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Abstract
Objectives  Healthcare systems increasingly face shortages of medical professionals, and simultaneously experience a rise 
in demand for healthcare services. In this study, we investigated whether a digital PROM-based monitoring and alert system 
for hip and knee replacement patients post-surgery can support in decreasing healthcare expenditures and utilization.
Methods  We used data from the randomized controlled trial PROMoting Quality, focusing on 546 hip and 492 knee replace-
ment patients from nine German hospitals between October 2019 and December 2020 with available claims data. Patients 
were equally randomized into two groups: one receiving a PROM-based intervention at 1, 3, and 6 months post-surgery, 
the other receiving standard care. We compared 1-year post-surgery healthcare utilization using mixed-effects regression 
models. We further extrapolated the intervention effects to the German healthcare system.
Findings  Results showed post-surgery health expenditure reductions of 7.9% (-318.08, p = 0.015) for hip and 7.3% (-386.72, 
p = 0.053) for knee replacements. Significant decreases were observed in outpatient care contacts (-1.51, p = 0.005), physi-
otherapy sessions (-1.65, p = 0.037), and number of prescriptions (-2.14, p = 0.042) for hip replacements. For knee replace-
ment patients, significant determinants of the cost differences were fewer prescriptions (-3.40, p = 0.013) and medical aids 
(-0.81, p = 0.041).
Conclusion  Our findings suggest that digital health interventions can reduce utilization and save scarce healthcare resources. 
It can be hypothesized that the “being taken care of” effect reduced the need for reassurance of the recovery progress, leading 
to fewer GP visits and decreased utilization of other healthcare services.

Keywords  Healthcare utilization · Patient-reported outcome measures · PROM · Value-based healthcare · Hip 
replacement · Knee replacement · Cost analysis · Healthcare · Resources

Introduction

Healthcare systems increasingly face shortages of health-
care workers such as physicians and nurses [1, 2], and 
are under pressure due to ever-increasing healthcare costs 
[3]. This challenge will not only prevail but intensify in 
the upcoming years due to demographic changes [2]. For 
instance, in Germany, the old-age dependency ratio (num-
ber of individuals aged 65 or older per 100 people of work-
ing age) is predicted to increase from 33 in 2020 to 42 in 
2035 [4]. This trend implies a growing demand for health-
care services as an older, more comorbid society will uti-
lize the healthcare system more frequently [5]. Simulta-
neously, it is likely that this development has a negative 
effect on the supply of the healthcare workforce, with 48% 
of medical doctors and 24% of nurses in Germany aged 

Key points
• Most studies in the field of digital health interventions have 

focused on evaluating health outcomes but seldomly evaluate the 
impact on healthcare resource utilization.

• A PROM-based monitoring and alerts system in the aftercare 
of patients with joint replacement reduced the healthcare 
expenditures by 7.3–7.9%, driven by decreases in healthcare 
utilization (e.g., fewer outpatient physician contacts).

• Selected digital health interventions should be considered 
for integration into routine care to free up scarce healthcare 
resources.
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55 years and older, and projected to retire within the next 
decade [1]. Without significant increases in productivity, 
i.e., achieving a higher output over cost ratio, access to and 
quality of care are likely to suffer.

A potential lever is to use digital technologies to com-
plement and support medical services, thereby unbur-
dening medical staff and increasing productivity [6]. As 
healthcare systems shift towards a more patient-centered 
approach, digital technologies are increasingly combined 
with patient-reported outcome measures (PROMs) to 
remotely monitor patients post-surgery [7] and to manage 
chronic diseases [8]. These technologies promise improved 
outcomes and reduced strain on healthcare workers by 
decreasing physician visits and invasive treatments. In 
oncologic settings, such monitoring has proven to decrease 
mortality, emergency room visits [9] and follow-up phy-
sician appointments [10–12]. Orthopedics, particularly 
hip and knee replacements, represents another promising 
field for employing digital PROM-based remote monitor-
ing tools. These procedures are frequently performed, 
projected to increase [13, 14], and offer potential for both 
outcome improvements [15] and reductions in aftercare 
utilization and cost decreases [16]. However, research on 
the impact of PROM-based remote monitoring tools on 
post-surgery cost and healthcare utilization for hip and 
knee replacements is limited. While Joseph et al. [16] 
estimated cost savings from reduced utilization through 
virtual clinics for joint replacement monitoring, their 
study relied on simulations rather than actual cost data, 
and focused on a single center.

This paper, a secondary analysis of the large-scale 
multi-center PROMoting Quality randomized controlled 
trial (RCT) [17], addresses these research gaps. In the 
intervention group, patients undergoing hip or knee 
replacement were monitored via a digital PROM tool, 
with study nurses at hospitals being alerted in case of 
adverse recovery pathways within the first year post-sur-
gery. Our analysis aims to assess whether the use of this 
digital PROM-based monitoring and alert system led to a 
reduction in healthcare service utilization, specifically in 
physician contacts and expenditures. We used claims data 
from 24 German statutory health insurances to isolate the 
expenditures and appointments of 1,038 enrolled hip and 
knee replacement patients from hospital discharge until 
1-year post-surgery. We conducted comparative analy-
ses and applied a mixed-effect model. Additionally, we 
extrapolated the intervention’s effects on expenditures 
and utilization to the entire German healthcare system 
under different scenarios. Understanding where and how 
the digital PROM-based monitoring and alert system can 
enhance efficiency in the healthcare system can help free 
up resources and save costs that can be redistributed to 
other areas.

Methods

Study design, participants and procedures

Data were drawn from the “PROMoting Quality” trial, a 
1-year prospective multicentre two-armed parallel RCT 
conducted in nine German hospitals. Study participants 
were adult patients (≥ 18 years) undergoing elective pri-
mary hip or knee replacement surgery between October 
1 st 2019, and December 31 st 2020. The trial received 
ethical approval from the Charité Universitätsmedizin Ber-
lin ethics committee and was registered with the German 
Register for Clinical Studies. All participants provided 
written informed consent, which could be revoked at any 
time prior to the end of data collection [17]. Reporting 
in this article adheres to the Consolidated Standards of 
Reporting Trials (CONSORT) guidelines [18]. The study 
protocol is published elsewhere [17].

Randomisation and masking

Patients were randomized 1:1 to intervention or control. The 
intervention group received standard care plus PROM-based 
monitoring and alert intervention; the control group received 
standard care only. Randomization occurred at discharge via 
Heartbeat ONE, i.e. the software for primary data collection, 
with allocation sequence concealment to reduce bias. Study 
personnel and patients were blinded to group allocation until 
assignment. Blinding of study nurses was not possible after 
1-month follow-up due to intervention requirements, but 
participants remained unaware of their group throughout 
the study.

