
Stewart et al. BMC Public Health          (2023) 23:266  
https://doi.org/10.1186/s12889-023-15149-1

RESEARCH

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

BMC Public Health

Spatiotemporal patterns of drug 
use disorder in Sweden assessed using 
population-based registries
Kathleen Stewart1*, Kenneth S. Kendler2,3, Anton Westholm4, Henrik Ohlsson4, Jan Sundquist4,5 and 
Kristina Sundquist4,5,6 

Abstract 

Background Drug Use Disorder (DUD) is a major contributor to world-wide morbidity and mortality. The extensive 
national registers in Sweden provide the basis for a study of spatial and temporal patterns of DUD onset and recur-
rence in Sweden from 2001–2015.

Methods To identify patterns of DUD over space, time and gender for Swedish individuals aged 15–35, space–time 
clustering using SaTScan was applied. We used yearly information on residential locations in Demographic Statistical 
Areas (DeSO) for all of Sweden. The clustering analysis used a Poisson probability model and a null hypothesis that 
the expected number of cases in each DeSO was proportional to the population size of DeSOs. As SaTScan results 
can be unstable, steps were taken to determine stable clusters and to refine and optimize cluster size. Results for each 
gender-register combination were compared to the results of spatial clustering using Gi* statistics. The space–time 
scanning model was also run with an adjustment for neighborhood socioeconomic status to determine DUD preva-
lence as it relates to education, income, unemployment and receipt of social welfare.

Results DUD prevalence increased over time. Males yielded more significant clusters than females for both criminal 
and medical registers. Female DUD prevalence rates increased over time, especially after 2012. Higher correlations in 
DUD rates existed across the two registers than across gender. Male clusters were present from 2004 onwards while 
female–criminal clusters appeared after 2007, and female–medical clusters not until 2010. By 2013, clusters existed 
for all gender–register combinations. Male–criminal clusters were concentrated in Stockholm, Göteborg and Malmö 
as were male and female-medical clusters. Neighborhood SES was more highly related to the distribution of criminal 
than medical DUD clusters. A persistent gap in core clusters was identified in Stockholm in an area with notably high 
SES.

Conclusions Persistent hotspots of DUD in Sweden were confirmed as well as new and emerging hotspots, espe-
cially in Stockholm, Göteborg and Malmö. Higher correlations existed in DUD rates across registers than across gen-
der. The findings are useful for monitoring the current drug problem and for identifying drivers underlying patterns of 
spread and important causal pathways to DUD.
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Background
Drug Use Disorder (DUD), a major contributor to both 
morbidity [1] and mortality [2–4] in both the United 
States and in many other countries, is a critical public 
health concern. The substantial research on the etiology 
of DUD suggests that it is a classical multifactorial dis-
order with a wide array of risk factors from several key 
domains especially biological/genetic, psychological/
developmental and socio-cultural [5]. In addition to these 
traditional risk factor domains, extensive evidence sug-
gests that DUD clusters in both space and time [6–10]. 
Detailed studies of such clusters provide the opportunity 
to delineate further potentially important causal path-
ways to DUD.

Fewer studies, however, have explored space–time 
clustering of DUD on a national scale. The high quality 
medical and criminal registers in Sweden are among the 
best in the world for the breadth and quality of cover-
age and make such a national study feasible. These reg-
isters include the recently created primary care register 
[11], and contain nationwide annually-updated infor-
mation about the residential locations of all individu-
als aggregated to Demographic Statistical Area (DeSO) 
level (see below for details). They have been used previ-
ously to examine both the impact of genetic risk [12, 13] 
and community environments [13–16] on risk for DUD. 
Of particular relevance, prior work has shown that com-
bined household/community effects accounted for ~ 8% 
of the total population variation in DUD in Sweden [17] 
and sewage water from 33 different municipalities across 
Sweden support substantial geographical differences in 
illicit drug consumption suggesting considerable varia-
tion in illicit drug consumption across regions of Sweden 
[18].

In this first examination of the national distribution 
of DUD in the country of Sweden, we ask the following 
major questions:

1. Can we identify patterns of onset and recurrence of 
DUD over space and time at national level, across 
Sweden?

2. How similar are the identified clusters in men and 
women and in those whose DUD is ascertained from 
criminal versus medical registers?

3. To what extent does the observed clustering of DUD 
overlap with geographical clusters of socioeconomic 
deprivation?

This study examines national patterns of DUD in Swe-
den between 2001 and 2015 for ages 15–35  years. We 
use spatiotemporal clustering to reveal in detail how 
DUD, by gender and register, has varied across space 
and with a particular focus on where DUD occurrences 

have emerged, persisted, or possibly increased over time. 
These patterns of change are critical to not only improv-
ing our understanding of causal pathways but also pro-
viding public health decision makers and stakeholders 
with information to guide treatment service and mitiga-
tion planning.

