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Effects of diet and exercise on common cardiovascular

disease risk factors in moderately obese oider women
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ABSTRACT Diet and exercise smdies of premenopausal
women have shown reductions in obesity and other cardiovascutar
disease (CVD) risk facters. Forty-one healthy, moderately obese
(120~140% of ideal body weight, [BW), postmenopausal women
{65.6 = 3.3 y) participating in 24-wk diet or diet + exercise
programs were studied 0 determine whether similar CVD risk
reduction would occur. Daily cnergy need (DEN) was estmared
from basal energy expenditure and seif-reported activiry. The diet
+ exercise group {n = 16) reduced their daily energy intake (DEI)
by 2092 KJ from their DEN and expended 837 kJ/d in waiking and
resistance exercise. The two diet-only groups (r = [3anda = {2)
reduced their DEI by 2092 and 2929 kJ from their DEN, respec-
tvely. Body weight, waist-to-hip and subscapula-to-triceps ratios.
blood lipids (rotal. low-density-lipoprotein-, and high-density-li-
poprotein cholesterol. and triacylglycerois), glucose. and insuiin
concentrations were measured at baseline and after 12 and 24 wk
of diet and diet + exercise. Data were anaiyzed by using analysis
of variance with repeated measures (£ =< 0.05) and Tukey's post
hoc test. Loss of body weight was significant for all groups
between baseline and 12 and 24 wk (baseline: 793 = 7.6 kg; 12
wk: 75.1 = 7.7 kg: 24 wk: 72.8 = 8.0 kg) but did not differ among
groups. No significant time or weamment effects were observed
between baseline and 24 wk for changes in mean blood lipid,
glucose. and fasting insulin concentrations or measures of body far
distribution. Ailthough 24 wk of diet or diet = exercise signifi-
cantly reduced body weight in this group. this loss in body weight
was not accompanied by a reduction of other commonly accepted
CVD risks. Am J Clin Nuer 1996:63:225-33.
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INTRODUCTION

Excess body fat, particularty when distributed intraabdomi-
nally, is thought to be an important indicator of cardiovascular
disease (CVD) risk. Studies link such obesity to disnsrbances in
blood lipids. glucose tolerance, and insulin sensittvity-—variables
that are commeonly thought to be involved in CVD manifestaton
(1. 2). CVD is the leading cause of morality in the United States,
having approximately equal incidence in women and men (3).
CVD is prevalent in men beginmng in middle age and is more
common in wornen after menopause (3). The primary strategy for
reducing CVD risk is weight loss through reduced daily energy
intake and moderate endurance exercise (1, 4. 5). However, this

approach is based primarily on research in men. The later onset in
women than in men and the tinding of greater abdominal obesity
in oider than in younger women (6) suggest that CVD research
shouid be sex- and age-specific.

Along this line, a meta-analysis by Darttlo and Kris-Etherton
(7} of studies assessing the relation between diet-induced
weight loss and biood lipids found significantly greater de-
creases in low-density lipoproteins (LDL) accompanying
weight loss in vounger subjects compared with oider subjects
and larger decreases in triacylglycerois and increases in high-
density lipoproteins (HDL) occuming in men than in women
(7). Browneil et al (8) showed that men and women participai-
ing in identical exercise programs experienced significantly
different biood lipid profile responses.

The association berween controlied diet and exercise regimens
and changes in CVD nsk factors in posunenopausal women is
particularly tentative, becanse most diet and exercise smdies have
been conducted on maie and premenopausal female subjects. The
few smdies that have been conducted on postmenopausal females
have evaluated the commoniy accepted CVD risks in blood lipid
prefile separate from those of carbohydrate metabolism (9), have
used severe energy deficits without exercise {10), or have looked
at normal-weight subjects (11). The purpose of our study was 0
determine the etfects of a 24-wk diet or diet - exercise program
on both blood lipid and carbohydrate metabolism in moderarely
obese, older women. Our study was unique in that it was designed
to include both endurance and swength waining exercise as rec-
ommended by the Amencan Coilege of Sports Medicine ( 12}, and
was intended to induce a modern and reasonable energy deficit
which couid be accomplished by obese subjects over a long time.

SUBJECTS AND METHODS

Subjects

Forty-six moderately obese {120-140% of ideal body weight
(IBW) as designated in tables published by the Metropolitan
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Life Insurance Company, 1959: 13] postmenopausal women
aged = 60 v were recruited from local communities. Before
entering the study, all subjects underwent medical screening
and were determined to have no major illness or metabolic
disorders. Forty-iour subjects were white and two were African
American. All subjects gave writtent consent to participate in
the protocoi, which was approved by the Stanford Commirtee
for the Protection of Human Subjects. All subjects were non-
smokers and postmenopausal for = 3 y. None were taking
B-blockers or cholesteroi-lowering, thyroid, or diabetes medi-
cations. Women receiving estogen-replacement therapy (ERT)
for = 6 mo and women who already exercised at a very low
level but could compiete this study’s exercise protocol in
addition to their daily routine were included.

