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Abstract

Background

Patient decisions to take preventative treatments for osteoporosis depend on their percep-

tions of fracture risk, medication effect sizes (ES) of benefits and harms. However, physi-

cians and lay persons may have differing perceptions of risks and medication efficacy. Both

tend to overestimate medication benefits. This study surveyed at what risk physicians would

prescribe and lay persons would be willing to take bisphosphonates, the minimum ES both

groups do demand and the physicians estimates of the actual benefit of bisphosphonates.

Design

Cross-sectional online questionnaire survey.

Methods

Respondents were confronted with a case vignette with an osteoporotic patient (10-year

femoral fracture risk: 32%). They were asked at what threshold of 10-year-risk of femoral

neck fracture they would prescribe or take a drug. They were asked for the minimum ES

(absolute risk reduction, ARR) they demand from bisphosphonates to prescribe or take

them. Physicians were asked to provide their estimate of the actual ARR of

bisphosphonates.

Results

114 physicians and 140 lay persons answered (convenience sample/snowball distribution).

The 10-year-risk threshold of lay persons (Mdnlay = 60%) willing to take medication was

twice as high as the physicians’ threshold (Mdnphy = 30%) to prescribe it (p < .001). The

median minimum ARR physicians demanded for bisphosphonates prescription was 17%,

whereas lay persons demanded 22% (p < .001). Physicians estimated the actual ARR of

bisphosphonates to be 12%. This estimated effect size was below their own minimum

threshold for prescription.
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Conclusions

Lay persons tolerate a higher fracture risk and demand a larger benefit of antiosteoporotic

medication for fracture prevention than physicians. Physicians demand higher minimum

benefits than their own estimates which in turn are above the benefit evidence suggests.

Physicians should be more familiar with ES of antiosteoporotic drugs concerning patient out-

comes and actively advise lay persons before preventive treatment decisions are taken.

Background

Osteoporosis is defined as a T-score for bone mineral density (BMD) of� -2.5 standard devia-

tions (SD) below the mean of young female adults assessed by dual-energy x-ray absorptiome-

try (DXA) [1–3]. It is conceptualized as “a systemic skeletal disease characterized by low bone
mass and microarchitectural deterioration of bone tissue” [4]. As bone-density declines with age

this operational definition generates an osteoporosis prevalence of about 50% within female

populations 80 years and older [2]. While osteoporosis itself does not cause direct suffering for

patients, the disease burden itself arises from occurring fractures [5]. The individual risk for a

fracture can be calculated by different risk assessment tools like the country specific Fracture
Risk Assessment Tool (FRAX1) that calculates an individual 10-year risk formajor fractures
[6]. The guideline for German speaking countries (DVO, Umbrella Organization of German-

Speaking Scientific Osteological Societies) uses a different method to calculate risk for fracture

(DVO risk model) [1]. The threshold of the DVO to start specific antiosteoporotic treatment is

set at a 10-year risk of� 30% for proximal femoral and vertebral fractures or� 14% for any

major osteoporotic fracture (defined as clinical vertebral, hip, forearm, or proximal humerus

fracture) [1]. The “U.S. National Osteoporosis Foundation Clinician’s Guide to Prevention and
Treatment of Osteoporosis” (NOF) sets a 10-year risk threshold for any major osteoporosis-

related fracture for pharmacological intervention of� 20% and� 3% for hip fractures [7].

The NOF criteria have been applied to a data-set of US-American women estimating that that

at least 72% of U.S. white women� 65 years of age and 93% of those� 75 years of age would

be recommended for drug treatment [8]. We estimate that applying the DVO criteria would

make at least about 75% of women� 75 years in Germany eligible for taking antiosteoporotic

medication.

While such models recommended by guidelines present a feasible approach for general risk

and treatment assessment, the question remains, if guidelines sufficiently communicate infor-

mation about effect sizes (ES) of harms and benefits at an individual level [9]. Comprehensible

and applicable ES are especially important, as communication of preventive measures depends

on how the subject at risk and the physician perceive the individual risk of fractures and the ES

of preventive medication to reduce this very risk [10, 11]. Studies indicate that patients often

set treatment thresholds differently and also assess benefits and harms differently than their

physicians [12–14]. Generally, evidence shows that physicians and patients overestimate bene-

fits and underestimate harms of drugs [15–17].

One group of drugs for specific antiosteoporotic therapy are bisphosphonates [2], with the

two most commonly used being alendronate and risedronate [18, 19]. In a best estimate sce-

nario two Cochrane meta-analyses of randomized-controlled trials (RCTs) communicated

specific ES for these drugs showing an absolute risk reduction (ARR) of 1.0% (i.e. number

needed to treat (NNT) 100 over three years) in the secondary prevention of hip fracture with

little or no effect in primary prevention [20, 21]. A more recent systematic review identified an
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ARR of .57% for hip fracture over three years, resulting in a NNT of 175 [22]. Evidence is weak

for women older than 75, as only a limited number of studies have included enough patients

in this age group. In some studies, significant effects on hip fracture in this group could not be

shown [23–25]. Evidence from RCTs in elderly men that contribute around 30% to 40% of hip

fractures [26] is even more sparse.

Statistical significance seems to notoriously be confused with clinical relevance. Statistical

significance is a function of sample size and it has been proposed to retire it as a meaningful

statistical concept [27]. Instead, the concept of aminimal clinically important difference
(MCID) seems a more meaningful approach. It defines how much an outcome would have to

change minimally in order to be relevant for the individual patient [28]. According to the para-

digm of evidence-based medicine (EBM), treatment decisions ultimately are subjective,

depending on individuals preferences and clinical judgement ideally in face of the currently

best available evidence [29]. As preferences and judgements might also be culture, country or

ethnic-specific, or based on personal experience [30–32] we wanted to add to the still sparse

evidence that current guideline recommendations for osteoporosis and physician perceptions

might not meet MCID of lay persons in Germany. To our knowledge all guidelines conflate

some or all major fracture types to the concept of “major osteoporotic fracture” for their risk

prediction models and for the therapeutic thresholds they set. As the fracture types are differ-

ent in their frequencies, the ages they happen, the mechanisms they are based on and their

consequences for the patients, we perceive this conflation as inappropriate for a meaningful

decision making in the individual. Therefore, we chose focusing on the most severe type of

fracture in terms of consequences for the patient, namely femoral fractures.

