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Objective: Most mental disorders are diagnosed and treated in general practice. Psychometric tests may help the general practitioner 
diagnose and treat mental disorders like dementia, anxiety, and depression. However, little is known about the use of psychometric 
tests in general practice and their impact on further treatment. We aimed to assess the use of psychometric tests in Danish general 
practice and to estimate whether variation in use is associated with the provided treatment and death by suicide in patients.
Methods: This nationwide cohort study included registry data on all psychometric tests performed in Danish general practice in 
2007–2018. We used Poisson regression models adjusted for sex, age, and calendar time to assess predictors of use. We used fully 
adjusted models to estimate the standardized utilization rates for all general practices.
Results: A total of 2,768,893 psychometric tests were used in the study period. Considerable variations were observed among general 
practices. A positive association was seen between a general practitioner’s propensity to use psychometric testing and talk therapy. 
Patients listed with a general practitioner with low use had an increased rate of redeemed prescriptions for anxiolytics [incidence rate 
ratio (95% confidence interval):1.39 (1.23;1.57)]. General practitioners with high use had an increased rate of prescriptions for 
antidementia drugs [1.25 (1.05;1.49)] and first-time antidepressants [1.09 (1.01;1.19)]. High test use was seen for females [1.58 (1.55; 
1.62)] and patients with comorbid diseases. Low use was seen for populations with high income [0.49 (0.47; 0.51)] and high 
educational level [0.78 (0.75; 0.81)].
Conclusion: Psychometric tests were used mostly for women, individuals with a low socioeconomic status, and individuals with 
comorbid conditions. The use of psychometric tests depends on general practice and is associated with talk therapy, redemptions for 
anxiolytics, antidementia drugs, and antidepressants. No association was found between general practice rates and other treatment 
outcomes.
Keywords: psychometric tests, registries, general practice, mental disorders, treatment variation

Plain Language Summary
● Most mental disorders are diagnosed and treated in general practice. They are linked with adverse health outcomes; other mental 

disorders, somatic disorders, and death by suicide.
● Psychometric tests can be used in the diagnostic process and help monitor the treatment.
● This register-based study investigates variations in the use of psychometric tests in Danish general practice. It also estimates whether 

such variations affect the treatment of different patient populations and their outcomes, eg referral to secondary care and death by 
suicide.

● The study shows that the use of psychometric tests varies between general practices and is used mostly for women, patients with 
low socioeconomic status or comorbid conditions.

● A positive association was seen between a general practitioner’s propensity to use psychometric testing and talk therapy.
● High rates of test use were associated with more prescriptions for antidementia drugs and antidepressants, whereas low rates 

were associated with more prescriptions for anxiolytics.
● We found no association for antipsychotics, psychological/psychiatric treatment, or suicide.
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Introduction
The majority of patients with mental disorders are diagnosed and treated in general practice.1 In Denmark and many 
other countries, general practitioners (GPs) act as gatekeepers to secondary care and refer patients in need of specialized 
treatment. Thus, there is a need for ensuring a reliable diagnostic process and identifying optimal treatment regimens, eg, 
talk therapy, medication treatment, and outpatient care. Mental disorders are linked with adverse health outcomes, such as 
other mental disorders, somatic disorders, and death by suicide.2–5 Psychometric tests (PTs) are instruments to aid the GP 
during the diagnostic process and help monitor treatment outcomes.6,7 PTs may serve as screening devices, diagnostic 
instruments, or rating scales for measuring disease severity. Danish clinical guidelines recommend the use of PTs for 
a range of disorders, eg, dementia, anxiety, and depression,6–8 and the GP is required to have performed a PT when 
referring a patient with depression to a psychologist. Since 2007, Danish GPs have used a specific service code and 
received remuneration when using clinically recognized PTs. A recent clinical trial showed that systematic use of 
a depression-related PT did not increase the diagnostic precision compared with usual clinical assessment in Danish 
general practice.9 Variation in health care and their influence on treatment outcomes are well documented.10,11 A recent 
Danish study found an excess variation between Danish general practices in terms of the chronic care services provided, 
eg, talk therapy.12 However, little is known about the use of PTs in general practice. Therefore, we wanted to explore the 
rate of PT use in general practice by using methods applied for ranking health service providers in a broad unselected 
national setting.13,14

This study aimed to investigate the variation between general practices in the use of PTs, including variation related to 
patient characteristics, practice type, and geographical region. Further, this study aimed to explore whether variation in 
PT use modified the patients’ rate of received talk therapy sessions, medication treatment for mental disorders 
(antidepressants, antipsychotics, antidementia drugs, and anxiolytics), referral to psychological or psychiatric treatment 
in the primary and the secondary sector, and death by suicide.