Forty-one subjects were tested ar 12 wk. whereas 40 subjects
completed the 24-wk protocol. Of the six subjects who did not
complete the study, four dropped out shortly after baseline for
personal reasons that limited their time and ability to adhere to
the study protocol. Another woman was dismissed before 12
wk of participation because of lack of compliance. and a final
subject left the study after the 12-wk measurements because of
medical problems unrelated to the study. Treatment groups
remained matched for mean age, height. and imitial weight after
exciusion of these subjects.

Experimental design

This study consisted of a 2-wk baseiine period followed by
24 wk of subject adherence to diet or diet + exercise regimens.
All metabolic and body fat distribution measurements were
taken at baseline, 12 wk, and 24 wk. Subjects stayed for three
consecutive nights at the metabolic unit, during baseline. and
again after 12 and 24 wk.

Daily energy need

During baseline, subjects maintained daily diet and activity
records for four 24-h perieds (Thursday, Friday, Saturday, and
Sunday) during each of 2 consecutive weeks. Daily energy
need was estimated from self-reported activity records. and
basal metabolic rate (BMR) measures were recorded by indi-
rect calorimetry on all mornings after baseiine overnight stays.
Daily energy need was initially estimated to be 1.5 X BMR but
was confirmed for sach subject by comparison with activity
patterns: adjustments were made based on these activity
records.

Treatment groups

Subjects were assigned to one of three treatment groups. The
diet + exercise group (n = 16) reduced daily energy intake by
2092 kJ (500 kcai/d) from daily energy need and expended
another 837 ki/d (200 kcal/d) in walking and light resistance
exercise (creating 3 theoretical total energy deficit of 2929
kJ/d). The two diet-oniy groups (n = 13 and n = 12) reduced
daily energy intake by 2092 ki/d (500 keal/d) and 2929 kJ/d
(700 kcal/d), respectively. Although an eifort was made to
mawch groups by bedy weight, height. and age. the time that
women had available to exercise was also a consideration when
assigning subjects. This consideration made it impossible to
match groups completely for all metabolic indexes.

Dier

A registered dietitian used the Amerncan Diabetes Associa-
tion’s exchange list 1o design a diet for each subject that
fuifilled that subject’s designated daily energy intake. The
macronutrient composition of each diet was designed 1o adhere
to that recommended by the American Heart Association
(AHA): 10-15% of energy as protein, 50-35% of energy as
carbohydrate. and 30% of energy as fat. The dietitian taught
subjects to self-seiect food exchanges to fulfil! their prescnbed
diets. Compliance with the diet protocol was monitored
through 3-d diet records maintained by subjects weekly for the
initial 4 wk of the study and twice monthly for the rematnder
of the protocoi. Subjects met at these times with the dietitian or
with trained diet counselors to discuss these records and to be
weighed in a [ight hospital gown on an electronic scale that
weighed to the nearest 0.1 kg. Classes were offered on eating
out, shopping, and identifying fat in food and were attended by
ail subjects. Decreasing total and sawrated fat intake was
emphasized in classes and counseling sessions.

Exercise

Subjects in the diet + exercise group exercised 5 d/wk. They
walked for | h. 3 d/fwk. A trained exercise counselor monitored
all subjects and recorded heart rate (HR) every 10 min to
ensure that subjects performed within the HR training range
(60-70% of maximum oxygen consumption. VO.max) est-
mated using the Karvonen formula (14). During the other 2 d
of the week subjects performed resistance exercises designed to
use |2 major muscle groups at 80% of one-repetition maximum
(IRM) capacity. All resistance-exercise sessions werg also
supervised by a trained exercise counselor. Subject workload
was assessed once every 2 wk and increased when necessary 1o
maintain intensity at 30% of 1RM.

Measurement of metabolic profile and body fat
distribution

Lipid, glucose. and insulin quantification

Blood samples were taken via vemipuncture from the ante-
cubital vein. Serum was separated and refrigerated until blood
lipid quantification. Determination of serumn lipid concentra-
tions was made by a certified lipid research center using
indirect B quantification (15) and the dextran sulfate-Mg™*
precipitation procedure for HDL (16). Fasting blood samples
were also drawn for measurement of glucose and insulin con-
centrations. After the fasting blood sample was drawn, subjects
underwent an oral-glucose-tolerance test (QGTT); they were
instructed to drink a 225-mL glucola mixture (75 g glucose)
over a 10-min period. Postprandial biood samples were drawn
at 15, 30. 60. 90, 120, 150, and 180 min after drink completion
for subsequent analysis. Blood glucose concentrations were
determined from samples by using a modification of the stan-
dard Trinder glucose oxidase method (17, 18). All samples to
be anajyzed for insulin concentrations were spun in a centri-
fuge at 1.8 X g at 20 °C for 10 min and frozen untii insulin
concentrations were determined by radicimmunoassay (19).

