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Nils Gutacker

Accepted: 8 August 2014

� Springer International Publishing Switzerland 2014

Abstract

Purpose We compare pre- and post-operative health-

related quality of life (HRQoL) and length of stay after

total hip replacement (THR) in matched German and

English patient cohorts to test for differences in admission

thresholds, clinical effectiveness and resource utilisation

between the healthcare systems.

Methods German data (n = 271) were collected in a

large orthopaedic hospital in Munich, Germany; English

data (n = 26,254) were collected as part of the national

patient-reported outcome measures programme. HRQoL

was measured using the EuroQoL-5D instrument. Propen-

sity score matching was used to construct two patient

cohorts that are comparable in terms of preoperative patient

characteristics.

Results Before matching, patients in England showed

lower preoperative EQ-5D scores (0.35 vs 0.52, p \ 0.001)

and experienced a larger improvement in HRQoL (0.43 vs

0.33, p \ 0.001) than German patients. Patients in the

German cohort were more likely to report no or only

moderate problems with mobility and pain preoperatively

than their English counterparts. After matching, improve-

ments in HRQoL were comparable (0.32 vs 0.33,

p = 0.638); post-operative scores were slightly higher in

the German cohort (0.82 vs 0.85, p = 0.585). Length of

stay was substantially lower in England than in Germany

(4.5 vs 9.0 days, p \ 0.001).

Conclusions Our results highlight differences in preop-

erative health status between countries, which may arise

due to different admission thresholds and access to surgery.

In terms of quality of life, THR surgery is equally effective

in both countries when performed on similar patients, but

hospital stay is shorter in England.

Keywords Health-related quality of life � EQ-5D � Total

hip replacement � England � Germany

Introduction

Total hip replacement (THR) is a highly effective and cost-

effective surgical procedure that alleviates pain, improves

mobility and increases health-related quality of life

(HRQoL) in patients with osteoarthritis and other indica-

tions [1]. While the effectiveness of THR as a procedure is

generally undisputed, little is known about the relative

performance of different healthcare systems in terms of

improvements in HRQoL after surgery and admission
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thresholds. An international comparison dating back to

1998 reported lower levels of limitations in daily activities

after THR in England than in Japan [2]. A more recent

study documented higher 1-year HRQoL outcomes after

THR in Denmark than Sweden but outcomes were not

adjusted for differences in baseline HRQoL [3]. By com-

paring patient-reported outcome measures (PROM) data

for patients in England and Germany before and after

surgery, this paper seeks to test for differences in admission

thresholds, effectiveness, i.e. improvements in quality of

life, and resource utilisation between the two healthcare

systems.

The English and German healthcare systems are likely

to differ in the way healthcare is organised, and patients are

selected for treatment. With 295 THRs per 100,000

inhabitants, Germany currently has the highest hip arthro-

plasty rates within the European Union [4]. In comparison,

the incidence of THR in the UK is approximately 181

THRs per 100,000 inhabitants [4]. This difference in

incidence may suggest that Germany implements lower

selection thresholds with, on average, healthier patients

undergoing surgery [5]. Also, patients in the English

National Health Service (NHS) generally have to wait

longer before they can undergo surgery; a form of non-

price rationing. While the British government has made

efforts to reduce waiting time for elective procedures,

patients still wait, on average, 12 weeks before they are

admitted to hospital for THR [6]. In contrast, patients in

Germany generally face no or very short waiting times.

Longer waiting times have been associated with poorer

preoperative HRQoL and poorer post-operative outcomes

[7, 8], although this finding has been contested [9]. Lower

HRQoL at admission has been linked to poorer post-

operative HRQoL and longer length of stay [10, 11].

Since 2009, all providers in the English NHS have been

required to collect PROM data from THR patients before

and 6 months after surgery [12]. Patients are asked to

describe their health status using the generic EuroQoL-5D

(EQ-5D) instrument [13]. The Department of Health in

England explicitly intended PROMs data to be used for

comparative effectiveness analyses [12]. Similar data for

Germany have also been collected in a single-centre pro-

spective study in a large German centre of orthopaedic

surgery.

