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Abstract 

 

Policymakers introduce policy tools such as guidelines to motivate physicians to act in their interest. 

If these interests do not align with patients’ demands, then physicians may face a double agency 

problem. Such a problem may arise with opioids, which are often highly demanded by patients, while 

authorities encourage restrictive use. This study uncovers whether physicians’ patient-oriented and 

society-oriented altruistic motivations relate to filled opioid prescriptions and responses to a new 

clinical guideline on opioid prescribing. We combine unique survey data on Danish general 

practitioners’ (GPs’) altruistic motivations with rich register data on filled opioid prescriptions and 

patient and practice characteristics. First, we use linear regression models to estimate the association 

between GPs’ altruistic motivations and filled opioid prescriptions prior to the guideline. Second, we 

employ difference-in-differences (DiD) models to estimate how GPs’ altruistic motivations relate to 

responses to the guideline. Prior to the guideline, we find that opioid dosages are higher for patients 

enlisted with more patient-oriented GPs. Similarly, among patients using opioids long-term, being 

enlisted with more patient-oriented GPs increases the likelihood of filled opioid prescriptions 

including short-acting opioids. Our DiD-estimates reveal that, following the new guideline, filled 

opioid prescriptions are more guideline-adherent when patients are enlisted with more society-

oriented GPs. This knowledge may help policymakers who seek to motivate physicians to prescribe 

in adherence with guidelines.   
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1. Introduction 

Studies show that quality of care varies significantly across physicians (see e.g., Cutler et al. (2019); 

Epstein and Nicholson (2009); Grytten and Sørensen (2003)). Whether physicians act as good agents 

to their patients and authorities is therefore a general policy concern. Agency relationships may be 

challenged by physicians’ self-interests such as financial gains and leisure time (Dionne & 

Contandriopoulos, 1985; Ellis & McGuire, 1986), but also if patients’ and authorities’ interests do not 

align – known as double agency problems. An example of a double agency problem could be if 

patients demand a specific treatment, but this treatment imposes substantial negative externalities on 

society (Allen et al., 2022). Physicians’ degree of altruism towards both the patients and authorities 

representing society at large may therefore potentially play an important role in their provision of 

care (Arrow, 1963; Blomqvist, 1991).   

 

To ensure that physicians act as good agents, authorities may use both financial and non-financial 

policy tools. Empirical studies show that such policy tools do not always yield the desired responses 

(see e.g., Dranove et al. (2003); Eijkenaar et al. (2013)). However, empirical evidence is scarce on 

the underlying drivers behind these findings. One potential driver may be variation in physicians’ 

altruism towards the patients and society at large. This study aims to establish whether physicians’ 

altruistic motivations towards patients and society, relate to their prescribing behaviour and responses 

to a new national opioid clinical guideline. As a case study, we measure Danish general practitioners’ 

(GPs’) patient-oriented and society-oriented altruistic motivations using responses to validated survey 

items and link these to high-quality register data on filled opioid prescriptions. Our first aim is to 

estimate whether GPs’ altruistic motivations are associated with filled opioid prescriptions by their 

enlisted patients prior to the guideline. Our second aim is to examine the relationship between GPs’ 

altruistic motivations and changes in filled opioid prescriptions by their enlisted patients following 

the introduction of the guideline. 

 

In health economic theory, altruism is typically modelled as the relative preference weight physicians 

place on their principals’ utility compared to their own self-interests such as income and leisure. 

Theory predicts that physicians’ altruism is important for treatment behaviour (Chalkley & 

Malcomson, 1998; Ellis & McGuire, 1986; Ma, 1994). However, empirical evidence testing these 

predictions is scarce (Galizzi et al., 2023). Laboratory experiments show that medical students are 

willing to trade-off own profits for patient benefits (see e.g., Brosig-Koch et al. (2016); Di Guida et 

al. (2019); Hennig-Schmidt et al. (2011)), and also show that altruism is heterogenous (Godager & 

Wiesen, 2013). Several recent studies take an additional step by linking physicians’ altruistic 

preferences elicited from experiments to their actual charges for care (Scott & Sivey, 2022), proclivity 

to accept financial payments from the pharmaceutical industry (Huang et al., 2025) and their quality 

of care (Brock et al., 2016; Brosig-Koch et al., 2024; Casalino et al., 2024; Douven et al., 2019). A 

few other studies proxy physicians’ altruism using survey data on their altruistic motivations to do 

good for their patients and society and link it to care (Jensen & Andersen, 2015; Jensen & Vestergaard, 

2017; Oxholm et al., 2024; Yordanov et al., 2023). Studies in the literature using survey-based 

measures of physicians’ altruistic motivations find that they are associated with the prescribing of 

antibiotics (Jensen & Andersen, 2015; Oxholm et al., 2024), expenditures on prescription drugs 

(Oxholm et al., 2024), and home visits (Jensen & Vestergaard, 2017).  

 

This study follows the survey-based literature in measuring GPs’ patient-oriented (PO) and society-

oriented (SO) altruistic motivations. In the literature, PO is often referred to as user orientation and 

can be conceptualised as a non-paternalistic form of altruistic motivation, which is focused on 

satisfying a specific patient’s demands and needs (Jensen & Andersen, 2015). Non-paternalistic or 

pure altruism thus refers to a form of altruism in which an economic agent is concerned with other 

agents’ overall utility and not only specific aspects such as their health (Bergstrom, 1982; Jones-Lee, 

1991, 1992; Simonsen et al., 2021). Adopting a holistic view of patients’ overall wellbeing is 

particularly relevant in general practice, which is the setting employed in this study. In the literature, 
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SO is often referred to as public service motivation and can be conceptualised as being altruistically 

motivated towards society as a whole (Francois, 2000; Perry & Wise, 1990). This societal perspective 

is particularly relevant in a universal healthcare system, like the Danish, which is funded by general 

taxation and regulated by the health authorities. 

 

Opioids are an interesting case study for uncovering how physicians’ altruism relate to their care. 

When physicians prescribe opioids, double agency problems may arise. Patients with chronic pain 

may demand opioids, while the authorities encourage a restrictive use due to potential adverse health 

outcomes and long run societal costs (Clark & Schumacher, 2017). Physicians may therefore face a 

dilemma between being a good agent to the myopic patient or the authorities representing society at 

large. We therefore hypothesize that in the case of opioid prescribing, physicians’ altruistic motivation 

towards the two principals may relate to filled opioid prescriptions. Patients who are enlisted with 

physicians who are more patient-oriented in a non-paternalistic way are expected to have more lenient 

access to opioids, whereas patients enlisted with physicians who are more society-oriented are 

expected to have stricter access to opioids. We also hypothesize that physicians who are more society-

oriented may adhere more to new policy initiatives such as clinical guidelines. 

 

Our case study is opioid prescribing in Denmark. In recent decades the consumption of opioids has 

increased rapidly in Denmark (Birke et al., 2016). Therefore, in December 2018 a national clinical 

guideline was introduced focusing on opioid prescribing. Among the guideline recommendations are 

dosage limits for prescribed opioids, reductions in long-term opioid use, and reductions in prescribing 

of short-acting opioids to patients using opioids long-term. The guideline targets all prescribers of 

opioids, but it is particularly relevant for GPs as they are the primary prescribers of opioids to patients 

outside of inpatient hospital care and typically coordinate patient care across providers (Pottegård et 

al., 2023). The GPs are not legally bound to adhere to the guideline’s recommendations, nor are they 

paid for prescribing. Most general practices are closed for uptake of new patients, making it difficult 

for patients to select and change practices (Oxholm et al., 2022). Given the institutional setting 

combined with the availability of unique data, the country serves as an interesting case study to 

investigate the relationship between physicians’ altruistic motivations and their opioid prescribing 

and responses to guidelines. 

 

This study makes contributions to different strands of the literature. First, it contributes to the 

literature on physicians’ practice styles. This literature has revealed that physicians’ practice styles 

matter for health outcomes (Van Parys, 2016). What has remained unclear are the potential drivers of 

the heterogeneity in practice styles. Our paper investigates whether physicians' altruistic motivation 

may relate to prescribing patterns.  

 

Second, our study contributes to the literature on provider altruism. Provider altruism is modelled as 

a key determinant of provider behaviour in theoretical studies. During the last decade, several 

empirical studies have, in different ways, elicited provider altruism and shown how it relates to care 

provision. These studies have primarily been based on evidence from laboratory experiments with 

medical students (Godager & Wiesen, 2013; Hennig-Schmidt et al., 2011). In recent years a few 

studies have showed that providers’ altruism, to some extent, relate to care in a real-world setting 

(Brosig-Koch et al., 2024; Casalino et al., 2024; Douven et al., 2019; Huang et al., 2025; Jensen & 

Andersen, 2015; Jensen & Vestergaard, 2017; Oxholm et al., 2024; Scott & Sivey, 2022). We 

contribute to this literature by uncovering whether there is a link between providers’ altruistic 

motivations and prescribing of opioids in a real-world setting. 

 

Third, our study contributes to the literature on double agency problems in healthcare. Double agency 

problems have been described theoretically (see e.g., Blomqvist (1991)), and also to some extent 

investigated empirically. Empirical evidence indicating the existence of double agency problems have 

been in relation to, for example, antibiotic prescribing (see e.g. Allen et al. (2022); Jensen and 
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Andersen (2015); Oxholm et al. (2024)), prescription of generic drugs (see e.g. Crea et al. (2019); 

Hellerstein (1998); Mott and Cline (2002); Olsen et al. (2009)), and rationing of treatments (see e.g., 

Greve et al. (2023); Grytten et al. (2011)). We investigate the existence of such problems in terms of 

opioid prescribing. We thus consider whether patient-oriented and society-oriented altruism links in 

different ways to prescribing and guideline adherence.  

 

Lastly, this study contributes to the empirical literature on physicians’ responses to new policies. 

Policymakers often introduce new policies, such as clinical guidelines, to ensure delivery of high-

quality care. Literature reviews show that clinical guidelines may improve quality of care, but effects 

vary across providers (Gandolfi et al., 2025; Grimshaw & Russell, 1993; Lugtenberg et al., 2009). 

We provide real-world evidence of whether providers’ altruistic motivations relate to responses to 

guidelines. This may inform policymakers in their design of effectful policies. 

 

2. Institutional setting 

2.1 General practices in Denmark 

The Danish healthcare system is primarily funded through general taxation, such that most care is 

free at the point of delivery. Patients’ first point of contact is typically their GP, who acts as a 

gatekeeper for the more specialised healthcare system and as coordinator of care across providers. 

On average patients have around 7 contacts annually in general practice (The Danish Health Data 

Authority, 2020). Patients can enlist with a general practice that is located within a proximity of 15 

km (5 km in the Copenhagen area) of their residency. However, more than two-thirds of all practices 

are closed for uptake of new patients, and some areas are even categorised as lacking GPs (Oxholm 

et al., 2022), indicating that competition for patients is generally low and patients may find it difficult 

to change GPs.  

 

More than 95% of practices are privately owned by the GPs (The organisation of General Practitioners 

in Denmark, 2024). The practices are organised as either single-handed or partnerships. In 2019 

around 26% of the GPs worked in single-handed practices (The Danish Organisation of General 

Practitioners, 2023). In general, the practices are fairly small and include an average of approximately 

two GPs working with support staff such as nurses (Pedersen et al., 2012). The practices work under 

contract with Danish Regions, which remunerates them using a blend of risk-adjusted capitation-

based payments (around 40%) and fee for services (around 60%) (Gyrd-Hansen et al., 2023). The 

practices are not paid for issuing prescriptions to patients or for referring patients.  

 

2.2 Prescribing of opioids in Denmark 

As  GPs are typically patients’ first point of contact in the Danish healthcare system, they are also the 

primary prescribers of opioids to patients who are not receiving inpatient hospital treatment 

(Pottegård et al., 2023). GPs are responsible for around 74% of treatment initiation and 92% of 

treatment maintenance of opioids to patients (Pottegård et al., 2023). Patients fill their prescriptions 

in community pharmacies. Some medications, including most opioids, are partly reimbursed by the 

regions, whereas others are fully paid by patients. 

 

Opioids are a class of potent pain-relieving medications, which make them highly demanded by some 

patients. However, long-term opioid use is found not to provide pain relief or better functional 

capacity (Birke et al., 2017). In fact, long-term use of opioids increases the risk of addiction and abuse 

and may lead to death or serious adverse health consequences, such as cognitive impairment, 

hormonal effects, higher accident rates, poor quality of life (Ballantyne et al., 2016; Chou et al., 2015), 

and consequently higher healthcare costs and productivity loss (Reinhart et al., 2018). Opioids should 

therefore generally not be used for treatment of chronic, non-malignant pain. Specifically, short-

acting opioids are strongly discouraged for patients using opioids long-term due to higher addiction 

risk (The Danish Health Authority, 2019). 
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In 2016 the Danish Health Authority published a report showing that the use of opioids was markedly 

higher in Denmark compared to neighbouring countries such as Sweden, Norway, Iceland, and 

Finland. The Danish Health Authority pointed to several possible explanations for these concerning 

statistics, such as the lack of a national clinical guideline for treatment of chronic, non-malignant 

pain, weaker regulation of prescribing of opioids such as tramadol, and fewer requirements for 

reimbursement of medication costs than in neighbouring countries (The Danish Health Authority, 

2016).  

 

In the following years, several initiatives were undertaken both at the awareness raising and 

regulatory levels to limit opioid use in Denmark (see online appendix 1 for an overview). A key 

regulatory initiative took effect on December 17th, 2018, which was the introduction of a national 

clinical guideline for opioid treatment of adults with chronic, non-malignant pain. The guideline 

targeted all healthcare providers. The guideline highlighted 10 recommendations and three indicators 

to be used for monitoring. The recommendations included both limits for daily dosing of opioids, 

treatment of specific patient groups (such as patients with substance abuse, alcohol addiction, and/or 

psychiatric disorders), and how to help patients withdraw from opioid use. For example, the guideline 

strongly recommended that the daily dosage of opioids should not exceed 100 mg oral morphine 

equivalents (OMEQs) for patients starting treatment unless a specialist with expertise on treatment of 

chronic pain had been consulted (monitor indicator 1). The guideline further made the weak 

recommendation that the daily dosage of opioids should not exceed 50 mg OMEQs for patients 

starting treatment. It also recommended that the number of patients using opioids long-term be 

reduced (monitor indicator 2) and that short-acting opioids should not be used to relieve chronic pain 

(monitor indicator 3).  

 

3. Data 

Our study combines rich Danish register data with survey data. Our register data come from both 

Statistics Denmark and the Danish Health Data Authority and cover the period from 2013 to 2020. 

From Statistics Denmark’s registers we obtain information on patients’ age, whether they are living 

in Denmark, family income, employment status, recipiency of welfare payment, highest attained 

education level, immigration status, cohabitation status, and death. We use this information to 

generate a number of indicators on patients’ socioeconomic status, which are inspired from the Danish 

Deprivation Index that identify patients in high-need of care in general practice (Vedsted & Sorensen, 

2009). 

 

From the Danish Health Authority, we obtain the Danish Provider Register, the Danish National 

Patient Register, and the Danish National Prescription Register. The Danish Provider Register 

includes information about healthcare providers’ characteristics (e.g., their practice type, 

geographical location, and enlisted patients). The Danish National Patient Register includes 

information on patients’ contacts in hospitals including diagnosis codes (ICD-10 codes). We use these 

diagnosis codes registered during the previous five years to calculate the Charlson’s Comorbidity 

Index (Quan et al., 2011) and patients’ cancer incidence. The Danish National Prescription Register 

includes information on patients’ filled prescriptions in community pharmacies, such as the pick-up 

date and the medication’s anatomical therapeutic chemical (ATC) code, dosage, dosage form, etc 

(Kildemoes et al., 2011).  

 

Our survey data come from the Danish national GP work-life survey. The survey includes items on 

GPs’ work motivation, such as their degree of altruistic motivations towards patients (PO) and society 

at large (SO). All privately practicing GPs were invited to participate in the survey by regular mail. 

