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Osteoporosis is a serious public health problem which threatens millions of people 
worldwide. Since there is no cure for osteoporosis, prevention strategies such as 
educational programs are critical. Educational approaches to osteoporosis prevention 
among Chinese populations have not been substantially studied. The purpose of this 
study, a web�based educational approach, is to help fill this research void. There are 
three reasons a web�based approach was chosen for this study: 1) It is a novel 
approach to osteoporosis prevention in China; 2) There is potential to reach large 
numbers of people at a relatively low cost; and 3) the web provides suitable mechanism 
to study a Chinese population in China while matriculating in the U.S.  

This study was designed to assess the impact of a web�based program on 
knowledge, health beliefs and self�efficacy about osteoporosis prevention among 
college students in China. A website was constructed around the following four 
educational modules, undergirded in behavioral change principles aligned with the 
Health Belief Model: 1) Knowledge of osteoporosis; 2) Prevention of osteoporosis; 3) 
Calcium and osteoporosis; and 4) Exercise and osteoporosis. Three pre�validated 
questionnaires consisting of several sub�scales were posted to the website to pre� and 
post�test participants’ knowledge (Osteoporosis Knowledge Test – OKT), health beliefs 
(Osteoporosis Health Belief Scale � OHBS) and self�efficacy (Osteoporosis Self Efficacy 
Scale � OSES). 

The study was carried out between May and July 2008. One hundred and thirty�one 
Chinese college students (mean age 22.5 ± 3.0 yrs) completed the program. Post�test 
results were significantly improved over pre�test results for all survey sub�scales. 
Unless otherwise indicated, the level of significance for the following subscales’ pre�
post�test results were P<.001:  OKT (risk factors, 8.7±2.5 vs.5.3±1.8; exercise, 5.7±1.4 
vs.3.6±1.5; calcium, 6.7±1.5 vs.4.1±1.6); OHBS (susceptibility,19.8±4.2 vs.16.0±4.2; 
seriousness,17.3±5.0 vs.14.8±3.1; benefits of exercise, 25.3±2.2 vs.24.6±3.6 (P=0.048); 
benefits of calcium, 25.4±1.8 vs.23.3±3.4; health motivation, 25.5±1.7 vs.24.2±2.9; 
barriers to exercise,11.9±1.8 vs.13.4±3.1; barriers to calcium intake(14.1±3.2 
vs.15.1±3.1, P=0.004); OSES (exercise, 47.6±8.9 vs.23.4±12.8; calcium intake, 7.9±8.5 
vs.24.7±16.0). 

Results indicate that this web�based osteoporosis education program was effective 
in increasing knowledge, health beliefs, and self�efficacy about osteoporosis among 
college students in China. The strategies used to develop the program could provide 
guidance for future studies. 
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Osteoporosis is a serious public health issue, affecting up to 1 in 2 women and 1 in 
5 men over the age of 50 years (1). The World Health Organization (WHO) defines 
osteoporosis as “‘low bone mass and micro�architectural deterioration of bone tissue 
leading to enhanced bone fragility and consequent increase in fracture” (2). 
Osteoporosis has been termed the silent thief because the condition is asymptomatic 
until a fragility fracture occurs (3). A chronic irreversible degenerative disease, 
prevention is the most efficacious intervention to reduce osteoporosis morbidity (4). 
According to WHO, prevention strategies should emphasize proper nutrition such as 
adequate calcium and vitamin D intake, and weight�bearing exercises (5).  

 Most widely published osteoporosis prevention efforts have been conducted in 
populations in the United States (U.S.) and the European Union, where combined cost 
of all osteoporotic fractures total approximately $20 and $30 billion, respectively (6). 
Reportedly, roughly 28 million people in the United States alone suffer from 
osteoporosis or low bone density (7, 8, & 9). Nevertheless, osteoporosis is an 
increasingly recognized public health problem in other regions of the world particularly 
among population groups with small body frames and relatively long life spans (10). 
The proposed world region of focus for this thesis is Asia, specifically the People’s 
Republic of China. Based on hip fractures, the prevalence of osteoporosis is lower in 
Asian countries than in the U.S. and the European Union. However, because of the 
massive population, approximately 1/4 of the world’s total hip fractures occurred in Asia 
in 1990, a proportion projected to nearly double by the year 2050 as rates are rapidly 
increasing (11). Most of the increases in hip fractures among Asians are projected to 
occur in the People’s Republic of China, the home of 1/4 of the world’s population.  

Osteoporosis is sometimes termed the disease of adolescence which presents itself 
during the elderly years (12). The rationale for this terminology is that maximum bone 
density development occurs during the adolescent years (ages 10�21), peaking around 
25 to 30 years of age (13). Lifestyle behaviors consistent with WHO recommendations 
mentioned above (namely obtaining adequate calcium, vitamin D, and weight bearing 
exercises) have been shown to delay or repair bone loss and prevent osteoporosis 
(14,15). Yet, estimates of calcium intakes worldwide are far below recommendations 
(16) and intakes among adolescents are often among those seriously deficient (17). 
China, according to a national survey conducted in 2002, is no exception with an 
estimated mean calcium intake (390 mg/day) among adults equivalent to about half 
their recommended intake of 800 mg/day (18). Calcium intakes among youth are also 
substantially below their recommended intakes (1,000 mg/day) and physical activities 
rarely amount to more than 30 minutes per day, based on a survey conducted among 
2000 college students in Beijing (19). Assessing the significance of measures of vitamin 
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D intakes is more difficult due to variation in contributions from exposure to the sun (20), 
a major contributor in regions such as China (21).  

There is no currently known treatment that reverses bone deterioration as a 
consequence of osteoporosis (22). Nevertheless, building maximum bone density 
during the formative years of bone development provides a greater reserve from which 
to draw upon during the middle�aged years up to about aged 65�70 years when 
increased bone loss becomes inevitable (23). Bone loss becomes particularly 
pronounced in females after menopause. Continued bone maintenance lifestyles 
throughout the adult years help to minimize calcium resorption from bone to fulfill other 
physiological calcium roles. Together, these two osteoporosis prevention strategies are 
associated with delayed onset of osteoporosis, reduced osteoporosis morbidity, and in 
some cases even prevention of the occurrences of the disease (24). For both bone 
development and maintenance adequate intake of calcium, 99% of which is found in 
the body’s bones and teeth, is critical.  

Considering the rapidly escalating rates of osteoporosis in China, the world’s largest 
population, interventions that achieve adequate calcium intakes have the potential for 
the greatest global impact on reducing the prevalence of osteoporosis. This study is 
designed to test the hypothesis that a web�based osteoporosis education intervention 
will increase knowledge, health beliefs, and self�efficacy about osteoporosis among 
college students in China. Intervening earlier during adolescence would expectedly 
have the greatest impact on maximizing bone density. However, college students are 
potentially better�suited for an internet�based intervention study of the type proposed 
than are non�college youth. Moreover, in this transitional period between adolescence 
and adulthood there is still opportunity to impact bone density as well as help shape 
behaviors that immediately translate into young adulthood, with the potential not only for 
maintenance of bone density accrued but also to assure that their off�spring meet their 
calcium requirements. 

The internet has been chosen as the communication medium for the proposed 
thesis because the internet: a) is the revolutionary means of delivering an intervention 
across continents; b) provides a mechanism for monitoring participation and measuring 
impact; and c) can reach a large audience easily and inexpensively; and d) provides a 
framework for interactivity and tailoring personalized instruction (25). These strengths 
make the internet a powerful tool for conducting an overseas research study such as 
the one proposed here while studying at a U.S. university. However, this model has 
been infrequently applied in conducting nutrition theses by foreign students in U.S. 
universities without international nutrition degree programs. Nevertheless, homeland 
nutrition intervention research studies are likely to be more applicable to foreign 
students when they return home than research on a population about whom they are 
marginally familiar and with whom they are not likely to provide services beyond 
graduation. 

To my knowledge I am the first student to employ this type of model in the 
completion of a nutrition study in the Department of Nutrition, Food, and Exercise 
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Sciences at Florida State University. Therefore, in addition to testing the hypothesis that 
a web�based intervention will increase knowledge, beliefs, and self�efficacy related to 
osteoporosis, this thesis study will also contribute toward baseline understanding of 
processes, benefits, and barriers associated with a homeland overseas web�based 
thesis study while matriculating at a U.S. university where an international nutrition 
degree is not offered. The specific aims of this proposed intervention research study 
are listed below:  
�������� ���� �� Design the web�based program and make it available to the 
participants. 

This intervention program was be designed to conform to constructs of the health 
belief model (HBM), which suggests that the decision to perform or not to perform a 
health behavior to reduce disease risk is governed by the individual’s perceptions with 
regard to personal susceptibility to the condition, seriousness of the condition, and their 
skills to perform the preventive health behavior (self�efficacy). The content of the web 
site includes current osteoporosis prevention materials addressing knowledge, health 
beliefs and self�efficacy embedded within HBM constructs. For the most part, 
instructional materials will be in Chinese. However, certain interactive tools and 
illustrations already available in English were linked to the main page and sub�pages of 
the Website. In which cases interactive mini dictionaries were provided with each 
English language instrument. Pre�/ post�test surveys were posted to measure study 
variables at baseline and program�end. This web site was developed by an experienced 
programmer and promoted to college students via general and discipline�specific 
electronic bulletin boards and other on�line mechanisms. All users that completed the 
instructional modules and surveys became the study participants.  
�������������� Obtain the baseline data of the participants’ knowledge, health beliefs, 
and self�efficacy about osteoporosis. 

Before receiving the education program, the participants were required to complete 
a demographic profile (age, gender, education, income, etc), a short health history, and 
a brief survey of their knowledge, health beliefs and self�efficacy about osteoporosis. 
These data comprised the baseline measurements of the study participants. 
�������� ����  � Measure the impact of the intervention on knowledge, health beliefs 
and self�efficacy about osteoporosis. 

At the completion of the intervention, the knowledge, health beliefs, and self 
efficacy surveys were completed by the participants. Changes between pre� and post� 
tests were analyzed statistically to determine to what extent the web�based program 
was effective in improving the study variables associated with osteoporosis prevention. 
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Defined by the World Health Organization as “‘low bone mass and micro�
architectural deterioration of bone tissue leading to enhanced bone fragility and 
consequent increase in fracture” (2), osteoporosis is a serious public health problem 
(26). Although fractures of the hip, vertebral body and distal forearm have long been 
regarded as the classical osteoporotic fractures, osteoporosis is now considered a 
systemic skeletal disease. It has been shown in prospective studies that there is an 
increased risk of almost all types of fractures in individuals with low bone mass and 
adults who experience a fracture are at greater risk of sustaining another fracture (27). 
Victims of osteoporosis related fractures are mainly the elderly. In white populations, 
about 50% of women and 20% of men older than 50 years will have a fragility fracture 
in their remaining lifetime (9). Thus, with the rapidly increasing elderly population, the 
prevalence of osteoporosis and its related fractures are escalating substantially 
worldwide. It has been estimated that the number of hip fractures worldwide would 
increase from 1.7 million in 1990 to 6.3 million in 2050, with high economic 
consequences (26). For example, the combined cost of all osteoporotic fractures was 
$20 billion in the USA and about $30 billion in the European Union in 1999 (6). In Hong 
Kong, a city in southern China, the acute management of hip fracture costs about $30 
million in the year 2000 (28). 

Because of its large overall population and high numbers of elderly people, Asia is 
the very area undergoing a dramatic demographic change of osteoporotic fracture (29). 
Actually, 26% of all hip fractures occurred in Asia in 1990, and this rate could rise to 
37% by the year 2025 and to 45% by the year 2050 (11). Data from the Asian 
Osteoporosis Study (AOS), the first multicenter study investigating risk factors of hip 
fracture in Asia, showed a rapid increase in hip fracture rate in Asian countries (10). 
This increase is attributed mostly to China, the home of 1/4 of the world’s population. In 
Beijing, the capital of China, the hip fracture rate increased 34% in women and 33% in 
men from 1988 to 1992 (30). Reportedly in Hong Kong, the incidence has increased by 
300% in the last 30 years (31). Although research has shown that the hip fracture rate 
in Asian countries is lower than that of western countries (10, 30, & 31), the rapidly 
increasing rates in recent years is cause for concern. Therefore, the development of 
efficacious interventions to prevent osteoporosis is urgently needed. 
�

	�)�$��*�%'�%���+��	�)��)��
�
�*�%,%#-�
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Osteoporosis is caused by an imbalance between bone resorption and bone 
formation, which leads to the net loss of bone mass and strength. In normal bone, there 
is an organic matrix which serves to scaffold and remodel bone. This remodeling 
process exists throughout life and involves removal of bone from one surface of bone 
and the subsequent deposition of new bone on another nearby surface. Bone 
resorption is performed by osteoclasts and bone formation is performed by osteoblasts 
(32). Thus, the net bone mass is the result of the competition between bone resorption 
and formation. During the early stage of life, men and women increase their bone mass 
and reach peak bone mass approximately in the third decade of life. Then the bone 
mass remains constant with equal rates of bone formation and resorption. This 
equilibrium is achieved through coupling of packets of interacting cells called 
‘‘remodeling units” (33). After this plateau phase, a period of net bone loss begins in 
both men and women. However, because of the decrease in estrogen associated with 
menopause, women lose their bone mass about 10 times faster than men for 5�7 years 
(32). 

Osteoporosis develops in three main mechanisms: a) failure to achieve the optimal 
bone mass; b) excessive bone resorption; and c) inadequate formation of new bone 
(34). The interplay of these three mechanisms underlies the development of fragile 
bone tissue. Controlling the activities of osteoclasts and osteoblasts, hormonal factors 
including estrogen, PTH, calcitonin and 1, 25�dihydroxyvitamin D3 are strong 
determinants of osteoporosis development (32).  
�,�'���,�)�#')��'(�)-��*%�)�

Termed as a silent disease, osteoporosis itself has no specific symptoms. The main 
consequence is the increased risk of bone fractures. In one study, 51% of 
hospitalizations for fractures in women and 24% of hospitalizations for fractures in men 
were found to be related to osteoporosis (35). Osteoporotic fractures are also called 
fragility fractures because they occur in situations where healthy people would not 
normally have a bone break (36).Typical fragility fractures include hip, vertebral and 
wrist fractures. 

Hip fractures are the most devastating type of osteoporotic fracture. It was reported 
that 20% of patients died during the first year after a hip fracture and nearly one third 
required nursing home care (37). Osteoporosis has been estimated to contribute to 
90% of hip fractures in women and 80% of hip fractures in men (38).  

