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ABSTRACT 24 

Objective: To estimate inappropriate opioid dispensing in patients with knee or hip osteoarthritis 25 

(OA) defined as 1) dispensing of opioids within the first year of diagnosis or 2) long-term opioid 26 

use. 27 

Design: Data from Skåne Healthcare Register was linked with the Swedish Prescribed Drug 28 

Register. Incidence proportion of dispensed opioids within first year of incident knee or hip OA 29 

diagnosis was determined in knee (n=399,670) and hip (413,216) OA cohorts without a history of 30 

OA. The 1-year period prevalence of long-term opioid dispensing was determined in a prevalence 31 

cohort (n=48,574 with knee and/or hip OA and n=457,587 without OA). The proportion of OA 32 

patients with excess opioid dispensing attributable to OA was estimated using inverse probability 33 

weighted regression adjustment. 34 

Results: In the incident cohorts, 5,866 and 2,359 developed knee and hip OA, respectively. Within 35 

the first year after OA diagnosis 14.7% patients with knee OA and 20.7% with hip OA had an 36 

opioid dispensed. The estimated inappropriate dispensing attributable to OA was 7.4% (95% CI 6.5 37 

to 8.4) for knee OA and 12.8% (95% CI 11.1 to 14.4) for hip OA. Among persons with prevalent 38 

knee, hip or knee and hip OA inappropriate, long-term opioid use attributable to OA was 1.3%, 39 

2.0% and 2.4% of, respectively.  40 

Conclusions: More than half the incident opioid dispensations to patients within their first year 41 

after knee or hip OA diagnosis are inappropriate according to current treatment guidelines. 42 

Furthermore, 2% of patients with prevalent knee or hip OA have inappropriate long-term 43 

dispensing of opioids. 44 

 45 

Keywords: Analgesics, opioids, osteoarthritis, epidemiology, pharmacology, pain 46 

Running headline: Inappropriate opioid dispensing for OA 47 
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INTRODUCTION 49 

Osteoarthritis (OA) is the most common form of arthritis accounting for more than 300 million 50 

patients world-wide, and is among the top contributors of the 328 specific diagnoses contributing 51 

most to disability.1 Opioids are commonly prescribed to patients with OA, also in European 52 

countries. Recently, the 12-month prevalence of opioid dispensing for knee and hip OA was 53 

reported to be 25% in southern Sweden.2  54 

International clinical guidelines are reluctant to recommend opioids for knee and hip OA pain due 55 

to the poor balance between benefits and harms.3,4 Instead, they recommend exercise, patient 56 

education and weight loss (if indicated) as the appropriate first-line treatment.3-5 These treatments 57 

can be supplemented or replaced with biomechanical interventions (insoles, wedges, cane use, etc.), 58 

and paracetamol and non-steroidal anti-inflammatory drugs (NSAIDs) if needed.4,6 Opioids are only 59 

to be considered if these other treatment options are exhausted, ineffective or contraindicated.3,4  60 

In discussing long-term opioid use, a recent overview of Cochrane reviews concluded that a 61 

‘clinically relevant benefit would need to be clearly demonstrated before long-term use could be 62 

considered in people with chronic non-cancer pain in clinical practice’, given the risk of adverse 63 

events.7 Such evidence for long-term effectiveness of opioid use is currently lacking for knee and 64 

hip OA.3,4 65 

Given the increasing use of opioids to treat chronic pain conditions such as knee and hip OA,8-10 66 

there is a need to better understand how well the use of opioids corresponds with recommendations 67 

in clinical guidelines and current best evidence. Using population-based data from an entire region 68 

of southern Sweden, we aimed to quantify the extent of inappropriate opioid dispensing among 69 

patients with a diagnosis of knee or hip OA defined as 1) dispensing of opioids within the first year 70 

after OA diagnosis or 2) long-term opioid dispensing. 71 

 72 
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METHODS 73 

We followed the guidelines for reporting of studies conducted using observational routinely 74 

collected health data statement for pharmacoepidemiology (RECORD-PE).11 75 

 76 

Data sources 77 

We used data from the Skåne Healthcare Register (SHR), the Swedish Prescribed Drug Register 78 

(SPDR) and Statistics Sweden, linked on an individual level. Healthcare in Sweden, from both 79 

public and private healthcare providers, is administered through the same tax-based financing 80 

system for all residents. It is common for a patient to utilize both type of providers, and referrals 81 

between public and private providers are common. According to Swedish law, all healthcare 82 

providers must submit information about healthcare contacts for reimbursement purposes. The SHR 83 

contains information about all healthcare visits (both public and private) in the southernmost region 84 

of Sweden (Skåne), covering about one-eighth of the Swedish population (i.e. ~1.3 million 85 

people).12 The data is stored using each individual’s unique personal identification number and the 86 

healthcare contact date. The SHR also contains publicly practicing physicians’ diagnostic codes 87 

according to the International Classification of Diseases 10 (ICD-10) system. The physicians 88 

themselves assign these codes, which are retrieved from the patients’ electronic medical records 89 

into the SHR. 90 

Information about all dispensed opioid prescriptions (all-cause) on an individual level is available 91 

via the SPDR, which since July 2005 has registered information on all dispensed prescriptions for 92 

all residents in Sweden, catalogued using the personal identification number.  93 

Individual-level information on the highest level of education reached (categorized as up to 9 years 94 

[reference category], 10-12 years, 13-14 years, and 15+ years), disposable income (categorized into 95 

6 groups, using the 10th, 25th, 50th, 75th and 90th percentiles of the distribution as cut-offs), marital 96 
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status (married or not), whether the individual was born outside Sweden (yes or no), as well as their 97 

residential area (municipality) were retrieved from Statistics Sweden. The study was approved by 98 

the Lund University Ethical Review Committee (Dnr 2011-432 and 2014-276). 99 

 100 

Definitions of ‘inappropriate opioid dispensing’ 101 

For this study, we defined inappropriate opioid dispensing among patients with knee or hip OA as: 102 

1) Having an opioid dispensed within the first year of an incident knee or hip OA diagnosis. 103 

International clinical guidelines recommend exercise, patient education and weight loss (if 104 

indicated) as the appropriate first-line treatment. These treatments can be supplemented or replaced 105 

with biomechanical interventions (insoles, wedges, cane use, etc.), and paracetamol and non-106 

steroidal anti-inflammatory drugs (NSAIDs) if needed.3-6 We considered it unlikely that all these 107 

treatment options would be exhausted or found ineffective within a time frame of one year since 108 

OA diagnosis. 109 

2) long-term opioid dispensing (defined as >90 days’ supply within a 6-month period) among 110 

patients with prevalent knee or hip OA. To ensure that long-term opioid dispensing was continuous, 111 

we required that these 6-month windows had no gaps of more than 32 days between the end of one 112 

prescription’s supply and the beginning of the next, as previously suggested.13 113 

 114 

Incidence of opioid dispensing within the first year after knee or hip OA diagnosis 115 

We included all persons aged 35 or older and resident in the region of Skåne in the year 2012. 116 

Additionally, we required these persons to be residents in the region from year 1998, to ensure 117 

register coverage. We defined a person as having incident knee (ICD-10 code: M17) or hip (M16) 118 

