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ABSTRACT
The purpose of this study was to examine relationships between age and selected serum lipids and lipoproteins in women before
and after a physical fitness programme. Twenty females 27-59 years of age who had participated in the Purdue University Physical
Fitness Programme were selected and placed into one of two groups: "junior" (mean age 34, all under 40 yrs) or "senior" (mean
age 50, all over 43).
A two way factorial design was used to study differences in serum triglycerides (TG), total cholesterol (TC), low density lipoprotein cholesterol (LDLC), high density lipoprotein cholesterol (HDLC), and the risk ratios TC/HDLC and LDLC/HDLC
associated with physical fitness and the eight month physical fitness programme. The ability of the biochemical variables to discriminate between the age groups was investigated using discriminant function analyses.

The analyses of variance indicated that although the two age groups were matched on the basis of a multivariate physical fitness
score (Ismail et al, 1965) the older group was heavier (p < 0.05), and had higher systolic and pulse pressures (p < 0.05). Both
groups increased their physical fitness score from pre to post programme (p < 0.01).
No significant age related biochemical differences were noted in the univariate analyses; however, in the discriminant function
analyses the biochemical variables significantly discriminated between the two groups before, but not after the programme. A
decrease in serum triglycerides was observed in the more highly fit women in each age group.
These findings suggest that moderate levels of physical activity may help to counteract some of the undesirable changes in the
lipid profile associated with age.
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INTRODUCTION
Ageing in women is associated with little change in the serum
concentration of high density lipoprotein (HDL) (Heiss,
1980). At the same time total cholesterol and triglycerides
increase (Hallberg, 1967), with concomitant increases in the
cholesterol content of the more atherogenic low density and
very low density lipoproteins (Dedonder-Decoopman, 1980).
These findings suggest that part of the increased cardiovascular
risk associated with ageing in women is due to a more atherogenic serum lipid profile.

Physical activity is thought to have an antiatherogenic
influence on the serum lipids and lipoproteins (Wood, 1979;
Cauley, 1982; Zung Vu Tran, 1983). Though the influence of
physical activity in women is probably smaller than that
observed in men (Heiss, 1980; Moll, 1979), the influence of
exercise on the relationship between serum lipids and age
deserves consideration. Highly active middle-aged women may
experience a lesser increase in triglycerides with age and carry
a greater portion of their serum cholesterol on HDL than
sedentary women (Wood, 1977). The purpose of this study
was to investigate relationships between age and the serum
lipid profile in women before and after an eight month
physical fitness programme of moderate intensity.
PROCEDURE
The subjects for this investigation were healthy females ages 28-59
selected from the participants in the Purdue University Physical Fitness
Program. The physiological data considered included age, height,
weight, body composition as estimated using skinfold measurements
(Wilmore, 1970), heart rate and blood pressure following a ten minute
rest, and maximal oxygen consumption capacity as estimated from a
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submaximal treadmill test. The fitness score of Ismail et al (Ismail,
1965) was used to obtain an overall measure of physical fitness.
The biochemical variables considered were total cholesterol (TC)
and triglycerides (TG) as determined on the Technicon Autoanalyzer
11 system (Technicon Instruments Co. Tarrytown, NY), HDLC as
determined by the procedure of Abbott Laboratories (Abbott Laboratories Diagnostic Division, S. Pasadena, CA), low density lipoprotein
cholesterol (LDLC) as estimated by the indirect Friedwald procedure
(Friedwald, 1972), and the ratios TC/HDLC and LDLC/HDLC.
The Purdue University Physical Fitness Program met three times
per week for 90 minutes. It began in early September and ended in
early May. Each session began with an informal warm up period. The
entire group then participated in 30 min of rhythmic calesthenics.
This was followed by a short period of relaxation training. The next
15-30 min consisted of walking or jogging at 60-70 percent of the
individual's heart rate reserve and a five minute cool down period.

The subjects were placed into two age groups: "senior" and
"junior". The "junior" group consisted of ten women aged between
27-39 years (mean age 34) and the "senior" group of ten women aged
between 43-49 years (mean age 50). The age groups were equated in
physical fitness using a multivariate physical fitness index (Ismail,
1965). These two groups were retained throughout the study. The data
were examined using an analysis of variance for a two way nested
factorial design. Stepwise discriminant function analyses were utilised
to determine the ability of the biochemical variables to discriminate
between the age groups at both pre and post program.

RESULTS
The results for the analyses of variance are found in Table I. Though
the two age groups were matched on the basis of the physical fitness
score, several physiological differences between the age groups were
apparent. Systolic blood pressure was higher in the senior group
(p < 0.05). This difference was accompanied by a significant difference
in pulse pressure (p < 0.05) and in body weight (p < 0.05). No significant differences for the biochemical variables were detected.
Three significant changes were observed from pre to post programme. Maximal oxygen consumption did not change; however,
physical fitness score increased in both groups (p < 0.01). A significant
decrease in percent fat occurred (p < 0.05). This was due mainly to
changes in the younger group. A decrease in serum triglycerides was
also noted (p < 0.01). This resulted from decreases in only the more
highly fit women in each group.
The results for the discriminant function analyses are found in
Table II. The variables entered into the discriminant function analyses
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Table I Pre and post programme age group means and F values from the analysis of variance.