Vertebral fractures are associated with many symptoms including back pain, height 
loss, deformity and disability (39). They are also associated with increased mortality. 
One study reported that women with vertebral fractures had an increased risk of death 
related to cardiovascular and pulmonary disease (39). Moreover one in five 
postmenopausal women who sustain a new vertebral fracture will reportedly have 
another vertebral fracture in the next year (40). 
	��#'%)�)�

Because of the positive relation between BMD and fracture risk, the diagnosis of 
osteoporosis is based on measurement of bone mineral density (BMD) using various 
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methods. Among these methods, Dual Energy X�ray Absorptiometry (DEXA) is the 
most widely accepted, although it still has some limitations that restrict precision of 
measures such as organic and inorganic components of bone (41). WHO has 
established the following diagnostic guidelines based on DEXA screening and 
expressed as T�scores (42), the number of standard deviations by which a patient’s test 
result exceeds or falls below the mean of the young adult population (43): 

T�score 1.0 or greater is “normal” 
T�score between �1.0 and �2.5 is “osteopenia” (“low bone mass”) 
T�score �2.5 or below is osteoporosis 
The US Preventive Services Task Force (USPSTF) recommends that all women 65 

years of age and older should be screened with bone densitometry (44). However, 
because of the involved cost, most patients do not have a BMD examination until they 
already have severely compromised bone density (45).  
�$��*��'*�

Goals of treatment of osteoporotic patients are to prevent fractures, decrease pain 
and maintain function because the bone deterioration consequential to osteoporosis is 
irreversible. Currently, several drugs are available to reduce the risk of further bone loss 
and bone fracture (32). However, nonpharmaceutical measures such as diet and 
lifestyle modification should also be emphasized. Research has shown that adequate 
calcium and vitamin D intake and proper physical activity could not only help reach 
optimal peak bone mass during growth, but could also slow bone loss and reduce the 
risk of fractures throughout life (34). 

Drugs used to treat osteoporosis fall into two categories, antiresorptives and 
anabolics. Antiresorptives are medications that can slow down bone resorption (46), 
which means bone loss will be curtailed and net bone mass will be increased. 
Antiresortives include: bisphosphonates, calcitonin, estrogen and other hormone 
therapy, and selective estrogen receptor modulators (34). Anabolics are medications 
that speed up bone formation and stimulate growth of new bone. So far teriparatide is 
the only anabolic drug that has been approved by FDA. However, another anabolic 
agent, strontium ranelate, has been recently approved for treatment of osteoporosis in 
several countries outside the U.S. (47).  
�$%#'%)�)�

Associated with increased mortality and morbidity, osteoporotic fractures influence 
the patients’ quality of life physically, psychologically and socially even after recovery. 
Hip fractures can lead to decreased mobility and an additional risk of numerous 
complications. The 6�month mortality rate following hip fracture is approximately 13.5%, 
and almost 13% of people who have suffered a hip fracture need total assistance to 
mobilize after the fracture (48). Vertebral fractures can lead to severe chronic pain of 
neurogenic origin (49), which is hard to control and affects patients throughout their 
lives.  Other adverse consequences of osteoporosis include height loss, deformity and 
disability (39) as well as mortality. Moreover, multiple thoracic fractures can cause 
restrictive lung disease, and lumbar fractures can cause altered abdominal anatomy, 
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which will lead to constipation, abdominal pain, distention, reduced appetite, and 
premature satiety (50). Therefore, patients with fractures may not be able to work and 
have limitations in their social and recreational activities. Furthermore, this pain, 
physical limitations and lifestyle changes associated with osteoporotic fractures may 
cause serious psychological effects such as depression, loss of self�esteem, anxiety, 
fear, anger and strained interpersonal relationships (51, 52, &53). As such, patients 
with osteoporotic fractures need extensive medical and psychological care. The 
fracture�related morbidity and mortality, as well as the healthcare cause substantial 
economic burden on the healthcare system. Thus, prevention is the key to avoiding the 
clinical and economic consequences of osteoporosis (50). 
�$�.�'*�%'�

Bone mass is affected by both genetic and lifestyle factors. The genetic factors, 
which are non�modifiable, include age, gender, family history, race, and hormone status. 
This thesis is concerned with lifestyle factors including calcium intake, physical activity, 
alcohol and caffeine consumption, cigarette smoking and eating disorders as they are 
modifiability (54). Such osteoporosis prevention behaviors (OPB) have been associated  
with delayed on�set of osteoporosis, reduced occurrence of the disease, and in some 
cases, reparation of bone loss (27, 55). The WHO (2004) states that strategies for 
osteoporosis prevention should emphasize proper nutrition such as adequate calcium 
and vitamin D intake, weight�bearing exercises and exposure to sunlight (5). Thus, 
health education programs should focus on encouraging participants to practice these 
behaviors, the most important of which is good calcium status, the focus of this thesis 
study. Although vitamin D deficiency is not expected to be a public health problem in 
China because sunlight is so abundant, some attention must be given to this nutrient 
because of its central role in calcium absorption. Likewise, since weight�bearing 
physical activity, including walking, jogging and dancing can minimize bone loss 
throughout life, these behaviors are also encouraged. 
Calcium and the Prevention of Osteoporosis��

Calcium is the body’s most abundant mineral, amounting to about 1.5 to 2 percent 
of our total weight. In addition to bone formation, other critical physiological roles of this 
essential nutrient include muscle contraction, cellular signaling, nerve function and 
blood clotting. Getting enough calcium in the diet can help prevent hypertension, 
decrease the risk of colon and breast cancer, improve weight control and reduce the 
risk of developing kidney stones.  

When it comes to prevention of osteoporosis, calcium’s most critical role is to 
maintain bone mass. As the main bone forming mineral, 99% of calcium in the body is 
used and present in the skeleton (56), constituting 25% of the dry weight and 40% of 
the ash weight (57). It provides the rigidity of bone in the form of calcium phosphate, 
mainly hydroxyapatite (Ca10 (OH) 2 (PO4) 6), which is embedded in collagen fibrils. Thus, 
deficiency of calcium in the body results in brittle bones. The first line of defense in 
preventing calcium deficiency is to consume enough calcium from food. Studies have 
shown that an adequate calcium intake throughout life can increase bone density and 
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maximize peak bone mass in early life, especially before age 25 (58, 59, &60). Likewise, 
the rate of bone loss associated with aging is also slowed (61). According to a recent 
review, 52 out of 54 randomized controlled intervention trails which increased dietary 
calcium intake resulted in increased calcium balance, increased bone mass during 
growth, decreased bone loss in later years and reduced fracture incidence (62). In 64 of 
86 observational studies included in this review, calcium intake was also positively 
correlated with bone mass in children, young adults and postmenopausal women. In 
another meta�analysis of randomized, controlled interventions, calcium 
supplementation reduced the risk of hip fracture by 25%, vertebral fractures by 23% 
and nonvertebral fractures by 14% (63). Therefore, benefits of adequate dietary calcium 
on bone health have been shown in a magnitude of studies in various age groups.  

In addition to intake, calcium absorption is also a critical factor in the determination 
of the availability of calcium for bone health. Absorption of calcium occurs 
predominantly in the proximal small intestine (57). At low and medium intake levels, 
calcium is mainly absorbed by active transport, and at higher intakes an increasing 
proportion is absorbed by passive diffusion. Many factors influence the availability of 
calcium for absorption. Some foods such as dark green leafy vegetables have high 
calcium contents but much of the calcium cannot be absorbed because it is bound to 
oxalate, an inorganic phosphate, forming an insoluble complex. 

Conversely, some food components have been suggested as enhancers of calcium 
absorption. These enhancers are mainly milk constituents such as lactose, lactulose, 
and casein phosphopeptides, which in combination with high calcium content make 
dairy products the best sources of calcium. As discussed in the next section, sufficient 
vitamin D is another crucial factor in calcium absorption, calcium status within the body, 
bone health, and thus the development of osteoporosis .Because of the importance of 
calcium to bone health, adequate Intakes for calcium are set at levels associated with 
the development of maximal peak bone mass during growth and the lessening of bone 
loss in later life (64). For Americans, the adequate intake (AI) for calcium is 1300 mg/d 
for adolescents, 1000 mg/d for young adults, and 1200 mg/d for older adults (51 y and 
older). According to the Chinese Nutrition Society, the recommended calcium intake for 
Chinese is 800mg/d for adults and 1000 mg/d for adolescents. Yet, data from the 2002 
Chinese nutrition survey revealed that the average calcium intake of Chinese people 
was as low as 390 mg/d. Low calcium intake among the Chinese population has been 
attributed to a traditional plant�based diet and low intake of dairy products (65), likely 
contributors to the  increasing rates of osteoporosis in China referred to earlier. 
Vitamin D and Osteoporosis  

As mentioned above, vitamin D is essential for the development and maintenance 
of bone health because it regulates calcium absorption and maintains desirable serum 
calcium level (20). Although vitamin D is not widely distributed in foods, vitamin D 
fortified dairy, soy, and cereal products can contribute appreciable amounts (20). The 
major source of vitamin D for humans is exposure to sunlight, during which the 
ultraviolet rays of the sunlight converts 7�dehydrocholesterol into cholecalciferol (vitamin 
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D3) in the skin (66). Then vitamin D3 is transported to the liver and metabolized to 
calcifediol (25�hydroxyvitamin D), which is the major circulating form in the body. To be 
bioactive, this molecule must travel to the kidneys where it is transformed to calcitriol (1, 
25�hydroxyvitamin D), the active hormone form (67). In this form, vitamin D travels to 
target organs to achieve its function, controlling calcium and phosphorus metabolism. 

In the small intestine, vitamin D with its nuclear vitamin D receptor increases the 
expression of epithelial calcium channel and calcium binding protein to enhance the 
absorption of calcium from the diet (67). It has been estimated that without vitamin D, 
the calcium absorption rate will decrease by 50% (68). Another function of vitamin D is 
to maintain the serum calcium level within a physiologically acceptable range. Therefore, 
when the calcium supply in the diet is inadequate, vitamin D mobilizes calcium from the 
skeleton by increasing the number of osteoclasts. This will result in bone loss and 
osteoporosis over time (67). 

Because vitamin D plays a central role in calcium metabolism, its deficiency is 
associated with increased risk of osteoporotic fractures, especially in the elderly who 
spend less time in the sunlight (69). In a randomized, controlled trail, vitamin D 
supplementation along with calcium was shown to decrease bone loss and fracture 
incidence in the elderly (70). In another study, vitamin D alone protected against bone 
loss in elderly women (71). Thus, getting enough vitamin D, as noted above, is also 
critical for the prevention of osteoporosis. Usually, 10–15 minutes’ exposure of hands, 
arms and face two to three times a week is adequate to meet the body’s requirements 
for vitamin D (5). 

Vitamin D deficiency is not widespread among college students, the target group of 
this study, who normally spend enough time outside exposed to the sun. Yet, there is a 
need for education about the importance of vitamin D for calcium absorption and bone 
health in order to prevent vitamin D deficiency later on in life when lifestyles may not 
favor outdoors activities. 
Physical Activities and Osteoporosis  

Physical activity is necessary for bone formation and maintenance throughout life. It 
is thus an important factor in osteoporosis prevention. Physical activities, especially 
weight�bearing physical activities, e.g., walking, jogging and dancing, have positive 
effects on bone health. Reportedly weight�bearing activity performed 30 minutes a day 
increased bone density, promoted flexibility and balance, and decreased falls and 
subsequent fractures (14). Results from a review of several cross�sectional studies 
revealed that people who did resistance training increased their BMD compared with 
control groups (72). A study involving 194 premenarche Chinese girls found that BMD 
was significantly and positively associated with weight�bearing physical activities and 
total physical activities at all bone sites studied (whole body, femoral neck, Ward 
triangle and L1�L4 spine). When weight�bearing physical activities increased from 227 
to 415 (kcal/d), mean BMD increased by 17.5%�29.0% (73). Therefore, weight�bearing 
physical activity is helpful for premenarche girls to increase their BMD to achieve 
optimal peak bone mass. Weight�bearing exercises have also been associated with 
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reduced bone loss of aging (74, 75). Results from a meta�analysis showed that exercise 
training programs prevented or reversed almost 1% of bone loss per year in the lumber 
spine and femoral neck (74). Furthermore, routine physical activity could also have 
prophylactic effects, as illustrated in a study that followed 3262 healthy men for 21 
years and found that physical activity at baseline was related to a decreased incidence 
of hip fracture (75). Based on the results of these studies, physical activity could be a 
powerful weapon in the primary prevention of osteoporosis. 

Physical activity is also of great help in secondary prevention of osteoporosis 
because of its ability to improve BMD in patients with low bone mass or even after 
osteoporotic fractures. In a randomized, controlled trail, 98 women were assigned to 
three groups taking resistance training, agility training or stretching, respectively (76). 
After 6 months, resistance training resulted in a significant increase in cortical bone 
density by 1.4% at the radial shaft, agility training resulted in a significant increase in 
cortical bone density by 0.5% at the tibial shaft, and the stretching group experienced 
losses in cortical bone density. 