The letter contained a link to an online survey. Two follow-up letters were sent to non-responding 

GPs. Data collection ran from May 2019 to October 2019. See Yordanov et al. (2023) for more 

information on the survey.  
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4. Empirical strategy 

4.1 Study population 

We focus specifically on filled opioid prescriptions by patients targeted by the new guideline. Our 

study population therefore consists of filled opioid prescriptions by patients who in a given day from 

January 1, 2018, to December 31, 2019: reside in Denmark; filled an opioid prescription in a 

community pharmacy; are at least 18 years old; did not fill an opioid prescription after their date of 

death; and, have not been registered with a cancer diagnosis in the period starting five years before 

and ending three months after the filled prescription. The period we consider for cancer diagnoses 

runs from January 1, 2013, to March 31, 2020. Following The Danish Health Data Authority (2018), 

we exempt patients with cancer diagnoses with the ICD-10 codes DC44 (other skin cancer) and 

DC460 (kaposi sarcoma of the skin).  

 

Our study sample consists of filled opioids prescriptions by patients from our study population who 

are enlisted with a general practice that is active throughout 2018 and 2019 (our analysis period), and 

in which at least one GP responded to the Danish national GP work-life survey, with the additional 

requirement that the practice prescribes opioids in each month of our analysis period according to the 

Danish National Prescription Register. Thus, in our main analysis, the included practices remain the 

same during our analysis period. Online appendix 2 elaborates further on the process of constructing 

our study sample.  

 

4.2 Measuring filled opioid prescriptions 

The guideline targeted opioid prescriptions from all providers in Denmark. The focus of our study is 

how GPs’ altruistic motivations relate to opioid prescribing and guideline responses. Studies show 

that GPs are the primary prescribers of opioids in Denmark (Pottegård et al., 2023). However, GPs 

may not only be involved in the initiation of opioid prescribing but may also possibly be involved in 

counselling their enlisted patients based on prescriptions issued by other providers (e.g., hospitals) 

and in deprescribing these prescriptions. Our main analyses therefore include filled opioid 

prescriptions from all providers to the general practices’ enlisted patients.  

 

To assess the quality of prescribing, our analysis focuses on four outcome measures of filled opioid 

prescriptions, which closely link to the guideline. As patients may fill several opioid prescriptions on 

a single day (e.g. including either short-acting or long-acting opioids), we consider all filled opioid 

prescriptions by a specific patient on a specific day as a single filled prescription. Outcome 1 is an 

indicator variable of whether a filled opioid prescription exceeds an average daily dosage of 50 mg 

OMEQs in the consumption period (this period refers to the number of days until the next filled opioid 

prescription by the patient; see online appendix 3). Outcome 2 is an indicator variable of whether a 

filled opioid prescription exceeds an average daily dosage of 100 mg OMEQs in the consumption 

period. Outcome 3 is an indicator variable for whether a filled opioid prescription is by a patient using 

opioids long-term. Finally, outcome 4 is an indicator variable for whether a filled opioid prescription 

by a patient who is using opioids long-term includes a short-acting opioid. Three of the four outcomes 

(outcomes 2 to 4) are based on the monitoring indicators included in the national clinical guideline 

(see section 2.2). Inspired by already published national statistics (e.g., The Danish Health Data 

Authority (2018)), we use slightly adapted versions of these monitoring indicators defined at filled 

prescription level. The remaining outcome (outcome 1) is a weak recommendation in the national 

clinical guideline (see section 2.2). Online appendix 3 describes how we calculate average daily 

dosage of OMEQs, along with the included opioid ATC-codes, morphine equivalence dosages and 

the definition of short- and long-acting opioids, respectively.  

 

4.3 Measuring GPs’ altruistic motivations 

We measure GP’s altruistic motivations from their responses to the Danish national GP work-life 

survey from 2019. We follow other survey-based studies (e.g. Oxholm et al. (2024), Jensen and 

Andersen (2015), and Yordanov et al. (2023)) by measuring GPs’ altruistic motivation towards the 
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patient by their PO, and measuring their altruistic motivation towards society by their SO. The survey 

includes validated items that capture the latent constructs of both PO and SO. An example of a survey 

item capturing PO is ‘If the patient is satisfied, the job is done’. PO can thus be conceptualised as a 

non-paternalistic form of altruistic motivation, which focuses on satisfying the patients’ current needs 

and demands. An example of a survey item capturing SO is ‘I am prepared to make sacrifices for the 

good of society.’ Online appendix 2 outlines the detailed steps we undertake in the construction of 

our measures of PO and SO used in the analysis, while online appendix 4 presents the full list of 

items.  

 

4.4 Estimation Strategies 

As a first step, we estimate the associations between practices’ altruistic motivations and filled opioid 

prescriptions prior to the introduction of the guideline using the following equation:  

 

𝑦𝑖𝑑𝑚𝑝 =  𝜃0  + 𝜃1ℎ𝑖𝑔ℎ_𝑃𝑂𝑝 + 𝜃2ℎ𝑖𝑔ℎ_𝑆𝑂𝑝  + 𝜎𝑚 + 𝑿𝒊
′ × 𝛾 + 𝑿𝒑

′ × 𝜓 +  𝜁𝑖𝑑𝑚𝑝,        (1) 

 

where 𝑦𝑖𝑑𝑚𝑝, represents each of the outcome variables for patient i filling a prescription on a given 

day d in month m and who is enlisted in practice p. The dummy variables ℎ𝑖𝑔ℎ_𝑃𝑂 and ℎ𝑖𝑔ℎ_𝑆𝑂 

represent practices in which the average GP is highly patient-oriented and society-oriented, 

respectively. In our main analysis, we define practices as being highly altruistically motivated based 

on the 50th percentile of the distributions of GPs’ altruistic motivations (PO and SO). Similarly, 𝜎𝑚 

represents month-of-the-year fixed effects that are included in all specifications. 𝑿𝒊 is a vector of 

individual patient characteristics that include indicators of their health- and socioeconomic statuses, 

while 𝑿𝒑 is a vector of practice characteristics (see the variable list in online appendix 6), and 𝜁𝑖𝑑𝑚𝑝 

is the error term. We estimate Equation (1) both with and without the patient and practice 

characteristics.  

 

The coefficients of interest are 𝜃1 and 𝜃2, which measure the pre-treatment association between a 

high degree of PO and SO, respectively, and each of our outcomes. We estimate the equation as a 

linear probability model using ordinary least squares (OLS) based on prescriptions filled from January 

1, 2018, to November 30, 2018, which is before the introduction of the guideline in December 2018. 

To account for correlations in outcomes between patients enlisted in the same practice, we cluster the 

standard errors at the practice level. 

 

We then use a DiD research design to examine the relationship between practices’ degree of altruistic 

motivation and responses to the guideline. As in Equation (1), our DiD design utilises dichotomised 

measures of PO and SO at the practice level and leverages the introduction date of the guideline. The 

guideline was introduced in December 2018, which delineates a clear pre-treatment period (January 

1, 2018, to November 30, 2018) and post-treatment period (December 1, 2018 to December 31, 2019). 

We classify practices in which the average GP has a higher degree of PO and SO, respectively, as the 

treatment groups in our DiD design, while the comparison groups comprise of practices in which the 

average GPs has lower degrees of PO and SO, respectively. As the guideline was introduced 

nationally, our DiD design can be thought of as an “intensity of treatment” DiD design, in which 

practices with on average higher GP altruistic motivation are “treated” differently by the guideline 

than practices with on average lower GP altruistic motivation. This intensity of treatment approach 

follows other studies (see e.g. Duflo (2001) and Bahar et al. (2024)), but contrasts more classic DiD 

designs in which the comparison group is not exposed to the treatment in the post-treatment period.  

 

The appropriateness of the DiD research design hinges on  the common trends assumption holding 

(Wing et al., 2018). Because the common trends assumption is based on potential outcomes, it is, by 

definition, untestable. However, several aspects can be used to assess its plausibility. The first is a 

visual assessment of the evolution of raw mean outcomes in the treatment and comparison groups 

(higher and lower altruistically motivated practices) prior to the guideline. The second is a test of the 



 

 8 

joint null hypothesis that pre-treatment or placebo coefficients are jointly insignificant in the pre-

treatment period (Roth, 2022).   

 

To assess the relationship between practices’ degree of altruistic motivation and responses to the 

guideline, we specify the following DiD-equation:  

 

𝑦𝑖𝑑𝑚𝑝 =  𝛽0 + 𝛽1𝐷𝑝𝑚 +  𝜑𝑝 +  𝜎𝑚 + 𝑿𝒊
′ × 𝛾 +  𝑿𝒑

′ × 𝜓 + 𝜖𝑖𝑑𝑚𝑝        (2) 

 

where 𝑦𝑖𝑑𝑚𝑝 represents each of the outcome variables for patient i who fills an opioid prescription on 

day d, in month m and is enlisted in practice p. The variable 𝐷𝑝𝑚 is an indicator for high-altruistically 

motivated practices (either PO or SO), in the post-guideline period. As opposed to Equation (1), the 

model is estimated separately for each type of altruistic motivation to avoid the risk of contamination 

weights from a second treatment leading to bias in the treatment effect estimate of the first treatment 

(de Chaisemartin & D’Haultfœuille, 2023). 𝜑𝑝 represents practice fixed effects that capture time-

invariant differences between practices. 𝜎𝑚 represents month-of-the year fixed effects that capture 

cyclical factors and shocks that are common to all practices. The reference month in our estimations 

is November 2018, which is the month before the introduction of the guideline. The coefficient of 

interest is 𝛽1, which can be interpreted as the average change in an opioid outcome following the 

introduction of the guideline for high-altruistically motivated practices compared to low-altruistically 

motivated practices.  

 

As mentioned, Equation (2) includes both practice and time fixed effects. A recent DiD 

methodological literature has shown that with multiple groups and time periods using a two-way fixed 

effects (TwFE) model risks yielding a biased estimate of 𝛽1 (Callaway & Sant’Anna, 2021; Goodman-

Bacon, 2021; Sun & Abraham, 2021; Sun & Shapiro, 2022). We therefore use the estimation 

procedure in De Chaisemartin and d’Haultfoeuille (2020) to assess the presence and size of negative 

weights that could lead to bias in the TwFEs model. Reassuringly, we find that there are no negative 

weights for any of our outcomes and that 𝛽̂1 can only be biased under a large and implausible amount 

of treatment effect heterogeneity (see online appendix 7). We therefore estimate Equation (2) using 

TwFE with standard errors clustered at practice level. 

 

5. Results 

5.1 Descriptive statistics 

Panel (A) of Table A6 in online appendix 6 presents descriptive statistics for our four outcome 

variables and practices’ PO and SO for our sample of filled opioid prescriptions in the pre-guideline 

period. We define a single opioid prescription as all filled opioid prescriptions by a specific patient 

on a specific day (as stated in section 4.2). This implies that the sample may consist of multiple filled 

prescriptions for the same patient (across different days) and therefore likely consists of more 

prescriptions from patients using opioids long-term. The filled prescriptions are by patients who are 

enlisted with a total of 777 general practices completing the Danish GP work-life survey and 

prescribing opioids in all months during our analysis period (see online appendix 2 for an overview 

of our sample construction).1 Table A6 in online appendix 6 also provides descriptive statistics for 

patient health and socio-economic characteristics and practice characteristics for the pre-guideline 

period.  

 

The table reveals that on average 37% of filled opioid prescriptions exceed an average daily dosage 

of 50 mg OMEQs during the consumption period, while on average 19% of filled prescriptions exceed 

 
1 In 2019, the year of the survey, a total of 1,720 practices were active in Denmark of which 795 have at least one GP 

responding to the survey (Yordanov et al. 2023).  Yordanov et al. (2023) note that practices with at least one GP responding 

to the survey are largely representative of the population of practices but are more likely to be in the Central Denmark 

Region or the Region of Southern Denmark.  
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an average daily dosage of 100 mg OMEQs during the consumption period. On average 65% of filled 

opioid prescriptions are by patients using opioids long-term. Among those using opioids long-term, 

an average of 49% of filled opioid prescriptions include short-acting opioids. An average of 59% of 

filled opioid prescriptions were by patients enlisted in practices in which the average GP has a high 

degree of patient orientation (PO), while an average of 51% of filled opioid prescriptions were by 

patients enlisted in practices in which the average GP has a high degree of society orientation (SO).   

 

5.2 Associations between general practices’ altruistic motivations and opioid outcomes before 

the guideline  

Error! Reference source not found.Table 1 reveals a positive and statistically significant association 

between three of the four opioid outcomes and practices’ degree of PO before the guideline. 

Specifically, columns (1) and (2) reveal that practices in which the average GP has a higher degree of 

PO are associated with an approximately 1.7 and 1.2 percentage point increase in the likelihood that 

a filled opioid prescription exceeds an average daily dosage of 50 mg OMEQs and 100 mg OMEQs, 

respectively, in the consumption period. Similarly, column (4) reveals that a higher degree of PO is 

associated with a 2.8 percentage point increase in the likelihood that a filled opioid prescription by a 

patient using opioids long-term, includes a short-acting opioid. However, column (3) reveals that a 

higher degree of PO is not statistically significantly associated with whether a filled opioid 

prescription is by a patient using opioids long-term. The above effects in columns (1) to (4) remain 

qualitatively similar when covariates are controlled for in columns (5) through (8), respectively. The 

table further shows that a higher degree of SO in a practice is not statistically significantly associated 

with any of the four outcome variables in the pre-guideline period (we present results of a series of 

robustness checks in online appendices 8-21).  

 

5.3 The relationship between general practices’ altruistic motivations and responses to the 

guideline  

Before formally presenting the DiD estimates, we first visually assess the plausibility that the 

common trends assumption holds in the pre-treatment period (Roth, 2022). Figure 1 and Figure 2 

present trends in raw means of all outcome variables by degree of practice SO and PO, respectively, 

over the entire analysis period January 2018 to December 2019 (24 months). In general, the figures 

reveal that the outcomes evolve in a similar manner in the pre-treatment period (months 1-12) in 

practices in which the average GP has a higher relative to a lower degree of SO and PO, respectively. 

The only exceptions are for the outcome ‘prescription filled by a patient using opioids long-term’ in 

month 6 in Figure 1 and months 9-11 in Figure 2. The statistical test results (p-values) reported in 

Table 2 also support the common trend assumption, except for the above noted outcome for PO (see 

columns (3) and (7) in Panel (A)). 

 

Table 2 presents estimates from the DiD specification (see Equation (2)). Panel (A) reveals that the 

relative change in the opioid outcomes after the guideline for patients enlisted with high-PO practices 

compared to low-PO practices are statistically insignificant. The only exception is in column (3), 

which suggests that a higher degree of practice PO results in a relative increase of 0.55 percentage 

points in the likelihood that a filled opioid prescription is by a patient using opioids long-term. 

However, this estimate becomes statistically insignificant once covariates are controlled for (see 

column (7)). Also, for this outcome we cannot rule out that the finding is due to the previously 

described differential pre-existing trends between high-PO practices and low-PO practices.   
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Table 1: Association between practice altruistic motivation and filled opioid prescriptions before the guideline 

 (1) (2) (3) (4) (5) (6) (7) (8) 

 >50 >100 l.t. l.t. (short) >50 >100 l.t. l.t. (short) 

       

PO (𝜃1̂) 0.0167***     0.0115*** 0.00156 0.0280*** 0.0143*** 0.00886** 0.00145 0.0246*** 

 (0.00482) (0.00411) (0.00524) (0.00900) (0.00448) (0.00385) (0.00471) (0.00827) 

         

       

SO (𝜃2̂) -0.00334 -0.000269 -0.00463 0.0120 -0.00258 0.000391 -0.00376 0.0113 

 (0.00478) (0.00410) (0.00513) (0.00872) (0.00444) (0.00382) (0.00463) (0.00815) 

Covariates N N N N Y Y Y Y 

         

Constant 0.370*** 0.191*** 0.668*** 0.485*** 0.333*** 0.144*** 0.571*** 0.385*** 

 (0.00490) (0.00411) (0.00514) (0.00819) (0.0151) (0.0137) (0.0131) (0.0247) 

         

P-value: PO 0.00 0.01 0.77 0.00 0.00 0.02 0.76 0.00 

P-value: SO  0.48 0.95 0.37 0.17 0.56 0.92 0.42 0.16 

         

Obs. 702,746 702,746 812,827 531,238 702,746 702,746 812,827 531,238 

Note: This table shows ordinary least squares (OLS) regression estimates of the association between the degree of provider patient-oriented (PO) and society-oriented (SO) altruistic 

motivation in practices and filled opioid prescriptions. The outcome variable in columns (1) and (5) is an indicator variable of whether a filled opioid prescription exceeds an average 

daily dosage of 50 mg oral morphine equivalents (OMEQs) in the consumption period, while the outcome variable in columns (2) and (6) is a similar indicator with a threshold of 100mg 

OMEQs. The outcome variable in columns (3) and (7) is an indicator variable for whether a filled opioid prescription is by a patient using opioids long-term. The outcome variable in 

columns (4) and (8) is an indicator variable of whether a filled opioid prescription by a patient using opioids long-term includes a short-acting opioid. The estimates in columns (1) 

through (4) do not control for covariates, while those in columns (5) through (8) control for practice, patient socio-economic and patient health characteristics. Analysis period is Jan-

Nov. 2018, which is before the introduction of the guideline in December 2018. Standard errors clustered at the practice level are in parentheses. P-value tests the null hypothesis that 

each motivation estimate (𝜃1̂ and 𝜃2̂), in each column is statistically significantly different from zero. * p<0.10, ** p<0.05, *** p<0.01 
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Figure 1: Trends in mean outcomes by practices’ society orientation (SO) 

 

Note: The figures show the entire analysis period (January 2018 to December 2019). The introduction of the guideline 

in December 2018 (month 12) is depicted by the dashed vertical line. 