Procedures

Patients in both groups completed disease-specific and 
generic PROMs that were digitally collected via the Heart-
beat ONE software at hospital admission, discharge, and 
12  months post-surgery. Additionally, the intervention 
group completed digital PROM questionnaires at 1-, 3-, and 
6-month intervals post-surgery. In case of non-response to a 
PROM survey, study nurses sent out reminders via email or 
telephone to the patients. If a patient’s health significantly 
declined relative to the prior measurement point or exceeded 
an absolute PROM threshold, an automated alert notified 
study nurses, who then contacted the patient to consult on 
their current health status and the problems associated with 
the triggered alert. If deemed necessary, the study nurses 
then referred them to their aftercare physician or specialist. 
The PROM thresholds that triggered alerts were defined in 
a consortium of 13 orthopedic physicians using the Delphi 
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technique. For a detailed description of the absolute and 
relative thresholds see Table 5 in the Appendix.

Data and outcomes

During the trial, a comprehensive dataset (see also Schöner 
et al. [19]) was collected, including various disease-specific 
and generic PROMs, clinical indicators, and detailed patient-
level expenditure data from participating statutory health 
insurances. The set of PROMs included the generic Euro-
Qol five levels five dimensions (EQ-5D-5L) and visual ana-
logue scale (EQ-VAS) for health-related quality of life [20], 
and the disease-specific Hip Disability and Osteoarthritis 
Outcome Score Physical Function Short-form (HOOS-PS) 
[21] and Knee Injury and Osteoarthritis Outcome Score 
Physical Function Short-form (KOOS-PS) [22] to capture 
joint-specific functionality. Furthermore, patients’ mental 
health dimensions were assessed using Patient-Reported 
Outcomes Measurement Information System (PROMIS) 
Depression Shortform (PROMIS-D-SF) and Fatigue Short-
form (PROMIS-F-SF) [23]. Finally, also an analogue likert 
pain-scale was included to assess pain in the hip, knee and 
lower back. The intervention (i.e. alerts) was triggered by 
exceeding thresholds in EQ-5D-5L, HOOS-PS or KOOS-PS, 
and PROMIS-D-SF and PROMIS-F-SF (see Tables 5 & 6 
in the Appendix).

For the purposes of the present study, the expenditure 
data were of primary relevance. In this respect, the analysis 
focused exclusively on the subgroup of patients who con-
sented to the use of their statutory health insurance claims 
data. Patient-level expenditure data were available in high 
level of detail for the period spanning from 1-year pre-
surgery to 1-year post-surgery. Treatment expenditures and 
health service utilization data came from the claims data of 
24 participating statutory health insurances, i.e. BARMER 
and 23 of the BKK Dachverband (i.e. the federal associa-
tion of company health insurances), which collectively cover 
approximately 18 million people in Germany, representing 
around 23% of the population.

We examined potential effects of the intervention on the 
utilization and provision of outpatient medical care (includ-
ing prescription of drugs, and remedies such as physical 
therapy), as well as inpatient and outpatient hospital treat-
ments. Data were categorized into six main groups for analy-
sis: outpatient care, outpatient hospital care, inpatient care, 
prescriptions, remedies, and medical aids.

Outpatient care comprises all services and associated 
expenditures incurred outside of hospital setting, such as 
appointments at general practitioners (GPs) or specialists. 
Outpatient hospital care refers to treatments received in a 
hospital without an overnight stay. Inpatient care encom-
passes all services requiring hospitalization, including 
surgeries, subsequent care, and discharge management. 

Prescriptions cover services requiring a written direc-
tion from a physician, such as medications. Remedies are 
therapeutic services prescribed by a physician, including 
e.g., physical therapy or nutritional therapy. Medical aids 
included e.g., hearing aids, prostheses, wheelchairs, ortho-
pedic supports, and other assistive devices.

Statistical analysis

A comparative analysis tested for differences between study 
arms in pre- and post-surgery expenditures and health ser-
vice utilization. Shapiro–Wilk tests determined the data dis-
tribution. For normal distributions, two-sample t-tests were 
applied, and for non-normal distributions, non-parametric 
Wilcoxon rank-sum tests, with a two-sided 5% significance 
level. To mitigate outlier effects, the most extreme 5% of 
values were winsorized. Post-surgery expenditures were 
adjusted for pre-surgery spending differences using linear 
regression. These adjusted 1-year post-surgery expenditures 
were used in the main analyses, while unadjusted expen-
ditures were used for exploratory analyses in specific cost 
categories.

Further, a mixed effects modelling approach was 
employed to assess the intervention’s effect on total adjusted 
post-surgery expenditures and utilization, as well as on the 
individual components of outpatient care, outpatient hospi-
tal care, inpatient care, prescriptions, remedies, and medi-
cal aids. In the regression models, we controlled for con-
founders, including age, sex, post-surgery mobilization (fast 
track < 6 h after surgery or conventional care), and BMI, 
which were treated as fixed effects. Additionally, the treating 
hospital was included as a random intercept in the model to 
account for potential clustering effects at the hospital level.

An exploratory deep dive focused on hip replacement 
patients in key expenditure categories that showed signifi-
cant differences. Main expenditure categories were divided 
into sub-categories to identify drivers of cost differences 
between intervention and control groups. Data preparation 
and statistical analyses were conducted using STATA ver-
sion 13.1.

Lastly, the findings were extrapolated to estimate the 
potential annual effect on the German healthcare system. 
Average cost of the intervention per patient were retrieved 
from estimates in Schöner et al. [19], which include per-
sonnel costs, software implementation, and user license 
fees. The extrapolation was based on assumptions in three 
scenarios:

a	 Complete scenario: Assumes that all hip and knee 
replacement patients in Germany in 2023 received the 
intervention. According to the Federal Statistical Office 
of Germany [24], 273,737 hip and 229,551 knee replace-
ments were performed in 2023. This scenario further 
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assumed a 100% participation rate and a 100% follow-up 
completion rate.

b	 Study scenario: In alignment with the results from the 
PROMoting Quality trial, this scenario assumed an 80% 
participation rate and an 85% follow-up completion rate.

c	 Real-world scenario: Based on the NHS’s experience 
with regularly collecting PROMs for hip and knee 
replacement patients since 2012, this scenario assumed 
70% participation rate for hip and 68% for knee replace-
ment patients, with follow-up completion rates of 58% 
and 53%, respectively [25].

Results

Descriptive statistics

Between October 2019 and December 2020, 7,827 patients 
were recruited from nine hospitals across Germany (see Fig-
ure 5 in the Appendix). After exclusions, the remaining 6,807 
patients were randomly assigned to either the intervention or 
control group. The present cost analysis utilized the data of 
1,038 patients insured by one of the participating statutory 
health insurances who consented to the use of their claims 
data, comprising 546 hip replacement patients (Intervention: 
284, Control: 262) and 492 knee replacement patients (Inter-
vention: 238, Control: 254).

