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SUMMARY
Background. Interest in the prevention of osteoporosis is
increasing and thus there is a need for an acceptable osteo-
porosis prevention programme in general practice.
Aim. A study was undertaken to identify a cohort of middle-
aged women attending a general practice who would be
eligible for a longitudinal study looking at bone mineral
density, osteoporosis and the effectiveness of hormone
replacement therapy. This study aimed to describe the rela-
tionship between medical and lifestyle risk factors for
osteoporosis and the initial bone density measurements in
this group of women.
Method. A health visitor administered a questionnaire to
women aged between 48 and 52 years registered with a
Belfast general practice. The main outcome measures were
menopausal status, presence of medical and lifestyle risk
factors and bone mineral density measurements.
Results. A total of 358 women out of 472 (76%) took part in
the study which was conducted in 1991 and 1992. A highly
significant difference was found between the mean bone
mineral density of premenopausal, menopausal and post-
menopausal women within the narrow study age range,
postmenopausal women having the lowest bone mineral
density. A significant relationship was found between body
mass index and bone mineral density, a greater bone min-
eral density being found among women with a higher body
mass index. Risk factors such as smoking and sedentary
lifestyle were common (reported by approximately one
third of respondents) but a poor relationship was found
between these two and all the other risk factors and bone
mineral density in this age group.
Conclusion. Risk of osteoporosis cannot be identified by
the presence of risk factors in women aged between 48 and
52 years. In terms of a current prevention strategy for gen-
eral practice it would be better to take a population-based
approach except for those women known to be at high risk
of osteoporosis: women with early menopause or those
who have had an oophorectomy.
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Introduction
INTEREST in the prevention of osteoporosis is increasing
among general practitioners' but the way ahead is unclear.

There is increasing pressure' for general practitioners to establish
osteoporosis risk factor screening and/or bone mineral density
screening programmes and to prescribe hormone replacement
therapy. However, there are no results from scientific trials
assessing the effectiveness of such programmes in preventing
fractures in elderly women.2 The causes of osteoporosis are mul-
tifactorial, the only definite risk factors being advancing age and
the menopausal state.3'4

Fractures in postmenopausal women are an important cause of
morbidity, mortality and personal and social cost5 - all good
reasons to make prevention a priority. The introduction of health
promotion as an integral part of general practice is making fam-
ily doctors think about their role in the prevention of osteopor-
osis as well as other major diseases.
The purpose of this study was to identify the prevalence of the

medical and lifestyle risk factors for osteoporosis in a group of
women aged between 48 and 52 years registered with a health
centre in Belfast, to measure their bone mineral density and to
identify the relationship, if any, between bone mineral density
and these risk factors. It was hoped that the results might point
the way ahead to an acceptable osteoporosis prevention pro-
gramme for use in general practice. It was also the intention
(although not part of the study reported here) to follow up this
group of women over a period of years, to measure their bone
mineral density at intervals, study their use of and the effect of
hormone replacement therapy and measure the development of
osteoporosis and the incidence of fractures.

Method
Women aged between 48 and 52 years were identified from the
age-sex register of a practice of 21 046 patients in south Belfast,
and invited to attend an interview with a research health visitor
during a 12-month period between 1991 and 1992. This age group
was chosen because the majority of women reach the menopause
during these years. A questionnaire seeking information on med-
ical history (menopausal status, body mass index (kg m-2), family
history of osteoporosis, gynaecological history, number of preg-
nancies, and whether currently taking hormone replacement ther-
apy), and lifestyle factors (alcohol intake, smoking status, con-
sumption of dairy products and exercise3'4) was administered by
C G who asked the questions and then recorded the responses. A
sedentary lifestyle was defined as using a car as the main means
of transport, jogging or cycling for less than five minutes a day,
walking less than five miles per week and taking no strenuous
physical exercise. A positive family history was recorded when
the women had a first degree woman relative who had sustained a
fracture of the hip or wrist or developed a curvature of the spine
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as a result of osteoporosis. A diet having a poor dairy products
content (and therefore being low in calcium) was recorded if less
than half a pint of milk per day was drunk, with cheese, yoghurt,
icecream or milk pudding taken once a week or less.
Bone mineral density of L2-L4 vertebrae, which is the most