Aim of the study

Our aim was to survey the minimum threshold of 10-year risk for femoral neck fracture at

which physicians would prescribe bisphosphonates and lay persons would be willing to take

them (treatment threshold). Additionally, we wanted to know the demanded minimum clini-

cally important ARR (minimum ES in the sense of MCID) by each group in order to prescribe

or take bisphosphonates, respectively. Lastly, we wanted to learn about the estimated real bene-

fit (estimated ARR) of bisphosphonates among physicians.

Material & methods

Design

A quantitative, cross-sectional, online questionnaire study was conducted, following the

STROBE guideline and CHERRIES checklist [33, 34]. Both checklists and the items relevant

for the present study and their fulfilment can be found in S1 and S2 Appendices. The study

has been approved by the Ethics Committee of the Friedrich-Alexander University Erlangen-

Nürnberg (no. 145_19B). The software SurveyMonkey1 was used for programming and

developing the questionnaires and subsequent online rollout and anonymous data collection

[35]. Participants gave informed consent accepting privacy regulation of the survey software

presented at the begin of the survey. Questionnaires for physicians and lay persons were devel-

oped at the Institute of General Practice of the Friedrich-Alexander-Universität Erlangen-

Nürnberg based on opinions of experts in general practice and educational research. Consen-

sus was reached after discussion and referring to similar work [12]. Pre-testing for design and

content evaluation was done with four physicians and four lay persons using the “thinking
aloud”method [36]. Changes in question sequence to reduce priming effects in questions to

risk reduction and treatment thresholds were made due to pre-test analysis.
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A voluntary, convenience sample was collected by sending the link to the questionnaire via

email to physicians and lay persons. Inclusion criteria were being a physician, with or without

completed specialty training, or being a lay person older than 18 years. The questionnaire con-

tained a description of the study’s objective, informed consent statement, data handling (ano-

nymity) and invitation to participation. The email was delivered between November 2019 and

February 2020. Physicians of the institution’s internal educational network (KWAB, Compe-

tency Education Center in General Medicine) and physicians receiving the newsletter of the

Bavarian Association of General Practitioners (BHÄV) were invited to participate and asked

to forward the link to colleagues in a snowball system. Lay persons were invited on a basis of

personal contacts and networks by sending the link via email, asking them for snowball distri-

bution of the link. A response rate therefore cannot be reported. No reminder was sent. There

was no advertising of the study and no incentives for participation were offered. In order to

obtain an effect of d = .5 in a Mann-Whitney-Wilcoxon test for two independent samples and

a two-sided α-error level of .05 with a power of .95 a sample size of 110 participants per group

was calculated [37]. Data collection was closed, when the aimed sample size was reached.

Questionnaires were presented in a (non-randomized, non-adaptive) scrollable web-page

consisting of eight questions for the physician group and six questions for the lay person

group. At the end a completeness check was offered, also indicating possible wrong or missing

entries by the user.

Information about osteoporosis. Both groups were briefly informed about osteoporosis.

Treatment options for reducing fracture risk with bisphosphonates were explained. Possible side

effects and their frequencies were listed according to the German product information for alen-

dronate. As lay persons might not be fully aware of the medical definition and complications of

femoral neck fracture, they additionally received comprehensible information about femoral neck

fractures and possible clinical implications. In pre-testing of lay persons, we were mindful on

basis of this given information, that lay persons felt adequately informed on osteoporosis and fem-

oral neck fracture. Additionally, with femoral neck fracture being common among elderly

patients, we estimated that a majority of lay persons had come into contact to osteoporosis or

resulting fracture in their environment. Physicians then received four, lay persons three questions

in the same sequence in their role as physician or patient in order to “prescribe bisphosphonates”
or “take bisphosphonates”, respectively. As relative risk numbers often lead both physicians and

patients to misjudgment and in line with prior work by Steel and Douglas et al. [12, 13] the treat-

ment threshold was asked in absolute risk numbers [38]. Fig 1 exemplary shows two questions

for physicians. The whole questionnaire can be accessed in S3 Appendix.

Measures

Sociodemographic characteristics. To analyze possible subgroup effects and to suffi-

ciently describe the sample, physicians were asked for gender, age, specialty and occupational

status. Lay persons were asked for: gender, age and educational status. The question for educa-

tional status was introduced as evidence has shown that a lower level of education may be asso-

ciated with higher minimum benefit to justify intervention use [16]. Educational status of lay

persons was collected based on categories by the German Federal Office of Statistics [39].

Treatment threshold. The question posed was:

“At what individual risk of suffering a femoral neck fracture within 10 years would you pre-
scribe (physicians)OR take (lay persons) bisphosphonates? Please move the slider to the low-

est percentage that you can still accept. Slider from 0% (left)– 100% (right)”; 1% steps

possible; free text field on the right for manual number entry. Starting position of the slider

PLOS ONE Treatment thresholds and effect sizes of antiosteoporotic medication

PLOS ONE | https://doi.org/10.1371/journal.pone.0272985 August 11, 2022 4 / 15

https://doi.org/10.1371/journal.pone.0272985


set at 0% (left) to actively increase to the lowest absolute risk percentage still accepted, by

sliding to the right.