Descriptive statistics are summarized in Table 1. The 
mean age on the day of the surgery was 66.3 years for 
patients undergoing hip replacement and 65.7 years for 
patients undergoging knee replacement. Both groups had a 
higher proportion of female patients (65.4% for hip, 61.8% 
for knee). Obesity was present in 32.8% of patients undergo-
ing hip and in 53.1% of patients undergoing knee replace-
ment. Comorbidities were absent in 38.4% of hip patients, 
compared to 29.0% of knee patients. No significant dif-
ferences were found between the intervention and control 
groups for any baseline characteristics.

Mean expenditures (from the health insurance perspec-
tive) from initial admission to 1-year post-surgery are higher 
for patient undergoing knee than for patients undergoing hip 
replacement (€13,893 vs. €11,865), with approximately 57 
to 60% of the expenditures attributed to initial stay includ-
ing the surgery itself (see Fig. 1). Similarly, 1-year post-
surgery mean expenditures were higher for knee replace-
ment patients (€6,012) compared to hip replacement patients 
(€4,805).

Comparative analysis of post‑surgery expenditures

Hip replacement patients

The intervention group had significantly lower adjusted 
expenditures of €376.43 (9.4%) compared to the control 

group (p = 0.004, Wilcoxon rank-sum test) over the 1-year 
post-surgery period. This difference in expenditures was pri-
marily attributed to significant differences in the utilization 
of outpatient care, inpatient care, prescriptions, remedies, 
and medical aids (see Table 2).

In both hip replacement groups, almost all patients 
received outpatient care services at least once (100% and 
99.62% utilization rates). However, significant differences 
were observed in the mean number of contacts per patient 
and in the mean and median expenditures. On average, 
intervention group patients had 2.89 fewer contacts than 
control group patients (p = 0.028, Wilcoxon rank-sum test). 
Accordingly, adjusted outpatient care expenditures were 
€90.58 (−10.0%) lower for the intervention group (p = 0.002, 
Wilcoxon rank-sum test). Inpatient care utilization and the 
number of inpatient stays per patient were balanced between 
groups. However, intervention group patients incurred 
€113.13 (−7.3%, p = 0.003, Wilcoxon rank-sum test) lower 
adjusted expenditures than control group patients. On aver-
age, intervention group patients had 2.47 fewer prescrip-
tions than control group patients (p = 0.022, Wilcoxon rank-
sum test). Consequently, this led to an average reduction 
of €94.18 (−14.4%) in adjusted prescription expenditures 
per patient in the intervention group (p = 0.023, Wilcoxon 
rank-sum test).

Remedies such as physical therapy were prescribed on 
average by 1.73 instances less (p = 0.041, Wilcoxon rank-
sum test) in the intervention group, resulting in €63.90 
(−8.8%) lower adjusted expenditures (p = 0.010, Wilcoxon 
rank-sum test).

Finally, a significant difference of €13.64 (−9.3%) in 
adjusted medical aid expenditures was observed per patient 
in the intervention group compared the control group 
(p = 0.005, Wilcoxon rank-sum test).

Knee replacement patients

Patients undergoing knee replacement in the intervention 
group had adjusted 1-year post-surgery expenditures averag-
ing €4,907.62 (SD €2,186.07), compared to €5,283.13 (SD 
€2,271.83) in the control group. This difference of €375.50 
(−7.1%) was significant (p = 0.034, Wilcoxon rank-sum test). 
The main contributors to this difference were variations in 
the utilization of outpatient care, inpatient care, prescriptions 
and medical aids (see Table 3).

While no significant differences were found in the number 
of outpatient care contacts per patient, the adjusted expendi-
tures associated with these contacts were higher for patients 
in the control group. The adjusted mean total outpatient care 
expenditures were €69.11 (−6.7%) lower than in the control 
group (p = 0.028, Wilcoxon rank-sum test).

Similarly, no differences in inpatient care utilization or 
the number of inpatient stays per patient were noted, yet the 
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adjusted mean expenditures in the intervention group were 
€121.75 (−6.1%) lower than in the control group (p = 0.020, 
Wilcoxon rank-sum test).

On average, patients in the intervention group received 
3.39 fewer prescriptions than patients in the control group 
(p = 0.010, Wilcoxon rank-sum test). This reduction was 

Table 1   Descriptive statistics

BMI Body Mass Index; RR Rapid recovery, i.e. mobilization within 6 h post-surgery; CC Conventional Care, i.e. mobilization > 6 h post-surgery; 
PROM Patient-Reported Outcome Measures; SD Standard Deviation; EQ-5D-5L EuroQol five dimensions, five levels; EQ-VAS EuroQol virtual 
analogue scale; HOOS-PS Hip Disability and Osteoarthritis Outcome Score Physical Function Short-form; KOOS-PS Knee Injury and Osteoar-
thritis Outcome Score Physical Function Short-form; PROMIS Patient-Reported Outcomes Measurement Information System Depression Short-
form (PROMIS‐D‐SF) and Fatigue Shortform (PROMIS‐F‐SF)

Hip replacement Knee replacement

Intervention Control Total Intervention Control Total

(N = 284) (N = 262) (N = 546) (N = 238) (N = 254) (N = 492)

