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ABSTRACT
Purpose: To assess the 1-year risk of fall-related injuries among new users of opioids in Denmark.
Methods: Using Danish health registers, we identified all new adult users of opioids between 2010 and 2022 (first time use 
within 5 years). We performed logistic regression and applied marginal comparisons to estimate risk ratios (RRs) associating 
baseline risk factors to any fall-related injury and fall-related fractures specifically. Patients were followed after opioid initiation 
until fall-related injury, death, leaving the country, or 1-year follow-up, whichever occurred first.
Results: We identified 1 638 358 unique new users of opioids (54% women; median age 58 years). The 1-year risk of fall-related 
injuries and fall-related fractures was 8.6% and 3.6%, respectively. The risk of fall-related injuries was highest during the first 
weeks following opioid initiation. Increasing age, depression, Parkinson's disease, osteoporosis, and prior fall-related injuries 
were all associated with new fall-related injuries in the multivariable analysis. Prior fall-related injuries was a predictor of new 
fall-related injuries (RR 2.15; 95% CI: 2.12–2.18) and fall-related fractures (RR 1.35; 95% CI: 1.31–1.40). Prior fall-related fractures 
was a predictor of new fall-related injuries (RR 1.96; 95% CI: 1.93–1.99) and fall-related fractures (RR 6.47; 95% CI: 6.29–6.65).
Conclusion: The 1-year risk for any fall-related injuries and fractures was 8.6% and 3.6%, respectively, and highest in the 
first weeks following opioid initiation. Several important risk factors associated with new fall-related injuries were identified. 
Physicians should be aware of patient characteristics related to fall risk when prescribing opioids.

1   |   Introduction

Opioids are used to treat acute pain, cancer-related pain, as well 
as in terminal and palliative care [1, 2]. Their use has increased 
in most countries from 2015 to 2019 [3], although in Denmark 
their use decreased from 2017 to 2019 due to a decrease in the 

use of tramadol [4]. In 2023, 395 000 (6.7% of the Danish popu-
lation) Danes redeemed at least one opioid prescription [5, 6].

Use of opioids is associated with an increased risk of falls, inju-
rious falls, and fractures [7–9], which might be related to opioids 
causing, for example, sedation and decreased attention to the 
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environment [10, 11]. Further, use of various opioids are asso-
ciated with hypotension, which also increases risk of falls [12].

Studies have shown that the risk of falling is related to the 
opioid dosage and patient age, with a higher risk during the 
first few weeks after initiation of opioid treatment [13–15]. 
Further, having a history of falls is an important risk factor 
for new falls [16]. Falls are common among older people, with 
30% of people aged ≥ 65 years experiencing a fall every year 
increasing to 50% among those aged ≥ 80 years [17]. The in-
creased risk of falls among older individuals is particularly 
alarming since it is a central cause of decrease in function-
ality, increasing problems with self-care and usual activities 
[18], and mortality [19, 20]. Fall-related injuries and fractures 
consequently have a significant impact on the patient's life, 
negatively affecting quality of life [18], while also being ex-
pensive for society [21, 22].

There is limited information about the characteristics of new 
users of opioids in Denmark and identification of who is at par-
ticular risk of falling after opioid initiation. Such information 

is essential to develop initiatives and efforts to prevent falls. 
Further, the recently published World Falls Guideline for 
older adults recommends assessing fall history and risk of 
falls before potential prescription of fall risk increasing drugs 
(FRIDs) to older people [23], which are medications com-
monly used among older individuals [24]. With this study, we 
aimed to describe patient characteristics among new users of 
opioids in Denmark and to estimate the risk of fall-related in-
juries including fractures among those. In addition, we aimed 
to describe the timing of fall-related injuries in relation to opi-
oid initiation.

2   |   Methods

In this longitudinal register-based study, we described patient 
characteristics of new users of opioids among adult Danes and 
estimated the risk of fall-related injuries. The timing of these in 
relation to opioid initiation was described and patient character-
istics associated with fall-related injuries were identified.

