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Plain English summary 

Osteoporosis is a disease that makes bones weak and more likely to break. It affects millions of 
people around the world and mainly affects older women. Broken bones, such as hip fractures, 
can cause serious health problems or even lead to death. Finding osteoporosis early through 
screening could help prevent many fractures and reduce the impact on people’s lives and the 
healthcare system. 

The UK National Screening Committee (UK NSC) looked at the evidence on screening women 
for osteoporosis in 2019 and 2025. Some studies showed that screening women over the age of 
65 slightly lowered the risk of fractures. Other studies showed no benefit. Because the results 
did not agree, the UK NSC decided not to recommend a national screening programme for 
women. 

The UK NSC wanted to 1) see if new research provides stronger evidence and 2) understand 
the reasons for these mixed results. 

This updated review looked at new evidence from 2024 onwards on: 

• Whether screening women over the age of 65, or younger women with risk factors, helps 
lower the risk of fractures compared to usual care. 

• Whether osteoporosis screening is good value for money. 

We found one new review study. It reported that screening in women aged 65 years or older 
appears to slightly reduce hip and major fractures compared with usual care. We did not find 
any new evidence on screening younger women with risk factors or on whether osteoporosis 
screening is good value for money. 

This new study was included in our second review to understand mixed results reported for 
osteoporosis screening. We compared all relevant reviews to understand why their conclusions 
differed. Most were based on the same 3 studies and reported similar results. Differences in 
conclusions were mainly because of how important small improvements were viewed by study 
authors rather than a real disagreement in the evidence. 

There is some evidence that screening women aged 65 years and over might reduce hip and 
major osteoporotic fractures, but the results should be viewed with caution because the studies 
were judged to have some concerns for risk of bias. However, screening was not associated 
with reductions in all fractures or deaths. These results should be viewed with caution. They 
mainly focused on women who were already more likely to break a bone, and some women 
receiving usual care were tested and treated outside the study setting. This makes it harder to 
judge how big the benefit of screening would be at a population level. 

New, high quality research results are needed before policy recommendations should be 
revisited.  

It is important to note that the UK NSC recommends screening programmes across the four UK 
countries. NICE guidance supports individual patient care, which uses different evidence from 
that needed for a national screening programme.  
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Executive summary 

Purpose of the review 

The purpose of this review is to inform the UK National Screening Committee’s (UK NSC) 
consideration of an osteoporosis screening programme. The review consisted of 2 components: 

1. Evidence map: to identify any new primary studies or reviews reporting on the efficacy 
or cost-effectiveness of population and targeted screening for osteoporosis in women 
published since the 2025 UK NSC evidence map. 

2. Umbrella review: to examine the included primary studies and reviews identified in both 
the previous and updated UK NSC evidence map in detail and investigate what factors 
(methodological or otherwise) could account for differences in conclusions between the 
reviews. 

Background 

Osteoporosis is a common, progressive bone disorder that substantially increases the risk of 
fragility fractures, particularly in older postmenopausal women. Prevalence and fracture risk rise 
sharply with age, and fractures (especially hip fractures) are associated with significant 
disability, excess mortality, and loss of independence. The disease imposes a considerable 
public health and economic burden worldwide, driven by high rates of hospitalisation, long-term 
care needs, and ongoing healthcare use. Many osteoporotic fractures are potentially 
preventable through earlier identification of osteoporosis and effective treatment, making 
osteoporosis an important target for preventive health strategies. 

Screening aims to identify individuals at high fracture risk due to osteoporosis who may benefit 
from treatment, typically using clinical risk assessment tools followed by bone mineral density 
testing where indicated. In the UK, tools such as Fracture Risk Assessment Tool (FRAX) and 
QFracture are widely used in clinical practice and supported by effective treatments and 
national guidelines. However, the UK NSC has repeatedly concluded that the evidence is 
insufficient to support a national population or targeted screening programme. Reviews in 2013 
and 2019 found no clear reduction in fractures from systematic screening compared with usual 
care and identified important uncertainties around clinical benefit and cost-effectiveness. A 2025 
evidence map identified additional studies and reported mixed and inconsistent conclusions 
across reviews, despite reliance on similar underlying trials. These ongoing uncertainties have 
prompted the commissioning of the current review to clarify the evidence and inform future 
policy recommendations. 

Focus of the review 

The aim of the current review is to identify evidence on the efficacy and cost-effectiveness of 
population and targeted screening for osteoporosis in women and to understand what factors 
(methodological or otherwise) could account for differences in conclusions between the reviews 
identified. 

The evidence map aimed to address the following questions: 
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• Question 1a: What is the volume and type of evidence exploring the clinical benefit of 

whole population screening in women over 65, in reducing osteoporotic fractures com-

pared to standard of care? 

• Question 1b: What is the volume and type of evidence exploring the clinical benefit of tar-

geted screening in women aged under 65 with risk factors for osteoporosis, in reducing 

osteoporotic fractures compared to standard of care? 

• Question 2: What is the volume of evidence exploring the cost-effectiveness of screening 

(whole population and targeted) for osteoporosis? 

A comprehensive literature search was conducted to address all 3 questions simultaneously, 
including searches of electronic databases, clinical trial registries, as well as examination of 
reference lists of included studies and relevant systematic reviews. The search focused on 
evidence published from 2024 onwards. 

The umbrella review aimed to address the following question: 

• What methodological factors could explain the mixed conclusions across existing reviews 

on the effectiveness of screening for osteoporosis in women, considering: 

o women aged over 65 (whole population) 

o women of any age with identifiable risk factors (targeted screening)? 

The reviews and included primary studies identified in the 2025 evidence map and its update as 
part of the current review were considered in the umbrella review. Reviews and relevant primary 
studies were compared, focusing on the following four key domains: Scope of review, included 
evidence base, meta-analyses/numerical data and author conclusions/interpretation. 

The methodological quality and risk of bias of included studies were assessed using established 
tools appropriate to study design. Systematic reviews were appraised using the risk of bias in 
systematic reviews (ROBIS) tool. Randomised controlled trials were assessed using the 
Cochrane Risk of Bias 2 tool and non-randomised studies using ROBINS-I. 

Recommendation under review 

The UK NSC does not currently recommend screening for osteoporosis in postmenopausal 
women. This position was informed by a review commissioned in 2019, which found insufficient 
evidence to fully address key questions relating to test accuracy, intervention effectiveness, 
clinical benefit from randomised controlled trials, and cost-effectiveness in a UK setting. Overall, 
the review concluded that important uncertainties and evidence gaps remained. In 2024, the UK 
NSC commissioned an evidence map to assess the volume and type of evidence on key issues 
in osteoporosis screening since the 2019 review found no evidence on the clinical benefit of 
targeted screening in women under 65 with risk factors for osteoporosis and highlighted 
conflicting findings across reviews of population screening in women over 65. To better 
understand these disparities and address remaining uncertainties, the UK NSC has 
commissioned the current review. 

Findings 

Evidence map 
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• Question 1a: We identified a single systematic review that aimed to review evidence on 
osteoporosis screening in women 65 years or older, capturing 3 SRs and 3 RCTs 
(SCOOP, ROSE and SOS) reporting on four fracture outcomes (all fractures, 
osteoporotic fractures, major osteoporotic fractures, hip fractures) and mortality.  

o The primary intention-to-treat (ITT) analyses in 2 RCTs (ROSE and SOS) showed 
no reduction in any fractures or mortality. SCOOP reported the only statistically 
significant reduction for hip fractures (hazard ratio (HR), 0.72 [95% CI, 0.59-0.89]).  

o Most pooled estimates included the per protocol-1 (PP-1) analysis of the ROSE 
trial. Compared with the primary ITT analysis, the PP-1 analysis produced more 
favourable estimates of screening effectiveness. The PP-1 analysis excluded 
randomised participants without sufficient information to calculate FRAX. This 
analysis is more susceptible to selection bias than the primary ITT analysis 
because it no longer reflects the original randomised comparison. Furthermore, it 
was conducted in a selected subgroup of participants rather than the full trial 
population. However, it was not possible to determine the extent to which the 
favourable results reflect selection bias, subgroup effects, or both. 

o Based on these pooled analyses of the RCTs, screening was associated with a 
reduction in two fracture outcomes - hip fractures (pooled relative risk [RR], 0.83 
[95% CI, 0.73-0.93]) and major osteoporotic fractures (pooled RR, 0.94 [95% CI, 
0.88-0.99]) - when compared to usual care, with absolute risk differences reported 
as 5 and 6 fewer fractures per 1000 participants screened, respectively. These 
pooled estimates should be interpreted with caution as they may be more 
favourable than if estimates had been based on the primary ITT analyses. 

• Question 1b: We did not identify any eligible evidence for this question. 

• Question 2: We did not identify any eligible evidence for this question. 

 

Umbrella review 

Six reviews on osteoporosis screening were identified (published 2003 to 2025). After excluding 
an early synthesis report that predates the major trials, the remaining reviews were broadly 
aligned in scope and drew largely on the same 3 pivotal European randomised trials (ROSE, 
SCOOP, SOS). All numerical outcome data from trials and meta-analyses reported across the 
reviews were aligned in terms of direction of effect and statistical significance. Differences in 
conclusions appeared to reflect how the similar meta-analysis findings of small statistically 
significance effects were valued, particularly the emphasis placed on relative versus absolute 
effects. 

ROSE and SCOOP evaluated population screening strategies in women aged 65 years and 
over. SOS evaluated a targeted screening strategy, enrolling women with at least one clinical 
risk factor for osteoporosis. Despite this, the reviews pooled data across all 3 trials. Further, the 
interpretation of the pooled results is complicated by pragmatic study designs and low trial 
quality, including the uptake of dual-Energy X-ray Absorptiometry (DXA) and treatment (where 
indicated) in usual care arms, and differences in how participants were selected and assessed 
before randomisation, which may affect generalisability and dilute observed effects.  

As the meta-analyses pooled all 3 pivotal trials, the combined estimates primarily reflect the 
effect of offering osteoporosis screening to women aged 65 years and over. SOS contributes 
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data from a risk-enriched subgroup, but the pooled results do not provide a distinct summary 
estimate for targeted screening, which must instead be interpreted from SOS alone.  

At the trial level, effects were modest. SCOOP reported the only statistically significant 
reduction in one fracture outcome - which was hip fractures HR, 0.72 [95% CI, 0.59-0.89]). 
Pooling findings produced more favourable estimates as it reflects the accumulation of small 
effects across trials. However, pooled estimates should be interpreted cautiously. ROSE, which 
provides the clearest offer-of-screening comparison in an unselected population (women 
undergo baseline FRAX after randomisation), did not demonstrate statistically significant hip 
fracture reductions on an ITT basis (HR, 1.007 [95% CI 0.894, 1.136]) but favourable estimates 
of screening effectiveness in a per protocol PP-1 analysis (HR, 0.838 [95% CI 0.683, 1.028]). 
Although illustrated here for hip fractures, the PP-1 analysis consistently produced more 
favourable estimates than the ITT analysis across the fracture outcomes evaluated. Most meta-
analyses synthesised the ROSE PP-1 analysis rather than the ITT analysis. The PP-1 analysis 
was restricted to women with sufficient information to calculate baseline FRAX and therefore no 
longer represented the effect of offering screening to all randomised participants. Restricting the 
analysis in this way may reduce the balance achieved through randomisation if women with 
complete FRAX data differ systematically from those without, producing more favourable 
estimates of screening effectiveness. Consequently, although the meta-analytic evidence 
(summarised here from the most recent review from the evidence map; Kahwati 2025) indicates 
screening is associated with statistically significant reductions in hip fractures (pooled RR, 0.83 
[95% CI, 0.73-0.93]) and major osteoporotic fractures (pooled RR, 0.94 [95% CI, 0.88-0.99]), 
but not all fractures (pooled RR, 0.96 [95% CI, 0.90-1.02]) or all-cause mortality (pooled RR, 
0.99 [95% CI, 0.95-1.04]), these pooled estimates should be interpreted in light of the analytical 
choices made in the reviews. 

Evidence for targeted screening is more limited. SOS, the only trial specifically enrolling women 
aged 65 to 90 years with at least 1 clinical risk factor1, did not demonstrate statistically 
significant reductions in all fractures (HR, 0.97 [95% CI, 0.87-1.09]), osteoporotic fractures (HR, 
0.92 [95% CI, 0.82-1.03]), major osteoporotic fractures (HR, 0.92 [95% CI, 0.82-1.05]), hip 
fractures (HR, 0.91 [95% CI, 0.72-1.15]), or all-cause mortality (HR, 1.02 [95% CI, 0.90-1.16]). 
Notably, effects might be expected to be larger in a risk-enriched population; the null findings 
may partly reflect suboptimal participation and adherence, as well as the waiting-list design 
whereby control participants with indications for DXA, vertebral fracture assessment (VFA) and 
blood tests, were informed and advised to seek assessment through usual care, limiting 
separation between groups. On the other hand, effects may have been overestimated as all 
women in the screening arm received risk assessment as well as VFA and BMD.  

Recommendations on screening 

This review found no substantive disagreement in the underlying evidence base. Differences in 
conclusions across reviews largely reflect variation in interpretation of trial evidence rather than 
conflicting results. 

Considering the primary evidence, there is currently insufficient evidence in quality and quantity 
to recommend implementation of population or targeted screening for osteoporosis. The primary 
ITT analyses from the 2 trials most relevant to screening unselected women aged 65 years and 
over (ROSE and SCOOP) showed no overall reduction in fractures or mortality, although 
SCOOP reported a reduction in hip fractures. Similarly, the ITT analysis from the risk-enriched 

 
1 a previous fracture after age 50 years, a parental hip fracture, low body weight, rheumatoid arthritis, early meno-
pause, malabsorption syndrome, chronic liver disease, type I diabetes mellitus, or immobility 



UK N S C external review – Screening for osteoporosis: An evidence map and umbrella review for the UK 
National Screening Committee, [Date of review completion] 
 
 

13 

subgroup trial (SOS) showed no overall reduction in fractures or mortality. The ROSE PP-1 
analysis produced more favourable results than the ITT analysis.  Because the ROSE PP-1 
population excluded randomised participants without sufficient information to calculate baseline 
FRAX, it no longer reflected the original randomised comparison and was therefore more 
susceptible to selection bias. Furthermore, it was conducted in a selected subgroup of 
participants rather than the full trial population. As most meta-analyses pooled the ROSE PP-1 
analysis rather than the ITT analysis, their pooled estimates should be interpreted cautiously. 
The more favourable pooled estimates may therefore reflect, at least in part, the inclusion of the 
ROSE PP-1 analysis rather than the primary ITT analysis. Although these pooled estimates 
suggested small statistically significant reductions in hip fractures and major osteoporotic 
fractures, they showed no reductions in all fractures or all-cause mortality. The clinical 
significance of these findings is uncertain.  

Moreover, the available evidence comes from trials with some concerns for risk of bias, and the 
included populations and testing lack applicability to potential screening pathways. Direct 
evidence supporting a targeted screening approach remains limited and biased. 

Overall, the trial evidence indicates that screening may be effective for some high-risk women 
but the likely sub-population and fracture outcome to target cannot be identified from the current 
trials. Future reconsideration requires new well-designed primary trials rather than further 
synthesis of existing studies. 

Based on the findings of this evidence map and umbrella review, no further evidence synthesis 
work on osteoporosis should be commissioned at the present time. The UK NSC will return to 
screening for osteoporosis in women in 3 years’ time. 

The UK NSC is the only organisation that makes recommendations on screening programmes 
in the four UK countries. It is important to distinguish that NICE’s guideline recommendation on 
osteoporosis primarily support decision-making for individual patient care. The nature and 
strength of evidence underpinning clinical guidance differs from evidence required to justify the 
implementation of a nationally delivered screening programme.  

