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Abstract

Objectives: The purpose of this study was to investigate the knowledge and health
beliefs regarding osteoporosis risk factors of New Zealand women aged 20–49 years.
Design: A descriptive, web-based survey.
Subjects: An opportunistic sample of 622 women aged between 20 and 49 years living
in Auckland, New Zealand was recruited by email.
Results: There was a moderate level of knowledge about osteoporosis risk factors
among the women surveyed, with a mean total score for all subjects of 16.4 (standard
deviation (SD) 4.0) out of a possible 26 correct responses. Mean scores for
osteoporosis knowledge were statistically different by age group, with women aged
40–49 years scoring higher than those aged 30–39 years and 20–29 years (17.3 (SD
4.0), 16.4 (SD 4.1) and 15.8 (SD 3.9), respectively, P , 0.001). Overall, about a third of
the women perceived that they were likely to develop osteoporosis and 22% believed
the disease to be potentially crippling. Most women were aware of the benefits of
exercise and optimal calcium nutrition in preventing osteoporosis. Few women
perceived barriers to exercise participation and eating calcium-rich foods. Older
women (40–49 years) were more motivated to take care of their health than younger
women (P , 0.001). A large percentage of subjects (77%) thought that calcium-rich
foods contained too much cholesterol.
Conclusions: Despite reporting higher than average educational attainment and
health consciousness, these women demonstrated average levels of knowledge about
osteoporosis risk factors. They had low feelings of susceptibility towards
development of osteoporosis, but most considered it to be a serious disease.
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Osteoporosis is often referred to as a ‘silent disease’, a

description which alludes to its slow, steady but undetected

development during adulthood and older age as the

balance between bone formation and resorption shifts in

favour of resorption. Acquisition of peak bone mass during

the first three decades and the subsequent retention of

bone through middle age are important determinants for

reducing the risk of osteoporosis1. Yet osteoporosis is

regarded as a disease of old age and thus a distant threat to

those at the age when preventive behaviour is most

effective. Also, the disease is essentially incurable2,3 and so

a preventive public health approach is required. The

challenge for osteoporosis prevention programmes is to

promote early identification of risk factors and encourage

the adoption of risk-reducing behaviours in women from

adolescence to premenopause.

Role of knowledge and health belief in the

prevention of osteoporosis

The influence of nutrition knowledge on healthy eating has

been the subject of many studies over the past two decades.

Most authors conclude that whilst behaviours are unlikely to

changewithout an increase inknowledge, knowledge alone

is insufficient to bring about significant improvement in

preventive behaviour4,5. Knowledge can, however, influ-

ence health-related behaviours when mediated by attitudes,

beliefs, self-efficacy and an effective call to action6.

Previous studies investigating osteoporosis knowledge

amongst women from adolescence to postmenopause, in

countries including Turkey7, Australia8, Singapore9 and

the USA1,10–12, have revealed a number of commonalities.

Although awareness of the existence of the disease is

relatively high, knowledge about prevention, treatment

and the severity of its consequences is poor. Also common

to these studies is an awareness of the importance of

calcium intake and physical activity, but poor knowledge

of other risk factors such as hormonal changes, smoking,

vitamin D deficiency and ethnicity. This apparent lack of

understanding about the severity of osteoporosis, coupled

with poor knowledge of preventive behaviours, suggests

that women are unlikely to be taking action to reduce their

risk of developing osteoporosis.

q The Authors 2007*Corresponding author: Email p.r.vonhurst@massey.ac.nz

Public Health Nutrition: 10(7), 747–753 doi: 10.1017/S1368980007441477

https://doi.org/10.1017/S1368980007441477 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980007441477


The Health Belief Model (HBM) has been used as a

conceptual framework to help explain why some

individuals choose to engage in health-promoting beha-

viours and some do not6. The HBM suggests that health

behaviours are associated with certain beliefs, and

postulates that an individual will make behavioural changes

for the benefit of their health if they have a perceived

personal susceptibility to the disease, belief in the

seriousness of the disease, belief in the effectiveness of

recommended preventive behaviours, belief that the

advantages of such behaviours outweigh the costs, and

the motivation to engage in health-promoting behaviours13.

