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General introduction

OSTEOARTHRITIS

Osteoarthritis (OA) is a highly prevalent chronic disease of the musculoskeletal system 
that causes pain and disability. The knee, hand and hip joints are the most commonly 
affected joints, with knee OA being most prevalent1. Approximately 15% of the popula-
tion suffers from OA. In the Netherlands, the overall year prevalence of OA in 2018 was 
109.9 persons per 1000 person years for women and 60.1 persons per 1000 person years 
for men2. Furthermore, the Global Burden of Disease study ranked OA as the 11th largest 
contributor to global disability3. Since the population is ageing and the prevalence of 
obesity is increasing, it is expected that the prevalence of OA will increase and that OA 
will be the most prevalent disease of all diseases in 20404.

PAIN

Pain is the most debilitating symptom of OA5. Pain in OA was long believed to consist 
solely of nociceptive pain of the joint, but nowadays it is known that alterations in the 
peripheral and central nervous system can also occur.

Nociceptive pain of the joint
OA affects the whole joint and the disease process involves mechanical, inflammatory 
and metabolic factors which lead to damage and remodelling of the joint. The main 
characteristics are cartilage loss, formation of osteophytes, subchondral bone remodel-
ling and synovitis6. Pain from the joint is associated with bone marrow lesions, synovitis 
and joint effusion. Furthermore, the primary sensory neurons are stimulated by the 
neovascularization of the cartilage and menisci, which is mediated by hypoxia and the 
inflamed synovium7 8.

Peripheral sensitization
Hyperexcitability of the nociceptive system occurs when inflammation is present. The 
inflammatory mediators lower the excitation threshold in the peripheral neurons, mak-
ing the neurons more likely to respond to stimuli7 8. Peripheral sensitization occurs in the 
first hours after onset of inflammation and can persist for weeks9.

Central sensitization
In addition to alterations in pain processing in the peripheral nervous system, altera-
tions in pain processing in the central nervous system can occur. Pain hypersensitivity is 
caused by increased spontaneous neuronal activity, reduced activation thresholds and 
an expanded receptive field; i.e. there is enhanced activity of the ascending pathways. 
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Furthermore, inhibitory descending antinociceptive pathways are less active7 8. This 
process is maintained by peripheral nociceptive input from the joint. Features of pain 
that are associated with central sensitization are burning pain, paraesthesia, mechanical 
and thermal hyperalgesia, allodynia, paroxysmal pain and numbness10. Patients with 
symptoms of central sensitization are more likely to report intense pain severity and a 
decreased quality of life compared to patients without symptoms of central sensitiza-
tion11.

A recent meta-analysis found that central sensitization is present in around 23% of 
patients with OA12. No association was found between radiographic severity and central 
sensitization13. Synovitis and joint effusion may be related to central sensitization, while 
the evidence on whether symptom or disease duration is associated with central sensi-
tization is conflicting13 14.

TREATMENT OF PAIN

The majority of patients with OA are treated in primary care by the general practitioner 
(GP). The care provided by the GP consists of education, dietary advice, referral for exer-
cise therapy and prescribing pain medication in a stepwise approach15.

Analgesics
The first step is paracetamol, which has a small therapeutic effect size (<0.2)16. Paracetamol 
used to be considered relatively safe, but concerns have now been raised regarding the 
safety of paracetamol (hepatotoxicity, cardiovascular side-effects). The second step is 
topical non-steroidal anti-inflammatory drugs (NSAIDs), which have an effect size of 0.3 
for pain and are relatively safe17. Oral NSAIDs are effective for OA pain, but are often 
contra-indicated for (elderly) patients due to cardiovascular, gastro-intestinal and renal 
side-effects18. The third step, according to the WHO pain ladder, is opioids. However, the 
current guidelines for treatment of OA have restrictive advice on the use of opioids or do 
not recommend the use of opioids19 20, since it is questionable whether they offer benefit 
for OA pain and side-effects often occur. Common side-effects for opioids are nausea, 
constipation and somnolence. The elderly in particular are at risk of falls and fractures 
when using opioids21 22. Finally, opioids can be abused and can be addictive23 24. Despite 
this, opioids are increasingly prescribed for OA pain25-27.

Adherence to analgesics
A factor contributing to the effectiveness of the treatments mentioned above is the 
adherence of patients to the medication. Many patients do not take their medication 
as prescribed: they often use their medication at lower doses and take their medica-
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tion irregularly28 29. The decision by patients on whether to adhere to the medication is 
complex and can be affected by pain severity, concerns about side-effects, education 
and understanding of OA, poly-pharmacy and out-of-pocket costs30-32.

If these conservative treatment options fail, joint replacement can be considered. 
Joint replacement is costly, does not always lead to satisfactory results and is of limited 
durability33 34. Therefore, better conservative treatment options are necessary.

NEUROPATHIC PAIN MEDICATION

A possible new option for treating OA pain may be the use of neuropathic pain medica-
tion (i.e. antidepressants and anticonvulsants), which is hypothesized to have an effect 
in the central nervous system on the alterations caused by central sensitization. None of 
these medications are registered in the Netherlands for the treatment of OA pain.

Antidepressants
The antidepressants often prescribed for neuropathic pain conditions are the tricyclic 
antidepressants amitriptyline and nortriptyline, and the serotonin and noradrenalin 
reuptake inhibitor (SNRI) duloxetine.

The antidepressant most extensively studied for OA pain is duloxetine. Several short-
term, placebo-controlled studies showed a small to moderate effect of duloxetine35-40. 
Based on these trials the Osteoarthritis Research Society International (OARSI) and the 
American College of Rheumatology (ACR) conditionally recommend duloxetine, but em-
phasize the occurrence of side-effects19 20. The effectiveness of duloxetine is unknown, 
nor is it known whether the effect is predominantly found in patients with symptoms of 
central sensitization.

Amitriptyline and nortriptyline are often prescribed for neuropathic pain conditions 
and musculoskeletal disorders. No evidence exists for the prescription of amitriptyline 
and nortriptyline for OA pain. Currently, one trial comparing nortriptyline to a placebo 
for OA pain is ongoing41.

Anticonvulsants
The other group of neuropathic pain medication consists of the anticonvulsants prega-
balin and gabapentin (gabapentinoids). Two small studies have compared pregabalin 
to a placebo, one in patients with knee OA and one in patients with hand OA42 43. Both 
studies showed small effects of pregabalin. No studies for gabapentin have been carried 
out. Despite this lack of evidence, the prescription rates of gabapentinoids in patients 
with OA tripled in the UK between 2005 and 201544 and prescription rates were three 
times higher in OA patients than in matched controls45.
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OUTLINE OF THIS THESIS

The aim of this thesis is to provide insight into the current prescription rates and use of 
medication for OA, the prescription rates of neuropathic pain medication for OA, and to 
assess the effectiveness of duloxetine as a third choice for patients with OA.

Chapter 2 provides information on how often patients use their analgesics and in 
what doses.

Chapter 3 describes the prescription rates of opioids between 2008 and 2017 in pa-
tients with OA. Chapter 4 describes the prescription rates of neuropathic pain medication 
between 2008 and 2017 for patients with OA. In Chapter 5, the evidence is examined for 
the prescription of amitriptyline for musculoskeletal complaints.

Chapter 6 describes the design of the DUO trial, in which the effectiveness and cost-
effectiveness of duloxetine added to usual care was compared to usual care alone. The 
results of the trial are presented in Chapter 7.

Finally, Chapter 8 summarizes and discusses the main findings and the clinical implica-
tions and gives suggestions for further research.
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ABSTRACT

Objective
To examine which analgesics are used by patients with osteoarthritis (OA)-related pain 
and how the analgesics are used in the preceding month. In addition, their beliefs about 
(pain) medication and the rationale of those declining to use analgesics.

Methods
An online cross-sectional survey was sent to 1521 patients participating in the panel of 
the Dutch Arthritis Foundation. Descriptive analyses and logistic regression were used 
to analyse data.

Results
Of the 842 (56%) participants  with OA that responded, 70% had generalized OA, 26% 
had concomitant fibromyalgia and 34% had another musculoskeletal morbidity. Of 
all participants, 71% used analgesics and 34% used more than one type. Analgesics 
were used for more than 14 days in the preceding month by most participants, with 
paracetamol being used most frequently (51%). Doses used were predominantly lower 
than the Daily Defined Dose; 58.2% for paracetamol, 31.2% for NSAIDs/COX-2 inhibitors, 
and 75.7% for weak opioids. Compared with participants with concomitant fibromyalgia 
or other musculoskeletal morbidities, participants  with OA alone significantly more 
frequently declined to use analgesics (p<0.01) and significantly less frequently used two 
or three types of analgesics (p<0.05).

Conclusion
In this population with generalized OA and musculoskeletal comorbidities, medication 
use was high and more than one type of analgesic was frequently used. Patients with 
concomitant fibromyalgia or other musculoskeletal morbidities more frequently used 
two or three types of analgesics; however, this use was often intermittent and in low 
doses. Medication use on a daily basis and at higher doses may lead to improved anal-
gesic effect.
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INTRODUCTION

Osteoarthritis (OA) is a highly prevalent chronic disease of the musculoskeletal system. 
OA is present in approximately 15% of the population and is expected to become the 
fourth leading cause of disability by 20201 2. Pain and loss of function are two important 
complaints of patients with OA. To reduce OA-related pain, paracetamol, non-steroidal 
anti-inflammatory drugs (NSAIDs) and opioids are recommended in the guidelines of 
the Dutch General Practitioners (GP) and in international guidelines3 4. However, in many 
cases, medication is not taken as prescribed5 6.

This lack of adherence to analgesic prescriptions may lead to a suboptimal reduction 
of pain. Analgesics are often used irregularly and at a lower dose than that prescribed6-8. 
The decision to adhere to medication is complex and can involve pain severity, level of 
education, and an understanding of OA and current medication use7 8. Studies assessing 
this topic have frequently used qualitative methods8, or have excluded patients with 
concomitant inflammatory arthritis9 despite the regular co-occurrence of other mus-
culoskeletal disorders10. This implies that less is known about analgesic use in patients 
with OA.

Therefore, this study examines which analgesics are used and how these are used by 
patients with OA related pain. Also assessed are patients’ beliefs about (pain) medication 
and the rationale of those declining to use analgesics for OA-related pain.

METHOD

Study population
This cross-sectional survey was performed in collaboration with the Dutch Arthritis 
Foundation (DAF); the DAF primarily serves the interest of patients with rheumatic 
diseases11. Patients, their relatives and healthcare professionals can participate in this 
panel and can register themselves online12; demographic data of participants are col-
lected after registration. Of the 4005 participants in the DAF panel, 1521 participants 
were registered as having OA. The present survey was sent to patients registered with 
self-reported OA; participants could also have additional self-reported rheumatic dis-
eases (e.g. auto-immune rheumatic diseases, or gout). Generalized OA was defined as 
self-reported OA in three or more groups of joints.

Data collection
For the present study, the online questionnaire was mailed to 1521 patients with OA; in 
case of non-response a reminder was sent two weeks later. Before filling in the question-
naire, all participants were informed about the use of the data by Erasmus University 
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Medical Center. No ethical approval was required. All data were processed anonymously 
and the researchers received an anonymized data file.

The questionnaire included multiple-choice questions on: pain related to OA, joints af-
fected by OA, which medication(s) participants had ever used, and which medication(s) 
was used in the preceding month for OA-related pain. For analgesics used in the pre-
ceding month the following details were requested: dose, frequency, perceived effect, 
side-effects, and whether medication(s) was based on prescription or purchased over-
the-counter. If participants did not use medication in the preceding month, they were 
asked to give their reasons for not using analgesics.

The Beliefs about Medication Questionnaire (BMQ) was filled out to assess partici-
pants’ ideas about medication. The BMQ has two sections i) beliefs about medication in 
general (BMQ-General) and ii) beliefs about specific medication, e.g. analgesics for OA 
(BMQ-Specific)13. The BMQ-General consists of two subscales (with four questions each) 
asking about harm and overuse of medication. The BMQ-Specific has two subscales (with 
five questions each) asking about the necessity for and concerns about specific medica-
tion. Answers are scored on a 5-point Likert scale, ranging from 1 (Strongly disagree) 
to 5 (Strongly agree). Total scores for subscales range from 4-20 for the BMQ-General 
and from 5-25 for the BMQ-Specific. High scores on the General-Harm scale indicate low 
expectations regarding the positive effects of medication. High scores on the General-
Overuse scale indicate low confidence in the responsible prescription of medication by 
physicians. High scores on the Specific-Necessity scale indicate high confidence in the 
need for prescribed medication, and high scores on the Specific-Concerns scale indicate 
low expectations for the beneficial effects of the prescribed medication13.

Dose of analgesics
The daily dose of analgesics taken is expressed as the proportion of the Defined Daily 
Dose (DDD) taken per day (self-reported daily dose/defined daily dose). DDDs are de-
fined by the WHO and are the assumed average maintenance doses per day14. DDDs are 
often the lower limits of doses of medication as advised by the Dutch (GP) guidelines3. 
For the present study, the DDD of tramadol was changed to 150 mg/day, instead of the 
300 mg/day as defined by the WHO, because 300 mg/day is not recommended in the 
Dutch guidelines3 15 (Online Resource 1, Table S1 for the DDD and the recommended 
doses in the Netherlands).

‘Intermittent’ use of analgesics was defined as use for 14 days or less per month and 
‘continuous use’ was defined as use for 15-31 days.

The dose of medication used was self-reported by the patients. Any patients reporting 
a daily dose above the upper limit of the daily advised dose, or a non-existent dose, were 
excluded from the analysis.
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Statistical analyses
Descriptive statistics were used to describe demographic and clinical characteristics of 
the participants. Total numbers of medications used were calculated. Logistic regression 
analyses were used to assess whether differences in medication use existed between 
patients with and without additional musculoskeletal comorbidities, and to determine 
which patient characteristics were associated with current medication use, and continu-
ous or intermittent use of analgesics. Variables were included in the multivariate analysis 
when the p-value was <0.1 in the univariate analysis. All analyses were performed using 
SPSS version 21 (SPSS Inc., Chicago, IL, USA).

RESULTS

Study population
In total, 842 (56%) patients filled out the questionnaire. Table 1 presents the characteris-
tics of the study population. Besides OA, the most frequently reported musculoskeletal 
comorbidities were rheumatic arthritis (20%), gout (4%) and Tietze’s syndrome (4%). 
Baseline characteristics of the present study population are comparable to those of the 
entire DAF panel. For example, in the DAF panel, 86% was female (compared with 83% 
in the present sample). In the entire panel, OA was diagnosed ≤1 year ago in 9% of the 
participants, 1-5 years ago in 32%, 5-10 years ago in 20% and ≥10 years ago in 37% of the 
participants. These overall percentages are similar to those in the present sample (Table 
1); moreover, the level of education and employment status were also similar. Therefore, 
we believe that this study sample is representative of all participants in the DAF panel. 
In the present study, most participants reported that they always feel or often feel pain. 
Always having pain was more frequently reported by participants with concomitant 
fibromyalgia (46.6%) and with additional musculoskeletal morbidities (39.1%) than by 
participants with OA alone (32.0%) (Chi-square, p<0.001).

Use of medication
In total, 71% of the participants reported use of analgesics in the preceding month. Half 
of these participants used paracetamol, whereas tricyclic antidepressants as analgesic 
were the least often used (5.3%) (Online Resource 2, Table S2).

Different classes of analgesics were frequently combined (Table 2). Compared with  
participants with concomitant fibromyalgia or other musculoskeletal morbidities, par-
ticipants with OA alone significantly more frequently declined to use analgesics (p<0.01) 
and significantly less frequently used two or three types of analgesics (p<0.01). Among 
all study patients, the two most frequently used combinations of analgesics were i) 
paracetamol and NSAIDs (14.6%), and ii) paracetamol and opioids (7.4%). Almost 4% of 
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the participants combined the use of paracetamol, NSAIDs and opioids in the preceding 
month.

Most of the participants used analgesics for > 14 days in the preceding month; more-
over, often, paracetamol and opioids were not used according to the DDD (Table 3). 
Continuous use of paracetamol was associated with a reasonable amount of perceived 
benefit, use on prescription, and on a person’s education level. For NSAIDs (including 
COX-2 inhibitors) continuous use was associated with higher scores on the BMQ-

Table 1. Characteristics of the study population

N (%)

Age, mean (SD), y 61.7 (8.7)

Women 701 (83.3)

Time since diagnosis

<12 months 53 (6.3)

1-5 years 221 (26.1)

5-10 years 144 (17.1)

>10 years 278 (33.0)

Employment 227 (27.0)

Pain

Always 322 (38.2)

Often 388 (46.1)

Sometimes 120 (14.3)

Rare 11 (1.3)

Never 1 (0.1)

Joints involved

Hand 617 (73.3)

Back/ neck 493 (58.6)

Hip 316 (37.5)

Knee 471 (55.9)

≥ 3 joints involved 592 (70.3)

Income level

Lower than average/no income 184 (21.9)

Average 220 (26.8)

Higher than average 263 (31.2)

Education level

Low 219 (26.0)

Middle 305 (36.2)

High 310 (36.8)

Comorbidity

OA only 334 (39.7)

OA and fibromyalgia* 219 (26.0)

OA and other MSK comorbidities** 289 (34.3)

* 93 have concomitant other musculoskeletal comorbidities, ** 58 have more than 1 musculoskeletal comorbidity, MSK 
indicates musculoskeletal
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Specific-Necessity scale, always having pain, a diagnosis of OA ≥ 5 years ago, and use on 
prescription base (Table 4) (Online Resource 3, Table S3 for univariate analysis).

Characteristics associated with current analgesic use
In the multivariate regression analysis, current use of medication was associated with 
the score on the BMQ-Specific-Necessity scale [OR 1.168 (1.117-1.221)] (Table 5). Higher 
scores on this scale increase the odds of using medication, i.e. higher scores indicate 
greater confidence in prescribed medication. In the multivariate analysis, always/often 
having pain was also associated with current medication use. In the univariate analysis, 
the concomitant presence of fibromyalgia and other musculoskeletal morbidities was 
associated with current medication use; however, this association disappeared when 
controlling for other variables (pain, score on BMQ-Specific-Necessity scale, level of 
education, and time since diagnosis).

Beliefs about medication
Participants’ general beliefs about medication were assessed by the BMQ-General sub-
scales. The mean score on the BMQ-General-Overuse scale was 11.9 (SD 3.0) and on the 
BMQ-General-Harm scale it was 10.7 (SD 2.8). Participants’ opinions about OA medica-
tion was evaluated using the BMQ-Specific scales. For the entire group, the mean score 
on the Specific-Necessity scale was 15.2 (SD 4.8) and on the Specific-Concern scale it was 
13.9 (SD 3.8). For participants using analgesics, the mean score on the Specific-Necessity 
scale was 16.4 (SD 4.2) and on the Specific-Concern scale it was 14.0 (SD 3.8) indicating 

Table 3. Number of days and dose of analgesic use

Paracetamol
n (%)*

NSAIDs
n (%)**

Weak opioids
n (%)***

Days

0-7 58 (16%) 56 (21%) 32 (23%)

8-14 48 (14%) 34 (13%) 5 (3.6%)

15-21 42 (12%) 31 (12%) 12 (9%)

22-28 20 (6%) 8 (3%) 5 (4%)

29-31 188 (53%) 135 (51%) 83 (61%)

DDD

DDD<1 181 (58%) 63 (33%) 61 (87%)

DDD ≥ 1 129 (42%) 131 (67%) 9 (13%)

DDD= Defined Daily Dose. Intermittent use: 28 days or less in the past month. Continuous use: 29-31 days in the past 
month. Participants were excluded from the analysis when doses were unknown or non-existent and/or participants did 
not report the number of days analgesics were used in the past month. * * 433 participants used paracetamol in the past 
month; Days n=356 (77 excluded), DDD n=310 (123 excluded); ****309 participants used NSAIDs in the past month; Days 
n= 264 (excluded 45), DDD n=194 (excluded 115); ****145 participants used opioids in the past month; Days n=137 (8 
excluded, DDD n=70 (75 excluded).



2

25

Analgesic use in Dutch patients with osteoarthritis

that, for participants using analgesics, their beliefs about the necessity of medication 
outweighed their concerns about medication.

Reasons for not using analgesics
In total, 280 (33.3%) participants did not use medication for OA-related pain in the pre-
ceding month, and 12% never used analgesics for OA-related pain. The most frequently 
mentioned reasons for this were that pain is bearable without the use of analgesics 
(55%), and reluctance to use analgesics (21%) (Table 6). For these participants, the con-
cerns about medication outweighed the necessity for the medication. The mean score 

Table 4. Multivariate analysis of continuous versus intermittent use of paracetamol and NSAIDs

Paracetamol (n=352*) NSAIDs (n=214**)

OR CI p-value OR CI p-value

BMQ-Specific-Necessity 1.042 0.969-1.119 0.265 1.165 1.064-1.275 0.001

BMQ-General-Overuse 0.981 0.892-1.080 0.701

Other analgesic use (yes) 1.777 0.960-3.288 0.067

Pain

Always 2.089 0.729-5.985 0.170 6.427 1.645-25.107 0.007

Often 2.320 0.839-6.419 0.105 1.823 0.489-6.796 0.371

Sometimes/rare/never 1 1

Time since diagnosis

<12 months 1 1

1-5 years 2.132 0.698-6.519 0.184 3.779 0.997-14.319 0.050

5-10 years 2.091 0.632-6.918 0.227 7.496 1.840-30.538 0.005

>10 years 2.171 0.719-6.556 0.169 6.559 1.787-24.080 0.005

Perceived benefit

Good 2.562 0.914-7.185 0.074

Reasonable 3.135 1.306-7.528 0.011

Bad 1

Comorbidity

None 1

Fibromyalgia 1.474 0.671-3.237 0.333

Other MSK 1.261 0.630-2.526 0.513

Prescribed 3.631 1.912-6.896 <0.001 5.895 1.751-19.846 0.004

Employed 0.765 0.388-1.505 0.437

Education level

Low 1.717 0.808-3.647 0.160

Middle 1.958 1.011-3.793 0.046

High 1

Participants were excluded from the analysis when they did not report the number of days analgesics were used in the 
past month. Values in bold font are values that were statistically significant in our analyses. ** *433 participants used para
cetamol in the past month;81 were excluded from the analysis; **** 309 participants used NSAIDs in the past month; 95 
were excluded from the analysis. CI indicates confidence interval; OR, odds ratio.
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on the BMQ-Specific Necessity scale was 12.8 (SD 4.8) and on the BMQ-Specific Concerns 
scale it was 13.7 (SD 3.9)

DISCUSSION

In the present study, 71% of the participants used analgesics for OA-related pain and 
34.5% used more than one type of analgesic. Patients with concomitant fibromyalgia or 
another musculoskeletal comorbidity used more types of analgesics than patients with 

Table 5. Multivariate analysis for current use of medication

Univariate Multivariate

OR CI p-value OR CI p-value

Age 0.997 0.981-1.013 0.685

Gender 0.768 0.528-1.117 0.168

BMQ-Specific-Necessity 1.201 1.159-1.245 <0.001 1.168 1.117-1.221 <0.001

BMQ-Specific-Concerns 1.020 0.983-1.059 0.297

BMQ-General-Overuse 0.891 0.848-0.936 <0.001 0.934 0.865-1.009 0.082

BMQ-General-Harm 0.950 0.901-1.001 0.053 0.921 0.846-1.003 0.059

Pain

Always 10.894 6.802-17.448 <0.001 7.318 4.172-12.838 <0.001

Often 4.067 2.662-6.216 <0.001 3.314 2.003-5.481 <0.001

Sometimes/rare/never 1 1

Time since diagnosis

<12 months 1 1

1-5 years 1.218 0.663-2.235 0.525 0.952 0.456-1.987 0.896

5-10 years 1.398 0.736-2.656 0.306 0.979 0.450-2.129 0.957

>10 years 1.931 1.057-3.528 0.032 1.141 0.545-2.391 0.726

Comorbidity

None 1 1

Fibromyalgia 2.808 1.904-4.140 <0.001 1.589 0.960-2.630 0.071

Other MSK 1.744 1.252-2.428 0.001 1.095 0.707-1.697 0.684

Employed 1.127 0.818-1.552 0.466

Education level

Low 1.704 1.173-2.474 0.005 1.267 0.779-2.060 0.340

Middle 1.492 1.069-2.083 0.019 1.469 0.964-2.240 0.074

High 1 1

Income level

Low 1.317 0.878-1.976 0.183

Middle 1.148 0.786-1.677 0.475

High 1

CI indicates confidence interval; MSK, musculoskeletal; OR, odds ratio
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OA alone. In addition, paracetamol and opioids were frequently taken in doses lower 
than the DDD. Most of the patients used analgesics for more than 14 days in the preced-
ing month. Furthermore, the necessity of analgesics for OA-related pain outweighed the 
concerns about the use of analgesics. However, for participants not using analgesics, the 
concerns about analgesics outweighed the necessity. Finally, the most important reason 
for not using analgesics was that the pain was considered bearable without the use of 
analgesics.

In this study population, concurrent musculoskeletal comorbidities frequently oc-
curred, i.e. 26% reported concurrent fibromyalgia and 34.3% another musculoskeletal 
disease; these subgroups of patients are often excluded from OA studies9. In a Dutch 
open population cohort on self-reported musculoskeletal diseases, OA of the knee was 
reported by 12% and OA of the hip by 7%10. Of these latter participants with OA, 20% 
reported concomitant rheumatoid arthritis, which is comparable with the present OA 
population. However, the prevalence of fibromyalgia in the present study was 26%, 
whereas in the open population cohort only 2.5% of those with knee OA and only 4.3% 
of those with hip OA had coexistent fibromyalgia.

In our participants, paracetamol was the most frequently used analgesic; this is consis-
tent with other Dutch cross-sectional studies in patients with OA16 17. However, two stud-
ies from the USA (including the OAI progression cohort), and another study including 
patients from five European countries with self-reported OA, found that NSAIDs were 
the most frequently used analgesic for OA-related pain5 9 18. An explanation for the differ-
ence between those studies and ours might be that the Dutch guidelines advise to use 
these two analgesics (i.e. paracetamol and NSAIDs) consecutively3, whereas the Ameri-
can College of Rheumatology guidelines recommend both as first choice treatment for 
OA-related pain19. Furthermore, in our population, the use of NSAIDs was relatively low 
and the use of opioids relatively high9 17. Possible explanations for this are that opioids 

Table 6. Reasons for not using analgesics

n (%)

Pain bearable without analgesics 153 (55)

Reluctance to use analgesics 58 (21)

Use of other strategies against pain 51 (18)

Enough other medication 40 (14)

Side-effects 35 (13)

Medication is not useful for me 26 (9)

Drug interactions 15 (5)

Fear of addiction 5 (2)

Lack of money 3 (1)

Other reasons 61 (22)
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are more frequently prescribed for a population with generalized OA, and that the use of 
opioids for OA can vary between countries18 since the percentage of opioids used in our 
study was similar to that in another Dutch population with generalized OA16. Another 
explanation could be that increased awareness of the risks and contraindications for 
NSAIDs resulted in less frequent prescribing of NSAIDs and more frequent prescribing of 
opioids9 20. Finally, the choice of analgesics might also be influenced by comorbidities.

In the present study, participants frequently used more than one analgesic. Both the 
presence of generalized OA16 or the involvement of multiple joints in musculoskeletal 
diseases21 and the presence of other musculoskeletal comorbidities or fibromyalgia, can 
lead to higher analgesic use22. Particularly patients with fibromyalgia can use multiple 
analgesics for a longer period of time, which may potentiate adverse events.

Another finding was that most of these participants used analgesics for >14 days in 
the preceding month. For NSAIDs, daily use was associated with more severe pain. More 
than 50% of our participants that used an NSAID did so on a continuous basis, whereas 
the Dutch guidelines recommend use of NSAIDs for a short period of time3. Further-
more, often, paracetamol and weak-acting opioids were not used in doses according 
to the DDD. In the Netherlands, the DDD is often the lower limit of advised doses and 
prescribed doses are frequently higher than this threshold. Increasing this threshold to 
this higher dose would in fact lower this number of patients. Participants who perceived 
good or moderate benefit from paracetamol had higher odds of using paracetamol ac-
cording to the DDD, whereas for NSAIDs this effect was not found. Perhaps the benefit 
derived from analgesics may be improved by the use of higher doses, which may reduce 
or postpone the use of opioids. On the other hand, participants that do not perceive 
adequate benefit from analgesics will not be inclined to use a higher daily dose.

In the present population, participants  with higher scores on the BMQ-Specific-Ne-
cessity (higher confidence in prescribed medication) more frequently used medication 
and more frequently on a continuous basis. Furthermore, beliefs about the necessity 
of analgesics outweighed the concerns about analgesics. This is consistent with other 
studies examining the association between BMQ scores and (self-reported) adherence 
to therapy23 24.

Finally, we evaluated participants’ rationale for not using analgesics; their main reason 
was for this was that the pain was bearable. As mentioned, multiple factors are involved 
in medication adherence in OA; one important moderator is the level of pain experi-
enced by patients8. Patients with higher levels of pain use analgesics on a continuous 
basis rather than on demand6. Other factors involved are the perceived effectiveness of 
analgesics and the current use of other medications (poly-pharmacy)8.

The present study has some limitations. Firstly, all data are self-reported, which can 
influence the reported prevalence OA of other musculoskeletal diseases. Although the 
prevalence of self-reported musculoskeletal diseases is higher compared to data from 
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registrations or controlled examinations, the reliability of self-reported diseases was 
found to be fair to good25.  Furthermore, patients are the single best source of informa-
tion for assessment of musculoskeletal pain; however, recall bias could have influenced 
questions on medication use in the preceding month. Some participants reported doses 
above the upper limit of the recommended daily dose, or non-existent doses of analge-
sics; these patients were excluded from those specific analyses. However, when these 
participants were included in the analyses the results remained unchanged. Another 
limitation is that, for these participants of the DAF panel, we had no data on comorbidi-
ties other than musculoskeletal diseases. The presence of, for example, cardiovascular 
diseases or impaired kidney function could have influenced the patient’s choice for 
specific analgesics.

In summary, in the present study, analgesic use was high and participants in this 
population with generalized OA and concomitant musculoskeletal comorbidities and 
fibromyalgia often used more types of analgesics on most days in the preceding month. 
However, these analgesics were often used in low doses. Clinicians should be aware of 
this when patients present to them with OA-related pain and evaluate whether higher 
doses or continuous use of analgesics may improve pain in these patients. This might, in 
turn, reduce or postpone the use of stronger analgesics, such as opioids.
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SUPPLEMENTARY DATA

Table S1. Daily Defined Dose (DDD) and recommended doses in the Netherlands

Analgesic DDD (mg) Recommended dose (mg)

Paracetamol 3000 2500-4000

Celecoxib 200 200-400

Diclofenac 100 50-150

Etoricoxib 60 30-120

Ibuprofen 1200 1200-2400

Naproxen 500 375-1000

Tramadol 150* 50-400

Paracetamol/codein 3000** 3000**

*DDD is lowered to 150 mg, instead of 300 mg as recommended by the WHO, ** DDD is set at the daily dose of paracetamol

Table S2. Use of analgesics per type of analgesic

Ever (n (%)) Preceding month (n (%))

Paracetamol 519 (61.6) 433 (51.4)

NSAIDs 519 (61.6) 233 (27.7)

Diclofenac 208 (24.7) 82 (9.7)

Ibuprofen 165 (19.6) 74 (8.8)

Naproxen 149 (17.7) 69 (8.2)

Meloxicam 30 (3.6) 24 (2.9)

Topical NSAIDs 77 (9.1) 45 (5.3)

COX-2 inhibitors 118 (14.0) 76 (9.0)

Celecoxib 59 (7.0) 30 (3.6)

Etoricoxib 65 (7.7) 46 (5.5)

Weak opioids 250 (29.7) 145 (17.2)

Paracetamol/codein 100 (11.9) 49 (5.8)

Tramadol 130 (15.4) 65 (7.7)

Tramadol/paracetamol 79 (9.4) 44 (5.2)

Strong opioids 84 (10.0) 49 (5.8)

Buprenorphine 9 (1.1) 4 (0.5)

Fentanyl 27 (3.2) 14 (1.7)

Morphine 27 (3.2) 12 (1.4)

Oxycodone 40 (4.8) 20 (2.4)

Tapentadol 1 (0.1) 1 (0.1)

Tricyclic antidepressants 73 (8.7) 45 (5.3)

Amitriptyline 70 (8.3) 44 (5.2)

Nortriptyline 3 (0.4) 1 (0.1)

Corticosteroid injections 102 (12.1) 16 (1.9)

Hyaluronic acid injections 20 (2.4) 2 (0.2)
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Table S3. Continuous vs intermittent use of paracetamol and NSAIDs (univariate analysis)

Paracetamol (n=356) NSAID (n=264)

OR CI p-value OR CI p-value

Age 1.006 0.979-1.033 0.683 1.000 0.971-1.030 0.992

Gender 0.706 0.395-1.261 0.239 0.796 0.402-1.577 0.514

BMQ-Specific-Necessity 1.120 1.061-1.182 <0.001 1.189 1.112-1.272 <0.001

BMQ-Specific-Concerns 1.019 0.959-1.083 0.538 1.044 0.981-1.110 0.175

BMQ-General-Overuse 0.927 0.856-1.004 0.062 0.972 0.889-1.064 0.540

BMQ-General-Harm 0.985 0.903-1.074 0.732 0.984 0.898-1.079 0.732

Other analgesic use (yes) 2.253 1.418-3.582 0.001 1.419 0.838-2.405 0.193

Pain

Always 4.700 2.112-10.460 <0.001 7.308 2.502-21.341 <0.001

Often 2.991 1.360-6.578 0.006 2.032 0.718-5.754 0.182

Sometimes/ rare/ never 1 1 1

Time since diagnosis

<12 months 1 1

1-5 years 1.839 0.713-4.741 0.207 2.904 0.894-9.431 0.076

5-10 years 2.240 0.810-6.190 0.120 4.537 1.348-15.276 0.015

>10 years 2.581 1.016-6.552 0.046 6.142 1.934-19.501 0.002

Perceived benefit

Good 1.789 0.802-3.990 0.155 1.086 0.418-2.823 0.865

Reasonable 2.424 1.215-4.838 0.020 1.047 0.428-2.563 0.920

Bad 1 1

Side-effects

Many 0.816 0.073-9.115 0.816 0.431 0.070-2.640 0.363

Tolerable 0.816 0.199-3.337 0.777 1.098 0.477-2.530 0.826

Few 0.864 0.460-1.622 0.648 1.590 0.783-30.230 0.200

None 1 1

Comorbidity

None 1 1

Fibromyalgia 1.848 1.037-3.292 0.037 1.025 0.557-1.883 0.938

Other MSK 1.685 0.987-2.879 0.056 1.145 0.627-2.091 0.659

Prescribed 3.250 1.949-5.419 <0.001 6.177 2.374-16.070 <0.001

Employed 0.640 0.387-1.057 0.081 0.666 0.395-1.124 0.128

Education level

Low 2.110 1.155-3.855 0.015 1.647 0.856-3.170 0.135

Middle 1.843 1.088-3.120 0.023 1.533 0.862-2.724 0.146

High 1 1

Income level

Low 1.332 0.713-2.490 0.369 1.297 0.660-2.552 0.451

Middle 1.070 0.600-1.905 0.819 0.662 0.348-1.258 0.208

High 1 1

BMQ= Beliefs About Medication Questionnaire, MSK= musculoskeletal
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ABSTRACT

Objectives
To examine the incidence, prevalence and trends for opioid prescriptions in patients 
with osteoarthritis. Furthermore, types of opioids prescribed and long-term prescription 
rates were examined. Finally, the patient characteristics associated with the prescription 
of opioids were assessed.

Methods
A population-based cohort study was conducted using the Integrated Primary Care 
Information database. Incidence and prevalence of opioid prescriptions were calculated 
for the period 2008-2017. Logistic regression was used to assess which patient charac-
teristics were associated with opioid prescriptions.

Results
In total, 157,904 OA patients were included. The overall prescription rate remained fairly 
stable, at around 100 incident and 170 prevalent prescriptions per 1000 person years. 
However, the incident prescription rate for oxycodone increased from 7.1 to 40.7 per 
1000 person years and for fentanyl from 4.2 to 7.4 per 1000 person years. The incident 
prescription rate for paracetamol/codeine decreased from 63.0 to 13.3 per 1000 person 
years. Per follow-up year, long-term use was found in 3% of the patients with incident 
OA. Finally, factors associated with more prescriptions were increasing age, OA in ≥2joint 
groups (OR 1.56 [95% CI 1.51-1.65]) and the presence of other musculoskeletal disorders 
(OR 4.91 [95% CI 4.76-5.05]). Men were less likely to be prescribed opioids (OR 0.78 [95% 
CI 0.76-0.80]).

Conclusion
Prescription rates for opioids remained stable, but types of opioids prescribed 
changed. Oxycodone and fentanyl were increasingly prescribed, while prescriptions of 
paracetamol/codeine decreased. Since the benefit of opioids for OA pain is questionable 
and side effects are common, opioids should be prescribed with caution.
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INTRODUCTION

Osteoarthritis (OA) is one of the major chronic pain conditions of the musculoskeletal 
system. Approximately 15% of the population suffers from OA, and the Global Burden 
of Disease study ranked OA as the 11th biggest contributor to global disability1 2. One 
of the major complaints of patients with OA is pain. Since the population is ageing and 
obesity is increasing, it is expected that the disease burden will increase2.

Treatment options for OA pain consist of exercise therapy, education, weight loss and 
pain medication, amongst others. Pain medication is often prescribed in a stepwise ap-
proach starting with paracetamol, then topical and oral nonsteroidal anti-inflammatory 
drugs (NSAIDs), followed by opioids if earlier steps do not reduce the pain sufficiently. 
Nevertheless, the current guidelines for the treatment of OA have a restrictive advice on 
the use of opioids for OA-related pain3, or do not recommend the use of opioids4, since 
the benefit for OA pain is questionable and treatment is associated with side effects.

Opioids are increasingly being prescribed for chronic non-cancer pain. It has been 
estimated that around 70% of the prescribed opioids are prescribed for chronic non-
cancer pain. Musculoskeletal disorders, including OA, are an important cause of non-
cancer pain5. The number of opioid prescriptions has risen in the US in particular, more 
so than in Europe6. Opioids do have a potential to cause harm and frequently have side 
effects, like nausea, constipation and somnolence. In elderly OA patients, the risk of falls 
and fractures is increased when using opioids7 8. Finally, misuse and addiction are a risk 
when using opioids9 10.

Despite the questionable benefit and the frequency of side effects, the use of opioids 
in OA patients is high11 12 and increasing13 14. Earlier research examined the total use of 
opioids for OA, but did not focus on which types of opioids were used11 13. Furthermore, 
knowledge about the long-term use of opioids in OA is scarce.

Therefore, the aim of the current study is to examine the incidence and prevalence of 
the different types of opioids prescribed in patients with OA and the trends in opioid 
prescription over the past decade. We examined the long-term prescription rate of 
opioids in patients with OA and assessed which patient characteristics are associated 
with opioid prescription.

METHODS

Setting
This study was conducted using the Integrated Primary Care Information (IPCI) data-
base. The IPCI database contains the electronic patient records of more than 1.5 million 
patients in the Netherlands. The database contains all journal entries by general practi-
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tioners (GPs), diagnoses coded according to the International Classification of Primary 
Care (ICPC) codes, laboratory findings and drug prescriptions15 16.

Study cohort
For this study, the use of opioids by patients with OA and aged ≥ 30 years between 1 
January 2008 and 31 December 2017 was examined. Patients who were newly diag-
nosed with OA in this period (incident OA) as well as patients with a diagnosis of OA in 
their medical history (prevalent OA) were included in the cohort.

Patients with at least 12 months of valid database history prior to the study entry were 
included in the cohort. The diagnosis of OA was based on the ICPC codes L84 (spinal OA), 
L89 (hip OA), L90 (knee OA) and L91 (other peripheral joints affected by OA). Patients 
younger than 30 were excluded from the cohort (<1% of the patients with a diagnosis 
of OA), because the use of these ICPC codes in such cases was often a coding error by 
the GP.

Patients were excluded from the cohort if diagnosed with or having a medical history 
of malignancy, neuropathic pain disorders or fibromyalgia. Patients were excluded 1 
year prior to the first diagnosis of these diseases. If follow-up of the patient was until 
death, they were excluded from the cohort 1 year before their death. The main reason 
for exclusion of these patient groups is that there was a probability that opioids were 
prescribed for reasons other than pain related to OA.

Outcomes
All opioid prescriptions are dispensed by GPs or clinicians in the Netherlands. Opioid 
prescriptions are identified by Anatomical Therapeutic Chemical (ATC) code. Prescrip-
tions for tramadol (N02AX02), tramadol/paracetamol (N02AJ13), paracetamol/codeine 
(N02AJ06/N02BE51), oxycodone (N02AA05), fentanyl (N02AB03), morphine (N02AA01) 
and buprenorphine (N02AE01) were examined since these are commonly prescribed 
opioids. Hydromorphone, tapentadol, nicomorphine and oxycodone/naloxone 
were examined, but were rarely prescribed for OA pain (< 1.0 prescriptions per 1000 
person years) and were therefore not considered in the analyses. Tramadol, tramadol/
paracetamol and paracetamol/codeine were classified as weak opioids, and oxycodone, 
fentanyl, morphine and buprenorphine as strong opioids.

