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Background and purpose — There is ongoing debate 
over whether results from randomized trials assigning 
patients to surgery or first-line treatment can be generalized 
to clinical practice. Therefore, we aimed to compare patients 
with hip osteoarthritis accepting enrollment in the Progres-
sive Resistance Training versus Total Hip Arthroplasty 
(PROHIP) trial in Denmark with those declining (enrolled in 
an observational cohort [non-PROHIP]).

Methods — We used a cross-sectional study design to 
compare demographics and patient-reported outcomes 
among patients eligible for enrollment in the PROHIP trial. 
We used the standardized difference (StdDiff), the absolute 
difference with 95% confidence interval (CI), and the pro-
pensity (odds ratio [OR]) of accepting participation in the 
PROHIP trial to assess imbalances between groups. We pre-
specified that StdDiff values < 0.2 indicated a negligible dif-
ference, whereas values ≥ 0.8 indicated incomparability.

Results — 402 patients were included, with 109 in the 
PROHIP trial and 293 in the non-PROHIP cohort. Patients 
enrolled in the PROHIP trial had a mean (standard devia-
tion [SD]) Oxford Hip Score at baseline of 25.1 (SD 5.9) 
compared with 22.6 (SD 6.9) in the non-PROHIP cohort 
(between-group difference, 2.5 points [CI 1.1–4.0], Std-
Diff 0.4, OR 1.06 [CI 1.02–1.10]). This pattern was consis-
tent across almost all secondary patient-reported outcomes 
applied in the PROHIP trial. For most demographic variables, 
there were negligible between-group differences at baseline.

Conclusion — We found minimal imbalances in some 
baseline demographic variables and most patient-reported 
outcomes, with those who accepted enrollment in the 
PROHIP trial having more favorable outcomes at recruit-
ment than those who declined. However, most differences 
were not clinically important.

Hip osteoarthritis is a major contributor to disability and a 
leading cause for total hip arthroplasty (THA) [1,2]. This sur-
gical procedure is considered an effective treatment for reduc-
ing hip pain and functional impairments and improving quality 
of life in patients with severe hip osteoarthritis [1]. Although 
more than 1 million THAs are performed annually worldwide 
[1], randomized controlled trials comparing this procedure’s 
effectiveness with first-line treatment have been lacking [3]. 
Across clinical guidelines, exercise such as resistance training 
is consistently recommended as a first-line treatment for hip 
osteoarthritis [4]. 

We recently reported results from the Progressive Resis-
tance Training versus Total Hip Arthroplasty randomized 
trial (PROHIP), which showed that THA resulted in clini-
cally important larger reductions in patient-reported hip pain 
and improvements in function at 6 months as compared with 
resistance training [5]. However, our trial had a low enroll-
ment rate with only 7% of all patients who were assessed 
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for eligibility accepting participation [5]. Enrollment rates 
in previous randomized controlled trials comparing surgical 
procedures with first-line treatment have varied between 7% 
and 22% [6-8]. This issue may potentially limit the general-
izability of the results from randomized controlled trials to 
clinical practice [9,10]. 

To address this, we established a parallel observational 
cohort consisting of eligible patients who declined participa-
tion in the PROHIP trial (non-PROHIP) [11]. We aimed to 
compare baseline demographics and patient-reported outcome 
scores between patients who enrolled in the PROHIP trial with 
those in the non-PROHIP observational cohort to explorato-
rily investigate generalizability. 

Methods
Study design
We used a cross-sectional study design to collect and com-
pare demographics and patient-reported outcome scores 
from patients with severe hip osteoarthritis and eligible for 
enrollment in the PROHIP trial at baseline [11]. This study is 
reported in agreement with the Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) state-
ment for cross-sectional studies, and the statistical analysis 
plan (see Supplementary data) was made publicly available at 
ClinicalTrials.gov (August 16, 2022: NCT04070027) before 
any analyses commenced.

Setting 
Patients were enrolled from the orthopedic departments at 
Vejle Hospital and Odense University Hospital in the Region 
of Southern Denmark, Aarhus University Hospital in the 
Central Denmark Region, and Næstved Hospital in Region 
Zealand from September 2, 2019 until the predefined recruit-
ment deadline for patient enrollment was reached on June 30, 
2021 [11].