Age
 Mean (SD) 65.7 (10.6) 66.9 (10.2) 66.3 (10.4) 66.0 (8.8) 65.5 (9.8) 65.7 (9.3)
Sex (%)
 Female 186 (65.5) 171 (65.3) 357 (65.4) 149 (62.6) 155 (61.0) 304 (61.8)
 Male 98 (34.5) 91 (34.7) 189 (34.6) 89 (37.4) 99 (39.0) 188 (38.2)
BMI (%)
 Underweight 2 (0.7) 2 (0.8) 4 (0.7) 0 (0.0) 0 (0.0) 0 (0.0)
 Normal 84 (29.6) 82 (31.3) 166 (30.4) 33 (13.9) 31 (12.2) 64 (12.0)
 Overweight 111 (39.1) 86 (32.8) 197 (36.1) 79 (33.2) 88 (34.7) 167 (33.9)
 Obese 87 (30.6) 92 (35.1) 179 (32.8) 126 (52.9) 135 (53.2) 261 (53.1)
Mobilization after surgery (%)
 Within 6 h (RR) 135 (47.5) 138 (52.7) 273 (50.0) 124 (52.1) 109 (42.9) 233 (47.4)
 Between 6 and 12 h (CC) 81 (28.5) 70 (26.7) 151 (27.7) 72 (30.3) 62 (24.4) 134 (27.2)
 Between 12 and 24 h (CC) 61 (21.5) 49 (18.7) 110 (20.2) 34 (14.3) 74 (29.1) 108 (22.0)
 Between 24 and 48 h (CC) 2 (0.7) 3 (1.2) 5 (0.9) 6 (2.5) 6 (2.4) 12 (2.4)
 After 48 h (CC) 5 (1.8) 2 (0.8) 7 (1.3) 2 (0.8) 3 (1.2) 5 (1.0)
Comorbidities (%)
 None 109 (38.4) 94 (35.9) 203 (37.2) 69 (29.0) 61 (24.0) 130 (26.4)
 Arthrosis/Arthritis 51 (18.0) 48 (18.3) 99 (18.1) 49 (20.6) 46 (18.1) 95 (19.3)
 Cancer (within last 5 years) 11 (3.9) 16 (6.1) 27 (4.9) 16 (6.7) 16 (6.3) 32 (6.5)
 Circulation-disturbances 6 (2.1) 10 (3.8) 16 (2.9) 11 (4.6) 10 (3.9) 21 (4.3)
 Depression 16 (5.6) 19 (7.3) 35 (6.4) 17 (7.1) 23 (9.1) 40 (8.1)
 Diabetes mellitus 25 (8.8) 26 (9.9) 51 (9.3) 25 (10.5) 35 (13.8) 60 (12.2)
 Diseases of nervous system 4 (1.4) 4 (1.5) 8 (1.5) 6 (2.5) 3 (1.2) 9 (1.8)
 Heart disease 38 (13.4) 32 (12.2) 70 (12.8) 32 (13.4) 39 (15.4) 71 (14.4)
 Hypertension 128 (45.1) 136 (51.9) 264 (48.4) 143 (60.1) 157 (61.8) 300 (61.0)
 Kidney disease 8 (2.8) 10 (3.8) 18 (3.3) 6 (2.5) 6 (2.4) 12 (2.4)
 Liver disease 5 (1.8) 4 (1.5) 9 (1.6) 6 (2.5) 4 (1.6) 10 (2.0)
 Lung disease 26 (9.2) 21 (8.0) 47 (8.6) 23 (9.7) 23 (9.1) 46 (9.3)
 Rheumatoid Arthritis 11 (3.9) 13 (5.0) 24 (4.4) 14 (5.9) 29 (11.4) 43 (8.7)
 Stroke-related disabilities 7 (2.5) 8 (3.1) 15 (2.7) 5 (2.1) 7 (2.8) 12 (2.4)
PROM baseline score means (SD)
 EQ-5D-5L 0.564 (0.263) 0.599 (0.246) 0.581 (0.255) 0.615 (0.235) 0.606 (0.253) 0.610 (0.244)
 EQ-VAS 54.0 (18.5) 55.1 (19.2) 54.5 (18.8) 56.8 (18.5) 57.9 (18.5) 57.3 (18.5)
 HOOS-/KOOS-PS 50.3 (16.4) 47.7 (15.3) 49.0 (16.0) 42.6 (11.5) 43.4 (10.9) 43.0 (11.2)
 PROMIS-F-SF 48.8 (9.9) 48.5 (10.6) 48.6 (10.2) 47.9 (9.8) 48.2 (9.9) 48.0 (9.9)
 PROMIS-D-SF 50.2 (8.4) 49.7 (8.2) 49.9 (8.3) 49.4 (8.5) 49.7 (8.6) 49.6 (8.6)
 Pain Score 2.9 (1.5) 2.9 (1.3) 2.9 (1.4) 2.8 (1.3) 2.8 (1.3) 2.8 (1.3)
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associated with a significant decrease in adjusted prescrip-
tion expenditures of €121.95 (−13.4%) in the intervention 
group (p = 0.038, Wilcoxon rank-sum test). Finally, a sig-
nificant deviation was observed in the number of prescribed 
medical aids. The intervention group averaged 0.86 fewer 
medical aid prescriptions per patient than in the the control 
group (p = 0.031, Wilcoxon rank-sum test).

Regression analysis – mixed effect model

Hip replacement patients

The left panel of Fig. 2 depicts the point estimates of the 
intervention effect on the adjusted 1-year post-surgery 
expenditures per hip replacement patient. The expenditures 
were significantly lower in the intervention group than in the 
control group (−318.08, p = 0.015, CI −574.82 to −61.33). 
This reduction in total expenditures was primarily driven by 
significant differences in outpatient care (−78.90, p = 0.005, 
CI −134.46 to −23.32), inpatient care (−96.77, p = 0.010, 
CI −170.33 to −23.20), remedies (−56.56, p = 0.027, CI 
−106.70 to −6.43), and medical aids (−11.31, p = 0.037, 
CI −21.95 to −0.68). Although a tendency towards savings 

in favor of the intervention group was observed in prescrip-
tions, this difference was not significant, contrary to the 
comparative analysis. However, as shown in the left panel 
of Fig. 3, there are significantly fewer post-surgery prescrip-
tions per patient in the intervention group (−2.14, p = 0.042, 
CI −4.20 to −0.08). Additionally, the intervention group 
had fewer contacts per patient for outpatient care services 
(−1.51, p = 0.005, CI −2.56 to −0.46) and remedies (−1.65, 
p = 0.037, CI −3.2 to −0.10).

Knee replacement patients

The right panel of Fig. 2 shows the point estimates of 
the intervention effect on the adjusted 1-year post-sur-
gery expenditures per knee replacement patient. The 
intervention group had lower adjusted total expenditures 
compared to the control group, though this difference 
reached statistical significance only at a level of α = 0.1 
(−386.72, p = 0.053, CI −778.01 to 4.56). This reduction 
in expenditures was primarily driven by significant differ-
ences in adjusted outpatient care expenditures (−75.25, 
p = 0.042, CI −147.68 to −2.81) and in adjusted inpatient 
care expenditures (−131.15, p = 0.037, CI −254.40 to 

Fig. 1   Mean healthcare expen-
ditures per patient for hip and 
knee replacement from surgery 
until 1-year post-surgery

Hip replacement 

Knee replacement 

Annotations: 1. Expenditures include all health care expenditures that occurred within 1-year post discharge of
the initial admission with surgery (excluding expenditures for rehabilitation). Surgery includes all expenditures
occurred at the initial stay including the surgery.
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PROM‑based monitoring and alerts reduce post‑surgery healthcare utilization of patients…

−7.91). Additionally, weakly significant differences were 
observed in adjusted prescription expenditures (−124.67, 
p = 0.091, CI −269.43 to 20.08) and medical aid expendi-
tures (−23.21, p = 0.089, CI −49.99 to 3.56).

