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Abstract. We investigated the relation between lifetime
physical activity and bone mineral density (BMD) in
South African women using data collected in a case-
control study of breast cancer in relation to BMD.
Subjects (n = 144) were of black African or mixed an-
cestral origin, and <60 years of age (mean age
42.6 ± 8.9 years). Cases had newly diagnosed breast
cancer (n = 62) and controls were referred for condi-
tions unrelated to BMD or breast cancer (n = 82).
Physical activity data consisting of household, occupa-
tional and leisure-time activity, and activity for trans-
port, were collected via questionnaire at 4 life stages
(epochs), viz. 14–21, 22–34, 35–50, and 50+ years of
age. Total energy (MET hrs) and peak strain scores were
calculated. Lumbar spine and total proximal femur
BMD were measured using dual-energy x-ray absorp-
tiometry. BMD measures were similar between groups,
therefore data were combined. BMD measures were
unrelated to total lifetime physical activity. However,
the major determinants of total proximal femur BMD
included age, transport activity including walking and
bicycling between the ages of 14 and 21 years, and
current weight (adjusted r2 = 0.33, P < 0.0001). The
major determinants of lumbar spine BMD included age,
household energy expenditure between the ages of 14
and 21 years, and current weight (adjusted r2 = 0.23, P
< 0.0001). Total peak bone strain score for activities
between 14–21 years of age was also significantly cor-
related with lumbar spine BMD (r = 0.18, P < 0.05).
Intraclass correlation coefficients to assess tracking of
activity through epochs 1, 2, and 3 were high for total
energy expenditure (0.96; 95%CI: 0.94–0.97), household
(0.98; 95%CI: 0.97–0.99) and occupational activity
(0.78; 95%CI: 0.71–0.84) and activity for transport
(0.92; 95%CI: 0.89–0.94). These data suggest that
walking or activities resulting in impact loading at a
young age are associated with higher BMD in later
years. In addition, our findings suggest tracking of
physical activity over time.
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Studies that have examined the relationship between
bone mineral density (BMD) and current physical ac-
tivity levels have found a positive relationship [1–4].
Other studies have also found past activity to be asso-
ciated with current BMD in older women [5, 6]. The
most detailed study of historical physical activity [7]
found a consistent dose-response relationship between
increasing quartiles of historical physical activity, ex-
cluding walking, and bone area and density in post-
menopausal women. However, in a more recent study of
Swedish men and women up to 85 years of age [8],
lifetime occupational and sport activities, as well as bed
rest, were not associated with BMD. Few longitudinal
cohort studies have assessed the relationship between
lifetime physical activity and BMD, and none have ex-
tended through to middle age. In the Amsterdam
Growth and Health Longitudinal Study [9], both lum-
bar spine and hip BMD (at different sites) measured at
28 years of age was significantly associated with physical
activity measured during adolescence. In addition,
physical activity patterns of the subjects were monitored
over the same period [10], and low-to-moderate tracking
was observed for daily physical activity.

In addition to physical activity, weight-bearing exer-
cise and high impact loading have been shown to be
positively associated with increased BMD in men and
women [11–15]. A range of peak strain scores for dif-
ferent physical activities have previously been developed
[16]. In their study of adolescents and adults, peak strain
scores were positively related to lumbar spine BMD. It
may, therefore, be important to quantify weight-bearing
activity in the assessment of historical physical activity
in relation to BMD. Furthermore, most of the studies
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that have focused on the relationship between physical
activity patterns and BMD, have involved middle-aged,
Caucasian groups.

The aim of the present study was to evaluate the re-
lationship between lifetime physical activity patterns,
both in terms of total energy expenditure and bone
impact loading, and bone mineral density in middle and
older-age women of black or of mixed ancestral origin in
the Western Cape of South Africa.

Materials and Methods

Subjects

The sample of 144 subjects comprised black women (n = 17)
and women of mixed ancestral origin (n = 127) aged 22–59
years, residing in Cape Town, South Africa. All subjects had
been participants in a case-control study of bone mineral
density and breast cancer conducted in 1998. Informed consent
was obtained from all subjects and the study was approved by
the Ethics Committee at the University of Cape Town. Cases
(n = 62) were women who presented with newly diagnosed
incident primary cancer of the breast at Groote Schuur Hos-
pital; only women who had not yet received treatment with
chemotherapy or radiation were included. Controls (n = 82)
were women who had been admitted to the same hospital for
non-gynecologic illnesses unrelated to risk of breast cancer or
contraceptive use. Cases and controls with bone diseases were
excluded. Physical activity data were not collected on 17 of the
subjects because the physical activity questionnaire was in-
complete.The cases (76%) and the controls (53%) were aged 40
years or older; the proportion of women of mixed ancestral
origin was 90% among the cases and 87% among the controls.

