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Abstract: The association between general health and bone mineral density (BMD, g/cmz) is not well studied. The
purpose of this study was therefore to examine the relationships between BMD, self-perceived health, and lifestyle factors
in a well-defined cohort of middle-aged men and women. The cohort studied consisted of 1595 women and men with a
mean age of 57 years at baseline (range 30-74 yr), who completed a comprehensive health survey within the Visterbotten
Intervention Project. BMD was measured at the femoral neck and lumbar spine a mean of 5 years later using Dual Energy
X-ray absorptiometry. After adjusting for age, weight, sex, and follow-up time, self-perceived health (Beta = 0.08,
p<0.001), training (Beta = 0.11, p<0.001), snow shoveling (Beta = 0.07, p=0.001), and smoking more than 15 cigarettes
per day (Beta = -0.05, p=0.04) were found to be related to femoral neck BMD. Only self-perceived health, age, and
weight were found to be related to spine BMD. Self-perceived health was also found to be related to some of the lifestyle
factors that were significantly related to BMD, such as training (r = 0.14, p<0.001) and snow shoveling (Beta = 0.15,
p<0.001). In summary, several lifestyle factors related to self-perceived health were also found to be related to bone

mineral density in a well-defined cohort of middle-aged men and women.
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INTRODUCTION

Osteoporosis is a large public health problem and its
prevalence is expected to rise due to the aging population
[1]. It is defined as a skeletal disorder that is characterized by
reduced bone mass and microstructural deterioration of bone
tissue that increases the risk of low-trauma fractures [2].
These fractures are associated with a high degree of mor-
bidity and mortality, resulting in a heavy burden both on the
individual and the society [3].

Low bone mineral density (BMD) has been identified as
a strong risk factor for fractures in both men and women [4].
Furthermore, there are both internal and external risk factors
that have shown to impact bone mass. Internal factors like
old age, female sex and parental hip fracture cannot be
modified [5-6]. However, external factors like nutrition,
physical inactivity and smoking can be modified [5-9].

One important lifestyle factor that affects bone mass is
physical activity. Positive effects of weight bearing, dynamic
training on bone density gain have been observed in inter-
ventional studies of children and adolescents [10-16]. Some
studies have also shown an association between weight-
bearing physical activity and BMD in middle-aged women
and men [17-21]. These studies have reported either a higher
BMD in physically active pre- and postmenopausal women
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compared to inactive women in this same age group [17-21]
or less bone loss in physically active women compared to
inactive women [21, 22]. Only a few studies have invest-
tigated the association between physical activity and BMD in
non-athletic middle-aged men [23, 24]. The few studies that
have been performed have shown that an active life style is
associated with a higher BMD and less bone loss [23, 24].

Another lifestyle factor that has been found to be associa-
ted with low bone mass is smoking [25], which influences
BMD through the direct effects that nicotine has on
osteoblast proliferation and ostepontin synthesis [26].

Some of these lifestyle factors, such as physical activity,
have been found to be associated with decrease in self-rated
general health status [27, 28]. However, to our knowledge,
the association between self-perceived health, lifestyle
factors, and BMD has not previously studied in a large
cohort of middle-aged women and men. Consequently, the
aim of this study was to investigate the association between
BMD, self-perceived health, and various lifestyle factors in a
large cohort of middle-aged women and men.

MATERIAL AND METHODS
Subjects

The Visterbotten Intervention Program (VIP) [29] is a
community-based project focused on examining the risk of
cardiovascular disease and diabetes in middle-aged indivi-
duals. The study began in 1985 in the county of Vésterbotten
[29]. In short, all residents aged 40, 50, and 60 years are
invited to obtain a standardized health examination at a pri-
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mary care center in Vésterbotten. Blood pressure and blood
lipid levels are measured, and an oral glucose tolerance test
is performed. All participants are also asked to answer a
comprehensive questionnaire that includes questions about
lifestyle and psychosocial conditions. Patients are also asked
to donate blood for future research.

