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Abstract

Background—A bias in perceived risk for health outcomes, including fracture, exists.

Purpose—We compared perceived risk and biases in perceived risk for fracture to fracture 

preventive behavior.

Methods—Women over age 55 (n=2874) completed a survey five times over five years and data 

was pulled from the medical record. Perceived risk was measured by asking women to rate their 

risk of fracture compared to similar women. Actual risk was measured using FRAX score. Bias 

was measured using an interaction between perceived and actual risk.

Results—Higher perceived risk was related to lower quality of life and self-reported health, 

more medication and calcium use, increased bone density scan use and less walking. Bias was 

only associated with less medication use. Neither perceived risk nor bias predicted medication 

adherence.

Conclusions—Perceived risk, but not bias, may predict different fracture prevention behaviors. 

Clinicians may need to base interventions on risk perceptions.
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Osteoporosis is characterized by low bone mineral density resulting in increased risk for 

fracture (1). Osteoporosis is a major cause of morbidity and mortality in postmenopausal 

women and poses a potential threat to women’s quality of life, independence and mental 

well-being (2). While bone formation occurs primarily during childhood, preventive 

behaviors during adulthood such as weight bearing exercise, calcium supplementation, and 

medication adherence are known to help mitigate bone density loss (3, 4). Identifying which 
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women are less or more likely to engage in these behaviors, and how perceived fracture risk 

relates to these behaviors, can help clinicians target specific interventions to the women who 

might benefit most.

The role of perceived risk, or a person’s belief in the likelihood of an event, to health 

behaviors has been well-studied, although few studies have examined fracture prevention. 

Perceived risk can be either absolute (what is the actual chance of an event) or comparative/

relative (what is the risk compared to similar others; (5)) and is inherently subjective, being 

an attitudinal construct. Perceived risk is key in many theories of health behavior change. 

One theory, the behavior motivation hypothesis, posits that increased perceived risk 

motivates people to change behavior and reduce risk (5). Also, numerous lines of research 

have linked higher perceived risk to better health behaviors, including mammography 

screening (6). However, other research has shown that perceiving a higher risk of 

osteoporosis can lead to a decrease in physical activity (7). Perceived risk may increase 

certain health behaviors through anxiety but decrease others if people incorrectly believe the 

behavior increases risk (such as physical activity), leading to avoidance of truly helpful 

behaviors.

A long research literature has documented the optimistic bias (8), defined as a tendency to 

view oneself as less likely to experience negative health events compared to others (9), and 

this construct will also be investigated in this study. This bias represents a mismatch 

between perceived risk and actual risk, as a person’s perceptions of risk may correspond to 

actual risk (i.e. believes one has elevated risk and based on objective measure is at elevated 

actual risk) or may be “biased” such that an optimistic bias is characterized by low perceived 

risk but higher actual risk (9). The optimistic bias is particularly resistant to efforts to reduce 

the bias (10). The optimistic bias has been shown to be pervasive across various populations 

and situations (11). Associations between optimistic bias and health behavior have been 

mixed (9). Inconsistent findings could be explained by differences in the types of behaviors 

examined and the potential for bias to increase some health behaviors but decrease others.

The optimistic bias may have benefits beyond health behaviors. Research has shown that the 

optimistic bias is related to better psychological function (12). Potential benefits of an 

optimistic bias may also help explain its resistance to change. Research in older adults has 

shown a bias towards positive information (13) and this could also explain resistance of the 

optimistic bias to change in this population.

Rationale and Objective of the Current Study

The objective of this study was to evaluate the association between biases for fracture risk 

and preventive behaviors while concurrently examining perceived risk. This approach 

allowed for evaluation of the different contributions of bias and perceived risk. The study 

data were from the Pacific Northwest cohort of the Global Longitudinal Osteoporosis study 

in Women (GLOW; (14)). The optimistic bias for fracture risk has been documented (15) 

and perceived risk was related to self-report fractures (16) in the total GLOW sample. 

However, effects of perceived risk and bias on fracture-related health behaviors have not 

been investigated in GLOW or with other data. In the current analyses we examined the 
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longitudinal relationship of perceived risk for fracture, actual risk for fracture, and bias with 

quality of life (QOL) and preventive behaviors. The behavior motivation hypothesis would 

predict that perceived risk would increase the use of fracture prevention interventions. 