Anthropomeiric measures

Subjects undressed to light underwear during all anthropo-
metric measurements. and the average of three measures was
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recorded for each site. Waist and hip circumferences were
measured with a tlexible, inelastic tape measure (nearest (.|
cm) (20). Waist circumrerence was identified as the smallest
horizontal circumterence berween the ribs and the iliac crest.
and hip circumierence was recorded at the maximum extension
of the burtocks. Waist-to-hip rauo {WHR) was determined as
the quotient of the average waist circumference and the hip
circumference. Skinfold-thickness measurements were taken
from subjects while they were standing comfortably. Lange
calipers (Cambridge Scientific Indusuies, Cambridge, MD)
measured each skinfoid to the nearest 1.0 mm (2!). Although
an attempt was made to measure skinfold thicknesses from the
right side of the body, left-side measures were made in the
occasional situation in which the catheter for the OGTT blood
draws hindersd sate access to right-side body sites. If measures
were taken from the left side of the body at baseline. they were
measured [rom the left side again after {2 and 24 wk. The
riceps-to-subscapuia ratio was determined as the quotient of
the average triceps- and subscapula-skinfold thicknesses. and
was used to approximate the ratio of peripheral to central far for
each subject. Kilograms of total body fat, kilograms of lean
body mass (LBM), and percent of totai body weight as far were
estmated for each subject with dual-energy X-ray absorpriom-
ery (QDR2000, software version 35.34: Hologic Corp,
Waltham, MA). Height was measured during baseline to the
nearest 1.0 cm. Body mass index (BMI: wt (kg)/ht™ (m)] was
cafculated as an additional standard of overweight.

Dara analvses

Data were mainmained on an [BM personal computer and
analyses were conducted using the General Linear Modei pro-
gram of SAS (version 6.2 for personat computers: SAS Insti-
tute, Cary, NC). Mean values were compared across treatment
and tme by using a 3 X 3 (group X time) analysis of variance
(ANOVA) with time as the repeated-measures factor (P =
0.05), and Tukey’s post hoc tests were used to evaluate signif-
icant differences (a ievel of P < 0.05).

RESULTS

Subject characteristics

Analyses were conducted on data collected from 41 subjects.
with 40 of these subjects having compieted data collection for
the full 24-wk protocol and 1 subject having completed col-
lection at baseline and 12 wk, These 41 subjects had a mean
(= SD) age of 65.6 = 3.3 y and an inittal body weight of 79.3
= 7.6 kg. Table 1 shows that subjects in the three trearment

TABLE
Baseline subject characterisiics of moderatety vbese older women’

Diet = exercise Diet 2092 kJ Diet —2929 kJj

tn = 16) n =13 n=12)
Age (y) 03.53 = 3.8 56.1 = 3.6 85.2 =22
Height (cm) 1634 =659 161.5 = 6.3 160.2 = 3.3
Weight (kg) 81.8=92 776 = 6.7 779 =54
BMI (kg/m*) 306 = 1.1 98135 304238
Percent fat 23z 4 433 =67 4.1 =358
Leant body mass tkgy 4.0 =52 4.2=59 432440
WHR 0.834 = 0.053 0.824 = 0.037 0.853 = 0.037
STR 0.768 = 0.259 0.769 = 0.286 0.784 = 0.182

! ¥ = SD. WHR. waist-to-hip ratio; STR. subscapuia-to-triceps ratio.

groups were well-mawched at baseline for age. height, initial
body weight. BML and percent far.

Fifteen subjects were receiving ERT: three were in the diet
+ exercise group, six were in the Diet —2092 kJ group, and six
were in the Diet ~2929 kJ group. ANOVA revealed no sig-
nificant time X ERT, weatment X ERT, or time X reatment X
ERT interactions with regard to any of the CVD risk factors
evaluated in this sudy. Consequently, subsequent analyses
were conducted on all subjects irrespective of ERT status.

Subject compiiance

Qualitative assessment of food records by diet counsefors at
individual meetings indicated that most subjects compiied with
the dietary program. However. evaluation of rate of weight loss
(see below) suggesis that diet records may have been somewhat
inaccurate. Overall acceptance of the diet program was good,
although individuals in the diet + exercise group expressed
more enthusiasim. Overall attendance was > 80% for the walk-
ing sessions and > 90% for the weighi-training sessions.
Makeup sessions were provided for subjecis who had to miss a
scheduled exercise session.

