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Background. Although there is a plethora of litera-
ture about osteoporosis, little is known about the atti-
tudinal variables that may predict osteoporosis-
preventive behaviors (OPBs) among postmenopausal
women. This study examined the relationship between
variables from the Health Promotion Model (HPM)
and OPBs of calcium intake, exercise participation,
and taking of estrogen/hormone replacement therapy
(ERT/HRT).

Methods. One hundred women completed measures
of benefits and barriers to calcium intake, exercise
participation, ERT/HRT usage; self-efficacy; control of
health; importance of health; and health status. Par-
ticipants also reported their actual calcium intake, ex-
ercise participation, and use of ERT/HRT.

Results. Participants consumed an average of 1,243
mg of calcium from milk, yogurt, calcium-rich foods,
and supplements; 81% participated in weight-bearing
and resistant training exercise but on an irregular ba-
sis; and 31% were users of ERT/HRT at the time of data
collection. There were significant relationships be-
tween some of the HPM variables and calcium intake
and exercise participation. There was a significant dif-
ference between past and current users of ERT re-
garding benefits and barriers to taking hormones.
Hormone users reported higher calcium intake and
greater exercise participation than nonusers.

Conclusion. There is early evidence that variables of
the HPM are associated with OPBs. After continued
testing, intervention programs for osteoporosis pre-
vention may use variables of the HPM as a theoretical

base for behavior changes. < 1995 Academic Press, Inc.

INTRODUCTION

Osteoporosis is a major health problem that results
in approximately 1.5 million fractures annually (1). Os-
teoporosis can be prevented with adequate calcium in-
take, exercise activity, and hormone therapy usage (2~
11).

Studies of bone mineral density (BMD) and calcium
intake support the need for a liberal amount of calcium

! To whom reprint requests should be addressed.

to maintain bone mass and reduce bone loss (12-15).
Calcium supplements are popular because some
women find dairy products unpalatable, inconvenient,
hypercaloric, or they have lactose intolerance. Recent
studies provide evidence that adequate calcium intake
retards bone loss and prevents fractures (6, 7, 12—-15).
Similarly, studies of the beneficial effects of exercise
have supported an association between increased BMD
and weight-bearing and/or resistant training exercise
(2, 8-10, 16-18). In addition to the beneficial effects of
adequate calcium and physical activity on BMD, clini-
cal trials have associated hormone usage with signifi-
cant reduction in bone loss, increment in BMD, preven-
tion of fractures, and coronary heart disease (6, 9, 10,
19-23). However, estrogen replacement therapy (ERT)
remains controversial because of its association with
increased risks of breast and uterine cancers (24).
Other lifestyle behaviors, including cigarette smoking
and alcohol abuse, affect BMD. Research studies have
linked cigarette smoking and alcohol abuse to reduced
BMD and increased hip fractures (9, 25, 26).

Theoretical Framework

Pender’s Health Promotion Model (HPM) provides a
framework for this study (27). The HPM describes con-
cepts proposed to predict health promoting behaviors
and consists of three components: cognitive/perceptual
factors, modifying factors, and cues to action. The cog-
nitive/perceptual factors are perceptions of benefits
and barriers to performing a behavior, self-efficacy,
control of health, health status, importance of health,
and definition of health. Modifying variables are demo-
graphic, biologic, interpersonal, situational, and be-
havioral factors while cues to action are transient stim-
uli to behaviors (27). In this study, selected variables
from the HPM were applied to osteoporosis prevention
(Fig. 1). The researchers used the HPM rather than the
Health Belief Model (28) because the behaviors of ad-
equate calcium intake, exercise participation, and hor-
mone usage for women who choose to take it are pri-
marily health-promoting behaviors.

Many studies have used selected variables from the
HPM to predict health-promoting behaviors; however,
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FIG. 1. Applied osteoporosis prevention model.

self-efficacy, control of health, health status, and ben-
efits and barriers to specific behaviors were inconsis-
tently predictive of behavior performance (29-34). No
studies have examined the HPM model variables in a
sample of postmenopausal women or adapted the
model specifically for the prediction of osteoporosis-
preventive behaviors (OPBs).

