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Do changes in outcomes following primary and revision 
hip replacement differ and relate to markers of socio-
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Background and purpose — There is little evidence on 
improvement after revision total hip replacement (THR). 
Moreover, improvements may be associated with socioeco-
nomic status (SES). We investigated whether changes in 
Harris Hip Score (HHS) differ among patients undergoing 
primary and revision THR, and their association with mark-
ers of SES.

Patients and methods — We conducted a population-
based cohort study on 16,932 patients undergoing primary 
and/or revision THR from 1995 to 2018 due to hip osteo-
arthritis. The patients were identified in the Danish Hip 
Arthroplasty Registry. Outcome was defined as mean change 
in HHS (0–100) from baseline to 1-year follow-up, and its 
association with SES markers (education, cohabiting, and 
wealth) was analyzed using multiple linear regression adjust-
ing for sex, age, comorbidities, and baseline HHS.

Results — At 1-year follow-up, HHS improved clinically 
relevant for patients undergoing both primary THR: mean 
43 (95% CI 43–43) and revision THR: mean 31 (CI 29–33); 
however, the increase was 12 points (CI 10–14) higher for 
primary THR. For primary THR, improvements were 0.9 
points (CI 0.4–1.5) higher for patients with high educational 
level compared with low educational level, 0.4 points (CI 
0.0–0.8) higher for patients cohabiting compared with living 
alone, and 2.6 points higher (CI 2.1–3.0) for patients with 
high wealth compared with low wealth.

Interpretation — Patients undergoing primary THR 
achieve higher improvements on HHS than patients under-
going revision THR, and the improvements are negatively 

related to markers of low SES. Health professionals should be 
aware of these characteristics and be able to identify patients 
who may benefit from extra rehabilitation to improve out-
comes after THR to ensure equality in health.

Clinically relevant improvements in pain and hip function are 
slightly poorer for revision total hip replacement (THR) than 
for primary THR (1). Furthermore, there is sparse evidence on 
revision THR, regarding the effect on pain and hip function (2).

During the last decades, inequality in healthcare has been 
a concern across countries (3). Consequently, evidence of 
inequality in healthcare has accumulated, pointing to socioeco-
nomic factors such as income, wealth, and education as strong 
factors, shaping health across settings and populations (3). For 
various diseases, low socioeconomic status (SES) may influ-
ence the effect of healthcare (4,5). In fact, a socioeconomic 
gradient has been found for functional limitations in people 
aged 55 to 84 years, meaning that SES is inversely related to 
functional limitations (6). In patients undergoing THR, asso-
ciations between outcome of THR and low SES have been 
reported in small-sample studies and in selective populations 
(7-10). However, evidence of differences in outcome of pri-
mary and revision THR and an association to SES have not 
been proven in larger population-based studies. Therefore, we 
investigated whether changes in Harris Hip Score (HHS) dif-
fered between patients undergoing primary and revision THR, 
and if these changes were associated with markers of SES.
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Patients and methods
Study design and population
This is a population-based cohort study in patients undergo-
ing primary or revision THR during 1995–2018 due to hip 
osteoarthritis (OA) identified in the Danish Hip Arthroplasty 
Register (DHR).

Data sources and study population
We used data linkage between the DHR, the Civil Registration 
System (CRS), Statistics Denmark, and the Danish National 
Patient Register (DNPR).

The study population included all patients undergoing pri-
mary or revision THR during 1995–2018 identified in the 
DHR, and date of THR was considered as index date. The 
DHR is a national clinical database, including THRs and 
follow-up examinations. It was established in 1995 and all 
public orthopedic departments and private hospitals in Den-
mark performing THRs report to this register. Registration is 
compulsory and completeness for primary THR was 95% and 
85% for revision THR in 2018 (11,12); however, recording of 
follow-up examinations is voluntary and therefore notably 
lower. CRS contains information on all Danish citizens, and 
every citizen is given a unique 10-digit personal identifica-
tion number (13). This allows for unambiguous individual-
level record linkage of Danish registers, where daily updated 
information on migration and vital status allows for complete 
long-term follow-up. Information on age, sex, and cohabiting 
status was retrieved from the CRS.