However, given the literature on higher perceived risk decreasing physical activity, we 

examined both directions, as women may incorrectly believe certain behaviors (such as 

physical activity) are high risk. Previous research on the optimistic and pessimistic bias 

would predict that the interaction between perceived and actual risk would predict fracture 

prevention behavior, not just perceived risk. By testing both perceived risk and the 

interaction of perceived risk with actual risk, we compared the behavior motivation 

hypothesis with the optimistic and pessimistic bias.

Methods

Study Sample and Procedures

The Global Longitudinal Study of Osteoporosis in Women (GLOW) was an observational 

prospective cohort study of 60,393 women age ≥55 years from 17 sites in 10 countries. 

Details of study design, recruitment, data collection and baseline characteristics of the full 

cohort have been described previously (14). The current study is an analysis of GLOW data 

from the cohort of 4055 women recruited in the Pacific Northwest region of the United 

States through a large integrated healthcare system that provides insurance coverage and 

clinical care. The study procedures were approved by the human subjects review committee 

and all participants provided informed consent.

Surveys were completed between 2007 and 2012. Community-dwelling women age ≥55 

years who had a primary care visit in the 24 months before the first survey were eligible for 

participation. Stratified sampling by age ensured two thirds of the baseline sample was age 

65 and older as fractures occur more often in older women. Exclusion criteria included 

cognitive impairment, severe illness that would interfere with study participation, or a 

language barrier. Surveys were self-administered and mailed to participants at baseline and 

after one, two, three and five years. Telephone interviews were offered if a participant 

needed assistance to complete the survey or if the mailed survey was not returned within 6 

weeks. A total of 6,000 women were invited to complete the survey and 4055 (67.6%) 

completed the baseline survey. Of the 4055 that completed the baseline survey, 91.8% 

completed the one-year survey, 88.0% completed the two-year survey, 83.0% completed the 

three-year survey and 70.9% completed the five-year survey.

Measures

Survey items covered patient demographics (age, education) and health characteristics 

(history of fracture, comorbidities) as well as information needed to determine fracture risk 

and perceived fracture risk. Outcomes from both self-report (survey) and electronic medical 

record data (EMR) were analyzed (see supplementary material for number reporting each 

outcome).

Exposures: Actual Risk—Fracture risk was assessed by the FRAX tool (17), a validated 

11 item survey that estimates the 10-year probability of a major osteoporosis-related fracture 
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and the 10-year probability of a hip fracture. FRAX scores were calculated from age, body 

mass index (BMI), prior history of fracture in adulthood, current glucocorticoid use, 

rheumatoid arthritis, smoking status, parent history of hip fracture, alcohol intake, and 

potential for secondary osteoporosis based on co-morbidities. Although the FRAX score can 

provide a measure of absolute risk, we mean-centered the FRAX score to provide a measure 

of comparative actual risk (risk compared to other women in the study) as the perceived risk 

question also measured comparative risk. Women with average risk would have scores close 

to zero.

Exposures: Perceived Risk—Participants rated their perceived risk of fracture 

compared to other women of the same age on a 5-point scale (Much lower, A little lower, 

About the same, A little higher, Much higher). This reflects mostly state-specific perceived 

risk although trait-level perception in risk may have also influenced this measure.

Exposures: Bias—To assess bias, an interaction term of perceived risk (centered) with 

FRAX score (standardized) was entered. With this coding, positive values indicated more 

accurate assessments of risk whereas negative values indicated less accurate, possibly biased 

assessments of risk.

Outcomes- Self-report—The EQ-5D consists of 5 items, each rated on a three-point 

scale, assessing QOL and has been validated in several countries (18). Participants also rated 

their health on a five-point scale (excellent, very good, good, fair and poor). Participants 

indicated if they were current users, ever users, or never users of calcium supplements and 

anti-osteoporosis medication (AOM). Participants reported the number of days in the past 

month they walked for at least 20 minutes on a six point scale with the following response 

options: 0 days; 1–2 days; 3–5 days; 6–9 days; 10–19 days and 20 or more days. Walking 

was dichotomized into 20 or more days vs. 19 or fewer as only the highest category would 

meet physical activity recommendations (19). Participants indicated whether they had a 

bone density test in the previous year.