It has been reported that whilst an education

programme focusing on osteoporosis increased knowl-

edge, there was no change in health beliefs or

osteoporosis-preventing behaviour11. This suggests that

greater emphasis should be placed on health belief in

future prevention programmes.

However, Turner et al. demonstrated a positive

behavioural change using an intervention designed to

address both health beliefs and knowledge14. Subjects

were given powerful demonstrations of the severity of

osteoporosis (disability and death) and a total-body dual

X-ray densitometry test which increased perceived

susceptibility in many participants. The programme

resulted in increased perceived susceptibility and serious-

ness of the disease. A follow-up study demonstrated that

many participants had either made behavioural changes or

were intending to do so15. Similarly, Tussing et al.

designed an osteoporosis prevention programme based

on the HBM and the Theory of Reasoned Action,

incorporating components specifically designed to

increase awareness of the severity of the disease and

perceived susceptibility16. Post-intervention testing

demonstrated increases in perceived susceptibility and

calcium intake.

Perceived barriers to risk-reducing behaviour and

perceived susceptibility to the disease appear to be the

most powerful HBM components in terms of bringing

about behavioural change13,17. It is arguable that health

promotion programmes which address only knowledge

and ignore health beliefs such as perceived susceptibility

will fail to initiate an appreciable increase in risk-reducing

behaviours in their target audience.

An understanding of the knowledge and attitudes that

young and middle-aged women have about osteoporosis

is essential for the development and delivery of effective

health promotion programmes. Therefore, the objective of

the present study was to investigate women’s knowledge

about osteoporosis risk factors, their beliefs about

susceptibility to developing the disease and their attitudes

towards preventive behaviours. It is likely that age may be

a predictive factor in the outcome of women’s knowledge,

beliefs and attitudes.

Subjects and methods

Participants in this study were women aged between 20

and 49 years living in Auckland, New Zealand. Geographic

locality was limited in an attempt to control for differences

between urban and rural populations, which might

influence access to the Internet, attitudes to health,

calcium intake and level of physical activity. Additionally,

previous studies have shown substantial, but unexplained,

regional differences in hip fracture rates among older

people18.

Subjects were invited to participate in a web-based

survey by email letter. The letter was sent to an initial

group of 52 women known to the researcher, inviting

them to (1) participate in the study and (2) send the letter

on to any other women who fulfilled the criteria. As one

aim of the study was to compare knowledge and health

beliefs across different age groups, the respondents were

divided into three age groups (Table 1). Education was

measured in number of years from age five. In New

Zealand, 16 years of education usually equates to a

bachelor’s degree or the equivalent.

The questionnaire

The web-based questionnaire was completed on-line, and

responses were captured by a database on the website. It

consisted of two individual instruments, the Osteoporosis

Knowledge Test (OKT) and the Osteoporosis Health Belief

Scale (OHBS), both developed by Kim et al.19. The

instruments are subject to copyright and were used with

permission of the developers. Responses could not be

submitted if incomplete.

The OKT is a 26-item questionnaire of multiple-choice

questions which assess knowledge about osteoporosis

prevention and risk including dietary intake and sources

of calcium, level and type of physical activity, hormonal

status, heredity and ethnicity. The OKT was modified by

Table 1 Age and education characteristics of subjects

Age group by decade Mean age (years) n % of total
Mean (SD) years of education

from age five

20–29 years 23.4 257 41.3 15.9 (2.02)
30–39 years 34.2 187 30.1 16.5 (3.27)
40–49 years 44.2 178 28.6 16.7 (3.98)
Total 32.6 622 16.0 (3.08)

SD – standard deviation.
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the researcher to include two questions on vitamin D.

There is only one correct answer for each question and

the maximum score for the OKT is 26. Mean total scores

were compared for the three age groups, as were the

mean scores for individual questions.

