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Abstract
This systematic review and meta-analysis showed a significant reduction of (major) osteoporotic fractures and hip fractures after
screening using fracture risk assessment and bone densitometry compared with usual care. The results indicate that screening is
effective for fracture risk reduction, especially hip fractures. To perform a systematic review and meta-analysis of population screening
for high fracture risk on fracture prevention compared with usual care. MEDLINE and Embase were searched for studies published
until June 20th 2019. Randomized studies were selected that screened for high fracture risk using at least bone densitometry, screened
in a general population, provided subsequent treatment with anti-osteoporosis medication, had a usual care group as comparator, and
had at least one fracture-related outcome (all fractures, (major) osteoporotic fractures, or hip fractures). The primary assessment was the
hazard ratio (HR) for fracture-related outcomes. All-cause mortality was a secondary outcome. Random-effects models were used to
estimate pooled HRs. We identified 1186 potentially eligible articles and included three randomized studies: the ROSE study, the
SCOOP study, and the SOSwith a total number ofN = 42,009 participants. Respectively, 11%, 15%, and 18%of the participants in the
intervention group started medication. Meta-analysis showed a statistically significant and clinically relevant reduction of osteoporotic
fractures (HR = 0.95, 95% confidence interval (CI) = 0.89–1.00), major osteoporotic fractures (HR = 0.91; 95%CI = 0.84–0.98), and
hip fractures (HR = 0.80; 95%CI = 0.71–0.91), but no reduction of all fractures (HR = 0.95; 95%CI = 0.89–1.02). The pooled HR for
the secondary outcome all-causemortality was 1.04 (95%CI = 0.95–1.14). Numbers needed to screen to prevent one fracture were 247
and 272 for osteoporotic fractures and hip fractures, respectively (corresponding to 113 and 124 performed bone densitometry
examinations, and 25 and 28 persons being treated). This meta-analysis showed that population screening is effective to reduce
osteoporotic fractures and hip fractures. Implementation of screening in older women should be considered as serious option to prevent
osteoporotic fractures, especially hip fractures.
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Introduction

The ultimate goal of osteoporosis care is to reduce fractures
and its consequences, such as disability and pain. There is
discussion about how to decrease the current treatment gap,

i.e., the fact that a large and increasing proportion of men and
women at high-risk for fractures do not receive anti-
osteoporosis medication [1, 2]. Although anti-osteoporosis
medication has been proven to be effective in placebo-
controlled trials [3, 4], and tools are available to identify per-
sons at high-risk [5], it is not clear whether screening for high
fracture risk in the general population is effective in reducing
fractures.

Different policies exists between countries with respect to
population screening for high fracture risk. For instance, the
Canadian guideline recommends bone mineral density mea-
surements of all men and women of 65 years and older [6]. In
the USA, this applies to all women [7]. However, in the UK
and the Netherlands, screening has not been implemented so
far, because of the lack of evidence of its effectiveness [8, 9].
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Several large randomized screening studies for fracture pre-
vention have been finished recently [10–12]. None of the
studies observed a statistically significant reduction in osteo-
porotic fractures or major osteoporotic fractures. One study
observed a reduction of hip fractures in the screening group
compared with usual care [12], but this observation was not
confirmed in the other trials [10, 11]. A meta-analysis of the
findings of these trials is needed to determine the effect of
population screening for fracture prevention.

We, therefore, performed a systematic review and meta-
analysis of randomized controlled trials that have studied the
effect of population screening for high fracture risk and sub-
sequent treatment compared with usual care on all fractures,
osteoporotic fractures, major osteoporotic fractures, and hip
fractures. We hypothesized that screening for fracture risk is
effective in reducing fractures.

Methods

A systematic literature search until June 20th 2019 was per-
formed to identify all screening trials that were published in
MEDLINE and Embase (Table 1 for search strategy). Title
and abstract (first step) and the full articles (second step) were
considered for relevance and eligibility by two independent
investigators (TM, KMAS).

