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Abstract 

Objective: To estimate the generalisability of treatment effects observed in a randomised trial of hip 

fracture surgery implants, to a broader population of people undergoing hip surgery in the United 

Kingdom.  

Study Design and Setting: In 2018, the WHiTE-3 trial (n=958) demonstrated that a modular 

hemiarthroplasty implant conferred no additional benefit over the traditional monoblock implant for 

quality of life and length of hospital stay. We compared and weighted the trial sample against two target 

populations: WHiTE-cohort (n=2,457) and UK-National Hip Fracture Database (NHFD, n=190,894), and 

re-estimate expected treatment effects for the target populations.  

Results: Despite differences in baseline characteristics of the trial sample and target populations, the re-

estimated treatment effects were comparable. For quality of life, the differences between the trial 

estimate and WHiTE-cohort and NHFD estimates were 0.01 points on the EuroQol (EQ5D). For length of 

stay, the difference between the trial estimate and WHiTE-cohort was 0.50 days; and the difference 

between the trial estimate and NHFD estimate was -0.47 days. 

Conclusion: This generalisability analysis of the WHiTE-3 trial found that the inferences from the trial 

can be generalised to the group of individuals in the UK NHFD and the WHiTE-cohort who met the 

inclusion criteria for WHiTE-3.   
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What is new? 

Key findings 

- Participants recruited to an RCT of hip fracture surgery implants differed from individuals 

captured in the wider UK national hip fracture database who would have been eligible for the 

trial. 

- By using inverse probability weighting, this generalisability analysis shows that the treatment 

effect estimates derived from the hip surgery RCT would be generalisable to the wider UK 

population with intracapsular hip fractures, based on the selected covariates that were 

modelled.  

What this adds to what was known 

- It was unclear whether the findings of the hip surgery RCT would be externally valid to a wider 

target population of patients with similar hip fractures in the UK 

- This generalisability analysis provides some assurance (limited by the selected covariates 

modelled) that the findings of the hip surgery RCT are generalisable to the wider UK population 

despite some differences in key patient characteristics. 

What is the implication and what should change now?  

- The findings of this hip surgery RCT should be implemented to the wider UK population; and 

where possible, generalisability analyses should be routinely conducted to assess the external 

validity of RCTs.  
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Introduction 

Randomised controlled trials (RCTs) generate internally valid evidence about the effectiveness of health 

interventions. However for RCTs to inform policy and practice, their findings should also be 

generalisable to wider populations that comprise of patients in routine care [1–4]. The generalisability of 

RCTs can be compromised when eligibility criteria are restrictive, or if enrolment systematically limits 

the sample characteristics, either by clinicians recruiting selectively or by patients declining to take part 

[5,6]. If the characteristics that vary between the sample and the population also modify the treatment 

effect, the treatment effect estimates from an RCT may not be directly generalisable to this wider 

populations [5,7].   

Many studies have explored the external validity of RCTs by documenting differences based upon 

summary demographics between RCT participants and target populations [21–25]. Although these 

descriptive comparisons can be useful for assessing the representativeness of RCT samples, they do not 

inform clinicians and policy makers about whether the treatment effects derived from RCTs can be 

generalised to a target population.  

One way of formally assessing the generalisability of treatment effects from RCTs is to compare the 

target population average treatment effect (TATE) to the sample average treatment effect (SATE). The 

TATE is the expected treatment effect estimate in the broader population of individuals who would have 

been eligible but were not recruited into an RCT; whereas the SATE is the estimate that is directly 

derived from participants in the RCT [1]. The extent to which an RCT can be considered generalisable to 

a target population is reflected by how closely the SATE approximates the TATE. Differences between 

SATE and TATE can arise when baseline factors that modify the treatment effect are unequally 

distributed between the RCT sample and the target population [1,2]. A recent study by Bradburn et al. 

(2020) used a sample-weighting method to assess the generalisability of a diabetes trial [8]. We used a 

similar approach but with application to a different clinical setting with larger nested datasets (surgical 

management of hip fracture) and compared alternative estimators for assessing generalisability.  

In a trial of 964 patients with intracapsular hip fractures, the World Hip Trauma Evaluation (WHiTE)-3 

trial showed no clinically meaningful difference in health-related quality of life and length of hospital 

stay when the modern cemented modular polished-taper stemmed hemiarthroplasty was compared 

against the traditional cemented monoblock [9]. Although these findings are considered internally valid, 

it is unclear whether they can be generalised to the wider UK population with this injury. This is 
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particularly an issue because surgeons and patients may have preferences about surgical interventions 

which could induce selective sampling in surgical RCTs. The aim of this study is to assess the 

generalisability of the WHiTE-3 trial by estimating TATEs in the WHiTE-cohort and UK National Hip 

Fracture Database (NHFD) and comparing them against the SATE from WHiTE-3. 