relevant site to measure in this age group, was measured follow-
ing the interview with the health visitor using Hologic 1000®
(Hologic Incorporated) dual energy x-ray absorptiometry. One
measurement was carried out for each woman. Patients were sub-
sequently offered lifestyle advice by the health visitor and the
opportunity to take hormone replacement therapy if their bone
mineral density was below the mean for age matched women.
The significance of differences in mean bone mineral density

between premenopausal women (those women still having men-
strual periods), menopausal women (those whose last menstrual
period had been between two and six months ago) and post-
menopausal women (women whose last menstrual period had
been more than six months ago) was assessed by analysis of vari-
ance. The relationship between bone mineral density and a num-
ber of medical and lifestyle risk factors was investigated using
multiple regression analysis.

Results
A total of 472 women were identified and invited to take part in
the study by a letter from their general practitioner. Of these, 358
(75.8%) agreed to participate, of whom 103 (28.8%) were pre-
menopausal, 43 (12.0%) were menopausal and 211 (58.9%) were
postmenopausal (menopausal status not know for one woman).
One hundred and sixteen women were current smokers

(32.4%), 111 had a sedentary lifestyle (31.0%) and 81 women
had a family history of osteoporosis (22.6%).

Seventy three women (20.4%) were taking hormone replace-
ment therapy. Hysterectomy and/or total oophorectomy had been
performed on 72 women (20.1%), 60 (16.8%) had had no preg-
nancies, 42 (11.7%) had a diet low in dairy products, 19 (5.3%)
had a body mass index of less than 20 and 12 (3.4%) reported
consuming more than 14 units of alcohol per week. Further
analysis was not carried out on the alcohol intake risk factor.
The relationship between menopausal status, age and bone

mineral density (excluding the 73 women taking hormone
replacement therapy and the 72 women who had had a hysterec-
tomy and/or total oophorectomy) is shown in Table 1. The
results of an analysis of variance showed that for the total group
of 233 women there was a highly significant difference between
the bone mineral density of the premenopausal, menopausal and
postmenopausal women, bone mineral density being lowest
among postmenopausal women.
The relationship between bone mineral density and risk factors

for the same group of women is shown in Table 2. Mean bone
mineral density was significantly higher for women with a body
mass index over 25 for the total group and for the group of pre-
menopausal women. Mean bone mineral density of women with
sedentary lifestyles was marginally higher than that of women
with non-sedentary lifestyles but none of the differences was stat-
istically significant. When strenuous physical exercise and walk-
ing more than five miles a week were studied in greater detail, it
was found that the 46 postmenopausal women who walked more
than five miles per week had a mean bone mineral density of
0.94 g cm-2 compared with a mean of 0.89 g cm-2 among the nine
postmenopausal women who walked less than one mile per
week. However, this difference was not statistically significant.
The mean bone mineral density was 0.92 g cm 2 among the 73
postmenopausal women who never indulged in strenuous phys-
ical exercise, 0.93 g cm-2 among the 10 women who exercised
once a week and 0.92 g cm-2 among those 21 women who exer-
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Table 1. Bone mineral density in relation to age and menopausal
status.'

Mean bone mineral density (g cm-2)
of women who were

Age (years) Premenopausal Menopausal Postmenopausal

48 (n= 38) 1.02 0.94 0.96
49 (n = 45) 1.05 0.96 0.89***
50 (n= 50) 1.04 1.00 0.93*
51 (n= 49) 1.00 0.96 0.92
52 (n= 51) 1.03 0.93 0.92*

Total (n= 233) 1.03 0.96 0.92***

n = number of women in group. 'Excluding women who had had a hys-
terectomy and/or total oophorectomy, and women on hormone replace-
ment therapy. *P<0.05, ***P<0.001.

cised twice a week or more. Again, the differences were not stat-
istically significant.