At the Sports Medicine Unit, bone mineral density and
body composition have been measured using dual energy X-
ray (DEXA) since 1991. Most of the subjects have had their
BMD measured because of previous fractures or because
they have had risk factors for low BMD. By the end of 2006,
DEXA scans had been performed on 4333 women and 2320
men.

A total of 1,595 subjects (1,389 women and 206 men)
that first obtained the VIP evaluation and later had their
BMD measured at the femoral neck and lumbar spine were
included into the present study.

From the questionnaire used at the VIP investigation,
self-perceived health was coded as 0 (worse than other sub-
jects of the same age), 1 (equal to other subjects of the same
age), and 2 (better than other subjects of the same age). Dia-
betes was coded as 0 (no) or 1 (yes). Current smoking was
coded as 0 (no) or 1 (yes), and as 0 (smoking less than 15
cigarettes per day), and 1 (smoking more than 15 cig-arettes
per day). Physical activity in training clothes during the
preceding three months was coded as 0 (not regularly), 1 (1-
2 times a week), and 2 (at least 2 times per week). Bicycling
and walking associated with at least some sweating was
coded 0 (2 times a month or less), 1 (3-4 times a month), and
2 (at least 2 times a week). Snow shoveling, berry/mushroom
picking, and dancing were coded as 0 (never), 1 (at most 1
time per week), and 2 (at least 1 time per week).

Measurements of BMD

BMD (g/cm®) was measured using Dual Energy X-ray
Absorptiometry (DXA). From 1991 until 1998 a Lunar
DPX-L was used and from 1998 and onward a Lunar-1Q was
used (GE-Lunar, GE Healthcare, USA). The coefficient of
variation (CV, SD/mean) was determined by scanning one
person seven times, with repositioning between every scan.
Accordingly, the CV values were approximately 1% for the
different estimates of femoral neck BMD and lumbar spine.
The equipment was calibrated each day using a standardized
phantom to detect drifts in the measurements. The equipment
was also evaluated regularly using a spine phantom. No
drifts in BMD were detected. The same technician performed
more than 90% of all the scans.

Height was measured using a wall-mounted stadiometer
and weight was measured to the nearest kilogram using a
digital scale. Body mass index was calculated as weight/
height’ kg/m’.

All participants provided informed consent and the
Ethical Committee of the Medical Faculty of Umed Univer-
sity approved the study protocol.

Statistics

All statistical analyses were performed using SPSS
(version 17: SPSS, Chicago, IL). The independent associa-
tions between lifestyle factors and BMD were examined

The Open Bone Journal, 2011, Volume 3 7

using linear regression using age, weight, sex, and time
between VIP and BMD measurement as the independent
variables. The associations between self-perceived health
and several lifestyle factors were investigated using partial
correlation analysis after adjusting for age. All data are
expressed as mean + standard deviation. All p-values <0.05
were considered to be statistically significant.

RESULTS

In the present study, 1,595 women and men were inc-
luded from the VIP investigation who were evaluated
between 1993 and 2006 Their mean age at baseline was 57
years (range 30-74). The mean follow-up time was 1931
days (range 1-5,019 days) between the VIP investigation and
the BMD measurements in the femoral neck and spine. The
baseline physical characteristics, self-perceived health status,
physical activity habits, and other lifestyle characteristics of
the cohort are shown in Table 1.

Table 1. Baseline Characteristics of the Cohort Studied

Sex — no. (%)

Women 1,389 (87)

Men 206 (13)
Age — years = SD 57.5+84
Weight — kg + SD 70.1+£12.6
Height — cm + SD 165+8
BMI — kg/m’+ SD 25642
Diabetes — no. (%) 22 (1.4)
Femoral neck BMD — g/cm’+ SD 0.87+£0.14
Lumbar BMD — g/cm” + SD 1.06£0.19
Physical activity —no. (%)

No regular physical activity 753 (69)

1-2 times per week 209 (19)

At least 2 times per week 129 (12)
Bicycling — no. (%)

2 times per month or less 542 (40)

3-4 times per month 194 (14)

At least 2 times per week 626 (46)
Walking — no. (%)

