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Relation of weight loss to changes in serum lipids and
lipoproteins in obese women13

Ross E Andersen, Thomas A Wadden, Susan J Bartlett, Ren#{233}eA Vogt, and Rut/i S Weinstock

ABSTRACT Several reports have suggested that modest

weight losses, as little as 10% of initial weight, are sufficient to

control many of the health complications of obesity. This study

examined the relation between changes in weight and those in

serum lipids and lipoproteins in obese women who participated in

a 48-wk weight-reduction study. Subjects were 66 obese women

who were prescribed a 3870-lU (925-kcal)/d diet for the first 16 wk

and a balanced-deficit diet of 5029-6279 kJ (1200-1500 kcal)/d

thereafter. Anthropometric measures were assessed at baseline and

weeks 8, 24, and 48, as were serum tniacylglycerols (triglycerides),

total cholesterol, and low-density-lipoprotein- and high-density-

lipoprotein-cholesterol concentrations. Weight decreased 11.1%

during the first 8 wk, during which time tniacylglycerols and total

cholesterol fell 22.7% and 15.7%, respectively. Subjects lost an

additional 4.7 kg (equal to a total reduction of 16.4%) between

weeks 8 and 24 but tniacybglycerols and total and low-density-

lipoprotein cholesterol increased by 5.2%, 4.2%, and 4.5%, respec-

tively during this time. Multiple-regression analyses showed that at

no time did weight loss account for > 6% of the variance in the

reductions in triacylglycerol and cholesterol concentrations. These

findings indicate that modest weight losses are associated with

significant improvements in serum lipids, but that factors including

the energy and macronutnient content of the diet prescribed con-

tribute significantly to the improvements observed. Am J Clin

Nutr i995;62:350-7.
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INTRODUCTION

Several investigators have suggested that reductions in initial

weight of as little as 10% are sufficient to ameliorate common

complications of obesity, including hypercholesterolemia, hy-

pertension, and diabetes (1). Kaplan et al (2), for example,

reported that a weight loss of only 3.0 kg was associated with

reductions in total serum cholesterol of 0.38 mmol/L in non-

insulin-dependent diabetics who consumed a diet that derived

50% of energy from carbohydrate, 30% from protein, and 20%

from fat. These subjects had a mean initial age of 54 y, weight

of 88.6 kg, and total cholesterol of 5.16 mmol/L. Schuler Ct al

(3) observed similarly that a 3.3% decrease in the body mass

index (BMI; in kg/m2) was associated with a 24% reduction in

total cholesterol, which fell from 6.05 to 4.62 mmol/L. These

subjects had a mean initial age of 53 y and a BMI of 26.7.

These subjects followed the American Heart Association’s

phase 3 low-fat, low-cholesterol diet. Findings such as these

have led to the recommendation that significantly obese pa-

tients seek only modest weight losses to improve their health

rather than the larger and seemingly unobtainable reductions

often required to achieve ideal weight (4).

The relation, however, between changes in body weight and

health outcomes are poorly understood. It is not clean whether

improvements in lipid profiles are related to weight loss or to

the energy restriction and changes in macronutrient intake that

accompany dieting. Moreover, the relations among these van-

ables may change over time. Dattillo and Knis-Etherton (5), for

example, found that short-term weight losses were associated

with reductions in high-density-lipoprotein (HDL) cholesterol

whereas long-term losses, after subjects were weight-stable,

were associated with increases in HDL.

The present study investigated changes in lipid and lipopro-

tein values in obese women who were treated by diet and

exercise for 48 wk. We wanted to assess the relation between

changes in weight and serum lipids during an initial period of

marked energy restriction and then later when subjects had

stopped dieting and were weight-stable.

SUBJECTS AND METHODS

Subjects

Subjects were 66 women with a mean age of 43.6 y, weight

of 94.7 kg, height of 161.9 cm, and BMI of 36.2, who re-

sponded to announcements in local newspapers. All partici-

pants completed a physical examination and history, a stress

test, and an initial interview to assess psychological status (6).

Persons taking any medications known to affect weight, appe-

tite, or energy expenditure were excluded, as were those who

were receiving psychotherapy or who had any significant con-

traindications to treatment with a low-energy diet (6, 7). Sub-
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jects were not selected on the basis of their baseline lipid

concentrations; none took lipid-lowering medications. The

study was approved by the Internal Review Board of Syracuse

University.

Procedures

Subjects were randomly assigned to one of four conditions:

I) diet alone, 2) diet plus aerobic training, 3) diet plus strength

training, or 4) diet plus aerobic and strength training (ie,

combined training). All subjects attended weekly 90-mm group

treatment sessions (of eight or nine participants) for the first 26

wk and biweekly sessions for an additional 22 wk. Sessions

were led by clinical psychologists following a modified version

of a weight-loss program that provides instruction in the mod-

ification of eating and exercise habits (8). The efficacy of the

program was demonstrated in both research (9) and clinical

settings (10).

