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ABSTRACT
Background: Chronic opioid use is a common and serious consequence of hip fracture. We examined the association between 
socioeconomic position (SEP) and chronic opioid use after hip fracture surgery.
Methods: Using nationwide Danish registries, we included patients aged ≥ 65 years undergoing hip fracture surgery in 2012–
2021 (n = 52,801). Cohabitation, liquid assets, and education were markers of SEP. Chronic opioid use was defined as ≥ 2 prescrip-
tions of opioids 31–365 days post-surgery. For the same period, all opioid doses were converted to morphine milligram equivalents 
(MME), mg/day. We used log-binomial regression to estimate adjusted risk ratios (aRR) with 95%-confidence intervals (CI) 
comparing patients within each SEP marker, adjusting for relevant confounding.
Results: The 1-year risks of chronic opioid use were 33% for patients living alone versus 30% for patients cohabiting (aRR 1.05 
[CI 1.02–1.09]), 37% for low versus 28% for high levels of liquid assets (aRR 1.28 [CI 1.23–1.34]), and 33% for low versus 28% for 
high education (aRR 1.19 [CI 1.14–1.25]). Patients living alone used 11.5 MME mg/day versus 9.8 mg/day in patients cohabiting, 
patients with low liquid assets used 14.8 versus 7.9 mg/day in patients with high liquid assets, and patients with low education 
used 11.8 versus 7.9 mg/day in patients with high education.
Conclusions: About a third of hip fracture patients are using opioids continuously in the year after surgery. Living alone, less 
liquid assets, and low education were associated with a higher risk of opioid use and dosage of use, both in preoperative opioid 
users and non-users.
Significance Statement: This study shows that among patients undergoing hip fracture surgery, low socioeconomic position 
measured by living alone, having less liquid assets or low education is associated with a higher risk of chronic opioid use and 
higher dosage of use in the first year postoperatively. Clinicians should consider socioeconomic position when prescribing opi-
oids after hip fracture. The integration of less addictive opioids and non-pharmacological approaches in the pain management 
may reduce opioid use and improve patient safety.

1   |   Introduction

Hip fracture is a painful and serious condition requiring acute 
surgery (Bierbaum et  al.  1999). These patients are on average 
above 80 years of age and have several comorbidities (Kristensen 
et  al.  2023). Almost 10% of hip fracture patients die and 30% 

develop medical or surgical complications within the first 
month postoperatively (Pedersen et al. 2017). The mortality rate 
is 2-3-fold higher in patients developing complications (Kjorholt 
et  al.  2019; Pedersen et  al.  2016). Mortality within 1 year of 
hip fracture ranges from 11% to 28% (Hjelholt et al. 2022; Sing 
et al. 2023).
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Opioids are used for managing acute pain after hip fracture 
surgery (Simoni et al. 2019). The aim is to achieve good con-
trol of postoperative pain to improve early mobilisation and 
rehabilitation, thereby reducing the risks of cardiopulmonary 
complications, prolonged recovery (Gan  2017), morbidity, 
and mortality (Kristensen, Thillemann, Soballe et  al.  2016). 
However, treatment with opioids is associated with an array 
of challenges and negative consequences. Opioid use in the 
elderly increases the risks of respiratory depression, dizziness 
and postoperative delirium (Benyamin et al. 2008), as well as 
risks of falls, fractures (Yue et al. 2020) and mortality (Stone 
et  al.  2023). Opioid dosage is challenging in older patients 
due to physiological decline and polypharmacy (Degenhardt 
et  al.  2019; Matos et  al.  2020). Furthermore, patients can 
have difficulties in stopping opioids after surgery (Hereford 
et al. 2022). An earlier study showed that 17% of opioid-naive 
hip fracture patients are prescribed opioids several times 
within one year after surgery (Simoni et al. 2019).

The association between socioeconomic position (SEP) and 
opioid use has previously been reported in general population 
among both people in working age and older people (Nestvold 
et al. 2024). Although social inequalities in hip fracture treat-
ment and mortality have been described (Valentin et al. 2020, 
2021), little evidence exists on the socioeconomic inequality in 
chronic opioid use after hip fracture (Stone et al. 2023; Hereford 
et al. 2022; Edwards et al. 2021). These studies are limited by 
low sample size, short duration, slightly older study period, and 
methodology not specific to study causality. Knowledge about 
the social factors of chronic opioid use is of importance for 
healthcare professionals and policymakers to prevent opioid-
related adverse effects and improve patient outcome and safety 
(Edwards et al. 2021).

Therefore, the present study's aim was to examine the associa-
tion between markers of SEP and the risk of chronic opioid use 
after hip fracture surgery.

2   |   Material and Methods

2.1   |   Setting and Study Population

We conducted a population-based cohort study in Denmark 
using linked registries and databases (Schmidt et  al.  2019). 
Denmark has a source population of approximately 5.9 mil-
lion (2021), and all residents receive a unique civil registration 
number at birth or upon immigration through the Danish Civil 
Registration System, enabling individual-level linkage of data 
across multiple databases. The study population included all 
Danish patients undergoing surgery for first-time hip fracture 
during 2012–2021 as registered in the Danish Multidisciplinary 
Hip Fracture Database (DMHFD) and followed up for at least 
one year after surgery (Kristensen et al. 2020).