Demanded minimum ARR. A patient scenario was presented and slightly adapted to

both groups. We presented a 78-year-old female patient with no prior fractures, with a 10-year

fracture risk of slightly more than 30%, but no additional information. Since evidence is weak

for this age group, we wanted to create an “inconvenient” and “grey” patient scenario, where

no clear “right” or “wrong” lies obviously at hand, creating ambiguity in the physicians’ deci-

sion, not only relying on external evidence, but experience and personal preference, therefore

practicing the very definition of EBM according to Sackett et al. [29].

“You (lay persons)/Your patient (physicians) was diagnosed with osteoporosis by the age of
78. She has not yet suffered a previous fracture due to it. Please assume, your/your patient’s
10-year risk of femoral fracture is 32% without medication. This means that 32 out of 100
similar patients will suffer a femoral neck fracture within the next 10 years. There is, however
the chance to reduce your/your patient’s risk by medication like bisphosphonates.What effi-
cacy do you expect of the drug in this case?”

"I expect the drug to reduce the patient’s risk from 32% to at least x%." (Please move the slider

to the highest percentage that you can still accept. Slider from 0% (left)– 32% (right); 1%

steps possible; free text field on the right for manual number entry. Starting position of the

slider set at 32% (right) to actively decrease to the desired, lower risk by sliding to the left.)

Fig 1. Exemplary depiction of the physicians’ survey to display treatment threshold (A) and demanded minimum

ARR (B). The different starting positions (blue arrows) and the different sliding directions (green arrows) in order to

actively increase/decrease risk value. Manual entry was able by entering numbers in the text field (green circles).

https://doi.org/10.1371/journal.pone.0272985.g001
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Estimated ARR. Only physicians were asked, how they estimate the actual ES of bisphos-

phonates for that patient by presenting further information: T-Score: -3.0, BMI: 25.7, no other

risk factors.

"The patient’s risk of suffering a femoral neck fracture within 10 years is reduced by regularly
taking a bisphosphonate from 32% to x%." (Please move the slider to the estimated percent-

age. (Slider from 0% (left)– 32% (right); 1% steps possible; free text field on the right for

manual number entry).

Recent fracture. Both groups were asked

“Did you suffer a fracture within the past 12 months?”

Data analysis

The software IBM1 SPSS1 Statistics 24 was used for statistical processing and data analysis.

Data from both groups were not normally distributed (Kolmogorov-Smirnov p< .001).

Therefore, non-parametric methods were used for data analysis. A Mann-Whitney U-test was

used to compare the independent groups of physicians and lay persons. To compare the

demanded minimum ARR and the estimated ARR within the group of physicians, a Wilcoxon

test was used and medians (Mdn) were compared. Box plots were chosen for graphical repre-

sentation. Demanded minimum and estimated ARR were calculated as:

32%—entered value (x).

Subsequent calculation of NNT resulted from reciprocal ARR. For descriptive statistics, a

Mann-Whitney U test and an uneven distribution of the groups, the average ranks (MRank), U

(U) and Z statistics (z) were displayed. The effect size r was based on Cohen with small (r =

.10), medium (r = .30) and large effects (r = .50) [40]. The levels of statistical significance were

set as follows: p< .05 (significant, �), p< .01 (very significant, ��) and p< .001 (highly signifi-

cant, ���). Due to the low number of fracture occurrence in both groups, no further correlation

analysis was carried out. Missing data entry was excluded from quantitative analysis.

Results

Sample characteristics

A total of 114 physicians participated in the survey of which 112 physicians (98%) fully com-

pleted it. The mean age of physicians was 44.5 (SD = 13.8) years. Slightly more female than

male physicians participated in the study. Occupational status was evenly distributed between

genders. About half of physicians were still in specialty training. Completed specialties mainly

were general and internal medicine (Table 1).

A total of 140 lay persons participated in the survey of which 130 (93%) fully completed it.

The mean age of lay persons was 42.5 (SD = 15.3) years. There were substantially more female

than male lay persons. Educational level was high. The vast majority had not suffered a fracture

within 12 months prior to the study (Table 2).

Treatment thresholds

Valid answers to the question for the treatment threshold were given by N = 113 (99%) physi-

cians and N = 130 lay persons (93%). The median minimum treatment threshold for
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prescribing bisphosphonates for physicians was at a 10-year femoral neck fracture risk of 30%

(Range 5–100%). The median minimum treatment threshold of lay persons for taking bisphos-

phonates was at a 10-year risk of femoral neck fracture of 60% (Range 10–100%). Variation of

thresholds was high among lay persons with 18% willing to take bisphosphonates already at a

10-year risk of femoral neck fracture� 30%, and 20% of lay persons only at a 10-year risk

of� 80%. Median treatment thresholds of both groups were significantly different with a large

effect size (Mrank_phy = 87.87,Mrank_lay = 151.67, IQRphy = 29.7, IQRlay = 34.7, U = 3488.500, z
= -7.070, p< .001, r = .454). Fig 2 displays treatment thresholds as box plots for physicians

and lay persons.

Demanded minimum ARR

Valid answers to demanded ARR were given by 114 physicians (100%) and 135 lay persons

(96%). Physicians demanded a median ARR for bisphosphonates of 17% (Range 5–32%,

NNTmed = 6). An ARR of at least 12% was demanded by 97% of them. Lay persons demanded

a median ARR of 22% (Range 2–32%, NNTmed = 5). ARR of more than 12% was demanded by

93% of lay persons. Demanded ARRs for both groups were significantly different showing a

medium effect size (Mrank_phy = 104.57,Mrank_lay = 142.26, IQRphy = 6.3, IQRlay = 9.7,

U = 5365.500, z = -4.181, p< .001, r = .265). Fig 3 displays demanded effect sizes in terms of

ARR as box plots for physicians and lay persons. A medium correlation between treatment

Table 1. Demographic characteristics of physicians.

