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Some Measurements of Fitness in Older Female Employees
of a Toronto Department Store
JOHN R. BROWN, B.Sc, M.D., Ph.D.* and
ROY J. SHEPHARD, M.D., Ph.D.,f Toronto

WOMEN 40 years of age and over form a

substantial and increasing part of the total
labour force in most nations. Little scientific
interest, however, has been shown in the fitness
of this segment of the population. A review of
cardiorespiratory performance1 noted only two
papers on older women,2'3 each dealing with
rather small numbers of subjects. Of two further
recent reports, one considered the results for
five men and three women jointly,4 while the
other described findings on a larger group of
subjects during very mild exercise.5 Other in¬
vestigators have described the strength6 and the
state of nutrition79 of older women, but there
has as yet been no broadly based study of fit¬
ness for this age group. Accordingly, we have
carried out a detailed study of 62 women rang¬
ing in age from 41 to 69 years, all drawn from a
distinct occupational group.the employees of
a large department store.

Methods
Subjects and Experimental Plan
The subjects were volunteers who responded to

an advertisement of the proposed fitness tests in
the staff bulletin of a large Toronto department
store. Tests were carried out in the medical depart¬
ment of the store. Subjects attended on two occa¬
sions. At the first visit, a thorough medical examina¬
tion was completed, blood and urine specimens
were obtained, and subcutaneous fat was measured.
At the second visit, tests of grip strength and venti¬
latory capacity were made, and a progressive step
test was performed. Detailed questionnaires and
personality inventories were completed between the
two visits.

Questionnaires
The first questionnaire was a 48-item inventory

relating to such details as the social and medical
background of the subjects, their income, diet,
activity, attitude to sport, and personal habits
(Shephard, unpublished). Personality was assessed
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by the Maudsley inventory,10 which yields scores for
extroversion/introversion (E) and neuroticism (N).

Medical Examination
The systolic and diastolic blood pressures were

measured by a standard sphygmomanometric tech¬
nique, with the subjects in the supine position. The
hemoglobin level was estimated by the internation¬
ally agreed cyanomethemoglobin method,11 using
reference preparations distributed by the Dominion
Bureau of Standards. The urine was tested for the
presence of reducing sugars and protein using a

Combistix strip. The standing height and body
weight were measured with the subjects nude. Skin¬
fold thickness was determined at eight standard
sites (chin, anterior axillary fold, triceps, subscapu-
lar, waist, abdomen, suprailiac and knee), using
Lange calipers exerting a force of 10 g. Posture,
obesity and muscularity were rated subjectively on
a five-point scale.

Second Attendance
The grip strength of the dominant hand was

measured by means of a Smedley . hand dyna-
mometer; the best of two attempts was recorded.
The one-second forced expiratory volume (FEV\ 0)
and the forced vital capacity (FVC) were de¬
termined using a Stead-Wells spirometer. The best
of three measurements was recorded in each case.

The progressive step test in general followed the
procedure previously described for male subjects.12
A flight of two 9-inch steps was climbed at a

progressively increasing rate (eight ascents per
minute for 2 minutes, 12 ascents per minute for
3 minutes, 16 ascents per minute for 3 minutes,
and 20 ascents per minute for 3 minutes). As a
concession to age and some instability at the knees,
a padded handrail was provided for the present
subjects. The electrocardiogram was monitored by
parasternal leads before, during, and for 5 minutes
after the exercise test. Expired gas was collected
by a low resistance box-valve and meteorological
balloon during the final minute at each intensity of
exercise. These samples were analyzed for oxygen
and carbon dioxide concentrations, using para-
magnetic and infrared gas analyzers respectively.
The maximum oxygen intake was predicted, using
the oxygen scale of the Astrand-Ryhming nomo¬

gram.13 Indications for cessation of exercise before
completion of the test schedule were (i) exhaustion
of the subject, (ii) marked depression of the ST
segment of the electrocardiogram (>.lmV) and
(iii) frequent ventricular extrasystoles (more than
two in 10 seconds).
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TABLE I..Data Obtained on 62 Employees of Toronto Department Store. Mean and S.D. op Subjects, Grouped According to Age and Presence or Absence of
Conditions Likely to Affect "Fitness"

*BTPS.at body temperature and pressure, saturated with water vapour.
**FEVi.o.forced expiratory volume, measured over 1.0 second.
fSTPD.standard conditions of temperature and pressure.