Repeated-measures ANOVA  showed that mean body
weight. BMI. and percemt body fat of all subjects declined
significantty between baseline and 12 wk. baseline and 24 wk,
and 12 and 24 wk: there were no significant differences among
treaunents ( Table 2). The uniformity of these declines in all
three groups throughout the 24-wk protocol is illustrated in
Figure 1. The decrease in weight in all three treaument groups
was primarily from fat loss. The rate of weight loss was greater
during the first 12 wk of the protocol (0.35 kg/wk) than during
the second 12 wk (.19 kg/wk). Although the decline in LBM
at 12 wk was significant. it was very smail. equaiing a 0.2-,

TABLE 2
Changes in body weight. body mass index (BMI). percent body rat. and lean body mass (LBM) in moderately obese older women’
Diet + exercise Diet ~2092 kJ Diet —2929 iJ
Baseline 12 wk 14 wk Baseiine 12 wk 21 wk Basetline 12 wk 24 wk
Body weight 1kg) 31.8=92 773=z95 T4T =100 TI6=z67 TA4=57 TLD=53 779=354 740=67F 721 =71
BMI (kg/m™) 06 =21 B9=210 279=23  98=15 282=0.8 273 =2 04=28 289=311° 279 =30
Percent body fat (%) 428 =41 397 =427 375=43* 133267 07264 9Ez66™ 1101 =358 394=355 3158 =42%
LBM (kg) HM0=52 438=19° 439 =54 42=359 4p8=33 M04=3537 432230 425=12° 136 =42
‘%= SD.

? Signiftcantly different from baseline. # < 10.08.
 Significantly differens from 12 wk. P < 0.05.
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== Diet + Exercise

The significant decreases observed in body wetrght. BMI. fat

86 7 . mass. and percent body fat across time in all three treatment
1 Diet -2092 kJ groups were not accompanied by significant changes in LDL or
84 - ——o—  Diet -2929 kJ triacylglycerol concentwrations. Significant declines in HDL

Body Welght {kg)

63 T T T T Y T

T T T T T

0 2 4 6 8§ 10 12 14 16 18 20 22 24

Week

FIGURE 1. Changes in body weight in moderately obese older women
participating in 24 wk of eitiier 2 diet + exercise or diet-only program, X
= SE for cach weaiment group at 1- to 2-wk intervais over the 24 wk of
smdy.

0.4-, and 0.7-kg decline in the diet + exercise, Diet —~2092 kJ,
and Diet ~2929 kJ groups. respectively (Table 2). Because of
the precision of dual-energy X-ray absorptiomerry, significant
differences are easily detected because of a small variation in
values.

Mean lipid concentrations at baseline. 12 wk. and 24 wk are
given for each treatment group in Table 3. No significant (P =<
0.05) differences were found among the treatment groups in
total cholesterol. HDL. or wiacylglycerols at baseline. 12 wk.
and 24 wk. Because of the inability o maich subjects in the
three treatment groups compietety for lipid profile. mean base-
tine LDL concentrations differed significantly between the two
diet-only groups (P < 0.05). These differences persisted at 12
and 24 wk and were significant at 24 wk.

concentrations were observed between baseline and 12 wk.
followed by a significant increase between |2 and 24 wk. The
decline in total cholesterol at 12 wk was probably related to the
significant drop in HDL. because the mean concentrations of
LDL did not change significantly during this interval.

Table 4 contains tasting bicod glucose and insulin concen-
rations and 2-h glucose and insulin responses to an OGTT for
each weatment group at baseline. 12 wk. and 24 wk. Treatment
groups were not matched for baseline fasting bloed giucose
concentrations. The mean baseline fasting glucose concentra-
tion of the diet + exercise group was significantly (P = 0.05)
greater than that of the Diet —-2092 kJ group. This difference
persisted at 24 wk. suggesting that there was no effect of
treatment. There were no significant differences (P = 0.05)
berween treatment groups for baseline mean fasting insulin
concentratons and 2-h glucose and insulin responses 0 an
OGTT.

No time X treatment interactions were found for changes in
fasting glucose concentrations or 2-h glucose responses to an
OGTT. All groups experienced a significant decline in fastng
glucose concentrations from baseline 0 24 wk. Although a
wend in the mean 2.h OGTT daa was apparent over time. it
was not significant {P = 0.16).