OA, when having no such diagnosis between Jan 1st 1998 and Oct 31st 2012, and receiving at least 119 

one such diagnosis in the period between Nov 1st 2012 and Oct 31st 2014. Persons with no record of 120 
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knee or hip OA (M17 or M16) in the period between Jan 1st 1998 and Oct 31st 2014 were 121 

considered not diagnosed with knee or hip OA. 122 

The index date was defined as the first date (if more than one) of diagnosis of knee or hip OA. For 123 

persons without a diagnosis of knee or hip OA, the index date was randomly sampled so that the 124 

distribution of index dates for those with and without OA would be similar. Persons without OA 125 

having a random index date after their date of death were excluded. The follow-up period was 1 126 

year from the date of the index visit. 127 

The outcome of interest was any (all-cause) opioid dispensing, identified using the Anatomical 128 

Therapeutic Chemical (ATC) codes from group N02A, including all opioid types (both weak and 129 

strong). To focus our analyses on new opioid dispensations, we excluded all persons with any 130 

opioid dispensing in the two years preceding the index date. Furthermore, persons with a cancer 131 

diagnosis within the 5 years preceding the index date or during the 1-year follow-up period (see list 132 

of ICD-10 codes in Supplementary Table 1), or those who died during the 1-year follow-up period, 133 

were also excluded. Finally, we also excluded specific opioid dispensations made within 30 days 134 

from discharge after a knee or hip surgery procedure (i.e. codes NG* and NF*), as we did not 135 

consider these dispensations ‘inappropriate’. Please refer to Supplementary Figure 1 for a graphical 136 

overview of the design for the incident OA cohorts. 137 

The incidence proportion was estimated for persons with and without a knee or hip OA diagnosis 138 

for any dispensed opioid within the first year of the index date in the observation period between 139 

Nov 1st 2012 and Oct 31st 2014 (only the first dispensed opioid was counted). 140 

 141 

Prevalence of long-term opioid dispensing among patients with prevalent knee or hip OA 142 

We included all persons aged 35 or older and resident in Skåne in the year 2014. Additionally, we 143 

required the persons to have been resident in Skåne from the year 1998, to ensure register coverage. 144 
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Persons with at least one diagnostic code for knee (M17) or hip (M16) OA in the period between 145 

Jan 1st 1998 and Apr 30th 2014 were defined as having prevalent knee or hip OA. Persons without 146 

either of these diagnostic codes in the same period were defined as not having knee or hip OA. All 147 

persons with a cancer diagnosis between the years May 1st 2009 and April 30th 2015 were excluded 148 

(Supplementary Table 1). The 12-month prevalence of long-term opioid use (i.e. inappropriate use) 149 

was estimated in the period between May 1st 2014 and Apr 30th 2015 in persons with and without 150 

prevalent knee or hip OA. Please refer to Supplementary Figure 2 for a graphical overview of the 151 

design for the prevalent OA cohort. 152 

 153 

Statistics 154 

Descriptive statistics are reported as means and standard deviations (SD) or as numbers with 155 

percentages, as appropriate, and cumulative incidence is reported as percentages. To investigate the 156 

proportion of persons having opioids dispensed due to their knee or hip OA we estimated the 157 

difference in proportions of incident opioid dispensing between persons with and without knee or 158 

hip OA using a counterfactual framework. This was done by estimating the average treatment effect 159 

in the treated (i.e. average effect of OA on opioid dispensing in persons with OA) with 95% 160 

confidence intervals (CI), using inverse probability weighted regression adjustment (IPWRA)14 as 161 

implemented in the command teffects ipwra in Stata. The potential confounders included in the 162 

model (both for estimation of inverse probability weights and in regression adjustment) were: age, 163 

sex, highest level of education, residential area, civil status, and country of birth. Additionally, in 164 

order to minimize the risk that opioid use due to other reasons would be attributed to knee or hip 165 

OA, we included information on a wide range of comorbidities (diagnosed within the period 5 years 166 

prior to the index date) that could also lead to opioid use. These included specific back conditions 167 

(yes/no), intervertebral disc disorders (yes/no), arthritis, other than knee and hip OA (yes/no), 168 
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fractures (yes/no), multimorbidities (yes/no), headaches (yes/no), neuropathies (yes/no), other 169 

conditions associated with chronic pain (yes/no) (Supplementary Table 2).15 We did not include 170 

BMI as a confounder in the model as we did not have this information available. Also, we 171 

considered any effect of BMI on opioid use to be mediated through other (pain) conditions, which 172 

we had already adjusted for in the model. 173 

The 12-month prevalence of long-term opioid dispensing (May 1st 2014 to Apr 30th 2015) is 174 

reported as a percentage and the average treatment effect in the treated with 95% CI was estimated 175 

in the same way as for the incidence cohorts. Stata MP 15.1 (College Station, TX: StataCorp LLC) 176 

was used for all analyses. 177 

 178 

RESULTS 179 

Incident knee and hip OA 180 

In the cohorts for incident knee OA (n=399,670) and hip OA (n=413,216), 1.5% (n=5,866) and 181 

0.6% (n=2,359) of persons developed knee or hip OA during the observation period, respectively. 182 

Persons developing knee or hip OA were on average older, more likely to be women, to have a 183 

shorter duration of education, and to have other comorbidities compared to those not developing 184 

OA (Figure 1 and Table 1). 185 

 186 

The incidence proportion of having at least one opioid dispensation (all-cause) within the first year 187 

of knee OA diagnosis was 14.7%, compared to 4.9% among persons without knee OA. Among 188 

persons developing hip OA, the cumulative incidence of having an opioid dispensed within the first 189 

year of diagnosis was 20.7%, compared to 5.1% among persons without hip OA (Table 2). 190 

The most commonly dispensed opioids for knee OA were codeine (42.5%), oxycodone (23.9%), 191 

tramadol (20.6%) and morphine (9.7%). For hip OA, these were codeine (39.5%), oxycodone 192 
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(25.4%), tramadol (20.9%), and morphine (11.5%) (Supplementary Table 3). 193 

After adjustment for several confounders and a wide range of comorbidities associated with opioid 194 

use, the proportions of inappropriate opioid dispensing among persons with incident knee and hip 195 

OA were 7.4% (95% CI 6.5 to 8.4 ) and 12.8%, (95% CI 11.1 to 14.4 ), respectively (Table 2). 196 

Please refer to Supplementary Figure 3 for an example on how to interpret these estimates of 197 

inappropriate opioid dispensing based on results from the IPWRA analysis. Model balance 198 

diagnostics of the incident OA IPWRA analyses are reported in Supplementary Tables 4 and 5. 199 

