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Background: Regional variations of opioid use have been reported from many countries. 
The objective of this study was to examine opioid prescribing patterns in Germany including 
low- and high-potency opioids (LPO and HPO) focusing on regional differences.
Methods: Data source was the “Information system for health care data” comprising 
statutory health insurance funds data for about 70 million Germans of all ages. For 2010, 
we received aggregated data (by age, sex, federal state and district) of Germans (18+) who 
had been prescribed at least one opioid including the number of prescribed packages. For 
each stratum, we further received the number of insured persons. We calculated LPO and 
HPO prevalences and the mean number of prescribed packages.
Results: Among 57 million adult Germans (mean age: 50.2 years, 53.8% female), opioid 
prevalences were 38.7 per 1000 persons for LPOs and 12.8 for HPOs. Prevalences rose with 
increasing age and were higher in women than in men. On average, LPO users were 
prescribed fewer packages than HPO users (3.5 vs 7.0). LPO use was highest in the eastern 
states ranging from 32.9 per 1000 persons (Hamburg) to 47.2 (Saxony-Anhalt). HPOs were 
most often prescribed in the North and in the East with prevalences varying between 10.6 per 
1000 persons (Baden-Württemberg) and 16.9 (Mecklenburg-Western Pomerania). On the 
district level, prevalences varied by the factors 2.6 and 3.2 for LPOs and HPOs, respectively.
Conclusion: We found large regional variations in opioid prescribing which probably 
cannot only be attributed to differences in patient characteristics.
Keywords: opioids, prescribing patterns, prevalence, regional variations, Germany

Introduction
Opioids are essential drugs in the treatment of acute and chronic pain conditions.1–3 

Over the last decades, rising opioid use has been reported especially for chronic 
non-cancer pain conditions4,5 although in these indications opioid treatment was 
only associated with small improvements compared with placebo according to 
a recent meta-analysis.6 Since the 1990s, opioid use increased substantially in 
North America but also in Europe including Germany.4,7,8 The largest rise of opioid 
prescriptions has been observed in the US where overprescribing led to a sharp 
increase in the prevalence of opioid addiction, which in turn has been associated 
with rising numbers of overdose deaths and heroin use.9–12 A systematic review 
analyzing problematic opioid use in adults with chronic pain using oral opioids, 
found that opioid misuse averaged between 21% and 29%.13 A German cross- 
sectional study recently reported a similar proportion of opioid use disorder 
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(26.5%) in adult patients with chronic non-cancer pain 
receiving long-term opioid therapy.14

Opioid use varies widely between different countries. 
According to the United Nations’ International Narcotics 
Control Board the 5 highest ranking countries with respect 
to the levels of per capita consumption of opioids in the 
years 2015 to 2017 were the United States, Germany, 
Canada, Austria and Belgium15 with values varying by 
the factor 2. For Europe a more than 10-fold difference 
was observed between the highest consumption in 
Western/Northern countries and the lowest in Southern/ 
Eastern countries.7

Besides differences between countries, regional varia-
tions in opioid utilization are known for example from the 
United States, the United Kingdom or Australia8,16–19 list-
ing, among others, ruralness and lower social economic 
status as influencing factors for higher opioid 
consumption.

For Germany, a recent systematic review found that 
opioid use was more common in the north.5 Regional 
analyses, however, so far were based on data from one 
statutory health insurance (SHI) provider and presented 
data only for high-potency opioids.20 Further, potential 
differences with respect to the ruralness of a person’s 
residential area were not examined.

Therefore, the aim of our study was to analyze opioid 
use in Germany on a regional level using a large database 
including all adults insured with an SHI.

Methods
Data Source
Data were retrieved from the “Health Care Data 
Information System”, located at the German Institute of 
Medical Documentation and Information (DIMDI)21 

which includes data from about 70 million persons insured 
with an SHI (85% of the German population). The SHIs 
deliver data to the German Federal Insurance Authority 
(BVA) to be used for the calculation of the morbidity- 
oriented risk structure compensation scheme 
(MorbiRSA). Since 2014 the BVA transfers data to the 
DIMDI which, on application, provides anonymized 
aggregated data for research purposes for entitled users.