This study addressed four questions: (a) What are
the subjects’ OPBs of calcium intake, exercise partici-
pation, and taking of hormones? (b) What are the re-
lationships between selected variables of the HPM and
performance of OPBs? (c) Is there a significant differ-
ence between women who are currently taking hor-
mones and women who took it in the past regarding the
HPM variables? (d) Is there a significant difference be-
tween women who received hormones and those who
did not regarding their calcium intake and exercise
participation?

METHODS

Sample

The sample was obtained from attendants at three
churches in a midwestern state. Approval to conduct
the study was obtained from the investigators’ univer-
sity and the three churches. Criteria for inclusion were
postmenopausal women of 50 years of age or greater.
Postmenopausal condition was identified by two ques-
tions, “When was your last menstrual period?” and
“Have you stopped getting your usual menstrual peri-
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ods?” Women who reported a menstrual period in the
previous 6 months were excluded from the study. Par-
ticipants were paid gratuities. A total of 100 forms
were distributed to three contact persons in the three
churches, and all forms were returned and included in
the study.

Instruments

Calcium intake. This variable was measured by a
24-h recall of dietary intake of milk, yogurt, and cal-
cium-rich foods. A 24-h recall approach was selected to
reduce errors reiated to the recall of information over a
longer period of time by the elderly. Participants re-
ported the number of 8-0z cups of milk and yogurt con-
sumed, number of servings of calcium-rich foods, and
type and amount of calcium supplements. Content va-
lidity of the calcium intake measure was supported
through a review of the tool by experts in nutrition and
measurement and through an earlier test of the tool
(4). For each participant scores were calculated for cal-
cium intake in milligrams from milk, yogurt, calcium-
rich foods, calcium supplements, and total calcium in-
take.

Exercise participation. Subjects reported participa-
tion in walking, aerobics, weight-lifting, use of exercise
machines, and other activities during an average week.
Participants indicated how many minutes per day and
how many days per week they performed each activity.
In addition, they reported duration of engagement in
regular exercise and reasons for exercising. Content
validity of the exercise participation measure was sup-
ported by a review of the tool by content experts and an
earlier test of the tool (4). A total exercise score ex-
pressed in minutes/week was computed.

Hormone usage. This variable was measured by a
self-report of the pattern of hormone usage, if pre-
scribed by a physician. Responses included current ad-
herence to prescribed regimen, past usage, duration of
past usage, regularity of use, and reasons for discon-
tinuing use of the therapy, if applicable. Content va-
lidity of the tool was supported through a content re-
view by experts in health care, gerontology, and mea-
surement and in an earlier study (4).

Benefits and barriers to calcium intake. The instru-
ment Calcium Benefits/Barriers Scale (5) consisted of
13 items to which subjects responded on a 5-point
Likert scale. Eleven items addressed barriers and 2
items addressed benefits. Sample items included “I do
not drink milk because I do not like its taste” and “I
drink milk to keep my bones strong.” The scale was
developed from qualitative data and was reviewed for
content validity by experts in nutrition and health pro-
motion. Reliability was supported in three female sam-
ples (n =190, n =91, n =100) and in 60 postmeno-
pausal women. Cronbach’s « reliabilities ranged from
0.66 to 0.81 for the barriers subscale and 0.58 to 0.70
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for the shorter benefits subscale (4, 5). Items that low-
ered item-total correlations were deleted or revised
during the testing of the instrument. Test-retest reli-
ability over a 2-week period (n = 32) and among the
previously mentioned 60 postmenopausal women ranged
between 0.69 and 0.90 (5).

Benefits and barriers to exercise. The variable was
measured by a modified form of the Exercise Benefits/
Barriers Scale (35). The original instrument was tested
with a sample (n = 650) of varying ages, with a mean
age of 39 years. A 9-factor solution explained approxi-
mately 65% of the variance in perceived benefits and
barriers to exercise participation. Cronbach’s «’'s were
0.95 and 0.88 for the benefits and barriers subscales,
respectively (35). The modified form had 12 items with
a 4-point Likert response that were selected from the
original tool and judged to be appropriate for an elderly
sample. Nine items addressed barriers, while 3 items
addressed benefits. Sample items included “I will live
longer if I exercise” and “My spouse/significant other
does not encourage exercising.” Cronbach’s o’s for a
sample of 100 elderly women and 60 postmenopausal
women ranged from 0.79 to 0.87. One item that low-
ered item-total correlation in the benefit subscale was
deleted in the present study.