Methods
Setting and Participants
To explore time trends in the use of PTs in Danish general practice, we used Danish national registries to conduct 
a cohort study including all Danish residents above 18 years of age who were listed with a general practice in 2007–2018. 
We chose December 31, 2018, as the endpoint as this was the last date of fully available data. The majority (98%) of the 
Danish population is listed with a specific general practice.15 We also used information from the patient list database, 
which holds monthly updated information on the patient population for each provider.16 In a sub-cohort based on data for 
only 2017–2018, we investigated the variation in PT use among Danish general practices and associated patient-related 
treatment outcomes, regional variation, and variation in PT use for different subgroups of patients. Using the unique 
personal identification number assigned to all Danish residents at birth or immigration, we linked information across the 
included registers.17 In both cohorts, we restricted to “active” general practices, ie, clinics with at least 500 patients 
affiliated throughout a calendar year.

Psychometric Tests
From the Danish National Health Insurance Service Register (NHISR), we obtained data on contacts to general practice. 
This register holds information on all contacts to GPs based on administrative data (used for remuneration purposes) on 
the services provided.15 All consultations recorded in the register include information on provider number, personal 
identification number (patient), date, time and type of consultation, and provided service. PTs were identified through the 
service code 2149 for all general practice specialty codes (80–89). Only PTs performed in the daytime on weekdays were 
included.

Outcomes
The NHISR holds information on talk therapy performed by the GP and information on publicly subsidized 
psychological and psychiatric treatment (following GP referral), which was identified through specialty codes 63 
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and 24, respectively. Psychologist contacts were restricted to referral for depression or anxiety. Redemption of 
prescriptions for antidepressants, antipsychotics, anxiolytics, or antidementia drugs was identified in the Danish 
National Prescription Registry (DNPR) through ATC codes N06A (not including N06AX12), N05A, N05B, and 
N06D, respectively. DNPR holds information on all prescriptions redeemed at any pharmacy in Denmark.18 

Contacts with public mental health hospitals were identified in the Danish National Patient Register (NPR), which 
holds continuously updated information on all contacts to the secondary health-care sector.19 Using the Danish 
Register of Causes of Death,20 we identified all deaths by suicide in the study period by using the ICD-10 codes X60- 
X84 and Y87 (Supplementary Table 4).

Calendar Time
Calendar time was divided into categories of year and season. Season was categorized into four groups: 1 (December, 
January, and February), 2 (March, April, and May), 3 (June, July, and August), and 4 (September, October, and 
November).

Sociodemographic Variables
Information on sex and age was extracted from the Danish Civil Registration System (DCRS).17 The DCRS contains 
continuously updated information on date of birth, immigration and emigration, sex, and vital status of all Danish 
residents.

Socioeconomic Status
Information on the highest attained education level, income, cohabitation status, and region of residence was obtained 
from the annually updated registers at Statistics Denmark.21 We divided educational status into four categories based on 
the United Nations Educational, Scientific, and Cultural Organization’s International Standard Classification of Education 
(0–10 years, 11–15 years, ≥16 years, or unknown).22,23 Household income was divided into decile sets by year; negative 
income was partly explained by business loss under self-employment, and these cases were put in a separate category. 
Cohabitation status was divided into single, living with a partner, or married (Supplementary Table 5).

Comorbidity
Data on comorbidity originated from NPR and DNPR. Included data were selected through an algorithm developed by 
Prior et al. This algorithm identifies 39 disorders in the circulatory system, endocrine system, pulmonary and respiratory 
system, gastrointestinal system, urogenital system, musculoskeletal system, hematological system, neurological system, 
cancers, and mental health conditions treated in both primary and secondary care (Supplementary Table 6).24

GP Information
Information on each general practice was based on two data sources: the Patient List Database and the Danish National 
Provider Registry comprising information on all public health providers.16,25 This enabled us to identify type of practice 
(solo practice or non-solo practice), number of GPs employed, and size of patient population. It also allowed us to 
identify the geographical region of each general practice based on the most prevalent region of residence in the patient 
population.

