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Osteoporosis has become a great public health problem because of the growing segment 

of the elderly population. The manifestation of osteoporosis results in morbidity with disability 
\ 

and a diminished quality of life due to hip fracture and spine fracture. This is also the major 

cause of hospital expenditure. Thus, understanding the development of low bone mineral density 

at various skeletal sites and the prevention of the causes related to the diminished bone mineral 

density is of great importance. 

This is a descriptive study of risk factors associated with low bone mineral density and 

hip fracture among United States females 20-90 years of age. Data was collected by the National 

Center for HcUth Statistics from 1988-1994 in two phases. Several risk factors have been. 

associated with low bone mineral density. They are age, race, body mass index, fat-free mass, 

smoking, alcohol intake, caffeine intake, calcium supplement intake, dairy intake, and the level of 

physical activity. 

The primary objective of this study was to elucidate the relationship of low bone mineral 

density in a specific race-ethnic population with the perceived risk factors. This cross-sectional 

study provides infonnation to confirm tbat Non-Hispanic Whites have low bone mineral density 

at the end of their third decade of life compared to Non-Hispanic Blacks and Hispanic Americans. 

A significant association between low bone mineral density and age, race ethnicity, body mass 

·index, and milk intake was detected (P<fJ.05). Other factors did not display any statistically 

significant correlation. 
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Chapter 1 

Introduction 

Osteoporosis is a complex chronic disorder in which a multitude of physiological 

mechanisms leads to a progressive reduction in bone mass and increased susceptability to 

fracture without severe stress (Looker, Johnston et al. 1995). It is a silent disease, which 

starts early in life and later manifests in debilitating morbidity and disability affecting 18-

20 millions of Americans. Unfortunately, 80% of whom are women (McBean, Forgac & 

Finn, 1994). About 1.3 million fractures due to osteoporosis occur annually in people 

aged 45 years and older with costs to society that exceed $7 billion annually (Ray Chan 

& Ham et at 1997). There are an estimated 323 million individuals age 65 years and 

older at present, and this number is expected to reach 1,555 million by the year 2,050 

(Cooper et al. 1992). Using current estimates for hip fracture incidence from various 

parts of the world, it can be calculated that half of the hip fractures occurred in Europe 

and North America (Donaldson, Cook & Thompson, 1990). It is clear that osteoporosis 

has become a global health problem impacting the limited health care resources. 

This public health problem will worsen dramatically in future decades as the older 

segment of the population doubles over the next few decades (United States Bureau of 

the Census, 1982). The Consensus Conference on Osteoporosis recommended further 

research on the unanswered questions regarding the development and maintenance of 

bone as a tissue (National Institute of Health, 1984). The risk factors associated with low 

bone mineral density, which is the predictor of bone fragility, are the focal point of 

research. Understanding the role of risk factors in the development of low bone mineral 
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density in the United States populations will markedly diminish the stress on health care 

segment and improve the quality of life for millions of people. 

There have been several studies, cross-sectional and longitudinal, (Turner et al. 

1998 & Cummings et al. 1995) that infer that bone mass declines over time after the age 

35 years and is suspected to be related to sex., race, ethnicity, body weight for height, and 

hormonal status in case of women. Cigarette smoking may be an additional risk factor in 

the pathogenesis of osteoporosis (Hoppers Seeman, 1994). Other risk factors, such as 

hereditary and dietary intake of diary products, caffeine, alcohol, vitamins, minerals, and 

proteins are also suspected to impact bone loss through calcium metabolism (Cummings 

et al. 1997, Holbrook et al. 1993). 

Since, osteoporosis is a slow progressing disease without early manifestation of 

symptoms, there is a golden opportunity to study the degree of presence or absence of 

risk factors associated with low bone mineral density among the U.S. population using a 

national data collected by the National Center for Health Statistics. This study will seek 

to determine the variation in risk factors among the three major race-ethnic populations 

and whether the variation relates to the association with the low bone mineral density in 

certain populations - a predictor of osteoporotic fracture. 
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Objectives 

The objectives of this study were: 

(1) To describe risk factors associated with low bone mineral density among the women 

in three major race-ethnic populations; and 

(2) To compare risk factors with the observed hip fracture among the same women with 

and without low bone mineral density. 
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Chapter II 

Review of the literature 

Osteoporosis is a condition of bone fragility due to decreased skeletal mass and 

microarchitectural deterioration of bone tissue and is a function of time. Gender and 

race-ethnicity play an important role in the development of osteoporosis. There are two 

factors, osseous and extraosseous that contribute to fracture in people diagnosed as 

having osteoporosis. The osseous factors include decreased skeletal mass, altered 

morphological structure and reduced strength. The extraosseous factors include 

propensity to fall, poor response to fall, and inadequate energy absorption by soft tissue at 

the point of impact. Therefore reduction in mass is detrimental to the architectural 

orientation of bone structure. This study explores the role of age, gender, race-ehnicity, 

genetic plausibility, and life style behavioral factors such as smoking, alcohol use, 

caffeine intake, inadequate intake of calcium rich dairy products, arid physical activity. 

Bone mass peaks in both men and women at about age 30-35, (Gam 1970) and 5-

10 years later begins to decline. The rate of skeletal loss in men stays the same 

throughout life. However, a new study shows that there is considerable increase in the 

rate of bone loss and fracture depending upon the presence of risk factors (Grisso et al. 

1997). In women, the rate is initially the same as in men, but with the onset of 

menopause it increases to as high as 2~ 2·-3.0 percent per year for the whole life. 
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Postmenopausal acceleration of loss of bone mass produces a total skeletal loss of 15-30 

percent over a period of20 years (Avioli, 1993). 

Gender 

There is no evidence for gender differences in bone mass at birth (Trotter et al. 

1974). This status changes until the onset of pubertal maturation (Geusens et al. 1991). 

There is a significant difference in cortical thickness of most axial and appendicular 

bones among males and females (Merz et al. 1956). But, there is no gender difference in 

the volumetric trabecular density at the end of the period of maturation (healthy adults in 

their third decades). However, puberty appears to be a critical period during which racial 

differences in both volumetric trabecular density and bone mass become expressed (Bell 

et al. 1991). 

Genetic Determinant 

The contribution of heredity is not fully understood compared to that of the 

environment. Recent studies have shown that genetic factors account for a large percent 

of population variability in bone mineral density among both age and sex matched 

normal individuals (Pocock et al. 1987). According to this study 75-80 % of the 

population variation can be attributed to inherited genetic factors. Recent studies have 

shown that common allelic difference in the vitamin D receptor (VDR) gene can account 

for part of BMD variability (Morrison et al. 1994). However, mediation of this gene 
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effect is not clear . . One study shows that the magnitude of calcium supplementation on 

bone loss or bone gain is under the influence of the VDR genotype (Ferriari et al. 1995). 