Diet

Participants were encouraged to maintain their normal di-

etany intake during an initial baseline week. During weeks

2-17 they were prescribed a diet of ‘�‘3879 kJ (925 kcal)/d that

consisted of four servings daily of a liquid meal replacement

combined with a shelf-stable dinner entr#{233}eand two cups of

salad. Each serving of the liquid diet provided �“627.9 kJ (150

kcal), 15 g protein, 11.2 g carbohydrate, 5 g fat, and 7.5 mg

cholesterol (Nutritional Formula; Sandoz Nutrition Co. Mm-

neapolis). The liquid diet was prepared by mixing the pow-

dened product with 240 mL water and was to be consumed at

breakfast, lunch, midaftennoon, and after dinner. Each of the

shelf-stable entr#{233}esprovided 1255 ki (300 kcal), 20 g pro-

tein, 125 g carbohydrate, 7 g fat, and < 100 mg cholesterol

(Healthy Recipes; Sandoz Nutrition Co). Subjects were given a

week’s worth of food at each weekly meeting. They consumed

all meals at home.

Beginning at week 18, subjects decreased their consumption

of the liquid diet while increasing their consumption of con-

ventional foods. The liquid diet was eliminated first at break-

fast, followed by the afternoon snack, and then lunch. This

occurred at weeks 18, 19, and 20, respectively, at which time

the prescribed daily energy intake was =4405 kJ (1053 kcal),

=4815 ki (1 150 kcal), and =5235 ki (1250 kcal), respectively.

This refeeding protocol was supervised by a registered dietitian

who co-led group sessions for 10 wk and met individually with

patients once during weeks 21-23 to help plan menus and

identify energy intake needed to achieve weight stability. Con-

sumption of shelf-stable entr#{233}eswas discontinued at week 24,

as was the evening snack of the liquid diet. From weeks 24-48

subjects were asked to consume a self-selected diet of ‘�‘6280

kJ (1500 kcal), with 12-15% of the energy derived from

protein, 55-60% from carbohydrate, and 25-30% from fat.

They were instructed to consume < 200 mg cholestenol/d.

Subjects were asked to keep daily records of their food intake,

which were reviewed at group meetings. Suggestions for im-

proving adherence were provided in the group meetings (and

occasionally in brief individual meetings) to persons not meet-

ing these goals. The validity, however, of subjects’ reports of

their food intake is unknown because we were unable to verify

them against actual intake.

Exercise conditions

In addition to their group behavioral counseling sessions, all

subjects in the diet-plus-exercise conditions (described below)

participated in three supervised exercise sessions per week (on

nonconsecutive days) for the first 26 wk and two workouts pen

week for the subsequent 22 wk.

Diet pius aerobic activity

Subjects in this condition engaged in a program of step

aerobics. Each aerobic training session was preceded by a

5-10-minute warm-up and followed by a 5-mm cool-down

period. Subjects began exercising for 12 mm at week 1 and

added 2 mm to the routine each week so that by week 14 they

performed 40 mm of actual stepping. Subjects were told to

maintain an exercise intensity of I 1-15 (moderate exertion

range) according to Bong’s rating scale of perceived exertion

(1 1). All subjects began on a 10-cm step. Those who could

exercise comfortably on either a 15- on 20-cm step did so

beginning at week 5.

Diet plus resistance training

These subjects engaged in resistance training by using cal-

isthenics and gym equipment (Universal Gym Equipment, Ce-

dan Rapids, IA). The circuit of exercises focused on training the

large muscle groups. At week I subjects were familiarized with

the equipment and at week 2 they performed one set each on

the bench press, latissimus pull-down, chest fly, shoulder press,

leg extension and curl, leg press, arm curls and extensions,

sit-ups, and back extension. Subjects performed the exercises

with a resistance that allowed them to do � 10 repetitions but

not > 14. Initial workouts lasted ‘�20 mm exclusive of 5-10-

mm warm-up and cool-down periods. From weeks 3 to 14, an

extra set of exercises was added to the routine until two sets of

each exercise were done at each workout. By the end of week

14 the subjects spent ‘�‘40 mm in resistance training. This time

was held constant between weeks 14 and 48 but resistance was

increased whenever subjects were able to perform > 14 nepe-

titions for two consecutive workouts.

Diet plus combined exercise

Subjects in the combined-training condition spent approxi-

mately the same amount of time exercising each session as did

those in the other two groups. They devoted 60% of their

time to resistance training and 40% to step aerobics. Exercise

intensity was held constant across groups.

Dependent measures

Weight and anthropometrv

Body weight was measured at each visit on a balance-beam

scale with subjects wearing light clothing and no shoes. Waist

and hip circumferences were measured according to the pro-

cedures of Calloway et al (12) at baseline and weeks 8, 24, and

48. The triceps, biceps, subscapular, supnailiac, and thigh skin-

fold thicknesses were assessed at the same times by using

Harpenden (British Indicators Ltd. St Albans, UK) skinfold

calipers according to the procedures of Lohman (13).