 

Figure 2:  Trends in mean outcomes by practices’ patient orientation (PO) 

 
Note: The figures show the entire analysis period (January 2018 to December 2019). The introduction of the guideline in 

December 2018 (month 12) is depicted by the dashed vertical line. 
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Table 2: Difference-in-differences estimates of the relationship between practices’ degree of altruistic motivation and responses to the guideline 

 (1) (2) (3) (4) (5) (6) (7) (8) 

 >50 >100 l.t. l.t. (short) >50 >100 l.t. l.t. (short) 

Panel (A): PO       

𝛽̂1 0.00206 0.00151       0.00554* -0.00153 0.00154 0.00103 0.00437 -0.00191 

 (0.00255) (0.00217) (0.00318) (0.00386) (0.00247) (0.00205) (0.00316) (0.00382) 

Covariates N N N N Y Y Y Y 

Constant 0.378*** 0.198*** 0.666*** 0.511*** 0.346*** 0.169*** 0.504*** 0.471*** 

 (0.00185) (0.00149) (0.00218)   (0.00248) (0.0245) (0.0198) (0.0214) (0.0287) 

P-value 0.36 0.83 0.04 0.94 0.32 0.81 0.04 0.97 

Obs. 1,459,607 1,459,607 1,705,424 1,085,099 1,459,607 1,459,607 1,705,424 1,085,099 

Panel (B): SO       

𝛽̂1 -0.00749*** -0.00428**   0.00261 -0.000360 -0.00724*** -0.00408** 0.00240 0.0000785 

 (0.00249) (0.00212) (0.00316) (0.00386) (0.00242) (0.00203) (0.00314) (0.00379) 

Covariates N N N N Y Y Y Y 

Constant 0.378***     0.198*** 0.666*** 0.511*** 0.344*** 0.168*** 0.504*** 0.471*** 

 (0.00185) (0.00149) (0.00218) (0.00248) (0.0248) (0.0197) (0.0212) (0.0288) 

P-value 0.78 1.00 0.35 0.86 0.68 0.90 0.37 0.89 

         

Obs. 1,459,607 1,459,607 1,705,424 1,085,099 1,459,607 1,459,607 1,705,424 1,085,099 

Note: This table shows difference-in-differences (DiD) estimates of the relationship between the degree of provider patient-oriented (PO) and society-oriented (SO) altruistic motivation 

in practices and filled opioid prescriptions. All regressions are estimated using two-way fixed effects (TwFE) regression specifications including group and period (month) fixed effects, 

with the estimates computed before (Jan-Nov. 2018) relative to after (Dec. 2018-Dec. 2019) the introduction of the guideline in December 2018. The outcome variable in columns (1) 

and (5) is an indicator of whether a filled opioid prescription exceeds an average daily dose of 50 mg oral morphine equivalents (OMEQs) in the consumption period, while the outcome 

variable in columns (2) and (6) is a similar indicator with a threshold of 100 mg OMEQs. The outcome variable in columns (3) and (7) is an indicator of whether a filled opioid prescription 

is by a patient using opioids long-term. The outcome variable in columns (4) and (8) is an indicator for whether a filled opioid prescription by a patient using opioids long-term includes 

a short-acting opioid. The estimates in columns (1) through (4) do not control for covariates, while those in columns (5) through (8) control for practice, patient socio-economic and 

patient health characteristics. Standard errors, clustered at the practice level, are in parentheses. P-value tests the joint null hypothesis that all coefficients in the pre-treatment period are 

not statistically significant (pre-trends).  * p<0.10, ** p<0.05, *** p<0.01 
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Column (1) of panel (B) reveals that the change in the likelihood of a filled opioid prescription 

exceeding the average daily dose of 50 mg OMEQs is on average approximately 0.75 percentage 

points lower for patients enlisted in high-SO practices. This estimate is statistically significant at the 

1% level. Similarly, column (2) reveals a relative decrease of 0.43 percentage points in the likelihood 

of a filled opioid prescription by a patient enlisted in high-SO practices exceeding the average daily 

dose of 100 mg OMEQs during the consumption period. This estimate is statistically significant at 

the 5% level. Patients being enlisted in high-SO practices compared to low-SO practices do not have 

a statistically significant difference in the average change in the remaining outcomes (see columns 

(3) and (4)). These findings remain qualitatively similar when covariates are controlled for (see 

columns (5) through (8)).  In online appendices 9-21, we present a series of robustness checks for 

these results.  

 

6. Discussion and concluding remarks 

This study seeks to establish whether physicians’ altruistic motivations relate to filled opioid 

prescriptions and responses to a new clinical guideline. We find that GPs’ degree of altruistic 

motivations to some extent associate with filled opioid prescriptions. Specifically, we find that a filled 

opioid prescription has a higher likelihood of exceeding recommended dosages if a patient is enlisted 

in a practice with more patient-oriented GPs before the guideline. Similarly, a filled opioid 

prescription by a patient using opioids long-term is more likely to include short-acting opioids if the 

patient is enlisted in a more patient-oriented practice. The differences in opioid outcomes between 

practices with high- and low-patient oriented GPs is around 4-5% of the mean. This finding is 

qualitatively similar to studies focusing on GPs’ antibiotics prescribing using a similar measure of 

patient-orientation (Jensen & Andersen, 2015; Oxholm et al., 2024). We do not find that GPs’ society-

orientation associates with opioid outcomes prior to the guideline. Other studies find an association 

between stricter prescribing of antibiotics and GPs’ society-orientation (Jensen & Andersen, 2015; 

Oxholm et al., 2024). Our finding for opioids could therefore indicate that the authorities’ 

requirements for opioid prescribing may have been unclear before the guideline. 

 

Interestingly, we find that once the guideline is introduced, GPs’ altruistic motivation towards society 

is related to patients’ filled opioid prescriptions. Specifically, our DiD analysis reveals that practices 

that are more society-oriented respond by following the set limits for daily dosages of opioids. The 

magnitude of this relationship is, however, modest – only around 2% of the baseline mean. 

Meanwhile, we find that GPs’ patient-orientation is not related to changes in opioid outcomes when 

the guideline is introduced. To the best of our knowledge, this study is the first to use real-world data 

to estimate the relationship between physicians’ altruistic motivations and responses to a new clinical 

guideline. Our findings also provide empirical evidence of the double agency problem, where altruism 

towards different principals may lead to different provider behaviours (Allen et al., 2022; Blomqvist, 

1991). 

 

Our study has several strengths. First, we use real-world data to establish a link between physicians’ 

altruistic motivations and opioid outcomes. Typically, physicians altruism is inferred via their 

responses to incentives (see e.g., Godager et al. (2016); Hennig-Schmidt et al. (2011)), whereas we 

follow recent survey-based studies by directly measuring physicians’ motivations. These measures 

have been validated in the literature and found to link with physicians’ care (see Jensen and Andersen 

(2015); Jensen and Vestergaard (2017); Oxholm et al. (2024); Yordanov et al. (2023)). We are thereby 

able to concurrently distinguish between different types of altruistic motivations. Second, we consider 

a case where physicians may face a double agency problem. In such a situation, distinguishing 

between a non-paternalistic altruism towards patients and altruism towards society is informative 

(Simonsen et al., 2021). Interestingly, these two types of altruistic motivations display different 

relationships with opioid prescribing and policy responses, indicating the existence of a double 

agency problem. Third, we assess how physicians’ altruistic motivations relate to their responses to a 

new clinical guideline. We use quality indicators in alignment with the guidelines recommendations 
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to assess the responses. These indicators capture different dimensions of the quality of prescribing, 

such as limits on the prescribed dosages, the type of patient, and type of opioid prescribed. 

 

This study also has some weaknesses. First, our opioid outcomes do not reveal what was prescribed 

to or consumed by patients but only filled prescriptions. Reassuringly, the literature shows that around 

95% of opioid-related prescriptions issued by GPs are filled in Denmark (Pottegård et al., 2014). 

Second, we are forced to make assumptions about the intended prescription length to proxy the daily 

dosage prescribed. Thus, for all the outcomes capturing daily dosages, we only include filled 

prescriptions with a follow-up prescription of opioids. Third, we cannot be certain of the exact extent 

and manner of GP involvement in patients’ treatment spells. Sometimes GPs deprescribe or counsel 

their enlisted patients based on prescriptions issued by other providers. Given that the guideline 

targeted all opioid prescribers in Denmark, we therefore analyse filled opioids prescriptions issued 

by all providers to the practices’ enlisted patients. Reassuringly, our results are qualitatively similar, 

though less statistically significant for some indicators, when we restrict to only prescriptions where 

we are certain that a GP is involved (issued a prescription; see online appendices 10 and 11). The 

reduced statistical significance could be explained by the smaller ensuing sample size. It could also 

imply that our main results are partly driven by GPs indirect involvement in other providers’ 

prescriptions (e.g. through deprescribing).  

 

Fourth, GPs’ altruistic motivation is measured in June 2019 after the introduction of the guideline in 

December 2018. One may therefore hypothesize that our measure of treatment is endogenous to the 

policy change. However, the guideline was only related to treatment of patients with chronic pain, 

which is not expected to impact GPs’ altruistic motivation measured using general, non-condition 

specific survey items. Also, we demonstrate both visually and statistically that the common trends 

assumption holds for most outcomes in the pre-guideline period. In  addition, Poole et al. (2025) also 

find stability of similar survey-based measures of PO and SO of Danish GPs from 2019 to 2022, even 

in the face of the Covid-19 pandemic. This finding supports our assumption of PO and SO being 

stable over a relatively shorter time-period that does not include a major shock to the health system. 

 

Fifth, we cannot rule out that GPs’ altruistic motivations are associated with other characteristics that 

may explain our findings. However, other studies using similar survey items find a link between 

physicians’ altruistic motivations and care (Jensen & Andersen, 2015; Oxholm et al., 2024). Also, 

these other studies find that PO and SO are not highly correlated with each other, with other 

motivations (such as extrinsic  motivation), or with practice and area characteristics (see Yordanov et 

al. (2023)). As competition for patients is generally low and prescribing is not remunerated in Danish 

general practice (see section 2.1), we do not expect financial interests to drive differences across 

differently altruistically motivated GPs. The general shortage of GPs also implies that we do not 

expect patients to sort into practices based on prescribing.  

 

Lastly, based on the validated survey items, we conceptualise physicians’ altruistic motivations 

towards patients as a non-paternalistic form of altruistic motivation in which GPs may be largely 

concerned with satisfying the patients current needs and demands. We do recognise that altruistic 
motivation towards patients may take on other dimensions that our measures may not be able to 

capture with, for example, GPs also having paternalistic concerns for patients’ long-term wellbeing. 

Our measures of altruistic motivation may also not precisely capture well defined altruistic 

preferences, such as those elicited in incentivised  laboratory or field experiments (Brosig-Koch et 

al., 2024; Brosig-Koch et al., 2016; Casalino et al., 2024; Godager & Wiesen, 2013). However, the 

survey-based measures allow motivations to co-exist and provide direct measures of altruistic 

motivations. A related issue with our use of survey data, refers to risks associated with the introduction 

of, for example, social desirability bias into our measures, a weakness that all studies employing 

survey-based measures face.  
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Further research is needed to fully understand the drivers of variation in provider behaviour and to 

measure the (cost-)effectiveness of different policy tools, including clinical guidelines. This study 

does, however, have important policy implications as it identifies an understudied source of variation 

in quality of care and policy responses, namely physicians’ altruistic motivations. Thus, policy 

initiatives such as clinical guidelines may be somewhat more effective for more society-oriented 

physicians. This also suggests that alternative policies could be considered to appeal to more patient-

oriented physicians, who may be less responsive to clinical guidelines and may thus continue to be 

more lenient in their prescribing. Only introducing policies that speak to one type of motivation, may 

thus not prove sufficiently effective. 
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Appendix 1: Key opioid awareness raising and regulatory initiatives in Denmark and their 

timing  
 

The GPs are subject to several quality ensuring initiatives. Among such initiatives are the Danish 

Health Authority and the Danish College of General Practices issuing of clinical guidelines and 

recommendations. GPs are encouraged, but not legally bound, to follow these guidelines and 

recommendations (The Danish College of General Practitioners, 2022). However, if authorities 

receive complaints or enquiries about GPs or observe unusual activities (e.g., through monitoring of 

their prescribing in administrative registers), The Danish Patient Safety Authority may perform 

inspections in the practices. The Danish Patient Safety Authority can then choose to take legal actions 

and temporarily suspend the GPs’ permissions to practice (The Danish Patient Safety Authorities, 

2024a, 2024b).  

 

During the last decade, several initiatives have been undertaken both at the awareness raising and 

regulatory levels to limit opioid use in Denmark. Among the awareness raising initiatives include 

broadcasting of two documentaries, “The dark side of the morphine pill,” and “Pain for sale,” on 

Danish national television (DR2) in June and December 2017, respectively. Among the regulatory 

initiatives undertaken include the mandating of the reporting of the side effects of tramadol starting 

in September 2017 (Sørensen et al., 2021). In January 2018, the terms for dispensing selected opioids 

were tightened (Danish Medicines Agency, 2017; Sørensen et al., 2021), while the guidance of 

addictive medicines was updated in March 2018 (Retsinformation, 2018). In addition, in April 2018, 

the national recommendation list for the pharmacological treatment of chronic, nociceptive pain in 

general practice was released (The Danish Institute for Rational Pharmacotherapy, 2018).  

 

A key regulatory initiative took effect on December 17th, 2018, which was the introduction of a 

national clinical guideline for opioid treatment of adults with chronic, non-malignant pain. The 

guideline targeted all healthcare providers who treated patients with chronic, non-malignant pain. To 

help the providers navigate the guideline, the recommendations were colour labelled based on 

whether they were weak or strong and for or against a given treatment. A quick guide version of the 

guideline was also made available. The guideline highlighted 10 recommendations and three 

indicators to be used for monitoring. Even though the guideline acknowledged the importance of 

exhausting non-pharmaceutical treatment options, the recommendations focused specifically on 

opioid use. The recommendations included both limits for daily dosing of opioids, treatment of 

specific patient groups (such as patients with substance abuse, alcohol addiction, and/or psychiatric 

disorders), and how to help patients withdraw from opioid use. For example, the guideline strongly 

recommended that the daily dosage of opioids not exceed 100 mg oral morphine equivalents 

(OMEQs) for patients starting treatment unless a specialist with expertise on treatment of chronic 

pain had been consulted (monitor indicator 1). The guideline further made the weak recommendation 

that the daily dosage of opioids does not exceed 50 mg OMEQs for patients starting treatment. It also 

recommended that the number of patients using opioids long-term be reduced (monitor indicator 2) 

and that short-acting opioids should not be used to relieve chronic pain (monitor indicator 3). 