Benefits and barriers to hormone usage. This vari-
able was measured by the Hormone Benefits/Barriers
scale (4). The instrument consisted of 7 items with a
5-point Likert response scale. Five items addressed
benefits and 2 items addressed barriers. Sample items
included “ERT will strengthen my bones” and “ERT
may cause me to have breast cancer.” The tool was
developed from qualitative data derived through inter-
views with 25 postmenopausal women and was re-
viewed for content validity by four experts in health
promotion and measurement. For samples of post-
menopausal and elderly women (n =71, n =100,
n = 60), Cronbach’s « reliabilities ranged from 0.69 to
0.80 for the barriers subscale and 0.70 to 0.78 for the
benefits subscale. Test—retest reliability coefficients
over a 2-week period for 35 community-residing women
and 60 postmenopausal women were (.78 for the ben-
efits subscale and 0.76 for the barriers subscale.

Self-efficacy. This variable was measured by the
General Self-Efficacy subscale of the Self-Efficacy
Scale (36). The tool measured individual’s beliefs re-
garding their general abilities to perform life activities.
The tool consisted of 17 items with a 5-point Likert
format. Content, criterion, and construct validity have
been reported elsewhere (36). Cronbach’s a was 0.86
(36) and 0.89 for a sample of 60 postmenopausal
women.

Control of health. This variable was measured by
Wallston and Wallston’s Multidimensional Health Lo-
cus of Control (MHLC) (37). The MHLC has 6 items in
each of its three constructs: internal locus of control
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(IHLC), external powerful others locus of control
(PHLC), and chance locus of control. Participants re-
sponded to a 6-point Likert scale. Concurrent and con-
struct validity have been cited for the tool (37). In a
previous study (37) and among 60 postmenopausal
women, Cronbach’s « and test-retest reliabilities for
the three scales ranged from 0.66 to 0.83.

Health status. The Health Scale of the Multilevel
Assessment Instrument (38) operationalized this vari-
able. The tool consisted of 4 items to which participants
responded on either a 3-point or 4-point scale. Crite-
rion and construct validity have been reported for the
tool (38). For a sample of elderly persons (n = 590),
Cronbach’s « was 0.76 and test—retest reliability coef-
ficient over 3 weeks was 0.92 (38).

Importance of health. The Value Survey operation-
alized this variable (39). Participants ranked 10 values
from least important to most important. The rank po-
sition assigned to health was the score for the variable.
Test-retest reliability coefficient over a 2-week period
for 60 postmenopausal women was 0.80.

Design

The design of this study was descriptive and corre-
lational, using a questionnaire for data collection.

Statistical Analysis

Descriptive statistics were obtained on all variables.
A correlation matrix was computed for the HPM vari-
ables and OPBs. Multiple regression analysis was em-
ployed to predict total calcium intake and exercise par-
ticipation using the study variables. MANOVA analy-
sis was used to examine the data for significant
differences between ERT past and current takers re-
garding the HPM variables. A ¢ test was used to exam-
ine for a significant difference between hormone users
and nonusers regarding calcium intake and exercise
participation.

RESULTS

Demographic and selected characteristics of partici-
pants are shown in Table 1. Age range for this sample
was 50 to 88 years with a mean of 66.7. The majority of
the sample was Caucasian (97%). Slightly less than
half (43%) of the sample had high school diplomas and
a similar percentage was married. Slightly over one-
fourth (29%) of participants reported an annual income
of up to $20,000. Very few women (6%) reported cur-
rent cigarette smoking; however, 38% of participants
were past smokers for an average duration of 12 years.