The incidence for opioid prescriptions was determined as the total number of new 
episodes of opioid prescriptions divided by the total number of person years in the 
cohort per calendar year. A new opioid prescription episode was defined as no prescrip-
tion in the preceding six months. The prevalence of opioid prescriptions was calculated 
as the total number of patients who had at least one prescription of opioids divided 
by the total number of person years in the cohort in a calendar year. New episodes of 
opioid prescriptions within six months of a diagnosis of a trauma (e.g. fracture) were 
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excluded in both calculations since it was less likely that those prescriptions were for 
OA-related pain. Those patients remained in the cohort.

For the patients with incident OA, the number of different types of opioids that were 
prescribed and the order in which they were prescribed were examined. If patients 
switched back to an opioid that had been prescribed previously, we did not count this 
as a new type of opioid. Furthermore, the percentage of patients with incident OA who 
were prescribed opioids over a long term was calculated. Long-term prescription of opi-
oids was defined as six or more prescriptions during one follow-up year (i.e. in the first 
year after diagnosis, in the second year after diagnosis, etc.). The median duration of a 
prescription for opioids is 15 days in the IPCI database and other databases17. Therefore, 
six prescriptions corresponds to an estimated 90 days of opioid use in a year.

Statistical analyses
Descriptive statistics were performed to give the baseline characteristics of the cohort 
and to calculate prevalence and incidence rates of opioid prescriptions. Univariate lo-
gistic regression analyses were conducted to examine whether baseline characteristics 
were related to opioid prescription, and odds ratios (ORs) and their 95% confidence in-
tervals (CI) were calculated. Variables were included in the multivariate analysis if p<0.1 
in the univariate analysis. All analyses were performed using SPSS version 24 (IBM Corp., 
Armonk, NY, USA).

Study approval
The study was approved by the Board of Directors of the IPCI database.

RESULTS

Study population
In total, 157,904 patients were included in the cohort (Table 1). Of these, 56,713 were 
newly diagnosed with OA. Of the total patient group, 65.2% were female. Co-morbidities 
were present in 55.2% of the patient group. The most common type of OA was knee OA 
(27.8%) and 21.3% of the patients were diagnosed with OA in more than one joint group. 
At the start of the follow-up period the mean age was 66.6 years (SD ± 12.5). During 
the follow-up period, 65% of the patients visited the GP with another musculoskeletal 
complaint besides OA (mean follow-up duration was 3 years and 4 months).

Trends in incident opioid prescription rate
In the past decade, the overall incident prescription rate for opioids remained fairly 
stable (Figure 1). However, the prescription rate for strong opioids was increasing while 
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Table 1. Baseline characteristics

Characteristic Value (n= 157 904 )

Age, mean (S.D.) years 66.6 (12.5)

Age category, n (%)

30-39 2 587 (1.6)

40-49 11 593 (7.3)

50-59 31 409 (19.9)

60-69 46 924 (29.7)

70-79 39 172 (24.8)

80-89 22 640 (14.3)

> =90 3 579 (2.3)

Female, n (%) 102 988 (65.2)

Joints affected, n (%)

Back 16 409 (10.4)

Hip 27 508 (17.4)

Knee 43 919 (27.8)

Other joints 36 410 (23.1)

2 or more joints 33 658 (21.3)

Diabetes, n (%) 22 763 (14.4)

Hypertension, n (%) 63 481 (40.2)

Hyperlipidaemia, n (%) 27 218 (17.2)

MI/AP, n (%) 17 073(10.8)

Stroke/TIA, n (%) 5 869 (3.7)

PAD, n (%) 5 585 (3.5)

UGI/ulcer, n (%) 5 027 (3.2)

Heart failure, n (%) 6 306 (4.0)

Inflammatory arthritis, n (%) 7 091 (4.5)

Other MSD during cohort time, n (%)

Upper extremity 36 293 (23.0)

Lower extremity 57 131 (36.2)

Back/neck 47 529 (30.1)

Trauma 18 495 (11.7)

Other musculoskeletal 45 941(29.1)

None 54 170 (34.3)

Renal function, n (%)

eGFR>60 ml/min 98 928 (62.7)

eGFR 30-60 ml/min 18 298 (11.6)

eGFR<30 ml/min 1 613 (1.0)

missing 39 065 (24.7)

MSD= musculoskeletal disorders, eGFR= estimated glomerular filtration rate, MI=myocardial infarct, AP=angina pectoris;  
TIA= transient ischemic attack; PAD= peripheral arterial disease, UGI= upper gastrointestinal
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the prescription rate for weak opioids was decreasing (Figures 2a and 2b, numbers in 
Supplemental data Table S1). The incident prescription rate for oxycodone increased 
from 7.1 per 1000 person years in 2008 to 40.7 per 1000 person years in 2017 and the in-
cident rate for fentanyl increased from 4.2 to 7.4 per 1000 person years. The prescription 
rate for tramadol/paracetamol decreased from 22.3 to 18.4 per 1000 person years and 
the prescription rate for paracetamol/codeine decreased between 2008 and 2017 from 
63.0 to 13.3 per 1000 person years. In 2013, health insurance companies stopped reim-
bursing the costs of paracetamol/codeine, which led to the rapid decline since then18. 
The prescription rates for tramadol, morphine and buprenorphine remained stable over 
the past decade. Buprenorphine was introduced to the market in 2007.

Trends in prevalent opioid prescription rate
The trends in prevalent opioid prescription rates showed similar patterns to the incident 
prescription rates. The overall rate of prescriptions remained stable, while the prescrip-
tion rate for strong opioids increased and the prescription rate for weak opioids de-
creased (Figures 2a and 2b, numbers in Supplemental data Table S1). The major changes 
were the increase in the prevalent prescription rate for oxycodone from 11.1 to 50.7 per 

Figure 1. Total opioid prescription rate 
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Figure 2. Incidence and prevalence of prescribed opioids 

a. Weak opioids

b. Strong opioids
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1000 person years and the decrease in the rate for paracetamol/codeine from 99.1 to 
20.1 per 1000 person years.

Long-term prescriptions
In each follow-up year after the diagnosis of OA, 3% of the patients were prescribed opi-
oids over a long term (≥6 prescriptions), representing around a quarter of the patients 
prescribed any opioid in a given year (Table 2). When comparing strong opioids to weak 
opioids, the percentage of patients prescribed opioids over a long term was twice as 
high for patients prescribed strong opioids than for patients prescribed a weak opioid. 
Furthermore, these percentages did not change with increasing follow-up years.

Different types of opioids prescribed
Almost 75% of the patients with incident OA were not prescribed an opioid during the 
follow-up period (Figure 3a). Of the patients with incident OA, 18.4% were prescribed 
one type of opioid. A switch to another opioid was made in 8.8% of the patients. Two 
different types of opioids were prescribed for 5.7% of the patients and 2.1% were 
prescribed ≥ 3 types of opioids. Of all patients, 16.4% were prescribed a weak opioid, 
5.1% a strong opioid and 4.6% were prescribed both categories. The most common first 
opioid prescribed to patients was tramadol (39.7%). Oxycodone was prescribed as the 
first opioid in 17.2% of cases (Figure 3b and Supplemental data Table S2).

Table 2. Chronic users of opioids per follow-up year

Follow-up time (year)
Total Weak opioids Strong opioids

n (% users/  
% population)

n (% users/  
% population)

n (% users/  
% population)

1 1 659 (21.5/3.9) 1 025 (16.4/2.5) 590 (26.4/1.4)

2 996 (22.1/3.2) 601 (16.2/1.9) 366 (30.0/1.2)

3 709 (23.7/3.2) 401 (16.8/1.8) 275 (30.8/1.2)

4 440 (22.8/3.0) 234 (15.5/1.6) 195 (33.0/1.3)

5 276 (23.6/3.1) 142 (15.1/1.6) 130 (35.2/1.5)

6 159 (24.6/3.4) 82 (16.7/1.7) 72 (33.2/1.5)

7 81 (27.5/3.8) 34 (15.7/1.6) 45 (37.8/2.1)

8 38 (31.4/4.1) 20 (21.5/2.1) 18 (37.5/1.9)

9 13 (29.5/4.9) 7 (22.6/2.6) 6 (33.3/2.2)

A chronic user of opioids has ≥6 prescriptions in 1 follow-up year. The number of total chronic users does not equal the 
sum of the chronic users of weak and strong opioids. Patients can be included in both categories or can be included in the 
group of total users if the sum of prescriptions for weak and strong opioids ≥6 while the use of weak opioids only or strong 
opioids only is not classified as chronic use.
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Figure 3. Types of opioids prescribed in patients with incident OA
(A) Types of opioids prescribed in patients with incident OA, including patients not prescribed opioids. (B) Sequence of 
types of opioids prescribed in patients with incident OA. n=56713. The inner circle represents the first opioid prescribed, 
the second circle the second type of opioid prescribed, the outer circle the third type of opioid prescribed. Percentages are 
shown in parentheses. BUP (dark blue): buprenorphine, FTY (turquoise): fentanyl, MOP (orange): morphine, OXY (purple): 
oxycodone,  PCM/COD (red): paracetamol/codeine, TRA (blue): tramadol, TRA/PCM (green): tramadol/paracetamol.
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Characteristics associated with opioid prescription
In both the univariate and the multivariate regression analyses, the prescription of 
opioids was associated with a more advanced age at the baseline of the cohort and men 
were less likely to be prescribed opioids than women (OR 0.78 [95%CI 0.76-0.80]) (Table 
3). Patients with two or more joint groups involved were more likely to be prescribed 
opioids (OR 1.97 [95% 1.89-2.05]), while patients with OA in other peripheral joints 
(ICPC-code L91) were less likely to be prescribed opioids (OR 0.74 [95% CI0.71-0.78]) 
than patients with back OA. The diagnosis of other musculoskeletal disorders during the 
follow-up period was associated with the prescription of opioids. Concomitant neck and 
back problems (OR 3.41 [95% CI3.25-3.57]) and the presence of multiple musculoskeletal 
disorders (OR 4.91 [95% CI4.76-5.05]) in particular were associated with a greater likeli-
hood of opioid prescriptions.

Table 3. Factors associated with opioid prescription

Factor
Patients prescribed opioid  

N (%)
Univariate analysis

OR (95% CI)
Multivariate analysis

OR (95% CI)

Age category

30-39 495 (19.1) 1 1

40-49 2 902 (25.0) 1.41 (1.27-1.57) 1.30 (1.17-1.46)

50-59 8 106 (25.8) 1.47 (1.33-1.63) 1.29 (1.16-1.44)

60-69 12 263 (26.1) 1.50 (1.35-1.65) 1.32 (1.19-1.46)

70-79 12 036 (30.7) 1.88 (1.79-2.07) 1.57 (1.41-1.74)

80-89 7 305 (32.3) 2.01 (1.82-2.23) 1.73 (1.55-1.92)

> 90 1,036 (28.9) 1.72 (1.52-1.95) 1.72 (1.52-1.96)

Sex

Female 31 383 (30.5) 1 1

Male 12 760 (23.2) 0.69 (0.67-0.71) 0.78 (0.76-0.80)

Joint affected

Spine 4 273 (26.0) 1 1

Hip 7 172 (26.1) 1.00 (0.96-1.05) 1.05 (1.00-1.09)

Knee 11 266 (25.7) 0.98 (0.94-1.02) 1.02 (0.98-1.07)

Other joints 7 641 (21.0) 0.75 (0.72-0.79) 0.75 (0.71-0.78)

≥2 joints 13 791 (41.0) 1.97 (1.89-2.05) 1.58 (1.51-1.65)

MSD

None 7 667 (13.4) 1 1

Upper extremity 1 591 (21.6) 1.78 (1.67-1.89) 1.79 (1.69-1.91)

Lower extremity 3 916 (23.9) 2.03 (1.94-2.12) 1.94 (1.86-2.02)

Neck/back 11 451 (34.4) 3.38 (3.23-3.54) 3.41 (3.25-3.57)

Other MSD 2 542 (24.6) 2.11 (2.00-2.22) 2.09 (1.99-2.20)

≥2 MSD categories 24 489 (44.3) 5.14 (4.99-5.29) 4.91 (4.76-5.05)

Values in bold are statistically significant, MSD:musculoskeletal disorder
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DISCUSSION

In this study we examined the trends, the long-term prescription and factors associated 
with the prescription of opioids in patients with OA. The majority of patients with OA 
were not prescribed an opioid during the follow-up period. The overall prescription rate 
of opioids remained fairly stable in the period between 2008 and 2017, with on aver-
age 100 incident prescriptions per 1000 person years and 170 prevalent prescriptions 
per 1000 person years. However, there was a change in the types of opioids that were 
prescribed. Over time, strong opioids were increasingly prescribed, while prescriptions 
of weak opioids declined. The prescription rate of oxycodone increased rapidly in this 
decade from 7.1 to 40.7 incident prescriptions per 1000 person years.  The prescription 
rate for fentanyl also increased from 4.2 to 7.4 incident prescriptions per 1000 person 
years, while the prescription rates for paracetamol/codeine and tramadol/paracetamol 
decreased. Weak opioids are still most frequently prescribed for OA related pain. Around 
3% of the patients with incident OA were prescribed opioids over a long term per follow-
up year. Finally, factors associated with a greater likelihood of more opioid prescriptions 
were female sex, increasing age, OA in two or more joint groups, and the presence of 
other musculoskeletal disorders besides OA.

Most of the studies examining opioid prescriptions in OA patients found an increase 
in the prescription rate12-14 19 while we found a relatively stable prescription rate. One 
study looking at US insurance data claims also found a relatively stable opioid prescrip-
tion rate20. However, oxycodone is increasingly being prescribed for patients with OA 
according to the present study. This is in agreement with other studies, which also 
found increases in the prescription rate of oxycodone for OA12 and strong opioids 
for musculoskeletal pain in general21. At the same time as the prescription rates for 
oxycodone and fentanyl increased, the prescription rates for paracetamol/codeine 
and tramadol/paracetamol decreased. The decline in prescriptions for paracetamol/
codeine was caused by the end to reimbursement of the costs by the health insurance 
companies18. This simultaneous increase and decrease could be a coincidence since the 
increase in strong opioids is also seen in other countries, but it might also be that GPs 
are prescribing strong opioids instead of weak opioids. Furthermore, the awareness for 
cardiovascular and gastro-intestinal risks of NSAIDs has increased in the past decade 
and NSAIDs are prescribed less in patients with musculoskeletal disorders22 23. This may 
also have influenced the prescription rates of (strong) opioids.

The prevalent prescription rate for all opioids was around 170 per 1000 person years 
in our study. This number is slightly lower than in some other studies11 24. Prescriptions 
rates of opioids in general in the Netherlands are lower or comparable to the prescrip-
tion rates in the countries covered by these studies (e.g. USA, Sweden and Spain)6. Some 
studies found lower prescription rates for opioids. However, these studies did not in-



3

47

Opioid prescriptions in patients with osteoarthritis

clude tramadol20 or included only the most commonly prescribed opioids (e.g. tramadol 
and fentanyl)13 in the analyses.

Most patients with incident OA were prescribed a weak opioid as their first opioid, 
which is in line with the current guidelines in the Netherlands25. Furthermore, a switch 
in the type of opioid prescribed was made in 8.8% of the patients with incident OA.  A 
recent study in patients with chronic musculoskeletal pain in the UK also found that 
weak opioids were most frequently prescribed and that a third of the patients used two 
or more different opioids. This higher percentage of patients using multiple types of 
opioids may be because the latter study only included patients with chronic pain. In the 
Dutch GP guidelines, strong opioids are advised after the prescription of weak opioids25. 
However, almost a quarter of the patients with incident OA were directly prescribed a 
strong opioid.

Around 3% of the patients with incident OA were prescribed opioids over a long term 
(≥6 prescriptions per follow-up year). No previous data on long-term use specific to OA 
is available to our knowledge, but this percentage is comparable to long-term use in 
musculoskeletal disorders in general26 27. We did not find an increase in long-term use 
with increasing follow-up time. Analyses per calendar year showed similar results (data 
not shown). The available evidence on whether long-term use of opioids for musculo-
skeletal disorders is increasing gives conflicting results26 27.

Factors associated with opioid prescription were increasing age, female sex, the 
presence of other musculoskeletal disorders and multiple joint groups affected by OA. 
These characteristics are also found in other studies 14 28 29. The higher prescription rates 
in older patients is concerning since use of opioids in this group is associated with more 
severe side effects like falls and fractures7 8.

The high rates and long-term use of opioids for OA pain are concerning since the 
absolute number of patients is high. As mentioned earlier, guidelines have a restrictive 
advice on the use of opioids3 4. Furthermore, a recent study showed that treatment with 
opioids for patients with OA or for patients with low back pain did not result in better 
pain relief than treatment with non-opioid analgesics (e.g. paracetamol and NSAIDs)30. In 
addition, long-term use is associated with dose-dependent adverse events, like trauma 
and addiction7 31, and does not lead to an improved quality of life32.

A strength of the current study is that it was conducted using a database that is a 
representative sample of the Dutch population. That is because in the Netherlands, most 
opioids are prescribed by the GP. Initial data show that around 70% of the first prescrip-
tions and around 90% of the repeat prescriptions of opioids are prescribed by the GP33.

There are several limitations to this study. Firstly, patients were only included in the 
cohort if diagnosed with OA. Since GPs vary in how strictly they apply the ICPC codes, 
this may have led to an overestimation or underestimation of patients with OA. Studies 
using UK primary healthcare databases showed that the positive predictive value of hip 



Chapter 3

48

OA codes is sufficiently high34, but that OA is probably under-recorded35. Furthermore, in 
the medical records the indication of the opioid prescription could not be directly linked 
to a diagnosis. We excluded patients with malignancy, neuropathic pain disorders or 
fibromyalgia and patients in the year before death. Nevertheless we cannot rule out the 
possibility that some opioid prescriptions will be for reasons other than OA-related pain. 
We did not exclude all other musculoskeletal comorbidities for which opioids can be 
prescribed. These are frequently present in OA patients36 and we found that the presence 
of musculoskeletal comorbidities was positively associated with opioid prescriptions.

To conclude, the overall prescription rate of opioids remained fairly stable in the past 
decade. However, the prescription rate for oxycodone increased rapidly and the pre-
scription rate for fentanyl almost doubled, while the prescription rates for paracetamol/
codeine and tramadol/paracetamol decreased. Weak opioids are more commonly pre-
scribed for OA pain than strong opioids. The increase in prescriptions of strong opioids is 
concerning since clinically relevant effectiveness is questionable for OA pain and serious 
side effects are common. Therefore, opioids should be prescribed with caution, espe-
cially for long-term use, and alternative strategies for reducing pain and for reducing 
long-term opioid use should be considered.
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ABSTRACT

Objectives
There are signs that antidepressants and anticonvulsants are being prescribed more of-
ten for osteoarthritis patients, despite limited evidence. Objectives are to examine pre-
scription rates and time trends for antidepressant and anticonvulsants in OA patients, to 
assess the percentage of long-term prescriptions, and determine patient characteristics 
associated with antidepressant or anticonvulsant prescription.

Methods
A population-based cohort study was conducted using the Integrated Primary Care In-
formation database. First, episodic and prevalent prescription rates for antidepressants 
(amitriptyline, nortriptyline and duloxetine) and anticonvulsants (gabapentinoids) in 
OA patients were calculated for the period 2008-2017. Logistic regression was used to 
assess which patient characteristics were associated with prescriptions.

Results
In total, 164,292 OA patients were included. The prescription rates of amitriptyline, 
gabapentin and pregabalin increased over time. The increase in prescription rates for 
pregabalin was most pronounced. Episodic prescription rate increased from 7.1 to 13.9 
per 1000 person-years between 2008 and 2017. Amitriptyline was prescribed most (15.1 
episodic prescriptions per 1000 person-years in 2017). Prescription rates of nortriptyline 
and duloxetine remained stable at 3.0 and 2.0 episodic prescriptions per 1000 person-
years respectively. For ≤3% of patients with incident OA, medication was prescribed 
long-term (≥3 months). In general, all medication was prescribed more frequently for 
older patients (except duloxetine), women, patients with OA in ≥2 joints, patients with 
spinal OA and patients with musculoskeletal disorders.

Conclusion
Prescription rates of amitriptyline, gabapentin and pregabalin increased over time. 
Since there is little evidence to support prescription in OA, caution is necessary when 
prescribing.
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INTRODUCTION

OA is a highly prevalent chronic pain condition of the musculoskeletal system. Approxi-
mately 15% of the population suffers from OA1 2. Since the population is ageing and the 
number of persons with obesity is increasing, it is expected that the disease burden will 
increase3. Pain, joint stiffness and reduced function are important complaints among 
patients with OA.

Different treatment options are available for OA related pain4 5. An important strat-
egy is the use of analgesics in a stepwise approach. Paracetamol leads to a small, not 
clinically relevant, reduction of pain compared to a placebo (3%) and concerns have 
been raised about its long-term use6. Another treatment option is topical nonsteroidal 
anti-inflammatory drugs (NSAIDs), with mean effect sizes of 0.30 for pain relief7. Oral 
NSAIDs have a clinically relevant effect for OA pain, but have serious gastro-intestinal 
and cardiovascular side effects8 9. Opioids are prescribed more frequently than in the 
past10-12, but they lack a clinically relevant effect and have serious side effects and a risk 
of addiction13 14.

Another option may be the use of antidepressants or anticonvulsants, which are hy-
pothesized to have an effect on the central pain processing15. Signs of pain sensitization 
are present in around 40% of the patients with OA16 17. Most extensively studied for OA 
pain is the antidepressant duloxetine18, a serotonin and noradrenalin reuptake inhibitor 
(SNRI). The OARSI guideline recommends using duloxetine in polyarticular OA5, while 
the NICE guidelines19 and Dutch General Practitioner (GP) guidelines20 on OA do not ad-
vise using duloxetine because of insufficient evidence. Tricyclic antidepressants (TCAs) 
are used in the treatment of neuropathic pain and other chronic pain conditions; they 
inhibit presynaptic uptake of serotonin and noradrenaline21. The efficacy of TCAs for OA 
related pain is unknown22. A study on the efficacy of the TCA nortriptyline in patients 
with knee OA is currently being carried out23. Also, the anticonvulsants pregabalin and 
gabapentin can inhibit centralized pain24. Pregabalin has been investigated for OA pain, 
and may have a positive effect on pain in hand and knee OA25 26.

Although none of these medications are registered for OA pain in the Netherlands, 
it might be that general practitioners (GPs) do already prescribe these as off-label 
medication for OA related pain. A recent retrospective cohort study in the UK found an 
almost threefold increase in first prescriptions of gabapentin and pregabalin in patients 
with OA between 2005 and 201527. Earlier studies in US insurance claims databases 
found 20 to 30% of the OA patients used an antidepressant and around 15% used an 
anticonvulsant, which was higher than in patients without OA28-30. In the Netherlands, 
the antidepressants amitriptyline, nortriptyline and duloxetine, and the anticonvulsants 
gabapentin and pregabalin can be prescribed for neuropathic pain conditions31 but it 
is unknown whether these medications are prescribed for pain in OA patients. The aim 
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of the current study is to examine incident and prevalent prescription rates and time 
trends for prescriptions of antidepressants and anticonvulsants in OA patients. In addi-
tion, baseline characteristics associated with prescriptions will be assessed.

METHODS

Setting
This study was conducted using the Integrated Primary Care Information (IPCI) data-
base. The IPCI database is a primary healthcare database that contains the electronic 
patient records of over 1.5 million patients in the Netherlands. In the Netherlands, the 
GP acts as a gatekeeper to secondary care. The electronic records contain all relevant 
medical information: the medical journal recorded by the GP, diagnoses according to the 
International Classification of Primary Care (ICPC) codes, laboratory results and referrals 
to secondary care. Furthermore, it contains all drug prescriptions, which are coded ac-
cording to the Anatomical Therapeutic Chemical (ATC) classification code.

Study cohort
The study cohort consisted of all patients aged ≥ 30 years with a diagnosis of OA in the 
period between 1 January 2008 and 31 December 2017. Patients with newly diagnosed 
OA in this period (incident OA) as well as patients with a medical history of OA (prevalent 
OA) were included in the cohort. The diagnosis of OA was based on the ICPC codes L84 
(spinal OA), L89 (hip OA), L90 (knee OA) and L91 (other peripheral joints affected by OA). 
Earlier research showed that the positive predictive value of these codes for having OA 
is around 90%32. Patients who had a total knee or hip replacement during or before the 
study period were retained in the cohort. Patients had to have at least 12 months of valid 
database history prior to the study entry to assure complete medical records. Patients 
were followed until the GP practice stopped contributing data to the database, until 
the end of the study period (31 December 2017) or until one year before first diagnosis 
of a malignancy or until one year before death. Those patients were excluded because 
there is a high probability that antidepressants and anticonvulsants were prescribed for 
pain not related to OA. GPs can use different healthcare information systems to record 
medical information. Healthcare information systems needed to provide at least six 
years of data so that time trends could be examined. This resulted in the exclusion of 
one healthcare information system (Webhis), which provided five years of data.

In addition, a subset of patients with OA were selected who did not have comorbidi-
ties for which antidepressants and anticonvulsants could be prescribed (“OA without 
comorbidities”). Comorbidities for which antidepressants and anticonvulsants could be 
prescribed were selected based on an earlier study using the IPCI database33. Frequently 
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occurring indications for antidepressants were depression (P03 and P76), anxiety (P01 
and P74), sleep disorders (P06), psychosis and schizophrenia (P71, P72 and P98) and 
neuropathic pain disorders (N94). Patients with epilepsy (N88) and fibromyalgia (L18.01) 
were often prescribed gabapentin and pregabalin. All patients with these comorbidities 
were excluded from one year prior to the first date of the diagnosis.

The presence of other musculoskeletal disorders during the cohort period was defined 
as a minimum of one ICPC diagnosis code for other complaints of the musculoskeletal 
system. This subset of codes includes non-specific diagnoses, for example shoulder or 
hip complaints. The group of back/neck symptoms also includes the ICPC codes for 
radiculopathy.

Outcomes
The prescriptions were identified by the ATC code. Prescriptions of amitriptyline 
(N06AA09), nortriptyline (N06AA10), duloxetine (N06AX21), pregabalin (N03AX16) and 
gabapentin (N03AX12) were evaluated. The first prescription rate was defined as the 
total number of patients with a first prescription of the medication divided by the total 
of person-years per calendar year. Patients were excluded from the denominator for this 
subanalysis after receiving first prescription. The episodic rate of these prescriptions was 
defined as the total of new episodes of medication prescriptions divided by the total 
of person-years per calendar year. A new episode was determined as occurring if there 
was no prescription in the preceding six months. The prevalent prescription rate was 
defined as the total number of patients who had at least one prescription of the specific 
drug divided by the person-years per calendar year. Furthermore, the percentage was 
determined of the patients with incident OA who were prescribed an antidepressant 
or anticonvulsant for a period longer than three months in a follow-up year (long-term 
prescription). In the IPCI database the median prescription duration was 30 days for 
amitriptyline, 21 days for nortriptyline, 30 days for duloxetine, 30 days for gabapentin 
and 28 days for pregabalin. Therefore, 4 prescriptions of the medication per follow-up 
year was defined as long-term prescription.

Statistical analyses
Descriptive statistics were performed to assess baseline characteristics and to calculate 
first, incidence and prevalence rates with their 95% confidence intervals (CIs) of the 
medication prescribed. Possible time trends in medication prescriptions were assessed 
using joinpoint regression analysis. Permutation tests using Monte Carlo methods were 
used to determine whether a marked change in trend (e.g. joinpoint) occurred. Since 
trends were examined over 10 years (10 data points) only one joinpoint was allowed.  
The joinpoint analysis provides information on the trend over the complete 10 years, the 
average annual percentage change (AAPC). When a marked change in trend is present, 
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the annual percentage change (APC) is additionally reported to describe the two differ-
ent trends. Analyses were performed with the Joinpoint Regression Program (Version 
4.8.0.1, released 22 April 2020, Available at https://surveillance.cancer.gov/joinpoint/, 
National Cancer Institute)

To assess the baseline characteristics (age, sex, joints affected and presence of other 
musculoskeletal disorders) associated with antidepressant and anticonvulsant prescrip-
tions, univariable and multivariable logistic regression analyses were performed and 
odds ratios (ORs) and their 95% CIs were calculated. Variables were included in the 
multivariable regression analyses if p<0.1 in the univariable analysis for that variable.  
Analyses were performed using SPSS Statistics version 24 (IBM Corp., Armonk, NY, USA).

Study approval
The study was approved by the Board of Directors of the IPCI database.

RESULTS

Study population
In total, 164,292 patients with OA were included in the cohort, of whom 59,053 were 
newly diagnosed with OA. The average follow-up time per patient was three years and 
five months. Two thirds of the patients were female and the mean age was 66.6 years (SD 
± 12.4) (Table 1). With regard to the joints affected, the biggest category was patients 
with knee OA (27.4%). Almost a quarter of patients had a diagnosis in two or more 
joint groups. It was common for there to be other musculoskeletal disorders during 
the cohort period (64.9%). The cohort subset of OA patients without comorbidities for 
which antidepressants and anticonvulsants could be prescribed, consisted of 99,099pa-
tients. The baseline characteristics of these patients were very similar. However, these 
patients were slightly younger (mean age 66.4 as opposed to 66.6), and had also slightly 
fewer musculoskeletal (61.8% vs 64.9%) and cardiovascular disorders (54.4% vs 58.1%). 
Furthermore, patients with incident OA were younger (mean age 64.2 vs 67.9) and had 
fewer musculoskeletal and cardiovascular disorders than patients with prevalent OA 
(Supplemental Tables S1 and S2).

Time trends for first prescriptions
In the study period the first prescription rates of gabapentin and pregabalin increased 
from 2.2 to 3.0 prescription per 1000 person years (AAPC 12.0% (95% CI 6.6-17.8)) and 6.0 
to 9.4 prescriptions per 1000 person years (AAPC 4.8% (95% CI 0.9-8.8)) respectively (Fig-
ure 1 and Table 2). The first prescription rates of amitriptyline and nortriptyline remained 
stable. The first prescription rate of duloxetine decreased. The trends were similar for the 
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Table 1. Baseline characteristics

OA patients
(n=164 292)

OA patients without comorbidities1

(n=99 099)

Age mean (S.D.), years 66.6 (12.4) 66.4 (12.3)

Age category, n (%)
30-39 2 637 (1.6)  1 730 (1.7)
40-49 12 007 (7.3) 7 246 (7.3)
50-59 32 786 (20.0)  19 276 (19.5)
60-69 48 756 (29.7)  30 156 (30.4)
70-79 40 749 (24.8)  25 195 (25.4)
80-89 23 639 (14.4)  13 543 (13.7)
> =90 3 718 (2.3) 1 953 (2.0)

Female, n (%) 107 438 (65.2) 60 720 (61.3)

Joints affected, n (%)
Spine 17 243 (10.5)  10 180 (10.3)
Hip 27 762 (16.9) 18 075 (18.2)
Knee 45 064 (27.4) 28 610 (28.9)
Other joints 37 753 (23.0) 22 189 (22.4)
2 or more joints 36 470 (22.2) 20 045 (20.2)

Diabetes, n (%) 25 175 (15.3) 13 608 (13.7)

Hypertension, n (%) 66 866 (40.7) 38 005 (38.4)

Hyperlipidaemia, n (%) 29 224 (17.8) 15 497 (15.6)

MI/AP, n (%) 18 868 (11.5)  9 674 (9.8)

Stroke/TIA, n (%) 6 352 (3.9)  3 114 (3.1)

PAD, n (%) 6 365 (3.9) 3 096 (3.1)

UGI/ulcer, n (%) 5 723 (3.5) 2 753 (2.8)

Heartfailure, n (%) 6 989 (4.3) 3 374 (3.4)

Inflammatory arhritis, n (%) 7 949 (4.8) 4 122 (4.2)

Fibromyalgia, n (%) 2 492 (1.5) NA

Neuropathic pain disorder, n (%) 19 202 (11.7) NA

Depression, n (%) 28 714 (17.5) NA

Anxiety, n (%) 27 397 (16.7) NA

Psychosis, n (%) 4 084 (2.5) NA

Sleeping disorder, n (%) 32 278 (19.6) NA

Epilepsy, n (%) 2 404 (1.5) NA

Other MSD during cohort time, n (%)
Upper extremity 39 061 (23.8) 21 702 (21.9)
Lower extremity 61 076 (37.2) 34 485 (34.8)
Back/neck 51 260 (31.2)  28 105 (28.4)
Other musculoskeletal 50 559 (30.8) 27 486 (27.7)
None 57 609 (35.1) 37 903 (38.2)

Renal function, n (%)
eGFR>60 ml/min 103 952 (63.3) 59 613 (60.2)
eGFR 30-60 ml/min 19 382 (11.8) 10 794 (10.9)
eGFR<30 ml/min 1 614 (1.0) 896 (0.9)
missing 39 344 (23.9)  27 796 (28.0)

1Comorbidities are fibromyalgia, neuropathic pain disorders, depression, anxiety, psychosis, sleeping disorder, epilepsy, 
MI=myocardial infarction, AP=angina pectoris, TIA= transient ischemic attack, PAD=peripheral arterial disease, UGI= upper 
gastro-intestinal, MSD=musculoskeletal disorder, eGFR= estimated glomerular filtration rate.
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subset of the cohort without comorbidities. The absolute number of prescriptions was 
lower. The prescription rates were similar for patients with incident and prevalent OA 
(See supplemental data Figure S1 for prescription rates in incident and prevalent OA and 
Table S3 and S4 for the absolute numbers.)

Time trends for episodic prescriptions
In the period 2008-2017, amitriptyline was the drug most often prescribed in patients 
with OA (Figure 1). The incident prescription rate was 15.1 per 1000 person-years in 
2017. The episodic prescription rates for amitriptyline, gabapentin and pregabalin in-
creased over the time period. The increase in prescription rates for pregabalin was most 

Figure 1. Prescription rates of antidepressants and anticonvulsants 
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Figure 1. Prescription rates of antidepressants and anticonvulsants
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pronounced, from 7.1 per 1000 person-years in 2008 to 13.8 per 1000 person-years in 
2017. This was an average annual percentage change (AAPC) of 8.3% (95% CI 5.9-10.5) 
(Table 2). The prescription rates for nortriptyline and duloxetine remained stable over 
this decade. Absolute prescription rates were lower in the subset of patients without 

Table 2. Time trends in prescription rates of antidepressants and anticonvulsants

Overal trend
(AAPC (95%CI))

Joinpoint 
(95% CI)

Trend 1 Trend 2

APC (95% CI) APC (95% CI)

TOTAL COHORT

 Amitriptyline First 0.4 (-1.5;2.3) 2014 (2012-2015) 5.2 (2.3;8.2) -8.6 (-13.1; -3.9)

Episodic 2.6 (0.6;4.6) 2014 (2012-2015) 7.6 (4.5;10.8) -6.7(-11.2; -2.0)

Prevalent 3.1 (1.2;4.9) 2013 (2012-2015) 7.5 (3.8;11.4) -2.2 (-5.0; 0.6)

 Nortriptyline First 5.0 (-1.3;11.6)

Episodic 3.7 (-1.2;8.9)

Prevalent 2.8 (-0.3;6.0)

 Duloxetine First -7.0 (-9.7;-4.1)

Episodic -2.4 (-5.1;-0.3)

Prevalent 3.8 (0.1;7.7) 2011 (2010-2012) 13.2 (-1.3;29.7) -0.6 (-2.7;1.6)

 Gabapentin First 5.9 (2.3;9.7)

Episodic 4.1 (1.0;7.4)

Prevalent 2.4 (0.9;3.8)

 Pregabalin First 6.6 (2.9;10.4) 2012 (2010-2015) 12.6 (2.4;23.8) 1.9 (-1.5;5.5)

Episodic 8.2 (5.9;10.5) 2013 (2011-2014) 12.0 (7.2;17.0) 3.5 (0.3;6.8)

Prevalent 8.8 (7.7;9.9) 2013 (2012-2015) 12.7(10.4;15.0) 4.1 (2.7;5.6)

WITHOUT COMORBIDITIES

 Amitriptyline First -1.8 (-5.5; -2.1)

Episodic 0.8 (-3.8;5.6) 2013 (2011-2015) 7.5 (-1.6;17.5) -7.1 (-14.2;0.7)

Prevalent 1.2 (-1.6;4.0) 2013 (2012-2015) 7.3 (1.8;13.0) -5.9 (-10.3;-1.3)

 Nortriptyline First -2.6 (-11.1;6.6)

Episodic -2.2 (-10.5;6.8)

Prevalent -2.4 (-9.6;5.4)

 Duloxetine First -12.3 (-17.5;-6.8)

Episodic -7.9 (-13.2;-2.4)

Prevalent 0.2 (-3.5;4.0) 2011 (2010-2012) 14.4 (-0.4;31.3) -6.3 (-8.7; -3.8)

 Gabapentin First 12.0 (6.6;17.8)

Episodic 9.9 (6.2;13.8)

Prevalent 4.1 (1.5;6.9)

 Pregabalin First 4.8 (0.9;8.8)

Episodic 6.3 (3.4;9.2)

Prevalent 8.9 (5.1;12.9) 2012 (2011-2015) 16.5 (5.8;28.3) 3.2 (-0.2;6.8)

AAPC= Average Annual Percentage Change, APC= Annual Percentage Change, CI=Confidence Interval
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comorbidities than in the total cohort (Figure 1). The prescription rate for pregabalin 
almost doubled in this subset as well, from 4.1 to 7.1 prescriptions per 1000 person-
years. The prescription rates for amitriptyline remained relatively stable in this subset at 
around 8.0 prescriptions per 1000 person-years, while there was an increase in the total 
cohort. The increase in prescription rates of gabapentin in this subset was from 1.6 to 
3.0 (AAPC 9.9% (95% CI 6.2 -13.8)) and was more pronounced than in the total cohort.

Time trends for prevalent prescriptions
The time trends for the prevalent prescription rates showed similar patterns to the epi-
sodic prescription rates (Figures 1). In the total population, prescription rates increased 
for amitriptyline, gabapentin and pregabalin (Table 2). In addition, the prescription rate 
of duloxetine increased as well (AAPC 3.8% (95% CI 0.1-7.7)). The prescription rate for 
pregabalin almost doubled from 11.9 prescriptions per 1000 person-years in 2008 to 
23.3 prescriptions per 1000 person-years in 2017. Prescription rates were lower in the 
subset of patients without comorbidities. The prescription rate for gabapentin and pre-
gabalin increased in this subset, while the prescription rates for the other medications 
remained stable.

Rates for long-term prescription
Long-term prescription was defined as the prescription of antidepressants or anticon-
vulsants for more than three months in a follow-up year. In patients with incident OA 
around 40% of the patients who were prescribed an antidepressant had a long-term 
prescription for that antidepressant (Table 3). In the patients prescribed an anticonvul-
sant this figure was 30%.

Table 3. Long term prescription rate of antidepressants and anticonvulsants in patients with incident OA

Age
Amitriptyline

 N (% users/
% population)

Nortriptyline
N (% users/

% population)

Duloxetine
N (% users/

 % population)

Gabapentin
N (% users/

% population)

Pregabalin
N (% users/

% population)

Female 30-49 98 (44.1/2.9) 10 (41.7/0.3) 20 (64.5/1.9) 11 (33.3/0.3) 41 (38.0/1.2)

50-69 392 (41.7/2.5) 61 (46.2/0.4) 66 (53.7/0.3) 72 (34.0/0.5) 233 (37.4/1.5)

70+ 246 (40.7/2.4) 67 (49.6/0.7) 24 (36.9/0.4) 52 (34.2/0.5) 142 (36.1/1.4)

Male 30-49 29 (37.6/1.4) 8 (47.1/0.4) 6 (46.2/2.3) 3 (11.1/0.1) 17 (27.4/0.8)

50-69 140 (40.2/1.5) 25 (38.5/0.3) 19 (45.2/0.5) 31 (28.4/0.3) 111 (40.1/1.2)

70+ 71 (42.3/1.5) 12 (32.4/0.2) 4 (20.0/0.4) 10 (21.3/0.2) 59 (37.6/1.2)
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Characteristics associated with antidepressant and anticonvulsant 
prescriptions
A higher age at baseline was associated with higher episodic prescription rates of 
amitriptyline, nortriptyline, gabapentin (except for age ≥ 90) and pregabalin (Table 4, 
multivariable analyses; see Supplemental data Table S5 for univariable analyses). Nor-
triptyline in particular was prescribed in elderly patients (age ≥ 90: OR 2.23 [1.18-4.20]). 
Prescription rates for duloxetine declined with increasing age. Men were less likely to 
be prescribed antidepressants and anticonvulsants than women. Furthermore, patients 
with ≥2 joint groups affected were more likely to be prescribed duloxetine, gabapentin 
and pregabalin than patients with spinal OA, while patients with knee, hip or other pe-
ripheral OA were less likely to be prescribed amitriptyline, nortriptyline and pregabalin 
than patients with spinal OA (Table 4 and Supplemental data Figure 2 and Table S6). 
Finally, patients who visited the GP with other musculoskeletal disorders during the 
cohort period were more likely to be prescribed antidepressants and anticonvulsants; 
this was especially marked for patients with ≥2 musculoskeletal disorders.