The objective of the present study was to compare

baseline HRQoL scores, as measured by the EQ-5D, and

improvements in HRQoL scores, and test for differences in

length of stay after THR in Germany and England using

patient-level data. We hypothesized (1) that preoperative

HRQoL would differ between countries and (2) that this

would result in differences in post-operative HRQoL

scores, change scores, and length of stay between

countries.

Patients and methods

Study cohort

Patients were eligible to participate in this study if they

were aged 18 or over, had a primary diagnosis of osteo-

arthritis, underwent elective primary unilateral THR sur-

gery, and were operated in the admitting hospital (i.e. not

transferred). Revisions of previous THR were excluded.

Only patients with complete pre- and post-operative

HRQoL responses were included. The German sample

consisted of 348 patients that underwent surgery between

January and June 2012 and fulfilled the eligibility criteria.

Of those, 342 (98.3 %) participated and provided assess-

ments of their preoperative HRQoL. A total of 271

(77.8 %) patients provided complete follow-up responses

at approximately 6 months after surgery. The English

sample consisted of 57,108 patients who were operated

between April 2011 and March 2012. Of these, 34,867

(61.1 %) provided preoperative assessments of their

HRQoL and 28,261 (49.5 %) provided follow-up responses

at approximately 6 months after surgery. There was no

difference in mean age between responders and non-

responders, but the latter were more likely to be female

(Table 1). A further 2,016 (3.5 %) patients were excluded

because of missing data on other relevant characteristics,

resulting in a final sample of 26,245 (46.0 %) patients.

Measurement instruments

HRQoL data were collected using the EQ-5D instrument.

The EQ-5D is a generic instrument to measure HRQoL in

five dimensions: mobility, self-care, usual activity, pain/

discomfort, and anxiety/depression [13]. For each

Table 1 Comparison of age and gender profile of responders and

non-responders in English and German patient cohort

Country Variable Responders Non-

responders

p value

England Age (years)

(mean, SD)

68.4 (10.1) 68.6 (11.3) 0.178

Gender (n, %)

Male 11,437 (41) 11,012 (38) \0.001

Female 16,783 (59) 17,797 (62)

Germany Age (years)

(mean, SD)

68.7 (9.4) 68.6 (10.3) 0.237

Gender (n, %)

Male 117 (43) 22 (29) \0.001

Female 154 (57) 55 (71)

For continuous data: independent sample t test adjusted for unequal

variances

For categorical data: chi-squared test
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dimension, patients are asked to indicate whether they have

no/some/severe problems. This allows for 243 different

health states. Each health state is then assigned a utility

value to create an index score, where the utility values

reflect the preferences of the general population for given

health states. This study applied the well-acknowledged

UK value set to both German and English data [13]. The

EQ-5D instrument is one of the most frequently used

HRQoL instruments with demonstrated construct validity,

reliability, and useful psychometric characteristics in THR

[14].

Statistical analysis

The outcomes of interest were post-operative EQ-5D

scores after 6 months, change in EQ-5D scores, and

length of inpatient stay. We conducted a retrospective

analysis of observational data. Because patients could not

be randomly assigned to the English and German ‘treat-

ment’, observed and unobserved preoperative patient

characteristics were likely to differ across the two coun-

tries analysed, leading to potentially biased estimates of

differences in outcomes. Propensity score matching

(PSM) techniques were used to address this issue. PSM

simulates the random allocation of patients to the samples

based on observed preoperative patient characteristics

[15]. To match patients, we pooled data and then pre-

dicted for each patient the probability (‘propensity score’)

of being treated in Germany using logistic regression.

Several preoperative patient characteristics that were

found to be associated with post-operative HRQoL in

previous clinical studies [16–18] were controlled for,

including age, gender, preoperative EQ-5D score, living

arrangements (alone, co-habitant), Charlson comorbidity

score [19], and the number of additionally coded comor-

bidities not already covered. Post-operative EQ-5D score,

change in EQ-5D score, and length of stay were excluded

from the set of matching variables.