Methods 

To assess the generalisability of the WHiTE-3 trial to the UK population, we used patient-level data from 

the WHiTE-3 trial, WHiTE-cohort and NHFD. By using a weighting approach to balance possible effect 

modifiers between the WHiTE-3 trial and target populations, we estimated the TATE for health-related 

quality of life (HRQoL) at four months post-fracture (primary outcome in WHiTE-3) and length of hospital 

stay (secondary outcome). We then compared the TATEs to their respective SATEs from the trial. The 

methods used to estimate the TATE are described below. All analyses were complete-case analyses.  

Data sources and preparation 

WHiTE-3 trial 

WHiTE-3 is a pragmatic, multi-centre, two-arm, parallel group randomised controlled trial of patients 60 

years and over with a hip fracture, nested within the WHiTE-cohort. The trial compared the modern 

Exeter-Unitrax cemented modular polished-taper stemmed hemiarthroplasty (modular arm, n=482) 

against the traditional Thompson cemented monoblock (monoblock arm, n=482) in patients with 

displaced intracapsular fractures of the hip. All patients >60 years with intracapsular hip fractures 

considered suitable for a hemiarthroplasty were eligible. Patients with pre-existing symptomatic hip 

arthritis were excluded [9]. In this generalisability analysis, we used baseline covariate data, the 

randomised treatment group assignment indicator, and the following outcome measures: HRQoL using 

the EuroQol (EQ-5D-5L) [10] at four months post-fracture and length of hospital stay (LOS) in days. As 

recommended by Parsons et al. (2018), we used death-adjusted EQ-5D-5L scores that assume that an 

individual’s EQ-5D-5L score becomes 0 at death, and this value was carried forward to the endpoint [11]. 

More detail about the WHiTE-3 trial is provided in Appendix A1 and Sims et al. (2018) [9].  

Target populations: WHiTE-Cohort and NHFD  

The WHiTE-cohort was established in 2011 to measure outcomes in a comprehensive cohort of UK 

patients with hip fracture. In the WHiTE-cohort, all patients are treated under a single comprehensive 

treatment pathway based on the National Institute for Health and Care Excellence (NICE) Hip Fracture 
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Guidelines [12]. The WHiTE-cohort also nests a series of observational studies and RCTs such as the 

WHiTE-3 trial [13]. Between 23-04-2011 and 16-11-2017, data on 8,673 patients were available. 

The NHFD is a UK national registry that was established in 2007 by the British Geriatrics Society and 

British Orthopaedic Association. The primary function of the NHFD is to audit clinical care according to 

UK national standards. The NHFD collects demographic, operative and peri-operative and outcome data 

(not HRQoL) on patients treated for almost all patients who fracture their hip in England, Wales and 

Northern Ireland. We had access to anonymised data collected between 01-01-2008 and 31-12-2018, 

including 614,398 patients admitted to an English hospital. 

We restricted both WHiTE-cohort and NHFD datasets to only include individuals who would have been 

eligible for the WHiTE-3 trial based on its inclusion criteria (patients over the age of 60 years, receiving a 

hemiarthroplasty for an intracapsular fracture of the hip).  

Statistical analysis 

Covariate selection  

In this generalisability analysis, we identified baseline covariates from the WHiTE-cohort and NHFD that 

were also collected in the WHiTE-3 trial. These covariates were selected based on their plausibility of 

modifying the effects of treatments tested in WHiTE-3. From the WHiTE-cohort, these covariates were: 

age, sex, pre-fracture place of residence, pre-op ASA score, pre-fracture mobility, pathological fracture, 

pre-op AMTS score, diagnosed diabetes pre-fracture, regular smoker pre-fracture, alcohol units per 

week pre-fracture, diagnosed chronic renal failure pre-fracture, pre-fracture EQ-5D - Mobility subscale, 

EQ-5D - Self Care subscale, EQ-5D - Usual Activities subscale, EQ-5D - Pain subscale, EQ-5D - Anxiety 

subscale, and EQ-5D - VAS. For the NHFD, the available covariates were age, sex, place of residence, pre-

op ASA score, pre-fracture mobility, pathological fracture, and pre-op AMTS score.  