2.2   |   Exposure—SEP

As markers of SEP, we included cohabitation, liquid assets, and 
educational level. Information on cohabitation was available 
in the Danish Civil Registration System and defined as living 

alone or cohabiting (married or living with a partner). Because 
our population includes individuals > 65 years of age, fam-
ily income may not reflect economic resources. We therefore 
calculated liquid assets which refer to the economic assets or 
valuables available to a person for conversion to cash (Denmark 
Statistics 2025). In Denmark, access to individual-level data on 
healthcare, wealth and debt including assessments of all liq-
uid assets such as real estate, bank deposits, the value of cars, 
stocks and bonds, pension savings, and debt are available for re-
search purposes after application to Statistic Denmark (Schmidt 
et  al.  2019). For each patient, we linked socioeconomic data 
with data from other national registries and analysed them in 
pseudonymized form, applying privacy-preserving reporting 
according to Danish legislation. For each patient we calcu-
lated mean liquid assets for 5 years before surgery, which goes 
beyond income data. Subsequently, patients were divided into 
low (< 33,600 USD), medium (33,600–198,300 USD), or high 
liquid (> 198,300 USD) assets group based on tertiles using the 
end of 2024 exchange rate. Educational level was defined using 
highest attained education at the year of surgery as recorded in 
the Population Education Registry. Educational level was cate-
gorised into low (elementary school), medium (more than ele-
mentary school but less than university degree), high (university 
degree) or unknown.

2.3   |   Outcome—Opioid Use

Data on dispensation of 13 common types of opioid prescrip-
tions were obtained from the Danish National Prescription 
Registry using Anatomical Therapeutic Chemical (ATC) codes 
(Table  S1). The primary outcome was chronic opioid use, de-
fined as ≥ 2 prescriptions of opioids in the period from 31 to 
365 days after hip fracture surgery (main analysis). The first 
month after surgery was not counted since opioids represent a 
standard post-surgical pain treatment. The definition of chronic 
opioid use was guided by recent reviews and clinical expertise 
(Jivraj et al. 2020; Karmali et al. 2020).

The secondary outcome was opioid dosage. All prescribed doses 
were converted to morphine milligram equivalents (MME) 
using a conversion factor corresponding to the specific opioid 
type prescription (Table S2) (Nielsen et al. 2016). Based on pre-
vious research (Melsen et al. 2024), doses and conversion fac-
tors were available for > 95% of the prescriptions included, while 
the rest were excluded from the MME analysis. For the six most 
common opioids, > 99% of prescriptions were included due to 
the availability of conversion factors and doses.

In a sensitivity analysis, chronic opioid use was defined by ≥ 2 
opioid prescriptions in 2 out of the last 3 quarters during the first 
postoperative year, thus ≥ 2 prescriptions for 92–365 days after 
surgery. This was done to assess the robustness of the primary 
outcome definition, since currently there is no standard defini-
tion of chronic opioid use (Jivraj et al. 2020; Karmali et al. 2020).

2.4   |   Covariates

We obtained data on sex and age from the Danish Civil 
Registration system. Data on year of surgery (in categories 
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2012–2014, 2015–2016, 2017–2018, 2019–2021), type of surgery 
(as osteosynthesis or total/hemi arthroplasty), and body mass 
index (BMI) and pre-fracture basic mobility was obtained from 
the DMHFD. The BMI (in kg per sqm) was categorised as under-
weight (< 20), normal (20–24.9), overweight (25–29.9), obese pa-
tients (≥ 30), and those with missing data on BMI. Pre-fracture 
mobility was assessed with the Cumulated Ambulation Score 
(CAS) and categorised as CAS of 0–3 points, 4–5 points, 6 points 
or missing, with higher score indicating better ambulation 
(Kristensen et al. 2024).

Data on comorbidity history were obtained from the Danish 
National Patient Registry. Comorbidity was measured with 
Charlson Comorbidity Index (CCI) score (low CCI = 0, medium 
CCI = 1–2, high CCI ≥ 3) (Charlson et al. 1987). In addition, we 
included some previously reported very common conditions in 
hip fracture patients such as history of depression, anxiety or 
psychotic illness 10 years before surgery, history of fluid and 
electrolyte disorders 1 year before surgery, history of pain and 
inflammatory conditions defined through use of analgesic 
drugs 1 year before surgery, and history of osteoporosis defined 
through use of anti-osteoporosis drugs 10 years before surgery 
(Gadgaard et al. 2024).

Preoperative opioid use was defined as minimum 2 opioid pre-
scriptions in the 6 months before hip fracture surgery.

2.5   |   Statistics

Patient characteristics by each SEP marker were summarised 
using counts and percentages for categorical variables and me-
dians with interquartile range for continuous variables.