 

Limitations 

The review to identify additional evidence was conducted as an evidence map which involved 
methodological adjustments compared with a full systematic review. While this approach 
supports efficient identification of the available evidence base using a comprehensive search 
strategy, it provides a high-level overview of the available evidence rather than a detailed 
synthesis of effectiveness or study quality. The evidence map used a rapid process, including 
single-reviewer screening without duplicate or blinded assessment, limited full-text assessment, 
and no formal risk-of-bias assessment. These methods are standard for evidence maps and in 
this review were combined with a more formal assessment of the evidence as part of the 
umbrella review.  

The main synthesis of evidence was based on an umbrella review of existing reviews and meta-
analyses, undertaken using established systematic review methods, including predefined 
eligibility criteria, targeted double extraction of key outcomes, and independent quality 
assessment of both the included reviews and the pivotal primary trials. This assessment is 
therefore dependent on the scope, quality, and reporting of the available secondary evidence. 
The underlying evidence base remains small, comprising 3 pivotal pragmatic RCTs, which limits 
the certainty and generalisability of pooled estimates. In addition, heterogeneity in trial design, 
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recruitment strategies, and screening pathways, together with contamination of usual care 
arms, reduces the extent to which trial results can be directly applied to specific population or 
targeted screening programme models. 

Evidence uncertainties and gaps to be addressed 

The key uncertainty is whether the modest reductions observed in selected fracture outcomes 
(hip and major osteoporotic fractures) represent a clinically meaningful benefit at the population 
level, given the lack of consistent effects across all fractures and no evidence of reduced 
mortality. 

Direct evidence for targeted screening in higher-risk women is limited, with only one trial 
specifically evaluating this approach and one trial reporting a subgroup analysis. 

Additional large, well-designed randomised trials including a well-defined target population and 
primary screening outcome would help clarify the effectiveness of screening. 

Future evidence should reflect routine clinical pathways and minimise contamination between 
trial arms to strengthen the evidence base. 

There is a lack of evidence on the cost-effectiveness of screening (whole population and 
targeted) for osteoporosis.   
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Introduction and approach 

Background 

Osteoporosis is a systemic metabolic bone disorder characterized by reduced bone mass and 
deterioration of bone microarchitecture (1, 2).These changes increase bone fragility and, conse-
quently, the risk of fractures (3). The most severe consequence of osteoporosis is the occur-
rence of osteoporotic or fragility fractures. In 2019, the global incidence of osteoporosis was es-
timated at 41.5 million cases, with projections suggesting 263.2 million cases between 2030 and 
2034 (4). Within the European Union, approximately 5.5 million men and 22 million women are 
affected, resulting in about 3.5 million fractures annually (5, 6). Globally, 158 million individuals 
aged ≥50 years were at risk of osteoporotic fractures in 2010, a figure expected to double by 
2040 (7). Osteoporosis is a major health concern in postmenopausal women, with fracture risk 
increasing sharply with age. Bone mass peaks in early adulthood before gradually declining, 
with loss accelerating after menopause. Epidemiological data show prevalence nearly doubling 
every five years, from 3.3% at ages 45–49 to 50.3% in women aged ≥85 years (8). Most cases 
in postmenopausal women are linked to oestrogen deficiency, where rapid bone loss results 
from increased turnover and an imbalance between resorption and formation (9).  

Fragility fractures, particularly hip fractures, represent a major public health concern due to their 
association with significant disability and mortality (10). It is estimated that mortality from hip 
fractures ranges between 18 and 33% per year (5) with the mortality risk highest immediately 
after the fracture event and then decreasing with time (11). In 2010, osteoporosis was responsi-
ble for 5.8 million disability-adjusted life years (DALYs) lost in Europe, representing 0.83% of 
the global burden of non-communicable diseases (5). The DALY loss and associated mortality 
from osteoporosis-related fractures exceeded that of hypertensive heart disease, rheumatoid 
arthritis, and all cancers except lung cancer (5, 12). 

The economic burden of fragility fractures is also substantial, affecting both patients and 
healthcare systems (13). A 2020 review reported that the cost of osteoporosis-related fracture is 
approximately $17.9 and £4 billion per annum in the USA and UK respectively (14). In a 2023 
study of women aged ≥50 years in Australia, Germany, South Korea, Spain, and the USA, 
those with osteoporotic fractures had significantly higher inpatient admission rates, longer hos-
pital stays, and greater healthcare costs compared with a matched cohort of women without 
previous evidence of osteoporotic fractures (13). Across all countries, the adjusted cost ratios 
for pharmacy, inpatient, emergency, and outpatient care were consistently higher in the osteo-
porotic fractures cohort. 

Fragility fractures can be largely prevented through the early detection, diagnosis, and treat-
ment of osteoporosis. Implementing an effective early screening programme might help prevent 
fractures while reducing the clinical, humanistic, and economic burden of the disease. 

Potential screening strategies 

Screening for osteoporosis aims to find people who could benefit from early treatment to pre-
vent fragility fractures and their complications. Early identification and timely referral have the 
potential to improve outcomes and prognosis, while good frontline diagnostic capability pro-
motes equity and shortens waits for specialist care. Diagnosing osteoporosis early can also re-
duce public health costs by preventing fractures and avoiding expensive surgeries and hospital 
stays. 
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Women aged ≥65 years represent a key population for osteoporosis risk assessment, reflecting 
the strong association between increasing age and fracture risk (15). Age-based thresholds are 
commonly used in international guidance to identify individuals who may warrant further assess-
ment, as a substantial proportion of first fragility fractures occur in this age group, including 
among women without additional clinical risk factors (16-18). 

Women aged under 65 years with specific risk factors also represent an important population for 
risk-based assessment. Although average fracture risk is lower in younger postmenopausal 
women, the presence of certain clinical risk factors can substantially increase individual risk. 
These include low body weight or body mass index, parental history of hip fracture, cigarette 
smoking, excess alcohol consumption, previous fragility fracture, long-term oral glucocorticoid 
use, rheumatoid arthritis, and other causes of secondary osteoporosis, with some risk assess-
ment tools also incorporating a history of falls (19). In this group, targeted assessment aims to 
identify women who may warrant further investigation, including bone mineral density testing, 
despite being below the usual age threshold for routine assessment (8). Targeted screening 
based on risk factors is also applicable to all age groups, where it may further refine decisions 
about investigation and management. 

Osteoporosis assessment is based on estimating an individual’s future risk of fracture and inter-
vening when that risk exceeds a treatment threshold. In practice, this involves a stepwise ap-
proach in which clinical risk prediction tools are used to estimate 10-year fracture probability, 
followed by targeted use of bone mineral density (BMD) measurement to refine risk of fractures 
or osteoporosis and inform management decisions. BMD can be used to diagnose osteoporosis 
based on a T-score threshold (≤ −2.5) to prompt treatment in some settings. Alternatively, BMD 
scores can be incorporated into risk prediction tools to update fracture risk and inform clinical 
decision-making. Thus, clinical decision-making may be based on either diagnostic thresholds 
or estimated fracture risk. 

A number of risk assessment tools have been developed to estimate the 10-year probability of a 
fragility fracture. The most widely used tools include the Fracture Risk Assessment Tool (FRAX) 
(20) and QFracture (21). Both FRAX and QFracture estimate 10-year fracture risk (absolute risk 
expressed as percentages) using common clinical risk factors such as smoking, alcohol use, 
corticosteroid exposure, and parental history of fracture. Risk estimates are used to identify indi-
viduals who require further tests such as measurement of BMD. The threshold for further testing 
is age dependent and increases with age. For example, a 65-year-old woman with a BMI of 25 
kg/m² and no additional clinical risk factors has a FRAX 10-year major osteoporotic fracture 
probability of 8.4% (20), which meets the threshold for BMD testing (22). Clinical use of either 
tool depends on local guidelines and patient context, with caution advised in interpreting 10-
year risk estimates in very elderly individuals, as these may obscure high imminent or near-term 
fracture risk.  

In addition to these commonalities, FRAX and QFracture differ in key aspects. Unlike FRAX, 
QFracture includes a history of falls and a wider range of clinical variables, though it does not 
incorporate BMD, which FRAX allows, and which remains an important predictor of fracture risk 
(23). QFracture has been extensively validated in UK populations and shown to be more accu-
rate for predicting fractures in this setting, but it is reported to be more cumbersome to use and 
not calibrated for other countries (21). In contrast, FRAX is widely calibrated internationally and 
integrated into guideline-based treatment thresholds, such as those of the National Osteoporo-
sis Guideline Group (NOGG) in England and Wales (22).  

FRAX is a computer-based algorithm (http://www.shef.ac.uk/FRAX) designed to estimate the 
10-year probability of a major osteoporotic fracture (hip, clinical spine, humerus, or wrist) as well 

http://www.shef.ac.uk/FRAX


UK N S C external review – Screening for osteoporosis: An evidence map and umbrella review for the UK 
National Screening Committee, [Date of review completion] 
 
 

17 

as the 10-year probability of hip fracture. It calculates risk based on age, body mass index, and 
a set of well-validated dichotomous clinical risk factors, with the option to include femoral neck 
BMD for improved accuracy (24). The FRAX algorithm was developed from a series of meta-
analyses incorporating data from 12 independent fracture studies conducted across North 
America, Europe, Asia, and Australia (25-30). Together, these studies included 60,000 men and 
women, with more than 250,000 person-years of follow-up, and documented over 1,100 osteo-
porotic hip fractures and 3,300 overall osteoporotic fractures (31). Because fracture probability 
varies considerably across regions, FRAX is calibrated to the local epidemiology of fracture and 
mortality in countries where such data are available (currently 64 countries). Since its launch in 
2008, FRAX has been widely adopted worldwide, with approximately 6 million calculations per-
formed each year in 173 countries (24).  

QFracture (www.qfracture.org) is a risk assessment tool based on routinely collected electronic 
health record data and validated in large UK primary care populations (32). It estimates the 10-
year risk of hip and major osteoporotic fractures (hip, spine, wrist) in individuals aged 30 to 85 
years, without requiring BMD measurement. The algorithm incorporates a broad range of clini-
cal risk factors, including age, sex, BMI, smoking, alcohol intake, glucocorticoid use, asthma, 
cardiovascular disease, history of falls, chronic liver disease, rheumatoid arthritis, type 2 diabe-
tes, and tricyclic antidepressant use, with additional female-specific variables such as hormone 
replacement therapy, menopausal symptoms, parental hip fracture, gastrointestinal malabsorp-
tion, and other endocrine disorders (33). QFracture was derived from a UK prospective open 
cohort study of over 2 million men and women from 357 general practices (33). External valida-
tion studies report that QFracture has low positive predictive values (PPVs), with PPVs for hip 
fracture of approximately 4.0% at a 3% 10-year risk threshold (i.e., ≥3% predicted risk of hip 
fracture over 10 years) and 4.6% at a 5% threshold in women, while negative predictive values 
consistently exceeded 90% (34). 

Patients deemed at risk of fragility fractures after completing either FRAX or QFracture will be 
offered measurement of BMD in line with current UK NOGG guidelines (22). DXA is the most 
commonly used method to assess BMD, calculated as the amount of mineral content divided by 
the scanned area and reported in g/cm² and relative to a reference population (35). Site-specific 
BMD correlates best with fracture risk at that site but also predicts fractures elsewhere, with hip 
BMD considered the most accurate and clinically relevant measure (36). Measurement at both 
the lumbar spine and hip is recommended in all patients (37), while peripheral DXA of the radius 
is used when central sites are not feasible or in conditions affecting forearm BMD, such as hy-
perparathyroidism (38). 

Osteoporosis in the UK is diagnosed using DXA-derived T-scores at the lumbar spine, hip, fem-
oral neck, and, where indicated, the one-third (33%) radius, in line with national guidance (e.g. 
NOGG) (22). The T-score is the difference between the measured BMD and the BMD of a 
healthy young adult, reported in standard deviation units. The risk of broken bones increases by 
1.5 to 2 times with each 1-point drop in the T-score with a T-score ≤ −2.5 defining osteoporosis 
according to World Health Organization criteria (39) and is applied in UK clinical practice (40). 
Modern DXA scanners can also detect vertebral fractures via lateral spine imaging (41, 42). 
Femoral neck BMD can be incorporated into risk prediction tools such as FRAX to refine esti-
mated fracture risk and inform treatment decisions, rather than to establish a diagnosis of osteo-
porosis. Therefore, BMD can serve a diagnostic role (via T-score) or a prognostic role (within 
risk prediction tools) in a potential screening pathway to prevent fragility fractures. 

Treatment 

https://www.qfracture.org/
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When osteoporosis is diagnosed it can be managed by a combination of lifestyle measures 
(weight control, exercise, smoking and alcohol avoidance, and calcium/vitamin D supplementa-
tion) with pharmacological therapy (43). First-line treatments are usually antiresorptive agents 
such as bisphosphonates (alendronic acid or risedronate sodium), zoledronic acid or deno-
sumab, which reduce bone turnover and fracture risk, while anabolic or dual-action therapies 
(for example, teriparatide, abaloparatide, romosozumab) stimulate new bone formation and are 
reserved for severe or high-risk cases (44). In post-menopausal women oestrogen or selective 
oestrogen receptor modulators (SERMs), can be used (45). Both classes increase BMD and re-
duce fractures, though bone-forming therapies are generally more effective in severe disease 
and are often followed by antiresorptives to sustain benefits (44). Long-term, individualised 
treatment strategies may include switching or combining agents if side effects or treatment fail-
ure occur (44). Both the National Institute for Health and Care Excellence (NICE) and NOGG 
(18, 22, 46) recommend a comprehensive strategy that includes fracture risk assessment, life-
style modifications, and pharmacological intervention based on risk level. Bisphosphonates are 
the foundation of treatment, with newer anabolic agents like romosozumab and abaloparatide 
reserved for those at very high risk or who cannot use first-line agents. Regular reassessment 
of fracture risk and attention to adherence ensure long-term effectiveness. 

 

Current policy context and previous reviews 

The UK NSC currently recommends against screening for this condition following two reviews of 
screening for osteoporosis in postmenopausal women in 2013 and 2019 (47). The 2019 review 
carried out by Solutions for Public Health (48) was an evidence summary review to assess 
whether systematic population screening for osteoporosis in postmenopausal women should be 
introduced (48). This review revisited and updated the conclusions of an earlier UK NSC exter-
nal review published in 2013, which had found the available evidence insufficient to support im-
plementation of a national screening programme (48). The 2019 review covered evidence pub-
lished between 2011 and 2018, and addressed four key questions: How accurate are screening 
tests? How effective are the interventions? Do randomised controlled trials demonstrate a clini-
cal benefit of screening? Do UK-based evaluations show screening to be cost-effective? For 
screening accuracy, the focus was on strategies in which clinical risk assessment tools (such as 
FRAX) were used as the initial screening step with DXA serving as the reference or confirmatory 
standard for osteoporosis diagnosis. 

The 2019 review incorporated new evidence from 2 randomised controlled trials (RCTs), 
SCOOP and ROSE (49, 50), since the previous review in 2013 (51), which directly compared 
screening with usual care. Results showed no significant reduction in osteoporotic fractures 
among systematically screened women compared to those receiving usual care. Although a va-
riety of screening approaches were identified in the wider literature, few met the inclusion crite-
ria, and all of the review’s key questions (the accuracy of screening tests, the effectiveness of 
interventions, whether RCTs demonstrate a clinical benefit, and whether UK-based evaluations 
show cost-effectiveness) could not be fully addressed by the evidence identified (48). 

Overall, the report concluded that important uncertainties and evidence gaps remained. On this 
basis, the UK NSC maintained its recommendation against introducing a national population os-
teoporosis screening programme for postmenopausal women. 