2.1   |   Data Sources

We used the Danish National Prescription Registry to identify 
the study population. Since 1995, this registry contains informa-
tion about Anatomical Therapeutical Chemical (ATC) code [25], 
date of dispensing, number of dispensed tablets, and a personal 
identification number for prescriptions redeemed at Danish 
community pharmacies [26]. Use of medication during hospital 
admission is not captured in the register. The Danish National 
Patient Registry was used to identify hospital diagnoses in-
cluding diagnoses related to fall-related injuries. The Danish 
National Patient Registry holds information about date of hos-
pital admission or contact as well as primary and secondary di-
agnoses since 1977 [27]. The Danish Civil Registration System 
was used to give information about an individual's vital status 
and migration. All individuals living in Denmark have a CPR-
number, which is a unique 10-digit identifying number. The 
CPR-number permits accurate individual-level linkage between 
Danish registers [28].

2.2   |   Study Population

The study population consisted of all individuals ≥ 18 years, liv-
ing in Denmark, who filled at least one opioid prescription for 
the first time in 5 years (defined as new users), between January 
1, 2010, to December 31, 2022. Each individual could only be 
included once in the study (first eligible prescription fill during 
study period). The date of filling the opioid prescription was de-
fined as the index date. Prior use of opioids was defined as fill-
ing at least one opioid prescription before the 5 years wash-out 
period.

Data on individuals were available at least 1 year from index 
date. Individuals were excluded if they did not have continuous 
residency in Denmark at least 10 years prior to index date, due 
to missing information about filled prescriptions in countries 
outside Denmark.

Plain Language Summary

The study investigated the risk of fall-related injuries 
among individuals using opioid analgesics. We used the 
Danish health registers to identify new users of opioids 
from 2010 to 2022. Individuals were defined as new users 
if they filled a prescription on opioids for the first time 
in 5 years. Among 1 638 358 individuals in our study, the 
risk of experiencing fall-related injuries within 12 months 
following the start of opioid treatment was 8.6% while 
3.6% experienced a fall-related fracture. The risk of fall-
related injuries was found to be greatest in the first weeks 
after the start of opioid treatment. Having experienced 
fall-related injuries or fractures before starting opioid 
treatment was predictive of experiencing new fall-related 
injuries or fractures, as was increasing age and several 
specific medical diagnoses. The medical doctor should 
take these risk factors into account when prescribing opi-
oids to new users.

Key Points

•	 The 1-year risk of any fall-related injuries and fall-
related fractures following opioid initiation was 8.6% 
and 3.6%, respectively.

•	 The 1-year risk of fall-related injuries was highest 
among individuals aged 90+ years.

•	 The rate of fall-related injury was greatest the first 
weeks after opioid treatment initiation.

•	 Several patient characteristics were associated with 
fall-related injuries and fractures, with the most 
prominent being prior fall-related injuries.

•	 Physicians should be aware of patient characteristics 
associated with fall-related injuries when prescribing 
opioids to prevent falls, especially among older adults.
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2.3   |   Opioids

Opioids were defined according to the ATC classification. ATC-
codes used to define opioids can be found in Table S1. Morphine 
combination products (N02AA51), pentazocine (N02AD01), 
and nalbuphine (N02AF02) were not included due to their very 
limited use in Denmark [5].

2.4   |   Fall-Related Injuries

Our outcome of interest was fall-related injuries including frac-
tures treated at hospital admission during 1-year follow-up after 
opioid initiation. International Classification of Diseases 10th 
version (ICD-10) codes used to define fall-related injuries and 
fall-related fractures can be found in Table S2 [29].