Patients
Orthopedic surgeons prospectively screened patients for 
eligibility during medical consultations in accordance with 
standard hospital-specific clinical procedures. Patients 50 
years of age or above with severe hip osteoarthritis and 
indication for THA based on hip pain, clinical presentation, 
and radiographic imaging (joint space width below 2 mm) 
were considered eligible for enrollment. Exclusion criteria 
were severe walking deficits (dependency on 2 crutches or 
walker); a body mass index >35; fracture of the leg or foot 
within previous 12 months; planned surgery on the leg or 
foot in the following 6 months; cancer diagnosis and cur-
rent receipt of chemo-, immuno- or radiotherapy; neurologi-
cal disease; and other reasons such as inability to understand 
Danish or being considered mentally or physically unable to 
participate. Eligible patients were briefly informed about the 

PROHIP trial by the orthopedic surgeon and given the option 
of receiving detailed standardized information provided by 
research coordinators. Eligible patients who accepted enroll-
ment in the PROHIP trial completed baseline measurements 
and were afterwards randomized to receive either a THA or 
a resistance training program. Eligible patients who declined 
to receive detailed information or participation were invited 
into a parallel prospective non-interventional observational 
cohort, and those who accepted enrollment completed base-
line measurements and were subsequently scheduled for 
THA. The enrollment procedures are described in full detail 
in the trial protocol [11].

Baseline demographics
Demographic variables included sex, age, height, weight, body 
mass index, educational level beyond high school, employ-
ment, current smoker, alcohol intake above 10 units per week, 
affected hip on right side, duration of hip symptoms, previous 
THA, previous total knee arthroplasty (TKA), previous treat-
ment due to hip symptoms, use of analgesics due to hip pain, 
and comorbidities.

Patient-reported outcome scores 
As also specified in the PROHIP trial [5,11], the primary out-
come variable was patient-reported hip pain and function mea-
sured using the Oxford Hip Score (OHS) [12]. This 12-item 
patient-reported questionnaire provides a total score ranging 
from 0 to 48, with higher scores indicating less pain and better 
function, and the minimal important difference (MID) is esti-
mated to be 5 points [13].

Secondary outcome variables included patient-reported 
domains of hip pain, hip symptoms, function in activities of 
daily living, hip-related quality of life, and function in sports 
and recreation measured using the Hip disability and Osteo-
arthritis Outcome Score (HOOS) subscales (range, 0 [worst] 
to 100 [best], MID = 10 points) [14]. Another secondary out-
come score variable was patient-reported physical activity 
level measured using the  single-item University of California 
Los Angeles (UCLA) activity score (range, 1 [inactive] to 10 
[regular participation in impact sport or heavy labor], MID = 
2 points) [15].

Additional outcome variables were patient-reported hip 
pain intensity at rest and during activities measured using the 
single-item Visual Analogue Scale (VAS) score (score, 0 [no 
pain] to 100 [worst pain imaginable], MID = 15.3 points) [16], 
health-related quality of life as assessed by the EuroQol Group 
5-dimension (EQ-5D-5L) index score (range, –0.76 [worst] to 
1.00 [best] using a Danish value set, MID = 0.4 points), and 
overall health status as assessed by the EuroQol Group Visual 
Analogue Scale (EQ-VAS) score (range, 0 [worst imaginable 
health] to 100 [best imaginable health], MID = 9.3 points [17].

Data collection procedures
Baseline demographic and patient-reported outcome variables 
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were collected using online questionnaires in an electronic 
management system. Patients enrolled in the PROHIP trial 
completed the questionnaires in an undisturbed examination 
room at the hospitals with the possibility of asking clarify-
ing questions, while anthropometric measures of height and 
weight were conducted by an outcome assessor. Patients 
accepting participation in the non-PROHIP cohort received an 
email containing a link to the online questionnaires and com-
pleted them at home for pragmatic reasons.

Sample size considerations
As the enrollment ratio in PROHIP and non-PROHIP was 
unknown, we did not conduct a formal sample size and power 
calculation for this cross-sectional study. Based on a previ-
ous randomized controlled trial comparing TKA with first-line 
treatment [8], we anticipated an enrollment rate of about 7% 
of all patients assessed for eligibility in PROHIP. This yielded 
that 1,720 patients were probably needed for eligibility assess-
ment to enroll the sample size of 120 patients in PROHIP, as 
estimated previously in the trial protocol [11]. We expected a 
2 (14% ≈ 240 patients) to 4 (28% ≈ 480 patients) times higher 
enrollment rate in non-PROHIP, resulting in an approximated 
total sample size between 360 and 600 patients for this cross-
sectional study.