Question 1

What are the subjects’ OPBs of calcium intake, ex-
ercise behaviors, and hormone usage? The mean daily



OSTEOPOROSIS PREVENTION AND POSTMENOPAUSAL WOMEN

TABLE 1
Demographic and Personal Characteristics (n = 100)
Variables Percentages
Education
Middle school 12
High school 43
Some college 20
College degree 15
Graduate degree 10
Marital status
Married 43
Widowed 42
Single 15
Annual household income
<$10,000 10
$10,000-$20,000 29
$20,000-$30,000 20
$30,000-$50,000 20
>$50,000 21
Smoking behaviors
Never smoked 56
Used to smoke but stopped 38
Current smokers 6
Packs of cigarettes smoked
<% pack 33
%—l pack 38
1-2 packs 25
>2 packs 4
Alcohol consumption
Cans of beer/week
None 89
Up to 4 cans 11
Glasses of wine/week
None 72
Up to 7 glasses 28
Liquor/week
None 79
Up to 7 drinks 21

calcium intake from milk was 271.52 mg, 221.05 mg
from yogurt, 424.88 mg from calcium-rich foods, 295.88
mg from calcium supplements, and 1,243.65 mg total.
The majority of participants (89%) noted consistent
consumption of the reported amount of milk through-
out their lives; however, calcium supplements were in-
gested for a mean duration of 3 years with an inter-
mittent pattern. Very few women (9%) reported that
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calcium supplements were prescribed by their physi-
cians. When asked about the kind of calcium supple-
ments they ingested, participants responded that they
did not know or they mentioned a brand name.

Many (81%) participants reported performing
weight-bearing and resistant training exercises with a
mean of 154.29 min per week. Activities included walk-
ing, light aerobics, use of exercise machines, and others
(dancing, household chores, tennis, and bowling). How-
ever, when women were asked about maintenance of
exercise activities, 78% reported an irregular pattern.
Participants’ reasons for exercising included the bene-
fits of exercise for heart function, blood pressure, dia-
betes mellitus, and psychosocial effects.

Although 42% of participants reported being pre-
scribed hormone therapy, 31% reported current use.
This indicates that 11% of participants who were pre-
scribed the therapy either never took it or were past
users. Sixty-eight percent of subjects reported never
using ERT, which includes the previously mentioned
11%. Twenty-two percent of subjects reported past use
of the therapy. Of the current users, 23% reported a
regular pattern and 8% reported intermittent use. The
mean duration of past use of ERT was 4.6 years. When
women were asked to comment on their decisions to
discontinue therapy, many concerns were revealed.
The concerns included a physician’s decision to discon-
tinue therapy, presence of multiple side effects, lack of
perceived need to continue the therapy for the rest of
their lives, fear of breast cancer, financial reasons, and
misconception about the actions of the therapy.

Question 2

What are the relationships between the predictor
variables of the HPM and OPBs? Correlation coeffi-
cients between the HPM variables and OPBs appear in
Table 2. Calcium intake from yogurt and from supple-
ments was not significantly correlated with any vari-
ables. Calcium intake from milk was significantly and
moderately correlated with benefits and barriers to cal-
cium intake, indicating that women who perceived
greater benefits and less barriers to calcium intake
tended to consume a greater amount of milk.

TABLE 2
Correlation Matrix for HPM and OPBs Variables
Selfeff IHLC CHLC PHLC PercHlth  ValuHlth  Milkben Milkbar Exben Exbar ERTben ERTbar
Calcium from milk ~ 0.10  0.14 005 014 018 003 052 048 019 0.04 005 -0.06
Calcium from foods ~ 0.32*  0.25%%  -0.17  -0.27*%  0.21%** -0.07 0.11 ~0.22%% .08 -0.11 ~0.03 ~0.06
Total calcium 0.07 0.13 012 -0.05 0.10 0.09 0.27  -0.25%* 0.3 -0.13 ~0.04 -0.18
Exercise 0.25%*  0.09 011 -0.13 0.25%+ 0.15 0.11 ~0.12 0.26%%  —0.21***  _0.04

-0.18

Note. HPM, Health Promotion Model; OPBs, osteoporosis preventive behaviors; Total calcium, calcium from milk, yogurt, foods, supplements; Selfeff, self-
efficacy; IHLC, internal health locus of control; CHLC, chance health locus of control; PHLC, powerful others health locus of control; PercHlth, perception of
health status; ValuHIth, perception of the importance of health; Milkben, perception of benefits of calcium; Milkbar, perception of barriers to calcium; Exben,
perception of benefits of exercise; Exbar, perception of barriers to exercise; ERTben, perception of benefits to ERT; ERTbar, perception of barriers to ERT.

