase in HDL cholesterol is significantly 
greater for exercisers with initially higher HDL cholesterol. 
Baseline HDL cholesterol is also related to the increase in 
the exercisers’ HDL cholesterol (BE - PC = 0.27 ? 0.07, 
P = .OOOS) andHDhmass(Br - PC = 1.4 2 0.5,P = ,006). 
The results remain significant when adjusted for any changes 
in nutrient intake. Baseline HDL cholesterol was not 
significantly related to changes in the exercisers’ HDL3 
cholesterol (BE - Bc = -0.01 2 0.08, P = .88) and HDL3 
mass (BE - PC = 0.11 ? 0.67, P = .88; results not dis- 
played). 

HDL2 mass were significantly greater in the normal-to-high 
HDL men than in the low HDL men. 

Weight Loss Versus HDL Change in Exercisers 

Regression analyses were used to examine whether entry 
HDL cholesterol levels affected the amount of HDL change 
per unit of weight loss in the exercisers. Separate regression 
lines were fitted to the low, intermediate, and normal-to- 
high exercisers for changes in HDL (dependent variable, 
plotted along the y-axis) versus change in body mass index 
(independent variable, plotted along the x-axis). Negative 
regression slopes signify that a decrease in body mass index 
was associated with an increase in HDL. 

Table 4 describes these changes in HDL in exercisers and 
controls when the men are divided into groups defined by 
low, intermediate, and normal-to-high entry HDL choles- 
terol concentrations. In each case, the difference between 
exercisers and controls (column 4) represents the treatment 
effect. Exercise-induced weight loss significantly increased 
total HDL cholesterol and the percent increase in HDL 
cholesterol in the intermediate and normal-to-high men. 
Plasma HDL2 cholesterol and HDL2 mass concentrations 
increased significantly in the normal-to-high exercisers 
only. The exercisers’ increases in HDL2 cholesterol and 

Figure 2 displays the regression lines for changes in HDL 
versus changes in body mass index for low and normal-to- 
high HDL men. Significance levels in the figure are for the 
difference between slopes. Significance levels in the text 
below are for the individual regression slopes. Per unit of 
weight loss (kg/m?), the increase in HDL cholesterol was 
the same in the low and normal-to-high HDL men. The 
regression slopes were as follows: low B = -3.0 ? 0.8 
mg/dL per Akg/m2 (P < .OOl), intermediate p = -2.4 ? 
0.7 mg/dL per Akg/m2 (P < .OOl), and normal-to-high p = 
-3.9 +- 0.8 mg/dL per Akg/m2 (P < .OOl). 

Although there were no differences in the change in 
HDL cholesterol per kilogram of weight loss in the interme- 

Table 4. One-Year Change in HDL Cholesterol and HDL Subfractions in Men With Low (237 mg/dL), Intermediate (38-47 mg/dL), and 

Normal-to-High (248 mg/dL) HDL Cholesterol at Baseline 

Exercisers 
(mean e SD) 

Dieters 
(mean ? SD) 

Controls 
(mean f SD) 

Exercisers - Controls 
(difference k SE) 

Dieters - Controls 
(difference k SE) 

AHDL cholesterol (mg/dL) 

Low 

Intermediate 

Normal-to-high 

AHDL* cholesterol (mg/dL)S 

Low 

Intermediate 

Normal-to-high 

AHDL3 cholesterol (mg/dL)S 

Low 

Intermediate 

Normal-to-high 

AHDL, mass (mg/dL) 

Low 

Intermediate 

Normal-to-high 

AHDL, mass (mg/dL) 

Low 

Intermediate 

Normal-to-high 

A%HDL cholesterol 

Low 

Intermediate 

Normal-to-high 

2.9 r 5.6 

3.2 + 5.2 

7.2 k 6.1 

6.6 + 8.3 

3.6 + 5.8 

4.8 -t 5.5 

0.6 k 3.8 

-1.7 r 4.7 

0.1 + 3.9 

2.3 ? 1.9 

4.9 5 1.1* 

7.0 + 1.3x 

6.0 2 3.1” 

5.3 2 1.3’ 