Lipids

Venous blood samples were drawn at baseline and weeks 8,

24, and 48 after a 12-h overnight fast and subjects’ abstinence
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from exercise for the preceding 48 h. Blood was drawn between

0730 and 1130 in the morning. The blood samples were drawn

into 10-mL evacuated tubes containing 1.5 mg NaEDTA. Plasma

was separated at 4 #{176}Cwithin 1 h of collection. Total cholesterol

and triacylglycerol (triglyceride) analyses were performed on an

Olympus (AU5000; Lake Success, NY) analyzer by using enzy-

matic procedures (14, 15). HDL was analyzed on a Synchron

(CX4; Beckman, Brea, CA) analyzer by using enzymatic proce-

dunes (14). Low-density-lipoprotein (LDL) cholesterol was calcu-

bated with the formula of Friedewald et al (16): LDL = total

cholesterol - [HDL cholesterol + (triacylgbycerols/2.18)J. Tria-

cylglycerol concentrations > 4.52 mmol/L were not used to cal-

culate LDL. (Only one subject had a baseifle triacylglycerol

concentration above this value.) Assays were conducted according

to procedures recommended by the Lipid Standardization Pro-

gram of the Centers for Disease Control and Prevention and the

National Heart, Lung, and Blood Institute (14). All instruments

remained standardized according to the Lipid Research Clinics

recommendations (14, 17).

Statistical analyses

A preliminary multiple analysis of variance (MANOVA)

showed that there were no significant differences among con-

ditions on any of the baseline variables. A subsequent analysis

of variance with repeated measures also showed that there were

no significant differences among the four conditions at any

time during treatment on changes in weight, anthropometry, or

blood lipids. Changes in weight, total cholesterol, and tniacyb-

glycerols in the four conditions are presented in Table 1.

In the absence of significant treatment differences, the data

were collapsed across conditions to examine the relation

among changes in weight, anthropometric measures, and lipids.

Table 2 presents changes in weight, BMI, and anthropometric

measures for all subjects combined (n = 66). All subjects were

assessed at baseline and week 8, 3 missed the week-24 mea-

surement, and 13 were absent from the assessment at week 48.

Seven subjects discontinued treatment because of work or time

conflicts, three developed medical problems (unrelated to the

TABLE 1

diet) that required them to drop out of treatment, two moved

during the study, and one subject became pregnant.

RESULTS

Lipids and lipoproteins

Triacylglycerols fell 0.48 mmol/L by week 8 (P < 0.001),

equal to a reduction of 22.7% (Table 3). Weight had fallen by

10.6 kg (11.1%) at this time, the sum of five skinfold thick-

nesses had decreased by 21.4%, BMI by 11.0%, and waist

circumference and waist-hip ratio by 8.4% and 2.0%, respec-

tively. Changes in all anthropometric variables were highly

significant (all P < 0.001).

Triacylglycerol concentrations did not change significantly

from weeks 8 to 24 (P < 0.35), despite the fact that subjects

lost an additional 4.7 kg during this time and the sum of

skinfold thicknesses also continued to decline (both P <

0.001). Neither tniacylglycerols nor weight changed signifi-

cantly from weeks 24 to 48.

Cholesterol

Total cholesterol decreased (P < 0.001) by 0.95 mmol/L

during the first 8 wk, equal to a decline of 15.7%. Cholesterol,

however, increased significantly (P < 0.001) by 0.28 mmollL

between weeks 8 and 24, despite subjects’ continued weight

boss during this time. Cholesterol did not change significantly

between weeks 24 and 48.

Lipoproteins

HDL cholesterol fell 0.14 mmob/L from baseline to week 8 (P

< 0.001), equal to an 8.7% decline. Between weeks 8 and 24,

HDL rebounded (P < 0.001) to within 1.5% of baseline and was

2.2% higher than baseline at week 48 (NS). LDL cholesterol fell

0.59 mmol/L from baseline to week 8 (P < 0.001). It increased

significantly (P < 0.01), however, from weeks 8 to 24, despite

subjects’ continued weight loss during this time. The ratio of total

cholesterol to HDL cholesterol improved significantly from 4.14

Changes in weight, lipids, and lipoproteins at weeks 8, 24, and 48 in subjects in four treatment conditions’

Variable Baseline Week 8 Week 24 Week 48

Weight (kg)
Diet only (n = 16) 94.3 ± 15 84.8 ± 14 81.2 ± 152 81.4 ± i62

Diet + aerobics (n = 16) 96.7 ± 12 86.5 ± 11 81.9 ± 10� 83.3 ± 122

Diet + strength (�i = 18) 97.0 ± 20 86.4 ± 14 81.7 ± 132 79.1 ± 132

Diet + combined (n = 16) 88.7 ± 13 78.9 ± 12 73.3 ± 122 73.4 ± 122

Total cholesterol (mmollL)
Diet only (�z = 16) 5.95 ± 0.86 4.94 ± 0.93 5.44 ± 1.082 4.88 ± 1.49

Diet + aerobics (n = 16) 5.63 ± 0.79 4.75 ± 0.62 4.88 ± 0.56 5.20 ± 0.70�

Diet + strength (n = 18) 5.50 ± 1.39 4.42 ± 0.88 4.67 ± 0.94 4.57 ± 0.542

Diet + combined (n = 16) 5.74 ± 1.07 4.89 ± 0.90 5.12 ± 0.96 5.28 ± 0.982

Iriacylglycerols (mmol/L)