Data harmonisation 

When the response levels of categorical covariates in the trial sample did not match the response levels 

in the target populations, we grouped the levels to the lowest categorisation so that the measures 

would be comparable across the trial and target populations. The target population datasets were then 

combined with the trial dataset so that the combined dataset included an indicator variable for 

trial/target population membership, the outcome variables from the trial (indicated as missing for the 

target population), randomised treatment group assignment indicator from the trial (indicated as 
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missing for the target population), and the common set of covariates across both the trial and target 

populations. In effect, we created two combined datasets: WHiTE-3:WHiTE-cohort and WHiTE-3:NHFD. 

Modelling the probability of trial participation 

We used logistic regression to model the probability of trial participation based on a linear combination 

of baseline covariates. We used the estimated probabilities from the logistic model to assess differences 

between the WHiTE-3 trial and target populations (WHiTE-cohort and NHFD) and to calculate inverse 

probability weight (IPW)s for the estimation of TATE [2,14].  

Comparison of the trial and target population 

To assess how well the WHiTE-3 trial sample represented the target populations (WHiTE-cohort and 

NHFD) with respect to the overall combination of observed covariates, we calculated Tipton’s 

generalisability index [15]. Tipton’s index ranges from 0 (no overlap between trial sample and target 

population) to 1 (the trial sample is equivalent to a random sample drawn from the target population  

based on selected covariates). Indices greater than 0.8 are usually considered to represent trial samples 

that are very similar to the target population [15]. 

We also assessed how similar the WHiTE-3 trial sample were to those in the target populations (WHiTE-

cohort and NHFD) by assessing each covariate independently. To do this, we calculated the standardised 

mean difference (SMD) between the trial and target population (WHiTE-cohort/NHFD) for each 

covariate. The SMD was calculated as the difference in means between groups (WHiTE-3 trial sample 

versus WHiTE-Cohort/NHFD) divided by the standard deviation of the pooled values. We calculated 

these SMDs before and after weighting the WHiTE-3 trial sample by the IPWs. 

Estimation of the treatment effect in the target population (TATE) 

To estimate the TATE, we primarily used the inverse probability of trial participation method [14]. By 

using the estimated probabilities derived from the trial participation model, we weighted the WHiTE-3 

trial sample. This involved assigning an IPW to each participant in the trial sample. Participants with a 

high probability of being in the target population (based on the joint distribution of observed covariates) 

were assigned a larger weight than those who had a lower probability of being in the target population. 

This produces in essence a weighted pseudo-trial sample that is more representative of the target 

population, based on the joint distribution of observed covariates. To estimate the TATE for HRQoL and 

LOS outcomes, we used a weighted linear regression to the pseudo-trial sample. 
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We applied the above strategy to estimate TATEs for HRQoL and LOS outcomes in the WHITE-Cohort 

and NHFD. We then compared the TATE to the original SATE derived from the WHITE-3 trial. We used 

the ‘generalize’ R package to compare the trial and target populations and to estimate TATEs [16] 

 

Sensitivity analyses 

Restricted set of covariates 

To generalise the WHiTE-3 trial to the WHiTE-Cohort, we included 17 covariates that could plausibly 

modify the treatment effect. However, between WHiTE-3 trial and NHFD, we were only able to include 7 

covariates because the remaining 10 covariates (diagnosed diabetes, regular smoker, alcohol units per 

week, diagnosed chronic renal failure, EQ-5D - Mobility subscale, EQ-5D - Self Care subscale, EQ-5D - 

Usual Activities subscale, EQ-5D - Pain subscale, EQ-5D - Anxiety subscale, and EQ-5D - VAS) were not 

measured in the NHFD. To explore the effect of omitting these covariates in the estimation of TATE, we 

generalised the WHiTE-3 trial to the WHiTE-Cohort by including a restricted set of covariates that were 

used to generalise WHiTE-3 to NHFD (age, sex, place of residence, ASA score, pre-fracture mobility, 

pathological fracture, and pre-op AMTS score). 

Exclusion of trial participants from WHiTE-cohort 

Because of the hierarchical partially-nested structure of the datasets (NHFD:WHiTE-cohort:WHiTE-3 

trial), it was plausible for some WHiTE-3 trial participants to be captured in the NHFD and WHiTE-cohort 

datasets. Although we were able to uniquely identify and exclude WHiTE-3 participants from the WHiTE-

cohort dataset, we had limited pseudo-anonymised NHFD data and thus were unable to identify WHiTE-

3 participants from NHFD. To explore the effects of including/excluding WHiTE-3 trial participants from 

the target population datasets, we estimated the TATE in WHiTE-cohort with and without WHiTE-3 

participants. 