There were no significant (P < 0.05) time etfects and no
significant time X treatment interactions with regard (o
changes in mean fastng insulin concentrations. No significant
overall time effects existed for changes in the 2-h insulin
response 10 an OGTT. However, significant (P = 0.05) time X
reatment interactions were observed for changes in treatment
groups for the 2-h insulin response to an OGTT between
baseline and 24 wk, and between |2 and 24 wk. As shown in
Table 4. changes in the mean insulin response were similar in
the diet + exercise and the Diet —2092 ki groups. but the Diet
—2929 kJ group experienced a much faster decline in the 2-h
response 1o the OGTT between baseline and 12 wk and base-
line and 24 wk than the other wo treatment groups.

Although there were no sigmificant differences in mean
fasting giucose and insulin concentrations and mean 2-h
glucose and insulin responses to the OGTT. Figures 2 and
3 show that there was a declining trend in overall glucose

TABLE 3
Blood lipid concentrations in moderatety obese oider women at basefine and after 12 and 24 wk of diet and exercise’
Diet =~ exercise Diet =2092 kJ Dier —2929 ki
Baseline 12 wk 14 wk Baseline 12 wk 24 wk Baseline 12 wk 23 wk

Towad cholesterot

(mmoi/L) ST7T =089 3541=1.03% 569=1.06 6232094 607=075 6l1=tll 346=062 524087 543=z07M
LDL {mmoi/L) 361 =079 350=0.87 350=0.84 385=0.87 3.89=084 1I98=089 3.04 =054 312=077 1LI0 = 060
HDL (mmol/L) 147 =032 132=021" 1415032 164 =040 148 =032 149=041 [70=040 1350 =0.26" 1.62 =027
Triacyiglyceroi

{mmol/L) 1502053 130=060 173168 E65=128 13522056 141067 1562075 134=077 (54 =047

‘% =5D.

? Significantly different from baseline. P s 0.05.
7 Significantly different from corresponding values for Diet —2092 kJ. £ = (.05,
“ Sigmificantly different from bascline and 24 wk. 2 = (.05,
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TABLE 4
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Fasting biood giucose and insulin concentrations and 2-h givcose and iasulin responses (0 an oral-glucose-tolerance test in moderately obese oider

women 2t baseiine and after 12 and 24 wk of diet and exercise’

oo

r—

—— e ———

Dier — exercise

—

Diet —2092 kJ Diet —2929 &J
Baseline 12 wk 4wk Baseline 12 wk 23wk Baseline 12 wk 24 wk

Glucose tmmol/L) 57x06° 356=05 33=05 51x05 33=z05 51=d04 54=03 33207 50=03
2-h giucose (mmolL) 7.7 =22 73=286 7.2 =23 68=16 7.1=21 66 = 1.4 §6z28 719= 1.3 17=z22
[nsulin (pmol/L} 9 =32 118 = 52 112=73 109 =173 108 = 37 A =37 126 =103 126 = 67 106 = 69
b insulin’ fpmol/L) 510 =334 712377 416 =326 391 =197 359 = (94 00z 180 T02=3555 5B =434 504 =273

‘% = 3D

? Sigmficantly different from baseline value for Diet —2092 kJ. P < 0.05.

J Significanty different from baseline, # < 0.05.

* Sigmficant time-by-treatment interaction among ail groups, P < 0.05.
and insulin responses to the OGTT across time. Wide vari- DISCUSSION

ation in individual glucose and insulin concentrations could
be the reason this declining trend in fasting and 2-h OGTT
concentrations was not significant. The range of individual
baseline fasting glucose concentrations and 2-h glucose
responses to the OGTT were 4.4-6.8 and 3.7-12.7 mmol/L,
respectively. Individual fasting insuiin concentrations and
2-h insulin responses to the OGTT ranged from 4.4 o
674.5 and 30.2 10 2059.2 pmol/L. respectively.

The mean WHR and subscapula-to-triceps ratio are given in
Table 5. There were no significant changes in either of these
indexes across time or among reatment groups.

——*— Baseline

Glucose (nunol/l.)

5+ T g T “ t
0 56 100

Minutes

FIGURE 2. Changes in glucose concentrations over 3 3-h oral-glucose-
wlerance test in moderatety obese older women pamuciparting in either a
diet + exercise or diet-only program, £ = SE for all treatment groups at
baseline and atter 12 and 24 wk of treaiment.

Effects of diet and exercise on metabolic risk profile

Energy restriction and moderate endurance exercise are two
commonly prescribed methods for inducing weight loss in
sedentary, obese individuals (1, 4=3), with aormatization of
blood lipid and glucose protiles prociaimed as major accom-
panying benefits for CVD risk reduction (4). Although there
was a significant decline in mean body weight {6.52 kg) in
moderately obese. postmenopausal women completing 24 wk
of diet or diet + exercise. no significant changes in 1otal
cholesterol, LDL. HDL, and triacyiglycerol occurred between
baseline and 24 wk. A recent meta-analysis by Dattilo and
Krs-Etherton (7) reported significant decreases in toral cho-

—* Bas¢line
—iperen

12 wk
I —= 24 wk

Insulin {(pmaolil.)