Physical Activity 

The impact of physical activity during childhood and adolescence on various 

skeletal regions is not clearly understood. However, it is believed that mechanical 

loading is responsible for building the increased bone mass (Forwood et al. 1993). This 

association was not found to be of significance in longitudinal studies (Grimston et al. 

1992). This may be due to the difficulty in measuring physical activity and quantifying it 

with specificity. Another positive evidence for mechanical loading lies in high bone 

masses in athletes, where high thresholds of sustained physical activity are carried out. 

Thus, there is evidence to employ that physical activity plays an important role through 

mechanical loading but the degree of which needs to be established. 

Nutritional Factors 

It has been accepted that increased intake of calcium during childhood results in 

greater bone mass gain and thus in higher peak bone mass. A survey of the literature 

shows few studies exhibiting a positive association, (Sandler et al. 1985) (Loyed et al. 

1992). However, some other studies show no significant correlation between dietary 

calcium intake and bone mass (Grimston et al. 1992). One intervention study by 

Matkovic et al. ( 1990) showed that there was no significant increase in bone mass among 

a cohort of 14 year old girls receiving 1640 mglday calcium supplement. Another study 
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by Johnston et al. ( 1992) found that supplementation of calcium citrate malate of 700 

mglday over daily intake of 950 mglday increased the BMD in prepubertal children. 

Recently one study by Bojour et al. ( 1995) had shown that calcium fortified foods 

increased bone mass at radial and femoral skeletal sites in pre pubertal girls. Many more 

studies need to be done to resolve the use of calcium supplement also. 

There has been much controversy regarding a significant association among 

dietary milk, and cheese intake and increased bone mass. A study by Cummings et al. 

( 1997) showed that there was no significant association between dietary intake of calcium 

as milk or calcium supplement and hip fracture (OR=0.9 CI=0.7-1.3). 

The role of estrogen in regulation of bone mass is of great importance. It 

influences two major pathways; one being the mechanical set point of bone around which 

mechanical loading is adjusted. Second, it helps in calcium absorption from diet and 

helps renal calcium conservation. This perhaps explains the intricate balance needed to 

effectively interpret data from calcium intake studies. 

Slender body 

Numerous studies have shown that body size is positively associated with BMD 

in postmenopausal women. In one study, Dalen et al. (1975) found that obese women 

had an 11% greater metacarpal cortical area than the nonobese women did. Ribot et al. 

(1988) have found that obese post menopausal women had significantly higher vertebral 

BMD than nonobese women (1.056+ or-0.12 and 0.974+ or-0.14 glcrn2 at P<0,00001). 

Whereas no significant difference -in BMD was observed between perimenopausal and 
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postmenopausal women. This implies that obesity maybe more instrumental in 

controlling postmenopausal bone loss rather than achieving higher peak BMD. From 

prospective cohort studies as in Framingham cohorts (Felson et al. 1993), the body 

weight and B:MI explained a substantial proportion of high BMD for both weight and 

non-weight bearing sites (P<0.01). It is well established that obesity is associated with 

higher BMD, at least from cross-sectional studies. However, it is unclear whether lifetime 

body weight or weight change in adulthood is a significant determinant of BMD. 

Association between body weight and B:MD should be evaluated on the basis of both the 

degree and the duration of the obesity. When weight change was considered from self

reported weight at age 18 and present weight, greater weight gain was associated with 

higher BMD, explaining approximately 26% of the variability of the total hip, as 

evidenced by the Holbrook et al. 1993 study. Tremollieres et al. (1993) have shown in a 

longitudinal study that vertebral bone loss over 31 months in overweight postmenopausal 

women (BMI >= 25, n=40) when compared to that of normal weight women (BMI <25, 

n=ll5), was significantly reduced among the overweight (p<0.05). Harris et al. (1992) 

also demonstrated that increased body weight (BM1=23. 6 kg/m and above) was 

protective against postmenopausal vertebral bone loss while radial and femoral bone loss 

was not protected. 

Body Compostition 

Literature shows that body weight plays a significant role in determining BMD. 

yet, the contribution of fat and lean mass compartments of the body weight to BMD is 
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not known. Reid et al. (1992) has demonstrated that the total fat mass of postmenopausal 

women is a consistent predictor of spinal and femoral neck BMD. The finding shows a 

correlation between total fat mass and femoral neck BMD as r=0.38 and for the body 

weight and femoral neck BMD, r=0.39 at p<0.05 for both. A study by Compston et al. 

(1992) has shown that fat mass after adjustment for lean mass and age was correlated 

with bone mineral measurement at the spine (r=0.3), femoral neck (r=0.31), and whole 

body BMD (r=0.48 at p<0.01 for all). Thus low fat mass is considered to be a risk factor 

for osteoporotic fracture. Bevier et al. (1989) conducted a study in women older than 60 

years of age and calculated their fat mass from skinfold thickness and bioelectrical 

impedance analysis (BIA) and lean mass was calculated from subtracting fat mass from 

the body weight. This study concluded that lean mass and fat mass both contributed 

significantly to the prediction of spinal BMD. However, another study conducted by 

Aloia et al. (1991) found no correlation between fat free mass and trochanteric BMD. 

There is no total consensus among researchers of how lean and fat mass related to 

the BMD at the femoral, trochanter, and Ward's triangle areas. The role of fat in estrogen 

balance and its indirect impact on remodeling of the bone is not fully documented and 

understood. Longitudinal studies as well as cross sectional studies will elucidate the 

importance of fat free mass, high bone mineral density, and fracture rate. 

The Effects of Tobacco and Alcohol Use on Bone 

Many individuals during . a large portion of their lives use tobacco and alcohol. 

Both are modifiable risk factors. Tobacco has been associated with decreased body 
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weight and decreased estrogen level and thus is a risk factor. However, its association in 

most of the studies has been without significance because of either confounding or small 

sample size. Paganini-Hill et al. (1981) reported no association of smoking and hip 

fracture among cohorts of91 cases and 182 controls with relative risk of 1.5 (95% CI=0.8 

- 3. 0 ). Alderman et al. (1986) reported similar findings of no association in 160 cases, 

aged 50-74 years old and 567 controls with RR=1.2 (95% CI=0.9-1.6). 

Cooper et al. (1990) found that the relative risk for hip fracture among 

postmenopausal women was 1.7 (95% CI=1.2-2.4). In another study, Foreseen and 

colleagues (1994) found that women who smoked had a 1.5 relative risk of hip fracture 

(95% CI=I.0-2.4). This RR was 3.0 (95% CI=1.8-5.0) in thinner women (BMI 

<20kg/m2
) . 