We computed crude risks of chronic opioid use for each level of 
the SEP markers. We used log-binomial regression to calculate 
crude and adjusted risk ratios (aRRs) with 95% confidence inter-
vals (CIs) comparing patients within each SEP marker. CIs in the 
adjusted analyses were calculated using 500 bootstrap samples. 
We accounted for mortality during the follow-up using inverse 
probability of censoring weights (Hernán and Robins  2013). 
Thus, only patients with one year of follow-up after surgery had 
a fully observable outcome. The remaining patients, who either 
died or emigrated, were censored for the adjusted analyses. 
We calculated inverse probability of censoring weights using 
all available confounders data in a logistic regression and then 
these weights were applied in the adjusted analyses, using only 
the uncensored patients. Based on Directed Acyclic Graphs, we 
included slightly different confounders in the adjusted models. 
This method allows for better insights into the assumed causal 
mechanisms and can assist in the selection of confounders to ad-
just for in the multivariate regression model. Using this method, 
we identify a minimum but a sufficient set of factors to adjust for 
their confounding effects. Thus, comparing educational levels, 
we adjusted for age, sex and year of surgery. Comparing cohab-
itation status, we adjusted for age, sex, year of surgery, educa-
tion, liquid assets, CCI, psychiatric comorbidity, and medication 
for pain or inflammation. Comparing liquid assets, we adjusted 
for age, sex, year of surgery, education, cohabitation, CCI, psy-
chiatric comorbidity, and medication for pain or inflammation 
(Figures S1 and S2).

We calculate the total MME for each patient based on opioids 
prescriptions during 31–365 days after surgery and present it as 
MME mg per day by each marker of SES.

To evaluate whether the observed overall association between 
markers of SEP and chronic opioid use varied across patient 
subgroups on a multiplicative scale, we calculated RRs while 
stratifying by age, sex, type of surgery, year of surgery and 
preoperative opioid user status. For example, we repeated the 
analysis comparing patients living alone to those cohabiting 
(reference) among female and male patients separately.

In a sensitivity analysis, crude risks, crude and adjusted RRs, 
and MME mg/day were calculated by SES based on opioid pre-
scription for the period from 92 to 365 days.

The study was reported to the Danish Data Protection Agency 
through registration at Aarhus University (record number: AU-
2016-051-000001, sequential number 880). Ethical approval is 
not required in Denmark for studies on routinely collected reg-
istry data.

3   |   Results

We included 52,801 hip fracture patients during 2012–2021. The 
median age of the study population was 83 years, 69% were female, 
38% had a low CCI score, and the median length of hospital stay 
was 7 days. Regarding SEP markers, 65% were living alone, 50% 
had low education, and 33% had low liquid assets. Patients who 
had low SEP were slightly older, more likely to be female, had 
lower pre-fracture basic mobility, but higher prevalence of depres-
sion, anxiety or psychotic illness and fluid/electrolyte disorders. 
Distributions of BMI, type of surgery, and use of medication for 
pain/inflammation were rather similar across SEP groups except 
for patients living alone who were more underweight (Table 1).

One-year risks of post-operative chronic opioid use (≥ 2 pre-
scription 31–365 days after surgery) were 33% among patients 
living alone and 30% among those cohabiting, corresponding 
to aRR of 1.05 (CI: 1.02–1.09). Risks of chronic opioid use were 
37% among patients with low liquid assets versus 28% among 
those with high liquid assets (aRR = 1.28, CI: 1.23–1.34), and 
33% among patients with low educational level versus 28% 
among those with high educational level (aRR = 1.19, CI: 
1.14–1.25) (Figure 1).

The MMEs calculated as mg/day (based on ≥ 2 prescriptions 
31–365 days after surgery) are presented in Figure 2 and show 
that patients living alone used 11.5 MME mg/day versus 9.8 mg/
day used by patients cohabitating, patients with low liquid assets 
used 14.8 versus 7.9 mg/day used by patients with high liquid 
assets, and patients with low education used 11.8 versus 7.9 mg/
day used by patients with high education.

Analyses stratified on age, sex, type of surgery, history of opioid 
use and year of surgery showed the same association between 
markers of SEP and chronic opioid use as found in the overall 
analyses. However, the risks were in general 10%-points lower 
among opioid-naïve patients than in the overall population 
(Figure 3, Table S3).

 15322149, 2025, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ejp.70063 by U

N
IV

E
R

SIT
Y

 O
F B

E
R

G
E

N
, W

iley O
nline L

ibrary on [19/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



4 of 11 European Journal of Pain, 2025

T
A

B
L

E
 1

    
|    

P
at

ie
nt

 c
ha

ra
ct

er
is

tic
s b

y 
m

ar
ke

rs
 o

f s
oc

io
ec

on
om

ic
 p

os
iti

on
. N

 (%
) u

nl
es

s o
th

er
w

is
e 

st
at

ed
.