The OHBS measures health beliefs related to osteoporo-

sis and comprises 42 response items, each rated by the

subject on a standard Likert scale of 1 (strongly disagree) to

5 (strongly agree). The scale is divided into seven subscales:

perceived susceptibility, perceived seriousness of the

disease, barriers to preventive behaviours (calcium intake

and exercise), benefits of preventive behaviours (calcium

intake and exercise), and health motivation. The internal

reliability coefficients ranged from 0.61 to 0.8020.

Tables 3–6 show the responses for disagree and

strongly disagree, and agree and strongly agree, which

were combined for the sake of clarity.

Statistical analysis

Data from the OKT and OHBS were assessed for normality

with normal Q–Q plots and de-trended Q–Q plots. The

distribution of most variables was appreciably normal,

therefore parametric tests were used. For variables with

some skewness, confirmatory non-parametric tests were

performed.

Differences between age groups were studied using

one-way analyses of variance. Univariate linear regression

analysis was used to study the predictive effect of

attitudinal and knowledge factors.

Central tendencies are reported asmean (standard devia-

tion, SD). Differences with P , 0.05 were considered signi-

ficant. Data management and analysis were performed

using SPSS for Windows, release 13.0 (2004; SPSS Inc.).

Results

Subjects

A total of 622 women aged 20–49 years completed the on-

line questionnaire. The majority of women were New

Zealand European (82%) and 6% were Asian, which is

similar to the ethnic distribution in Auckland21. New

Zealand Maori (4%) and Pacific (1%) women were under-

represented. Fifty-nine per cent of the women held an

undergraduate degree or equivalent, compared with 13%

of the Auckland population21.

Osteoporosis knowledge

The OKT has a maximum possible score of 26. Responses

to the OKT, stratified by age, are presented in Table 2.

There was a significant difference in mean scores by age

group (P ¼ 0.001), with the younger women (20–29

years) demonstrating the lowest level of knowledge

(mean score 15.8 (SD 3.9)) and the older women (40–49

years) the highest (mean score 17.3 (SD 4.0)). The mean

total score for all subjects was 16.4 (SD 4.0) or 63%. A weak

correlation (r ¼ 0.121, P ¼ 0.002, n ¼ 622) was found

between OKT total scores and years of education.

Health beliefs about osteoporosis

Health beliefs about osteoporosis were determined by

responses to the seven subscales of the OHBS, as listed

below.

Perceived susceptibility

No significant difference was found between the age

groups in this subscale. Overall, perceived susceptibility

was low, with 28.6% of women agreeing that their chances

of getting osteoporosis are high and 10.6% believing that

they are extremely likely to get the disease. Twenty-one

per cent considered that their family history makes them

more likely to get osteoporosis.

Perceived seriousness

There was no significant effect of age on perceived

seriousness. Although 64% of women agreed that it would

be serious if they got osteoporosis, only 22.5% considered

it to be a crippling disease.

Attitudes towards osteoporosis-preventing behaviours

Belief in the benefits of exercise and calcium intake for the

prevention of osteoporosis was strong across all age

groups (Tables 3 and 4) and no significant difference

between ages was detected.

There was a statistically significant difference across the

age groups in the responses to the ‘Barriers to Exercise’

section of the OHBS. Responses from all subjects are

reported in Table 5. Younger women (20–29 years)

reported the most barriers to exercise, and the older age

group (40–49 years) reported the least barriers to exercise

(P , 0.001). The attitude of a spouse or other family

member to exercise was the strongest demotivator in the

group overall (23% of subjects). However, there was a

strong effect of age with younger women (20–29 years)

being particularly influenced.

Overall, perceived barriers to calcium intake were

unaffected by age, and results are presented in Table 6.

However, 77.2% of subjects agreed that calcium-rich foods

have too much cholesterol, and there was a significant

difference in response by age group with older women

(40–49 years) more likely to agree with the statement

(P ¼ 0.002, data not shown).

A significant inverse correlation was found between

belief in the statement that calcium-rich foods have too

much cholesterol and the following item in ‘Benefits of

Calcium’: ‘I feel good about myself when I take enough

calcium’ (r ¼ 20.295, P , 0.001, n ¼ 622).