Results 

Patient flow 

Figure 1 outlines the patient flow in the WHiTE-cohort and NHFD. We excluded individuals who were 

ineligible for WHiTE-3, those recruited to WHiTE-3, individuals with missing covariates, and individuals 

with covariate values outside the bounds covered by the WHiTE-3 trial (individuals aged above 104 and 

with an ASA score of V). We excluded individuals in WHiTE-cohort and NHFD who had covariate levels 



Generalisability of treatment effects from RCTs - Lee et al. (2020) 9 

outside the bounds of covariate levels covered by the WHiTE-3 trial to avoid extrapolating outside the 

trial data and to avoid violation of the positivity assumption (explained in the discussion). This resulted 

in 190,894 individuals from the NHFD and 2,457 individuals from WHiTE-cohort. The total WHiTE-3 trial 

sample was 964. We excluded 6 individuals who had non-intracapsular fractures, resulting in 958 

individuals in the trial sample. The baseline characteristics of individuals in the WHiTE-3 trial and 

individuals in target populations are presented in Table 1. Appendices A2 and A3 describe baseline 

characteristics of individuals in the NHFD and WHiTE-Cohort who would have been eligible for the 

WHiTE-3 trial, and those excluded from the analysis. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Figure 1. Patient flow in NHFD and WHiTE-cohort  
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Table 1: Baseline covariates of individuals in the NHFD, WHiTE-cohort, and WHiTE-3 trial  

   WHiTE-3 Trial 

 NHFD 
(N=190894) 

WHiTE Cohort 
(N=2457) 

WHiTE-3 
Trial 

(N=958) 

Thompson 
arm 

(N=481) 

Exeter arm 
(N=477) 

Age      

Mean (SD) 83.8 (7.43) 84.0 (7.38) 83.4 (7.66) 83.3 (7.34) 83.5 (7.97) 

Median [Min, Max] 85.0 [61.0, 104] 85.0 [61.0, 103] 
84.0 [60.0, 

104] 
84.0 [62.0, 

99.0] 
85.0 [60.0, 

104] 

Sex      

Female 
135886 
(71.2%) 

1777 (72.3%) 649 (67.7%) 326 (67.8%) 323 (67.7%) 

Male 55008 (28.8%) 680 (27.7%) 309 (32.3%) 155 (32.2%) 154 (32.3%) 

Residence      

Own home/sheltered housing 
147736 
(77.4%) 

2037 (82.9%) 548 (73.3%) 272 (73.5%) 276 (73.0%) 

Residential care 24708 (12.9%) 228 (9.28%) 113 (15.1%) 57 (15.4%) 56 (14.8%) 

Nursing care 13213 (6.92%) 145 (5.90%) 63 (8.42%) 33 (8.92%) 30 (7.94%) 

Rehabilitation unit 631 (0.331%) 3 (0.122%) 3 (0.401%) 2 (0.541%) 1 (0.265%) 

Hospital 4060 (2.13%) 38 (1.55%) 19 (2.54%) 4 (1.08%) 15 (3.97%) 

Other 546 (0.286%) 6 (0.244%) 2 (0.267%) 2 (0.541%) 0 (0%) 

Missing 0 (0%) 0 (0%) 210 (21.9%) 111 (23.1%) 99 (20.8%) 

ASA score      

I 2070 (1.08%) 26 (1.06%) 3 (0.403%) 1 (0.272%) 2 (0.532%) 

II 45561 (23.9%) 604 (24.6%) 161 (21.6%) 78 (21.2%) 83 (22.1%) 

III 
114855 
(60.2%) 

1469 (59.8%) 468 (62.9%) 240 (65.2%) 228 (60.6%) 

IV 28408 (14.9%) 358 (14.6%) 112 (15.1%) 49 (13.3%) 63 (16.8%) 

Missing 0 (0%) 0 (0%) 214 (22.3%) 113 (23.5%) 101 (21.2%) 

Prefracture mobility      

Freely mobile without aids 58847 (30.8%) 874 (35.6%) 297 (40.5%) 142 (39.2%) 155 (41.7%) 

Mobile outdoors with one aid 41748 (21.9%) 690 (28.1%) 172 (23.4%) 82 (22.7%) 90 (24.2%) 