In order to establish that the effects of individual risk factors
were independent, a multiple regression analysis of all risk fac-
tors was undertaken with bone mineral density as the dependent
variable. This analysis showed that only menopausal status and
body mass index were independently related to bone mineral
density. There was also a statistically significant interaction
between these two factors (F = 4.59, degrees of freedom 2, 227,
P<0.01).

Discussion
The study has shown that risk factors for osteoporosis were com-
mon in this group of women. However, the relationship of these
risk factors with actual bone mineral density measurement in this
age group has not been shown to be sufficiently specific to iden-
tify those at high risk of developing osteoporosis and subsequent
fractures. Similar results were found in a London study published
in 19896 and in a Netherlands study published in 1990.7

Previous studies have shown that among premenopausal
women bone mineral density is similar in smokers and non-
smokers, but that some years after the menopause a lower bone
mineral density becomes apparent in smokers.8' 0 This finding
was supported by the present study although the present results
were not statistically significant. One study has shown the bone
mineral density in female twins aged between 27 and 73 years
who smoked was significantly lower than their non-smoking
twin sisters.11

Exercise programmes have been shown to increase bone min-
eral density, reversing the normal postmenopausal loss of bone
seen in women who do not exercise.'21'4 Another study has
shown that women who exercised at least three times a week had
a higher mineral bone density than sedentary women at all ages
from 20 to 80 years.15 The present study showed that the mean
bone mineral density of women with sedentary lifestyles was the
same as or higher than that of women with a non-sedentary
lifestyle in premenopausal, menopausal and postmenopausal sub-
groups. A possible explanation is that those women who claimed
to undertake regular physical exercise were perhaps not estimat-
ing their level of activity accurately, which is always a problem
with this type of study where there is no corroboration of what
subjects report. When more specific details of vigorous activity
were asked about (activity which produced breathlessness, per-
spiration or increased heart rate), far fewer women reported that
they undertook physical activity at that level. However, mean
bone mineral density of postmenopausal women did show an
increase with increasing levels of strenuous activity.
A growing body of controlled trials is indicating the benefits
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Table 2. Bone mineral density in relation to risk factors and menopausal status.a

Mean bone mineral density (g cm-2) of women who were

Risk factor Premenopausal Menopausal Postmenopausal Total

Body mass index
<20 (n= 12) 0.98 0.98 0.91 0.94
20 and 25 (n= 88) 0.98 0.94 0.90 0.94
>25 (n = 133) 1.08***b 0.97 0.93 0.99**c

Exercise
Sedentary (n= 65) 1.06 0.99 0.92 0.98
Non-sedentary (n = 168) 1.02 0.95 0.92 0.96

Dairy product content of diet
Low (n= 26) 0.99 0.91 0.94 0.96
Normal (n = 207) 1.04 0.97 0.92 0.97

Smoking status
Smoker (n = 72) 1.05 1.00 0.91 0.96
Ex-smoker (n = 31) 1.08 0.96 0.90 0.97
Non-smoker (n = 130) 1.02 0.94 0.93 0.97

Family history of osteoporosisd
Yes (n= 46) 1.01 0.94 0.93 0.96
No (n= 163) 1.02 0.96 0.92 0.96

No. ofpregnancies
0 (n= 41) 0.98 0.91 0.92 0.94
1+ (n= 192) 1.04 0.98 0.92 0.98

n = number of women in group. 'Excluding women who had had a hysterectomy and/or total oophorectomy, and women on hormone replacement
therapy. bDifference in body mass index among premenopausal women: ***P<0.001. cDifference in body mass index among all women: **P<0.01.
dData not known for 24 patients.

of calcium.'6"17 Food frequency questionnaires are generally
accepted as being inaccurate at estimating calcium intake. For
this reason, analysis of diet was limited to reported consumption
of dairy products. Although relatively few of the 358 women
studied (12%) reported a low intake of dairy products, it was
shown to have a deleterious effect on bone mineral density in the
premenopausal and menopausal groups of women.