4.7 2 2.3* 

0.2 k 2.7 

0.3 f 3.1 

0.4 2 3.1 

0.8 2 1.6 

2.3 k 1.2 

5.1 + 1.3V 

2.5 c 1.7 

1.5 2 1.1 

3.8 t 1.2* 

1.0 + 2.9 

2.6 -+ 4.7 

5.5 k 5.5 

2.8 k 2.8 

1.8 + 3.8 

4.1 2 4.6 

0.4 + 2.9 

-2.0 2 2.9 

-0.3 k 2.8 

1.5 k 2.2 

2.7 + 1.9 

1.9 + 1.7 

3.5 + 2.0 

3.8 + l.J* 

0.9 f 1.5 

1.9 + 3.5 

0.7 k 5.3 

1.7 2 4.6 

3.9 t 6.0 

1 .a + 4.3 

0.6 2 4.3 

2.3 + 7.9 

5.9 -t 30.8 

-5.2 2 11 .J 

2.8 k 5.1 

9.5 + 8.9 

31.7 + Il.O*t 

11.5 2 6.2 

8.2 2 9.5 

20.9 + 7.4* 

5.1 r 16.8 

15.5 + 26.4 

26.5 k 35.4 

13.7 5 16.5 

14.1 + 28.2 

15.7 -t 22.7 

-22.6 i 30.3 

-12.2 f 33.1 

-21.4 + 33.7 

28.9 k ll.l* 
6.1 + 9.9 

23.3 k 16.1 

42.5 + 12.4* 

7.2 k 10.8 

23.7 2 14.6 

6.3 t 26.0 

-6.1 2 31.1 

1.9 -t 37.6 

19.9 k 25.7 

-5.0 * 34.3 

2.3 -t 31.8 

9.4 -c 18.0 

8.2 + 12.9 

13.6 + 11.2 

20.5 k 24.1 

9.3 * 14.1 

9.4 I 11.5 

2.3 k 12.6 

-4.2 -t 12.1 

0.4 + 6.7 

7.1 k 6.1 

12.4 + 3.9* 

13.2 + 4.0* 

18.2 + 9.2* 

13.5 k 4.2* 

9.0 + 3.9* 

NOTE. The samples sizes are as follows: 13 exercisers, eight dieters, and 13 controls in the low HDL group; 21 exercisers, 20 dieters, and 21 

controls in the intermediate HDL group; and 12 exercisers, 14 dieters, and eight controls in the normal-to-high HDL group. 

*Significantly different from controls at P < .05. 

tThe exercise minus control group difference is significantly greater in the normal-to-high men than in the low men at P 5 .05. 

*Divide by 38.6 to convert cholesterol from mg/dL to mmol/L. 
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AHDL-cholesterol 

AHDL2-mass 
p=o.o03 

I 

-50 i I I I I I c 

-4 -3 -2 -1 0 1 2 
A Body mass index (kg/m*) 

1 
-IO-+ 

201 
0 AHDL,-cholesterol 

q 

IO h a 

_ A 

p=o.o004 

q 

. - - + Low baseline HDL-C 
- UNormal-to-high 

baseline HDL-C 

-4 -3 -2 -1 0 1 2 
A Body mass index (kg/m*) 

Fig 2. Effects of weight loss (body mass index) on HDL cholesterol, HDL, cholesterol, HDL, cholesterol, and HDLI mass in exercisers with (+) 
initially low and (0) normal-to-high HDL. Significance levels are given for the difference in the regression slopes between the exercisers with low 
and normal-to-high HDL at entry. The regression slopes for exercisers with intermediate HDL at entry fell between the low and the normal-to-high 

HDL men (not displayed, see text). 

diate-to-high versus low HDL men, there were significant 
differences for changes in HDL subfractions. The increase 

in HDL3 cholesterol was significantly greater in the low 

HDL men (p = -2.0 t 0.8 mg/dL per Akg/m’, P = .02) 
thar, in the normal-to-high HDL men (6 = -0.2 ? 0.8 
mg/dL per Akg/m’, P = .78). In contrast, the increase in 
HDL2 cholesterol was nearly four times greater in the 
normal-to-high HDL men (p = -3.7 2 0.7 mg/dL per 
Akg,‘m’, P = .OOOl) as in the low HDL men (p = - 1.0 c 0.7 
mg/dL per Akg/m’, P = .1.5). The increase in HDL2 mass 
per Kilogram lost was more than four times greater in the 
normal-to-high HDL men (p = -19.6 ? 4.1 mg/dL per 
Ahg, m3, P = .OOOl) than in the low HDL men 
(p = -4.5 2 4.2 mg/dL per Akg/m’. P = .29). Men with 
intermediate HDL had regression slopes that fell between 
the high and low HDL men for HDL3 cholesterol 
(p = -0.7 + 0.7 mg/dL per Akg/m2, P = .28), HDL? choles- 
terol (p = - 1.7 4 0.6 mg/dL per Akg/m?, P = .004), and 