Although physical activity is very important in osteoporosis prevention, the modern 
world is changing toward a sedentary lifestyle even in developing areas such as China. 
Several studies have examined physical activity change during rapid economic 
development in China and have reported a serious lack of exercise (19, 77�80). One 
study surveyed the physical activity pattern of 61582 Chinese men in Shanghai and 
found that only 35.6% of them exercised by walking and cycling between home and the 
work place, the main physical activity of most Chinese people (79). In another study 
measuring physical activities of 1804 adolescents in Xi’an, only 56% of them met the 
recommended daily activity level of 60 min/d. The mean daily sedentary time was 6.4 
hours, 3 hours of which was spent doing homework (80). In a survey conducted among 
2000 college students in Beijing, very few of them reported engaging in physical 
activities for more than 30min/d (19). These findings suggest that Chinese people 
should benefit from educational interventions to increase calcium intake and physical 
activity. In this study, educational content to prevent osteoporosis through diet focused 
on calcium and vitamin D; and through physical activity, weight�bearing exercises. 
Other Lifestyle Factors that Influence Bone Health 

Some other lifestyle factors are also associated with osteoporosis such as smoking 
and excessive alcohol consumption. It has been reported that the risk of hip fracture is 
more than double in smokers (81). Alcohol contributes to osteoporosis by decreasing 
bone density. Accordingly, heavy drinkers whose diets are often low in calcium and 
other nutrients are at heightened risk for the development of osteoporosis (82). 
Therefore, to add to osteoporosis preventive behaviors, don’t smoke and don’t drink 
alcohol beyond recommended limits {no more than 1 drink/d for women and no more 
than 2 drinks/d for men (81)}. 
&���$-�

Clearly behavioral change is the key for reducing the prevalence of osteoporosis, 
and osteoporosis morbidity and mortality. Behavioral change will require that individuals 
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modify their dietary habits and physical activity patterns, both of which have been 
shown to be resistant to change, especially diet (83). Where efforts to change dietary 
habits have been successful, interventions have been under�girded in behavioral 
change theoretical frameworks. 
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A number of theories have been developed in order to positively guide healthful 
behaviors. Some of the more commonly cited theoretical frameworks are briefly 
reviewed below. 
�+���$�')*+�%$�*���,��%(�,�/���0�

TTM, also called the stage of change model, is a phychosicial model of behavior 
change developed by Prochaska (84). In this model, behavior change is influenced by 
stage of readiness for change, presented as five stages through which people change 
their behaviors. The five stages are (85): 1) Precontemplation: currently not thinking 
about behavior change; 2) Contemplation: thinking about change in the near future, but 
not ready to act; 3) Preparation: considering change and have made small steps; 4) 
Action: have changed behavior and trying to sustain efforts; and 5) Maintenance: 
continuing to be successful to reach the final goal, trying to prevent relapse. An 
advantage of this model is that it enables the interventions to be tailored to the 
individual’s stage of readiness to change a behavior (84). However, because of the 
budgetary and workforce limitations of this thesis study, individually�tailored 
interventions were not feasible. 
%���,��%#'�*�.���+�%$-�
Developed by Bandura in 1950’s, social cognitive theory (SCT) may be the most 
comprehensive theory of behavior change so far (88). According to this theory, behavior 
change is determined by a continuous, dynamic interaction between the individual, the 
environment and behavior. While knowledge of health risks and benefits are a 
prerequisite for behavior change, self�influences in which self�efficacy plays a central 
role are necessary for this change to occur. Health behavior is also influenced by the 
expected outcomes, including both personal evaluation and social appraisal of the new 
behavior. Other determinants are perceived facilitators and barriers (89). In sum, this 
theory suggests that behavior change is likely to occur when people perceive that they 
have control over the outcome, they are confident to adopt this behavior and there are 
few barriers to change (90). The strength of this theory is that it posits a multifaceted 
causal structure in the regulation of human motivation, action and well�being and offers 
both predictors of adherence and guidelines for its promotion (91). On the other hand, 
this strength also brings limitations.  Because the focus of the theory is so broad that it 
is difficult to apply to the actual development of an intervention (92). Thus, SCT was not 
selected as the theoretical framework for this thesis study either.�
���,*+���,�����%(�,�
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Rosenstock et al developed the health belief model (HBM) in 1966, which attributes 
the decision to take or not to take a behavioral action toward healthful lifestyle to a 
rational appraisal of the balance between the barriers and benefits of taking the action 
or inaction (93). The components of HBM include: 1) perceived susceptibility 
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) (94). This theory suggests that individuals will take 
action to avoid, to screen for, or to control ill�health if they regard themselves as 
susceptible to a serious condition, whereby change would be beneficial, affordable 
(economically, socially, psychologically, etc) and personally doable (self�efficacy) (95). 
Self�efficacy is defined as “the conviction that one can successfully execute the 
behavior required to produce specific outcomes” (96). In order to enhance making a 
lifelong behavioral change, such as achieving adequate calcium intake and engaging in 
weight�bearing exercise, conviction is tantamount.  

The theoretical constructs of HBM are well�suited for application in this thesis 
intervention study for the prevention of osteoporosis in Chinese college students. 
Applying HMB, these young adults will be more likely to practice OPB to achieve and 
maintain optimal bone mass if they: (a) perceive themselves susceptible to 
osteoporosis, (b) believe osteoporosis is a serious threat, (c) believe they can modify 
their risks, (d) perceive fewer negative aspects to be associated with preventive 
behaviors, (e) have a concern and drive for their general health and (f) believe they can 
perform these behaviors (96). The web�based features of this intervention study were 
under�girdeded in these HBM constructs. 
&���$-�

There is certainly substantial overlap in the constructs of the behavioral change 
theories described above. HBM was chosen for use in this thesis study because it 
emphasizes the impact of knowledge (perceived susceptibility and severity) in behavior 
change, which is also the target of change of this study. The target population of this 
study is young adults.  Often considering themselves immune to health problems, 
except for a few coughs, colds, or facial acne, youth are likely to have limited 
knowledge about osteoporosis (5). Consequently, youth educational interventions that 
will help them develop the perception that they are vulnerable to osteoporosis and that 
the consequences of the disease are severe. If not, youth are not likely to be motivated 
to make the desired behavioral changes. Thus, knowledge change guided by constructs 
of HBM is the methodological approach to osteoporosis prevention in this thesis study. 
In following HBM constructs, the proposed web�based program will be developed to 
highlight the susceptibility and the serious consequences of developing osteoporosis for 
Chinese young adults. Perceived benefits will be reinforced and promoted, mechanisms 
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for overcoming barriers will be appropriately illustrated, and skills�building to increase 
self�efficacy will be incorporated.�
 

�)*�%�%$%)�)��'��+�'��
�
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According to the National Bureau of Statistics of China (97), the population of China 
in 2006 was over 1.3 billion. The population structure is described in Table 1 below. 
 

��1,���� Demographic Profile of China�
�%�&,�*�%'� �&�1�$�/��,,�%'0� ��$��'*�
Total 1,314.48 100% 
Urban 577.06 43.9% 
Rural 737.42 56.1% 
Male 677.28 51.5% 
Female 637.20 48.5% 
0�14 years 259.61 19.8% 
15�59 years 905.86 68.9% 
60�over years 149.01 11.3% 

 
As shown, the proportion of people over 60 years of age, 11.3%, is indicative of 

China’s emergence as an aging society. As such, osteoporosis which mainly affects 
elderly people will be more and more prevalent and bring heavy economic burden. The 
prevention of this disease is of great importance. 
China Today: Public Health Profile  

In the past 50 years, China has made great achievements in controlling infectious 
diseases and improving the public's health and hygiene (98). Consequently, in 2007, 
the life expectancy was 72.58 years, a more than two�fold increase over the last century. 
However, in the 21st century, because of the negative effects of aging on the population, 
urbanization, industrialization, globalization, and other factors, Chinese are now 
confronted with the tremendous public health challenges of chronic disease. 
 

��1,�����Public Health Profile of Chinese�
Life expectancy 
Life expectancy (male) 

72.58 years 
70.89 years 

Life expectancy (female) 74.46 years 
Birth rate 13.45 births/ 1000 population 
Death rate 7 deaths/ 1000 population 
Infant mortality rate 22.12 deaths/ 1000 live births 
Child mortality 415,000 children (under 16) 
Total fertility rate 1.75 (average births/ woman ) 
People living with HIV/AIDS 840,000 
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As shown in Table 3 below, chronic diseases, not infectious diseases are now the 
major causes of death in China. Thus, prevention of these diseases is an emerging 
public health priority in China. Besides the life�threatening chronic diseases such as 
cancer and heart diseases, osteoporosis affecting the patients’ quality of life has been 
escalating rapidly in the past few decades, as discussed below. 
 

��1,�� ��Major Causes of Death of China�
��&)��%��(��*+� �&�1�$2��334333��%�&,�*�%'�

Cancer 119.7 
Cerebrovascular Disease 88.4 

Respiratory Disease 78.1 
Heart Disease 74.1 

Accidents, Violence and Poisoning 43.5 
 
�+���)��,�*�%'�%��%)*�%�%$%)�)��'��+�'���

According to the Osteoporosis Committee of China Gerontological Society, the 
morbidity of osteoporosis in the Chinese population 60 years of age or older is 59.98%; 
osteoporotic fractures occur at least once in 9.6% of old people in China; and nearly 
one in fourteen Chinese people have osteoporosis (99). As estimated by the Chinese 
Preventive Medicine Association, the number of osteoporosis patients in China was 
over 88,000,000 at the end of 2006 and will exceed 100 million in the year 2007. One 
study in Chongqing, a main city in southwest China, surveyed 1801 middle�aged and 
old people and found 16.1% of them had osteoporosis (100). Another study using 
hospital register information and medical records in Shenyang, a big city in north China, 
found that the hip fracture incidence was 67/100,000 for women and 81/100,000 for 
men (101), which was just a little lower than respective rates in America. Others 
reported significantly lower bone mass and greater bone loss rate in Chinese compared 
to Americans at the same age (102). These studies provide evidence that osteoporosis 
has become a serious public health problem in China.�
	��*�$-���**�$')��'��+�'���

Chinese food is not just what Chinese people eat for meals; it is also a 
sophisticated art that is interwoven in Chinese culture. As Confucius, one of the 
greatest philosophers and educators in Chinese history said, “eating is the utmost 
important thing in life”. 

A typical meal in Chinese culture normally consists of two main components: “zhu 
shi” as the main food and “cai” as the accompanying dishes. “Zhu shi”, a carbohydrate 
food, is the primary source of energy. This category of food includes rice, noodles, 
steamed buns called “man tou” and other food made from cereal. “Cai” is the general 
name of all the other food eaten in this meal, including vegetables, meat, fish and other 
items. Basically, the Chinese diet is plant based, which means vegetables compose 
most of the dishes. This food pattern is different from the traditional meal pattern in the 
USA in which animal protein is often the main dish. At a formal occasion, soup is 
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served first followed by several appetizers which are usually cold; and then hot dishes 
are served. The order of serving hot dishes should be from simple commonly 
consumed vegetables to complicated special meat dishes. After all the dishes have 
been tasted, rice will be served in case someone is still feeling hungry. The meal often 
ends with a sweet dish such as sliced fruit or warm sweet soup (103). 

Living in different environments and climates, people from different areas of China 
also eat different foods. Generally, people in northern China prefer wheat�based staples 
such as noodles, dumplings and steamed buns, whereas, rice is the main staple food in 
southern China. There is also a preference for local produce. Folks on the coast catch 
fish; farmers in the hinterland grow vegetables and feed pigs; and nomads on the 
grassland eat beef and mutton for food. The dominant flavors differ regionally as well. 
Southerners like sweet food; northerners want something salty; easterners prefer spicy 
foods; and sour is the flavor preference of westerners. 

Chopsticks are the primary eating utensil in Chinese culture. Using forks and knifes 
at the table is considered barbaric because they were originally weapons. It was also 
considered ungracious to have guests work at cutting their own food. Therefore, food is 
always prepared in bite�sized pieces, chop�stick ready for eating. An exception is fish 
which is usually cooked and served whole, unlike in some other cuisines where they are 
first filleted. Diners pull pieces from the fish with chopsticks. Whole fish culturally 
signifies wholeness of things as it has a proper beginning (head) with an end (tail). In 
some areas, it is forbidden to turn over the fish in the plate because it means turning 
the fishing boat over. Chicken is another meat popular in Chinese meals. It is cut into 
pieces, and unlike in American culture every single piece of the chicken is eaten, 
including gizzards, head, heart, stomach, intestine, lung and liver. Other organs such as 
ear, eye, hoof and tail are also cooked and eaten by many. While unacceptable to 
many Western cultures, most Chinese do not refuse to eat dogs, especially in the 
Northeast where dog meat is very popular. 

As mentioned above, the Chinese diet is plant based, thus vegetarian food is an 
important component. A variety of vegetables make�up Chinese cuisine; including 
Chinese cabbage, bok�choy, mustard greens, winter radish, snow peas, yard�long 
beans, and varieties of melons, eggplant and cucumbers, among others. Mostly, these 
vegetables will be stir�fried or boiled for just a few minutes to preserve freshness, color, 
and nutrient content. Soy and soy products are also very common in vegetarian meal 
plans and provide a plentiful source of high quality protein. Tofu, soy milk, soy sauce 
and sofu (fermented tofu) are eaten in nearly every family. 

Because there are various religions and ethnic groups in China, special food 
restrictions are common. For example, buddhists do not eat meat, poultry, or fish, but 
some eat eggs and dairy products. Muslims do not eat pork and can not even accept 
others eating or talking about pork in front of them. Manchu (a race in China) are 
forbidden to eat dogs because they believe dogs are divine. However, dogs are the 
favorite food of Korean people (another ethnic group in China, not natives Korea). 
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Like other cultures, China has its own table manners while eating. In a Chinese 
meal, each individual diner is given his or her own bowl of rice while the accompanying 
dishes are served in communal plates (or bowls) that are shared by everyone sitting at 
the table. Each diner picks food out of the communal plates on a bite�by�bite basis with 
their chopsticks. In a family meal, juniors are not allowed to touch the chopsticks or eat 
anything before seniors start eating. Talking is traditionally considered impolite during a 
meal, however, people talk about business and friendship more and more at meals in 
recent years. 

In traditional Chinese culture, beverages are not served with meals because cold 
beverages are believed harmful when digesting hot food. Some people will drink hot 
water or hot tea because tea is thought to assist with the digestion of greasy food, 
which most Chinese consume infrequently. Alcoholic beverages are served by some to 
celebrate holidays. Despite this tradition, nowadays beer and soft drinks are popular 
with meals among youth due mostly to the influence of western culture. 

Recent diet trends in China are summarized in the 2002 Nationwide Nutrition and 
Health Survey (18). Cereals, vegetables and oil were the most frequently consumed. 
The survey showed that even though cereal is traditionally the main energy source in 
the Chinese diet, the consumption of cereal decreased rapidly in recent years and was 
below the recommended intakes in cities. In contrast, the consumption of meat and fat 
increased significantly. Meat consumption increased from 53 g/d in 1982 to 132 g/d in 
2002, suggesting that inadequate intake of protein is not a public health problem in 
China.  Intake of animal sources of protein, in particular, have shown the most dramatic 
increase, contributing to higher intake of dietary fat. According to the Nation Wide 
Survey, more than 30% of the daily energy intake comes from fat, which is linked to an 
increased prevalence of obesity in China. From 1992 to 2002, the rates of overweight 
and obesity increased by 38.6% and 80.6% respectively. Although, in China the 
vegetable group is one of the most frequently consumed food groups, the intake is still 
low, averaging about 276 g/d, just 60% of the recommended intake. Fruit and dairy 
products were also found to be low. Reportedly fruit intake was 45 g (meeting just 30% 
of the recommendation), and dairy intake was just 41 g/d, 25% of the recommendation. 
Dairy products are excellent sources of calcium, a nutrient not widely concentrated in 
other Chinese foods. Thus low intake of dairy products in China places the population 
at risk of calcium deficiency. During adolescence in particular, calcium deficiency 
contributes to the development of osteoporosis later on in life. Thus there is value in 
improving calcium intake through nutrition education, which is the subject of this thesis 
study. 