Alcohol has been associated with other risk factors, thus influencing major risk 

factors for osteoporosis and fracture. The underlying risk factors are poor nutrition, 

leanness, liver disease, malabsorption, Vitamin D deficiency, hypogonadism, parathyroid 

dysfunction, and tobacco use. Obviously, alcohol impairs the motor functions and can 

thus increase the risk of falling and subsequent fracture. Falling is a great risk factor for , 

osteoporosis and even the federal government has stated the urgent need to reduce the 

incidence of death and hip fractures due to falls. 

Holbrook et al. (1993) reported findings of BMD loss among 142 men and 220 

women whose intake· was recorded, showed increasing alcohol consumption was 

associated with higher bone density at the proximal femur in men and spine in women (at 

P =0~01). This is perhaps due to high souci-economic strata and better nutrition among 
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the higher alcohol intake subjects. Turner et al. ( 1998) have reported no association 

between hip fracture and alcohol intake either at higher level or at lower level intake 

among a large national sample of Third National Health and Nutritional Examination 

Survey Phase I (p=0.564). 

Caffeine 

Caffeine is recognized as a mild diuretic and increases short-term urinary calcium 

excretion along with sodium excretion. Thus caffeine interferes with calcium regulation 

and bones remodeling and can be considered a risk factor. There have been 

epidemiological studies examining the relationship among calcium levels, bone density, 

and fracture frequency with caffeine, giving mixed results. Lloyd et al. (1998) conducted 

a cohort study among white females, 12 to 18 years of age. The results indicated no 

. correlation for caffeine intake at any level with femoral bone mineral density (p=0.93). 

Secondazy Risk Factors 

Other risk factors for osteoporosis include steroid use and hyperthyroidism. 

These were not included in this project. 
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Chapter III 

Methods 

The National Center for Health Statistics conducted the largest scale national 

health survey known as the Third National Health and Nutrition Examination Survey 

(NHANES Ill). The survey periodranged from 1988 to 1994. The NHANES III survey 

was completed in two phases. Both phases were random probability samples from the 

civilian noninstitutionalized United States population, equal in length, and had the same 

sample size. The first phase included persons who lived in housing units built before 

1980. The second phase contained all the people who lived in housing built in 1980 and 

later. In the second phase, 1990 census data and maps were used for defining the area 

segment. 

The goals of the NHANES ill study was to provide detailed information on 

children, adolescents, the elderly women, minorities, and special health problems such as 

environmental and occupational health, health care coverage and needs, which were not 

the focal point of the previous NHANES studies. 

NHANES ITI was the first study to focus on the health and health care need for 

our aging nation. This became the foundation of concerted research, which would provide 

an estimate of prevalance of chronic diseases and act as a blue print for health policy for 

elderly. 

The sample for this study was selected from households in 81 counties from 

across the United States. About 40,000 persons age 2 months and over were selected for 
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inclusion. This study included a large sample of both young and old persons. About 

12,000 sample persons were Black Americans. 12,000 were Mexican Americans, and the 

remaining 16,000 were of all other race and ethnicity groups. The goals of the NHANES 

III were to ascertain accurate descriptive information on the health status of selected 

population groups of United States. 

The survey was designed to include a large number of persons 60 years of age and 

over (about 8,200) representing 20% of NHANES ill sample and 16 % of the US 

population. The survey collected precise and detailed information on elderly population, 

which would provide an in-depth analysis of suspected risk factors associated with many 

disease of nation's elderly. 

The purpose of this project was to access the information that had been gathered 

for osteoporosis disease. Osteoporosis has been linked to hip fracture and excessive 

expenditure associated with this disease has compelled the healthcare system to treat it as 

an important emerging health issue. 

All the participants selected were gtven a form called Household Adult 

Questionnaire. The form included an extensive series of questions related to maternal 

history of osteoporosis, fracture, and person's own history of falls, fracture, and diagnosis 

of osteoporosis. 

The osteoporosis component of the study included measurement of the bone 

density at the proximal femur of all adults 20 years of age and over. Bone density 

measurements were carried out at the medical examination centers (MEC). 
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The nutritional assessment component of NHANES III included dietary intake, 

interviews, nutrition-related interviews, anthropometric data, nutritional biochemistry, 

and nutrition related clinical assessment. The 24-hour dietary recall survey using dietary 

data collection (DDC) system was used. Food Frequency Questions (FFQ) were 

incorporated in the household interview to provide another dimension on nutrient intake 

of the population. The FFQ component contained detailed intake of caffeine and calcium 

in addition to vitamins and minerals. 

For the purpose of this study, all the women aged 20 years and older were 

included and were classified into four groups. The first group (Category I) consisted of 

women from 20 years of age up to 35 years of age. The second group (Category II) 

comprised of women 36 years of age up to 50 years of age. The third group (Category ill) 

was made up of women aged 51 years of age up to 65years of age, and the final group 

(Category IV) consisted of women 66 years and above (as in Table 1). 

The primary suspected risk factors associated with the low bone mineral density 

were chosen from literature. These included were age, gender, racial-inheritance, low 

body weight, fat free mass~ physical inactivity, smoking, caffeine intake, alcohol intake, 

inadequate dairy intake and information about history of maternal osteoporotic fracture or 

diagnosis of osteoporosis. 
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Variables 

Race: 

Regarding race, subjects were classified as Non-Hispanic White, Non-Hispanic 

Black and Hispanic American based upon the participant's response on race and 

ethnicity. All other race groups were excluded on the basis of their small number. 

Genetic Inheritability: 

Genetic inheritablity was determined on the basis of affermative response to 

mother's osteoporosis diagnosis and hip fracture status. 

Body Mass Index: 

Body Mass Index was computed for estimation of body size (/weightlheight2
) 

Subjects were grouped into four categories. They were classified as under weight 

(BMI<20), acceptable weight (BM1=20-25), over weight (BMI=26-30), and severely 

overweight or obese (BMI>30). 

Body composition: 

Bioelectrical impedance data was one of the most recent concept in lean body 

mass which is a better estimate of body fat and NHANES ill study collected data on body 

resistance and reactants. Using a formula specific for women, lean body mass was 

calculated. (LBM=5.091 + 0.6483(heighe/resistance) + 0.1699(weight). (Segal et. al. 

1988) Although, the use of bioelectrical impedance data needs to be validated against 

larger population for the accuracy of total fat free mass. 
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Physical inactivity: 

Physical inactivity information was obtained from self-reported data on exercise 

from the Household Adult Questionnaire. The questions were adopted from Nati~nal 

Health Interview Survey ( 1985) and were about leisure-time physical activity regarding 

the questions about types of activity, frequency, and assessment of level of activity. 