V02 (ml.kgF' minh)
RHR (bpm)

SBP (mmHg)
DBP (mmHg)
PP (mmHg)
Wt (kg)
% Fat
TC (mg/dl)
TG (mg/dl)
HDLC (mg/dl)
LDLC (mg/dl)
TC/HDLC

LDLC/HDLC

*p<0.05,

Post Programme
Junior
Senior
34
50
279
258
42.0
46.3
70
73
114
127
73
79
40
48
57
66
24
29
201
191
60
71
56
61
124
125
3.58
3.41
2.35
2.15

Table II Pre programme stepwise discriminant function analyses for the
biochemical variables.

1
2

F Values
Pre vs Post
6.25*
10.75**

4.16

0.39

0.25

0.12
0.76
0.17
0.35
0.35
5.96*
2.11

5.10*
2.35
6.15*
6.48*
3.20
2.96
0.47
2.84
1.08
0.77

0.53

9.43**
0.06

0.77
1.05
0.84

**p<0.01

were TC, TG, HDLC, TC/HDLC and LDLC/HDLC. At the pre test two
variables, TC and TC/HDLC, significantly discriminated between the
two groups (p < 0.05) with seventy percent correct classification. The
older group had higher TC and, surprisingly, a lower score on the
cardiovascular risk indicator TC/HDLC. At the post test none of the
biochemical variables significantly differentiated between the junior
and senior groups.

Step

J vs S
44.43**
0.50

Variable
Entered
TC

TC/HDLC

Wilks
Lambda (a)
0.75
0.68

Canonical Discrim.
Function Coeff. (b)
0.98
-0.55

Sign.
0.93
0.04

Percent of cases correctly classified: 70, p < 0.04.

(a) indicates the proportion of the total variance unaccounted for
(Kerlinger and Pedhazur, 1973).
(b) indicates the maximum possible correlation between the variable
entered, and the age classification (ibid.).

DISCUSSION
Though the age groups were matched in physical fitness score
several physiological changes which are reported to occur with
age in women were detected. Systolic blood pressure was
higher in the older group. Pulse pressure, which was correlated
with systolic blood pressure at both testing periods (r = 0.84,
p < 0.001), was also higher in the older women.
Though the age groups were not different in height, the
older group was significantly heavier than the younger group.
Overall, the age groups were not significantly different in
body composition. The junior group was slightly below the
reported age group average of 28.6% fat for women aged 3040. The older group was more substantially below the average
of 34.4% fat for women aged 40-50 (Katch and McCardle,
1977).
The significant decrease in percent fat from pre to post test
appears to be due mainly to changes in the younger group.
Though the interaction between age and testing period was
not significant in the analysis of variance, the non parametric
Wilcoxon ranked sign test revealed that the young group
changed significantly from pre to post test while the old group
did not. This result may be the result of selecting older women
who were less fat with respect to their age group average and
thus more resistant to further decreases than the young group.
Another possibility is that the older group did not do as much
absolute work as the younger group.

Both groups significantly increased their physical fitness
score from pre to post programme. However, only one of the
components of the physical fitness score, body composition,
changed significantly. This finding suggests that multidimensional indices of fitness status may be more powerful
measures of physical fitness than the conventional single
variable indicators.
The biochemical differences between the age groups were
small. In the univariate analysis the increases in TG, TC, and
LDLC reported to occur with age in women were not
detected. In a similar study considering middle aged men
Ismail and Montgomery reported similar findings (Ismail and
Montgomery, 1979). This finding supports the suggestion that
physical activity may counteract age related increases in these
variables. However, the small size of this study must be
considered when interpreting this result.
The more powerful discriminant function analyses detected
significant differences between the age groups before, but not
after the fitness programme. At the pre test the older group
had higher TC but surprisingly, a lower ratio of TC/HDLC.
Higher TC but lower cardiovascular risk in older women
compared to younger women of the same fitness level suggests
that physical activity may play a role in decreasing cardiovascular disease risk in older women. At the post test the
biochemical variables did not discriminate between the two
groups. For both TC and TC/HDLC the group with the least
desirable score had improved, though not significantly in the
univariate analysis.

The only significant biochemical change from pre to post
programme was a decrease in triglycerides in only the more
highly fit women in each age group. The more highly fit
women would have been able to train at a greater absolute
intensity for a longer time period. This finding supports the
suggestion that a minimal threshold level of physical activity
may be necessary to influence the serum lipids (Paffenberger
et al, 1978; Cauley, 1982). Further research to clarify the
intensity, duration, and frequency of exercise needed to bring
about these changes in young and older women is needed.
In conclusion, this investigation provides evidence that even
moderate levels of physical activity are associated with
beneficial changes in the lipid profiles of middle aged women.
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Pre Programme
Junior
Senior
34
50
244
247
38.4
46.5
71
71
114
130
74
80
40
50
56
66
27
29
189
221
83
85
52
63
118
141
3.88
3.54
2.34
2.51

Variable
Age
PFS
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