 200 

Prevalent knee or hip OA 201 

Of 506,161 persons included in the cohort for the study of prevalent knee and/or hip OA, 48,574 202 

persons (9.6%) had doctor-diagnosed knee or hip OA, or a combination of the two. All three OA 203 

groups (i.e. knee OA, hip OA, and both knee and hip OA) were on average older, had a higher 204 

proportion of women, had a shorter duration of education, and had more comorbidities. This was 205 

particularly pronounced for persons with both knee and hip OA (Figure 2 and Table 3). The 206 

prevalence of individuals with long-term opioid dispensing (all-cause) was 1.6% among persons 207 

without knee or hip OA, 3.9% among persons with knee OA, 4.4% among persons with hip OA, 208 

and 6.3% among persons with both knee and hip OA. The proportion of OA patients with 209 

inappropriate long-term opioid dispensing was 1.3% (95% CI 1.1 to 1.6) for knee OA, 2.0% (95% 210 

CI 1.5 to 2.4) for hip OA, and 2.4% (95% CI 1.7 to 3.2), for knee and hip OA (Table 4). Model 211 

balance diagnostics of the prevalent OA IPWRA analyses are reported in Supplementary Table 6. 212 

 213 

DISCUSSION 214 

Based on data covering an entire region of Sweden (excluding persons with a diagnosis of cancer), 215 

we found that 14.7% and 20.7% of patients with a new diagnosis of knee or hip OA, respectively, 216 
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had at least one opioid dispensation within the first year of diagnosis. This was substantially higher 217 

than in persons without OA, where the corresponding proportion was 5%. We estimated that 7% 218 

and 13% of incident opioid dispensations within the first year of knee or hip OA diagnosis, 219 

respectively, were attributable to the OA diagnosis (assuming no residual confounding). This 220 

implies that at least 50% of all incident opioid dispensations within the first year of knee OA 221 

diagnosis, and 62% of those for hip OA diagnosis, were inappropriate. Of patients with prevalent 222 

knee, hip, or knee and hip OA, 3.9% to 6.3% had long-term opioid dispensing, of which 33% (knee 223 

OA), 45% (hip OA) and 38% (knee and hip OA) were attributable to OA and considered 224 

inappropriate. 225 

 226 

Increased prescription of opioids to treat musculoskeletal pain conditions has contributed to the 227 

current ‘opioid crisis’ currently observed in the US. In Europe, the situation is not as dramatic, but 228 

reports from the United Kingdom (UK) and Denmark indicate a 40 to 50% increase in use of 229 

opioids for musculoskeletal pain conditions in the period from 2000 to 2010.8,16,17 Opioids are 230 

commonly prescribed to patients with knee and hip OA,2,9,18-20 but are not considered appropriate as 231 

a first-line treatment, as several safer treatment options exist5,6,21 that should be exhausted prior to 232 

considering opioids. However, quality of care studies have reported that these treatments are 233 

underutilized.22,23 It can be speculated that strong pain medications such as opioids may appear as 234 

an ‘easy and quick fix’ for patients and/or clinicians, and may in turn present a barrier for utilization 235 

of more safe and effective initial treatment options. Indeed, we found that 14.7% and 20.7% of 236 

patients in southern Sweden had an opioid dispensed (all-cause) within the first year of diagnosis. 237 

Particularly concerning was that more than half of those dispensions were estimated to be 238 

inappropriately made due to OA. Another concern with early opioid exposure is that previous 239 

exposure and intensity of initial opioid exposure increase the likelihood of future long-term opioid 240 
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use and misuse.24-26  241 

 242 

Long-term use of opioids for knee and hip OA is not well studied. Systematic reviews and meta-243 

analyses in general report only a small pain relieving effect of opioids in knee and hip OA, but with 244 

risk for adverse events.27,28 But the longest follow-up time in these studies were 30 weeks.28 For 245 

chronic non-cancer pain conditions in general, systematic reviews report no evidence to support 246 

long-term effectiveness of opioids for reducing pain, but high rates of adverse events.7 An 247 

additional concern with long-term opioid use in the OA population is the high prevalence of 248 

comorbidities that may require drug treatments, increasing the risk of adverse outcomes through 249 

undesirable drug interactions.29  250 

 251 

Around 15-20% of patients with a new diagnosis of knee or hip OA had opioids dispensed at least 252 

once within the first year of diagnosis. More than half of opioid dispensations were estimated to be 253 

inappropriate according to the current OA treatment guidelines. According to the Global Burden of 254 

Disease Study 2016, the annual global incidence of knee and hip OA is ~15 million.1 This 255 

corresponds to an estimated 2.6 million patients worldwide with a new diagnosis of knee or hip OA 256 

receiving opioids dispensations each year (i.e. assuming no residual confounding, and similar global 257 

prescription patterns as in Sweden), of which ~50% may be considered inappropriate. Similarly, the 258 

number of long-term opioid users among the 300 million people already affected by knee and hip 259 

OA1 can be estimated to be around 12 million patients (i.e. 4%), among whom 30% could be 260 

considered as using opioids inappropriately. These numbers indicate both the scale at which 261 

patients with new OA diagnoses may be receiving opioids instead of safe, effective, guideline 262 

recommended first-line treatments, as well as the high proportion of inappropriate, long-term opioid 263 

use among existing OA patients. Besides the individual personal risk of opioid consumption, opioid 264 
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users with knee and hip OA have higher health care consumption and costs, which will be further 265 

amplified by the projected increase in OA prevalence in the future.9 During the conduct of this 266 

study, the OsteoArthritis Research Society Internatinal (OARSI) published their revised guidelines 267 

on non-surgical management of knee, hip and polyarticular OA.30 In these guidelines a strong 268 

recommendation against any use of opioids for OA was made, essentially meaning that in the future 269 

all opioid use for knee and hip OA should be considered inappropriate. 270 

 271 

This study has important limitations. Misclassification of disease is always a concern in register-272 

based studies, but the validity of the doctors’ diagnostic coding in the SHR has been reported to be 273 

high.31 In Sweden, only 2 of 3 persons with symptomatic knee OA consult healthcare32 and some 274 

may do so relatively late in the course of the disease. Also, a patient may have a joint replacement 275 

early after OA diagnosis, which is a sign of OA being diagnoses late in course of the disease where 276 

opioids might be considered appropriate. In the incident cohort, only 6 and 47 patients had a knee or 277 

hip replacement, respectively, within the first year of diagnosis. Excluding these patients is unlikely 278 

to change the estimates.  We could not assess opioid use in those who did not consult a physician. 279 

However, opioids can only legally be prescribed by physicians. 280 

Among patients with prevalent OA some patients had a knee or hip replacement in the period 281 

between January 1998 and October 2015. However, both long-term opioid use before and after joint 282 

replacement surgery is considered inappropriate.7 283 

In the SPDR, ‘diagnosis’ is not available as part of the dispensing data for prescription drugs. 284 

Therefore, we could not directly ascertain what condition the dispensed opioids were prescribed for. 285 

To address this issue, we excluded persons with cancer up to 5 years before the index date and 286 

during the follow-up time. We additionally adjusted for several other potential confounders, 287 
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including a wide range of comorbidities associated with opioid use, in the 5 years preceding the 288 

index date, in order to minimize the risk of erroneous attribution of opioid dispensing to OA.  289 

As with all studies using data on dispensed drugs, it is not possible to know the patient compliance 290 

in relation to the actual dispensed drugs. Furthermore, we were not able to estimate the use of 291 

opioids purchased illegally, i.e. on the black market or from abroad. However, these limitations do 292 

not affect our estimates of legal prescription and dispensation of opioids, which can be addressed by 293 

better implementation of treatment guidelines, and better education of both prescribers and patients. 294 

 295 

Conclusions 296 

More than half the first-time dispensations of opioids to patients within their first year of knee or 297 

hip OA diagnosis was attributable to OA, and inappropriate according to current OA treatment 298 

guidelines. Furthermore, one-third of all long-term opioid dispensing to patients with knee and/or 299 

hip OA was attributable to their OA and thus inappropriate. These results suggest that a substantial 300 

proportion of patients with incident knee or hip OA do not get appropriate initial care, and that 301 

long-term inappropriate use of opioids is common in this patient group. 302 
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FIGURE LEGENDS: 

 

Figure 1: Flow chart of the incident knee and hip osteoarthritis (OA) cohorts. 