Diet only (n = 10) 1.73 ± 0.81 1.09 ± 0.37 1.32 ± 0.612 1.27 ± 0.57

Diet + aerobics (n = 16) 1.43 ± 0.59 1.00 ± 0.38 1.00 ± 0.31 1.20 ± 0572

Diet + strength (n = 18) 1.55 ± 0.80 1.03 ± 0.41 0.98 ± 0.37 0.97 ± 0.52

Diet + combined (n = 16) 1.75 ± 1.27 1.42 ± 1.39 1.12 ± 0.52 1.03 ± 0.43

‘ I ± SD. Aerobics, step aerobics; strength, strength training; combined, both types of exercise. All values at weeks 8, 24, and 48 are significantly

different from baseline, P < 0.05. No significant differences between treatments were observed at any time period.
2 Significantly different from week 8, P < 0.05.
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TABLE 2
Changes in weight and anthropometric measures over 48 wk of treatment’

. Baseline Week 8 Week 24 Week 48
Variable (n 66) (n 66) (ii 64) (n 53)

Weight (kg) 94.7 ± 14 84.1 ± 13 79.4 ± 122 79.0 ± 132

Percent change (%) 11.1 ± 3.2 16.4 ± 5.8 15.8 ± 8.2

BMI (kg/m2) 36.24 ± 6.1 32.20 ± 5.4 30.41 ± 532 30.34 ± 5.62

Percent change (%) 11.1 ± 3.1 16.4 ± 5.8 15.8 ± 8.1

Skinfold thicknesses3 (mm) 164.0 ± 27 128.8 ± 22 1 14.8 ± 242 1 10.9 ± 292

Percent change (%) - 21.4 ± 4.6 - 30.6 ± 9.5 - 32.6 ± 12.8

Waist (cm) 98.4 ± 10.7 90.1 ± 11 85.4 ± 1 12 87.2 ± 122

Percent change (%) - 8.4 ± 3.4 - 13.6 ± 5.1 - 11.3 ± 6.5

Hip (cm) 120.8 ± 11 112.6 ± 10 107.0 ± 102 108.4 ± 102

Percent change (%) 6.6 ± 2.6 11.7 ± 4.2 - 9.8 ± 5.3

Waist:hip

Ratio 0.82 ± 0.05 0.80 ± 0.05 0.80 ± 0.05 0.80 ± 0.06

Percent change (%) - 2.0 ± 3.2 - 2.1 ± 3.5 - 1.7 ± 4.0

‘ .1 ± SD. All values at weeks 8, 24, and 48 are significantly different from baseline, P < 0.05.
2 Significantly different from week 8, P < 0.05.

3 The sum of the triceps, biceps, subscapula, suprailiac, and thigh skinfold thicknesses.

to 3.85 from baseline to week 8, equal to a decline of 5.7% (P < Mean weight losses for subjects with hypencholestenolemia

0.001). The ratio decreased from baseline by 8.2% and 9.3% at were nearly identical to those for the entire sample (n = 66) at

weeks 24 and 48, respectively (both P < 0.001). all assessment periods. Similarly, their percentage reduction in

total cholesterol (17.5%) and tniacylglycerols (23.7%) ex-

Subjects with hypercholesterolemia ceeded that in weight (1 1.0%) during the first 8 wk. Total

Table 4 presents changes in weight, lipids, and lipoproteins cholesterol concentrations in these 42 subjects increased

for 42 subjects all of whom had a baseline total cholesterol significantly (P < 0.01) from weeks 8 to 24, however, despite

� 5.17 mmolfL (200 mg/dL). Twelve subjects with hypercho- subjects’ continued weight loss during this time.

lesterolemia came from the diet-only group whereas the diet-

plus-aerobics, diet-plus-strength training, and diet-plus-com- Subjects with hypertriacylglycerolemia

bined training had 9, 9, and 12 subjects in each group, Table 5 presents changes in weight, lipids, and lipopro-

respectively. This cutoff value was used to eliminate subjects teins for nine patients, all of whom had a baseline tniacyl-

with bow initial cholesterol concentrations, in whom large glycerol concentration � 2.82 mmol/L (250 mg/dL). All

reductions would not have been expected with weight loss. A subjects with hypertriacylglycerolemia also had elevated

concentration of 5.17-6.18 mmob/L (200-239 mg/dL) has been cholesterol [� 5.17 mmol/L (200 mg/dL)]. The mean weight

classified as borderline high blood cholesterol and � 6.19 bosses of subjects with hypentniacybglycerolemia were sim-

mmob/L (240 mg/dL) as high (18, 19). ilar to those of the entire sample (n = 66). During the first

TABLE 3
Changes in weight, serum lipids, lipoproteins, and ratio of total cholesterol to HDL cholesterol over 48 wk’

. Baseline Week 8 Week 24 Week 48
Variable (ii = 66) (n 66) (n 64) (n = 53)