In summary, although the traditional Chinese diet has its unique food pattern and 
habits, it is generally considered basically healthy. However, substantial recent changes 
in Chinese dietary patterns have created several nutrition problems. One consequence 
has been low calcium intakes. 
�
�
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The recommended calcium intake in China is 800mg/d for adults. However, results 

of the 2002 China Nationwide Nutrition and Health Survey (CNNAHS) showed that the 
calcium intake was just 390.6mg/d, less than half of the recommended intake (18). 
CNNAHS is a nationally representative cross�sectional survey that covered 31 
provinces, autonomous regions and the municipalities directly affiliated with the Central 
Government. Plant food was the main source of calcium in the diets of CNNAHS 
subjects, contributing 54.6% and 71.7% of the calcium intake in urban and rural areas, 
respectively. The consumption of milk and dairy products, 41 g/d, was about 1/5 of the 
recommended 200g/d (104). Low calcium intakes were also reported in a survey of 
74943 women in Shanghai (105), whereby mean calcium intake was 440mg/d. Calcium 
intakes of China’s youth also appear to be low, despite greater exposure to more varied 
diets than earlier generations. In one survey of about 2,000 college students in Beijing, 
the capital of China, mean calcium intake in males and females was only 78.7% and 
54.7%, respectively, of the recommended 1,000 mg/day (19). A pattern of physical 
inactivity was also reported among college students of this study. Reportedly, the 
students sat most of the time and rarely exercised for more than 30 minutes. 
Considering young people are often unconcerned about their susceptibility to chronic 
diseases, they may not be readily motivated to make needed lifestyle changes for 
osteoporosis prevention on their own. Thus, interventions to improve diet and physical 
activity lifestyles are needed to reduce increasing prevalence of osteoporosis among 
the Chinese youth population. Chinese youth are good candidates for an efficacious 
behavioral change intervention based on the HBM, calcium intake and weight�bearing 
physical activities. Thus there are both pros and cons to targeting youth with 
interventions for the prevention of osteoporosis. On the positive side, bone is still 
forming during adolescence and computer literacy and use are more prevalent among 
youth than among older adults (106). On the other hand, there is a pattern among youth 
to view chronic diseases as conditions to be dealt with during the middle ages and 
elderly years (107). Consequently, they may not believe that changes in their behavior 
as youth will impact their health outcomes (108). For intervention modeling such a 
scenario fits well within the HBM and provides rational for choosing HBM in this thesis 
study.  
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Nutrition education is described as interventions to educate the general public 
about nutrition information and to promote dietary behavior change (109). Traditional 
nutrition education approaches such as lectures and one�on�one sessions have been 
used in clinic settings for many years. However, in order for nutrition education to have 
needed broad�based efficacy in large heterogeneous populations strategies must be 
far�reaching The problem is that nutrition knowledge, interest, and experience vary 
among individuals, which along with individual preferences, culture, mood, and 
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sometimes even random decisions influence nutrition behaviors. In addition, population 
demographics with respect to age and gender are also factors, which underscore the 
need for age� and gender�sensitivity as well. Tailored nutrition education is a 
recommended approach for reaching the masses while targeting group and individual 
needs (110). As defined by Brug et al, tailored nutrition education is nutrition 
information or dietary change strategies aimed at a specific person, which are based on 
the person’s assessed dietary habits and/ or stage of change and the determinants of 
these habits.(110) Unfortunately application of tailored nutrition education has been 
limited because it is time�consuming and expensive to reach and individually assess 
large numbers of people in distanced locations using traditional face�to�face interactive 
approaches (110). However, today’s internet and information technology age make 
tailored nutrition education realistic for large groups of people at relatively low costs 
(110). The internet has grown astronomically from just a collection of remote pages to 
an unparalleled information source (111). In 2007, it was estimated that more than 1.2 
billion users were online worldwide, accounting for 18.9% of the world’s population. 
Based on the size of the web page index for Google, there are at least three billion web 
pages on the internet (112). In fact, the internet is now used by a variety of people all 
around the world. 

The internet is also a leading source of health information. A simple Google search 
using the keyword “health” found nearly 830 million web pages. Reportedly, 52 million 
American adults, 55% of those with internet connection, have searched for health or 
medical information on the web (113). Consequently, the internet is also considered a 
good channel for the dissemination of nutrition education. Results of several 
educational programs implemented with adolescents in particular highlight successes 
with regard to attendance, sustainability, administration, and participant behavioral 
outcomes (114, 115, &116). With expert guidance, responsible reporting, and 
reasonable oversight, web�based programming has good potential for efficiently 
communicating trustworthy diet�related disease�prevention behaviors (117). In a review, 
Brug distinguished five ways in which the internet could be used for effective nutrition 
education (25):  

(a) To provide an easily accessible source of information on nutrition and health, 
determinants of nutrition behaviors, and evidence�based nutrition education strategies, 
methods and tools for nutrition education professionals.  

(b) As a channel for nutrition educators to distribute generic nutrition education 
information to a large potential audience worldwide.  

(c) As a means to make generic nutrition education information better available and 
accessible for the general public.  

(d) To tailor nutrition education information to individual website visitors, either by 
person�to�person communication via the Web or by mimicking the process of personal 
nutrition counseling with computer�tailored nutrition education expert systems or on�line 
nutrition counseling.  

(e) To conduct nutrition education evaluation research. 
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In these online nutrition education practices, researchers reported that web�based 
programs had several advantages compared to the traditional programs, including: (a) 
computer�based programs combine various media such as graphics, audio and video 
images enhancing their interactivity, creativity and attractiveness for users ; (b) there is 
no limit on the time each user can spend on or access the programs; (c) content of the 
programs can be regularly updated and delivered to all users consistently; (d) programs 
can be administered in a private and comfortable learning environment; (e) clients can 
independently choose and focus on unfamiliar areas and skip the most familiar ones, 
thus reducing their learning time (118). 

Given the advantages of web�based nutrition education programs, it is desirable to 
deliver such programs to a variety of populations in different cultures. However, 
currently most programs are designed for western populations based on western 
culture (119). Few programs and materials have been designed for Asian people (120). 
Researchers have suggested that cultural acceptability of web�based nutrition 
education programs should be improved to meet the needs of various people (119). 
Therefore, the intent of this study is to design an online program for Chinese people. 

Internet usage in China has increased 600% between 2000�2007. According to the 
statistic report of China Internet Network Information Center (CINIC), the number of 
internet users as of June 2007 is 162 million (106), meaning 12.3% of the population 
have internet access. Most of these users are young people under age 30 years, which 
accounts for 70.6% of the total number. The proportion of young adult users, defined as 
between 18�30 years old, is 34.5%; in other word, every 1 in 3 persons use the internet. 
Half of these young adults have a college or higher degree. The average online time of 
these users is 18.6 hours per week, which is more than the time in America and Korea. 
Moreover, 89.2% of young internet users rate the internet as their major tool to seek 
information.  

In summary, the majority of Chinese internet users are highly educated young 
adults who spend much time online seeking information. Given the high literacy, and 
the dimensions, composition, and delivery of information, participation in a web�based 
nutrition education program to prevent the development of osteoporosis is likely to 
appeal to youth……the computer generation. Chinese youth are no exception. The 
projection is that Chinese college students will be drawn to the proposed website about 
osteoporosis and that they will increase their knowledge on how to prevent risk for this 
disease through diet and physical activity. 
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This intervention consisted of two parts: educational modules, which were designed 
to increase knowledge, health beliefs and self�efficacy of the participants about 
osteoporosis; and knowledge tests, which measured the impact of the educational 
modules. 
�(&��*�%'�,��%(&,�)�

Four modules were developed for the intervention. They are identified by title and 
outlined below with representative illustrations and related HBM concept (HBMC). 

/�0��'%5,�(#��%��%)*�%�%$%)�)���
�+�*� �)� %)*�%�%$%)�)6� �Osteoporosis was defined and its prevalence was 

revealed. To further demonstrate the severity of osteoporosis, a picture of patients with 
osteoporosis and individuals not afflicted with the condition were displayed (Figure 1). 
(HBMC: perceived severity) 
 

 
��#&$�����Patients with osteoporosis�

 

�+-� (%�)� 1%'�� 1��%��� 1$�**,�6� �Pictures of healthy bone and osteoporotic 
bone were used to show the structural changes in bone that occur with osteoporosis 
(Figure 2). General information on bone metabolism and how decreased bone mass 
causes osteoporosis and fracture were explained. Charts of bone mass in men and 
women were illustrated. (HBMC: perceived severity) 

�%')�7&�'��)�%��%)*�%�%$%)�)��The main consequence of osteoporosis, bone 
fracture, was incorporated into the definition of osteoporosis referred to above. Other 
important physical and psychosocial negative outcomes were outlined, including 
avoidance of social interaction due to low self�esteem, physical pain in daily activities, 
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emotional problems and anxiety about fear of fracture, and depression about being 
dependent on others. (HBMC: perceived severity) 
 

 
��#&$�����Healthy bone and osteoporotic bone 

 
-��*%�)�%��%)*�%�%$%)�)� �The concept of osteoporosis as a silent thief was 

discussed to illustrate that osteoporosis development frequently progresses without 
outward signs and symptoms until the disease is severe, often resulting in fracture. 
(HBMC: perceived susceptibility) 

	��#'%)�)� %�� %)*�%�%$%)�)� �The diagnosis of osteoporosis is made by 
measuring the bone mineral density (BMD). Dual X�ray absorptiometry (DXA) is the 
golden standard for diagnosis of osteoporosis. The concept of z�score and diagnosis 
criteria were introduced. (HBMC: perceived susceptibility). 

��)"� ���*%$)� �%$�%)*�%�%$%)�)� �Non�modifiable and modifiable factors such as 
advanced age, gender, ethnicity, family history and unhealthy lifestyle were presented. 
Because Asian people are more vulnerable to osteoporosis, the ethnic factor was 
emphasized. The gender�based pre�disposition for osteoporosis was also explained. An 
online interactive bone health checkup called ������������ ����!���
, created by the 
National Institute of Health (NIH), was linked to this part.  
http://www.niams.nih.gov/Health_Info/Bone/Optool/index.asp?logsuccess=1. (HBMC: 
perceived susceptibility). 

�$��*��'*�%��%)*�%�%$%)�)� �Examples of medications to avoid bone loss were 
introduced. However, because no currently known treatment can reverse bone 
deterioration consequential to osteoporosis, the most powerful weapon to fight against 
osteoporosis is prevention. A short video in Chinese was embedded in this part, 
addressing definition, symptoms, treatment and prevention about osteoporosis. (HBMC: 
perceived severity). 

/�0� �$�.�'*�%'�%��%)*�%�%$%)�)��
�$�.�'*�%'�)*$�*�#��)��To increase the health beliefs of osteoporosis prevention 

among audience, the educational material emphasized that osteoporosis can be 
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prevented by adopting preventive behaviors. The most important prevention strategy is 
to attain an optimal peak bone mass during early adulthood. (HBMC: perceived 
benefits). 

�$�.�'*�.��1�+�.�%$)� �Main preventive behaviors including adequate calcium and 
vitamin D intake, weight�bearing exercise, no smoking and responsible alcohol 
consumption were generally discussed. The rational for each preventive behavior in 
relation to bone health was explained. For each period of growth, specific prevention 
strategies and behavior associated behaviors were provided. The national bone health 
campaign�“Powerful Girls, Powerful Bones” was linked here to provide a creative, 
interesting and integrated educational package of osteoporosis prevention geared 
toward youth, the target population of this thesis. http://www.cdc.gov/powerfulbones. 
(HBMC: perceived benefits vs. perceived barriers). 

/ 0���,��&���'(�%)*�%�%$%)�)�
�+-� �)� ��,��&�� ���%$*�'*� *%� 1%'�� +��,*+6� �The importance of adequate 

calcium intake to bone health was emphasized and the general mechanism of calcium 
in bone metabolism was explained. (HBMC: perceived benefits vs. perceived barriers). 

��,��&�� �'*�"�� #&�(�,�'�� �A table displaying Chinese guidelines for calcium 
intake was posted. In addition, there was a chart of the shortfall in calcium intake of 
Chinese people as compared to the guidelines (Figure 3). (HBMC: perceived 
susceptibility). 
�

 
��#&$�� ��The shortfall in calcium intake of Chinese people�

 
�%%()� $��+� �'� ��,��&�� �General information on foods rich in calcium was 

provided and the table below listing calcium content in common Chinese foods was 
displayed (Figure 4). Three categories were emphasized: 1) dairy products, 2) soy 
products, and 3) dark green leafy vegetables. For each category, food photos, eating 
instructions and healthy recipes were provided. (HBMC: self efficacy). 

1) Milk and dairy products: Benefits of consuming milk and dairy products were 
discussed. Because of the high prevalence of lactose intolerance in Chinese people, 
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knowledge about lactose intolerance was emphasized. Lactose intolerant people were 
advised to substitute non�dairy sources of calcium for dairy products or to consult their 
physicians. A short video in Chinese on lactose intolerance was linked here. 
http://eat.sina.com.cn/art/v/2006�12�28/1620328.shtml. (HBMC: perceived barriers). 

2) Soy products: Being consumed for thousands years, soy is a very important 
component of Chinese diet and calcium source. Calcium content in a variety of soy 
products was calculated and compared. Benefits of soy products on bone health as well 
as on cardiovascular health were also presented. (HBMC: self�efficacy). 
 

 
��#&$��8��Calcium content in common Chinese foods�

 
3) Dark green leafy vegetables: Vegetables, staple foods in the Chinese diet, are 

the main sources of calcium in Chinese diet. Calcium contents of vegetables were listed 
and tips on identifying calcium�rich vegetables were outlined. In addition, instructions 
were provided for preserving during cooking, and for enhancing calcium absorption. 
(HBMC: self�efficacy). 

��,��&��)&��,���'*��The concept that people who can not get enough calcium 
from their diet should take calcium supplement was emphasized. Instructions on how to 
decide what kind of supplement to choose and how much to take were also 
summarized. (HBMC: self�efficacy). 

��,�'���-%&$�(��*� �The 2008 version of the Chinese Dietary Guidelines, which 
is called “Dietary Pagoda”, was posted (Figure 5). The meaning of Dietary “Pagoda” 
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was explained in detail. General instructions for achieving dietary balance were 
provided and some typical healthy diets were exemplified. Online tools for diet plan 
including “My Pyramid” were linked here. http://www.mypyramid.gov. (HBMC: self�
efficacy). 

��,��&�� �'*�"�� �))�))��'*� �Calcium intake assessment should be done by 
dietitians or other health professionals. However, some online tools can help estimate 
calcium intake, the links of which were posted in this section. General instructions for 
using these tools were provided. (HBMC: self�efficacy). 
 

