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Abstract
Objective: Teriparatide [rhPTH (1-34)] is an effective treatment for osteoporosis administered by daily subcutaneous injection. The objective

of this study was to determine how much benefit women expect teriparatide to confer before agreeing to perform daily injections.

Methods: We recruited postmenopausal women who had recently undergone bone densitometry and were found to have either a T-score less

than �2.5 at the hip or spine and/or had a fracture index (FI) of �6. Participants completed an adaptive conjoint analysis questionnaire to

determine their treatment preferences.

Results: The study sample included 185 women, mean age 71 (range 46–90). An increasing number of subjects preferred rhPTH (1-34) as the

efficacy of teriparatide increased, but most women demanded efficacy advantages greater than those demonstrated in clinical studies. We

found no association between absolute fracture risk and preference for rhPTH (1-34); however, subjects with an excessively high perceived

risk of future fracture were more likely to accept daily subcutaneous injections compared to subjects with a lower perceived risk of future

fracture (40% versus 15%, p = 0.001).

Conclusion: Our results suggest that most women demand benefits far greater than those conferred by rhPTH (1-34) in order to administer

daily subcutaneous injections to decrease their future risk of fractures.

Practice implications: Given the poor adherence for treatment of osteoporosis, and the choices older adults must make when paying for

medications, development of novel treatment approaches should be based on older adults’ treatment preferences.

Published by Elsevier Ireland Ltd.
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1. Introduction

In the US today, 10 million Americans have osteo-

porosis, and 50% of women and 25% of men will have an

osteoporotic fracture in their lifetime [1]. Osteoporotic

fractures result in significant functional impairment,

decreased quality of life, and increased mortality [2,3].

After 1 year, 40% of hip fracture survivors are unable to

walk independently, 80% can no longer perform activities

such as shopping or driving, and approximately one third
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become permanent nursing home residents [3]. The impact

of this major public health problem is expected to increase

exponentially as the population ages.

The most widely prescribed medications used to treat

osteoporosis are bisphosphonates. Bisphosphonates are

antiresorptive agents which have been shown to prevent

postmenopausal and glucocorticoid associated bone loss and

to decrease the risk of vertebral and hip fractures in large

randomized controlled trials by approximately 50% [4–9].

Apart from gastrointestinal adverse events, bisphosphonates

are generally very well tolerated.

Teriparatide is the generic name for recombinant human

parathyroid hormone [rhPTH (1-34)] which has recently

become available for the treatment of patients with

osteoporosis. Unlike the anti-resorptive agents, rhPTH (1-

34) exerts its protective effect, in part, by stimulating bone
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growth. rhPTH (1-34) is seen as a breakthrough in treatment

of osteoporosis, because it is the first Food and Drug

Administration (FDA) approved agent available that

stimulates bone growth. FDA approval of teriparatide was

based on a double-blind controlled trial of teriparatide

involving 1637 postmenopausal women with prior vertebral

fractures [10]. In this study the risk of new vertebral

fractures was reduced by 65%. Vertebral fractures occurred

in 14% of the women in the placebo group and in 5% of the

women receiving rhPTH (1-34) [10]. The impact of rhPTH

(1-34) on total non-vertebral fractures yielded a statistically

significant relative risk reduction of 53% [10]. The main

disadvantage related to rhPTH (1-34), apart from its cost, is

that it must be administered by daily subcutaneous

injections.

Adherence to treatment for osteoporosis is poor [11].

Given that patients’ health beliefs are strongly related to

adherence to medications [12], incorporation of patient

preferences to maximize treatment efficacy is particularly

important for this disease [13–17]. Moreover, some studies

have shown that increased patient participation in medical

decision-making may lead to improved adherences rates and

outcomes [14,16]. To the best of our knowledge, there have

been no studies examining patients’ preferences for rhPTH

(1-34). The objective of this study was to determine how

much benefit patients expect rhPTH (1-34) to confer before

agreeing to perform daily subcutaneous injections.
2. Methods

2.1. Participants

Consecutive English speaking postmenopausal women

undergoing bone densitometry in six centers serving the

greater New Haven (Connecticut) area were asked whether

they agreed to be contacted by a research assistant to learn

more about, and potentially participate in, a study

examining patients’ opinions about medications for

osteoporosis. Participants were asked to fill out a form

indicating whether or not they wished to be contacted, and if

yes to provide their phone number. A research assistant then

telephoned all women agreeing to be contacted to explain

the study in further detail, obtain consent and determine

eligibility.