Weight (kg) 94.7 ± 14 84.1 ± 132 79.4 ± 1223 79.0 ± 132

Percent change (%) - 11.1 ± 3.2 - 16.4 ± 5.8 - 15.8 ± 8.2

lriacylglycerols (mmol/L) 1.62 ± 0.90 1.14 ± 0.792 1.11 ± 0.482 1.13 ± 0.522

Percent change (%) - 22.7 ± 30 - 21.7 ± 35 - 21.8 ± 29

Total cholesterol (mmol/L) 5.70 ± 1.06 4.75 ± 0.862 5.03 ± 0.9423 5.01 ± 1.012

Percent change (%) - 15.7 ± 11 - 11.5 ± 11 - 11.1 ± 16

HDL cholesterol (mmol/L) 1.43 ± 0.32 1.29 ± 0.302 1.39 ± 0.39’ 1.48 ± 0.33

Percent change (%) - 8.7 ± 14 - 1.5 ± 15 2.2 ± 17

LDL cholesterol (mmol/L) 3.53 ± 0.86 2.94 ± 0.70� 3.13 ± 0.7323 3.13 ± 0.662

Percent change (%) - 13.1 ± 28 - 8.6 ± 32 - 7.8 ± 32

Total cholesterol:HDL
Ratio 4.14 ± 1.06 3.85 ± 1.12 3.74 ± 0.92 3.62 ± 0.92

Percent change (%) - 5.7 ± 19 - 8.2 ± 18 - 9.3 ± 17
‘ .1 ± SD.

2 Significantly different from baseline, P < 0.05.

3 Significantly different from week 8, P < 0.05.
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TABLE 4
Changes in weight, serum lipids, lipoproteins, and ratio of total cholesterol to HDL cholesterol in subjects with baseline cholesterol > 5.17 mmol/L

(200 mg/dL)’

V �. bIaria e
Baseline

(Pt = 42)

Week 8
(0 = 42)

Week 24
(ii = 41 )

Week 48
(ii = 33)

Weight (kg) 94.85 ± 16 84.3 ± 142 79.7 ± 142? 78.8 ± 1423

Percent change (%) - 11.0 ± 2.9 - 16.1 ± 5.5 - 15.8 ± 7.3

Iriacylglycerols (mmol/L) 1.83 ± 0.98 1.27 ± 0.922 1.23 ± t).5l2 1.26 ± 0.522

Percent change (%) - 23.7 ± 32 - 18.5 ± 38 - 17.9 ± 34

Total cholesterol (mmol/L) 6.28 ± 0.88 5.14 ± 0.742 5.41 ± 0.862� 5.34 ± 1.102

Percent change (%) - 17.5 ± 1 1 - 13.3 ± I I - 14.2 ± 17

HDL cholesterol (mmol/L) 1.47 ± 0.35 1.34 ± 0.332 1.45 ± 0.35� 1.53 ± 0.33�

Percent change (%) - 7.7 ± 14 - 1.8 ± 13 0.3 ± 14

LDL cholesterol (mmol/L) 3.99 ± 0.66 3.23 ± 0.642 3.39 ± ()732 3.40 ± 0.602

Percent change (%) - 17.8 ± 15 - 14.1 ± 15 - 13.1 ± 14

Total cholesterol:HDL
Ratio 4.48 ± 1.1 4.08 ± 1.32 3.92 ± 1.023 3.78 ± l.02�

Percent change (%) - 8.7 ± 18 - 10.4 ± 13 - 10.1 ± 15
‘ .t ± SD.

2 Significantly different from baseline, P < 0.05.

3 Significantly different from week 8, P < 0.05.

8 wk their tniacylglycerol concentrations fell 1.37 mmol/L

(equal to a 44.7% reduction), during which time their weight

decreased by only 10.9%. Tniacylglycerols continued to

decline (although not significantly) from weeks 8 to 24 as

weight continued to fall during this time (see Table 5).

Reductions in cholesterol values were more modest than

those in triacylglycerols, as shown in Table 5.

Regression analysis

Cholesterol

Multiple-regression analysis was used to assess the relation

of changes in total cholesterol at weeks 8, 24, and 48 to

changes in weight and anthropometnic measures. For each time

period, baseline cholesterol and changes in weight, waist cir-

cumference, and skinfold thicknesses were regressed on the

change in cholesterol. The analyses revealed that baseline

cholesterol was the best predictor of cholesterol reductions,

TABLE 5

accounting for 40%, 34%, and 26% of the explained variance

at weeks 8, 24, and 48, respectively (Table 6). Thus, persons

with the highest baseline values showed the greatest reduc-

tions. Weight change accounted for only an additional 5% of

the variance at week 8, 6% at week 24, and did not contribute

significantly at week 48. Changes in the waist circumference

were not a significant predictor at weeks 8 or 24 but did add an

additional 9% to the explained variance at week 48. Changes in

skinfold thicknesses did not contribute significantly to the

variance at any time period.

Triacvlglvcerols

Multiple regression was also used to assess the relation

between changes in tniacylglycerols and the previously de-

scnibed variables. The analyses revealed that baseline tniacyl-

glycerols were the best predictor of tniacylglycerol reductions,

accounting for 74%, 64%, and 56% of the explained variance

Changes in weight, serum lipids. lipoproteins, and ratio of total cholesterol to HDL cholesterol in subjects with baseline triacylglycerols > 2.82

mmol/L (250 mg,/dL)’

.