Results
General Health
Of the 62 women in the study, 33 had no

current medical abnormality. Eight others had
chronic medical conditions such as peptic ulcer
that seemed unlikely to influence fitness greatly.
A further four complained of "nervous ten¬
sion"; none of these four had a high resting
pulse rate (range: 63-74 per minute) or marked
elevation of systemic blood pressure (range:
130/80 to 145/90 mm. Hg) when tested. All 12
of these abnormal subjects have been included
with the normal subjects in subsequent analysis.
The remaining 17 subjects had physical condi¬
tions likely to affect cardiorespiratory perform¬
ance (hypertension, rheumatic carditis, anemia,
thyroidectomy, bronchitis, healed tuberculosis,
retropulsion of a cervical intervertebral disc);
these are treated separately as an "abnormal"
group.
The diastolic pressure was > 90 mm. Hg in

only three of the 62 subjects. In the first of these
three cases (pressures 150/100 mm. Hg) the pa¬
tient had no symptoms, there were no other ab¬
normal signs, the urine was free of protein, and
the systolic reading was relatively low; she was
thus not excluded from the normal subjects. The
second (pressures 170/95 mm. Hg) had a long
history of hypertension, and was receiving hypo¬
tensive drugs, while the third (pressures 180/105
mm. Hg) had a history of thyroidectomy, and
a urinary protein > 30 mg. per 100 ml.: these
are both classed with the abnormal group. Five
subjects had a urinary protein 30 mg. per 100
ml., and a trace of protein was found in the
urine of a further 13. This seems mainly an
orthostatic phenomenon, related to prolonged
standing on the shop floor; 11 of the 18 instances

of albuminuria occurred in the 19 women who
stood all day. Clinical significance was attached
to the finding in only one patient, in whom it
was associated with a long history of hyper¬
tension, as has been noted previously.

Nutrition
The majority of both normal and abnormal

subjects had a weight that was 5 to 10 kg. above
the "ideal"14 proposed for a person of average
build and comparable height (Table I). Seven-
teen had a substantial degree of obesity (weight
more than 10 kg. above the ideal figure), and
in five the weight was between 20 and 30 kg.
above the ideal. In general, these excess weights
were reflected in the subjective ratings of
obesity (20 subjects being classed as obese, and
four as very obese), and in the skinfold read¬
ings (Tables I and II), 16 subjects having an

average skinfold thickness 25 mm., including
13 of the 17 with weights of 10 kg. or more

above the ideal.
Only four of the 62 had a weight 5 kg. below

the ideal. In one, this was associated with
"nervous tension", and in a second there was

general debility following a serious neck injury
and collapse of the lung. The other two with low
weights were apparently healthy.
The hemoglobin level of most subjects was

close to the average for adult females (Table I);
only four had a hemoglobin concentration of less
than 12.8 g. per 100 ml.

Grip Strength
The grip strength is summarized in Table I.

In general, results were not influenced greatly
by the medical abnormalities noted in this
sample. Six of the 62 subjects taking regular
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TABLE II..Skinfold Thickness (mm.) at Eight Standard Sites: Results on 62 Female Employees of Department
Store, Aged 41 to 69 Years, Classified by Age

Totals include one subject who was grossly underweight and had an average skinfold of 5.7 mm. following a neck
injury and collapse of one lung.

**Totals include one subject who was grossly underweight and had an average skinfold thickness of 14.8 mm.
associated with "nervous tension".

gymnastics had a grip strength that was 2.4
kg. above the average for their age. Four of the
62 were participating in sports without gym¬
nastics at an estimated energy expenditure
.100 kCal. per day; of these, only one (who
spent 12 hours skiing each winter week-end, and
also enjoyed skating, curling and golf) had a

grip strength that was above average.
The subjective ratings of muscularity and

posture were mainly "average", and were thus
not particularly helpful.