Statistics
Based on the intention-to-infer from population [18], all base-
line demographics and patient-reported outcomes for each 
group are presented with means and standard deviations (SD) 
for continuous variables, and numbers and proportions (%) 
for categorical variables. The assumption of normality of the 
continuous variables was assessed using visual inspection of 
quantile–quantile plots and histograms.

The statistical approach to evaluate generalizability is not 
immediately clear from the literature. Guidance is available, 
however, providing statistical measures that could be used 
to compare results from an exposed group (i.e., PROHIP) to 
a second sample—referred to as the broader target popula-
tion (i.e., non-PROHIP) [19]. To exclude the possibility of 
selective outcome reporting, the preferred methods should 
involve comparing all characteristics collected in the ran-
domized controlled trial with those of the target population. 
To evaluate whether significant differences exist between the 
PROHIP and non-PROHIP groups that could reduce gener-
alizability, we applied 3 different measures that are feasible 
for 2-group comparisons: the standardized difference (Std-
Diff), the absolute difference with confidence interval (in the 
actual units), and the propensity (i.e., odds) of accepting par-
ticipation in the PROHIP trial [18]. As suggested previously 
[19], we evaluated the comparability of the PROHIP trial and 
non-PROHIP groups using balance diagnostics to describe 
possible differences between groups. In this approach, we 
compared means and proportions of baseline demographics 
and patient-reported outcomes using StdDiff (see Supple-

mentary data). We interpreted a StdDiff of < 0.2 as indicating 
a negligible difference in the baseline variable between the 
2 groups, while a StdDiff of 0.8 or greater was considered 
definitive incomparability (i.e., indicative of low generaliz-
ability). Between-group differences are presented with means 
and 95% confidence intervals (CI). As pre-specified in our 
trial protocol [11], for the primary outcome measure in the 
PROHIP trial the OHS, we interpreted a 95% confidence 
interval excluding a difference greater than 5 points between 
groups as indicating absence of a clinically important differ-
ence. As our aim was to conduct an exploratory investiga-
tion of generalizability and because we lacked a theoretical 
basis for testing a series of null hypotheses, we did not find it 
necessary to adjust for multiple comparisons in this instance. 
Therefore, all CIs presented are applicable only for inter-
preting whether the MID is included; they were not adjusted 
for multiplicity and should not be used in place of hypoth-
esis testing. Finally, we used univariable logistic regression 
to calculate the propensity of accepting enrollment in the 
PROHIP trial compared with those who declined by estimat-
ing the odds ratio (OR). 

All statistical analyses and estimations were performed 
using STATA 17.0 (StataCorp, College Station, TX, USA).

Ethics, registration, data sharing plan, funding, and 
disclosures 
The PROHIP trial was approved by the Regional Com-
mittees on Health Research Ethics for Southern Denmark 
(Project-ID: S-20180158) and the Danish Data Protection 
Agency (Journal No 19/20337), and registered at Clinical-
Trials.gov (NCT04070027). Written informed consent was 
obtained from each patient in accordance with the Helsinki 
Declaration. Data is available upon reasonable request 
to the author group. This study was funded by the Danish 
Rheumatism Association (R153-A4771, R161-A5280, 
R166-A5553, R176-A6231), Region of Southern Denmark 
(17/33622, 18/41994), Region Zealand and Region of South-
ern Denmark (R23-A786), the Association of Danish Phys-
iotherapists Research Fund (N/A), The Research Council at 
Næstved–Slagelse–Ringsted Hospitals (N/A), and the A.P. 
Moeller Foundation (N/A). The Section for Biostatistics and 
Evidence-Based Research the Parker Institute, Bispebjerg 
and Frederiksberg Hospital is supported by a core grant from 
the Oak Foundation (OCAY-18-774-OFIL). The funders 
were not involved in designing the study, data collection, 
data management, data analysis, interpretation of the results, 
writing the article, or in the decision to submit the article for 
publication. TF, RC, IM, LRM, SSJ, MJB, and KGI declare 
no conflicts of interest. CV received travel expenses from 
Stryker with no relevance to this study. SO received payment 
for lectures from Johnson & Johnson and Heraeus with no 
relevance to this study. Complete disclosure of interest forms 
according to ICMJE are available on the article page, doi: 
10.2340/17453674.2025.44756
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Results
Patient enrollment 
We assessed 1,474 patients for eligibility and 791 (54%) were 
considered eligible for enrollment. Of these patients, 109 
(14%) were enrolled in the PROHIP trial. For the remaining 
681 patients, 293 (43%) were enrolled in the non-PROHIP 
cohort. As a result, 402 patients completed baseline measure-
ments and were included in the main analysis (Figure 1). The 