Original studies were selected if the study design was a
randomized trial in a general population that used at least bone
densitometry as screening instrument and subsequent treat-
ment with anti-osteoporosis medication, defined as
bisphosphonates, denosumab, or strontium ranelate. Studies
were considered if fractures were the outcome, and a usual
care group was used as the comparator. The reference lists of
selected articles were checked manually for additional studies.
Discrepancies between investigators were re-evaluated until
consensus was reached. For each included study, data were
extracted about design, population, participation, adherence,
outcomes, and summary estimates using a standardized form
by the two investigators, independently. Risk of bias was
assessed with the Cochrane risk of bias tool [13]. The primary
outcomes of the meta-analysis included all fractures, (major)
osteoporotic fractures, and hip fractures. Osteoporotic

fractures were defined as all fractures except for skull, finger,
hand, toe, and foot fractures. Major osteoporotic fractures
were defined as all hip, vertebral, wrist, and humerus frac-
tures. All-cause mortality was a secondary outcome. The haz-
ard ratio (HR) was the principal summary measure. Between-
study heterogeneity was estimated using I2-statistics. Results
were pooled if the studies were sufficiently homogenous (I2 <
50%), using a random effects model. In post-hoc sensitivity
analysis, the hip fracture data of one study were excluded to
examine if the findings were driven by this study. The number
needed to screen and number needed to treat were calculated
as the inverse of the absolute risk difference of participants in
the usual care versus the screening group who completed a
questionnaire or who started anti-osteoporosis medication, re-
spectively. The analyses were performed in Review Manager
5.3. The statistical significance level was set at a two-tailed
alpha level of 0.05.

Results

The literature search resulted in 1186 articles (Fig 1). Nine
articles reported trials on screening for fracture prevention,
of which three were eligible for inclusion. Reasons for exclu-
sion were the lack of a usual care group [14, 15]; dual-energy
x-ray absorptiometry (DXA) was not part of screening [16,
17], the use of medication that is no longer used for the treat-
ment of osteoporosis (hormone replacement therapy) [18], or
the lack of follow-up data [19]. The included studies were the
ROSE study, the SCOOP study, and the SOS [10–12].

Table 1 Literature search strategy in MEDLINE

Search strategy

(Mass Screening [MeSH] AND (Fractures, Bone [MeSH] OR
Osteoporosis [MeSH] or osteoporotic fractures [MeSH]) AND
Randomized Controlled Trial [MeSH])

OR
((screening [tiab] OR screen* [tiab]) AND (osteoporosis [tiab] OR

fractures [tiab] OR osteoporo* [tiab]) AND (randomized [tiab] OR
randomized [tiab] OR randomly [tiab] OR trial [tiab]))

Unique articles identified through 

database searching (N=1,186)

-MEDLINE (n=534)

-Embase (n=652)

Articles after full article assessment 

(n=3)

Articles after title and abstract screening 

(n=9)

Studies included 

(n=3)

Exclusion:

- Lack of control group (n=2)

- DXA not part of screening (n=2)

- No treatment with anti-osteoporosis 

medication (n=1)

- No follow-up results (n=1)

Fig 1 Flow of information through selection procedure
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Characteristics of the studies are presented in Table 2. All
studies were performed among older women and used a com-
bination of clinical risk factors and bone densitometry to
screen participants for a high fracture risk. In the ROSE study,
the SCOOP study, and the SOS, respectively, 11%, 15%, and
18% of the participants in the intervention group started med-
ication after screening. The risk of bias assessment showed
that all three studies were not able to blind the participants
and study personnel, and unclear blinding of outcome data
by the SCOOP study [12].

In the ROSE study, the intention to treat population includ-
ed all women who were mailed a questionnaire. We used the
data from the first per protocol analysis in the meta-analysis,
thereby including all participants who returned the question-
naire with adequate information to calculate a baseline frac-
ture probability. These data were most comparable with the
intention-to-treat data from the SOS and the SCOOP study.
All three studies used the fracture risk assessment tool
(FRAX) in combination with DXA as screening strategy.
Between-study heterogeneity was low (I2 < 0.5 for all
outcomes).

Figure 2 shows forest plots for the different outcomes. The
pooled HR for all fractures was 0.95 (95% CI = 0.89–1.02).
Screening led to a significantly lower risk of osteoporotic
fractures (HR = 0.95, 95% CI = 0.89–1.00), major osteopo-
rotic fractures (HR = 0.91, 95% CI = 0.84–0.98), and hip
fractures (HR = 0.80, 95% CI = 0.71–0.91). The number
needed to screen, starting with the completion of a complete
questionnaire, was 247 for an osteoporotic fracture and 272
for a hip fracture. A bone densitometry was performed in 46%
of these women, corresponding to 113 bone densitometry ex-
aminations to prevent one osteoporotic fracture, and 124 to
prevent one hip fracture. The number needed to treat based on
the women in the group with an increased fracture risk who
started anti-osteoporosis medication was 25 for an osteoporot-
ic fracture and 28 for a hip fracture.