C
oh

ab
it

at
io

n 
st

at
us

L
iq

ui
d 

as
se

ts
E

du
ca

ti
on

 s
ta

tu
s

L
iv

in
g 

al
on

e
C

oh
ab

it
at

in
g

L
ow

M
ed

iu
m

H
ig

h
L

ow
M

ed
iu

m
H

ig
h

M
is

si
n

g

n
34

,0
82

18
,7

19
17

,5
99

17
,6

04
17

,5
98

26
,4

85
16

,4
74

62
32

36
10

A
ge

 in
 y

ea
rs

, m
ed

ia
n 

(I
Q

R)
85

 (7
9–

90
)

79
 (7

3–
85

)
83

 (7
7–

89
)

84
 (7

7–
89

)
82

 (7
5–

88
)

84
 (7

8–
89

)
81

 (7
4–

86
)

81
 (7

4–
87

)
95

 (9
2–

97
)

G
en

de
r—

fe
m

al
e

25
,8

99
 (7

6.
0)

10
,4

28
 (5

5.
7)

12
,9

88
 (7

3.
8)

12
,1

69
 (6

9.
1)

11
,1

70
 (6

3.
5)

19
,9

38
 (7

5.
3)

97
08

 (5
8.

9)
39

13
 (6

2.
8)

27
68

 (7
6.

7)

Ye
ar

 o
f s

ur
ge

ry

20
12

–2
01

4
11

,8
45

 (3
4.

8)
60

22
 (3

2.
2)

62
47

 (3
5.

5)
59

03
 (3

3.
5)

57
17

 (3
2.

5)
91

66
 (3

4.
6)

48
47

 (2
9.

4)
17

86
 (2

8.
7)

20
68

 (5
7.

3)

20
15

–2
01

6
75

85
 (2

2.
3)

41
41

 (2
2.

1)
39

29
 (2

2.
3)

39
68

 (2
2.

5)
38

29
 (2

1.
8)

59
90

 (2
2.

6)
36

29
 (2

2.
0)

13
51

 (2
1.

7)
75

6 
(2

0.
9)

20
17

–2
01

8
72

56
 (2

1.
3)

40
77

 (2
1.

8)
36

56
 (2

0.
8)

37
68

 (2
1.

4)
39

09
 (2

2.
2)

56
82

 (2
1.

5)
37

75
 (2

2.
9)

14
43

 (2
3.

2)
43

3 
(1

2.
0)

20
19

–2
02

1
73

96
 (2

1.
7)

44
79

 (2
3.

9)
37

67
 (2

1.
4)

39
65

 (2
2.

5)
41

43
 (2

3.
5)

56
47

 (2
1.

3)
42

23
 (2

5.
6)

16
52

 (2
6.

5)
35

3 
(9

.8
)

Ty
pe

 o
f s

ur
ge

ry

O
st

eo
sy

nt
he

si
s

21
,7

68
 (6

3.
9)

11
,9

12
 (6

3.
6)

11
,3

11
 (6

4.
3)

11
,2

45
 (6

3.
9)

11
,1

24
 (6

3.
2)

16
,8

90
 (6

3.
8)

10
,4

87
 (6

3.
7)

38
84

 (6
2.

3)
24

19
 (6

7.
0)

To
ta

l o
r h

em
i h

ip
 

ar
th

ro
pl

as
ty

12
,3

14
 (3

6.
1)

68
07

 (3
6.

4)
62

88
 (3

5.
7)

63
59

 (3
6.

1)
64

74
 (3

6.
8)

95
95

 (3
6.

2)
59

87
 (3

6.
3)

23
48

 (3
7.7

)
11

91
 (3

3.
0)

BM
I, 

in
 k

g/
sq

m

U
nd

er
w

ei
gh

t
44

85
 (1

3.
2)

19
14

 (1
0.

2)
21

38
 (1

2.
1)

21
37

 (1
2.

1)
21

24
 (1

2.
1)

31
64

 (1
1.

9)
19

41
 (1

1.
8)

77
7 

(1
2.

5)
51

7 
(1

4.
3)

N
or

m
al

13
,2

12
 (3

8.
8)

69
25

 (3
7.

0)
64

10
 (3

6.
4)

68
48

 (3
8.

9)
68

79
 (3

9.
1)

99
94

 (3
7.7

)
62

43
 (3

7.
9)

24
15

 (3
8.

8)
14

85
 (4

1.
1)

O
ve

rw
ei

gh
t

70
23

 (2
0.

6)
46

14
 (2

4.
6)

39
07

 (2
2.

2)
39

91
 (2

2.
7)

37
39

 (2
1.

2)
61

20
 (2

3.
1)

36
46

 (2
2.

1)
12

51
 (2

0.
1)

62
0 

(1
7.

2)

O
be

se
21

93
 (6

.4
)

15
67

 (8
.4

)
14

85
 (8

.4
)

13
03

 (7
.4

)
97

2 
(5

.5
)

21
72

 (8
.2

)
11

14
 (6

.8
)

30
4 

(4
.9

)
17

0 
(4

.7
)

M
is

si
ng

71
69

 (2
1.

0)
36

99
 (1

9.
8)

36
59

 (2
0.

8)
33

25
 (1

8.
9)

38
84

 (2
2.

1)
50

35
 (1

9.
0)

35
30

 (2
1.