Methods
Data and study area
This study used data on individuals from Swedish popu-
lation-based registers with national coverage linking each 
person’s unique personal identification number, which, 
for confidentiality, was replaced with a serial number 
by Statistics Sweden. Our dataset consisted of individu-
als residing in Sweden for the years 2001 through 2015. 
For each year, we selected individuals aged 15 through 35 
when a first registration for DUD is most likely to occur 
[19]. In this dataset, we included the date of registration 
for DUD. DUD was defined based on registration either 
in the medical registers (the Inpatient Register and Spe-
cialist Care Register) or the criminal registers (the Swed-
ish Conviction and Suspicion Registers). In the medical 
registers, DUD was identified by ICD-10-codes for men-
tal and behavioral disorders due to psychoactive sub-
stance use (F10-F19), except those due to alcohol (F10) or 
tobacco (F17). In the criminal registers, DUD was defined 
by codes 3070, 5010, 5011, and 5012 in the Suspicion 
register, and in the Conviction register by references to 
laws covering narcotics (law 1968:64, paragraph 1, point 
6) and drug-related driving offenses (law 1951:649, para-
graph 4, subsection  2 and paragraph 4A, subsection  2). 
For our analysis, we separated the medical and criminal 
registrations so that an individual could have both types 
of registrations during a year. We created 15-yearly sub-
sets for individuals aged 15 to 35 for a given year, and for 
this analysis, we counted the number of individuals with 
both types of registrations relating to DUD for a given 
year.

We also included information on the area of resi-
dence of each individual by year. We used “Demografiska 
Statistikområden” (DeSO) (i.e., Demographic Statisti-
cal Areas). Historically, studies on neighborhood effects 
in Sweden have tended to use the older Small Areas for 
Market Statistics (SAMS) zone design [20]. DeSOs are 
also a zone design, implemented by Statistics Sweden 
(SCB) in 2018 as a new and modernized successor to 
SAMS [21]. DeSOs subdivide Sweden into 5,984 areas 
using a target population size per area of 1,500 peo-
ple [21]. As the design is based on population size, the 
geographic size of a DeSO varies with population den-
sity. The divisions between zones are designed to follow 
barriers such as water bodies, railroads etc., in order to 
capture neighborhood interactions, and the zone design 
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is constructed with special consideration for the analy-
sis of neighborhood effects and the spatial dimensions 
of socio-economy [22]. The spatial data for DeSOs used 
in this research was version v2 acquired from Statistics 
Sweden [23].

DUD prevalence across space and time, 
significance and reliability
To detect patterns of DUD at DeSO-level, a space–time 
clustering analysis was undertaken using SaTScan ver-
sion 9.7 [24]. SaTScan was developed for the purpose of 
finding statistically significant clusters across space and 
time [25]  and has been applied with modifications, for 
example, refining and optimizing cluster size [26, 27]. In 
this study, the SaTScan analysis was undertaken for DUD 
case counts in both the criminal and medical registers, 
where a case represents any individual who has had at 
least one DUD registration (either criminal or medical) 
during the relevant year. The clustering approach used 
a Poisson probability model that scanned for areas with 
high numbers of DUD cases using a null hypothesis that 
the expected number of cases in each DeSO was propor-
tional to the population size of the DeSO [25]. SaTScan 
tests that there is no elevated risk within each scanning 
window against the alternative hypothesis that elevated 
risk is present. The likelihood function used a Poisson 
assumption for a given scanning window and followed 
the approach used by SaTScan [24]. This likelihood func-
tion is maximized over all scanning windows by DeSO 
and year, with the window that has the highest likelihood 
ratio being considered as the most likely cluster. Remain-
ing clusters are considered secondary and are ordered by 
the same likelihood ratio.

As SaTScan results can be relatively unstable, yielding 
different results depending on the chosen scanning win-
dow, Chen et al. [26] used a reliability index in order to 
find stable clusters and other studies have also applied a 
similar index [8]. We computed this index by first run-
ning SaTScan multiple times with different population 
windows and counting the number of instances where 
a given location determines a set of stable clusters. The 
ratio produced by the number of times a DeSO appeared 
in these clusters over the total number of scans consti-
tuted the reliability index R, where N refers to the num-
ber of scans and I refers to the number of times the DeSO 
appears in a core cluster in any of the scans [26].

To determine the range for our scanning windows, 
one-year prevalence rates of DUD were analyzed for all 
combinations of gender and register types (i.e., female-
medical, female-crime, male-medical, male-crime) 

Ri =

Ii

N

producing a range of prevalence from 0.2% to 2.7%. Based 
on this finding, SaTScan was run from a 0.1% to a 3% 
sized population window using 0.1% intervals, as well as 
at 4% and 5%, for each gender and register combination.

SaTScan also supports the computation of relative risk 
for each location [24]. A core cluster was defined as a 
cluster where a minimum of two-thirds (66%) of the spa-
tial enumeration units had a relative risk of 1.5 or more 
[8]. We refined this notion of core cluster further by 
applying a Bonferroni test [28]  using a confidence level 
of 0.01, and dividing by the total number of scans. As 
both the registers and population data were aggregated 
by year, the scanning time window was limited to 1 year 
for all scans.