Nearest neighbour (3:1) matching with replacement was

performed, where three English patients were matched to

each German patient based on the similarity in propensity

scores. ‘One to many’ matching increases precision and

confidence intervals compared to 1:1 matching, although

matches other than the closest match may introduce bias

[20]. To mitigate potential bias, possible matches were

rejected if the difference in propensity scores between the

German patient and the English matched patient exceeded

0.25 of the standard deviation of the logit of the propensity

score [21, 22]. Post-matching balance in covariates was

assessed on the basis of standardised differences in means

[15], i.e. the difference in means divided by the pooled

standard deviation. Improvements in overall balance were

assessed by re-estimating the logistic regression on the

matched samples and assessing changes in the goodness of

fit using Pseudo-R2 and chi-squared statistics.

We tested for differences between English and German

patients in individual preoperative and post-operative

patient characteristics and outcomes using two-sample

t tests for continuous variables and chi-squared tests for

categorical variables. A critical value of alpha = 0.05 was

chosen for all analyses. The null hypotheses for all statis-

tical tests were that there were no differences between the

two patient samples.

Results

Before matching

Patient demographics before and after matching are presented

in Table 2. Prior to matching, patient cohorts in both countries

were comparable in terms of age and gender, Charlson score,

and percentage living alone. The number of additionally

coded diagnoses was higher in English patients

(mean = 3.51) than in German ones (mean = 2.56)

(p \ 0.001). Pre-treatment EQ-5D index scores were signif-

icantly lower (poorer) in the English cohort (mean = 0.35)

compared to the German cohort (mean = 0.52) (p \ 0.001)

(Fig. 1). After THR, the post-operative EQ-5D scores were

lower in English patients (mean = 0.78) than in German ones

(mean = 0.85) (p \ 0.001). There was an average improve-

ment in HRQoL of 0.43 points for the English cohort and 0.33

points for the German cohort (p \ 0.001). A comparison of

responses on each of the five EQ-5D dimensions revealed that

German patients were generally more likely to report having

no problems before surgery than English patients (Table 3).

This was particularly evident for the dimensions mobility,

self-care, and usual activities. Post-operative levels were

similar with respect to pain and anxiety, but statistically sig-

nificant difference for the other three dimensions remained

(Table 3). Average length of stay was 4.7 days in England and

9.0 days in Germany (p \ 0.001).

After matching

After matching, differences in preoperative patient char-

acteristics between countries were reduced for most vari-

ables, but actually increased in some (age, number of

Charlson comorbidities; see Table 4). The standardised

difference in preoperative EQ-5D index scores reduced

from 0.51 to 0.06 and the absolute difference reduced from

0.17 to 0.02 (Table 2), indicating a much better balanced

sample in terms of preoperative HRQoL. The logistic

regression model was predictive of country of treatment

before matching (v2: 104.2; p \ 0.001) but was jointly
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insignificant after matching (v2: 11.8; p = 0.066). The

Pseudo-R2 decreased from 5.5 to 1.3 %.

The matched post-operative EQ-5D scores were lower

in English than in German patients, but now by only 0.03

points (p = 0.585) (Table 2). Changes in EQ-5D scores

were comparable in size between patients from the two

countries, with German patients improving 0.33 points and

English patients improving 0.32 points (p = 0.638).

Length of stay differences between the two patient cohorts

were largely unaffected by matching (4.5 vs 9.0 days)

(p \ 0.001).

We also conducted a sensitivity analysis in which we

restricted the patient cohorts to those aged 55–85, which

can be expected to be more homogeneous with respect to

diagnosis and expected outcome. The results were quali-

tatively similar and are available from the authors on

request.

Discussion

Previous international comparisons have demonstrated

considerable differences in health outcomes and resource

use for otherwise similar patients treated for a wide range

of conditions [23–25]. These differences in effectiveness

and costs have been linked to institutional features, such as

care pathways, training of medical professionals, access to

services, or payment systems. However, there is a lack of

international studies comparing health outcomes on the

basis of validated PROMs. Given differences in incidence

of THR and waiting times for treatment between the

English and German healthcare systems, we hypothesised

that HRQoL outcomes for THR patients might also differ

across systems. On the basis of previous evidence, we also

expected hospital resource utilisation to differ between

countries [24].

Our results suggest that the German THR patients in our

sample have substantially higher preoperative HRQoL

levels but only marginally higher post-operative HRQoL

levels than the English patients, so that the overall

improvement in HRQoL is smaller. Matching analysis

suggests that these observed differences in outcomes are

mostly attributable to differences in HRQoL levels at

admission and that THR surgery is approximately equally

effective in both countries when applied to similar patients.