1} T —

0 50 100 150 200

Minutes

FIGURE 3. Changes in insulin concentrations over 2 3-h orai-giucose-
tolerance test in moderately obese oider women participating in either a
diet + exercise or diet-only program. ¥ = SE for ail ueatment groups at
baseline and after 12 and 24 wk of treatment.
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TABLE 5§

Waist-to-hip { WHR) and subscapula-to-triceps 1STR) ratios tor moderately obese older women a1 baseline and after 12 and 24 wk of

diet and exercise’

Diet - exercise

Diet —2092 kJ

Diet —2929 xJ

Basetine 12 wk 24 wk Baseline

12 wk

24 wk Baseline 12 wk 24 wk

WHR 0.834 = 0.053 0.842 = 0.040 0.835 = 0.049 0.824 = 0.037 0.827 = 0.040 0.841 = 0.037 0.853 =0.037 0.841 =0.039 0.839 = 0.046
STR 0.768 =0.259 0.775 £ 0.228 0.741 = 0.236 0.769 = 0.286¢ 0731 = 0.160 0.823 = 0.324 0.784 = 0.182 0.703 = 0.159 0.691 = 0.144

‘% = 5D.

lesteroi, LDL, and triacyigiycerol and increases in HDL in
respense o diet-induced weight loss. These resuits contradict
our findings; however. a regression analysis included in this
meta-analysis identified sex and age as factors for which com-
plete adjustment could not be made. This regression anatysis
specifically demonstrated that women tended to experience
smaller declines in triacylglycerol and lesser increases in HDL
than did men and that oider subjects experienced smaller de-
clines in LDL, than did younger subjects. These findings may
support the lack of lipid changes seen here with diet and
exercise and cleariy emphasize the importance of our study on
women older than 60 v.

Few studies on the etfects of dietary energy restriction on
weight loss and bloed lipid profile in obese, older women use
realistic dietary pracrices (9. 10). Weinsier et al (10) found that
moderately obese, posimenopausal women who dieted strin-
gently (consumed 3347 kJ/d) and achieved a weight-stable,
nonobese state. experienced a significant decline in total cho-
lesteroi, LDL. and triacylglycerol after 10—-12 wk, but did not
experience an overail change in HDL. Svendsen et al (9) found
that obese older women who restricted energy intake to 4602
kJ/d experienced a significant decline in total cholesterol and
LDL. but no significant changes in tniacylgiyceroi and HDL.

Although our subjects might have experienced greater lipid
changes if they had dieted more stringentiy, it is important to
note that our subjects achieved compliance with our protocol.
in part because they found the moderate daily energy restriction
fairly easv 1o incorporate into their everyday lifestyles. Long-
term compiiance with very-low-energy diets is difficuit be-
cause these diets must be conducted under close medical su-
pervision and could jeopardize an oider individual’s ability to
attain their recommended daily micronutrient allowance and to
maintain bone density and BMR. LBM was essentiaily main-
tained in these women even though they lost a significant
amount of fat weight. Furthermore, {ollowing a very-low-
energy diet does not enforce the food habit changes needed to
stabilize weight after loss. Although weight loss was not as
great as might be predicted by a theoretical energy deficit (a
weight loss of [0.9 kg in the Diet —2092 kJ group and 5.2 kg
in the diet + exercise and Diet —2929 kJ groups would have
been predicted). the constancy of loss over 24 wk of free living
suggests successful incorporation of the dietary prescription
into the lifestyle. Sweeney et al {22} showed similar positive
effects on efficiency of weight loss of moderate dieting in
premenopausai women.

The lack of significant differences in weight loss among the
groups is puzzling. Dietary records showed no differences in
compliance among the groups. but rates of weight loss in the
Diet — 2929 ki group tended to be slightly less than in the other
two groups. suggesting an increased difficuity with compliance

and a failure to attain the prescribed energy deficit, The lack of
difference in weight loss berween the diet + exercise and the
Diet —2092 kJ groups is similar to results of other studies in
premenopausal women. Sweeney et al (23) found no difference
in weight loss among groups of premenopausal women per-
forming no exercise. endurance exercise, or circuit weight
training while undergoing moderate or severe energy restric-
tion. A recent review of the topic suggesis that reports in the
titerature of studies of diet and diet + exercise unfortunately
show equivocal results (23).