For this project we used data from 2010 which, at the 
time of application, was the most recent year to provide 
information also on a regional level including federal 
states and districts. The latter were allocated to the current 
districts (n=402) accounting for the changes in counties in 

Mecklenburg-Western Pomerania.22 Accordingly, 
Germany’s 16 federal states include between n=1 
(Hamburg, Berlin) and n=96 (Bavaria) districts.

We used data for all persons insured with an SHI for at 
least 180 days in 2010 and who were 18 years or older in 
the respective year. On a state level, the number of all 
insured persons was provided by age group (18–29, 30–49, 
50–69 and ≥70 years) and sex whereas on the district level 
only the overall numbers, the mean age and sex ratio per 
district were available.

Opioids were classified as low- and high-potency opioids 
(LPO and HPO, steps 2 and 3 of the World Health 
Organization’s analgesic ladder, respectively). As defined 
by the German Narcotic Drugs Act (2010 version) the 
following anatomical chemical therapeutic (ATC) codes 
were included as LPO: N02AA08, N02AX02, N02AX52, 
N02AX51 (excluding codeine) with a focus on tramadol 
(N02AX02, N02AX52) and tilidine/naloxone (N02AX51). 
Among HPOs (N02AA01, N02AE01, N02AB03, 
N02AA55, N02AA05, N02AA03, N02AC06, N02AC03, 
N02AB02, N02AX06) the mainly used agents in Germany, 
namely fentanyl (N02AB03), morphine (N02AA01), oxyco-
done (N02AA05), oxycodone/naloxone (N02AA55) and 
hydromorphone (N02AA03)23 were of special interest.

Opioid users were defined as all persons with at least 
one opioid prescription in 2010. On the federal state level, 
we received the number of opioid users as well as the 
number of prescribed opioid packages by age group and 
sex whereas on a district level only the overall numbers 
(users and packages) were available.

We applied for the data on 29 Feb 2016 by submitting 
a study proposal and an SQL analysis script. After inten-
sive reviewing and changes made by the DIMDI, we 
received the final and, as described above, highly aggre-
gated dataset on 19 Dec 2018.

Statistical Analyses
Employing descriptive analyses, we calculated LPO and 
HPO use per 1000 persons and the mean number of 
packages prescribed per user stratified by age and sex as 
well as on federal state and district levels. Use of the most 
common agents was only displayed on federal state level.

Additionally, LPO and HPO prevalences were standar-
dized by age and sex using the overall population as 
standard population.

To characterize the type of district we used the 2010 
location indicator of the Federal Institute for Research on 
Building, Urban Affairs and Spatial Development (BBSR). 
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This indicator classifies the geographical position of each 
district as highly central (n=106), central (n=145), periph-
eral (n=133) and highly peripheral (n=18) based on its 
population during the daytime (including commuters) and 
thereby accounting for the proximity and accessibility to, 
among others, jobs and health care.24 According to this 
classification, peripheral districts cover large parts of the 
rural area, whereas highly peripheral districts are sparsely 
populated areas, eg in Mecklenburg-Western Pomerania, 
Brandenburg, Saxony-Anhalt but also in the eastern parts 
of Bavaria and along the North Sea coast.25

For all statistical analyses, of the highly aggregated 
data received, and the creation of maps we used SAS 
version 9.4 (SAS Institute Inc, Cary, North Carolina). All 
figures shown were specifically prepared for this article.

Results
Characteristics of the Study Population, 
Opioid Use by Age Group and Sex
Data from 57,359,702 persons ≥ 18 years were analyzed. 
Their mean age was 50.2 years, 53.8% were female and 
24.6% lived in peripheral areas. Mean age ranged from 
48.3 in Hamburg to 52.7 years in Saxony-Anhalt and the 
proportion of females from 52.9% (Thuringia) to 54.6% 
(Schleswig-Holstein). Persons living in highly central dis-
tricts were somewhat younger (mean age 49.6 years) and 
slightly more often female (54.1%) compared to those 
living in other areas (eg 52.1 years and 53.1% female in 
districts classified as highly peripheral).