As further validation of the extent that spatial cluster-
ing of DUD rates for this age group was present for the 
different registers by gender throughout the time period, 
we also computed Gi* statistics, implemented using the 
Python Spatial Abstraction Library. This statistic was 
calculated yearly for each gender-register combination 
using a symmetrically-weighted queen contiguity spa-
tial weights matrix for all DeSO areas. The Gi* statistic 
was computed for one-year prevalence rates by DeSO, 
correcting the rate for the number of individuals within 
each DeSO. This was done by multiplying the rates with 
a shrinkage factor (SF) used in multilevel models. This 
produces more shrinkage if the number of individuals in 
the DeSO area is small [29]. These results were compared 
to the SaTScan clustering results to provide some quality 
assurance for the space–time clustering results.

Community measures of neighborhood deprivation 
have typically predicted future risk for DUD in the US 
[30]  and in Sweden where follow-up analyses suggest 
that the association is likely to be largely causal in nature 
[15]. In order to ascertain the relationship between core 
clusters and neighborhood socioeconomic status (SES), 
we also ran the model with an adjustment for SES. For 
each DeSO zone and year, a neighborhood SES index was 
created based on register data for all residents in a DeSO 
aged 25–64 representing the age range that are the most 
socioeconomically active [31]. Neighborhood SES was 
based on four items: low education level (years of for-
mal education), low income (from all sources, including 
interest and dividends; defined as income below 50% of 
median individual income), unemployment (excluding 
full-time students, those completing military service, and 
early retirees), and receipt of social welfare [31]. For this 
research, the index was used to categorize neighborhood 
SES into three classes, low (more than one standard devi-
ation below the mean), moderate (within one SD of the 
mean), and high (more than one SD above the mean). All 
DeSO areas were classified into one of these three classes 
of neighborhood SES (low, medium and high), analyzed 
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as a categorical covariate using SaTScan, and mapped as 
neighborhood SES values, -1 through 1.

Results
The population was stratified by gender, type of regis-
ter, and the combination of both register and gender 
(Table  1). Prevalence was measured as the ratio of the 
number of individuals with at least one DUD-registra-
tion in each register by the population residing in each 
geographic unit during each year. Three trends in this 
table are noteworthy. First, the prevalence of DUD was 
increasing relatively steadily over this time period. Sec-
ond, males were much more likely to be registered for 
DUD than females. Third, the male to female prevalence 
ratio for DUD was consistently higher in the criminal 
than in the medical register.

To obtain an overview of the stability of rates of DUD 
registration across time, gender and both medical and 
criminal registers, we calculated the Pearson product 
moment correlation matrices using data from 2001–
2015, by registration and by sex. Across these years, the 
correlation between medical and criminal registrations 
was substantial (mean r =  + 0.52) (Table  2) while the 
correlation between genders was more modest (mean 
r =  + 0.21) (Table  3). The temporal stability was some-
what higher in the criminal than medical register for 
males. The correlations across time were moderate for 
both register and gender, and tended to decline with 
time. This analysis helped guide our expectations for both 
the spatial and space–time analysis as will be described 
in detail in the following sections.

DUD cluster patterns by gender and register
Across all scans, males in this 15–35-year age group 
yielded around twice the number of significant clusters 
(P < 0.05) compared to females, for both criminal and 
medical registers. After core clusters had been computed, 
this disparity increased further such that the number of 
male DUD core clusters associated with the criminal reg-
ister were more than eight times higher than the num-
ber of female core clusters for this same register, and 
more than twice the number of female core clusters for 
the medical register (Table  4) These figures parallel the 
gender differences in the number of DUD cases from the 
criminal and medical registers.

Over the study time period, core clusters capturing 
male DUD prevalence associated with the criminal reg-
ister emerged in 2004 with a notable increase from 2010 
to 2015 (Fig. 1). Core clusters for male–medical register 
cases appeared in 2005 with a noticeable spike in 2013. 
Female–criminal core clusters were first noted in 2007, 
while female–medical clusters appeared later than for 
males in 2010, and were less temporally concentrated 

overall while being skewed toward the last half of the 
study period. Results showed that by 2013 and for the last 
three years of the study period, core clusters for all gen-
der–register combinations could be found.

DUD rates across Sweden
At the national level, the overall pattern saw a concentra-
tion of DUD prevalence in and around the capital, Stock-
holm. Within Stockholm County, DeSOs with reliably 
high DUD prevalence (high Ri) were found in the south-
ern suburbs centered around Hökarängen, Botkyrka and 
Skogås (Fig.  2, inset map a). DeSOs with reliably high 
DUD prevalence extended out from the city center to 
the mid-sized city of Eskilstuna, just west of Stockholm 
(Fig. 2, inset map b). Sweden’s second largest city, Göte-
borg, also had similar areas of high DUD prevalence in 
the northern suburbs, mainly around Biskopsgärden and 
Kortedala (Fig. 2, inset map c). Sweden’s third largest city, 
Malmö, saw similarly high DUD prevalence, but clusters 
there were less persistent over time yielding lower relia-
bility scores than either Stockholm and Göteborg (Fig. 2, 
inset map d).