2.5   |   Analysis

We described baseline characteristics of all new users of 
opioids and the subgroups of new users of opioids who ex-
perienced at least one fall-related injury and those who experi-
enced at least one fall-related fracture within 12 months after 
opioid initiation. Characteristics included sex, age at opioid 
initiation, use of opioids prior to index date, and previous fall-
related injuries or fall-related fractures. To identify prior use 
of opioids and previous fall-related injuries, we used a window 
of any time available prior to index date. In addition, we iden-
tified the top five most prevalent drug classes (4th ATC level), 
as well as use of other medications including FRIDs, defined 
according to the Screening Tool of Older Persons Prescriptions 
in older adults with high fall risk (STOPPFall) [24], using a 
window of 12 months prior to the index date (Tables  S3 and 
S4). Furthermore, information about pre-specified medical di-
agnoses was described using a time window of 10 years prior 
to the index date. ATC codes for the included medications and 
ICD-10 codes for the included medical diagnoses can be found 
in Table S5. The specific medical diagnoses were included be-
cause of their association with increased risk of falls or fall-
related injuries [30–34].

To estimate the 1-year risk of fall-related injuries specif-
ically among new users of opioids throughout the entire 
study period, we calculated the cumulative incidence of 
both the first fall-related injuries and for fall-related frac-
tures specifically following opioid initiation. Participants 
were followed after opioid initiation until fall-related injury, 
death, leaving the country, or 1-year follow-up, whichever oc-
curred first.

We calculated the 1-year risk stratified by sex, age, use of opioids 
prior to index date, prior fall-related injuries, prior fall-related 
fractures, and the use of FRIDs. For each stratum, the absolute 
risk difference and risk ratio were calculated.

We performed logistic regression from which we applied 
marginal comparisons to estimate risk ratios (RRs) and ob-
tained 95% confidence intervals using the delta method to 
identify association between experiencing fall-related injuries 
or fall-related fractures and baseline characteristics [35]. We 

performed both univariate analysis and multivariate analysis. 
All variables were included in the multivariate analysis.

2.6   |   Supplementary and Sensitivity Analysis

We conducted a supplementary analysis calculating the cumula-
tive incidence, where individuals with an outcome within 7 days 
following initiation of opioid treatment were excluded. This 
analysis was conducted to exclude individuals who were poten-
tially prescribed opioids due to fall-related injuries that was not 
yet coded as such in the registries as well as individuals with a 
primary care diagnosis of a fall with a follow-up appointment at 
the hospital, from where we leverage data, after redemption of 
an opioid. We also performed a sensitivity analysis calculating 
the cumulative incidence, where an individual could be a new 
user multiple times over the study period if there was a gap of 
two years or more between two opioid prescriptions. As a second 
sensitivity analysis, we calculated the cumulative incidence, only 
including individuals who initiated a second treatment period 
with opioids. Thus, individuals must have previously undergone 
opioid treatment, although with a minimum gap of 2 years be-
tween the two treatment periods.

2.7   |   Other

All calculations were performed using R 4.3.3. According to 
Danish law, register-based studies without human biological 
material do not require ethical approval [36]. The study was reg-
istered at the University of Southern Denmark's inventory (re-
cord no. 10.490).

3   |   Results

We identified 1 638 358 unique individuals with a new opioid 
prescription during January 1, 2010, to December 31, 2022. 
Following exclusions, due to death, migration, event on day 
of entry, or other reasons, the final analysis included 1 477 585 
unique individuals at risk of fall-related injuries and 1 483 717 
unique individuals at risk of fall-related fractures.

3.1   |   Baseline Characteristics of Study Population

Baseline characteristics of the study population are shown 
in Table 1. The median age (IQR) of all new users of opioids 
was 58 (43–72) years and 54% were women. One-third of the 
study population had used opioids prior to index date (39%) 
and were current users of paracetamol at index date (31%). 
One in four users had a fall-related fracture prior to inclusion 
(24%). Nearly half of the study population used at least one 
FRID (43%).

3.2   |   Patient Characteristics of Users Experiencing 
Fall-Related Injury

Among those with one full year of available follow-up 
(n = 1 638 358), 7.8% (n = 127 418) and 3.2% (n = 53 177) of new 
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TABLE 1    |    Baseline characteristics of new users of opioids and the subgroups of new users of opioids who experienced at least one fall-related 
injury within 12 months after opioid initiation, and those new users of opioids who did not experience at least one fall within 12 months after opioid 
initiation.