In 2024, the UK NSC commissioned an evidence map (52) to assess the volume and type of 
evidence on key issues in osteoporosis screening since the 2019 review (48). The map ad-
dressed 3 questions: what is (1a) the volume and type of evidence exploring the clinical benefit 

https://bnf.nice.org.uk/drugs/zoledronic-acid/
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of whole population screening in women over 65, in reducing osteoporotic fractures compared 
to standard care? (1b) the volume and type of evidence exploring the clinical benefit of targeted 
screening of women aged under 65 with risk factors for osteoporosis, in reducing osteoporotic 
fractures compared to standard care? and (2) the volume and type of evidence exploring the 
cost-effectiveness of screening (whole population and targeted) for osteoporosis? 

Nineteen articles were included: 3 RCTs (SCOOP (50), ROSE (49), SALT/SOS (53)) 1 noncon-
current cohort study (54), 6 reviews (55-60), 5 sibling papers related to SCOOP (61-65) and 4 
related to ROSE (66-69). The RCTs and cohort study examined whole-population screening in 
women over 65, while all 6 reviews also addressed this question to some degree. However, 
conclusions as to whether screening was significantly beneficial and the recommendations 
whether to implement screening were reported to be mixed across studies.  

The 2025 evidence map found no evidence on the clinical benefit of targeted screening of 
women aged under 65 with risk factors for osteoporosis and reported mixed results from re-
views on osteoporosis screening in women over 65 (55-60). Although the 6 reviews had similar 
criteria and used largely the same primary trials, their conclusions differed: some reported small 
but meaningful reductions in fractures, while others found little-to-no benefit. To understand 
these disparities and identify evidence gaps relevant to policy, the UK NSC has commissioned 
the current review. 

 

Objectives 

The review consisted of 2 components: 

Evidence map  

Conduct an updated literature search to identify any new primary studies or reviews 
reporting on the efficacy or cost-effectiveness of population and targeted screening for 
osteoporosis in women published since the 2025 evidence map. 

 

Umbrella review  

Conduct an umbrella review to examine the included primary studies and reviews 
(identified in both the previous UK NSC reviews and the update (Q1)) in detail and 
investigate what factors (methodological or otherwise) could account for differences in 
conclusions between the reviews. 



UK N S C external review – Screening for osteoporosis: An evidence map and umbrella review for the UK 
National Screening Committee, [Date of review completion] 
 
 

20 

Evidence map 

Aims of the evidence map 

Evidence maps are rapid evidence products which aim to gauge the volume and type of 
evidence relating to a specific topic.  

This evidence map has been developed to assess whether there has been any new evidence 
since a previous review was conducted in November 2024 to evaluate the volume and type of 
evidence on key issues related to screening for osteoporosis. Any new reviews identified will be 
included in the umbrella review section of this project. 

The aim was to address the following questions: 

• Question 1a: What is the volume and type of evidence exploring the clinical benefit of 

whole population screening in women over 65, in reducing osteoporotic fractures com-

pared to standard of care? 

• Question 1b: What is the volume and type of evidence exploring the clinical benefit of tar-

geted screening in women aged under 65 with risk factors for osteoporosis, in reducing 

osteoporotic fractures compared to standard of care? 

• Question 2: What is the volume of evidence exploring the cost-effectiveness of screening 

(whole population and targeted) for osteoporosis? 

The findings of this evidence map will provide data for the umbrella review section of this 
project. 

The aim of this document is to present the information necessary to inform UK N S C decision-
making processes. 

Search methods and results 

The search strategies from the 2025 evidence map were rerun to find studies published since 
the last search date (12th November 2024). A date restriction from the start of November 2024 
was added to the search for this purpose. The searches were conducted in October and 
November 2025 using 9 databases: Medline, Embase, CINAHL, Science Citation Index (SCI) 
and Social Sciences Citation Index (SSCI) (via Web of Science) and the Cochrane Library 
(Reviews) (accessed 28th October), Epistemonikos, CEA Registry (accessed 29th October) and 
Google Scholar (searched via Publish or Perish, limited to the first 200 records on the 11th 
November 2025). The searches were conducted in 9 of the 11 databases used in the previous 
review; the International HTA Database and Dissertations and Theses Global were excluded 
because grey literature searching is not included in evidence map methodology. Automatic de-
duplication was conducted using Endnote v21.4. The detailed search strategies, including 
exclusion and inclusion criteria, are available in Appendix 1. Each title and abstract was 
screened once for eligibility using the Covidence platform (70). A formal quality appraisal of the 
evidence was not required, given the remit of the evidence map.  

Abstract reporting tables are available in Appendix 2. 

The search returned 1780 results. After automatic and manual de-duplication, 950 unique 
references were sifted for relevance to the questions. After screening by title and abstract 11 
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publications remained, and the full texts were accessed to confirm their eligibility and only one 
reference, a systematic review (71), was included in the final evidence map. A Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram 
summarising the number of studies included and excluded is presented in Figure 1.  
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Figure 1. PRISMA flow diagram of included and excluded records. 
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Summary of findings 

Question 1a: What is the volume and type of evidence exploring the 
clinical benefit of whole population screening in women over 65, in 
reducing osteoporotic fractures compared to standard care? 

One study satisfied the inclusion criteria for this question (71). 

The systematic review (SR) by Kahwati 2025 aimed to review evidence on osteoporosis 
screening in women 65 years or older capturing 3 SRs and 3 RCTs (SCOOP, ROSE and SOS) 
(71). The review conducted a meta-analysis using data from all 3 RCTs. Of these, SCOOP, and 
ROSE reported on a screening approach of an initial FRAX assessment followed by BMD 
testing where indicated, whereas the SOS trial utilised an approach where all women received 
FRAX and BMD testing plus additional tests. Based on the pooled values, screening was 
associated with reduced hip (pooled relative risk [RR], 0.83 [95% CI, 0.73-0.93]) and major 
osteoporotic fractures (pooled RR, 0.94 [95% CI, 0.88-0.99]) when compared to usual care, with 
absolute risk differences reported as 5 and 6 fewer fractures per 1000 participants screened, 
respectively.  

Question 1b: What is the volume and type of evidence exploring the 
clinical benefit of targeted screening of women aged under 65 with risk 
factors for osteoporosis, in reducing osteoporotic fractures compared to 
standard care? 

No new studies met the inclusion criteria for this question.  

Question 2: What is the volume of evidence exploring the cost-
effectiveness of screening (whole population and targeted) for 
osteoporosis? 

No studies met the inclusion criteria for this question.  

Conclusion 

Only one study (a review) was identified in the evidence map and that will be included in the 
umbrella review part of the project (71). 
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Umbrella review 

Aims of the umbrella review  

The aim of this umbrella review was to examine the reviews identified in the UK NSC evidence 
map and their included primary studies in detail, and investigate what factors (methodological or 
otherwise) could account for differences in conclusions across the reviews. 

Decision question 

What methodological factors could explain the mixed conclusions across existing reviews on the 
effectiveness of screening for osteoporosis in women, considering: 

• women aged over 65 (whole population) 

• women with identifiable risk factors (targeted screening)?2 

Methods 

Eligibility for inclusion in the umbrella review  

Any review publications included in the UK NSC 2025 evidence map and its update. 

Data extraction  

Data extraction was performed independently by 2 reviewers. Data was collected in Excel; 
however, only key information necessary to support the findings is presented in tables in the 
report. The full Excel dataset is provided as a supplementary file to ensure transparency and 
completeness (Appendix 3). 

Data were extracted at both the review and primary study level. For each review3, information 
was collected on review design and purpose, search methods, eligibility criteria, statistical 
methods, included studies, quantitative results (including meta-analyses and trial-level data 
where reported), and author-reported conclusions and methodological limitations. For primary 
trials included within the reviews, data were extracted on study design, eligibility criteria, 
interventions and comparators, outcomes and outcome definitions, and reported effect 
estimates, restricted to those contributing to the review analyses. Full details of the data 
extraction framework are provided in the protocol. 

Methods of analysis/synthesis 

We assessed and compared the included reviews and relevant primary studies using a 
structured framework focusing on four key domains: 

• Domain 1: Scope of reviews 

 
2 Whilst the evidence map considered targeted screening in women aged under 65, an age limited was not applied 
in the umbrella review 
3 Where publications consider multiple research questions, extraction was limited to only those relevant to the deci-
sion question 
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o Identify and compare the stated aims of each review to determine alignment or di-

vergence in scope. 

• Domain 2: Included evidence base 

o Compared reviews in terms of search dates, search strategies, and inclusion crite-

ria, and assessed how these factors contributed to variations in the set of primary 

studies included. 

o Explored any differences across the primary trials included in the meta-analyses in 

terms of study designs, populations, and outcome data reported. 

• Domain 3: Meta-analyses/numerical data 

o Compared the statistical approaches (for example, effect measures, models, soft-

ware) used in the meta-analyses. 

o Cross-checked the data inputs from each review (for the meta-analysis or as pre-

sented in reviews where no meta-analysis is conducted) against the original trial 

publications to validate them. Explored any differences between trial data inputs 

across the reviews. 

o Sense checked the results of each meta-analysis based on data input. 

o Compared the meta-analysis results across studies for each outcome and high-

lighted any instances where there are key differences such as opposite direction 

of treatment effects and differences in statistical significance (i.e. the 95% CI does 

or does not include the null value). 

• Domain 4: Author conclusions/interpretation 

o Validated the author reported conclusions of the meta-analysis results. In cases 

where a review has not conducted a meta-analysis, but reports trial level esti-

mates, these were validated against the reported author conclusions. 

Using this framework, differences across domains were synthesised using a structured 
comparative narrative approach. We compared reviews domain-by-domain using standardised 
tables of scope (population, intervention, comparator, outcomes and study design [PICOS]), 
included trials, and numerical inputs and outputs, and then integrated findings across domains 
to identify the main drivers of differences in results and conclusions. 

Appraisal for quality/risk of bias tool 

The methodological quality and risk of bias of included studies were assessed using established 
tools appropriate to study design. Systematic reviews were appraised using ROBIS (72). 
Randomised controlled trials were assessed using the Cochrane Risk of Bias 2 tool (73) and 
non-randomised studies using ROBINS-I (74). 

Assessments were conducted by one reviewer and checked by a second, with disagreements 
resolved by consensus or by consultation with a third reviewer where necessary. Risk-of-bias 
judgements reported in the included reviews were compared with our independent 
assessments, and any major discrepancies (for example, differences in overall risk-of-bias 
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judgement) were identified and examined. Where discrepancies were observed, likely reasons 
such as differences in tools or versions used, signalling questions applied, or availability of 
information were documented. 

Results 

Included reviews  

A total of 6 relevant reviews were included in the assessment of the reviews (55-59, 71). Five 
were identified from the 2025 osteoporosis evidence map (55-59). An additional review was 
identified in the updated 2025 osteoporosis map; Kahwati 2015 (71), this review is an update of 
a review previously identified in the 2025 evidence map and thus supersedes it (60). 

Overview of reviews 

A summary of the evidence synthesis product, objectives, and author reported conclusions of 
each review identified in the osteoporosis evidence map is provided in Table 1. 

The reviews were 3 SRs, one rapid relative effectiveness assessment, one synthesis report, 
and a structured scoping review. They were published between 2003 and 2025. Although most 
reviews framed their populations broadly, covering adults or older adults in general, the included 
studies largely involved women, particularly postmenopausal or older women. 

The reviews report mixed conclusions on the clinical effectiveness of osteoporosis screening, 
with one review reporting no clear benefit (56), three identifying small or probable reductions in 
fracture risk in selected populations (6, 57, 71), and a single review concluding a benefit in older 
women (59). All reviews included studies relevant to our decision question, namely RCTs that 
evaluated a combination of risk assessment and DXA compared with a no screening 
comparator in women aged over 65 years and/or women with identifiable risk factors. Some 
reviews also included studies that would not have met our evidence map eligibility criteria; and 
primary study relevance is examined in detail later. 

Based on the author reported conclusions of the reviews we have summarised the interpretation 
of them into the following categories: 

• screening not shown to be effective, n=2 

• screening potentially effective, n=1 

• screening probably effective, n=2 

• screening effective, n=1 

These mixed conclusions form the basis for our assessment of what factors might explain the 
variation across reviews, considering both population-level screening in women aged over 65 
and targeted screening in women with identifiable risk factors. 

Removal of a single review from our assessment 

The Health Evidence Network (HEN) synthesis report aimed to assess the effectiveness of 
osteoporosis prevention and screening (6). The review methods were not fully reported, and it 
found no direct evidence that screening reduces fracture incidence. As the earliest review in the 
dataset, with searches extending only to 2003 (with selected studies published in 2004 and 
2005 added later), it precedes all major primary trials later captured by subsequent reviews. The 
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remaining reviews were published between 2019 and 2025, highlighting the considerable gap 
between this early HEN synthesis and the more recent evidence base. Including this review 
could confound interpretation of why conclusions differ across reviews, as any discrepancies 
would likely reflect the historical absence of key primary evidence rather than genuine 
methodological differences. For this reason, the HEN review is not considered further in our 
assessment. 
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Table 1: Summary of reviews 

Review/Sponsor Evidence 
synthesis 
product 

Objective(s) Author reported conclusions (Bold text 
indicates current review interpretation of author 
conclusions) 

Auais 2023 (55) 

 

Sponsor NR 

Structured 
scoping 
review 

The primary objective was to review the 
evidence on how effective clinical 
fracture-risk assessment tools are in 
reducing osteoporotic fractures and/or 
influencing other health outcomes. 

Using clinical fracture-risk assessment screening 
tools was not more effective than usual care in 
preventing all osteoporosis-related fractures. 
However, using those screening tools positively 
influenced women’s perspectives on osteoporosis, 
may have reduced hip fracture risk, and could 
potentially be cost-effective. 

SCREENING NOT EFFECTIVE 

Gates 2023 (57) 

Public Health 
Agency of 
Canada 

Systematic 
review with 
meta-
analysis 

Questions 1a and 1b are relevant for 
this comparison and described below: 

1a: What are the benefits and harms of 
screening compared with no screening 
to prevent fragility fractures and related 
morbidity and mortality in primary care 
for adults ≥40 years? 

1b: Does the effectiveness of screening 
to prevent fragility fractures vary by 
screening programme type (i.e., 1-step 
vs 2-step) or risk assessment tool? 

Screening in primary care with clinical FRAX, 
followed by BMD assessment for increased risk, 
among selected females aged 65 years and older 
probably leads to a small reduction in the risk of 
clinical fragility fracture and hip fracture compared 
to no screening. Limited direct evidence on harms 
of screening was available. 

 

SCREENING PROBABLY EFFECTIVE 

Johnell 2006 (6)* 

World Health 
Organisation 

Synthesis 
report  

The primary objective was to determine 
the effectiveness of osteoporosis 
prevention and screening. 

The review did not find direct evidence for fracture 
reduction as a result of screening for osteoporosis 
but found good indirect evidence in two specific 
situations. First, screening is effective for identifying 
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Review/Sponsor Evidence 
synthesis 
product 

Objective(s) Author reported conclusions (Bold text 
indicates current review interpretation of author 
conclusions) 

(Health 
Evidence 
Network) 

postmenopausal women with low bone mineral 
density. Second, treating osteoporosis can reduce 
the risk of wrist and spine fractures in this 
population. Moreover, there is insufficient evidence 
relating to the effectiveness of treating low-risk 
populations. 

 

SCREENING POTENTIALLY EFFECTIVE 
(INDIRECT EVIDENCE ONLY) 

Merlijn 2020 (59) 

 

Sponsor NR 

Systematic 
review and 
meta-
analysis 

To perform a systematic review and 
meta-analysis to determine the 
effectiveness of population screening 
for fracture prevention. 