Statistics Denmark is the central authority for Danish statis-
tics, and collects, processes, and publishes statistical informa-
tion concerning the Danish society. The database is updated 
yearly. Information on educational level was retrieved from 
the Population Education Register and information on family 
income and family liquid assets was retrieved from the Income 
Statistics Register.

The DNPR contains information on all patients from hos-
pitals since 1977, and outpatient clinic and emergency room 
visits since 1995. Diagnoses are classified according to the 
International Classification of Diseases (ICD-10) (14).

Markers of socioeconomic status
SES markers were educational level, cohabiting status, and 
family wealth. Highest obtained educational level was classi-
fied into either low, medium, or high educational level. Low 
level was defined as none or high school completed. Medium 
level was defined as vocational education or higher general 
and preparatory examinations programs completed. High level 
was defined as bachelor’s degree completed or higher. Cohab-
iting status was classified into living alone, cohabiting, or 
other. Cohabiting was defined as married couples and couples 
in general, whereas other was defined as households with mul-
tiple families. To examine family wealth, family liquid assets 

were used for patients ≥ 65 years of age, and family income 
for patients < 65 years of age (15). Given that a large propor-
tion of patients were ≥ 65 years of age and received state pen-
sion, liquid assets for this group are a more precise estimate 
than income. To account for annual deviations, family liquid 
assets and family income were obtained for the 5 years prior 
to THR and categorized into 3 thirds: low, medium, or high 
family wealth.

Harris Hip Score
The outcome in this study was change in HHS measured from 
before to 1-year after primary and revision THR. HHS is a 
valid, reliable, and widely used physician-completed instru-
ment designed to evaluate outcome after THR (16), though 
ceiling effects are common and may affect the validity (17). 
HHS consists of subscales for pain, function, absence of 
deformity, and range of motion. 

Higher HHS score indicated less dysfunction, and a total 
score of 90–100 points is considered an excellent result, 
80–90 points is a good result, 70–80 points is a fair result, and 
< 70 is considered a poor result. An 18-point change in HHS 
after treatment is considered a minimal clinically important 
improvement and a 40-point change is considered a moderate 
improvement (16). Data on HHS is retrieved from the DHR, 
but registration regarding HHS is not compulsory.

Covariates
Relevant covariates affecting the association between HHS 
and SES were age, sex, comorbidities, and baseline HHS. All 
these covariates are individually predictive of HHS, associated 
with markers of SES, and are not intermediates between mark-
ers of SES and HHS (9,18-21). Therefore age, sex, comorbidi-
ties, and baseline HHS were adjusted for in the multiple linear 
regression analyses to reduce confounding bias.

Age was divided into categories of < 46, 46–55, 56–65, 
66–75, and > 75 years. Information on comorbidities was 
retrieved up to 10 years prior to THR and measured by the 
Charlson Comorbidity Index (CCI). In this study CCI was 
divided into categories of low (i.e., score of 0), medium (i.e., 
score of 1-2) or high (i.e., score of 3 or more) (22).

Statistics
Patient characteristics were presented for primary and revision 
THR with frequencies (n) and percentages (%) at index date.

Baseline and 1-year follow-up data on HHS and changes in 
HHS from baseline to 1-year follow-up were presented for all 
patients and separately for primary and revision THR. More-
over, the data was further presented by SES markers.

Welch’s unpaired t-test was performed to examine differ-
ences in mean changes in HHS between patients undergoing 
primary THR and revision THR.

