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Abstract 

Hepatitis C virus (HCV) affects up to 45,000 people in Sweden today. Although it is a very 

treatable disease, the prevalence of HCV is extremely high within the population of people who 

inject drugs (PWID). This study examines the direct effect of needle exchange programs (NEPs) 

on HCV rates in Sweden. Previous research has shown that NEPs reduce the transmission of 

other blood-borne diseases among PWID. Using an interrupted time series (ITS) analysis, this 

study investigates if there are statistically significant differences between HCV rates in Swedish 

counties before and after the implementation of NEPs. The study also investigates via linear 

regression to see if there is a relationship between sterile injecting equipment (needles and 

syringes) dispensed and HCV rates in the counties where NEPs exist. While there has been a 

steady decrease in HCV rates across the country as a whole, the ITS analyses show no 

statistically significant differences in HCV rates due to the opening of NEPs. Because of the 

relatively recent introduction of NEPs in Sweden, more data points post-intervention may be 

needed before we can truly see the effect they have on regional HCV rates. There is also no 

relationship between the number of needles and syringes dispensed and county HCV rates. 

However, Sweden falls far short of the 300 syringes/needles per user per year recommendation of 

the World Health Organization at this time. Standardized data collection and further research can 

help answer these questions more clearly.  
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Popular Summary 

Hepatitis C virus (HCV) affects up to 45,000 people in Sweden today. Although it is a treatable 

disease, the prevalence is extremely high among people who inject drugs (PWID). Needle 

exchange programs (NEPs) are evidenced-based interventions that have been implemented with 

success to decrease levels of HIV and Hepatitis B among PWID. However, the relationship 

between these programs and HCV is inconclusive. This project investigates if there are 

statistically significant differences in regional HCV incidence rates prior to and after the 

implementation of NEPs in Sweden. Another vital component of HCV reduction according to the 

World Health Organization (WHO) is dispensing an adequate number of sterile injecting 

equipment to PWID. This paper investigates if the number of needles and syringes dispensed in 

2019 are related to regional HCV rates. 

 

The results of the first test do not show statistically significant differences in HCV rates after 

NEPs were implemented. As most of the facilities only opened recently, this result may be 

because there is not enough data yet. In terms of the number of needles and syringes dispensed, 

there are also no statistically significant relationships shown although Sweden falls far short of 

the number of equipment dispensed as recommended by the WHO. The relationship between 

HCV and NEPs remains unclear although this may simply be because of a lack of adequate data. 

Due to the illegal nature of drug use, it is difficult to obtain data that can be used systematically 

and with confidence to study these interventions. A scale up of NEPs and the implementation of 

accompanying harm reduction measures may be needed to reduce HCV rates among this 

population.  
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Introduction 

Hepatitis C virus (HCV) is thought to affect anywhere between 71 to 170 million people 

worldwide (1,2). HCV targets the liver and the long-term outcomes of chronic infection include 

mortality from severe cirrhosis and hepatocellular carcinoma. As a blood-borne disease, people 

who inject drugs (PWID) are at much higher risk for HCV infection than the general public (3,4). 

Prevalence rates of HCV within this cohort are anywhere from 10 to over 90 percent (5,6) 

despite the availability of newer medication regimens that are highly effective (7).  

 

The World Health Organization (WHO) created a global health strategy in 2016 aiming for a 90 

percent reduction in HCV infection rates and a two-third reduction in deaths by 2030 (8). In 

addition, the European Centre for Disease Prevention and Control (ECDC) and the European 

Monitoring Centre for Drugs and Drug Addiction (EMCDDA) as well as the Public Health 

Agency of Sweden (Folkhälsomyndigheten) have produced guidelines with which to tackle this 

challenge. These agencies recommend the widespread use of needle exchange programs (NEPs) 

as part of their evidence-based strategy to stem the spread of blood-borne infections (8–10).  

 

Changes to Swedish law in 2017 removed the municipal right to veto the opening of new NEPs. 

As counties are responsible for providing health care, this allowed for the expansion of these 

programs to reach almost all regions in the country by 2020. Despite studies showing reductions 

in Hepatitis B virus (HBV) and Human Immunodeficiency virus (HIV) infection among PWID 

who use NEPs (5,6,11,12) the results have been inconclusive regarding their effect on HCV 

rates. The purpose of this study is to contribute to the literature on harm reduction by 

investigating the relationship between NEPs and regional HCV transmission in Sweden.  