Performance of Exercise
In general, the subjects found no great prob¬

lem in performing the progressive step test, al¬
though a number remarked that they would have
found it difBcult without the help of a hand
support. Twenty-nine of the 62 subjects com¬

pleted all four rates of ascent, and a further
18 completed three rates of ascent. Fifteen were

not able to withstand exercise for 8 minutes.
Nineteen of the 62 subjects exceeded their theo¬
retical maximum pulse rate,17 and about half of

TABLE III..Comparison of Lung Capacities with Predictions Based on the Authors' Multiple Regression
Equations16 for Healthy Office Workers in Toronto

Mean height JvC VC FEVi* FEVi.o FEV^/FVC %
Mean age (years) (cm.) observed predicted observed predicted observed predicted
44.4. 161.6 3.16 3.21 2.61 2.57 82.6 81.8
53.2. 160.0 2.98 3.05 2.40 2.35 80.6 79.5
62.4. 157.3 2.55 (2.80)* 1.93 (2.09)* 75.8 (77.2)*

*Sample size limited for predictions at this age.

Lung Capacities
As anticipated, in general the FVC of the

"normal" subjects exceeded the commonly ac¬

cepted vital capacity standards.15 It was margin-
ally less (0.05-0.07 litre) than the vital capacity
predicted from multiple regression equations16
for office workers in Toronto (Table III). This
discrepancy was thought to be due to the
trapping of gas during the FVC maneuver since
in the two younger decades the FEVi.o was

equal to or greater than that of the previous
sample of office workers; the validity of the
comparison in the oldest decade Was limited,
since few of the previous population were in
this age range.

Seventeen of the subjects were smoking a

substantial number of cigarettes (more than 10
per day). The FVC of this group was close to
average, but the FEV % was 5.3% less than in
31 non-smokers, and 7.9% lower than in eight
occasional smokers.

the remainder would have exercised further, but
were restrained because of the appearance of
electrocardiogram abnormalities. Twenty-three
of the subjects reached a plateau of oxygen con¬

sumption (increase < 0.15 litres per min.), and
in a further 13, the final oxygen consumption ex¬

ceeded the maximum as predicted by the
Astrand nomogram (Table IV). The maximum

TABLE IV..Thirty-Six Subjects Reaching Maximum Oxygen
Intake. The Maximum Pulse Rate, Respiratory Quotient, and
Discrepancy Between the Predicted (Astrand Nomogram) and
Directly Measured Maximum Oxygen Intake for the Three Age

Groups. Mean =*= S.D.

Age (years)
Respiratory ' A predicted

Pulse quotient maximum

40 to 50 Plateau
subjects (n = 6) 175 =*= 14 1.01 =*= 0.10 +0.10 =*= 0.17

All maxi-
mums (n = 12) 173 ± 10 1.05 =*= 0.09 -0.04 =*= 0.30

50 to 60 Plateau
subjects (n = 10) 160 =*= 10 1.03 =*= 0.12 +0.19 =±= 0.16

All maxi-
mums (n =. 13) 163 =*= 8 1.02 =*= 0.11 +0.11 =*= 0.20

60 to 70 Plateau
subjects (n = 7) 153 =*= 15 1.07 =*= 0.15 +0.30 ± 0.36

All maxi-
mums (n = 11) 157 =*= 8 1.06 =«= 0.15 +0.23 =±= 0.30



Canad. Med. Ass. J.
Nov. 11,1967. vol. 97 Brown and Shephard: Measurements of Fitness 1211

pulse rates and respiratory quotients were simi¬
lar in these two groups. In those subjects who
reached a plateau, the predicted values in gen¬
eral exceeded the directly measured maxima;
this reflects the tendency for oxygen consump¬
tion to increase beyond "plateau" as thus defined.
The predicted values for maximum oxygen in¬