Postmenopausal women with osteoporosis [T-score (at

total hip or lumbar spine) at or below�2.5] and/or a fracture

index score �6 [21] were eligible to participate. Women

with known secondary causes of osteoporosis, esophagitis,

severe heartburn, the inability to sit upright for at least

30 min, or previous allergic reactions to bisphosphonates

(ascertained by self-report) were excluded. These criteria

were meant to exclude patients for whom bisphosphonates

would not be a medically reasonable choice. The research

protocol was approved by the Human Investigations

Committee at our institution.
2.2. Preference measurement

Participants first underwent a standardized educational

session with the research assistant to briefly explain the

pathophysiology of osteoporosis and its complications.

The information presented to participants was based on

patient information materials published by the National

Osteoporosis Foundation. The educational session was

performed to ensure that all participants had the same

information available to them before performing the

preference task.

Consenting participants completed an adaptive conjoint

analysis (ACA) questionnaire to determine their treatment

preferences [18]. When faced with multiple alternatives,

people make decisions by making trade-offs between the

specific features of competing products. Conjoint analysis

derives preferences by examining these trade-offs through a

series of rating exercises, and subsequently determines

which combination of features would be most preferred by

each respondent.

There are several ways to collect data for conjoint

analyses. ACA collects and analyzes preference data using

an interactive computer program (Sawtooth Software1).

ACA is unique in that it uses an individual respondent’s

answers to update and refine questions through a series of

paired-comparisons. The main advantage of ACAs inter-

active design is that it allows a large number of attributes to

be evaluated without resulting in information overload or

respondent fatigue [18]. Conjoint analysis has a strong

theoretical basis and obtains high levels of internal

consistency [19–24]. For example, in one study examining

choices for prevention of osteoporosis where 95% of

subjects were able to correctly identify a dominant

alternative [25]. A recent study found that ACA accuracy

in predicting choice ranged from 61% to 89% [26], and we

have previously demonstrated that ACA preferences for

medications which result in premature ovarian failure are

significantly higher among women wanting more children

compared to their counterparts [19]. ACA uses an

interactive format that engages participants’ attention

and results in greater gains in knowledge compared to

standard educational materials. In addition, ACA is

administered by computer, minimizing interviewer biases

and facilitating data collection and management. Because

ACA can be programmed to present the outcomes in

random order, it eliminates ordering effects [27].

ACA assumes that each treatment option is a composite

of different characteristics. The four characteristics included

in this study were: (1) route of administration, (2) absolute

risk reduction of vertebral fractures over 5 years, (3)

absolute risk reduction of hip fractures over 5 years, and (4)

risk of adverse effects. Risk information was presented using

natural frequencies and pictographs to facilitate commu-

nication of probabilistic data [28,29]. Medication char-

acteristics were first explained in detail to participants using

lay terminology and then, because of space constraints,
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presented in abbreviated format in the computerized

questionnaire.

In this study, the ACA survey contained two sets of

questions. First, respondents were asked to rate the

importance of the difference between the highest and

lowest estimate of each characteristic on a four point scale,

thereby allowing ACA to learn enough about each

respondent’s values to construct initial utility estimates.

In this context ‘‘utility’’ is a number that represents the value

a respondent associates with a particular characteristic, with

higher utilities indicating increased value.

For example:

‘‘If two medications were acceptable in all other ways, how

important would this difference be’’
To refine respondents’ utilities, respondents evaluated a

series of paired concepts tailored to the patient’s initial

utility estimates. Each question involved choosing one

option from a pair in which one is superior in one

characteristic and the opposing option is superior in the

other. ACA constructs pairs by examining all the possible

ways the characteristics can be combined and then chooses

pairs of options with similar utilities for which it expects

respondents to be indifferent (based on previous responses).

For example:

‘‘Which would you prefer?’’
The program uses the information obtained from each

paired comparison to update the estimates of each

respondent’s utilities and to select the next pair of options.

Final utilities are generated using regression analysis [18].

We created two versions of the ACA questionnaire (high

fracture risk: fracture index >7, lower fracture risk: fracture

index = 6 or 7), so that each patient was presented with

individualized risk information. Estimates of risk were

obtained using the fracture index scoring system developed

by Black et al. [30]. Patients were informed of their own risk

after completing the fracture index survey [30]. Participants

completed the computer questionnaire with the aid of a

research assistant when needed. Assistance from the

research assistant was limited to reading the information

presented on the screen and providing standardized

explanations for the characteristics presented.