Associations between SES subgroups and mean HHS 
changes were analyzed with multiple linear regression analy-
ses, adjusting for the covariates age, sex, comorbidities, and 



Acta Orthopaedica 2022; 93: 397–404 399

HHS baseline. The assumptions of the multiple linear regres-
sion analyses were based on plots of observed versus pre-
dicted values, scatter plots, residual plots, histogram, and Q–Q 
plot. Results of the analyses for primary and revision THR 
were presented as coefficients for each SES subgroup with 
95% confidence intervals (CI). The analyses were based on 
patients with complete data on HHS and SES markers at base-
line and 1-year follow-up. Missing data was investigated by 
comparing patient characteristics of those with complete HHS 
and those without. Stata16.0 was used for statistical analyses 
(StataCorp, College Station, TX, USA).

Ethics, funding, data sharing, and potential conflicts 
of interest 
According to Danish law, ethics committee approval is not 
required for registry-based studies. The Danish Data Protec-
tion Agency (Aarhus University record number 2016-051-
000001, id.nr. 880) approved the study. This research was 
partly funded by the Orthopedic-Surgical Research Founda-
tion. As part of the Data Use Agreement at the Danish Hip 
Arthroplasty Register, authors are not allowed to provide raw 
data. Upon reasonable request, the corresponding author will 
provide statistical programming codes used to generate the 
results. The authors declare no conflict of interest.

Results
Study population
We identified 121,890 THR patients with hip OA. Baseline 
HHS and 1-year follow-up HHS data were available on 17% 
of the primary THR and 5% of the revision THR in the data-
set, and patients with missing data on HHS (n = 102,610) or 
on SES markers (n = 2,348) were excluded. Our study popu-
lation comprised data on 16,932 patients, of whom 16,436 
had undergone primary THR and 496 had undergone revision 
THR (Figure 1).

The proportion of females in the study population was 52% 
for primary THR and 49% for revision THR. Mean age at 
index date was 67 years (SD 9) for primary THR and 63 years 
(SD 10) for revision THR, and the majority of primary THR 

(85%) and revision THR patients (75%) had no comorbidities 
(Table 1). The primary THR and revision THR cohorts dif-
fered with respect to some baseline characteristics. Patients 
undergoing revision THR were on average 4 years younger 
and had more comorbidities than primary THR (Table 1). 
Patients with low educational level and patients living alone 
were more likely to be females and older, and patients with 
high educational level, cohabiting, and high wealth tended to 
have fewer comorbidities (Table 2).

Changes in HHS
In primary and revision THR, HHS improved from baseline to 
1-year follow-up (Table 3 and Figure 2). Patients undergoing 
primary THR reported higher improvements compared with 
patients undergoing revision THR (Table 4). Comparison of 
the HHS improvements in all THRs, and separately for pri-
mary THR and revision THR among the patients in each stra-
tum of educational level, cohabiting status, and family wealth 
is presented in Table 3 and Figure 3.

Socioeconomic status
For primary THR, patients with higher educational level, 
cohabiting, and higher wealth had higher HHS change scores 
compared with patients with lower educational level, living 
alone, and lower wealth, adjusted for sex, age, comorbidities, 
and baseline HHS (Table 5). The mean improvements in HHS 

Figure 1. Flowchart illustrating inclusion and exclusion process of the study pop-
ulation. OA = osteoarthritis. THR = total hip replacement.

Patients with OA undergoing
THR between 1995 and 2018

n = 121,890

Primary THR
n = 111,806

Revision THR
n = 10,0884

Primary THR
with full data set

n = 16,436

Revision THR
with full data set

n = 496

Excluded (n = 9,588):
– missing Harris Hip Score, 9,537
– missing socioeconomic status, 51

Excluded (n = 95,370):
– missing Harris Hip Score, 93,073
– missing socioeconomic status, 2,297

Table 1. Patient characteristics by primary and revision 
total hip replacement (THR). Values are count (%) unless 
otherwise specified
 