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 
a serious option to prevent osteoporotic fractures, 
especially hip fractures. 

SCREENING EFFECTIVE 

Kahwati 2025 
(71) 

Agency for 
Healthcare 
Research and 
Quality (AHRQ), 
US Department 
of Health and 
Human Services 

Systematic 
review and 
meta-
analysis 

The review considered five research 
questions. Questions 1 and 3 were 
relevant to this comparison and are 
described below: 

Q1. Does screening for fracture risk or 
osteoporosis reduce fractures and 
fracture-related morbidity and mortality 
in adults? 

Screening in higher-risk women 65 years or older 
was associated with a small absolute risk reduction 
in hip and major fractures compared with usual 
care.  

SCREENING PROBABLY EFFECTIVE 
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Review/Sponsor Evidence 
synthesis 
product 

Objective(s) Author reported conclusions (Bold text 
indicates current review interpretation of author 
conclusions) 

Q3. What are the harms of screening 
for fracture risk or osteoporosis? 

EUnetHTA 
OTCA19 
Assessment 
Team 2019 (56) 

 

European 
Commission 

Rapid 
Relative 
Effectiveness 
Assessment 

Does screening for osteoporosis in the 
general population offer an advantage 
over no screening with regard to patient 
relevant outcomes? 

The main finding of this Rapid REA is that screening 
for osteoporosis in postmenopausal women offers 
no (or only a small) advantage with regard to 
symptomatic fractures. Since the available 
moderate quality studies do not show screening to 
have any effect on the incidence of symptomatic 
fractures, there is probably little or no benefit to 
screening for osteoporosis in postmenopausal 
women 

 

SCREENING NOT EFFECTIVE 

Abbreviations: BMD, bone mineral density; FRAX, Fracture Risk Assessment Tool; NR, not reported; REA, Rapid Evidence Assessment. 

*The HEN synthesis report is in grey because this review was excluded from the full assessment of the reviews.
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Assessment of reviews 

Results are presented by domain. Although multiple methodological and scope 
differences were identified across reviews, we examine whether these differences 
materially influenced the numerical results or the conclusions drawn. 

Domain 1: Scope of reviews 

Overall, the reviews demonstrated broad alignment in their objectives and PICOS 
frameworks, each assessing screening strategies combining clinical risk assessment 
and/or BMD testing against no screening or usual care. Differences were mainly 
observed in the inclusion of additional study types beyond RCTs, the screening 
interventions and in the range of outcomes considered. The following subsections 
describe the scope of the reviews in more detail according to the review objectives 
and each PICOS element. 

Review objectives 

Review objectives were similar across the reviews in all seeking to evaluate the 
effectiveness of screening or risk assessment strategies for osteoporosis or fracture 
prevention in adults (Table 1).  

Population 

Two reviews considered adults ≥40 years (57, 71) whereas all other reviews 
considered a general asymptomatic population.  

Interventions 

All reviews evaluated population-based screening strategies designed to identify 
individuals with osteoporosis or with increased risk of fragility fractures, but they 
differed in how the intervention was defined. Most reviews conceptualised screening 
as a multistep process combining a clinical fracture-risk assessment tool, typically 
FRAX, with BMD measurement by DXA where indicated, followed by 
pharmacological treatment for those classified as high risk. 

However, important notable differences included: 

• Gates 2023 permitted only fracture risk assessment (validated or non-vali-

dated tools), only BMD measurement with DXA, and would also permit verte-

bral fracture assessment (VFA) or spinal radiography in addition to DXA or 

risk assessment and DXA (57). 

• Kahwati 2025 (71) and Merlijn 2020 (59) applied similar definitions, focusing 

on risk-assessment and/or DXA-based screening linked to subsequent treat-

ment.  

• EUnetHTA 2019 used a broader definition that also allowed radiographic as-

sessment of vertebral fractures as a screening method (56). 

• Auais 2023 specifically restricted inclusion to screening using validated clini-

cal risk tools (FRAX, GARVAN, CAROC) regardless of whether BMD was 

measured (55). 
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These definitional differences, particularly regarding whether DXA measurement was 
required, whether radiography was accepted, and whether validated risk tools were 
mandatory represent a key methodological distinction which contributed to variation 
across reviews in the studies included. 

Comparator 

The reviews compared screening interventions with no screening or usual care. In a 
single review, whilst a comparator was not specified based on the studies included, 
comparisons were made between different screening strategies (e.g. BMD versus 
risk assessment tools) or alternative risk assessment tools (e.g. Simple Calculated 
Osteoporosis Risk Estimation (SCORE) vs the Study of Osteoporotic Fractures 
(SOF) index) in addition to no screening (55).  

Outcomes 

All reviews assessed fracture-related outcomes as the primary measure of screening 
effectiveness, typically including osteoporotic, clinical, fragility, or hip fractures. 
Several also evaluated secondary outcomes such as mortality, health-related quality 
of life, pain, and functional status. A subset of reviews considered harms of 
screening, including adverse events, overdiagnosis, and overtreatment, as well as 
healthcare resource use. Overall, while the emphasis on fracture outcomes was 
consistent, the breadth of secondary outcomes and harms varied across reviews. 

Study design 

Randomised controlled trials were the principal evidence source across all reviews. 
Gates 2023 (57) supplemented these with other clinical trials, whereas Kahwati 2025 
also considered SRs (71). 

Domain 2: Included evidence base 

Searches 

All reviews conducted literature searches in the major biomedical databases, most 
commonly MEDLINE, Embase, and the Cochrane Library. All supplemented these 
searches by consulting clinical trial registries (such as ClinicalTrials.gov and the 
WHO International Clinical Trials Registry Platform) and scanning reference lists of 
included studies or relevant SRs. The EUnetHTA OTCA19 review also searched 
guideline and health technology assessment (HTA) agency websites (e.g. NICE, 
AHRQ) to identify additional grey literature. Overall, the search strategies were 
comprehensive and broadly similar across reviews, suggesting that differences in 
search sources are unlikely to have materially affected the studies identified. 

The searches across reviews covered broadly overlapping but not identical time 
periods. The earliest review searched for studies published up to 2019, while the 
most recent extended coverage to 2024.  

Summary of evidence base in each review 

The primary studies included across the reviews are summarised in Table 2 and 
Table 3. Of the trials included across the reviews, 3 pivotal RCTs are relevant to the 
evidence map (SOS/ROSE/SCOOP), as they evaluate screening strategies involving 
risk assessment and DXA, include a no-screening comparator, and were conducted 
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in women aged ≥65 years. Nevertheless, the reviews differed in scope and there 
were variabilities in the included studies. The main drivers for these differences are: 

1. Comparator definitions. All reviews required a no-screening or usual-care con-
trol and therefore excluded studies comparing alternative screening strategies 
except for Auais 2023 which did not state a restriction on comparator, and this 
is why this review included OPRA (which does not include a no screening 
comparator arm) (55).  

2. Search dates. The search date determined whether the most recently pub-
lished trials were included. EUnetHTA 2019 (56) did not include SOS due to 
its publication date. Notably, despite being published prior to the SOS paper, 
Merlijn 2020 (59) included data from SOS, as one of the review’s authors was 
also an author on the SOS publication and therefore had access to the SOS 
data. 

3. Study designs: All reviews restricted inclusion to primary trials that were RCTs 
except Gates 2023 which included any primary study design (57). This is why 
this review included Kern 2005 (a non-concurrent cohort study) (54). 

4. Screening pathways: The reviews differed in how screening pathways were 
defined but most studies included in the reviews included pathways relevant 
to the evidence map (any combination of risk assessment and DXA). Excep-
tions included: 

o COSHIBA: The screening intervention included spinal X-ray (no BMD 

and no validated risk tool) as the objectives of the study were to identify 

postmenopausal women with osteoporotic vertebrae fractures and in-

crease appropriate management of osteoporosis (75). COSHIBA was 

only relevant for inclusion in EUnetHTA 2019 (56), which used a 

broader definition of screening that allowed standard radiographs to 

detect vertebral fractures. 

o APOSS: APOSS falls outside the scope of most reviews because the 

comparator and treatment pathway do not match the decision ques-

tions (76). It used DXA alone without risk assessment and recom-

mended treatment of high-risk participants with hormone replacement 

therapy which authors of some of the reviews confirmed is no longer 

used for the treatment of osteoporosis. As a result, it was excluded 

from all but Gates 2023 (57), and even in this review its results were 

not incorporated into the meta-analysis due to uncertainty in the evi-

dence. 

In summary, although there was some variability in the studies included across 

reviews, they largely drew on the same underlying evidence base, centred on the 

3 pivotal RCTs. In most cases, meta-analyses did not incorporate additional stud-

ies beyond these trials. For this reason, the summary of primary studies in the 

next section focuses on the pivotal RCTs.   
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Table 2: Summary of included primary studies in the reviews 

Study (year pub-
lished, design) 

Relevant to NSC 
evidence map de-
cision question? 

Merlijn 
2020 (59), 
n=3 

Gates 2023 
(57), n=5 

Kahwati 2025 
(71), n=3 

EUnetHTA 
2019 (56), 
n=3* 

Auais 2023 (55), 
n=4† 

ROSE (2018, 
RCT) (49) 

✓ ✓ ✓ ✓ ✓ ✓ 

SCOOP (2018, 
RCT) (50) 

✓ ✓ ✓ ✓ ✓ ✓ 

SOS (2019, RCT) 
(53) 

✓ ✓ ✓ ✓ ✗ [publication 

date] 

✓ 

OPRA (2005, 
RCT) (77) 

✗ (no standard 

care/no screening 

comparator) 

✗ (compar-

ator) 

✗‡ (compara-

tor) 

✗ (compara-

tor) 

✗ (comparator) ✓ 

COSHIBA (2012, 
RCT) (75) 

✗ (Age 45-54/no 

risk factors years & 

intervention doesn’t 

include BMD) 

✗ (no BMD) ✗ (no BMD) ✗ (no BMD or 

FRAX) 

✓ ✗ (not validated 

risk tool) 

APOSS (1997, 
RCT) (76) 

✗ (Intervention in-

cludes BMD only) 

✗ (HRT trt) ✓ (but excluded 

from meta-

analyses) 

✗ (poor qual-

ity & HRT no 

longer stand-

ard practice in 

US) 

✗ (HRT trt) ✗ (HRT trt) 
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Kern 2005 (2005, 
non-random allo-
cation) (54) 

✗ (Intervention in-

cludes BMD only) 

✗ (non-

RCT) 

✓ (included in 

meta-analysis 

of hip fractures 

& mortality 

only) 

✗ (non-RCT) ✗ (non-RCT) ✗ (non-RCT) 

Abbreviations: BMD, bone mass density; FRAX, Fracture Risk Assessment Tool; HRT, hormone replacement therapy; RCT, randomised controlled trial; trt, treatment.  

Rationale for study relevant to the UK NSC evidence map decision question or its eligibility for inclusion into reviews provided in brackets. 

Studies in grey were not relevant to the UK NSC evidence map decision question. 

*Core study pool of 3 conventional RCTs included and considered here. The review also included 5 enrichment design RCTs which provide supplementary evidence on treat-
ment efficacy, not on screening effectiveness and therefore are not considered here. 

†only 4/6 studies included reported outcomes relevant to the current review decision question. The other 2 qualitative studies included reported perspectives, experiences and 
acceptance of screening and are not considered here. 

‡This study was included for KQ1b (Does the effectiveness of screening to prevent fragility fractures vary by screening program type (i.e., 1-step vs. 2-step) or risk assessment 
tool) which was not considered in the current analysis
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Table 3: Summary of primary studies included in the reviews 

Study, country, inclu-
sion  

Population characteristics Intervention/comparator Primary outcome, analysis popu-
lations, follow-up 

ROSE (49)  

RCT 

Denmark 

Women aged 65–80 
years 

 
 

Screening (n=17,072; ITT) 
Age, median (IQR): 71 (68–76) 
years 
10-year MOF risk (FRAX), median 
(IQR): 20% (15–27) 
10-year hip fracture risk (FRAX), 
median (IQR): 6.7% (3.9-11) 
 
Control (n=17,157; ITT) 
Age, median (IQR): 71 (68–76) 
years 
10-year MOF risk (FRAX), median 
(IQR): 20% (15–27) 
10-year hip fracture risk (FRAX), 
median (IQR): 6.7% (3.9-11) 

All patients completed 
FRAX-Denmark 

Screening: DXA when 10-
year risk of MOF was 
≥15%. Treatment as per 
recommendations based on 
the Danish National guide-
lines 

Control: Women not in-
formed of baseline FRAX 
risk  

 

Primary outcome: ≥1 MOF (rec-
ords - ICD-10 codes) 

Analysis populations: ITT (all 
women randomised); PP-1 (women 
who retuned the questionnaire with 
adequate information to calculate a 
FRAX value); PP-2 (women with 
FRAX ≥ 15%) 

Follow-up: median 5 (Q1 4.6, Q3 
5.3) years 

SCOOP (50)  

RCT 

England 

Women aged 70–85  

Screening (n=6,233) 
Age, mean (SD): 75.4 (4.16) years 
10-year MOF risk (FRAX), mean 
(SD): 19.3% (8.9) 
10-year hip fracture risk (FRAX), 
mean (SD): 8.5% (7.4) 
 
Control (n=6,250) 
Age, mean (SD): 75.5 (4.14) years 
10-year MOF risk (FRAX), mean 
(SD): 19.3% (8.8) 
10-year hip fracture risk (FRAX), 
mean (SD): 8.5% (7.3) 

All patients completed 
FRAX 

Screening: DXA when 10-
year risk of hip fracture was 
> threshold probability for 
their age. Then the 10-year 
hip fracture risk was recal-
culated with the BMD and a 
final risk category commu-
nicated to the participants 
GP (to receive standard 
care). 