Medical History and Lifestyle Factors

All participants were administered standard questionnaires by
nurse-interviewers to obtain information on risk factors for
breast cancer, including reproductive history contraceptive
history, and family history of breast cancer. Other information
collected included years of current or past cigarette smoking,
as well as current and past alcohol and coffee consumption.
Demographic and socioeconomic data collected included ed-
ucation, employment and marital status.

Physical Activity History

Historical information was obtained on levels of physical ac-
tivity for 4 age groups—14–21, 22–34, 35–50, and 50 or more
years. The physical activity questionnaire was adapted and
customized to this population of South African women from
that of Kriska et al. [7]. A cue card with 34 activities divided
into household, occupational, leisure-time and transport ac-
tivities was used. Only activities over 3 METs (metabolic
equivalents) according to the classification of activities by
Ainsworth et al. [17] were included (one MET is defined as the
energy expenditure for sitting quietly, which for the average
adult is approximately 3.5 ml of oxygen/kg body weight/min).
Each subject, under the guidance of the nurse-interviewer,
selected activities in which she had participated for at least 6
months. Subjects then recalled the total number of years within
each epoch that they engaged in this activity, as well as
months/year, sessions/month and average min/session. We
assigned each activity a MET level according to the Com-
pendium of Physical Activities [17]. Lifetime physical activity
data were divided into �absolute� MET hrs, as well as an av-
erage of MET hrs/week for each epoch. In addition, MET hrs

and MET hrs/week were calculated for household, occupa-
tional, leisure-time and transport activities within each epoch.
Walking was quantified by separate questions: total time
walking, walking for leisure, and walking for transport. Peak
strain score was calculated for each epoch based on the peak
strain score for each activity developed by Groothausen et al.
[16]. This scoring system reflects impact loading and allocates a
score of 1–5 for activities ranging from non-weight-bearing to
those involving jumping actions.

Milk Intake

Milk/maas (a local sour milk drink) intake during the four
epochs (adapted from Sandler et al. [18]) was used as a proxy
for calcium intake. Subjects were asked whether they con-
sumed milk with every meal; frequently/not with every meal;
sometimes; rarely or never. Responses were categorized as 1
for every meal, 2 if frequently/not with every meal, 3 if
sometimes, and 4 if rarely or never. Due to respondent burden
and the homogeneity of the population, additional dietary
information was not collected.

Bone Densitometry and Anthropometric Measures

On completion of the interview, each of the subjects had an
osteodensitometry scan of the lumbar spine and the left
proximal femur. The nurse-interviewer obtained signed in-
formed consent from each subject. Scans were performed in
the Department of Nuclear Medicine, Groote Schuur Hospital
using a Hologic QDR-1000 (version 4.20) dual-energy x-ray
bone densitometer (Hologic Inc., Waltham, MA). Average
bone mineral densities (g/cm2) were determined for lumbar
vertebrae 1 through 4 and the total proximal femur, Ward’s
triangle, femoral neck, greater trochanter, and the intertro-
chanteric area. We used the World Health Organisation cri-
teria [19] based on the T-score (the subject’s BMD expressed in
relation to the young adult reference mean) to classify oste-
oporosis and osteopenia.

The nurse interviewers measured waist and hip circumfer-
ences and weight and height, according to standardized
methods outlined in the study manual, at the time of the bone
density scan. We calculated body mass index (BMI) as weight
(kg) divided by height (m) squared.

Statistical Analysis

The StatsoftTM (Statistica v5.0, 1999) statistical package was
used. Descriptive analyses were performed to determine mean
values and standard deviations. Continuous data were com-
pared between cases and controls using the one-way analysis of
variance, covaried for age, weight and ethnicity. In addition, a
chi-square test was used to compare categorical data such as
smoking and alcohol intake between the groups. Pearson
correlation coefficients for the relation of BMD to the various
lifestyle and physical activity variables were calculated for the
total cohort (cases and controls combined). These variables
were then entered into a multiple stepwise regression in order
to determine the influence of possible confounders. Transfor-
mation of the energy expenditure data, which was not nor-
mally distributed, did not improve the distribution of data and
therefore was not used. Intraclass correlation coefficients were
calculated for all subjects who had physical activity data for
epoch’s 1, 2 and 3 (n = 96) to determine whether any of the
physical activity measures tracked over time.