Physical activity was defined in terms of frequency per week. Literature shows that two 

to three times pe~ week exercise frequency is beneficial. Hence, physical activity at both 

levels was examined. 

Smoking: 

Smoking information was obtained from the Household Questionnaire on tobacco 

use. If the participants answered 'yes' to the response 'smoked at least 100 cigarettes in 

their lifetime' and they are currently smoking, they were classified as current smoker. If 

the participants answered negatively to the question 'snioked 100 cigarettes ever in their 

lives'; they were classified as never smoker. However, if the participants responded yes 

to" smoked 100 cigarettes ever iri their lives", but don't smoke at present, then they were 

classified as fonner smokers. 

Alcohol intake: 

Alcohol use was measured from the food frequency information. Alcohol 

consumption of less than one ounce of pure alcohol in a single day was chosen to be the 

rule of moderation. They were compared with those who never drank and those who 

drank more than one per day. 
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Caffeine: 

Subjects who never had coffee or tea were under the classification of "never" for 

caffeine. People who drank less than a cup per day were classified as moderate coffee 

drinker and were compared with the never drinkers. The category containing high 

consumption of daily caffeine intake had very few people; hence it was not useful. 

Dairy intake: 

Dairy Product intake was sought from food frequency information. Although 

there were· many questions regarding Calcium intake including consumption of milk, 

yogurt, ice cream, chocolate milk, various kinds of cheeses, there was a low response to 

all except milk consumption and cheese intake. Thus, the respondents were categorized 

into three groups: who never had consumed milk, who had consumed less than twice a 

day, and who had consumed more than twice a day. Information about calcium 

supplement was taken into account to see whether any special pattern of under-use or 

over-use existed. All the Categories for calcium supplement were created using the daily 

recommendations of the RDA (Food and Nutrition Board guidelines). 

De.pendant Variable 

Law Bone Mineral Density: 

Low bone mineral density at the various skeletal sites is the perceived cause of 

loss of bone strength and the outcome is the hip fracture, vertebral fracture, wrist fracture, 

etc. Bone mineral density data at femoral neck, Trochanter, lntertrochanter and Ward's 
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triangle were accessed from the NHANES III Examination data file, which contained 

Bone Densitometry scans. 

Hip fracture status: 

Finally subject's hip fracture status (Table 2) was ascertained by the response to 

the question whether a "doctor told you that you had broken hip and the fall was from 

less than standing height" from the Musculoskeletal component of the House Hold 

Questionnaire. Persons responding to those two questions affirmatively were classified 

as having the hip fracture due to osteoporosis. Table 2b shows the osteoporosis diagnosis. 

Data collection: 

National Center for Health Statistics contracted a survey company called Westat, 

Inc. to do the sample collection on behalf of the agency. 

NCHS stayed very involved in the planning and implementing the survey. Highly 

trained personnel carried out the interviewing through an automated computer system. 

Staff and health care professionals did the examinations at the Mobile examination 

centers. People who couldn't access mobile examination centers were provided with 

home health examinations. 

At the end of all the information gathering, the data tape, bone density scans, 

administrative records, x-rays, spirometry, tympanograms, and ·height and weight 

photographs were sent to NCHS headquarter, 

A compilation of questions used in this study can be found in Table 10. 
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Data Analysis: 

Using data tape provided by National Center for Health Statistics, data for all the 

persons who met the selection criteria were assessed along with the related variables and 

a table was generated. This was then imported to a SPSS file that had an identification 

number tied to each individual with demographic information as well as variable 

information. 

This table contains information on number of people in each age specific 

category, race-ethnicity, mean bone density at various sites, physical activity level, 

smoking habits, caffeine intake, alcohol intake, dairy intake level, calcium supplement 

intake, the history of hip fracture, and osteoporosis. SPSS software aided in analyzing 

the raw data to.procure valid information. Refer to table 3, 4, 5, and 6 to view the results 

in the form of percent of people having each risk factor. 

Bone mineral density-at different sites among the three populations has been 

shown in Table 7. 

Secondly, univariate logistic regression analysis was performed to assess any 

presence of association among risk factors and low femoral bone density (Table 8). Also, 

univariate logistic regression analysis was carried out for association among risk factors 

and hip fracture (Table 9). 
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Demographics (Table 1) 

Chapter IV 

Results 

The study sample consisted of 7,959 women aged 20-90 years of age. Thirty-five 

percent ofthe women (2,787) were in Category I, (age 20-35 years). Twenty two percent 

of the women (1,732) were in the Category II, (36-50 years). Sixteen percent of the 

women (1,256) were in the Category III, (51-65 years). The 4th category consists of20% 

of the women ranging in age from 66-90 years (1594). The ethnic distribution of this 

study sample consists of 45% Non-Hispanic Caucasian, 32% Non-Hispanic Black and 

20% Hispanic American. Approximately 3% people were lost to incomplete information. 

Categ01y I (Table 3) 

In this category 11% of the Caucasian women were below their acceptable Body 

Mass Index, however only 4. 8% of the Hispanic American women were in the low body 

mass index range. Fifty six percent of Caucasian women were in acceptable range, while 

32% Black and 29% Hispanic Americans were in the obese range. 

Two percent of Caucasian women in this group reported their mother's hip 

fracture history with 5. 8% reporting their mother' s osteoporosis diagnosis. This 

frequency is only 0.8% and 0.9% in blacks and Hispanic Americans with their mother's 

. o~eoporosis diagnosis of 1.3% and 2.4%. 
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Approximately 45% of the study population in this category did not do any 

physical activity. Lack of activity was highest in Hispanic Americans. Non-Hispanic 

whites and blacks population showed some activity less than two times per week. 

Seventy percent of all Non-Hispanic whites and 82% of black stated their current 

smoking status. Alcohol consumption was at same high level (more than one drink per 

day) for the entire segment 75-800/o people drank more than one drink per day. Sixty 

three percent of the black population cited no coffee intake, whereas 56% of both Non

Hispanic whites and Hispanic Americans stated that they drank coffee or tea. Only 7-

10% of the subjects said that they never had milk or milk products. Ninety percent of the 

people across the board said that they had dairy products less than two times per day. 

Thirty three percent people in this segment showed that they took optimum calcium 

supplement. Twenty two percent of Non-Hispanic whites and 19% of Hispanic 

Americans took more than an adequate supplement of calcium. 