This is encouraging, as it does not indicate any systematic

Table 2 Patient characteristics

and outcomes in the German

and English cohort before and

after matching

For continuous data: two-

sample t test adjusted for

unequal variances

For categorical data: chi-

squared test

Variable Before matching After matching

German

cohort

(n = 271)

English

cohort

(n = 26,254)

p value English

cohort

(n = 813)

p value

Age (years) (mean, SD) 68.7 (9.4) 68.3 (10.1) 0.454 69.7 (9.0) 0.121

Gender (n, %)

Male 117 (43) 10,696 (41) 0.420 353 (43) 0.944

Female 154 (57) 15,549 (59) 460 (57)

Living arrangement (n, %)

Alone 77 (28) 6,757 (26) 0.318 247 (30) 0.540

With partner/care home 194 (72) 19,488 (74) 566 (70)

Charlson comorbidities (mean, SD) 0.4 (0.8) 0.3 (0.7) 0.184 0.6 (1.1) \0.001

Additional comorbidities (mean, SD) 2.6 (2.2) 3.5 (2.2) \0.001 2.9 (1.7) 0.019

Preoperative EQ-5D score (mean, SD) 0.52 (0.30) 0.35 (0.32) \0.001 0.50 (0.30) 0.370

Post-operative EQ-5D score (mean, SD) 0.85 (0.18) 0.78 (0.25) \0.001 0.82 (0.22) 0.585

Change in EQ-5D score (mean, SD) 0.33 (0.31) 0.43 (0.34) \0.001 0.32 (0.31) 0.638

Length of stay (mean, SD) 9.0 (2.8) 4.7 (3.4) \0.001 4.5 (2.3) \0.001

Fig. 1 Distribution of preoperative EQ-5D index scores across

countries

Qual Life Res

123



differences in the quality of care provided in both health-

care systems. But it also raises the question why English

patients had lower preoperative HRQoL? Do patients in the

English NHS face difficulties accessing healthcare service

and thus have to endure poorer health over a longer period

before undergoing surgery, or do patients in Germany—as

hypothesised by some German health insurances [5]—

often receive operations too early. One potential explana-

tion for differences in preoperative HRQoL is the consid-

erably longer waiting time in the English NHS, although

evidence on the effects of this mechanism is mixed [7, 8].

Other explanations are higher referral and treatment

thresholds in England compared to Germany. This argu-

ment is supported by the higher age-sex standardised

incidence rates in Germany and the observation that

patients in the German cohort reported more frequently to

have no problems in terms of mobility or usual activities

preoperatively than their English counterparts. This cor-

roborates the threshold hypothesis and raises questions

about the optimal time point for referral for primary THR.

A recent EU-wide research project documented varia-

tion in treatment costs for THR of up to 300 % across nine

European countries (adjusted for purchasing power differ-

ences) [24]. Unadjusted average resource utilisation for

THR surgery was lower in England (5,700 EUR) than in

Germany (6,400 EUR). Our study confirms large differ-

ences in resource use between the two countries for

patients with similar baseline characteristics. Matched

THR patients in England are expected to be discharged

after 4.5 days, which is 4.5 days earlier than similar

patients in Germany. This finding is both clinically and

statistically important. Given our finding of comparable

health outcomes at 6 month after surgery, this indicates

that further improvements in discharge management and

coordination of aftercare might be possible in Germany.

This hypothesis is further corroborated by the observation

that the particular hospital from which the German patient

Table 3 Comparison of pre-

and post-operative responses on

five EQ-5D dimensions (1 = no

problems, 2 = some problems,

3 = severe problems)

* Chi-squared test

EQ-5D dimension Preoperative Post-operative

German

cohort

English

cohort

p value* German

cohort

English

cohort

p value*

Mobility (n, %)

Level 1 80 (30) 1,660 (6) \0.001 215 (79) 15,323 (58) \0.001

Level 2 191 (70) 24,522 (93) 56 (21) 10,908 (42)

Level 3 0 (0) 63 (0) 0 (0) 14 (0)