The pooled HR for the secondary outcome all-cause
mortality was 1.04 (95% CI = 0.95–1.14). Post-hoc sensi-
tivity analysis on hip fractures that excluded the findings
from the SCOOP study showed a HR or 0.85 (95% CI =
0.73–1.00).

Discussion

This systematic review and meta-analysis with data from over
42,000 participants showed that screening for high fracture
risk and subsequent treatment in older women reduced all
osteoporotic fractures, and hip fractures in particular. The ob-
served relative risk reductions gradually increased according
to the fracture type (5% for osteoporotic fractures, 9% for
major osteoporotic fractures, and 20% for hip fractures), with
a larger reduction for fractures more related to osteoporosis

and therefore more responsive to treatment. No associations
were observed for the secondary outcome all-cause mortality.
Taking into account that only 11–18% of the participants in
the intervention groups were advised to use anti-osteoporosis
medication; the observed relative fracture risk reductions are
substantial. The low number needed to screen and number
needed to treat emphasize the clinical relevance of screening
as intervention to reduce hip fractures.

The observed number needed to treat is comparable with
that reported in drug trials of anti-osteoporosis medication;
20–200 patients would need to be treated with alendronate
for 5 years to prevent one fracture, depending on the a priori
fracture risk and type of fracture [4]. Compared with other
population screening programs, the number needed to screen
is acceptable if one takes into account that the mortality after a
hip fracture is substantial [20]. For instance, by breast cancer
screening, 12.5 deaths are reduced by screening, 10,000 wom-
en aged 50 to 69 years for 10 years (number needed to screen
= 800) [21]. In addition, for colorectal screening, the numbers
needed to screen were 377 (95% CI, 249–887) and 864 (95%
CI, 672–1266) for guaiac fecal occult blood testing and flex-
ible sigmoidoscopy screening, respectively [22].

The three included studies all had a pragmatic design. All
three used a preselection of participants before bone densitom-
etry, based on a FRAX calculation or the presence of clinical
risk factors. An important difference in selection for treatment
was the use of vertebral fracture assessment in ROSE and SOS
that was absent in SCOOP. Our meta-analysis was limited to
the studies that used at least bone densitometry as screening
instrument. The effects of other screening approaches were
not considered. One screening trial that was excluded in this
meta-analysis because of the absence of bone densitometry
used only thoracolumbar radiographs. In that study, the odds
ratio for new fractures was 0.60 (95% CI = 0.35–1.03) after a
short follow-up of 12 months. Although this study did not
reach statistical significance, it also supports the value of ver-
tebral fracture assessment in addition to bone densitometry
[17].

While the strategies and the overall results were consistent
between the included studies, which is also reflected in low
between-study heterogeneity, a distinct significant relative risk
reduction of hip fractures of 28% has been observed in the
SCOOP study [12]. Although the SCOOP study used the
FRAX probability for hip fractures rather than the FRAX
probabilities for major osteoporotic fractures, the questions
was raised if this reduction of hip fractures could be explained
by the intervention with medication alone [23]. It is further-
more unlikely that the strong effect on hip fractures was not
followed by a reduction in osteoporotic fractures in the
SCOOP study. We, therefore, performed a sensitivity analysis
on hip fractures without the findings from the SCOOP study.
The hip fracture reduction was still 15% and remained statis-
tically significant.

Osteoporos Int (2020) 31:251�257254



The participation rates to the screening programs in the
three studies ranged from 34 to 61% and an additional 8 to
25% of the participants dropped out before examination. In
the ROSE study and the SOS, there was a relatively high drop-
out rate before examination in the screening groups, whereas

in the SCOOP study, the participation rate was lower.
Moreover, during follow-up, the difference in received treat-
ment between the screening groups and the usual care groups
was reduced by non-adherence and an increase of usual care
prescriptions in the control group due to the non-blinded

a All fractures

Study

Screening

(n/N)

Usual care

(n/N)

Hazard Ratio

(95% CI)

ROSE [6] - - Not estimable
SCOOP [7] 951/6,233 1,002/6,250 0.94 (0.86-1.03)

SOS [8] 626/5,516 632/5,405 0.97 (0.87-1.08)

Overall 1,577/11,749 1,634/11,655 0.95 (0.89-1.02)

b Osteoporotic fractures

Study

Screening 

(n/N)

Usual care

(n/N)

Hazard Ratio

(95% CI)

ROSE [6] 996/9,279 1,025/9,326 0.97 (0.89-1.06)
SCOOP [7] 805/6,233 852/6,250 0.94 (0.85-1.03)