Outside of Mälardalen and Göteborg, locations with 
DeSOs with reliably high DUD prevalence (Ri > 0.75) 
were found in the South (Karlskona, Trelleborg, Växjö, 
and Kalmar) (Fig.  2, main map) and Östersund in the 
north (Fig. 2, inset map e). No areas with a Ri above 0.75 
were found north of Stockholm, except for Östersund 
(Fig. 2, inset map e), although clusters of DUD prevalence 
were found in certain northern cities including Sundsvall, 
Umeå and Luleå (Fig. 2 main map).

Spatial patterns of DUD prevalence by gender 
and register
The pattern of core clusters for male–criminal DUD 
for the age group 15–35 years was similar to the overall 
pattern seen in Fig. 2, with higher DUD prevalence and 
a concentration of clusters in the cities of Stockholm, 
Göteborg and Malmö, as well as in cities along the north-
east coast and Östersund (Fig.  3a). For male–medical 
DUD prevalence, the pattern was similar, but core clus-
ters were also found in the area of Vadstena and Motala 
(south central Sweden) (Fig. 3b). There were no core clus-
ters for this group in any northern city with the excep-
tion of Skellefteå (Fig.  3b). For female–criminal rates, 
there were generally fewer core clusters, however, higher 
DUD prevalence was found west and south of Stockholm 
in cities, such as Örebro, Eskilstuna and Norrköping, 
while any concentration around Stockholm was absent 
(Fig. 3c). Locations on the west coast of Sweden that were 
found for males, were not present for females. Higher 
prevalence of female–medical DUD rates were returned 
for DeSOs around Stockholm, Göteborg and Eskilstuna, 
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with core clusters also located on the island of Gotland 
(Fig. 3d).

Spatial distribution of reliability scores
By mapping the spatial distribution of the reliability index 
(Ri), places that had a consistently high DUD rate across 
space and time, were identified. DeSOs with the highest 
male–criminal reliability scores (Ri > 1.5) were found in 

the northern and southern suburbs of Stockholm, and 
also in Eskilstuna (Fig. 4a), while clusters with the highest 
Ri scores for male–medical DUD rates, were also found 
in the northwestern and southern suburbs of Stockholm 
(Fig.  4b). Female-medical clusters with high reliability 
were also found in Stockholm’s southern suburbs, as well 
as in the northwest of Stockholm (Fig.  4c). Analysis of 
female–criminal DUD rates for the study period showed 

Table 2 Pearson correlation values for rates across DeSO areas (2001 to 2015) by Type of Registration

MEDICAL ABOVE DIAGONAL AND CRIMINAL BELOW

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Medical 
with 
Criminal

2001 1.00 0.31 0.19 0.34 0.14 0.17 0.28 0.21 0.16 0.08 0.23 0.11 0.12 0.23 0.23 0.38

2002 0.47 1.00 0.22 0.41 0.29 0.25 0.23 0.13 0.09 0.19 0.14 0.12 0.08 0.09 0.14 0.56

2003 0.31 0.26 1.00 0.31 0.39 0.22 0.27 0.11 0.08 0.11 0.23 0.16 0.20 0.16 0.16 0.50

2004 0.38 0.36 0.44 1.00 0.34 0.44 0.21 0.22 0.29 0.11 0.18 0.18 0.17 0.16 0.30 0.54

2005 0.21 0.16 0.44 0.60 1.00 0.41 0.31 0.24 0.19 0.27 0.20 0.26 0.12 0.26 0.29 0.59

2006 0.29 0.19 0.37 0.45 0.50 1.00 0.50 0.25 0.13 0.15 0.17 0.19 0.22 0.30 0.35 0.64

2007 0.24 0.21 0.42 0.38 0.37 0.59 1.00 0.32 0.28 0.17 0.28 0.19 0.13 0.26 0.21 0.66

2008 0.27 0.24 0.29 0.32 0.34 0.40 0.54 1.00 0.49 0.48 0.35 0.31 0.15 0.32 0.21 0.61

2009 0.22 0.30 0.21 0.33 0.22 0.20 0.35 0.50 1.00 0.48 0.30 0.28 0.18 0.24 0.17 0.25

2010 0.22 0.25 0.17 0.20 0.16 0.28 0.34 0.50 0.37 1.00 0.29 0.42 0.16 0.24 0.31 0.70

2011 0.29 0.31 0.24 0.23 0.23 0.27 0.23 0.34 0.30 0.44 1.00 0.46 0.24 0.31 0.48 0.53

2012 0.23 0.24 0.24 0.29 0.21 0.25 0.27 0.29 0.42 0.27 0.41 1.00 0.35 0.42 0.42 0.45