Self-care (n, %)

Level 1 206 (76) 11,947 (46) \0.001 252 (93) 20,789 (79) \0.001

Level 2 64 (24) 14,060 (54) 19 (7) 5,326 (20)

Level 3 1 (0) 238 (1) 0 (0) 130 (0)

Usual activities (n, %)

Level 1 91 (34) 1,503 (6) \0.001 211 (78) 14,108 (54) \0.001

Level 2 175 (65) 19,888 (76) 59 (22) 11,233 (43)

Level 3 5 (2) 4,854 (18) 1 (0) 904 (3)

Pain/discomfort (n, %)

Level 1 9 (3) 167 (1) \0.001 146 (54) 14,112 (54) 0.184

Level 2 180 (66) 14,972 (57) 121 (45) 11,215 (43)

Level 3 82 (30) 11,106 (42) 4 (1) 918 (3)

Anxiety/depression (n, %)

Level 1 183 (68) 15,441 (59) 0.002 228 (84) 21,538 (82) 0.583

Level 2 85 (31) 9,612 (37) 40 (15) 4,255 (16)

Level 3 3 (1) 1,192 (5) 3 (1) 452 (2)

Table 4 Standardised differences between cohorts and fit statistics

before and after matching

Variable Unmatched

cohorts

Matched

cohorts

Age (years) 0.04 -0.11

Gender—male 0.05 -0.00

Living arrangement—living alone 0.06 -0.04

Charlson comorbidities 0.10 -0.24

Additional comorbidities -0.44 -0.18

Preoperative EQ-5D score 0.51 0.06

Fit statistics

Pseudo-R2 5.5 % 1.3 %

Chi-squared test (statistic, p value) 104.2 (\0.001) 11.8 (0.066)
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cohort was recruited already operates a well-functioning

clinical pathway with comparably effective discharge

management and short LOS (9 days, compared to the

German average of 12 days [26]). An alternative expla-

nation is that English hospitals rely more on external

rehabilitation providers, whereas German hospitals begin

post-operative rehabilitation measures while the patient is

still in hospital. Unfortunately, our data do not permit

exploring these hypotheses further.

The relationship between resource use and health out-

comes is one of the most poorly understood issues in health

policy. Our findings suggest that shorter length of stay is

not associated with worse health outcomes after 6 months.

This is consistent with previous studies that report no or

negative association between the costs or length of stay and

health outcomes in the English NHS [10, 27]. Hence, given

these results, one would not expect reductions in post-

operative length of stay in Germany to have adverse effects

on health outcomes.

Our study contributes to the literature in several ways.

First, to our knowledge, this is the first study to use a

broadly accepted generic HRQoL measure as an endpoint

and to pool patient-level data from two countries to com-

pare pre- and post-operative levels of HRQoL for THR

patients in different countries [2]. Other studies only had

access to post-operative HRQoL data and could therefore

not explore the importance of differences in baseline

HRQoL levels [3]. Second, random allocation of patients to

healthcare systems is generally not feasible, thereby

impeding international comparisons of the effectiveness of

orthopaedic surgery. To address this issue, we employed

matching methods and simulated random allocation based

on observed preoperative characteristics. Third, length of

stay is measured in a natural metric (bed days) and can

therefore be compared across countries. In contrast, costs

are generally not directly comparable because of different

accounting rules or purchasing power differences.

This study also has several limitations. First, German

data were only available for patients treated in one hospital.

This raises concerns about the representativeness of our

sample. The Krankenhaus Barmherzige Brüder München is

one of the largest orthopaedic units in Germany, per-

forming approximately 2,000 joint replacements in patients

with osteoarthritis each year. Patients treated in this hos-

pital may be substantially different from those treated

elsewhere in Germany; similarly the quality of care pro-

vided by this hospital and its discharge management (see

above) may not be representative. Second, for the German

sample, no comparable data were available on patients’