Variable
Baseline
(a = 9)

Week 8

(ii = 9)

Week 24

(ii - 8)

Week 48

(ii = 7)

Weight (kg) 95.0 ± 13 84.6 ± 1 12 80.0 ± 102 76.8 ± 92

Percent change (%) - 10.9 ± 3.0 - 15.5 ± 6.8 - 17.6 ± 10.4

lriacylglycerols (mmol/L) 3.37 ± 0.85 2.00 ± 1.742 1.54 ± 0.552 1.38 ± 0452

Percent change (%) - 44.7 ± 32 - 49.5 ± 38 - 55.8 ± 43

Total cholesterol (mmol/L) 6.54 ± 1.65 5.27 ± 0752 5.65 ± 1.13 5.47 ± 1.02

Percent change (%) - 15.3 ± 20 - 9.9 ± 19 - 14.1 ± 18

HDL cholesterol (mmol/L) 1.38 ± 0.36 1.33 ± 0.36 1.48 ± 0.40 1.49 ± 0.33

Percent change (%) 3.8 ± 9 2.1 ± 11 0.42 ± 16

LDL cholesterol (mmol/L) 3.64 ± 1.42 3.07 ± 0.6() 3.46 ± 0.88 3.34 ± 0.78

Percent change (%) - 15.6 ± 9 - 4.9 ± 10 - 8.2 ± 9
Total cholesterol:HDL

Ratio 4.73 ± 1.1 4.28 ± 1.56 3.95 ± 0.87 3.75 ± 0.66

Percent change (%) - 10.4 ± 29 9.17 ± 30 - 10.9 ± 33

‘_t ± SD.
2 Significantly different from baseline, P < 0.05.
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at weeks 8, 24, and 48, respectively (Table 7). Weight change

was not a significant predictor at weeks 8 on 24 but did account

for an additional 4% of the variance at week 48. Changes in the

waist circumference were not significant predictors at weeks 8

or 48 but added an additional 2% to the variance at week 24.

Changes in skinfold thicknesses were not significant predictors

at any time.

Weight gainers

The relation between changes in cholesterol and weight was

examined further in 15 subjects who lost weight between

weeks 8 and 24 but by week 48 had regained to within 2 kg of

their weight at week 8. Paired t tests were used to compare

differences between plasma lipid and lipoprotein values at

weeks 8 and 48 when these subjects had nearly identical

weights but were in the midst of regaining rather than losing

weight. The analyses showed that total cholesterol and HDL

cholesterol were significantly (both P < 0.05) greater at week

48 than at week 8, despite comparable weight losses at these

two times (Table 8). Differences between values at weeks 8

and 48 for tniacylglycerols and LDL cholesterol were not

significant (both P � 0.11).

Weight maintainers

The relation between changes in cholesterol and weight was

also examined in 17 subjects who had maintained (within 2 kg)

their week-24 weight at week 48. Paired t tests were used to

compare differences between plasma lipid and lipoprotein val-

ues at weeks 24 and 48 when these subjects were weight-stable.

The analyses showed no significant differences in any of the

serum lipids on lipoproteins except that HDL cholesterol was

significantly (both P < 0.05) greater at week 48 than at week

8. Independent t tests compared the change in weight, lipids,

and lipoproteins between the weight regainers (in Table 8) and

the weight maintainers (in Table 9). The weight maintainers

demonstrated significantly better changes in weight, total

TABLE 6

Regression of changes in total cholesterol on baseline cholesterol

concentrations, and changes in weight and waist circumference’

Multiple R R2 P

Cholesterol reduction
at week 8

Baseline cholesterol 0.63 (0.68) 0.40 (0.46) 0.001 (0.001)

Weight change 0.67 (0.69) 0.45 (0.48) 0.029 (0.250)

Waist change 0.67 (0.69) 0.45 (0.48) 0.684 (0.871)

Cholesterol reduction

at week 24

Baseline cholesterol 0.58 (0.62) 0.34 (0.38) 0.001 (0.001)

Weight change 0.63 (0.63) 0.40 (0.39) 0.020 (0.330)

Waist change 0.63 (0.63) 0.40 (0.40) 0.900 (0.865)

Cholesterol reduction
at week 48

Baseline cholesterol 0.51 (0.45) 0.26 (0.20) 0.001 (0.001)

Waist change 0.59 (0.56) 0.35 (0.32) 0.011 (0.031)

Weight change 0.60 (0.57) 0.36 (0.32) 0.563 (0.900)

‘ n = 66, 63, and 53 at weeks 8, 24, and 48, respectively. Values in

parentheses reflect values derived from patients with baseline total choles-

terol > 5.17 mmol/L (200 mg/dL).