2013 0.28 0.14 0.23 0.29 0.37 0.28 0.30 0.34 0.26 0.37 0.39 0.45 1.00 0.49 0.40 0.44

2014 0.30 0.26 0.36 0.30 0.34 0.32 0.38 0.46 0.38 0.32 0.41 0.38 0.43 1.00 0.46 0.70

2015 0.25 0.19 0.32 0.31 0.30 0.26 0.37 0.41 0.32 0.30 0.35 0.44 0.40 0.59 1.00 0.59

Table 3 Pearson correlation values for rates across DeSO areas (years 2001 to 2015) by Sex

FEMALES ABOVE DIAGONAL AND MALES BELOW

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Males with 
Females

2001 1.00 0.30 0.16 0.06 0.10 0.08 0.28 0.29 0.20 0.06 0.08 0.07 0.02 0.12 0.27 0.25

2002 0.48 1.00 0.25 0.32 0.32 0.31 0.16 0.09 0.07 0.18 0.04 0.11 0.05 0.13 0.15 0.31

2003 0.33 0.34 1.00 0.25 0.35 0.18 0.33 0.09 0.05 0.13 0.08 0.06 0.02 0.14 0.20 0.23

2004 0.47 0.44 0.54 1.00 0.46 0.31 0.10 0.37 0.20 0.18 0.08 0.17 0.11 0.16 0.06 0.26

2005 0.23 0.25 0.52 0.53 1.00 0.36 0.26 0.28 0.21 0.17 0.11 0.07 0.05 0.05 0.11 0.22

2006 0.27 0.32 0.46 0.46 0.58 1.00 0.20 0.12 0.08 0.13 0.11 0.10 0.05 0.14 0.24 0.22

2007 0.34 0.34 0.42 0.41 0.46 0.68 1.00 0.65 0.23 0.27 0.18 0.22 0.08 0.29 0.21 0.29

2008 0.34 0.23 0.34 0.32 0.39 0.40 0.44 1.00 0.53 0.28 0.09 0.10 0.07 0.36 0.13 0.26

2009 0.34 0.33 0.31 0.44 0.40 0.36 0.40 0.61 1.00 0.37 0.10 0.06 0.17 0.13 0.17 0.11

2010 0.26 0.25 0.23 0.23 0.23 0.27 0.33 0.51 0.52 1.00 0.34 0.17 0.12 0.19 0.09 0.29

2011 0.36 0.34 0.33 0.32 0.33 0.32 0.31 0.39 0.42 0.50 1.00 0.53 0.17 0.14 0.19 0.09

2012 0.28 0.26 0.30 0.36 0.30 0.34 0.34 0.36 0.41 0.36 0.55 1.00 0.56 0.32 0.21 0.18

2013 0.32 0.19 0.37 0.38 0.39 0.39 0.37 0.33 0.41 0.38 0.38 0.51 1.00 0.45 0.35 0.20

2014 0.38 0.24 0.41 0.38 0.45 0.43 0.40 0.37 0.45 0.40 0.47 0.55 0.65 1.00 0.43 0.33

2015 0.37 0.27 0.39 0.39 0.39 0.34 0.42 0.34 0.33 0.37 0.50 0.48 0.44 0.59 1.00 0.33
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that this category had the fewest core clusters, and as 
such clusters with the lowest overall reliability. The most 
reliable areas (Ri > 0.75) for female–criminal register clus-
ters were found in Eskilstuna. However, Örebro, in the 
southwest of the country, was also an area where Ri > 0.75 
(Fig. 4d).

Change in local DUD prevalence across space and time.
The space–time clustering analysis returned results 

that showed numerous locations experienced a pattern 
where a number of early, small clusters were gradually 
superseded by larger expanded clusters, to be followed 
again in time by smaller clusters in neighboring areas. 
For example, in southwest Stockholm for all gender–reg-
ister combinations, results returned small, early clusters 
in Vårby (2008), Norsborg (2007) and Alby (2008), sur-
rounded by larger clusters later in 2009 through 2015, 
with localized clusters in Skärholmen and Bredäng (in 

2013 and 2015 respectively) as well as Södertälje (in 
2015) (Fig. 5(a)). A similar pattern was found in Malmö 
for male–criminal core clusters, where, for example, an 
early cluster in Fosie (2009) was followed by larger clus-
ters across the eastern and northern parts of the city 
in the years 2010 through 2014, with later clusters in 
Möllevången in 2011 and Kroksbäck in 2015 (Fig. 5(b)).

In addition to having the most consistently high num-
bers of core clusters across all gender-registry categories, 
Stockholm was also notable for another persistent feature 
relating to DUD prevalence. A prominent gap or “hole” 
was consistently returned over time in the northern part 
of Stockholm’s city center, i.e., an area where no core 
cluster was reported for any gender-registry category 
for the study period. For male criminal registrations, the 
gap covers the city center (Norrmalm) in the south and 
extends north into Danderyd, and from west to east, it 
extends from Solna into a nature reserve in the East (see 
Fig. 7). The presence of this gap and its geographical cov-
erage was consistent across all gender-register categories. 
We discuss this area further in the following section.