Statistical Analysis
Use Over Time
To provide a crude overview of PT use during the entire follow-up period from 1 January 2007 through 
31 December 2018, we calculated the PT rate for each GP as the total number of PTs performed over the general 
practice affiliated person-time in that year. The rates were presented as per 1000 person-years (Table 1).

In the sub-cohort based on data from 1 January 2017 through 31 December 2018, we assessed the characteristics 
associated with PT use and the variation in PT use between general practices (Table 2).
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Table 1 PT Use in Danish General Practice in 2007–2018

Year Median Rate (IQI)c Person-Years PTsb General Practices  
(no PTs)a

2007 18 (6; 41) 4,970,025 158,673 2235 (151)

2008 21 (8; 48) 4,951,283 181,511 2182 (103)

2009 25 (9; 50) 4,903,790 194,858 2148 (116)

2010 31 (13; 62) 4,866,519 232,803 2138 (78)

2011 35 (16; 69) 4,830,258 258,107 2113 (77)

2012 37 (17; 70) 4,807,781 264,307 2088 (64)

2013 35 (17; 63) 4,759,908 238,525 2075 (59)

2014 36 (19; 65) 4,733,175 242,210 2038 (41)

2015 38 (20; 68) 4,711,646 252,914 1997 (38)

2016 36 (19; 65) 4,703,050 239,533 1945 (35)

2017 37 (19; 66) 4,659,775 246,526 1914 (41)

2018 39 (20; 69) 4,625,658 258,926 1881 (39)

Total 57,522,867 2,768,893

Notes: aRestricted to practices with more than 500 patients listed per year. bNumber of PTs differs between 
Table 1 and Table 2 due to minor differences in the definition of “active” general practices in the two cohorts. 
cRates are calculated as number of PTs per 1000 person-years. 
Abbreviations: IQI, Interquartile interval; PT, psychometric test.

Table 2 Variables of Interest and Their Association with PT Use

Variable PTsb Person-Years PT Ratec IRRa (95% CI)

Gender

Men 174,600 4,111,875 42 1.00 (ref.)

Women 288,741 4,261,666 68 1.58 (1.55; 1.62)

Age, years

18–24 56,049 880,697 64 1.00 (ref.)

25–34 89,263 1,296,834 69 1.08 (1.05; 1.10)

35–44 75,588 1,322,252 57 0.89 (0.87; 0.92)

45–54 73,533 1,507,975 49 0.76 (0.74; 0.79)

55–64 58,152 1,311,237 44 0.69 (0.66; 0.72)

65–74 46,861 1,195,587 39 0.61 (0.58; 0.64)

75–84 43,951 638,823 69 1.05 (0.99; 1.11)

85- 19,944 220,135 91 1.32 (1.23; 1.42)

(Continued)
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Table 2 (Continued). 

Variable PTsb Person-Years PT Ratec IRRa (95% CI)

Cohabitation status

Single 214,470 3,162,902 68 1.00 (ref.)

Married 174,406 3,950,657 44 0.71 (0.69; 0.73)

Cohabiting 74,465 1,259,982 59 0.86 (0.84; 0.88)

Immigration status

Danish 412,314 7,325,498 56 1.00 (ref.)

Western immigrant 17,981 398,523 45 0.75 (0.71; 0.80)

Non-western immigrant 33,046 649,520 51 0.85 (0.81; 0.89)

Educational level, years

≤10 132,977 2,096,820 63 1.00 (ref.)

10–15 212,838 3,903,133 55 0.90 (0.88; 0.92)

≥16 105,996 2,072,534 51 0.78 (0.75; 0.81)

Unknown (no education registered) 11,530 301,054 38 0.57 (0.54; 0.60)

Family income category (annual)

1st quintile 99,388 1,254,727 79 1.00 (ref.)

2nd quintile 100,028 1,452,678 69 0.89 (0.87; 0.91)

3rd quintile 99,173 1,671,148 59 0.79 (0.77; 0.81)

4th quintile 91,726 1,916,697 48 0.65 (0.63; 0.67)

5th quintile 71,607 2,035,905 35 0.49 (0.47; 0.51)

Negative/no income 1419 42,386 33 0.45 (0.41; 0.48)

Year

2017 223,680 4,154,648 54 1.00 (ref.)

2018 239,661 4,218,893 57 1.05 (1.04; 1.07)

Season

Spring 118,122 2,116,239 56 1.00 (ref.)