DISCUSSION

In this study we examined the prescription rates and time trends in prescription rates for 
antidepressants and anticonvulsants in patients with OA. We found an increase in epi-
sodic and prevalent prescription rates for amitriptyline, gabapentin and pregabalin and 
an increase in first prescription rates for gabapentin and pregabalin between 2008-2017. 
The increase was most pronounced for pregabalin, where the episodic prescription rate 
increased from 7.1 to 13.8 per 1000 person-years. The prescription rates for nortriptyline 
and duloxetine remained stable over time. Amitriptyline was the most prescribed drug 
in patients with OA. Prescriptions were positively associated with a higher age at base-
line (except for duloxetine), the diagnosis of other musculoskeletal disorders during the 
cohort period, and the diagnosis of OA in two or more joint groups when compared to 
a diagnosis of spinal OA. The diagnosis of OA in hip, knee or other peripheral joints was 
associated with lower prescription rates for amitriptyline, nortriptyline and pregabalin 
compared to spinal OA.

The prevalent prescription rates we found were lower than the rates in other studies. 
Two US insurance claim studies of OA patients found that around 30% of the population 
was prescribed an antidepressant in a year28 29. Another US insurance claim study, which 
included patients with at least one opioid prescription in a two-year period, found that 
10% of the patients were prescribed an antidepressant and 7% an anticonvulsant which 
could also be prescribed for pain30. These studies were cross-sectional and examined 
the prescriptions of all antidepressants and anticonvulsants28-30 34, whereas a specific 
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selection was made in our study. Moreover, earlier studies of antidepressant prescrip-
tion rates found that these rates were lower in the Netherlands than in other countries35. 
Furthermore, we included all patients with an incident or prevalent diagnosis of OA in 
the cohort (including people with total hip or total knee replacements), while other 
studies included patients with a medication claim or opioid use, which could also be a 
reason for the lower numbers in our study.

Time trends for prescription rates for antidepressants and anticonvulsants have been 
examined in the general population in various countries. The prescription rates of tricy-
clic antidepressants have remained stable or even decreased in the past decade33 35 and 
TCAs are prescribed more frequently for indications other than depression and anxiety, 
e.g. for neuropathic pain disorders, and sleeping disorders and other off-label indica-
tions33. One study evaluating the prescription rates of antidepressants by British GPs 
found a stable prescription rate for TCAs, but an increase in prescriptions of low-dose 
amitriptyline, indicating prescribing for indications other than depression and anxiety36. 
We have found an increase in prescription rates of amitriptyline and nortriptyline in the 
total cohort of OA patients, in contrast to the stable prescription rate other studies have 
found. This reflects the increase in the prescription for indications other than depression 
and anxiety.

The prescription rate of pregabalin almost doubled in our population between 2008 
and 2017 and also the prescription rate of gabapentin increased. The rapid increase in 
prescriptions of gabapentin and pregabalin is also found in the general population37 38: 
up to a tripling of prescription rates in the past decade has been reported in the UK 
with incident prescription rates of 6.8 per 1000 persons per year for gabapentin and 3.8 
per 1000 persons per year for pregabalin37. For OA, a retrospective cohort study in the 
UK found an almost tripled rate of first prescriptions of gabapentinoids between 2005 
and 2015 with a prescription rate 27.6 per 1000 person-years in 201527. In this study, 
we found a less steep increase and lower absolute numbers. In the Netherlands, data 
from pharmacies show a tripling of prescription rates for pregabalin and relatively stable 
rates of gabapentin prescriptions39. Pregabalin was registered earlier than gabapentin 
for neuropathic pain disorders in the Netherlands40, which may have influenced pre-
scription rates. Concerns about this increase have been raised41 42. The use is associated 
with side effects, especially in older patients43, and gabapentin and pregabalin are often 
prescribed off-label without enough clinical evidence to support prescription. Only a 
few studies on anticonvulsants for OA pain have been carried out. In addition, there 
is some evidence for the misuse and abuse of gabapentin and pregabalin44 45. In the 
UK, gabapentin and pregabalin became controlled class C drugs in April 2019 since the 
number of deaths related to these medications had increased46.

We found that increasing age, being female, the presence of other musculoskeletal 
disorders and the location of OA (spinal OA, and OA in ≥2 joint groups) were positively 
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associated with prescriptions of antidepressants and anticonvulsants. Increasing age 
and being female are also found to be associated with higher prescription rates in other 
studies34 36 47. To our knowledge, the effect of the presence of other musculoskeletal 
disorders and the type of joints involved in OA has not previously been investigated. It 
might be that GPs see more reason to prescribe these medicines to patients with back 
complaints and to patients with more generalized pain.

We calculated the time trends of prescription rates for all patients and for patients 
without comorbidities. The absolute numbers of prescriptions were lower in the OA 
group without comorbidities. Also, in this subgroup an increase in prescription rates 
was found for gabapentin and pregabalin but not for the antidepressants. The subgroup 
is more likely to consist of patients in whom these medications are prescribed for OA-
related pain, but even in patients without comorbidities for which these medications are 
usually prescribed, antidepressants and anticonvulsants may have been prescribed for 
indications other than OA-related pain. Anxiety, depression and sleep disorders are as-
sociated with pain and functional impairment and are more common in OA patients48-50. 
A GP might decide that antidepressants or anticonvulsant could benefit patients with 
these comorbidities since multiple problems exist.

A strength of the current study is that it was conducted using a large database con-
taining a representative sample of the Dutch population. There are some limitations to 
the current study. Patients were only included in the cohort when diagnosed with OA. 
Since GPs may be too rigorous or not rigorous enough in deciding when to use these 
ICPC codes, this may have led to an underestimation or overestimation of patients with 
OA. UK primary healthcare database research found that OA is probably under-recorded 
in patients having total hip or knee replacements51. So underestimation of the total 
number of patients with OA is more likely. Furthermore, as mentioned earlier, the indica-
tion for the prescriptions of antidepressants and anticonvulsants is not always clear in 
the medical records, and prescriptions may relate to another indication than OA related 
pain.

In conclusion, prescription rates of amitriptyline, gabapentin and pregabalin increased 
in the past decade in patients with OA. Prescription rates of duloxetine and nortriptyline 
remained stable. This rise is concerning since these prescriptions are for off-label indica-
tions and there is little evidence to support the prescription of these antidepressants 
and anticonvulsants in patients with OA. Since these medicines have side effects and 
concerns about the misuse of gabapentin and pregabalin have been raised, these medi-
cations should be prescribed with caution for OA related pain.



Chapter 4

72

REFERENCES
1.	 Johnson VL, Hunter DJ. The epidemiology of osteoarthritis. Best Pract Res Clin Rheumatol 

2014;28(1):5-15.
2.	 Hunter DJ, Bierma-Zeinstra S. Osteoarthritis. Lancet 2019;393(10182):1745-59.
3.	 Cross M, Smith E, Hoy D, et al. The global burden of hip and knee osteoarthritis: estimates from the 

global burden of disease 2010 study. Ann Rheum Dis 2014;73(7):1323-30.
4.	 Zhang W, Doherty M, Arden N, et al. EULAR evidence based recommendations for the management 

of hip osteoarthritis: report of a task force of the EULAR Standing Committee for International Clini-
cal Studies Including Therapeutics (ESCISIT). Ann Rheum Dis 2005;64(5):669-81.

5.	 McAlindon TE, Bannuru RR, Sullivan MC, et al. OARSI guidelines for the non-surgical management of 
knee osteoarthritis. Osteoarthritis Cartilage 2014;22(3):363-88.

6.	 Leopoldino AO, Machado GC, Ferreira PH, et al. Paracetamol versus placebo for knee and hip osteo-
arthritis. Cochrane Database Syst Rev 2019;2:CD013273.

7.	 Zeng C, Wei J, Persson MSM, et al. Relative efficacy and safety of topical non-steroidal anti-inflam-
matory drugs for osteoarthritis: a systematic review and network meta-analysis of randomised 
controlled trials and observational studies. Br J Sports Med 2018;52(10):642-50.

8.	 da Costa BR, Reichenbach S, Keller N, et al. Effectiveness of non-steroidal anti-inflammatory 
drugs for the treatment of pain in knee and hip osteoarthritis: a network meta-analysis. Lancet 
2017;390(10090):e21-e33.

9.	 Schmidt M, Sorensen HT, Pedersen L. Diclofenac use and cardiovascular risks: series of nationwide 
cohort studies. Bmj 2018;362:k3426.

10.	 Ackerman IN, Zomer E, Gilmartin-Thomas JF, et al. Forecasting the future burden of opioids for 
osteoarthritis. Osteoarthritis Cartilage 2017.

11.	 Thorlund JB, Turkiewicz A, Prieto-Alhambra D, et al. Opioid use in knee or hip osteoarthritis: a 
region-wide population-based cohort study. Osteoarthritis Cartilage 2019.

12.	 van den Driest JJ, Schiphof D, de Wilde M, et al. Opioid prescriptions in patients with osteoarthritis: 
a population-based cohort study. Rheumatology (Oxford) 2020.

13.	 Noble M, Treadwell JR, Tregear SJ, et al. Long-term opioid management for chronic noncancer pain. 
Cochrane Database Syst Rev 2010(1):CD006605.

14.	 Cheatle MD. Prescription Opioid Misuse, Abuse, Morbidity, and Mortality: Balancing Effective Pain 
Management and Safety. Pain Med 2015;16 Suppl 1:S3-8.

15.	 Schaible HG. Mechanisms of chronic pain in osteoarthritis. Curr Rheumatol Rep 2012;14(6):549-56.
16.	 Hochman JR, Davis AM, Elkayam J, et al. Neuropathic pain symptoms on the modified painDE-

TECT correlate with signs of central sensitization in knee osteoarthritis. Osteoarthritis Cartilage 
2013;21(9):1236-42.

17.	 French HP, Smart KM, Doyle F. Prevalence of neuropathic pain in knee or hip osteoarthritis: A system-
atic review and meta-analysis. Semin Arthritis Rheum 2017;47(1):1-8.

18.	 Chen L, Gong M, Liu G, et al. Efficacy and Tolerability of Duloxetine in Patients with Knee Osteoarthri-
tis: A Meta-analysis of Randomized Controlled Trials. Intern Med J 2019.

19.	 National Institute for Health and Care Excellence (NICE). Osteoarthritis: care and management.  
February 2014  [cited 01-12-2019]; Available from: https://www.nice.org.uk/guidance/cg177.

20.	 NHG. NHG Standaard Niet-traumatische knieklachten.  2016  https://www.nhg.org/standaarden/
volledig/nhg-standaard-niet-traumatische-knieklachten#Richtlijnendiagnostiek (15 December 
2019, date last accessed)



4

73

Antidepressant and anticonvulsant prescription rates in patients with osteoarthritis

21.	 Sindrup SH, Otto M, Finnerup NB, et al. Antidepressants in the treatment of neuropathic pain. Basic 
Clin Pharmacol Toxicol 2005;96(6):399-409.

22.	 van den Driest JJ, Bierma-Zeinstra SMA, Bindels PJE, et al. Amitriptyline for musculoskeletal com-
plaints: a systematic review. Fam Pract 2017;34(2):138-46.

23.	 Hudson B, Williman JA, Stamp LK, et al. Nortriptyline in knee osteoarthritis (NortIKA Study): study 
protocol for a randomised controlled trial. Trials 2015;16:448.

24.	 Kremer M, Salvat E, Muller A, et al. Antidepressants and gabapentinoids in neuropathic pain: Mecha-
nistic insights. Neuroscience 2016;338:183-206.

25.	 Ohtori S, Inoue G, Orita S, et al. Efficacy of combination of meloxicam and pregabalin for pain in 
knee osteoarthritis. Yonsei Med J 2013;54(5):1253-8.

26.	 Sofat N, Harrison A, Russell MD, et al. The effect of pregabalin or duloxetine on arthritis pain: a 
clinical and mechanistic study in people with hand osteoarthritis. J Pain Res 2017;10:2437-49.

27.	 Appleyard T, Ashworth J, Bedson J, et al. Trends in gabapentinoid prescribing in patients with 
osteoarthritis: a United Kingdom national cohort study in primary care. Osteoarthritis Cartilage 
2019;27(10):1437-44.

28.	 Gore M, Tai KS, Sadosky A, et al. Clinical comorbidities, treatment patterns, and direct medical costs 
of patients with osteoarthritis in usual care: a retrospective claims database analysis. J Med Econ 
2011;14(4):497-507.

29.	 Gore M, Tai KS, Sadosky A, et al. Use and costs of prescription medications and alternative treat-
ments in patients with osteoarthritis and chronic low back pain in community-based settings. Pain 
Pract 2012;12(7):550-60.

30.	 Kozma CM, Provenzano DA, Slaton TL, et al. Complexity of pain management among patients 
with nociceptive or neuropathic neck, back, or osteoarthritis diagnoses. J Manag Care Spec Pharm 
2014;20(5):455-66b.

31.	 NHG. NHG Standaard Pijn (M106) 2018 https://www.nhg.org/standaarden/volledig/nhg-standaard-
pijn (15 December 2019, date last accessed).

32.	 Ferguson RJ, Prieto-Alhambra D, Walker C, et al. Validation of hip osteoarthritis diagnosis recording 
in the UK Clinical Practice Research Datalink. Pharmacoepidemiol Drug Saf 2019;28(2):187-93.

33.	 Noordam R, Aarts N, Verhamme KM, et al. Prescription and indication trends of antidepressant 
drugs in the Netherlands between 1996 and 2012: a dynamic population-based study. Eur J Clin 
Pharmacol 2015;71(3):369-75.

34.	 Gisev N, Nielsen S, Campbell G, et al. Antidepressant Use Among People Prescribed Opioids for 
Chronic Noncancer Pain. Pain Med 2019.

35.	 Abbing-Karahagopian V, Huerta C, Souverein PC, et al. Antidepressant prescribing in five European 
countries: application of common definitions to assess the prevalence, clinical observations, and 
methodological implications. Eur J Clin Pharmacol 2014;70(7):849-57.

36.	 Lockhart P, Guthrie B. Trends in primary care antidepressant prescribing 1995-2007: a longitudinal 
population database analysis. Br J Gen Pract 2011;61(590):e565-72.

37.	 Johansen ME. Gabapentinoid Use in the United States 2002 Through 2015. JAMA Intern Med 
2018;178(2):292-94.

38.	 Montastruc F, Loo SY, Renoux C. Trends in First Gabapentin and Pregabalin Prescriptions in Primary 
Care in the United Kingdom, 1993-2017. Jama 2018;320(20):2149-51.

39.	 Stichting Farmaceutische Kengetallen, 2019. Anti-epileptica niet alleen bij epilepsie  [cited 24-
12-2019]; Available from: https://www.sfk.nl/publicaties/PW/2017/anti-epileptica-niet-alleen-bij-
epilepsie



Chapter 4

74

40.	 Zorginstituut Nederland, 2008 CFH-rapport 08/18 Anti-epileptica cluster 0N03AXB0  [cited 24-12-
2019]; Available from: https://www.zorginstituutnederland.nl/publicaties/rapport/2008/07/28/
anti-epileptica-cluster-0n03axb0

41.	 Goodman CW, Brett AS. Gabapentin and Pregabalin for Pain - Is Increased Prescribing a Cause for 
Concern? N Engl J Med 2017;377(5):411-14.

42.	 Wallach JD, Ross JS. Gabapentin Approvals, Off-Label Use, and Lessons for Postmarketing Evaluation 
Efforts. Jama 2018;319(8):776-78.

43.	 Enke O, New HA, New CH, et al. Anticonvulsants in the treatment of low back pain and lumbar 
radicular pain: a systematic review and meta-analysis. Cmaj 2018;190(26):E786-E93.

44.	 Driot D, Jouanjus E, Oustric S, et al. Patterns of gabapentin and pregabalin use and misuse: Results 
of a population-based cohort study in France. Br J Clin Pharmacol 2019.

45.	 Schifano F. Misuse and abuse of pregabalin and gabapentin: cause for concern? CNS Drugs 
2014;28(6):491-6.

46.	 Mayor S. Pregabalin and gabapentin become controlled drugs to cut deaths from misuse. Bmj 
2018;363:k4364.

47.	 Baftiu A, Johannessen Landmark C, Rusten IR, et al. Changes in utilisation of antiepileptic drugs in 
epilepsy and non-epilepsy disorders-a pharmacoepidemiological study and clinical implications. 
Eur J Clin Pharmacol 2016;72(10):1245-54.

48.	 Pickering ME, Chapurlat R, Kocher L, et al. Sleep Disturbances and Osteoarthritis. Pain Pract 
2016;16(2):237-44.

49.	 Rathbun AM, Stuart EA, Shardell M, et al. Dynamic Effects of Depressive Symptoms on Osteoarthritis 
Knee Pain. Arthritis Care Res (Hoboken) 2018;70(1):80-88.

50.	 Scopaz KA, Piva SR, Wisniewski S, et al. Relationships of fear, anxiety, and depression with physical 
function in patients with knee osteoarthritis. Arch Phys Med Rehabil 2009;90(11):1866-73.

51.	 Yu D, Jordan KP, Peat G. Underrecording of osteoarthritis in United Kingdom primary care electronic 
health record data. Clin Epidemiol 2018;10:1195-201.



4

75

Antidepressant and anticonvulsant prescription rates in patients with osteoarthritis

SUPPLEMENTARY DATA
Supplementary Figure S1. Prescription rates for patients with incident OA vs prevalent OA 
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Figure S1. Prescription rates for patients with incident OA vs prevalent OA
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Supplementary Figure S2. Prescription rates of antidepressants and anticonvulsants per joint groups 
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Table S1. Baseline characteristics incident OA vs prevalent OA (total cohort)

Incident OA 
(n=59.053)

Prevalent OA
(n=105.239)

Age mean (S.D.), years 64.2 (12.1) 67.9 (12.4)

Age category, n (%)
30-39 1 063 (1.8) 1 574 (1.5)
40-49 5 668 (9.6) 6 339 (6.0)
50-59 14 469 (24.5) 18 317 (17.4)
60-69 17 900 (30.3) 30 856 (29.3)
70-79 13 190 (22.3) 27 559 (26.2)
80-89 5 919 (10.0) 17 720 (16.8)
> =90 844 (1.4) 2 874 (2.7)

Female, n (%) 37 694 (63.8) 69 744 (66.3)

Joints affected, n (%)
Spine 6 389 (10.8) 10 854 (10.3)
Hip 11 230 (19.0) 16 532 (15.7)
Knee 18 954 (32.1) 26 110 (24.8)
Other joints 16 035 (27.2) 21 718 (20.6)
2 or more joints 6 445 (10.9) 30 025 (28.5)

Diabetes, n (%) 8 421 (14.3) 16 754 (15.9)

Hypertension, n (%) 22 501 (38.1) 44 365 (42.2)

Hyperlipidaemia, n (%) 10 128 (17.2) 19 096 (18.1)

MI/AP, n (%) 5 715 (9.7) 13 153 (12.5)

Stroke/TIA, n (%) 1 901 (3.2) 4 451 (4.2)

PAD, n (%) 2 079 (3.5) 4 286 (4.1)

UGI/ulcer, n (%) 1 737 (2.9) 3 986 (3.8)

Heartfailure, n (%) 1 721 (2.9) 5 268 (5.0)

Inflammatory arhritis, n (%) 2 290 (3.9) 5 659 (5.4)

Fibromyalgia, n (%) 1 038 (1.8) 1 454 (1.4)

Neuropathic pain disorder, n (%) 6 158 (10.4) 13 044 (12.4)

Depression, n (%) 9 930 (16.8) 18 784 (17.8)

Anxiety, n (%) 9 514 (16.1) 17 883 (17.0)

Psychosis, n (%) 1 075 (1.8) 3 009 (2.9)

Sleeping disorder, n (%) 10 934 (18.5) 21 344 (20.3)

Epilepsy, n (%) 778 (1.3) 1 626 (1.5)

Other MSD during cohort time, n (%)
Upper extremity 12 934 (21.9) 26 127 (24.8)
Lower extremity 21 067 (35.7) 40 009 (38.0)
Back/neck 16 870 (28.6) 34 390 (32.7)
Other musculoskeletal 16 633 (28.2) 33 926 (32.2)
None 22 216 (37.6) 35 393 (33.6)

Renal function, n (%)
eGFR>60 ml/min 39 027 (66.1) 64 925 (61.7)
eGFR 30-60 ml/min 5 532 (9.4) 13 850 (13.2)
eGFR<30 ml/min 542 (0.9) 1 072 (1.0)
missing 13 952 (23.6) 25 392 (24.1)
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Table S2. Baseline characteristics incident OA vs prevalent OA (cohort without comorbidities)

Incident OA
(n=36.147)

Prevalent OA
(n=62.952)

Age mean (S.D.), years 64.4 (12.1) 67.6 (12.3)

Age category, n (%)
30-39 674 (1.9) 1 056 (1.7)
40-49 3 386 (9.4) 3 860 (6.1)
50-59 8 447 (23.4) 10 829 (17.2)
60-69 11 186 (30.9) 18 970 (30.1)
70-79 8 395 (23.2) 16 800 (26.7)
80-89 3 585 (9.9) 9 958 (15.8)
> =90 474 (1.3) 1 479 (2.3)

Female, n (%) 21 676 (60.0) 39 044 (62.0)

Joints affected, n (%)
Spine 3 703 (10.2) 6 477 (10.3)
Hip 7 327 (20.3) 10 748 (17.1)
Knee 11 924 (33.0) 16 686 (26.5)
Other joints 9 420 (26.1) 12 769 (20.3)
2 or more joints 3 773 (10.4) 16 272 (25.8)

Diabetes, n (%) 4 658 (12.9) 8 950 (14.2)

Hypertension, n (%) 13 078 (36.2) 24 927 (39.6)

Hyperlipidaemia, n (%) 5 501 (15.2) 9 996 (15.9)

MI/AP, n (%) 3 025 (8.4) 6 649 (10.6)

Stroke/TIA, n (%) 965 (4.4) 2 149 (3.4)

PAD, n (%) 1 055 (2.9) 2 041 (3.2)

UGI/ulcer, n (%) 831 (2.3) 1 922 (3.1)

Heartfailure, n (%) 877 (2.4) 2 497 (4.0)

Inflammatory arhritis, n (%) 1 233 (3.4) 2 889 (4.6)

Fibromyalgia NA NA

Neuropathic pain disorder NA NA

Depression NA NA

Anxiety NA NA

Psychosis NA NA

Sleeping disorder NA NA

Epilepsy NA NA

Other MSD during cohort time, n (%)
Upper extremity 7 270 (20.1) 48 520 (77.1)
Lower extremity 11 978 (33.1) 22 507 (35.8)
Back/neck 9 270 (25.6) 18 835 (29.9)
Other musculoskeletal 9 068 (25.1) 18 418 (29.3)
None 14 812 (41.0) 23 091 (36.7)

Renal function, n (%)
eGFR>60 ml/min 22 610 (62.6) 37 003 (58.8)
eGFR 30-60 ml/min 3 217 (8.9) 7 577 (12.0)
eGFR<30 ml/min 319 (0.9) 577 (0.9)
missing 10 001 (27.7) 17 795 (28.3)

Comorbidities are fibromyalgia, neuropathic pain disorders, depression, anxiety, psychosis, sleeping disorder, epilepsy, 
MI=myocardial infarction, AP=angina pectoris, TIA= transient ischemic attack, PAD=peripheral arterial disease, UGI= upper 
gastro-intestinal, MSD=musculoskeletal disorder, eGFR= estimated glomerular filtration rate.
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Table S3. Prescription rates (numbers per 1000 person-years)

Amitriptyline

Year Total cohort Cohort without comorbidities

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

2008 8.0 (6.5-9.6) 12.4 (10.6-14.2) 25.7 (23.2-28.4) 8.0 (6.5-8.6) 7.2 (5.6-9.1) 13.7 (11.5-16.3)

2009 8.2 (7.0-9.4) 11.6 (10.3-13.0) 24.7 (22.8-26.8) 8.2 (7.0-9.4) 6.7 (5.4-8.2) 13.3 (11.5-15.3)

2010 9.2 (8.2-10.4) 14.5 (13.2-15.8) 26.8(24.8-28.3) 9.2 (8.2-10.4) 8.2 (7.0-9.5) 14.5 (12.8-16.2)

2011 9.8 (8.9-10.8) 14.6 (13.5-15.8) 29.1 (27.5-30.6) 9.8 (8.9-10.8) 8.3 (7.3-9.4) 15.6 (14.2-17.2)

2012 10.2 (9.4-11.1) 16.5 (15.5-17.6) 31.1 (29.8-32.6) 10.2 (9.4-11.1) 8.6 (7.7-9.7) 16.7 (15.4-18.1)

2013 10.5 (9.6-11.4) 17.7 (16.7-18.8) 34.1 (32.7-35.6) 10.5 (9.6-11.4) 9.6 (8.6-10.7) 18.1 (16.7-19.6)

2014 10.7 (9.9-11.6) 17.9 (16.9-19.0) 32.7 (31.4-34.1) 10.7 (9.9-11.6) 9.1 (8.1-10.1) 16.8 (15.5-18.2)

2015 10.6 (9.9 (11.4) 17.7 (16.7-18.7) 33.8 (32.6-35.1) 10.6 (9.9-11.6) 9.2 (8.3-10.1) 17.1 (15.9-18.4)

2016 9.0 (7.4-8.7) 16.0 (15.1-16.8) 31.4 (30.3-32.6) 9.0 (7.4-8.7) 7.0 (6.2-7.8) 14.3 (13.2-15.4)

2017 8.5 (7.9-9.2) 15.1 (14.3-16.0) 30.7 (29.6-31.8) 8.5 (7.9-9.2) 7.4 (6.6-8.2) 14.3 (13.2-15.4)

Nortriptyline

Year Total cohort Cohort without comorbidities

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

2008 2.1 (1.4-3.0) 2.6 (1.8-3.5) 4.8 (3.8-6.1) 1.4 (0.7-2.4) 1.4 (0.7-2.4) 1.7 (0.1-2.8)

2009 2.0 (1.5-2.6) 2.5 (1.9-3.2) 4.9 (4.0-5.8) 1.1 (0.6-1.7) 1.2 (0.7-1.9) 1.4 (0.9-2.1)

2010 2.4 (1.9-3.0) 3.3 (2.7-3.9) 5.8 (5.0-6.7) 1.5 (1.0-2.1) 1.8 (1.3-2.5) 2.4 (1.8-3.2)

2011 2.3 (1.9-2.8) 3.2 (2.7-3.8) 5.9 (5.2-6.7) 1.4 (1.0-1.9) 1.6 (1.2-2.2) 2.3 (1.8-3.0)

2012 2.7 (2.3-3.1) 3.3 (2.8-3.7) 5.7 (5.1-6.4) 1.6 (1.2-2.1) 1.8 (1.4-2.3) 2.6 (2.1-3.2)

2013 1.7 (1.4-2.1) 2.3 (1.9-2.7) 4.8 (4.3-5.4) 0.7 (0.5-1.1) 0.9 (0.6-1.2) 1.5 (1.1-1.9)

2014 2.0 (1.6-2.3) 2.6 (2.3-3.1) 5.0 (4.5-5.6) 1.0 (0.7-1.4) 1.1 (0.8-1.5) 1.5 (1.1-1.9)

2015 2.0 (1.6-2.3) 2.9 (2.5-3.3) 5.5 (5.0-6.1) 0.5 (0.3-0.8) 0.7 (0.4-1.0) 1.2 (0.9-1.6)

2016 2.3 (2.0-2.7) 3.1 (2.8-3.5) 5.9 (5.4-6.5) 1.1 (0.8-1.4) 1.2 (0.9-1.6) 1.6 (1.2-2.0)

2017 3.1 (2.8-3.5) 4.1 (3.7-4.6) 7.0 (6.5-7.5) 1.4 (1.1-1.8) 1.7 (1.3-2.1) 2.2 (1.8-2.6)



Chapter 4

82

Duloxetine

Year Total cohort Cohort without comorbidities

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

2008 1.8 (1.2-2.7) 1.8 (1.2-2.6) 2.8 (2.0-3.8) 0.8 (0.3-1.5) 0.8 (0.3-1.5) 1.1 (0.5-2.0)

2009 2.0 (1.4-2.6) 2.2 (1.7-2.9) 3.7 (3.0-4.5) 0.9 (0.5-1.5) 0.9 (0.5-1.5) 1.3 (0.8-2.1)

2010 1.7 (1.3-2.2) 2.1 (1.6-2.7) 3.9 (3.3-4.6) 0.6 (0.3-1.0) 0.7 (0.4-1.2) 1.3 (0.8-1.9)

2011 1.9 (1.5-2.3) 2.5 (2.1-3.0) 4.7 (4.1-5.4) 0.8 (0.5-1.2) 1.2 (0.8-1.7) 1.7 (1.3-2.3)

2012 1.5 (1.2-1.8) 2.1 (1.8-2.5) 4.3 (3.8-4.9) 0.5 (0.3-0.8) 0.7 (0.4-1.0) 1.4 (1.1-1.9)

2013 1.1 (0.9-1.4) 1.7 (1.4-2.1) 4.1 (3.6-4.6) 0.5 (0.3-0.8) 0.6 (0.4-1.0)  1.4 (1.1-1.9)

2014 1.2 (1.0-1.5) 2.0 (1.7-2.4) 4.3 (3.8-4.8) 0.5 (0.3-0.8) 0.7 (0.4-1.0) 1.4 (1.0-1.8)

2015 1.1 (0.9-1.3) 2.0 (1.7-2.3) 4.5 (4.1-5.0) 0.3 (0.2-0.5) 0.6 (0.4-0.8) 1.3 (1.0-1.7)

2016 1.2 (1.0-1.4) 1.9 (1.6-2.2) 4.3 (3.9-4.7) 0.2 (0.1-0.4) 0.5 (0.3-0.7) 1.2 (0.9-1.5)

2017 1.1 (0.9-1.3) 1.8 (1.5-2.1) 4.3 (3.9-4.7) 0.4 (0.2-0.6) 0.5 (0.3-0.7) 1.1 (0.8-1.4)

Gabapentin

Year Total cohort Cohort without comorbidities

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

2008 2.2 (1.5-3.1) 3.7 (2.8-4.8) 6.5 (5.2-7.9) 1.1 (0.5-2.0) 1.6 (0.9-2.7) 3.5 (2.4-5.0)

2009 2.1 (1.6-2.8) 3.1 (2.4-3.8) 5.5 (4.6-6.5) 1.0 (0.6-1.7) 1.2 (0.7-1.9) 2.5 (1.7-3.4)

2010 2.2 (1.8-2.7) 3.0 (2.5-3.7) 5.8 (5.0-6.6) 1.4 (0.9-2.0) 1.6 (1.1-2.3) 3.0 (2.3-3.8)

2011 2.2 (1.8-2.7) 3.3 (2.8-3.9) 6.2 (5.5-6.9) 1.2 (0.8-1.7) 1.8 (1.3-2.4) 3.5 (2.9-4.3)

2012 2.4 (2.0-2.8) 3.3 (2.9-3.8) 6.4 (5.8-7.1) 1.7 (1.3-2.2) 2.1 (1.6-2.6) 3.8 (3.2-4.5)

2013 1.9 (1.5-2.3) 2.9 (2.5-3.4) 6.0 (5.4-6.6) 1.1 (0.8-1.5) 1.7 (1.3-2.2) 3.3 (2.7-4.0)

2014 2.9 (2.5-3.3) 3.8 (3.4-4.3) 6.7 (6.1-7.3) 2.2 (1.7-2.7) 2.4 (1.9-2.9) 3.7 (3.1-4.4)

2015 3.1 (2.7-3.6) 4.3 (3.8-4.8) 7.2 (6.6-7.8) 2.5 (2.0-3.0) 3.0 (2.5-3.6) 4.3 (3.7-5.0)

2016 3.2 (2.8-3.6) 4.4 (3.9-4.8) 6.9 (6.4-7.5) 2.4 (2.0-2.9) 2.9 (2.4-3.4) 4.0 (3.5-4.6)

2017 3.0 (2.7-3.4) 3.9 (3.5-4.4) 6.9 (6.4-7.4) 2.5 (2.1-3.0) 3.0 (2.5-3.5) 4.2 (3.7-4.9)
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Antidepressant and anticonvulsant prescription rates in patients with osteoarthritis

Pregabalin

Year Total cohort Cohort without comorbidities

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

2008 6.0 (4.8-7.3) 7.1 (5.8-8.6) 11.9 (10.2-13.8) 3.6 (2.5-5.0) 4.1 (2.9-5.6) 5.9 (4.4-7.7)

2009 6.3 (5.3-7.4) 7.8 (6.8-9.0) 12.2 (10.8-13.6) 3.6 (2.7-4.7) 4.3 (3.4-5.5) 6.2 (5.0-7.5)

2010 5.6 (4.8-6.5) 7.8 (6.9-8.8) 13.6 (12.4-14.9) 3.0 (2.3-3.9) 4.2 (3.4-5.2) 7.2 (6.0-8.4)

2011 7.4 (6.6-8.2) 9.5 (8.6-10.5) 15.6 (14.4-16.8) 3.9 (3.2-4.7) 4.9 (4.1-5.9) 8.2 (7.2-9.4)

2012 8.7 (7.9-9.4) 11.2 (10.3-12.0) 17.4 (16.4-18.5) 5.2 (4.5-6.0) 6.5 (5.6-7.4) 10.0 (9.0-11.1)

2013 8.9 (8.1-9.7) 12.2(11.3-13.1) 20.0 (18.8-21.1) 5.0 (4.2-5.8) 6.3 (5.5-7.2) 10.2 (9.2-11.3)

2014 8.8 (8.1-9.6) 12.2 (11.3-13.1) 20.9 (19.8-22.0) 4.7 (4.0-5.4) 6.0 (5.2-6.9) 10.2 (9.2-11.3)

2015 8.9 (8.2-9.6) 12.4 (11.7-13.3) 21.9 (20.9-22.9) 5.8 (5.1-6.6) 7.3 (6.5-8.1) 11.7 (10.7-12.8)

2016 9.0 (8.4-9.7) 13.5 (12.7-14.2) 22.5 (21.6-23.5) 5.1 (4.5-5.8) 7.2 (6.4-8.0) 11.4 (10.5-12.4)

2017 9.4 (8.8-10.1) 13.9 (13.2-14.7) 23.3 (22.3-24.2) 5.1 (4.5-5.8) 7.1 (6.4-7.9) 11.2 (10.3-12.2)
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Table S4. Prescription rates in patients with incident OA and prevalent OA

Amitriptyline (Total cohort)

Year Incident OA Prevalent OA

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

2008 10.4 (5.2-18.8) 13.8 (7.9-22.7) 32.6 (22.5-45.5) 7.8 (6.3-9.5) 12.1 (10.3-14.1) 25.2 (22.7-27.9)

2009 10.7 (7.6-14.7) 12.2 (9.0-16.2) 25.2 (20.2-30.7) 7.7 (6.5-9.1) 11.4 (10.0-13.0) 24.7 (22.6-26.9)

2010 9.4 (7.3-12.0) 12.6 (10.2-15.4) 24.2 (20.8-27.9) 9.1 (8.0-10.4) 14.9 (13.5-16.5) 27.5 (25.6-29.6)

2011 11.3 (9.4-13.5) 15.2 (13.0-17.6) 27.5 (24.5-30.6) 9.3 (8.2-10.4) 14.4 (13.1-15.7) 29.6 (27.8-31.5)

2012 11.8 (10.1-13.6) 17.2 (15.2-19.2) 31.3 (28.8-34.1) 9.6 (8.6-10.6) 16.2 (15.0-17.4) 31.1 (29.4-32.7)

2013 10.5 (9.0-12.1) 17.7 (15.9-19.8) 34.6 (32.0-37.3) 10.4 (9.4-11.5) 17.7 (16.4-19.0) 33.9 (32.1-35.1)

2014 11.0 (9.6-12.6) 17.8 (16.1-19.7) 32.8 (30.4-35.2) 10.6 (9.6-11.6) 17.9 (16.7-19.2) 32.7 (31.0-34.4)

2015 11.9 (10.5-13.4) 19.3 (17.6-21.1) 35.8 (33.5-38.2) 10.0 (9.1-11.0) 16.9 (15.8-18.0) 32.9 (31.4-34.5)

2016 8.9 (7.8-10.1) 15.5 (14.1-17.0) 32.1 (30.1-34.2) 9.0 (8.2-9.8) 16.1 (15.1-17.2) 31.1 (29.7-32.5)

2017 9.5 (8.4-10.7) 16.2 (14.9-17.6) 32.9 (31.0-34.9) 8.0 (7.2-8.8) 14.5 (13.5-15.5) 29.5 (28.1-30.9)

Amitriptyline (cohort without comorbidities)

Year Incident OA Prevalent OA

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

2008 9.2 (3.4-20.1) 8.9 (3.0-19.3) 17.8 (9.2-30.9) 4.3 (3.0-6.0) 7.1 (5.4-9.0) 13.4(11.1-16.1)

2009 7.1 (4.2-11.4) 7.7 (4.4-12.1) 15.3 (10.9-21.0) 4.8 (3.6-6.2) 6.5 (5.1-8.1) 12.9 (11.0-15.0)

2010 6.5 (4.4-9.3) 7.9 (5.6-10.9) 13.1 (10.1-16.8) 5.6 (4.5-7.0) 8.3 (6.9-9.9) 14.9 (13.0-16.9)

2011 7.9 (5.9-10.3) 10.7 (8.4-13.4) 16.6 (13.8-19.9) 5.1 (4.1-6.2) 7.4 (6.3-8.7) 15.3 (13.6-17.1)

2012 6.2 (4.7-8.0) 9.3 (7.5-11.3) 16.5 (14.2-19.2) 5.4 (4.5-6.4) 8.4 (7.3-9.6) 16.8 (15.2-18.4)

2013 6.0 (4.6-7.7) 9.1 (7.5-11.3) 17.8 (15.4-20.4) 6.3 (5.3-7.5) 9.8 (8.6-11.2) 18.3 (16.6-20.1)

2014 5.7 (4.4-7.2) 9.2 (7.5-11.0) 16.6 (14.4-19.0) 6.0 (5.1-7.2) 9.0 (7.9-10.4) 16.9 (15.3-18.6)

2015 6.6 (5.2-8.2) 9.8 (8.2-11.6) 17.9 (15.8-20.3) 5.9 (5.0-6.9) 8.9 (7.8-10.1) 16.7 (15.2-18.3)

2016 4.4 (3.4-5.6) 7.1 (5.8-8.5) 14.8 (13.0-16.8) 4.1 (3.4-4.9) 6.9 (6.0-7.9) 14.0 (12.7-15.4)

2017 5.1 (4.1-6.3) 8.0 (6.7-9.4) 15.6 (13.8-17.5) 4.7 (3.9-5.5) 7.0 (6.1-8.0) 13.5 (12.2-14.9)
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Antidepressant and anticonvulsant prescription rates in patients with osteoarthritis

Nortriptyline (Total cohort)

Year Incident OA Prevalent OA

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

2008 2.0 (0.2-7.2) 3.0 (0.6-8.7) 4.0 (1.1-10.1) 2.1 (1.4-3.0) 2.5 (1.8-3.5) 4.9 (3.8-6.2)

2009 1.3 (0.4-3.1) 2.1 (0.9-4.2) 4.5 (2.6-7.2) 2.1 (1.5-2.9) 2.5 (1.9-3.3) 4.9 (4.0-6.0)

2010 3.2 (2.1-4.8) 4.3 (2.9-6.0) 7.0 (5.3-9.2) 2.1 (1.6-2.8) 3.0 (2.3-3.7) 5.5 (4.6-6.4)

2011 2.4 (1.6-3.5) 3.3 (2.4-4.6) 6.0 (4.7-7.7) 2.2 (1.8-2.8) 3.2 (2.6-3.8) 5.9 (5.1-6.8)

2012 3.5 (2.7-4.6) 4.0 (3.1-5.0) 6.8 (5.6-8.1) 2.4 (1.9-2.9) 3.0 (2.5-3.5) 5.3 (4.6-6.0)

2013 1.8 (1.2-2.5) 2.4 (1.7-3.2) 4.5 (3.6-5.5) 1.7 (1.3-2.2) 2.2 (1.8-2.7) 5.0 (4.2-5.7)

2014 1.7 (1.2-.2.4) 2.4 (1.8-3.1) 4.7 (3.8-5.7) 2.1 (1.7-2.6) 2.8 (2.3-3.3) 5.1 (4.5-5.9)

2015 1.7 (1.2-2.3) 2.6 (2.0-3.3) 4.9 (4.0-5.8) 2.1 (1.7-2.5) 3.0 (2.6-3.5) 5.8 (5.2-6.5)

2016 1.9 (1.4-2.4) 2.6 (2.0-3.2) 5.0 (4.2-5.9) 2.6 (2.2-3.0) 3.4 (3.0-3.9) 6.4 (5.8-7.1)

2017 2.7 (2.2-3.4) 3.5 (2.9-4.2) 6.0 (5.2-6.9) 3.3 (2.9-3.8) 4.5 (4.0-5.1) 7.5 (6.8-8.2)

Nortriptyline (Cohort without comorbidities)