 Primary THR  Revision THR
 n = 16,436  n = 496

Sex
 Female 8,576 (52) 243 (49)
 Male 7,860 (48) 253 (51)
Age, mean (SD) 67 (9) 63 (10)
Age groups
  < 46 306 (2) 23 (4)
 46–55 1,685 (10) 78 (16)
 56–65 5,077 (31) 187 (38)
 66–75 6,936 (42) 178 (36)
 > 75 2,432 (15) 30 (6)
Charlson comorbidity score
 Low 13,918 (85) 369 (75)
 Medium 2,216 (13) 111 (22)
 High 302 (2) 16 (3)
Educational level
 Low  9,325 (57) 280 (56)
 Medium  5,318 (32) 158 (32)
 High 1,793 (11) 58 (12)
Cohabiting status
 Alone 4,613 (28) 136 (27)
 Cohabiting 10,683 (65) 326 (66)
 Other 1,140 (7) 34 (7)
Family wealth
 Low 5,482 (33) 163 (33)
 Medium  5,487 (34) 157 (32)
 High 5,467 (33) 176 (35)
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were 0.9 points (CI 0.4–1.5) higher for patients with high 
educational level than low educational level, 0.4 points (CI 
0.0–0.8) higher for patients cohabiting than living alone, and 

Table 2. Patient characteristics by socioeconomic status markers (educational level, cohabiting status, and family wealth). Values are count 
(%) unless otherwise specified

   Educational level   Cohabiting status   Family wealth
 Low Medium High Alone Cohabiting Other Low Medium High

Sex
 Female 5,376 (56) 2,398 (44) 1,045 (57) 3,376 (71) 4,900 (44) 543 (46) 3,455 (61) 2,885 (51) 2,479 (44)
 Male 4,229 (44) 3,078 (56) 806 (43) 1,373 (29) 6,109 (56) 631 (54) 2,190 (39) 2,759 (49) 3,164 (56)
Age, mean (SD) 68 (8) 64 (9) 66 (9) 67 (9) 66 (9) 64 (9) 67 (8) 67 (9) 66 (10)
Age groups
 < 46 102 (1) 182 (3) 45 (2) 75 (1) 229 (2) 25 (2) 79 (1) 108 (2) 142 (3)
 46–55 680 (7) 829 (15) 254 (14) 284 (6) 1,285 (12) 194 (17) 379 (7) 581 (10) 803 (14)
 56–65 2,620 (27) 2,013 (37) 631 (34) 1,008 (21) 3,801 (34) 455 (39) 1,971 (35) 1,766 (31) 1,527 (27)
 66–75 4,527 (47) 1,909 (35) 678 (37) 2,173 (46) 4,528 (41) 413 (35) 2,436 (43) 2,354 (42) 2,324 (41)
 > 75 1,676 (18) 543 (10) 243 (13) 1,209 (26) 1,166 (11) 87 (7) 780 (14) 835 (15) 847 (15)
Charlson comorbidity score
 Low 8,025 (84) 4,659 (85) 1,603 (87) 3,876 (82) 9,393 (85) 1,018 (87) 4,687 (83) 4,815 (85) 4,785 (85)
 Medium 1,389 (14) 717 (13) 221 (12) 774 (16) 1,419 (13) 134 (11) 859 (15) 723 (13) 755 (13)
 High 191 (2) 100 (2) 27 (1) 99 (2) 197 (2) 22 (2) 109 (2) 106 (2) 103 (2)
Surgery type
 Primary THR 9,325 (97) 5,318 (97) 1,793 (97) 4,613 (97) 10,683 (97) 1,140 (97) 5,482 (97) 5,487 (97) 5,467 (97)
 Revision THR 280 (3) 158 (3) 58 (3) 136 (3) 326 (3) 42 (3) 163 (3) 157 (3) 176 (3)

THR = total hip replacement.