N %

114 100

Age (years)a

18–39 049 44

40–59 042 37

� 60 021 19

Genderb

Female 061 54

Male 052 46

Previous fracturec

Yes 004 03

No 110 97

Occupational status

Employed ambulatory (outpatient) 032 28

Independent ambulatory (outpatient) 040 35

Employed (inpatient) 037 33

Other 005 04

Completed specialist training 0

None 052 46

General practice/medicine 039 34

Internal medicine 011 10

General & internal medicine 005 04

Other 007 06

Note
a calculated for N = 112, due to missing values.
b calculated for N = 113 due to missing values.
c within the last 12 months.

https://doi.org/10.1371/journal.pone.0272985.t001
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Table 2. Demographic characteristics of lay persons.

N %

140 100

Age (years)

18–39 067 48

40–59 037 26

� 60 036 26

Gender

Female 092 66

Male 048 34

Previous fracturea

Yes 005 03

No 135 97

Educational Qualification

None 003 02

Professional training 029 21

Technical school 015 11

Technical collegeb 027 19

Collegec 060 43

Graduation/doctorate 006 04

Note
a within the last 12 months.
b in Germany: University of applied sciences.
c bachelor/master/diploma/magister/state examination.

https://doi.org/10.1371/journal.pone.0272985.t002

Fig 2. Box plot representation of treatment thresholds of physicians and lay persons. Median, Q1 and Q3 are

reported. Whiskers indicate minimum and maximum. Question: “At what individual risk of suffering a femoral neck

fracture within 10 years would you prescribe/take bisphosphonates?”.

https://doi.org/10.1371/journal.pone.0272985.g002
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threshold and demanded ARR was present within the physician group (r = .339, p< .001) but

not in the lay person group (r = .125, p = .163). Physicians with a higher treatment threshold

also showed a higher demanded ARR.

Estimated ARR

Valid answers to estimated ARRs were given by 114 physicians. The median estimated ARR of

bisphosphonates s by physicians was 12% (Range 1–28%) corresponding to an NNT of 9. Fig 4

compares physicians minimum demanded ARRs and their estimated real ARRs as box plots.

Wilcoxon test revealed that the demanded ARR was significantly higher than the estimated

ARR showing a large effect size (z = -7.073, p< .001, r = .662 IQR demanded minimum ARR = 6.3,

IQR estimated ARR = 9.5).

Influencing variables. In the physician group there was no correlation between gender,

age groups, specialist training or occupational status on the one side and treatment threshold,

expected and estimated ARR on the other. In the lay person group there was no correlation

between gender, age groups, educational status and treatment threshold or demanded mini-

mum ARR.

Discussion

When presented with a patient scenario lay persons were willing to accept a twice as high

median 10-year risk treatment threshold of femoral neck fracture and demanded a higher risk

reduction from bisphosphonates than physicians. Physicians demanded a higher risk reduc-

tion from bisphosphonates than they would estimate the real benefit of these medications.

Both lay persons and physicians demanded bisphosphonates to be more beneficial than they

Fig 3. Box plot representation of demanded ARR of physicians and lay persons. Median, Q1 and Q3) are reported.

Whiskers indicate minimum and maximum. Question: “What efficacy do you expect of the drug in this case? I expect

the drug to reduce the patient’s/my risk from 32% to at least . . .%.".

https://doi.org/10.1371/journal.pone.0272985.g003
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actually are according to evidence. Treatment thresholds of 10-year fracture risk for all osteo-

porotic fractures as set by the guidelines are between 14% and 20%. The treatment threshold

expressed by the German physicians for femoral fractures only was identical to the treatment

threshold for hip and spine fractures underlying the German guideline recommendations for

osteoporosis [1]. However, we had asked for the minimum risk threshold in a distinct patient

case and only for femoral fractures while guidelines present their thresholds for a risk based on

some or all major fracture types. The threshold for femoral fractures only is not given in the

German guideline but given in the NOF guideline as� 3% for ten years. As the fracture risk

for femoral fractures generally is much lower than the risk for all major osteoporotic fractures

combined, physicians can be expected to set the threshold for all major osteoporotic fractures

much higher than the guidelines recommend.

The actual ARR of bisphosphonates for femoral neck fracture reduction in the studies

reaches about .57% to 1% over three years [22, 41]. There is evidence for the efficacy of bis-

phosphonates no longer than five years [1]. The 10-year baseline risk for the patient in our

case vignette was with 32% much higher than the mean baseline risk in the studies. To our

knowledge, studies with patients with a 10-year baseline risk > 20% do not exist. It is difficult

to estimate, whether the effect of bisphosphonates on femoral fractures rises, equals or dimin-

ishes with higher fracture risk in comparison to existing studies. With rising age of the patient,

osteoporosis and non-skeletal risk factors both inevitably increase. Patients with very high

fracture risk might have very low BMD or very high non-skeletal risk factors like frailty and

falls. The latter will be the most common reason in the oldest old for whom bisphosphonates

seem to be less effective for preventing these fractures, if they are effective at all [23]. Thus,

depending on the factors contributing to this high risk for femoral fractures, the ARR for the

patient in the vignette might be higher than the .57% to 1% if depending on severe osteoporo-

sis or even lower or zero if depending on non-skeletal risk factors. Anyway, the older the

patient gets, the less meaningful will it be to calculate a 10-year fracture risk. There obviously is

a mismatch between 10-year fracture risk estimations and the much shorter observation time

Fig 4. Box plot comparison of demanded minimum ARR and estimated ARR of bisphosphonates of physicians.