Category II (Table 4) 

This segment of the population showed that 6.8% of Non-Hispanic whites were 

very thin. 47% of the white population had acceptable Body Mass Index, whereas 50% 

black and 46% Hispanic Americans fell in the obese category. Mother's hip fracture 

status ranged from 3.4% in whites to 2% in black and Hispanic Americans. Almost 50% 

of the Caucasian and Hispanic Americans stated to be former smokers, while 71% Non

Hispanic Blacks stated that they were current smokers. Only 19% of the Hispanic 

Americans said that they drank in moderation. Sixty seven percent Caucasians, 75% 
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blacks and 80% Hispanic Americans drank more than one drink per day. Seventy percent 

of Hispanic Americans drank coffee less than once per day. 10% of the Non-Hispanic 

Caucasians reported that they never had milk to drink, whereas 16% of the Hispanic 

Americans and 19% of the Blacks stated that they never had milk. Eighty percent of the 

Hispanic Americans and Black Americans had less than two servings of dairy products 

per day, but 90% of the Caucasians had at most two servings of milk per day. Calcium 

supplement intake at lowest level was reported to be 45% for the Blacks, 26% for the 

Hispanic Americans, and 24% for the Caucasians. A moderate calcium supplement 

intake was reported to be similar for all three races. High calcium supplement intake was 

reported at 1 gc>fo for Caucasians, 14% for Hispanics, and 6% for Blacks. 

Categozy ill (Table 5) 

This segment of the population showed that 2.4% of Hispanic Americans were 

very thin. 3 7% of the Caucasian population had acceptable Body Mass Index, whereas 

36% Caucasians, 43% Hispanics, and 53% Blacks fell in the obese category. Mother's 

hip fracture status ranged from 10% in whites to 2% in Blacks and 6% Hispanic 

Americans. More than 50% people in Blacks and Hispanic Americans stated to be 

former smokers, and 47% of the Hispanic Americans and 43% of the Blacks stated that 

they were current smokers. The Caucasian population showed the most moderation in 

smoking. Almost 46% of the Caucasians said that they drank in moderation. About 54% 

of the Caucasians, 74% Blacks and 73% Hispanic Americans drank more than one drink 

per day. Approximately 60-80% of all popu~ations drank coffee less than once per day. 
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About 13% of the Non-Hispanic Whites reported that they never had milk to drink, 

whereas 21% of the Hispanic Americans and 17% of the Blacks stated that they never 

had milk at all. Eighty percent of Non-Hispanic whites and black Americans had less 

than two servings of dairy products per day. While, 90% of the Caucasians had at least 

two servings of milk per day. Calcium supplement intake at lowest level was reported to 

be 51% for the Black, 32% for the Hispanic American, and 29% for the Caucasians. A 

moderate Calcium supplement intake was reported to be similar for all three races. High 

Calcium supplements intake was reported at 11% for Caucasian, 14% for Hispanic, and 

6% for Black. 

Categozy IV (Table 6) 

This segment of the population showed that 5.3% of Non-Hispanic whites were 

very thin, 43% of the white population had acceptable Body Mass Index, whereas 43% 

blacks and 3~% of the Hispanic . Americans fell in the obese category. Mother's hip 

fracture status ranged from 10% in whites to 1% in blacks and 4% in Hispanic 

Americans. Almost 700/o of the people in all populations stated to be former smokers, 

while 35% of the Non-Hispanic Blacks stated that they were current smokers. Only 33% 

of the Blacks said that they drank in moderation. But, 67% of the Blacks drank more 

than one per day. Sixty three percent of the whites and 69% of the Hispanic Americans 

drank one drink per day. Seventy seven percent of the Hispanics, 64% of the Caucasians, 

and 57% of the Blacks drank coffee less than once per day. About 300/o of the Hispanic 

Americans reported that they never had milk to drink, whereas 17% of the Bl~ks and 
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II% of the Caucasians stated that they never had milk. Approximately 70% to 80% of 

all Hispanic and Non-Hispanic Black populations had less than two servings of dairy 

products per day. About, 90% of the Caucasians had at most two servings of milk per 

day. Calcium supplement intake at lowest level was reported to be 46% for the Blacks, 

37% for the Hispanic Americans, and 30% for the Caucasians. A moderate calcium 

supplement intake was reported to be similar for all three races. High calcium 

supplement intake was reported at 13% for Caucasians, 9% for Hispanics, and 9% for 

Blacks. 

Table 8 displays the results of logistic regression analysis of risk factors for low 

bone density that have been explored .before. 

Low Bone Density 

Logistic regression of risk factors for low bone mineral density for this study 

population showed that Age, Race-ethnicity, Fat Free ·Mass (low), Alcohol Use, and 

Cheese-intake were risk factors for low bone mineral density at femur neck. 

This study population showed that age is a risk factor with OR=24.49 and 95% 

confidence interval ranged from 14.45 to 41.51 at P<0.05 

Race-ethnicity risk factor showed that Caucasians have greater risk of low bone 

mineral density at femur neck using blacks as a reference population with OR=7.35, 95% 

confidence interval = 5.55-9.74 at P<0.05. Hispanic Americans have lower risk than 

Caucasians with OR=5.67, 95% CI=4.85-6.62 at P<O.OS . 

Low fat free mass was found to be a risk factor, OR=2.15 and 95% Cl=1.95-2.37 

at P<O.OS. 
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This study group showed that low impact physical activity (as in walking) was a 

risk factor with OR=1.43 (95% CI=0.47-4.33 at P<0.53), but the null value was included 

in this confidence interval. 

Alcohol use was also found to be a risk factor, OR=4.57,95% CI=2.94-7.12 at 

P<0.05 . Dairy intake through cheese was a risk factor with OR=2.23,95% CI=2.94-7.12 

at P <0.05. 

Body mass index (high) with OR=0.89,95%CI=0.85-0.93 at P<0.05, milk intake 

with OR=0.60,95%CI=0.50-0.73 at P<0.05, and c8Icium supplement with 

OR=0.90,95%CI=O. 73-1.11 at P<0.33, were found to be protective factors. 

Genetic inheritability, smoking, caffeine intake, and physical activity were found 

to be of no significance since the confidence interval included null value and P-values 

were above 0.05 . 

Hip Fracture 

Logistic regression of risk factors for hip fracture showed similar findings as in 

the low bone mineral density at femur neck. Table 9 shows that Age (OR=5.02, 95% 

CI=2.92-8.62 at P<0.05), Race-ethnicity (for Caucasians OR=Il.59, 95% CI=4.22-31.86, 

for Non-Hispanic Americans .OR=I0.21, 95%CI=3 .71-28.05), low Body Mass Index 

(OR=l.ll, 95% Cl=l.06-1.16 at P<0.05), high Fat Free Mass (OR=1.36, 95% CI=1.24-

1.50 at P<0.05), Alcohol Use (OR=l8.34, 95% CI=2.29-147.08 at P<0.05), and Cheese

'intake (OR=2.45, 95% CI=1.41-4.26 at P<0.05), were risk factors for hip fracture. 