 
��#&$��9��Chinese Dietary Guidelines�“Dietary Pagoda”�

 
�/80��:�$��)���'(�%)*�%�%$%)�)�

�:�$��)�� �)�#%%(��%$�1%'��+��,*+� �The benefits of exercise on bone health of 
people in all age groups were introduced. The mechanism was generally explained. 

���#+*;1��$�'#��:�$��)��The concept of weight�bearing exercise was defined. 
Its special benefit on osteoporosis prevention was discussed. Some examples of 
weight�bearing exercises usually taken by Chinese people were showed in pictures. 
Guidelines on exercising appropriately were provided. People with certain diseases who 
should avoid exercise were advised to consult their physicians. (HBMC: self�efficacy). 

These materials were presented in text, video, picture and/or interactive game 
format and came from various reliable sources. Most materials were in Chinese, and 
the pictures and videos were adjusted culturally to cater audience’s preference. 
However, some untranslatable content was in English, while the meaning of important 
words and instructions to use the content were provided in order to assure that the 
materials were literately and culturally appropriate. 
��)*��')*$&��'*)�

Three validated survey instruments were used to measure the knowledge, health 
beliefs and self efficacy of osteoporosis among study participants. These 
questionnaires were translated into Chinese, and included within the web�site: 
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Osteoporosis Knowledge Test (OKT), Osteoporosis Health Belief Scale (OHBS), and 
Osteoporosis Self�Efficacy Scale (OSES). The reported content validity index (CVI) for 
the Chinese version of the individual questions and the overall questionnaire was 0.85 
(5). A valid instrument, according to Waltz et al, should have a CVI score ≥ 0.75 (121). 

���� The OKT (122) is a 24�item tool consisting of multiple�choice questions to test 
general knowledge about osteoporosis. The test items focus on a variety of topics, 
including the relationship of activity levels, exercise and dietary intake of calcium to 
osteoporosis prevention. Range of possible scores is 0 to 24. 

����� The OHBS developed by Kim et al. (123) is a 42�item, self report 
questionnaire based on HBM. It consists of seven subscales to assess the perceived 
health beliefs about: the susceptibility to osteoporosis; the seriousness of osteoporosis; 
benefits and barriers to increasing calcium intake and exercising more. Motivational 
level for change is also a subscale component. Each scale is scored respectively and a 
total score is calculated. The responses for the items in each subscale range from one 
(strongly agree) to five (strongly disagree). The potential range for each subscale is 6–
30, 42–210 totaled scales 

����� Kim et al. developed the OSES to measure the HBM self�efficacy variables 
(122). It is a 12�item visual analogue scale asking participants to rate their confidence in 
their ability to undertake osteoporosis preventive behaviors (0�10, least confident to 
most confident). This tool includes two subscales: (a) self�efficacy exercise (items 1–6) 
to assess confidence in conducting exercise activities related to osteoporosis 
prevention; and (b) self�efficacy calcium (items 7–12) to assess confidence in 
conducting activities related to osteoporosis prevention with an emphasis on dietary 
intake of calcium. Each subscale has a possible score range from 0�60, comprising a 
total range of scores from 0�120. 
 

��1)�*��	�.�,%���'*�
�

To deliver the educational modules and test their effectiveness in the study 
population, we built a website based on World Wide Web (WWW) technology. This 
website was developed by an experienced programmer, and employed a wide 
spectrum of information and computer technologies to achieve a variety of functions. 

Generally, the website was based on a client�server software architecture, which 
distinguishes client systems from server systems. Under this architecture, a web 
browser was a client program at the user’s computer that could access the information 
on our server system. To take part in our surveys and modules, a user’s web browser 
forwarded the request to our web server program, and our web server program in turn 
forwarded the request to our database program, which retrieved the user’s data and 
stored the results of surveys. According to the data in our database and the user’s 
request, our web server program prepared the content and sent it back to the user’s 
web browser. This client�server architecture leaves complex data storage and analysis 
to the server program, which reduces the requirement for users’ systems. So any 
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individuals could participate in our program from any location at anywhere as long as 
he/she had a computer, PDA or cell phone with access to the Internet. 

To construct an interactive website, we chose a platform using 
Windows/Apache/MySql/PHP technology. Apache is short for Apache HTTP Server, 
which is used to serve Dynamic Web Pages on the Internet and allows Internet users to 
access our website. 

MySql is the relational database management system, which was used to store 
user’s information, study progress and survey results. It accepts requests from client 
programs (users’ web browsers), stores data and retrieves data for users. User’s 
information, study progress and different survey results are stored in different 
databases and can be exported as Excel spreadsheets for further analysis.  

PHP works as a filter or intermediary. It’s a general�purpose scripting language that 
is especially suited for web development. PHP runs on our web server and takes 
requests and inputs from client programs, then transfers the requests to our database 
MySQL. PHP also retrieves data from our database and prepares web content for 
different users. For example, when a user finishes a module, the web browser will send 
the “finish” information to PHP. Then PHP processes this information and translates it 
into the command for MySQL database. MySql alters the study progress record in the 
database. According to the study progress, PHP prepares the proper web content for 
the user and sends it to the user’s web browser. So in this system, different users were 
provided with different web content determined by their own study phases. This 
interactive process is also called dynamic web pages.  

Taking advantage of this platform, the participants were able to finish our program 
conveniently. They could access and leave the website at any time. Our server 
recorded their progress and would redirect them to where they were when they 
resumed the program.  

In addition, it was important to control users’ activities for a web�based study in 
order to get a reliable result. For example, each user had to spend at least 30 minutes 
on each module to achieve a desired effect. And users’ inputs of the surveys had to be 
checked before submitting to avoid invalid answers. To achieve this control over users’ 
activities, we utilized the client side scripting language�javascript. Contrary to PHP, 
javascript runs on client programs. It checks users’ input and controls the website 
content before the information from the client program has been sent to the server. For 
instance, when a user inputs his age, javascript will check whether the input is a 
number greater than 0, if not, this input will not be processed. Thus, for our study, 
Javascript assured the validity of information stored in the database. Besides, 
Javascript also controled users’ activities and monitored their progression through the 
study. For example, when a user started one of the modules, a timer ran on the web 
page and the “Next Module” button didn’t appear until the user had spent more than 30 
minutes on the respective module. Benefiting from this technology, we could control our 
study process and maximize the effect of our modules. 
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Although this website was an ambitious and potentially costly endeavor, we were 
able to pull it off by employing the LAMP software bundle, a solution stack of soft ware 
including Linux, Apache HTTP Server, MySQL Database and PHP to run our dynamic 
servers  free and open sourced at no cost. 

Communication, an integral and essential component to the success of this study, 
was also incorporated into the functions of the website. Considering the technological 
difficulty and ease of use, we chose email and instant messaging (IM) as the 
communication media. The investigator’s email address and MSN and QQ (the two 
most popular IM software packages in China) account numbers were provided in order 
for participants to relay their questions and comments. 

Our website was developed to support the most widely used browsers, internet 
explorer and firefox. This enabled the website to be displayed well on most computers 
and fit users’ browser preference. 
 

�'*�$.�'*�%'���*+%(�
�

After developing and testing the website, the intervention was implemented for a 
period of eight weeks, from May 26

th
 2008 to July 20

th
 2008.  Throughout this 8�week 

period the website (http://bonehealth.vicp.net) was accessible to the public. The 
accessibility was tested by accessing the website address from different countries 
including China, U.S., UK and Canada, and in different internet environments. The 
study procedure is described below. 
*&(-��%�&,�*�%'�

As discussed above, the target population of this thesis study was college students 
in China. Thus, three universities located in major urban areas were selected to 
makeup the study settings: Peking University (Beijing), Tsinghua University (Beijng), 
and Zhejiang University (Hangzhou). Our objective was to achieve a level of 
participation totaling 125 students. Total student enrollment for the three universities 
was approximately 100,000. Only those students who were 18 years of age or older 
were recruited for the study.  
���$&�*��'*�

The recruitment process for the study was via each university’s electronic bulletin 
board. An advertisement (including the website address) (Appendix M) to solicit the 
participation of students was posted on each bulletin board during the study period. 
Students who were interested in the study were encouraged to visit the website and be 
linked to a welcome page. On this page, a consent form (Appendix C) was provided 
including an introduction to the study, the tasks that the subjects would perform in the 
study, and the potential benefits and risks. After reviewing the consent form, students 
who were willing to participate in the study could click an “I agree” button at the bottom 
of the web page to proceed to next page. 
�
�
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��#�)*$�*�%'�
Eligible site visitors who consented to participate were directed to the study 

registration page. On this page, each participant created an account by entering his/her 
email address. Then, the participants were asked to complete a demographic profile 
(age, gender, height, weight, education, income, etc), and a short health history form 
(Appendix K). 
�$�;*�)*�

The participants were required to complete the three survey questionnaires 
described in the instruments section above, testing their knowledge (Appendix E), 
health beliefs (Appendix G) and self�efficacy about osteoporosis (Appendix I), 
respectively. These data comprised the baseline measurements. 
�(&��*�%'�,��%(&,�)�

After the baseline screening, the participants went through the four educational 
modules described above in the section headed, educational modules.  
�%)*;*�)*�

After completing of all educational modules, the participants repeated the pre�test 
questionnaires. 
�%���'*)�

In this section, participants could contact the researcher via email or instant 
messaging with their questions and comments. 
	�*���%,,��*�%'�

Data collected in this study included demographic characteristics of the participants, 
health history, pre�test and post�test results. When the participants finished the data 
entry, their information was stored in the database of our server. After the intervention 
period was completed, these data were exported from the database into excel files 
stored in the researcher’s computer. 
 

	�*���'�,-)�)�
�
��)*)�
$�(�'#�

The pre� and post�tests completed by the participants were graded following the 
grading instruction provided by the respective author of each of the questionnaires.     
The points of each subscale were then analyzed and compared statistically in the next 
step. OKT was graded by counting the correct answers in each subscale, OHBS and 
OSES were graded by adding all the points of each question in each subscale. Grading 
instructions can be found in the instruments section. 
*�*�)*���,��'�,-)�)�

After grading, the results were imported into SPSS for statistical analysis. 
Descriptive statistics were summarized and the difference of each subscale between 
pre� and post�tests was measured using paired�samples T�test. A p�value less than 
0.05 was considered statistically significant. 
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The three questionnaires used in this study have been described in the methodology 
section of this thesis. Table 4 below is included to provide a convenient reference for 
the review of study results reported in Tables 5 through 11. Questionnaire name and 
acronym, sub�scale, explanation of acronym, and possible score value are shown. 
 
 

��1,��8��Study Questionnaires, sub�scales, and score values 
<&�)*�%''��$��� &1;)��,�� &1;)��,���:�,�'�*�%'� �%$��
 
Osteoporosis 
Knowledge Test 
(OKT) 
 
 

Risk factor Knowledge of osteoporosis risk 
factors 

11.0 

Exercise Knowledge of exercise relative to  
osteoporosis 

7.0 

Calcium Knowledge of calcium intake relative 
to osteoporosis 

8.0 

"#���	$�  (26.0) 
 
 
Osteoporosis 
Health belief 
Scale (OHBS) 
 
 
 
 
 

Susceptibility Susceptibility to osteoporosis 30.0 
Seriousness Seriousness of osteoporosis 30.0 
Benefits of 
exercise  

Benefits of exercising more 30.0 

Benefits of calcium 
intake 

Benefits of increasing calcium intake 30.0 

Barriers to exercise  Barriers to exercising more 30.0 
Barriers to calcium 
intake 

Barriers to increasing calcium intake 30.0 

Health motivation Motivational level for change 30.0 
"#���	$�  "%&'�'$ 

Osteoporosis 
Self�Efficacy 
Scale (OSES) 

Exercise Self�efficacy for exercising more 60.0 
Calcium Self�efficacy for increasing calcium 

intake 
60.0 

"#���	$� � "&%'�'$�

�
��$*�����*�%'�

�
During the study period, a total of 160 college students registered for the study. Of 

this number, 8 quit before taking the pre�tests and 21 quit before taking the post�tests. 
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Thus, a total of 29 of the 160 students (18%) dropped out of the study. The mean age, 
height, and weight of the dropouts was 25.2±2.9 years, 170.2±8.6 cm, and 65.8±17.0 
kg, respectively. The greater proportions of the dropouts were graduate students, 
72.4%. The pre�test scores for the 21 students who dropped out of the test are shown 
in Table 5 below. 
 
��1,��9� Pre�test results for participants who dropped out of the study after taking the   

Pre�test
a
 

<&�)*�%''��$�� &1;)��,�� ���'� *�'(�$(�
	�.��*�%'�

 
OKT 

 
 

Risk factor 5.2 2.3 
Exercise 4.2 1.7 
Calcium 4.1 1.8 
"#���	$� 13.6 4.3 

 
OHBS 

 
 
 
 
 

Susceptibility 13.5 4.4 
Seriousness 15.2 13.5 

Benefits of exercise 22.5 5.0 
Benefits of calcium intake 22.5 3.6 

Barriers to exercise 16.0 5.4 
Barriers to calcium intake 13.4 4.9 

Health motivation 23.5 3.4 
"#���	$� 126.7 13.7 

OSES Exercise 29.5 14.6 
Calcium 35.0 14.6 
"#���	$� 64.6 27.5 

aN=21 
 

The remaining data presented are results for the students (n=131) who completed 
study pre�tests, educational modules on osteoporosis, and the post�tests. Demographic 
data (Table 6), pre� and post�test overall scores for each of the three questionnaires 
(Table 7), and pre� and post�test scores for sub�scales of each questionnaire and 
selected OKT questions (Tales 8 through 11) are included. 
�

	��%#$��+���	�*��
 

The demographic characteristics of the participants are shown in Table 6. There 
were 63 males (48.1%) and 68 females (51.9%) ranging in ages from 18 to 29 years. All 
were college students, 93 (71.0%) undergraduates, and 38 graduates (29%). The 
graduates were primarily master’s students 34 (26.0%), with just 4 (3.1%) doctoral 
students. 
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��1,��=� Demographic and Anthropometric Characteristics of the Study Population
a
 

�
�+�$��*�$�)*��)�

��,�)�/��>= 0� ����,�)�/�>=?0�

Mean 
(SD)b 

Median 
(Range) 

Mean 
(SD) 

Median 
(Range) 

Age (years) 22.8 
(3.0) 

23.0  
(18.0�29.0) 

22.2 
(3.0) 

22.0  
(18.0�29.0) 

Height (cm) 174.2 
(5.3) 

174.0  
(165.0�187.0) 

162.1 
(4.5) 

162.5  
(152.0�172.0) 

Weight (kg) 69.0 
(12.4) 

67.0  
(44.0�130.0) 

57.4 
(10.8) 

56.0  
(40.0�110.0) 

 '� @�%��)&1A��*) '� @�%��)&1A��*)�
Education 

Level 
Undergraduat

e 
43 68.3 50 73.5 

Master 17 27.0 17 25.0 
Doctor 3 4.8 1 1.5 

a
N=131 

b
SD – Standard Deviation 

 
�%���$�)%'�%���$�;*�)*�*%��%)*;�*�)*��%$�) 

 
The paired�samples T�test was used to determine whether there were statistically 

significant differences in Questionnaire test scores before and after intervention. Total 
scores of pre� and post�tests are compared in Table 7. At pre�testing, OKT, OHBS, and 
OSES scores were low (44.5%, 62.6%, and 40.1%, respectively, compared to 
maximum possible score). However, between pre� and post�tests scores improved 
significantly for each of the questionnaires (p<.001). Of the three questionnaires, the 
greatest improvements between pre� and post�testing occurred for OKT (up 31.5%) and 
OSES (up 39.9%). The difference in OHBS score improvement (3.8%) between pre� 
and post�tests was small, but also statistically significant (p<.001).  
 