Median, Q1 and Q3 are reported. Whiskers indicate minimum and maximum.

https://doi.org/10.1371/journal.pone.0272985.g004
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in studies of antiosteoporotics which usually is three years. If evidence can’t tell us how much

10-year fracture risk can be decreased by antiosteoporotic medication and with rising age

increasing the chance of the patient’s death due to age itself, it might not make much sense to

operate with such a measure. Assuming fracture risk reduction lasts about five years [42]—the

theoretical cumulative maximum effect in risk reduction of femoral neck fractures would be

approximately 3–3.5% over five years. 10-year extrapolation would reveal a best estimate maxi-

mum benefit of 6–7% ARR and seems highly problematic as age and ageing are only limited

proxies for functional health. Fracture risk will mostly rise steeply with rising grades of frailty.

However, frailty at the same time is a good proxy for approaching death, resulting in the trap

that with rising fracture risk there will be less time to experience the benefits of preventive anti-

osteoporotic medication. The median minimum efficacy demanded by lay-persons being 22%

was far above this insecure best estimate which also accounts for the 17% ARR physicians

demanded. Most physicians estimated ARR to be greater than 5%, which would include this

extrapolated maximum benefit of 6–7% ARR. However, the median estimated benefit was 12%

thereby doubling the “real” ES. This generates a rather contradictory situation for physicians.

They overestimated the effects of bisphosphonates and demanded even higher ES in order to

be willing to prescribe them. A possible explanation for this phenomenon might be that physi-

cians are not familiar and normally don’t think in the way we asked them. Taking rational

decisions based on numbers of ES, though probably the better way to take decisions and pro-

posed as such by the current medical paradigm evidence-based medicine (EBM), might corre-

spond only little to the way physicians actually think and decide [43]. But even if this kind of

rational thinking might not be exacted from physicians who in Germany still mostly have

never been trained in EBM, it should very well be exacted by authors of guidelines claiming

the evidence-based label. These findings urge physicians and patients to learn about and com-

municate best estimates of ES of antiosteoporotic therapy in order to avoid overtreatment.

Comparison to other studies

Other studies revealed similar results thereby supporting our findings. Steel et al. asked the

general population and different groups of medical professionals or physicians for distinct

NNT categories to take antihypertensive medication over five years in order to prevent one

death [13]. Specialists accepted the highest median NNT = 100, followed by general practition-

ers NNT = 50, health professionals and general population NNT = 33. Douglas et al. conducted

a survey on patients referred for BMD measurement and physicians managing osteoporosis

[12]. The treatment threshold of 10-year absolute risk formajor osteoporotic or hip fracture jus-

tifying intervention was five times higher (50%) for patients than for their physicians (10%),

supporting the hypothesis of different risk perception. In contrast to our study, Douglas et al.

asked patients not lay persons and the majority of patients was over 60 years of age. Their sam-

ple consisted mostly of general practitioners as opposed to only a third of them in our study.

Still, our study shows similar results in the discrepancy of intervention thresholds between lay

persons/patients and physicians. We were unable to find other studies asking for minimum ES

or estimations of ES of antiosteoporotic drugs to compare our results with. But interestingly, a

systematic review identified several factors influencing a patient’s anti-osteoporotic medica-

tion adherence by presenting five factors physicians should consider in their daily practice

(individual condition, patient-related factors, therapy-related factors, health-system and socio-

economic factors) [44], emphasizing the need to practice EBM and shared-decision making in

osteoporosis. This creates a rather paradoxical situation. On the one hand, guidelines often

insufficiently communicate ES or MCID to the very same physicians who should apply them

or deviate from them in an evidence-based way [9]. Even if ES or MCID would be presented in

PLOS ONE Treatment thresholds and effect sizes of antiosteoporotic medication

PLOS ONE | https://doi.org/10.1371/journal.pone.0272985 August 11, 2022 11 / 15

https://doi.org/10.1371/journal.pone.0272985


guidelines, German physicians themselves identify a “lack of EBM skills” as barrier to seek for

and evaluate information in the first place [45]. If an ES or MCID is neither sufficiently

reported, nor comprehensibly presented to the physician, nor appropriately understood by

physicians, it remains doubtful if it can be explained to the patient in the shared-decision mak-

ing process.

Limitations

The snowball distribution system of the email with the link to the survey resulted in an

unknown number of recipients. Selection bias due to differences in motivation to participate

cannot be ruled out. Therefore, our convenience sample cannot be regarded as representative.

The biggest limitation of our study probably is the fact that our survey did not include enough

older lay persons or patients and no orthopedic surgeons. The German health care system

allows patients to directly consult specialists like orthopedic surgeons in ambulatory care.

Orthopedic surgeons probably start prescribing antiosteoporotic medication in the majority of

cases in Germany. The reason for the important lack of these two most important groups was

that in the pretest of the questionnaire we learned that old people had major difficulties under-

standing what we were asking for. Furthermore, we were unable to recruit enough orthopedic

surgeons despite various attempts with the snowball distribution system in our sample. Also,

our sample contained an increased proportion of lay persons with a university degree not cor-

responding to the German population average [46]. The questions in the two questionnaires

were not randomized, making positioning effects in the responses possible. Framing effects

and bias due to different wording in the information texts for physicians and lay persons can-

not be ruled out. Lastly, the survey’s given choice of the time span over ten years to take a med-

ication could reduce the willingness to take or prescribe medication in the first place. Another

weakness might be seen in the fact that we did not ask for the role of harms which should be

part of any rational decision-making process.

Conclusions

Our results show a relevant gap of intervention thresholds and demanded ES between physi-

cians and lay persons in order to be willing to prescribe or take antiosteoporotic medication.

In addition, physicians estimated the actual ARR of antiosteoporotic medication to be even

lower than they themselves demanded to be the minimum ES in order to prescribe them. This

study adds, with some limitations, to the still sparse body of evidence finding out about this

patient-physician gap for osteoporosis and fragility fractures as for probably most other clini-

cal situations of decision making. As a precondition for shared decision making, guidelines

should provide their readers with understandable ES of benefits and harms in order to allow

patients and physicians taking individual decisions.
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(Bavarian Association of General Practitioners) for helping in distributing the survey link.