Year Incident OA Prevalent OA

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

2008 3.0 (0.4-10.8) 3.0 (0.4-10.7) 4.5 (0.1-1.3) 1.3 (0.6-2.3) 1.3 (0.6-2.3) 1.5 (0.1-2.6)

2009 0.4 (0.0-2.3) 0.4 (0.0-2.2) 2.8 (1.1-5.8) 1.2 (0.7-2.0) 1.4 (0.8-2.2) 1.9 (1.2-2.9)

2010 2.9 (1.6-4.9) 3.8 (2.2-5.9) 4.4 (2.7-6.7) 1.1 (0.6-1.7) 1.2 (0.7-1.9) 1.8 (1.2-2.6)

2011 1.6 (0.8-2.8) 1.7 (0.9-3.0) 2.8 (1.7-4.4) 1.4 (0.9-2.0) 1.6 (1.1-2.3) 2.1 (1.5-2.9)

2012 2.1 (1.3-3.2) 2.2 (1.4-3.3) 3.3 (2.3-4.6) 1.5 (1.1-2.1) 1.7 (1.2-2.3) 2.3 (1.7-3.0)

2013 0.7 (0.3-1.4) 0.8 (0.4-1.5) 1.4 (0.8-2.3) 0.7 (0.4-1.2) 0.9 (0.5-1.3) 1.5 (1.0-2.1)

2014 1.1 (0.6-1.8) 1.1 (0.6-1.8) 1.5 (0.9-2.3) 0.8 (0.5-1.2) 1.1 (0.7-1.7) 1.5 (1.1-2.1)

2015 0.2 (0.0-0.7) 0.3 (0.1-0.8) 1.0 (0.5-1.7) 0.6 (0.3-0.9) 0.8 (0.5-1.3) 1.3 (0.9-1.8)

2016 1.0 (0.6-1.6) 1.2 (0.7-1.9) 1.5 (1.0-2.2) 1.1 (0.7-1.5) 1.2 (0.9-1.7) 1.6 (1.2-2.1)

2017 1.1 (0.6-1.7) 1.2 (0.8-1.9) 1.9 (1.3-2.6) 1.6 (1.2-2.1) 1.9 (1.4-2.5) 2.4 (1.9-3.0)
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Duloxetine (Total cohort)

Year Incident OA Prevalent OA

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

2008 2.0 (0.2-7.2) 2.0 (0.2-7.1) 4.0 (1.1-10.1) 1.8 (1.2-2.7) 1.8 (1.2-2.7) 2.7 (1.9-3.8)

2009 1.9 (0.8-3.8) 1.9 (0.7-3.8) 5.0 (3.0-7.9) 2.0 (1.4-2.7) 2.3 (1.7-3.1) 3.4 (2.7-4.3)

2010 1.9 (1.0-3.1) 2.0 (1.1-3.3) 4.4 (3.0-6.2) 1.7 (1.2-2.2) 2.1 (1.6-2.8) 3.8 (3.0-4.6)

2011 2.0 (1.2-2.9) 2.2 (1.4-3.2) 4.9 (3.7-6.4) 1.9 (1.4-2.4) 2.7 (2.1-3.3) 4.6 (3.9-5.4)

2012 1.4 (0.9-2.1) 1.8 (1.2-2.6) 4.2 (3.3-5.3) 1.5 (1.2-2.0) 2.3 (1.8-2.8) 4.4 (3.8-5.1)

2013 1.3 (0.8-1.9) 1.9 (1.3-2.6) 4.3 (3.4-5.3) 1.1 (0.8-1.4) 1.6 (1.2-2.0) 4.0 (3.4-4.7)

2014 1.0 (0.6-1.6) 1.8 (1.3-2.5) 4.0 (3.2-4.9) 1.3 (1.0-1.7) 2.1 (1.7-2.5) 4.4 (3.8-5.1)

2015 1.1 (0.7-1.6) 1.8 (1.3-2.4) 4.0 (3.4-5.1) 1.1 (0.8-1.4) 2.1 (1.7-2.5) 4.8 (4.2-5.4)

2016 1.5 (1.1-2.0) 2.1 (1.6-2.6) 4.2 (3.5-5.0) 1.1 (0.8-1.3) 1.8 (1.5-2.2) 4.3 (3.8-4.9)

2017 0.8 (0.5-1.2) 1.4 (1.0-1.9) 3.7 (3.1-4.4) 1.3 (1.0-1.6) 2.0 (1.7-2.4) 4.6 (4.1-5.2)

Duloxetine (Cohort without comorbidities)

Year Incident OA Prevalent OA

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

2008 0.0 (0.0-5.5) 0.0 (0.0-5.5) 0.0 (0.0-5.5) 0.8 (0.3-1.7) 0.8 (0.3-1.7) 1.2 (0.6-2.1)

2009 1.2 (0.3-3.5) 1.2 (0.2-3.5) 2.0 (0.7-4.7) 0.8 (0.4-1.5) 0.8 (0.4-1.5) 1.2 (0.7-2.0)

2010 1.1 (0.3-2.4) 1.0 (0.3-2.4) 1.9 (0.9-3.6) 0.5 (0.2-0.9) 0.6 (0.3-1.1) 1.1 (0.6-1.8)

2011 0.9 (0.3-1.9) 1.0 (0.4-2.0) 1.6 (0.8-2.8) 0.8 (0.5-1.3) 1.3 (0.8-2.0) 1.8 (1.3-2.5)

2012 0.4 (0.1-1.0) 0.4 (0.1-1.0) 0.8 (0.3-1.5) 0.6 (0.3-0.9) 0.8 (0.5-1.2) 1.7 (1.2-2.3)

2013 0.4 (0.1-0.9) 0.5 (0.2-1.2) 1.0 (0.5-1.8) 0.5 (0.3-0.9) 0.7 (0.4-1.1) 1.7 (1.2-2.3)

2014 0.7 (0.3-1.3) 0.7 (0.2-1.4) 1.5 (0.9-2.3) 0.4 (0.2-0.7) 0.6 (0.4-1.0) 1.3 (0.9-1.8)

2015 0.3 (0.1-0.8) 0.4 (0.1-0.9) 1.2 (0.7-1.9) 0.3 (0.1-0.6) 0.7 (0.4-1.0) 1.4 (1.0-1.9)

2016 0.3 (0.1-0.7) 0.6 (0.3-1.1) 1.1 (0.6-1.7) 0.2 (0.1-0.4) 0.5 (0.3-0.8) 1.2 (0.9-1.7)

2017 0.6 (0.3-1.1) 0.6 (0.3-1.1) 1.0 (0.6-1.5) 0.3 (0.1-0.5) 0.4 (0.2-0.7) 1.2 (0.8-1.6)
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Antidepressant and anticonvulsant prescription rates in patients with osteoarthritis

Gabapentin (Total cohort)

Year Incident OA Prevalent OA

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

2008 1.0 (0.0-5.6) 3.0 (0.6-8.7) 6.9 (2.8-14.2) 2.3 (1.6-3.2) 3.8 (2.8-4.9) 6.4 (5.2-7.9)

2009 2.2 (0.9-4.2) 4.0 (2.2-6.6) 6.1 (3.9-9.2) 2.1 (1.6-2.9) 2.9 (2.2-3.7) 5.3 (4.4-6.4)

2010 2.4 (1.4-3.8) 2.9 (1.8-4.4) 5.5 (3.9-7.4) 2.1 (1.5-2.7) 3.0 (2.4-3.8) 5.9 (5.0-6.9)

2011 1.8 (1.1-2.8) 2.4 (1.6-3.4) 5.3 (4.0-6.8) 2.4 (1.9-3.0) 3.6 (3.0-4.3) 6.5 (5.7-7.4)

2012 2.1 (1.5-2.9) 3.3 (2.5-4.3) 6.4 (5.3-7.8) 2.5 (2.1-3.1) 3.4 (2.8-4.0) 6.4 (5.7-7.4)

2013 2.4 (1.8-3.2) 3.7 (2.9-4.6) 6.2 (5.1-7.4) 1.6 (1.2-2.1) 2.5 (2.1-3.1) 5.9 (5.1-6.6)

2014 2.5 (1.9-3.3) 3.5 (2.7-4.4) 5.8 (4.8-6.9) 3.1 (2.6-3.6) 4.0 (3.4-4.7) 7.1 (6.3-7.9)

2015 4.0 (3.2-4.8) 5.0 (4.1-5.9) 7.5 (6.5-8.7) 2.7 (2.3-3.2) 3.9 (3.4-4.5) 7.0 (6.3-7-7)

2016 3.9 (3.2-4.6) 5.0 (4.2-5.9) 7.2 (6.3-8.2) 2.9 (2.5-3.4) 4.0 (3.5-4.5) 6.8 (6.1-7.5)

2017 3.7 (3.0-4.4) 4.5 (3.8-5.2) 7.3 (6.4-8.3) 2.6 (2.2-3.1) 3.6 (3.2-4.2) 6.6 (6.0-7.3)

Gabapentin (Cohort without comorbidities)

Year Incident OA Prevalent OA

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

2008 1.5 (0.0-8.3) 3.0 (0.4-10.7) 7.4 (2.4-17.2) 1.1 (0.5-2.0) 1.5 (0.8-2.6) 3.2 (2.2-4.7)

2009 0.4 (0.0-2.3) 1.2 (0.2-3.5) 3.2 (1.4-6.4) 1.1 (0.6-1.9) 1.2 (0.7-2.0) 2.3 (1.6-3.3)

2010 1.9 (0.9-3.6) 1.9 (0.9-3.6) 3.3 (1.9-5.4) 1.2 (0.7-1.9) 1.6 (1.0-2.3) 2.9 (2.1-3.8)

2011 1.6 (0.8-2.8) 2.0 (1.1-3.3) 4.4 (3.0-6.2) 1.0 (0.6-1.6) 1.8 (1.2-2.4) 3.2 (2.5-4.1)

2012 1.5 (0.8-2.4) 1.8 (1.1-2.9) 4.3 (3.1-5.7) 1.8 (1.3-2.4) 2.2 (1.7-2.9) 3.7 (2.9-4.5)

2013 2.1 (1.3-3.1) 2.9 (2.0-4.1) 4.4 (3.2-5.7) 0.6 (0.3-1.0) 1.1 (0.7-1.6) 2.8 (2.1-3.6)

2014 2.3 (1.5-3.3) 2.5 (1.7-3.6) 4.1 (3.1-5.4) 2.1 (1.5-2.8) 2.3 (1.7-3.0) 3.5 (2.7-4.3)

2015 3.3 (2.4-4.5) 4.1 (3.1-5.3) 5.4 (4.2-6.7) 2.0 (1.5-2.6) 2.4 (1.9-3.1) 3.8 (3.1-4.6)

2016 3.1 (2.3-4.1) 3.6 (2.7-4.6) 4.8 (3.8-6.0 ) 2.1 (1.6-2.6) 2.5 (2.0-3.1) 3.6 (2.9-4.3)

2017 3.6 (2.8-4.6) 4.1 (3.3-5.2) 5.5 (4.5-6.7) 1.9 (1.4-2.5) 2.3 (1.8-3.0) 3.5 (2.8-4.2)
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Pregabalin (Total cohort)

Year Incident OA Prevalent OA

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

2008 2.0 (0.2-7.2) 3.0 (0.6-8.7) 6.9 (2.8-14.2) 6.3 (5.0-7.7) 7.4 (6.1-9.0) 12.3 (10.5-14.3)

2009 5.1 (3.1-8.0) 7.2 (4.7-10.4) 11.2 (8.0-15.0) 6.5 (5.4-7.7) 8.0 (6.8-9.3) 12.4 (10.9-14.0)

2010 4.4 (3.0-6.1) 7.0 (5.3-9.2) 12.4 (10.1-15.1) 6.0 (5.1-7.1) 8.0 (7.0-9.2) 13.9 (12.5-15.4)

2011 7.9 (6.3-9.7) 9.5 (7.8-11.4) 15.2 (13.0-17.6) 7.2 (6.3-8.2) 9.6 (8.5-10.6) 15.7 (14.4-17.1)

2012 8.9 (7.5-1.0.5) 10.9 (9.3-12.5) 16.6 (14.7-18.6) 8.5 (7.7-9.5) 11.2 (10.3-12.3) 17.7 (16.5-19.0)

2013 9.0 (7.7-10.5) 12.6 (11.0-14.3) 20.7 (18.7-22.8) 8.8 (7.9-9.8) 12.0 (11.0-13.7) 19.6 (18.3-21.0)

2014 8.5 (7.3-9.9) 11.3 (9.9-12.8) 20.3 (18.5-22.3) 9.0 (8.1-10.0) 12.6 (11.5-13.7) 21.1 (19.8-22.5)

2015 8.4 (7.3-9.7) 11.0 (9.8-12.5) 20.3 (18.6-22.2) 9.2 (8.3-10.0) 13.1 (12.1-14.1) 22.6 (21.3-23.9)

2016 9.2 (8.1-10.4) 13.4 (12.1-14.7) 21.0 (19.4-22.7) 8.9 (8.2-9.8) 13.5 (12.6-14.5) 23.3 (22.1-24.6)

2017 9.5 (8.4-10.6) 13.8 (12.6-15.1) 22.1 (20.5-23.7) 9.4 (8.6-10.2) 13.9 (13.0-14.9) 23.9 (22.7-25.2)

Pregabalin (Cohort without comorbidities)

Year Incident OA Prevalent OA

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

First
 (95% CI)

Episodic
 (95% CI)

Prevalent
(95% CI)

2008 3.0 (0.4-10.8) 4.5 (0.9-13.0) 4.5 (0.9-13.0) 3.6 (2.5-5.1) 4.1 (2.8-5.6) 6.0 (4.5-7.9)

2009 3.3 (1.4-6.4) 3.6 (1.7-6.9) 5.3 (2.8-9.0) 3.6 (2.7-4.9) 4.5 (3.4-5.8) 6.3 (5.0-7.9)

2010 2.3 (1.2-4.2) 4.0 (2.4-6.2) 6.5 (4.4-9.2) 3.2 (2.4-4.3) 4.3 (3.3-5.5) 7.4 (6.1-8.8)

2011 4.2 (2.8-6.0) 5.4 (3.8-7.4) 9.2 (7.1-11.8) 3.8 (3.0-4.8) 4.8 (3.9-5.8) 7.8 (6.7-9.2)

2012 5.5 (4.2-7.2) 6.3 (4.8-8.0) 10.4 (8.6-12.6) 5.1 (4.2-6.1) 6.5 (5.6-7.6) 9.8 (8.6-11.1)

2013 4.8 (3.6-6.3) 6.2 (4.8-7.9) 10.6 (8.8-12.6) 5.0 (4.2-6.1) 6.4 (5.4-7.5) 10.0 (8.8-11.4)

2014 4.6 (3.4-6.0) 5.5 (4.3-7.0) 9.9 (8.2-11.8) 4.7 (3.9-5.7) 6.3 (5.3-7.4) 10.4 (9.1-11.8)

2015 5.7 (4.5-7.2) 7.1 (5.7-8.6) 11.3 (9.6-13.2) 5.9 (5.0-6.9) 7.4 (6.4-8.4) 11.9 (10.6-13.2)

2016 5.2 (4.1-6.5) 7.5 (6.2-8.9) 10.9 (9.3-12.6) 5.1 (4.3-6.0) 7.0 (6.1-8.0) 11.7 (10.5-13.0)

2017 5.2 (4.1-6.4) 7.4 (6.2-8.8) 10.6 (9.2-12.2) 5.1 (4.3-6.0) 7.0 (6.0-8.0) 11.5 (10.3-12.8)



4

89

Antidepressant and anticonvulsant prescription rates in patients with osteoarthritis

Ta
bl

e 
S5

. U
ni

va
ria

bl
e 

re
gr

es
si

on
 a

na
ly

se
s 

to
 te

st
 fo

r c
ha

ra
ct

er
is

tic
s 

as
so

ci
at

ed
 w

ith
 a

nt
id

ep
re

ss
an

t o
r a

nt
ic

on
vu

ls
an

t p
re

sc
rip

tio
n

A
m

it
ri

pt
yl

in
e

N
or

tr
ip

ty
lin

e
D

ul
ox

et
in

e
G

ab
ap

en
ti

n
Pr

eg
ab

al
in

n 
(%

)
O

R
(9

5%
 C

I)
n 

(%
)

O
R

(9
5%

 C
I)

n 
(%

)
O

R
(9

5%
 C

I)
n 

(%
)

O
R

(9
5%

 C
I)

n 
(%

)
O

R
(9

5%
 C

I)

Ag
e 

ca
te

go
ry

30
-3

9
86

 (3
.3

)
1

13
 (0

.5
)

1
26

 (1
.0

)
1

15
 (0

.6
)

1
67

 (2
.5

)
1

40
-4

9
68

5 
(5

.7
)

1.
80

(1
.4

3-
2.

26
)

10
7 

(0
.9

)
1.

82
(1

.0
2-

3.
23

)
12

6 
(1

.0
)

1.
07

(0
.7

0-
1.

63
)

12
5 

(1
.0

)
1.

84
(1

.0
8-

3.
15

)
42

9 
(3

.6
)

1.
42

(1
.1

0-
1.

85
)

50
-5

9
18

63
 (5

.7
)

1.
79

(1
.4

3-
 2

.2
3)

27
5 

(0
.8

1.
71

(0
.9

8-
2.

98
)

30
1 

(0
.9

)
0.

93
(0

.6
2-

1.
39

)
40

2 
(1

.2
)

2.
17

(1
.2

9-
3.

64
)

12
34

 (3
.8

)
1.

50
(1

.1
7-

1.
93

)

60
-6

9
24

94
 (5

.1
)

1.
60

(1
.2

9-
 1

.9
9)

46
2 

(0
.9

)
1.

93
(1

.1
1-

3.
36

)
30

0 
(0

.6
)

0.
62

(0
.4

1-
0.

93
)

67
5 

(1
.4

)
2.

45
(1

.4
7-

4.
10

)
19

05
 (3

.9
)

1.
56

(1
.2

2-
2.

00
)

70
-7

9
23

61
 (5

.8
)

1.
82

(1
.4

7-
2.

27
)

54
9 

(1
.3

)
2.

76
(1

.5
9-

4.
79

)
27

0 
(0

.7
)

0.
67

(0
.4

5-
1.

00
)

59
0 

(1
.4

)
2.

57
(1

.5
4-

4.
29

)
17

94
 (4

.4
)

1.
77

(1
.3

8-
2.

26
)

80
-8

9
12

48
 (5

.3
)

1.
65

(1
.3

2-
2.

07
)

36
5 

(1
.5

)
3.

17
(1

.8
2-

5.
51

)
13

3 
(0

.6
)

0.
57

(0
.3

7-
0.

87
)

29
5 

(1
.2

)
2.

21
(1

.3
1-

3.
72

)
86

8 
(3

.7
)

1.
46

(1
.1

4-
1.

88
)

> 
90

12
6 

(3
.6

)
1.

04
(0

.7
9-

1.
38

)
39

 (1
.0

)
2.

14
(1

.1
4-

4.
02

)
9 

 (0
.2

)
0.

24
(0

.1
1-

0.
52

)
20

 (0
.5

)
0.

95
(0

.4
8-

1.
85

)
85

 (2
.3

)
0.

90
(0

.6
5-

1.
24

)

Se
x Fe

m
al

e
72

37
 (6

.3
)

1
13

71
 (1

.3
)

1
86

2 
(0

.8
)

1
14

95
 (1

.4
)

1
45

70
 (4

.3
)

1

M
al

e
22

02
 (3

.6
)

0.
56

(0
.5

3-
0.

59
)

43
9 

(0
.8

)
0.

60
(0

.5
4-

0.
67

)
30

3 
(0

.5
)

0.
66

(0
.5

8-
0.

76
)

62
7 

(1
.1

)
0.

79
(0

.7
2-

0.
87

)
18

12
  (

3.
2)

0.
84

(0
.7

9-
0.

89
)

Jo
in

t a
ffe

ct
ed

Sp
in

e
11

38
 (6

.2
)

1
20

7 
(1

.2
)

1
13

1 
(0

.8
)

1
19

6 
(1

.1
)

1
73

9 
(4

.3
)

1

H
ip

12
56

 (4
.2

)
0.

65
(0

.6
0-

0.
71

)
27

7 
(1

.0
)

0.
83

(0
.6

9-
0.

99
)

16
6 

(0
.6

)
0.

79
(0

.6
2-

0.
99

)
34

8 
(1

.3
)

1.
10

(0
.9

3-
1.

32
)

86
8 

(3
.1

)
0.

76
(0

.6
9-

0.
84

)

Kn
ee

20
43

 (4
.3

)
0.

66
(0

.6
2-

0.
72

)
38

7 
(0

.9
)

0.
71

(0
.6

0-
0.

85
)

23
0 

(0
.5

)
0.

67
(0

.5
4-

0.
83

)
54

3 
(1

.2
)

1.
06

(0
.9

0-
1.

25
)

13
63

 (3
.0

)
0.

73
(0

.6
7-

0.
80

)



Chapter 4

90

A
m

it
ri

pt
yl

in
e

N
or

tr
ip

ty
lin

e
D

ul
ox

et
in

e
G

ab
ap

en
ti

n
Pr

eg
ab

al
in

n 
(%

)
O

R
(9

5%
 C

I)
n 

(%
)

O
R

(9
5%

 C
I)

n 
(%

)
O

R
(9

5%
 C

I)
n 

(%
)

O
R

(9
5%

 C
I)

n 
(%

)
O

R
(9

5%
 C

I)

O
th

er
 p

er
ip

he
ra

l j
oi

nt
s

19
57

 (4
.8

)
0.

75
(0

.7
0-

0.
81

)
36

2 
(1

.0
)

0.
80

(0
.6

7-
0.

95
)

25
0 

(0
.7

)
0.

87
(0

.7
0-

1.
08

)
30

5 
(0

.8
)

0.
71

(0
.5

9-
0.

85
)

12
38

 (3
.3

)
0.

76
(0

.6
9-

0.
83

)

2 
or

 m
or

e 
jo

in
ts

30
45

 (7
.9

)
1.

29
(1

.2
0-

1.
38

)
57

7 
(1

.6
)

1.
32

(1
.1

3-
1.

55
)

38
8 

(1
.1

)
1.

41
(1

.1
5-

1.
71

)
73

0 
(2

.0
)

1.
78

(1
.5

2-
2.

08
)

21
74

 (6
.0

)
1.

42
(1

.3
0-

1.
54

)

M
SD N

o 
M

SD
13

73
 (2

.3
)

1
32

2 
(0

.6
)

1
19

8 
(0

.3
)

1
35

2 
(0

.6
)

1
80

2 
(1

.4
)

1

U
pp

er
 e

xt
re

m
ity

24
0 

(3
.0

)
1.

32
(1

.1
5-

1.
53

)
60

 (0
.8

)
1.

43
(1

.0
8-

1.
88

)
32

 (0
.4

)
1.

24
(0

.8
5-

1.
80

)
66

 (0
.9

)
1.

44
(1

.1
0-

1.
87

)
19

0 
(2

.5
)

1.
83

(1
.5

6-
2.

15
)

Lo
w

er
 e

xt
re

m
ity

71
8 

(4
.0

)
1.

85
(1

.6
9-

2.
03

)
13

5 
(0

.8
)

1.
46

(1
.1

9-
1.

78
)

73
 (0

.4
)

1.
28

(0
.9

8-
1.

68
)

20
0 

(1
.2

)
1.

98
(1

.6
7-

2.
36

)
45

6 
(2

.7
)

2.
00

(1
.7

8-
2.

25
)

N
ec

k/
ba

ck
69

0 
(5

.5
)

2.
54

(2
.3

1-
2.

79
)

15
7 

(1
.3

)
2.

43
(2

.0
1-

2.
94

)
90

 (0
.8

)
2.

26
(1

.7
6-

2.
90

)
15

4 
(1

.3
)

2.
18

(1
.8

0-
2.

64
)

51
9 

(4
.5

)
3.

30
(2

.9
5-

2.
69

)

O
th

er
 M

SD
48

5 
(4

.2
)

1.
84

(1
.6

5-
 2

.0
5)

10
5 

(1
.0

)
1.

74
(1

.3
9-

2.
17

)
49

 (0
.5

)
1.

32
(0

.9
6-

1.
80

)
11

0 
(1

.0
)

1.
67

(1
.3

4-
2.

07
)

27
8 

(2
.6

)
1.

86
(1

.6
2-

2.
14

)

≥2
 M

SD
59

33
 (9

.1
)

4.
30

(4
.0

5-
4.

58
)

10
31

 (1
.7

)
3.

11
(2

.7
4-

3.
53

)
72

3 
(1

.2
)

3.
53

(3
.0

2-
4.

14
)

12
40

 (2
.1

)
3.

43
(3

.0
5-

3.
86

)
41

37
 (6

.9
)

5.
24

(4
.8

5-
5.

66
)

M
SD

=m
us

cu
lo

sk
el

et
al

 d
is

or
de

rs
. V

al
ue

s 
in

 b
ol

d 
ar

e 
st

at
is

tic
al

ly
 s

ig
ni

fic
an

t (
p<

0.
05

).



4

91

Antidepressant and anticonvulsant prescription rates in patients with osteoarthritis

Ta
bl

e 
S6

. P
re

sc
rip

tio
n 

ra
te

s 
pe

r j
oi

nt
 (T

ot
al

 c
oh

or
t)

A
m

itr
ip

ty
lin

e

Ye
ar

Sp
in

al
 O

A
H

ip
 O

A
Kn

ee
 O

A
O

th
er

 p
er

ip
he

ra
l O

A
≥2

 jo
in

ts

Fi
rs

t
(9

5%
 C

I)
Ep

is
od

ic
 (9

5%
 C

I)
Fi

rs
t

(9
5%

 C
I)

Ep
is

od
ic

 (9
5%

 C
I)

Fi
rs

t
(9

5%
 C

I)
Ep

is
od

ic
 (9

5%
 C

I)
Fi

rs
t

(9
5%

 C
I)

Ep
is

od
ic

 (9
5%

 C
I)

Fi
rs

t
(9

5%
 C

I)
Ep

is
od

ic
 (9

5%
 C

I)

20
08

9.
5 

(5
.1

-1
6.

3)
16

.8
 (1

0.
8-

24
.7

)
8.

1 
(4

.9
-1

2.
7)

12
.9

 (8
.8

-1
8.

2)
4.

7 
(2

.7
-7

.6
)

8.
2 

(5
.6

-1
1.

8)
7.

1 
(4

.3
-1

0.
9)

9.
9 

(6
.7

-1
4.

2)
10

.9
 (7

.9
-1

4.
8)

15
.9

 (1
2.

3-
20

.2
)

20
09

11
.2

 (7
.2

-1
6.

6)
18

.8
 (1

3.
1-

26
.1

)
5.

0 
(3

.0
-7

.8
)

8.
4 

(5
.8

-1
1.

7)
6.

6 
(4

.7
-9

.1
)

8.
8 

(6
.6

-1
1.

5)
8.

1 
(5

.7
-1

1.
1)

10
.5

 (7
.9

-1
3.

7)
10

.8
 (8

.3
-1

3.
8)

15
.8

 (1
3.

0-
19

.2
)

20
10

12
.4

 (8
.7

-1
7.

1)
19

.9
 (1

5.
3-

25
.4

)
7.

1 
(5

.0
-9

.8
)

10
.8

 (8
.2

-1
4.

0)
7.

2 
(5

.4
-9

.3
)

12
.0

 (9
.8

-1
4.

6)
8.

9 
(6

.8
-1

1.
5)

11
.9

 (9
.5

-1
4.

7)
11

.6
 (9

.3
-1

4.
1)

18
.9

 (1
6.

2-
22

.0
)

20
11

11
.7

 (8
.6

-1
5.

5)
16

.3
 (1

2.
8-

20
.5

)
7.

6 
(5

.7
-1

0.
0)

11
.8

 (9
.4

-1
4.

5)
8.

8 
(7

.1
-1

0.
8)

13
.0

 (1
0.

9-
15

.3
)

9.
3 

(7
.4

-1
1.

5)
14

.0
 (1

1.
7-

16
.6

)
11

.6
 (9

.7
-1

3.
8)

17
.6

 (1
5.

4-
20

.1
)

20
12

12
.3

 (9
.5

-1
5.

7)
18

.0
 (1

4.
8-

21
.7

)
8.

3 
(6

.5
-1

0.
4)

12
.9

 (1
0.

7-
15

.3
)

8.
9 

(7
.4

-1
0.

7)
14

.5
 (1

2.
6-

16
.6

)
8.

9 
(7

.2
-1

0.
7)

15
.0

 (1
3.

0-
17

.3
)

12
.9

 (1
1.

1-
14

.9
)

21
.1

 (1
9.

0-
23

.5
)

20
13

12
.7

 (9
.9

-1
6.

2)
20

.0
0 

(1
6.

6-
23

.9
)

8.
2 

(6
.4

-1
0.

3)
13

.0
 (1

0.
8-

15
.5

)
9.

5 
(7

.9
-1

1.
2)

14
.7

 (1
2.

8-
16

.8
)

9.
3 

(7
.6

-1
1.

2)
17

.2
 (1

5.
0-

19
.6

)
13

.0
 (1

1.
2-

15
.0

)
22

.8
 (2

0.
6-

25
.3

)

20
14

13
.0

 (1
0.

3-
16

.3
)

23
.6

 (2
0.

0-
27

.6
)

8.
2 

(6
.5

-1
0.

2)
12

.7
 (1

0.
6-

15
.0

)
8.

3 
(6

.9
-9

.9
)

13
.8

 (1
2.

1-
15

.8
)

9.
3 

(7
.7

-1
1.

1)
16

.6
 (1

4.
6-

18
.8

)
15

.0
 (1

3.
1-

17
.1

)
23

.8
 (2

1.
6-

26
.2

)

20
15

13
.9

 (1
1.

3-
17

.0
)

22
.3

 (1
9.

1-
25

.9
)

8.
7 

(7
.1

-1
0.

7)
13

.5
 (1

1.
5-

15
.8

)
8.

4 
(7

.1
-9

.9
)

13
.7

 (1
2.

1-
15

.5
)

9.
3 

(7
.9

-1
1.

0)
15

.8
 (1

3.
9-

17
.8

)
14

.0
 (1

2.
3-

15
.9

)
24

.0
 (2

1.
8-

26
.2

)

20
16

10
.2

 (8
.1

-1
2.

7)
19

.0
 (1

6.
3-

22
.1

)
7.

7 
(6

.2
-9

.4
)

12
.7

 (1
0.

9-
14

.7
)

7.
0 

(5
.9

-8
.2

)
12

.5
 (1

1.
1-

14
.1

)
7.

8 
(6

.6
-9

.2
)

13
.8

 (1
2.

2-
15

.5
)

12
.7

 (1
1.

1-
14

.5
)

22
.6

 (2
0.

6-
24

.7
)

20
17

11
.4

 (9
.2

-1
4.

0)
19

.5
 (1

6.
7-

22
.5

)
8.

3 
(6

.8
-1

0.
0)

12
.4

 (1
0.

7-
14

.4
)

6.
5 

(5
.5

-7
.7

)
11

.9
 (1

0.
5-

13
.3

)
8.

3 
(7

.0
-9

.7
)

14
.7

 (1
3.

1-
16

.4
)

10
.2

 (8
.7

-1
1.

8)
19

.4
 (1

7.
6-

21
.4

)



Chapter 4

92

N
or

tr
ip

ty
lin

e

Ye
ar

Sp
in

al
 O

A
H

ip
 O

A
Kn

ee
 O

A
O

th
er

 p
er

ip
he

ra
l O

A
≥2

 jo
in

ts

Fi
rs

t
(9

5%
 C

I)
Ep

is
od

ic
 (9

5%
 C

I)
Fi

rs
t

(9
5%

 C
I)

Ep
is

od
ic

 (9
5%

 C
I)

Fi
rs

t
(9

5%
 C

I)
Ep

is
od

ic
 (9

5%
 C

I)
Fi

rs
t

(9
5%

 C
I)

Ep
is

od
ic

 (9
5%

 C
I)

Fi
rs

t
(9

5%
 C

I)
Ep

is
od

ic
 (9

5%
 C

I)

20
08

3.
4 

(1
.1

-7
.9

)
3.

4 
(1

.1
-7

.8
)

1.
2 

(0
.3

-3
.6

)
1.

6 
(0

.4
-4

.1
)

1.
7 

(0
.6

-3
.6

)
1.

9 
(0

.8
-4

.0
)

2.
0 

(0
.7

-4
.3

)
2.

6 
(0

.9
-4

.8
)

2.
6 

(1
.3

-4
.7

)
3.

6 
(2

.0
-5

.9
)

20
09

3.
0 

(1
-2

-6
.2

)
3.

8 
(1

.5
-7

.7
)

2.
2 

(1
.0

-4
.2

)
3.

4 
(1

.9
-5

.8
)

1.
2 

(0
.5

-2
.4

)
1.

5 
(0

.7
-2

.8
)

2.
4 

(1
.2

-4
.2

)
2.

6 
(1

.4
-4

.4
)

2.
0 

(1
.1

-3
.4

)
2.

6 
(1

.5
-4

.1
)

20
10

3.
5 

(1
.7

-6
.2

)
3.

7 
(1

.9
-6

.5
)

2.
0 

(1
.0

-3
.6

)
3.

1 
(1

.8
-5

.0
)

2.
3 

(1
.4

-3
.6

)
3.

5 
(2

.3
-5

.0
)

2.
3 

(1
.3

-3
.8

)
2.

6 
(1

.5
-4

.1
)

2.
3 

(1
.4

-3
.6

)
3.

5 
(2

.4
-4

.9
)

20
11

3.
6 

(2
.1

-5
.9

)
4.

5 
(2

.7
-6

.9
)

2.
8 

(1
.7

-4
.3

)
3.

8 
(2

.5
-5

.5
)

1.
8 

(1
.1

-2
.8

)
3.

1 
(2

.1
-4

.3
)

1.
9 

(1
.1

-3
.0

)
2.

3 
(1

.5
-3

.5
)

2.
2 

(1
.4

-3
.2

)
3.

2 
(2

.3
-4

.3
)

20
12

3.
5 

(2
.2

-5
.4

)
4.

5 
(2

.9
-6

.5
)

3.
1 

(2
.0

-4
.4

)
3.

6 
(2

.5
-5

.1
)

2.
1 

(1
.4

-2
.9

)
2.

9 
(2

.1
-3

.9
)

2.
4 

(1
.6

-3
.4

)
2.

7 
(1

.9
-3

.8
)

3.
0 

(2
.2

-4
.0

)
3.

4 
(2

.6
-4

.4
)

20
13

1.
7 

(0
.8

-3
.1

)
2.

2 
(1

.2
-3

.7
)

1.
6 

(0
.9

-2
.6

)
2.

0 
(1

.2
-3

.1
)

1.
6 

(1
.0

-2
.4

)
2.

3 
(1

.6
-3

.2
)

1.
5 

(0
.9

-2
.3

)
2.

0 
(1

.3
-3

.0
)

2.
1 

(1
.5

-2
.9

)
2.

6 
(1

.8
-3

.5
)

20
14

2.
0 

(1
.1

-3
.4

)
2.

4 
(1

.4
-3

.9
)

1.
5 

(0
.8

-2
.4

)
1.

9 
(1

.1
-2

.9
)

1.
7 

(1
.1

-2
.5

)
2.

8 
(2

.0
-3

.7
)

1.
3 

(0
.8

-2
.1

)
1.

8 
(1

.2
-2

.7
)

3.
0 

(2
.2

-3
.9

)
3.

7 
(2

.9
-4

.8
)

20
15

2.
2 

(1
.3

-3
.5

)
3.

8 
(2

.6
-5

.4
)

1.
4 

(0
.8

-2
.2

)
2.

1 
(1

.4
-3

.1
)

1.
5 

(1
.0

-2
.2

)
2.

3 
(1

.7
-3

.0
)

1.
8 

(1
.2

-2
.6

)
2.

6 
(1

.9
-3

.5
)

2.
8 

(2
.1

-3
.6

)
3.

8 
(3

.0
-4

.8
)

20
16

2.
0 

(1
.2

-3
.2

)
2.

9 
(1

.9
-4

.3
)

2.
0 

(1
.4

-3
.0

)
2.

7 
(1

.9
-3

.7
)

1.
7 

(1
.2

-2
.3

)
2.

3 
(1

.8
-3

.0
)

2.
3 

(1
.7

-3
.1

)
3.

2 
(2

.5
-4

.1
)

3.
4 

(2
.7

-4
.3

)
4.

3 
(3

.5
-5

.3
)

20
17

2.
7 

(1
.7

-3
.9

)
4.

0 
(2

.8
-5

.4
)

2.
7 

(1
.9

-3
.7

)
3.

6 
(2

.6
-4

.7
)

2.
5 

(1
.9

-3
.2

)
3.

3 
(2

.6
-4

.1
)

3.
2 

(2
.5

-4
.1

)
4.

2 
(3

.4
-5

.2
)

4.
2 

(3
.4

-5
.2

)
5.

5 
(4

.6
-6

.6
)



4

93

Antidepressant and anticonvulsant prescription rates in patients with osteoarthritis

D
ul

ox
et

in
e

Ye
ar

Sp
in

al
 O

A
H

ip
 O

A
Kn

ee
 O

A
O

th
er

 p
er

ip
he

ra
l O

A
≥2

 jo
in

ts

Fi
rs

t
(9

5%
 C

I)
Ep

is
od

ic
 (9

5%
 C

I)
Fi

rs
t

(9
5%

 C
I)

Ep
is

od
ic

 (9
5%

 C
I)

Fi
rs

t
(9

5%
 C

I)
Ep

is
od

ic
 (9

5%
 C

I)
Fi

rs
t

(9
5%

 C
I)

Ep
is

od
ic

 (9
5%

 C
I)

Fi
rs

t
(9

5%
 C

I)
Ep

is
od

ic
 (9

5%
 C

I)

20
08

2.
7 

(0
.7

-6
.9

)
2.

7 
(0

.7
-6

.9
)

1.
2 

(0
.2

-3
.5

)
1.

2 
(0

.2
-3

.5
)

1.
9 

(0
.8

-4
.0

)
1.

9 
(0

.8
-4

.0
)

1.
0 

(0
.2

-2
.9

)
1.

0 
(0

.2
-2

.9
)

2.
4 

(1
.1

-4
.4

)
2.

4 
(1

.1
-4

.4
)

20
09

2.
6 

(0
.9

-5
.6

)
3.

8 
(1

.5
-7

.7
)

1.
0 

(0
.3

-2
.5

)
1.

0 
(0

.3
-2

.5
)

1.
2 

(0
.5

-2
.4

)
1.

8 
(0

.9
-3

.2
)

2.
0 

(1
.0

-3
.7

)
2.

2 
(1

.1
-3

.9
)

3.
0 

(1
.9

-4
.7

)
3.

2 
(2

.0
-4

.8
)

20
10

2.
5 

(1
.1

-4
.9

)
2.

8 
(1

.3
-5

.3
)

2.
0 

(1
.0

-3
.6

)
2.

2 
(1

.1
-3

.8
)

0.
6 

(0
.2

-1
.4

)
1.

0 
(0

.4
-1

.9
)

1.
2 

(0
.5

-2
.3

)
1.

4 
(0

.7
-2

.6
)

2.
7 

(1
.7

-3
.9

)
3.

4 
(2

.3
-4

.8
)

20
11

2.
0 

(0
.9

-3
.8

)
2.

7 
(1

.4
-4

.7
)

1.
1 

(0
.5

-2
.2

)
1.

6 
(0

.8
-2

.9
)

1.
5 

(0
.8

-2
.4

)
1.

8 
(1

.1
-2

.8
)

2.
1 

(1
.3

-3
.3

)
2.

6 
(1

.7
-3

.9
)

2.
5 

(1
.7

-3
.5

)
3.

6 
(2

.6
-4

.8
)

20
12

1.
2 

(0
.5

-2
.4

)
2.

6 
(1

.5
-4

.3
)

1.
9 

(1
.1

-3
.0

)
2.

0 
(1

.2
-3

.1
)

1.
3 

(0
.8

-2
.0

)
1.

6 
(1

.0
-2

.3
)

1.
9 

(1
.2

-2
.8

)
2.

6 
(1

.8
-3

.6
)

1.
3 

(0
.8

-1
.9

)
2.

2 
(1

.6
-3

.1
)

20
13

2.
0 

(1
.0

-3
.5

)
3.

3 
(2

.0
-5

.1
)

0.
5 

(0
.2

-1
.2

)
0.

7 
(0

.3
-1

.5
)

0.
8 

(0
.4

-1
.4

)
1.

1 
(0

.6
-1

.7
)

1.
0 

(0
.5

-1
.7

)
1.

7 
(1

.1
-2

.6
)

1.
6 

(1
.0

-2
.3

)
2.

2 
(1

.5
-3

.0
)

20
14

0.
8 

(0
.2

-1
.8

)
1.

8 
(0

.9
-3

.2
)

1.
4 

(0
.8

-2
.3

)
2.

0 
(1

.3
-3

.1
)

1.
0 

(0
.6

-1
.7

)
1.

3 
(0

.8
-2

.0
)

1.
1 

(0
.6

-1
.7

)
2.

0 
(1

.3
-2

.8
)

1.
6 

(1
.1

-2
.3

)
2.

7 
(2

.0
-3

.5
)

20
15

0.
9 

(0
.4

-1
.9

)
2.