The overall prevalence of opioid use was 38.7 per 
1000 persons for LPOs and 12.8 per 1000 persons for 
HPOs (Table 1). Prevalences rose with increasing age 
and were higher in women than in men. While prevalences 
differed only slightly in the younger age groups between 

sexes, they were substantially higher in women aged 70 
years or older compared with men of the same age group 
(103.6 vs 68.0 for LPOs and 49.0 vs 25.1 per 1000 persons 
for HPOs). On average, LPO users were prescribed 3.5 
packages whereas HPO users received a mean of 7.0 
packages with virtually no differences between sexes.

Regional Variation of LPO Use
Overall, LPO use was higher in the eastern parts of 
Germany than in western states. Prevalence ranged from 
32.9 per 1000 persons in Hamburg to 47.2 in Saxony- 
Anhalt with the lowest prevalence found in Garmisch- 
Partenkirchen (Bavaria, 23.2) and the highest in Osterode 
am Harz (Lower Saxony, 59.7; Table 2 and Supplemental 
Figure 1). Standardization by age and sex showed slightly 
different prevalences but an overall similar picture (Figure 
1). With respect to the type of district, prevalences ranged 
from 37.4 in highly central districts to 45.2 in areas clas-
sified as highly peripheral. These differences could also be 
observed when comparing districts with similar mean ages 
(Supplemental Figure 2).

Users from Bavaria received the lowest number of 
mean packs (3.3) and those living in Bremen the highest 
number (3.8). Tramadol was the most commonly used 
LPO (23.1 users per 1000 persons, mean packs per user: 
3.0, 50.4% of all prescribed LPO packages; Table 3 and 
Supplemental Figure 3) except in Baden-Württemberg, 
Saarland and Saxony where tilidine was used more often. 
The largest difference between the prevalence of tramadol 
and tilidine use was found in Schleswig Holstein (28.5 vs 
10.4 per 1000 persons).

The percentage of LPO packs among all opioid (LPO 
and HPO) packs ranged from 53.9 (Schleswig-Holstein) to 
64.4% in Baden-Württemberg (Germany: 60.5%). On 

Table 1 Opioid Use in Germany by Age Group and Sex in 2010

Low-Potency Opioids High-Potency Opioids

Users per 1000 Persons Mean Packs per User Users per 1000 Persons Mean Packs per User

All Male Female All Male Female All Male Female All Male Female

Age group

18–29 years 6.4 5.9 6.9 2.2 2.3 2.1 0.5 0.5 0.5 6.6 7.0 6.2
30–49 years 20.1 19.5 20.6 3.1 3.1 3.1 3.5 3.2 3.8 8.6 8.6 8.7

50–69 years 45.0 40.8 48.7 3.5 3.6 3.5 12.9 11.8 13.9 7.3 7.5 7.2

≥70 years 89.7 68.0 103.6 3.8 3.6 3.9 39.7 25.1 49.0 6.6 6.3 6.6

Overall 38.7 31.4 44.9 3.5 3.5 3.6 12.8 8.9 16.2 7.0 7.1 6.9
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a district level, the lowest value was observed in 
Steinburg, Schleswig-Holstein (48.1%) and the highest in 
Schweinfurt, Bavaria (72.2%).

Regional Variation of HPO Use
Overall, HPO use was highest in the North and in the East 
of Germany. Prevalence was lowest in Baden- 
Württemberg (10.6 per 1000 persons) and highest in 
Mecklenburg-Western Pomerania (16.9; Table 2 and 
Supplemental Figure 1). Similar results were found after 
standardizing prevalence by age and sex (Figure 1). On 
a district level the lowest prevalence was observed in 
Munich, Bavaria (6.5 per 1000 persons) and the highest 
in Speyer, Rhineland-Palatinate (21.1). In highly central 
districts HPO use was lower than in those classified as 
highly peripheral (11.8 vs 16.7 per 1000 persons; Table 2).

Users from Saxony and Thuringia received the lowest 
number of mean packs (6.4) and those living in Bremen 
the highest number (7.8; Table 2). Fentanyl was the most 
often used HPO (4.5 users per 1000 persons, 32.5% of all 
prescribed HPO packages), except in Saarland and Bremen 
where oxycodone/naloxone (5.5) and morphine (4.5 per 
1000 persons) were the most commonly used agents, 
respectively (Table 3). Overall, the mean number of 
packs was highest for morphine (7.1), followed by fenta-
nyl (6.4) and lowest for oxycodone/naloxone (4.4).