 

Figure 2: Flow chart of the prevalent knee and or osteoarthritis (OA) cohort.
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Table 1: Baseline characteristics of the incident knee and hip osteoarthritis (OA) cohorts 

 Incident knee OA cohort Incident hip OA cohort 

 Without incident 

knee OA  

(n=393,804) 

With incident 

knee OA  

(n=5,866) 

Without incident 

hip OA 

(n=410,857) 

With incident  

hip OA  

(n=2,359) 

     
Age (years), mean (SD) 55.9 (13.4) 64.4 (12.0) 56.3 (13.4) 67.3 (11.3) 

Men, n (%) 197,080 (50) 2,479 (42) 204,987 (50) 1,015 (43) 

Annual income, in 100,000s of SEK, mean (SD) 2.6 (3.8) 2.3 (1.8) 2.6 (4.9) 2.4 (4.2) 

Education, up to 9 years, n (%) 83,316 (21) 1,747 (30) 88,479 (22) 720 (31) 

Education, 10-12 years, n (%) 179,495 (46) 2,624 (45) 187,230 (46) 1,002 (43) 

Education 13-14 years, n (%) 51,479 (13) 665 (11) 53,363 (13) 267 (11) 

Education 15+ years, n (%) 77,349 (20) 798 (14) 79,469 (19) 358 (15) 

If married, n (%) 277,387 (70) 4,366 (74) 290,243 (71) 1,752 (74) 

If born outside Sweden, n (%) 61,628 (16) 847 (14) 64,206 (16) 262 (11) 

Comorbidities:     

  Specific back conditions, n (%) 10,909 (3) 309 (5) 11,636 (3) 162 (7) 

  Intervertebral disc disorder, n (%) 4,113 (1) 85 (1) 4,363 (1) 50 (2) 

  Arthritis, n (%) 59,927 (15) 2,836 (48) 67,831 (17) 854 (36) 

  OA of other joints, n (%) 16,151 (4) 1,032 (18) 26,566 (6) 681 (29) 

  Fracture, n (%) 9,229 (2) 197 (3) 9,803 (2) 78 (3) 

  Multi morbidities, n (%) 6,375 (2) 182 (3) 6,851 (2) 79 (3) 

  Headaches, n (%) 22,341 (6) 429 (7) 23,697 (6) 158 (7) 

  Neuropathies, n (%) 13,690 (3) 400 (7) 14,806 (4) 163 (7) 

  Other conditions associated with chronic pain, n (%) 135,201 (34) 3,136 (53) 143,843 (35) 1,421 (60) 
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Table 2: Cumulative incidence of opioid dispensing within the first year of knee or hip osteoarthritis (OA) diagnosis, and proportion of 

persons with incident knee or hip OA with inappropriate opioid dispensing. 

 Without incident 

knee OA  

(n=393,804) 

With incident 

knee OA  

(n=5,866) 

Without incident 

hip OA 

(n=410,857) 

With incident  

hip OA  

(n=2,359) 

     
Cumulative incidence of opioid dispensing      

All, % 4.9 14.7 5.1 20.7 

Men, % 4.5 13.6 4.6 20.6 

Women, % 5.4 15.5 5.6 20.8 

     

 Knee OA*  

(95% CI) 

Hip OA*  

(95% CI) Proportion of persons with incident OA with inappropriate 

opioid dispensing: 

All, % 7.4 (6.5 to 8.4) 12.8 (11.1 to 14.4) 

Men, % 7.4 (6.0 to 8.8) 13.8 (11.3 to 16.3) 

Women, % 7.5 (6.2 to 8.7) 12.0 (9.8 to 14.2) 

     

*Adjusted for age, sex, highest education level, residential area, if born outside Sweden, marital status and comorbidities (specific back 

conditions, intervertebral disc disorders, arthritis, OA of other joints, fracture, multi-morbidities, headaches, neuropathies and other 

conditions associated with chronic pain). 
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Table 3: Baseline characteristics prevalent knee or hip osteoarthritis (OA) cohort 

 No knee or hip OA  

(n=457,587) 

Knee OA  

(n=32,640) 

Hip OA  

(n=11,399) 

Knee and hip OA  

(n=4,535) 

     
Age (years), mean (SD) 58.6 (14.2) 69.1 (12.4) 73.0 (11.7) 75.9 (10.2) 

Male, n (%) 225,720 (49) 14,031 (43) 4,791 (42) 1,622 (36) 

Annual income, in 100,000s of SEK, mean (SD) 2.6 (4.6) 2.2 (2.4) 2.2 (2.8) 1.9 (1.7) 

Education, up to 9 years, n (%) 97,849 (21) 10,741 (33) 4,126 (36) 1,874 (42) 

Education, 10-12 years, n (%) 210,977 (46) 14,402 (44) 4,672 (41) 1,826 (41) 

Education 13-14 years, n (%) 58,249 (13) 3,347 (10) 1,100 (10) 354 (8) 

Education 15+ years, n (%) 88,275 (19) 3,899 (12) 1,424 (13) 440 (10) 

If married, n (%) 319,425 (70) 23,714 (73) 7,820 (69) 2,981 (66) 

If born outside Sweden, n (%) 73,704 (16) 4,873 (15) 1,303 (11) 551 (12) 

Comorbidities:     

  Specific back conditions, n (%) 17,366 (4) 2,804 (9) 1,360 (12) 710 (16) 

  Intervertebral disc disorder, n (%) 8,554 (2) 955 (3) 357 (3) 154 (3) 

  Arthritis, n (%) 88,757 (19) 17,527 (54) 4,892 (43) 2,768 (61) 

  OA of other joints, n (%) 17,965 (4) 6,104 (19) 2,056 (18) 1,465 (32) 

  Fracture, n (%) 16,077 (4) 1,820 (6) 697 (6) 378 (8) 

  Multimorbidities, n (%) 9,704 (2) 1,569 (5) 698 (6) 381 (8) 

  Headaches, n (%) 31,813 (7) 2,894 (9) 836 (7) 396 (9) 

  Neuropathies, n (%) 19,762 (4) 2,772 (8) 947 (8) 493 (11) 

  Other conditions associated with chronic pain, n (%) 179,602 (39) 19,533 (60) 6,914 (61) 3,204 (71) 
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Table 4: 12-month prevalence of long-term opioid dispensation among individuals with prevalent knee and/or hip osteoarthritis (OA), and 

the proportion of persons with prevalent knee or hip OA with inappropriate long-term opioid dispensation. 