Results

The only significant difference in subject characteristics
between the cases and controls was age (45.3 ± 8.7 vs
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40.5 ± 8.6 yrs, respectively, P < 0.01). We found no
differences between cases and controls in physical
characteristics such as weight, height and BMI; re-
productive factors such as parity and months of
breastfeeding; and lifestyle factors, including past and
present smoking and milk intake. All comparisons be-
tween groups were adjusted for ethnicity and age. As
shown in Table 1, BMD of the lumbar spine, total
proximal femur and femoral neck were similar in the
cases and controls. There was also no difference between
the cases and controls in the prevalence of osteoporosis
and osteopenia. Because the cases and controls were
similar in BMD measures and other characteristics, we
combined the groups for all further analyses. Subject
characteristics of the group (n = 144) are presented in
Table 2.

Total proximal femur (F) BMD and femoral neck
(FN) BMD were lower in current and ex-smokers
(n = 80) than in never-smokers (n = 64); (F BMD:
0.952 ± 0.132 vs 0.996 ± 0.124 g/cm2, P < 0.05; FN
BMD: 0.838 ± 0.128 vs 0.906 ± 0.202 g/cm2, P <
0.01), after adjusting for weight, age and ethnicity (Fig.
1). No differences were found in BMD between women
who had consumed alcohol (n = 44) and women who
had not (n = 100) or between women who were past or

present coffee drinkers (n = 133) and women who never
drank coffee (n = 11).

Bivariate analysis was used to describe the relation-
ship between the BMD measures and various subject
characteristics (Table 2). The BMD of the lumbar spine,
total proximal femur and femoral neck were inversely
correlated with age, but only the association with fem-
oral neck BMD was statistically significant (r = 0.26, P
< 0.01). All three BMD measures were significantly
correlated with weight, height, BMI and waist and hip
circumferences. The strongest correlation was seen with
total proximal femur BMD, where 20–25% of the var-
iance in BMD was explained by a variance in the an-
thropometric measures. Age at menarche was
significantly correlated with femoral neck BMD
(r = 0.18; P < 0.05) but not with any of the other
BMD sites.

Means of the various physical activity parameters for
epochs 1, 2, 3 and 4 are included in Table 3. Using
bivariate analysis, total energy expenditure (TEE) and
household (HH) energy expenditure, in average MET
hrs/week, at ages 14–21 years were both significantly
correlated with lumbar spine BMD (TEE: r = 0.18, P
< 0.05; HH: r = 0.22, P < 0.05). Transport activity
(TR), including walking and bicycling, and average time

Table 1. BMD measurements of cases and controls*

BMD measurement Cases (n = 62) Controls (n = 82)

Lumbar spine (g/cm2) Mean (SD) 1.030 (0.159) 1.036 (0.119)
T-score Mean (SD) )0.14 (1.45) )0.10 (1.09)
Osteopenic % 22.6 18.3
Osteoporotic % 4.8 1.2

Total proximal femur (g/cm2) Mean (SD) 0.967 (0.143) 0.973 (0.120)
T-score Mean (SD) 0.18 (1.13) 0.21 (1.01)
Osteopenic % 17.7 11
Osteoporotic % 0 0

Femoral neck (g/cm2) Mean (SD) 0.867 (0.214) 0.867 (0.124)
T-score Mean (SD) )0.04 (1.24) 0.789 (1.18)
Osteopenic % 19.4 17.1
Osteoporotic % 1.6 1.2

* Data adjusted for age and ethnicity

Table 2. Relationship of subject characteristics to BMD (n = 144)

Correlation coefficient (r)

Lumbar spine BMD Total proximal femur BMD Femoral neck BMD
Characteristic Mean (SD) (g/cm2) (g/cm2) (g/cm2)

Age 42.6 (8.9) )0.13 )0.13 )0.26**
Height 158.6 (6.2) 0.29*** 0.19* 0.20*
Weight 71 (15.4) 0.38*** 0.54*** 0.37***
BMI 28.3 (6.3) 0.27*** 0.47*** 0.29***
Waist circumference 90.9 (3.6) 0.25** 0.48*** 0.29***
Hip circumference 109.3 (13.4) 0.29*** 0.49*** 0.32***
Age at menarche 13.8 (2) 0.16 0.16 0.18*

* P < 0.05, ** P < 0.01, *** P < 0.001

L. Mickelsfield et al.: Lifetime Physical Activity and BMD 465



spent walking per day (W) were significantly correlated
with total proximal femur BMD at this age (TR:
r = 0.19, P< 0.05; W: r = 0.22, P< 0.05). Total peak
bone strain score for activities at ages 14–21 was sig-
nificantly correlated with lumbar spine BMD (r = 0.18,
P < 0.05).