Outcomes- Electronic Medical Record—Pharmacy fills for AOM were obtained from 

the EMR of participants for each year from the year before the baseline survey to the year of 

survey completion (see supplementary materials for specific medications). Previous research 

has shown data from this system’s EMR to be a valid measure of medication fills (20). We 

calculated AOM treatment duration based on the “current episode” of AOM use, defined as 

continuous supply of AOM with no more than 90 gap days. To calculate gap days, we used 

the days’ supply field from the pharmacy dispensing data. History of having a dual-energy 

X-ray absorptiometry (DXA) within the integrated health care system was obtained from the 

clinical DXA machines (Hologic, Waltham, MA) for the same timeframe as the pharmacy 

data. The self-reported bone mineral density (BMD) testing included any test such as DXA 

or ultrasound while the EMR testing only included DXA testing.

Statistical Analyses

Perceived risk was centered before analyses so that women who rated themselves as having 

average risk were coded as zero. Continuous FRAX score for all fractures was used as the 
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measure of actual risk. The interaction of actual and perceived risk was used to test whether 

bias had a unique relationship to outcomes beyond the effects of actual and perceived risk 

for fracture. We chose to use FRAX score instead of whether a woman experienced a 

subsequent fracture, as the perceived risk question more closely corresponds to FRAX score 

(an estimate of risk) than whether a woman had a fracture (an event to be predicted). 

Women for whom FRAX score could not be calculated were excluded (N=1,181, 29%; see 

supplementary materials for comparison of included and excluded women). Statistical 

analyses were conducted with SPSS version 21.

The first set of analyses examined the relationship of bias and perceived risk to QOL, self-

reported health and fracture preventive behaviors. Hierarchical linear modeling (HLM) with 

an autoregressive covariance structure was used to model the relationship of perceived risk 

and bias on QOL and self-reported health, due to assessments being nested within 

participants. Generalized estimating equations (GEE) using a binomial distribution and logit 

link function were used to model the relationship of perceived risk and bias on self-reported 

AOM use (current use), self-reported calcium supplement use, walking, self-reported BMD 

testing, EMR AOM use (any use in the assessment year) and EMR BMD testing (any test in 

the assessment year). These statistical methods allow for missing data and estimate the 

parameters from the data that is available. To examine concurrent relationships, the 

outcomes were QOL, self-reported health, AOM use, calcium use, walking, and BMD 

testing at 1-, 2-, 3- and 5-year assessments and the independent variables were perceived 

risk and bias at the same assessment. To examine the relationship of perceived risk and bias 

to subsequent fracture preventive behavior, self-reported health and QOL, lagged HLM and 

GEE models were used in which perceived risk and therefore bias from the previous year 

(baseline, 1- and 2-year) predicted outcomes at the subsequent years (1-, 2- and 3-years, 

respectively) so that the coefficients and odds ratios indicated if bias predicted the outcomes 

one year later. Due to the differences in time between the surveys, the 5-year survey was 

excluded from the lagged analyses and only included in the concurrent analyses. Models 

controlled for the following: education, race/ethnicity, health insurance status, disease count, 

whether a woman experienced early menopause and baseline falls. All controls were fixed 

while perceived risk and therefore bias was time-varying. Actual risk was fixed because the 

FRAX score calculates fracture risk for 10 years, and the study only lasted five years. We 

elected not to control for baseline levels of the outcomes because this can bias results, 

especially when the baseline level is associated with the exposure (21). However, there is 

some controversy about whether to control for baseline levels (22) as controlling can 

underestimate the relationship but not controlling can overestimate the relationship so we 

ran additional analyses controlling for baseline levels. Benjamini-Hochberg Type I error 

correction was used (23).

The medication adherence analyses were limited to women who ever took AOM within the 

study period and had a FRAX score (2007 to 2012; n=376). Adherence was defined as the 

number of episodes of use. More episodes were assumed to indicate worse adherence, and 

the variable was dichotomized into one episode of use vs. multiple episodes of use as the 

majority of women had one episode of use. Adherence was also defined as using the AOM 

for at least one or three years during the study as women need to take bisphosphonates for at 

least one year, preferably longer, to achieve a clinically meaningful effect (24). Adherence 
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therefore had three dichotomous variables: multiple episodes of use vs. one episode of use; 

used for at least one year vs. used for less than one year; and used for at least three years vs. 

used for less than three years. Adherence variables were calculated using bisphosphonate 

use data during the study period. A logistic regression was used to predict adherence during 

the study period (adherent/non-adherent) from baseline bias while controlling for covariates 

listed above.