Summer 98,500 2,113,307 47 0.84 (0.82; 0.85)

Fall 131,960 2,086,340 63 1.13 (1.12; 1.15)

Winter 114,759 2,057,654 56 1.00 (0.99; 1.01)

Region

North Denmark Region 47,222 835,336 57 1.00 (ref.)

Central Denmark Region 130,103 1,909,830 68 1.20 (0.98; 1.45)

Region of Southern Denmark 95,181 1,819,054 52 0.93 (0.76; 1.12)

(Continued)
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Table 2 (Continued). 

Variable PTsb Person-Years PT Ratec IRRa (95% CI)

Capital Region of Denmark 135,705 2,611,923 52 0.89 (0.75; 1.07)

Region Zealand 55,130 1,197,399 46 0.82 (0.67; 1.01)

Comorbidity

Circulatory system

Hypertension 114,508 1,884,908 61 1.25 (1.23; 1.28)

Dyslipidemia 62,836 1,015,893 62 1.28 (1.25; 1.31)

Ischemic heart disease 31,294 462,952 68 1.38 (1.35; 1.42)

Atrial fibrillation 16,061 244,620 66 1.22 (1.19; 1.25)

Heart failure 6106 93,568 65 1.24 (1.19; 1.29)

Peripheral artery occlusive disease 11,642 167,788 69 1.33 (1.28; 1.38)

Stroke 18,358 232,632 79 1.50 (1.46; 1.55)

Endocrine system

Diabetes mellitus 30,282 491,223 62 1.23 (1.20; 1.26)

Thyroid disorder 26,611 370,517 72 1.19 (1.17; 1.22)

Gout 7683 140,372 55 1.16 (1.12; 1.21)

Pulmonary system and allergy

Chronic pulmonary disease 73,953 1,010,573 73 1.35 (1.33; 1.37)

Allergy 75,376 1,070,522 70 1.31 (1.29; 1.34)

Gastrointestinal system

Ulcer/chronic gastritis 11,165 140,333 80 1.49 (1.43; 1.54)

Chronic liver disease 5257 73,824 71 1.44 (1.36; 1.53)

Inflammatory bowel disease 6732 106,230 63 1.15 (1.11; 1.20)

Diverticular disease of intestine 12,346 171,714 72 1.31 (1.26; 1.37)

Urogenital system

Chronic kidney disease 3883 64,519 60 1.11 (1.05; 1.17)

Prostate disorders 17,207 272,265 63 1.52 (1.48; 1.57)

Musculoskeletal system

Connective tissue disorders 12,195 178,681 68 1.16 (1.12; 1.20)

Osteoporosis 22,134 315,912 70 1.11 (1.08; 1.14)

Painful condition 123,276 1,594,556 77 1.67 (1.63; 1.70)

(Continued)
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Predictors of PT Use
First, we wanted to investigate the crude association between patient variables and general practice variables and the use 
of PTs. This was done by mutually adjusting for sex, age, year, and season. As the number of PTs is a discrete non- 
negative count variable, we used generalized linear models with a log-link assuming Poisson distributed errors (ie, 
Poisson regression) and each person’s at-risk time as the offset to analyze the number of PTs. This approach yielded 
incidence rate ratios (IRRs). To consider apparent clustering at general practice level, we used cluster-robust variance 
estimation.26 All estimates with 95% confidence intervals (CIs) (Table 2).

Variation Among General Practices
To assess the variation in PT use between general practices, we calculated the standardized PT rate (sPT rate) for each 
general practice in the study population. This was done in several steps. First, we used a Poisson regression model, which 
was fully adjusted for all non-provider variables, ie, age, sex, year, season, cohabitation, immigration status, educational 

Table 2 (Continued). 

Variable PTsb Person-Years PT Ratec IRRa (95% CI)

Hematological system

HIV/AIDS 464 9187 51 1.09 (0.93; 1.28)

Anemias 11,401 143,407 80 1.34 (1.29; 1.39)

Cancers

Cancer 30,231 500,742 60 1.13 (1.10; 1.15)

Neurological system

Vision problem 39,401 554,407 71 1.20 (1.17; 1.23)

Hearing problem 30,724 432,767 71 1.29 (1.26; 1.32)

Migraine 25,808 313,122 82 1.42 (1.39; 1.45)

Epilepsy 10,759 118,138 91 1.68 (1.61; 1.76)

Parkinson’s disease 1357 16,765 81 1.51 (1.36; 1.66)