Discussion and Conclusion
Key Findings
In the present study including all adult Germans insured 
with an SHI in 2010, we found that opioid prescribing 
varied widely across federal states and districts. Overall, 1 
in 25 persons was prescribed at least one LPO and 1 in 78 
received HPO treatment. On the federal state level, the 
ratio of the highest and the lowest prevalence was 1.4 for 
LPOs and 1.6 for HPOs whereas, on a district level, higher 
ratios were observed (2.6 and 3.2 for LPOs and HPOs, 
respectively). Interestingly, in 4 federal states (Hamburg, 
Hesse, Bavaria and Baden-Württemberg) LPO and HPO 
prevalences were lower than or equal to the respective 
national prevalences, whereas in 8 states (Lower Saxony, 
Rhineland-Palatinate, Saarland and the five eastern states 
except Berlin) both prevalences exceeded the nation-wide 
values.

The degree of variation found in this study is similar to 
other countries. A study from the United States for 
instance found prescriptions of opioids per 100 persons 

on a state level varied 2.7-fold.26 In the UK, opioid use 
was somewhat higher in the North compared with the 
South (factor 1.5).27 An Australian study reported that 
the number of packs of prescription opioids per person 
varied by the factor 3 in the different regions.19

Substances of Choice and Number of 
Packages
Overall, LPOs were prescribed more often than HPOs 
which is plausible since the former are not regulated by 
the Narcotic Drugs Prescription Ordinance which, among 
others, requires special prescription forms. Nevertheless, 
the high prevalence of tramadol use was surprising as it is 
often thought to be associated with a higher risk of falls 
compared to other opioids such as morphine, oxycodone 
and fentanyl28 and with an increased risk of delirium in the 
elderly.29 However, since these analyses are solely based 
on prescriptions reimbursed by the SHIs, an underestima-
tion of the use of tilidine, an opioid mainly used in 
Germany,15 cannot be ruled out, since before 2013, espe-
cially liquid formulations were often obtained on private 
prescriptions.30

Fentanyl has been the most commonly used HPO in 
Germany for years5,20,31 which is reflected here by the 
high prescription prevalence and the finding that nearly 
every third HPO package was fentanyl. This is in contrast 
to other countries were other HPO substances are far more 
prominent (eg oxycodone in the US or Australia).7,19,32

The mean number of packages was about twice as high 
in HPO compared to LPO users which probably mirrors 
the severity or duration of the underlying disease but also 
suggests that LPOs were either used for a shorter time 
period eg following an operation, or that patients were 
switched from or (more likely) to an HPO.

Potential Reasons for Regional Variations
When exploring reasons for regional variations of opioid 
use, several factors come into play including (a) patients’ 
characteristics such as demographics or burden of pain, (b) 
physicians’ attitude or schools of thinking with respect to 
opioids but also (c) the health care system including access 
to specialized care, availability of services and the possi-
bility of reimbursement for alternative treatments.33 In 
contrast to the US where for instance prescription drug 
monitoring programs can be regulated via state-level poli-
cies and thereby contribute to regional variations of opioid 
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use, opioid prescribing and dispensing in Germany is sub-
ject to national regulations.

Regarding patients’ characteristics, we found that 
opioid use is highly associated with rising age and female 
sex which is in line with studies examining pain preva-
lences in Germany.34,35 Therefore, it seems plausible that 
federal states and districts with an older population and 
a higher proportion of females display higher opioid pre-
valences. This could be observed for LPO prescriptions 
where higher prevalences were found in states with 
a higher median population age whereas for HPOs the 
pattern was less clear. Accordingly, no obvious tendencies 
could be found with respect to opioid use and sex on 
a state level. Standardizing opioid prevalences by age 
and sex showed slightly different prevalences but an over-
all similar picture. Therefore, the observed regional varia-
tions probably cannot only be attributed to the differences 
in demographic characteristics.