enrollment of all patients assessed for eligibility was 7% in 
the PROHIP trial and 20% in the non-PROHIP cohort, cor-
responding to an enrollment ratio of 1:2.7 (Figure 2).

Demographic variables 
For the majority of demographic variables, there were negli-
gible imbalances differences between the 2 groups at baseline, 
but patients who accepted enrollment in the PROHIP trial had 
a higher body mass index, and fewer had previously received 
a joint arthroplasty (i.e., THA on the opposite side and/or TKA 
on either side), supervised exercise, and/or an glucocorticoid 
injection than those in the non-PROHIP cohort (StdDiff 0.2–
0.4) (Table 1).

Patient-reported outcome variables
For the primary outcome measure, patients who accepted 
enrollment in the PROHIP trial had a mean OHS at baseline of 
25.1 (SD 5.9) compared with 22.6 (SD 6.9) in patients in the 
non-PROHIP cohort (between-group difference 2.5 points, CI 
1.1–4.0), corresponding to a StdDiff of 0.4. This indicates the 
absence of a clinically important difference, as the CI excluded 
differences greater than 5 points between the 2 groups.

For all the secondary outcome measure domains, except 
for the UCLA activity score (StdDiff 0.1), a consistent pat-
tern was noted, displaying imbalances between the 2 groups 
with more favorable scores indicating less severe symptoms 
in patients accepting enrollment in the PROHIP trial com-
pared with those declining in the non-PROHIP cohort (StdDiff 
0.3–0.5). As the CIs for the HOOS function in activities of 
daily living, hip-related quality of life, and function in sports 
and recreation subscales, as well as the EQ-VAS, included 
between-group differences greater than the MIDs, these were 
interpreted as indicating a possible clinically important differ-
ence (Table 2, Figure 3).

Propensity of accepting enrollment in the PROHIP trial
Among eligible patients, those who were more likely to accept 
enrollment in the PROHIP trial were those with a higher body 
mass index, no previous receipt of THA, TKA, and/or supervised 
exercise, and more favorable scores on almost all the patient-
reported outcome measures. Based on the propensity to accept 

Patients referred to the orthopedic department
outpatient clinic assessed for eligibility 

September 2, 2019 to June 30, 2021 
n = 1,474

Excluded (n = 683):
– age < 50 years, 73
– not hip osteoarthritis, 118
– not eligible for THA, 64
– severe walking deficits, 149
– body mass index >35, 42
– fracture of the leg or foot within the 
   previous 12 months, 9
– planned surgery on the leg or foot in
   the following 6 months, 34
– had cancer with chemo-, immuno-, or
   radiotherapy, 23
– had neurological diseases, 19
– other reasons, 152

Eligible for enrollment in PROHIP
n = 791

Eligible for enrollment in non-PROHIP
n = 681

Accepted enrollment in PROHIP
n = 110

Completed baseline measurements
n = 109

Included in analysis
n = 109

Completed baseline measurements
n = 293

Included in analysis
n = 293

Randomized
n = 110

Accepted enrollment in non-PROHIP
n = 293

Excluded
Not willing to undergo 

randomisation and
complete self-reported 

questionnaires
n = 388 

Excluded
Misdiagnosed and
errors in enrollment

n = 1

Figure 1. Flowchart of the patients in the study. Progressive Resis-
tance Training versus Total Hip Arthroplasty (PROHIP) trial. Parallel 
prospective non-interventional observational cohort (non-PROHIP).
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Figure 2. (A) Number of patients assessed for eligibility; (B) number of patients enrolled in the Progressive Resistance Training versus Total Hip 
Arthroplasty (PROHIP) trial; (C) number of patients enrolled in the parallel prospective non-interventional observational cohort (non-PROHIP); 
(D) enrollment rate in PROHIP; and (E) enrollment rate in non-PROHIP.
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enrollment in the PROHIP trial, patients with higher OHS at 
baseline, indicating less hip pain and better function, were more 
inclined to accept enrollment (OR 1.06, CI 1.02–1.10).