Multiple sclerosis 1668 29,485 57 1.03 (0.95; 1.11)

Neuropathies 21,168 288,242 73 1.38 (1.34; 1.42)

Mental health conditions

Mood, stress-related, or anxiety disorders 69,873 438,713 159 3.08 (3.01; 3.17)

Psychological distress 166,951 1,109,088 151 3.91 (3.80; 4.03)

Alcohol problems 12,345 102,879 120 2.67 (2.58; 2.78)

Substance abuse 4452 38,667 115 2.13 (2.00; 2.27)

Anorexia/bulimia 3381 24,049 141 1.87 (1.76; 1.98)

Bipolar affective disorder 7172 54,593 131 2.38 (2.25; 2.51)

Schizophrenia or schizoaffective disorder 4327 62,917 69 1.28 (1.17; 1.42)

Dementia 8362 68,502 122 1.84 (1.74; 1.95)

Notes: aAdjusted for age, sex, and calendar period. bNumber of PTs differs between Table 1 and Table 2 due to minor 
differences in the definition of “active” general practices in the two cohorts. cRates are calculated as number of PTs per 
1000 person-years. 
Abbreviations: PT, psychometric test; IRR, incidence rate ratio; CI, confidence interval.
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status, income, and comorbidity, to predict the expected number of psychometric tests per person during follow-up. 
Covariates for the prediction model were selected prior to the analyses. This enabled us to calculate the number of PTs 
that we would expect a given general practice to perform during follow-up, given its patient population. Second, we counted 
the observed number of PTs performed for each general practice and compared this number with the expected number of 
PTs in an observed over expected (OE) ratio. Finally, we calculated the crude overall national PT rate during follow-up and 
multiplied this rate with the OE ratio, which yielded the sPT rate for each general practice. The sPT rate was depicted 
graphically, ordered from the lowest rate to the highest rate. To comply with the legal data regulations on anonymity, all 
practice rates were combined into clusters of five practices. The mean rate within each cluster was plotted. This was done 
for all practices and for the general practice-related subgroups: region, number of doctors, size of patient population, and 
solo practice (or not). We estimated the number of doctors and the size of the patient population in a specific general practice 
for a given time period by using the frequency weighted average for that period (Table 3 and Figure 1). To test for excess 
variation between general practices, we first fitted a mixed Gaussian model with a random component for general practice 
and afterward fitted a Gaussian model without the random component and performed a likelihood ratio test of the 
hypothesis of no random component for general practice.27

Treatment Outcomes and Suicide
To investigate the association between being affiliated with a general practice with a certain OE ratio and being referred to 
a certain treatment regimen in the primary or secondary health-care sectors and the risk of suicide, we randomly divided the 
study population into two groups: a training sample (70%) and a test sample (30%). The division was made in each general 
practice to ensure enough observations per general practice to be able to analyze the association for the time period when the 
OE ratio was calculated. In the training sample, we once again fitted the full model and calculated the OE ratio for each 
general practice. In the test sample, we used the OE estimate (categorized into decile sets) as an independent variable in 
regression analyses. The seventh decile group was considered the reference category since this group comprised the empirical 
OE ratio of 1 and thus had a PT rate as expected based on the model. For the four medication outcomes, we conducted two 
separate types of analyses. In one type, we looked at the number of redeemed prescriptions. In the other type, we restricted to 

Table 3 General Practice Characteristics and Standardized PT Rates

Variable Level N Practices (%) Median sPT (IQI)

Region North Denmark Region 142 (8.7%) 45 (21; 74)

Central Denmark Region 341 (21%) 49 (29; 81)

Region of Southern Denmark 334 (20.6%) 39 (24; 61)

Capital Region of Denmark 587 (36.1%) 40 (20; 69)

Region Zealand 220 (13.5%) 35 (20; 61)

GP number 1 186 (13.5%) 44 (21; 76)

2–5 677 (49.3%) 38 (21; 70)

6- 510 (37.1%) 42 (28; 64)

Patient population 500–1599 576 (35.5%) 38 (17; 75)

1600–3199 588 (36.2%) 42 (23; 71)

3200–4799 282 (17.4%) 41 (29; 63)

4800- 178 (11%) 47 (30; 67)

Solo practice No 875 (53.9%) 42 (27; 65)