Baseline 
characteristic

New users of opioids

New users of opioids 
experiencing no 

fall-related injuries 
within 12 months 
after treatment 

initiation

New opioids users 
experiencing fall-

related injuries 
within 12 months 
after treatment 

initiation

New opioids users 
experiencing fall-
related fractures 
within 12 months 
after treatment 

initiation

n = 1 638 358 n = 1 481 472 n = 127 418 n = 53 177

Sex (%)

Man 760 034 (46) 687 331 (46) 58 512 (46) 20 564 (39)

Woman 878 324 (54) 794 141 (54) 68 906 (54) 32 613 (61)

Age (%)

Median age (IQR)a 58 [43, 72] 58 [43, 71] 65 [46, 78] 67 [52, 78]

18–29 176 459 (11) 157 369 (11) 15 258 (12) 4601 (8.7)

30–39 172 410 (11) 160 501 (11) 9409 (7.4) 3107 (5.8)

40–49 243 889 (15) 227 630 (15) 12 449 (9.8) 4601 (8.7)

50–59 279 788 (17) 257 414 (17) 17 158 (14) 7550 (14)

60–69 294 257 (18) 268 008 (18) 20 783 (16) 10 400 (20)

70–79 269 022 (16) 240 254 (16) 24 181 (19) 11 339 (21)

80–89 155 814 (9.5) 131 556 (8.9) 21 188 (17) 8792 (17)

90+ 46 719 (2.9) 38 740 (2.6) 6992 (5.5) 2787 (5.2)

Prior use of opioids (%)

Yes 639 433 (39) 578 784 (39) 51 044 (40) 20 489 (39)

No 998 925 (61) 902 688 (61) 76 374 (60) 32 688 (61)

Prior fall-related injury (%)

Yes 780 633 (48) 663 129 (45) 95 263 (75) 43 390 (82)

No 857 725 (52) 818 343 (55) 32 155 (25) 9787 (18)

Prior fall-related fractures (%)

Yes 389 545 (24) 309 666 (21) 63 861 (50) 37 912 (71)

No 1 248 813 (76) 1 171 806 (79) 63 557 (50) 15 265 (29)

Five most prevalent drug classes (4th ATC level) (%)

Paracetamol 499 230 (31) 449 793 (30) 43 016 (34) 17 291 (33)

Ibuprofen 437 831 (27) 404 161 (27) 29 104 (23) 10 667 (20)

Statins 337 403 (21) 303 770 (21) 28 332 (22) 11 932 (22)

Proton pump 
inhibitors

315 852 (19) 286 843 (19) 25 138 (20) 9691 (18)

β-lactamase-sensitive 
penicillins

295 800 (18) 270 262 (18) 21 531 (17) 7624 (14)

Use at least one FRIDb (%)

Yes 711 704 (43) 637 747 (43) 62 982 (49) 25 169 (47)

No 926 654 (57) 843 725 (57) 64 436 (51) 28 008 (53)

(Continues)
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users of opioids experienced fall-related injury or fall-related 
fracture, respectively, within 12 months after opioid initiation 
(Table  1). Those experiencing fall-related injury or fracture 
were generally comparable to the users who did not experi-
ence fall-related injury or fracture. However, their median age 
(65 and 67 years, respectively) was greater than the median age 
for those who did not experience fall-related injury or fracture. 
Further, the majority of users who experienced fall-related in-
juries or fractures during the follow-up period had experienced 
fall-related injury prior to inclusion (75% and 82%, respectively). 
Half of users who experienced fall-related injuries had experi-
enced fall-related fractures prior to inclusion (50%). Three quar-
ters of users who experienced fall-related fractures during the 
follow-up period had experienced fall-related fractures prior to 
inclusion (71%). Additionally, a higher proportion of users who 
experienced fall-related injuries and fractures was identified 
with osteoporosis (10% and 11%, respectively) compared to users 
who did not experience fall-related injury or fracture (5%).