Mobile outdoors with two aids or 
frame 

23816 (12.5%) 442 (18.0%) 120 (16.3%) 61 (16.9%) 59 (15.9%) 

Some indoor mobility but never 
goes outside without help 

63497 (33.3%) 410 (16.7%) 128 (17.4%) 68 (18.8%) 60 (16.1%) 

No functional mobility 2986 (1.56%) 41 (1.67%) 17 (2.32%) 9 (2.49%) 8 (2.15%) 

Missing 0 (0%) 0 (0%) 224 (23.4%) 119 (24.7%) 105 (22.0%) 

Pathological fracture      

Non-pathological 
187691 
(98.3%) 

2425 (98.7%) 735 (99.5%) 363 (99.2%) 372 (99.7%) 

Pathological 3203 (1.68%) 32 (1.30%) 4 (0.541%) 3 (0.820%) 1 (0.268%) 

Missing 0 (0%) 0 (0%) 219 (22.9%) 115 (23.9%) 104 (21.8%) 

Pre-op AMTS score      

Mean (SD) 6.83 (3.69) 7.44 (3.41) 6.55 (3.72) 6.44 (3.76) 6.66 (3.67) 

Median [Min, Max] 9.00 [0, 10.0] 9.00 [0, 10.0] 8.00 [0, 10.0] 8.00 [0, 10.0] 8.00 [0, 10.0] 
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   WHiTE-3 Trial 

 NHFD 
(N=190894) 

WHiTE Cohort 
(N=2457) 

WHiTE-3 
Trial 

(N=958) 

Thompson 
arm 

(N=481) 

Exeter arm 
(N=477) 

Missing 0 (0%) 0 (0%) 219 (22.9%) 117 (24.3%) 102 (21.4%) 

Diabetes      

No NA 2083 (84.8%) 510 (83.5%) 253 (83.0%) 257 (84.0%) 

Yes NA 374 (15.2%) 101 (16.5%) 52 (17.0%) 49 (16.0%) 

Missing 190894 (100%) 0 (0%) 347 (36.2%) 176 (36.6%) 171 (35.8%) 

Regular smoker      

No NA 2245 (91.4%) 566 (92.6%) 283 (92.8%) 283 (92.5%) 

Yes NA 212 (8.63%) 45 (7.36%) 22 (7.21%) 23 (7.52%) 

Missing 190894 (100%) 0 (0%) 347 (36.2%) 176 (36.6%) 171 (35.8%) 

Alcohol (units/week)      

0-7 units NA 2245 (91.4%) 549 (89.9%) 274 (89.8%) 275 (89.9%) 

8-14 units NA 113 (4.60%) 32 (5.24%) 17 (5.57%) 15 (4.90%) 

15-21 units NA 47 (1.91%) 19 (3.11%) 9 (2.95%) 10 (3.27%) 

> 21 units NA 52 (2.12%) 11 (1.80%) 5 (1.64%) 6 (1.96%) 

Missing 190894 (100%) 0 (0%) 347 (36.2%) 176 (36.6%) 171 (35.8%) 

Chronic renal failure      

No NA 2278 (92.7%) 589 (96.4%) 299 (98.0%) 290 (94.8%) 

Yes NA 179 (7.29%) 22 (3.60%) 6 (1.97%) 16 (5.23%) 

Missing 190894 (100%) 0 (0%) 347 (36.2%) 176 (36.6%) 171 (35.8%) 

EQ5D - Mobility      

No problem NA 756 (30.8%) 161 (26.4%) 72 (23.6%) 89 (29.2%) 

Slight problem NA 604 (24.6%) 162 (26.6%) 74 (24.3%) 88 (28.9%) 

Moderate problem NA 714 (29.1%) 187 (30.7%) 110 (36.1%) 77 (25.2%) 

Severe problem NA 357 (14.5%) 91 (14.9%) 42 (13.8%) 49 (16.1%) 

Unable NA 26 (1.06%) 9 (1.48%) 7 (2.30%) 2 (0.656%) 

Missing 190894 (100%) 0 (0%) 348 (36.3%) 176 (36.6%) 172 (36.1%) 

EQ5D - Self Care      

No problem NA 1478 (60.2%) 298 (48.9%) 139 (45.6%) 159 (52.1%) 

Slight problem NA 349 (14.2%) 96 (15.7%) 44 (14.4%) 52 (17.0%) 