While the shortcomings of subjective assessments of risk fac-
tors are recognized, it is clear that decreased bone mineral dens-
ity and the risk of osteoporotic fractures cannot be predicted
accurately from medical and lifestyle risk factors, except for pre-
mature menopause, a factor known to put women at high risk of
osteoporosis.'8"19 Single measurements of bone mineral density
are not thought to be useful screening tests for predicting future
hip fractures or for most vertebral fractures because differences
in bone mineral density between people who subsequently have a
fracture and those who do not are too small to discriminate
between them.20 An altemative way of screening women would
be to measure the rate of bone loss by regular screening to identi-
fy those who have rapid bone loss. However, there are few stud-
ies to show the predictive value of this.2? General practice would
be the ideal place to carry out such studies but access to bone
density measurements is limited and may not be a practical
proposition unless ultrasound techniques are validated and
become available.
How then do we proceed in general practice with regard to an

osteoporosis prevention programme? There are two possible
approaches: either to offer all menopausal women hormone
replacement therapy or to try to reduce risk factors for osteopor-
osis in the whole practice population of women, from birth on-
wards. As it is generally accepted that the position with regard to
longterm risks of hormone replacement therapy is not sufficient-
ly clear to recommend that its use should be universal,22 the

population-based approach would appear to be the best option at
present. In addition, as the risk of falling (affected by factors
such as poor eyesight, poor mobility, cognitive impairment, med-
ication and inadequate facilities) also determines whether an
elderly woman suffers a fracture,23,24 preventive measures must
be addressed in this field.

References
1. Consensus development conference: prophylaxis and treatment of

osteoporosis. BMJ 1987; 295: 914-915.
2. Screening for osteoporosis to prevent fractures. In: Bulletin on the

effectiveness ofhealth service interventions for decision makers.
London: Department of Health, 1992.

3. Aloia JF, Cohn SH, Vaswani A, et al. Risk factors for
postmenopausal osteoporosis. Am J Med 1985; 78: 95-100.

4. Riggs BL, Melton LJ. Involutional osteoporosis. N Engl J Med 1986;
314: 1676-1686.

5. Griffin J. Osteoporosis and the risk offracture. London: Office of
Health Economics, 1990.

6. Stevenson JC, Lees B, Devenport M, et al. Determinants ofbone
mineral density in normal women: risk factors for future
osteoporosis? BMJ 1989; 298: 924-927.

7. van Hemert AM, Vandenbroucke JP, Birkenhlger JC, Valkenburg
HA. Prediction of osteoporotic fractures in the general population by
a fracture risk score. Am JEpidemiol 1990; 132: 123-135.

8. Hansen MA, Overgaard K, Rus BJ, Christcansen C. Potential risk
factors for development of postmenopausal osteoporosis-
examined over a 12 year period. Osteoporos Int 1991; 1: 95-102.

9. Krall EA, Dawson-Hughes B. Smoking and bone loss among post-
menopausal women. J Bone Miner Res 199 1; 6: 331-337.

10. Mazers R, Barden HS. Bone density in premenopausal women:
effects of age, dietary intake, physical activity, smoking and birth
control pills. Am J Clin Nutr 1991; 53: 132-142.

11. Hooper JL, Seeman E. The bone density of female twins-
discordant for tobacco use. N Engl JMed 1994; 330: 387-392.

12. Aloia JF, Cohn SH, Ostuni JA, et al. Prevention of involutional bone
loss by exercise. Am Intern Med 1978; 89: 356-358.

13. White MK, Martin RB, Yeater RA, et al. The effects of exercise on
the bones of postmenopausal women. Int Orthop 1984; 7: 209-214.

British Journal of General Practice, June 1995 319



A McKnight, K Steele, K Mills, et al Original papers

14. Chow A, Harrison JE, Notarius C. Effect of two randomised exercise
programmes on bone mass of healthy postmenopausal women. BMJ
1987; 295: 1441-1444.