Yes 749 (46.1%) 39 (17; 75)
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never users and investigated the risk of a first-time redemption. The analyses of prescriptions for antidementia drugs were 
restricted to individuals above 75 years of age. The other outcomes considered were number of talk therapy sessions, number 
of contacts with publicly subsidized psychological or psychiatric treatment, number of contacts with public mental health 
hospitals, and the risk of death by suicide. These analyses were conducted in four prespecified nested adjustment models. 
Model 0 (m0) was unadjusted. Model 1 (m1) was adjusted for age, sex, and calendar time. Model 2 (m2) was adjusted as m1 
+ immigration status, cohabitation status, educational level, income, and somatic comorbidities. Model 3 (m3) was adjusted 
as m2 + mental health conditions. In the analyses of antidepressants, antipsychotics, and antidementia drugs, m3 did not 
include the variables for psychological distress, bipolar disorder, and dementia, respectively, due to overlap in the coding 
definitions. M3 was considered the main model (Figure 2). To assess differences between combinations of OE group and train 
and test samples, we calculated the proportion of risk time spent for each variable used in the regression analyses.

In all analyses, all variables, except for sex and immigration status, were considered to be time- dependent, ie, 
a person being diagnosed with a specific disease during the follow-up period contributed with risk time in the no-disease 
category until the date of diagnosis, whereafter this person contributed with risk time in the disease category. In the sub- 
analyses, we restricted to persons below 75 years of age.

All analyses were performed with Stata, version 17.

Results
Use Over Time
Throughout the study period, a total of 2,768,893 PTs were used in a study population of 57.52 million person-years. 
From 2007 to 2012, a rise in the use was observed from about 160 thousand PTs in 2007 to about 260 thousand PTs in 

Figure 1 Standardized rates of PT use. Overall (A), regions (B), number of doctors (C), patient population size (D), practice type (E). 
Abbreviations: NDR, North Denmark Region; CDR, Central Denmark Region; RSD, Region of Southern Denmark; CRD, Capital Region of Denmark; RZ, Region Zealand.
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2018 (Table 1). The median PT rate rose from 18 PTs per 1000 person-years in 2007 to 37 PTs per 1000 person-years in 
2012. Thereafter, the rate plateaued. Throughout the study period, a steady variation in PT use was observed among GPs, 
with an interquartile range from 35 up to 53. Among eligible general practices, 6.8% used no PTs in 2007; this number 
decreased to 2.1 in 2018 (Table 1).

Predictors of PT Use
Sociodemographic Variables
Among the sociodemographic variables, we observed that women had 1.58 times higher PT rate than men (95% CI) 
(1.55; 1.62) (Table 2). The rate varied over age groups, with 1.32 times higher rate (1.23; 1.42) among those aged ≥85 
years compared with those aged 18–24 years. Those aged 65–74 years had a 39% lower rate (0.58; 0.64) than those age 
18–24 years. Compared with GPs in the North Denmark Region, GPs in the Central Denmark Region had the highest 
relative PT rate, IRR 1.20 (0.98; 1.45), whereas GPs in Region Zealand had the lowest, IRR 0.82 (0.67; 1.01).

Calendar Period
The summer season had the lowest rate of PTs, 16% lower than the winter season, whereas the fall season had the highest 
rate, 13% greater than the winter season (Table 2).

Socioeconomic Characteristics
Among the socioeconomic variables, being married or living with a partner, having completed a higher education, having 
a high income, or being an immigrant were negatively associated with PT use compared with their reference groups. For 
example, the PT rate was 51% lower among persons with an income in the highest category compared with persons in the 
lowest category (49%; 53%) (Table 2).

Comorbidity
Most disorders were positively associated with PT use compared with not having that disorder (Table 2). This was most 
apparent for mental health conditions. For example, those registered with psychological distress had 3.91 times higher PT 
rate than those without (3.80; 4.03), and those registered with a mood, stress-related, or anxiety disorder had 3.08 times 

Figure 2 IRRs of treatment regimens and medicine redemption by decile groups of the observed over expected ratio.
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higher PT rate (3.01; 3.17) compared to those without. In addition, an increased PT rate was observed among the somatic 
disorders, eg, stroke, which resulted in a 50% increased rate (1.46; 1.55).