Whereas, milk intake .(OR=0.44,95%CI=0.28-0.68 at P<0.05 and calcium supplement 

(OR=0.48,95%CI=0.25=0.93 at P<0.05) were protective factors. Genetic Inheritability, 
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smoking, caffeine intake, and physical activity were found to be of no significance as the 

confidence interval contained the null value. 

Limitations: 

This study was designed with great emphasis on minimizing error due to any 

common biases by introducing a complete replicate examination, testing and re-testing of 

instruments. However, the weakness lies in its basic cross-sectional study design. Recall 

bias shadows the outcome of use of accepted as well as less desirable behaviors. Under 

reporting or over reporting can not be avoided in this type of design. 

Also, this is a secondary data analysis which does not provide the investigator to 

prepare a set of specific questions for the study participants. The investigator must use 

the data readily at hand. Although this set of data was fairly complete, more detailed 

responses could have been sought with respect to certain variables. 
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Chapter V 

Discussion 

One of the objectives was to observe the natural trend of bone mineral density in 

the three race-ethnic populations and it's relationship with the suspected risk factors. 

There is a trend and that trend confirms previous findings as discussed below. 

Race has been cited as one of the strongest risk factor for osteoporosis in several 

studies (Anderson et al. I994). This study clearly depicts the difference in bone mineral 

density among the three race-ethnic populations. From the data analyzed for bone 

mineral density at Femur, Trochanter, and Intertrochanter region among the three race

ethnic populations at the four specific age categories, it is clear that Non-Hispanic whites 

have lower bone mineral density at all the stages of life. Non-Hispanic Blacks have the 

highest bone mineral density at all the stages of life. While bone mineral density falls in 

the middle for Hispanic Americans (Table 7). This study shows that Non-Hispanic black 

women have II %-17% more bone mass than Non-Hispanic whites. Similar study 

conducted on phase I ofNHANES ill population (50 years and older) by Turner et al. 

(1998), showed 5-100/o greater bone mass among Black women. 

This study also confirmed that Non-Hispanic whites suffered highest fracture 

prevalance. As found in the previous studies, Body Mass Index and Fat Free Mass were 

significantly associated with low femoral bone density andhip fracture. This study found 

that low body mass index and high fat free mass is a strong predictor of low bone mineral 

density. And conversely high body mass index is a protective factor as shown in this 

analysis (BMI, OR=0.89,95%CI=0.85-0.93, P<. 05). 
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Bioelectrical-impedance data was useful in computation of fat free mass, which is 

a better estimate of levels of estrogen in the blood of women. This analysis showed that 

high fat free mass is a strong risk factor, which confirms the previous findings that being 

under weight, predisposes an individual to hip fracture. This study also supports the 

finding that being over weight is protective. Data from bioelectrical impedance analysis 

should be used cautiously because there is no widely accepted value for Fat Free Mass 

among normal and obese women. It fluctuates within a population depending on 

hydration status as well as the empirical formula used for computation. 

Some findings have shown that there is a strong association between mother's 

history and future risk of hip fracture (Christian et al. 1989). However, this data did not 

find that assertion (OR=0.96,95%CI-0.75-1.13). This component is very difficult to 

verify due to the self-reported nature of the question as well as documentation. 

Physical activity was not found to be either protective or a risk factor. This 

finding is in agreement with another study by Turner et al. (1998) on the phase I of 

NHANES·m study. 

This study found alcohol use to be a risk factor with OR=18.34(95%CI=2.29-

147. lat P=0.006). However, a wide confidence interval seems to impart inconclusive 

association, which is in agreement with Turner et al. (1998). 

Previous researches have shown that women who smoke have low body mass 

index and tend to have early menopause. Thus, they tend to loose an extra 5% to 10% 

more bone density by menopause (Hooper et al.1994). This study found smoking to be of 

· protective status; this contradictory result may be due to bias in reporting smoking habits. 
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Calcium has been recognized as the core component to bone health (Barger-Lux 

and Heaney, 1994). This study found that moderate milk use and calcium supplement 

were significantly associated with protective effect (For milk-OR=0.44, 95%CI=0.28-

0.68 at P<O.OS). But Cheese intake was a risk factor. (OR=2.45,95%CI=1.41-4.26 

P<O.OS). Turner et al. (1998) also reported similar contradictory findings on the use of 

calcium intake in the phase I of the NHANES III population. 

The second objective was to observe any trends in the modifiable behavior 

component of the group depicting low bone density. This study did not find any specific 

trend among the Non-Hispanic whites and Non-Hispanic blacks. Whites who showed 

low bone mineral density from the beginning or, more precisely, at the end of the 

maximum bone mass (third decade) actually had more milk intake, drank less. 

Conclusion: 

The findings of this study were in concurrence with the basic knowledge known 

to the public regarding osteoporosis. Age, Race-Ethnicity, Body Mass Index, Fat Free 

Mass, Gender, and moderate calcium intake play crucial roles in regulating and achieving 

bone mass. Since, bone mass is achieved early in life, public awareness should be 

increased regarding the maintenance of healthy body weight. 

The findings of this study also indicate the need for further research in the 

physiological aspect of bone formation and regulation along with the VDR-gene for 

understanding the race-ethnic variation in bone mineral density. 
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Table 1 : Demographic Profile of Study Population 

Age N % 
20-35 2787 37.82% 
36-50 1732 23.50% 
51-65 1256 17.04% 
66-90 1594 21.63% 
Total 7369 

Race-ethnicity N % 
Non Hispanic Caucasian 3582 45.01% 
Non-Hispanic Black 2502 31.44% 
Hispanic American 1875 23.56% 
Total 7959 

Gender Female 
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Table 2a: Hip Fracture Among the NHANES ill Population 

Age Group Non-Hispanic Non-Hispanic Hispanic 
White Black American 

20-35 0.6% 0.4% 0.7% 
36-50 0.1% 0.8% 0.0% 
51-65 0.9% 0.5% 0.0% 
65-90 4.6% 0.7% 1.7% 

Table 2b: Osteoporosis Diagnosis Among the NHANES ill Population 

Age Group Non-Hispanic Non-Hispanic Hispanic 
White Black American 

20-35 0.5% 0.1% 0.3% 

36-50 2.0% 0.4% 1.7% 

51-65 7.8% 2.6% 2.1% 

66-90 11.2% 2.7% 5.3% 
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Table 3 : Distribution of Risk Factors Among Three Race-Ethnic U.S. 
Populations By Age(20-35) 

Non-Hispanic Non-Hispanic Hispanic 
Variables Caucasian Black American 

Body Mass Index 

N 684 843 808 
<19 11.1% 6.6% 4.8% 

20-2.5 56.1% 40.8% 42.9% 
26-29 14.1% 19.9% 22.9% 
30-45 18.7% 32.6% 29.3% 

Genetic Plausibility 

N 829 999 959 
Mother's Hip Fracture Status 2.0% 0.8% 0.9% 

Mother's Osteoporosis Diagnosis 5.8% 1.3% 2.4% 

Physical Activity (Walk) 