4)
14

85
 (2

3.
8)

81
8 

(2
2.

7)

Pr
ef

ac
tu

re
 m

ob
ili

ty
 (C

A
S-

sc
or

e)

0–
3

29
79

 (8
.7

)
11

50
 (6

.1
)

15
17

 (8
.6

)
14

10
 (8

.0
)

12
02

 (6
.8

)
20

64
 (7

.8
)

12
64

 (7
.7

)
46

6 
(7

.5
)

33
5 

(9
.3

)

4–
5

19
27

 (5
.7

)
76

9 
(4

.1
)

10
41

 (5
.9

)
84

3 
(4

.8
)

81
2 

(4
.6

)
13

70
 (5

.2
)

80
1 

(4
.9

)
28

8 
(4

.6
)

23
7 

(6
.6

)

6
24

,1
30

 (7
0.

8)
14

,5
59

 (7
7.

8)
12

,4
16

 (7
0.

5)
12

,9
29

 (7
3.

4)
13

,3
44

 (7
5.

8)
19

,4
40

 (7
3.

4)
12

,3
18

 (7
4.

8)
46

96
 (7

5.
4)

22
35

 (6
1.

9)

M
is

si
ng

50
46

 (1
4.

8)
22

41
 (1

2.
0)

26
25

 (1
4.

9)
24

22
 (1

3.
8)

22
40

 (1
2.

7)
36

11
 (1

3.
6)

20
91

 (1
2.

7)
78

2 
(1

2.
5)

80
3 

(2
2.

2)

C
hr

on
ic

 o
pi

oi
d 

us
e 

6 m
on

th
s 

be
fo

re
 su

rg
er

y
68

70
 (2

0.
2)

30
53

 (1
6.

3)
41

01
 (2

3.
3)

32
62

 (1
8.

5)
25

60
 (1

4.
5)

53
31

 (2
0.

1)
29

32
 (1

7.
8)

95
2 

(1
5.

3)
70

8 
(1

9.
6)

(C
on

tin
ue

s)

 15322149, 2025, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ejp.70063 by U

N
IV

E
R

SIT
Y

 O
F B

E
R

G
E

N
, W

iley O
nline L

ibrary on [19/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



5 of 11

C
oh

ab
it

at
io

n 
st

at
us

L
iq

ui
d 

as
se

ts
E

du
ca

ti
on

 s
ta

tu
s

L
iv

in
g 

al
on

e
C

oh
ab

it
at

in
g

L
ow

M
ed

iu
m

H
ig

h
L

ow
M

ed
iu

m
H

ig
h

M
is

si
n

g

C
om

or
bi

di
tit

es

D
ep

re
ss

io
n,

 a
nx

ie
ty

 o
r 

ps
yc

ho
tic

 il
ln

es
s 1

0 y
ea

rs
 

be
fo

re
 su

rg
er

y

11
,2

41
 (3

3.
0)

46
54

 (2
4.

9)
62

96
 (3

5.
8)

50
98

 (2
9.

0)
45

01
 (2

5.
6)

82
63

 (3
1.

2)
48

87
 (2

9.
7)

16
76

 (2
6.

9)
10

69
 (2

9.
6)

Fl
ui

d 
an

d 
el

ec
tr

ol
yt

e 
di

so
rd

er
s 1

 ye
ar

 b
ef

or
e 

su
rg

er
y

20
88

 (6
.1

)
80

6 
(4

.3
)

11
05

 (6
.3

)
96

0 
(5

.5
)

82
9 

(4
.7

)
15

07
 (5

.7
)

87
3 

(5
.3

)
29

7 
(4

.8
)

21
7 

(6
.0

)

M
ed

ic
at

io
n 

fo
r p

ai
n/

in
fl

am
m

at
io

n 
1 y

ea
r b

ef
or

e 
su

rg
er

y

52
27

 (1
5.

3)
33

89
 (1

8.
1)

29
56

 (1
6.

8)
27

53
 (1

5.
6)

29
07

 (1
6.

5)
41

97
 (1

5.
8)

28
53

 (1
7.

3)
10

14
 (1

6.
3)

55
2 

(1
5.

3)

O
st

eo
po

ro
si

s m
ed

ic
at

io
n 

10
 ye

ar
s b

ef
or

e 
su

rg
er

y
67

16
 (1

9.
7)

32
36

 (1
7.

3)
34

10
 (1

9.
4)

32
41

 (1
8.

4)
33

01
 (1

8.
8)

52
51

 (1
9.

8)
29

44
 (1

7.
9)

12
06

 (1
9.

4)
55

1 
(1

5.
3)

C
ha

rl
so

n 
C

om
or

bi
di

ty
 In

de
x 

sc
or

e

0
12

,7
67

 (3
7.

5)
70

51
 (3

7.7
)

58
80

 (3
3.

4)
67

34
 (3

8.
3)

72
04

 (4
0.

9)
98

67
 (3

7.
3)

59
56

 (3
6.

2)
24

52
 (3

9.
3)

15
43

 (4
2.