Results

A total of 2,874 women were included in the study. Demographics for the sample are 

reported in Table 1. A large proportion reported their risk as average at baseline (41.2%, 

n=1184). Another 43.8% (n=1251) reported their risk of fracture as below or very below 

average while another 14.3% (n=413) reported their risk as above or very above average. At 

the follow-up surveys, most women reported their risk as either average (37.5% at 1 year to 

39.0% at 5 year) or below average risk (48.6% at 1 year to 46.7% at 5 years). Across the 

follow-up surveys, few women reported their risk as above average (15.6% at 1 year to 

12.4% at 5 years).

Perceived Risk, Bias and Fracture Preventive Behaviors

Results from testing the concurrent relationship of perceived risk, actual risk and bias are 

reported in Table 2. The interaction of perceived risk and standardized, actual risk was not 

significant for QOL and EMR AOM use after type I error correction. For self-reported AOM 

use, the interaction of perceived risk and actual risk was significant (p=.001) such that the 

effect of perceived risk was particularly large for women with higher actual risk such that 

having an optimistic bias greatly decreased the likelihood of taking AOMs. For self-reported 

health, only perceived risk, and not bias, was significantly related (p<.001) such that higher 

perceived risk was related to lower self-reported health. Perceived risk was related to 

calcium supplement use (p<.001) such that higher perceived risk was related to greater 

likelihood of using calcium. For walking, perceived risk was related such that higher 

perceived risk was related to lower likelihood of walking most days (p<.001). For bone 

density tests, higher perceived risk (p<.001) was related to higher likelihood of self-

reporting a bone density test and to greater likelihood of having a bone density test by the 

EMR (p<.001). Results did not change when controlling for baseline values (see Table 3). 

Concurrently, perceived risk was related to increased odds of most health behaviors and 

lower odds of walking most days but lower QOL and perceived health while bias was only 

related to AOM use.

When examining the longitudinal associations between perceived risk and bias to 

subsequent outcomes, many of the relationships seen cross-sectionally were maintained, but 

a few changed (see Table 2). First, the significant interactions indicating an effect of bias 

with self-reported medication use was not significant following Type I error correction. 

Prospectively, perceived risk was not related to calcium supplement use (p=.328) or 

walking. For self-reported health, QOL and bone density tests, relationships seen 

concurrently were maintained prospectively. Perceived risk was related to self-reported 

health (p<.001) one year later, such that higher perceived risk predicted lower self-reported 
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health at the subsequent assessment. Similar to the concurrent results, perceived risk (p<.

001) predicted a self-reported bone density test and a bone density test from the EMR (p<.

001). Results did not substantially change when controlling for baseline values except 

perceived risk no longer predicted QOL (see Table 3).

For medication adherence, the analyses were limited to women who had filled at least one 

AOM between 2006 and 2012 (n=376). Overall, perceived risk and bias were not related to 

adherence to AOMs over the five year follow-up. Perceived risk was unrelated to multiple 

episodes of medication use (OR=1.315, p=.073), using AOMs at least a year (OR=.838, p=.

255) and using AOMs at least 3 years (OR=.948, p=.629). The interaction of perceived risk 

and actual risk (bias) was unrelated to multiple episodes of medication use (OR=.826, p=.

079), using AOMs for at least one year (OR=.923, p=.509) and using AOMs for at least 3 

years (OR=.865, p=.134). Prospectively, higher perceived risk was related to increased use 

of medical interventions (AOM use, bone scans) but negatively related to QOL and self-

reported health. Bias was not related to any outcome.

Discussion

This study examined the association between perceived risk and the optimistic and 

pessimistic biases for fracture risk to QOL and fracture preventive behaviors in older 

women. Women with a bias were less likely to use osteoporosis medication concurrently 

and this effect was associated mainly with the optimistic bias. However, bias was unrelated 

to QOL and other health behaviors both concurrently and prospectively. Higher perceived 

fracture risk was related concurrently and prospectively to increased likelihood of bone 

density scans and AOM use and decreased QOL, lower self-reported health, and less 

likelihood of walking. Medication adherence was unrelated to either bias or perceived risk. 