N 932 1074 1055 
Never 45 .0% 50.0% 59.0% 

Less than 2 times per week 32.0% 27.6% 22.6% 
Less than 3 times per week 6.8% 3.4% 3.6% 

Smoking Status 

N 478 387 259 
Never 1.0% 0.5% 4.6% 

Former 27.2% 17.1% 37.1% 
Current 71.8% 82.4% 58.3% 

Alcohol Consumption 

N 474 368 296 
Never 0.0% 0.0% 0.0% 

One drink per day 19.8% 24.2% 17.9% 
More than one drink per day 80.0% 75.8% 82.1% 

Caffeine Intake 

N 932 1074 1055 
Never 43.2% 63 .3% 44.1% 

Less than 1 per day 56.4% 36.7% 55.9% 

Dairy Product Use 

N 559 664 556 
Never 7.2% 10.7% 10.6% 

Less than 2 per day 92.8% 89.2% 89.4% 
More than 2 per day 0.2% 

Calcium Supplement Intake 

N 739 922 865 
Less than 400 mg per day 2.5% 41.3% 24.4% 

400-699 mg per day 33.7% 31.6% 33.3% 
700-999 mg per day 20.7% 17.4% 23.6% 

1000-1500 mg per day 22.1% 9.8% 18.7% 

32 



Table 4 : Distribution of Risk Facton Among Three Race-Ethnic U.S. 
Populations By Age(36-50) 

Non-Hispanic Non-Hispanic Hispanic 
Variables Caucasian Black American 

Body Mass Index 

N 645 602 485 
<19 6.8% 2.0% 0.6% 

20-25 47.0% 25.6% 26.0% 
26-29 17.5% 23 .1% 27.0% 
30-45 18.7% 49.6% 46.4% 

Genetic Plausibility 

N 766 727 584 
Mother's Hip Fracture Status 3.4% 2.1% 2.2% 

Mother's Osteoporosis Diagnosis 

Physical Activity (Walk) 850 775 622 
N 43 .6% 55.2% 60.9% 

Never 28.8% 22.6% 21.4% 
Less than 2 times per week 7.1% 4.5% 3.7% 
Less than 3 times per week 19.5% 16.3% 13.2% 

Smoking Status 
N 442 357 198 

Never 2.1% 
Fonner 46.4% 28.9% 49.2% 
Current 53.6% 71.1% 48.7% 

Alcohol Consumption 
N 362 246 176 

Never 
One drink per day 33.4% 25.0% 19.3% 

More than one drink per day 66.6% 74.8% 80.7% 

Caffeine Intake 
N 850 775 622 

Never 33.9% 47.9% 29.7% 
Less than 1 per day 65.9% 52.1% 70.1% 

Dairy Product Use 
N 484 430 342 

Never 10.5% 19.1% 16.4% 
Less~ 2 per day 89.5% 80.90/o 83.6% 

More than 2 per day 

Calcium Supplement Intake 
N 707 680 522 

Less than 400 mg per day 24.0% 45.oPio 26.2% 
400-699 mg per day 33.7% 35.9"/o 35.4% 
700-999 mg per day 23.5% 12.8% 24.3% 

1000-1500 mg per day 18,8% 6.3% 14.0% 
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Table 5: Distribution of Risk Facton Among Three Race-Ethnic U.S. 
Populations By Age(51-65) 

Non-Hispanic Non-Hispanic Hispanic 
Variables Caucasian Black American 

Body Mass Index 

N 616 343 297 
<19 3.4% 5.0% 2.4% 

20-25 37.0% 19.2% 26.6% 
26-29 23.5% 22.7% 27.6% 
30-45 36.0% 53.1% 43.4% 

Genetic Plausibility 
N 727 416 374 

Mother's Hip Fracture Status 9.6% 2.2% 6.3% Mother's Osteoporosis Diagnosis 

Physical ActiVity (Walk) 

N 837 460 411 
Never 51.4% 61.7% 65.0% 

Less than 2 times per week 21.3% 15.0% 17.0% 
Less than 3 times per week 6.7% 3.3% 3.90/o 

Smoking Status 
N 439 232 155 

Never 0.7% 0.6% 
Fonner 55.3% 57.3% 52.9% 
Current 44.0% 42.7% 46.5% 

Alcohol Consumption 
N 274 80 73 

Never 
One drink per day 46.4% 26.3% 27.4% 

More than one drink per day 53.6% 73.8% 72.6% 

Caffeine Intake 
N 837 460 411 

Never 29.2% 29.3% 19.7% 
Less than 1 per day 70.5% 60.2% 79.8% 

Dairy Product Use 
N 410 228 199 

Never 13.2% 17.1% 20.6% 
Less than 2 per day 86.6% 82.90/o 79.4% 

More than 2 per day 0.2% 

Calcium Supplement Intake 
N 673 400 348 

Less than 400 mg per day 29.1% 50.8% 31 .6% 
400-699 mg per day 35.8% 27.5% 35.90/o 
700-999 mg per day 23.90/o 15.8% 18.7% 

1000-1500 mg per day 11.1% 6.0% 13.8% 
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Table 6: Distribution of Risk Facton Among Three Race-Ethnic U.S. 
Populations By Age(66-90) 

Non-Hispanic Non-Hispanic Hispanic 
Variables Caucasian Black American 

Body Mass Index 

N 1070 295 229 
<19 5.3% 4.4% 3.1% 

20-25 43 .4% 29.8% 31.9% 
26-29 26.5% 22.7% 28.8% 
30-45 24.8% 43.1% 36.2% 

Genetic Plausibility 

N 1263 365 285 
Mother's Hip Fracture Status 9.9% 1.1% 3.8% 

Mother's Osteoporosis Diagnosis 4.8% 1.0% 1.4% 

Physical Activity (Walk) 

N 1793 462 338 
Never 72.2% 74.7% 77.5% 

Less than 2 times per week 10.9% 12.3% 10.4% 
Less than 3 times per week 3.2% 2.2% 4.4% 

Smoking Status 

N 608 143 92 
Never 0.2% 

Fonner 74.0% 65.0% 73.9% 
Current 25.8% 35.0% 26.0% 

Alcohol Consumption 

N 146 33 16 
Never 

One drink per day 63.2% 33.3% 68.8% 
More than one drink per day 36.8% 66.7% 31.3% 