 Without knee or 

hip OA  

(n=457,587) 

 

Knee OA  

(n=32,640) 

 

Hip OA  

(n=11,399) 

 

Knee and hip OA  

(n=4,535) 

     
Prevalence of individuals with long-term opioid dispensation     

All, % 1.6 3.9 4.4 6.3 

Men, % 1.3 3.1 3.8 4.9 

Women, % 1.8 4.5 4.9 7.0 

     

  Knee OA*  

(95% CI) 

Hip OA*  

(95% CI) 

Knee and hip OA* 

(95% CI) Proportion of persons with inappropriate long-term opioid 

dispensation* 

 

All, %  1.3 (1.1 to 1.6) 2.0 (1.5 to 2.4) 2.4 (1.7 to 3.2) 

Men, %  0.9 (0.6 to 1.2) 1.6 (1.0 to 2.2) 1.2 (0.2 to 2.1) 

Women, %  1.6 (1.3 to 2.0) 2.2 (1.6 to 2.8) 3.5 (2.4 to 4.5) 

     

*Adjusted for age, sex, highest education level, residential area, if born outside Sweden, marital status and comorbidities (specific back 

conditions, intervertebral disc disorders, arthritis, OA of other joints, fracture, multi-morbidities, headaches, neuropathies and other 

conditions associated with chronic pain).
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Supplementary Table 1: ICD-10 codes used for exclusion of individuals with a cancer diagnosis. 
Malignant labial neoplasm (C00) 

Malignant neoplasm of the base of the tongue (C01) 

Malignant neoplasm of other non-specified parts of the tongue (C02) 

Malignant neoplasm of the gums (C03) 

Malignant neoplasm of the floor of the mouth (C04) 

Malignant gingival neoplasm (C05) 

Malignant neoplasm of other non-specified parts of the mouth (C06) 

Malignant parotid neoplasm (C07) 

Malignant neoplasm of other non-specified large salivary glands (C08) 

Malignant tonsillar neoplasm (C09) 

Malignant oropharyngeal neoplasm (C10) 

Malignant nasopharyngeal neoplasm (C11) 

Malignant hypopharyngeal neoplasm (C13) 

Malignant neoplasm of other imprecisely specified locations of the lips, buccal cavity and pharynx (C14) 

Malignant oesophageal neoplasm (C15) 

Malignant neoplasm of the small intestine (C17) 

Malignant rectal neoplasm (C20) 

Malignant neoplasm of the anus and anal canal (C21) 

Malignant neoplasm of the liver and intrahepatic biliary ducts (C22) 

Malignant neoplasm of other non-specified parts of the biliary tract (C24) 

Malignant pancreatic neoplasm (C25) 

Malignant neoplasm of the nasal sinuses and middle ear (C30) 

Malignant nasal sinus neoplasm (C31) 

Malignant laryngeal neoplasm (C32) 

Malignant bronchial and pulmonary neoplasm (C34) 

Malignant thymus neoplasm (C37) 

Malignant cardiac, mediastinal and pleural neoplasm (C38) 

Malignant neoplasm of other or imprecisely specified locations of the respiratory system and other intrathoracic 

organs (C39) 

Malignant neoplasm of the bones and joint cartilage of the extremities (C40) 

Malignant neoplasm of the bone and joint cartilage of other and non-specified locations (C41) 

Mesothelioma (C45) 

Kaposi’s sarcoma [sarcoma idiopathicum multiplex haemorrhagicum] (C46) 

Malignant neoplasm of the peripheral nerves and autonomic nervous system (C47) 

Malignant retroperitoneal and peritoneal neoplasm (C48) 

Malignant neoplasms of other connective and soft tissues (C49) 

Malignant vaginal neoplasm (C52) 

Malignant uterine neoplasm, part not specified (C55) 

Malignant renal neoplasm, except renal pelvis (C64) 

Malignant neoplasm of the renal pelvis (C65) 

Malignant neoplasm of the ureter (C66) 

Malignant meningeal neoplasm (C70) 

Malignant cerebral neoplasm (C71) 

Malignant neoplasm of the spinal cord, cerebral nerves and other parts of the central nervous system (C72) 

Malignant adrenal neoplasm (C74) 

Malignant neoplasm of other endocrine glands and related structures (C75) 

Malignant neoplasm of other or imprecisely specified locations (C76) 

Secondary and non-specified malignant neoplasm of the lymph nodes (C77) 

Secondary malignant neoplasm of the respiratory and digestive organs (C78) 

Secondary malignant neoplasm in other locations (C79) 

Malignant neoplasm with no specification of the location (C80) 

Hodgkin’s disease [lymphogranulomatosis] (C81) 

Follicular [nodular] non-Hodgkin lymphoma (C82) 

Diffuse non-Hodgkin lymphoma (C83) 

Other and non-specified types of non- Hodgkin lymphoma (C85) 

Malignant immunoproliferative diseases (C88) 

Plasmocytoma and malignant plasma cell neoplasms (C90) 



Myeloid leukaemia (C92) 

Carcinoma in situ of the buccal cavity, oesophagus and stomach (D00) 

Carcinoma in situ of other non-specified digestive organs (D01) 

Carcinoma in situ of the middle ear and respiratory system (D02) 

Neoplasm of uncertain or unknown behaviour of the middle ear, respiratory and intrathoracic organs (D38) 

Meningeal neoplasm of uncertain or unknown behaviour (D42) 

Cerebral and central nervous neoplasm of uncertain or unknown behavior (D43) 

Myelodysplastic syndromes (D46) 

Other neoplasms of uncertain or unknown behaviour of the lymphatic, haemopoietic and related tissues (D47) 

Immunocompromisation after radiation, chemotherapy and other immunsuppressant treatment (D90) 

Other medical treatment (Z51) 

 

 

  



Supplementary Table 2: ICD-10 codes of comorbidities previously reported to be associated  

with opioid use (Gustavsson et al. Eur J Pain 2012;16:289-99). 
Specific back conditions: 

Other deformities of the spine and back (M43) 

Ankylosing spondylitis (M45) 

Other inflammatory spondylopathies (M46) 

Other spondylopathies (M48) 

Spondylopathies in diseases classified elsewhere (M49) 

Osteoporosis with no pathological fracture (M81) 

Osteoporosis in diseases classified elsewhere (M82) 

 

Intervertebral disc damage: 

Cervical intervertebral disc damage (M50) 

Other intervertebral disc damage (M51) 

 

Arthritis: 

Seropositive rheumatoid arthritis (M05) 

Other forms of rheumatoid arthritis (M06) 

Psoriatic arthritis and arthritis in primary gastrointestinal diseases (M07) 

Juvenile arthritis (M08) 

Gout (M10) 

Other crystal arthropathies (M11) 

Other specified joint diseases (M12) 

Other forms of arthritis (M13) 

Joint diseases in other diseases classified elsewhere (M14) 

Rheumatoid arthritis (M15) 