 

Following the introduction of the national clinical guideline, additional reports focusing on treatment 

of pain, were published. These include a guideline published in June 2019 by the Danish Society for 

Anaesthesiology and Intensive Care Medicine (2019), which focused on follow-up care of opioid 

treatment for patients with chronic, non-malignant pain. In September 2019, a pain guide focusing on 

overall pain management best practices was published jointly by the Danish Regions’ pharmaceutical 

units and the Danish Health Authority's Rational Pharmacotherapy Initiative (The Danish Health 

Authority, 2019). The recommendations of the additional report and guideline were broadly 

complementary to and in line with those in the national clinical guideline on opioids.  

 



 

Figure A1 visualises the timeline of the key awareness raising and regulatory initiatives undertaken 

in Denmark from 2017 to 2019. Following these initiatives, descriptive examination of trends in 

opioid consumption in Denmark reveals a general decline from 2017 to 2023. This trend is 

particularly evident for tramadol, which was initially the most used opioid. Its consumption is noted 

to have declined over the period, suggesting that the implemented initiatives were effective (Nissen 

et al., 2019; Rasmussen et al., 2025; Sørensen et al., 2021). 

 

Figure A1: Timeline of key awareness raising and regulatory initiatives 

 

 
 

 

 

 

Notes: Created based on Sørensen et al. (2021), The Danish Health Authority (2019), 

Retsinformation (2018), The Danish Institute for Rational Pharmacotherapy (2018) and Danish 

Society for Anaesthesiology and Intensive Care Medicine (2019).  



 

Appendix 2: Overview of sample construction 
 

Appendix 2.1: Steps in the construction of our study sample of patients filling opioid 

prescriptions 

 

Figure A2 depicts the main steps in the construction of our study sample of patients filling opioid 

prescriptions. These patients may enter in our regressions multiple times as our analyses are 

performed at “filled prescription level” (a single filled prescription is defined by all opioid 

prescriptions filled by a specific patient on a specific day). This implies that the number of patients 

listed in Figure A2 are not directly comparable to the number of observations in our regression tables.  

 

When identifying patients whose prescriptions are eligible to enter in our sample, we require that 

they: reside in Denmark; fill an opioid prescription in a community pharmacy on a given day from 

January 1, 2018, to December 31, 2019; are at least 18 years old; have not been registered with a non-

exempt cancer diagnosis in the period starting five years before and ending three months after the 

filled prescription; do not fill an opioid prescription after their date of death; and are enlisted in a 

practice where at least one GP completed the 2019 Danish national GP work-life survey. Given that 

it may not be mutually exclusive whether a patient has, for example, a case of active cancer with a 

non-exempt ICD-10 code, is aged below 18 years of age, or is found to fill an opioid prescription 

after their death date, the numbers of patients using opioids (unique identification numbers (PNRs)) 

identified in the cleaning steps and the numbers remaining in the cleaned National Prescription 

Register do not match completely. 

 
A total of 1,152 GPs practicing in a total of 795 practices completed the 2019 Danish national GP 

work-life survey, representing a response rate of 34.5% (for further discussion on the survey as well 

as representativeness of responding GPs, see Yordanov et al. (2023)). To rule out compositional 

changes in general practices driving our findings, we further require that the practices are present in 

each month of our analysis period from January 1, 2018, to December 31, 2019, in the Danish 

National Prescription Register. Our sample therefore includes a balanced sample of 777 general 

practices.1  

 

Following the data cleaning, we identify a total of 212,036 (in 2018) and 209,465 (in 2019) patients 

using opioids enlisted in the 777 practices, who fill at least one opioid prescription in our analysis 

period. As mentioned, given that our sample is at “filled prescription level”, each patient can fill 

opioid prescriptions on multiple days. Therefore, the full set of observations in our dataset comprises 

a total of 1,705,424 observations over the entire analysis period (812,827 observations in the pre-

guideline period). For some analyses, we only include 1,459,607 observations as we require a follow-

up prescription to be filled to calculate daily dosage for our outcomes (702,746 observations in the 

pre-guideline period). These observations amount to approximately 20% of patients only filling at 

least one opioid prescription on only one day in our analysis period (see appendix 3 for further 

details). For analyses examining patients using opioids long-term filling a short-acting opioid 

prescription, a total of 1,085,099 observations are included (531,238 observations in the pre-guideline 
period) because not all patents are classified as patients using opioids long-term.  

 

 
1 Practices would not prescribe in some months owing to, for example, being closed for vacations at certain times of the 

year. However, as Appendices 20 and 21 show, our main results are robust to using the unbalanced panel of 795 

practices. 



 

Figure A2: Overview of steps in sample construction 

 
 
 
 

 

 

 



 

Appendix 2.2: Steps in the construction of our measures of altruistic motivation  

 

GPs respond to each of the survey items on a five-point Likert scale that ranges from “completely 

agree” to “completely disagree”. We convert these responses into a numeric scale ranging from one 

(“completely disagree”) to five (“completely agree”). For reversed items, we recode responses to 

ensure that smaller values reflect a lower degree of altruistic motivation and larger values reflect a 

higher degree of altruistic motivation. The option “I do not know/not relevant” is also included for 

each of the items. We use mean imputation to minimise the loss of observations falling in this category 

(0.5% of responses for PO and 3.3% for SO). Confirmatory factor analysis reveals the degree to which 

each of the items relates to its latent construct. Similar to Oxholm et al. (2024) and Yordanov et al. 

(2023), we find that the items broadly reflect the underlying latent constructs of PO and SO (see 

online appendix 5). We therefore do not exclude any items from our analyses. We next follow these 

studies by computing simple sum scores based on responses to the individual items for PO and SO, 

respectively. To ease the interpretation, we standardise the sum scores for PO and SO, respectively, 

using the minimum-maximum approach, such that the most altruistically motivated GPs are assigned 

a score of one, while the least altruistically motivated GPs are assigned a score of zero. 

 

As patients are enlisted with a practice, we compute the average PO and SO across all GPs responding 

to the survey within each practice. Our measure can thus be interpreted as measuring altruistic 

motivation of the average GP within each practice. Given the structure of the Danish healthcare 

system, whereby GPs provide care to patients through the practices in which they operate, examining 

average PO and SO within practices is both valid and informative (Oxholm et al., 2024).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Appendix 3: Information used to generate opioid indicators 
 

As the Danish National Prescription Registry does not include information on the intended duration 

and daily dose of a prescription, it is necessary to apply assumptions when defining both the daily 

dosage of mg OMEQs and long-term use. In calculating the daily dosage of mg OMEQs for a given 

opioid prescription, we proceed as follows. We first identify prescriptions filled between January 1, 

2018, and December 31, 2020. We proxy the consumption period of the prescriptions issued in 2018 

and 2019 by computing the difference (in days) between the patients current and next filled opioid 

prescription, requiring that this duration is not on the same day and does not exceed one year (365 

days).2 Next, using information on packages and volume filled, we calculate the total defined daily 

dosages (DDDs) of each opioid prescription. These dosages are then multiplied by their respective 

ATC code’s morphine conversion factor, such that we obtain a common dosage measure in mg 

OMEQs. If a patient filles multiple opioid prescriptions on the same day, we calculate the total mg 

OMEQs across prescriptions on that day. To proxy each patients’ daily dosage in OMEQs, we then 

divide the total mg OMEQs purchased on a given day by the consumption period as defined above.    

 

In identifying patients using opioids long-term, we take inspiration from an algorithm by the Danish 

Health Data Authority (The Danish Health Data Authority, 2018). The algorithm identifies patients 

using opioids long-term as patients with both a long and a continuous opioid treatment spell. If there 

is less than four months between each purchase of opioids, then these purchases are considered part 

of the same treatment spell. The length of the treatment spell is calculated by the number of days 

between first and last purchase, regardless of the intake of opioids continuing after the last purchase 

date. If the current treatment spell is more than 6 months, then a given filled prescription is considered 

made by a patient using opioids long-term. To ensure that patients filling opioid prescriptions in the 

beginning of our analysis period (January 1, 2018) are equally as likely to be defined as patients using 

opioids long-term as those filling opioid prescriptions at the end of our analysis period (December 

31, 2019), we include filled prescriptions from 6 months before the start of our analysis period (i.e. 

from July 1, 2017). If a patient using opioids long-term fills at least one prescription of a short-acting 

opioid on a given day, then we define this filled prescription (all opioids filled by this specific patient 

on this specific day) as including short-acting opioids. 

 
2 For patients who only redeem a single prescription in a given year (approximately 20% of observations in each year), 

it is not possible to calculate their consumption period.  



 

Table A3.1:  Included opioids 

ATC code Name Dosage form DDD 

value 

Analgesic dose Conversion factor 

N02AA01 Morphine PO 100 mg 30 mg 1 

  P 30 mg 10 mg 0.9 

  R 30 mg 20 mg 0.45 

N02AA03 Hydromorphine PO 20 mg 4 mg 1.5 

  P 4 mg 2 mg 0.6 

N02AA04 Nicomorphine PO 30 mg 30 mg 0.3 

  P 30 mg 20 mg 0.45 

  R 30 mg 20 mg 0.45 

N02AA05 Oxycodine PO 75 mg 20 mg 1.125 

  P 30 mg 7.5 mg 1.2 

N02AA51 Morphine, 

combinations 

P - - 1 

N02AA55 Oxycodone and 

Naloxone 

PO 75 mg 20 mg 1.125 

N02AB01 Ketobemidone PO 50 mg 27.5 mg 0.545 

N02AB02 Pethidine  PO 400 mg 200 mg 0.6 

  P 400 mg 75 mg 1.6 

  R 400 mg - 1 

N02AB03 Fentanyl SL 0.6 mg 0.8 mg 0.225 

  N 0.6 mg - 1 

  TD 1.2 mg/t 12 mg/t 

(=0.288 

mg/day) 

1.25 

N02AE01 Buprenorphine P 1.2 mg 0.3 mg 1.2 

  SL 1.2 mg 0.5 mg 0.72 

  TD 1.2 mg 20 mg/t (=0.48 

mg/day) 

0.75 

N02AF02 Nalbuphine P - - 1 

N02AG02 Ketobemidone 

and 

antispasmodics 

PO 25 mg 15 mg 0.5 

  R 25 mg - 1 

N02AJ06 Codein and  

Paracetamol 

PO 90 mg 300 mg 0.09 

N02AX02 Tramadol PO 300 mg 150 mg 0.6 

  R 300 mg 150 mg 0.6 

N02AX06 Tapentadol PO 400 mg 90 mg 1.333 

N07BC02 Methadone PO 25 mg 3.75 mg 2 

  P 25 mg - 1 

R05DA04 Codein PO 100 mg 300 mg 0.1 
Source: Danish Health Data Authority (2019). Link to report: https://sundhedsdatastyrelsen.dk/-/media/sds/filer/find-tal-og-

analyser/laegemidler/smertestillende-medicin/forbrug_af_opioider_2019.pdf. PO = Oral; P = Parenteral; R = Rectal; SL = 

Sublingual; N = Nasal; TD = Transdermal.   

 
 

 

 

 

 

 

 

https://sundhedsdatastyrelsen.dk/-/media/sds/filer/find-tal-og-analyser/laegemidler/smertestillende-medicin/forbrug_af_opioider_2019.pdf
https://sundhedsdatastyrelsen.dk/-/media/sds/filer/find-tal-og-analyser/laegemidler/smertestillende-medicin/forbrug_af_opioider_2019.pdf


 

Table A3.2: Categorisation of long and short-acting opioids based on dosage forms 

Long/short-acting opioids Alternative dosage form 

Long-acting Depgose 

Depkap 

Depkaph 

Deppla 

Deptab 

Injvsk 

Injvsko 

Short-acting Invsko 

Brutab 

Kaph 

Nasspro 

Oraldro 

Oralope 

Oralopl 

Resosub 

Sugtab 

Sup 

Tab 

Tabfilm 

Tabsmel 
Source:  The Danish Health Data Authority (2018) and the Danish National Prescription Registry. Depgose = Depot Granules; Depkap 

= Depot Capsules; Depkaph = Depot Capsules;  Deppla = Depot Plaster/Patch; Deptab = Depot Tablets; Injvsk,  Injvsko, Invsko = 
Injection Vial Solution Kit;  Brutab = Buccal Tablets; Kaph = Capsules; Nasspro = Nasal Spray; Oraldro = Oral Drops; Oralope = Oral 

Pellets;  Oralopl = Oral Pills;  Resosub = Rectal Suppository;  Sugtab = Sublingual Tablets; Sup = Suppository; Tab = Tablet; Tabfilm 

= Film-Coated Tablet; Tabsmel = Meltable Tablet. 

 
 

 

 

 

 

Calculation of oral morphine equivalents (OMEQs) 

 

𝑂𝑀𝐸𝑄𝑠𝑖𝑑 =
(∑ (𝑉𝑜𝑙𝑗  ×  𝑃𝑎𝑐𝑘 ⋄ 𝑠𝑖𝑧𝑒𝑗) × 𝑚𝑜𝑟 ⋄ 𝑓𝑎𝑐𝑡𝑗𝑑 ) × 100

𝑐𝑜𝑛𝑠 ⋄ 𝑝𝑒𝑟𝑖𝑜𝑑𝑖𝑑
 

 

 

Where: 

• 𝑂𝑀𝐸𝑄𝑠𝑖𝑑 = Oral morphine equivalents redeemed by individual i on day d. 

• 𝑉𝑜𝑙𝑗 = dose purchased of opioid j.  

• 𝑃𝑎𝑐𝑘 ⋄ 𝑠𝑖𝑧𝑒𝑗 = Package size of opioid j.   

• 𝑚𝑜𝑟 ⋄ 𝑓𝑎𝑐𝑡𝑗 = Conversion factor of opioid j.   

• 𝑐𝑜𝑛𝑠 ⋄ 𝑝𝑒𝑟𝑖𝑜𝑑𝑖𝑑 = Number of days until individual i’s next filled prescription in days. 

• 100 = Adjustment factor. 

 

 

 

 

 

 

 

 



 

Appendix 4: 2019 Danish national GP work-life survey – patient orientation (PO) and society 

orientation (SO) items 

 
Table A4.1: Patient orientation items 

PO1: The individual patient is more important than formal rules 

PO2: It gives me energy to know that I helped the patient 

PO3: If the patient is satisfied, the job is done 

Source: Yordanov et al. (2023). Each of the items is measured on a five-point Likert scale that ranges from “Completely 

agree” to “Completely disagree.” The option “I do not know/not relevant” is also included for each of the items. See 

Yordanov et al. (2023) for further information about the motivational components and survey.  PO is also called user 

orientation (UO) in the literature (see for example Yordanov et al. (2023), Oxholm et al. (2024) and Jensen and Andersen 

(2015)).   

 

Table A4.2: Society orientation items  

SO1: To me, considering the welfare of others is one of the most important values 

SO2: It is difficult for me to contain my feelings when I see people in distress 

SO3: I am often reminded by daily events about how dependent we are on one another 

SO4: I unselfishly contribute to my community 

SO5: Meaningful public service is very important to me 

SO6: I would prefer seeing public officials do what is best for the whole community, even if it 

harmed my interests 

SO7: I consider public service my civic duty 

SO8: I generally associate politics with something positive 

SO9 (R): The give and take of public policy making does not appeal to me  

SO10 (R): I do not care much for politicians 

SO11: Making a difference in society means more to me than personal achievements 

SO12: I feel people should give back to society more than they get from it 

SO13:  I am prepared to make sacrifices for the good of society 

SO14: People like me are willing to risk personal loss to help society 

SO15: I put civic duty before self 

Source: Yordanov et al. (2023). Each of the items is measured on a five-point Likert scale that ranges from “Completely 

agree” to “Completely disagree.” The option “I do not know/not relevant” is also included for each of the items. The 

notation “(R)” implies that the item is reversed. See Yordanov et al. (2023) for further information about the motivational 

components and survey.  SO is also called public service motivation (PSM) in the literature (see for example Yordanov et 

al. (2023), Oxholm et al. (2024) and Jensen and Andersen (2015)).  
 