Using multivariate analysis, the variables, age, total
energy expenditure for epoch 1, and current weight were
included in the model that accounted for 21% of the
variance in lumbar spine BMD (P < 0.0001, standard
error of the estimate, SEE = 0.126 (Table 4). When
total energy expenditure for epoch 1 was replaced with
household energy expenditure for epoch 1, the same
variables accounted for 23% of the variance in lumbar
spine BMD (P < 0.0001, SEE = 0.124 (Table 4)).

The statistical model that best predicted total proxi-
mal femur BMD included age, transport activity in-
cluding walking and bicycling between the ages of 14
and 21 years, and current weight. These variables ac-
counted for 33% of the variance in total proximal femur
BMD (P < 0.0001, SEE = 0.109, Table 5). When
transport activity was replaced by average time spent
walking per day between the ages of 14 and 21 years,
29% of the variance in total proximal femur BMD was
accounted for (P < 0.0001, SEE = 0.105) (Table 5).
BMD was not significantly correlated to any measures
of physical activity in epochs 2, 3 or 4.

Intraclass correlation coefficients were calculated to
determine tracking of activity through epochs 1, 2 and 3.
For total energy expenditure an intraclass correlation
coefficient of 0.96 (95%CI: 0.94–0.97) was obtained. For
household activity and occupational activity, the intra-
class correlation coefficient was 0.98 (95%CI: 0.97–0.99)
and 0.78 (95%CI: 0.71–0.84), respectively. Similarly,
activity for transport had an intraclass correlation co-
efficient of 0.92 (95% CI: 0.89–0.94), however, the in-
traclass correlation coefficient for leisure time activity
was poor ()0.14; 95%CI: )0.22–)0.03).

Discussion

In the present study we found that the maximum influ-
ence of lifetime physical activity on adult BMD was
between the ages of 14 and 21 years. Total walking and
activity for transport were positively associated with
total proximal femur BMD only in the first epoch. In
addition, household activities, which were mostly
weight-bearing tasks such as mopping and sweeping,
were correlated with lumbar spine BMD during the
same age period. Our results agree with earlier findings
[5–7] that physical activity during early age periods is
positively associated with BMD in later life.

The women in our study differed from those studied
previously in that they were non-Caucasian and from
socioeconomically disadvantaged backgrounds, where
leisure time physical activity was low, whereas the par-
ticipants in previous studies were Caucasian women,
generally from the middle class [7, 8, 20]. Another dif-
ference is that our study incorporates household and
occupational activity, as well as walking for transport.
Had we only characterized leisure time activity, we
might have failed to find the association with transport
and household activities, highlighting the importance of
physical activity measurement tailored to the lifestyle of
the population under study. The finding that the rela-
tionship between physical activity and BMD was
strongest in the earliest age period provides indirect
evidence that mechanical loading resulting from physi-
cal activity during the adolescent years may result in a
higher peak bone mass later in life. In addition, the re-
lationship that we found between walking and BMD of
the total proximal femur highlights the importance of
impact loading and weight-bearing activity on bone
accretion. Our findings support the data from Ulrich et
al. [20] who found that total weight-bearing exercise
during childhood and the teenage years was associated
with BMD in American women.

Fig. 1. BMD of the total proximal femur
and the femoral neck in ever smokers and
never smokers. The results are covaried
for height, weight and ethnicity.
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The method used by Ulrich et al. [20] to classify
weight-bearing activity did not take into account the
impact loading of the activity. In our study we used the
classification system of Groothausen et al. [16] to cal-
culate a total peak bone strain score and we found that
the total peak strain score during the first epoch (14–21
years) was also significantly associated with BMD of the
lumbar spine. In contrast, Groothausen et al. found that
peak strain physical activity during both adolescence
and adulthood was positively related to lumbar spine
BMD. These findings suggest that it is important to
measure impact loading when investigating the rela-
tionship between BMD and physical activity.

Others have found that daily physical activity pat-
terns track over time [10]. In our study, household ac-
tivity accounted for most of the total energy expenditure
in all four epochs and this, together with total energy
expenditure, tracked throughout epochs 1, 2 and 3. Our
study, however, only found activity during adolescence
to be related to current BMD, therefore suggesting that
physical activity is most effective during the period of
bone accretion, as shown by Kriska et al. [7], and the
relationship between past physical activity and current
physical activity may actually confound this relation-
ship.