HDLl mass (p = -9.7 + 3.4, P = ,007). There were no 

significant associations between changes in body mass index 
and plasma HDLj mass concentrations in men with low, 

intermediate, or normal-to-high HDL at entry. 

Weight Loss ky Dieting 

Figure 3 displays the l-year change in HDL cholesterol in 
dieters by baseline HDL cholesterol. Dieters and controls 
are represented by the two parallel lines; there is no 
difference in the regression slopes of the dieters (pn) and 
controls (pn-& = 0.03 I? 0.12, P = .X4). Thus, changes in 
the dieters’ HDL cholesterol appear to bc independent of 
entry HDL cholesterol levels. There were also no significant 
differences between the dieters’ and controls’ regression 
slopes for HDL? cholesterol, HDLi cholesterol, HDLz 
mass, HDL3 mass, or A%HDL cholesterol (analyses not 
displayed). Although changes in HDL cholesterol, HDLl 
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20 30 40 50 60 70 80 
Baseline HDL-cholesterol(mg/dl) 

Fig 3. Relationship between baseline HDL cholesterol levels and 
l-year change in HDL cholesterol in (0) dieters and (+) controls. 
Significance level is given for the difference in the regression slopes. 
Independent HDL cholesterol measurements are used for baseline 
HDL and AHDL. 

cholesterol, and HDL2 mass were all significantly associ- 
ated with changes in weight,4 the increase was not signifi- 
cantly different in men with low, intermediate, or normal-to- 
high entry HDL cholesterol (analyses not displayed). 

DISCUSSION 

This report has assessed the differential effects on HDL 
concentrations of weight loss by exercise (primarily run- 
ning) and by dieting, according to initial HDL cholesterol 
levels in 130 men who participated in a l-year randomized 
clinical trial.4 In exercisers, regression analyses suggest that 
the exercise-induced increases in absolute levels (mg/dL) 
of HDL cholesterol, HDL;! cholesterol, and HDL mass 
were greatest in the men with the highest entry HDL 
cholesterol (Fig 1). These results were further supported 
when the exercisers were then stratified into three groups 
by their plasma HDL cholesterol concentrations at entry, 
ie, a low group consisting of the lowest HDL quartile, an 
intermediate group consisting of the interquartile range, 
and a normal-to-high group consisting of the highest HDL 
quartile. Increases in HDL2 cholesterol and HDL2 mass in 
the exercise group were signi~cantly greater in the initially 
normal-to-high HDL men than in the low HDL men (Table 

4). 
We also examined the relationship between HDL change 

and weight loss within each stratum. Figure 2 shows that in 
exercisers per kilogram/meter* of weight loss, the increase 
in HDL cholesterol was similar in the normal-to-high and 
low HDL men. However, the increase involved HDL, in the 
low group and HDL? in the normal-to-high group. As 
compared with low HDL men, increases in HDLz choles- 
terol and HDL, mass were fourfold greater in the normal- 
to-high HDL men per kilogram of weight loss. 

In contrast to exercisers, the increases in the dieters’ 
HDL cholesterol, HDLl cholesterol, and HDL mass con- 
centrations were unrelated to their entry HDL cholesterol 
(Fig 3). When HDL response to weight loss was examined 
by regression analyses, the changes in HDL cholesterol, 
HDLz cholesterol, and HDL2 mass per kilogram/meter” of 
weight loss were the same regardless of entry HDL choles- 
terol. Baseline HDL cholesterol did not predict compliance 
to a reduced-calorie diet. 