Health motivation

An analysis of the six OHBS questions about health

motivation demonstrated that older women (40–49 years)

were more highly motivated to take care of their health than
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younger women (20–29 years) (P , 0.001). Univariate

linear regression analyses showed the OHBS subscales

‘Benefits of Exercise’ and ‘Benefits of Calcium’ were

significant predictors of ‘Health Motivation’ (P , 0.001),

and ‘Barriers to Calcium’ and ‘Barriers to Exercise’ were

significant negative predictors of ‘Health Motivation’

(P , 0.001). There was no significant relationship between

‘Health Motivation’ and OHBS ‘Seriousness’, and a weak,

inverse correlation between ‘Health Motivation’ and OHBS

‘Susceptibility’ (r ¼ 20.08, P ¼ 0.049, n ¼ 622).

Discussion

The goal of this study was to gather baseline information

on the knowledge levels of premenopausal women about

osteoporosis, their attitudes towards the disease, and their

beliefs and barriers to the readily identified preventive

behaviours of physical activity and calcium intake. It was

hypothesised that as women approached menopause their

knowledge and concern about the disease would increase.

This, however, was not the case. Although there was a

small, significant increase in knowledge with increasing

age, perceptions of personal susceptibility and seriousness

were unaffected.

Osteoporosis knowledge

The total osteoporosis knowledge score was lower than

expected in this group of well-educated women. The

mean total score for knowledge achieved by all subjects,

out of a possible score of 26, was 16.4 or 63%. Other

Table 2 Responses to the Osteoporosis Knowledge Test stratified by age

Question 20–29 years (n ¼ 257) 30–39 years (n ¼ 187) 40–49 years (n ¼ 178)

Do the following make it more or less likely that someone will develop osteoporosis?
1 Diet low in milk products 91.0 89.3 87.0†
2 Being menopausal 76.3 84.5 92.1***
3 Having big bones 19.8 22.5 26.9
4 Eating green leafy vegetables 70.4 70.6 70.2
5 Heredity 80.5 79.1 83.7
6 Ethnicity 15.2 18.2 25.8*
7 Having ovaries removed 31.1 41.2 52.2***
8 Taking steroids 56.8 46.5 66.8**
9 Getting regular exercise 90.3 89.3 97.2

The following questions are multiple choice (Correct answers are underlined)
10 Best type of exercise 42.0 59.9 70.2***

Swimming, walking, kitchen chores
11 Best type of exercise 34.2 28.9 36.0

Bicycling, yoga, housecleaning
12 Frequency of exercise 83.3 88.8 92.1*

1/week, 2/week, 3þ/week
13 Duration of exercise – least amount of time 79.4 78.1 80.3

, 15 min, 20–30 min, .45 min
14 Level of exertion 54.5 53.5 58.4

Light, medium, heavy
15 Best type of exercise 64.6 66.8 64.6

Jogging, golf with cart, gardening
16 Best type of exercise 67.7 66.3 70.2

Bowling, doing laundry, aerobic dancing
17 Which is a good source of calcium? 97.3 97.9 97.2

Apple, cheese, cucumber
18 Which is a good source of calcium? 57.6 75.4 79.8***

Watermelon, corn, canned sardines
19 Which is a good source of calcium? 54.1 58.3 55.6

Chicken, broccoli, grapes
20 Which is a good source of calcium? 96.5 96.8 94.9

Yoghurt, strawberries, cabbage
21 Which is a good source of calcium? 80.2 86.6 83.7

Ice cream, grapefruit, radishes
22 Recommended daily intake (RDI) for calcium

100–300 mg, 400–600 mg, .800 mg
16.0 19.8 16.8

23 How much milk to supply calcium RDI 43.6 44.4 43.8
1=2 glass, 1 glass, 2þglasses

24 Best reason to take a calcium supplement 91.0 91.4 89.3
Skip breakfast, insufficient from diet, 45þyears

25 Which vitamin is required for the absorption of calcium? 42.4 40.6 45.5
A, C, D

26 What is the best source of that vitamin? 45.1 45.5 50.0
Oranges, cheese, sunlight

† Figures represent within-group % of correct responses.
Statistically significant difference between age groups: *P ¼ 0.019, **P ¼ 0.009, ***P , 0.001.
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studies utilising the OKT or similar instruments have also

reported poor to moderate levels of knowledge, with

mean total scores between 63% and 74%11,19,22. These

studies found, as did we, that whilst women had a good

level of knowledge about the importance of calcium and

physical activity for the prevention of osteoporosis, they

were less aware of other factors that increase risk such as

hormonal status and taking steroids.