 
 
 



 

Appendix 5: Confirmatory factor analyses  
 

In conducting the confirmatory factor analysis (CFA), we closely follow other papers in the literature 

(see for example Yordanov et al. (2023), Oxholm et al. (2024) and Jensen and Andersen (2015)) and 

first examine the suitability of the data for CFA using the Kaiser-Meyer-Olkin (KMO) test and 

Bartlett’s test for sphericity. Results of these two tests are shown in Panels (A) and (B) of Table A5. 

The KMO test in Panel (A) reveals that in the case of patient orientation (PO), one specific item (PO 

2 below 0.60), does not perform particularly well. However, all other items as well as the overall 

outcome of the test, are acceptable. Society orientation (SO) also performs well on this test, although 

one specific item (SO 10 below 0.6), does no perform particularly well on the KMO test. However, 

the overall result for SO is also quite satisfactory. In the case of Bartlett’s test in Panel (B), p-values 

for both PO and SO reveal that each item is significant (p<0.001). Overall, both the KMO and the 

Bartlett’s test indicate that the common variance and correlations between survey items are suitable 

for conducting CFA.   

 

In conducting the CFA, we estimate one model containing both PO and SO. Goodness of fit statistics 

(GoF) for this model are presented in Panel (C) of Table A5. Overall, the GoF statistics indicate that 

the model is an acceptable fit. Specifically, the root mean square error of approximation (RMSEA) 

value is just slightly above 0.5, while both the comparative fit index (CFI) and the Tucker-Lewis 

index (TLI) are above 0.9. However, the standardised root mean square residual (SRMR) is just 

slightly above 0.05. In order to assess the composite reliability of each latent construct, Panel (D) of 

Table A5 presents Jöreskog’s rho. We opt for Jöreskog’s rho given that it is not as sensitive to the 

exact number of items under each construct relative to alternatives such as Cronbach’s alpha. In the 

case of SO, the high rho (above 0.75), indicates support for composite reliability of the items. 

However, in the case of PO, the value of rho is lower (just above 0.5).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table A5: Suitability of items for confirmatory factor analysis and goodness of fit statistics  
Panel (A): Kaiser-Meyer-Olkin (KMO) test 

Patient orientation (PO) 0.599  

PO1 0.609  

PO2 0.578  

PO3 0.619  

   

Society orientation (SO) 0.826  

SO1 0.889  

SO2 0.731  

SO3 0.789  

SO4 0.784  

SO5 0.841  

SO6 0.902  

SO7 0.895  

SO8 0.671  

SO9 0.681  

SO10 0.573  

SO11 0.927  

SO12 0.902  

SO13 0.815  

SO14 0.799  

SO15 0.894  

   

Panel (B): Bartlett’s test for sphericity 

Chi-squared Degrees of freedom p-value 

PO   

204.884 3 <0.001 

   

SO   

5510.18 105 <0.001 

   

Panel (C): Goodness of fit statistics for CFA 

Chi-squared 447.868  

Degrees of freedom  113  

RMSEA 0.051  

AIC 48861.004  

BIC 49244.351  

CFI 0.943  

TFI 0.923  

SRMR 0.059  

   

Panel (D): Jöreskog’s rho   

PO 0.510  

SO 0.754  
Note: This table presents tests of the suitability of the items used to capture the latent constructs of both patient 

orientation (PO) and society orientation (SO) for confirmatory factor analysis (Kaiser-Meyer-Olkin test in Panel (A) 

and Bartlett’s test for sphericity in Panel (B)). The table also presents goodness of fit statistics for the confirmatory 

factor analysis model in Panel (C) and Jöreskog’s rho in Panel (D). We compute Jöreskog’s rho manually using the 

factor loadings. RMSEA = root mean square error of approximation; AIC = Akaike Information Criterion; BIC = 

Bayesian Information Criterion; CFI = comparative fit index; TLI = Tucker-Lewis index; SRMR = standardised root 

mean square residual. 

 

 

 



 

Appendix 6: Descriptive statistics for outcomes and altruistic motivations, patient health, 

patient socio-economic, and other practice characteristics before the guideline 

 
Table A6: Descriptive statistics for outcomes and altruistic motivations, patient health, patient socio-

economic, and other practice characteristics for our sample before the guideline 

 Mean Median SD 5 Pct. 95 Pct. N 

Panel (A): Outcomes and altruistic motivation variables 

Opioid prescription 

> 50mg QMEQs 0.37 0.00 0.48 0.00 1.00 702,746 

Opioid prescription 

> 100mg QMEQs 0.19 0.00 0.40 0.00 1.00 702,746 

Opioid prescription 

by patient using 

long-term  0.65 1.00 0.48 0.00 1.00 812,827 

Short-acting opioid 

prescription by 

patient using long-

term 0.49 0.00 0.50 0.00 1.00 531,238 

       

High PO 0.59 1.00 0.49 0.00 1.00 812,827 

High SO 0.51 1.00 0.50 0.00 1.00 812,827 

Panel (B): Patient characteristics 

Patient 20-59 & 

unemployed > 6 

months of the year 0.00 0.00 0.06 0.00 0.00 812,827 

Patient 25-59 with 

education at high 

school level or 

below 0.16 0.00 0.38 0.00 1.00 812,827 

Patient 25-65 with 

low family 

equivalent income 0.18 0.00 0.39 0.00 1.00 

 

 

812,827 

Patient 18-59 on 

social benefits 0.22 0.00 0.42 0.00 1.00 

 

 

812,827 

Patient immigrant 

or descendant from 

non-Western 

countries 0.04 0.00 0.20 0.00 0.00 

 

 

 

 

812,827 

Patient 30+ years 

of age living alone 0.30 0.00 0.49 0.00 1.00 

 

812,827 

Share patients pts 

Patient 70+ years 

of age with low 

family equivalent 

income 0.12 0.00 0.32 0.00 1.00 

 

 

 

 

812,827 

Patient has CCI 

Index = 1 0.13 0.00 0.33 0.00 1.00 

 

812,827 

Patient has CCI 

Index > 1 0.12 0.00 0.33 0.00 1.00 

 

812,827 

Panel (C): Additional outcomes 

Opioid 

prescription> 50mg 

QMEQs and at the 

start of treatment 0.15 0.00 0.36 0.00 1.00 74,065 



 

Opioid 

prescription> 

100mg QMEQs 

and at the start of 

treatment 0.07 0.00 0.26 0.00 1.00 74,065 

Panel (D): Additional information on redeemed opioid prescription 

Volume of opioids 

(OMEQs) 113.70 34.48 582.63 2.58 413.64 702,746 

Days to next 

prescription; 

limited to 365 days 43.39 28.00 51.45 5.00 138.00 702,746 

Patient using 

opioids at the start 

of treatment 0.18 0.00 0.38 0.00 1.00 812,827 

Panel (E): Practice characteristics 

Average list size 

per GP in a practice 1660.58 1591.50 510.21 1139.00 2389.00 812,827 

Average practice 

with closed list 0.63 1.00 0.48 0.00 1.00 812,827 

North Region 0.07 0.00 0.25 0.00 1.00 812,827 

Central Region 0.30 0.00 0.46 0.00 1.00 812,827 

Southern Region 0.27 0.00 0.45 0.00 1.00 812,827 

Zealand 0.16 0.00 0.37 0.00 1.00 812,827 

Capital Region 0.20 0.00 0.40 0.00 1.00 812,827 

Rural area 0.43 0.00 0.49 0.00 1.00 812,827 

Single-handed 

practices 0.16 0.00 0.37 0.00 1.00 812,827 

Number of 

practices       777 

Notes: This table presents descriptive statistics for main outcomes and altruistic motivation variables, patient 

characteristics (socioeconomic status, patient health), additional outcomes included in the analysis, and additional 

information on opioid prescriptions and practice characteristics for our sample defined at ‘filled prescription level’ for 

the pre-treatment period (Jan. 2018 to Nov. 2018). We define a single filled prescription as all filled opioid prescriptions 

by a specific patient on a specific day. This implies that our sample may consist of multiple prescriptions for the same 

patients in the pre-guideline period. The sample is defined based on prescriptions filled by patients enlisted with 

practices completing the 2019 Danish national GP work-life survey and prescribing opioids in all months. The 

indicators for patient characteristics (panel (B)) are inspired by the Danish Deprivation Index (Vedsted & Sorensen, 

2009) and the Charlsons’ Comorbidity Index (CCI) (Quan et al., 2011). Differences in the numbers of observations 

across variables in the various panels are owing to different samples used to generate the variables, i.e. all filled opioid 

prescriptions in the pre-guideline period (812,827 observations), filled opioid prescriptions with a subsequent filled 

prescription (same patient but on a later day) in our sample such that daily dosage can be calculated (702,746 

observations), or filled opioid prescriptions by patients using opioids at the start of a treatment spell (74,065 

observations). The start of a treatment spell (panels (C) and (D)), is equal to the first filled prescription day of a 

treatment spell characterised by consecutive filled prescription dates that have less than 4 months (120 days) between 

any two prescriptions in the spell. 5 Pct. = 5th percentile, 95 Pct. = 95th percentile. 

 

 
 

 
 
 
 
 
 



 

Appendix 7: Weights attached to the Two-way Fixed Effects (TwFE) Difference-in-differences 

(DiD) regressions 
 

Table A7: Weights attached to the TwFE DiD Regressions 

 (1) (2) (3)      (4)  

 >50 >100 l.t.      l.t. (short) 

Panel (A): PO     

Sum (pos.) Wts. 1.000 1.000 1.000 1.000 

SD. Wts.          0.0000987 0.0000987 0.0000975 0.000101 

|𝛽̂1| 0.00206 0.00151 0.00554 0.00153 

𝜎𝑓𝑒 20.872 15.300 56.792 15.149 

     

Panel (B): SO     

Sum (pos.) Wts. 1.000 1.000 1.000 1.000 

SD. Wts.          0.000112 0.000112 0.000110 0.000114 

|𝛽̂1| 0.00749 0.00428 0.00261 0.00036 

𝜎𝑓𝑒 67.163 38.379 23.691 3.157 

Note: This table shows weights attached to the two-way fixed effects (TwFE) regressions of the relationship between 

practices’ degree of altruistic motivation and patients’ filled opioid prescriptions. The outcome variable in column (1) 

is an indicator variable of whether a filled opioid prescription exceeds an average daily dosage of 50 mg oral morphine 

equivalents (OMEQs) in the consumption period, while the outcome variable in columns (2) is an indicator variable 

for whether a filled opioid prescription exceeds an average daily dosage of 100mg OMEQs in the consumption period. 

The outcome variable in columns (3) is an indicator variable for whether a filled opioid prescription is by a patient 

using opioids long-term (long treatment spell exceeding 180 days, with at most 120 days between prescriptions). The 

outcome variable in columns (4) is an indicator variable of whether a filled opioid prescription by a patient using 

opioids long-term includes a short-acting opioid. Filled opioid prescriptions issued by all providers are included in all 

outcome variables. Sum (Pos.) Wts. = sum of positive weights in the TwFE regression (the estimation procedure reveals 

that there are no negative weights attached to all the TwFE regressions); SD. Wts. = standard deviation of the weights; 

The parameter 𝜎𝑓𝑒 is a measure of the robustness of the TwFE regression to heterogeneous treatment effects derived 

in collarary 1 on page 2973 of De Chaisemartin and d’Haultfoeuille (2020). |𝛽̂1| = the TwFE 𝛽̂1 in columns (1) - (4) 

of Table 3 in this paper. 𝜎𝑓𝑒 is computed by dividing each respective |𝛽̂1| by SD. Wts. Large values of 𝜎𝑓𝑒 (relative to 

|𝛽̂1|) implies that 𝛽̂1 can only be biased, relative to the true average treatment effect on the treated in the population, 

under a large and implausible amount of treatment effect heterogeneity (see the discussion in De Chaisemartin and 

d’Haultfoeuille (2020)). Sum (Pos.) Wts and SD. Wts. are computed using the version of the twowayfeweights Stata 

package available in June 2025. All estimates are computed for GPs that completed the 2019 Danish national GP work-

life survey. 

 

 

 

 

 

 

 

 



 

Overview of results of robustness checks 

This overview summarises the series of robustness checks that are presented in appendices 8-21 

below. First, following other studies on GPs’ altruistic motivation (e.g., Oxholm et al. (2024)), we 

change the cut-off for high-altruistic motivation from the 50th-percentile to the 75th-percentile of the 

distributions of PO and SO. Appendices 8 and 9 show that the estimates remain qualitatively similar 

in sign and size at the 75th-percentile, albeit with a drop in significance levels for a few estimates. 

Appendix 8 shows that the estimate for the association between high-PO practices and the ‘100 mg 

OMEQs’-indicator becomes statistically insignificant (see column 6), while the estimate for high-PO 

practices and the outcome ‘short-acting opioids by a patient using opioids long-term’ becomes 

significant only at the 10% level (see column 8). One potential reason for the drops in statistical 

significance could be the smaller number of practices that are highly altruistically motivated at the 

75th -percentile relative to the 50th-percentile.  

 

Given the scope of the guideline and the fact that we cannot directly observe GPs’ involvement in 

patients’ treatments (e.g., deprescribing, counselling etc.), we include opioids issued by all providers 

to the practices’ enlisted patients in our main analyses. In another robustness check, we focus only on 

filled prescriptions where at least one was issued by a GP to the patient on the given day. Appendix 

10 shows that the estimates of the association between high-PO practices and our opioid outcomes 

are qualitatively similar to the main results. Appendix 11 shows that the statistical significance drops 

for the DiD estimates for the 50 mg and 100 mg OMEQ indicators for high-SO practices. This could 

indicate that our findings are partly driven by GPs’ indirect involvement in other prescribers’ 

prescriptions.  

 

As not all GPs in all practices responded to the GP work-life survey, we next examine the link between 

GP altruistic motivation and practice prescribing. In appendices 12 and 13, we weigh the observations 

by the inverse of the number of GPs in each practice, thus putting a larger weight on practices with 

fewer GPs (a more direct link). Our results in appendices 12 and 13 remain qualitatively similar to 

the main results. The only exception being a reduction in the statistical significance of the DiD 

estimates for high-SO practices for the 100 OMEQs indicator to only a 10%-level.  

 

The national clinical guideline on opioids’ recommendations to restrict opioid prescription to below 

an average daily dosage of 50 mg and 100 mg OMEQs, respectively, alluded to patients who were at 

the start of their treatment. Appendices 14 and 15 reveal that only considering patients initiating 

treatment yield estimates that are qualitatively similar in sign and size, but the statistical significance 

drops. A potential explanation for the loss of statistical significance could be that GPs primarily adjust 

dosages for already existing patients. Another explanation could be the smaller sample size (only 15% 

and 7% of observations for the 50 mg and 100 mg OMEQ indicator, respectively; see Panel (C) in 

appendix 6).  

 

Recall that in our main analysis, we assess filled opioid prescriptions, where we define a single 

prescription as all filled opioid prescriptions by a specific patient on a specific day (see appendix 2). 

In appendices 16, 17, 18 and 19, we assess whether our results are driven by seasonal trends at the 

daily or weekly levels, by including controls for seasonality in addition to the month-fixed effects 

used in the main analysis. Our estimates remain qualitatively similar to the main results.  

 

Lastly, to rule out compositional changes in our sample of practices as a driver of our results, our 

main analysis is conducted on filled opioid prescriptions by patients enlisted with practices 

prescribing opioids in all months of our analysis period (see appendix 2). Online appendices 20 and 

21 show that our results are qualitatively similar if we instead conduct our analyses using a sample 

without restricting on practices’ prescribing each month. The only noteworthy difference is a drop in 

the significance level of the DiD estimate for the 100 mg OMEQ indicator to the 10%-level (see 

appendix 21).  



 

Appendix 8: Association between practice altruistic motivation and filled opioid prescriptions 

using a cutoff of high-altruistic motivation at the 75th-percentile (pre-treatment) 
 
Table A8: Association between practice altruistic motivation and filled opioid prescriptions using a 

cutoff of altruistic motivation at the 75th-percentile (pre-treatment) 

 (1) (2) (3) (4) (5) (6) (7) (8) 

 >50 >100 l.t. l.t. (short) >50 >100 l.t. l.t. 