*P < 0.001
** P < 0.01.
*** P < 0.05.
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Intake of calcium-rich foods was significantly and
low moderately correlated with self-efficacy, IHLC,
PHLC, health status, and barriers to calcium intake.
Women who consumed greater amount of calcium-rich
foods perceived themselves as more self-efficacious, be-
lieved health was internally controlled or influenced by
significant others, perceived better health status, and
perceived fewer barriers to calcium intake. Total cal-
cium intake was significantly and low moderately cor-
related with perceptions of greater benefits and less
barriers to calcium intake.

Exercise behaviors were significantly and low to
moderately correlated with self-efficacy, health status,
and benefits and barriers to participation in exercise.
Participants who reported greater exercise behaviors
perceived themselves as more self-efficacious, per-
ceived better health status, and greater benefits and
less barriers to exercise participation. The variables of
importance of health and chance health locus of control
were not significantly correlated with any study vari-
ables. In a step-wise multiple regression to predict cal-
cium intake and exercise participation, no variables
entered the equation.

Question 3

Is there a significant difference between women who
are currently taking ERT and women who took it in the
past regarding the HPM variables? MANOVA analysis
revealed that there was a significant difference in the
multivariate test [F (12, 33) = 2.103, P < 0.05) for the
HPM variables between women who were taking ERT
at the time of data collection (n = 31) and women who
took it in the past (n = 22). However, in the univariate
F test, only perceived barriers to taking ERT were sig-
nificant at the 0.05 level. Similarly, a MANOVA test
between the two ERT groups regarding benefits and
barriers to taking hormones showed a significant dif-
ference only in the multivariate test [F' (2, 49) = 5.172,
P < 0.01]. Table 3 reviews the means and standard de-
viations for perceived benefits and barriers to taking
hormones among the two ERT groups.

Question 4

Is there a significant difference between women who
took ERT and those who did not in their calcium intake

TABLE 3
Means and Standard Deviations for Perceptions of ERT

Perceptions of
ERT groups benefits of ERT

Current takers

Perceptions of barriers to ERT

(n =31) M=1960 SD=3.10 M =497 SD = 1.85
Past takers
M=1841 SD=3.19 M=641 SD = 1.53

(n =22)

ALI AND TWIBELL

and exercise participation? Although hormone users
reported higher calcium intake and greater exercise
participation than nonusers, the difference was not sig-
nificant. The mean calcium intake for hormone users
was 1388.48 mg and 1176.98 mg for nonusers. The
mean exercise minutes/week for hormone users was
182.58 and 143.50 for nonusers.

DISCUSSION

Three limitations of the study were noted. The small,
convenient sample of churchgoing midwestern Cauca-
sian women limits the generalizability of the findings
to other women. The use of a 24-hr recall approach to
compute calcium intake versus a longer duration was
another potential limitation. In addition, the use of the
General Self-Efficacy Scale to operationalize self-
efficacy rather than the use of specific self-efficacy mea-
sures pertaining to OPBs is a possible limitation. The
development of measures of self-efficacy regarding cal-
cium intake, exercise participation, and ERT usage is
necessary for further exploration.

This study described OPBs and examined the rela-
tionship between the behaviors and selected variables
from the HPM. Prevention of osteoporosis is the key
issue that should be stressed to younger women. Opti-
mal calcium intake is most important from childhood
until age 30 to achieve peak bone mass. Therefore,
women in their teens, 20’s, and 30’s should consume at
least 1,000 mg of calcium daily to obtain peak skeletal
mass (13). Postmenopausal and elderly women need
adequate calcium daily to compensate for inadequate
intestinal absorption and rapid excretion of calcium
through the kidneys. Postmenopausal women under
age 65 need 1,000 to 1,500 mg and women over age 65
need 1,500 mg (1).