3.3   |   1-Year Risk of Any Fall-Related Injuries

The 1-year risk of fall-related injury (n = 1 477 585) and fracture 
(n = 1 483 717) after opioid initiation were 8.6% (n = 127 418) and 
3.6% (n = 53 177), respectively. The cumulative incidence was low-
est among individuals aged 40–49 years (5.2%), increased with 
age, and was highest among those aged 90+ years (30%). Notable, 
the 1-year risk among individuals aged 18–29 years was 8.9%. 

Fall-related injuries or fractures prior to index date led to higher 
risk of fall-related injury compared to no prior fall-related injuries 
or fractures with absolute risk difference of 9.5% (RR = 3.31; 95% 
CI: 3.27–3.36) and 13% (RR = 3.35; 95% CI: 3.31–3.38), respectively. 
Prior use of opioids, which was defined as filling at least one opioid 
prescription before the wash-out period, did not increase the risk 
of fall-related injuries compared to no prior use (Table 2). The rate 
of fall-related injuries and fractures was highest during the first 
weeks following initiation of opioid treatment and subsequently 
decreased (Figures 1 and 2).

3.4   |   Predictors of Fall-Related Injuries 
and Fractures

For the majority of baseline characteristics, the univariate 
analysis yielded higher RRs for fall-related injuries and frac-
tures than the multivariate analysis. However, all age groups 
had greater RRs in the multivariate analysis compared to 
the univariate analysis. Prior fall-related injuries were asso-
ciated with fall-related injuries (RR 2.15 95% CI: 2.12–2.18) 
and fall-related fractures (RR 1.35; 95% CI: 1.31–1.40) during 
follow-up. Prior fall-related fractures were also associated 
with fall-related injuries (RR 1.96 95% CI: 1.93–1.99) and fall-
related fractures (RR 6.47; 95% CI: 6.29–6.65). However, prior 
use of opioids was inversely associated with fall-related inju-
ries (RR 0.93; 95% CI: 0.92–0.94) and fall-related fractures (RR 
0.80; 95% CI: 0.79–0.82). Finally, most of the specific medical 

Baseline 
characteristic

New users of opioids

New users of opioids 
experiencing no 

fall-related injuries 
within 12 months 
after treatment 

initiation

New opioids users 
experiencing fall-

related injuries 
within 12 months 
after treatment 

initiation

New opioids users 
experiencing fall-
related fractures 
within 12 months 
after treatment 

initiation

n = 1 638 358 n = 1 481 472 n = 127 418 n = 53 177

Use of bisphosphonatesb (%)

Yes 47 783 (2.9) 40 315 (2.7) 6273 (4.9) 2899 (5.5)

No 1 590 575 (97) 1 441 157 (97) 121 145 (95) 50 278 (95)

Medical diagnosisc (%)

Hypertension 551 651 (34) 494 200 (33) 48 769 (38) 20 623 (39)

Depression 236 482 (14) 208 563 (14) 23 894 (19) 9204 (17)

Chronic Obstructive 
Pulmonary Disease

200 296 (12) 179 800 (12) 17 448 (14) 6933 (13)

Diabetes Mellitus 141 901 (8.7) 128 097 (8.6) 11 865 (9.3) 4608 (8.7)

Osteoporosis 95 052 (5.8) 79 790 (5.4) 12 731 (10) 5968 (11)

Dementia 45 905 (2.8) 37 868 (2.6) 7003 (5.5) 2806 (5.3)

Parkinsons Disease 24 246 (1.5) 20 818 (1.4) 3041 (2.4) 1149 (2.2)

Rheumatoid arthritis 18 132 (1.1) 16 209 (1.1) 1664 (1.3) 741 (1.4)

Abbreviation: FRID, fall risk increasing drug.
aIQR; Interquartile range (Q25–Q75).
bFor ATC codes see Tables S3 and S4.
cFor ATC codes and ICD-10 codes see Table S5.