While the adjusted expenditure differences in prescrip-
tions and medical aids were only weakly significant, signifi-
cant differences were found in the number of prescriptions 
per patient (−3.40, p = 0.013, CI −6.09 to −0.71) and the 

 Mixed effects regression results: Intervention effect on adjusted 1-year post-surgery expenditures in 
hip and knee replacement patients (in €) 

Fig. 2   Displays the mixed effect model point estimates of the inter-
vention effect on the adjusted 1-year post-surgery expenditures per 
hip and knee replacement patient. The lines represent their corre-
sponding 95% confidence intervals. Point estimates above zero would 
indicate higher expenditures in the intervention group compared to 

the control group; point estimates below zero indicate lower expendi-
tures in the intervention group compared to the control group. A sen-
sitivity analysis considering the unadjusted expenditures is shown in 
Fig. 7 in the Appendix, Statistical significance markers: * p < 0.1; ** 
p < 0.05; *** p < 0.01

 Mixed effects regression results: Intervention effect on 1-year post-surgery service utilization in hip 
and knee replacement patients 

Fig. 3   Displays the mixed effect model point estimates of the inter-
vention effect on the 1-year post-surgery per hip and knee replace-
ment patient. The lines represent their corresponding 95% confidence 
intervals. Point estimates above zero would indicate higher utilization 

in the intervention group compared to the control group; point esti-
mates below zero indicate lower utilization in the intervention group 
compared to the control group, Statistical significance markers: * 
p < 0.1; ** p < 0.05; *** p < 0.01
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number of prescribed medical aids (−0.81, p = 0.041, CI 
−1.59 to −0.03) (see Fig. 3). Additionally, a weakly signifi-
cant difference was noted in outpatient hospital care visits 
(−0.11, p = 0.062, CI −0.24 to 0.01).

Selected expenditure categories within hip 
replacement patients

Outpatient care

One of the main drivers for the significant differences in 
post-surgery expenditures was the variation in outpatient 
care contacts. Outpatient care services were categorized into 
15 distinct specialist areas (see Table 7 in the Appendix), 
with the four most relevant categories being GP, internists 
(INT), orthopedists (ORT), and radiologists (RAD), collec-
tively accounting for approximately 69.7% of all outpatient 
care expenditures.

The majority of outpatient care expenditures within the 
1-year post-surgery period were incurred in the GP category 
(see Fig. 4). Patients in the intervention group averaged GP 
expenditures of €283.76 (SD €194.37), while control group 
patients had significantly higher expenditures of €319.37 
(SD €217.62) (p = 0.029, Wilcoxon rank-sum test). Simi-
larly, in the INT, the control group had higher expenditures 
with €87.95 (SD €239.11) compared to the intervention 
group with €53.90 (SD €114.18) (p = 0.024, Wilcoxon 
rank-sum test). Significant expenditure differences were 
also observed in RAD, with the control group incurring 
122.96€ (SD 745.29) compared to 89.85€ (SD 478.05) in 

the intervention group (p = 0.018, Wilcoxon rank-sum test). 
For ORT, no significant differences were found.

Remedies

Another significant driver of post-surgery differences in 
expenditures between the groups were differences in pre-
scribed remedies. Medical remedies are typically divided 
into five different forms of therapy: ergotherapy, podol-
ogy, physiotherapy, speech therapy, and nutritional therapy. 
Among these, the most substantial differences were observed 
in physiotherapy (see Figure 6 in the Appendix). The inter-
vention group incurred significantly lower mean expen-
ditures of €645.10 (SD €718.46) compared to the control 
group with mean expenditures of €803.84 (SD €1,056.37) 
per patient (p = 0.016, Wilcoxon rank-sum test). The remain-
ing therapy forms within remedies showed very low utili-
zation rates and no significant differences between groups.

German‑wide extrapolation

Based on the number of hip and knee replacements per-
formed in Germany in 2023, an extrapolation of our findings 
suggests potential annual expenditure savings (assuming 
no cost for the intervention) ranging from €35.2 million to 
€87.1 million for hip replacements and from €32.2 million 
to €52.0 million for knee replacement patients, depending 
on the scenario considered (see Table 4). Intervention costs 
(including personnel, implementation costs and software 
licensing fees) within the study are approximated to 123.78€ 
per patient (see Schöner et al. [19]), which approximately 

 1-year post-surgery expenditures and contacts in selected specialty �elds in outpatient care  

Fig. 4   Shows the boxplots of the 1-year post-surgery expenditures 
and contacts in selected specialty fields in the outpatient sector in hip 
replacement patients. p-values correspond to the results of the Wil-

coxon Rank-sum test, Abbreviations: GP – General Practitioner; INT 
– Internist; ORT – Orthopedist; RAD – Radiologist
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Table 4   Extrapolation scenarios—efficiency gains per cost category for hip and knee replacement patients

Annotations: For better readability, expenditures in study setting are expressed as €, in the scenarios as k€. Effects and statistical significance 
levels are taken from the mixed-effects models. a Intervention costs (incl. personnel, implementation costs and software licensing fees) within 
the study can be approximated to 123.78€ per patient (see Schöner et al. [19]), Scenarios based on all hip and knee replacementsin Germany in 
2023: (a) complete: 100% participation rate, 100% follow-up completion rate; (b) study: 80% participation rate, 85% follow-up completion rate 
(PROMoting Quality); (c) real world: 70 (hip)/68 (knee)% participation rate, 58 (hip)/53 (knee)% follow-up completion rate (NHS Digital) [25], 
Statistical significance markers: * p < 0.1; ** p < 0.05; *** p < 0.01

Sign. Study setting Scenarios

per patient Interven-
tion group 
patients

(a) complete (b) study (c) real-world

Hip replacement
 Patients (n) 1 284 273,737 186,141 110,713
 Expenditures savings (study setting in €, 

scenarios in k€)
Outpatient care *** 78.90 22,408 21,598 14,687 8,735
Outpatient hosp. care 0.62 176 170 115 69
Inpatient care *** 96.77 27,483 26,490 18,013 10,714
Prescriptions 74.37 21,121 20,358 13,843 8,234
Remedies ** 56.56 16,063 15,483 10,528 6,262
Medical aids ** 11.31 3,212 3,096 2,105 1,252

 Total expenditures savings (study setting in 
€, scenarios in k€)

** 318.08 90,335 87,070 59,208 35,215

 Average intervention costsa (study setting in 
€, scenarios in k€)

123.78 35,154 33,883 23,041 13,704

 Total savings (incl. intervention costs) (study 
setting in €, scenarios in k€)

194.30 55,181 53,187 36,167 21,511

 Reduction in visits (n) Outpatient care *** 1.51 429 413,343 281,073 167,176
 Reduction in visits (n) Outpatient hosp. care 0.00 0.00 274 186 111
 Reduction in stays (n) Inpatient care 0.10 28 27,374 18,614 11,071
 Reduction prescriptions (n) Prescriptions *** 2.14 608 585,797 398,342 236,925
 Reduction in visits (n) Remedies ** 1.65 469 451,666 307,133 182,676
 Reduction prescriptions (n) Medical aids 0.19 54 52,010 35,367 21,035

Knee replacement
 Patients (n) 1 236 229,551 156,095 83,160
 Expenditures savings (study setting in €, 

scenarios in k€)
Outpatient care ** 75.90 17,912 17,423 11,848 6,312
Outpatient hosp. care 2.09 493 480 326 174
Inpatient care ** 131.15 30,951 30,106 20,472 10,906
Prescriptions * 124.67 29,422 28,618 19,460 10,368
Remedies 32.43 7,653 7,444 5,062 2,697
Medical aids * 23.21 5,478 5,328 3,623 1,930