Osteoarthritis of the base of the thumb (M18) 

Other forms of arthritis (M19) 

Internal derangement of knee (M23) 

Other specified joint damage (M24) 

Other joint diseases not classified elsewhere (M25) 

Systemic connective tissue diseases in diseases classified elsewhere (M36) 

Other enthesopathies (M77) 

Gait and mobility disorders (R26) 

 

Fractures: 

Cervical fracture (S12) 

Fracture of the rib(s), sternum and thoracic spine (S22) 

Fracture of the lumbar spine and pelvis (S32) 

Fracture of the shoulder and upper arm (S42) 

Dislocation, sprain and strain of joints and ligaments of shoulder girdle (S43) 

Dislocation, sprain and strain of joints and ligaments of elbow (S53) 

Fractures involving several regions of the body (T02) 

Fracture of the spine, level not specified (T08) 

Sequelae of injuries of the neck and body (T91) 

 

Multimorbidities: 

Bed sores (L89) 

Leg ulcers, not classified elsewhere (L97) 

Other dermal and subcutaneous diseases, not classified elsewhere (L98) 

Osteoporosis with pathological fracture (M80) 

 

Headaches: 

Migraine (G43) 

Other headache syndromes (G44) 

Headache (R51) 

 



Neuropathies:  

Trigeminal neuropathies (G50) 

Diseases of other cerebral nerves (G52) 

Cerebral neuropathies in diseases classified elsewhere (G53) 

Nerve root and plexus diseases (G54) 

Nerve root and plexus compression in diseases classified elsewhere (G55) 

Mononeuropathies of the upper extremity (G56) 

Mononeuropathies of the lower extremity (G57) 

Other mononeuropathies (G58) 

Mononeuropathy in diseases classified elsewhere (G59) 

Hereditary and idiopathic neuropathy (G60) 

Polyneuritis (G61) 

Other polyneuropathies (G62) 

Polyneuropathy in diseases classified elsewhere (G63) 

Other diseases of the peripheral nervous system (G64) 

Paraplegia and tetraplegia (G82) 

Postprocedural disorders of nervous system, not elsewhere classified (G97) 

Other disorders of bone (M89) 

Other symptoms and signs involving the nervous and musculoskeletal systems (R29) 

 

Other conditions associated with chronic pain 

Somatoform disorder (F45) 

Other disorders of central nervous system (G96) 

Spondylosis (M47) 

Other diseases of the spine and back, not classified elsewhere (M53) 

Back pain (M54) 

Soft tissue disorders related to use, overuse and pressure (M70) 

Shoulder lesions (M75) 

Other soft tissue disorders, not elsewhere classified (M79) 

Biomechanical lesions, not elsewhere classified (M99) 

Pain in throat and chest (R07) 

Abdominal and pelvic pain (R10) 

Pain, not elsewhere classified (R52) 

Dislocation, sprain and strain of joints and ligaments at neck level (S13) 

Complications of other internal prosthetic devices, implants and grafts (T85) 

Other complications of surgical and medical care, not elsewhere classified (T88) 

Sequelae of injuries of upper limb (T92)  

Sequelae of injuries of lower limb (T93) 

Sequelae of injuries involving multiple and unspecified body regions (T94) 

 

 

  



Supplementary Table 3: Distribution of incident prescribed opioids within the first year of knee or 

hip osteoarthritis (OA) diagnosis.   

 Without 

incident knee 

OA  

(n=19,421) 

With 

incident 

knee OA  

(n=863) 

Without 

incident hip 

OA 

(n=20,993) 

With 

incident  

hip OA  

(n=489) 

     
N02AA01 Morphine, n (%) 1,907 (9.8) 84 (9.7) 2,072 (9.9) 56 (11.5) 
N02AA05 Oxycodone, n (%) 3,446 (17.7) 206 (23.9) 3,660 (17.4) 124 (25.4) 
N02AA55 Oxycodone, combinations, n (%) 46 (0.2) 8 (0.9) 48 (0.2) 5 (1.0) 
N02AA59 Codeine, combinations, n (%) 9,542 (49.1) 367 (42.5) 10,379 (49.4) 193 (39.5) 
N02AB01 Ketobemidone, n (%) 108 (0.6) 1 (0.1) 110 (0.5) 1 (0.2) 
N02AB03 Fentanyl, n (%) 57 (0.3) 2 (0.2) 56 (0.2) 0 (0.0) 
N02AE01 Buprenorphine, n (%) 160 (0.8) 14 (1.6) 185 (0.8) 7 (1.4) 
N02AG01 Morphine and antispasmodics, n (%) 9 (0.0) 0 (0.0) 8 (0.0) 0 (0.0) 
N02AG02 Ketobemidone and antispasmodics, n 

(%) 
8 (0.0) 0 (0.0) 11 (0.0) 0 (0.0) 

N02AX02 Tramadol, n (%) 4,119 (21.2) 178 (20.6) 4,443 (21.1) 102 (20.9) 
N02AX06 Tapentadol, n (%) 19 (0.0) 3 (0.3) 21 (0.1) 1 (0.2) 

     

 

  



Supplementary Table 4. The balance diagnostics for the IPWRA model for  

incident hip OA. 

 Standardized differences Variance ratio 

 Raw Weighted Raw weighted 

Sex -0,1567 0,0011 0,9764 1,0004 

Age 0,8917 -0,0057 0,6656 0,6521 

Education:     

  10-12 years -0,0638 -0,0003 0,9866 0,9999 

  13-14 years 0,0149 0,0002 1,0340 1,0003 

  15+ years -0,0257 0,0020 0,9615 1,0033 

Residential area, region specific codes:     
  1214 -0,0035 -0,0003 0,9835 0,9987 

  1230 0,0748 0,0007 1,4294 1,0028 

  1233 0,0353 0,0004 1,2039 1,0018 

  1261 0,0216 0,0019 1,1338 1,0104 

  1263 0,0131 0,0008 1,0730 1,0040 

  1267 -0,0145 0,0001 0,9195 1,0003 

  1270 0,0083 0,0001 1,0502 1,0004 

  1272 0,0003 -0,0016 1,0031 0,9919 

  1275 0,0222 -0,0018 1,1310 0,9906 

  1278 0,0398 0,0006 1,2241 1,0031 

  1281 -0,0292 -0,0006 0,9125 0,9982 

  1282 -0,0997 0,0004 0,5377 1,0029 

  1283 -0,0342 -0,0002 0,9120 0,9996 

  1284 0,0171 -0,0009 1,1168 0,9943 

  1285 0,0628 -0,0001 1,3915 0,9996 

  1286 0,0714 -0,0014 1,4760 0,9933 

  1287 -0,0314 0,0005 0,8514 1,0027 

  1290 0,0127 0,0004 1,0457 1,0014 

  1291 -0,0178 -0,0001 0,8725 0,9993 

  1292 0,0278 0,0002 1,1462 1,0008 

  1293 0,0018 -0,0007 1,0095 0,9969 

Income groups:     