Controlling for neighborhood socioeconomic status.
When we controlled the model for neighborhood-level 

SES, the resulting overall pattern of core clusters was 
broadly similar. A Spearman correlation of the reliabil-
ity indices across analyses controlled for SES versus not 
controlled for SES showed a relatively high correlation 
for medical register core clusters (correlation coefficients 

Table 4 Cluster counts by gender and register

Criminal Medical

Significant clusters (P <  = 0.05)

Male 2844 2145

Female 1430 1289

Core clusters

Male 1396 679

Female 160 262

Fig. 1 Number of core clusters across all scans for combinations of gender and register
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of 0.72 and 0.68 for males and females respectively) and 
slightly lower coefficient scores for core criminal clusters 
(0.55 and 0.41 for males and females respectively).

The core clusters in models both controlled and not 
controlled for neighborhood SES were found to share 
similar locations across all gender–register categories, 
where the core clusters controlled for neighborhood SES 

were generally larger, and where the uncontrolled model 
identified a small number of clusters that were likely 
driven by neighborhood SES (Fig.  6). While the differ-
ence in sizes may be an effect of the smaller total popula-
tions across the categorical covariates resulting in larger 
geographies (as SaTScan tends to favor clusters at the 
higher end of the population threshold), these results 

Fig. 2 Spatial pattern of core clusters across Sweden. To reduce detail in this map, the boundaries of overlapping clusters from the same year have 
been dissolved
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Fig. 3 Core cluster locations across gender-register categories: a male–criminal (b) male–medical, c female–criminal, and (d) female–medical. 
Cluster geometries dissolved by year
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suggest that patterns of core clusters by gender–regis-
ter for 15–35-year-olds, while influenced somewhat by 
neighborhood SES, are not largely the result of the geo-
graphical pattern of SES itself.

Regarding the gap area in core clusters that persisted 
over time in Stockholm, there was only one DeSO area 
with a low SES, while the majority of DeSOs corre-
sponded to the highest social and economic capital cate-
gories. For example, for male–criminal and male-medical 
clusters, no core clusters for the entire study period were 
returned in this area (Fig.  7a). Analysis based on mean 
household income for the Stockholm area shows that 
most of the region was well above the mean household 
income with some DeSOs greater than 5 S.D. above 
the mean income based on Z-scores (Fig.  7b). Very few 
DeSOs in this gap area had negative Z-scores, and among 
those that were negative, the presence of large student 
housing complexes in those DeSOs may contribute to 
this finding. Further analysis would be needed to under-
stand the full set of drivers that relate to this area of con-
sistently low DUD prevalence across all gender-registry 
categories.

Applying Gi* statistics to further confirm DUD 
case hotspots.

For the last four years of the study period, 2011–2015, 
when core clusters for all gender-register combinations 
were present in numerous locations across Sweden, the 
spatial patterns of the mean Gi* Z-scores per DeSO 
were examined to understand how these results would 
relate to the findings of the space–time analysis. In fact, 
the patterns of Gi* Z-scores matched the spatial pattern 
of core clusters returned through the SaTScan analy-
sis to a high degree across all gender-registry catego-
ries. In Göteborg, for example, almost all Gi* hotspots 
for male–criminal DUD rates with a Z-score of 0.5 or 
higher were located in the center of corresponding core 
clusters for these same years (Fig.  8a). Likewise, com-
paring Gi* results with female–medical core clusters in 
Stockholm (the largest group of female clusters), there 
was a similarly high degree of spatial overlap (Fig. 8b).

Fig. 4 DeSOs by reliability score for gender-register categories including: a male–medical, b male–criminal, c female–medical and d female–
criminal
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Fig. 5 Spatio-temporal pattern of core clusters in (a) south-west Stockholm for all gender–register combinations and in (b) Malmö for male–
criminal core clusters. Cluster geometries dissolved by year
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Discussion
Analyzing the spatial and space–time patterns of DUD 
for 15–35-year-olds across Sweden between 2001–2015, 
our results showed, consistent with earlier evidence from 
a country-wide analysis of DUD-related hospitaliza-
tions [32] and from survey analyses of illicit psychoactive 
drug use, a general increase in prevalence over time [33]. 
We show, for the first time, the geospatial variations of 
these trends based on criminal and medical registry data 
unprecedented in their depth and breadth of coverage, 
and that has been validated in multiple prior investiga-
tions of genetic and environmental risk factors for DUD 
[12–16].

Our study reveals that while several cities showed 
higher prevalence rates of DUD for much of the study 
period, certain other locations emerged as hotspots 
only after 2011. The overall pattern saw a concentration 
of core clusters in and around the capital, Stockholm, 
while the cities of Göteborg and Malmö, in the western 
and southern parts of the country, respectively, were two 
additional locations with DeSOs with high reliability 

index scores throughout the entire study period. Fewer 
core clusters were found north of Stockholm, with the 
exception of the cities of Östersund in the central west 
region of the country and Umeå on the east coast where 
core clusters also were present.