(short) 

         

PO (𝜃1)̂ 0.0134*** 0.00926** 0.00346 0.0261*** 0.0108** 0.00510 0.00200 0.0166* 

 (0.00514) (0.00435) (0.00533) (0.00925) (0.00473) (0.00406) (0.00475) (0.00858) 

         

         

SO (𝜃2)̂ 0.00216 0.00134 -0.00671 0.0107 0.00245 0.00114 -0.00497 0.00987 

 (0.00563) (0.00488) (0.00594) (0.0114) (0.00510) (0.00457) (0.00524) (0.0112) 

Covariates N N N N Y Y Y Y 

         

Constant 0.373*** 0.195*** 0.667*** 0.496*** 0.337*** 0.148*** 0.570*** 0.399*** 

 (0.00353) (0.00301) (0.00386) (0.00586) (0.0146) (0.0133) (0.0126) (0.0255) 

         

P-value: 

PO 

0.01 0.03 0.52 0.00 0.02 0.21 0.67 0.05 

P-value: 

SO  

0.70 0.78 0.26 0.35 0.63 0.80 0.34 0.38 

         

Obs. 702,746 702,746 812,827 531,238 702,746 702,746 812,827 531,238 

Note: This table shows ordinary least squares (OLS) regression estimates of the association between the degree of practice 

altruistic motivation and filled opioid prescriptions. The degree of practice altruistic motivation is measured by the average 

degree of patient orientation (PO) among general practitioners (GPs) in a practice and by the average degree of society 

orientation (SO) in a practice. Low vs. high PO and SO are defined by the 75th percentile distribution of PO and SO. The 

outcome variable in columns (1) and (5) is an indicator variable of whether a filled opioid prescription exceeds an average 

daily dosage of 50 mg oral morphine equivalents (OMEQs) in the consumption period, while the outcome variable in 

columns (2) and (6) is an indicator variable for whether a filled opioid prescription exceeds an average daily dosage of 100 

mg OMEQs in the consumption period. The outcome variable in columns (3) and (7) is an indicator variable for whether a 

filled opioid prescription is by a patient using opioids long-term (long treatment spell exceeding 180 days, with at most 120 

days between prescriptions). The outcome variable in columns (4) and (8) is an indicator variable of whether a filled opioid 

prescription by a patient using opioids long-term includes a short-acting opioid. Filled opioid prescriptions issued by all 

types of providers are included in all outcome variables. The estimates in columns (1) through (4) do not control for 

covariates, while those in columns (5) through (8) control for practice, patient socio-economic and patient health 

characteristics. Analysis period is Jan-Nov. 2018, before the introduction of the Danish opioid guideline in December 2018. 

All estimates are computed for filled opioid prescriptions by patients enlisted with practices that completed the 2019 Danish 

national GP work-life survey. Standard errors clustered at the practice level are in parentheses. P-value tests the null 

hypothesis that each motivation estimate (𝜃1̂ and 𝜃2̂) in each column is statistically significantly different from zero.  

* p<0.10, ** p<0.05, *** p<0.01 



 

Appendix 9: The relationship between practices’ degree of altruistic motivation and responses to the guideline using a cutoff of high- altruistic 

motivation at the 75th-percentile 

 
Table A9: The relationship between practices’ degree of altruistic motivation and filled opioid prescriptions using a cutoff of altruistic motivation at the 75th-

percentile 

 (1) (2) (3) (4) (5) (6) (7) (8) 

 >50 >100 l.t. l.t. (short) >50 >100 l.t. l.t. (short) 

Panel (A): 

PO 

        

𝛽̂1 -0.00144 -0.00218 0.00581* -0.00447 -0.000686 -0.00161 0.00610* -0.00379 

 (0.00259) (0.00225) (0.00323) (0.00422) (0.00249) (0.00215) (0.00323) (0.00413) 

Covariates N N N N Y Y Y Y 

Constant 0.378*** 0.198*** 0.666*** 0.511*** 0.346*** 0.169*** 0.503*** 0.472*** 

 (0.00185) (0.00149) (0.00218) (0.00248) (0.0245) (0.0198) (0.0215) (0.0287)    

P-value 0.43 0.31 0.01 0.43 0.43 0.28 0.01 0.44    

Obs. 1,459,607 1,459,607 1,705,424 1,085,099 1,459,607 1,459,607 1,705,424 1,085,099 

         

Panel (B): 

SO 

        

𝛽̂1 -0.00734** -0.00593** 0.00561 0.000923 -0.00633** -0.00514** 0.00524 0.00121 

 (0.00293) (0.00255) (0.00372) (0.00417) (0.00282) (0.00242) (0.00369) (0.00412) 

Covariates N N N N Y Y Y Y 

Constant 0.378*** 0.198*** 0.666*** 0.511*** 0.343*** 0.167*** 0.506*** 0.471*** 

 (0.00185) (0.00149) (0.00218) (0.00248) (0.0249) (0.0199) (0.0216) (0.0290) 

P-value 0.27 0.63 0.06 0.33 0.39 0.82 0.07 0.30 

         

Obs. 1,459,607 1,459,607 1,705,424 1,085,099 1,459,607 1,459,607 1,705,424 1,085,099 

Note: This table shows difference-in-differences (DiD) estimates of the relationship between practices’ degree of altruistic motivation and filled opioid prescriptions. The degree of 

practice altruistic motivation is measured by the average degree of patient orientation (PO) of general practitioners (GPs) in a practice in panel (A) and by the average degree of society 

orientation (SO) in a practice in panel (B). The treatment groups comprise of filled opioid prescriptions by patients enlisted with general practices where GPs on average have a high 

degree of PO and SO, while the comparison groups comprise filled opioid prescriptions by patients enlisted with general practices where GPs on average have a lower degree of PO and 

SO. Low vs. high PO and SO are defined with respect to the 75th percentile distribution of PO and SO. All regressions are estimated using two-way fixed effects (TwFE) regression 

specifications including group and period (month) fixed effects, with the estimates computed before (Jan-Nov. 2018) relative to after (Dec. 2018-Dec. 2019) the introduction of the 

Danish national opioid guideline in December 2018. The outcome variable in columns (1) and (5) is an indicator variable of whether a filled opioid prescription exceeds an average daily 

dosage of 50 mg oral morphine equivalents (OMEQs) in the consumption period, while the outcome variable in columns (2) and (6) is an indicator variable for whether a filled opioid 

prescription exceeds an average daily dosage of 100 mg OMEQs in the consumption period. The outcome variable in columns (3) and (7) is an indicator variable for whether a filled 

opioid prescription is by a patient using opioids long-term (long treatment spell exceeding 180 days, with at most 120 days between prescriptions). The outcome variable in columns (4) 

and (8) is an indicator variable of whether a filled opioid prescription by a patient using opioids long-terms includes a short-acting opioid. Opioid prescriptions issued by all types of 



 

providers are included in all outcome variables. The estimates in columns (1) through (4) do not control for covariates, while those in columns (5) through (8) control for practice, patient 

socio-economic and patient health characteristics. All estimates are computed for redeemed opioids by patients enlisted with GPs that completed the 2019 Danish national GP work-life 

survey. Standard errors clustered at the practice level are in parentheses. P-value tests the joint null hypothesis that all coefficients in the pre-treatment period are statistically significant 

(pre-trends).  * p<0.10, ** p<0.05, *** p<0.01 



 

Appendix 10: Association between practice altruistic motivation and filled opioid prescriptions with direct GP involvement (pre-treatment)  
 

Table A10: Association between practice altruistic motivation and filled opioid prescriptions with direct GP involvement (pre-treatment)  

 (1) (2) (3) (4) (5) (6) (7) (8) 

 >50 >100 l.t. l.t. (short) >50 >100 l.t. l.t. (short) 

         

PO(𝜃1)̂ 0.0150*** 0.0101** -0.000800 0.0349*** 0.0129*** 0.00808** -0.00151 0.0335*** 

 (0.00528) (0.00425) (0.00518) (0.00974) (0.00494) (0.00400) (0.00480) (0.00892) 

         

         

SO(𝜃2̂) -0.00419 0.000234 -0.00476 0.0148 -0.00178 0.00227 -0.00311 0.0127 

 (0.00523) (0.00423) (0.00510) (0.00950) (0.00495) (0.00403) (0.00468) (0.00901) 

         

Covariates N N N N Y Y Y Y 

         

Constant 0.363*** 0.180*** 0.710*** 0.471*** 0.325*** 0.133*** 0.624*** 0.376*** 

 (0.00535) (0.00425) (0.00503) (0.00880) (0.0167) (0.0125) (0.0154) (0.0295) 

         

P-value: PO 0.00 0.02 0.88 0.00 0.01 0.04 0.75 0.00 

P-value: SO 0.42 0.96 0.35 0.12 0.72 0.57 0.51 0.16 

         

Obs. 586,113 586,113 659,003 457,381 586,113 586,113 659,003 457,381 

Note: This table shows ordinary least squares (OLS) regression estimates of the association between the degree of practice altruistic motivation and filled opioid prescriptions. The degree 

of practice altruistic motivation is measured by the average degree of patient orientation (PO) general practitioners (GPs) in a practice and by the average degree of society orientation 

(SO) in a practice. Low vs. high PO and SO are defined with respect to the 50th percentile distribution of PO and SO. The outcome variable in columns (1) and (5) is an indicator variable 

of whether a filled opioid prescription exceeds an average daily dosage of 50 mg oral morphine equivalents (OMEQs) in the consumption period, while the outcome variable in columns 

(2) and (6) is an indicator variable for whether a filled opioid prescription exceeds an average daily dosage of 100 mg OMEQs in the consumption period. The outcome variable in columns 

(3) and (7) is an indicator variable for whether a filled opioid prescription is by a patient using opioids long-term (long treatment spell exceeding 180 days, with at most 120 days between 

prescriptions). The outcome variable in columns (4) and (8) is an indicator variable of whether a filled opioid prescription by a patient using opioids long-terms includes a short-acting 

opioid. All outcome variables require that a filled opioid prescription includes at least one prescription issued by the GP. The estimates in columns (1) through (4) do not control for 

covariates, while those in columns (5) through (8) control for practice, patient socio-economic and patient health characteristics. Analysis period is Jan-Nov. 2018, before the introduction 

of the Danish opioid guideline in December 2018. All estimates are computed for filled opioid prescriptions by patients enlisted with GPs that completed the 2019 Danish national GP 

work-life survey. Standard errors clustered at the practice level are in parentheses. P-value tests the null hypothesis that each motivation estimate (𝜃1̂ and 𝜃2̂) in each column is statistically 

significantly different from zero. * p<0.10, ** p<0.05, *** p<0.01 



 

Appendix 11: The relationship between practices’ degree of altruistic motivation and responses to the guideline with direct GP involvement  
Table A11: The relationship between practices’ degree of altruistic motivation and filled opioid prescriptions in the subsample with direct GP involvement  

 (1) (2) (3) (4) (5) (6) (7) (8) 

 >50 >100 l.t. l.t. (short) >50 >100 l.t. l.t.(short) 

Panel (A):  

PO 

        

𝛽̂1 0.00207 0.000971 0.00523 -0.00282 0.00199 0.000885 0.00461 -0.00287 

 (0.00286) (0.00225) (0.00337) (0.00416) (0.00275) (0.00215) (0.00336) (0.00409) 

Covariates N N N N Y Y Y Y 

Constant 0.369*** 0.186*** 0.706*** 0.502*** 0.331*** 0.153*** 0.518*** 0.453*** 

 (0.00204) (0.00158) (0.00229) (0.00273) (0.0279) 0.0243) (0.0239) (0.0353) 

P-value 0.54 0.83 0.02 0.63 0.48 0.87 0.02 0.69 

Obs. 1,208,641 1,208,641 1,369,945 929,608 1,208,641 1,208,641 1,369,945 929,608 

         

Panel (B):  

SO 

        

𝛽̂1 -0.00516*    -0.00308 0.00533 -0.00141 -0.00482* -0.00283 0.00501 -0.000818 

 (0.00278) (0.00222) (0.00334) (0.00416) (0.00267) (0.00213) (0.00333) (0.00407) 

Covariates N N N N Y Y Y Y 

Constant 0.369*** 0.186*** 0.706*** 0.502*** 0.330*** 0.152*** 0.519*** 0.453*** 

 (0.00204) (0.00158) (0.00229) (0.00273) (0.0280) (0.0242) (0.0239) (0.0354) 

P-value 0.68 0.71 0.40 0.73 0.51 0.88 0.39 0.75    

Obs. 1,208,641 1,208,641 1,369,945 929,608 1,208,641 1,208,641 1,369,945 929,608 

Note: This table shows difference-in-differences (DiD) estimates of the relationship between practices’ degree of altruistic motivation and filled opioid prescriptions. The degree of 

altruistic motivation is measured by the average degree of patient orientation (PO) of general practitioners (GPs) in a practice in panel (A) and by the average degree of society orientation 

(SO) in a practice in panel (B). The treatment groups comprise of patients enlisted with general practices where GPs on average have a high degree of PO and SO, while the comparison 

groups comprise patients enlisted with general practices where GPs on average have a lower degree of PO and SO. Low vs. high PO and SO are defined with respect to the 50th percentile 

distribution of PO and SO. All regressions are estimated using two-way fixed effects (TwFE) regression specifications including group and period (month) fixed effects, with the estimates 

computed before (Jan-Nov. 2018) relative to after (Dec. 2018-Dec. 2019) the introduction of the Danish national opioid guideline in December 2018. The outcome variable in columns 

(1) and (5) is an indicator variable of whether a filled opioid prescription exceeds an average daily dosage of 50 mg oral morphine equivalents (OMEQs) in the consumption period, while 

the outcome variable in columns (2) and (6) is an indicator variable for whether a filled opioid prescription exceeds an average daily dosage of 100 mg OMEQs in the consumption period. 

The outcome variable in columns (3) and (7) is an indicator variable for whether a filled opioid prescription is by a patient using opioids long-term (long treatment spell exceeding 180 

days, with at most 120 days between prescriptions). The outcome variable in columns (4) and (8) is an indicator variable of whether a filled opioid prescription by a patient using opioids 

long-term includes a short-acting opioid. All outcome variables require that a filled opioid prescription includes at least one prescription issued by the GP. The estimates in columns (1) 

through (4) do not control for covariates, while those in columns (5) through (8) control for practice, patient socio-economic and patient health characteristics. All estimates are computed 

for filled opioid prescriptions by patients enlisted with practices that completed the 2019 Danish national GP work-life survey. Standard errors clustered at the practice level are in 

parentheses. P-value tests the joint null hypothesis that all coefficients in the pre-treatment period are statistically significant (pre-trends).  * p<0.10, ** p<0.05, *** p<0.01 



 

Appendix 12: Association between practice altruistic motivation and filled opioid prescriptions weighted by the inverse of the number of GPs 

in each practice (pre-treatment) 
Table A12: Association between practice altruistic motivation and filled opioid prescriptions weighted by the inverse of the number of GPs in each practice (pre-

treatment) 

 (1) (2) (3) (4) (5) (6) (7) (8) 

 >50 >100 l.t. l.t. (short) >50 >100 l.t. l.t. (short) 

         

PO(𝜃1̂) 0.0213*** 0.0134** 0.00973* 0.0247** 0.0181*** 0.0102** 0.00769 0.0187*   

 (0.00606) (0.00543) (0.00573) (0.0105) (0.00538) (0.00484) (0.00499) (0.00958) 

         

         

SO(𝜃2̂) -0.00445 -0.00365 -0.0000487 0.0115 -0.00229 -0.00203 0.00203 0.0119 

 (0.00592) (0.00522) (0.00561) (0.00993) (0.00534) (0.00468) (0.00485) (0.00942) 

Covariates N N N N Y Y Y Y 

         

Constant 0.369*** 0.196*** 0.659*** 0.498*** 0.337*** 0.161*** 0.572*** 0.397*** 

 (0.00643) (0.00581) (0.00546) (0.0101) (0.0177) (0.0169) (0.0145) (0.0309) 

         

P-value: PO 0.00 0.01 0.09 0.02 0.00 0.04 0.12 0.05 

P-value: SO  0.45 0.48 0.99 0.25 0.67 0.67 0.68 0.21 

         