0 
(1

.2
-3

.3
)

0.
7 

(0
.3

-1
.3

)
1.

3 
(0

.7
-2

.1
)

1.
0 

(0
.6

-1
.5

)
1.

6 
(1

.1
-2

.3
)

1.
0 

(0
.5

-1
.5

)
1.

8 
(1

.2
-2

.5
)

1.
6 

(1
.0

-2
.3

)
3.

0 
(2

.3
-3

.8
)

20
16

1.
1 

(0
.5

-2
.0

)
1.

6 
(0

.9
-2

.7
)

1.
2 

(0
.7

-1
.9

)
1.

5 
(0

.9
-2

.3
)

0.
8 

(0
.5

-1
.2

)
1.

3 
(0

.9
-1

.9
)

1.
4 

(0
.9

-2
.0

)
2.

1 
(1

.6
-2

.9
)

1.
5 

(1
.0

-2
.1

)
2.

7 
(2

.1
-3

.5
)

20
17

0.
9 

(0
.4

-1
.7

)
1.

6 
(0

.9
-2

.6
)

1.
1 

(0
.6

-1
.8

)
1.

5 
(0

.9
-2

.3
)

1.
0 

(0
.6

-1
.4

)
1.

5 
(1

.1
-2

.1
)

1.
0 

(0
.7

-1
.6

)
1.

8 
(1

.3
-2

.4
)

1.
5 

(1
.0

-2
.1

)
2.

5 
(1

.9
-3

.3
)



Chapter 4

94

G
ab

ap
en

tin

Ye
ar

Sp
in

al
 O

A
H

ip
 O

A
Kn

ee
 O

A
O

th
er

 p
er

ip
he

ra
l O

A
≥2

 jo
in

ts

Fi
rs

t
(9

5%
 C

I)
Ep

is
od

ic
 (9

5%
 C

I)
Fi

rs
t

(9
5%

 C
I)

Ep
is

od
ic

 (9
5%

 C
I)

Fi
rs

t
(9

5%
 C

I)
Ep

is
od

ic
 (9

5%
 C

I)
Fi

rs
t

(9
5%

 C
I)

Ep
is

od
ic

 (9
5%

 C
I)

Fi
rs

t
(9

5%
 C

I)
Ep

is
od

ic
 (9

5%
 C

I)

20
08

4.
1 

(1
.5

-9
.0

)
6.

7 
(3

.2
-1

2.
3)

0.
4 

(0
.0

-2
.3

)
3.

6 
(1

.7
-6

.9
)

0.
8 

(0
.2

-2
.4

)
1.

4 
(0

.4
-3

.2
)

1.
7 

(0
.5

-3
.9

)
2.

6 
(1

.1
-5

.2
)

4.
1 

(2
.4

-6
-6

)
5.

5 
(3

.5
-8

.2
)

20
09

2.
2 

(0
.7

-5
.1

)
5.

4 
(2

.6
-9

.9
)

2.
5 

(1
.2

-4
.6

)
2.

5 
(1

.2
-4

.5
)

1.
5 

(0
.7

-2
.8

)
2.

5 
(1

.4
-4

.0
)

1.
8 

(0
.8

-3
.4

)
2.

8 
(1

.5
-4

.7
)

2.
8 

(1
.6

-4
.4

)
3.

8 
(2

.4
-5

.6
)

20
10

2.
2 

(0
.9

-4
.6

)
4.

3 
(2

.4
-7

.3
)

2.
4 

(1
.3

-4
.1

)
3.

7 
(2

.2
-5

.7
)

1.
8 

(1
.0

-3
.0

)
2.

2 
(1

.3
-3

.4
)

1.
6 

(0
.8

-2
.9

)
2.

0 
(1

.1
-3

.4
)

2.
7 

(1
.7

-4
.0

)
3.

7 
(2

.6
-5

.2
)

20
11

3.
0 

(1
.6

-5
.1

)
4.

2 
(2

.6
-6

.6
)

1.
3 

(0
.6

-2
.4

)
2.

1 
(1

.1
-3

.4
)

2.
5 

(1
.6

-3
.6

)
3.

8 
(2

.7
-5

.1
)

1.
6 

(0
.9

-2
.7

)
2.

4 
(1

.5
-3

.6
)

2.
8 

(1
.9

-3
.9

)
4.

0 
(2

.9
-5

.2
)

20
12

1.
0 

(0
.4

-2
.2

)
2.

1 
(1

.1
-3

.7
)

2.
6 

(1
.7

-3
.9

)
3.

1 
(2

.1
-4

.4
)

2.
1 

(1
.4

-3
.0

)
3.

0 
(2

.2
-4

.0
)

1.
7 

(1
.0

-2
.5

)
2.

0 
(1

.3
-3

.0
)

3.
7 

(2
.8

-4
.8

)
5.

3 
(4

.2
-6

.5
)

20
13

1.
7 

(0
.8

-3
.1

)
2.

8 
(1

.6
-4

.5
)

1.
3 

(0
.7

-2
.3

)
2.

1 
(1

.3
-3

.3
)

2.
1 

(1
.4

-3
.0

)
3.

4 
(2

.5
-4

.5
)

1.
3 

(0
.8

-2
.2

)
1.

9 
(1

.3
-2

.9
)

2.
5 

(1
.7

-3
.4

)
3.

7 
(2

.8
-4

.7
)

20
14

2.
5 

(1
.4

-4
.0

)
3.

2 
(2

.0
-4

.9
)

2.
9 

(1
.9

-4
.1

)
4.

0 
(2

.9
-5

.4
)

3.
3 

(2
.4

-4
.3

)
4.

0 
(3

.1
-5

.1
)

1.
4 

(0
.9

-2
-2

)
1.

7 
(1

.1
-2

.6
)

3.
9 

(3
.0

-4
.9

)
5.

6 
(4

.5
-6

.8
)

20
15

2.
2 

(1
.3

-3
.5

)
3.

2 
(2

.0
-4

.7
)

3.
7 

(2
.7

-4
.9

)
4.

4 
(3

.3
-5

.8
)

3.
7 

(2
.9

-4
.7

)
4.

5 
(3

.7
-5

.6
)

1.
0 

(0
.6

-1
.6

)
1.

8 
(1

.2
-2

.6
)

4.
4 

(3
.5

-5
.4

)
6.

5 
(5

.4
-7

.7
)

20
16

1.
7 

(0
.9

-2
.8

)
2.

4 
(1

.5
-3

.6
)

4.
1 

(3
.1

-5
.3

)
5.

0 
(3

.9
-6

.3
)

3.
0 

(2
.3

-3
.8

)
4.

2 
(3

.4
-5

.2
)

1.
8 

(1
.3

-2
.5

)
2.

4 
(1

.8
-3

.2
)

4.
9 

(4
.0

-5
.9

)
6.

8 
(5

.7
-7

.9
)

20
17

2.
4 

(1
.5

-3
.6

)
2.

5 
(1

.6
-3

.7
)

3.
9 

(3
.0

-5
.1

)
4.

6 
(3

.6
-5

.9
)

3.
3 

(2
.6

-4
.1

)
4.

1 
(3

.3
-5

.0
)

1.
5 

(1
.0

-2
.1

)
2.

3 
(1

.7
-3

.1
)

4.
0 

(3
.1

-5
.0

)
5.

5 
(4

.6
-6

.6
)



4

95

Antidepressant and anticonvulsant prescription rates in patients with osteoarthritis

Pr
eg

ab
al

in

Ye
ar

Sp
in

al
 O

A
H

ip
 O

A
Kn

ee
 O

A
O

th
er

 p
er

ip
he

ra
l O

A
≥2

 jo
in

ts

Fi
rs

t
(9

5%
 C

I)
Ep

is
od

ic
 (9

5%
 C

I)
Fi

rs
t

(9
5%

 C
I)

Ep
is

od
ic

 (9
5%

 C
I)

Fi
rs

t
(9

5%
 C

I)
Ep

is
od

ic
 (9

5%
 C

I)
Fi

rs
t

(9
5%

 C
I)

Ep
is

od
ic

 (9
5%

 C
I)

Fi
rs

t
(9

5%
 C

I)
Ep

is
od

ic
 (9

5%
 C

I)

20
08

5.
5 

(2
.4

-1
0.

8)
6.

0 
(2

.8
-1

1.
4)

6.
1 

(3
.4

-1
0.

1)
8.

5 
(5

.2
-1

2.
9)

2.
5 

(1
.1

-4
.7

)
3.

0 
(1

.5
-5

.4
)

6.
0 

(3
.6

-9
.5

)
7.

3 
(4

.6
-1

1.
0)

9.
0 

(6
.3

-1
2.

4)
10

.2
 (7

.4
-1

3.
7)

20
09

5.
6 

(3
.0

-9
.6

)
9.

1 
(5

.3
-1

4.
6)

4.
8 

(2
.9

-7
.4

)
5.

4 
(3

.4
-8

.2
)

5.
0 

(3
.4

-7
.1

)
6.

5 
(4

.7
-8

.9
)

6.
9 

(4
.8

-9
.6

)
8.

5 
(6

.2
-1

1.
5)

8.
2 

(6
.2

-1
0.

8)
10

.3
 (8

.0
-1

3.
0)

20
10

8.
0 

(5
.2

-1
1.

8)
10

.9
 (7

.6
-1

5.
1)

4.
7 

(3
.0

-6
.9

)
5.

3 
(3

.6
-7

.6
)

4.
2 

(2
.9

-5
.8

)
5.

8 
(4

.2
-7

.6
)

3.
2 

(2
.0

-4
.9

)
4.

7 
(3

.3
-6

.6
)

8.
6 

(6
.8

-1
0.

8)
12

.5
 (1

0.
3-

15
.0

)

20
11

9.
7 

(7
.0

-1
3.

1)
12

.5
 (9

.4
-1

6.
2)

5.
4 

(3
.8

-7
.3

)
7.

5 
(5

.7
-9

.8
)

5.
7 

(4
.4

-7
.3

)
7.

5 
(6

.0
-9

.3
)

6.
7 

(5
.1

-8
.6

)
8.

0 
(6

.3
-1

0.
0)

9.
7 

(8
.0

-1
1.

6)
12

.6
 (1

0.
7-

14
.7

)

20
12

9.
8 

(7
.4

-1
2.

7)
12

.4
 (9

.7
-1

5.
5)

7.
1 

(5
.5

-9
.0

)
9.

4 
(7

.6
-1

1.
6)

6.
8 

(5
.5

-8
.3

)
8.

8 
(7

.4
-1

0.
5)

8.
6 

(7
.0

-1
0.

4)
10

.5
 (8

.8
-1

2.
5)

10
.9

 (9
.3

-1
2.

7)
14

.3
 (1

2.
5-

16
.3

)

20
13

8.
4 

(6
.2

-1
1.

1)
11

.8
 (9

.2
-1

4.
9)

8.
9 

(7
.1

-1
1.

0)
11

.1
 (9

.1
-1

3.
4)

6.
1 

(4
.9

-7
.5

)
8.

6 
(7

.2
-1

0.
2)

7.
5 

(6
.1

-9
.2

)
11

.3
 (9

.5
-1

3.
3)

12
.7

 (1
1.

0-
14

.6
)

17
.1

 (1
5.

1-
19

.2
)

20
14

9.
6 

(7
.3

-1
2.

4)
13

.9
 (1

1.
2-

17
.1

)
8.

5 
(6

.7
-1

0.
5)

10
.7

 (8
.8

-1
2.

9)
6.

1 
(5

.0
-7

.5
)

8.
8 

(7
.4

-1
0.

4)
7.

2 
(5

.8
-8

.7
)

9.
7 

(8
.1

-1
1.

4)
12

.8
 (1

1.
1-

14
.7

)
17

.6
 (1

5.
7-

19
.7

)

20
15

11
.5

 (9
.2

-1
4.

3)
15

.3
 (1

2.
7-

18
.3

)
7.

2 
(5

.8
-9

.0
)

9.
6 

(7
.9

-1
1.

5)
7.

2 
(6

.1
-8

.6
)

9.
7 

(8
.4

-1
1.

2)
6.

3 
(5

.1
-7

.7
)

10
.1

 (8
.6

-1
1.

7)
13

.0
 (1

1.
4-

14
.7

)
17

.8
 (1

5.
9-

19
.7

)

20
16

9.
8 

(7
.8

-1
2.

1)
13

.3
 (1

1.
0-

15
.9

)
8.

1 
(6

.6
-9

.8
)

11
.3

 (9
.6

-1
3.

2)
7.

3 
(6

.2
-8

.6
)

11
.4

 (1
0.

0-
12

.8
)

8.
3 

(7
.1

-9
.7

)
12

.2
 (1

0.
7-

13
.8

)
11

.9
 (1

0.
4-

13
.5

)
18

.4
 (1

6.
6-

20
.3

)

20
17

8.
8 

(7
.0

-1
1.

0)
13

.5
 (1

1.
3-

16
.1

)
7.

3 
(5

.9
-8

.9
)

11
.1

 (9
.5

-1
3.

0)
9.

1 
(7

.9
-1

0.
4)

13
.2

 (1
1.

8-
14

.7
)

7.
3 

(6
.2

-8
.6

)
11

.1
 (9

.8
-1

2.
6)

13
.9

 (1
2.

3-
15

.7
)

19
.7

 (1
7.

8-
21

.7
)





CHAPTER 5
Amitriptyline for musculoskeletal 
complaints: a systematic review

Jacoline J. van den Driest, Sita M.A. Bierma-Zeinstra, Patrick J.E. Bindels, Dieuwke 
Schiphof

Family Practice. 2017 Apr 1;34(2):138-146



Chapter 5

98

ABSTRACT

Background
The role of amitriptyline in musculoskeletal pain is not as clearly defined as in classical 
neuropathic pain conditions.

Objective
To assess the efficacy and effectiveness of amitriptyline in the treatment of pain in 
musculoskeletal complaints.

Methods
An extensive search (including Medline, Embase and Web of Science) was made up 
to April 2016 for randomised controlled trials on amitriptyline in musculoskeletal 
complaints compared to placebo, usual care, or other analgesic use. Included studies 
were assessed for risk of bias. Outcomes of interest were pain reduction and function 
improvement.

Results
Of the 2066 articles identified, seven were finally included. These studies were performed 
in patients with low back pain (4), rheumatoid arthritis (2), and patients with arm pain 
from repetitive use (1). No meta-analysis was performed due to clinical heterogeneity of 
the studies. Two studies with low risk of bias found positive results. One study found that 
50 mg/day of amitriptyline [Visual Analogue Scale (VAS) -3.9 points] resulted in a signifi-
cantly greater reduction in pain than treatment with pregabalin 600 mg/day (VAS -2.9 
points) and improved function (improvement on the Oswestry Disability Index >20%: 
65% vs. 49.5%). Amitriptyline improved function in arm pain compared to placebo (Up-
per Extremity Function Scale: -3.9 vs. 0.8). A similar amount of side-effects occurred in 
the amitriptyline and the comparison groups.

Conclusion
Few studies have evaluated the use of amitriptyline in musculoskeletal complaints. 
Although amitriptyline may be effective in musculoskeletal complaints, more studies 
are required to establish for whom amitriptyline works better than other analgesics.
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INTRODUCTION

Chronic musculoskeletal disorders are a common problem among patients visiting a 
general practitioner (GP). A Dutch database of GP records showed that ≥ 50% of the 
patients visited their GP with a new musculoskeletal complaint during a 10-year period1. 
In the UK, 1 in 7 of the consultations with a GP concerned musculoskeletal complaints2. 
More importantly, these disorders are the major cause of chronic pain. An European 
study on the prevalence of chronic pain showed that almost 50% of the patients had 
back complaints and ≥ 40% of the patients had joint pain3.

The use of standard analgesics is adequate for most patients with musculoskeletal 
complaints, but sufficient pain relief is not always obtained. Especially patients with 
chronic pain may benefit from additional neuropathic pain medication. Although 
musculoskeletal complaints do not belong to the classic neuropathic syndromes, 
centrally-acting agents like antidepressants and anticonvulsants (α2δ-ligands) can be 
helpful because of the pathophysiological changes in pain processing in the central 
nervous system (CNS; central sensitization) described in patients with chronic pain4. 
Central sensitization can occur due to prolonged peripheral nociceptive input, which 
can lead to hyperexcitability of pain circuits in the CNS. A neuropathic pain component 
is present in 20-35% of the patients with low back pain5 6 and in 28-45% of patients with 
osteoarthritis7-9.

In Finland, antidepressants accounted for 1.9% of the prescriptions for musculoskel-
etal complaints and for 3% in the USA10 11. The NICE guidelines for treatment of neuro-
pathic pain in adults in a non-specialist setting, recommend duloxetine, amitriptyline, 
gabapentin and pregabalin as first choices12, while the Dutch GP guidelines recommend 
amitriptyline as a first-line neuropathic agent13. The target points of these analgesics 
in the CNS differ for antidepressants and anticonvulsants14. We chose to focus on an-
tidepressants; moreover, as the use of duloxetine in musculoskeletal pain is reviewed 
elsewhere15 16, we focused on amitriptyline.

The role of amitriptyline in musculoskeletal disorders is not as well defined as in 
classic neuropathic pain syndromes. Therefore, the aim of this review is to assess the 
efficacy and effectiveness of amitriptyline in the treatment of pain in musculoskeletal 
complaints.

METHODS

Eligibility criteria
Included in this study were randomised controlled trials (RCTs) on the use of amitriptyline 
for musculoskeletal disorders. Studies had to compare any dosage of amitriptyline to 
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placebo, usual care, or standard analgesic use. We defined usual care as physiotherapy, 
education, other nonsurgical interventions, or ‘wait and see’. Analgesics allowed as com-
parator were paracetamol, non-steroidal anti-inflammatory drugs (NSAIDs), opiates, and 
other neuropathic pain medication. Moreover, corticosteroid injections were permitted 
as comparison. No restrictions on the duration of therapy were applied. Articles pub-
lished in English, German, French, Spanish, Italian, Scandinavian or Dutch were eligible.  
Outcomes of interest were pain reduction and improvement of function. Studies on 
fibromyalgia were excluded as these were recently evaluated in a Cochrane review (July 
2015)17. Also excluded were RCTs evaluating the use of amitriptyline in classic neuro-
pathic pain (e.g. diabetic polyneuropathy, HIV-associated neuropathy, post-herpetic 
neuralgia, and phantom pain).

Search strategy
An extensive search (including Medline, Embase, Web of Science and Cochrane) up 
to April 2016 was made with the help of a medical librarian. The main keywords were 
amitriptyline and musculoskeletal complaints (see Supplementary Data Table S1 for all 
search terms used). In addition, references of the included articles were screened, and 
to find unpublished studies the Clinical Trials Search Portal (which includes ClinicalTrials.
gov and the EU Clinical Trials Register amongst others) was searched.

Study selection
Two independent reviewers (JD, DS) screened the title and abstract for potentially eli-
gible articles. Then, full articles were retrieved and assessed for eligibility. Any disagree-
ments were resolved during a consensus meeting. If no consensus was reached, a third 
reviewer (SBZ) made the final decision.

Methodological quality assessment
Two independent reviewers assessed the methodological quality of the selected articles. 
Any disagreements were discussed in a consensus meeting. The methodological quality 
of the selected articles was assessed using a checklist based on the Cochrane Collabora-
tion’s tool for assessing risk of bias18. The following items related to the risk of bias were 
scored: 1) selection bias (random sequence generation and allocation concealment), 2) 
performance bias (blinding participants and care providers), 3) detection bias (blinding 
outcome assessors), 4) attrition bias (drop-out rates, number of participants analysed in 
the group of allocation), 5) reporting bias (selective reporting), and 6) other bias (com-
parability of study groups at baseline, co-interventions and compliance to treatment).

Each item on the checklist was rated as Yes (indicating low risk of bias), No (Indicating 
high risk of bias) or Unclear (indicating unclear, or unknown risk of bias). We defined 
studies with a low risk of bias on the items allocation concealment and participants ana-



5

101

Amitriptyline for musculoskeletal complaints

lysed in the group of allocation, as being studies with a low risk of bias.  These two items 
can affect our outcomes of interest (reducing pain and improvement of function) the 
most19. Blinding of outcome assessors is less important, since in most studies two active 
treatments are compared.

Data extraction
Data extraction was performed by two reviewers using a standardised form. Disagree-
ments were resolved during a consensus meeting. For each article we extracted data 
using the PICO approach.
•	 Participants: complaint, duration of the complaint, mean age of the patients, clinical 

setting and baseline pain intensity.
•	 Interventions: dosage of amitriptyline, duration of the treatment.
•	 Comparison: to placebo, usual care or analgesic use.
•	 Outcomes: pain reduction, improvement of function adverse events and loss to 

follow-up (when mentioned).

RESULTS

Study selection
The initial search yielded 3816 articles; after removing duplicates, 2066 articles re-
mained. No potentially eligible studies were identified by searching for unpublished 
literature. After screening the title and abstract, the full-texts of 24 articles were assessed 
for eligibility. Finally, seven articles were included in this review (Figure 1).

Study characteristics
The characteristics of the included studies (all RCTs) are presented in Table 1. Four stud-
ies evaluated amitriptyline in low back pain; three in chronic low back pain (CLBP)20-22 
and one  in acute low back pain (ALBP)23. One study examined amitriptyline in persistent 
arm pain due to repetitive use24. Another two studies assessed the use of amitriptyline 
in rheumatoid arthritis (RA)25 26. Only one study on CLBP reported whether a neuropathic 
pain component was present; of the 200 patients, 95 had backache with radiculopathy22.

Amitriptyline was compared with different interventions. CLBP studies compared 
amitriptyline with buproprione20, fluoxetine21 or pregabalin22. For ALBP, amitriptyline 
was compared with paracetamol23. In persistent arm pain24 and one study on RA26, 
amitriptyline was compared with placebo. The second study on RA evaluated the use 
of amitriptyline in comparison to placebo, desipramine and trazodone; this study had 
a cross-over design in which patients received all four interventions25. Dosage of ami-
triptyline ranged from 25 mg/day for persistent arm pain to a maximum of 150 mg/day 
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for ALBP and CLBP. All studies were conducted in secondary and tertiary care centres. In 
the study on repetitive arm pain, patients were also recruited through advertisements24.

In all studies, primary outcome was the reduction of pain. In five studies pain was 
measured with a 10-point Visual Analogue Scale (VAS) or a 0-10 Numeric Rating Scale 
(NRS)21-25. The trial on RA (comparing amitriptyline with multiple interventions (cross-
over design)) also evaluated pain on a 0-5 intensity scale in addition to the VAS25. The 
study on RA (with a placebo as comparator) measured pain on a 5-point scale26. The 
study on CLBP (comparing amitriptyline with bupropione) did not report which method 
was used to evaluate pain20.

The secondary outcome, improvement of function, was reported in two studies22 24. 
The study on persistent arm pain evaluated arm function using the Upper Extremity 
Function Scale (UEFS); the total score ranges from 8-80, with higher scores indicating 
greater disability27. The study on CLBP (comparing amitriptyline with pregabalin) re-
ported on function using the Oswestry Disability Index (ODI); this score ranges from 
0-100% with a higher percentage indicating more impairment28. Follow-up ranged from 
5-32 weeks.

Table 2 shows the risk of bias for each study. Two studies had a low risk of bias22 24, 
and 5 studies did not report on the allocation of treatment or intention-to-treat analy-
sis20 21 23 25 26.

In the present study, the reviewers agreed on 78% of the items scored (Cohen’s kappa 
0.75)

Effectiveness: improvement of pain
One study with low risk of bias found a significant improvement of pain in the ami-
triptyline group between baseline and follow-up, and between the treatment groups, 
in favour of amitriptyline (Table 3)22. In this study on CLBP, 50 mg/day of amitriptyline 
reduced pain by 3.9 points (VAS 0-10), while 600 mg/day of pregabalin reduced pain 
by 2.9 points (VAS 0-10). Two studies, one on CLBP 20 and one on ALBP23, found a 
significant improvement of pain with amitriptyline between baseline and follow-up; 
however, these studies found no difference between amitriptyline and bupriopione or 
paracetamol, respectively. In CLBP, treatment with 150 mg/day amitriptyline resulted in 
a pain score ≤ 2 in 50% of the patients, while at study start only 25% had a pain score ≤ 
520. In ALBP, 5 weeks of treatment with 150 mg/day of amitriptyline reduced pain by 4.83 
points (VAS)23.

The trial with the crossover design examining the effect of amitriptyline in comparison 
to different treatments, found that amitriptyline led to a significantly greater reduction 
in pain compared with baseline, placebo, trazodone or desipramine (on a 0-5 pain 
scale); however, no significant differences were found in pain reduction between the 
treatments when using the VAS25.
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Effectiveness: improvement of function
Two studies, both with a low risk of bias, reported on improvement of function22 24. Both 
studies found a significant increase at the end of treatment, but they compared amitrip-
tyline with a different treatment (Table 3). Amitriptyline let to a significant improvement 
in arm function in patients with persistent arm pain compared with placebo, i.e. the 
Upper Extremity Function Scale (UEFS (8-80)27 improved by 3.9 points compared to 0.8 
points in the placebo group24.

In CLBP, 65% of the patients in the amitriptyline group showed an improvement in the 
Oswestry Disability Index (ODI (by ≥20%; 10 points) compared to 49.5% of the patients 
in the pregabalin group (p=0.03)22.  In absolute improvement of function no significant 
difference was found between the two different treatments.

Side-effects
No serious side-effects were reported in any of the studies. Adverse events occurred in 
all treatment groups and the prevalence of side-effects was relatively high. In 6 RCTs 
no significant difference was found between amitriptyline and the comparator. In the 
study on arm pain due to repetitive use, significantly more side-effects occurred in the 
amitriptyline group at the midpoint of the treatment period (after 3 weeks); however, 
this difference had disappeared by the end of the treatment period (after 6 weeks)24. 
In the crossover trial on RA, patients reported significantly more side-effects during 
treatment with amitriptyline than with a placebo or trazodone. These side-effects did 
not lead to dose reductions25. Frequently occurring side-effects during amitriptyline use 
were drowsiness, dry mouth and constipation (Table 4).

DISCUSSION

Summary
This systematic review assessed the effectiveness of amitriptyline in musculoskeletal 
complaints. We found four studies on amitriptyline in LBP, one on amitriptyline in persis-
tent arm pain, and two studies on RA.

Overall, one study on CLBP22 with low risk of bias found a significant improvement 
of pain with amitriptyline compared with pregabalin. Two studies with low risk of bias 
found a significant improvement of function when comparing amitriptyline with pre-
gabalin in CLBP, or placebo in persistent arm pain22 24. In CLBP, the effect on function is 
regarded as clinically relevant since the minimal clinically important difference of the 
Oswestry Disability Index (ODI) ranges from 6-11 points28-32. In absolute improvement 
of function no significant difference was found between amitriptyline and pregabalin, 
though the clinically relevant difference occurred significantly more often with treat-
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ment with amitriptyline compared with pregabalin. This clinically important differ-
ence is not as clearly defined for the Upper Extremity Function Scale (UEFS), but the 
improvement with amitriptyline compared to placebo is small. Overall, a similar amount 
of side-effects occurred in patients treated with amitriptyline and in patients treated 
with other analgesics; however, the prevalence of side-effects was relatively high in all 
studies. In chronic arm pain, patients reported more side-effects (especially drowsiness) 
after 3 weeks of treatment, which diminished by the end of the study period. This type 
of pattern is known for amitriptyline33.

Strengths and limitations
Although we aimed to study the role of amitriptyline in musculoskeletal complaints in 
general, most of the included studies investigated the role of amitriptyline in LBP. Only 
one study investigated its use in chronic pain due to repetitive arm use, and two trials 
in RA. No studies were found for osteoarthritis, another condition in which central sen-
sitization is reported34 35. Much research on amitriptyline in musculoskeletal complaints 
has been performed in patients with fibromyalgia; however, we excluded these studies 
because a Cochrane review on this topic was recently published17. This latter review re-
ported that there is no unbiased evidence for the effect of amitriptyline in fibromyalgia, 
but there is also no good evidence for a lack of effect of amitriptyline in fibromyalgia17.

In some of the patients with musculoskeletal pain, central sensitization is thought to 
be present5-9 and it may be expected that these patients have a better response to a 
centrally-acting agent such as amitriptyline4. Only one of the included studies in our 
review investigated whether the presence of a neuropathic pain component modulated 
the treatment response22; the authors found no significant differences in the results.

Another limitation of the present review is the clinical heterogeneity of the included 
studies. Although all studies investigated the use of amitriptyline in musculoskeletal 
complaints, different conditions were evaluated. Moreover, amitriptyline was compared 
with a different treatment in each study, and the dosage of paracetamol was suboptimal 
at 2000 mg/day23. Furthermore, dosages of amitriptyline ranged from 25-150 mg/day. 
Although, in the studies in which amitriptyline showed a significant improvement of 
pain and/or function compared with the comparator, the dosage of amitriptyline was 
25 mg/day or 50 mg/day. These are the same dosages frequently prescribed in patients 
with fibromyalgia17, a condition in which central sensitization is known to occur14.

Another limitation of the included studies is the relatively short follow-up period. In 
chronic pain it is advised to evaluate the effect of an analgesic after 12 weeks of treat-
ment. Only one of the included studies treated patients for ≥12 weeks (14 weeks)22. A 
longer treatment period could lead to more robust findings compared with a shorter 
treatment period.
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Moreover, the studies in this review were conducted in relatively young patients; i.e. 
the mean age was ≤40 years in three studies20 23 24 and was 41.5 years in one study22, 
while the incidence of musculoskeletal increases with age and these conditions are 
especially troublesome in patients aged ≥50 years36 37. Also, pain processing changes 
with increasing age. In elderly people endogenous pain inhibition (conditioned pain 
modulation) functions poorly (e.g. the lack of descending analgesia). Furthermore, 
temporal summation of heat pain may be enhanced in older people38 39. Both the lack 
of endogenous pain inhibition and enhanced temporal summation are known to oc-
cur in central sensitization4 40. Therefore, amitriptyline might be more effective in older 
patients. On the other hand, side-effects may be more common in the elderly due to 
comorbidities, age-related physiological changes, and polypharmacy41 42.

Comparison with the literature
Multiple systematic reviews have been published on the use of antidepressants in 
CLBP43-47. However, none of the studies included in our review was included in these 
earlier reviews. These reviews evaluated  tricyclic antidepressants (TCAs) and selective 
serotonin reuptake inhibitors (SSRIs); they found conflicting results on the use of anti-
depressants for CLBP, two reviews found no evidence for the use of antidepressants43 46, 
while three found some evidence44 45 47. Pooled analyses for TCAs showed also contra-
dictory results: Staiger et al. found a significant decrease of pain with TCAs47 while two 
other reviews (including a Cochrane review) found no decrease of pain43 46. However, the 
conclusions of these reviews should be interpreted with caution due to the diversity of 
the included studies and different pooling methods used48. Furthermore, different anti-
depressants with different affinities for receptors were used and these antidepressants 
may have different analgesic properties48. More recent studies with larger samples sizes 
investigating the use of duloxetine for CLBP show a benefit of treatment with duloxetine, 
although most of these studies were sponsored by the pharmaceutical industry49-51.

The use of antidepressants in RA was evaluated in a Cochrane review and concluded 
that no reliable statement could be made on the use of antidepressants in RA with the 
current level of evidence52.

Our review found results similar to the previous reviews; due to the clinical heteroge-
neity of our included studies it was not possible to perform a meta-analysis; this makes 
it difficult to draw conclusions about the benefit of amitriptyline. Moreover, we did not 
include the study by Pheasant et al.53, a study frequently included in other systematic 
reviews on CLBP, because it did not report on our primary outcome measurement.
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CONCLUSIONS

This systematic review assessed the use of amitriptyline in musculoskeletal complaints. 
While the rationale for prescribing amitriptyline in chronic musculoskeletal complaints 
is present in other conditions34, we only found studies on LBP, persistent arm pain and 
RA. Despite the few studies, the heterogeneity and the short period of treatment, ami-
triptyline may improve pain and function in patients with musculoskeletal complaints. 
However, amitriptyline may not result in a significantly greater improvement of pain 
compared with other analgesics. More research is needed to establish whether and for 
which patients amitriptyline may be more effective than other analgesics.
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SUPPLEMENTARY DATA

Search strategy

Embase.com
(Amitriptyline/de OR amitriptylinoxide/exp OR (Amitript* OR Amitrypt*):ab,ti) AND 
(‘musculoskeletal pain’/exp OR ‘leg pain’/exp OR ‘arm pain’/de OR ‘hand pain’/exp OR 
((‘leg’/de OR ‘arm’/de OR ‘hand’/de OR elbow/de OR ‘rheumatic disease’/de OR osteoar-
thritis/de OR ‘shoulder’/de  OR ‘wrist’/de) AND (pain/de)) OR ‘shoulder pain’/de OR ‘ra-
dicular pain’/exp OR backache/exp OR arthralgia/exp OR ‘wrist pain’/exp OR ‘neck pain’/
de OR (((musculoskelet* OR hip OR knee OR joint* OR shoulder* OR ankle* OR elbow 
OR neck OR back OR hand OR locomot* OR extremit* OR limb* OR  leg OR legs OR arm 
OR arms OR forearm* OR radicul* OR articular OR wrist* OR rheuma* OR osteoarthrit*) 
NEAR/3  (pain* OR complaint* OR ache*)) OR radiculalg* OR coxalgi* OR  coxodyni* OR 
gonalgi* OR cervicalgi* OR backache OR dorsalgi* OR backpain* OR arthralgia):ab,ti)

Medline (ovid)
(Amitriptyline/ OR (Amitript* OR Amitrypt*).ab,ti.) AND (“musculoskeletal pain”/ OR 
((“leg”/ OR “arm”/ OR “hand”/ OR elbow/ OR “Rheumatic Diseases”/ OR osteoarthritis/ 
OR “shoulder”/  OR “wrist”/) AND (pain/)) OR exp “Back Pain”/ OR “Neck Pain”/ OR exp 
arthralgia/ OR (((musculoskelet* OR hip OR knee OR joint* OR shoulder* OR ankle* OR 
elbow OR neck OR back OR hand OR locomot* OR extremit* OR limb* OR  leg OR legs OR 
arm OR arms OR forearm* OR radicul* OR articular OR wrist* OR rheuma* OR osteoar-
thrit*) ADJ3  (pain* OR complaint* OR ache*)) OR radiculalg* OR coxalgi* OR  coxodyni* 
OR gonalgi* OR cervicalgi* OR backache OR dorsalgi* OR backpain* OR arthralgia).ab,ti.)

cinahl (ebsco)
(MH Amitriptyline+ OR (Amitript* OR Amitrypt*)) AND (MH “Neck Pain+” OR ((MH “leg+” 
OR MH “arm+” OR MH “hand+” OR MH elbow+ OR MH “Rheumatic Diseases+” OR MH 
osteoarthritis+ OR MH “shoulder+”  OR MH “wrist+”) AND (MH pain)) OR MH “Back Pain+” 
OR MH arthralgia+ OR (((musculoskelet* OR hip OR knee OR joint* OR shoulder* OR 
ankle* OR elbow OR neck OR back OR hand OR locomot* OR extremit* OR limb* OR  leg 
OR legs OR arm OR arms OR forearm* OR radicul* OR articular OR wrist* OR rheuma* OR 
osteoarthrit*) N2  (pain* OR complaint* OR ache*)) OR radiculalg* OR coxalgi* OR  coxo-
dyni* OR gonalgi* OR cervicalgi* OR backache OR dorsalgi* OR backpain* OR arthralgia))

Cochrane
((Amitript* OR Amitrypt*):ab,ti) AND ((((musculoskelet* OR hip OR knee OR joint* OR 
shoulder* OR ankle* OR elbow OR neck OR back OR hand OR locomot* OR extremit* OR 
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limb* OR  leg OR legs OR arm OR arms OR forearm* OR radicul* OR articular OR wrist* 
OR rheuma* OR osteoarthrit*) NEAR/3  (pain* OR complaint* OR ache*)) OR radiculalg* 
OR coxalgi* OR  coxodyni* OR gonalgi* OR cervicalgi* OR backache OR dorsalgi* OR 
backpain* OR arthralgia):ab,ti)

Web-of-science
TS=(((Amitript* OR Amitrypt*)) AND ((((musculoskelet* OR hip OR knee OR joint* OR 
shoulder* OR ankle* OR elbow OR neck OR back OR hand OR locomot* OR extremit* OR 
limb* OR  leg OR legs OR arm OR arms OR forearm* OR radicul* OR articular OR wrist* 
OR rheuma* OR osteoarthrit*) NEAR/2  (pain* OR complaint* OR ache*)) OR radiculalg* 
OR coxalgi* OR  coxodyni* OR gonalgi* OR cervicalgi* OR backache OR dorsalgi* OR 
backpain* OR arthralgia)) )

Scopus
TITLE-ABS-KEY(((Amitript* OR Amitrypt*)) AND ((((musculoskelet* OR hip OR knee OR 
joint* OR shoulder* OR ankle* OR elbow OR neck OR back OR hand OR locomot* OR 
extremit* OR limb* OR  leg OR legs OR arm OR arms OR forearm* OR radicul* OR ar-
ticular OR wrist* OR rheuma* OR osteoarthrit*) W/2  (pain* OR complaint* OR ache*)) 
OR radiculalg* OR coxalgi* OR  coxodyni* OR gonalgi* OR cervicalgi* OR backache OR 
dorsalgi* OR backpain* OR arthralgia)) )

PubMed unindexed
(Amitriptyline[mh] OR (Amitript*[tiab] OR Amitrypt*[tiab])) AND (“musculoskeletal 
pain”[mh] OR ((“leg”[mh] OR “arm”[mh] OR “hand”[mh] OR elbow[mh] OR “Rheumatic 
Diseases”[mh] OR osteoarthritis[mh] OR “shoulder”[mh]  OR “wrist”[mh]) AND (pain[mh])) 
OR “Back Pain”[mh] OR “Neck Pain”[mh] OR arthralgia[mh] OR (((musculoskelet*[tiab] 
OR hip OR knee OR joint*[tiab] OR shoulder*[tiab] OR ankle*[tiab] OR elbow OR neck 
OR back OR hand OR locomot*[tiab] OR extremit*[tiab] OR limb*[tiab] OR  leg OR 
legs OR arm OR arms OR forearm*[tiab] OR radicul*[tiab] OR articular OR wrist*[tiab] 
OR rheuma*[tiab] OR osteoarthrit*[tiab]) AND  (pain*[tiab] OR complaint*[tiab] OR 
ache*[tiab])) OR radiculalg*[tiab] OR coxalgi*[tiab] OR  coxodyni*[tiab] OR gonalgi*[tiab] 
OR cervicalgi*[tiab] OR backache OR dorsalgi*[tiab] OR backpain*[tiab] OR arthralgia))  
AND (publisher[sb] OR  inprocess [sb])

Google scholar
Amitriptyline|Amitryptilyne “musculoskeletal|hip|knee|joint|shoulder|ankle|elbow|nec
k|back|hand|locomotor|extremity|limb| leg|legs|arm|arms|forearm|radicular|articular|w
rist|rheumatic|osteoarthritic pain|complaints”|backache|dorsalgia|backpain|arthralgia
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Lilacs

Scielo
(Amitriptyline OR Amitriptilyne) AND (“musculoskeletal pain” OR “hip pain” OR “knee 
pain” OR “joint pain” OR “shoulder pain” OR “ankle pain” OR “elbow pain” OR “neck pain” 
OR “back pain” OR “hand pain” OR “locomotor pain” OR “extremity pain” OR “limb pain” 
OR “ leg pain” OR “legs pain” OR “arm pain” OR “arms pain” OR “forearm pain” OR “radicular 
pain” OR “articular pain” OR “wrist pain” OR “rheumatic pain” OR “osteoarthritic pain” OR 
“musculoskeletal complaints” OR “hip complaints” OR “knee complaints” OR “joint com-
plaints” OR “shoulder complaints” OR “ankle complaints” OR “elbow complaints” OR “neck 
complaints” OR “back complaints” OR “hand complaints” OR “locomotor complaints” OR 
“extremity complaints” OR “limb complaints” OR “ leg complaints” OR “legs complaints” 
OR “arm complaints” OR “arms complaints” OR “forearm complaints” OR “radicular com-
plaints” OR “articular complaints” OR “wrist complaints” OR “rheumatic complaints” OR 
“osteoarthritic complaints” OR backache OR dorsalgia OR backpain OR arthralgia)

Proquest
(ti(Amitriptyline OR Amitriptilyne) OR ab(Amitriptyline OR Amitriptilyne)) AND 
(ti(“musculoskeletal pain” OR “hip pain” OR “knee pain” OR “joint pain” OR “shoulder 
pain” OR “ankle pain” OR “elbow pain” OR “neck pain” OR “back pain” OR “hand pain” OR 
“locomotor pain” OR “extremity pain” OR “limb pain” OR “ leg pain” OR “legs pain” OR “arm 
pain” OR “arms pain” OR “forearm pain” OR “radicular pain” OR “articular pain” OR “wrist 
pain” OR “rheumatic pain” OR “osteoarthritic pain” OR “musculoskeletal complaints” OR 
“hip complaints” OR “knee complaints” OR “joint complaints” OR “shoulder complaints” 
OR “ankle complaints” OR “elbow complaints” OR “neck complaints” OR “back complaints” 
OR “hand complaints” OR “locomotor complaints” OR “extremity complaints” OR “limb 
complaints” OR “ leg complaints” OR “legs complaints” OR “arm complaints” OR “arms 
complaints” OR “forearm complaints” OR “radicular complaints” OR “articular complaints” 
OR “wrist complaints” OR “rheumatic complaints” OR “osteoarthritic complaints” OR 
backache OR dorsalgia OR backpain OR arthralgia)  OR ab(“musculoskeletal pain” OR 
“hip pain” OR “knee pain” OR “joint pain” OR “shoulder pain” OR “ankle pain” OR “elbow 
pain” OR “neck pain” OR “back pain” OR “hand pain” OR “locomotor pain” OR “extrem-
ity pain” OR “limb pain” OR “ leg pain” OR “legs pain” OR “arm pain” OR “arms pain” OR 
“forearm pain” OR “radicular pain” OR “articular pain” OR “wrist pain” OR “rheumatic pain” 
OR “osteoarthritic pain” OR “musculoskeletal complaints” OR “hip complaints” OR “knee 
complaints” OR “joint complaints” OR “shoulder complaints” OR “ankle complaints” OR 
“elbow complaints” OR “neck complaints” OR “back complaints” OR “hand complaints” 
OR “locomotor complaints” OR “extremity complaints” OR “limb complaints” OR “ leg 
complaints” OR “legs complaints” OR “arm complaints” OR “arms complaints” OR “forearm 
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complaints” OR “radicular complaints” OR “articular complaints” OR “wrist complaints” 
OR “rheumatic complaints” OR “osteoarthritic complaints” OR backache OR dorsalgia OR 
backpain OR arthralgia) )
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ABSTRACT

Introduction
Osteoarthritis is a highly prevalent painful condition of the musculoskeletal system. 
The effectiveness of current analgesic options has proven to be limited and improved 
analgesic treatment is needed. Several randomised placebo-controlled trials have now 
demonstrated the efficacy of duloxetine, an antidepressant with a centrally acting effect, 
in the treatment of OA pain. The aim of the current study is to investigate if duloxetine 
is effective and cost-effective as a third-choice analgesic added to usual care for treating 
chronic pain compared to usual care alone in general practice.