Variation Among General Practices
After adjustment for potential differences in the patient population between general practices, we found an excess variation in 
the sPT rates between the included practices (Chi-square=28294.05, p-value <0.0001) (Figure 1A). The ranked sPT rates 
across all practices, divided according to practice characteristics, are depicted graphically in Figure 1A–E. Among all 
practices, the (pooled) practice in the 10th percentile had an sPT rate of 12 PTs per 1000 patient-years, whereas the 
corresponding (pooled) practice in the 90th percentile had an sPT rate of 115 PTs per 1000 patient-years. In terms of the 
interquartile range (IQR) of the sPT rates, we found a greater IQR between the small practices compared with the large ones 
(Table 3 and Figure 1C–E). For example, the IQR was 58 for practices with 500–1599 patients affiliated and 37 for practices 
with more than 4800 patients affiliated. The practice type also influenced the variation; an IQR of 58 was found for solo 
practices, and an IQR of 38 was seen for other types of practices. The median level of sPT rates was highest in the Central 
Denmark Region [median sPT interquartile interval (IQI): 49 (29; 81)] and lowest in the Region Zealand [median sPT (IQI): 
35 (20; 61)].

Treatment Outcomes and Suicide
The tendency among general practices to use PTs and offer talk therapy was associated in a dose–response manner. 
Compared with the seventh decile group, the tenth decile group showed an elevated rate [1.46 (1.22; 1.75)], whereas the 
first decile group showed a lowered rate [0.39 (0.30; 0.51)] (Figure 2, Supplementary Table 1). No apparent associations 
were found between PT tendency and publicly subsidized psychological or psychiatric treatment, contacts with psychia-
tric hospitals, treatments with antipsychotics, and the risk of suicide. However, patients listed with a general practice in 
the first decile group had an increased rate of anxiolytics use compared with the reference group. The difference persisted 
when we restricted to never users and first-time redemptions. Likewise, we found that patients listed with a general 
practice with a high PT tendency had an increased rate of redeemed antidementia drug prescriptions compared with the 
reference group. Though, an increased rate was also found for the group in the first and fourth deciles, the differences 
disappeared when we restricted to first-time users. No associations were found for a number of antidepressant redemp-
tions. However, when restricting to first-time redemptions, we found an increased rate in patients listed with GPs with 
a high PT tendency. A similar picture was seen for persons younger than 75 years of age, except for antidementia drugs, 
which were infeasible (Supplementary Figure 1, Supplementary Table 2). The groups comprising combinations of OE 
group and training and test samples were similar in terms of the variables used in the analyses. However, the first OE 
decile group consisted of more men than women, and they tended to be older compared to the other decile groups 
(Supplementary Table 3).

Discussion
Key Results
In this nationwide register-based explorative cohort study, we observed that the use of PTs has become more frequent 
among Danish GPs since 2007 when the service code for PTs was introduced. Increased PT rates were seen for women, 
low income, low educational level, and comorbid disorders. However, an excess variation was seen in PT use among the 
included general practices. PT use was most common in the Central Denmark Region and least common in Region 
Zealand. A positive association was observed between the tendency of a general practice to use PT and the tendency to 
offer talk therapy. Patients listed with a general practice with low PT use had an increased rate of redeemed prescriptions 
for anxiolytics medication. Patients listed with a general practice with high PT use had an increased rate of redeemed 
prescriptions for antidementia drugs and first-time antidepressants. However, the difference for antidementia drugs 
disappeared when we restricted to never users and first-time redemptions. No apparent associations were observed for 
psychological and psychiatric treatment, redemptions of antipsychotics, and suicide.
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Comparison with Other Studies
To our knowledge, this is the first study to investigate the variation in the use of PTs in general practice. A recent Danish 
clinical study on the value of systematic psychometric testing, ie, no variation in use, did not find the diagnosis of 
depression to be more precise when based on psychometric testing compared with usual clinical assessment.9 This 
finding was somewhat confirmed in this study, as we found no significant difference between groups with varying 
propensity for PT use for most of the investigated treatment outcomes. The finding of increased variation in the provided 
services has also been reported in other studies, with indications that some variation is non-negligible due to derived 
outcomes, such as the need for immediate identification and treatment of patients at risk of suicidal behavior after the loss 
of a loved one.12,28,29

Strengths and Limitations
The Danish registers enabled us to combine health data, administrative data, and socioeconomic and demographic data at 
the personal level with no loss to follow-up. The continuous update of health databases allowed for construction of time- 
dependent variables and reduced the risk of potential biases from reverse causation and conditioning on the future, which 
might have introduced immortal time bias. The use of service codes enabled us to identify whenever a PT had been used, 
by which provider number, and to whom it was given. However, the NHISR held no information on the reason for 
contact with the GP (other than provided by the service code). For example, it could not be distinguished whether a PT 
had been used for dementia, depression, or anxiety. Hence, an important limitation was the lack of access to diagnoses in 
primary care. However, this limitation was addressed by the use of a multimorbidity algorithm incorporating disease- 
specific medication.24 In sub-analyses, we restricted to a population under the age of 75 years to reduce the potential risk 
of selection bias from the use of dementia-indicated PTs, and we found no apparent differences compared with the 
overall results.