take are summarized in Table I. With one not¬
able exception (the woman who was skiing for
12 hours each week-end; aerobic power 47.2 ml.
per kg. per minute), the predicted maximum
oxygen intakes were not above average either in
those playing regular sport or in those taking
gymnastics. This may reflect in part the rela¬
tively low aerobic cost of many sports and
gymnastic feats, as currently performed by
middle-aged women, and in part obesity (the six
gymnasts had an average weight that was 4.9
kg. above ideal, and four women participating
in regular sport had an average weight of 15.1
kg. more than the ideal). It is also possible that
subjects may have exaggerated their participa¬
tion in sports. There was no correlation of the
subject's occupation (sales-girl, waitress or clerk)
with aerobic power.
With one exception, the values found for the

maximum oxygen intake of "normal" subjects
were essentially in the sedentary range. Values
for subjects with conditions judged likely to
affect fitness were not significantly less.

Electrocardiographic Abnormalities
Substantial depression of the ST segment

(> 1 mv) occurred in nine of the 62 subjects
during exercise. Seven of these nine had previ¬
ously been classed as "unhealthy", including
three patients with hypertension, and one with
"dizzy spells". Seven others, all in the "healthy"
group, showed gross junctional depression.
Ventricular extrasystoles occurred at rest in two
subjects; these extrasystoles disappeared with
exercise. Six other subjects, with normal resting
electrocardiograms, developed ventricular extra¬
systoles during exercise; one had a history of
rheumatic carditis, but the other five were in
the "healthy" group. Two of the subjects who
showed ventricular extrasystoles were non-

smokers, and only three of the eight were

smoking more than 10 cigarettes per day. Oc¬
casionally, other abnormalities of rhythm were
seen during or immediately after exercise, in¬
cluding nodal extrasystoles in one subject, and
a partial sinuatrial block in one subject.

Personality of Subjects
In general, the E scores were not exceptional.

However, 19 of the 45 healthy subjects had an

N score 1 SD or more above the average value
for an unselected population,10 and 10 of the 45
had an N score 2 SD or more above average.
In the healthy subjects, extroverted neurotics
("psychopathic") were more common than
introverted ("anxious"), whereas in the un-

healthy subjects the reverse was true. The
tendency to a neurotic personality does not
seem to have caused any underestimation of
aerobic power; indeed, seven of the 10 very
neurotic patients (N score 2 SD > average)
had a maximum oxygen intake that was above
the average for their age group.

Discussion
Selection of Population
The use of volunteers who have been sub¬

jected to no form of coercion, direct or indirect,
is mandatory under the code of ethics drawn up
by the World Medical Association.18 It is in¬
evitable that a sample obtained in this way will
include a substantial number of subjects who
either have some medical abnormality or are

unduly concerned about their health. The phy¬
sician thus has a dual role in the assessment of
fitness.the protection of the patient during and
after testing,19 and the exclusion from the volun¬
teer panel of those with conditions liable to
diminish fitness.
There is some evidence that neurotic subjects,

particularly extroverted neurotics ("psycho-
paths"), have an excessive ventilatory and
cardiac response to unfamiliar exercise.17 Per¬
haps because a 9-inch step is a familiar house¬
hold item, no such tendency was found in the
present results, and the relatively poor cardio¬
respiratory performance of the group cannot be
explained on this basis. With the possible excep¬
tion of an orthostatic proteinuria, the results
also seem uninfluenced by the occupations repre¬
sented, and the findings are probably typical
for older females carrying out light indoor work
and (in most instances) maintaining a home in
a Canadian metropolitan environment.

Nutrition
The concept of an overnourished North Ameri¬

can Society is sustained. The reference weights
proposed by the Society of Actuaries14 are some¬
what arbitrary, but there can be no question
that subjects who in some cases exceeded these
standards by 20 to 30 kg. were obese.
No difficulty other than the time involved in

removal of clothing was encountered while ob¬
taining a full range of eight skinfold measure¬
ments from these women. The average value was
very similar to that found by other workers in



1212 Brown and Shephard: Measurements of Fitness Canad. Med. Ass. J.
Nov. 11, 1967, vol. 97

upstate New York7 and in Michigan.8 The
thickness of the triceps fold, however, was a

little less than in a previous Canadian survey,9
and substantially less than in two studies in the
United States;7, 8 rather misleading information
regarding obesity might thus have been ob¬
tained if reliance had been placed on a single
skinfold measurement.