Discussion

We aimed to compare baseline demographics and patient-
reported outcome scores between patients who enrolled in 
the PROHIP trial with those in the non-PROHIP observa-
tional cohort to exploratorily investigate generalizabil-
ity. We found that patients 50 years of age or older with 
severe hip osteoarthritis and an indication for surgery who 
accepted enrollment in the PROHIP trial had slightly dif-
ferent demographics with a higher body mass index and 

Table 1. Demographic variables at baseline in patients enrolled in the Progressive Resistance Training versus 
Total Hip Arthroplasty (PROHIP) trial and a parallel prospective non-interventional observational cohort (non-
PROHIP). Values are count (%) or mean (SD) as specified

	 Baseline	 Between-group difference
 	 PROHIP	 non-PROHIP	 Mean
Demographic variables	 (n = 109)	 (n = 293)	 difference (CI)	 StdDiff	 Odds ratio a (CI)

Female sex	 54 (50)	 147 (50)	 0 (–10 to 11)	 0.0	 0.98 (0.63–1.51)
Age (SD)	 67.6 (7.2)	 68.2 (7.9)	 0.6 (–1.1 to 2.3)	 0.1	 0.99 (0.96–1.02)
Height, m (SD) b 	 1.7 (0.1)	 1.7 (0.1)	 0.0 (0.0 to 0.0)	 0.2	 0.97 (0.95–1.00)
Weight, kg (SD) b 	 81.9 (14.2)	 79.8 (15.1)	 2.1 (–1.2 to 5.4)	 0.1	 1.01 (0.99–1.02)
Body mass index (SD) b 	 28.1 (3.8)	 26.7 (4.0)	 1.4 (0.5 to 2.3)	 0.4	 1.09 (1.03–1.15)
Education level above high school	 57 (52)	 163 (55)	 3 (–8 to 14)	 0.1	 0.87 (0.56–1.36)
Employment					   
 Employed for wages or self-employed	 35 (32)	 96 (33)	 1 (–10 to 11)	 0.0	 0.97 (0.61–1.55)
 On sick leave	 3 (2.8)	 5 (1.7)	 1 (–2 to 4)	 0.1	 1.63 (0.38–6.94)
 Retired	 70 (64)	 179 (61)	 3 (–8 to 14)	 0.1	 1.14 (0.72–1.80)
 Other status	 1 (0.9)	 13 (4.4)	 3 (0 to 6)	 0.2	 0.20 (0.03–1.54)
Current smoking	 5 (4.6)	 30 (10)	 6 (0 to 11)	 0.2	 0.42 (0.16–1.12)
Alcohol intake >10 units per week c 	 13 (12)	 22 (7.5)	 4 (–2 to 11)	 0.1	 1.66 (0.81–3.44)
Affected hip on right side	 62 (57)	 150 (51)	 6 (–5 to 17)	 0.1	 1.26 (0.81–1.96)
Duration of hip symptoms, years (SD)	 2.3 (2.1)	 2.3 (2.8)	 0.0 (–0.6 to 0.6)	 0.0	 1.00 (0.92–1.09)
Previous total hip arthroplasty 	 11 (10)	 69 (23)	 13 (6 to 21)	 0.4	 0.36 (0.18–0.72)
Previous total knee arthroplasty	 2 (1.8)	 24 (8.2)	 6 (2 to 10)	 0.3	 0.21 (0.05–0.90)
Previous treatment for hip-related pain					   
 Supervised exercise	 31 (28)	 115 (39)	 11 (1 to 21)	 0.2	 0.62 (0.39–0.99)
 Manual and/or passive treatment	 17 (15)	 64 (21)	 6 (–2 to 14)	 0.2	 0.66 (0.37–1.19)
 Corticosteroid injection	 3 (2.8)	 22 (8.2)	 5 (1 to 9)	 0.2	 0.35 (0.10–1.19)
 Other non-surgical treatment	 13 (12)	 58 (20)	 8 (0 to 16)	 0.2	 0.55 (0.29–1.05)
Use of analgesics for hip-related pain					   
 Paracetamol	 83 (76)	 234 (80)	 4 (–5 to 13)	 0.1	 0.80 (0.48–1.36)
 Nonsteroidal anti-inflammatory drug	 39 (36)	 88 (30)	 6 (–5 to 16)	 0.1	 1.29 (0.82–2.07)
 Opioids	 8 (7.3)	 21 (7.2)	 0 (–6 to 6)	 0.0	 1.03 (0.44–2.29)
 Other analgesic agent	 9 (8.3)	 19 (6.5)	 2 (–4 to 8)	 0.1	 1.30 (0.57–2.96)
Comorbidities					   
 0	 55 (50)	 144 (49)	 1 (–10 to 12)	 0.0	 1.05 (0.68–1.64)
 1	 20 (18)	 62 (21)	 3 (–6 to 12)	 0.1	 0.84 (0.48–1.47)
 2	 17 (16)	 52 (18)	 2 (–6 to 10)	 0.1	 0.86 (0.47–1.56)
 ≥3 	 17 (16)	 35 (12)	 4 (–4 to 12)	 0.1	 1.36 (0.73–2.55)