2.3. Covariates

Sociodemographic data and attitudes towards osteoporo-

sis and its complications were collected by self-report in

face-to face interviews with the research assistant. Perceived

risk of future fracture over 5 years was coded on a five item

response scale: ‘‘1 in 100 people like me’’, ‘‘5 in 100 people

like me’’, ‘‘10 in 100 people like me’’, ‘‘20 in 100 people

like me’’, and ‘‘30 in 100 people like me will have an

osteoporotic fracture in the next 5 years’’. Responses of ‘‘10

in 100 people like me’’ or more were, a priori, coded as

having a high relatively higher perceived risk of fracture.

Worry about developing a stooped posture and hip fracture
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Table 1

Participant characteristics

Characteristic Number (total = 185)

Age (mean � S.D., range) 71 � 9 (46–90)

Caucasian (%) 174 (94)

Married (%) 87 (47)

At least some college education (%) 125 (68)

High fracture index (%) 71 (38)

High perceived risk of fracture (%) 47 (25)

Currently using bisphosphonates (%) 106 (57)

Currently using rhPTH (1-34) (%) 0

Health status very good or excellent (%) 91 (49)

Worried about developing a stooped posture

at least a good bit of the time (%)

51 (28)

Worried about having a hip fracture at least

a good bit of the time (%)

27 (15)

Previous vertebral fracture (%) 15 (8)

Previous hip fracture (%) 4 (2)

Table 2

Percent of respondents preferring rhPTH (1-34) by risk group

Base case

Low risk (fracture index �7) N (%) 45 (39)

High risk (fracture index >7) N (%) 29 (41)

x2 0.03

P-value 0.9
were each evaluated using a seven-item response scale

ranging from ‘‘None of the time’’ to ‘‘All of the time’’.

Respondents stating that they were worried about either

becoming stooped or having a hip fracture ‘‘A good bit of the

time’’ or more were classified as being worried about future

fractures.

2.4. Analyses

Preference data derived from ACA (Version 3.0,

Sawtooth Software, Inc., Sequim, WA) were imported into

SAS (Version 8.0) and merged with the patient character-

istics data set.

ACA calculates a preliminary estimate of each respon-

dent’s utilities based on their initial ratings of the

characteristics (i.e. the first set of questions described

above). The utility estimates are then updated based on

responses in the paired-comparison task using Bayesian

analyses [18,20]. At the end of the ACA task, the utility

estimates are true least-squares. Details regarding the

methods underlying these calculations are available at

http://www.sawtoothsoftware.com/technicaldown-

loads.shtml#acatech.

Note that the participant does not evaluate treatment

alternatives directly. Rather, the participant considers the

trade-offs between conflicting characteristics. Answers to

carefully selected patient-specific questions allow the

investigator to infer values for specific treatment character-

istics. These values are then used to predict which option

most closely suits each patient’s individual priorities.

We performed simulations based on women’s values for

route of administration, absolute reduction in risk of hip and

vertebral fractures over 5 years and risk of adverse effects to

predict each individual respondent’s treatment choice. For

each simulation, ACA predicts preferences based on the

utilities derived from the conjoint questionnaire using least

squares regression analysis [18,20]. Given that bispho-

sphonates are the most widely prescribed medication for

osteoporosis, we used preference for bisphosphonates as a

reference point, and measured strength of preference for

rhPTH (1-34) versus weekly oral bisphosphonates. We did not

include monthly oral bisphosphonates because this option was

not available at the time of the study. In the base case scenario,

we modeled rhPTH (1-34) as being more effective than

bisphosphonates (vertebral and hip fracture risk reduced by

50% for bisphosphonates and 75% for rhPTH (1-34),

respectively). Although higher than that demonstrated in

randomized controlled trials, a 75% risk reduction was chosen

for rhPTH (1-34) to represent a meaningful increment in

benefit. In the base case scenario, neither rhPTH (1-34) nor

bisphosphonates were described as being associated with an

increased risk of adverseevents. We then performed sensitivity

analyses toascertain the influence ofmodifying the probability

of benefit and risk of adverse events on treatment preference.

Associations between respondent characteristics and

treatment preferences were examined using t-test and x2
tests for continuous and categorical covariates respectively.