Table 3. Baseline, 1-year follow-up, and change in Harris Hip Score in patients undergoing primary and revision total 
hip replacement (THR)

  All THR   Primary THR   Revision THR
  Baseline 1-year    Baseline 1-year   Baseline 1-year  
 mean  mean Change (CI) mean  mean Change (CI) mean  mean Change (CI) 

Overall 48 91 43 (42–43) 48 91 43 (43–43) 56 87 31 (29–33)
Educational level
 Low 47 90 43 (43–43) 47 90 43 (43–43) 55 86 31 (28–34)
 Medium 50 92 42 (42–42) 50 92 42 (42–43) 57 87 30 (27–34)
 High 51 93 42 (41–42) 51 93 42 (41–42) 60 92 32 (27–38)
Cohabiting status
 Alone 46 89 43 (42–43) 46 89 43 (43–44) 56 85 29 (25–33)
 Cohabiting 49 92 43 (42–43) 49 92 43 (42–43) 56 88 32 (29–34)
 Other 49 91 42 (42–43) 48 91 43 (42–44) 56 90 34 (25–43)
Family wealth
 Low 46 89 43 (43–44) 46 89 43 (44–44) 55 86 31 (28–35)
 Medium 48 91 43 (42–43) 48 91 43 (43–43) 53 86 33 (29–36)
 High 51 93 42 (42–42) 51 93 42 (42–43) 60 88 28 (26–32)

Table 4. Mean and change in Harris Hip Score (HHS) in patients 
undergoing primary and revision total hip replacement (THR) and 
mean differences with 95% confidence interval

 Primary THR Revision THR Mean difference
 mean (SD) mean (SD) (primary–revision)

Baseline HHS 48 (13) 56 (23) –8 (–10 to –6)
Follow-up HHS 91 (11) 87 (14) 4 (3–5)
Change HHS  43 (16) 31 (24) 12 (10–14)

100

80

60

40

20

0
Baseline Baseline1-year FU 1-year FU

Primary THR Revision THR

Harris Hip Score

Figure 2. Box plot of baseline Harris Hip Score and 1-year follow-up 
Harris Hip Score for primary and revision total hip replacement (THR).
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2.6 points (CI 2.1–3.0) higher for patients with high wealth 
than low wealth, when adjusting for covariates.

Multiple linear regression analyses for patients with revi-
sion THR were based on a small study cohort and are shown 
in Table 6 (see Supplementary data).

Missing data
The missing data analysis showed that patients without data 
on HHS tended to be females, were on average 3 years older, 
had more comorbidities, were more likely to live alone, and 
have higher educational level than patients with HHS data 
(Table 7, see Supplementary data).

Discussion

We showed that clinically relevant improvements in HHS 
can be expected 1 year after primary- and revision THR. 
However, the improvements were statistically significantly 
higher in patients undergoing primary THR compared with 
revision THR. In primary THR, better outcome in HHS was 
significantly associated with higher educational level, cohab-
iting status, and higher wealth. The poorer improvement for 
patients undergoing revision THR may be due to higher levels 
of comorbidity (Table 1). Furthermore, this could be due to 
a more technically demanding and longer procedure with 
higher rates of complications such as mechanical failures and 
infections. The socioeconomic inequalities between patients 
with low SES and high SES measured by pain and function 
after THR may be due to a combination of multiple factors. 
The fact that patients with low educational level have poorer 
improvements compared with patients with high educational 
level might be associated with medical knowledge, health lit-
eracy, patient education, and tendency to use the healthcare 

system. Furthermore, patients living alone may experience 
poorer improvements than patients cohabiting, as a result of 
lack of social support. Moreover, it may be more crucial for 
patients with low family wealth to return to work early with a 
possible negative effect on the physical rehabilitation, and as 
a consequence likely also the outcome. Of note, the results of 
previous studies have shown an association between SES and 
utilization of THR, which might indicate inequality in access 
to THR (15,23).

Comparison with other studies
To our knowledge, no previous studies have investigated 
whether changes in hip pain and disability after primary and 
revision THR are associated with markers of SES.