Methods and analysis
A pragmatic open, cluster randomised trial is conducted. Patients with pain due to hip or 
knee OA on most days of the past 3 months with insufficient benefit of NSAIDS or con-
traindications or intolerable side-effects are included. General practices are randomised 
to either 1) duloxetine and usual care or 2) usual care only. Primary outcome is pain at 3 
months measured on the WOMAC pain subscale. Secondary outcomes at 3 months and 
1 year are pain (WOMAC, at 1 year), function (WOMAC), adverse reactions, quality of life, 
and modification of the response to treatment by the presence of centrally sensitized 
pain (modified PainDETECT). At 1 year medical and productivity costs will be assessed. 
Analyses will be performed following the intention-to-treat principle taking the cluster 
design into account.

Ethics and dissemination
The study is approved by the local Medical Ethics Committee (MEC 2015-293). Results 
will be published in a scientific peer-reviewed journal and will be communicated at 
conferences.

Trial registration number
This study is registered in the Dutch trial registry http://www.trialregister.nl: trial number 
ntr4798.
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BACKGROUND AND RATIONALE

Osteoarthritis (OA) is a highly prevalent chronic condition of the musculoskeletal sys-
tem. Approximately 15% of the population suffers from OA. Amongst elderly the lifetime 
risk for knee OA is 40% in men and 47% in women1 2 and it is the single-most contribut-
ing factor to a decreased physical well-being3. It is predicted that OA will become the 
fourth leading cause of disability worldwide by the year 20204. The majority of patients 
suffering from OA are treated in primary care5 6. The general practitioner (GP) plays a 
key role in the treatment of symptomatic pain, the most debilitating symptom of this 
condition. Currently, usual care by the GP consists of education, referral for exercise 
therapy and prescribing symptomatic pain medication using a step-wise approach. The 
first step consists of paracetamol. If its analgesic effect proves insufficient, non-steroidal 
anti-inflammatory drugs (NSAIDs) can be prescribed as a second step, and subsequently 
tramadol or other opioids7. So far, however, the effectiveness of symptomatic pain treat-
ment has proven to be limited8-10 and the majority of the patients still report pain despite 
taking pain medication11 12. In addition, these analgesics are often contraindicated, espe-
cially in elderly patients, and they are associated with the occurrence of serious adverse 
reactions. Improved analgesic treatment or a new approach to OA pain treatment is 
therefore needed, especially since there are no treatment options available aimed at 
delaying or halting the process of OA. Surgical joint-replacement is the exception but is 
an intervention which is not only costly, does not always lead to a satisfied results for pa-
tients and is also of limited durability4 13. An effective and relatively safe medicine, when 
current options fail, could improve the quality of life for these chronic pain patients. In 
the long term, it could potentially help postpone the need for a joint-replacement and 
revision surgery, whilst retaining quality of life.

Traditionally, pain in OA was assumed to consist solely of nociceptive pain due to 
inflammation, degradation and remodelling of joint tissue. However, it has since been 
demonstrated that in addition to nociceptive pain, peripheral sensitized pain from lo-
cally generated inflammatory factors and centrally sensitized pain, can be present in 
OA14. Intense, repeated or prolonged nociceptive input can lead to hyperexcitability of 
pain circuits in the central nervous system15. Normally, descending inhibitory pathways 
from the brain stem modulate pain processing through the release of noradrenalin 
and serotonin. These inhibitory pathways can be impaired in patients with OA15. This 
disinhibition of descending pathways further contributes to central sensitization in OA. 
Centrally sensitized pain is present in a substantial percentage (30-37%)16 17 of patients 
with chronic pain due to OA and is thought to respond particularly poorly to currently 
prescribed analgesics, as it requires medication with a centrally acting agent. Duloxetine 
is a serotonin norepinephrine reuptake inhibitor (SNRI) and acts centrally by strengthen-
ing the inhibition of the descending pathways.
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Several randomised placebo-controlled trials have now demonstrated the efficacy of 
low dose duloxetine versus placebo in the treatment of pain in OA (clinically relevant 
effect sizes of 0.4 to 0.5 for pain in OA18 19 and 0.6 for disability in OA18) and the most 
recent guideline of the Osteoarthritis Research Society International (OARSI) now 
recommend duloxetine for the non-surgical management of knee OA10. These trials are 
short-term randomised placebo-controlled trials in a highly controlled and secondary 
care setting. The effectiveness of duloxetine as third-choice analgesia in general practice 
is not known. Neither is clear whether the effectiveness of duloxetine is predominantly 
found in those patients suffering from pain with characteristics of central sensitization, 
or whether duloxetine as third-choice analgesia in general practice is cost-effective, if 
found effective.

METHODS AND DESIGN

Objectives
The primary objective of this study is to investigate whether duloxetine added to usual 
care is effective as third-choice pain medication (when NSAIDs fail, are contraindicated 
or have intolerable side-effects) in reducing chronic pain (WOMAC) in primary care 
patients with osteoarthritis after three months, compared to usual care alone.

Secondary objectives are 1) to assess whether the presence of characteristics of 
central sensitization (modified painDETECT >12.0) favourably modifies the response to 
treatment with duloxetine (WOMAC pain at 3 months and WOMAC pain and function at 
1 year), and 2) to examine the cost-effectiveness of treatment with duloxetine at 1 year.

Study design
A pragmatic open-label cluster randomised controlled trial with a follow-up of one year 
is conducted (figure 1). To avoid contamination between the two intervention groups, 
randomisation takes place on the level of the GP practice. Patients, researchers and GPs 
are not blinded to the assigned treatment.

Randomisation
GP practices are randomised to the duloxetine or usual care group. Since provided care  
can differ based on practice characteristics, stratification is performed  on: 1) socio-
economic status of the practice location (low socio-economic status versus normal and 
high socio-economic status, based on the registration by The Netherlands Institute for 
Social Research20); 2) the number of GPs working at the practice (one full-time equiva-
lent or smaller versus larger than one full-time equivalent); and 3) the mean age of the 
GPs per practice (younger than 50 years or 50 years and older21-23). The randomisation 
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sequence is determined by an independent data manager from the department, with 
the use of a computer generated randomisation list. A block design with blocks random 
varying between two and six is used to equally balance the groups.  The randomisation 
procedure is concealed to the involved researchers of the study. Randomisation of the 
GP practice is performed after eligible patients are identified and the first patient of the 
GP practice has signed informed consent.

Inclusion criteria
All patients must be aged 18 years or older and have hip and/or knee OA based on 
the clinical American College of Rheumatology (ACR) criteria24. Chronic pain should be 
present, which is defined as pain on most days during the last three months. In addition, 
patients must have insufficient benefit of NSAIDs, contraindications for NSAIDs or previ-
ous adverse reactions to NSAIDs (i.e. eligible for third-choice pain medication).

General practitioners

Identifying patients with chronic pain due to hip or knee OA, 
and eligible for third choice pain medication

Randomisation of GP practice

Usual care & Duloxetine (n =112) Usual care (n=112)

Baseline contact (GP)

Inclusion procedure & baseline questionnaire of patients 
(n=224)

- Treatment evaluation by GP
- Questionnaires at 6 weeks, 3 months, 6 months, 9, months 

and 12 months
 

Figure 1. Flowchart of the study
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Exclusion criteria
Patients who meet one of the following criteria will be excluded from the trial.
•	 Scheduled for a hip or knee replacement
•	 Current use of antidepressants
•	 Current use of neuropathic pain medication
•	 Rheumatoid arthritis
•	 Unable to sign informed consent
•	 Contra-indications for duloxetine (current use of Monoamine Oxidase Inhibitors, 

uncontrolled narrow-angle glaucoma, the combination with other central nervous 
acting drugs (e.g. benzodiazepines), hypersensitivity to duloxetine, liver disease 
resulting in hepatic impairment, severe renal impairment (creatinine clearance < 30 
ml/min), current use of strong CYP1A2-inhibitors, current use of CYP2D6- inhibitors 
and substrates, uncontrolled hypertension, pregnancy or lactation)

Initially, patients who currently used opioids or used these in the past three months 
were excluded from the trial, because opioids are already third-choice medication in the 
Netherlands. Though, when patients still feel pain despite the use of opioids it may be 
that these complaints reflect a centrally sensitized pain, since this type of pain is thought 
to respond less well to traditional analgesics. Especially these patients can benefit from 
duloxetine. Therefore, these patients are also eligible.

Intervention

Duloxetine
Patients in the duloxetine arm are prescribed duloxetine 60mg once a day. During the 
first week of treatment the patient starts with 30mg duloxetine per day to minimize 
potential adverse events due to duloxetine. If tolerated well, the dose is increased to 
60mg/day in the second week. Therapeutic benefit of duloxetine is assessed regularly 
by the treating GP (after two weeks, 1 month, 3, 6, 9, 12 months and when necessary). 
If patients experience no effect of duloxetine after three months or patients experience 
intolerable side-effects, duloxetine can gradually be discontinued. Patients also receive 
usual care according to the GP guidelines in the Netherlands7, as described below.

Usual care
Patients are treated according to the current Dutch GP guideline which comprise of edu-
cation, life style advice, dietary therapy, physiotherapy and analgesics7. Analgesics are 
prescribed according to the opinion and experience of the treating GP. Analgesic choice 
depends on what the GP and patients decide. Paracetamol and NSAIDs have failed in 
these patients. A GP can decide to prescribe or continue an opioid, or the treatment can 
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remain the same. Depending on the comorbidities of the patients, contra-indications 
and opinion of the GP other interventions are also allowed.

Co-interventions
Patients assigned to the usual care group cannot be prescribed duloxetine. In both 
groups intra-articular injection with glucocorticoids or a referral for joint replacement 
is allowed, as these are in accordance with Dutch GP guidelines and appropriate within 
the pragmatic design of this trial

Study procedures
Patients are recruited from general practices. GPs in the Rotterdam region are invited to 
participate. If a GP practice is held by more than one GP, all GPs are randomised into the 
same arm. In this way contamination between the groups is prevented when a patient 
visits another GP in the same practice. Demographic characteristics of the GP practice 
are registered. Randomisation of the GP practice is performed after the first patient of 
the GP practice has signed the informed consent form.

All eligible patients are identified by an electronic search in the participating GPs 
medical records. The GP decides which patients receive an invitation for the trial. In 
this way, possible recruitment bias can be monitored. Subsequently, eligible patients 
are sent information about the current trial. If a patient is interested in participating, 
the patient is contacted by a member of the research team by telephone. During this 
contact the study is explained and eligibility of the patient is re-evaluated. If a patient 
is interested and eligible, the patient receives further written information about the 
study. After two weeks the patients is contacted a second time by telephone to obtain 
informed consent. After filling out the baseline questionnaire patients are told to which 
intervention their GP practice is randomised. In both study arms patients consult their 
GP for their intervention (figure 1). In the duloxetine arm the GP prescribes duloxetine 
during the consultation. If at this point the patient decides not to take the duloxetine 
after all, the patient remains in the study in accordance with the pragmatic approach.

Patients receive follow-up questionnaires at 6 weeks, 3, 6, 9 and 12 months (table 1) 
after filling out the baseline questionnaire. The questionnaire at 6 weeks is added to the 
initial protocol to monitor the therapeutic effect of duloxetine more closely in the first 
weeks.

Safety
All adverse events reported by the subject are recorded. All serious adverse events (SAEs) 
are reported to the medical ethics committee. All SAEs are monitored until resolution 
or stabilisation. No Data and Safety Monitoring Board (DSMB) is needed, since adverse 
events of duloxetine are well known and duloxetine is registered in the Netherlands 
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for the treatment of depressive disorders and diabetic neuropathy. Monitoring of the 
study is carried out once a year because of the negligible risk profile (Standards of The 
Netherlands Federation of University Medical Centres)25.

Outcome measures

Primary outcome
The primary outcome is pain at three months follow-up measured with the Western 
Ontario and McMaster Universities Osteoarthritis Index (WOMAC) pain subscale. During 
the study period patients complete the Knee injury and Osteoarthritis Outcome Score 
(KOOS) or the Hip disability and Osteoarthritis Outcome Score (HOOS)26 27. The HOOS 
and KOOS consist of five subscales: pain, other symptoms, ADL function, function in 
sport and recreation, and knee/ hip related quality of life. The KOOS and HOOS are 
developed as an extension of the WOMAC score, with the purpose of evaluating both 
short- and long-term symptoms and function. All WOMAC pain and function questions 
are included in their full and original form in the KOOS/HOOS questionnaire26 28.There-

Table 1. Overview of questionnaire items

Baseline 6 weeks 3 months 6 months 9 months 12 months

Outcome measures

Pain Score (WOMAC) X X X X X X

Function Score (WOMAC) X X X X X X

HOOS/ KOOS X X X X X X

Quality of Life (EuroQol-5D-5L) X X X X X

Medical Costs (iMCQ) X X X X X

Productivity Cost (iPCQ) X X X X X

Co-interventions X X X X X

Adverse events X X X X X

Compliance X X X X X

Patients satisfaction X X X X X

Others

Demographic data X

Co-morbidities X

Presence of centrally sensitized
pain(Modified painDETECT)

X

Presence of depression or
anxiety (HADS)

X X X X X

BMQ= Beliefs about Medication Questionnaire, HADS= Hospital and Anxiety Depression Scale , HOOS = Hip disability and 
Osteoarthritis Outcome Score, iMCQ = iMTA Medical Cost  Questionnaire, iPCQ = iMTA Productivity Cost Questionnaire, 
KOOS = Knee disability and Osteoarthritis Outcome Score, WOMAC = Western Ontario and McMaster University Osteoar-
thritis Index



6

129

Protocol of the DUO trial

fore, WOMAC scores can be calculated from the KOOS and HOOS scores.  The questions 
apply to the previous week and each indicator is scored on a 5-point Likert scale (0= 
extreme problems, and 4=no problems). Scores range between 0-100, higher scores 
indicate less symptoms.

Secondary outcomes
Secondary outcomes are pain at one year (WOMAC pain subscale) and disability at one 
year (WOMAC function subscale). Adverse reactions and co-interventions for OA pain 
are systematically recorded in the follow-up questionnaires. Patients’ satisfaction with 
the treatment is measured on an 11-point numerical rating scale (0 = completely dis-
satisfied, 10= completely satisfied).

Health related quality of life is measured with the EuroQol-5D (EQ-5D-5L) which com-
prises of a descriptive system with five dimensions and a visual analogue scale29. Costs 
are measured using the iMTA Medical Consumption Questionnaire (iMCQ) and the iMTA 
Productivity Cost Questionnaire (iPCQ). The iMCQ is a non-disease specific questionnaire 
to determine the direct medical and patients costs of the previous three months30. The 
iPCQ is focused on the indirect costs of the healthcare system; it measures the produc-
tivity losses in the last four weeks31.

Compliance to the treatment is estimated by questions about medication use (dose, 
how often each day, number of days). Furthermore the Beliefs about Medication Ques-
tionnaire (BMQ) is asked. The BMQ consists of two sections: the BMQ-General and BMQ-
Specific section32 assessing patients thoughts about medicine in general and about 
OA medication specifically.  Each section consists of two subscales. The BMQ-General 
contains the subscales Harm and Overuse (scores 4-20). The BMQ-Specific encompasses 
the subscales Necessity and Concerns (scores 5-25).  Higher scores on the BMQ-Specific 
are correlated with self-reported therapy adherence33 34.

The effect of the intervention will also be evaluated by the OMERACT-OARSI re-
sponse criteria. These criteria are a uniform core set of outcome measurements for 
OA. Response is defined as (a) a high improvement in pain (WOMAC pain) or function 
(WOMAC function) (≥50%) and an absolute change of ≥20 (on an interval scale 0-100) 
or (b) improvement in at least two of the three following: pain ≥20% (WOMAC pain) 
and absolute change ≥10; function ≥20%  (WOMAC function) and absolute change ≥10; 
patients global assessment ≥20% and absolute change ≥1035.

Other study outcomes
At baseline the following patient characteristics are collected: age, gender, height and 
weight, education, co-morbidities and the duration of complaints. In addition, patients 
fill out the modified painDETECT questionnaire which is adapted for patients with 
OA36. This questionnaire is validated for identifying ‘neuropathic-like’ symptoms which 
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correlate with signs of central sensitization in OA.  Higher modified painDETECT scores 
indicate the presence of central sensitization (scores >12, range -1-35)16 37. The modified 
painDETECT was recently validated in Dutch for both patients with knee OA and for 
patients with hip OA38.

Finally, the Hospital Anxiety and Depression Scale (HADS) is assessed to establish the 
analgesic effect of duloxetine independent of the effects on mood or anxiety39.

Sample size
To detect a clinically relevant difference in WOMAC pain of 1.9 points (pooled SD 4.8)18 
between the two treatment groups with an effect size of 0.4 (power 80%; alpha 0.05), 
taking into account the cluster randomization with an assumption of 3 patients per 
GP and an intra-cluster correlation coefficient (ICC) of 0.01, 102 patients per treatment 
group are required. As we expect around 10% loss to follow-up40, we need to include 
224 in total (2x112).  In order to detect an effect (with an effect size of 0.6) in the patients 
with centrally sensitized pain we need 44 patients per group (with the same power and 
cluster assumptions). In the patients that are currently included in the trial, centrally 
sensitized pain (PainDETECT score >12) is present in 47% of the included patients. This 
percentage is higher than in the general OA population (37%)16. This overrepresentation 
is probably related to our inclusion and exclusion criteria. When we assume a presence 
of centrally sensitized pain in 47% of our included patients, 206 patients need to be 
included to answer the secondary objective. Therefore, no sample size adjustments have 
to be made.

The current sample size is adjusted due to recruitment problems. In the initial sample 
size calculation 362 patients needed to be included to detect a clinically relevant dif-
ference in WOMAC pain of 1.9 points. In this calculation an ICC of 0.1 and 5 patients per 
GP were assumed. The inclusion of 5 patients per GP was not feasible and therefore this 
number was altered to 3. Furthermore, the ICC of 0.1 was a conservative estimate and an 
ICC tends to be around 0.01 in general practice41.

Data management
All personal data is handled confidentially and anonymously. Each patient is allocated a 
unique code, which is used on the questionnaires and in the database. The link between 
the code and the patient identification is only be accessible to the researcher and the 
data manager. The software programs Limesurvey and GemsTracker are used for the 
online questionnaires and patients personal data respectively.

Patient involvement
Within the department of General Practice a patient panel exists (Primeur Patient Panel), 
with patient representatives who are involved in all phases of research42. Patient repre-
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sentatives from the Primeur Patient Panel, familiar with OA, have helped to design this 
study and will be involved in all phases of the study. They read and gave comments on 
the proposal, all patient information, and procedures.

Statistical analysis
Descriptive statistics will be used to describe patient characteristics, baseline values 
of the outcome measures and compliance to the intervention. Primary (WOMAC pain 
at 3 months) and secondary (WOMAC pain and function at 1 year) outcomes will be 
analysed using generalized linear mixed models with repeated measurements. The 
stratified cluster randomization will be taken into account when analysing the data 
(multilevel analysis). When baseline characteristics are statistical significantly different 
between the two treatment groups, we will perform a confounder analysis. If the effect 
on the outcome changes 10% or more the baseline characteristic will be considered a 
confounder and analyses will be adjusted accordingly.  All analyses will be performed 
following the intention- to- treat principle. Additional per protocol analyses will also 
be carried out; for the primary outcome, WOMAC pain at 3 months, in the intervention 
arm patients who discontinued duloxetine (within four weeks after start) or did not 
start at all will not be considered, and patients in the control arm who were prescribed 
antidepressants will not be considered. Subgroup analyses to assess the effectiveness of 
treatment in patients with centrally sensitized pain will be completed in patients who 
score higher than 12 on the modified painDETECT The same analysis as described earlier 
will be carried out.

To evaluate cost-effectiveness of usual care and duloxetine versus usual care only in 
patients with chronic pain due to hip or knee OA a cost-effectiveness analysis will be 
performed using the primary outcome: pain measured with the WOMAC questionnaire. 
A cost-utility analysis will be performed to compare our study with other studies in OA 
research using a general accepted outcome: quality adjusted life years (QALY). To calcu-
late QALY’s based on the EQ-5D-5L, utility values of the Dutch public for EuroQol health 
states will be applied43. Using non parametric bootstrapping (randomly drawing 2500 
observations with replacement from the patient sample), the degree of uncertainty for 
costs and health effects and the cost-utility ratio will be depicted in a cost-effectiveness 
plane.

In addition an acceptability curve is drawn, which indicates the probability that the 
intervention has lower incremental cost per QALY gained than various thresholds for the 
maximum willingness to pay for an extra QALY.

Social perspective and healthcare perspective will be the basis of the economic analy-
sis in which the direct and productivity costs in the groups will be compared using the 
medical consumption questionnaire (iMCQ)30 and the productivity cost questionnaire31.
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SPIRIT guidelines
This protocol meets the SPIRIT guidelines for reporting on study protocols for clinical 
trials.

DISSEMINATION

Results will be communicated at international and national conferences and will be pub-
lished in a scientific peer-reviewed journal. Together with the patient representatives 
of the Primeur Patient Panel the results and ideas for dissemination will be discussed. 
They will check the validity of the conclusions from a public perspective and highlight 
findings that are more relevant to the public.

Substantial protocol amendments will be communicated to the medical ethics 
committee, the competent authority (Centrale Commissie Mensgebonden Onderzoek 
(CCMO), ZonMw and cooperating GPs.

DISCUSSION

This study assesses the effectiveness and cost-effectiveness of duloxetine added to usual 
care for patients with chronic pain due to hip and/ or knee OA in a primary care setting. 
As far as we know this is the first pragmatic trial in which duloxetine is compared directly 
to usual care in primary care to establish the effectiveness of treatment with duloxetine. 
Until now only the efficacy has been shown18 19 44 45. Long term effects, the comparison 
with usual care and cost-effectiveness are unknown.

This pragmatic trial evaluates the use of duloxetine in every day practice and has a 
high external validity due to the relatively unselected patients and flexible conditions. 
Therefore, the DUO-trial will be helpful in answering the question whether the interven-
tions has additional value in “real-life”46 47

We choose the cluster randomised design, because the design has particular utility 
in effectiveness and implementation studies. This design is particularly appropriate for 
evaluation of interventions that naturally are applied at cluster level, e.g. general prac-
tices that choose a certain stepped approach47.

Issues that require specific attention in this trial due to the cluster design are the gener-
alizability, recruitment bias and possible baseline imbalances between the randomised 
groups. We monitored the risk of recruitment bias and maximized the generalizability by 
inviting all eligible patients from a cluster to participate in this study. Possible baseline 
imbalances are minimized by the stratification of the clusters.
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Finally, it is not known whether the presence of centrally sensitized pain favourably 
modifies the treatment response to duloxetine. The modified painDETECT is a question-
naire that can be easily used in a primary care setting, in contrast to traditional extensive 
measurements such as quantitative sensory testing16. Patients with knee OA with higher 
modified painDETECT scores (>12) have higher odds of having signs of central sensitiza-
tion16. If the presence of centrally sensitized pain does modify treatment response to 
duloxetine, this finding will enable more targeted treatment choices in primary care 
patients with OA.

In conclusion, the DUO-trial is a cluster randomised trial to assess the effectiveness 
of duloxetine in patients with hip or knee OA with chronic pain in primary care. The 
trial will answer the question whether duloxetine can be used as an third-choice pain 
medication in primary care and may enable more targeted treatment choices.
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ABSTRACT

Objective
To assess the effectiveness of duloxetine added to usual care for patients with chronic 
osteoarthritis (OA) pain. Secondary objectives were to assess cost-effectiveness and to 
assess whether the presence of symptoms of centralized pain alters the response to 
duloxetine.

Design
Multicentre, open label, cluster randomised trial.

Setting
110 general practices in the Netherlands.

Participants
Patients with chronic OA pain of hip or knee in which paracetamol and NSAIDs had 
insufficient response were included. Patients were excluded when knee or hip replace-
ment was scheduled, when using antidepressants or neuropathic pain medication, if 
they had rheumatoid arthritis or contra-indications for duloxetine, or were unable to 
sign informed consent.

Intervention
Patients received duloxetine 60mg/day added to usual care as third choice pain medica-
tion or usual care alone. Usual care was provided according to the Dutch GP guidelines.

Main outcome measures
The primary outcome was WOMAC pain (0-20) at 3 months. We aimed to detect a dif-
ference between the groups of  a clinical relevant effect of 1.9 points (effect size 0.4). 
Secondary outcomes were WOMAC pain at 12 months, WOMAC function, quality of life, 
side effects, cost-effectiveness, patient’s satisfaction and perceived improvement, and 
OMERACT-OARSI responder criteria.

Results
In total, 133 patients were included and 132 were randomised. 66 patients (31 practices) 
were randomised to duloxetine added to usual care and 66 patients (34 practices) to 
usual care alone. No differences were found for WOMAC pain at 3 months (adjusted 
difference -0.58 95% confidence interval [-1.80 to 0.63]) or at 12 months (adjusted 
difference -0.26 95% CI[-1.86 to 1.34]). For the subgroup of patients with symptoms of 
centralized pain no effect of duloxetine was found either (-0.32 95% CI[-2.32 to 1.67]). 



7

141

No added value of duloxetine for patients with chronic pain due to hip or knee osteoarthritis

Furthermore, the intervention was not cost-effective; a small positive difference of 0.04 
QALY’s was found for the duloxetine group.

Conclusions
No effect was found of duloxetine added to usual care compared to usual care alone 
in patients with chronic OA pain. For patients with symptoms of centralized pain our 
results need to be confirmed in another trial.

Trial registration
Dutch trial registry NTR4798
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INTRODUCTION

Osteoarthritis is one of the major chronic pain conditions of the musculoskeletal system 
and approximately 15% of the population suffers from OA1 2. Persistent pain and loss of 
function are two important complaints of patients with OA.  Treatment is symptomatic 
and consists of education, exercise, physiotherapy, and analgesics.

Analgesics are prescribed in a stepwise approach to patients with OA. The first step 
is paracetamol, which has a small therapeutic effect, but is often well tolerated and has 
few contra-indications3. The next step is non-steroidal anti-inflammatory drugs (NSAIDs), 
which have a moderate effect on OA pain4. NSAIDs are often contra-indicated and are as-
sociated with side-effects. Finally, opioids can be considered, but effectiveness is often 
lacking for OA pain and serious side-effects are common5 6. Other treatment options are 
therefore needed.

An option may be duloxetine, a serotonin and norepinephrine reuptake inhibitor 
(SNRI). Duloxetine is hypothesized to reduce chronic pain by central inhibition of pain 
and acts by modulation of descending (inhibitory) pain pathways in the central nervous 
system7. Pain in OA can be caused by nociceptive pain of the joint, peripheral sensitized 
pain from inflammatory factors and centrally sensitized pain8 9.  This centrally sensitized 
pain can occur after intense, repeated or prolonged nociceptive input8 10 and is present 
in around 23% of the patients with chronic pain due to OA11.

Several placebo-controlled trials have examined the efficacy of duloxetine for patients 
with OA and found effect sizes of 0.4-0.5 for pain and 0.6 for disability12-17. Based on these 
trials the Osteoarthritis Research Society International (OARSI) recommends duloxetine 
for patients with knee OA with depression and/or widespread pain18 and the American 
College of Rheumatology (ACR) conditionally recommends duloxetine for OA19.

The trials investigated the short-term use of duloxetine in placebo-controlled trials 
in highly controlled secondary care settings12-17. The effectiveness in a primary care 
setting is unknown, while most OA patients are treated in this setting for many years. 
Neither is known whether the presence of symptoms of centrally sensitized pain alters 
the response to duloxetine.

Therefore, we conducted a cluster randomised controlled trial with 12-month follow-
up to examine the effectiveness and cost-effectiveness of duloxetine for patients with 
OA in primary care and to assess whether the effect of duloxetine is predominantly 
found in patients with symptoms of centrally sensitized pain.
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METHODS

Study design
A pragmatic open-label cluster randomised trial with two parallel arms was conducted 
in general practice. A cluster design was chosen, because this type of design is particu-
larly useful for effectiveness and implementation studies, because the cluster design has 
the advantage of prevention of treatment group contamination and it reflects ‘real-life’ 
most closely20. The study was approved by the medical ethics committee of the Erasmus 
MC (MEC 2015-293). Detailed information of the study design is published elsewhere21.

Setting and participants
GP practices in the South-West of the Netherlands were asked to participate in the study. 
Participating GPs identified all possible eligible patients in their patient registries and 
sent these patients an invitation. If patients were interested, patients were screened for 
eligibility by the research team and gave written informed consent.

Patients were eligible if they were ≥ 18 years, had hip and/or knee OA based on the 
clinical ACR criteria22, had chronic pain on most days of the last three months, and had 
insufficient benefit of NSAIDs, contra-indications for NSAIDs or previous adverse reac-
tions to NSAIDs (e.g. be eligible for third choice pain medication).

Patients were excluded if they were scheduled for total hip replacement (THR) or 
total knee replacement (TKR), were currently using antidepressants or neuropathic 
pain medication, had rheumatoid arthritis, were unable to sign informed consent or 
had contra-indications for the use of duloxetine (current use of monoamine oxidase 
inhibitors, uncontrolled narrow-angle glaucoma, the combination with other central 
nervous acting drugs (e.g. benzodiazepines), hypersensitivity to duloxetine, liver disease 
resulting in hepatic impairment, severe renal impairment (creatinine clearance <30ml/
min), current use  of CYP1A2 inhibitors, current use of CYP2D6 inhibitors and substrates, 
uncontrolled hypertension, pregnancy or lactation).

Intervention
GP practices were randomised to treat patients with duloxetine and usual care or usual 
care alone. In the intervention group, patients were prescribed duloxetine 60mg/day. 
Patients started with duloxetine 30mg/day in the first week to minimize potential ad-
verse events. When the dose was tolerated well, this was increased to 60mg/day in the 
second week. The therapeutic effect was assessed regularly by the treating GP (2 weeks 
and 1,3,6,9 and 12 months). Duloxetine was gradually discontinued after three months 
when patients experienced no effect and/or when patients had intolerable side-effects.
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Usual care was provided according to the Dutch GP guidelines23 and consists of edu-
cation, life style advice, diet, physiotherapy and analgesics. Intra-articular injection of 
glucocorticoids and referral to secondary care were also allowed.

Randomisation
Randomisation was performed at practice level (cluster design). An independent data-
manager of the department provided a computer list (allocation ratio 1:1). Block ran-
domisation was used with blocks varying between 2, 4 and 6. Since care provided by the 
GP can differ based on practice characteristics randomisation was stratified on 1) socio-
economic status of the practice location based on the registration by the Netherlands 
Institute of Social Research (low vs normal and high)24, 2) the number of GPs working in 
the practice (≤1fte vs >1 fte), and the mean age of the GPs (<50 years vs ≥50 years)25 26.

The randomisation procedure was concealed to the researchers. The research team 
performed randomisation after all eligible patients were identified and the first patient 
had signed informed consent. Patients were informed about the outcome of randomisa-
tion after filling in the baseline questionnaire. The study was open label; patients, GPs 
and the research team were not blinded for the treatment.

Outcomes
Patients received questionnaires at baseline, at 6 weeks and at 3, 6, 9 and 12 months. 
Primary outcome was pain at 3 months measured with the Western Ontario Mc Master 
Universities (WOMAC) Osteoarthritis Index27. The WOMAC consists of three domains; 
pain (0-20), stiffness (0-8) and function (0-68), with higher scores indicating more com-
plaints.

Secondary outcomes were pain and function (WOMAC) at one year, quality of life 
(EQ-5D-5L), cost-effectiveness, co-interventions, adverse events, patients satisfaction 
measured on a 11-numeric rating scale (0= completely dissatisfied to 10=completely 
satisfied) and patient improvement measured on a 7-point Likert scale (from ‘totally 
improved’ to ‘worse than ever’).

The percentage of responders was also evaluated by the OMERACT-OARSI response 
criteria28. Response is defined as 1) a high improvement in pain or function (≥50%) 
and an absolute change of ≥20 (scale 0–100) or 2) improvement in at least two of the 
three following: pain  ≥20% and absolute change  ≥10; function  ≥20% and absolute 
change ≥10; patients’ global assessment ≥20% and absolute change ≥10.

Sample size
To detect a clinically relevant difference in WOMAC pain of 1.9 points (pooled SD 4.8)12 
between the two groups with an effect size of 0.4 (power 80%; alpha 0.05), taking into 
account the cluster randomisation with the assumption of equal cluster sizes with three 
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patients per practice and an intra-cluster correlation coefficient (ICC) of 0.01, 102 patients 
per treatment group were required. Around 10% loss to follow-up was expected29 and 
we therefore needed to include 224 patients (2x112). In order to detect a larger effect 
in patients with symptoms of centrally sensitized pain we needed 44 patients per group 
(effect size 0.6, a difference in WOMAC pain of 2.9 points (pooled SD 4.8), same power 
and cluster assumptions). In advance we estimated that 37% of the included patients 
would have symptoms of centrally sensitized pain30 and 47% of the patients in the trial 
had symptoms of centrally sensitized pain. Therefore, no sample size adjustments had to 
be made for this subgroup analysis.

Statistical analysis
Analyses were performed according to the intention to treat principle. Descriptive sta-
tistics were used to describe baseline characteristics of GP practices and patients.

A linear mixed model with repeated measurements was used to assess the differences 
between the two groups. The GP practices were included as a random effect to account 
for clustering. The change of WOMAC scores over time was non-linear and therefore a 
natural spline was added at 26 weeks.

Generalised estimating equations (GEE) analysis with an autoregressive correlation 
structure were performed for dichotomous outcomes. Analyses were adjusted for prog-
nostic factors at baseline when they differed ≥10% between the two groups.

Additional per protocol analyses were carried out. Patients were included in this analy-
sis when using duloxetine for ≥4 weeks or when not using neuropathic pain medication 
in the usual care group. Furthermore, predefined subgroup analysis for patients with 
symptoms of centrally sensitized pain was performed. Patients were included in this 
subgroup analysis when scoring >12 on the modified painDETECT questionnaire. Scores 
>12 on this questionnaire are associated with the presence of symptoms of centralized 
pain in OA30.

A cost-utility analysis was performed. The utility values of the Dutch public for Euro-
QoL health states were used to calculate quality adjusted life years (QALYs) based on the 
EQ-5D-5L31. The costs were based on the year 2018. Only costs that were related to OA 
or pain medication were included. The degree of uncertainty for costs was assessed by 
using non-parametric bootstrapping. From the original sample 2500 observations with 
replacement were drawn. Two perspectives were assessed, the health care perspective 
including only health care costs, and the societal perspective, including health care and 
non-health care costs. The cost-utility was calculated for the follow-up of one year.

The mixed model analyses and GEE analyses were performed with R (version 3.6.3). 
All other analyses were performed with SPSS version 25 (IBM Corp., Armonk, NY, USA).
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Patient and public involvement
The Department of General Practice has a patient panel. Patients with OA were involved 
in all phases of research. The design of the trial, patient information, study procedures 
and methods of recruitment were discussed. Once the results of the trial are published, 
they will be involved in the dissemination of the results of the trial to the patients that 
participated in the trial and to other patients with OA. They will check the validity of the 
conclusions from a public perspective and highlight findings that are more relevant to 
the public.

RESULTS

Participants
Recruitment of patients took place between January 2016 and February 2019 and fol-
low-up was completed in February 2020. 231 GPs in 110 GP practices participated in the 
study. In total, 4748 patients were registered with knee or hip OA in GP records and 3258 
patients could be excluded based on the presence of exclusion criteria in their medical 
record (Figure 1). 1490 patients were potentially eligible and were invited to participate.  
768 patients responded no to the invitation letter, 295 patients were interested but not 
eligible and 73 patients were interested and eligible, but declined to participate. Most 
mentioned reason for declining by the eligible patients was fear of side-effects. Finally, 
133 patients were included in the study and one patient got lost to follow-up before 
randomisation; 66 patients (31 GP practices) were randomised to duloxetine and usual 
care, and 66 patients (35 GP practices) to usual care alone. The 12-month follow-up was 
completed by 53 patients in each arm (80.3%).

The baseline characteristics of the GP practices and patients are shown in Table 1 
(Supplemental data Table S1 for Baseline characteristics of patients with symptoms of 
centrally sensitized pain). Characteristics of the GP practices were similar in both groups. 
Some characteristics of the patients differed between the two groups. The duloxetine 
group consisted of fewer women (59.1% vs 75.8%), patients were slightly younger (63.2 
years vs 65.4 years) and had fewer comorbidities (15.2% vs 33.2% had ≥ 2 comorbidities). 
Most patients included had knee OA (77.3% in duloxetine group and 86.4% in the usual 
care group) and 40% of the patients had symptoms of centralized pain.