TABLE 1    |    (Continued)



6 of 10 Pharmacoepidemiology and Drug Safety, 2026

diagnoses were significantly associated with fall-related inju-
ries (Table 3).

3.5   |   Supplementary and Sensitivity Analysis

The supplementary analysis, excluding individuals with an 
outcome within 7 days following initiation of opioid treatment, 
yielded a 1-year risk for first fall-related injury or fracture fol-
lowing opioid initiation of 7.2% and 2.7%, respectively. For the 
sensitivity analyses, the 1-year risk for first fall-related injury 

and fracture following opioid initiation, including both one-
time users and multiple-use users, was 8.9% and 3.6%, respec-
tively. Including only users initiating a second treatment episode 
yielded a 1-year risk for fall-related injuries and fractures of 9.6% 
and 3.8%, respectively.

4   |   Discussion

In this study of all adult Danes initiating use of opioids, we 
found that the 1-year risk of fall-related injuries and fractures 
was 8.6% and 3.6%, respectively. The risk of fall-related injuries 
was highest within a short timeframe following opioid treatment 
initiation. Several important factors associated with fall-related 
injuries were identified, particularly increasing age, prior fall-
related injuries including fractures, and several specific medical 
diagnoses.

4.1   |   Strengths and Limitations

The main strength of this study is the use of the Danish National 
Health Registries. Accordingly, we used the Danish National 
Prescription Registry to identify all Danish residents redeeming 
a prescription on opioids during a time span of 13 years. The reg-
istry consists of high quality nationwide data [26], strongly lim-
iting selection bias. Furthermore, we used the Danish National 
Patient Registry to identify all fall-related injuries that led to 
contact with Danish hospitals. However, the study also holds im-
portant limitations. First, many falls do not lead to contact with 
the health care system [37], making it impossible to determine 
the number of users of opioids who experience a non-injurious 
fall or risk factors associated with this. Second, we do not know 
if the identified fall-related injuries in fact are caused by opioids 
or might be due to non-measured factors. Using ATC-codes to 
identify medical diagnoses might result in an overestimation of 
users of opioids with the specific medical diagnoses due to insuf-
ficient information regarding the therapeutic use of the selected 
medications. Further, using the Danish National Prescription 
Registry, it is not possible to know if the redeemed prescription is 
actually consumed by the study population.

4.2   |   Comparison to Other Studies

We found that the 1-year risk of fall-related injuries was most 
pronounced among users aged 90+ years and lowest among 
users aged 40–49 years. The finding of greatest risk among 
the oldest age group is consistent with findings from a study 
investigating the age-related risk of serious fall events among 
users of opioids [15]. On the contrary, another study found 
the risk of fall-related injuries after opioid initiation to be 
highest among young adults [13]. However, the study used a 
case-crossover design, which means that cases are their own 
control. In general, falls are common among older adults [17], 
which could explain the smaller difference in fall events be-
tween case period and control period among older adults com-
pared to younger adults. Remarkably, we found a relatively 
high 1-year risk among users aged 18–29 years first surpassed 
by the age group 70–79 years.

TABLE 2    |    One-year risk of fall-related injuries stratified by sex, 
age, prior use of opioids, prior fall-related injuries, prior fall-related 
fractures, and using any Fall Risk Increasing Drug.

Stratum

Cumulative 
incidence 

proportion 
% of fall-
related 
injuries

Absolut 
risk 

difference 
(%)a

Risk ratiob (95% 
confidence 

interval)

Sex

Man 8.6 (ref.) (ref.)

Woman 8.6 −0.046 0.99 (0.98–1.00)

Age

18–29 8.9 (ref.) (ref.)