In this study knowledge about osteoporosis increased

with increasing age. In particular, the 40–49-year-old

women demonstrated greater knowledge about the risks

of being menopausal and having an ovariectomy. It is

likely that older women become more aware of the

implications of hormonal change as they approach

menopause. However, as there was no correlation

between knowledge of hormonal effects on bone health

and feelings of personal susceptibility to osteoporosis,

older women did not consider that hormonal changes put

them at greater risk of developing the disease.

The subjects were aware that dairy products are a good

source of calcium, but were less knowledgeable of other

sources such as vegetables or sardines. There was low

awareness of the recommended daily intake (RDI) for

calcium and how much milk was required to meet the RDI.

Fewer than 50% of subjects were able to accurately answer

the two questions on vitamin D. As there is no routine

fortification of food with vitamin D in New Zealand and

dietary sources are negligible, sunlight remains an important

source of vitamin D. In light of the growing awareness of

vitamin D deficiency in New Zealand23–25, it is important

that this lack of knowledge is addressed. Women need to be

made aware that vitamin D is essential for the absorption of

calcium, that short periodsof exposure to the sun is sufficient

for vitamin D synthesis, and that if they choose to remain

completely protected from the sun, the vitamin must be

obtained from other sources.

Health beliefs

Perceptions of personal susceptibility and belief in the

seriousness of a disease are important for influencing

behavioural change in disease prevention programmes13.

Over two-thirds of the subjects did not consider themselves

susceptible to developing osteoporosis and increasing age

had no influence on this response. Given estimates from

New Zealand (Osteoporosis NZ, personal communication,

May 2005), Britain26 and the USA27 that more than 50% of

womenover the age of 50 years will develop osteoporosis in

their lifetime, this group of women are generally very

optimistic about their chancesof avoiding thedisease. Levels

of perceivedpersonal susceptibility as lowas 29% havebeen

Table 3 Subjects’ responses to statements on benefits of
exercise

Statement Disagree Neutral Agree

Regular exercise prevents problems of
osteoporosis

4.2 11.6 84.3†

I feel better when I exercise to prevent
osteoporosis

1.1 5.3 93.5

Regular exercise helps build strong bones 1.0 7.7 91.4
Exercise for osteoporosis also improves

the way my body looks
6.9 21.4 71.7

Regular exercise cuts down the chances
of broken bones

2.6 23.5 74.0

I feel good about myself when I exercise
to prevent osteoporosis

10.0 15.6 74.4

† Figures represent % of total.

Table 4 Subjects’ responses to statements on benefits of calcium
intake

Statement Disagree Neutral Agree

Taking enough calcium prevents
problems with osteoporosis

2.3 6.4 91.3†

I have lots to gain by taking enough
calcium to prevent osteoporosis

14.0 26.7 59.4

Taking enough calcium prevents painful
osteoporosis

16.4 29.4 54.2

I wouldn’t worry as much about
osteoporosis if I took enough calcium

8.3 13.7 77.9

Taking enough calcium cuts chance of
broken bones

5.6 42.1 52.2

I feel good about myself when I take
enough calcium

86.9 5.9 7.0

† Figures represent % of total.

Table 5 Subjects’ responses to statements on barriers to
exercise

Statement Disagree Neutral Agree

I feel that I’m not strong enough
to exercise regularly

92.1 4.0 3.8†

I have no place where I can exercise 95.2 2.7 2.1
My spouse/family discourage me

from exercising
67.8 8.8 23.3

Exercising regularly is a new habit and
is hard to do

87.5 6.6 6.0

Exercising regularly makes me
uncomfortable

73.5 11.3 15.3

Exercising regularly upsets my everyday
routine

84.4 10.3 5.3

† Figures represent % of total.