 

  

https://paperpile.com/c/bwpAES/P4mR8+dcLgU
https://paperpile.com/c/bwpAES/3XSIa+lkJHb
https://paperpile.com/c/bwpAES/m7IMx+18w7Q
https://paperpile.com/c/bwpAES/gqUUO
https://paperpile.com/c/bwpAES/FHFK
https://paperpile.com/c/bwpAES/FHFK+BY716+OV46B
https://paperpile.com/c/bwpAES/qHGWT+18w7Q+m7IMx+5xah0
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Research Objective 

The objective of this study is to assess the effect of NEPs on HCV rates in Sweden. While data 

has previously been collected on specific NEPs and the people who use them, I am seeking to 

assess their impact upon regional populations. To analyze this relationship, I will be comparing 

HCV incidence rates prior to, and after the implementation of NEPs in different counties across 

the country using an interrupted time series (ITS) analysis. The study will also investigate if 

there is a causal relationship between the number of needles and syringes distributed from 

Sweden’s NEPs and HCV incidence rates.   

Research Questions 

1. Do needle exchange programs affect HCV rates within Sweden?  

2. Is there a relationship between the number of needles and syringes exchanged and HCV 

rates within counties in Sweden that have implemented NEPs? 

Background on HCV 

Hepatitis C is a single-stranded enveloped RNA virus that belongs to the Flaviviridae family and 

was first discovered in 1989 (1). It targets the liver and has a very high reproductive rate in 

hepatocytes. The ability of the virus to mutate and its ability to avoid the human immune 

response in a majority of cases is why detection of the virus often does not occur for decades. 

This in turn greatly increases the chance for further transmission. Because many of the 

symptoms such as fever/chills and fatigue resemble a host of otherwise low-risk infections they 

are often too vague to cause alarm (1). Only approximately 20 percent of people infected with 

HCV will suffer signs or symptoms that cause people to access medical services. Of those that 

go on to develop chronic Hepatitis C infection, the health impacts can be severe including 

cancer, the need for transplantation, and death (13).  

 

 

https://paperpile.com/c/bwpAES/P4mR8
https://paperpile.com/c/bwpAES/P4mR8
https://paperpile.com/c/bwpAES/ZFeQx
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HCV RNA is primarily transmitted by infected blood but it can also be found in a number of 

bodily fluids. Little is known about the transmission possibilities via other routes (1). The 

sharing of contaminated injection equipment by PWID has been implicated as the main mode of 

transmission in developed countries (3). Those that become infected with HCV may not show 

symptoms until 4 to 10 weeks after exposure (1), and 30 percent of cases clear spontaneously (2).  

 

Between 1999 and 2018, the average proportion of HCV infections in Sweden (acquired 

domestically and abroad) related to injection drug use (IDU) was 48 percent. These estimates are 

taken from the yearly HCV reports from the public health agency of Sweden, and in some years 

there are large percentages of transmission rates where the mechanism is unknown (up to 45 

percent). HCV cases have decreased relatively steadily during this period both in terms of overall 

cases and the percentage attributed to IDU as seen in Figure 1.  

 

 

Figure 1. HCV incidence in Sweden attributed to IDU (where the cause is known), domestic and 

abroad. 

 

https://paperpile.com/c/bwpAES/P4mR8
https://paperpile.com/c/bwpAES/3XSIa
https://paperpile.com/c/bwpAES/P4mR8
https://paperpile.com/c/bwpAES/dcLgU
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It is thought that high serum levels of HCV virus during the initial and chronic phase of 

infection, the ability of the virus to survive outside the body, and a low infective dose may 

contribute to why HCV has not followed the same level of reduction in PWID as other 

transmissible diseases (14). Combined with much higher prevalence levels, it is not difficult to 

understand that traditional harm-reduction services may not have the same impact on HCV 

transmission as they have on HIV.  