We found that federal states with opioid prevalences 
above the nation-wide values were mainly characterized 
by a large proportion of inhabitants residing in peripheral 

districts and that persons living in more peripheral areas 
had higher opioid prevalences than their centrally residing 
counterparts also when comparing districts with a similar 
median age. This is in line with other studies.16,27 

Therefore, one might assume that in areas where people 
have less access to specialized care such as pain or pallia-
tive care services or where fewer alternatives such as 
physiotherapy are available, physicians are more likely to 
prescribe pain medication to meet the patients’ needs. This 
might be supported by regional variations of the residents’ 
socioeconomic status, which was shown to have an influ-
ence on opioid use in international studies.17,36,37 In 
Germany, districts categorized as peripheral or very 
peripheral,24 where opioid use was high, largely overlap 
with areas displaying lower socioeconomic indicators 
(measured by education, occupation and income). These 
areas are, for example, located in Saarland, North Rhine- 
Westphalia, in rural areas of Lower Saxony and in the east 
of Germany.37 In accordance with the overall east-west 
divide of opioid prevalences observed in this study, further 
a higher burden of pain, which has also been associated 

Figure 1 LPO and HPO users per 1000 persons by state (A: raw prevalence, B: standardized by age and sex). 
Abbreviations: HPO, high-potency opioid; LPO, low-potency opioid.
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with a lower socioeconomic status,35 has been reported 
from the eastern compared with the western federal 
states.38,39

On the other hand, physiotherapy as an alternative 
treatment, is traditionally more often prescribed in the 
eastern federal states including Berlin than in western 
Germany40,41 suggesting that, at least on the population 
level, physiotherapy is not used as a non-pharmacological 
alternative for opioids. Therefore, probably other prescri-
ber-related factors come into play, especially as we also 
found differences between the north and the south of 
Germany for LPO and HPO prescribing. These observed 
large differences might for example indicate deviating 
schools of thought about opioids. Finally, differences 
might be attributed to physicians’ characteristics such as 
age, specialty and education which are probably associated 
with the type and location of their practice and also their 
clients. Interestingly, findings from a recent US study 
suggest the medical school, where the prescribing physi-
cians completed their initial training, has a large impact on 
their attitudes towards opioid prescribing, even within the 
same specialty and practice location.42

The finding here that in 12 of the 16 federal states, 
LPO as well as HPO prevalences were either compara-
tively high or low, further suggests that prescriber prefer-
ences concern opioids in general and that lower LPO 
prescribing is not compensated by higher use of HPOs 
and vice versa.

Strengths and Limitations
The major strength of the present study was the size of the 
database covering all persons insured with an SHI making 
it the largest study on opioid use in Germany. Our results 
can be considered unbiased, since the differences observed 
between persons insured with different SHI providers with 
respect eg to demographics, socio-economic status and 
morbidity43,44 do not limit the generalizability of the 
results. Based on the large sample size, the data addition-
ally allowed analyses on a district level therefore provid-
ing stable numbers on opioid use on a smaller scale.

A major drawback is that the data are from 2010, 
which at the time of application was the most recent year 
providing information also on a district level. Further, the 
dataset we received was highly aggregated: Data on 
a substance level were only available for individual federal 
states but not districts precluding further analyses of 
potential compensation mechanisms on district level. 
With respect to demographics, the dataset included fewer 

age groups than we had originally applied for and for these 
groups no information on the number of persons residing 
in central or peripheral areas was available, hampering 
further analyses such as linear regression. On a district 
level, only overall numbers of users were available there-
fore standardization by age and sex could not be con-
ducted on this level. Finally, the reason for opioid use 
such as type, intensity or duration of pain as well as opioid 
treatment patterns or the specialty and preferences of the 
prescribing physicians which might have explained regio-
nal variations could not be assessed with the present data 
and therefore are subject to speculation. As a consequence, 
these data do not allow to determine whether our results 
display an over- or underprescribing or even misprescrib-
ing of opioids in the respective federal states and districts.

Conclusions
In this study including all adult Germans insured with an 
SHI, we found large regional variations of opioid prescrib-
ing which can probably only in part be explained by 
sociodemographic differences. Therefore, further studies 
are clearly needed to examine the reasons for the differ-
ences in opioid prescribing on an individual level and 
focusing on patient and prescriber characteristics.
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