30–39 5.6 −3.3 0.63 (0.61–0.64)

40–49 5.2 −3.7 0.59 (0.58–0.60)

50–59 6.4 −2.5 0.72 (0.71–0.74)

60–69 7.7 −1.2 0.87 (0.85–0.89)

70–79 11 1.6 1.18 (1.16–1.20)

80–89 19 10 2.12 (2.08–2.16)

90+ 30 21 3.37 (3.29–3.45)

Prior use of opioids

No 8.5 (ref.) (ref.)

Yes 8.8 0.34 1.04 (1.03–1.05)

Prior fall-related injuries

No 4.1 (ref.) (ref.)

Yes 14 9.5 3.31 (3.27–3.36)

Prior fall-related fractures

No 5.6 (ref.) (ref.)

Yes 19 13 3.35 (3.31–3.38)

Using any FRID

No 7.4 (ref.) (ref.)

Yes 10 3.0 1.41 (1.39–1.42)

Abbreviation: FRID, fall risk increasing drug.
aCalculated [stratum − reference].
bCalculated [stratum/reference].
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We also found that the majority of users of opioids who expe-
rienced fall-related injuries during the follow-up period had a 
history of fall-related injuries and fractures prior to the index 
date, which aligns with previous findings [16]. Our finding 

that the risk of falling while using opioids is highest within the 
first weeks following treatment initiation aligns with findings 
in other studies [13, 15]. An explanation of the increased risk 
following initiation could be due to the known side effects of 

FIGURE 1    |    Cumulative incidence proportion (%) for any fall-related injuries in relation to time since initiation of opioid treatment measured in 
days. The follow-up period is from the day after the first redeemed prescription (Day 1) up to and including Day 365 after prescription redemption, as 
well as individuals at risk at specific times since initiation with corresponding cumulative events.

FIGURE 2    |    Cumulative incidence proportion (%) for fall-related fractures in relation to time since initiation of opioid treatment measured in days. 
The follow-up period is from the day after the first redeemed prescription (Day 1) up to and including Day 365 after prescription redemption, as well 
as individuals at risk at specific times since initiation with corresponding cumulative events.
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TABLE 3    |    Association between baseline characteristic and experiencing fall-related injury or fracture, assessed using logistic regression.

Baseline characteristic

Univariate analysis RR 
(95% confidence interval)

Multivariate analysisc RR 
(95% confidence interval)

Fall-related injuries Fall-related fracture Fall-related injuries Fall-related fracture

Sex

Male (ref.) (ref.) (ref.) (ref.)

Female 1.02 (1.01–1.03) 1.38 (1.35–1.40) 0.94 (0.93–0.95) 1.21 (1.19–1.23)

Age

18–29 (ref.) (ref.) (ref.) (ref.)

30–39 0.63 (0.61–0.64) 0.69 (0.66–0.72) 0.76 (0.74–0.78) 1.01 (0.96–1.06)

40–49 0.59 (0.57–0.60) 0.72 (0.69–0.75) 0.81 (0.79–0.83) 1.30 (1.24–1.36)

50–59 0.71 (0.69–0.72) 1.03 (1.00–1.07) 1.01 (0.98–1.03) 1.84 (1.76–1.91)

60–69 0.81 (0.80–0.83) 1.36 (1.31–1.40) 1.13 (1.10–1.16) 2.22 (2.14–2.31)

70–79 1.03 (1.01–1.05) 1.62 (1.56–1.67) 1.29 (1.26–1.33) 2.39 (2.30–2.50)

80–89 1.57 (1.54–1.60) 2.16 (2.09–2.24) 1.76 (1.70–1.81) 2.79 (2.66–2.94)

90+ 1.73 (1.68–1.78) 2.29 (2.19–2.40) 1.77 (1.69–1.85) 2.75 (2.56–2.96)

Prior use of opioids

No (ref.) (ref.) (ref.) (ref.)

Yes 1.04 (1.03–1.05) 0.98 (0.96–0.99) 0.93 (0.92–0.94) 0.80 (0.79–0.82)

Prior fall-related injury

No (ref.) (ref.) (ref.) (ref.)