CI = 95% confidence intervals; SD = standard deviation.
StdDiff = standardized difference with a value of less than 0.2 indicates a negligible difference in the baseline 
variable between the 2 groups, while a value of 0.8 or greater indicates definitive incomparability (i.e., indicative 
of low generalizability). 
a Odds ratio with CI on all univariable logistic regression models reflecting the impact on a propensity score.
b In non-PROHIP, 4 patients had missing data on height, weight, and body mass index. 
c One unit equals 10 mL or 8 g of pure alcohol.

less experience with previous joint arthroplasty surgery 
and supervised exercise, as well as slightly more favorable 
patient-reported outcomes indicating less severe symptoms 
for almost all domains at baseline than those who declined 
participation in the PROHIP trial. However, the between-
group differences were only considered possibly clinically 
important for the individual domains of function in activi-
ties of daily living, hip-related quality-of-life, function in 
sports and recreation, and overall health status. Therefore, 
although imbalances were found between the 2 groups, our 
findings indicate that the patients enrolled in the PROHIP 
trial appear to be largely representative of patients under-
going THA in clinical practice. While these findings are 
specific to the PROHIP trial, they may offer insights into 
patient enrollment and representativeness that could be rel-
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evant to other randomized trials in orthopedic surgery, espe-
cially those including patients with degenerative diseases. 
Although we cannot confirm whether similar patterns would 
be observed in other trials, our study highlights the impor-
tance of assessing whether results from randomized trials 
can be generalized more broadly, which may benefit the 
implementation of findings in clinical practice. 

A recent study found a mean preoperative OHS of 20 points 
across international THA registries [20]. This is lower than 
the mean OHS baseline values in both groups of our current 
study. On one hand, it could indicate limited representative-
ness of the patients in the non-PROHIP cohort, suggesting 
that the patients enrolled in the PROHIP trial had clinically 
meaningful lesser hip pain and better function at baseline than 
the general population with severe hip osteoarthritis undergo-
ing THA worldwide. On the other hand, the observed baseline 
values for the OHS in the patients in the PROHIP trial and 
non-PROHIP cohort may be explained by national variation, 
as the mean preoperative OHS ranges from 18 to 23 points 
across registries [20]. In this regard, the observed baseline 
values for the OHS for both groups are comparable to those 
previously reported by patients in Australia, the Netherlands, 
and Denmark [20,21]. Furthermore, the distribution of sex, 
age, and body mass index in both groups in the current study 
was similar to those of patients undergoing THA across the 
world [20,21]. This supports the generalizability and external 
validity of our main results from the PROHIP trial [5].