A small prospective study with 123 patients compared 
changes in pain and hip function after primary and revision 
THR over 1-year follow-up, using the Western Ontario and 
McMaster Universities Osteoarthritis Index (WOMAC) (24). 
Similar to our results, mean changes in pain and hip func-
tion after revision THR tended to be smaller compared with 
changes after primary THR. Another study with 248 patients 
also found similar results using WOMAC over a 4-year 
follow-up period (25). Patient-reported outcomes improved 
for primary and revision THR, and, similar to our results, 
improvements in hip function and activity were smaller in 
patients undergoing revision THR compared with patients 
undergoing primary THR.

In a prospective study, impact of social, educational, and 
occupational factors on THR outcome were investigated in 
1,007 patients over a 6-month follow-up period (7). Similar 
to our results, the study indicated that WOMAC increased 
with increasing length of education and that patients living 

Figure 3. Bar chart showing baseline Harris Hip Score and 1-year fol-
low-up Harris Hip Score categorized by subgroups of socioeconomic 
status markers on patients undergoing primary and revision total hip 
replacement (THR).

PRIMARY THR               
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Medium
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COHABITING STATUS  

Living alone
Cohabiting

Other
FAMILY WEALTH  
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Medium

High
REVISION THR               

EDUCATION LEVEL  
Low

Medium
High

COHABITING STATUS  
Living alone
Cohabiting

Other
FAMILY WEALTH  

Low
Medium

High

0 20 40 60 80 100
Mean Harris Hip Score

Baseline 1-year follow-up

Table 5. Crude and adjusted associations between SES markers (edu-
cational level, cohabiting status, and family wealth) and Harris Hip 
Score change in patients undergoing primary total hip replacement

 Crude Adjusted a
	 coefficient	(95%	CI)	 coefficient	(95%	CI)

Educational level    
 Low Reference  Reference
 Medium –1.2 (–1.7 to –0.6)  0.5 (0.1–0.8)
 High –1.8 (–2.6 to –1.0)  0.9 (0.4–1.5)
Cohabiting status    
 Alone Reference  Reference
 Cohabiting –0.4 (–0.9 to 0.1)  0.4 (0.0–0.8)
 Other –0.2 (–1.2 to 0.8)  0.1 (–0.7–0.8)
Family wealth    
 Low Reference  Reference
 Medium –0.5 (–1.1 to 0.1)  1.3 (0.9–1.7)
 High –1.1 (–1.7 to –0.5)  2.6 (2.1–3.0)

a Adjusted for sex, age, comorbidities, and baseline HHS.
Coefficient	refers	to	the	β-coefficient	from	the	multiple	linear	regres-
sion, which is interpreted as the degree of change in the HHS 
for every change in SES subgroup in the predictor variable, e.g., 
educational level.
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alone improved less than patients cohabiting. Another pro-
spective study investigated the effect of social deprivation 
on THR outcome in 1,312 patients over a 1-year follow-up 
period (8). In line with our results, improvements in pain 
and hip function after THR were found in all deprivation 
categories, with greater improvements in the most afflu-
ent patients compared with the most deprived patients. In 
another prospective study, the influence of deprivation on 
hip function after THR was investigated in 1,744 patients 
over an 18-month follow-up (9). Similar to our findings, the 
patients experienced improvement in HHS. However, con-
trary to our findings, they did not find statistically significant 
differences in changes in HHS between deprivation groups. 
In another study, associations between socioeconomic fac-
tors and THR outcome were examined in 102 patients over 2 
years and lower outcome scores were found to be associated 
with socioeconomic factors including low educational level 
and low income (10).

In summary, in line with our results, the aforementioned 
studies found improvements in pain and hip function after 
primary and revision THR with higher improvements for pri-
mary THR, and improvements were associated with SES with 
only a few divergent findings.