 Total expenditures savings (study setting in 
€, scenarios in k€)

* 386.72 91,266 88,772 60,365 32,160

 Average intervention costsa (study setting in 
€, scenarios in k€)

123.78 29,212 28,414 19,321 10,294

 Total savings (incl. intervention costs) (study 
setting in €, scenarios in k€)

262.94 62,054 60,358 41,044 21,866

 Reduction in visits (n) Outpatient care 0.81 191 185,936 126,437 67,360
 Reduction in visits (n) Outpatient hosp. care * 0.11 26 25,251 17,170 9,148
 Reduction in stays (n) Inpatient care 0.07 17 16,069 10,927 5,821
 Reduction prescriptions (n) Prescriptions ** 3.40 802 780,473 530,722 282,745
 Reduction in visits (n) Remedies 1.50 354 344,327 234,142 124,741
 Reduction prescriptions (n) Medical aids ** 0.19 45 43,615 29,658 15,800
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reduces the savings by one third. The lower bound repre-
sents a real-world scenario, while the upper bound assumes 
the complete scenario, where average effects are extrapo-
lated across all hip and knee replacements. Additionally, 
the scenarios reveal that outpatient care contacts for hip 
replacement patients could be reduced from 167,176 (real-
world scenario) up to 413,343 contacts (complete scenario). 
Additionally, prescriptions could be reduced from 236,925 
(real-world scenario) up to 585,797 (complete scenario). 
For knee replacement patients, there is a potential reduction 
of 282,745 (real-world scenario) to 780,473 (complete sce-
nario) in annual drug prescriptions, and 15,800 (reald-world 
scenario) to 43,615 (complete scenario) fewer medical aid 
prescriptions.

Discussion

This study evaluated the effect of a remote digital health 
intervention, in particular the use of a PROM-based moni-
toring and alert system on healthcare expenditures and 
healthcare resource utilization for patient undergoing hip 
and knee replacement until 1-year post-surgery. Results are 
drawn based on data from the large-scale multi-center RCT, 
PROMoting Quality. While prior studies demonstrated that 
the intervention had a favorable effect on patients’ health 
outcomes [15, 26], this study’s findings indicated that the 
intervention also led to savings in expenditures and utiliza-
tion reductions for both, hip and knee replacement patients, 
though the extent and statistical significance varied.

For hip replacement patients, the intervention resulted in 
significant average total cost savings of €318.08 per patient 
compared to the control group. These savings were largely 
attributed to significantly fewer outpatient care appointments 
(1.51), fewer remedies such as physiotherapy (1.65), and 
fewer drug prescriptions (2.14). Significant expenditure 
reductions were observed in outpatient care (€78.90), inpa-
tient care (€96.77), remedies such as physiotherapy (€56.56), 
and medical aids (€11.31). A closer look into outpatient care 
services revealed that the majority of differences in expen-
ditures and utilization originated from visits to the GP, the 
INT, and RAD. Contrary to expectations, no significant 
differences were oberserved in the utilization and costs of 
orthopedic services from baseline to 1-year post-surgery. 
As discussed in Steinbeck et al. [15], these effects could 
be due to patients feeling more adequately cared for, and 
only visiting their GP for reassurance. This is consistent with 
the findings by Joseph et al. [16], who showed that a large 
proportion of patients who requested face-to-face physician 
appointments after a virtual clinic meeting at 12-month post-
surgery mainly sought reassurance about their recovery.

For knee replacement patients, similar patterns were 
observed, although statistical power was weaker. For 

instance, the intervention led to a weakly significant expend-
iture reduction of €386.72 per patient. This difference can 
partially be explained by significantly fewer prescriptions 
(3.40) and fewer medical aids (0.19). Significant cost differ-
ences between the intervention and control group persisted 
for outpatient care (€75.90), inpatient care (€131.15), pre-
scriptions (€124.76), and medical aids (€23.21). Interest-
ingly, for both indications significant differences in inpatient 
care expenditures were observed but no differences in utili-
zation. This can be explained by few more resource intensive 
treatments in the control in comparison to the intervention 
group (e.g., re-operations or readmissions [19]) leading to 
significant differences in inpatient care expenditures but no 
visible differences in visits.

For orthopedic treatments, there is limited comparable 
scientific evidence. While different in its study design, 
Joseph et al. [16] found that follow-ups for hip and knee 
replacement patients at 12-months using virtual clinics 
(PROMs and radiographs) to triage face-to-face physician 
visits could save up to €85 per patient. Approximately 60% 
of the 154 patients in the study did not require a face-to-
face physician visit after a virtual clinic check, and of the 
remainder, the majority only needed reassurance that their 
recovery was on track.

These results align with our study’s results – the greater 
savings potential observed is likely based on the continuous 
monitoring in our intervention, providing multiple oppor-
tunities to save healthcare resources during the 12-months 
post-surgery period. Similar reductions in healthcare utili-
zation and costs have also been observed in oncologic indi-
cations, such as lung cancer or breast cancer [11, 27]. For 
instance, Riis et al. [11] found that using PROMs to monitor 
breast cancer patients’ health status and individualize their 
treatment protocols halved follow-up visits without compro-
mising quality of care.

In line with these findings, our simulation of the intervention 
indicates substantial potential for reducing healthcare utilization 
and expenditures. Extrapolation of the effects on expenditures 
to the entire German health system, in which case volumes in 
2023 were 273,737 for hip and 229,551 for knee replacement 
[24], yielded potential savings between €35 million and €87 
million for hip replacements and between €32 million and €52 
million for knee replacements, depending on the response rate 
scenarios. Considering conservative estimations of implemen-
tation and operational costs (based on the study intervention 
costs) reduce the savings by approximately one-third (€21 to 
€54 million for hip and €22 to €60 million for knee replace-
ments) – offering a lower bound on the savings potential. 
Moreover, the already overburdened outpatient sector could 
be relieved by 167 to 413 thousand fewer appointments annu-
ally for hip replacement patients alone, offering a promising 
approach to free-up increasingly scarce human resources (e.g., 
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GPs) and counteract the projected medical workforce short-
ages [1].

When reflecting upon the effects of the investigated inter-
vention on outcomes and costs, the potential for cost and 
resource savings achievable with digital PROM monitor-
ing appears especially promising. Due to the intervention, 
outcomes for hip replacement patients increased by 2.54 
points on a 0 (lowest health status) to 100 (highest health 
status) scale of the PRO-CM score designed for the primary 
analyses of the PROMoting Quality trial [19]. While the 
outcome improvement was significant and is not negligible, 
the potential for cost and resource savings, especially at the 
national level and given current and futures challenges as 
discussed above, might constitute the “true” value of digital 
PROM monitoring tools and similar interventions.