15. Talmage RV, Stinnet SS, Landwehr JT, et al. Age-related loss of
bone mineral density in non-athletic and athletic women. Bone Miner
1986; 1: 115-125.

16. Dawson-Hughes B, Dallal GE, Krall EA, et al. A controlled trial of
the effect of calcium supplementation on bone density in
postmenopausal women. N Engl J Med 1990; 323: 878-883.

17. Reid IR, Ames RW, Evans MC, et al. Effect of calcium
supplementation on bone loss in postmenopausal women. N Engl J
Med 1993; 328: 460-464.

18. Aitken JM. Osteoporosis and its relation to oestrogen deficiency. In:
Campbell S (ed). The management of the menopause and
postmenopausal years. Lancaster: MTP Press, 1976.

19. Christiansen C, Christensen MS, McNair P, et al. Prevention of early
postmenopausal bone loss; controlled two year study in 315 normal
females. Eur J Clin Invest 1980; 10: 273-279.

20. Law MR, Wald NJ, Meade TW. Strategies for prevention of
osteoporosis and hip fracture. BMJ 1991; 303: 453-459.

21. Gardsell P, Johnell 0, Nillsson B. The predictive value of bone loss
for fragility fractures in women: a longitudinal study over 15 years.
Calcif Tissue Int 1991; 49: 90-94.

22. Clinical Resource and Audit Group. Hormone replacement therapy
- a critical review ofcurrent practice and the way ahead.
Edinburgh: Scottish Office, 1993.

23. Melton LJ, Riggs BL. Risk factors for injury after a fall. Clin Geriatr
Med 1985; 1: 525-539.

24. Cooper C, Barker DJP, Morris J, Briggs RSJ. Osteoporosis, falls and
age in fracture of the proximal femur. BMJ 1987; 295: 13-15.

Acknowledgements
We thank Schering Health Care Limited who funded the study and all the
doctors in Dunluce Health Centre who allowed us to screen their patients.
We also thank Dr E Turkington for statistical advice.

Address for correspondence
Dr A McKnight, Department of General Practice, Queen's University
Belfast, Dunluce Health Centre, I Dunluce Avenue, Belfast BT9 7HR.

rSomething
to build DOCIU

SURER.l1
on.00 0

For details please contact:
Mr K. Saunders, Managing Director

Persimmon Homes (East Yorkshire) Ltd.
Morton House, Morton Lane,

Beverley, East Yorkshire, HU17 9DD

PERSIMMON HOMES 4

MEDICAL INSURANCE
CONSULTANTS

FREEPOST (BS8313), YEOVIL, SOMERSET

LOCUM INSURANCE POLICY
AUTOMATICALLY

INCLUDED

WEEKLY BENEFIT YES

DEFERRED PERIODS YES
4, 13 OR 26 WEEKS

PREMIUM NOT AGE YES
RELATED

SAME PREMIUM FOR YES
MALES AND FEMALES

WINTER SPORTS COVER YES

MINIMUM OF EXCLUSIONS YES

HIV/AIDS COVER YES

LUMP SUM PAYMENT YES
AVAILABLE

Example: A benefit of £650 per week, for a
deferred of 4 weeks and payable for 48 weeks
would cost £285 per annum for a male or female
partner/practice manager. For a deferred period of
13 weeks and payable for 39 weeks the cost would
reduce to £185 for a male or female partner/
practice manager.

FOR YOUR FREE QUOTATION
TELEPHONE 01935 24085
OR FAX 01935 26884

OTHER SERVICES AVAILABLE:

: SURGERY INSURANCE:
RESIDENTIAL BUILDINGS AND CONTENTS

MOTOR INSURANCE:
MARINE INSURANCE:
HEALTH INSURANCE
SURGERY FINANCE:

RESIDENTIAL MORTGAGES

320 British Journal of General Practice, June 1995