For this age group, we found higher correlations in 
rates of DUD across medical and criminal registers than 
across gender. We have previously also shown high rates 
of cross-registration of individuals for DUD in the two 
registers suggesting that to a substantial, but far from 
complete degree, we are detecting correlated populations 
of drug-dependent individuals from the two registers 
[34]. The low correlation across gender is more inter-
esting, pointing to relatively distinct profiles for demo-
graphic risk factors for DUD in males versus females, a 
topic warranting further investigation.

Our findings, that a higher proportion of males with 
DUD are detected via the criminal register and a higher 
proportion of affected females through the medical reg-
ister is consistent with prior findings in Sweden [35]. 
The pathway to DUD in males more frequently involves 

Fig. 6 Pattern of core clusters using models that controlled for neighborhood SES and models that did not control for SES for male–criminal and 
female–medical clusters. Cluster geometries dissolved by year



Page 13 of 17Stewart et al. BMC Public Health          (2023) 23:266  

sensation-seeking, and antisocial and criminal behav-
iors while females may be more likely to initially misuse 
psychoactive substances as a form of self-medication for 
symptoms of anxiety and depression [36–39]. Further-
more, as in most countries, rates of criminal offending 
in Sweden are substantially higher in males than females 
[40], further increasing the chances that DUD will be 
more frequently detected through criminal behavior in 
males than in females.

Consistent with prior studies of the concentration of 
DUD in urban centers in Sweden [41] and the US [42], 
the three largest cities in Sweden, Stockholm, Malmö, 
and Göteborg returned the highest number of core 
clusters for all gender–register combinations begin-
ning with small, early clusters in 2008 and 2009, and 
then followed by larger clusters in 2010 through 2015. 
In each of these cities, DeSOs that comprised core 
clusters in 2008 and 2009 often remained part of later 
clusters. For the latter years, e.g., 2014 and 2015, the 
analysis suggested that DeSOs to the north and west 
of the city of Stockholm were part of an expanding 
set of core clusters. A persistent and noticeable gap in 
core clusters was found in the wealthier, northern part 
of Stockholm’s city center. Among those clusters that 
were negative, the presence of large student housing 
complexes in those DeSOs may contribute to this find-
ing. This pattern also seems to fit with findings from a 
recent study on socioeconomic differences in drug use 

among adults (aged 25–64) in Sweden [14]  that found 
that adults with higher income and education (higher 
socioeconomic group) reported less drug use. Nearby 
Eskilstuna to the west was returned as a hotspot of core 
clusters from 2011 on, as was the suburb of Hökarän-
gen to the east. In the city of Malmö, by 2014, core 
clusters were beginning to emerge in locations north 
of the city while in Göteborg, the pattern was found 
throughout the city from 2008 on, expanding to north 
of Göteborg by 2014.

Our analysis of the DUD rates for 15–35-year-olds 
found that, consistent with a wide range of prior epide-
miological findings across the world [43–45], male DUD 
prevalence greatly exceeded that of females although 
temporal trends showed a marked increase in female 
DUD prevalence rates over time, especially since 2012. In 
accord with this data, the core clusters based on crimi-
nal registrations were generally higher than medical for 
males, while the inverse held for females. During this 
period, the number of male–criminal DUD core clus-
ters were more than 8 times higher than the number of 
female–criminal core clusters, and more than twice the 
number of female–medical core clusters. As expected, 
given the frequently noted negative association between 
SES and rates of crime, including in Sweden [41], our 
analyses indicated that neighborhood SES impacted the 
distribution of criminal DUD clusters more strongly than 
that of DUDs ascertained through the medical register.

Fig. 7 Gap in core clusters found in Stockholm for (a) male–criminal and male–medical core clusters and (b) comparison with Z-score of income 
for the gap region
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Fig. 8 Gi* hot spot locations for (a) male–criminal DUD rates and (b) female–medical DUD and core cluster locations returned by SaTScan. Cluster 
geometries dissolved by year
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Spatially, male–criminal core clusters were concen-
trated around the cities of Stockholm, Göteborg and 
Malmö, as well as in cities along the northeast coast and 
Östersund in the west central part of Sweden. Male–
medical cluster patterns shared a similar spatial pattern, 
but also appeared in south central Sweden (e.g., Motala 
and Vadstena). Female–criminal core clusters were con-
centrated in DeSOs outside of Stockholm (e.g., Eskilstuna 
and Örebro), but not as much within Stockholm DeSOs 
as with the male–criminal DUD pattern. In general, 
female–criminal DUD had the lowest prevalence and was 
the category with the most noise. Locations on the west 
coast of Sweden that were present for both male–crimi-
nal and male–medical DUD, were not found for females 
and neither were any locations in the north returned as 
core clusters for females. Female–medical core clusters, 
however, did appear in Stockholm and its suburbs, as 
well as in the cities of Eskilstuna, and Göteborg, in addi-
tion to the island of Gotland.