Moderate problem NA 294 (12.0%) 98 (16.1%) 56 (18.4%) 42 (13.8%) 

Severe problem NA 127 (5.17%) 55 (9.02%) 32 (10.5%) 23 (7.54%) 

Unable NA 209 (8.51%) 63 (10.3%) 34 (11.1%) 29 (9.51%) 

Missing 190894 (100%) 0 (0%) 348 (36.3%) 176 (36.6%) 172 (36.1%) 

EQ5D - Usual Activities      

No problem NA 1007 (41.0%) 205 (33.8%) 98 (32.3%) 107 (35.3%) 

Slight problem NA 435 (17.7%) 110 (18.2%) 55 (18.2%) 55 (18.2%) 

Moderate problem NA 441 (17.9%) 117 (19.3%) 51 (16.8%) 66 (21.8%) 

Severe problem NA 233 (9.48%) 84 (13.9%) 48 (15.8%) 36 (11.9%) 

Unable NA 341 (13.9%) 90 (14.9%) 51 (16.8%) 39 (12.9%) 

Missing 190894 (100%) 0 (0%) 352 (36.7%) 178 (37.0%) 174 (36.5%) 
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   WHiTE-3 Trial 

 NHFD 
(N=190894) 

WHiTE Cohort 
(N=2457) 

WHiTE-3 
Trial 

(N=958) 

Thompson 
arm 

(N=481) 

Exeter arm 
(N=477) 

EQ5D - Pain      

No problem NA 1217 (49.5%) 264 (43.3%) 130 (42.6%) 134 (43.9%) 

Slight problem NA 464 (18.9%) 137 (22.5%) 64 (21.0%) 73 (23.9%) 

Moderate problem NA 514 (20.9%) 130 (21.3%) 68 (22.3%) 62 (20.3%) 

Severe problem NA 228 (9.28%) 73 (12.0%) 38 (12.5%) 35 (11.5%) 

Unable NA 34 (1.38%) 6 (0.984%) 5 (1.64%) 1 (0.328%) 

Missing 190894 (100%) 0 (0%) 348 (36.3%) 176 (36.6%) 172 (36.1%) 

EQ5D - Anxiety      

No problem NA 1392 (56.7%) 305 (50.1%) 147 (48.2%) 158 (52.0%) 

Slight problem NA 483 (19.7%) 137 (22.5%) 65 (21.3%) 72 (23.7%) 

Moderate problem NA 402 (16.4%) 106 (17.4%) 58 (19.0%) 48 (15.8%) 

Severe problem NA 145 (5.90%) 53 (8.70%) 30 (9.84%) 23 (7.57%) 

Unable NA 35 (1.42%) 8 (1.31%) 5 (1.64%) 3 (0.987%) 

Missing 190894 (100%) 0 (0%) 349 (36.4%) 176 (36.6%) 173 (36.3%) 

EQ5D - VAS      

Mean (SD) NA (NA) 65.0 (21.1) 59.6 (22.0) 58.5 (22.3) 60.8 (21.7) 

Median [Min, Max] NA [NA, NA] 70.0 [2.00, 100] 
60.0 [2.00, 

100] 
60.0 [2.00, 

100] 
60.0 [5.00, 

100] 

Missing 190894 (100%) 0 (0%) 349 (36.4%) 176 (36.6%) 173 (36.3%) 

Results presented as mean (SD) for continuous variables and count (%) for discrete variables. 

 

Probability of trial participation and inverse probability weights 

Figure 2 presents the densities of the estimated probabilities of trial participation based on the 

observed covariates. These plots show overlap between the estimated probabilities of trial participation 

in the WHiTE-3 trial sample and the WHiTE-Cohort (upper panel), and NHFD (lower panel). The overlap 

between these probability densities suggest that it is appropriate to attempt generalisation to both 

target populations. These probabilities were used to calculate IPWs.  

For the generalisation of WHiTE-3 to the WHiTE-Cohort, the sample average of the estimated IPWs was 

5.3, and the maximum IPW was 22.8. For the generalisation of WHiTE-3 to the NHFD, the sample 

average of the estimated IPWs was 268.8, and the maximum IPW was 987.7. Intuitively, the individuals 

with larger weights (higher probability of being in the target population) have greater influence in the 

estimation of the TATE than the individuals with smaller weights (lower probability of being in the target 

population). To limit the influence of extreme weights, we truncated the weights at the 99th percentile 

(13.7 for WHiTE-cohort and 740.1 for NHFD). This removed 6 individuals for the generalisation to the 
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WHiTE-cohort, and 8 individuals for the generalisation to NHFD. The distributions of the weights before 

and after truncation are presented in Appendix A4. 