Primary outcome: ≥1 osteoporotic 
related fracture (self-reported and 
verified) 

Analysis population: ITT (partici-
pants analysed according to the 
group they were randomly assigned 
whether screening was completed; 
baseline questionnaire must have 
been completed) 

Follow-up: 5 years 
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Study, country, inclu-
sion  

Population characteristics Intervention/comparator Primary outcome, analysis popu-
lations, follow-up 

Control: Women not in-
formed of baseline FRAX 
risk  

SOS (53)  

RCT 

Netherlands 

Women aged 65 to 90 
years; with ≥1 clinical 
risk factor for fractures*, 
as assessed with a 
baseline questionnaire 

Screening (n=5,575) 
Age, mean (SD): 75 (6.7) years 
10-year MOF risk (FRAX), mean 
(SD): 24.6% (10.8) 
10-year hip fracture risk (FRAX), 
mean (SD): 11.6% (10.5) 
 
Control (n=6,250) 
Age, mean (SD): 75 (6.7) years 
10-year MOF risk (FRAX), mean 
(SD): 24.3% (10.5) 
10-year hip fracture risk (FRAX), 
mean (SD): 11.3% (10.2) 

Screening: DXA and VFA. 
The 10-year risk of MOF 
(FRAX-UK) above age-de-
pendent thresholds in com-
bination with DXA-T score 
or prevalent fracture was 
an indication for treatment 
with anti-osteoporosis med-
ication 

Control: At baseline, those 
with an indication for DXA 
and VFA, according to the 
Dutch GP guideline, were 
notified accordingly and 
were advised to contact 
their GP as part of usual 
care. All participants of-
fered the same screening 
intervention after study 
completion 

Primary outcome: any type of 
fractures (self-reported and veri-
fied) 

Analysis population: ITT (ex-
cluded patients lost to follow-up) 

Follow-up: mean 3.7 years 

COSHIBA (75) 
 
RCT 
 
England 

Screening (n=1,062) 
Age, mean (SD): 72.7 (4.3) years 
 
Control (n=2,138) 
Age, mean (SD): 72.6 (4.3) years 

Screening: Data collected 
on four clinical risk factors 
and if the score was below 
4 (high risk of prevalent 

Primary outcome: Self-reported 
new prescription of medications for 
treatment osteoporosis at the 6-
month follow-up 
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Study, country, inclu-
sion  

Population characteristics Intervention/comparator Primary outcome, analysis popu-
lations, follow-up 

 
Women aged 65 to 80 
years 
 
 

 VF), offered a thoracolum-
bar radiograph. Usual NHS 
mechanisms for reporting 
results used to mimic real-
life situation 
 
Control: All participants re-
ceived a “healthy bones” 
leaflet giving information on 
healthy lifestyles 

Analysis population: ITT (all sec-
ondary fracture outcomes self-re-
ported) 

Follow-up: 12 months 

Kern 2005 (54) 
 
Non-concurrent cohort 
study 
 
US 
 
Age- and sex-stratified 
random sampling of 
Medicare eligibility lists 

Screening (n=1,422) 
Age, mean (SD): 76.3 (4.8) years 
 
Control (n=1,685) 
Age, mean (SD): 72.6 (4.9) years 
 

Screening: DXA scans of-
fered and results sent to 
the participants primary 
care provider 
 
Control: Usual care 

Primary outcome: Hip fractures 
(active and passive surveillance) 

Analysis population: Analytic co-
hort 

Follow-up: Mean 4.9 years 

APOSS (76) 
 
RCT 
 
Scotland 
 
Women aged between 
45 and 54 years of age 

Screening (n=2,400) 
Age, mean (SD): 58.4 (4.0) years 
 
Control (n=2,400) 
Age, mean (SD): 58.4 (3.3) years 
 

Screening: Participants in-
vited for DXA, for those 
considered ‘at risk’ the GP 
was advised to offer HRT 
when the women reached 
the menopause 
 
Control: Women were not 
contacted 

Primary outcome: Drug use 

Analysis population: ITT (all sub-
ject who responded to the follow-up 
questionnaire) and PP (only 
screened women who attended 
screening) [fracture outcomes self-
reported and verified] 

Follow-up: 9 years 
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Study, country, inclu-
sion  

Population characteristics Intervention/comparator Primary outcome, analysis popu-
lations, follow-up 

OPRA (77) 
 
RCT 
 
US 
 
Women aged 60–80 not 
taking hormone therapy 
or osteoporosis medica-
tion 
 

Universal testing (n=415) 
Age, mean (SD): 69.1 (5.5) years 
 
SCORE testing (n=576) 
Age, mean (SD): 69.3 (5.5) years 
 
 
SOF-Testing (n=2,176) 
Age, mean (SD): 70.3 (5.5) years 
 

Screening programme 
identical for all 3 arms but 
differed in how liberally 
BMD testing was offered 
 
Universal testing: All 
women offered BMD testing 
 
SCORE testing: Women 
asked to complete SCORE 
Those with a high-risk 
score were invited for BMD 
testing. 
 
SOF-Testing: Women 
asked to complete SOF. 
Those with 5 or more risk 
factors were invited for 
BMD testing. 

Primary outcome: Initiation of os-
teoporosis therapy 

Analysis population: ITT (all sub-
ject invited to participate) and par-
ticipant-only analysis (subgroup 
that responses and became inter-
vention participants) [fracture out-
comes verified with ICD-9 codes] 

Follow-up: mean 28 (range 24-33) 
months 

Abbreviations: BMD, bone mass density; DXA, Dual-energy X-ray absorptiometry; GP, general practitioner; HRT, hormonal replacement therapy; ICD, International Classifica-
tion of Diseases; IQR, interquartile range; ITT, intention to treat; MOF, major osteoporotic fracture; PP, per-protocol; RCT, randomised controlled trial; SCORE, Simple Calcu-
lated Osteoporosis Risk Estimation; SD, standard deviation; SOF, Study of Osteoporotic Fracture; VFA, vertebral fracture assessment. 

Studies in grey were not relevant to the UK NSC evidence map decision question 

* a previous fracture after age 50 years, a parental hip fracture, low body weight, rheumatoid arthritis, early menopause, malabsorption syndrome, chronic liver disease, type I 
diabetes mellitus, or immobility
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Summary of pivotal RCTs 

All 3 pivotal RCTs compared screening strategies with usual care. ROSE and SCOOP 
evaluated population screening strategies, using an initial FRAX assessment followed by DXA 
for women above a predefined FRAX threshold (49, 50). Notably in SCOOP (50) women 
underwent the baseline questionnaire before randomisation, whereas in ROSE (49) women 
underwent the questionnaire after randomisation. In contrast, SOS evaluated a targeted 
screening strategy, enrolling women with at least one clinical risk factor for osteoporosis as 
identified by a baseline questionnaire and then randomised participants; the screening 
intervention included DXA, VFA, FRAX and blood tests for all women (53). The higher baseline 
fracture risk of participants in SOS (53) reflects this enriched population and is evident in the 
higher baseline FRAX-estimated 10-year risk of major osteoporotic and hip fracture of 
participants compared with those in ROSE (49) and SCOOP (50) (Table 3).  

Usual care served as the comparator in all 3 RCTs, although this was not a true ‘no screening’ 
arm. Completion of baseline questionnaires and FRAX assessments likely increased disease 
awareness across both arms, despite results not being routinely disclosed to participants in the 
control arms of ROSE and SCOOP, leading to higher-than-expected rates of DXA in the control 
groups. For example, the authors of ROSE reported that 25% of women in the control group 
had a DXA scan after the index date versus 48% in the screening group (49). Similarly, 23% of 
women in the screening group received osteoporosis medication compared with 18% in the 
control group (49). 

All 3 RCTs reported analyses based on intention-to-treat (ITT) populations. ROSE also 
presented 2 additional per-protocol (PP) populations: PP-1 (women with sufficient information to 
calculate FRAX) and PP-2 (women with FRAX ≥15%) which represents a high fracture risk 
subgroup analysis (49). Generally, no benefit was observed in the ITT analysis, while 
progressively more favourable effects were seen in the PP-1 and PP-2 populations, consistent 
with increasing engagement with screening and restriction to higher-risk participants. Although 
the ROSE PP-2 population (49) was restricted to women with FRAX ≥15%, the median FRAX 
risk in this group remained lower than the mean baseline risk in SOS, which enrolled women 
with at least one clinical risk factor for fracture (53). This reflects the differences in trial design 
and risk-enrichment strategies. 

On the basis of overall baseline risk, the ROSE PP-2 population represents a more enriched 
subgroup than ROSE ITT or PP-1 (49), and may be considered broadly comparable to SOS ITT 
(53) in terms of fracture risk, both representing targeted screening although the populations are 
not directly equivalent. In contrast, ROSE PP-1 (49), which included all women with sufficient 
data to calculate FRAX, aligns more closely with the SCOOP ITT population for population 
screening (50). 

Despite these differences, reviews undertook meta-analyses and all reviews that included all 3 
trials selected the ROSE PP-1 population for meta-analysis (49), with the exception of 
EUnetHTA 2019 (56) which instead combined ROSE ITT (49) data with SCOOP ITT data (50). 
Notably, although reviews pooled all 3 trials, ROSE/SCOOP and SOS evaluated different 
screening models in populations with different baseline risk, which may limit the interpretability 
of combined estimates. Moreover, across reviews, the apparent overall benefit is driven in part 
by reliance on the ROSE PP-1 analysis; however, the ROSE ITT analysis is more relevant to a 
screening context as it reflects an ‘offer of screening’ to the eligible population, did not 
demonstrate an effect in favour of screening. 

All 3 trials were judged to have some concerns of bias (Appendix 3 figure 1.1). Although all 3 
trials were well randomised and had complete follow-up, their pragmatic design precluded 
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blinding of participants and study personnel, introducing methodological limitations related to 
intervention adherence, contamination (ad hoc screening and treatment in control arms), and 
outcome ascertainment (self-reported fractures) are likely to have biased effect estimates 
towards no effect through dilution of between-group differences, potentially underestimating the 
true effect of osteoporosis screening. Conversely, recruitment of risk-enriched populations may 
have inflated effect estimates, partially counterbalancing dilution biases while reducing 
generalisability. 

Time-to-event analyses and their implications for meta-analysis 

The 3 pivotal RCTs all used time-to-event methods for analysing fracture outcomes, applying 
Cox proportional hazards models (SOS and SCOOP) or competing-risk survival analysis 
(ROSE) (49). Consequently, meta-analyses would typically input the hazard ratios from these 
models (as log [HR] and SE) rather than replacing them with relative risks calculated from 
dichotomous event counts. This is because, time-to-event models appropriately account for 
censoring and variation in follow-up time, whereas risk ratios derived from dichotomous event 
counts at a fixed time point do not. 

Patterns observed across the Kaplan–Meier curves in ROSE and SCOOP further reinforce this 
point (49, 50). Both trials show that the benefits of screening and targeted treatment accumulate 
over time, with little separation in the early years but increasingly divergent curves with longer 
follow-up. In ROSE, the cumulative incidence curves for major osteoporotic fractures, hip 
fractures and all fractures diverge progressively in the PP-2 population (49). Similarly, in 
SCOOP, the curves for time to first osteoporotic fracture and hip fracture in the ITT population 
show widening separation across follow-up (50). 

These findings have direct implications for meta-analysis. Because fracture benefits emerge 
gradually, dichotomous count data fail to capture the time-dependent nature of the effect and 
ignore censoring. Hazard ratios from time-to-event models therefore provide a more appropriate 
and comparable basis for pooling evidence across trials with differing follow-up durations and 
should be preferred for meta-analytic synthesis of fracture outcomes. 

Methodological quality of the reviews (ROBIS assessment) 

Across the four SRs (Merlijn 2020, Gates 2023, EUnetHTA 2019 and Kahwati 2025,) ROBIS 
assessments indicated an overall low risk of bias (Appendix 3 figure 1.3), with generally well-
defined eligibility criteria, appropriate study designs and populations, and clearly reported 
methods (56, 57, 59, 71). All four reviews used eligibility criteria that were aligned with their 
review. Searches were broadly comprehensive in Gates 2023, EUnetHTA 2019 and Kahwati 
2025, drawing on multiple databases and trial registries and using additional methods 
(reference checking, author contact, surveillance searches) (56, 57, 71). In contrast, Merlijn 
2020 relied primarily on MEDLINE and Embase, with no reported supplementary search 
strategies, leading to a high concern judgement for the identification and selection domain (59). 

Data collection and study appraisal processes were robust across reviews, typically involving 
dual-reviewer extraction or checking and formal risk-of-bias assessment with appropriate tools. 
Synthesis methods were also judged appropriate in all cases, with random-effects meta-
analysis used where pooling was justified, low or explored heterogeneity, and sensitivity 
analyses undertaken to test robustness. Common limitations included restriction to English-
language publications and a small number of eligible RCTs, which precluded meaningful use of 
formal methods to assess publication bias (such as funnel plots or related statistical tests); 
however, these limitations were considered unlikely to introduce substantial bias into the overall 
conclusions. 
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Domain 3: Meta-analyses/numerical data 

Auias 2023 provides a narrative summary of the scoping review and did not report any 
numerical data from the studies it included so it is not considered within this section (55).  

Statistical approaches 

Four reviews undertook pairwise meta-analyses using either RevMan (Merlijn 2019 (53), 
statistical method not reported; Gates 2023 (57), DerSimonian and Laird model), SAS 
(EUnetHTA (56); statistical method not reported) or STATA (Kahwati 2025 (71); DerSimonian 
and Laird model). Merlin 2019, Gates 2023 and Kahwati 2025 (53, 57, 71) employed random-
effects (RE) models, whereas EUnetHTA utilised a fixed-effect (FE) model (56). Given the 
limited number of studies included in these analyses (≤4) and the inability to reliably estimate 
between-study heterogeneity within RE frameworks, the RE models would have effectively 
converged toward FE estimates. Consequently, the choice of statistical modelling approach is 
unlikely to have materially influenced the results. 

Trial data considered in the reviews  

For mortality and all fracture-related outcomes, all trial-level data reported in the reviews and 
used as inputs for the meta-analyses were checked for consistency with the corresponding 
outcomes reported in the original trial publications. Across reviews, the following approaches 
were used: 

• Merlin 2019 (53), EUnetHTA 2019 (56) and Kahwati 2025 (71) used trial level dichoto-

mous data for meta-analysis and therefore relied on unadjusted event counts. 

• Gates 2023 used log hazard ratios (log[HR]) and their standard errors, incorporating un-

adjusted HRs where reported (SCOOP reported only adjusted HRs) (57). 

As outlined in Domain 2, time-to-event models (and their HRs) account appropriately for 
censoring and variation in follow-up time, whereas risk ratios derived from dichotomous data do 
not. Hazard ratios therefore remain the most robust and methodologically appropriate effect 
measure for meta-analysis of fracture outcomes 

Despite the mixed analytical approaches used across reviews, the pooled effect estimates were 
nevertheless highly consistent (Table 4). This convergence is likely coincidental and may reflect 
the broadly similar follow-up durations across trial arms, low event rates, modest true effects, 
and limited censoring events. 

Notably, all reviews drew on the same primary trial publications. Ten-year follow-up data from 
the ROSE trial was published in May 2024 and, given the timing, most reviews would not have 
been expected to include it (68). However, although Kahwati 2025 reported active surveillance 
up to July 2024, this publication was still not incorporated. The ten-year ROSE results were 
extracted for completeness, but they are consistent with the five-year findings in both the 
magnitude of effect and statistical significance. Importantly, inclusion of the ten-year ROSE 
follow-up data in any of the reviews would not have altered the overall results or conclusions, as 
the findings remain consistent with the five-year outcomes. 

 

Meta-analysis results 

In consideration of the relative effect estimates presented across the reviews (meta-analyses or 
trial level data presented), the conclusions are consistent in terms of direction of effect size and 
statistical significance (Table 4). 
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In addition to the relative effect estimates, all reviews presenting numerical data also reported 
absolute risk differences or absolute risks, except Merlijn 2019. These were generally derived 
by applying the pooled relative risk to either the median or pooled control-group event rate 
across the included trials. As Gates 2023 (57) and Kahwati 2025 (71) represent the most recent 
and relevant reviews, each drawing on at least the same 3 main screening trials, their absolute 
risk difference estimates are tabulated for comparison (Table 5). 

Notably, Gates (2023) also presented absolute risk differences based on general-population 
baseline risks from Statistics Canada for women aged ≥65 years for GRADE assessment of the 
evidence (57). This is crucial because the magnitude of baseline fracture risk directly 
determines the size of the absolute benefit: even identical relative effects (e.g., HRs around 
0.94–0.95) translate into materially different absolute risk differences in high-risk versus lower-
risk populations. Using population-relevant baseline rates ensures that estimated benefits 
reflect whether screening yields a clinically meaningful reduction in fractures in real-world 
settings.  