��1,��B��Overall Pre� and post�test results for the three study questionnaires
a
�

�
�

<&�)*�%''��$�
)�

�
�%*�,�

�%))�1,��
�%$��

��)&,*)�
Pre�test 

mean (SD)b 
Post�test 

mean (SD) 
% Change 
(Pre� vs. 
post�test)    

p�value 

���� 26.0 12.9 (3.5) 21.1 (5.2) 31.5 <0.001 
���� 210.0 131.5(10.3) 139.4 (7.6) 3.8 <0.001 
��� 120.0 48.1 (27.2) 95.5 (16.0) 39.5 <0.001 

a
N=131 

b
SD – Standard Deviation 
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Pre� and post�test sub�scale scores for each of the study questionnaires (OKT, 
OHBS and OSES) are presented in Tables 8�10, respectively. As shown in Table 8 
below, knowledge about osteoporosis improved for each of the OKT subscales (p<.001). 
Percent knowledge change between pre and post�testing ranged from 30% for 
knowledge about relationships of exercise to osteoporosis, 31.9% for knowledge about 
osteoporosis risk factors, to 38.8% for knowledge about relationships between calcium 
and osteoporosis.  Compared to total possible score, pre�test scores were low on each 
sub�scale, approximately 50% of respective values.   
 

��1,��?� Pre� and post�test results for the osteoporosis knowledge test subscales
a
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��)&,*)�
Pre�test 

mean (SD)
b
 

Post�test 
mean (SD) 

% Change 
(Pre� vs. 
post�test)    

p�value 

Risk factor� 11.0 5.3 (1.8) 8.7 (2.5) 30.9 <0.001 
Exercise 7.0 3.6 (1.5) 5.7 (1.4) 30.0 <0.001 
Calcium 8.0 4.1 (1.6) 6.7 (1.5) 38.8 <0.001 

Total Scores 26.0 12.9 (3.5) 21.1 (5.2) 31.5 <0.001 
aN=131 
bSD – Standard Deviation 
 

The OHBS subscales are shown in Table 9 below. The total possible score for each 
of the sub�scales is 30. The scores were highest for three of the sub�scales (perceived 
benefits of exercising, perceived benefits of consuming calcium, and motivational level 
of change).  For these three sub�scales, pre�test scores were 82%, 77.6%, and 80.6% 
of respective maximum score. Pre�test scores for the other four OHBS sub�scales 
ranged from 44.6% to 53.3% of respective maximum score. All sub�scale scores were 
significantly improved between pre� and post testing, with the greatest change (p<.001) 
reported for the sub�scale, perceived susceptibility to osteoporosis (up 12.7%). There 
was an 8.3 % increase in the score for perceived seriousness of osteoporosis (p<.001) 
and a 7.0% increase in perceived benefits of calcium. The change for benefits of 
exercise between pre�test and post�test were smallest (up 2.3%; p<.05), where the pre�
test score was highest.  Percent change in other OHBS variables ranged from 3.3% for 
perceived barriers to calcium intake (p<.01) to 5.0% for perceived barriers to exercise 
(p<.001). Health motivation score changed by 4.3% between pre and post�test (p<.001).  
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��1,��C� Pre� and post�test results for the osteoporosis health beliefs subscales
a
 

�
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��)&,*)�
Pre�test 

mean (SD)b 
Post�test 

mean (SD) 
% Change 
(Pre� vs. 
post�test)    

p�value 

Susceptibility 30.0 16.0 (4.2) 19.8 (4.2) 12.7 <0.001 
Seriousness 30.0 14.8 (3.1) 17.3 (5.0) 8.3 <0.001 
Benefits of 
exercise 

30.0 24.6 (3.6) 25.3 (2.2) 2.3 0.048 

Benefits of 
calcium 

30.0 23.3 (3.4) 25.4 (1.8) 7.0 <0.001 

Barriers to 
exercise 

30.0 13.4 (3.1) 11.9 (1.8) �5.0 <0.001 

Barriers to 
calcium 

30.0 15.1 (3.1) 14.1 (3.2) �3.3 0.004 

Health 
motivation 

30.0 24.2 (2.9) 25.5 (1.7) 4.3 <0.001 

Total Scores 210.0 131.5(10.3) 139.4 (7.6) 3.8 <0.001 
aN=131 
bSD – Standard Deviation 
 

Data for the two OSES sub�scales are shown in Table 10. Both sub�scales 
increased substantially between pre�and post�tests (p<.001). Exercise self�efficacy 
increased from 23.4 to 47.6 (40.3%), while calcium intake self�efficacy increased 38.7%. 
At pre�test self efficacy scores were low; just 39.0 and 41.6%, respectively, of the 
maximum possible score of 60.  
 

��1,���3��Comparison of OSES scores of pre� and post� testsa 
�
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&1)��,�)�

�
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�%))�1,��
�%$��

��)&,*)�
Pre�test 

mean (SD)
b
 

Post�test 
mean (SD) 

% Change 
(Pre� vs. 
post�test)    

p�value 

Exercise� 60.0 23.4 (12.8) 47.6 (8.9) 40.3 <0.001 
Calcium 60.0 24.7 (16.0) 47.9 (8.5) 38.7 <0.001 

Total Score 120.0 48.1 (27.2) 95.5 (16.0) 39.5 <0.001 
a
N=131 

b
SD – Standard Deviation 
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Responses to certain OKT questions were particularly telling for knowledge about 

osteoporosis among this study population of college students at baseline. Table 11 
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below includes pre�test scores for these questions and the extent of progress made at 
post�testing. As shown, the study group was most unaware about relationship of 
osteoporosis risk to bone density (Question 3) and race (Question 6). Number of 
students correctly responding to these two questions were 9 (6.9%) and 24(18.3%). 
The respective post�test scores increased by 48.1% and 61.1%, respectively. In 
addition only 31.3%, 25.3% and 31.2% of students, respectively, provided correct 
response for genetic predisposition to osteoporosis (Question 5), recommended 
calcium intake (Question 24), the amount of milk needed to meet the recommended 
intake (Question 25). Again, the post�test scores were substantially improved; 
increased by 60.3% for question 5, 87.0% for Question 24, and 55.7% for Question 25. 
The remaining two questions exemplified below (questions 12 and 18) deal with 
exercise and osteoporosis prevention, and 40% and 35.1% of students, respectively, 
answered these two questions correctly. The greatest change between pre�test and 
post�test occurred with these two exercise questions, with 96.2% and 97.7 % 
responding correctly at post�test respectively. 
 

��1,����� Examples of pre�test and post�test results of selected questions  
included in the OKT sub�scale

a
 

�
<&�)*�%'�
�&�1�$�

�
<&�)*�%'�

�$�;*�)*� �%)*;*�)*�
Correct 

responding  
Correct 

responding  
N % N % 

3 Is a person with big bones more likely to 
get osteoporosis? 

9 6.9 63 48.1 

5 Is a person whose mother or grandmother 
has osteoporosis more likely to get 

osteoporosis? 

41 31.3 79 60.3 

6 Are Caucasians or Asians more likely to 
get osteoporosis? 

24 18.3 80 61.1 

12 Which exercise is the best way to reduce 
the chance of getting osteoporosis: 
Swimming, Walking briskly, Kitchen 

chores? 

52 40.0 126 96.2 

18 Which exercise is the best way to reduce 
the chance of getting osteoporosis: 

Bowling, Doing laundry, Aerobic dancing? 

46 35.1 128 97.7 

24 Which is the recommended daily calcium 
intake? 

33 25.2 114 87.0 

25 How much milk must an adult drink to 
meet the recommended amount of 

calcium? 

41 31.3 73 55.7 

a
N=131 
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This thesis study assessed the impact of a web�based nutrition education program 
on knowledge about osteoporosis prevention among college students in China. In order 
to evaluate the effectiveness of the program, participants’ knowledge of osteoporosis, 
perceived susceptibility to and seriousness of osteoporosis, perceived benefits and 
barriers to osteoporosis preventive behavior, and self�efficacy were tested before and 
after the intervention. The results indicated that the participants made significant 
progress and that web�based delivery of the program was successful  

To my knowledge, few studies have targeted an osteoporosis prevention program to 
college students in China. Thus, this thesis serves as a pilot study to investigate the 
impact of an education program delivered to this group via the World Wide Web. As 
shown in the results, the participants of this study were youth, average age 22.5 years 
and range from 18.0�29.0. All were college students currently enrolled in the three 
participating universities, representing an overall student population of 100000. Even 
though the study group was not randomly selected, they likely have much in common 
with their broader community of peer college students. Therefore, our survey results 
probably reflect knowledge and perceptions about osteoporosis among the college 
student population in China. 
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All scores for each of the three questionnaires (OKT, OHBS, and OSES) improved 
significantly between pre� and post�tests. Improvements were most substantial for the 
OKT and OSES instruments, whereby post�test scores increased by 30%�40% 
compared to pre�test scores (p<.001), suggesting that this web�based intervention 
produced large gains in osteoporosis knowledge and self�efficacy. While OHBS scores 
also improved significantly between pre� and post�intervention, the change scores were 
not nearly as large as the OKT and OSES change scores. It should be noted, that there 
were differences in performance at pre�testing for the OKT and OSES compared to the 
OHBS (49.6% and 40.1% vs 51.1% of respective maximum possible score), which 
could have accounted for some, but not all of the variation.  
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The pre�test survey knowledge score was low, indicating that most of the students 
were not knowledgeable about osteoporosis at baseline. In the total 131 participants 
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who finished the program, only 9 answered correctly that having big bones renders a 
person less likely to have osteoporosis; 41 understood that family history was a risk 
factor for osteoporosis; and only 24 knew that Caucasians and Asians had higher risk 
of developing osteoporosis. 

In the OKT exercise section, 91 people thought swimming was one of the best ways 
to reduce the chance of getting osteoporosis, which was wrong. Only 52 and 46 of the 
students could successfully identify walking briskly and aerobic dancing as the best 
exercises for osteoporosis prevention. These results suggest that the students know 
little about weight�bearing exercises. One possible explanation is that health information 
to which the students are likely exposed, emphasize the value of aerobic physical 
activities for improved cardio�respiratory function, only. The students could have 
inaccurately concluded that if aerobic exercises are best for improved cardio�respiratory 
function then they would also be best for the prevention of other health problems such 
as osteoporosis. Thus, this population needs additional information to clarify the 
different health benefits associated with different categories of exercises. 

Most participants in the study could identify the best dietary sources of calcium; 
however, only 33 of them answered correctly the recommended daily calcium intake. 
Furthermore, only 41 knew they should drink at least two cups of milk to intake enough 
daily calcium. Since these recommended calcium intakes are included in the Chinese 
dietary guidelines, one might well draw the conclusion that the guidelines have not been 
adequately disseminated to the public. The lack of knowledge of recommended daily 
amounts of milk in this group could stem from the fact that milk drinking is not a habitual 
dietary practice in Chinese society where milk has not been consumed traditionally. In 
one study involving 290 Chinese (124), only 36.1% drank milk everyday, which adds 
more support to the finding that most of these Chinese students did not know how 
much milk they should consume everyday.  

Post�test scores showed a 30% increase over pre�test scores, which supports the 
efficacy of the web�based educational modules for increasing knowledge about 
osteoporosis among college students. The participants in this study were volunteers 
and they were college students. Both of these characteristics have been associated 
with higher motivation and better learning outcomes (125). In addition college is a 
learning environment, designed to make learning happen. Therefore, OKT gains among 
these Chinese college students may not be representative of Chinese youth who would 
not readily volunteer for a study such as this one or for those in non�college 
environments. On this same premise, other youth enrolled in universities in China who 
volunteer readily for this type of program should experience knowledge gains similar to 
gains of students who completed this study. Ali, et al (125) suggested that knowledge is 
an important predictor of involvement in preventive behaviors. Thus, by investing in 
increasing the knowledge of the college students about osteoporosis, knowledge 
change is most likely to occur and osteoporosis preventive behaviors are most likely to 
follow. Because web�based programs have the potential to reach larger audiences at 
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relatively low cost, they are well�suited for communicating health information to young 
people and ultimately for achieving desired behavioral change. 
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After completing this web�based program, all of the HBM constructs were improved. 
Perceived susceptibility, perceived severity, perceived benefits, and perceived self 
efficacy increased, while perceived barriers decreased. As mentioned earlier, OHBS 
change scores were much lower than OKT and OSES change scores. This difference 
can be partly attributed to high performance at pre�testing of students on three OHBS 
subscales (benefits of exercise, benefits of calcium intake, and health motivation). 
Respectively, pre�test scores for these three sub�scales were 82.0%, 77.6%, and 
80.6%.Thus, for these three of the seven OHBS subscales there was less belief values 
to be gained between the pre and post�tests. These results are consistent with the 
findings of Ziccardi et al (127), which involved 194 American college students. In that 
study, scores of benefits of exercise and calcium intake were found much higher than 
scores of other subscales. 

 On the other hand, pre�test performance on the other 4 OHBS scales (44.6% to 
53.3%) was more similar to student performance on OKT and OSES, yet the magnitude 
of score change between pre� and post�testing was still low (5.0% and 3.3% decrease, 
respectively for barriers to exercise; and 12.7% and 8.3% for susceptibility to 
osteoporosis and seriousness of osteoporosis, respectively). The overall mean score of 
OHBS in the pre�test (131.5±10.3) was similar to the OHBS pre�test value of 
131.5±12.82 reported by Tung et al. (22) studying a group of 128 Hong Kong Chinese 
men. 