7)

1–
2

14
,2

80
 (4

1.
9)

71
20

 (3
8.

0)
73

91
 (4

2.
0)

71
35

 (4
0.

5)
68

74
 (3

9.
1)

10
,8

43
 (4

0.
9)

66
79

 (4
0.

5)
24

21
 (3

8.
8)

14
57

 (4
0.

4)

3+
70

35
 (2

0.
6)

45
48

 (2
4.

3)
43

28
 (2

4.
6)

37
35

 (2
1.

2)
35

20
 (2

0.
0)

57
75

 (2
1.

8)
38

39
 (2

3.
3)

13
59

 (2
1.

8)
61

0 
(1

6.
9)

N
ot

e:
 P

at
ie

nt
s w

er
e 

di
vi

de
d 

in
to

 lo
w

 (<
 33

,6
00

 U
SD

), 
m

ed
iu

m
 (3

3,
60

0–
19

8,
30

0 
U

SD
), 

or
 h

ig
h 

liq
ui

d 
(>

 19
8,

30
0 

U
SD

) a
ss

et
s g

ro
up

 b
as

ed
 o

n 
te

rt
ile

s u
si

ng
 2

02
4 

ex
ch

an
ge

 ra
te

 a
nd

 5
 ye

ar
s l

iq
ui

d 
as

se
ts

 h
is

to
ry

; e
du

ca
tio

n 
st

at
us

: l
ow

 
(e

le
m

en
ta

ry
 sc

ho
ol

), 
m

ed
iu

m
 (m

or
e 

th
an

 e
le

m
en

ta
ry

 sc
ho

ol
 b

ut
 le

ss
 th

an
 u

ni
ve

rs
ity

 d
eg

re
e)

, a
nd

 h
ig

h 
(u

ni
ve

rs
ity

 d
eg

re
e)

.
A

bb
re

vi
at

io
ns

: B
M

I, 
Bo

dy
 M

as
s I

nd
ex

; C
A

S,
 C

um
ul

at
iv

e 
A

m
bu

la
tio

n 
Sc

or
e.

T
A

B
L

E
 1

    
|    


(C

on
tin

ue
d)

 15322149, 2025, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ejp.70063 by U

N
IV

E
R

SIT
Y

 O
F B

E
R

G
E

N
, W

iley O
nline L

ibrary on [19/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



6 of 11 European Journal of Pain, 2025

The sensitivity analysis based on chronic opioid use defined as 
≥ 2 prescriptions for 92–365 days after surgery showed that the 
associations between markers of SEP and chronic opioid use 
were slightly stronger (thus, all aRR were higher in the sensitiv-
ity analyses than in the main analyses [Figure 4]). The MMEs 

in sensitivity analyses were slightly lower being 10.8 mg/day in 
patients living alone versus 9.2 mg/day in those cohabitating, 
14.1 mg/day in patients with low liquid assets versus 7.3 mg/day 
in those with high, and 11.1 mg/day in patients with low educa-
tion versus 7.2 mg/day in those with high education.

FIGURE 1    |    Risk ratios (RR) for chronic opioid use defined as ≥ 2 prescriptions during 31–365 days after surgery with 95%-confidence intervals 
(CI) comparing patients within each socioeconomic position marker of cohabitation, liquid assets, and education. Comparing cohabitation status, 
we adjusted for age, sex, year of surgery, education, liquid assets, Charlson Comorbidity index, history of depression, anxiety or psychotic illness as 
well as prior use of pain/inflammation drugs. Comparing liquid assets, we adjusted for age, sex, year of surgery, education, cohabitation, Charlson 
Comorbidity index, history of depression, anxiety or psychotic illness as well as prior use of pain/inflammation drugs. Comparing educational levels, 
we adjusted for age, sex, and year of surgery. Patients were divided into low (< 33,600 USD), medium (33,600–198,300 USD), or high liquid (> 198,300 
USD) assets groups based on tertiles using the 2024 exchange rate and 5 years liquid assets history; education status: low (elementary school), medi-
um (more than elementary school but less than university degree), and high (university degree).

FIGURE 2    |    Morphine milligram equivalents (MME) mg per day comparing patients within each socioeconomic position marker of cohabitation, 
liquid assets and education. All opioids prescription during 31–365 days after surgery were included in the calculation. Patients were divided into low 
(< 33,600 USD), medium (33,600–198,300 USD), or high liquid (> 198,300 USD) assets group based on tertiles using 2024 exchange rate and 5 years 
liquid assets history; education status: low (elementary school), medium (more than elementary school but less than university degree), and high 
(university degree).
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4   |   Discussion

Based on 52,801 patients aged > 65 years, we found that liv-
ing alone, less liquid assets, and low education were associ-
ated with a higher risk of chronic opioid use and higher MME 

doses in the first year after hip fracture surgery. The results 
stand irrespective of the definition of chronic opioid use and 
preoperative opioid use status. The results are clinically rel-
evant as they may help healthcare professionals at hospitals 
and in primary care focus on socially vulnerable patients and 