Regional Differences in Muscular and
Cardiorespiratory Performance
The grip strength compared favourably with

that of 17-year-old girls in another part of
Canada,20 but was somewhat poorer than
average figures for 250 Danish women attending
night school (34.5 kg. at age 45, 30.9 kg. at age
55).6
The maximum oxygen intake, whether ex¬

pressed in absolute terms or relative to body
weight, was 10 to 12% poorer than published
figures from Scandinavia.1 Whereas the present
figures are predictions based on sub-maximal
effort, many of the Scandinavian measurements
have been obtained during maximal effort. How¬
ever, since the predictions tend to exceed the
true maximums in the present series, the dis¬
crepancy cannot be attributed to this cause.

In a number of the medically healthy subjects
tested, one of whom was under 50, the maximum
oxygen intake was less than 1.20 litres per
minute, and this implies that the individual con¬
cerned must operate at 50% or more of her
aerobic power even while carrying out light
household duties. Durnin and Passmore21 set
the cost of bed-making, vacuum cleaning, tidy-
ing a room, polishing a floor, window cleaning,
and shopping with a light load at 3 to 4 kCal.
per minute, with higher values for beating
carpets, scrubbing floors and polishing furniture.
A relative effort > 50% of aerobic power can¬
not be sustained for a normal eight-hour day
without undue fatigue,2 and subjects with such
limited cardiorespiratory reserves should find
immediate benefit from training programs in¬
creasing their aerobic power by no more than
10 to 20%.
The greater grip strength in subjects who take

formal gymnastics than in those who merely play
sports is perhaps not surprising. The general
absence of influence of sport and of gymnastics
on maximum oxygen intake, while disappointing,
is also in line with the impression gained from
time and motion studies of such pursuits (Pelzer,
unpublished). A high proportion of the avail¬
able time is commonly spent at very low levels
of activity which are quite inadequate to pro¬
duce cardiorespiratory training.

Electrocardiographic Abnormalities
The incidence of electrocardiographic ab¬

normalities during exercise,22, 23 although quite
high, is lower than in male subjects over the
age of 40 (Shephard: to be published). Since
marked junctional depression normally pro-
gresses to frank depression of the ST segment
with continuation of exercise, it should probably
be included in the total of "arteriosclerotic" ab¬
normalities. Extrasystoles appearing for the first
time during exercise are also probably an ad¬
verse sign. On this basis, 22 subjects (14 with
no abnormality of their resting electrocardio¬
gram on medical examination) had an above
average chance of a coronary episode. The ma¬

jority of these patients would not have been
detected by a routine medical examination, even
if this had included a resting electrocardiogram.
The abnormal findings were reported to the

store physician, who interpreted them to the
individual women. The advice required by the
patients is problematical. Theoretically, a large
increase in cardiac work due to isometric or
sustained isotonic exercise could lead to a rela¬
tive coronary ischemia and the onset of a fatal
ventricular fibrillation. The appearance of left
ventricular extrasystoles is a sign that foci of in¬
creased myocardial irritability which could pro¬
gress to fibrillation are developing during exer¬
cise. However, the number of fatal episodes
where heavy and unaccustomed exercise is a

precipitating factor is probably small, relative
to the thromboses which develop during in¬
activity, and from the patient's point of view
coronary ischemia of exercise progressing to
fibrillation is unimportant unless the precipitat¬
ing exercise has been required in the course of
employment or during a fitness experiment. If a

patient with an abnormal exercise electrocardio¬
gram is cautioned against excessive exercise, he
will probably avoid all activity, and this will
certainly increase rather than decrease his
chance of a coronary fatality.