The mean calcium intake for women who reported
taking ERT was higher than for women who did not.
Possible explanations are that women who receive hor-
mones have physicians who may have prescribed cal-
cium supplements or instructed them about the need
for adequate calcium intake or the women may have
increased their own self-awareness of adequate cal-
cium intake as a healthy behavior. Effective education
about osteoporosis prevention needs to emphasize the
required daily calcium amount for postmenopausal
women, provide examples of the calcium content of cal-
cium-rich foods, educate women about supplements,
assess and address individual barriers, explain bene-
fits, and use research findings to support information
provided.

Although many (81%) participants performed exer-
cise, a consistent pattern was not reported. Women
who reported taking ERT had higher mean exercise
participation than women who did not. This finding
may indicate that women who took ERT were commit-
ted to multiple healthy behaviors or their physicians
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may have recommended exercise. Participants’ reasons
for performing exercise indicated that women were
aware of the general benefits of exercise; however, the
benefits of exercise in strengthening bones and pre-
venting osteoporotic fractures were not clearly concep-
tualized by subjects. One possible reason is that par-
ticipants were suffering from common conditions of ag-
ing, such as heart problems, elevated blood pressure,
increased cholesterol level, and diabetes; therefore,
benefits of exercise were perceived for their current
conditions and not for prevention of osteoporosis. An-
other possible reason is that the media disseminate
messages about the general benefits of exercise to ev-
ery age group; however, when osteoporosis is ad-
dressed, more emphasis is on hormone treatment and
calcium intake. Health education to promote strong
bones needs to identify all postmenopausal women who
are candidates to perform exercise, verify appropriate-
ness of exercise options with the physician, assist
women in choosing activities that can be incorporated
into a daily lifestyle, and emphasize the importance of
maintaining exercise activities, since BMD returns to
baseline values when exercise is discontinued (17).

The research finding of a small number of partici-
pants using ERT is consistent with other research
studies (4, 5, 10, 11, 20). Discontinuation of ERT was
related to side effects of therapy, lack of understanding
of the need to continue therapy over time, financial
concerns, and lack of involvement in the decision-
making process with care providers. Helping women
become better decision makers regarding potential use
of hormones should be based upon counseling them on
choices available, which include use of ERT/hormone
replacement therapy or nonuse of hormones but ensur-
ing adequate calcium intake and regular exercise par-
ticipation, risks associated with and without hormone
use, immediate and long-term benefits of therapy, pos-
sible side effects, perceived personal risks and profes-
sionally assessed risks to osteoporosis development,
and socioeconomic factors.

The significant relationships found in this study be-
tween calcium intake, exercise participation, and hor-
mone usage and perceptions toward the behaviors is
consistent with earlier studies of postmenopausal
women (4, 5). Furthermore, the findings support re-
sults of other studies regarding relationships between
health promoting behaviors and self-efficacy (30-33),
internal locus of control (32), and health status (33).
Given the accumulation of support for the relation-
ships, education about OPBs needs to include an as-
sessment of, and emphasis on, perceptions toward the
targeted behaviors.

The moderate significant relationships between the
HPM variables and OPBs suggest that future study
may demonstrate prediction of the behaviors by the
HPM variables. The small and homogenous sample,
the many variables tested, the use of a 24-hr recall of
calcium intake rather than a 7-day assessment, and
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the use of General Self-Efficacy Scale rather than spe-
cific self-efficacy tools may have contributed to only
moderate significant correlation coefficients and lack of
prediction.

Replication of the study will permit the inclusion of
larger sample sizes, deletion of insignificant variables,
refinement of instrumentation, and inclusion of other
measures pertinent to osteoporosis, such as knowledge
of OPBs and risk factors to osteoporosis development.
As results provide additional support for the relation-
ships between the HPM variables and OPBs, a base of
theoretical knowledge and research findings can guide
the design of educational interventions to support be-
havior changes.
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