FIGURE 3    |    Risk ratios (RR) for chronic opioid use defined as ≥ 2 prescriptions during 31–365 days after surgery stratified on age, sex, type of sur-
gery and preoperative opioid history. Within each of age groups, sex, type of surgery groups and preoperative opioid history groups, we compared pa-
tients by cohabitation (living alone vs. cohabiting [ref.]), liquid assets (low or medium vs. high liquid assets [ref.]), and education (low or medium vs. 
high education [ref.]). In general, we adjusted as following, except for the variables we stratified on: Comparing cohabitation status, we adjusted for 
age, sex, year or surgery, and education, liquid assets, Charlson Comorbidity index, history of depression, anxiety or psychotic illness as well as prior 
use of pain/inflammation drugs. Comparing liquid assets, we adjusted for age, sex, year of surgery, education, cohabitation, Charlson Comorbidity 
index, history of depression, anxiety or psychotic illness as well as prior use of pain/inflammation drugs. Comparing educational levels, we adjusted 
for age, sex, and year of surgery. Patients were divided into low (< 33,600 USD), medium (33,600–198,300 USD), or high liquid (> 198,300 USD) assets 
group based on tertiles using 2024 exchange rate and 5 years liquid assets history; education status: low (elementary school), medium (more than 
elementary school but less than university degree), and high (university degree).
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design future interventions aiming to reduce social gradients 
in opioid use among frail hip fracture patients and thereby im-
prove their outcome.

4.1   |   Comparison With Existing Literature 
and Interpretation

Several studies have reported on risk factors for chronic opi-
oid use after hip fracture surgery (Stone et al. 2023; Hereford 
et al. 2022; Edwards et al. 2021) but SEP factors were not con-
sidered. However, our finding of the association between low 
education and chronic opioid use is in line with studies on hip 
and knee arthroplasty patients (Pryymachenko et  al.  2020; 
Kleno et  al.  2024). In addition, the association between low 
education and a high level of pain (Feldman et al. 2015) as well 
as poor quality of life and length of hospital stay (Mesterton 
et al. 2020) after hip and knee arthroplasty has been reported. 
Since the complexity of both patients (due to comorbidity, 
frailty and polypharmacy) and surgery (due to more fragile 
bones), as well as the average age, is higher among acute hip 
fracture patients compared to elective hip and knee arthro-
plasty patients, in addition to the fact that the main indication 
for arthroplasty surgery is to reduce hip/knee pain, it is likely 
that the risks of chronic opioid use are higher in hip fracture 
patients in general, but the relative risks by SEP do not have 
to be affected.

Our results are in line with the results from a study based on 
American Medicare data where adults > 65 years of age reported 
an association between income inequality and the opioid pre-
scribing rate which was largely explained by residential stability 
and social isolation (Yang et al. 2021).

The association between low SEP and increased risk of chronic 
opioid use after hip fracture surgery can be attributed to several 
factors and mechanisms. Patients with lower SEP had a higher 

burden of comorbidities compared to patients with higher SEP 
(Wong et al. 2022). While we adjusted for CCI in our analysis, 
we did not have information on the severity of all diagnoses, 
which could complicate recovery and increase the need for pain 
management. While we know from data that the use of medica-
tion for pain/inflammation 1 year before surgery was rather sim-
ilar across SEP groups, we do not know whether similarity also 
exists for type of anaesthesia and multimodal analgesia during 
hospitalisation for hip fracture. However, in Denmark, type 
of anaesthesia and multimodal analgesia follows department-
specific enhanced recovery protocols, independently of SEP. 
Also, patients with lower SEP could have some diseases treated 
by general practitioners with or without medication, which 
could lead to prolonged opioid use (Edwards et al. 2021). Some 
(Wong et al. 2022) but not all studies (Kristensen, Thillemann, 
Pedersen, et  al.  2016) have shown that low SEP is associated 
with longer time to surgery and longer length of hospital stay 
after hip fracture which is likely to affect pain management 
of patients. Low SEP has further been found to be associated 
with higher risk of readmission due to various reasons after hip 
fracture surgery (Kristensen, Thillemann, Pedersen, et al. 2016; 
Patel et  al.  2021), which could increase the need for extended 
opioid use. Social deprivation has also been found to be associ-
ated with decreased likelihood to participate in outpatient physi-
cal therapy for musculoskeletal conditions (Stephens et al. 2023; 
Stonner et al. 2022) which is a key factor for hip fracture recov-
ery, leading to a greater reliance on opioids. Lower SEP or rather 
poverty is often associated with higher levels of psychosocial 
stress (Knifton and Inglis  2020), which can exacerbate pain 
perception (Edwards et al. 2016) and increase the likelihood of 
opioid use.