^Comprehensive tests of "fitness" were
* completed on 62 older women em¬

ployees of a Toronto department store. Their ages
ranged from 41 to 69 years. Thirty-three had no
medical abnormality, 12 had conditions not affecting
fitness and 17 had conditions influencing strength,
lung capacity, or cardiorespiratory performance. The
importance of preliminary medical "screening" of a

volunteer population is thus emphasized. Four were
anemic and 18 had some protein in their urine; the
latter was thought to be orthostatic in origin, result¬
ing from prolonged standing on the shop floor. The
majority were obese, some weights being 20 to 30
kg. above "ideal" values; skinfold readings were
similar to those obtained in some recent survevs in
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the United States. Grip strength (25 to 30 kg.)
compared favourably with the performance of 17-
year-old Edmonton schoolgirls, but was poorer than
that of Danish housewives; it was apparently im-
proved by gymnastics, -but not by sport. The forced
vital capacity and the one-second forced expiratory
volume agreed closely with predictions, using the
authors' regression equations. The one-second forced
expiratory volume was substantially smaller in those
who smoked. The maximum oxygen intake (28 ml.
per kg. per minute at age 40 to 49; 25 ml. per kg.
per minute at age 50 to 59; and 23 ml. per kg. per
minute at age 60 to 69) was a 'little poorer than in
Scandinavian series. As with most "volunteer"
samples, the population included a substantial
number of "neurotic" subjects; this tendency was
evaluated 'by the Maudsley personality inventory,
and was shown not to affect the reported values for
aerobic power. Twenty-two of the 62 subjects show-
ed electrocardiographic evidence of myocardial
ischemia during vigorous exercise.

R Les auteurs ont effectue des epreuvesRe'sume completes de sante physique sur 62
employees, d'age variant de 41 a 69 ans et travail-
lant dans un magasin a rayons de Toronto. Trente-
trois d'entre elles ne presentaient pas d'anomalie
medicale, 12 pr'sentaient des pathologies qui n'af-
fectaient pas leur aptitude physique et les 17 autres
souffraient de pathologies qui influen,aient leur
force physique, leur capacite pulmonaire ou le
fonctionnement de leur appareil cardio-respiratoire.
On souligne ici l'importance de proceder a un de-
pistage medical preliminaire d'un groupe de volon-
taires parmi la population. Chez quatre, on a de-
couvert de l'anemie et chez 18 une certaine quantite
de proteine dans l'urine; on a cru voir une origine
orthostatique dans cette demikere anomalie, les sujets
etant souvent en station debout prolongee par suite
de leurs fonctions. II y avait une nette obesite chez
certaines personnes, leur poids etant parfois de 20
a 30 kg au-dela du poids ideal; les resultats des
lectures des plis cutanes etaient similaires aux chif-
fres de recentes etudes faites aux Etats-Unis. La force
de prehension (25 a 30 kg) se comparait favorable-
ment avec celle d'etudiantes de 17 ans de la region
d'Edmonton, mais etait inferieure a celle de mena-
geres danoises: cette force de prehension etait ap-
paremment amelioree par la gymnastique, mais non
par le sport. La capacite vitale forcee et le volume
expiratoire force (VEF1.0) etaient en etroite cor-
relation avec les predictions, d'apr's les equations
de regression des auteurs. Le VEF1.0 etait notable-

ment plus faible chez les fumeurs. La capacite
maximum en oxygene (28 ml/kg/min. aux ages
de 40 'a 49 ans, 25 ml/kg/min. aux ages de 50 a
59 ans et 23 ml/kg/min. aux ages de 60 'a 69 ans)
etait un peu plus faible que celle constat6e dans
les etudes scandinaves. Dans ce groupe, tout comme
dans les echantillons de "volontaires", on comptait
un nombre important de sujets "neurotiques". Cette
teridance a ete evaluee par le bilan de personnalite
de Maudsley. Elle n'affectait pas les valeurs classi-
ques de la capacite aerobie. Des 62 sujets, 22 pre-
sentaient des signes electrocardiographiques d'une
ischemie du myocarde pendant un exercice energi-
que.
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