It should be noted that while DeSO areas are designed 
with spatial boundaries in mind, the SaTScan model does 
not take boundary effects into account. This can lead 
to areas that in reality may have little interaction, being 
aggregated into the same cluster [46, 47]. Although we do 
not believe this is a major concern, we can see some effect 
of this especially in the Stockholm area, where a small 
number of clusters cut across water bodies and connect 
disparate neighborhoods. Recent studies have investi-
gated scan statistics for irregular clusters [48]. Another 
possible limitation is that for this spatial analysis, only 
individuals that could be connected to a DeSO for the 
relevant year were included in the population total. This 
means there may be a minor underestimation of the total 
population count for the age group being studied. Also, 
it should be noted that each individual has been assigned 
to a DeSO via their registered place of residence accord-
ing to Skatteverket, the Swedish Tax Agency. There may 
be some discrepancies between where people are reg-
istered as residents and where they actually live, which 
may contribute uncertainty in the neighborhood-based 
studies. There could also be some uncertainty related to 
the reliability of place of residence information based on 
local errors that are due to incorrect registrations of place 
of residence, but this error is likely to be rare. We could 
not incorporate into our models the rise in drug testing 
of criminals that has occurred in Sweden over our time 
period of interest [49]. This could have has contributed 
to some of the observed overall rise in DUD rates in the 
criminal registry but cannot explain the parallel increases 
seen in the medical registry. The SES index used to con-
trol for socioeconomic status was originally designed to 
identify neighborhood deprivation specifically rather 
than continuous SES. As such, the distribution of the 

index per DeSO may be skewed. This may mask a larger 
impact of neighborhood socioeconomic gradient than 
we have seen in this study. Finally, it is possible that 
estimates for DUD prevalence from some populations 
covered by the Swedish National Patient Registry, for 
example, those coming from psychiatric outpatient care 
in Stockholm, especially for the early years of this study 
(e.g., between 2001–2006) may be underestimations. If 
this is the case, this could lead to a possible downward 
bias in the number of clusters in the Stockholm area for 
those years. Further study would be necessary to deter-
mine how the time-varying patterns of spatial clusters are 
impacted from such differences in the completeness of 
DUD ascertainment.

Conclusions
This study has investigated space–time patterns of DUD 
across Sweden between 2001 and 2015 at the spatial 
granularity of DeSOs for a key age group, 15–35, when 
the first onset of DUD is most likely to be experienced. 
We used data from the high quality medical and criminal 
registers available in Sweden, stratifying our space–time 
results by both gender and the type of register. Prevalence 
was measured as the ratio of individuals with at least one 
DUD-registration in each register by the population per 
geographic unit during each year. The analysis focused 
on core clusters that represented groupings of DeSOs fil-
tered based on relative risk as well as a further statistical 
test in order to identify key hotspots of DUD prevalence. 
Applying space–time clustering using SaTScan revealed 
three persistent hotspots in Stockholm, Göteborg and 
Malmö, confirmed separately using a Gi* analysis. By 
the end of the study period, each of these hotspots were 
showing further expansion into DeSOs in other nearby 
towns and cities. Male DUD prevalence greatly exceeded 
that of females although temporal trends showed a 
marked increase in female DUD prevalence rates over 
time, especially since 2012. We found higher correlations 
in rates of DUD between medical and criminal registers 
than across gender with a higher proportion of males 
with DUD detected via the criminal register and a higher 
proportion of females with DUD through the medical 
register. Male–criminal core clusters were concentrated 
in the cities of Stockholm, Göteborg and Malmö, as well 
as in cities along the northeast coast and in Östersund. 
Female–medical core clusters appeared in Stockholm and 
its suburbs, as well as in the nearby cities of Eskilstuna, 
and Göteborg, and the island of Gotland. Male–medical 
cluster patterns shared a similar spatial pattern to that of 
male–criminal, but also appeared in cities such as Motala 
in south central Sweden. The findings are important for 
identifying drivers that underlie the spatial patterns of 
spread, for monitoring the current drug epidemic, and 
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for generating hypotheses about drug prevalence in local 
areas.

We plan in the future to use these results as a geo-
graphic framework to answer a range of questions about 
the etiology of DUD in Sweden that have previously been 
examined by standard regression analysis in all of Swe-
den. Such questions will include an in-depth analysis of 
effects of migration into and out from these newly iden-
tified high-risk areas and modifying effects of social and 
familial factors. Questions we hope to address would 
include to what extent do these hotspots arise from high 
rates of first onsets of DUD for resident individuals ver-
sus in-migration of already affected individuals, and what 
is the risk for DUD associated with migration into or out 
of these high-risk areas and are these results consistent 
across hotspots. An analysis of what social and familial 
factors make residents in these hotspots especially vul-
nerable to DUD and whether these differ from the risk 
factors that operate in low-risk regions would also be a 
valuable topic to pursue.
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