With respect to factors other than physical activity,
it is well known that weight and BMI are associated
with increased BMD [21, 22]. Our findings are consistent

with these studies and also show a strong relation-
ship between waist circumference and BMD of the
lumbar spine, which may just be a function of increased
weight.

While Sandler et al. [18] found that women who re-
ported drinking milk with every meal during childhood
and adolescence had significantly higher bone densities
than women who reported drinking milk less frequently,
we failed to confirm such a relationship. However, most
of the women in our study reported that they consumed
milk rarely, and our failure to show an association be-
tween milk consumption and BMD may be due to de-
creased variability in the response to questions on milk
consumption.

An unexpected finding was the significant positive
correlation between age at menarche and femoral neck
BMD. Delayed menarche has previously been associat-
ed with reduced bone mineral density [23]. We have no
apparent explanation for this association in our study.

The present data were collected in a case-control
study of breast cancer risk in relation to BMD. A cri-
terion for subject selection was the absence of bone
disease. The successful application of this criterion is
indicated by the low prevalence of osteoporosis in the
cases and controls. The study was not primarily de-
signed to assess correlates of BMD. However, insofar as
the appropriate data for such an assessment were col-
lected, and the BMD measures and variables related to

Table 3. Physical activity parameters for epochs 1, 2, 3 and 4

14–21 yrs 22–34 yrs 35–50 yrs >50 yrs
Physical activity parameter (n = 127) (n = 127) (n = 96) (n = 28)

Energy expenditure (MET hrs/ week)
Total 87.8 (65.9) 97.5 (70.1) 60.3 (70.7) 28.8 (38.9)
Household 41.4 (31.1) 45.1 (34.5) 21.4 (27.2) 12.1 (22.7)
Occupational 29.4 (54.3) 39.3 (61.7) 30 (49.8) 14 (30)
Leisure-time 8.9 (16) 5.1 (11.8) 5.5 (28.5) 0.56 (1.36)
Transport 8.1 (11.8) 8 (10.2) 3.5 (7.25) 2.08 (5.8)

Walking (min/day) 60.7 (49.9) 56.9 (36.3) 59.3 (74.6) 58.9 (45.1)
PSS (· 1000) 252.7 (180.7) 483.4 (355.9) 371.6 (410) 139.2 (144.4)

Values are means (SD)PSS: peak strain score

Table 4. Multivariate analysis for lumbar spine BMD1

Variable b b P level

Age (yrs) )0.205 )0.003 0.013
Total energy expenditure* (Met hrs/week) 0.215 0.0005 0.009
Weight (kg) 0.419 0.004 0.000

With household energy expenditure* in place of total energy expenditure2

Age (yrs) )0.190 )0.003 0.0183
Household energy expenditure* (Met hrs/week) 0.255 0.0012 0.0015
Weight (kg) 0.418 0.004 0.000

1 R = 0.480, adjusted R2 = 0.211, SEE = 0.125, P < 0.0001, b, parameter estimate; b, partial coefficient
2 R = 0.500, adjusted R2 = 0.231, SEE = 0.124, P < 0.0001, b, parameter estimate; b, partial coefficient
* Between 14 and 21 years of age
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physical activity were similar in the cases and controls,
we used the combined data for this purpose. The phys-
ical activity patterns of our study population included a
large amount of household activity and daily walking as
a means of transport and there was limited participation
in leisure-time activity. The physical activity question-
naire that we used was specially adapted for this popu-
lation. All BMD measurements were done at the same
facility using internationally accepted procedures. In-
formation bias is not a concern as the women were in-
terviewed about their physical activity before their bone
measurements were taken. However, there were un-
doubtedly errors in reporting physical activity, which if
random could have weakened the relationship between
BMD and physical activity. This questionnaire has also
been found to be reproducible in a population of a
similar age to ours [24].

As the current study was part of a much larger study,
it was impossible to collect sufficient detail on some
important confounders such as nutritional intake, par-
ticularly calcium intake. A more sensitive proxy for Ca
intake would have been ideal, and greater attention
should have been paid to other sources of Ca that may
have been more applicable to this population.

The present study is the first to assess lifetime phys-
ical activity in relation to BMD in non-Caucasian
women. As most of the women were of mixed racial
descent from largely socioeconomically disadvantaged
backgrounds, the results are most applicable to that
ethnic group. Our results add to the literature that in-
dicates that physical activity during childhood and ad-
olescence is related to BMD in later life. Our results also
suggest that activities such as walking, provide signifi-
cant impact loading, which positively influences BMD.
In addition, some aspects of physical activity early in life
tracked over time. Further work is needed to define the
separate contributions of physical activity at a young
age and later on in life to adult BMD.
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