TABLE 7
Regression of changes in triacylglycerols on baseline triacylglycerol

concentrations and changes in weight and waist circumference’

Multiple R R2 P

lriacylglycerol reduction

at week 8
Baseline triacylglycerols 0.86 (0.89) 0.74 (0.81) 0.001 (0.001)

Waist change 0.87 (0.90) 0.75 (0.81) 0.140 (0.419)

Weight change 0.87 (0.90) 0.75 (0.81) 0.573 (0.900)

lriacylglycerol reduction

at week 24
Baseline triacylglycerols 0.80 (0.82) 0.64 (0.67) 0.001 (0.001)

Waist change 0.82 (0.85) 0.68 (0.72) 0.008 (0.010)
Weight change 0.83 (0.86) 0.68 (0.73) 0.400 (0.210)

Iriacylglycerol reduction

at week 48
Baseline triacylglycerols 0.75 (0.80) 0.56 (0.64) 0.001 (0.001)
Weight change 0.79 (0.85) 0.63 (0.72) 0.005 (0.010)
Waist change 0.79 (0.85) 0.63 (0.72) 0.643 (0.500)

‘ n = 66, 63, and 53 at weeks 8, 24, and 48, respectively. Values in
parentheses reflect values derived from patients with baseline total choles-
terol > 5.17 mmoIlL (200 mgldL).

cholesterol, LDL, and the ratio of total cholesterol to HDL

cholesterol as compared with the weight regainers (P < 0.01).

DISCUSSION

The results of this study confirm previous findings that

weight boss is associated with significant improvements in

serum lipids and lipoproteins (1-3, 5, 17). Thus, an 11%

reduction in body weight, achieved in only 8 wk of dieting, was

accompanied by a 22.7% reduction in triacylglycerols and a

15.7% decline in total cholesterol. These reductions returned

patients to the normal range, although they remained > 20 kg

overweight at this time.

Our findings, however, indicate that the relation between

changes in weight and those in lipids and lipoproteins is not a

simple linear one. Thus, subjects lost an additional 4.7 kg

between weeks 8 and 24 but their total and LDL cholesterol

increased by 0.35 and 0.21 mmol/L, respectively, during this

time. If these variables were tightly linked, we would have

expected a further reduction in these values during this time

(even after accounting for the increase in HDL).

To examine the short-term changes in plasma lipids, we

subsequently studied 41 additional obese women who before

treatment had an initial weight of 99.0 kg and triacylglycerol

and total cholesterol concentrations of 1.1 1 and 5.31 mmolfL,

respectively. After 4 wk of consuming the same diet that was

used in the present study, subjects reduced their body weight

by only 5.5 kg (5.6%) but displayed reductions in tniacylglyc-

erobs of 0.33 mmob/L (21.1%) and in total cholesterol of 1.06

mmol/L (19.2%), respectively. These reductions are compara-

ble with those achieved by subjects in the present study after 8

wk and an 1 1% decline in body weight and confirm that

short-term reductions in serum lipids far outpace those in

weight.

The dramatic initial fall in serum lipids and lipoproteins can

be explained, in part, by the fact that the diet that subjects were

prescribed for the first 16 wk contained only small amounts of
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TABLE 8
Changes in serum lipids and lipoproteins in patients who lost weight between weeks 8 and 24 but by week 48 had regained to within 2 kg of their

week-8 weight’

Variable Baseline Week 8 Week 24 Week 48

Weight (kg) 94.6 ± 15 84.5 ± 132 80.6 ± 1 1 .823 84.2 ± 13.52

Percent change (%) - 10.5 ± 2.1 - 14.2 ± 2.7 - 10.9 ± 2.4

Iriacylglycerols (mmol/L) 1.44 ± 0.63 1 .06 ± 0.472 1 .20 ± 0.562 1.24 ± 0.632

Percent change (%) - 23.3 ± 25 - 16.8 ± 23 - 15.5 ± 19
lotal cholesterol (mmol/L) 5.71 ± 0.89 4.89 ± 0.942 5.16 ± 0.9123 5.29 ± 0.852�

Percent change (%) - 14.3 ± 11 - 9.7 ± 8 - 7.1 ± 9

HDL cholesterol (mmol/L) 1.47 ± 0.29 1.30 ± 0.362 1.44 ± 0.34� 1.45 ± 0.35’

Percent change (%) - 12.2 ± 12 - 2.6 ± 9 - 2.1 ± 9

LDL cholesterol (mmolfL) 3.57 ± 0.59 3.10 ± 0.762 3.17 ± 0.662 3.27 ± 0.65

Percent change (%) - 13.1 ± 15 - 11.3 ± 11 - 7.8 ± 15

Total cholesterol:HDL
Ratio 3.96 ± 0.7 3.99 ± 1.4 3.69 ± 0.82 3.83 ± 1.0

Percent change (%) 0.45 ± 22 - 6.83 ± 9 - 4.04 ± 4

‘.t ± SD; n = 15.
2 Significantly different from baseline, P < 0.05.