A second concern in past studies is the state of the subject at
the ume of final measurements, Weinsier et al ({0) measured
lipid concentrations during a weight-stable phase atter active
weight loss, whereas we measured changes during the active
phase of weight loss. The magnitude of the HDL response has
been shown to correlate directly with the amount of weight
lost, with the direction of HDL changes depending on whether
subjects are actively losing weight (HDL declines) or are
weight-stable (HDL returns to baseline) (7). Although our
subjects lost a greater percentage of initiai body weight (5.3%)
during the first 12 wk of the study than during the second 12
wk, they continued to iose a significant percentage of body
weight (2.9%) during the second half of the study. As the rate
of weight loss in our subjects siowed during the second half of
the smudy. HDL concentrations began to rise again toward
baseline concentrations after having declined during the mare
rapid active weight loss of the first |2 wk. Similar transient
lipid changes in premenopausal women during active weight
loss were reported by others (24). Furthermore, swudies of
premenopausal women both actively losing weight (25, 26) and
having weight stabiiized (27. 28) have shown either a decline
or no significant change in HDL from baseline values. sug-
gesting that women may be more resisiant 1o increasing HDL
with weight loss than are men. The HDL response to the
diet-onty treatments in this experiment are therefore consistent
with those observed in other studies of femaies undergoing
diet-induced weight loss.

Although the amount of research available conceming the
association of exercise with blood lipid concentrations in
women is limited. another recently published meta-analysis by
Lokey and Tran (29) found that women who exercised expe-
rienced significant declines in total choiesterol and triacylglyc-
erol but no significant changes in LDL and HDL. This lack of
LDL and HDL responses to exercise is consistent with our
findings. Studies by Wood et al (30. 31) suggest that individ-
uals must achieve a certain threshold of exercise intensity
before experiencing significant lipid changes. Seals et al (1)
suggest that this threshold phenomenon holds true for post-
menopausal women, but indicate that women must undergo a
substantially higher exercise intensity than men to derive ben-
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eficial effects. The practicality and safety of placing our subject
group of moderately obese. sedentary women alder than 60 y
on a high-intensity exercise program is questionable.

Qur women followed the exercise guidelines of the Ameri-
can College of Sports Medicine { 12) for developing and main-
taining cardiorespiratory titness. These guidelines promote a
combination of moderate endurance and resistive exercise to
maximize muscle strength, a factor that could protect against
loss of bone and muscle tissue, losses that can lead to increases
in falls and bone fractures in older women. Although resistance
exercise is beneficial for improving body composition, it prob-
ably does not improve blood lipid profiles, Weight training in
obese. sedentary, premenopausal women was not associated
with significant changes in blood lipid proriles (32).

Although our female subjects did not experience significant
changes in total cholesterol. LDL, HDL, or triacylgtycerol
berween baseline and 24 wk in response o diet and exercise.
their mean baseline total cholesterol. HDL, and triacylgiycerol
concentrations were also not within the risk ranges designated
by the AHA or Natonai Cholesterol Education Program
(NCEP). Studies have shown that those with more “abnormal”
lipid values tend to experience greater lipid changes with diet
and exercise than do those whose lipids are “normal”™ (7, 29).
However. baseline LDL concentrations in this experiment were
within the borderline risk range as defined by the AHA, vet no
significant change occurred in mean LDL concentrations be-
tween baseline and 24 wk.

It is important to note that the AHA definition of “at-risk”
blood lipid concentrations is based on mortality rates for white,
middle-aged males, and we do not know the validity of these
standards for predicting CVD risk in older women. [t could be
that whereas ail of our subjects were sedentary and moderately
obese. their lipid concentrations were not representative of the
overall population of older American women for which CVD is
the largest mortality risk. It is aiso possible that whereas our
resuits show that total cholesterol. LDL. HDL, and triacylglyc-
erol concentrations did not change significantly in older
women in response to significant weight loss through diet and
exercise. other as vet unidentified CVD risk factors did im-
prove in these women with weight loss.

Initiai fasting glucose concentrations and 2-h OGTT re-
sponses were within the normal range as defined by the Na-
tionai Diabetes Data Group (33), and. whereas there was a
declining trend in glucose response to an OGTT across time.
there was no significant decline in fasting giucose concentra-
tion or 2-h OGTT responses with time. Other diet and exercise
studies conducted using subjects with normal {asting glucose
concentrations also reported no significant changes in bigod
glucose concentrations with weight loss and/or improved
VO,max (11. 34).