Thus while high pre�test scores for the benefits and motivational sub�scales could 
possibly account for some of the difference in change scores for OHBS compared to 
OKT and OSES, it doesn’t account for all of it since low pre�test OHBS sub�scale 
scores did not result in large change scores either. Even though significant 
improvements occurred with all sub�scales, the extent of improvement may be of public 
health significance only for OKT and OSES. It appears that an intervention of greater 
intensity than this one is needed to achieve improvements in OHBS sub�scales that 
would result in behavioral change toward the prevention of osteoporosis. The 
integration into the web�based program of more vivid materials such as patients’ stories, 
videos and animations is one approach to consider. In addition, supplementing web�
based interventions with face�to�face programs involving patients’ real life experiences 
is another promising approach. This view is in line with the suggestions of other 
researchers that young people may not feel that they are at risk for osteoporosis and 
that they do not consider osteoporosis to be a serious problem (22). Like many youth, 
these college students may have viewed osteoporosis as a problem confined to the 
aged and of little relevance to young folks (126). These results suggest that the 
educational modules designed for this study were well�suited to applications of the 
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theoretical constructs of the health belief model. On this basis, a prediction that the 
study participants will change some of their behaviors toward more osteoporosis 
preventive behaviors is reasonable.  
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The self�efficacy calcium and exercise scores in our pre�test were quite low, 
compared with the results of two previous studies (22, 127) targeting both Chinese and 
American people that reported scores of 72.4±19.1 and 74.4 (standard deviation was 
not provided), respectively. These low scores in our study suggested that students were 
not confident that they could exercise sufficiently and eat enough calcium�rich foods. A 
possible explanation is, in the highly competitive Chinese society nowadays, students 
are often too busy working for their future to spend time on diet planning and exercising.  
Even though, their pre�test scores on the OHBS exercise and calcium sub�scales were 
high at pre�test, indicating understanding of the importance of performing these health 
behaviors. This is consistent with results of a recent survey of 607 Chinese college 
students all over the country in which most students (87%) said they liked exercises, 
but only 40% of them reported exercising more than three times a week (128). In the 
same study, only 8% of the students reported that they drank milk everyday. Yet they 
claimed that health was the most important thing in their lives and that they felt as 
though they had enough knowledge to plan a healthy diet. Considering the results of 
this survey in combination with this thesis study results, leads to the conclusion that 
there is a sizeable gap between health perceptions and health behavior, which could be 
partially filled by enhanced self�efficacy. 

In the post�test, the self�efficacy scores increased by 39.5% over the pre�test score 
to reach about 80% of the total possible score. Thus, the educational modules included 
in this web�based intervention were effective in increasing confidence for adopting 
osteoporosis preventive behaviors among college students. Although we could not 
monitor long�term effects of improvements in osteoporosis self efficacy in this short�
term thesis study, results of other studies show that a higher self�efficacy level 
increases motivation for behavior change. Thus, the high improvement in self�efficacy 
scores between pre� and post�testing in this web�based study supports potential for the 
program contribute toward the achievement of osteoporosis preventive behaviors 
among Chinese college students. 
 

�%'�,&)�%'�
 

In this web�based study, information technology brought several conveniences, 
which were fundamental for its success. First, the internet dramatically reduced the 
difficulty of recruitment and extended the radius of reachable population, so we could 
easily get over 150 participants from different universities. Second, it saved lots of time 
and budget; nearly everything was automatically done by the computer at minimal costs. 
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Third, the internet broke the geographic restriction so that we could conduct the study in 
China when we were physically in the U.S. Last but not least, the internet provided 
plenty of resources that we used as educational materials, including articles, pictures, 
videos, games, assessment tools and so on. These components made our modules 
more comprehensive and interesting. Therefore, taking advantage of the growth of 
information technology, we could use less money to develop more effective and 
attractive nutrition education programs for a broader audience. 

In conclusion, this web�based education program among a group of Chinese college 
students was associated with statistically significant increases in their knowledge, 
health beliefs, and self�efficacy about osteoporosis prevention; and a reduced level of 
barriers to osteoporosis preventive behaviors. According to the Health Belief Model 
(HBM), these participants are likely to adopt these preventive behaviors in their routine 
life. 
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��� It was predicted that the scores which the participants received in each of the 
subscale (OKT, OHBS and OSES) questionnaires would change significantly after 
finishing the education modules, compared to scores received prior to completing the 
intervention.  

This hypothesis was support by the results of performance on pre�test vs. post�test 
for each questionnaire. Scores of OKT risk factors, OKT exercise, OKT calcium, OHBS 
susceptibility, OHBS seriousness, OHBS benefits of exercise, OHBS benefits of 
calcium, OHBS health motivation, OSES self�efficacy exercise and OSES self�efficacy 
calcium were increased; and scores of OHBS barriers to exercise and OHBS barriers to 
calcium were decreased. All the p�values were less than 0.05 and nearly all p�values 
were less than 0.001.  
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This was a pilot study investigating the knowledge, health beliefs and self efficacy 
status about osteoporosis among Chinese college students. To my knowledge, data is 
scarce on this subject and the need for health education in this population group is 
urgent (127). Thus, our baseline data depict a profile of the cognitions of college youth 
about osteoporosis which could be used to establish health education strategies. 
Furthermore, the online modules developed specifically for this thesis study could be 
replicated by others or expanded into a more comprehensive course for broader�based 
distribution among Chinese universities. Some of the English language education 
resources such as assessment tools, games, and animations should be modified to 
cater to Chinese cultural preferences.  

The internet was used as the communication medium in this study. Health education 
via the internet is common in the U.S., but it is still a new concept, mostly used in 
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industry in China. Considering the large population of China, the internet could bring 
huge advantages to public health education. This study gives an example of adapting 
an online education programs in the U.S. into Chinese language and culture. Therefore 
our study should be helpful for future studies and commercial or non�profit educational 
programs. Now, the Chinese government is moving toward the incorporation of health 
education into required courses at all school levels. In this regard, online education 
could favorably influence outcomes of China’s health education requirements for 
schools, while reducing the cost and promoting high quality courses to the country’s 
massive population. 
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There are several limitations to this study. First, a convenience sampling strategy 
was used in which participants volunteered to join the study. Thus, study outcomes may 
not be representative of the general population of college students. This group of 
volunteers is likely more motivated to participate in health education programs; and may 
be more likely to make significant progress compared to randomly selected students. 

Second, there was no control group in this study, resulting in the methodological 
weakness of failing to account for the influence of extraneous variables.  

Third, the website, the channel for communicating the educational modules, was 
kept simple in design due to budget and technology limitations. The site lacked 
advanced functions, which affected the quality of presentation and interactivity of the 
educational modules. Technological errors were inevitable and it was not possible to 
measure their impact on audience participation or performance. These weaknesses 
might have impaired the effectiveness of the program, but it was not possible to 
accurately determine the extent of such influences. 

Last but not least, although positive changes in knowledge, health beliefs and self�
efficacy were demonstrated, we do not know whether these changes will persist, how 
long they may persist, nor whether the improvements in knowledge, beliefs and self�
efficacy will lead to behavioral changes. Follow�up studies are needed.  
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In our study, we found that Chinese college students lacked knowledge, health 
beliefs and self�efficacy about osteoporosis prevention; but the sample was not large, 
nor representative. Epidemiological research should be carried�out on this population to 
examine relationships between these variables among youth and the prevention of 
osteoporosis later on in life. Because a long�term study was not feasible for us, we 
recommend a longitudinal study to determine how long improvements such as these 
assessed in this study would last and if such improvements will influence changes in 
osteoporosis preventive behaviors.  
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Given the increasing demand of web�based health education, lots of research could 
be done in this area. Our study has shown the capability of a web�based education 
program to achieve knowledge change. However, our web site was very simple and 
could be greatly updated. Further studies could focus on either improving our program 
or developing other programs about other health promotion issues. Because web�based 
health education is still new in China, more research should be done to examine its 
acceptability, feasibility and effectiveness compared with other traditional educational 
methods. Results of such studies could inform the development of guideline for the 
application of web�based technologies in health education programs, especially in 
schools as this is the focus of the Chinese government.  
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Greetings and Welcome to the Xiao Yu’s website for the prevention of osteoporosis 

 

This website is an educational program to increase your knowledge, health beliefs and self�

efficacy of osteoporosis prevention. I am Xiao Yu, a graduate student at The Florida State 
University, in the United States of America. I will be your instructor for this educational research 

program, which I am completing in partial fulfillment of the Masters of Science Degree in 

Nutrition. Your participation will make it possible for me to complete my thesis and your help 

will be greatly appreciated.   

 

If you give your consent, first you will be asked to provide an email address and demographic 

information (such as your age, gender, height, weight and education). You will use an email 

address that does not include information that would allow the researcher to know who you are. 

Your email address will be used to create your account for the study and to periodically contact 

you. In addition, you will complete a short health history form to determine whether it is 

advisable for you to receive the moderate exercise education module of this intervention study. If 

results of your health history (example, heart problems) indicate that the exercise education 

module could pose a risk to your health, then you will be excused from the study. If not, you will 

be requested to complete a pre�test consisting of three survey questionnaires to test your 

knowledge, health beliefs and self�efficacy about the prevention of osteoporosis. Then, you will 

complete four educational modules entitled: 1) Knowledge of osteoporosis; 2) Prevention of 

osteoporosis; 3) Calcium; and 4) Exercise. The materials will be in text, video, picture or 

interactive game format. Some English materials may be used and a small dictionary will be 

provided by the instructor. After completing the four modules, you will be asked to complete a 

post�test which will include the same surveys included in the pre�test.  

 

The benefit of participating in this study is that you will learn about osteoporosis and how to 

prevent it. However, if you are lactose�intolerant, there are potentially minimal risks associated 

with some of the educational materials that encourage you to increase your consumption of milk 

and dairy products. Therefore, if you have been diagnosed with lactose intolerance or have 
experienced any aversive symptoms (such as bloating, flatulence, abdominal pain or diarrhea) 

after drinking milk, please avoid milk and dairy products and consume other calcium�rich 

sources or consult your physician. If you have diseases such as hypertension and cardiovascular 

problems please do not participate in this study and follow your physician’s instructions. Also, 

please be aware that this study promotes moderate not intensive exercising, as over�exertion can 

contribute to health problems.  
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By clicking the “I agree” button below, you are consenting to be involved in this study. Your 

participation is entirely voluntary and if you change your mind and no longer want to participate, 

you can quit at any time without coercion or any other consequence. 

 

Please be assured that your name will not be used to report any information from this study and 

that your participation will remain confidential to the extent allowed by law. None of your 

information will be considered as separate measures and only averaged values for the group will 

be reported. The data will be output into an excel file and kept in the instructor’s laptop for 6 
months and can only be accessed by the researcher and the major professor. Password protection 

will be used on both the laptop and the data file. After 6 months, the data will be deleted. 

 

You may contact Xiao Yu (Graduate student) at Florida State University, Department of 

Nutrition, Food and Exercise Science at xy06@fsu.edu or 001�850�728�2779 for answers to any 

questions about this study, or his major professor Jenice Rankins at jrankins@mailer.fsu.edu or 

001�850�644�4792. If you have any concerns about your rights as a subject, please contact The 

Human Subjects Committee at 001�850�644�8633 or by email at jjccoper@fsu.edu . 
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您好， 迎访问于潇的骨质疏松预防网站  

本网站是一个预防骨质疏松的教育 目，其目的是增强您对预防骨质疏松的了解，健康信念和自

效能 是本网站的负责人于潇，是一 在美 罗 达州立大学留学的中 学生 这个 目是

业论文的一部 如果您能帮 利完 这个研究， 将十 感谢您的热心参  

如果您 意参 的研究，您首先需要提供您的电子邮件地址和一 个人信息，包括 龄，性

，身高，体 ，教育水 等等 请使用一个 会透露您真实信息的电子邮件地址来注册您在本网站

的账户， 时 们将利用这个电子邮件地址 您 得联系 另外，您需要填写一个简短的健康信息调

查，来帮 们判断您是 适合接 强体育锻炼的教育 如果您的健康状况显示您 适合进行剧烈

如患 心脏病，高血压等 ， 们将很遗憾地把您排除在 目之外 如果您的健康状况良好，

可以继续 们的 目，您将完 由 份调查问卷组 的前期测试，这 份问卷将 测试您对于骨质

疏松预防的知识水 ，健康信念和自 效能 之 ，您将完 由四个部 组 的骨质疏松预防教育课

程，这四个部 的题目是 所 了解骨质疏松 2 预防骨质疏松 3 钙 骨质疏松 4 骨质

疏松 这 课程将以文 ， 片，电视短片，小游 等形式，通过网 进行传播 课程结束 ，您将

填写 份 前期测试相 的问卷 为 期测试  

在本研究中，您将学到 于骨质疏松的知识以 怎样预防这一疾病 但是，如果您患 乳糖 耐

，课程中的一 提倡多摄入奶 奶制品的教育材料可能会给您带来潜在的健康风险 因 ，如果您

经被诊断为乳糖 耐 患者或者 经在 牛奶时感觉 舒服 如胃胀气，腹痛，腹泻等 ，请避免

摄入奶 奶制品而使用其他 钙丰富的食品代 ，或者咨询医生 如果您患 高血压，心脏病等 适

宜剧烈 的疾病，请遵从医生的建议， 要参 研究 请注意，本研究提倡适量 而 是过

量的剧烈 ，过量 将 可能损害您的健康   

点 面的 意 按钮， 您将 意 为被测试者参 本研究 您的参 完全是自愿的，您

权利在任何时候选择退 本研究，您的个人利益将 会 到任何影响  

们将确保您的 会 现在任何跟本研究 的信息中，您参 本研究的机密性将在法律允

许的范围内充 得到保障 任何 于您的个人信息将 会被单独 析， 们将只以群体数据的形式发

表 们的研究结果 的研究数据将以年x干年须文档的形式保 在 的笔记本电脑 并 密进行保

护，只 和 的指导教授可以接触到这 数据 六个 以 ， 数据将被永久删除  

如果您对于本研究 任何疑问，您可以联系 联系方式是 于潇， 罗 达州立大学，营养，

食品 科学学院，塔拉哈西， 罗 达 电子邮件 xy房6@fsu.年平u电话 房房所-85房-728-2779，或

者 的指导教授 J年ni干年 Ran顺ins, 电子邮件 项ran顺ins@mai须年r.fsu.年平u 电话 房房所-85房-644-

4792 如果您对于您 为被测试人的权利 任何疑问，请联系 罗 达州立大学人类研究对象委员

会 电话 房房所-85房-644-8633，电子邮件 项项干干op年r@fsu.年平u  
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骨质疏松症知识测试 

下面是一系列可能或不太可能影响一个人患骨质疏松症的机会的事情 读完

每句话后想想是否更有可能或更不可能患骨质疏松症，或者与患骨质疏松症无关

中立 或者您不知道 请您读完每句话后圈出四项选择中的一个作为您的答案  
  更 可能 更 可能 无  知道 

1 饮食中 乳制品较少 О О О О 

2 经 О О О О 

3 身材高大 О О О О 

4 吃大量的深绿叶蔬菜 О О О О 

5 妈妈或外婆患骨质疏松症，您呢？ О О О О 

6 白种人或 洲人 О О О О 

7 卵巢 除  О О О О 

8 进行 规律的  О О О О 

9 长期使用类固醇激素 如强的松  О О О О 

10 酗酒 О О О О 

11 吸烟 О О О О 

下面一组问题，从 4 个选项中选出一个答案，确保只选一个答案，如果您认为不止

一个，选择最好的答案，如果不能确定，选择不知道  

12 列哪 是减少骨质疏松症患病机会的最好方式? 