Despite conducting a qualitative patient and public involve-
ment study to improve our trial design, patient informa-
tion, and recruitment procedures [22], our enrollment rate in 
PROHIP was only 7%. This is similar to the 7% enrollment 
rate from a previous randomized controlled trial comparing 
TKA with first-line treatment in patients with knee OA, which 
did not use patient and public involvement [8]. This suggests 
that our strategy had little impact on the enrollment rates, con-

Figure 3. Standardized differences of the means across the different 
patient-reported outcomes score variables between patients in the Pro-
gressive Resistance Training versus Total Hip Arthroplasty (PROHIP) 
trial and parallel prospective non-interventional observational cohort 
(non-PROHIP) at baseline. Standardized differences of less than 0.2 
indicate a negligible difference, while 0.8 or greater indicates definitive 
incomparability (i.e., indicative of low generalizability) in the patient-
reported outcome score variables between the 2 groups. OHS: Oxford 
Hip Score; HOOS: Hip disability and Osteoarthritis Outcome Score; 
UCLA: University of California Los Angeles (UCLA) activity score; 
VAS: Visual Analogue Scale; EQ-5D-5L: EuroQol Group 5-dimensions 
5-levels; and EQ-VAS: the EuroQol Group Visual Analogue Scale.

OHS
HOOS Pain

HOOS Symptoms
HOOS Function in activities of daily living

HOOS Hip-related quality-of-life
HOOS Function in sports and recreation

UCLA Activity score
VAS Hip pain at rest

VAS Hip pain during activity
EQ-5D-5L Index score

EQ-VAS

Standardized di­erence
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.00.0

Table 2. Patient-reported outcome scores at baseline in patients enrolled in the Progressive Resistance Train-
ing versus Total Hip Arthroplasty (PROHIP) trial and parallel prospective non-interventional observational 
cohort (non-PROHIP). Values are Mean (SD)

	 Baseline scores, mean (SD)	 Between-group difference
Patient-reported	 PROHIP	 non-PROHIP	 Mean
outcome variables	 (n = 109)	 (n = 293)	 difference (CI)	 StdDiff	 Odds ratio a (CI)

Primary outcome 					   
 OHS a	 25.1 (5.9)	 22.6 (6.9)	 2.5 (1.1 to 4.0)	 0.4	 1.06 (1.02–1.10)
Secondary outcomes					   
 HOOS subscales b					   
     Pain	 47.8 (15.0)	 42.9 (15.9)	 4.9 (1.4 to 8.3)	 0.3	 1.02 (1.01–1.03)
     Symptoms 	 45.8 (17.7)	 40.2 (16.4)	 5.6 (1.9 to 9.3)	 0.3	 1.02 (1.01–1.03)
     Function in activities of daily living	 54.1 (17.4)	 46.7 (17.9)	 7.4 (3.5 to 11.3)	 0.4	 1.02 (1.01–1.04)
     Hip-related quality of life	 34.0 (15.4)	 26.3 (14.7)	 7.7 (4.4 to 11.0)	 0.5	 1.03 (1.02–1.05)
     Function in sports and recreation	 31.5 (19.8)	 23.4 (18.1)	 8.1 (4.0 to 12.2)	 0.4	 1.02 (1.01–1.03)
 UCLA activity score c 	 5.2 (1.7)	 5.0 (2.0)	 0.2 (–0.2 to 0.6)	 0.1	 1.06 (0.95–1.19)
 VAS hip pain at rest d 	 41.5 (22.5)	 50.6 (23.6)	 9.1 (4.0 to 14.2)	 0.4	 0.98 (0.97–0.99)
 VAS hip pain during activity d	 64.8 (16.4)	 71.1 (16.5)	 6.3 (2.7 to 10.0)	 0.4	 0.98 (0.97–0.99)
 EQ-5D-5L index score e	 0.67 (0.23)	 0.57 (0.27)	 0.10 (0.04 to 0.16)	 0.4	 1.02 (1.01–1.03)
 EQ-VAS f	 60.4 (21.5)	 52.9 (22.7)	 7.5 (2.6 to 12.5)	 0.3	 1.02 (1.01–1.03)

For abbreviations, see Table 1.
a The Oxford Hip Score (OHS) ranges from 0 (worst) to 48 (best). 
b The Hip disability and Osteoarthritis Outcome Score (HOOS) subscales range from 0 (worst) to 100 (best).
c The University of California Los Angeles (UCLA) activity score ranges from 1 (inactive) to 10 (regular participa-

tion in impact sport or heavy labor).
d The Visual Analogue Scale (VAS) ranges from 0 (no pain) to 100 (worst pain imaginable).
e The EuroQol Group 5-dimensions 5-levels (EQ-5D-5L) index score ranges from –0.76 (worst) to 1.00 (best). 
f The EuroQol Group Visual Analogue Scale (EQ-VAS) ranges from 0 (worst) to 100 (best).
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trasting with previous meta-analysis results [23]. The limited 
impact may also be due to the COVID-19 pandemic, which 
made patients less likely to enroll in randomized controlled 
trials even when hospitals returned to pre-pandemic status 
[24]. Overall, our low enrollment rate in the PROHIP trial 
highlights the challenge of recruiting patients for this type of 
randomized controlled trial comparing surgery with that of 
first-line treatment, as observed previously [6-8].