Multivariate analyses were subsequently performed using

multiple logistic regression.
3. Results

3.1. Participant characteristics

The study sample included 183 women, mean

age � S.D. = 71 � 9 years (range 46–90). The vast majority

(94%) of the sample was white; 46% were married; and 67%

had at least some college education. One hundred and fifty-

two (83%) women knew of bisphosphonates as a possible

treatment option for osteoporosis, none were familiar with

rhPTH (1-34), and none had talked about using an injectable

medication with their physician prior to the study.

Participant characteristics are further described in Table 1.

3.2. Treatment preferences

Overall, for the base case scenario in which rhPTH (1-34)

was modeled as being 25% more effective than bispho-

sphonates in preventing both vertebral and hip fractures, 72

(39%) women preferred rhPTH (1-34) over weekly oral

bisphosphonates. Treatment preferences for rhPTH (1-34)

among women at high versus low risk for osteoporotic

fractures did not differ (see Table 2). An increasing number

of women (regardless of risk) preferred rhPTH (1-34) over

bisphosphonates as the efficacy of teriparatide increased (see

Fig. 1). However, rhPTH (1-34) became the preferred

http://www.sawtoothsoftware.com/technicaldownloads.shtml
http://www.sawtoothsoftware.com/technicaldownloads.shtml
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Fig. 1. Percent of women preferring rhPTH (1-34) over bisphosphonates as

benefit of rhPTH (1-34) is increased. Dashed line: high fracture risk

(fracture index score �7). Solid line: low fracture risk (fracture index = 6

or 7).

Fig. 2. Percent of women preferring rhPTH (1-34) over bisphosphonates as

adverse effects. Associated with bisphosphonates are increased. Thick line:

high fracture risk (fracture index �7) assuming rhPTH (1-34) is associated

with a 75% reduction in risk of fractures. Dotted line: low fracture risk

(fracture index = 6 or 7) assuming rhPTH (1-34) is associated with a 75%

reduction in risk of fractures. Dashed line: high fracture risk (fracture index

�7) assuming rhPTH (1-34) is associated with a 65% reduction in risk of

fractures. Thin line: low fracture risk (fracture index = 6 or 7) assuming

rhPTH (1-34) is associated with a 65% reduction in risk of fractures.
treatment option for the majority of respondents only when it

is described as having benefits far greater than expected

based on results of randomized trials (Fig. 1) [10,31–33].

Preference for both treatment options as the risk of

gastrointestinal adverse events associated with bispho-

sphonates is increased are shown in Fig. 2. The reluctance

of women to accept daily subcutaneous injections is further

demonstrated in this figure, as most respondents continue to

prefer bisphosphonates even when this option is described as

having an increased risk of adverse events compared to

rhPTH (1-34).
Table 3

Participant characteristics and preference for rhPTH (1-34): bivariate analyses

Characteristic Percent preferring

rhPTH (1-34)

Age �65 74

Fracture index >7 39

Some college 69

Married 47

Annual household income �$40,000 72

Health status very good or excellent 40

High perceived risk of fracture 40

Worried about vertebral fractures at

least a good bit of the time

35

Worried about hip fractures at least a

good bit of the time

22

Currently using bisphosphonates 46

Table 4

Participant characteristics and preference for rhPTH (1-34): multivariate analyse

Characteristic

Age �65

Health status very good or excellent

High perceived risk of fracture

Worried about vertebral fractures at least a good bit of the time

Worried about hip fractures at least a good bit of the time

Currently using bisphosphonates

Independent variables included in the model = age, health status, perceived risk

bisphosphonates.
3.3. Associations between participant characteristics

and treatment preferences

Bivariate associations between preference for rhPTH (1-

34) and patient characteristics are shown in Table 3. There

was no association between sociodemographic character-

istics and preference for rhPTH (1-34) except for age. In this
Percent not preferring

rhPTH (1-34)

x2-Test P-value

86 4.4 0.05

37 0.03 0.8

67 0.1 0.7

47 0.004 0.9

77 0.8 0.4

55 3.7 0.05

15 14.9 0.001

22 3.5 0.06

10 4.9 0.03

65 6.5 0.01

s

Adjusted odds ratio (95% confidence interval)

0.5 (0.2–1.1)

0.8 (0.4–1.5)

3.8 (1.8–8.1)

1.2 (0.6–2.7)

1.8 (0.7–4.8)