A. 游泳           B. 快走          C. 做家          D. 知道 

13 列哪 是减少骨质疏松症患病机会的最好方式? 

A. 骑单车         B. 瑜珈         C. 搞 间卫生     D. 知道 

14 您认为一个人为了强壮骨骼每周应 多少 ? 

A. 每周 1        B. 每周 2       C. 每周 3 以    D. 知道 

15 一个人为了强壮骨骼每 最少应 多长时间？ 
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A. 少于 15 钟    B. 20�30 钟     C. 多于 45 钟    D. 知道 

16 使骨骼强壮，但 强度必 足以使呼吸  

A. 稍快一点       B. 快到 能讲话   C. 很快，但可以讲话   D. 知道 

17 列哪 是减少骨质疏松症患病机会的最好方式? 

A. 慢跑或跑   B. 用高尔 车进行高尔 球   C. 从事园艺   D. 知道 

18 列哪 是减少骨质疏松症患病机会的最好方式? 

A. 打保龄球        B. 洗衣 熨烫                  C. 跳健美操   D. 知道 

钙是我们身体为了保持骨骼 壮的必需营养素之一钙是我们身体为了保持骨骼 壮的必需营养素之一钙是我们身体为了保持骨骼 壮的必需营养素之一钙是我们身体为了保持骨骼 壮的必需营养素之一 �

19 以 哪种食物是最好的钙来源？ 

A. 苹果         B. 黄豆        C. 黄瓜            D. 知道 

20 以 哪种食物是最好的钙来源？ 

A. 西瓜         B. 玉米        C. 虾              D. 知道 

21 以 哪种食物是最好的钙来源？ 

A. 鸡           B. 花椰菜      C. 葡萄            D. 知道 

22 以 哪种食物是最好的钙来源？ 

A. 酸奶         B. 草莓        C. 卷心菜          D. 知道 

23 以 哪种食物是最好的钙来源？ 

A. 豆腐        B. 葡萄        C. 萝卜            D. 知道 

24 列哪 是 人钙摄入的推荐剂量？ 

A. 100mg�300mg/    B. 400mg�600mg/   C. 800mg/ 以       D. 知道 

25 为了摄入足够推荐剂量的钙 人应饮多少牛奶？ 

A. 每日半杯(125ml)       B. 每日一杯 250ml 至 杯(500ml)   

C. 每日 杯(500ml)以    D. 知道 

26 列哪种人最需要补充钙剂？ 

A. 吃早餐的人         B. 能从食物 得到足够钙的人    

C. 超过了 45 岁的人      D. 知道 
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骨质疏松症健康信念量表骨质疏松症健康信念量表骨质疏松症健康信念量表骨质疏松症健康信念量表    

下面是询问您的有关骨质疏松症的信念问题下面是询问您的有关骨质疏松症的信念问题下面是询问您的有关骨质疏松症的信念问题下面是询问您的有关骨质疏松症的信念问题 答案无对错之分答案无对错之分答案无对错之分答案无对错之分，，，，您的真实想法很重您的真实想法很重您的真实想法很重您的真实想法很重

要要要要，，，，不要按您觉得自己应该相信的或您认为我们要您相信的答题不要按您觉得自己应该相信的或您认为我们要您相信的答题不要按您觉得自己应该相信的或您认为我们要您相信的答题不要按您觉得自己应该相信的或您认为我们要您相信的答题 我们需要最能说明您我们需要最能说明您我们需要最能说明您我们需要最能说明您

的真实感觉的答案的真实感觉的答案的真实感觉的答案的真实感觉的答案 看完每句陈述后看完每句陈述后看完每句陈述后看完每句陈述后，，，，圈出您是否圈出您是否圈出您是否圈出您是否 很不同意很不同意很不同意很不同意=1=1=1=1 不同意不同意不同意不同意=2=2=2=2 中中中中

立立立立=3=3=3=3 同意同意同意同意=4=4=4=4 很同意很同意很同意很同意=5=5=5=5 这个陈述这个陈述这个陈述这个陈述     

  很

意 

意 

中  

立 

  

意 

很
意 

1. 您患骨质疏松症的机会很高  1 2 3 4 5 

2. 您很可能因为体型而发展 骨质疏松症  1 2 3 4 5 

3. 您将极 可能患骨质疏松症  1 2 3 4 5 

4. 您将 机会患骨质疏松症  1 2 3 4 5 

5. 您 一般人更容易患骨质疏松症  1 2 3 4 5 

6. 您的遗传史使您将更容易患骨质疏松症  1 2 3 4 5 

7. 您害怕患骨质疏松症   1 2 3 4 5 

8. 如果患了骨质疏松症，您就会残疾  1 2 3 4 5 

9. 如果患了骨质疏松症，您的自 感觉就会改  1 2 3 4 5 

10. 如果患了骨质疏松症，花费会很高  1 2 3 4 5 

11. 您一想到骨质疏松症就会 得抑郁  1 2 3 4 5 

12. 如果您患了骨质疏松症，事情就很 了  1 2 3 4 5 

13. 规律的 可预防因骨质疏松症而引起的问题  1 2 3 4 5 

14. 当您做 预防骨质疏松症时，您感觉会好一  1 2 3 4 5 

15. 规律的 于构建强壮的骨骼  1 2 3 4 5 

16. 预防骨质疏松症可改善您的身体形象   1 2 3 4 5 
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17. 规律的 能降低骨 的机会  1 2 3 4 5 

18. 做 预防骨质疏松症时，您自 感觉 较好  1 2 3 4 5 

下面的下面的下面的下面的 6666 个问题中个问题中个问题中个问题中 摄入足够的钙摄入足够的钙摄入足够的钙摄入足够的钙 意味着靠吃钙丰富的食物意味着靠吃钙丰富的食物意味着靠吃钙丰富的食物意味着靠吃钙丰富的食物和和和和////或吃钙剂摄入足够的钙或吃钙剂摄入足够的钙或吃钙剂摄入足够的钙或吃钙剂摄入足够的钙     

19. 摄入足量的钙，可防 骨质疏松症给您的身体带来的一系列问

题  

1 2 3 4 5 

 很

意 

不
同
意 

中 

立 

同  

意 

很
同
意 

20. 若摄入足量的钙预防骨质疏松症，则身体在许多方面都会 改

善  

1 2 3 4 5 

21. 摄入足量的钙可预防骨质疏松症 其引起的疼痛  1 2 3 4 5 

22. 如果您摄入足量的钙，就 用那么担心骨质疏松症问题  1 2 3 4 5 

23. 摄入足量的钙可降低您的骨 机会  1 2 3 4 5 

24. 当摄入足量的钙预防骨质疏松症时，您的自 感觉 较好  1 2 3 4 5 

25. 您感到自 的身体 能承 经常性的  1 2 3 4 5 

26. 您没 地方可  1 2 3 4 5 

27. 您的配偶或家人妨碍您  1 2 3 4 5 

28. 您较难 惯 规律的  1 2 3 4 5 

29. 规律的 使您 舒服  1 2 3 4 5 

30. 规律的 打乱了您的日常生活  1 2 3 4 5 

31. 钙丰富的食物 贵  1 2 3 4 5 

32. 钙丰富的食物 合您的胃口  1 2 3 4 5 

33. 您 钙丰富的食物  1 2 3 4 5 

34. 吃 钙丰富的食物意味着改 您的饮食 惯，这是很难做到

的  

1 2 3 4 5 

35. 为了吃更多 钙丰富的食物，您得放弃自 的其它食物  1 2 3 4 5 

36. 钙丰富的食物 高胆固醇  1 2 3 4 5 

37. 您的营养均衡  1 2 3 4 5 
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38. 您渴望得到 的 健康的信息  1 2 3 4 5 

39. 保持健康对您很 要  1 2 3 4 5 

40. 您 力尽早发现健康问题  1 2 3 4 5 

41. 即使没病您 常规做健康检查  1 2 3 4 5 

42. 您听从建议保持健康  1 2 3 4 5 
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骨质疏松症自我效能量表骨质疏松症自我效能量表骨质疏松症自我效能量表骨质疏松症自我效能量表    

我们很想得知您对做下列活动的信心如何我们很想得知您对做下列活动的信心如何我们很想得知您对做下列活动的信心如何我们很想得知您对做下列活动的信心如何 问卷答案无对错之分问卷答案无对错之分问卷答案无对错之分问卷答案无对错之分，，，，您的想法最重您的想法最重您的想法最重您的想法最重
要要要要 在这个问卷里在这个问卷里在这个问卷里在这个问卷里，，，，运动指诸如步行运动指诸如步行运动指诸如步行运动指诸如步行 游泳游泳游泳游泳 爬楼梯爬楼梯爬楼梯爬楼梯 骑自行车骑自行车骑自行车骑自行车，，，，跳健美操等跳健美操等跳健美操等跳健美操等 如果本如果本如果本如果本
周建议您做下列任何一件事周建议您做下列任何一件事周建议您做下列任何一件事周建议您做下列任何一件事，，，，在答案线上标出您觉得最能描述您的信心水平在答案线上标出您觉得最能描述您的信心水平在答案线上标出您觉得最能描述您的信心水平在答案线上标出您觉得最能描述您的信心水平的地方的地方的地方的地方(0(0(0(0＝＝＝＝
一点也没有信心一点也没有信心一点也没有信心一点也没有信心，，，，10101010＝＝＝＝很有信心很有信心很有信心很有信心)))) 您的信心或确信程度将是您的信心或确信程度将是您的信心或确信程度将是您的信心或确信程度将是：：：：    
�

1 开始一 的或 的 目 

一点  
没 信心 

                      很  
信心   0   1   2   3   4   5   6   7   8   9  10 

2 改 您的 惯 

一点  

没 信心 

                      很  

信心   0   1   2   3   4   5   6   7   8   9  10 

3 尽全力去  

一点  

没 信心 

                      很  

信心   0   1   2   3   4   5   6   7   8   9  10 

4 即使 难度 要做 

一点  
没 信心 

                      很  
信心   0   1   2   3   4   5   6   7   8   9  10 

5 足够长的时间 

一点  
没 信心 

                      很  
信心   0   1   2   3   4   5   6   7   8   9  10 

6 做您应 做的 目 

一点  
没 信心 

                      很  
信心   0   1   2   3   4   5   6   7   8   9  10 

7 增 您的钙摄入量 

一点  
没 信心 

                      很  
信心   0   1   2   3   4   5   6   7   8   9  10 

8 将您的饮食改 包 更多的 钙丰富的食物 

一点  

没 信心 

                      很  

信心   0   1   2   3   4   5   6   7   8   9  10 

9 像您应 做的那样经常吃 钙丰富的食物 

一点  

没 信心 

                      很  

信心   0   1   2   3   4   5   6   7   8   9  10 
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10 选择合适的食物增 您的钙摄入 

一点  
没 信心 

                      很  
信心   0   1   2   3   4   5   6   7   8   9  10 

11 坚持吃 足量钙的食物 

一点  

没 信心 

                      很  

信心   0   1   2   3   4   5   6   7   8   9  10 

12 即使 容易得到, 要获 足量钙的食物 

一点  

没 信心 

                      很  

信心 
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Short heath history form 

Please indicate whether any of the following apply to you. If so, please place a check in the blank beside 
the appropriate item. Thank you. 

_________ Hypertension or high blood pressure 

_________ A �������	 OR 
���	������� of heart problems or heart disease 

__________Diabetes 

_________ Orthopedic problems 

_________ Cigarette smoking or other regular use of tobacco products 

_________ Asthma or other chronic respiratory problems 

_________ Recent illness, fever or Gastrointestinal Disturbances (diarrhea, nausea, vomiting) 

_________ Any other medical or health problems not listed above. (Provide details below.) 

________________________________________________________________________ 

________________________________________________________________________ 

List any �����������	
��������	�, �����	�	�������	�
��������	�� or ������������	���
������	�� you 
routinely take or have taken in the last five days (including dietary/nutritional supplements, herbal 
remedies, cold or allergy medications, antibiotics, migraine/headache medicines, aspirin, ibuprofen, birth 

control pills, etc.) 

________________________________________________________________________ 

________________________________________________________________________ 

“I certify that my responses to the foregoing questionnaire are true, accurate, and complete.” (This will be a 
button) 
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健康状况调查 

请选择符合你的选 ，谢谢  

_________ 高血压 

_________ 个人或者家族心脏病史 

__________糖尿病 

 _________ 整形外科疾病 

_________ 吸烟 

_________ 哮喘或者其他慢性呼吸道疾病 

_________ 最 患病，发烧，或者胃肠道疾病 腹泻，恶心，呕吐  

_________ 其他健康问题 请在 面 细说明  

________________________________________________________________________ 

________________________________________________________________________ 

请列举您日常服用或者在过去五 经服用的 药品，营养补充剂 包括营养品，中草药，感

冒药， 过敏药， 生素， 痛药，阿 匹林，避孕药等等  

________________________________________________________________________ 

________________________________________________________________________ 

确定 对 述问题的回答是真实的，准确的，完整的  
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Do you know what osteoporosis is? Do you have any relatives or friends suffering from 
this disease? Do you want to know how to prevent it? 
If you are 18 years or older and interested in these questions, please visit our website: 
http://bonehealth.vicp.net 
Here, you can participate in an osteoporosis prevention study in the U.S.A. and get 
some health information. Just come and join us！ 
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您了解什么是骨质疏松么？您 亲人或朋 在 这一疾病的 磨么？您想知道怎么

预防这一疾病么？ 

如果您 经 满 18 周岁并且对这 问题感 趣，请访问 http://bonehealth.vicp.net 

在这 ，您将 机会参 到一个美 的骨质疏松预防 目并且了解到最 的健康知

识 快来 入 ！ 
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