Strengths and limitations
Our study has several strengths. 1st, it was based on registry 
data from several registers with high completeness and long 
timespan (1995–2018). 2nd, SES markers were derived from 
Statistics Denmark on an individual basis. 3rd, HHS is a valid 
and reliable outcome instrument designed to investigate THR 
(16). 4th, applying multiple linear regression analysis enabled 
us to adjust for sex, age, comorbidities, and baseline HHS, 
which were assessed as potential confounders for the associa-
tion between markers of SES and HHS.

Our study also has limitations. First, it is not compulsory 
to register the HHS in the DHR, which causes information 
on HHS to be incomplete. To investigate differences between 
patients with HHS and those without, a missing data analy-
sis was performed, comparing patient characteristics. The 
patients without data on HHS tended to be females, were 
on average 3 years older, had more comorbidities, and were 
more likely to live alone and have higher educational level 
than patients with HHS data (Table 7, see Supplementary 
data). Females, older age, more comorbidities, and living 
alone were associated with poorer outcome on HHS, possi-
bly leading to an overestimation of the HHS change score in 
this study. However, variables like higher educational level 
are associated with better outcome on HHS, pointing towards 
an underestimation. Therefore, the overall effect of the miss-
ing data is probably a minor overestimation of HHS change 
scores. Further, a sub-analysis showed that patients with 
missing data on only 1 of the HHS measurements (baseline 
or 1-year follow-up) have similar scores on HHS compared 
with the study population. In other words, no systematic dif-

ferences were seen as to whether patients who do not have 
complete HHS data have better or worse function and pain 
than the study population. Noteworthy is that the missing 
data of HHS was not related to geographic location or type 
of hospitals, indicating that the data was missing at random, 
probably due to limited time at hospital visit and because the 
HHS is not mandatory to register in the DHR, many surgeons 
will omit it. Furthermore, since there has been a change from 
surgeon-reported to PROM generally, HHS is now used less, 
which may explain the fewer HHS data over time. More-
over, the change limits the possibility of comparison of this 
study’s results with other studies using PROMs. Information 
on PROMs is not available in the DHR, otherwise it would 
have been beneficial to use WOMAC, Oxford Hip Score 
(OHS), or Hip Disability and Osteoarthritis Outcome Score 
(HOOS) as outcome instead of HHS or as comparators of out-
comes. Although a large proportion of the study population is 
excluded due to missing or incomplete HHS, we have justi-
fied that it is reasonable to assume that this data is missing by 
random. As such, our study population is comparable to the 
general THR patient, and therefore provides highly clinical 
important results.

2nd, there were missing data on SES in approximately 12% 
of the study population. The missing data wase equally dis-
tributed between primary and revision THR, and the major-
ity of the missing SES data was in older patients without 
information on educational level. This could introduce minor 
selection problems, as age is associated with changes in HHS 
(18,19), potentially leading to a minor overestimation on the 
HHS change score in both groups.

3rd, it was not possible to adjust for all potential confound-
ers in the regression models. Due to lack of data on weight 
and height, it was not possible to adjust for body mass index, 
which is partly associated with both HHS and SES (18,19). 
Similar, physical activity level and medication use may be 
other potential unmeasured confounders.

4th, although HHS is a valid instrument to evaluate out-
come after THR, ceiling effects are common, which limits 
the validity and possibly cause an underestimation of our 
results (17). 

5th, it was not possible to investigate changes in HHS over a 
longer follow-up period, possibly not presenting the full effect 
of the treatment for primary and revision THR. Further, there 
may also be difference in recovery time for primary and revi-
sion THR respectively, possibly affecting the differences in 
outcome for the two groups.