Author Contributions

Conceptualization: Thomas Kühlein.

Data curation: Nikoletta Zeschick, Anna Ruth Schlenz.

Formal analysis: Nikoletta Zeschick.

Investigation: Anna Ruth Schlenz.

Methodology: Nikoletta Zeschick, Anna Ruth Schlenz.

Project administration: Anna Ruth Schlenz.

Resources: Anna Ruth Schlenz.

Software: Anna Ruth Schlenz.

Supervision: Piet van der Keylen, Thomas Kühlein.

Validation: Nikoletta Zeschick.

Visualization: Piet van der Keylen, Nikoletta Zeschick, Anna Ruth Schlenz.

Writing – original draft: Piet van der Keylen, Nikoletta Zeschick, Thomas Kühlein.

Writing – review & editing: Piet van der Keylen, Nikoletta Zeschick, Thomas Kühlein.

References
1. Umbrella Organization of German-Speaking Scientific Osteological Societies. S3-Leitlinie zur Prophy-

laxe, Diagnostik und Therapie der Osteoporose (Langfassung) Arbeitsgemeinschaft der Wissenschaf-

tlichen Medizinischen Fachgesellschaften e.V.2017 [Cited 2021 November 11]. Available from: https://

www.awmf.org/uploads/tx_szleitlinien/183-001l_S3_Osteoporose-Prophylaxe-Diagnostik-Therapie_

2019-02.pdf.

2. Kanis JA, Cooper C, Rizzoli R, Reginster JY. On behalf of the Scientific Advisory Board of the European

Society for Clinical and Economic Aspects of Osteoporosis (ESCEO) and the Committees of Scientific

Advisors and National Societies of the International Osteoporosis Foundation (IOF)–European guid-

ance for the diagnosis and management of osteoporosis in postmenopausal women. Osteoporos Int.

2019; 30(1):3–44. https://doi.org/10.1007/s00198-018-4704-5 PMID: 30324412

3. Compston J, Cooper A, Cooper C, Gittoes N, Gregson C, Harvey N, et al. UK clinical guideline for the

prevention and treatment of osteoporosis. Arch Osteoporos. 2017; 12(1):43. https://doi.org/10.1007/

s11657-017-0324-5 PMID: 28425085

4. Arnaud C, Christiansen C, Cummings S, Fleisch H, Gennari C, Kanis J, et al. Consensus development

conference: Prophylaxis and treatment of osteoporosis. Am J Med. 1991; 90:107–10. https://doi.org/10.

1016/0002-9343(91)90512-v PMID: 1986575

5. Tsuda T. Epidemiology of fragility fractures and fall prevention in the elderly: a systematic review of the

literature. Curr Orthop Pract. 2017; 28(6):580–5. https://doi.org/10.1097/BCO.0000000000000563

PMID: 29177024

6. University of Sheffield UK. Fracture Risk Assessment Tool: Centre for Metabolic Bone Diseases; 2008

[Cited 2021 November 11]. Available from: https://www.sheffield.ac.uk/FRAX/tool.aspx?country=14.

PLOS ONE Treatment thresholds and effect sizes of antiosteoporotic medication

PLOS ONE | https://doi.org/10.1371/journal.pone.0272985 August 11, 2022 13 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0272985.s004
https://www.awmf.org/uploads/tx_szleitlinien/183-001l_S3_Osteoporose-Prophylaxe-Diagnostik-Therapie_2019-02.pdf
https://www.awmf.org/uploads/tx_szleitlinien/183-001l_S3_Osteoporose-Prophylaxe-Diagnostik-Therapie_2019-02.pdf
https://www.awmf.org/uploads/tx_szleitlinien/183-001l_S3_Osteoporose-Prophylaxe-Diagnostik-Therapie_2019-02.pdf
https://doi.org/10.1007/s00198-018-4704-5
http://www.ncbi.nlm.nih.gov/pubmed/30324412
https://doi.org/10.1007/s11657-017-0324-5
https://doi.org/10.1007/s11657-017-0324-5
http://www.ncbi.nlm.nih.gov/pubmed/28425085
https://doi.org/10.1016/0002-9343%2891%2990512-v
https://doi.org/10.1016/0002-9343%2891%2990512-v
http://www.ncbi.nlm.nih.gov/pubmed/1986575
https://doi.org/10.1097/BCO.0000000000000563
http://www.ncbi.nlm.nih.gov/pubmed/29177024
https://www.sheffield.ac.uk/FRAX/tool.aspx?country=14
https://doi.org/10.1371/journal.pone.0272985


7. Cosman F, de Beur SJ, LeBoff M, Lewiecki E, Tanner B, Randall S, et al. Clinician’s guide to prevention

and treatment of osteoporosis. Osteoporos Int. 2014; 25(10):2359–81. https://doi.org/10.1007/s00198-

014-2794-2 PMID: 25182228

8. Donaldson MG, Cawthon PM, Lui LY, Schousboe JT, Ensrud KE, Taylor BC, et al. Estimates of the pro-

portion of older white women who would be recommended for pharmacologic treatment by the new US

National Osteoporosis Foundation Guidelines. J Bone Miner Res. 2009; 24(4):675–80. https://doi.org/

10.1359/jbmr.081203 PMID: 19049330

9. Morgott M, Heinmüller S, Hueber S, Schedlbauer A, Kühlein T. Do guidelines help us to deviate from

their recommendations when appropriate for the individual patient? A systematic survey of clinical prac-

tice guidelines. J Eval Clin Pract. 2020; 26(3):709–17. https://doi.org/10.1111/jep.13187 PMID:

31206241

10. Clark P, Lavielle P. Risk perception and knowledge about osteoporosis: well informed but not aware? A

cross-sectional study. J Community Health. 2015; 40(2):245–50. https://doi.org/10.1007/s10900-014-

9923-x PMID: 25096762

11. Neuner JM, Schapira MM. The importance of physicians’ risk perception in osteoporosis treatment deci-

sion making. J Clin Densitom. 2012; 15(1):49–54. https://doi.org/10.1016/j.jocd.2011.07.008 PMID:

22075328

12. Douglas F, Petrie KJ, Cundy T, Horne A, Gamble G, Grey A. Differing perceptions of intervention

thresholds for fracture risk: a survey of patients and doctors. Osteoporos Int. 2012; 23(8):2135–40.

https://doi.org/10.1007/s00198-011-1823-7 PMID: 22065304

13. Steel N. Thresholds for taking antihypertensive drugs in different professional and lay groups: question-

naire survey. BMJ. 2000; 320(7247):1446–7. https://doi.org/10.1136/bmj.320.7247.1446 PMID:

10827049

14. Kalluru R, Petrie KJ, Grey A, Nisa Z, Horne AM, Gamble GD, et al. Randomised trial assessing the

impact of framing of fracture risk and osteoporosis treatment benefits in patients undergoing bone den-

sitometry. BMJ Open. 2017; 7(2):e013703. https://doi.org/10.1136/bmjopen-2016-013703 PMID:

28188155

15. Hoffmann TC, Del Mar C. Clinicians’ Expectations of the Benefits and Harms of Treatments, Screening,

and Tests: A Systematic Review. JAMA Intern Med. 2017; 177(3):407–19. https://doi.org/10.1001/

jamainternmed.2016.8254 PMID: 28097303

16. Hudson B, Zarifeh A, Young L, Wells JE. Patients’ expectations of screening and preventive treatments.

Ann Fam Med. 2012; 10(6):495–502. https://doi.org/10.1370/afm.1407 PMID: 23149525

17. Hoffmann TC, Del Mar C. Patients’ expectations of the benefits and harms of treatments, screening,

and tests: a systematic review. JAMA Intern Med. 2015; 175(2):274–86. https://doi.org/10.1001/

jamainternmed.2014.6016 PMID: 25531451

18. Poole KE, Compston JE. Bisphosphonates in the treatment of osteoporosis. BMJ. 2012; 344:e3211.

https://doi.org/10.1136/bmj.e3211 PMID: 22619192

19. Bilezikian JP. Efficacy of bisphosphonates in reducing fracture risk in postmenopausal osteoporosis.

Am J Med. 2009; 122(2 Suppl):S14–21. https://doi.org/10.1016/j.amjmed.2008.12.003 PMID:

19187808

20. Wells GA, Cranney A, Peterson J, Boucher M, Shea B, Robinson V, et al. Alendronate for the primary

and secondary prevention of osteoporotic fractures in postmenopausal women. Cochrane Database

Syst Rev. 2008(1):CD001155. https://doi.org/10.1002/14651858.CD001155.pub2 PMID: 18253985

21. Wells G, Cranney A, Peterson J, Boucher M, Shea B, Robinson V, et al. Risedronate for the primary

and secondary prevention of osteoporotic fractures in postmenopausal women. Cochrane Database

Syst Rev. 2008(1):CD004523. https://doi.org/10.1002/14651858.CD004523.pub3 PMID: 18254053

22. Musini VM BK, Wright JM. A systematic review of the efficacy of bisphosphonates. Therapeutics Letter.

2011; 83:1–2.

23. McClung MR, Geusens P, Miller PD, Zippel H, Bensen WG, Roux C, et al. Effect of risedronate on the

risk of hip fracture in elderly women. Hip Intervention Program Study Group. N Engl J Med. 2001; 344

(5):333–40. https://doi.org/10.1056/NEJM200102013440503 PMID: 11172164

24. Boonen S, Black DM, Colon-Emeric CS, Eastell R, Magaziner JS, Eriksen EF, et al. Efficacy and safety

of a once-yearly intravenous zoledronic acid 5 mg for fracture prevention in elderly postmenopausal

women with osteoporosis aged 75 and older. J Am Geriatr Soc. 2010; 58(2):292–9. https://doi.org/10.

1111/j.1532-5415.2009.02673.x PMID: 20070415

25. Greenspan SL, Perera S, Ferchak MA, Nace DA, Resnick NM. Efficacy and safety of single-dose zole-

dronic acid for osteoporosis in frail elderly women: a randomized clinical trial. JAMA Intern Med. 2015;