  2 0,2099 -0,0017 1,4292 0,9976 

  3 0,0896 0,0005 1,1049 1,0005 

  4 -0,1298 0,0015 0,8489 1,0022 

  5 -0,1719 0,0006 0,6794 1,0016 

  6 -0,0712 0,0008 0,8191 1,0026 

If born outside Sweden -0,0916 0,0008 0,8248 1,0018 

If married 0,0915 0,0015 0,9112 0,9983 

Comorbidities:     

  Specific back conditions 0,1915 -0,0005 2,3655 0,9981 

  Intervertebral disc disorder 0,1251 0,0001 2,5354 1,0003 

  Arthritis 0,4515 -0,0038 1,6767 0,9978 

  OA of other joints 0,5995 -0,0042 3,3562 0,9959 

  Fracture 0,0804 -0,0015 1,5607 0,9926 

  Multimorbidities 0,1718 -0,0015 2,7533 0,9933 

  Headaches 0,0312 -0,0002 1,1231 0,9993 



  Neuropathies 0,1586 -0,0016 1,9233 0,9946 

  Other conditions associated with chronic pain 0,5125 -0,0017 1,0584 1,0007 

 

  



Supplementary Table 5. The balance diagnostics for the IPWRA model for  

incident knee OA. 

 Standardized differences Variance ratio 

 Raw Weighted Raw weighted 

Sex 0,0020 0,9783 1,0006 0,0020 

Age -0,0116 0,7944 0,7295 -0,0116 

Education:     

  10-12 years 0,0016 0,9975 1,0003 0,0016 

  13-14 years -0,0001 0,8545 0,9998 -0,0001 

  15+ years 0,0018 0,7687 1,0038 0,0018 

Residential area, region specific codes:     

  1214 -0,0006 1,1815 0,9974 -0,0006 

  1230 0,0006 0,7180 1,0039 0,0006 

  1233 -0,0004 1,0348 0,9980 -0,0004 

  1261 0,0001 0,7394 1,0008 0,0001 

  1263 -0,0008 0,8553 0,9952 -0,0008 

  1267 0,0020 0,8109 1,0132 0,0020 

  1270 -0,0026 1,4183 0,9881 -0,0026 

  1272 -0,0017 1,2420 0,9921 -0,0017 

  1275 0,0005 1,2852 1,0024 0,0005 

  1278 0,0004 0,8605 1,0026 0,0004 

  1281 0,0008 0,8635 1,0029 0,0008 

  1282 -0,0003 0,6128 0,9981 -0,0003 

  1283 -0,0003 1,1079 0,9993 -0,0003 

  1284 0,0012 0,8315 1,0090 0,0012 

  1285 -0,0002 0,8340 0,9989 -0,0002 

  1286 -0,0010 1,1015 0,9945 -0,0010 

  1287 0,0004 1,0529 1,0019 0,0004 

  1290 -0,0007 1,2197 0,9980 -0,0007 

  1291 0,0002 1,4214 1,0016 0,0002 

  1292 0,0005 1,1509 1,0025 0,0005 

  1293 0,0007 1,0037 1,0030 0,0007 

Income groups:     

  2 -0,0033 1,3624 0,9952 -0,0033 

  3 -0,0013 1,1616 0,9989 -0,0013 

  4 0,0033 0,8555 1,0047 0,0033 

  5 0,0020 0,7083 1,0052 0,0020 

  6 0,0012 0,6677 1,0041 0,0012 

If born outside Sweden 0,0012 0,9943 1,0023 0,0012 

If married 0,0017 0,9336 0,9982 0,0017 

Comorbidities:     

  Specific back conditions -0,0008 1,6609 0,9964 -0,0008 

  Intervertebral disc disorder -0,0010 1,3323 0,9916 -0,0010 

  Arthritis -0,0078 1,9227 0,9993 -0,0078 

  OA of other joints -0,0113 3,5538 0,9805 -0,0113 

  Fracture -0,0026 1,3438 0,9863 -0,0026 

  Multimorbidities -0,0002 1,6798 0,9988 -0,0002 

  Headaches -0,0001 1,1883 0,9997 -0,0001 



  Neuropathies -0,0034 2,0575 0,9894 -0,0034 

  Other conditions associated with chronic pain -0,0060 1,1058 1,0005 -0,0060 

 

 

  



Supplementary Table 6. The balance diagnostics for the IPWRA model for  

prevalent knee OA, hip OA or both knee and hip OA. 

Prevalent knee OA vs no OA 

 Standardized differences Variance ratio 

 Raw Weighted Raw weighted 

Sex -0,1359 0,0003 0,9783 1,0001 

Age 0,7970 -0,0423 0,8503 0,8134 

Education:     

  10-12 years -0,0236 0,0044 0,9959 1,0009 

  13-14 years -0,0671 0,0059 0,8517 1,0152 

  15+ years -0,2173 0,0058 0,6553 1,0140 

Residential area, region specific codes:     

  1214 0,0317 -0,0010 1,1663 0,9955 

  1230 -0,0573 0,0030 0,7217 1,0189 

  1233 -0,0128 -0,0027 0,9316 0,9847 

  1261 -0,0620 0,0011 0,6640 1,0083 

  1263 -0,0029 0,0034 0,9845 1,0187 

  1267 -0,0324 0,0006 0,8240 1,0040 

  1270 0,0695 0,0068 1,4397 1,0328 

  1272 0,0281 -0,0013 1,1481 0,9938 

  1275 0,0596 0,0046 1,3650 1,0222 

  1278 -0,0106 -0,0011 0,9436 0,9936 

  1281 -0,0851 0,0004 0,7472 1,0017 

  1282 -0,0113 -0,0036 0,9423 0,9810 

  1283 -0,0413 0,0054 0,8935 1,0156 

  1284 0,0031 -0,0025 1,0211 0,9840 

  1285 -0,0544 0,0018 0,7146 1,0126 

  1286 0,0709 -0,0022 1,4753 0,9892 

  1287 0,0265 0,0002 1,1336 1,0011 

  1290 0,0512 -0,0004 1,1870 0,9986 

  1291 0,0726 -0,0021 1,6433 0,9874 

  1292 0,0240 -0,0077 1,1268 0,9640 

  1293 0,0351 0,0008 1,1630 1,0033 

Income group:     

  2 0,2164 -0,0067 1,4388 0,9912 

  3 0,1357 -0,0081 1,1488 0,9932 

  4 -0,1774 0,0090 0,7892 1,0146 

  5 -0,1624 0,0060 0,6950 1,0159 

  6 -0,1408 0,0043 0,6493 1,0155 

If born outside Sweden -0,0262 0,0045 0,9511 1,0089 

If married 0,0600 0,0092 0,9453 0,9908 

Comorbidities:     

  Specific back conditions 0,2045 -0,0168 2,1826 0,9529 

  Intervertebral disc disorder 0,0718 -0,0010 1,5755 0,9943 

  Arthritis 0,7671 -0,0198 1,5856 1,0036 

  OA of other joints 0,4845 -0,0101 4,0480 0,9843 

  Fracture 0,0915 -0,0024 1,5052 0,9905 

  Multimorbidities 0,1466 -0,0086 2,2029 0,9644 



  Headaches 0,0692 0,0023 1,2431 1,0066 

  Neuropathies 0,1705 -0,0071 1,8769 0,9792 

  Other conditions associated with chronic pain 0,4327 -0,0134 1,0018 1,0060 

Prevalent hip OA compared to no OA 

Sex -0,1264 0,0025 0,9812 1,0007 

Age 1,1257 -0,0043 0,7647 0,7869 

Education:     