3 Significantly different from week 8, P < 0.05.

fat and cholesterol. Leenen et al (20) showed that dietary fat Several studies have shown that HDL cholesterol decreases

restriction and weight boss had independent and additive effects during active weight boss but increases after the termination of

on reductions in serum lipids. Weinsier et ab (21) found simi- dieting when body weight stabilizes (3, 5, 24). Our subjects

larly that total cholesterol, LDL cholesterol, and triacylglycer- displayed this trend by demonstrating an 8.7% decrease in

ols were also reduced independently by both energy restriction HDL cholesterol at week 8 while they consumed the 3870-kJ/d

and weight loss. The initial fall in lipids in the present study (925-kcal/d) diet. At weeks 24 and 48, however, when subjects

may also have been partially attributable to a regression to the were generally weight-stable, HDL cholesterol rebounded to

mean, because subjects with the highest baseline cholesterol within - 1.5% and + 2.2% of baseline values, respectively.

and triacylglycerol values displayed the greatest reductions. During acute energy restriction, tissue concentrations of li-

Ellis et al (22) reported similar findings. poprotein lipase have been reported to decrease by 50-80%

Reasons for the increases in serum lipids and bipoproteins at (25). The reduction in lipoprotein bipase results in decreased

week 24 are not entirely clear. Our results, however, are similar triacylglycerol-nich lipoprotein synthesis. Thus, the transfer of

to those of Ellis et al (22), who found that plasma concentra- lipids to HDL cholesterol is limited, which results in a reduced

tions increased after the first month in severely obese individ- HDL cholesterol concentration. However, when weight stabi-

uals who consumed a very-low-energy diet for 9 mo. Angel lizes at a lower level, lipoprotein lipase concentrations have

and Fong (23) suggested that the increases in serum cholesterol been reported to increase with associated elevations in the

during prolonged energy restriction can be explained by an transfer of lipids to HDL cholesterol.

increased rate of cholesterol efflux from the adipose tissue Stefanick et al (26) reported that long-term reductions of

during dieting. weight and fat were associated with significant reductions in

TABLE 9
Changes in serum lipids and lipoproteins in subjects who had maintained within 2 kg of their week-24 weight at week 48’

Variable Baseline Week 8 Week 24 Week 48

Weight (kg) 86.6 ± 8 75.8 ± 82 69.9 ± 92.3 70.0 ± 923

Percent change (%) - 12.5 ± 2.9 19.4 ± 0.5 - 19.4 ± 0.5

lriacylglycerols (mmollL) 1.24 ± 0.58 0.95 ± 0.292 1.02 ± 0.50� 0.88 ± 0.382

Percent change (%) - 17.6 ± 20 - 13.4 ± 34 - 25.1 ± 22

Total cholesterol (mmol/L) 5.63 ± 0.86 4.62 ± 0.542 4.97 ± 0.8723 5.01 ± 0.9123

Percent change (%) - 17.3 ± 6 11.6 ± 8 - 11.0 ± 21

HDL cholesterol (mmol/L) 1.50 ± 0.29 1.32 ± 0.252 1.42 ± 0.26� 1.55 ± 0.27�

Percent change (%) - 10.4 ± 15.6 2.14 ± 22 5.7 ± 21

LDL cholesterol (mmol/L) 3.56 ± 0.58 2.86 ± 0.382 3.07 ± 0.692 3.06 ± 0.732

Percent change (%) - 18.7 ± 10 - 13.4 ± 15 - 14.1 ± 15

Total cholesterol:HDL
Ratio 3.85 ± 0.7 3.57 ± 0.5 3.55 ± 0.7 3.26 ± �

Percent change (%) - 5.2 ± 18 - 5.8 ± 21 - 13.8 ± 18
‘1 ± SD; n = 17.

2 Significantly different from baseline, P < 0.05.

3 Significantly different from week 8, P < 0.05.
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hepatic lipase activity. Furthermore, these changes were related

to increases in HDL cholesterol. The authors concluded that a

reduction in hepatic lipase, at least in pant, explains the eleva-

tion in HDL-, that accompanies weight loss. Dattilbo and Knis-

Etherton (5) similarly observed a positive relation between

study duration and increased HDL cholesterol; they found that

for each week that treatment duration increased, HDL in-

creased by 0.004 mmol/L.

We found no differences among our four exercise interven-

tions in reductions in weight, lipids, or lipopnoteins. Thus,

women appeared to reap no additional improvement in serum

lipids by adding exercise to the weight-loss program. Wood et

ab (27) also reported significant improvements in total choles-

terol and LDL cholesterol in both diet-only and diet-plus-

exercise conditions, as compared with control subjects, yet

there were no differences between the two treatment interven-

tions. Subjects, however, treated by diet plus exercise did show

significantly greater changes in HDL cholesterol as compared

with those treated by diet alone. The differences between the

results of Wood et al (27) for HDL and those of the present

study may be explained in part by differences in the amounts of

fat and carbohydrate in the diets prescribed and in the severity

of energy restriction. Our subjects consumed ‘�‘925 kcal/d,

whereas the National Cholesterol Education Program Step 1

diet, used by Wood et al, is less restrictive.

Results of this study confirm that modest weight losses of

10-15% are associated with significant improvements in serum

lipid profiles. Our data, however, indicate that there is an

imperfect relation between changes in these variables that

warrants further study. Factors that include patients’ baseline

lipid concentrations, as well as the energy and macnonutnient

content of the diet prescribed, appear to contribute substantially

to the changes in serum lipids and bipoproteins. Thus, future

studies should compare changes in lipids and lipoproteins in

subjects who lose comparable amounts of weight but do so by

adhering to diets that differ significantly in their energy and

macnonutnient contents. Better understanding of these factors

will ensure that obese individuals achieve the improvements in

cardiovascular health that they seek from weight loss. A
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