 

 

 

 

Figure 2. Densities of the estimated probabilities of trial participation 
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Comparisons between trial sample and target populations 

For most covariates, the SMDs between the trial sample and target populations were smaller after 

weighting (Figure 3). This indicates that the weighted WHiTE-3 trial sample better resembled the WHiTE 

Cohort and NHFD after weighting. When the covariates were jointly considered, Tipton’s generalisability 

index was 0.97 for generalisation to WHiTE-Cohort and 0.96 for generalisation to NHFD. These indices 

indicate that the weighted WHiTE-3 trial sample was highly representative of the WHiTE-Cohort and 

NHFD. 

Target Population Average Treatment Effect (TATE) 

Estimates of the TATE are presented in Figure 4 and Table 2. The HRQoL SATE estimate from the WHiTE-

3 trial was closely resembled by the TATE estimates for the NHFD and WHiTE-cohort. The difference 

between the WHiTE-cohort-TATE and WHiTE-3 SATE estimate was 0.01 points; and the difference 

between the NHFD-TATE and WHiTE-3 SATE point estimate was 0.01 points.  

The LOS SATE estimate from the WHiTE-3 trial was also closely resembled by the TATE estimates for the 

WHiTE-cohort and NHFD. The mean difference between the WHiTE-cohort-TATE and WHiTE-3 SATE 

estimate was 0.50 days; and the mean difference between the NHFD-TATE and WHiTE-3 SATE estimate 

was -0.47 days. 



 

 

 

 

Figure 3. Standardised mean differences between trial and target populations before and after weighting. Left panel displays covariates used 
to generalise to WHiTE-Cohort and right panel displays covariates used to generalise to the UK National Hip Fracture Database. 



Table 2. Target population Average Treatment Effect (TATE) and Sample Average Treatment Effect 
(SATE) estimates for Health-related Quality of Life (EQ5D) at 4 months and Length of Stay (LOS) 

 
Outcome  Sample  Estimand  Point 

estimate  
Lower 

95% CI  
Upper 

95% CI  
Tipton’s 

generalisability 
index*  

HRQoL WHiTE 
Trial  

SATE  0.06  -0.01  0.12  NA  

HRQoL WHiTE 
Cohort  

TATE  0.05  -0.01  0.11  0.97  

HRQoL NHFD  TATE  0.05  -0.01  0.11  0.96  

LOS  WHiTE 
Trial  

SATE  -0.70  -1.90  0.51  NA  

LOS  WHiTE 
Cohort  

TATE  -0.17  -1.46  1.13  0.97  

LOS  NHFD  TATE  -1.14  -2.35  0.08  0.96  

* Tipton’s generalisability index ranges from 0 (no overlap between trial sample and target population) to 1 (the trial sample is equivalent to a 
random sample drawn from the target population based on selected covariates). Indices greater than 0.8 are usually considered to represent 
trial samples that are very similar to the target population 

Sensitivity analysis results 

Restricted set of covariates 

A sensitivity analysis using the restricted set of covariates to estimate TATE for the WHiTE-cohort did not 

influence the effect on HRQoL. There was a small influence on the TATE for LOS. In the main analysis 

with the complete set of covariates, the TATE for LOS was -0.17 (95% CI; -1.46 to 1.13), whereas the 

TATE estimated with the restricted set of covariates was -1.02 (95% CI; -2.23 to 0.18). The difference in 

point estimate between the SATE and restricted covariate TATE was 0.35 days; and the difference 

between the SATE and complete covariate TATE was -0.50. Results are presented in Appendix A5.  

Identifying and excluding trial participants from WHiTE-cohort 

In the main analysis, we excluded 303 participants from the WHiTE-cohort who were recruited to the 

WHiTE-3 trial. A sensitivity analysis that retained the 303 trial participants in WHiTE-cohort showed that 

the deviation from the primary result was negligible; -0.02 points for HRQoL and 0.31 days for LOS. 