175(6):913–21. https://doi.org/10.1001/jamainternmed.2015.0747 PMID: 25867538

PLOS ONE Treatment thresholds and effect sizes of antiosteoporotic medication

PLOS ONE | https://doi.org/10.1371/journal.pone.0272985 August 11, 2022 14 / 15

https://doi.org/10.1007/s00198-014-2794-2
https://doi.org/10.1007/s00198-014-2794-2
http://www.ncbi.nlm.nih.gov/pubmed/25182228
https://doi.org/10.1359/jbmr.081203
https://doi.org/10.1359/jbmr.081203
http://www.ncbi.nlm.nih.gov/pubmed/19049330
https://doi.org/10.1111/jep.13187
http://www.ncbi.nlm.nih.gov/pubmed/31206241
https://doi.org/10.1007/s10900-014-9923-x
https://doi.org/10.1007/s10900-014-9923-x
http://www.ncbi.nlm.nih.gov/pubmed/25096762
https://doi.org/10.1016/j.jocd.2011.07.008
http://www.ncbi.nlm.nih.gov/pubmed/22075328
https://doi.org/10.1007/s00198-011-1823-7
http://www.ncbi.nlm.nih.gov/pubmed/22065304
https://doi.org/10.1136/bmj.320.7247.1446
http://www.ncbi.nlm.nih.gov/pubmed/10827049
https://doi.org/10.1136/bmjopen-2016-013703
http://www.ncbi.nlm.nih.gov/pubmed/28188155
https://doi.org/10.1001/jamainternmed.2016.8254
https://doi.org/10.1001/jamainternmed.2016.8254
http://www.ncbi.nlm.nih.gov/pubmed/28097303
https://doi.org/10.1370/afm.1407
http://www.ncbi.nlm.nih.gov/pubmed/23149525
https://doi.org/10.1001/jamainternmed.2014.6016
https://doi.org/10.1001/jamainternmed.2014.6016
http://www.ncbi.nlm.nih.gov/pubmed/25531451
https://doi.org/10.1136/bmj.e3211
http://www.ncbi.nlm.nih.gov/pubmed/22619192
https://doi.org/10.1016/j.amjmed.2008.12.003
http://www.ncbi.nlm.nih.gov/pubmed/19187808
https://doi.org/10.1002/14651858.CD001155.pub2
http://www.ncbi.nlm.nih.gov/pubmed/18253985
https://doi.org/10.1002/14651858.CD004523.pub3
http://www.ncbi.nlm.nih.gov/pubmed/18254053
https://doi.org/10.1056/NEJM200102013440503
http://www.ncbi.nlm.nih.gov/pubmed/11172164
https://doi.org/10.1111/j.1532-5415.2009.02673.x
https://doi.org/10.1111/j.1532-5415.2009.02673.x
http://www.ncbi.nlm.nih.gov/pubmed/20070415
https://doi.org/10.1001/jamainternmed.2015.0747
http://www.ncbi.nlm.nih.gov/pubmed/25867538
https://doi.org/10.1371/journal.pone.0272985


26. Hernlund E, Svedbom A, Ivergard M, Compston J, Cooper C, Stenmark J, et al. Osteoporosis in the

European Union: medical management, epidemiology and economic burden. A report prepared in col-

laboration with the International Osteoporosis Foundation (IOF) and the European Federation of Phar-

maceutical Industry Associations (EFPIA). Arch Osteoporos. 2013; 8:136. https://doi.org/10.1007/

s11657-013-0136-1 PMID: 24113837

27. Amrhein V, Greenland S, McShane B. Comment: Retire statistical significance. Nature. 2019; 567:305–

7.

28. Jaeschke R, Singer J, Guyatt GH. Measurement of health status. Ascertaining the minimal clinically

important difference. Control Clin Trials. 1989; 10(4):407–15. https://doi.org/10.1016/0197-2456(89)

90005-6 PMID: 2691207

29. Sackett DL, Rosenberg WM, Gray JA, Haynes RB, Richardson WS. Evidence based medicine: what it

is and what it isn’t. BMJ. 1996; 312(7023):71–2. https://doi.org/10.1136/bmj.312.7023.71 PMID:

8555924

30. Cauley JA. Defining ethnic and racial differences in osteoporosis and fragility fractures. Clin Orthop

Relat Res. 2011; 469(7):1891–9. https://doi.org/10.1007/s11999-011-1863-5 PMID: 21431462

31. Silverman S, Calderon A, Kaw K, Childers TB, Stafford BA, Brynildsen W, et al. Patient weighting of

osteoporosis medication attributes across racial and ethnic groups: a study of osteoporosis medication

preferences using conjoint analysis. Osteoporos Int. 2013; 24(7):2067–77. https://doi.org/10.1007/

s00198-012-2241-1 PMID: 23247328

32. Sale JE, Gignac MA, Hawker G, Frankel L, Beaton D, Bogoch E, et al. Decision to take osteoporosis

medication in patients who have had a fracture and are ’high’ risk for future fracture: a qualitative study.

BMC Musculoskelet Disord. 2011; 12:92. https://doi.org/10.1186/1471-2474-12-92 PMID: 21554729

33. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP, et al. Strengthening

the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting

observational studies. BMJ. 2007; 335(7624):806–8. https://doi.org/10.1136/bmj.39335.541782.AD

PMID: 17947786

34. Eysenbach G. Improving the quality of Web surveys: the Checklist for Reporting Results of Internet E-

Surveys (CHERRIES). J Med Internet Res. 2004; 6(3):e34. https://doi.org/10.2196/jmir.6.3.e34 PMID:

15471760

35. SurveyMonkey 2021 [Cited 2021 November 11]. Available from: www.surveymonkey.com.

36. Nielsen J. Usability engineering. Boston: Academic Press; 1993.

37. Faul F, Erdfelder E, Buchner A, Lang AG. Statistical power analyses using G*Power 3.1: tests for corre-

lation and regression analyses. Behav Res Methods. 2009; 41(4):1149–60. https://doi.org/10.3758/

BRM.41.4.1149 PMID: 19897823

38. Gigerenzer G, Gaissmaier W, Kurz-Milcke E, Schwartz LM, Woloshin S. Helping Doctors and Patients

Make Sense of Health Statistics. Psychol Sci Public Interest. 2007; 8(2):53–96. https://doi.org/10.1111/

j.1539-6053.2008.00033.x PMID: 26161749

39. Federal Office of Statistics. Beruflicher Bildungsabschluss: Bevölkerung nach Alter und Geschlecht.

2018 [Cited 2021 November 11]. Available from: https://www-genesis.destatis.de/genesis/online?

sequenz=tabelleErgebnis&selectionname=12211-0041&transponieren=true#abreadcrumb.

40. Cohen J. A power primer. Psychol Bull. 1992; 112(1):155–9. https://doi.org/10.1037//0033-2909.112.1.

155 PMID: 19565683
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