For a wider role-out the acceptance of medical profes-
sionals and patients is paramount. For medical profession-
als, the intervention needs to be efficiently integrated into 
clinical processes balancing additional efforts by hospitals 
[28] (e.g., through study nurses) and response rates from 
patients [29]. However, automation of PROM collection 
and health monitoring, and their seamless integration into 
clinical processes might still pose a challenge in German 
hospitals due to their low level of digital maturity – espe-
cially when it comes to patient interaction platforms [30]. 
For patients, improving acceptance, and thereby response 
rates, is key. One effective strategy is to provide patients 
with personalized feedback [31]. Consequentially, alerts dur-
ing the post-surgery monitoring should only be triggered 
if it is likely that the individual patient is encountering a 
problematic recovery.Various studies showed that more per-
sonalized alerts based on patient characteristics better reflect 
individual recovery pathways [32–34] and thus, could lead 
to a more accepted and effective monitoring. Furthermore, 
physicians and their communication with the patient regard-
ing PROMs play a crucial role in improving response rates, 
as a recent study from the Netherlands showed [31], and 
should therefore be in the center when implementing the 
intervention.

The study has several limitations. First, fewer than the 
1,038 anticipated patients [17] could be included into the 
study. Nevertheless, with the final sample size, we were 
able to show significant effects within this study – ruling out 
potential type 1 error. Moreover, claims data were retrieved 
from only approximately 15% of the RCT sample due to 
statutory health insurance association. As sample character-
istics of this RCT sample and the studys’ overall sample with 
all 6,807 patients show very similar patterns (see Steinbeck 
et al.[15]), we are confident that the results are representa-
tive for all hip and knee replacements in the study sample. 
However, minor differences between the two samples exist 
in the distribution of gender and rates of obesity. Table 8 in 
Appendix shows the patient characteristics of the overall 

sample. Second, due to the complex payment structure of 
rehabilitation services in Germany – where rehabilitation 
expenditures for non-retired individuals are covered by the 
pension insurance – we could not take these expenditures 
into account when evaluating the effects of the PROM-based 
monitoring and alert system. However, rehabilitation after 
hip or knee replacement usually ends before the intervention 
starts (first PROM collection point 1-month post-surgery) 
[35], thus, it can be hypothesized that there are no effect due 
to the intervention. Third, although prescription expendi-
ture reductions were significant for both groups – we could 
not analyze prescription data in detail due to data access 
restrictions. A more detailed analyses could have provided 
insights into the effect on the use of relevant medications 
post-joint replacement surgery, such as painkillers. Fourth, 
the intervention consisted of several steps from (1) patients 
answering the PROM questionnaires at different follow-up 
times, (2) automated digital alerts when recovery was not 
as expected at follow-up times, (3) contact with patients by 
the study nurse, and (4) referrals to outpatient physicians 
for check-up by the study nurses (see Kuklinski et al.[17], 
Steinbeck et al.[15], and Schöner et al. [19] for more infor-
mation). Unfortunately, it was not possible to disentangle 
which step had the greatest impact on costs and utilization 
post-surgery, and we can only assess the overall effects of 
the full intervention. Lastly, we did not consider changes in 
intervention costs when extrapolating the effects of the inter-
vention to the entire German population. Intervention costs 
within the study included licensing, implementation and 
personnel costs were €123.78 per patient (see Schöner et al.
[19]). Estimating in the simulation that intervention costs 
are equal to the costs in the trial (€123.78 per patient) is a 
conservative assumption as we expect these costs to reduce 
considerably due to economies of scale when the interven-
tion were rolled out. A study on the roll-out of PROMs for 
hip and knee replacement patients in the Netherlands, for 
instance, showed costs per case between €17.33 and €28.81 
depending on mode of PROM collection, indication, and 
hospital case volume [29]. A more sophistic simulation of 
the effects of this larger German roll-out on intervention 
costs – also considering different implementation options 
such as fully digitalized workflows – should be subject of 
future investigations.

Conclusion

In conclusion, digital health interventions with patient-cen-
tered care elements, such as PROM based monitoring and 
alert systems, are promising tools for monitoring and steer-
ing hip and knee replacement patients post-surgery, thereby 
reducing aftercare resource utilization. A larger nationwide 
roll-out and evaluation using real-world data is needed to test 
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its suitability for implementation in standard care. Findings 
from this study are now discussed among the main German 
stakeholders to be implemented into standard care [36]. Fur-
thermore, this study can serve as a blueprint for monitoring 

other conditions, particulalry chronic care patients, to detect 
poor recovery trajectories potentially mitigating adverse 
events, and to navigate patients more efficiently through the 
health system.

Appendix

See Figs. 5, 6, 7
See Tables 5, 6, 7, 8

Fig. 5   Trial flow chart
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 1-year post-surgery costs and contacts in different 
elds of remedies 

Fig. 6   Shows the boxplots of the 1-year post-surgery expendi-
tures and contacts in different fields of remedies in hip replacement 
patients. P-values correspond to the results of the Wilcoxon Rank-
sum test. Other remedies categories such as speech therapy and nutri-

tional therapy were omitted due to absence of observations. In the 
context of the Covid pandemic, there was another special category of 
remedies that related to special hygiene measures but is not relevant 
here and has therefore also been omitted from the visualisation

 Mixed effects regression results: Intervention effect on unadjusted 1-year post-surgery expenditures in 
hip and knee replacement patients (in €) 

Fig. 7   Displays the mixed effect model point estimates of the inter-
vention effect on the 1-year post-surgery expenditures per hip and 
knee replacement patient. The lines represent their corresponding 
95% confidence intervals. Point estimates above zero would indicate 

higher expenditures in the intervention group compared to the control 
group; point estimates below zero indicate lower expenditures in the 
intervention group compared to the control group, Statistical signifi-
cance markers: * p<0.1; ** p<0.05; *** p<0.01
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Table 5   Absolute and relative 
intervention alert thresholds for 
each PROM-score

PROM Patient-Reported Outcome Measures; HOOS-PS Hip Disability and Osteoarthritis Outcome Score 
Physical Function Short-form; KOOS-PS Knee Injury and Osteoarthritis Outcome Score Physical Function 
Short-form; PROMIS Patient-Reported Outcomes Measurement Information System Depression Shortform 
(PROMIS‐D‐SF) and Fatigue Shortform (PROMIS‐F‐SF)
a The absolute alert thresholds were set through a Delphi panel (Kuklinski et al. 2020)
b The relative change to a worse score initiated an alert for all PROM-scores with “Yes”. This table is based 
on the table published in the study protocol of the PROMoting Quality trial (Kuklinski et al. 2020)