Primary outcome
The primary outcome was WOMAC pain at three months. Patients in the duloxetine 
group had slightly less pain than patients in the usual care group (adjusted difference 
-0.49 [95%CI -1.65 to 0.65]), which was not clinically relevant nor statistically significant. 
The 95% confidence interval even ruled out a clinical relevant effect of 1.9 points. The 
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2577 GPs invited to participate

231 GPs/ 110 practices  participated
4748 patients registrated with OA

1490 potentially eligible patients in 
GP records, invited for the study 

and further screening

Exclusion criteria present in GP record:
‐ 321 waiting list THR/TKR  

‐ 168 RA 
‐500 use of antidepressants 

‐184 use of neuropathic pain medication 
‐ 1323 contra‐indications duloxetine

‐ 484 other reasons/ unknown 
‐ 278 use of opioids*

133 patients included

132 patients randomised
66 practices  randomised

Excluded: 
‐ 768 responded no to letter

364 not interested/ too  demanding
239 no pain (self reported) 

27 duloxetine
40 other

‐ 295 interested, not eligible 
19 no OA

247 not meeting inclusion criteria
21 exclusion criteria

‐ 72 eligible, declined to participate 
28 side‐effects

5 daily use of  medication
6 pain bearable

2 waiting list THR/TKR
31 other/ unkown

‐ 230 no response

Duloxetine
66 patients**
31 practices

Usual care
66 patients
35 practices

66 Patients analysed 66 Patients analysed

13 Loss to follow‐up
 6w:  7 (3 side effects, 2 no start, 2 

personal)
 3m: 1 (no effect)
 6m: 2 (no effect, unknown)
 9m: 2 (no effect, unknown)
 12m: 1 (unknown)

13 Loss to follow‐up
 6w: 6 (5 usual care ,̂ 1 personal)
 3m: 3 (1 personal, 2 unknown)
 6m: 2 (personal)
 9m: 0
 12m: 2 (unknown)

* Initially patients using opioids were excluded from the trial, **One GP practice recruited 4 patients after randomization, ^Patients 
stopped participating, because they hoped they would receive duloxetine and were randomised to treatment according to usual care 
GP=general practitioner, OA=osteoarthritis, THR=total hip replacement, TKR=total knee replacement, RA=rheumatoid arthritis, w=weeks,
m=months 

Figure 1. Flowchart of the study
* Initially patients using opioids were excluded from the trial, **One GP practice recruited 4 patients after randomization, 
^Patients stopped participating, because they hoped they would receive duloxetine and were randomised to treatment 
according to usual care
GP=general practitioner, OA=osteoarthritis, THR=total hip replacement, TKR=total knee replacement, RA=rheumatoid ar-
thritis, w=weeks, m=months
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Table 1. Baseline characteristics

Duloxetine (n=66) Usual care (n=66)

GP Practice

Number of practices 31 35

Number of GPs, median 2 2

Number of GPs fte 1.7 (1.1) 1.9 (1.0)

High SES (vs low SES) 23 (74.2) 27 (77.1)

Age (years) of GP, mean (SD) 48.7 (8.2) 48.3 (8.8)

Patients included, median (range) 2 (1-6) 2 (1-4)

Patients

Female, n (%) 39 (59.1) 50 (75.8)

Age, mean (SD) 63.2 (10.5) 65.4 (11.2)

BMI, mean (SD) 30.6 (6.6) 30.9 (6.2)

Comorbidities (self-reported), n (%)

Cardiovascular diseases 4 (6.1) 9 (13.8)

Lung diseases 4 (6.1) 15 (23.1)

Diabetes mellitus 10 (15.2) 8 (12.3)

Other musculoskeletal disorders 47 (71.2) 50 (75.8)

≥ 2 comorbidities 10 (15.2) 22 (33.8)

Employment, n (%) 31 (47.0) 23 (34.8)

Duration of symptoms (years), mean (SD) 7.8 (6.5) 9.2 (8.2)

Joint affected, n (%)

Hip 15 (22.7) 9 (13.6)

Knee 51 (77.3) 57 (86.4)

WOMAC, mean (SD)

Pain (0-20) 9.8 (4.2) 10.5 (3.6)

Stiffness (0-8) 4.5 (1.8) 5.0 (1.5)

Function (0-68) 34.8 (13.3) 36.2 (11.1)

Modified pain detect (0-35), mean (SD) 11.4 (6.8) 13.5 (7.0)

<12, n (%) 39 (59.1) 32 (48.5)

12-18, n (%) 14 (21.2) 13 (21.2)

> 18, n (%) 13 (19.7) 19 (28.8)

Most painful activity (0-10), mean (SD) 7.0 (1.3) 7.4 (1.4)

HADS

Depression 4.2 (3.5) 3.6 (3.1)

Anxiety 4.5 (3.8) 4.0 (3.3)

EQ5D (-0.446;1), n (%) 0.628 (0.168) 0.613 (0.161)

Treatment, n (%)

None 18 (27.3) 20 (30.3)

Paracetamol 28 (42.4) 25 (37.9)

NSAIDS 30 (45.5) 28 (42.4)

Opioids 6 (9.1) 10 (15.2)

*Most painful activity as mentioned by the patient, activities are mentioned in Supplemental Table S4.
GP=general practitioner, SES=socio-economic status, SD=standard deviation, BMI=body mass index, WOMAC=Western 
Ontario and McMaster University Index, HADS=hospital anxiety and depression scale, EQ5D=Euroqol, NSAIDs=non-ste-
roidal anti-inflammatory drugs
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analyses were adjusted for age, sex, modified painDETECT score, HADS depression score 
and the presence of two or more comorbidities. The intra-cluster correlation coefficient 
for the adjusted analysis for WOMAC pain was 0.18 (Figure 2 and Table 2).Figure 2 Course of WOMAC Pain and Function 

A) WOMAC Pain

B) WOMAC Function

WOMAC=Western Ontario and McMaster University Index
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Figure 2. Course of WOMAC Pain and Function
WOMAC=Western Ontario and McMaster University Index
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Table 2. Results for primary and secondary outcomes

Mean (SD) Unadjusted model Adjusted model*

Duloxetine 
(n=66)

Usual care 
(n=66)

Difference 
(95% CI)

Effect 
size

Difference 
(95% CI)

Effect 
size

WOMAC pain
(0-20)

6w 8.5 (4.9) 9.2 (4.1) -0.87
(-2.17; 0.42)

0.22 -0.49
(-1.62; 0.65)

0.14

3m 8.0 (4.3) 9.3 (3.7) -0.84
(-2.18; 0.49)

0.21 -0.58
(-1.80; 0.63)

0.16

6m 8.4 (3.9) 9.1 (3.8) -0.80
(-2.32; 0.70)

0.18 -0.66
(-2.09; 0.78)

0.15

9m 8.5 (4.6) 8.9 (3.8) -0.79
(-2.28; 0.71)

0.18 -0.52
(-1.93; 0.89)

0.12

12m 8.5 (4.8) 9.6 (4.2) -0.78
(-2.46; 0.91)

0.15 -0.26
(-1.86; 1.34)

0.05

WOMAC function
(0-68)

6w 29.4 (15.6) 34.4 (12.6) -3.95
(-8.03; 0.13)

0.32 -1.42
(-5.31; 2.47)

0.12

3m 28.2 (15.1) 33.3 (13.4) -4.19
(-8.61; 0.23)

0.32 -2.10
(-6.39; 2.20)

0.16

6m 30.1 (16.1) 31.9 (13.2) -4.49
(-9.70; 0.71)

0.29 -2.84
(-8.00; 2.33)

0.18

9m 29.2 (14.8) 32.3 (13.8) -4.52
(-9.57; 0.53)

0.30 -2.61
(-7.52; 2.31)

0.18

12m 29.8 (16.2) 34.1 (13.8) -4.38
(-9.84; 1.09)

0.27 -1.79
(-7.22; 3.64)

0.11

WOMAC stiffness
(0-8)

6w 4.1 (2.0) 4.5 (1.7) -0.56
(-1.07; -0.05)

0.37 -0.58
(-1.10; -0.06)

0.37

3m 4.0 (1.8) 4.7 (1.7) -0.54
(-1.06; -0.01)

0.34 -0.57
(-1.11; -0.03)

0.35

6m 4.2 (1.6) 4.5 (1.7) -0.48
(-1.07; 0.11)

0.27 -0.51
(-1.13; 0.11)

0.27

9m 4.0 (1.6) 4.4 (1.6) -0.38
(-0.93; 0.17)

0.23 -0.37
(-0.94; 0.20)

0.22

12m 4.0 (1.8) 4.3 (1.7) -0.26
(-0.92; 0.41)

0.13 -0.18
(-0.87; 0.50)

0.09

Most painful 
activity
(0-10)

3m 6.1 (2.3) 6.8 (1.8) -0.45
(-0.98; 0.06)

0.29 -0.52
(-1.05; 0.02)

0.32

12m 6.2 (2.6) 6.8 (1.8) -0.46
(-0.98; 0.05)

0.30 -0.52
(-1.05; 0.01)

0.33

Quality of life
(-0,446;1)

3m 0.678 (0.157) 0.641 (0.144) 0.01
(-0.01; 0.03)

0.17 0.02
(-0.04; 0.07)

0.12

6m 0.642 (0.171) 0.623 (0.180) 0.01
(-0.02; 0.05)

0.10 0.02
(-0.04; 0.09)

0.10

9m 0.656 (0.172) 0.617 (0.187) 0.01
(-0.03; 0.05)

0.08 0.02
(-0.04; 0.08)

0.11

12m 0.652 (0.221) 0.638 (0.177) 0.00
(-0.05; 0.05)

0.00 0.01
(-0.06; 0.08)

0.05
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Secondary outcomes
The WOMAC pain at 12 months also showed a small difference in favour of the dulox-
etine group (adjusted difference -0.26 [95% CI -1.86 to 1.34]). The WOMAC function 
scores also showed a small difference at three months (-1.42 [95% CI -5.31 to 2.47]) and 
at 12 months (-1.79 [95% CI -7.22 to 3.64]). The other secondary outcomes quality of 
life, patient satisfaction and the OMERACT-OARSI responder criteria also showed small 
differences. None of the differences between the two groups were clinically relevant or 
statistically significant. Patient improvement was significantly different between the two 
groups (OR 17.40 95% CI [2.85 to 106.18]), but numbers were small and confidence inter-
vals were broad. Additional per protocol analysis showed similar results (Supplemental 
Table S2). In the subgroup analysis for patients with symptoms of central sensitization 
a small non-significant difference in WOMAC pain was found at 3 and 12 months (ad-
justed differences -0.32 95% CI [-2.32 to 1.67] and 1.02 95% CI [-1.22 to 3.27] respectively, 
Supplemental Table S3). Based on the 95% CI a larger effect of duloxetine could be ruled 
out (difference of 2.9 point in WOMAC pain scale, effect size 0.6), but a smaller effect 
cannot be excluded based on the 95% CI (1.9 points, effect size 0.4).

Mean (SD) Unadjusted model Adjusted model*

Duloxetine 
(n=66)

Usual care 
(n=66)

Difference 
(95% CI)

Effect 
size

Difference 
(95% CI)

Effect 
size

Patient satisfaction
(0-10)

3m 6.0 (2.8) 5.6 (2.7) 0.56
(-0.66; 1.78)

0.15 0.62
(-0.67; 1.91)

0.16

6m 5.9 (2.7) 5.6 (2.3) 0.56
(-0.66; 1.78)

0.33 0.63
(-0.66; 1.93)

0.16

9m 5.9 (2.8) 5.7 (2.3) 0.56
(-0.66; 1.77)

0.15 0.63
(-0.66; 1.92)

0.16

12m 5.8 (2.7) 5.5 (2.5) 0.55
(-0.65; 1.75)

0.15 0.61
(-0.66; 1.88)

0.16

n(%) n (%) OR (95% CI) OR (95% CI)

Perceived 
improvement
(yes/no)

3m 16 (28.6) 3 (6.0) 6.38
(1.68-24.21)

17.40
(2.85-106.18)

12m 15 (29.4) 4 (7.8) 4.65
(1.39-15.45)

5.33
(1.57-19.29)

Responder 
according to OARSI 
omeract criteria
(yes/no)

3m 21 (37.5) 13 (25.0) 1.74
(0.75-4.01)

1.95
(0.78-4.84)

12m 17 (32.1) 13 (24.5) 1.69
(0.70-4.04)

1.33
(0.51-3.50)

*Adjusted for age, gender, modified painDETECT score, HADS depression scale score and the presence of 2 or more co-
morbidities, WOMAC=Western Ontario and McMaster University Index, SD=standard deviation, CI=confidence interval, 
OR=odds ratio, w=weeks, m=months
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Duloxetine use
Of the 66 patients in the duloxetine group 56 patients (85%) started using duloxetine 
(Figure 3). The most mentioned reason for not starting with duloxetine was fear of side-
effects of duloxetine (7 patients). After three months 61% of the patients and at 1 year 
35% of the patients were still using duloxetine. In total, 33 patients (59%) discontinued 
duloxetine. Patient reported reasons for stopping were no effect (24%), side-effects 
(49%) and no effect+ side-effects (18%).

Adverse events
At 3 months 89.3% of the patients in the duloxetine group reported at least one side-
effect compared to 72.5% in the usual care group (Supplemental Figure S1). Nausea, 
weight loss, constipation, yawning and hyperhidrosis were reported significantly more 
frequently by patients in the duloxetine group. These are well known side-effects of 
duloxetine.

Co-interventions
Patients in the duloxetine group contacted their GP more frequently (51.8% vs 30.8% at 
3 months, Table 3) and were more often referred to an orthopaedic surgeon (10.7% vs 
3.8% at 3 months). In the total follow-up time, 5 patients in the duloxetine group had 
a THR or TKR while none of the patients receiving usual care had a THR or TKR. Patients 

Figure 3 Patients using duloxetine 
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Table 3. Co-interventions

Duloxetine, n (%) Usual care, n (%)

Medication
Paracetamol 6w 24 (43.6) 29 (50.0)

3m 31 (55.4) 34 (51.5)
6m 30 (60.0) 31 (60.8)
9m 28 (59.6) 27 (56.3)
12m 30 (56.6) 31 (58.5)

NSAIDs 6w 10 (18.2) 18 (31.0)
3m 16 (28.6) 25 (48.1)
6m 25 (50.0) 28 (54.9)
9m 18 (38.3) 24 (50.0)
12m 19 (35.8) 29 (54.7)

Opioids 6w 1 (1.8) 3 (5.2)
3m 2 (3.6) 6 (11.5)
6m 5 (10.0) 5 (9.8)
9m 4 (8.5) 4 (8.3)
12m 5 (9.4) 6 (11.3)

None 6w 25 (45.5) 17 (29.3)
3m 17 (30.4) 8 (15.4)
6m 7 (14.0) 4 (7.8)
9m 11 (23.4) 10 (20.8)
12m 13 (24.5) 12(22.6)

Co-interventions
Visit GP 6w NA NA

3m 29 (51.8) 16 (30.8)
6m 24 (48.0) 5 (9.8)
9m 16 (34.0) 6 (11.8)
12m 10 (18.1) 12 (22.6)

Physiotherapy 6w NA NA
3m 11 (19.6) 9 (17.3)
6m 6 (12.0) 7 (13.8)
9m 8 (17.0) 5 (10.4)
12m 7 (13.2) 5 (9.4)

Visit orthopedic surgeon 6w NA NA
3m 6 (10.7) 2 (3.8)
6m 3 (6.0) 4 (7.8)
9m 4 (8.5) 2 (4.2)
12m 1 (1.9) 1 (1.9)

Corticosteroid injections 6w 1 (1.8) 4 (7.0)
3m 1 (1.8) 3 (6.0)
6m 3 (6.0) 3 (5.9)
9m 0 3 (6.3)
12m 1 (1.9) 4 (7.5)

Joint replacements 6w 1 (1.8) 0
3m 0 0
6m 1 (2.5) 0
9m 1 (2.1) 0
12m 3 (3.8) 0

NSAIDS=non-steroidal anti-inflammatory drugs, GP=general practitioner, w=weeks, m=months, NA=not applicable
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treated according to usual care used more NSAIDs (48.1% vs 28.1% at 3 months) and 
opioids (11.5% vs 3.6% at 3 months), and were more likely to receive a corticosteroid 
injection (6.0 vs 1.8% at 3 months).

Cost-effectiveness
A small positive difference of 0.04 QALYs was found for the duloxetine group, a difference 
of 0.06 is considered clinically relevant 32. The costs per gained QALY were €13.000,- from 
a health care perspective. The uncertainty analysis showed 80% probability that these 
costs were lower than €50.000,- per QALY gained, which is the threshold for moderate 
disease severity. From a societal perspective, these costs were €54.000,- with a 48% 
probability of costs being lower than €50.000,-. When leaving out the costs for the THR 
and TKR the costs per gained QALY were lower. From a health care perspective, the 
costs were €1.300,- (with 87% probability being lower than €50.000,-) and from societal 
perspective €42.000,- (58% probability lower than €50.000,-).

DISCUSSION

In this study the effectiveness and cost-effectiveness of duloxetine added to usual care 
compared to usual care alone was examined for patients with chronic OA pain. Further-
more, it was assessed whether the effect of duloxetine was predominantly found in 
patients with symptoms of centrally sensitized pain. We did not find a clinically relevant 
or statistically significant effect of duloxetine for WOMAC pain at 3 months, nor for the 
other outcomes or at other time points and can rule out the presence of a clinically 
relevant effect for the total group (1.9 points difference in WOMAC pain). The interven-
tion was also not cost-effective, since the difference in quality of life (EQ-D5-5L) between 
the duloxetine group and usual care group was too small to be considered clinically 
relevant. Finally, no effect was found for the subgroup of patients with symptoms of 
centrally sensitized pain.

A strength of the current trial is the pragmatic cluster design, which is suitable for 
evaluating an intervention in ‘real-life’ and provides information on the effectiveness of 
the intervention 20. A cluster RCT can be prone to recruitment bias 33 34, but this was 
minimised by identifying all eligible patients before randomisation of the GP practice. 
However, one GP practice in the duloxetine group recruited four patients after randomi-
sation. Sensitivity analysis without those four patients did not alter the results (data not 
shown).

A limitation of the current trial is that we did not recruit the number of patients as 
calculated in the sample size. However, even with this sample size we can rule out a 
clinically relevant effect for the complete group since the predefined clinically relevant 
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difference was not in the 95% confidence interval and a larger study population would 
have narrowed the 95% CI. For the subgroup analysis of patients with symptoms of 
centralized pain, we cannot rule out that there may be a clinically relevant effect.  We 
hypothesized that in this subgroup the effect of duloxetine would be larger (difference 
of 2.9 points on WOMAC pain scale) and this larger effect can be ruled out, but the pres-
ence of  a smaller difference of 1.9 points on WOMAC pain scale cannot be completely 
ruled out, though the point estimates of this subgroup analysis were similar to the com-
plete group. Finally, the trial was powered at the primary outcome (WOMAC pain) and 
not at the cost-effectiveness analysis. Costs usually have greater variability and a much 
larger sample size would have been necessary for a reliable cost-effectiveness analysis.

We did not find an effect of duloxetine for patients with OA pain, while other studies 
have found a small to moderate effect of duloxetine 12-17. The baseline pain scores of 
the patients in our trial were similar to the pain scores of patients in the other trials 12-17. 
This difference can be due to the fact that we studied the effectiveness of duloxetine in 
primary care, while the other studies examined the efficacy in placebo-controlled trials 
in secondary care. Furthermore, the patients in our trial were older, had OA complaints 
for a longer time and had more comorbidities than those in the other studies. It is known 
that in these more ‘real-life’ primary care populations and in effectiveness studies smaller 
effects are found than in highly controlled efficacy trials 20. We evaluated duloxetine as 
a third choice analgesic, i.e. when paracetamol and NSAIDs failed. In most other studies 
this was not a prerequisite to participate in the study. Only in the study of Frakes et al. 14,  
treatment was first optimized with NSAIDs and patients were included in the trial when 
still in pain despite optimal treatment with NSAIDs.

Finally, we had a follow-up period of one year and found that 35% of the patients were 
still using duloxetine at one year. The majority of the patients stopped using duloxetine 
around 3 months because of lack of effect or the presence of side effects. The percentage 
of patients discontinuing duloxetine is higher in our study than in the two other studies 
that evaluated the long-term use of duloxetine in OA in an open-label extension phase 
of the trial. In one study around 80% of the patients continued to use duloxetine up to 
26 weeks 35. In the second study around 85% continued the use of duloxetine up to one 
year 36. However, only a quarter of the patients entered the extension phase and reasons 
for not continuing in the extension phase of the study were not mentioned, which could 
have led to a selection of patients who benefit and tolerate duloxetine well. In our trial 
GPs were instructed to discontinue duloxetine after three months when patients did not 
experience an effect or had intolerable side effects. This may also have contributed to 
the higher percentage of patients that discontinued duloxetine in our trial.

Interestingly, a THR or TKR was performed more often in patients in the duloxetine 
group than in patients in the usual care group during the follow-up time. At 3 months, 
patients were referred to an orthopaedic surgeon more frequently and afterwards more 
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THR and TKR were performed. We believe this is caused by the fact that patients in the 
duloxetine group visited their GP more often and when treatment with duloxetine failed, 
this was the next step. To our knowledge this has not been reported in other pragmatic 
trials. This higher number of THR and TKR in the duloxetine group influenced the costs 
of the intervention, the costs from health care perspective were tenfold lower when the 
THR and TKR were excluded from the analysis.

Furthermore, patients in the duloxetine group reported significantly more often 
improvement of complaints compared to patients in the usual care group while none 
of the other outcome measurements differed between the two groups. This may have 
been caused by the open-label character of the trial. The absolute number of patients 
reporting improvement was low, which lead to wide 95% CI.

For patients with symptoms of central sensitization also no effect was found. Overall, 
these patients had more pain at baseline and were slightly younger (but had a similar 
duration of complaints) compared to the complete group. Higher pain scores are known 
to be associated with the presence of central sensitization 37. Since the prognostic dif-
ferences between the two groups were slightly different a sensitivity analysis was per-
formed with adjustment for these variables (age, sex, joint and comorbidities). Results of 
this analysis were similar to the original analysis (data not shown).

To conclude, there was no clinically relevant effect of duloxetine added to usual care 
compared to usual care alone for chronic OA pain and it should not be implemented. 
For patients with symptoms of centralized pain an effect cannot be ruled out and future 
research in this subgroup is needed to confirm our results.
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SUPPLEMENTARY DATA
Figure S1 Side‐effects at 3 months 
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Table S1. Baseline characteristics of patients with symptoms of centrally sensitized pain

Duloxetine (n=27) Usual care (n=33)

Female, n (%) 17 (63.0) 23 (69.7)

Age, mean (SD) 59.4 (9.6) 63.1 (10.7)

BMI, mean (SD) 30.5 (6.3) 31.2 (6.7)

Comorbidities (self-reported), n (%)

Cardiovascular diseases 0 3 (9.1)

Lung diseases 1 (3.7) 8 (24.2)

Diabetes mellitus 2 (7.4) 4 (12.1)

Other musculoskeletal disorders 22 (81.5) 24 (72.7)

≥ 2 comorbidities 3 (11.1) 10 (30.3)

Employment, n (%) 17 (37.0) 14 (42.4)

Duration of symptoms (years), mean (SD) 10.0 (8.0) 7.6 (4.8)

Joint affected, n (%)

Hip 6 (22.2) 3 (9.1)

Knee 21 (77.8) 30 (90.9)

WOMAC, mean (SD)

Pain (0-20) 12.0 (3.5) 11.7 (3.1)

Stiffness (0-8) 5.0 (1.5) 5.2 (1.6)

Function (0-68) 40.3 (12.0) 39.2 (10.8)

Modified pain detect (0-35), mean (SD) 18.1 (4.1) 19.2 (4.1)

Most painful activity (0-10), mean (SD) 7.1 (1.3) 7.7 (1.2)

HADS

Depression (0-21) 4.3 (3.5) 4.0 (3.4)

Anxiety (0-21) 4.9 (4.2) 4.1 (3.7)

EQ5D (-0.446;1) 0.626 (0.188) 0.574 (0.185)

Treatment, n (%)

None 7 (25.9) 8 (24.2)

Paracetamol 10 (37.0) 14 (42.4)

NSAIDS 15 (55.6) 15 (45.5)

Opioids 2 (7.4) 6 (18.2)

*Most painful acitivity as mentioned by the patient, activities are mentioned in Supplemental Table S4.
GP=general practitioner, SES=socio-economic status, SD=standard deviation, BMI=body mass index, WOMAC=Western 
Ontario and McMaster University Index, HADS=hospital anxiety and depression scale, EQ5D=Euroqol, NSAIDs=non-ste-
roidal anti-inflammatory drugs
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Table S2. Per protocol analysis primary and secondary outcomes

Mean (SD) Unadjusted model Adjusted model*

Duloxetine 
(n=45)

Usual care
(n=64)

Difference 
(95% CI)

Effect 
size

Difference 
(95% CI)

Effect 
size

WOMAC pain
(0-20)

6w 8.1 (5.1) 9.2 (4.0) -0.96
(-2.39; 0.47)

0.25 -0.44
(-1.75; 0.88)

0.12

3m 7.9 (4.3) 9.1 (3.7) -0.84
(-2.30; 0.62)

0.21 -0.44
(-1.80; 0.92)

0.12

6m 8.8 (4.9) 9.1 (3.9) -0.72
(-2.32; 0.89)

0.17 -0.41
(-1.97; 1.13)

0.10

9m 8.8 (4.4) 8.9 (3.9) -0.79
(-2.37; 0.79)

0.19 -0.35
(-1.87; 1.16)

0.09

12m 8.5 (4.8) 9.8 (4.1) -0.98
(-2.77; 0.81)

0.20 -0.27
(-2.00; 1.47)

0.06

WOMAC function
(0-68)

6w 27.9 (15.6) 34.7 (12.7) -4.75
(-9.31; -0.19)

0.37 -1.90
(-6.22; 2.43)

0.08

3m 28.1 (14.9) 33.1 (13.6) -4.40
(-9.26; 0.46)

0.34 -2.10
(-6.73; 2.54)

0.17

6m 31.9 (16.0) 31.9 (13.3) -4.06
(-9.64; 1.52)

0.27 -2.37
(-7.81; 3.07)

0.16

9m 29.7 (14.5) 32.6 (13.7) -4.31
(-9.80; 1.17)

0.29 -2.47
(-7.72; 2.78)

0.18

12m 30.0 (16.3) 34.7 (13.5) -4.93
(-10.85; 0.99)

0.62 -2.46
(-8.27; 3.34)

0.16

WOMAC stiffness
(0-8)

6w 3.9 (2.0) 4.6 (1.6) -0.65
(-1.20; -0.10)

0.44 -0.62
(-1.21; -0.04)

0.39

3m 3.9 (1.8) 4.7 (1.7) -0.59
(-1.16; -0.03)

0.39 -0.60
(-1.18; -0.01)

0.38

6m 4.3 (1.7) 4.5 (1.8) -0.48
(-1.10; 0.15)

0.29 -0.50
(-1.16; 0.15)

0.28

9m 4.1 (1.5) 4.4 (1.6) -0.35
(-0.92; 0.22)

0.23 -0.33
(-0.93; 0.27)

0.20

12m 4.2 (1.9) 4.5 (1.6) -0.22
(-0.92; 0.48)

0.12 -0.11
(-0.84; 0.62)

0.06

Most painful 
activity
(0-10)

3m 6.1 (2.3) 6.8 (1.9) -0.46
(-1.04;0.11)

0.30 -0.58
(-1.16; 0.01)

0.37

12m 6.4 (2.3) 6.8 (1.8) -0.47
(-1.04;0.10)

0.31 -0.58
(-1.16; 0.00)

0.37

Quality of life
(-0,446;1)

3m 0.679 (0.166) 0.638 (0.145) 0.05
(-0.02; 0.11)

0.29 0.02
(-0.04; 0.09)

0.11

6m 0.627 (0.172) 0.620 (0.181) 0.05
(-0.02; 0.13)

0.25 0.03
(-0.04; 0.10)

0.16

9m 0.646 (0.176) 0.614 (0.188) 0.05
(-0.03; 0.12)

0.25 0.02
(-0.05; 0.09)

0.11

12m 0.645 (0.239) 0.645 (0.178) 0.03
(-0.06; 0.12)

0.12 0.01
(-0.07; 0.09)

 0.05
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Mean (SD) Unadjusted model Adjusted model*

Duloxetine 
(n=45)

Usual care
(n=64)

Difference 
(95% CI)

Effect 
size

Difference 
(95% CI)

Effect 
size

Patient satisfaction
(0-10)

3m 6.2 (2.8) 5.6 (2.7) 0.80
(-0.51;2.11)

0.23 0.77
(-0.63; 2.16)

0.21

6m 6.2 (2.6) 5.6 (2.3) 0.80
(-0.51;2.11)

0.23 0.77
(-0.62; 2.17)

0.21

9m 6.1 (2.5) 5.6 (2.3) 0.80
(-0.51;2.10)

0.23 0.77
(-0.62; 2.16)

0.21

12m 6.0 (2.8) 5.5 (2.5) 0.79
(-0.50;2.09)

0.23 0.76
(-0.62; 2.13)

0.21

n (%)  n (%) OR (95% CI) OR (95% CI)

Perceived 
improvement
(yes/no)

3m 14 (32.6) 3 (6.1) 7.60
(1.95-29.64)

17.27
(3.09-96.37)

12m 12 (30.0) 4 (8.0) 4.74
(1.37-16.41)

5.09
(1.40-18.44)

Responder 
according to OARSI-
omeract criteria
(yes/no)

3m 17 (39.5) 13 (26.0) 1.85
(0.76-4.49)

2.24
(0.84-5.95)

12m 14 (34.1) 11 (21.6) 2.00
(0.79-5.09)

1.65
(0.59-4.61)

*Adjusted for baseline score, age, gender, modified painDETECT score, HADS depression scale score and the presence of 2 
or more comorbidities, WOMAC=Western Ontario and McMaster University Index, SD=standard deviation, CI=confidence 
interval, OR=odds ratio, w=weeks, m=months
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Table S3. Neuropathic pain subgroup analysis primary and secondary outcomes

Mean (SD) Unadjusted model Adjusted model*

Duloxetine
(n=27)

Usual care
(n=33)

Difference 
(95% CI)

Effect 
size

Difference 
(95% CI)

Effect 
size

WOMAC pain
(0-20)

6w 10.0 (4.8) 10.8 (4.1) -0.64
(-2.33; 1.04)

0.19 0.09
(-1.54; 1.72)

0.03

3m 8.7 (4.5) 9.8 (3.6) -0.75
(-2.68; 1.17)

0.19 -0.32
(-2.32; 1.67)

0.08

6m 10.2 (5.5) 10.3 (3.6) -0.78
(-3.22; 1.67)

0.16 -0.63
(-3.24; 1.98)

0.12

9m 10.3 (5.3) 9.1 (3.8) -0.46
(-2.85; 1.93)

0.09 -0.06
(-2.50; 2.37)

0.01

12m 10.3 (4.4) 10.4 (4.5) 0.07
(-2.33; 2.46)

0.01 1.02
(-1.22; 3.27)

0.22

WOMAC function
(0-68)

6w 33.1 (12.0) 36.8 (12.6) -1.90
(-7.56; 3.76)

0.16 1.82
(-3.55; 7.19)

0.17

3m 30.4 (15.2) 34.1 (12.6) -1.85
(-8.36; 4.65)

0.14 1.31
(-5.15; 7.78)

0.10

6m 35.5 (17.1) 33.3 (14.6) -1.74
(-10.0; 6.54)

0.10 0.94
(-7.48; 9.36)

0.05

9m 35.0 (15.1) 33.0 (13.4) -1.58
(-9.63; 6.46)

0.10 1.66
(-6.03; 9.35)

0.11

12m 34.0 (14.4) 35.4 (15.7) -1.40
(-9.34; 6.53)

0.09 3.03
(-4.25; 10.30)

0.20

WOMAC stiffness
(0-8)

6w 4.2 (2.1) 5.0 (1.6) -0.40
(-1.12; 0.32)

0.27 -0.11
(-0.87; 0.64)

0.07

3m 4.5 (1.3) 4.9 (1.9) -0.35
(-1.09; 0.40)

0.23 -0.20
(-0.98; 0.59)

0.12

6m 4.6 (1.6) 4.6 (1.8) -0.19
(-1.04; 0.65)

0.11 -0.17
(-1.06; 0.73)

0.09

9m 4.6 (1.6) 4.3 (1.7) 0.06
(-0.72; 0.84)

0.04 0.20
(-0.60; 0.99)

0.12

12m 4.7 (1.6) 4.4 (1.6) 0.36
(-0.50; 1.23)

0.20 0.76
(-0.09; 1.62)

0.44

Most painful 
activity
(0-10)

3m 6.2 (2.1) 7.1 (1.6) -0.77
(-1.45; -0.09)

0.55 -0.67
(-1.36; 0.02)

0.48

12m 6.9 (2.0) 6.9 (1.9) -0.77
(-1.44; -0.09)

0.56 -0.67
(-1.36; 0.02)

0.48

Quality of life
(-0,446;1)

3m 0.646 (0.186) 0.626 (0.134) -0.03
(-0.07; 0.01)

0.37 -0.01
(-0.09; 0.07)

0.06

6m 0.596 (0.213) 0.615 (0.173) -0.05
(-0.11; 0.02)

0.38 -0.03
(-0.13; 0.07)

0.15

9m 0.633 (0.188) 0.612 (0.183) -0.05
(-0.11; 0.02)

0.38 -0.03
(-0.13; 0.06)

0.15

12m 0.627 (0.272) 0.632 (0.169) -0.03
(-0.11; 0.04)

0.20 -0.04
(-0.15; 0.07)

0.18
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Mean (SD) Unadjusted model Adjusted model*

Duloxetine
(n=27)

Usual care
(n=33)

Difference 
(95% CI)

Effect 
size

Difference 
(95% CI)

Effect 
size

Patient satisfaction
(0-10)

3m 5.2 (2.5) 5.4 (2.5) 0.19
(-1.41; 1.78)

0.06 0.13
(-1.53; 1.79)

0.04

6m 4.9 (3.0) 5.7 (2.2) 0.18
(-1.41; 1.78)

0.06 0.14
(-1.53; 1.80)

0.04

9m 5.1 (3.3) 5.7 (2.2) 0.18
(-1.41; 1.77)

0.06 0.13
(-1.53; 1.78)

0.04

12m 4.5 (2.9) 5.5 (2.7) 0.16
(-1.41; 1.73)

0.05 0.11
(-1.53; 1.74)

0.03

n (%)  n (%) OR (95% CI) OR (95% CI)

Perceived 
improvement
(yes/no)

3m 4 (18.2) 1 (4.2) 5.43
(0.46-63.74)

14.54
(0.54-393.29)

12m 5 (22.7) 3 (11.5) 2.15
(0.45-10.31)

3.34
(0.36-30.94)

Responder 
according to OARSI-
omeract criteria
(yes/no)

3m 9 (40.9) 5 (20.0) 2.70
(0.72-10.12)

3.76
(0.78-18.26)

12m 6 (26.1) 6 (22.2) 1.31
(0.36-4.79)

1.32
(0.30-5.79)

*Adjusted for baseline score, age, gender, modified painDETECT score, HADS depression scale score and the presence of 2 
or more comorbidities, WOMAC=Western Ontario and McMaster University Index, SD=standard deviation, CI=confidence 
interval, OR=odds ratio, w=weeks, m=months
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Table S4. Most painful activity

A) Hip (n=23)

n, (%)

Going up or down stairs 1 (4.2)

Rising from sitting position 6 (25.0)

Sitting 3 (12.5)

Walking 5 (20.8)

Bending hip 6 (25.0)

Bending to the floor 1 (4.2)

Gardening 1 (4.2)

Missing 1 (4.2)

B) Knee (n=103)

n, (%)

Going up or down stairs 24 (23.3)

Bending to the floor 21 (20.4)

Squatting 1 (1.0)

Rising from sitting 13 (12.6)

Sitting 3 (2.9)

Walking 27 (26.2)

Running 2 (1.9)

Twisting/pivoting knee 2 (1.9)

Standing 9 (8.7)

Straightening knee 1 (1.0)

Missing 5 (4.9)
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Pain and disability are two important complaints in patients with OA. Non-surgical 
treatment options for OA are education, dietary advice and weight loss (if necessary), 
physiotherapy and analgesics. These analgesics are given using a stepwise approach. 
The first two steps are paracetamol and topical or oral non-steroidal anti-inflammatory 
drugs (NSAIDs), but these are not always sufficient to reduce pain, and oral NSAIDs can 
be contra-indicated or can have side-effects1 2. As a third step opioids can be prescribed, 
but the current guidelines do not recommend opioids or give restrictive advice on 
administering opioids since opioids have not been shown to have a significant effect for 
OA pain, and side-effects are common3 4. An alternative may be the use of neuropathic 
pain medication, which is hypothesized to have an effect on centrally sensitized pain. 
The most extensively studied of these options is duloxetine, a serotonin and noradrena-
lin reuptake inhibitor (SNRI). Several placebo-controlled trials showed a moderate effect 
of duloxetine5-10, though the effectiveness in real-life situations is unknown.

The aim of the current thesis was 1) to provide insight into the current prescription 
rates and use of third-choice pain medication (i.e. opioids and neuropathic pain medica-
tion) in patients with OA and 2) to provide evidence for the use of neuropathic pain 
medication for patients with OA.

In this chapter we discuss the main findings and we consider how the effectiveness of 
analgesics in patients with OA could be evaluated. Finally, we discuss the implications 
for general practice and give recommendations for future research.

MAIN FINDINGS

In a cross-sectional survey in patients with OA with a high rate of concomitant musculo-
skeletal comorbidities, we found that many patients used their analgesics intermittently 
and in a lower dose than the defined daily dose (DDD). In particular, weak opioids were 
used in lower doses than the DDD in 76% of the cases (Chapter 2). Furthermore, patients 
with other concomitant musculoskeletal disorders were more likely to use analgesics 
than patients without concomitant musculoskeletal comorbidities (Chapters 2 and 3).

We examined the prescription rates for opioids in patients with OA between 2008 and 
2017 in a primary healthcare database (the Integrated Primary Care Information (IPCI) 
database) (Chapter 3). In this period, the overall prescription rates of opioids remained 
fairly stable. However, there were changes in which opioids were prescribed. Prescription 
of the strong opioids fentanyl and, especially, oxycodone increased over time, while the 
prescription rates of paracetamol/codeine declined rapidly after their costs ceased to be 
reimbursed by health insurances. About 25% of the patients with OA were prescribed 
an opioid, and 3% of the patients with incident OA were prescribed an opioid for longer 
than three months.
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We also studied the prescription rates of neuropathic pain medication for patients 
with OA between 2008 and 2017. Amitriptyline was the most commonly prescribed 
of the neuropathic pain medicines, and prescription rates increased slightly over time 
(Chapter 4). However, there is no evidence to support the prescription of amitriptyline 
for OA pain, and the evidence for other musculoskeletal disorders is scarce and of lim-
ited quality (Chapter 5). Although we evaluated the prescription rates in patients with 
OA, we could not determine whether amitriptyline was prescribed specifically for OA 
pain. It may also have been prescribed for reasons other than pain, even though we 
excluded patients from the cohort with other diagnoses for which amitriptyline is often 
prescribed.

In the period 2008-2017, pregabalin and gabapentin (gabapentinoids) were increas-
ingly prescribed for patients with OA. Of these neuropathic pain medications, duloxetine 
was prescribed least often.

Finally, we studied the effectiveness of duloxetine added to usual care when compared 
to usual care alone for patients with chronic OA pain. We used a cluster-randomised 
trial in general practice. Patients were included if paracetamol and NSAIDs did not suf-
ficiently reduce their pain, were contra-indicated or had side-effects. We did not find an 
effect for duloxetine added to usual care for OA-related pain; we could even rule out a 
clinically relevant effect. We did not find an effect either for the subgroup of patients 
with symptoms of central sensitization. We can rule out a large clinical effect of dulox-
etine for this subgroup, though the presence of a smaller clinically relevant effect cannot 
completely be excluded (Chapters 6 and 7).

As stated, we found increasing prescription rates for the strong opioids oxycodone 
and fentanyl. Other studies in other countries have found increasing prescription rates 
for all opioids11-14. This increase in prescriptions of opioids is partly due to an increased 
awareness of serious adverse events of NSAIDs15 16, but may also be influenced by phar-
maceutical companies’ marketing. This increase in prescription rates of opioids seems to 
reflect a need for (third-choice) analgesics for patients with OA related pain. However, 
there is growing evidence regarding opioids’ lack of effect for musculoskeletal pain17 18 
and regarding their harmful side-effects19 20. This increase in the prescription of opioids 
is therefore concerning. Duloxetine might have been an alternative for patients with 
OA-related chronic pain. However, in our pragmatic trial we did not find an effect of 
duloxetine, even in our subgroup of patients with symptoms of centralized pain. Yet 
efficacy studies did find an effect of duloxetine. Evaluations of the effect of an inter-
vention are often on a continuum from highly controlled clinical trials with placebo to 
observational data; from proof-of-principle studies to real-life data21. Our outcomes 
could be influenced by different factors. We will discuss the influence of OA subtypes 
(phenotypes), the context of the treatment and the research design (pragmatic trials 
and observational research).
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PHENOTYPES

OA is considered a heterogeneous disease that is affected by many different risk factors, 
such as obesity, increasing age, sex, joint shape, trauma, mechanical load and genetic 
factors. Furthermore, in clinical practice there is considerable variability in symptoms 
and prognosis22 23. Therefore, OA is increasingly seen as a syndrome with different phe-
notypes instead of a single disease caused by ‘wear-and-tear’24 25.

This heterogeneous nature of the disease may also be one of the reasons why no effect 
or a small treatment effect is found in OA trials. Different OA phenotypes may respond in 
different ways to therapy and a certain therapy may therefore be more suitable for one 
specific phenotype of OA than for another phenotype22 26 27. For example, in our trial, we 
hypothesized that duloxetine would have a larger effect in patients with symptoms of 
central sensitization.

So far, no specific OA phenotypes have been defined and validated. A recent consen-
sus meeting of experts suggested defining a phenotype as a subtype of OA in which the 
underlying pathobiological and pain mechanisms, and their structural and functional 
consequences are similar28, and which subsequently influence the effectiveness of in-
terventions. Furthermore, the phenotypes are not mutually exclusive and patients can 
have signs and symptoms of more than one phenotype28.

Phenotypes are often grouped according to their mechanistic underlying pathobio-
logical processes, the disease prognosis or the response to treatment. Mechanistic phe-
notypes, also called endotypes, are based on underlying molecular mechanisms29. These 
molecular mechanisms can be a target for the development of drugs (targeted therapy). 
Phenotypes, sometimes also called subgroups, can also be grouped primarily according 
to prognosis and how patients respond to therapy. Patients who could benefit from the 
intervention (or would experience more side-effects) can then be identified in advance. 
Examples that are often mentioned are disease stage and type of pain.

Phenotypes possibly influencing treatment outcomes should be validated in a 
randomised clinical trial (RCT) with a subgroup analysis, defined a priori, to examine 
whether the phenotype really influences treatment outcomes22. Furthermore, phe-
notypes should be easy to recognize in order to make them feasible for use in clinical 
practice. For example, evaluating OA phenotypes with an MRI will not be feasible in 
general practice22 24 25.