SOS [8] 547/5,516 578/5,405 0.91 (0.81-1.03)

Overall 2,348/21,028 2,455/20,981 0.95 (0.89-1.00)

c Major osteoporotic fractures

Study

Screening

(n/N)

Usual care

(n/N)

Hazard Ratio

(95% CI)

ROSE [6] 725/9,279 786/9,326 0.91 (0.82-1.00)
SCOOP [7] - - Not estimable
SOS [8] 427/5,516 452/5,405 0.91 (0.80-1.04)

Overall 1,152/14,795 1,238/14,731 0.91 (0.84-0.98)

d Hip fractures

Study

Screening

(n/N)

Usual care

(n/N)

Hazard Ratio

(95% CI)

ROSE [6] 169/9,279 202/9,326 0.83 (0.67-1.01)
SCOOP [7] 164/6,233 218/6,250 0.72 (0.59-0.88)

SOS [8] 133/5,516 143/5,405 0.91 (0.71-1.15)

Overall 466/21,028 563/20,981 0.80 (0.71-0.91)

e All-cause mortality

Study

Screening

(n/N)

Usual care

(n/N)

Hazard Ratio

(95% CI)

ROSE [6] - - Not estimable
SCOOP [7] 550/6,233 525/6,250 1.05 (0.93-1.19)

SOS [8] 499/5,516

10

479/5,405 1.03 (0.91-1.17)

Overall 1,049/11,749 1,004/11,655 1.04 (0.95-1.14)

Fig 2 Forest plots of screening
for fracture prevention versus
usual primary care, regarding
fracture type (a–d) and all-cause
mortality (e). Note: From the
ROSE study, the data from the
first per protocol analysis were
used, thereby including all partic-
ipants with baseline FRAX data.
These data were most comparable
to the data from the SCOOP study
and the SOS, with data from all
participants with respective base-
line questionnaire data or ≥ 1
clinical risk factors for fractures
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design. This treatment contrast declined to 3.5–8% after 3.7 to
5 years. The optimal follow-up duration is unclear, but the
chosen periods seem to be a reasonable choice between the
time to the effect of medication and the decline of the treat-
ment contrast.

Some limitations of this study should be mentioned. Only
three studies were selected for inclusion after systematic re-
view. Although the total number of participants was as much
as 42,000, not all outcomes were reported by all the three
studies resulting in lower numbers depending on the outcome.
The included studies were of high quality, but complete
blinding was not feasible due to the nature of the intervention.
From ROSE, the results from the participants with baseline
FRAX data were pooled to reach a population that was com-
parable to the intention to treat populations of SCOOP and
SOS. Starting from there, all participants were followed, irre-
spective of drop-out status, treatment prescription, or medica-
tion adherence. This approach is the best way to prevent a
false-positive conclusion about the effect of the intervention
due to the selection bias and provides real-life estimates. The
effect of screening and treatment in the participants who have
actually undergone the intervention is likely to be
underestimated.

Recently, the need for BMD and fracture risk assessment
before the initiation of anti-osteoporosis medication has been
questioned. A recent randomized controlled trial that exam-
ined the effect of 5-mg zoledronate infusions at 18 months
interval in women with osteopenia observed that fracture rates
were lower in the intervention than the placebo group, and
that, this effect was consistent across a wide range of baseline
characteristics [24, 25]. While interpreting these important
findings and its implications for osteoporosis management
strategies, the cost-effectiveness should be considered as well.
In contrast to population screening for which the current meta-
analysis showed that hip fractures can be prevented, no effect
on hip fractures was observed by applying zoledronate infu-
sions to osteopenic women, mainly because the occurrence of
hip fractures was minimal in this group [25]. It is unlikely that
a fracture reducing intervention is cost-effective if it does not
lead to a reduction of hip fractures. Therefore, the cost-
effectiveness of different strategies and thresholds for inclu-
sion needs further investigation.

The current findings indicate that screening in primary care
is a serious option to reduce fractures and should be consid-
ered by policymakers and guideline committees. Subgroup
analysis and comparison of the different strategies could pro-
vide valuable information about the most effective and cost-
effective strategy for the implementation of population screen-
ing. To make screening programs even more effective, we
think that further research should focus on ways to increase
participation to the program and adherence to medication.

In conclusion, this is the first fracture risk screening study
that showed a reduction of osteoporotic fractures and hip

fractures with a high level of evidence. Screening for high
fracture risk in primary care should be considered as evi-
dence-based, way to reduce osteoporotic fractures.
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