2 times per month or less 230 (15)

3-4 times per month 292 (19)

At least 2 times per week 1,014 (66)
Snow shoveling — no. (%)

Never or seldom 407 (28)

Ever month 397 (28)

Every week 636 (44)
Berry/mushroom picking — no. (%)

Never or seldom 203 (13)

Ever month 522 (35)

Every week 776 (52)
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Dancing — no. (%)
Never or seldom 858 (62)
Every month 397 (29)
Ever week 129 (9)

Self-perceived health — no. (%)
Worse than other subjects of the same age 224 (14)
Equal to other subjects of the same age 1,133 (73)
Better than other subjects of the same age 188 (12)

The independent associations between various lifestyle
factors and BMD are shown in Table 2. Self-perceived
health was found to have an independent significant positive
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p=0.001). In contrast, smoking more than 15 cigarettes a day
showed a negative association with BMD of the femoral
neck (Beta=-0.05, p=0.04). When the independent asso-
ciations between various lifestyle factors and BMD data was
analyzed separately for men and women, smoking more than
15 cigarettes a day showed a negative association (Beta=
-0.05, p=0.03) and snow shoveling showed an positive asso-
ciation with BMD of the femoral neck in women (Beta=0.08,
p=0.002). These results were not significant for men.

The independent association between self-perceived
health and various lifestyle factors were investigated after
adjusting for age (Table 3). Self-perceived health was found
to be significantly associated with physical activity (r=0.14,
p<0.001), snow shoveling (r=0.15, p<0.001), cycling
(r=0.12, p=0.001), and berry/mushroom picking (r=0.11,
p=0.002).

Table3. Independent Associations between Self-Perceived

Health and Various Lifestyle Factors’

Table2. Independent Associations between Lifestyle Factors
and BMD'
Self-perceived Health
Femoral neck Lumbar spine Smoking more than 15 cigarettes a day 0.02
BMD BMD , —
Physical activity 0.14%**
Self-perceived health 0.08*** 0.05* Snow shoveling 0.15%**
Smoking -0.02 -0.01 Cycling 0.12%*
Smoking more than 15 20.05* 0.00 Walking 0.02
cigarettes a day
Berry/mushroom picking 0.11**
Physical activity 0.11%** 0.05
Dancing 0.07
Snow shoveling 0.07** 0.03 -
*Results are adjusted for age
Cycling 0.03 -0.02 ** p<0.01, *** p<0.001
Walking 0.03 0.02 . . .
— The mean values for self-perceived health, physical acti-
Berry/mushroom picking 0.03 0.02 vity, and BMD of the lumbar spine and femoral neck for
Dancing 0.01 0.01 different age groups are shown in Fig. (1). Both BMD and

*p<0.05 ** p<0.01, *** p< 0.001
"Results are adjusted for age, weight, sex, and time elapsed between VIP and BMD
measurements.

association with both femoral neck BMD (Beta=0.08,
p=0.000) and lumbar spine BMD (Beta=0.05, p=0.04). BMD
of the femoral neck was also associated with physical acti-
vity (Beta=0.11, p=0.000) and snow shoveling (Beta=0.07,

physical activity were lower in the older age groups, but no
clear trend observed regarding the association between BMD
and self-perceived health.

DISCUSSION

In this present study, we investigated the association
between several lifestyle factors, self-perceived health, and
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Fig. (1). Mean values for physical activity, self-perceived health, BMD of the lumbar spine, and femoral neck, stratified by age.
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BMD in a well-defined cohort of middle-aged women and
men. We found that physical activity, self-perceived health
status, snow shoveling, and smoking more than 15 cigarettes
a day were significantly associated with BMD in the femoral
neck after adjusting for the influence of confounding
variables. In contrast, only age, weight and self-perceived
health status were found to be associated with BMD in the
lumbar spine. To our knowledge, this is the first study to
evaluate the associations between self-perceived health,
lifestyle factors, and BMD.