Yes 3.32 (3.28–3.36) 4.94 (4.83–5.04) 2.15 (2.12–2.18) 1.35 (1.31–1.40)

Prior fall-related fractures

No (ref.) (ref.) (ref.) (ref.)

Yes 3.32 (3.29–3.36) 8.18 (8.03–8.33) 1.96 (1.93–1.99) 6.47 (6.29–6.65)

Using any FRIDsa

No (ref.) (ref.) (ref.) (ref.)

Yes 1.27 (1.25–1.28) 1.17 (1.15–1.19) 1.00 (0.99–1.02) 0.88 (0.87–0.90)

Use of bisphosphonatesa

No (ref.) (ref.) (ref.) (ref.)

Yes 1.74 (1.70–1.78) 1.93 (1.86–2.00) 0.96 (0.93–0.99) 0.91 (0.87–0.96)

Medical diagnosesb

Depression 1.37 (1.35–1.39) 1.24 (1.21–1.27) 1.19 (1.17–1.20) 1.12 (1.09–1.14)

Chronic obstructive 
pulmonary disease

1.14 (1.12–1.15) 1.07 (1.05–1.10) 1.03 (1.02–1.05) 0.98 (0.95–1.00)

Rheumatoid arthritis 1.18 (1.12–1.23) 1.26 (1.18–1.35) 1.05 (1.00–1.09) 1.05 (0.98–1.12)

Hypertension 1.22 (1.20–1.23) 1.25 (1.22–1.27) 0.97 (0.95–0.98) 0.95 (0.93–0.97)

Parkinsons disease 1.62 (1.57–1.68) 1.47 (1.39–1.55) 1.22 (1.17–1.26) 1.07 (1.02–1.14)

Diabetes mellitus 1.08 (1.06–1.10) 1.00 (0.97–1.03) 0.99 (0.97–1.01) 0.94 (0.91–0.97)

Osteoporosis 1.82 (1.79–1.85) 2.07 (2.02–2.12) 1.20 (1.17–1.23) 1.08 (1.04–1.12)

Dementia 2.03 (1.98–2.07) 1.94 (1.87–2.01) 1.04 (1.01–1.06) 0.94 (0.90–0.97)
aReference: no consumption. For ATC codes see Tables S3 and S4.
bFor ATC codes and ICD-10 codes see Table S5.
cAdjusted for all covariates.
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opioids, such as sedation, being most pronounced at treatment 
initiation [38]. Thus, this well-known risk factor should be taken 
into account when considering prescribing opioids, especially 
when prescribing to people at high age [23], due to the serious 
consequences of falls [18–20].

Surprisingly, we found that prior use of opioids was associated 
with fewer fall-related injuries. A reason for this could be that 
those who experienced an event refrained from later initiating 
opioid treatment again (i.e., “depletion of susceptible”). Another 
reason could relate to user awareness of side effects of opioids, 
such as sedation, enabling users to avoid injurious situations. 
However, in a recent pilot survey of 57 Danish adult users of opi-
oids, we found limited user awareness of opioids' fall risk. Only 
few users spontaneously reported being aware of this risk, and 
when asked directly, only one-third reported awareness [39].

Several important comorbidities such as depression and 
Parkinson's disease were all found to be associated with fall-
related injuries, which aligns with the results from a systematic 
review and meta-analysis including community-dwelling older 
people [30]. However, we found lower relative risk estimates 
compared to the odds ratios reported in the systematic review 
and meta-analysis, which could be due to the difference in study 
population.

In conclusion, old age, history of fall-related injuries, recent ini-
tiation of opioid treatment, and specific medical diagnoses were 
found to be related to the risk of fall-related injuries. The risk 
was highest within a short time frame following opioid initia-
tion. Our findings indicate that physicians should be aware of 
patient characteristics associated with fall-related injuries when 
prescribing opioids in order to prevent falls, especially among 
older adults.
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