PROM Sets Month 1a Month 3a Month 6a Relative worsen-
ing alertb

Relative Threshold

EQ-5D-5L hip 0.37 0.64 0.74 Yes 10% worse than t-1
HOOS-PS 53.00 36.30 27.70 Yes 10pt worse than t-1
EQ-5D-5L knee 0.36 0.51 0.70 Yes 10% worse than t-1
KOOS-PS 51.60 43.60 33.60 Yes 10pt worse than t-1
PROMIS-D-SF 65.80 65.80 65.80 No NA
PROMIS-F-SF 69.00 69.00 69.00 No NA

Table 6   Properties of the PRO measures

PROM Patient-Reported Outcome Measures; HOOS-PS Hip Disabil-
ity and Osteoarthritis Outcome Score Physical Function Short-form; 
KOOS-PS Knee Injury and Osteoarthritis Outcome Score Physical 
Function Short-form; PROMIS Patient-Reported Outcomes Measure-
ment Information System Depression Shortform (PROMIS‐D‐SF) 
and Fatigue Shortform (PROMIS‐F‐SF); HRQoL Healt-Related Qual-
ity of Life
a A positive directionality indicates that higher scores reflect better 
outcomes while with a negative directionality a higher score indicates 
worse symptoms, i.e. bad outcomes

PROM Domain Range Directionalitya

EQ-5D-5L HRQoL -0.661–1 Positive
EQ-VAS HRQoL 0–100 Positive
HOOS-PS Joint Functionality 0–100 Negative
KOOS-PS Joint Functionality 0–100 Negative
PROMIS-D-SF Mental Health 41.0–79.4 Negative
PROMIS-F-SF Mental Health 33.7–75.8 Negative
Analogue Pain 

Scales
Pain Symptoms 0–10 Negative

Table 7   Outpatient specialist 
areas 1 General practitioner

2 Ophthalmology
3 Surgery
4 Orthopedics
5 Gynecology
6 ENT (Ear, Nose, Throat)
7 Dermatology
8 Internal medicine
9 Pediatrician
10 Laboratory medicine
11 Neurology
12 Pathology
13 Radiology
14 Urology
15 Psychology
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Table 8   Descriptive statistics of the entire study sample

BMI Body Mass Index; PROM Patient-Reported Outcome Measures; SD Standard Deviation; EQ-5D-5L EuroQol five dimensions, five levels; 
EQ-VAS EuroQol virtual analogue scale; HOOS-PS Hip Disability and Osteoarthritis Outcome Score Physical Function Short-form; KOOS-PS 
Knee Injury and Osteoarthritis Outcome Score Physical Function Short-form; PROMIS Patient-Reported Outcomes Measurement Information 
System Depression Shortform (PROMIS‐D‐SF) and Fatigue Shortform (PROMIS‐F‐SF)

Hip replacement patients Knee replacement patients

Intervention (N = 1,854) Control (N = 1,843) Intervention (N = 1,564) Control (N = 1,546)

Age
 Mean (SD) 65.9 (10.6) 65.7 (10.6) 66.1 (9.09) 65.9 (9.36)
Gender (%)
 Female 1,029 (55.5) 1,036 (56.2) 839 (53.6) 830 (53.7)
 Male 825 (44.5) 807 (43.8) 725 (46.4) 716 (46.3)
bmi group (%)
 Underweight 10 (0.5) 10 (0.5) 3 (0.2) 3 (0.2)
 Normal 576 (31.1) 588 (31.9) 255 (16.3) 222 (14.4)
 Overweight 722 (38.9) 699 (37.9) 566 (36.2) 618 (40.0)
 Obese 546 (29.4) 546 (29.6) 740 (47.3) 703 (45.5)
Current smoker (%)
 No 1,586 (85.5) 1,547 (83.9) 1,369 (87.5) 1,336 (86.4)
 Yes 268 (14.5) 296 (16.1) 195 (12.5) 210 (13.6)
Education (%)
 No school degree 8 (0.4) 7 (0.4) 13 (0.8) 5 (0.3)
 Primary school degree 243 (13.1) 249 (13.5) 263 (16.8) 271 (17.5)
 High/middle school degree 1,085 (58.5) 1,033 (56.1) 932 (59.6) 927 (60.0)
 University degree 518 (27.9) 554 (30.1) 356 (22.8) 343 (22.2)
Living situation (%)
 Alone 430 (23.2) 414 (22.5) 310 (19.8) 289 (18.7)
 Care facility 4 (0.2) 7 (0.4) 10 (0.6) 9 (0.6)
 With a partner/family/friends 1,411 (76.1) 1,408 (76.4) 1,239 (79.2) 1,233 (79.8)
 Other 9 (0.5) 14 (0.8) 5 (0.3) 15 (1.0)
Job (%)
 Working 583 (31.4) 618 (33.5) 454 (29) 468 (30.3)
 Voluntarily not working including 

retirement
1,065 (57.4) 1,034 (56.1) 915 (58.5) 875 (56.6)

 Looking for work 20 (1.1) 15 (0.8) 11 (0.7) 23 (1.5)
 Unable to work 186 (10) 176 (9.6) 184 (11.7) 180 (11.6)
Mobilization after surgery (%)
 Within 6 h 854 (46.1) 854 (46.3) 716 (45.8) 709 (45.9)
 Within 12 h 560 (30.2) 496 (26.9) 460 (29.4) 425 (27.5)
 Within 24 h 403 (21.7) 443 (24.0) 331 (21.2) 356 (23.0)
 Within 48 h 26 (1.4) 35 (1.9) 43 (2.7) 46 (3.0)
 After 48 h 11 (0.6) 15 (0.8) 14 (0.9) 10 (0.6)
Readmission (%)
 No 1,809 (97.6) 1,789 (97.1) 1,531 (97.9) 1,506 (97.4)
 Within 30 days post-surgery 19 (1.0) 28 (1.5) 9 (0.6) 21 (1.4)
 30–90 days post-surgery 26 (1.4) 26 (1.4) 24 (1.5) 19 (1.2)
Reoperation within 12 months post-surgery (%)
 No 1,816 (98.0) 1,798 (97.6) 1,530 (97.8) 1,504 (97.3)
 Yes 38 (2.0) 45 (2.4) 34 (2.2) 42 (2.7)
PROM baseline score means (SD)a

 EQ-5D-5L 0.594 (0.263) 0.603 (0.256) 0.625 (0.257) 0.623 (0.245)
 EQ-VAS 56.5 (20.0) 57.1 (19.7) 58.7 (19.4) 57.9 (19.1)
 HOOS/KOOS-PS 48.4 (16.4) 47.1 (16.1) 43.1 (13.3) 43.0 (12.0)
 PROMIS-fatigue 49.2 (9.91) 49.2 (9.98) 48.3 (10.1) 48.1 (9.54)
 PROMIS-depression 49.7 (8.35) 49.8 (8.26) 49.4 (8.39) 49.4 (8.16)
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