In summary, although the underlying trial results were similar across reviews, conclusions 
varied depending on how the size of the benefit was judged. Some reviews focused on absolute 
reductions in fracture risk, which depend on assumptions about baseline risk, while others 
focused on relative effects. These differences in emphasis appear to have played a larger role 
in shaping review conclusions than any substantive differences in the trial evidence itself. 
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Table 4: Summary of meta-analyses and trial level estimates considered in the reviews. Estimates are HR or RR (95% CI) for 
screening intervention versus control unless stated otherwise 

Trials Trial outcome definitions Merlijn 2020 (53) Gates2023 (57) Kahwati 2025 
(71)  

EUnetHTA 2019 
(56) 

All fractures 

COSHIBA (75) Self-reported new fractures (fore-
arm, hip, vertebral, other) 

   
OR: 

0.60 (0.35-1.03) 

SCOOP (50) Any clinical fractures (included all 
occurring fractures, including frac-
tures of the hands, feet, ankle, 
face, and skull) 

0.94 (0.86-1.03)  

0.95 (0.88-1.03) 

0.94 (0.86-1.03) 

SOS (53)  All fractures 0.97 (0.87-1.08)  0.97 (0.89-1.08)  

Meta-analysis All fractures 0.95 (0.89-1.02)  0.96 (0.90-1.02)  

Osteoporotic fractures 

ROSE (49)  All potential osteoporosis fractures 
(excluding fractures of fingers, 
toes, skull, or face) 

0.97 (0.89-1.06)  0.98 (0.90-1.06) 1.01 (0.95, 1.07) 

SCOOP (50)  Osteoporosis-related fractures (all 
fractures excluding the hands, feet, 
nose, skull, or cervical vertebrae; 
vertebral fractures documented 

within 6 months of randomisation 
were excluded due to uncertainty 

about the actual date of occur-
rence) 

0.94 (0.85-1.03)  0.95 (0.87-1.04) 0.94 (0.85-1.03) 

SOS (53)  Osteoporotic fractures defined as 
all fractures except for skull, finger, 
hand, toe, and foot fractures 

0.91 (0.89-1.00)  0.93 (0.83-1.04)  

Meta-analysis  Osteoporotic fractures 0.95 (0.89-1.00)  0.95 (0.91-1.01) 0.99 (0.94 -1.04) 

Major osteoporotic fractures 
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ROSE (49)  

Major osteoporotic fractures (hip, 
clinical vertebral, wrist or humerus 
fracture) 

0.91 (0.82-1.00) 0.92 (0.83-1.02) 0.93 (0.84-1.02) 0.99 (0.92-1.06) 

SCOOP (50)  

Osteoporosis-related fractures (all 
fractures excluding the hands, feet, 
nose, skull, or cervical vertebrae; 
vertebral fractures documented 
within 6 months of randomisation 
were excluded due to uncertainty 
about the actual date of occur-
rence) 

 0.94 (0.85-1.04) 0.95 (0.87-1.04)  

SOS (53)  

Major osteoporotic fractures were 
defined as all hip, vertebral, wrist, 
and humerus fractures 

0.91 (0.80-1.04) 0.92 (0.81-1.05) 0.93 (0.82-1.05)  

Meta-analysis Major osteoporotic fractures 0.91 (0.84-0.98) 0.93 (0.87-0.99) 0.94 (0.88-0.99)  

Hip fractures 

COSHIBA (75) Hip fractures       1.01 (0.25-4.74) 

ROSE (49)  Hip fractures    0.83 (0.67-1.01) 0.84 (0.68-1.03) 0.84 (0.69-1.03) 1.01 (0.89-1.14) 

SCOOP (50) 

Hip fractures (verified fractures with 
a specific description of neck of fe-
mur or proximal femur. Fractures 
described as subtrochanteric, fem-
oral shaft, distal femur, or simply 
femoral were not categorised as 
hip fractures) 0.72 (0.59-0.88) 0.73 (0.60-0.88) 0.75 (0.62-0.92) 0.72 (0.59-0.89) 

SOS (53) Hip fractures    0.91 (0.71-1.15) 0.91 (0.72-1.15) 0.91 (0.72-1.15)  

Kern 2005 (54) Hip fractures  0.61 (0.35-1.06)   

Meta-analysis Hip fractures 0.80 (0.71- 0.91) 0.80 (0.71-0.91) 0.83 (0.73-0.93)  

All-cause mortality 

SCOOP (50)  Mortality 1.05 (0.93-1.19) 1.05 (0.94-1.18) 1.05 (0.94-1.18) 1.05 (0.93-1.19) 

SOS (53)  Mortality 1.03 (0.91-1.17) 1.02 (0.91-1.15) 1.02 (0.91-1.15)  

ROSE (49) Mortality   0.97 (0.92-1.03)  

Kern 2005 (54) Mortality  0.90 (0.78-1.04)   

Meta-analysis   1.04 (0.95-1.14) 1.00 (0.92-1.09) 0.99 (0.95-1.04)  
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Abbreviations: CI, confidence interval; HR, hazard ratio; OR, odds ratio; RR, relative risk. Green shading indicates a statistically significant results favouring screening versus 
no screen. Red shading indicates a non-statistically significant result. 
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Table 5: Summary of meta-analysis relative treatment effect results and absolute effects. 
Estimates are for screening intervention versus no intervention. 

Outcomes Gates 2023 (57) Kahwati 2025 (71) 

HR  
(95% CI) 

Absolute effect 
(control rate 
from trials) 

Absolute effect 
(control rate from 
general popula-
tion of women 
aged ≥65) 

RR 
(95% CI) 

Absolute effect 
(control rate 
from trials) 

All fractures    0.96  
(0.90-1.02) 

6 fewer per 
1000 (14 fewer 

to 3 more) 
 

Osteoporotic 
fractures 

   0.95 
 (0.91-
1.01) 

6 fewer per 
1000 (11 fewer 

to 1 more) 
 

Major osteo-
porotic frac-
tures 

0.93  
(0.87-0.99) 

5.9 fewer per 
1000 (10.9 fewer 

to 0.8 fewer) 

11.8 fewer per 
1000 (21.8 fewer to 

1.7 fewer) 

0.94 
 (0.88-
0.99) 

6 fewer per 
1000 (12 fewer 

to 1 more) 
 

Hip fractures 0.80  
(0.71-0.91) 

6.2 fewer per 
1000 (9.0 fewer 

to 2.8 fewer) 

4.0 fewer per 1000 
(5.8 fewer to 1.8 

fewer) 

0.83 
 (0.73-
0.93) 

5 fewer per 
1000 (7 fewer to 

2 more) 
 

All-cause 
mortality 

1.00  
(0.92-1.09) 

No difference per 
1000 

(7.1 fewer to 5.3  
more) 

 No difference per 
1000 

(4.6 fewer to 5.1  
more) 

0.99 
 (0.95-
1.04) 

1 fewer per 
1000 (5 fewer to 

4 more) 
 

Abbreviations: CI, confidence interval; HR, hazard ratio; RR, relative risk. 
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Domain 4: Author conclusions/interpretation 

Our independent validation of author reported conclusions from the reviews based on the trial 
level numerical data presented or meta-analysis results is presented in Table 6. In most cases, 
review conclusions were consistent with the underlying evidence. One exception was identified 
in the interpretation of fracture outcomes in Merlijn 2020, where conclusions referring broadly to 
reductions in osteoporotic fractures extended beyond the statistically significant findings 
observed for major osteoporotic fractures and hip fractures. The pooled estimate for all 
osteoporotic fractures (HR 0.95, 95% CI 0.89–1.00) did not demonstrate a statistically 
significant reduction, whereas pooled estimates for major osteoporotic fractures and hip 
fractures did. 

Auais 2023 was a structured scoping review that concluded clinical fracture-risk assessment 
screening tools were not more effective than usual care for preventing osteoporosis-related 
fractures (55). The review provided a qualitative synthesis only: it summarised the findings of 
each trial descriptively, discussed statistically significant results, but did not present numerical 
estimates or indicate the magnitude of relative effects. We checked the review’s main findings 
against the results reported in the primary trial publications and found them to be consistent. 
Because no meta-analysis was undertaken, the review did not capture that the 3 trials, although 
non-significant individually, can yield a statistically significant effect when pooled—for example, 
for major osteoporotic fractures. A similar pattern is seen for hip fractures: SCOOP reported a 
statistically significant reduction, while the other 2 trials did not, yet the pooled estimate in meta-
analyses becomes statistically significant. This likely explains the divergence between the 
conclusions of Auais 2023 (55) and those of reviews that incorporate meta-analysis. 
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Table 6: Validation of review author reported conclusions with numerical data and meta-analysis results presented 

Review Author reported conclusions relevant to decision 
question (Bold text indicates current review 
interpretation of author conclusions) 

Independent validation  

Auais 2023 (55)  

 

 

Using clinical fracture-risk assessment screening tools 
was not more effective than usual care in preventing all 
osteoporosis-related fractures. However, using those 
screening tools positively influenced women’s 
perspectives on osteoporosis, may have reduced hip 
fracture risk, and could potentially be cost-effective. 

SCREENING NOT EFFECTIVE 

The authors’ statements about the effectiveness of 
FRAX-based screening were consistent with the 
results reported in the 3 primary trials (although the 
authors did not present any numerical results). 

• Their conclusion that screening did not 
reduce all osteoporosis-related fractures 
aligns with the ITT findings from SCOOP, 
ROSE, and SOS. 

• Their statement that screening may reduce 
hip fractures reflects the SCOOP trial result 
(HR 0.72, 84% CI 0.59–0.89; p=0.002), the 
only statistically significant hip fracture effect 
among the 3 trials. 

• The summary of ROSE per-protocol findings 
is consistent with the trial’s reported PP-1 and 
PP-2 analyses. 

Conclusion consistent with the data discussed  

Gates 2023 (57)  Screening in primary care with clinical FRAX, followed 
by BMD assessment for increased risk, among selected 
females aged 65 years and older probably leads to a 
small reduction in the risk of clinical fragility fracture 
and hip fracture compared to no screening. Limited 
direct evidence on harms of screening was available. 

 

The review’s conclusions are consistent with the 
meta-analytic estimates it presents. 

• For clinical fragility (major osteoporotic) 
fractures, the pooled estimate (HR 0.93, 95% 
CI 0.87–0.99) [5.9 or 11.8 fewer per 1000] 
indicates a small but statistically significant 
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SCREENING PROBABLY EFFECTIVE reduction, supporting the authors’ 
interpretation. 

• For hip fractures, the meta-analysis (HR 0.80, 
95% CI 0.71–0.91) [6.2 or 4 fewer per 1000] 
also shows a statistically significant reduction, 
supporting the authors’ interpretation. 

• The statement that there was limited direct 
evidence on harms is accurate. 

Conclusions consistent with data presented 

Merlijn 2020 
(59)  

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 

SCREENING EFFECTIVE 

The conclusions regarding osteoporotic fractures are 
not supported by the meta-analytic estimate, 
whereas the conclusions regarding hip fractures are 
supported. 

• For osteoporotic fractures, the pooled 
estimate (HR 0.95, 95% CI 0.89–1.00) does 
not demonstrate a statistically significant 
reduction. The statement that screening 
programmes reduce all osteoporotic fractures 
is therefore not consistent with the data 
presented. 

• For hip fractures, the pooled estimate (HR 
0.80, 95% CI 0.71–0.91) indicates a 
statistically significant reduction, making this 
conclusion consistent with the evidence. 

Conclusions consistent with data for hip 
fractures but not for osteoporotic fractures 

But: 
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• For major osteoporotic fractures the pooled 
estimate (HR 0.91, 95% CI 0.84–0.98) 
indicates a statistically significant reduction, 
making this conclusion consistent with the 
evidence. 

Thus, the apparent inconsistency arises from the 
use of the term osteoporotic fractures in the 
review conclusions, which extends beyond the 
statistically significant findings for major 
osteoporotic fractures 

Kahwati 2025 
(71) 

 

Screening in higher-risk women 65 years or older was 
associated with a small absolute risk reduction in hip 
and major fractures compared with usual care.  

SCREENING PROBABLY EFFECTIVE 

The review’s conclusions are consistent with the 
meta-analytic estimates it presents. 

• For major osteoporotic fractures, the pooled 
estimate (HR 0.94, 95% CI 0.88–0.99) [6 
fewer per 1000] indicates a small but 
statistically significant reduction in clinical 
fragility fracture. 

• For hip fractures, the pooled estimate (HR 
0.83, 95% CI 0.73–0.93) [6 fewer per 1000] 
supports a small statistically significant 
reduction in hip fracture risk 

Conclusions consistent with data presented 

EUnetHTA 
OTCA19 
Assessment 
Team 2019 (56)  

The main finding of this Rapid REA is that screening for 
osteoporosis in postmenopausal women offers no (or 
only a small) advantage with regard to symptomatic 
fractures. Since the available moderate quality studies 
do not show screening to have any effect on the 
incidence of symptomatic fractures, there is probably 

The reviews conclusions are consistent with the trial 
level and meta-analysis estimates it presents. 

• At the trial level, only one statistically 
significant numerical trial level estimate was 
presented for hip fractures from the SCOOP 
trial, HR 0.72 (95% CI:0.59, 0.89). Notably 
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little or no benefit to screening for osteoporosis in 
postmenopausal women 

 

SCREENING NOT EFFECTIVE 

ITT data for ROSE were considered for the 
ROSE trial (not PP-1). 

• The meta-analysis result for osteoporotic 
fractures was not statistically significant, HR 
0.99 (95% CI: 0.94-1.04).  

Conclusions consistent with data presented 

Abbreviations: BMD, bone mineral density; CI, confidence interval; FRAX, Fracture Risk Assessment Tool; HR, hazard ratio; ITT, intention-to-treat; REA, Rapid Evidence As-
sessment; RR, relative risk; PP, per-protocol. 
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Review summary 

This assessment included 6 reviews relevant to osteoporosis screening, spanning 3 
systematic reviews with meta-analysis, a rapid relative effectiveness assessment, a 
synthesis report and a structured scoping review. Across reviews, objectives and 
PICOS frameworks were broadly aligned. Most evaluated screening pathways 
combining clinical risk assessment (often FRAX) with DXA where indicated, followed 
by treatment for those at elevated risk, compared with usual care or no screening. 
Despite this broad alignment, author conclusions were mixed, ranging from no clear 
benefit to probable or effective reductions in fractures in selected populations. 

The reviews largely drew on the same underlying evidence base centred on 3 pivotal 
European RCTs (ROSE (49), SCOOP (50) and SOS (53)). Differences in included 
studies in addition to the 3 RCTs were mainly explained by search dates, comparator 
requirements and how the screening pathway was defined (for example, whether 
BMD measurement by DXA was required, and whether additional vertebral imaging 
was permitted). These scope and inclusion differences explain some variation in 
narrative emphasis, but they do not appear to account for the overall pattern of 
conclusions, as pooled estimates and direction of effects were generally consistent 
across the meta-analysing reviews. 

A potential source of variation appears to be how reviews handled numerical data 
and in particular, how they interpreted clinical importance. One review (Gates 2023) 
used hazard ratios derived from time-to-event models, whereas 3 others relied on 
dichotomous data (57). Time-to-event estimates are methodologically preferable for 
fracture outcomes, as they account for censoring and differing follow-up time and 
better reflect the gradual accumulation of benefit observed in the Kaplan–Meier 
curves. Nonetheless, despite differing analytical inputs, pooled effects were similar 
across reviews, suggesting that the analytical approach is unlikely to explain the 
differences in conclusions. 

Rather, the divergence in author conclusions appears to be driven by differences in 
emphasis on relative effects and the baseline risks used to translate relative effects 
into absolute risk differences. Reviews that foregrounded absolute reductions tended 
to frame benefits as small, particularly when population-relevant baseline risks were 
used, whereas others placed greater weight on statistically significant relative effects 
and interpreted screening as effective. This distinction is important for policy, 
because identical relative effects can translate into materially different absolute 
benefits depending on baseline fracture risk.  

Finally, the structured scoping review (Auais 2023) provides a plausible explanation 
for why conclusions may appear less favourable when meta-analysis is not 
undertaken (55). Although its narrative summary was consistent with the individual 
trial reports, it could not capture the way modest, non-significant trial-level effects 
may become statistically significant when pooled. This highlights how the choice of 
synthesis method and the extent of quantitative pooling can influence the framing of 
the evidence, even when the underlying studies are similar. 