Sixth, it is important to acknowledge that the improvements 
found in this study may not only be a result of the surgeries, 
as regression to the mean may have had an impact on the esti-
mates. This suggest that patients with lower baseline scores on 
average have a greater improvement compared with patients 
with higher preoperative scores. However, it was not possible 
to estimate the effect of regression to the mean since we had 
no comparable control group.
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Clinical aspect
Primary and revision THR are associated with clinically rel-
evant improvements in HHS. However, the improvements 
were higher in patients undergoing primary THR compared 
with revision THR, and the improvements tend to be even 
greater in patients with higher SES as compared with lower 
SES. Clinicians should be aware of these disparities, and 
patients eligible to undergo revision THR should receive 
appropriate information on postoperative outcome. Although 
the associations between markers of SES and changes in pain 
and hip function are only statistically significant and not clini-
cally significant, this study provides important socioeconomic 
characteristics of subgroups of patients who may benefit from 
extra attention from healthcare professionals or community 
care service workers to improve outcomes after THR. By allo-
cating more rehabilitation resources or social interventions 
pre- and postoperatively to patients undergoing revision THR 
and patients with low SES, health outcomes after surgery are 
likely to improve, while possibly reducing the need for future 
healthcare visits, readmissions, and repeated revision surger-
ies. This knowledge is highly important for decision-makers 
because it suggests how to prioritize rehabilitation to achieve 
equal health for all. Future studies may investigate whether 
stratified rehabilitation for patients with revision hip replace-
ment is feasible and effective.

Conclusion
Patients undergoing primary and/or revision THR can expect 
clinically important improvements on HHS 1 year after sur-
gery. However, higher improvement can be expected after 
primary THR, and the improvements are negatively related 
to markers of low SES, which may help to direct healthcare 
resources to the patients with the highest need.
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Table 6. Crude and adjusted associations between SES markers 
(educational level, cohabiting status and family wealth) and Harris Hip 
Score change in patients undergoing revision total hip replacement

 Crude Adjusted a
	 coefficient	(95%	CI)	 coefficient	(95%	CI)

Educational level    
 Low Reference  Reference
 Medium –0.7 (–5.3–3.9)  –0.1 (–2.6–2.4)
 High   1.5 (–5.2–8.1)    4.8 (1.1–8.5)
Cohabiting status 
 Alone Reference  Reference
 Cohabiting   2.7 (–2.0–7.5)    0.5 (–2.3–3.3)
 Other   5.4 (–3.5–14)    3.0 (–1.8–7.9)
Family wealth 
 Low Reference  Reference
 Medium   1.2 (–3.9–6.4)  –0.4 (–3.3–2.5)
 High –2.5 (–7.5–2.6)    1.1 (–2.0–4.1)

a Adjusted for sex, age, comorbidities, and baseline HHS.
Coefficient	refers	to	the	β-coefficient	from	the	multiple	linear	regres-
sion, which is interpreted as the degree of change in the HHS 
for every change in SES subgroup in the predictor variable, e.g., 
educational level.

Table 7. Missing data: patient characteristics by primary and revi-
sion total hip replacement (THR). Values are count (%) unless other-
wise specified

 Primary THR Revision THR 
 n = 93,073 n = 9,537

Sex
 Female 52,544 (56) 4,192 (55)
 Male 40,529 (44) 3,474 (45)
Age in years, mean (SD) 70 (10) 66 (11)
Age groups
 < 46 1,566 (2) 292 (4)
 46–55 7,525 (8) 1,042 (13)
 56–65 22,347 (24) 2,307 (30)
 66–75 36,430 (39) 2,666 (35)
 > 75 25,205 (27) 1,359 (18)
Charlson comorbidity score
 Low 73,048 (79) 6,441 (68)
 Medium 16,883 (18) 2,426 (25)
 High 3,142 (3) 670 (7)
Educational level
 Low  36,245 (42) 3,963 (45)
 Medium  35,214 (40) 3,496 (39)
 High 15,697 (18) 1,395 (16)
Cohabiting status
 Alone 31,139 (33) 3,737 (40)
 Cohabiting 55,765 (60) 5,062 (54)
 Other 6,169 (7) 556 (6)
Family wealth
 Low 30,289 (33) 3,844 (41)
 Medium  31,234 (33) 2,899 (31)
 High 31,520 (34) 2,612 (28)