socio-economic background [28], their preoperative

expectations of surgery [29] or hip-specific health status

measured by, e.g. the Oxford Hip Score (OHS). Third,

coding differences between countries, especially with

respect to the number of recorded comorbidities, may have

affected our analysis. Fourth, patients in different countries

may report their underlying health status differently,

thereby introducing a cultural or language bias to our

comparison [30]. For example, Murray and colleagues

compared how participants in the WHO Multi-country

Survey Study on Health and Responsiveness described a

series of patient health profiles, so-called ‘anchoring

vignettes’ and found substantial cross-country variation

[31]; see also [32–34]. Unfortunately, our data do not

include suitable anchoring vignettes to adjust for reporting

heterogeneity in the descriptive part of the EQ-5D. The

corresponding issue on the valuation side is the choice of

weights used to aggregate health dimensions into index

scores. Knies and colleagues found that the UK value set

produces larger decrements than a comparable German

value set [35]. To investigate sensitivity to the valuation

approach, we also conducted analysis using a German

value set which is not based on hypothetical but on expe-

rienced health states from the general population [36]. We

found results to be broadly similar, although the difference

in post-operative scores after matching is now statistically

significant [0.79 (SD = 0.15) in England compared to 0.77

(SD = 0.15) in Germany, p = 0.031]; full results are

available from the authors on request. The bimodal distri-

bution of preoperative EQ-5D values found in Fig. 1 has

also been reported by other studies [37]. This distribution

appears much more similar to the normal distribution when

using the German experience-based value set. The preop-

erative OHS is also distributed approximately normal in the

English patient cohort (not shown), which points to the

need to further consider the valuation approach when

making international comparisons. Finally, while post-

matching balance was greatly increased, we note that

remaining imbalances in unobserved characteristics may

have biased the results in unknown directions.

There are several avenues for further research. First, this

analysis could be repeated with more countries and more

observations within each country to provide a more rep-

resentative picture of country differences in treatment

pathways and to facilitate a comparative effectiveness

research. Second, future analysis should include a condi-

tion-specific PROM such as the OHS or the Western

Ontario and McMaster Universities Osteoarthritis score

(WOMAC) alongside a generic measure such as the

EQ-5D. This could potentially reveal more specific clinical

differences not currently captured by the EQ-5D. Third,

potential differences in reporting behaviour across coun-

tries and patient groups should be explored further to

ensure that observed differences in outcomes are due to

differences in health, not health perception or reporting.

Fourth, it may be instructive to compare the robustness of

our findings when using health state valuations derived
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from THR patients instead of the general public [36, 38].

Fifth, we focused on primary replacements and there is

scope to extend this research to encompass revisions. Sixth,

future studies should aim to capture all relevant costs in

order to allow for meaningful comparative cost-effective-

ness analyses. Length of stay is only a partial measure of

overall costs, i.e. it correlates well with some cost com-

ponents (e.g., wages, estates) but not with others (e.g.,

implant cost, costs occurring outside the hospital). Finally,

more research is needed to understand how care pathways

and admission thresholds differ across countries and how

this translates into different patients’ health outcomes.

Conclusions

Compared to their German colleagues, English surgeons

operate on patients with, on average, lower HRQoL. The

difference in baseline HRQoL levels is reflected in larger

improvements in HRQoL after surgery experienced by

English patients, and larger post-operative scores reported

by German patients. However, after controlling for these

baseline differences, there does not seem to be any sys-

tematic differences in the effectiveness of THR surgery in

England and Germany.

This study highlights the potential for collecting and

comparing PROM data across countries to study differ-

ences in preoperative health levels, which are assumed to

be reflective of different admission thresholds, and post-

operative outcomes. However, with few exceptions,

healthcare systems generally do not collect PROM data on

a routine basis. We encourage researchers and policy

makers to facilitate such data collection and collaborate

across jurisdictions in order to improve care pathways and

enhance the HRQoL of patients.

Acknowledgments The authors would like to thank Karen Bloor,

Richard Cookson, Anne Mason, and Andrew Street as well as par-

ticipants at the Health Economic seminar series at the Helmholtz

Centre Munich for helpful comments and suggestions. Parts of this

work were carried out while MV was visiting the Centre for Health

Economics, York.

Conflict of interest The authors do not have financial or other

conflicts of interest that might bias this work.

Ethical standards The German data were collected prospectively

as part of a health state evaluation study carried out in a large

orthopaedic hospital in Munich, Germany (‘Krankenhaus Barmherz-
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