Overall, this study supported the behavior motivation hypothesis for some behaviors (AOM, 

bone density scan) but not others (walking/physical activity) and did not support an 

association of the optimistic or pessimistic biases with behaviors. The study also showed 

that perceived risk, regardless of actual risk or biases in those perceptions, was related to 

several key health behaviors.

The larger research literature gives context to the results on perceived risk and bias. The 

potential benefits of the optimistic bias and lower perceived risk (higher QOL) could explain 

the resistance to change (9, 10). The Strength and Vulnerability Integration model (13) 

posits that healthier older adults have higher emotional well-being due to focusing more on 

the positive and avoiding stressful or negative situations. Increasing perceived risk could be 

a stressor and could lead to more negative emotions, hence older women who are relatively 

healthy will avoid higher perceived risk. Women with higher perceived risk had worse 

quality of life and self-reported health, supporting this hypothesis. They were more likely to 

engage in medical strategies to prevent fracture (e.g., medication) rather than increasing 

physical activity. However, this also indicates that while women with lower perceived risk 

had better quality of life and self-reported health, this may have come at a cost for some 

health behaviors (taking AOMs, bone scans) but not other behaviors (physical activity). As 

women with lower perceived risk were more likely to walk and perceive better health, this 

suggests that women may have believed they did not need medications. However, these 
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women may also have attempted to avoid the stress of side effects from AOMs. This 

highlights that intervention strategies may need to focus on specific behavioral changes 

rather than on increasing risk perceptions, as changing risk perceptions could have 

unintended consequences such as decreasing some positive health behaviors and QOL. 

Interventions may also need to focus on changing several behaviors, rather than one target 

behavior, as older women may find changing certain behaviors more stressful than others.

Study Strengths and Potential Limitations

The study demonstrates the longitudinal relationship of perceived risk and the optimistic and 

pessimistic biases for fracture prevention behaviors in older women. In addition to the 

longitudinal data with an excellent response rate over the follow-up, the large sample size 

was a strength and provided an opportunity to examine both the optimistic and pessimistic 

biases. Another strength of the study was the combination of EMR and survey data. The 

study also had several limitations. First, the perceived risk question asked about comparative 

risk not absolute risk and results may not translate to bias in absolute risk. The risk question 

also did not specify whether behavior remained the same or not. Also, higher perceived risk 

may reflect depression or personality traits such as neuroticism and these were not measured 

in the current study. The physical activity measure was not comprehensive and not 

objective. Sample characteristics (only older women from one region in the United States) 

limit generalizability to other populations such as men, young adults and other regions of the 

world but do have implications for older women in the US. Also, the differences in women 

who were excluded for missing FRAX score may also limit generalizability. The study 

population also had a high percentage with self-reported health insurance. However, this 

emphasizes that even though this population had high access to medical care, perceived risk 

was still related to health behavior.

Summary and Conclusions

Overall, this study suggests that perceived risk for fracture risk is related to several health 

behaviors and QOL. For practitioners, these results imply that focusing on non-

pharmacologic interventions may be most amenable for women with low perceived risk. 

Changing women’s perceptions may not be necessary provided they are engaging in 

sufficient fracture prevention behaviors. Higher perceived risk also increase use of 

healthcare services, and may have detrimental long-term effects on QOL. The study results 

have several implications for future research. As perceived risk was positively related to 

some fracture preventive behaviors but negatively related to others, future research should 

consider measuring different health behaviors such as supplement use and physical activity. 

This is crucial for studies that attempt to change perceived risk as changing risk perceptions 

may lead to unintended changes in other health behaviors or QOL.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Demographics and descriptive statistics for the sample at baseline.

Total sample (n=2874)

Variable %(n) or Mean(SD)

Age at baseline 69.4 (9.5)

Education, Bachelor’s or higher 41.0% (1178)

BMI 27.97 (6.52)

Race/Ethnicity

 Caucasian 93.7% (2694)

 African American 1.9% (55)

 Asian 4.1% (117)

 Other 1.5% (42)

Any health insurance 92.3% (2654)

Number of comorbidities (disease count) 1.0 (1.0)

History of fracture between age 45 and baseline 22.1% (636)

Early menopause 14.4% (413)

History of fall at baseline 44.8% (1289)

FRAX score 16.25 (10.66)
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