Table 6 Subjects’ responses to statements on barriers to calcium

Statement Disagree Neutral Agree

Calcium-rich foods cost too much 82.7 9.2 8.2†
Calcium-rich foods don’t agree with me 84.3 10.3 5.5
I do not like calcium-rich foods 79.5 10.0 1.6
Eating calcium-rich foods means a

diet change which is hard to do
89.0 7.1 3.9

To eat more calcium-rich foods
I have to give up other foods I like

62.8 28.1 9.0

Calcium-rich foods have too much
cholesterol

10.9 11.9 77.2*

† Figures represent % of total.
Significant difference across age groups: *P ¼ 0.002.
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reportedpreviously28. Therewas ahigher levelof agreement

about the seriousness of osteoporosis, but less than a quarter

of the subjects regarded osteoporosis as a crippling disease.

These attitudes suggest there is an opportunity to improve

the effectiveness of future osteoporosis prevention pro-

grammes. Initiatives which increase perceived personal

susceptibility have been shown to be beneficial15.

Generally the subjects reported few barriers to exercise

and calcium intake. However, the 77% agreement with the

statement ‘Calcium-rich foods have too much cholesterol’

suggests that advertising by dairy marketers has not been

successful in promoting the range of low-fat/low-

cholesterol products available.

Although there was strong agreement with most of the

‘Benefits of Calcium’ items, only 7% of subjects agreed

with the statement ‘I feel good about myself when I take

enough calcium’. A significant negative correlation was

found between this statement and the item ‘Calcium-rich

foods have too much cholesterol’. This further emphasises

the need to communicate the availability of low-fat/low-

cholesterol dairy products. More importantly, these two

responses raise questions about the actual calcium intake

of these women (not measured in this study), which

potentially could be much lower than suggested by the

reported strong belief in the benefits of, and lack of

barriers to, the intake of calcium.

The subjects demonstrated a high level of health

motivation, and there was a trend towards increasing

participation in preventive health care with advancing age.

A significant correlation was found between knowledge

and health motivation, and belief in the benefits of calcium

and exercise for the prevention of osteoporosis was highly

predictive of health motivation scores. Conversely, those

subjects with high levels of health motivation reported low

barriers to exercise and to consumption of calcium-

containing foods.

Limitations of the study

The subjects in this study were not representative of New

Zealand women aged 20–49 years. This was an

opportunistic sample of women who reported high levels

of education. Recruitment was self-selecting. The number

of women who were invited to participate in the web-

based survey and the number of women who declined to

participate were not ascertained.

Conclusion

This group of well-educated New Zealand women did not

demonstrate a high level of knowledge about osteoporo-

sis. Increasing age was predictive of a better level of

knowledge, particularly in questions related to the impact

of hormonal changes on bone. Perceived personal

susceptibility to osteoporosis was low, concurring with

the results of other studies. Despite these findings, the

majority of subjects were highly motivated to take care of

their health, and belief in the benefits of calcium and

exercise were strongly predictive of health motivation.

One unexpected finding was the high proportion of

subjects who considered calcium-rich foods to contain a

lot of cholesterol. This suggests that the benefits of low-fat

dairy products are not well understood, especially by the

older women. This is an important item to be addressed in

any health promotion programme and is worthy of further

investigation.

Considering the fact that the women in this study

reported educational attainment well above the national

average, there is a question about the knowledge of

osteoporosis prevention in less-educated women.

This study has provided valuable insight into the

knowledge and attitudes of women about osteoporosis. It

identifies areas where further research would provide a

more comprehensive picture. Such information will be

critical to the future development of effective health

promotion programmes for the prevention of osteoporo-

sis. An investigation into the OHBS constructs of benefits

and barriers and how they relate to actual preventive

behaviours would be particularly enlightening.
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