Regression to the mean occurs when measurement error 
induces a negative correlation between a baseline measure- 
ment and the difference between the baseline and fol- 
low-up measurement. We have attempted to minimize the 
effects of regression to the mean by using different baseline 
HDL cholesterol measurements for the independent (pre- 
dictor) variable and for the calculation of HDL change (the 
dependent variable). Baseline HDL cholesterol measure- 
ments were assayed at different laboratories from plasma 
samples collected at the same baseline visit. Although an 
inverse correlation between the dependent and predictor 
variables is unlikely to emanate from laboratory measure- 
ment error, one could arise from measurement error from 
biological variation (ie, variation between clinic visits). 
Figure I, however, shows that the controls’ regression slope 
is essentially flat for the change in HDL cholesterol versus 
baseline HDL. 

Etiology 

The etiology of the low HDL in these men is in fact not 
known. Consistent with other reports,13-15 we found that low 
baseline levels of HDL cholesterol were related to higher 
plasma triglycerides and greater carbohydrate ~nsumption 
when compared with those in ovemeight men with normal- 
to-high baseline levels. Adjustment for these baseline 
factors did not eliminate the influence of initial I-IDL 
cholesterol concentrations on the HDL response to exer- 
cise. HDL cholesterol levels may be in part genetically 
determined.lhJ7 Hasstedt et alI* report that a dominant 
major gene may cause low HDL cholesterol in some 
individuals. Perova et alI9 report that incubation with 
cholesterol-loaded fibroblasts produced increases in HDLlh 
in normolipidemic sera, but not in hypoalphacholesterol- 
emit sera. When incubated with hepatoma cell, HDLzb 
decreased in normolipidemic sera and increased in hypoal- 
phacholesterolemic sera. These differences may reflect 
defective HDLzb in low HDL men.19 Genetic deficiencies in 
factors that regulate HDL (eg, hepatic or lipoprotein lipase 
activity, lecithin cholesterol acyltransferase, cholesterol- 
ester transfer activity) or structural defects in the HDL 
particles themselves might limit the HDL response to 
exercise-induced weight loss in men with low HDL. HOW- 
ever, to be consistent with our data, these deficiencies must 
somehow affect the HDL response to weight loss by 
exercise (Fig 1) without affecting the HDL response to 
diet-induced weight loss (Fig 3). 

The low HDL exercisers in this trial also ran less total 
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distances and lost somewhat less weight than the high HDL 
men, and this may account in part for their smaller 
increases in HDL. This is the second study from our group 
to show that baseline HDL cholesterol levels in sedentary 
men predicted weekly distance run during exercise train- 
tng.“’ Higher HDL. cholesterol fevels at baseline may be a 
marker for men genetically endowed with muscle fiber 
ryFes that make running easier and thereby facilitate weight 
Ios~.?~ Specificalfy, the association between the initial HDL 
chofesterof fcvefs at baseline and the distance run during 
I he study may be due to (1) a greater ease of adopting 
flung-distance running in men with a higher proportion of 
slow-twitch red muscle fibers”.? (2) a higher concentration 
of lipoprotein fipase activity in slow-twitch red muscle 
fib&“: (3) a positive correlation between baseline HDL 
chc fester01 concentrations and baseline postheparin lipopro- 
twin lipasc activity (which includes both adipose and muscle 
tissue fipasc activity).zs,z6 Thus, baseline HDL cholesterol 
ma:/ predict compliance to weight loss by exercise. The 
incr-eases in I-IDI. cholesterol during the trial may be due to 
incl eased adipose tissue lipoprotein lipase activity,27 de- 
cre;rscd hepatic fipase activity,?” decreased plasma free 
f:itty acid fevels,‘“~3” or decreased cholesteryi ester- 
trigyccride cxchangc.31 To our knowledge, muscle fiber 
composition is unlikely to affect the ease of restricting 

caloric intake and therefore should 
response to diet-induced weight loss. 

Summary 

923 

not atfect the HDL 

Our results suggest that exercise-induced weight loss but 
not diet-induced weight loss affects HDL cholesterol con- 
centrations in men differently depending on their entry 
fevef. Although all participants received the same intcrvcn- 
tion without regard to their initial HDL, the adherence to 
the prescribed training regimen in the exercise group 
appeared to be affected by the exercisers’ baseline HDL 
cholesterol levels. The hygienic treatment of low HDL by 
diet-induced weight loss provides an alternative for men 
who may not be able to increase HDL cholesterol through 
exercise alone. 
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