Obs. 702,746 702,746 812,827 531,238 702,746 702,746 812,827 531,238 

Note: This table shows ordinary least squares (OLS) regression estimates of the association between the degree of practice altruistic motivation and filled opioid prescriptions in the full 

sample weighted by the inverse of the number of GPs in each practice. The degree of practice altruistic motivation is measured by the average degree of patient orientation (PO) of 

general practitioners (GPs) in a practice and by the average degree of society orientation (SO) in a practice. Low vs high PO and SO are defined with respect to the 50th percentile 

distribution of PO and SO. The outcome variable in columns (1) and (5) is an indicator variable of whether a filled opioid prescription exceeds an average daily dosage of 50 mg oral 

morphine equivalents (OMEQs) in the consumption period, while the outcome variable in columns (2) and (6) is an indicator variable for whether a filled opioid prescription exceeds an 

average daily dosage of 100mg OMEQs in the consumption period. The outcome variable in columns (3) and (7) is an indicator variable for whether a filled opioid prescription is by 

patients using opioids long-term (long treatment spell exceeding 180 days, with at most 120 days between prescriptions). The outcome variable in columns (4) and (8) is an indicator 

variable of whether a filled opioid prescription by a patient using opioids long-term includes a short-acting opioid.  Filled opioid prescriptions issued by all types of providers are included 

in all outcome variables. The estimates in columns (1) through (4) do not control for covariates, while those in columns (5) through (8) control for practice, patient socio-economic and 

patient health characteristics. Analysis period is Jan-Nov. 2018, before the introduction of the Danish opioid guideline in December 2018. All estimates are computed for filled opioid 

prescriptions by patients enlisted with GPs that completed the 2019 Danish national GP work-life survey. Standard errors clustered at the practice level are in parentheses. P-value tests 

the null hypothesis that each motivation estimate (𝜃1̂ and 𝜃2̂) in each column is statistically significantly different from zero. * p<0.10, ** p<0.05, *** p<0.01 



 

Appendix 13: The relationship between practices’ degree of altruistic motivation and responses to the guideline weighted by the inverse of the 

number of GPs per practice  
Table A13: The relationship between practices’ degree of altruistic motivation and filled opioid prescriptions weighted by the inverse of the number of GPs in each 

practice 

 (1) (2) (3) (4) (5) (6) (7) (8) 

 >50 >100 l.t. l.t. (short) >50 >100 l.t. l.t. (short) 

Panel (A): 

PO 

        

𝛽̂1 0.000501 0.000583 0.00369 -0.00274 -0.000286 -0.000120 0.00243 -0.00331 

 (0.00294) (0.00257) (0.00346) (0.00470) (0.00284) (0.00242) (0.00342) (0.00461) 

Covariates N N N N Y Y Y Y 

Constant 0.379*** 0.202*** 0.664*** 0.523*** 0.294*** 0.127*** 0.507*** 0.439*** 

 (0.00210) (0.00181) (0.00259) (0.00294) (0.0256) (0.0208) (0.0224) (0.0279) 

P-value 0.17 0.62 0.11 0.70 0.15 0.62 0.15 0.66 

Obs. 1,459,607 1,459,607 1,705,424 1,085,099 1,459,607 1,459,607 1,705,424 1,085,099 

         

Panel (B): 

SO 

        

𝛽̂1 -0.00770*** -0.00483* 0.00130 0.00251 -0.00729*** -0.00449* 0.000861 0.00269 

 (0.00290) (0.00255) (0.00342) (0.00460) (0.00280) (0.00243) (0.00336) (0.00446) 

Covariates N N N N Y Y Y Y 

Constant 0.379*** 0.202*** 0.664*** 0.523*** 0.293*** 0.126*** 0.507*** 0.440*** 

 (0.00210) (0.00180) (0.00259) (0.00294) (0.0253) (0.0205 (0.0223) (0.0280) 

P-value 0.41 0.84 0.36 0.80 0.28 0.67 0.30 0.81 

Obs. 1,459,607 1,459,607 1,705,424 1,085,099 1,459,607 1,459,607 1,705,424 1,085,099 

Note: This table shows difference-in-differences (DiD) estimates of the relationship between practices’ degree of altruistic motivation and filled opioid prescriptions in the full sample 

weighted by the inverse of the number of GPs in each practice. The degree of practice altruistic motivation is measured by the average degree of patient orientation (PO) of general 

practitioners (GPs) in a practice in panel (A) and by the average degree of society orientation (SO) in a practice in panel (B). The treatment groups comprise of filled opioid prescriptions 

by patients enlisted with general practices where GPs on average have a high degree of PO and SO, while the comparison groups comprise of filled opioid prescriptions by patients 

enlisted with general practices where GPs on average have a lower degree of PO and SO. Low vs. high PO and SO are defined with respect to the 50th percentile distribution of PO and 

SO. All regressions are estimated using two-way fixed effects (TwFE) regression specifications including group and period (month) fixed effects, with the estimates computed before 

(Jan-Nov. 2018) relative to after (Dec. 2018-Dec. 2019) the introduction of the Danish national opioid guideline in December 2018. The outcome variable in columns (1) and (5) is an 

indicator variable of whether a filled opioid prescription exceeds an average daily dosage of 50 mg oral morphine equivalents (OMEQs) in the consumption period, while the outcome 

variable in columns (2) and (6) is an indicator variable for whether a filled opioid prescription exceeds an average daily dosage of 100 mg OMEQs in the consumption period. The 

outcome variable in columns (3) and (7) is an indicator variable for whether a filled opioid prescription is by a patient using opioids long-term (long treatment spell exceeding 180 days, 

with at most 120 days between prescriptions). The outcome variable in columns (4) and (8) is an indicator variable of whether a filled opioid prescription by a patient using opioids long-

term includes a short-acting opioid.  Opioid prescriptions issued by all types of providers are included in all outcome variables. The estimates in columns (1) through (4) do not control 

for covariates, while those in columns (5) through (8) control for practice, patient socio-economic and patient health characteristics. All estimates are computed for filled opioid 



 

prescriptions by patients enlisted with practices that completed the 2019 Danish national GP work-life survey. Standard errors clustered at the practice level are in parentheses. P-value 

tests the joint null hypothesis that all coefficients in the pre-treatment period are statistically significant (pre-trends).  * p<0.10, ** p<0.05, *** p<0.01 



 

Appendix 14: Association between practice altruistic motivation and filled opioid 

prescriptions by the subsample of patients at the start of treatment (pre-treatment)  
 

Table A14: Association between practice altruistic motivation and filled opioid prescriptions by the 

subsample of patients at the start of treatment (pre-treatment) 

 (1) (2) (3) (4) 

 >50 >100 >50 >100 

     

𝑃𝑂(𝜃1)̂ 0.00198 0.00115 0.00235 0.00154 

 (0.00336) (0.00226) (0.00336) (0.00228) 

     

     

𝑆𝑂(𝜃2)̂ 0.000340 -0.000153 0.00113 0.000366 

 (0.00324) (0.00220) (0.00327) (0.00222) 

     

Covariates N N Y Y 

Constant 0.157*** 0.0711*** 0.167*** 0.0723*** 

 (0.00526) (0.00391) (0.0106) (0.00756) 

     

P-value: PO 0.56 0.61 0.48 0.50 

P-value: SO  0.92 0.94 0.73 0.87 

     

Obs. 74,065 74,065 74,065 74,065 

Note: This table shows ordinary least squares (OLS) regression estimates of the 

association between the degree of practice altruistic motivation and filled opioid 

prescriptions by the subsample of opioid users at the start of an opioid treatment spell. 

The start of a treatment spell is equal to the first filled prescription day only of a 

treatment spell characterised by consecutive filled prescription dates that have less 

than 4 months (120 days) between any two prescriptions in the spell. The degree of 

practice altruistic motivation is measured by the average degree of patient orientation 

(PO) of general practitioners (GPs) in a practice and by the average degree of society 

orientation (SO) in a practice. Low vs. high PO and SO are defined with respect to the 

50th percentile distribution of PO and SO. The outcome variable in columns (1) and 

(3) is an indicator variable of whether a filled opioid prescription exceeds an average 

daily dosage of 50 mg oral morphine equivalents (OMEQs) in the consumption 

period, while the outcome variable in columns (2) and (4) is an indicator variable for 

whether a filled opioid prescription exceeds an average daily dosage of 100 mg 

OMEQs in the consumption period. The estimates in columns (1) through (2) do not 

control for covariates, while those in columns (3) through (4) control for practice, 

patient socio-economic and patient health characteristics. Analysis period is Jan-Nov. 

2018, before the introduction of the Danish opioid guideline in December 2018. All 

estimates are computed for filled opioid prescriptions by patients enlisted with 

practices that completed the 2019 Danish national GP work-life survey. Standard 

errors clustered at the practice level are in parentheses. P-value tests the null 

hypothesis that each motivation estimate (𝜃1̂ and 𝜃2̂) in each column is statistically 

significantly different from zero. * p<0.10, ** p<0.05, *** p<0.01 

 
 
 
 
 



 

Appendix 15: The relationship between practices’ degree of altruistic motivation and 

responses to the guideline in the subsample of patients at the start of treatment  

Table A15: The relationship between practices’ degree of altruistic motivation and filled opioid 

prescriptions in the subsample of patients at the start of treatment 

 (1) (2) (3) (4) 

 >50 >100 >50 >100 

Panel (A): 

PO 

    

𝛽̂1 -0.00287 -0.00247 -0.00326 -0.00274 

 (0.00370) (0.00268) (0.00369) (0.00269)    

Covariates N N Y Y 

Constant 0.159*** 0.0717***         0.168*** 0.0766*** 

 (0.00443) (0.00335) (0.00808) (0.00555) 

P-value 0.52 0.28 0.47 0.24    

Obs. 160,541 160,541 160,541 160,541 

     

Panel (B): 

SO 

    

𝛽̂1 -0.00610* -0.00236 -0.00605* -0.00235 

 (0.00362) (0.00262) (0.00360) (0.00262)    

Covariates N N Y Y 

Constant 0.159*** 0.0717*** 0.169*** 0.0767*** 

 (0.00443) (0.00335) (0.00809) (0.00555) 

P-value 0.72 0.06 0.68 0.05    

     

Obs. 160,541 160,541 160,541 160,541 

Note: This table shows difference-in-differences (DiD) estimates of the relationship 

between practices’ degree of altruistic motivation and filled opioid prescriptions in 

the subsample of patients at the start of an opioid treatment spell. The start of a 

treatment spell is equal to the first filled prescription day only of a treatment spell 

characterised by consecutive filled prescription dates that have less than 4 months 

(120 days) between any two prescriptions in the spell. The degree of practice 

altruistic motivation is measured by the average degree of patient orientation (PO) 

of general practitioners (GPs) in a practice in panel (A) and by the average degree 

of society orientation (SO) in a practice in panel (B). The treatment groups comprise 

of filled opioid prescriptions by patients enlisted with general practices where GPs 

on average have a high degree of PO and SO, while the comparison groups comprise 

of filled opioid prescriptions by patients enlisted with general practices where GPs 

on average have a lower degree of PO and SO. Low vs. high PO and SO are defined 

with respect to the 50th percentile distribution of PO and SO. All regressions are 

estimated using two-way fixed effects (TwFE) regression specifications including 

group and period (month) fixed effects, with the estimates computed before (Jan-

Nov. 2018) relative to after (Dec. 2018-Dec. 2019) the introduction of the Danish 

national opioid guideline in December 2018. The outcome variable in columns (1) 

and (3) is an indicator variable of whether a filled opioid prescription exceeds an 

average daily dosage of 50 mg oral morphine equivalents (OMEQs) in the 

consumption period, while the outcome variable in columns (2) and (4) is an 

indicator variable for whether a filled opioid prescription exceeds an average daily 

dosage of 100 mg OMEQs in the consumption period. The estimates in columns (1) 

through (2) do not control for covariates, while those in columns (3) through (4) 

control for practice, patient socio-economic and patient health characteristics. All 

estimates are computed for filled opioid prescriptions by a patient enlisted with a 

practice that completed the 2019 Danish national GP work-life survey. Standard 

errors clustered at the practice level are in parentheses. P-value tests the joint null 

hypothesis that all coefficients in the pre-treatment period are statistically 

significant (pre-trends). * p<0.10, ** p<0.05, *** p<0.01 

 
 
 



 

Appendix 16: Association between practice altruistic motivation and filled opioid 

prescriptions controlling for seasonality using day and week fixed effects (pre-treatment)  
Table A16: Association between practice altruistic motivation and filled opioid prescriptions controlling for 

seasonality using day and week fixed effects (pre-treatment) 

 (1) (2) (3) (4) 

 >50 >100 l.t. l.t. (short) 

     

PO(𝜃1)̂ 0.0166*** 0.0114*** 0.00150 0.0280*** 

 (0.00482) (0.00410) (0.00523) (0.00900) 

     

     

SO(𝜃2̂) -0.00334 -0.000260 -0.00459 0.0120 

 (0.00478) (0.00409) (0.00512) (0.00872) 

     

Covariates N N N N 

Month FEs Y Y Y Y 

Week FEs Y Y Y Y 

Day FEs Y Y Y Y 

     

Constant 0.375*** 0.197*** 0.683*** 0.498*** 

 (0.00751) (0.00616) (0.00799) (0.0107) 

     

P-value: PO 0.00 0.01 0.77 0.00 

P-value: SO  0.48 0.95 0.37 0.17 

     

Obs. 702,746 702,746 812,827 531,238 

Note: This table shows ordinary least squares (OLS) regression estimates of the 

association between the degree of practice altruistic motivation and filled opioid 

prescriptions. The degree of practice altruistic motivation is measured by the average 

degree of patient orientation (PO) of general practitioners (GPs) in a practice and by 

the average degree of society orientation (SO) in a practice. Low vs. high PO and SO 

are defined with respect to the 50th percentile distribution of PO and SO. The outcome 

variable in columns (1) is an indicator variable of whether a filled opioid prescription 

exceeds an average daily dosage of 50 mg oral morphine equivalents (OMEQs) in the 

consumption period, while the outcome variable in columns (2) is an indicator 

variable for whether a filled opioid prescription exceeds an average daily dosage of 

100 mg OMEQs in the consumption period. The outcome variable in column (3) is an 

indicator variable for whether a filled opioid prescription is by patients using opioids 

long-term (long treatment spell exceeding 180 days, with at most 120 days between 

prescriptions). The outcome variable in columns (4) is an indicator variable of whether 

a filled opioid prescription by a patient using opioids long-terms includes a short-

acting opioid. All specifications in all columns also control for both calendar week 

and calendar day-of-the-week fixed effects. Analysis period is Jan-Nov. 2018, before 

the introduction of the Danish opioid guideline in December 2018. All estimates are 

computed for filled opioid prescriptions by patients enlisted with GPs that completed 

the 2019 Danish national GP work-life survey. Standard errors clustered at the practice 

level are in parentheses. P-value tests the null hypothesis that each motivation estimate 

(𝜃1̂ and 𝜃2̂) in each column is statistically significantly different from zero. * p<0.10, 

** p<0.05, *** p<0.01 

 
 
 
 



 

Appendix 17: The relationship between practices’ degree of altruistic motivation and 

responses to the guideline controlling for seasonality using day and week fixed effects  
Table A17: The relationship between practices’ degree of altruistic motivation and filled opioid prescriptions 

controlling for seasonality using day and week fixed effects 

 (1) (2) (3) (4) 

 >50 >100 l.t. l.t. (short) 

Panel (A): 

PO 

    

𝛽̂1 0.00208 0.00153 0.00560* -0.00155 

 (0.00255) (0.00216) (0.00318) (0.00386) 

Constant 0.379*** 0.196*** 0.673*** 0.517*** 

 (0.00478) (0.00384) (0.00439) (0.00554) 

P-value 0.35 0.82 0.04 0.94 

     

Panel (B): 

SO 

    

𝛽̂1 -0.00749*** -0.00427** 0.00265 -0.000404 

 (0.00249) (0.00212) (0.00316) (0.00386) 

Constant 0.379*** 0.196*** 0.673*** 0.517*** 

 (0.00477) (0.00383) (0.00439) (0.00554) 

P-value 0.79             0.99 0.35 0.87 

     

Covariates N N N N 

Month FEs Y Y Y Y 

Practice FEs Y Y Y Y 

Week FEs Y Y Y Y 

Day FEs Y Y Y Y 

     

Obs. 1,459,607 1,459,607 1,705,424 1,085,099 

Note: This table shows difference-in-differences (DiD) estimates of the relationship 

between practices’ degree of altruistic motivation and filled opioid prescriptions. The 

degree of practice altruistic motivation is measured by the average degree of patient 

orientation (PO) of general practitioners (GPs) in a practice in panel (A) and by the 

degree of society orientation (SO) in a practice in panel (B). The treatment groups 

comprise of filled opioid prescriptions by patients enlisted with general practices 

where GPs on average have a high degree of PO and SO, while the comparison 

groups comprise of filled opioid prescriptions by patients enlisted with general 

practices where GPs on average have a lower degree of PO and SO. Low vs. high 

PO and SO are defined with respect to the 50th percentile distribution of PO and SO. 