Approximately 50-70% of inter-individual variation in
bone mass is determined by genetic factors, but the rest may
be influenced by lifestyle factors, such as physical activity
[30]. In the present study, physical activity, defined as
physical activity performed in training clothes over the
preceding three months, was found to be independently asso-
ciated with BMD of the femoral neck, and this association
was found to be stronger than the associations observed for
the other lifestyle factors. Thus, activities like berry/mush-
room picking, cycling, and dancing were not associated with
BMD of the femoral neck or lumbar spine. On the other
hand, snow shoveling was significantly associated with
BMD in the femoral neck. These discrepancies might be due
to differing osteogenic effects exerted by the activities that
were investigated. It has been previously demonstrated in
experimental studies that weight-bearing activities resulting
in high strain in different directions of the skeleton are the
most osteogenic types of physical activity [31, 32]. Fur-
thermore, the effects are site-specific, i.e., only the site that
is subjected to the loading is affected [33-35]. Presumably,
snow shoveling and various activities performed in training
clothes results higher strain on the femoral neck than
activities such as walking and bicycling. These results have
also been confirmed in clinical studies, in which high-impact
training two to three times per week was found to increase
BMD in premenopausal women; [17, 20, 21] however, the
effects of this type of physical activity on BMD in post-
menopausal women are more modest [22, 36, 37]. Daly et al.
studied the association between lifetime sport and leisure
activity participation and bone characteristics in older men
and showed that long-term regular participation in weight-
bearing sport and leisure activities was an important
determinant of bone size, quality, and strength at the loaded
sites [23]. In summary, it seems that physical activity charac-
terized by weight loading at specific sites is associated with
increased BMD in middle-aged women and men.

Self-perceived health was analyzed via a question in
which the subjects were asked to grade their health as worse
than, equal to, or better than other subjects of the same age.
The results showed that self-perceived health was associated
with physical activity, snow shoveling, cycling, and berry/
mushroom picking. Our results are in line with other studies
showing that a physically active lifestyle is associated with
better self-rated health perceptions [27, 38]. Self-perceived
health was also associated with increased BMD of both the
femoral neck and lumbar spine. One might speculate that a
better self-perceived health status leads to a more physically
active lifestyle, and therefore a higher BMD. It may also be
that a physically active lifestyle leads to better self-perceived
health. One previous population-based study investigated the
association between self-rated health and BMD. As in our
study, an association was found between poor health and low
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BMD, however, this association was only observed among
50- to 79-year-old men [39].

In the present study both physical activity and BMD of
the femoral neck were found to be lower in the older age
groups than in the younger age groups. Since physical acti-
vity was also significantly associated with BMD of the
femoral neck, it might be that some of the BMD loss in the
femoral neck that occurred with increasing age was due to a
reduced physical activity level. Nevertheless, given the
cross-sectional design of the present study, conclusions
cannot be made concerning causality. However, reduced
physical activity levels in young athletes have shown to be
related to faster loss of femoral neck BMD as compared to
controls and as compared to BMD at other sites [40, 41].

The strengths of our study include a large, well-defined
study cohort that included both women and men of different
ages. One of the major limitations of our study is that the
questions used at baseline concerning physical activity in
training clothes did not specify the type of physical activity
that was performed, i.e., whether the training was weight-
bearing or not. However, snow shoveling, a weight-bearing
activity, was associated with higher BMD in the femoral
neck, while non-weight-bearing activities, such as cycling
and walking, were not associated with higher BMD in the
femoral neck. Finally, it was a mean of five years between
each subject answered the questionnaire and measured
BMD, and it is likely that a person’s lifestyle might have
changed during this time. Nevertheless, this would most
likely have biased the regression estimates towards zero.

In summary, we found associations between self-per-
ceived health, various lifestyle factors (such as physical acti-
vity level), and BMD in a well-defined cohort of middle-
aged men and women. If the findings of our cross-sectional
study are also supported in follow-up studies the reported
observations gives an important new knowledge of associa-
tion between lifestyle factors and bone mass. This informa-
tion may be used to make it easier to identify subjects with
low BMD and then affect fracture prevention.
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