In our trial we defined a subgroup analysis a priori for patients with symptoms of 
central sensitization and hypothesized that these patients would benefit more from 
duloxetine, because duloxetine is believed to reduce chronic pain through the central 
inhibition of pain. The gold standard to examine whether signs of central sensitization 
are present in patients is quantitative sensory testing (QST)30, for example with pain 
pressure thresholds. These laboratory tests are time-consuming and expensive and 
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therefore not feasible in normal daily practice. Instead we used the modified painDETECT 
questionnaire, which assesses the presence of symptoms of central sensitization and is 
adapted for patients with knee or hip OA31 32. The original painDETECT questionnaire was 
developed for patients with low back pain to identify patients with a neuropathic pain 
component33. When using a cut-off score of 12, the modified painDETECT questionnaire 
has sensitivity of 50% and a specificity of 74% to detect symptoms of central sensitiza-
tion31. Small to moderate correlations (r= -0.35 to r=-0.23) have been found between 
painDETECT scores and pain pressure thresholds34 35.

Central sensitization can manifest in different forms, ranging from local symptoms 
of central sensitization to pain in multiple regions of the body — widespread pain36 37. 
Different definitions of widespread pain are used; a common definition of widespread 
pain is pain above and below the waist on both sides of the body and pain axially38. 
High scores with the modified painDETECT questionnaire (>19) are associated with the 
presence of widespread pain39. The OARSI guidelines on non-surgical management of 
OA recommend the use of duloxetine in patients with widespread pain3. We chose to 
use the modified painDETECT questionnaire with a cut-off score of 12, which meant that 
patients with local symptoms of central sensitization or a mixed pain type were included 
in the sub-analyses of patients with symptoms of central sensitization.

To date, only cross-sectional observational studies have found differences in pain 
subtypes in patients with OA. No other studies have evaluated whether the presence 
of symptoms of central sensitization would alter the response to duloxetine. It is only 
hypothesized that this would alter the response to treatment and that these patients 
with this type of pain would respond less to treatment with the current analgesics24 37. 
In addition, in the IPCI database we found increased prescription rates over time of ami-
triptyline, pregabalin and gabapentin for patients with OA, but it is unknown whether 
this is related to pain phenotypes; and this may also reflect the fact that the patients do 
not benefit from the current analgesics.

In the DUO trial, 45% of the patients had symptoms of central sensitization. A recent 
meta-analysis found that 23% of the patients with OA had symptoms of central sensitiza-
tion based on self-reported neuropathic pain questionnaires (painDETECT or modified 
painDETECT)40. The higher percentage in the trial is probably related to the fact that 
these patients do not respond well to the current analgesics and represent a group of 
OA patients with more refractory pain. We did not find a large effect of duloxetine in this 
subgroup of patients, contrary to our hypothesis. However, we had a limited group of 
patients due to recruitment problems so we cannot definitively rule out a small effect of 
duloxetine in this subgroup. Furthermore, the modified painDETECT questionnaire has 
not been validated extensively and it might be that we did not select the appropriate 
patients for the subgroup analyses.
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CONTEXTUAL FACTORS

Contextual factors, like the beliefs or attitudes of the GPs in our trial, are known to influ-
ence the effect of an intervention41. In highly controlled, placebo-controlled efficacy 
studies these factors are a part of the placebo effect; they are considered ‘noise’ and 
irrelevant since they do not reflect the specific (‘true’) effect of a treatment42, while in 
pragmatic trials these contextual factors are seen as part of the effect of the treatment. 
Therefore some interventions have a small effect size in a trial, but a large effect in real 
life due to these contextual effects43. In complex interventions there can be an interac-
tion between the specific treatment effect and the contextual factors, which can make 
the intervention more effective. An example is exercise therapy delivered by a highly 
motivating physiotherapist44. This difference in the effect of a treatment in an RCT and in 
clinical practice is called the ‘efficacy paradox’45.

The contextual factors consist of factors associated with the physician, the patient 
and the type of intervention42. A meta-analysis found that the average effect size of the 
placebo response for OA pain is 0.51 (95% confidence interval 0.46 to 0.55)46. The effect 
size was influenced by the strength of the active treatment, baseline disease severity, 
type of intervention and sample size of the study46 47. Furthermore, up to 75% of the 
treatment effects found in OA are related to contextual factors48 49. The effect of the 
contextual factors was higher for more invasive therapies (injections, joint lavage), but 
was also higher for topical NSAIDs than oral NSAIDs.

Factors associated with the treating physician that contributed to contextual effects 
included warm, attentive consultations and an optimistic attitude about the treatment, 
reassurance about the prognosis and the possibility of follow-up appointments and a 
positive or negative belief in the therapy of the physician42 50.

Finally, some patients are more likely to respond to a placebo than others. One associ-
ated factor is optimism about treatment, which is positively associated with the placebo 
response, while anxiety is negatively associated with the placebo response42. Hope can 
be an important factor as well, especially in patients who experience chronic pain and 
have tried multiple treatments51.

Contextual factors do not only have positive effects, but can also negatively influence 
outcomes — the ‘nocebo effect’. The nocebo effect is caused by a negative healthcare 
context and can aggravate patients’ symptoms52. Important determinants of the nocebo 
effects are negative information and prior unsuccessful therapies53, but as mentioned 
earlier, patient factors can also play an important role. Especially in the interaction 
between healthcare professionals and patients, nocebo effects can occur and have an 
adverse impact on pain54. Studies have shown that the clinical response is influenced by 
how information is given and whether potential adverse reactions are mentioned55 56. 
Knowledge about how these contextual factors influence the therapeutic effect is im-
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portant in order to deliver treatment in the best possible way so as to maximize the 
treatment effect of an intervention43 50.

But there are ethical considerations to maximizing treatment effects by using con-
textual factors. A recent qualitative study in British GPs found that the GPs felt the 
use of contextual factors to be acceptable when using them in a positive manner, 
with patient-centred communication and empathic relationships. The negative use of 
contextual factors, like withholding information on side-effects (which leads to fewer 
reported side-effects57), was not deemed ethical and was not in line with the principle of 
obtaining informed consent for treatment58.

In the DUO trial, patient-related outcomes were evaluated. Contextual factors played 
a role at the GP and patient levels. Unfortunately we did not systematically record the 
attitudes of the GPs and the participating patients to duloxetine to see whether this 
influenced the effect of duloxetine. However, interviews were held with GPs about their 
attitudes to duloxetine (unpublished data). About half of the GPs interviewed were also 
participating in the DUO trial. Some GPs stated that duloxetine may be an option for 
patients with OA in whom other therapies have failed. It also turned out that they were 
relatively unfamiliar with duloxetine and were concerned about the occurrence of side-
effects. This may have influenced how GPs counselled their patients and consequently 
the effect of duloxetine.

The patients participating in the trial had tried multiple other treatments before start-
ing the trial, and such patients are prone to experience placebo effects51. Patients in the 
DUO trial often hoped they would be assigned to the duloxetine group, because they 
would get a new treatment that might benefit them. Being assigned to the preferred 
treatment group is associated with higher treatment effect sizes59. However, we did 
not find a difference in treatment effect between duloxetine and the usual care group. 
Patients in the duloxetine group did report an improvement in their complaints more 
often than patients in the usual care group; this is probably related to the open-label 
design and to contextual factors. However, the group reporting an improvement in their 
complaints was small and the point estimate had wide confidence intervals and should 
be interpreted carefully.

On the other hand, among patients negative expectations about duloxetine were also 
common. A relatively high percentage (35%) of patients were eligible for the trial but 
declined to participate after reading the patient information. The reason mentioned 
most often for declining to participate was fear of experiencing side-effects.
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PRAGMATIC TRIALS

The efficacy of duloxetine for patients with OA was assessed in placebo-controlled tri-
als5-10. These explanatory trials investigated duloxetine under ideal circumstances with 
highly selected patients, often relatively young and without comorbidity, to maximize 
the chance of finding an effect of duloxetine. They tested whether a specific (‘true’) treat-
ment effect was present.

However, these trials do not show whether the treatment is effective in daily practice 
and whether the intervention is cost-effective. This information is needed for physicians 
and policy makers to decide if a treatment is of benefit for a specific patient or group 
of patients60. Pragmatic trials fill this ‘efficacy-effectiveness gap’ and study the effective-
ness in daily practice with relatively unselected patients; they therefore have a relatively 
high external validity61. A benefit of the pragmatic design is that randomization is still 
performed to allow for potential confounders that could influence the treatment effects.

A pragmatic trial has some specific characteristics: 1) the population included reflects 
the population that would actually receive the medication or intervention in usual care; 
2) the comparator used is preferably an active treatment strategy (e.g. usual care) instead 
of a placebo; 3) flexibility is allowed in concomitant medication use, complementary care 
and compliance; and 4) a clinically meaningful outcome (to patients) is used rather than 
a biological outcome. Most trials contain both explanatory and pragmatic elements; a 
trial is seldom fully explanatory or fully pragmatic62 63.

As stated earlier, the benefit of a pragmatic trial is that the complete effect of an inter-
vention is studied, not just the specific effect of an intervention: the effect of the contex-
tual factors is included in the overall effect in addition to how well patients adhere to the 
medication and if patients accept the intervention60 64. Therefore, a treatment can show 
a lack of effect in a pragmatic trial due to low adherence because of the intervention’s 
side-effects. Furthermore, the population is often less selected patients can be older 
and/or have more comorbidity, which can also influence treatment effects. A possible 
disadvantage of a less selected group may be when an intervention benefits a specific 
OA phenotype rather than all patients with OA65. If that subgroup has not been defined 
a priori, the effect of the intervention may not be found.

The PRECIS-2 (PRagmatic Explanatory Continuum Indicator Summary) tool can be used 
to assess how pragmatic and generalizable a trial is66. This tool contains nine domains 
scored from 1 (explanatory/ideal situation) to 5 (pragmatic/ usual care). These domains 
are the eligibility criteria, recruitment, trial setting, organization, flexibility (delivery), 
flexibility (adherence), follow-up, primary outcome and primary analysis.

Overall, the DUO trial was a pragmatic trial in many respects since the trial was con-
ducted in a primary care setting with many GP practices participating and GPs providing 
usual care according to the GP guidelines, which allowed for different treatment options. 
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We had a few relatively explanatory components in some domains. First, our exclusion 
criteria had some explanatory components. Patients were excluded who were currently 
using neuropathic pain medication, and at the start of the trial so were patients who 
were currently using opioids. In clinical practice this medication could be switched to 
duloxetine, or duloxetine could be added to the therapy. Treatment with neuropathic 
pain medication would interfere with our intervention and was therefore not allowed. 
Initially we excluded patients who used opioids, to have a treatment option left in usual 
care according to our protocol. A few months after the start of the trial this criterion was 
abandoned after approval by the medical ethics committee, since these patients could 
benefit from duloxetine and this was also closer to actual clinical practice.

Second, all possible eligible patients in the GP records were identified and these 
patients were sent an invitation letter. The most pragmatic option would be recruitment 
by the GP during consultation, but this could introduce recruitment bias in the cluster 
randomised trial62 and reduce the validity of our results and this approach was therefore 
not desirable. Furthermore, recruitment of participants by the GP during consultation is 
difficult for multiple reasons (e.g. lack of time, forgetting about the trial) and can lead to 
low numbers of included patients67-69.

We used a cluster-randomised design to study the effectiveness of duloxetine. Cluster-
randomised trials are particularly useful for effectiveness studies and for implementation 
studies because the GP provided the same intervention to all his/her patients and this 
therefore closely mimics normal clinical practice62. Cluster designs can be used when 
the intervention is targeted at the cluster level and the design avoids treatment group 
contamination. The design is particularly appropriate for the evaluation of interventions 
that aim to change the behaviour of either the professional or the patients. In our trial 
only a few patients recorded as having OA in each GP practice participated in the trial. 
We estimated beforehand that more patients per GP practice would participate in the 
trial and that a GP would get more experience with prescribing duloxetine and would be 
able to embed this in his/her normal clinical practice.

The pragmatic design of the trial also had some disadvantages. Patients who were 
randomly assigned to the duloxetine group were seen more often by their GP and this 
may have introduced bias. A higher proportion of these patients were referred to an 
orthopaedic surgeon for a hip or knee replacement; GPs and patients may have seen 
this as the next step if duloxetine did not improve the complaints. Furthermore, the 
cluster randomization led to baseline differences for prognostic factors between the 
two groups for which the analyses needed to be adjusted. This suggests that the groups 
may also have differed with regard to unknown (unmeasured) factors.
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OBSERVATIONAL RESEARCH

Observational data is considered the situation closest to the real-life situation. It gives 
information on use in daily practice for a broad population instead of under ideal 
circumstances in a placebo-controlled clinical trial. It may also be an attractive option 
when recruitment is difficult, as in our trial. Sometimes the use of observational data 
may be an alternative when gathering information on the effect of an intervention.

However, confounding by indication can be a problem in observational research70. A 
physician chooses an intervention for a patient based on specific patient characteristics 
and these characteristics can influence the outcome. In an RCT this type of confounding 
is usually corrected by the randomization procedure. In observational data this type 
of confounding can be addressed by using, for example, propensity score matching to 
correct statistically for known confounders70 71. Propensity scores give each patient a 
score that estimates the likelihood that a patient would receive an intervention based 
on patient characteristics. These scores are subsequently used to adjust for confounding 
when estimating outcome differences between patients who received the intervention 
and those who did not. However, the analyses can only be adjusted for known confound-
ers, and sometimes residual confounding is still present and differences found may be 
attributable to (prognostic) factors other than the intervention70 71.

In a Cochrane review the differences in outcomes between clinical trials and obser-
vational data on the same topic were evaluated; overall, similar effect estimates were 
found72. More recent meta-epidemiological studies found that observational studies 
may overestimate the effect of an intervention despite adjusting for confounding73 74.

A recent example in OA research showed that residual confounding may still exist after 
propensity score matching. A cohort study looked at the relationship between all-cause 
mortality and prescription of tramadol and NSAIDs for OA patients. This study found a 
higher rate of all-cause mortality for patients who were prescribed tramadol compared 
to patients prescribed an NSAID after correcting for confounders like sociodemographic 
factors and comorbidities75. However, tramadol is often prescribed to relatively frail 
patients with more comorbidities and for whom an NSAID is contra-indicated. It is pos-
sible that residual confounding is still present after correcting for comorbidities and this 
accounts for the association that was found.

In our observational research in the IPCI database, we could not study the effect of the 
different analgesics prescribed to patients registered with OA since no outcome mea-
surements were available. Only the number of prescriptions could be assessed in this 
registration database. Furthermore, since duloxetine is not registered in the Netherlands 
for OA-related pain and is currently rarely prescribed by GPs, it would be impossible to 
assess the effect of duloxetine for OA using the IPCI database.
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IMPLICATIONS FOR CLINICAL PRACTICE AND FUTURE 
RESEARCH

We found that strong opioids were prescribed more frequently to patients with OA pain 
despite the fact that opioids have not been shown to have an effect for chronic muscu-
loskeletal pain17 18, including OA, and the fact that side-effects frequently occur when 
using opioids19 20. Clinicians should be aware of this and prescribe opioids with caution. 
Qualitative studies can be carried out to assess knowledge about opioids and to identify 
barriers and facilitators for prescribing and stopping the use of opioids. Subsequently, 
strategies to reduce opioid prescribing can be developed and implemented in clinical 
practice.

Efficacy studies need to be performed to establish the proof-of-principle for a treat-
ment, but these highly controlled studies show the specific treatment effect in the 
ideal situation, which can often differ from the effect in clinical practice. OARSI and 
ACR guidelines conditionally recommend the use of duloxetine for OA patients with 
widespread pain based on the evidence found in efficacy studies3 4. We did not find an 
effect of duloxetine when added to usual care in our pragmatic trial and we were able 
to rule out a clinically relevant effect. For the subgroup of patients with symptoms of 
centralized pain, we could rule out a large effect of duloxetine, but not a smaller clini-
cally relevant effect (effect size 0.4). For this subgroup of patients our results would need 
to be confirmed in another trial.

Because of this discrepancy in the results between the placebo-controlled and prag-
matic trials, more pragmatic OA trials are needed to evaluate the effect in real life. Most 
trials in OA research are explanatory trials or pragmatic trials that still contain explanatory 
elements. Pragmatic trials include less selective group of patients and the contextual 
effects are also incorporated in the overall effect. One advantage of pragmatic trials is 
that randomization is still performed, which corrects for confounding by indication. Ob-
servational studies, which resemble real life most closely, can have residual confounding 
despite adjusting for known confounders and do not always include the outcomes of 
interest. Observational data can support findings and can guide research, but the effects 
of an intervention should preferably be studied in a clinical trial.

Furthermore, more research on OA phenotypes, especially on pain phenotypes, is 
needed to identify patients who would benefit from the intervention in order to en-
hance the effectiveness of an intervention. These phenotypes must be easy to identify, 
for example using a short questionnaire, if they are to be useful in clinical practice.

Finally, contextual factors are important and inevitable aspects of the treatment ef-
fect in clinical practice and they can even be used to enhance the treatment effect of 
an effective intervention. Clinicians should be aware of these effects, both positive and 
negative, so that they can maximize the treatment impact.
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Summary

SUMMARY

Osteoarthritis (OA) is a chronic disease of the musculoskeletal system. Pain and dis-
ability are two important complaints of patients with OA. The treatment options are 
education, dietary advice and weight loss, physiotherapy and analgesics. The analgesics 
that are prescribed (in a stepwise approach) are: paracetamol, (topical) non-steroidal 
anti-inflammatory drugs (NSAIDs) and opioids. However, these analgesics do not always 
reduce pain sufficiently, can have side-effects or can be contra-indicated. Therefore, 
alternatives for treating OA-related pain are necessary. One alternative may be the use 
of neuropathic pain medication, which is hypothesized to have an effect on centralized 
pain. This type of pain is present in around 23% of the patients with OA. The alternative 
that has been studied most extensively for OA pain is duloxetine, a serotonin and nor-
adrenalin reuptake inhibitor (SNRI), and small to moderate effects are found in efficacy 
studies.

The aim of the current thesis was 1) to provide insight into the current prescription 
rates and use of third-choice pain medication (i.e. opioids and neuropathic pain medica-
tion) in patients with OA and 2) to provide evidence for the use of neuropathic pain 
medication in patients with OA.

Prescription rates and use of third-choice pain medication
In Chapter 2 we examined which analgesics were used by patients for OA-related pain 
and how these analgesics were used. We performed a cross-sectional study in patients 
who were members of the Dutch Arthritis Foundation. Patients filled in a questionnaire 
on their analgesic use in the past month. In total, 842 (56%) patients completed the 
questionnaire. Of these patients 70% had generalized OA, 26% also had fibromyalgia 
and 34% had additional musculoskeletal conditions. 71% of the participants used at 
least one analgesic; paracetamol was most common (51%). Most patients had used their 
medication for more than 14 days in the past month (around 70%). Doses were usually 
lower than the daily defined dose: in 58% of cases for paracetamol, 31% for NSAIDs and 
76% for weak opioids. A higher proportion of patients without fibromyalgia or additional 
musculoskeletal conditions used no analgesics (p<0.01) and a smaller proportion used 
two or three types of analgesics (p<0.05).

We examined the opioid prescription rates for patients with OA in the Integrated 
Primary Care Information (IPCI) database between 2008 and 2017 (Chapter 3). The IPCI 
database contains the GP records of more than 1.5 million patients in the Netherlands. 
In total, 157,904 patients with OA were included in the cohort. Patients were excluded 
from the cohort one year before being diagnosed with a malignancy, a neuropathic pain 
disorder or fibromyalgia or one year before death. Incident and prevalent prescription 
rates per 1000 person years were calculated per opioid.
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The overall prescription rate of opioids remained stable over time at around 100 
incident and 170 prevalent prescriptions per 1000 person years. However, there was a 
change in which opioids were prescribed to patients. Prescriptions of the strong opioids 
oxycodone and fentanyl increased over time. Incident prescription rates of oxycodone 
increased from 7.1 per 1000 person years in 2008 to 40.7 per 1000 person years in 2017. 
For fentanyl, this rate increased from 4.2 to 7.4 per 1000 person years. The incident 
prescription rate of the weak opioid paracetamol/codeine decreased from 63.0 per 1000 
person years to 13.3. Almost 75% of the patients with incident OA were not prescribed 
an opioid during the follow-up period and 3% were prescribed an opioid for longer than 
three months in a follow-up year. Opioids were more likely to be prescribed for patients 
with concomitant other musculoskeletal disorders (≥2 odds ratio (OR) 4.91 [95% confi-
dence interval (CI) 4.76; 5.05]), with increasing age, and for patients with OA in two or 
more joint groups (OR 1.58 [95%CI 1.51; 1.65]). Opioids were less likely to be prescribed 
for men (OR 0.78 [95% CI 0.76; 0.80]).

The aim of Chapter 4 was to examine prescription rates of neuropathic pain medica-
tion for patients with OA in the IPCI database between 2008 and 2017. This type of medi-
cation may already be prescribed to patients with OA, despite a lack of evidence. Overall, 
164,292 patients with OA were included in the cohort. Patients were excluded one year 
before being diagnosed with a malignancy or one year before death. A subgroup of 
patients (n=99,099) without comorbidities for which neuropathic pain medication can 
be prescribed was also selected to evaluate prescription rates in this group to see if they 
had different rates and trends over time. We examined the first, episodic and prevalent 
prescription rates of the antidepressants amitriptyline, nortriptyline and duloxetine, and 
of the anticonvulsants gabapentin and pregabalin (gabapentinoids).

Amitriptyline was the most commonly prescribed medicine; the episodic prescrip-
tion rate increased to 15.1 per 1000 person years in 2017. The increase in the episodic 
prescription rate of pregabalin was most pronounced: the rate almost doubled from 7.1 
per 1000 person years in 2008 to 13.9 per 1000 person years in 2017 (average annual 
percentage change 8.3% [95% CI 5.9-10.5]). Furthermore, the episodic prescription rates 
of gabapentin increased to 3.9 per 1000 person years in 2017. Episodic prescription rates 
of nortriptyline (3.0 per 1000 person years) and duloxetine (2.0 per 1000 person years) 
remained stable. Time trends for first, episodic and prevalent prescription rates were 
similar. For patients without conditions for which neuropathic pain medication could 
also be prescribed, the absolute prescription rates were lower, but the time trends were 
similar. In general, all neuropathic pain medication was prescribed more frequently for 
women, older patients (except duloxetine), patients with OA in ≥ 2 joint groups, patients 
with spinal OA and patients with other musculoskeletal disorders.
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Summary

Evidence for the use of neuropathic pain medication
Amitriptyline is the most commonly prescribed neuropathic pain medication in patients 
with OA. The role of amitriptyline for musculoskeletal disorders is not as clear as for clas-
sical neuropathic disorders and therefore a systematic review was conducted to assess 
the efficacy and effectiveness of amitriptyline for musculoskeletal pain (Chapter 5). Ami-
triptyline was compared to a placebo, usual care or another analgesic. Only randomised 
controlled trials (RCT) were included. A database search up to April 2016 identified 2066 
articles, of which seven were finally included. Four studies were conducted in patients 
with low back pain, two in patients with rheumatoid arthritis and one in patients with 
arm pain from repetitive use. No meta-analysis was performed due to clinical heteroge-
neity. Two studies with low risk of bias found positive results (low back pain amitriptyline 
vs pregabalin; and arm pain amitriptyline vs placebo). We concluded that evidence for 
musculoskeletal complaints is scarce and more studies are needed to identify patients 
who would benefit from amitriptyline.

In Chapter 6, the study design of the DUO trial is presented. In the DUO trial the ef-
fectiveness and cost-effectiveness of duloxetine added to usual care was compared to 
usual care alone for patients with chronic pain due to hip or knee OA. Furthermore, 
it was assessed whether the presence of symptoms of central sensitization (measured 
using the modified painDETECT questionnaire) would improve the response to dulox-
etine. The DUO trial was a cluster randomised trial with a follow-up time of 12 months. 
Patients were included in the trial if they had suffered from OA pain on most days of the 
past three months and if paracetamol and NSAIDs did not reduce pain sufficiently, were 
contra-indicated or had side-effects. General practitioner (GP) practices were randomly 
assigned to treatment with duloxetine (60mg/day) plus usual care or to usual care alone. 
Usual care was provided according to the Dutch GP guidelines. The primary outcome 
was WOMAC pain (0-20) at three months. Secondary outcomes were WOMAC pain at 12 
months, WOMAC function (0-68) at 3 and 12 months, side-effects, cost-effectiveness, pa-
tients’ satisfaction, patients’ perceived improvement and the quality of life. 224 patients 
needed to be included to detect a clinically relevant difference in WOMAC pain of 1.9 
points (pooled SD 4.8) with an effect size of 0.4. 44 patients with symptoms of centrally 
sensitized pain were needed in each group to detect a larger effect in these patients 
(effect size 0.6, a difference in WOMAC pain of 2.9 points).

The results of the DUO trial are presented in Chapter 7. In total, 133 patients were 
included in the trial and 132 patients were randomised; 66 patients (31 GP practices) 
were assigned to duloxetine and usual care, and 66 patients (35 GP practices) were as-
signed to usual care alone. No clinically relevant or statistically significant differences 
were found for WOMAC pain at three months (adjusted difference -0.58 [95% CI -1.80; 
0.63]) or at 12 months (adjusted difference -0.26 [95% CI -1.86; 1.34]). This ruled out the 
smallest clinically relevant effect (differences of WOMAC pain of 1.9 points, effect size 
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0.4). No effect of duloxetine was found either for the subgroup of patients with symp-
toms of centralized pain (adjusted difference -0.32 95% CI[-2.32; 1.67]). Furthermore, the 
intervention was not cost-effective; a small positive difference of 0.04 QALYs was found 
for the duloxetine group, which is not considered clinically relevant. Based on the results 
we can rule out a clinically relevant effect of duloxetine (difference in WOMAC pain of 
1.9 points (effect size 0.4)) and we conclude that duloxetine should not be implemented 
in usual care. For patients with symptoms of centralized pain, a larger effect (difference 
in WOMAC pain of 2.9 points (effect size 0.6)) of duloxetine can be ruled out, but the 
smallest clinically relevant effect cannot be ruled out due to the small sample size of the 
subgroup. Our results for this subgroup need to be confirmed in another clinical trial.

Finally, chapter 8 discusses the main findings and limitations of this thesis. Further-
more, implications for clinical practice and future research are given.
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SAMENVATTING

Artrose is een chronische aandoening van het bewegingsapparaat. Pijn en functieverlies 
zijn twee belangrijke klachten van patiënten met artrose. De behandelmogelijkheden 
zijn uitleg, dieetadviezen en gewichtsverlies, fysiotherapie en pijnstillers. Pijnstillers die 
(stapsgewijs) worden voorgeschreven zijn: paracetamol, (topicale) niet-steroïde anti-in-
flammatoire geneesmiddelen (NSAID’s) en opioïden. Deze pijnstillers verminderen de 
pijn echter niet altijd voldoende, kunnen bijwerkingen veroorzaken of gecontra-indi-
ceerd zijn. Er zijn daarom alternatieven nodig om deze pijn te verminderen. Een mo-
gelijk alternatief kan neuropathische pijnmedicatie zijn. Deze heeft mogelijk een effect 
op centraal gesensitiseerde pijn. Dit type pijn is bij ongeveer 23% van de patiënten met 
artrose aanwezig. Het meest onderzochte alternatief is duloxetine, een serotonine- en 
noradrenaline re-uptake inhibitor (SNRI), waarvan een klein tot gemiddeld effect is 
gevonden in efficacy studies.

Het doel van dit proefschrift was om 1) inzicht te krijgen in het huidige voorschrijf-
gedrag en gebruik van opioïden en neuropathische pijnmedicatie (derde keuze 
pijnmedicatie) bij patiënten met artrose en 2) bewijs te leveren voor het gebruik van 
neuropathische pijnmedicatie bij patiënten met artrose.

Aantal voorschriften en gebruik van derde keuze pijnmedicatie
In hoofdstuk 2 onderzochten we welke pijnstillers worden gebruikt door patiënten 
voor artrose gerelateerde pijn en hoe zij deze pijnstillers gebruiken. We voerden een 
cross-sectionele studie uit bij patiënten die deelnamen aan het patiëntenpanel van 
ReumaNederland. Patiënten vulden een vragenlijst in over het gebruik van pijnstillers 
in de voorafgaande maand, wat resulteerde in een totaal van 842 ingevulde vragenlijs-
ten. Van deze patiënten had 70% gegeneraliseerde artrose, daarnaast had 26% van de 
deelnemers ook fibromyalgie en 34% had nog andere musculoskeletale aandoeningen. 
71% van de deelnemers had ten minste 1 soort pijnstillers gebruikt. Paracetamol was 
de meest gebruikte pijnstiller (51%). Het merendeel van de patiënten (ongeveer 70%) 
gebruikte de pijnstillers gedurende meer dan 14 dagen van de maand. De dosering was 
over het algemeen lager dan de geadviseerde gemiddelde dosering. Dit was zo bij 58% 
van de patiënten die paracetamol gebruikten, bij 31% van patiënten die een NSAID 
gebruikte en bij 76% van de patiënten die zwakke opioïden gebruikten. Patiënten 
zonder fibromyalgie of andere musculoskeletale aandoeningen gebruikten vaker geen 
pijnstillers (p<0.01) en minder vaak twee of drie soorten pijnstillers (p<0.05).

In hoofdstuk 3 onderzochten we het aantal voorschriften voor opioïden bij patiënten 
met artrose in de Integrated Primary Care Information (IPCI) database tussen 2008 en 
2017. De IPCI-database bevat huisartsgegevens van meer dan 1,5 miljoen patiënten in 
Nederland. Het cohort bestond uit 157.904 patiënten met artrose. Patiënten werden 
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geëxcludeerd uit het cohort een jaar voordat een maligniteit, neuropathische pijn aan-
doening of fibromyalgie werd gediagnosticeerd. Ook werden patiënten een jaar voor 
overlijden geëxcludeerd. Incidente en prevalente voorschriften per 1000 persoonsjaren 
werden berekend per opioïde.

Het totaal aantal voorschriften opioïden bleef stabiel tussen 2008 en 2017. Het 
aantal incidente voorschriften was ongeveer 100 per 1000 persoonsjaren en het aantal 
prevalente voorschriften ongeveer 170 per 1000 persoonsjaren. Echter welke opioïden 
werden voorschreven aan patiënten veranderde. Het aantal voorschriften van de 
sterke opioïden oxycodon en fentanyl steeg tijdens deze periode: het incidente aantal 
voorschriften voor oxycodon steeg van 7.1 per 1000 persoonsjaren in 2008 naar 40.7 
per 1000 persoonsjaren in 2017 en voor fentanyl steeg het aantal voorschriften van 
4.2 naar 7.4 per 1000 persoonsjaren. Het zwakke opioïde paracetamol/codeïne werd 
minder vaak voorgeschreven in deze periode: het aantal incidente recepten voor pa-
racetamol/codeïne daalde van 63.0 naar 13.3 per 1000 persoonsjaren in deze periode. 
Bijna 75% van de patiënten met incidente artrose kreeg geen opioïde voorschreven 
tijdens de follow-up periode en 3% van de patiënten kreeg een opioïde voor langer dan 
drie maanden voorgeschreven. Opioïden werden vaker voorgeschreven aan patiënten 
met twee of meer bijkomende musculoskeletale aandoeningen (odds ratio (OR) 4.91 
[95% betrouwbaarheidsinterval (BI) 4.76; 5.05]), op hogere leeftijd, en bij patiënten met 
artrose in twee of meer gewrichtsgroepen (OR 1.58 [95%BI 1.51; 1.65]). Opioïden werden 
minder vaak voorgeschreven aan mannen (OR 0.78 [95% BI 0.76; 0.80]).

Het doel van hoofdstuk 4 was om het aantal voorschriften voor neuropathische pijn-
medicatie voor patiënten met artrose te onderzoeken in de IPCI database tussen 2008 
en 2017. Deze neuropathische pijnmedicatie wordt misschien al voorgeschreven aan 
patiënten met artrose, ondanks het ontbreken van bewijs hiervoor. Er werden 164.292 
patiënten met artrose geïncludeerd in het cohort. Patiënten werden geëxcludeerd 
een jaar voor een diagnose van een maligniteit of een jaar voor overlijden. Daarnaast 
onderzochten we in een subgroep van patiënten (n=99.099), namelijk patiënten zonder 
comorbiditeiten waarvoor neuropathische pijnmedicatie wordt voorgeschreven, of het 
aantal voorschriften en beloop over de tijd verschilde van de totale groep. Hiervoor 
onderzochten we het aantal eerste recepten, het aantal episoden van gebruik en het 
aantal prevalente voorschriften van de antidepressiva amitriptyline, nortriptyline en 
duloxetine en van de anti-epileptica gabapentine en pregabaline (gabapentinoiden).

Amitriptyline werd het meest voorschreven en het aantal episoden van voorschriften 
nam toe tot 15.1 per 1000 persoonsjaren in 2017. De stijging in het aantal episoden 
van voorschriften was het meest opvallend voor pregabaline: deze verdubbelde bijna 
van 7.1 per 1000 persoonsjaren in 2008 naar 13.9 per 1000 persoonsjaren in 2017 
(gemiddelde jaarlijkse verandering 8.3% [95% BI 5.9-10.5]). Het aantal episoden met 
voorschriften van gabapentine steeg naar 3.9 per 1000 persoonsjaren in 2017. Het 
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aantal episoden met voorschriften van nortriptyline (3.0 per 1000 persoonsjaren) en 
duloxetine (2.0 per 1000 persoonsjaren) bleef stabiel tussen 2008 en 2017. De trends 
voor de eerste voorschriften, episoden en prevalente voorschriften waren gelijk. In de 
subgroep van patiënten zonder aandoeningen waarvoor neuropatische pijnmedicatie 
kan worden voorgeschreven zagen we dezelfde trends als in de totale groep. Echter 
lag het absolute aantal voorschriften lager. Over het algemeen werd de neuropathische 
pijnmedicatie vaker voorgeschreven aan vrouwen, aan oudere patiënten (uitgezonderd 
duloxetine), aan patiënten waarbij artrose in 2 of meer gewrichtsgroepen aanwezig is, 
aan patiënten met artrose in de rug en aan patiënten met bijkomende musculoskeletale 
aandoeningen.

Bewijs voor het gebruik van neuropathische pijnmedicatie
Amitriptyline is de meest voorgeschreven neuropathische pijnmedicatie bij patiënten 
met artrose. De plaats voor amitriptyline bij de behandeling van musculoskeletale pijn is 
minder duidelijk dan bij neuropathische pijn aandoeningen. In hoofdstuk 5 beschrijven 
we de resultaten van een systematisch review waarin we de effectiviteit van amitrip-
tyline voor musculoskeletale klachten onderzochten. Gerandomiseerde trials (RCT’s) 
werden geïncludeerd die amitriptyline vergeleken met een placebo, usual care of met 
een andere pijnstiller. In totaal werden er 2066 artikelen geïdentificeerd waarvan er 
uiteindelijke zeven werden geïncludeerd. Vier studies werden uitgevoerd bij patiënten 
met lage rugpijn, twee bij patiënten met reumatoïde artritis en één studie bij patiënten 
met armklachten (KANS/RSI). Vanwege klinische heterogeniteit van de studies werd 
geen meta-analyse verricht. Twee studies, met een laag risico op bias vonden positieve 
resultaten (lage rugpijn amitriptyline vs. pregabaline en armklachten amitriptyline vs. 
placebo). We concludeerden dat er weinig bewijs is voor het gebruik van amitriptyline 
bij musculoskeletale pijn en dat er meer onderzoek nodig is om patiënten te identifice-
ren die baat kunnen hebben van amitriptyline.

In hoofdstuk 6 beschrijven we het onderzoeksprotocol van de DUO trial. In de DUO trial 
werd onderzocht wat de effectiviteit en kosteneffectiviteit is van duloxetine toegevoegd 
aan de usual care voor patiënten met chronische pijn door heup- of knieartrose, en of de 
aanwezigheid van centraal gesensitiseerde pijn (modified painDETECT vragenlijst) bij 
patiënten het effect van duloxetine beïnvloedde. De DUO trial was een cluster gerando-
miseerde trial met een follow-up duur van 12 maanden. Patiënten met chronische pijn 
gedurende de meeste dagen in de afgelopen drie maanden werden geïncludeerd en 
wanneer paracetamol en NSAID’s de pijn niet voldoende verminderde, waren gecontra-
ïndiceerd of bijwerkingen hadden. Huisartsenpraktijken werden gerandomiseerd naar 
behandeling met duloxetine (60mg/dag) toegevoegd aan de usual care of naar behan-
deling volgens usual care. De usual care werd verricht volgens de NHG-standaarden. De 
primaire uitkomstmaat was WOMAC pijn (schaal van 0-20) na drie maanden. Secundaire 
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uitkomstmaten waren WOMAC pijn na 12 maanden, WOMAC functie (schaal van 0-68) 
na 3 en 12 maanden, bijwerkingen, kosteneffectiviteit, patiënttevredenheid, patiënt 
gerapporteerde verbetering en kwaliteit van leven. Er waren 224 patiënten nodig om 
een klinisch relevant verschil van 1.9 punten in WOMAC pijn (standaarddeviatie 4.8, 
effect grootte 0.4) aan te kunnen tonen. Voor een subgroep analyse voorpatiënten met 
kenmerken van centraal gesensitiseerde pijn waren 44 patiënten nodig in iedere groep 
om een groter verschil bij deze patiënten aan te kunnen tonen (effect grootte 0.6, 2.9 
punten verschil in WOMAC pijn).

In hoofdstuk 7 worden de resultaten van de DUO trial gepresenteerd. Er werden 133 
patiënten in de trial geïncludeerd en 132 patiënten gerandomiseerd; 66 patiënten (31 
praktijken) werden gerandomiseerd naar de duloxetine groep en 66 patiënten (33 prak-
tijken) naar de usual care groep. Er werd geen klinisch relevant of statistisch significant 
verschil gevonden in WOMAC pijnscores na 3 maanden (geadjusteerd verschil -0.58 
[95% BI -1.80; 0.63]) of na 12 maanden (geadjusteerd verschil -0.26 [95% BI -1.86; 1.34]). 
Hiermee kon een klinisch relevant effect van duloxetine worden uitgesloten (1.9 punten 
verschil in WOMAC pijnscore, effect grootte 0.4). Ook voor de subgroep van patiënten 
met kenmerken van centraal gesensitiseerde pijn werd geen verschil tussen de groepen 
gevonden (geadjusteerd verschil -0.32 95% BI [-2.32; 1.67]). Daarnaast bleek de inter-
ventie niet kosteneffectief. Er werd een klein positief verschil van 0.04 QALY’s gevonden 
voor de duloxetine groep, wat te klein is om klinisch relevant te zijn. Op basis van de 
resultaten konden we een klinisch relevant effect voor de totale groep uitsluiten. Voor 
de subgroep met patiënten met kenmerken van centraal gesensitiseerde pijn kon een 
groter effect van duloxetine worden uitgesloten (verschil van 2.9 punten in WOMAC pijn 
(effect grootte 0.6)). Echter een kleiner effect van duloxetine kan niet worden uitgeslo-
ten gezien de kleine sample size van deze subgroep. Deze resultaten moeten daarom in 
een andere klinische trial worden bevestigd.

Tot slot worden in hoofdstuk 8 de belangrijkste bevindingen en beperkingen van dit 
proefschrift besproken. Daarnaast worden de implicaties voor de klinische praktijk en 
voor toekomstig onderzoek gegeven.
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Huisartsgeneeskunde van het Erasmus MC in Rotterdam. In september 2017 is dit traject 
omgezet naar een AIOTHO-traject (arts in opleiding tot huisarts en onderzoeker). Dit 
jaar rondt zij haar huisartsopleiding af.
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PHD PORTFOLIO

Erasmus MC Department: General Practice
PhD Period: January 2015- February 2021
Promotors: Prof. dr. S.M.A. Bierma-Zeinstra and Prof. dr. P.J.E. Bindels
Co-promotor: Dr. D. Schiphof

Year
Workload 

(ECTS)

Courses/ training

CPO Course Patient Oriented Research: design, conduct, 
analysis and clinical implications

2015 0.3

BROK course 2015 1

NIHES Biostatistical methods I: Basic Principles 2015 5.7

NIHES Biostatistical methods II: Classical regression models 2015 4.3

BKO (Basiskwalificatie Onderwijs) - Teach the Teacher 2016 1

BKO (Basiskwalificatie Onderwijs) - workshops feedback and 
groups

2016 1

Research Integrity 2016 0.3

Biomedical Writing 2016 3.0

NIHES Repeated Measurements 2017 1.4

BROK course, re-registration 2019 0.3

NIHES Missing Values 2019 1.7

Professional education

Vocational training for general practitioner, Erasmus MC, 
Rotterdam

2017 - 
present

Oral presentations

NHG wetenschapsdag, Amsterdam, 1 presentation 2016 1

BJGP conference, London, 2 presentations 2020 2

NHG wetenschapsdag, 2 presentations 2021 2

OARSI, 1 presentation 2021 1



9

199

PhD Portfolio

Poster presentations

NHG wetenschapsdag, Amsterdam, 1 poster 2016 1

NHG wetenschapsdag, Zeist, 1 poster 2017 1

OARSI, Las Vegas, 1 poster 2017 1

Participation (inter)national conferences

NHG Wetenschapsdag, Rotterdam 2015 0.3

OARSI, Amsterdam 2016 1

Teaching

Clinical reasoning for bachelor and master students 2015 - 2020 3.9

Development of Clinical reasoning sessions master students 2017 9.6

Organisation

Patient panel 2015 - 2020 5.1
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