Caffeine Intake 
N 1793 462 338 

Never 35.8% 42.4% 22.2% 
Less than 1 per day 63.7% 56.9% 76.6% 

Dairy Product Use 
N 784 210 145 

Never 11.7% 16.7% 29.7% 
Less than 2 per day 88.3% 83.3% 70.3% 

More than 2 ·per day 

Calcium Supplement Intake 
N 260 340 263 

Less than 400 mg per day 29.7% 45.6% 37.3% 
400-699 mg per day 34.6% 27.6% 34.2% 
700-999 mg per day 22.6% 17.4% 19.8% 

1000-1500 mg per day 13.1% 9.4% 8.7% 
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Table 7 : Bone Mineral Density in the Study Population 

BMDat 
Femur 

Mean 
Age 20-35 (g!cm2

) 

NHW 0.726 
NHB 0.878 
HA 0.811 

Age36-50 

NHW 0.851 
NHB 0.941 
HA 0.871 

Age51-65 

NHW 0.719 
NHB 0.821 
HA 0.729 

Age66-90 

NHW 0.61 
NHB 0.71 

HA 0.66 

Note: 
NHW=Non-Hispanic White 
NHB=Non-Hispanic Black 
HA= Hispanic American 

Std. Dev. 

(g!cm2
) 

0.153 

0.161 

0.143 

0.121 

0.134 

0.117 

0.122 

0.143 

0.123 

0.112 

0.135 

0.111 

BMDat 
Intertrochanter 

Mean Std. Dev 
(g!cm2

) (g!cm2
) 

1.09 0.147 
1.21 0.166 
1.11 0.148 

1.081 0.168 
1.199 0.1891 
1.144 1.662 

1.001 0.174 
1.101 0.202 
1.001 0.175 

0.84 0.168 
0.96 0.198 
0.89 0.177 
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BMDat 
Ward's Triangle 

Mean Std. Dev. 

(g!cm2
) (g!cm2

) 

0.746 0.136 
0.841 0.158 
0.766 0.141 

0.658 0.1461 
0.764 0.1681 
0.704 0.1444 

0.529 0.133 
0.605 0.155 
0.543 0.144 

0.402 0.117 
. 0.488 0.137 

0.44 0.112 



Table 8: Univariate Logistic Regression of Risk Factor Variables For 
Fa~tor Variables For Low Femoral Bone Density 

Confidence Interval 
Odds Ratio Low High P-value 

Age 24.49 14.45 41.51 0.001 

Race 4.65 3.93 5.50 0.005 

Non-Hispanic Black(referrent) 

Non-Hispanic Caucasian 7.35 5.55 9.74 . 0.005 

Hispanic-American 5.67 4.85 6.62 0.005 

Mother's Osteoporosis Diag. 1.00 0.99 1.02 0.555 

Mother's Hip Fracture Status 0.96 0.88 1.04 0.327 

Body Mass Index 0.89 0.85 0.93 0.000 

Fat Free Mass 2.15 1.95 2.37 0.000 

Physical Activity 

Low Impact 1.43 0.47 4.33 0.525 

High Impact 0.81 0.52 1.26 0.347 

Smoking 0.30 0.22 0.42 0.000 

Alcohol Use 4.57 2.94 7.12 0.000 

Dairy Product Intake 

Milk Intake 0.60 0.50 0.73 0.000 

Cheese Intake 2.23 1.69 2.93 0.000 

Calcium Supplement 0.90 0.73 1.11 0.323 

Caffeine Intake 1.00 1.00 1.00 0.709 
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Table 9: Univariate Logistic Regression of Risk Factor Variables 
Factor Variables For Hip Fracture 

Confidence Interval 

Odds Ratio Low High P-value 
Age 11 .20 4.51 27.84 0.001 
Race 5.02 2.92 8.62 0.001 

Non-Hispanic Black(referrent) 

Non-Hispanic Caucasian 11.59 4.22 31.86 0.005 

Hispanic-American 10.21 3.71 28.05 0.001 

Mother's Osteoporosis Diag. 0.90 0.75 1.10 0.408 

Mother's Hip Fracture Status 0.96 0.80 1.13 0.582 

Body Mass Index 1.11 1.06 1.16 0.000 

Fat Free Mass 1.36 1.24 1.50 0.000 
Physical Activity 

Low Impact 0.99 0.99 1.01 0.190 

High Impact 2.92 0.61 13.94 0.810 

Smoking 0.22 0.08 0.60 0.003 

Alcohol Use 18.34 2.29 147.08 0.006 

Dairy Product Intake 

Milk Intake 0.44 0.28 0.68 0.000 

Cheese Intake ·2.45 1.41 4.26 0.002 

Calcium Supplement 0.48 0.25 0.93 0.030 

Caffeine Intake 1.00 1.00 1.01 0.929 
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Table 10 

Following questions were taken from Household screener Questionnaire' s (HSQ). 

1. Sample person identification number. 

2. Race-ethnicity 

3. Sex 

4. Age at interview , 

Following questions were taken from Household Adult Questionnaire's (HAQ). 

1. Was your biological mother ever told by a doctor that she had osteoporosis, 

sometimes called thin or brittle bone disease? 

2. Did your biological mother ever fracture her hip? 

3. Has a doctor ever told you that you had osteoporosis? 

4. Were you ever treated for. osteoporosis? 

5. Has a doctor ever told you that you had broken or fractured your hip? 

6. Did the fracture occur from a fall at standing height or less? 

Following questions were taken from the Household Adult Questionnaire's (HAQ) 

exercise component. 

1. In the past month, how often did you walk a mile or more at a time without stopping? 

2. In the past month, how often did you jog or run? 

3. In the past month, how often did you ride a bicycle or an exercise bike? 

4. In the past month, how often did you do aerobics or aerobics dancing? 
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Following questions were taken from the Household Adult Questionnaire' s (HAQ) 

Tobacco component 

1. Have you smoked at least 100 cigarettes during your entire life? 

2. How old were you when you first started smoking cigarettes fairly regularly? 

3. Do you smoke cigarettes now? 

Following questions were taken from the Mobile Examination Center's Alcohol and 

Drug Use component (MEC) 

1. In the past 12 months did you have at least 12 drinks of any kind of alcoholic 

beverage? 

2. On the average, on the days that you drank alcohol, how many drinks did you have a 

day? (1 drink= 12 oz., 4 oz. glass of wine, or 1 oz of liquor) 

Following questions were taken from the Household Adult Questionnaire's Food 

Frequency Section 

1. How many cups of regular coffee with caffeine did you have per month? 

2. How many cups of regular tea with caffeine did you have per month? 

3. How often did you have milk to drink or on cereal per month? (Do not count a small 

amount of milk added to coffee or tea) 

4. How many times did you have cheese, all types including American, Swiss, cheddar, 

and cottage cheese per month? 
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