Independent assessment of the evidence base 

While all reviews addressed the effectiveness of osteoporosis screening, some were 
more informative for policy decision-making than others. In particular, the more 
recent reviews by Gates 2023 (57) and Kahwati 2025 (71) incorporated the latest trial 
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evidence and presented absolute effect estimates for fracture outcomes in defined 
populations, facilitating assessment of clinical importance. Notably the populations in 
the 2 pivotal trials included in the reviews (ROSE and SCOOP) were women aged 
≥65 years and therefore relevant for whole population screening (research question 
1a). SOS included women (aged 65-90 years) with ≥1 clinical risk factor4 for fractures 
and therefore is the only study that was directly relevant for targeted screening 
(research question 1b). However, SOS did not report analyses stratified by individual 
risk factors, limiting its ability to inform which targeted screening criteria might be 
most effective in practice. In addition, ROSE included a sub-group analysis of high-
risk women which may represent a targeted screening strategy for women with FRAX 
≥15%. Despite the differences in populations, the reviews pooled data across all 3 
trials. Furthermore, differences in recruitment, baseline fracture risk, and the timing of 
risk assessment relative to randomisation mean they do not estimate an equivalent 
screen-versus-no-screen comparison, limiting the interpretability of combined effect 
estimates. 

Our independent assessment of the meta-analytic evidence across the reviews 
(Table 4) indicates that osteoporosis screening is not associated with a reduction in 
all fractures or all-cause mortality. However, screening linked to subsequent 
treatment is associated with statistically significant reductions in major osteoporotic 
fractures (including hip, vertebral, wrist, and humerus fractures) and in hip fractures 
specifically. As the pooled estimates are driven largely by the 2 population-based 
trials (ROSE and SCOOP), with SOS contributing data from a higher-risk subgroup, 
they are most applicable to whole-population screening in women aged ≥65 years. At 
the trial level, effects were modest. ROSE, which provides the clearest offer-of-
screening comparison in an unselected population (women undergo baseline FRAX 
after randomisation), did not demonstrate statistically significant fracture reductions 
on an ITT basis, and most meta-analyses relied on the ROSE PP-1 population 
(women with sufficient information to calculate baseline FRAX), in which analyses 
suggested somewhat more favourable effects for screening. SCOOP reported the 
only statistically significant reduction in an outcome- which was hip fractures (HR, 
0.72 [95% CI, 0.59-0.89]) (50).  

SOS did not report statistically significant reductions in fracture outcomes; based on 
this study our independent assessment suggests insufficient evidence to support the 
effectiveness of targeted osteoporosis screening. The effects might be expected to 
be larger in a risk-enriched population as indicated by the ROSE PP-2 subgroup 
analysis; the null findings from SOS may partly reflect suboptimal participation and 
adherence, as well as the waiting-list design whereby control participants with 
indications for DXA, vertebral fracture assessment (VFA) and blood tests, were 
informed and advised to seek assessment through usual care, limiting separation 
between groups. On the other hand, effects may have been overestimated as all 
women in the screening arm received risk assessment as well as VFA and BMD. 

Overall, pooled findings reflect the accumulation of small effects across trials and 
should be interpreted cautiously. Further, the underlying evidence base remains 
small, comprising 3 pivotal pragmatic RCTs, which limits the certainty and 
generalisability of pooled estimates. In addition, heterogeneity in trial design, 
recruitment strategies, and screening pathways, together with contamination of usual 

 
4 a previous fracture after age 50 years, a parental hip fracture, low body weight, rheumatoid arthritis, 
early menopause, malabsorption syndrome, chronic liver disease, type I diabetes mellitus, or immobil-
ity 
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care arms, reduces the extent to which trial results can be directly applied to specific 
population or targeted screening programme models. 

Therefore, based on the findings of the evidence map and umbrella review, no further 
evidence synthesis work on population or targeted screening for osteoporosis should 
be commissioned at the present time. The UK NSC will return to screening for 
osteoporosis in women in 3 years’ time. 

The UK NSC is the only organisation that makes recommendations on screening 
programmes in the four UK countries. It is important to distinguish that NICE’s 
guideline recommendation on osteoporosis primarily support decision-making for 
individual patient care. The nature and strength of evidence underpinning clinical 
guidance differs from evidence required to justify the implementation of a nationally 
delivered screening programme.  

 

Future considerations 

This review was commissioned to explore whether mixed conclusions across reviews 
reflected genuine disagreement in the evidence base. Our findings suggest that this 
is not the case. Although reviews differed in scope, screening definitions and 
analytical choices, they relied on the same 3 pivotal RCTs and reported broadly 
aligned trial-level and meta-analytic results. Differences in conclusions appear to 
arise primarily from how these results were interpreted, rather than from differences 
in the underlying evidence. 

In light of this, key considerations for the UK NSC are: 

• Representativeness of the trial evidence. Whether the existing trials are 
sufficiently representative of a true population or targeted screening 
programme. Contamination of control groups and the use of selective 
recruitment or risk-enriched samples in the pivotal RCTs limits the applicability 
of findings to routine screening settings both for population and targeted 
screening. Meta-analyses have pooled trials across heterogeneous 
recruitment strategies (unselected population-based versus risk-enriched 
targeted approaches), which complicates interpretation for specific programme 
models. Several reviews relied on PP-1 rather than strict ITT estimates from 
ROSE, which may overstate effects relative to the policy-relevant impact of 
offering screening. Although SOS was the only trial relevant to targeted 
screening, the screening pathway included additional diagnostic components 
(e.g. vertebral fracture assessment and biochemical testing to exclude 
secondary causes of osteoporosis) and all women in the screening arm 
received follow on testing, which may limit direct applicability to how targeted 
screening would be delivered in routine implementation. 

• Clinical relevance of observed effects. Whether the observed benefits are 
clinically meaningful as well as statistically significant. Although meta-analyses 
suggest reductions in selected fracture outcomes (hip and major osteoporotic 
fractures), these effects were modest, were not consistently observed across 
all fracture outcomes, and were not accompanied by reductions in all-cause 
mortality. There is some indication that screening may be effective for some 
women (SCOOP for hip fractures and ROSE PP-2 for women with FRAX 
>15%). However, the trial designs provide limited evidence to inform the key 
elements of a potential screening programme, including who should be offered 
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screening and which primary outcomes should be used to assess its 
effectiveness. 

• Need for new trials. Further synthesis of the same evidence is unlikely to 
change conclusions. Future progress would depend on new trials explicitly 
designed to evaluate both (i) population screening in truly unselected women 
aged ≥65 years, and (ii) targeted screening approaches in clearly defined 
high-risk groups, with targeted screening representing the more immediate 
research priority, using interventions that are directly applicable to routine 
implementation with careful separation of screening procedures between arms 
in both settings to minimise contamination (e.g. restricting FRAX assessment 
to the screening pathway only). 

• Definition of the screening intervention. What constitutes the screening 
intervention in practice? Across trials, there is variation in how the screening 
pathway is implemented, including differences in the use of risk prediction 
tools, thresholds for treatment, and the extent of follow-on diagnostic testing. 
This makes it difficult to identify which specific screening approach is being 
evaluated and limits the ability to translate trial findings into a clearly defined, 
implementable programme in routine care. 

• Priority outcomes for decision-making. Which outcomes should be 
prioritised for screening? There is inconsistency across trials and reviews in 
the fracture outcomes used to assess effectiveness (e.g. hip fracture, major 
osteoporotic fracture, fragility fracture), and no clear consensus on which of 
these should be considered the most policy-relevant endpoint. This creates 
uncertainty in interpreting the clinical importance of observed effects and in 
determining whether screening delivers meaningful benefit. 

 

Pragmatic checklist for assessing review comparability 
when conclusions differ 

This review suggests that mixed conclusions across reviews do not necessarily 
reflect disagreement in the underlying evidence, but differences in interpretation and 
framing. In such contexts, a structured rapid assessment of review comparability may 
provide a more proportionate alternative to a full umbrella review. We summarise the 
key domains used in this assessment as a pragmatic checklist in Appendix 4. 



UK N S C external review – Screening for osteoporosis: An evidence map and umbrella re-
view for the UK National Screening Committee, [Date of review completion] 
 

57 

Appendix 1 — Search strategy for the evi-
dence map 

Databases and platforms searched 

Systematic literature searches were undertaken using the search developed for the 
2019 review (48). The searches were conducted in Medline ALL, Embase, The 
Cochrane Library, CINAHL, Web of Science, Epistemonikos, CEA Registry, 
International HTA Database, Dissertations and Theses Global and Google Scholar. 
The search results were limited to those published from November 2024 to date. The 
retrieved papers were imported into Endnote and deduplicated. The remaining 
records were uploaded to Covidence for title and abstract screening (70). The 
records were divided into 2 sets and each set was screened independently by one of 
2 reviewers. Prior to this, a pilot screening was conducted in which both reviewers 
screened the same 100 records to ensure consistency in application of the eligibility 
criteria. 

 

Search dates 

The searches were run on 28 October 2025. The searches were restricted from No-
vember 2024 onwards. 

 

Search strategies 

Ovid MEDLINE(R) ALL <1946 to November 

1. exp Osteoporosis, Postmenopausal/ or exp *Osteoporosis/ – 53,984 

2. *Bone Density/ – 30,328 

3. Osteoporotic Fractures/ – 9,666 

4. *Fractures, Bone/ – 58,071 

5. (osteoporo* or osteopenia).tw. – 107,612 

6. ((densit* or loss or mass or strength*) adj2 bone*).tw. – 119,367 

7. fractur*.ti. – 187,445 

8. 1 or 2 or 3 or 4 or 5 or 6 or 7 – 368,575 

9. *Mass Screening/ – 60,580 

10. (screen or screening or screened or prescreen*).ti. – 241,363 

11. 9 or 10 – 259,039 

12. 8 and 11 – 1,973 

13. (screen or screening or screened or prescreen*).tw. – 1,125,274 

14. (fractur* or bone* or osteop*).tw. – 1,201,178 
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15. ((screen or screening or screened or prescreen*) adj2 (fractur* or bone* or 
osteop*)).tw. – 2,550 

16. 12 or 15 – 3,581 

17. ((dexa or dxa) adj2 scan*).tw. – 3,536 

18. dual energy x ray absorptiomet*.tw. – 26,835 

19. (fracture* adj2 risk* adj2 assessment*).tw. – 1,908 

20. FRAX.tw. – 1,998 

21. 17 or 18 or 19 or 20 – 30,585 

22. osteop*.tw. – 148,144 

23. ((((dexa or dxa) adj2 scan*) or dual energy x ray absorptiomet* or (fracture* 
adj2 risk* adj2 assessment*) or FRAX) adj2 osteop*).tw. – 471 

24. 16 or 23 – 3,982 

25. *Absorptiometry, Photon/ – 4,949 

26. osteopor*.ti. – 42,673 

27. 25 and 26 – 563 

28. 24 or 27 – 4,402 

29. (scan* and osteop*).ti. – 164 

30. 28 or 29 – 4,511 

31. (202411* or 2025*).dt,ez,dp,da. – 1,718,771 

32. 30 and 31 – 396 

 

Embase 

1. exp postmenopause osteoporosis/ – 17,394 

2. *osteoporosis/ – 69,504 

3. *bone density/ – 34,677 

4. *fragility fracture/ – 11,038 

5. *acetabulum fracture/ or fracture/ – 139,971 

6. (osteoporo* or osteopenia).tw. – 170,788 

7. ((densit* or loss or mass or strength*) adj2 bone*).tw. – 169,955 

8. fractur*.ti. – 230,536 

9. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 – 539,213 

10. *mass screening/ – 27,443 

11. (screen or screening or screened or prescreen*).ti. – 330,849 

12. 10 or 11 – 340,133 

13. 9 and 12 – 3,001 

14. (screen or screening or screened or prescreen*).tw. – 1,642,109 

15. (fractur* or bone* or osteop*).tw. – 1,709,444 
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16. ((screen or screening or screened or prescreen*) adj2 (fractur* or bone* or 
osteop*)).tw. – 4,272 

17. 13 or 16 – 5,807 

18. ((dexa or dxa) adj2 scan*).tw. – 9,911 

19. dual energy x ray absorptiomet*.tw. – 36,798 

20. (fracture* adj2 risk* adj2 assessment*).tw. – 3,367 

21. FRAX.tw. – 5,111 

22. 18 or 19 or 20 or 21 – 48,053 

23. osteop*.tw. – 229,158 

24. ((((dexa or dxa) adj2 scan*) or dual energy x ray absorptiomet* or (fracture* 
adj2 risk* adj2 assessment*) or FRAX) adj2 osteop*).tw. – 1,037 

25. 17 or 24 – 6,701 

26. photon absorptiometry/ – 5,051 

27. osteopor*.ti. – 63,840 

28. 26 and 27 – 740 

29. 25 or 28 – 7,328 

30. (scan* and osteop*).ti. – 276 

31. 29 or 30 – 7,526 

32. limit 31 to conference abstract – 2,398 

33. 31 not 32 – 5,128 

34. limit 33 to "clinical trial (clinicaltrials.gov)" – 148 

35. 33 not 34 – 4,980 

36. (202411* or 2025*).dc,dd. – 2,617,070 

37. 35 and 36 – 415 

 

CINAHL (EBSCO) 

1. (MH "Health Screening" OR TI screen*) – 116,591 

2. ((MH "Osteoporosis" OR MH "Bone Density" OR MH "Fractures+" OR 
(osteoporos* or "bone density" or "bone loss" or osteopen* or fracture*)) OR 
((FRAX OR DEXA OR DXA) OR MM "Absorptiometry, Photon")) – 150,218 

3. 1 AND 2 Limited: 01/11/24–28/10/25 – 111 

 

The Cochrane Library (Wiley) 

1. MeSH descriptor: [Mass Screening] explode all trees – 6,127 

2. (screening):ti – 12,568 

3. (screening):ab – 79,829 

4. 1 or 2 or 3 – 83,758 
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5. (Osteopor* OR "bone density" OR fracture* OR FRAX OR DEXA OR DXA):ti – 
21,032 

6. MeSH descriptor: [Osteoporosis] explode all trees – 5,544 

7. MeSH descriptor: [Bone Density] explode all trees – 6,033 

8. MeSH descriptor: [Fractures, Bone] explode all trees – 9,824 

9. 5 or 6 or 7 or 8 – 28,098 

10. 4 and 9 – 624 

 

The Web of Science (Clarivate) 

1. osteoporo* or osteopenia (Title) – 54,308 

2. screen or screening or screened or prescreen* (Title) – 332,313 

3. 2 AND 1 – 1,452 

4. (osteop* NEAR/2 screen) or (osteop* NEAR/2 screened) or (osteop* NEAR/2 
screening) or (osteop* NEAR/2 prescreen*) (Abstract) – 1,366 

5. 4 OR 3 – 2,458 

6. (densit* NEAR/2 bone*) or (loss NEAR/2 bone*) or (mass NEAR/2 bone*) or 
(strength* NEAR/2 bone*) (Title) – 51,281 

7. 6 AND 2 – 372 

8. 7 OR 5 – 2,675 

9. fractur* (Title) – 232,918 

10. 9 AND 2 – 571 

11. 10 OR 8 – 3,017 

12. Limited to 01/11/24–28/10/25 – 253 

 

Epistemonikos 

1. (title:(osteoporosis) OR abstract:(osteoporosis)) AND title:(screen*) — 2024–
2025, systematic reviews only – 14 

2. title:(screen* AND osteoporos*) — 2025, systematic reviews only – 7 

3. title:(screen* AND osteoporos*) — 2024, systematic reviews only – 5 

4. abstract:(screen* AND osteoporos*) — 2025, systematic reviews only – 66 

5. abstract:(screen* AND osteoporos*) — 2024, systematic reviews only – 60 

 

CEA Registry 

1. Basic search: Osteoporosis — limited to 2024–2025 – 2 

 

Google Scholar via Publish or Perish, 2024-25(Limited to first 200 papers. Citations 
and patents excluded) 

1. Osteoporosis and Screening – 200 
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2. Osteoporosis and Predict and Scan – 200 
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Numbers of results for each database and question 

Table 1. 1: Numbers of records by database searched  

Database  
Total no. of 
references  

No. of references post-
duplication  

Medline ALL 396 396 

Embase, 1947- 415 94 

CINAHL 111 45 

Cochrane Reviews  0 0 

Cochrane Central 51 44 

Web of Science 253 47 

Epistemonikos 152 106 

CEA Registry 2 2 

Google Scholar via Publish 
or Perish 

400 216 

TOTAL  1780 950 

 

Inclusions and exclusions 

Studies that satisfied the following criteria listed in the tables were included: 

Table 1. 2 Question 1a. What is the volume and type of evidence exploring the 
clinical benefit of whole population screening in women over 65, in reducing 
osteoporotic fractures compared to standard care? 