Weinsier et al (10) studied 24 postmenopausai, obese women
with aormal blood glucose concentrations and found that with
weight loss induced by severe energy restriction (3347 kJ/d),
mean fasting insulin concentrations declined significantly.
Subjects in our diet-oniy groups did not experience such a
significant deciine in mean fasting insulin. However, as noted
above, cnergy deficit and subseguent weight loss in the study
by Weinsier et al (10) was substantiafly greater than in the
present study. [t is possibie that daily energy restriction must be
maore rigorous (and possibly unrealistically severe) than it was

in the present study for older women to experience significant
deciines in blood insulin concentrations.

Subjects in the Diet —2929 kJ group experienced a subsian-
tially faster and greater decline in mean 2-h OGTT insulin
responses over the 24 wk than did subjects in the diet —
exercise and Diet —2092 kJ groups. This {asier decline may
indicate that older women experience a more substanual re-
ducdon in insulin concentrations after an OGTT with more
stringent dieting. However, the subjects in the Diet —2929 kJ
group had considerably higher baseline 2-h insulin responses to
an OGTT than did the other groups. It may be that no signif-
icant reduction occurred in the diet + exercise and the Diet
—2092 kJ groups because they had lower initial insulin values.

Aerobic exercise is believed to enhance insulin sensitivity (35).
In stdies of obese (34) and nonobese (11) female subjects with
normal glucose tolerance, significant deciines in insulin concen-
mations accompanied exercise. However. we found no significant
changes in mean fasting tnsulin and 2-h insulin responses o an
OGTT in our diet + exercise group between baseline and 24 wk.
suggesting thar moderale exercise of the intensity performed here
(60~70% VO,max} does not reduce blood insulin in moderately
obese older women with normal glucose tolerance. The increase in
mean fasting insulin concentration and the insignificant decline in
the mean 2-h insulin response to the OGTT expenenced by our
diet + exercise group berween baseline and 24 wk suggests that
moderate exercise does not provide benefits additional to dieting
for reducing blood insulin in moderately obese older women with
normal glucose tolerance. Tremblay et al (34) tound that women
who exercised and lost weight experienced a significant decling in
fasting insulin, which normalized their insutin values to those
observed in a nonobese contol group. These resuits may have
been due more to weight loss than to exercise. because the insulin
changes in our Diet —2929 kJ group couid be the result ot higfer
inial insulin concentrations being reduced via weight loss o
concentratons found in nonobese tndividuals.

Effects of diet and exercise on body fat distribution

Significant changes in body fat distribution as estimated
by the WHR and subscapula-to-triceps ratio did not accom-
pany the significant weight loss experienced by the women
in this study. Android body fat diswribunon. which is com-
moniy estimated by WHR. has been shown 10 be more
closely associated with the incidence of CVD (36, 37) and
diabetes {38) than with overall obesity {39). WHR cutoffs
are given for identifying individuals with android obesity
indicative of CVD, and diabetes risk varies from .00 (40} 10
0.80 (41). Our subjects” mean baseline WHR of 0.84 = 0.04
suggests that the subjects shouid be at risk for CVD and
diabetes. However. the WHR remained steady across time
despite significant weight loss.

This lack of change in WHR may not be indicative of
immutable CVD risk. Our female subjects did not have the
CVD risk factors (blood lipid concentrations, glucose intoler-
ance, and insulin resistance} {(42) commonly associated with
android obesity (1). Second. it is possible that although our
subjects had an android fat distribution as defined by a WHR
> (.80, this obesity may have been chiefly subcutaneous rather
than intraabdominal. and therefore may not be a major con-
tributor to the risk for deveioping CVD and diabetes.

Several studies have found that postmenopausal women
have a sigmificantty greater tendency 1o have the abdominal
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adipose distribution than do premenopausal women (6. 43).
There is thus a need to examine the role of abdominal
obesity in the incidence of CVD in older women. Several
studies have found that WHR is an inaccurate estimator of
intraabdominai obesity (44, 45). Busetto et af (44) found this
inaccuracy to hold especially for obese females. further
supporting that the high WHR in this study might not be
indicative of high proportions of intraabdominal fac. If in-
trzabdominal obesity is identified as an important CVD and
diabetes risk factor for older women. research needs to
further idenufy which metabolic elements are associated
with this type of obesity. The blood lipid, glucose. and
insuiin measures recorded from this study suggest that even
if our women did have a high dsk for abdominal obesity, the
ranges presently given by the AHA and the National Dia-
betes Data Group (33) for metabolic risks for CVD and
diabetes are either too low or do not include the metaboiic
CVD and diabetes risk factors most pertinent 10 oider
women.

Thus, although a moderate diet + exercise or diet-only
program can accomplish significant changes in body weight
in older women without large changes in lean mass, this
weight loss does not significanuy effect the classic CVD
sk factors. Further investigation to establish appropriate
monitors of change in CVD rsk in postmenopausal women
is necessary. B
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