Inadequate health literacy and weaker support systems are 
strongly associated with low SEP, making it harder to manage 
pain effectively without opioids (Svendsen et  al.  2014, 2020). 
These factors contribute to the increased risk of chronic opi-
oid use among hip fracture patients with lower SEP. We cannot 

FIGURE 4    |    Sensitivity analysis. Risk ratios (RR) for chronic opioid use defined as ≥ 2 prescriptions in two different quartiles during 92–365 days 
after surgery comparing patients within each socioeconomic position marker of cohabitation, liquid assets, and education. Comparing cohabitation 
status, we adjusted for age, sex, year of surgery, and education, liquid assets, Charlson Comorbidity index, history of depression, anxiety or psychotic 
illness as well as prior use of pain/inflammation drugs. Comparing liquid assets, we adjusted for age, sex, year of surgery, education, cohabitation, 
Charlson Comorbidity index, history of depression, anxiety or psychotic illness as well as prior use of pain/inflammation drugs. Comparing educa-
tional levels, we adjusted for age, sex, and year of surgery. Patients were divided into low (< 33,600 USD), medium (33,600–198,300 USD), or high 
liquid (> 198,300 USD) assets group based on tertiles using 2024 exchange rate and 5 years liquid assets history; education status: low (elementary 
school), medium (more than elementary school but less than university degree), and high (university degree).
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change the SEP of our patients, but we can offer a more strati-
fied approach to counselling and treatment interventions, tai-
loring the needs of patients with lower SEP. This approach can 
be divided into preoperative, intraoperative and postoperative 
strategies. Preoperative strategies are limited since hip fracture 
is an acute event but could include education and counselling 
on pain management in the general population, addressing side 
effects of opioids and psychological factors contributing to pain 
and opioid use.

Intraoperative strategies could include a multimodal approach 
to pain treatment prioritising non-opioid analgesics and opioids 
such as morphine, which is known to be less addictive than oxy-
codone, fentanyl, and tramadol (Simoni et al. 2020). The use of 
intraoperative local infiltration anaesthesia has been shown to 
reduce opioid consumption in hip fracture patients treated with 
a hemiarthroplasty (Hofstad et al. 2022). In addition, the type 
of surgery should be considered since total hip arthroplasty is 
associated with a lower risk of chronic opioid use than inter-
nal fixation (Edwards et al. 2021). Postoperative strategies could 
include early mobilisation (Tudorache et  al.  2025), early com-
prehensive geriatric assessment (Mazarello Paes et  al.  2025), 
enhanced postoperative recovery programmes (Kehlet  2020), 
and regular follow-up appointments to monitor rehabilitation 
progress, pain levels, opioid use and overall recovery. In ad-
dition, ensuring access to social support in the postoperative 
period by connecting patients with community resources and 
support groups, and continuous education for patients, families, 
and carers about opioid side effects and care after a hip fracture 
(registry AaNZHF  2025) could help in the early identification 
of opioid-related problems. Future research should prioritise 
the evaluation of these interventions to determine their effec-
tiveness in reducing chronic opioid use among patients with low 
SEP following hip fracture surgery.

4.2   |   Methodological Considerations

The key strength of this study stems from our use of a com-
prehensive population-based dataset of hip fracture patients, 
increasing the generalizability of our findings and avoiding se-
lection bias both into and out of the study population. Validity of 
diagnosis- and surgery-codes for hip fracture is high (Hjelholt 
et  al.  2020). We had individual-level data on SEP markers 
of high validity (Baadsgaard and Quitzau  2011; Jensen and 
Rasmussen 2011) and complete data on opioid prescriptions and 
dosage both before and after hip fracture surgery (Pottegard 
et al. 2017). We were able to include several relevant variables to 
describe the study population and adjust for confounding.

Our study has several limitations. We lacked data on indication 
for opioid therapy. However, previous research has shown that 
80% of patients took opioids for pain improvement, while other 
indications were sleep improvement and unspecified reasons 
(Stark et al. 2017). We did not have data on opioid use during 
the index hospital stay for hip fracture, which could have an 
impact on opioid use after discharge. This study reports on 
opioid prescriptions while actual opioid ingestion (e.g., com-
pliance with opioids) is unknown. However, evidence suggests 
that electronic prescription databases provide a reliable mea-
sure of medication intake (Schneeweiss and Avorn 2005). We 

did not consider data on other surgical procedures that might 
have been performed during the follow-up because these pro-
cedures are mediators of the examined association rather than 
confounders. Our study faces challenges due to the absence of 
a universally accepted definition of chronic opioid use follow-
ing surgery. Consequently, our findings should be interpreted 
within the framework of the specific definition of chronic opi-
oid use that we have employed. Our study provides evidence 
of a significant association between SEP and chronic opioid 
use following hip fracture surgery. However, establishing the 
causal effect of SEP on opioid use remains challenging. The 
generalisation of our findings is higher for countries with tax-
supported, free-of-charge healthcare systems, and opioid ac-
cess similar to those in Denmark.

In conclusion, living alone, less liquid assets, and low level of 
education were associated with a higher risk of chronic opioid 
use and higher MMEs in the first year after hip fracture surgery. 
The results stand irrespective of the definition of chronic opioid 
used and preoperative opioid use status. Interventions targeting 
patients identified as being at greatest risk are important to re-
duce social inequality, side effects of opioid use including falls 
and secondary fractures, and subsequently mortality.
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