All regressions are estimated using two-way fixed effects (TwFE) regression 

specifications including group and period (month) fixed effects, with the estimates 

computed before (Jan-Nov. 2018) relative to after (Dec. 2018-Dec. 2019) the 

introduction of the Danish national opioid guideline in December 2018. The outcome 

variable in columns (1) is an indicator variable of whether a filled opioid prescription 

exceeds an average daily dosage of 50 mg oral morphine equivalents (OMEQs) in 

the consumption period, while the outcome variable in columns (2) is an indicator 

variable for whether a filled opioid prescription exceeds an average daily dosage of 

100 mg OMEQs in the consumption period. The outcome variable in columns (3) is 

an indicator variable for whether a filled opioid prescription is by a patient using 

opioids long-term (long treatment spell exceeding 180 days, with at most 120 days 

between prescriptions). The outcome variable in columns (4) is an indicator variable 

of whether a filled opioid prescription by a patient using opioids long-term includes 

a short-acting opioid. All specifications in all columns also control for both calendar 

week and calendar day-of-the-week fixed effects. All estimates are computed for 

filled opioid prescriptions by patients enlisted with practices that completed the 2019 

Danish national GP work-life survey. Standard errors clustered at the practice level 

are in parentheses. P-value tests the joint null hypothesis that all coefficients in the 

pre-treatment period are statistically significant (pre-trends). * p<0.10, ** p<0.05, 

*** p<0.01 



 

 
 
Appendix 18: Association between practice altruistic motivation and filled opioid 

prescriptions controlling for seasonality using a quartic for calendar days and a quartic for 

calendar weeks (pre-treatment)  
Table A18: Association between practice altruistic motivation and filled opioid prescriptions controlling for a 

quartic for calendar days and a quartic for calendar weeks (pre-treatment) 

 (1) (2) (3) (4) 

 >50 >100 l.t. l.t. (short) 

     

𝑃𝑂(𝜃1)̂ 0.0166*** 0.0114*** 0.00150 0.0280*** 

 (0.00482) (0.00410) (0.00523) (0.00900) 

     

     

SO(𝜃2̂) -0.00334 -0.000260 -0.00459 0.0120 

 (0.00478) (0.00409) (0.00512) (0.00872) 

     

Covariates N N N N 

Month FEs Y Y Y Y 

Q. in Weeks Y Y Y Y 

Q. in Days Y Y Y Y 

     

Constant 0.375*** 0.197*** 0.683*** 0.498*** 

 (0.00751) (0.00616) (0.00799) (0.0107) 

     

P-value: PO 0.00 0.01 0.77 0.00 

P-value: SO  0.48 0.95 0.37 0.17 

     

Obs. 702,746 702,746 812,827 531,238 

Note: This table shows ordinary least squares (OLS) regression estimates of the 

association between the degree of practice altruistic motivation and filled opioid 

prescriptions. The degree of practice altruistic motivation is measured by the average 

degree of patient orientation (PO) of general practitioners (GPs) in a practice and by 

the average degree of society orientation (SO) in a practice. Low vs. high PO and SO 

are defined with respect to the 50th percentile distribution of PO and SO. The outcome 

variable in columns (1) is an indicator variable of whether a filled opioid prescription 

exceeds an average daily dosage of 50 mg oral morphine equivalents (OMEQs) in the 

consumption period, while the outcome variable in columns (2) is an indicator 

variable for whether a filled opioid prescription exceeds an average daily dosage of 

100 mg OMEQs in the consumption period. The outcome variable in columns (3) is 

an indicator variable for whether a filled opioid prescription is by a patient using 

opioids long-term (long treatment spell exceeding 180 days, with at most 120 days 

between prescriptions). The outcome variable in columns (4) is an indicator variable 

of whether a filled opioid prescription by a patient using opioids long-term includes a 

short-acting opioid. All specifications in all columns also control for both a quartic 

(Q.) in calendar days and in calendar weeks. Analysis period is Jan-Nov. 2018, before 

the introduction of the Danish opioid guideline in December 2018. All estimates are 

computed for filled opioid prescriptions by patients enlisted with practices that 

completed the 2019 Danish national GP work-life survey. Standard errors clustered at 

the practice level are in parentheses. P-value tests the null hypothesis that each 

motivation estimate (𝜃1̂ and 𝜃2̂) in each column is statistically significantly different 

from zero (pre-trends). * p<0.10, ** p<0.05, *** p<0.01 

 

 
 
 
 



 

Appendix 19: The relationship between practices’ degree of altruistic motivation and responses to the 

guideline controlling for seasonality using a quartic for calendar days and a quartic for calendar weeks  

Table A19: The relationship between practices’ degree of altruistic motivation and filled opioid prescriptions 

controlling for seasonality using a quartic for calendar days and a quartic for calendar weeks 

 (1) (2) (3) (4) 

 >50 >100 l.t. l.t. (short) 

Panel (A): 

PO 

    

𝛽̂1 0.00208 0.00153 0.00560* -0.00155 

 (0.00255) (0.00216) (0.00318) (0.00386) 

Constant 0.379*** 0.196*** 0.673*** 0.517*** 

 (0.00478) (0.00384) (0.00439)        (0.00554) 

P-value 0.35 0.82 0.04 0.94 

     

Panel (B): 

SO 

    

𝛽̂1 -0.00749*** -0.00427** 0.00265 -0.000404    

 (0.00249) (0.00212) (0.00316) (0.00386) 

Constant 0.379*** 0.196*** 0.673*** 0.517*** 

 (0.00477) (0.00383) (0.00439) (0.00554) 

P-value 0.79 0.99 0.35 0.87 

     

Covariates N N N N 

Month FEs Y Y Y Y 

Practice FEs Y Y Y Y 

Q. in Weeks Y Y Y Y 

Q. in Days    Y Y Y Y 

     

Obs. 1,459,607 1,459,607 1,705,424 1,085,099 

Note: This table shows difference-in-differences (DiD) estimates of the relationship 

between practices’ degree of altruistic motivation and filled opioid prescriptions. The 

degree of practice altruistic motivation is measured by the average degree of patient 

orientation (PO) of general practitioners (GPs) in a practice in panel (A) and by the 

degree of society orientation (SO) in a practice in panel (B). The treatment groups 

comprise of filled opioid prescriptions by patients enlisted with general practices 

where GPs on average have a high degree of PO and SO, while the comparison 

groups comprise of filled opioid prescriptions by patients enlisted with general 

practices where GPs on average have a lower degree of PO and SO. Low vs. high 

PO and SO are defined with respect to the 50th percentile distribution of PO and SO. 

All regressions are estimated using two-way fixed effects (TwFE) regression 

specifications including group and period (month) fixed effects, with the estimates 

computed before (Jan-Nov. 2018) relative to after (Dec. 2018-Dec. 2019) the 

introduction of the Danish national opioid guideline in December 2018. The outcome 

variable in columns (1) is an indicator variable of whether a filled opioid prescription 

exceeds an average daily dosage of 50 mg oral morphine equivalents (OMEQs) in 

the consumption period, while the outcome variable in columns (2) is an indicator 

variable for whether a filled opioid prescription exceeds an average daily dosage of 

100 mg OMEQs in the consumption period. The outcome variable in columns (3) is 

an indicator variable for whether a filled opioid prescription is by a patient using 

opioids long-term (long treatment spell exceeding 180 days, with at most 120 days 

between prescriptions). The outcome variable in columns (4) is an indicator variable 

of whether a filled opioid prescriptions by a patient using opioids long-term includes 

a short-acting opioid. All specifications in all columns also control for both a quartic 

(Q.) in calendar days and in calendar weeks. All estimates are computed for filled 

opioid prescriptions by patients enlisted with practices that completed the 2019 

Danish national GP work-life survey. Standard errors clustered at the practice level 

are in parentheses. P-value tests the joint null hypothesis that all coefficients in the 

pre-treatment period are statistically significant (pre-trends). * p<0.10, ** p<0.05, 

*** p<0.01 



 

Appendix 20: Association between practice altruistic motivation and filled opioid prescriptions using an unbalanced panel of practices (pre-

treatment)  
Table A20: Association between practice altruistic motivation and filled opioid prescriptions using an unbalanced panel of practices (pre-treatment) 

 (1) (2) (3) (4) (5) (6) (7) (8) 

 >50 >100 l.t. l.t. (short) >50 >100 l.t. l.t. (short) 

         

PO(𝜃1̂) 0.0168*** 0.0116*** 0.00148 0.0281*** 0.0143*** 0.00894** 0.00144 0.0245*** 

 (0.00480) (0.00409) (0.00522) (0.00896) (0.00446) (0.00383) (0.00469) (0.00824) 

         

         

SO(𝜃2̂) -0.00306 -0.0000642 -0.00438 0.0115 -0.00232 0.000588 -0.00365 0.0108    

 (0.00476) (0.00408) (0.00511) (0.00868) (0.00442) (0.00380) (0.00460) (0.00812) 

Covariates N N N N Y Y Y Y 

         

Constant 0.370*** 0.191*** 0.668*** 0.485*** 0.333*** 0.144*** 0.572*** 0.384*** 

 (0.00489) (0.00410) (0.00513) (0.00817) (0.0151) (0.0137) (0.0130) (0.0246) 

         

P-value: PO 0.00          0.00          0.78 0.00          0.00          0.02 0.76 0.00          

P-value: SO  0.52 0.99 0.39 0.19 0.60 0.88 0.43 0.19    

         

Obs. 707,066 707,066 817,794 534,571 707,066 707,066 817,794 534,571 

Note: This table shows ordinary least squares (OLS) regression estimates of the association between the degree of practice altruistic motivation and filled opioid prescriptions using an 

unbalanced panel of (795) practices. The degree of practice altruistic motivation is measured by the average degree of patient orientation (PO) of general practitioners (GPs) in a practice 

and by the average degree of society orientation (SO) in a practice. Low vs. high PO and SO are defined with respect to the 50th percentile distribution of PO and SO. The outcome 

variable in columns (1) and (5) is an indicator variable of whether a filled opioid prescription exceeds an average daily dosage of 50 mg oral morphine equivalents (OMEQs) in the 

consumption period, while the outcome variable in columns (2) and (6) is an indicator variable for whether a filled opioid prescription exceeds an average daily dosage of 100 mg OMEQs 

in the consumption period. The outcome variable in columns (3) and (7) is an indicator variable for whether a filled opioid prescription is by a patient using opioids long-term (long 

treatment spell exceeding 180 days, with at most 120 days between prescriptions). The outcome variable in columns (4) and (8) is an indicator variable of whether a filled opioid 

prescription by a patient using opioids long-term includes a short-acting opioid. Opioid prescriptions issued by all types of providers are included in all outcome variables. The estimates 

in columns (1) through (4) do not control for covariates, while those in columns (5) through (8) control for practice, patient socio-economic and patient health characteristics. Analysis 

period is Jan-Nov. 2018, before the introduction of the Danish opioid guideline in December 2018. All estimates are computed for filled opioid prescriptions by patients enlisted with 

practices that completed the 2019 Danish national GP work-life survey. Standard errors clustered at the practice level are in parentheses. P-value tests the null hypothesis that each 

motivation estimate (𝜃1̂ and 𝜃2̂) in each column is statistically significantly different from zero. * p<0.10, ** p<0.05, *** p<0.01 



 

Appendix 21: The relationship between practices’ degree of altruistic motivation and responses to the opioid guideline using an unbalanced 

panel of practices  
Table A21: The relationship between practices’ degree of altruistic motivation and filled opioid prescriptions using an unbalanced panel of practices 

 (1) (2) (3) (4) (5) (6) (7) (8) 

 >50 >100 l.t. l.t. (short) >50 >100 l.t. l.t. (short) 

Panel (A): 

PO 

        

𝛽̂1 0.00266 0.00184 0.00601*       -0.00218 0.00209 0.00128 0.00495 -0.00220 

 (0.00263) (0.00223) (0.00316) (0.00402) (0.00255) (0.00213) (0.00313) (0.00395) 

Covariates N N N N Y Y Y Y 

Constant 0.378*** 0.198*** 0.667*** 0.508*** 0.337*** 0.148*** 0.562*** 0.417*** 

 (0.00293) (0.00246) (0.00313) (0.00471) (0.0123) (0.0114) (0.0119) (0.0239) 

P-value 0.35 0.72 0.06 0.91 0.41 0.83 0.05 0.94    

Obs. 1,4743,49 1,474,349 1,722,606 1,096,187 1,474,349 1,474,349 1,722,606 1,096,187 

Panel (B): 

SO 

        

𝛽̂1 -0.00675*** -0.00393* 0.00350 -0.00113 -0.00652*** -0.00397* 0.00348 -0.00145 

 (0.00259) (0.00220) (0.00314) (0.00475) (0.0125) (0.0115) (0.0119) (0.0243) 

Covariates N N N N Y Y Y Y 

Constant 0.378*** 0.198*** 0.667*** 0.508*** 0.338*** 0.148*** 0.562*** 0.415*** 

 (0.00294) (0.00246) (0.00314) (0.00475) (0.0125) (0.0115) (0.0119) (0.0243) 

P-value 0.76 0.95 0.36 0.79 0.65 0.90 0.35 0.64    

         

Obs. 1,4743,49 1,474,349 1,722,606 1,096,187 1,474,349 1,474,349 1,722,606 1,096,187 

Note: This table shows difference-in-differences (DiD) estimates of the relationship between practices’ degree of altruistic motivation and filled opioid prescriptions using an unbalanced 

panel of (795) practices. The degree of practice altruistic motivation is measured by the average degree of patient orientation (PO) of general practitioners (GPs) in a practice in panel 

(A) and by the degree of society orientation (SO) in a practice in panel (B). The treatment groups comprise of filled opioid prescriptions by patients enlisted with general practices where 

GPs on average have a high degree of PO and SO, while the comparison groups comprise of filled opioid prescriptions by patients enlisted with general practices where GPs on average 

have a lower degree of PO and SO. Low vs. high PO and SO are defined with respect to the 50th percentile distribution of PO and SO. All regressions are estimated using two-way fixed 

effects (TwFE) regression specifications including group and period (month) fixed effects, with the estimates computed before (Jan-Nov. 2018) relative to after (Dec. 2018-Dec. 2019) 

the introduction of the Danish national opioid guideline in December 2018. The outcome variable in columns (1) and (5) is an indicator variable of whether a filled opioid prescription 

exceeds an average daily dosage of 50 mg oral morphine equivalents (OMEQs) in the consumption period, while the outcome variable in columns (2) and (6) is an indicator variable for 

whether a filled opioid prescription exceeds an average daily dosage of 100mg OMEQs in the consumption period. The outcome variable in columns (3) and (7) is an indicator variable 

for whether a filled opioid prescription is by a patient using opioids long-term (long treatment spell exceeding 180 days, with at most 120 days between prescriptions). The outcome 

variable in columns (4) and (8) is an indicator variable of whether a filled opioid prescription by a patient using opioids long-term includes a short-acting opioid. Opioid prescriptions 

issued by all types of providers are included in all outcome variables. The estimates in columns (1) through (4) do not control for covariates, while those in columns (5) through (8) 

control for practice, patient socio-economic and patient health characteristics. All estimates are computed for filled opioid prescriptions by patients enlisted with practices that completed 



 

the 2019 Danish national GP work-life survey. Standard errors clustered at the practice level are in parentheses. P-value tests the joint null hypothesis that all coefficients in the pre-

treatment period are statistically significant (pre-trends).  * p<0.10, ** p<0.05, *** p<0.01 
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