Although exercise is consistently recommended as part of 
the first-line treatment for hip osteoarthritis [4], previous find-
ings indicate that only about 40% of the patients are either 
recommended or referred to exercise in clinical practice [25]. 
This is consistent with the proportion of patients in the non-
PROHIP cohort who had previously attended supervised 
exercise, but higher than the proportion of patients enrolled 
in the PROHIP trial. This supports our findings that indicate 
reduced representativeness of experience with previous first-
line treatment among patients enrolled in the PROHIP trial. 
This may have affected our estimates of treatment effect, pos-
sibly having led to an overestimation of resistance training [5].

Limitations
A key limitation was the low enrollment rate in the non-PRO-
HIP cohort, where only 293 (43%) out of 681 eligible patients 
accepted participation and met the inclusion criteria such as to 
be able to understand Danish. This may have reduced the rep-
resentativeness of the non-PROHIP cohort and influenced our 
interpretation of the results, particularly regarding the gener-
alizability of the PROHIP trial [5]. However, the patients in 
the non-PROHIP cohort had similar demographics and OHS 
at baseline compared with previous representative cohorts of 
patients undergoing THA [20,21], which supports the robust-
ness of our findings despite the low enrollment rate. Another 
limitation is that we obtained patient-reported outcome scores 
only from patients in the non-PROHIP cohort. As a result, we 
could not assess potential important differences in the func-
tional performance tests recommended by the Osteoarthritis 
Research Society International (OARSI) [26]. Nevertheless, 
the patient-reported outcome measures used are valid, reliable, 
and responsive, covering the Outcome Measures in Rheuma-
tology–Osteoarthritis Research Society International (OMER-
ACT-OARSI) core domain set for measurement in randomized 
trials [27], thereby reflecting meaningful measures for patients 
with hip osteoarthritis, clinicians, and decision-makers. A fur-
ther limitation involves the slight procedural differences in 
data collection between the 2 groups. Patients in the PROHIP 
trial completed electronic questionnaires in a hospital setting 
with access to clarifications and had height and weight mea-
sured by an outcome assessor, while patients in the non-PRO-
HIP cohort completed them at home and self-reported these 
metrics. These differences may have introduced a minor risk 
of detection and information bias, potentially affecting our 
results such as the observed difference in body mass index. 
However, these procedural variations are unlikely to substan-

tially impact the overall findings, as all other demographics 
and patient-reported outcome scores were self-reported and 
consistently collected between both groups. 

Strengths
The strength of our study is that the data is derived from a 
robust multicenter recruitment effort involving 4 orthopedic 
departments, which span 3 of the 5 healthcare regions in Den-
mark. This broad geographic coverage enhances the represen-
tativeness and generalizability of our results. Furthermore, we 
conducted the main analyses in accordance with a predefined 
statistical analysis plan made publicly available before any 
analyses commenced. Finally, we used balance diagnostics for 
comparing the distribution of baseline variables between the 2 
groups, as this method is not directly influenced by sample size.

Conclusion
We found minimal imbalances in most demographic vari-
ables and patient-reported outcomes, with those who accepted 
enrollment in the PROHIP trial reporting less experience 
with previous joint arthroplasty surgery and supervised exer-
cise and slightly more favorable outcomes, indicating less 
severe symptoms for almost all domains at baseline than 
those who declined. However, most differences were prob-
ably not clinically important. Although caution is warranted 
due to the potentially limited representativeness of the non-
PROHIP group, these findings support the generalizability of 
the PROHIP trial. This highlights that the findings from the 
PROHIP trial appear applicable to broader clinical practice. 

Supplementary data
The study protocol is available as Supplementary data on the 
article page, doi: 10.2340/17453674.2025.44756 and 10.1136/
bmjopen-2021-051392
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