When computing the observed over expected ratio, small general practices with a small number of expected PTs had 
an inherent ability to be noisier than large practices. One more or one less PT performed will move the ratio more 
substantially for practices with few numbers of expected PTs compared with those with large numbers of expected PTs. 
The finding that small practices had greater ratio variations compared with large practices could result from this. 
However, this potential limitation was alleviated by restricting to practices with at least 500 listed patients. Another 
limitation of NHISR was that it provided only data on practice level. Thus, if a practice comprised several GPs, the sPT 
rate for that provider number would be a weighted average of all the GPs’ sPT rates.

To standardize PT rates, it is crucial to choose the correct variables and the right predictors for PT use. However, not 
all predictors were available due to the lack of diagnosis data from general practice. Yet, as shown in Table 2, the a-priori 
chosen variables do appear to be associated with PT use. Still, residual confounding and unmeasured confounding cannot 
be ruled out. For the analyses regarding Figure 2, we presented the fully adjusted estimates from m3. This model might 
have overadjusted the association of interest. Thus, the presented estimates might be conservative. Nevertheless, the 
estimates from m0, m1, and m2 did not alter the conclusions.

Interpretation
We found a higher PT rate among patients with a low socioeconomic status, eg, low education and low income. Higher 
prevalence of mental disorders has previously been reported in this group.30 The observed high PT rate for comorbid 
disorders was expected because of the association between physical and mental disorders.2 We also found a lower PT rate 
among immigrants, which could be explained by a limited number of available PTs in other languages than Danish. The 
low rate in the summer is likely to be related to the holiday period with fewer open hours in general practice.

Variation in the services provided by Danish GPs has previously been investigated by examining variations in chronic 
care consultations, including talk therapy sessions.12 In our study, we found a clear positive dose–response association 
between PT rate and talk therapy rate. Specifically, we observed the greatest variation in the propensity for PT use among 
the smallest practices. One reason for this could be lack of communication with other peers, but random variation due to 
smaller sample sizes might also be an explanation.
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The observation that some general practices had a different PT rate than expected (based on the standard rate) does 
not per se mean that they need to change their rate, since the standard rate is not a gold standard.31 When we categorized 
on propensity for PT use, minor differences were observed for treatment-related outcomes. We found that patients listed 
with a GP with low PT use had elevated rates of anxiolytics compared with those with a standard rate of PT use; this 
could indicate that some GPs have a different attitude towards diagnosis and treatment of mental disorders or that the 
characteristics of their patient populations vary significantly, which might explain the predisposition towards anxiolytics 
medication. One should bear in mind that these exploratory analyses cannot give a causal explanation, and some 
differences between the patient populations were evident.

As mentioned above, unmeasured confounding on the person level cannot be ruled out. The same holds for indication 
for PT use. Thus, the (excess) variation between GP-related sPT rates might be contaminated. We tried to address the lack 
of information on indicated PT use by including redemptions for antidementia drugs, and we saw that patients listed with 
a GP with a high tendency for PT use had a higher rate of redemptions for these drugs. However, when we restricted to 
those under age 75 years, the differences remained for talk therapy and anxiolytics redemptions.

Generalizability
In Denmark, the healthcare system is mainly publicly funded, and all residents have access to universal healthcare. As 
Danish GPs are remunerated for using clinically recognized PTs, GPs have a financial incentive to use PTs. Therefore, we 
would expect the differences to be more pronounced in payment-based health-care systems.

Conclusion
PTs are common tools in Danish general practice. PTs are mostly used for women, those with a low socioeconomic 
status, and comorbid conditions. The use of PTs depended on GP affiliation and was positively associated with use of talk 
therapy. High sPT rates were associated with high redemption rates for antidementia drugs and incident redemptions for 
antidepressants, whereas low sPT rates were associated with high redemption rates for anxiolytics. The tendency to use 
PTs was not associated with psychological or psychiatric treatment or antipsychotics, or suicide.
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