Because we only had limited access to anonymised NHFD data with few covariates for matching, we 

were unable to uniquely identify WHiTE-3 participants from NHFD. Results are presented in Appendix 

A6.  
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Figure 4. Target population Average Treatment Effect (TATE) and Sample Average Treatment Effect 
(SATE) estimates for Health-related Quality of Life (EQ5D) at 4 months and Length of Stay (LOS) 
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Discussion 

This generalisability analysis suggests that the findings of the WHiTE-3 trial are generalisable to the 

wider UK population with intracapsular hip fractures undergoing hemiarthroplasty, based on the 

selected covariates that were modelled. Although there were small differences between the SATE and 

TATEs for LOS, they did not reach minimally importance difference levels (0.074 points) [17]. In 

summary, these findings suggest that the modern modular hemiarthroplasty will not provide additional 

benefit over the traditional monoblock, in terms of quality of life and length of hospital stay, if it were to 

be implemented nationwide in the UK. 

The sensitivity analyses suggest that the main findings were largely robust to alternative modelling 

approaches, restricted covariate sets, and the inclusion/exclusion of trial participants in the target 

population dataset. We also did not detect clinically meaningful differences between the TATEs across 

the WHiTE-cohort and NHFD, suggesting that the WHiTE-cohort might be a good representative cohort 

of the NHFD, as supported by Metcalfe et al. [18].  

The validity of the TATE estimates relies on three key structural assumptions. Firstly, given the joint 

distribution of observed covariates, every individual in the target population must have a non-zero 

probability of being a trial participant. We sought to preclude the violation of this assumption by limiting 

the target population datasets to individuals who were within the bounds of the covariates observed in 

the WHiTE-3 trial and checked that the estimated probabilities were greater than zero. Secondly, we 

assumed that the treatment and control groups in the WHiTE-3 trial were exchangeable. This 

assumption is met because participants in the WHITE-3 trial were randomly allocated. Finally, there 

should not be any unobserved covariates that drive selection into the trial and modify the treatment 

effect. Although we used expert clinical judgement to select a set of covariates that were thought to 

drive selection and modify the treatment effect, it is possible that there are other unobserved covariates 

that were omitted. The TATE estimates presented in this study are only as valid to the extent that these 

assumptions are sufficiently satisfied.   

This study has some limitations. We cannot be certain that we included all relevant covariates that drive 

selection and modify treatment effect. This is difficult to verify because there is limited data on effect 

modifiers for the interventions tested in WHiTE-3. Although our sensitivity analysis with the restricted 

set of covariates provides some assurance of the stability of TATEs, future work could attempt to use 

richer datasets of individual or aggregate level data to balance a broader range of covariates [19,20].  
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Across all covariates included in this complete case analysis, there were between 0 to 14.7% individuals 

with at least one missing covariate from the NHFD; 0 to 15.7% individuals with at least one missing 

covariate from the WHiTE-Cohort; and 0 to 36.7% individuals with at least one missing covariate from 

the WHiTE-3 trial. If covariate data were not missing completely at random, selection bias might have 

influenced the weights that were used to re-weight the trial participants [26]. This in turn could have 

biased the TATEs that were estimated in this complete-case analysis. There were also missing data for 

the outcome data (HRQoL and LOS) from the trial. Missingness in the outcome data could also introduce 

bias because the outcome data are required to estimate both the unweighted SATE and weighted 

TATEs. Missing outcome data would also decrease the precision of SATE and TATE estimates. Thus, 

missing covariate data will always affect the TATE estimates but will only affect the SATE analysis if the 

model adjusts for these covariates; in contrast missing outcome data would affect both the SATE and 

TATE estimates. Methodological research and corresponding simulation studies considering various 

missing data patterns could help improve understanding of how missing covariate and outcome data 

influence the bias and precision of TATE estimates in generalisability analyses.   

Future work could extend this generalisability analysis to assess the transportability of WHiTE-3 findings 

to a wider target population of patients who may not have been eligible for WHiTE-3. This seems 

particularly important in context of recent findings of a multi-national trial which demonstrated that 

hemiarthroplasty does not confer greater benefit than total hip arthroplasty for patients with displaced 

femoral neck fractures.[21] Future methodological work could also investigate the role of relative 

sample sizes between the trial and target population that would optimise the precision of TATE 

estimators. Although the external validity of trials have been largely assessed through descriptive 

comparisons to date, the increasing availability of representative datasets [22] coupled with 

methodological advances will allow for more opportunities to routinely assess the external validity of 

randomised trials.  

Conclusion 

Taken together, in a generalisability analysis of the WHiTE-3 trial, this study found that the inferences 

from the trial can be generalised to the group of individuals in the UK NHFD and its nesting WHiTE-

cohort who met the inclusion criteria for WHiTE-3.  
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