  Inclusion criteria  Exclusion criteria  

Population  Women > 65 years Male or mixed-gender 
samples (unless female 
sample data can be 
separated) 

Samples of women 
under 65  

Samples where either 
risk factors or a mean 
age of 65 at study entry 
is not explicit 

Target condition  

  

Osteoporosis  Not applicable 

Intervention/exposure  

  

Any population or targeted 
screeninga intervention that 
involves any combination of risk 

Not applicable 



UK N S C external review – Screening for osteoporosis: An evidence map and umbrella re-
view for the UK National Screening Committee, [Date of review completion] 
 

63 

  Inclusion criteria  Exclusion criteria  

assessment and DXA designed to 
identify women that have, or are at 
risk of, developing osteoporosis. 

Comparator   Standard care/ no screening Not applicable 

Outcomes  

  

Prevention of osteoporosis: 

• Osteoporotic fracture: 

• Vertebral 

• Non vertebral 

• Hip 

• All cause fracture 

• Mortality 

Possible harms of screening / 
treatment, e.g. 

• Overdiagnosis/overtreatment 

• False positive results 

• Anxiety 

• Thromboembolic event 

• Osteonecrosis of the jaw 

• Gastrointestinal problems 

Not applicable 

Study designs   Systematic reviews 

Rapid reviews 

RCTs 

Non-RCTs 

Quasi-RCTs 

Letters, reviews, 
editorials, 
communications, 
commentaries, 
conference abstracts 
and other grey literature, 
studies that have been 
retracted 

Studies where it cannot 
be established if the 
inclusion criteria are met 

Geographic focus No restriction Not applicable 

Abbreviations: DXA, Dual-energy X-ray absorptiometry; RCT, randomised controlled trial  

aUK NSC definitions of targeted and population screening were used: 
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• Population screening: A nationally delivered (in England, Scotland, Wales and Northern Ireland), proactive 

(individuals are actively invited for screening) screening programme which aims to improve health out-

comes in people with the condition being screened for and/or offer information to enable informed choices. 

It is offered to a group of people identified from the whole population and defined demographically such 

as by age or sex. 

• Targeted screening: A nationally delivered, proactive screening programme which aims to improve health 

outcomes in people with the condition being screened for, among groups of people identified as being at 

elevated/above average risk of a specific condition. Compared to the general population, the people tar-

geted may have higher risk because of lifestyle factors, genetic variants or having another health condition. 

Targeted screening differs from population screening as it aims to identify groups of people with a higher 

risk of a specific condition beyond demographics such as age or sex. For example, individuals who smoke 

are at a higher risk of developing lung cancer regardless of their age or sex. 

 

Table 1. 3: Question 1b. What is the volume and type of evidence exploring the 
clinical benefit of targeted screening of women aged under 65 with risk factors for 
osteoporosis, in reducing osteoporotic fractures compared to standard care? 

  Inclusion criteria  Exclusion criteria  

Population  Women < 65 years with risk factors 
for osteoporosis: 

• Previous fragility fracture 

• Current use or frequent use 
of oral or systemic 
glucocorticoids 

• History of falls 

• Family history of hip fracture 

• Other causes of secondary 
osteoporosis 

• Smoking 

• Alcohol intake of more than 
14 units per week  

• Menopause 

Male or mixed-gender 
samples (unless female 
sample data can be 
separated) 

Samples of women 
under 65 where risk 
factors are not explicit  

Samples where either 
risk factors or a mean 
age of 65 at study entry 
is not explicit 

Target condition  

  

Osteoporosis  Not applicable 

Intervention/exposure  

  

Any population or targeted 
screeninga intervention that 
involves any combination of risk 
assessment and DXA designed to 
identify women that have, or are at 
risk of, developing osteoporosis. 

Not applicable 

Comparator   Standard care/ no screening Not applicable 

Outcomes  

  

Prevention of osteoporosis: 

• Osteoporotic fracture: 

• Vertebral 

Not applicable 
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  Inclusion criteria  Exclusion criteria  

• Non vertebral 

• Hip 

• All cause fracture 

• Mortality 

Possible harms of screening / 
treatment, e.g. 

• Overdiagnosis/overtreatment 

• False positive results 

• Anxiety 

• Thromboembolic event 

• Osteonecrosis of the jaw 

• Gastrointestinal problems 

Study designs   Systematic reviews 

Rapid reviews 

RCTs 

Non-RCTs 

Quasi-RCTs 

Letters, reviews, 
editorials, 
communications, 
commentaries, 
conference abstracts 
and other grey literature, 
studies that have been 
retracted 

Studies where it cannot 
be established if the 
inclusion criteria are met 

Geographic focus No restriction Not applicable 

Abbreviations: DXA, Dual-energy X-ray absorptiometry; RCT, randomised controlled trial  

aUK NSC definitions of targeted and population screening were used: 

• Population screening: A nationally delivered (in England, Scotland, Wales and Northern Ireland), proactive 

(individuals are actively invited for screening) screening programme which aims to improve health out-

comes in people with the condition being screened for and/or offer information to enable informed choices. 

It is offered to a group of people identified from the whole population and defined demographically such 

as by age or sex. 

• Targeted screening: A nationally delivered, proactive screening programme which aims to improve health 

outcomes in people with the condition being screened for, among groups of people identified as being at 

elevated/above average risk of a specific condition. Compared to the general population, the people tar-

geted may have higher risk because of lifestyle factors, genetic variants or having another health condition. 

Targeted screening differs from population screening as it aims to identify groups of people with a higher 

risk of a specific condition beyond demographics such as age or sex. For example, individuals who smoke 

are at a higher risk of developing lung cancer regardless of their age or sex. 
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Table 1. 4: Question 2. What is the volume of evidence exploring the cost-
effectiveness of screening (whole population and targeted) for osteoporosis? 

  Inclusion criteria  Exclusion criteria  

Population  Adults Children 

Target condition  

  

Osteoporosis  Not applicable 

Intervention/exposure  

  

Any population or targeted 
screeninga intervention that 
involves any combination of 
risk assessment and DXA 
designed to identify women 
that have, or are at risk of, 
developing osteoporosis. 

Not applicable 

Comparator   Any comparator Not applicable 

Outcomes  

  

Incremental cost-effectiveness 
ratio (ICER) 

Quality-adjusted life years 
(QALYs),  

Cost per life-year gained 

Cost per quality-adjusted life 
years (DALYs) averted 

Net health or monetary benefit 

Overall costs from a healthcare 
and/or societal perspective, 

Health-related quality of life (e.g. 
EQ-5D, SF-36) 

Not applicable 

Study designs   Cost-effectiveness Analysis 

Cost-utility analysis 

Cost-minimisation analysis/ 
cost comparison  

Cost-consequence analysis 

Cost-of-Illness 

Cost-benefit analysis 

Budget impact 

Studies not reporting cost 
effectiveness in population 
screening 

Geographic focus No restriction Not applicable 

Abbreviations: DALY, Disability-adjusted life year; DXA, Dual-energy X-ray absorptiometry; EQ-5D, EuroQol 5-
Dimensions; ICER, Incremental cost-effectiveness ratio; QALY, Quality-adjusted life year; RCT, Randomised con-
trolled trial; SF-36, Short Form (36) Health Survey. 
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aUK NSC definitions of targeted and population screening were used: 

• Population screening: A nationally delivered (in England, Scotland, Wales and Northern Ireland), proactive 

(individuals are actively invited for screening) screening programme which aims to improve health out-

comes in people with the condition being screened for and/or offer information to enable informed choices. 

It is offered to a group of people identified from the whole population and defined demographically such 

as by age or sex. 

• Targeted screening: A nationally delivered, proactive screening programme which aims to improve health 

outcomes in people with the condition being screened for, among groups of people identified as being at 

elevated/above average risk of a specific condition. Compared to the general population, the people tar-

geted may have higher risk because of lifestyle factors, genetic variants or having another health condition. 

Targeted screening differs from population screening as it aims to identify groups of people with a higher 

risk of a specific condition beyond demographics such as age or sex. For example, individuals who smoke 

are at a higher risk of developing lung cancer regardless of their age or sex. 
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Appendix 2 — Abstract reporting 

Question 1a 

Citation 1 

Kahwati 2025 (71)  

Study type 

This was a systematic evidence review conducted for the US Preventive Services 
Task Force (USPSTF), including RCTs, systematic reviews, and diagnostic and pre-
dictive accuracy studies. 

Objectives 

To review and synthesise evidence on osteoporosis screening to inform USPSTF 
recommendations on the prevention of fractures. 

Components of the study 

The review included evidence from PubMed, Embase, the Cochrane Library, and trial 
registries until January 9, 2024, with surveillance until July 31, 2024. Eligible studies 
included RCTs and systematic reviews of screening, pharmacotherapy studies for 
primary osteoporosis, and studies assessing predictive or diagnostic accuracy. Three 
RCTs and 3 systematic reviews evaluated screening in older, higher-risk women, pri-
marily using 2-stage screening approaches involving fracture risk assessment tools 
with follow-up BMD testing. 

Outcomes reported 

Screening was associated with reduced hip fractures (pooled RR 0.83, 95% CI 0.73-
0.93) and major osteoporotic fractures (pooled RR 0.94, 95% CI 0.88-0.99), corre-
sponding to 5-6 fewer fractures per 1,000 individuals screened. Risk assessment 
tools showed poor to modest discriminative accuracy (area under curve [AUC] gener-
ally 0.60-0.80). Pharmacological treatment with bisphosphonates or denosumab was 
associated with reduced hip fractures compared with placebo, with no statistically 
significant increase in adverse events. 

Conclusions 

The authors conclude that screening in higher-risk women aged 65 years or older re-
sults in a small absolute reduction in hip and major osteoporotic fractures compared 
with usual care. Evidence was insufficient for screening using BMD alone, for screen-
ing in men or younger women, and for determining optimal screening intervals. 

Question 1b 

No citations included for Question 1b. 

Question 2 

No citations included for Question 2. 
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Appendix 3 — Data extraction and risk of 
bias assessment 

Full data extraction sheet 

The data extraction and risk of bias assessment for the reviews, and the data 
extraction and quality assessment for the primary trials, are provided in the 
embedded sheet: 

Osteo R of Rs_data 

extractions_FINAL.xlsx
 

 

Summary of risk of bias  

Trials 

Figure 2.1. Summary of risk assessment using the Cochrane Risk of Bias 2 tool 
(RCTs) 

 

Figure 3.2. Summary of risk assessment using the ROBINS-I tool (nonrandomised 
studies) 
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Systematic reviews 

Figure 4.3. Summary of risk assessment using ROBIS 
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Appendix 4 — Proposed checklist 

This checklist summarises the key considerations that emerged from our assessment 
of why systematic reviews drawing on the same screening trials can reach apparently 
mixed conclusions. It provides a pragmatic structure for assessing review 
comparability when differences in conclusions may reflect variation in scope, 
analytical choices, or interpretation rather than disagreement in the underlying 
evidence. 

It is intended to support proportionate decision making at scoping or pre 
commissioning stages, helping to determine whether further synthesis is warranted 
or whether apparent conflicts can be resolved through structured comparison alone. 
This framework reflects the structured domain-based approach applied in the present 
umbrella review and can be used to support transparent comparison of reviews 
across scope, evidence base, analytical choices, and interpretation. 

This checklist is provided as a pragmatic structure for assessing review comparability 
in similar situations.
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Step 0. Identify an anchor review 

Item Action 

Anchor review 
selection 

Select the most recent and or most policy relevant review, ideally including all known pivotal RCTs, to act as the reference point 
for comparison. 

Step 1. Establish whether reviews are comparable 

Question If Yes If No 

Q1. Does the review draw on substantially 
the same underlying evidence base as the 
anchor review? 

Evidence base is comparable. Proceed to Q2. Reviews are not directly comparable due to differ-
ences in included trials, scope, or search dates. 
Conclusions should not be compared directly. No 
further action required 

Q2. Among reviews drawing on the same 
evidence base, do authors reach con-
sistent overall conclusions? 

No substantive conflict. Differences likely reflect 
emphasis or wording only. Document consistency 
and no further action is required. 

Reviews interpret the same evidence differently. 
Proceed to conflict analysis (Q3 to Q7). 

Step 2. Conflict analysis (reviews differ despite using the same evidence).  

Note: Multiple sources of divergence may coexist. Continue through all questions even if differences are identified early. 

Question If Yes If No 

Q3. Do the reviews present comparable 
numerical data from the trials? 

Numerical data are consistent. Continue to 
Q4. 

Record divergence as a data extraction or reporting issue 
(e.g. different populations, adjusted estimates, errors). Con-
tinue to Q4. 
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Question If Yes If No 

Q4. Do the reviews agree on which trials 
are admissible or key (e.g. based on risk 
of bias assessments)? 

Trial inclusion is consistent. Continue to 
Q5. 

Record divergence as a study selection or quality judge-
ment issue. Continue to Q5. 

Q5. Are outcomes defined and grouped 
in similar ways? 

Outcomes are comparable. Continue to Q6. Record divergence as an outcome definition or construction 
issue. Continue to Q6. 

Q6. Do the reviews align in how they syn-
thesise the evidence? 

Analytical approach is broadly aligned. 
Continue to Q7. 

Record divergence as an analytical or modelling issue (e.g. 
effect measures, fixed vs random effects, re analysis). Con-
tinue to Q7. 

Q7. Do the reviews differ primarily in in-
terpretation of similar numerical find-
ings? 

Record divergence as interpretive (e.g. dif-
ferent thresholds for clinical importance, 
framing of harms). Summarise differences. 

No residual interpretive divergence. Apparent differences 
are likely explained by upstream methodological factors 
identified in Q3 to Q6. 

Summary output 

Output Action 

Root cause 
classification 

Map identified divergence(s) to one or more categories: (1) data extraction or reporting differences, (2) study selection or quality judge-
ment differences, (3) outcome definition or construction differences, (4) analytical or modelling choices, (5) interpretive thresholds and 
framing. 

Decision on 
next steps 

Use this structured comparison to determine whether mixed conclusions can be resolved through comparability assessment alone. A full 
umbrella review is most warranted when reviews draw on the same underlying trials, but divergence persists due to differences in nu-
merical data, trial selection, outcome definitions, or analytical methods (Q3 to Q6). Where divergence is primarily interpretive (Q7), fur-
ther synthesis is less likely to add value beyond clarifying thresholds for clinical importance. Where an umbrella review is undertaken, 
the same domains can support transparent comparison across scope, evidence, synthesis, and interpretation. 
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