0.4 (0.2–0.8)

of fracture, worry related to hip and vertebral fractures and current use of
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study, younger women were significantly more likely than

older women to be willing to perform daily subcutaneous

injections in exchange for improved benefits. Current use of

bisphosphonates was inversely associated with preference

for rhPTH (1-34). Preference for rhPTH (1-34) was also

stronger among women with a relatively higher perceived

risk of fracture and among women who worried more about

having a fracture. However, there was no association

between respondents’ actual fracture risk and preference for

rhPTH (1-34) (Table 3). Perceived fracture risk [adjusted

odds ratio (95% confidence interval) = 4.0 (1.8–8.9)]

remained associated with preference for rhPTH (1-34) after

controlling for the preceding covariates (Table 4).
4. Discussion and conclusion

4.1. Discussion

In summary, we found that the majority of women

participating in this study strongly preferred a once weekly

oral medication over rhPTH (1-34). Based on currently

available risk reduction rates, few women, regardless of

fracture risk, would choose rhPTH (1-34) over other

treatment options. Subjects at risk for future osteoporotic

fractures were willing to take rhPTH (1-34), but most

demanded efficacy advantages greater than that demon-

strated in clinical trials to date [10,31–33].

Although rhPTH (1-34) is generally reserved for patients

at high risk for future fractures, in this study women at

higher risk for fractures were not more willing to take rhPTH

(1-34), regardless of benefit, compared to women at lower

risk for fractures. However, women with a relatively higher

perceived risk of future fracture were more willing to

perform subcutaneous injections for added efficacy. This

finding is consistent with previous studies demonstrating the

strong influence of risk perception on healthcare beliefs and

behaviors [34–37].

Women’s preferences were based on trade-offs between

medication characteristics and therefore were not biased by

recognition of specific treatment options. Furthermore,

participants held no preconceived opinions regarding rhPTH

(1-34) since none were aware of rhPTH (1-34) as a possible

treatment option and none of the women had discussed this

option with their physician prior to participating in the study.

Numerous studies have demonstrated that conjoint

analysis produces internally consistent responses, and that

it is a reliable and valid method of measuring preferences

[19,21–24,38]. Results from this study are consistent with

previous studies demonstrating that patient preferences

vary and frequently differ from physicians’ practices and or

guidelines [39–41]. Other strengths of this technique are

the minimization of interviewer bias, the elimination of

brand name or product recognition bias, and the ability to

ensure that respondents evaluate all characteristics under

consideration.
In view of the known difficulties associated with

communicating probabilistic information, we tried to

maximize understanding of risk magnitude using several

strategies. We provided both numerical estimates (natural

frequencies) as well as graphical representations of

probability data. In addition, outcomes were provided for

women both on and off medication and we used the same

denominator throughout the survey.

Our results must be interpreted in view of the

limitations of this study. We did not consider preferences

for rhPTH (1-34) among women who ‘‘failed’’ bispho-

sphonates or other treatments, nor did we examine

preferences for cyclic therapies since outcomes using this

approach were not available at the time of the study. We

could not include all medication characteristics, because

this would have overly complicated the questionnaire.

However, inclusion of additional adverse effects (such as

the theoretical possibility of osteogenic sarcoma) and cost

would be expected to further widen the gap between

patient preferences for bisphosphonates over rhPTH (1-

34). Many of the participants interviewed were already on

treatment for osteoporosis, because we could not recruit

sufficient numbers of treatment naı̈ve women. In addition,

most participants were Caucasian, female, and well-

educated, thereby limiting the generalizability of the

results.

There is a large literature describing the effects of risk

perception on decision-making and choice behavior [34–

37]. These studies demonstrate variable influence of risk

perception on choice and patient behavior. This is

especially true in health care where multiple factors,

such as physicians’ recommendations, strongly influence

patients’ decision-making [42]. This study adds to the

current literature demonstrating the importance of

perceived risk, or worry about specific risks, as an

important determinant of patients’ preferences and high-

light the need for clinicians to be aware of patients’

individual ‘health beliefs’ when discussing potential

treatment options.

4.2. Conclusion

We conclude that few women would agree to take rhPTH

(1-34) based on currently available outcome data and that

treatment preferences in this population are more strongly

related to perceived versus actual risk.

4.3. Practice implications

Given the concerns regarding osteoporosis medication

use in older adults with multiple co-morbidities, including

adverse effects associated with polypharmacy, poor adher-

ence, and costs, our results suggest that efforts towards

development of novel therapeutics should incorporate

patient preferences in order to ensure investment in options

most likely to be acceptable to patients.
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