  10-12 years -0,1110 0,0079 0,9710 1,0016 

  13-14 years -0,0899 0,0021 0,8024 1,0054 

  15+ years -0,1934 -0,0070 0,6932 0,9830 

Residential area, region specific codes:     

  1214 -0,0085 -0,0105 0,9574 0,9518 

  1230 -0,0588 -0,0086 0,7150 0,9465 

  1233 -0,0212 -0,0078 0,8883 0,9567 

  1261 -0,0143 -0,0030 0,9174 0,9783 

  1263 -0,0128 0,0170 0,9329 1,0940 

  1267 0,0056 -0,0129 1,0323 0,9198 

  1270 0,0318 0,0218 1,1923 1,1070 

  1272 0,0261 0,0060 1,1376 1,0282 

  1275 0,0778 0,0014 1,4865 1,0069 

  1278 0,0246 -0,0130 1,1375 0,9289 

  1281 -0,0169 -0,0003 0,9483 0,9990 

  1282 -0,0097 0,0043 0,9508 1,0229 

  1283 -0,0387 0,0012 0,9000 1,0035 

  1284 0,0356 0,0002 1,2496 1,0014 

  1285 -0,0155 0,0067 0,9150 1,0458 

  1286 0,0716 0,0004 1,4810 1,0020 

  1287 -0,0160 0,0069 0,9227 1,0316 

  1290 0,0420 -0,0202 1,1528 0,9370 

  1291 0,0577 -0,0075 1,4988 0,9562 

  1292 -0,0145 -0,0100 0,9271 0,9536 

  1293 0,0478 -0,0097 1,2241 0,9604 

Income group:     

  2 0,2798 0,0155 1,5567 1,0202 

  3 0,2117 -0,0245 1,2177 0,9791 

  4 -0,2935 -0,0080 0,6400 0,9868 

  5 -0,2622 0,0055 0,5164 1,0146 

  6 -0,1277 0,0134 0,6803 1,0488 

If born outside Sweden -0,1416 0,0058 0,7368 1,0114 

If married -0,0226 -0,0060 1,0195 1,0059 

Comorbidities:     

  Specific back conditions 0,2952 -0,0111 2,8063 0,9689 

  Intervertebral disc disorder 0,0850 0,0048 1,6954 1,0265 



  Arthritis 0,5196 -0,0017 1,5623 1,0003 

  OA of other joints 0,4669 0,0080 3,9305 1,0123 

  Fracture 0,1250 0,0039 1,7128 1,0153 

  Multimorbidities 0,1902 0,0043 2,6478 1,0178 

  Headaches 0,0013 0,0049 1,0048 1,0144 

  Neuropathies 0,1420 0,0021 1,7164 1,0063 

  Other conditions associated with chronic pain 0,4161 -0,0125 1,0086 1,0056 

Prevalent knee and hip OA compared to no OA 

Sex -0,3029 0,0324 0,9056 1,0087 

Age 1,4613 0,0829 0,6029 0,7346 

Education:     

  10-12 years -0,1015 0,0119 0,9749 1,0024 

  13-14 years -0,1836 -0,0262 0,6061 0,9327 

  15+ years -0,2999 -0,0127 0,5266 0,9693 

Residential area, region specific codes:     

  1214 0,0347 -0,0334 1,1836 0,8503 

  1230 -0,0309 -0,0156 0,8461 0,9041 

  1233 0,0016 0,0264 1,0092 1,1526 

  1261 -0,1413 0,0626 0,3130 1,5138 

  1263 0,0122 -0,0183 1,0664 0,9027 

  1267 0,0026 -0,0135 1,0158 0,9165 

  1270 0,0515 0,0084 1,3196 1,0404 

  1272 0,0105 0,0209 1,0549 1,1000 

  1275 0,0496 0,0030 1,3011 1,0144 

  1278 0,0175 0,0040 1,0974 1,0225 

  1281 -0,0746 -0,0130 0,7777 0,9513 

  1282 -0,0510 0,0029 0,7520 1,0156 

  1283 -0,0951 -0,0117 0,7592 0,9664 

  1284 0,0016 -0,0143 1,0117 0,9091 

  1285 -0,0326 0,0090 0,8246 1,0623 

  1286 0,1349 0,0012 1,9796 1,0059 

  1287 0,0349 -0,0019 1,1786 0,9916 

  1290 0,0837 -0,0253 1,3116 0,9212 

  1291 0,1261 0,0200 2,2233 1,1213 

  1292 0,0041 -0,0008 1,0220 0,9964 

  1293 0,0541 -0,0237 1,2558 0,9045 

Income group:     

  2 0,4955 0,0174 1,8814 1,0227 

  3 0,1646 0,0194 1,1770 1,0159 

  4 -0,4034 -0,0178 0,4982 0,9709 

  5 -0,4022 0,0246 0,2863 1,0657 

  6 -0,2212 -0,0496 0,4687 0,8272 

If born outside Sweden -0,1331 -0,0253 0,7527 0,9499 



If married -0,0494 0,0305 1,0415 0,9691 

Comorbidities:     

  Specific back conditions 0,4067 0,0142 3,6112 1,0402 

  Intervertebral disc disorder 0,1015 -0,0131 1,8520 0,9284 

  Arthritis 0,9033 0,0288 1,5364 0,9934 

  OA of other joints 0,7639 0,0112 5,6511 1,0174 

  Fracture 0,1878 0,0262 2,1295 1,1044 

  Multimorbidities 0,2940 0,0330 3,8456 1,1406 

  Headaches 0,0755 0,0012 1,2672 1,0035 

  Neuropathies 0,2501 -0,0078 2,3510 0,9771 

  Other conditions associated with chronic pain 0,6879 0,0029 0,8517 0,9987 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
Supplementary Figure 1: Overview of the study design for the incident knee and hip OA cohorts. *Outcome = any opioid dispensing 

(ATC codes N02A) within 1 year of the index date (persons with a cancer diagnosis or who died during this follow-up period were also 

excluded). ** Index date = date of knee (M17) or hip (M16) OA diagnosis or random sampled index date for those without incident OA in 

the exposure period. 



 

 

Supplementary Figure 2: Overview of the study design for the prevalent knee and hip OA cohorts. *Outcome = 12-month prevalence of 

any long-term opioid dispensing (ATC codes N02A), defined as >90 days’ supply over a period of 6 months. 



 

Supplementary Figure 3: Graphical interpretation of inappropriate opioid dispensing, using 

incident knee OA as an example. The inverse probability weighting regression adjustment (IPW) 

analysis creates comparable groups (i.e. assuming no residual/unmeasured confounding). This 

method estimates the additional (inappropriate) dispensing of opioids in those with knee OA within 

first year of diagnosis, which theoretically should not be higher than in those without knee OA, 

when the two groups are comparable on all other factors.  
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