Treatment for HCV 

As no vaccine exists for the prevention of Hepatitis C virus (1,15) treatment is an important 

aspect in the battle against HCV infection. Until 2013 treatment for HCV mainly centered 

around the use of interferon (INF)-based medication. This treatment modality required a long 

duration of adherence and those undergoing treatment suffered from a wide variety of side 

effects (16,17). During the last seven years, a new era of HCV treatment has come to the 

forefront resulting in extremely high cure rates (>95 percent) and requiring considerably less 

time and effort of the patient (once a day tablets) than INF-based treatment (17). These direct 

acting antivirals (DAA) have revolutionized the battle against HCV and are one of the major 

components in achieving the WHO 2030 goals.  

 

Until recently treatment was restricted to those that are in the last two stages of fibrosis. While 

this approach may result in cost-saving, it does not prevent the onward spread of the disease. 

WHO has been critical of this approach and now recommends that treatment be offered to all 

who have HCV, regardless of the stage of disease. In Sweden, as of January 1, 2018, a variety of 

DAAs were subsidized in order to treat those with HCV in any stage of fibrosis (18). However, it 

has been shown that a greater number of PWID in the country need to enroll in treatment to 

make a significant dent in transmission rates (13). 

  

https://paperpile.com/c/bwpAES/xZXlv
https://paperpile.com/c/bwpAES/UR2dd+P4mR8
https://paperpile.com/c/bwpAES/SjzqS+rrsoX
https://paperpile.com/c/bwpAES/rrsoX
https://paperpile.com/c/bwpAES/T5usJ
https://paperpile.com/c/bwpAES/ZFeQx
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Drug Use and Harm Reduction in Sweden 

Estimates of the number of PWID in Sweden have not been updated recently, however studies 

put the number at a minimum of 8000 (5,19,20) to over 23,000 (21). While Sweden has 

comparably low numbers of drug users per capita against the rest of Europe, the proportion who 

inject or are considered problematic users is relatively high (22). Amphetamines are the most 

common drugs associated with misuse in Sweden and are also the most common injection drugs 

in the country (21). Amphetamine use has been widespread in Sweden due to its relatively low 

price as well as its legal and non-prescription status in the first half of the 20th century. Those 

who use amphetamines are shown to have higher levels of injection risk behavior and HCV 

incidence (20). Heroin and other opioids, often associated with overdose deaths, are the next 

most commonly injected drugs in the country.  

 

Many researchers have pointed to the cultural, political, and social values of Sweden as vital to 

the country’s particularly unique anti-drug stance (23,24). Nils Bejerot, often cited as the 

founding father of Sweden’s drug policy, wrote many influential papers that shaped Sweden’s 

view of narcotic drug consumption. This in part helped to create the country’s goal of a drug-free 

society (25,26). As drug use continued to grow into the 1960s, regulations came into effect to 

combat the increasingly problematic use of illicit substances. A shift in ideology including 

linking a rise in the drug problem with immigration and globalization eventually led to drug use 

being criminalized in 1988 (22,27). Sweden has maintained a restrictive position on drug use to 

this day despite increasing calls for a policy based on scientific evidence (27). 

 

Notwithstanding this long-established opposition to drugs, two NEPs opened in Sweden as pilot 

projects in the mid-1980s. NEPs were opened in Lund in 1986 and Malmö in 1987 in response to 

the outbreak of HIV amongst PWID (27). It was not until 2010 that the country opened a third 

facility in Helsingborg. In a report published by the Ministry of Health and Social Affairs, only 

2500 PWID had access to NEPs in 2014 (26). In 2017, laws were changed in Sweden to allow 

for counties to override municipal vetoes and NEPs can now be found in most regions of the 

country. The minimum age of 20 was also reduced to 18 as a means to provide access to harm 

reduction services to a wider range of PWID. Reducing the age limit is a critical aspect of harm 

https://paperpile.com/c/bwpAES/j7ySF+AZuJ8+m7IMx
https://paperpile.com/c/bwpAES/yuS2E
https://paperpile.com/c/bwpAES/yWXis
https://paperpile.com/c/bwpAES/yuS2E
https://paperpile.com/c/bwpAES/AZuJ8
https://paperpile.com/c/bwpAES/ng52y+ibDlh
https://paperpile.com/c/bwpAES/tZPpf+9jE1X
https://paperpile.com/c/bwpAES/yWXis+rK4A4
https://paperpile.com/c/bwpAES/rK4A4
https://paperpile.com/c/bwpAES/rK4A4
https://paperpile.com/c/bwpAES/9jE1X
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reduction as studies have shown that accessibility of services for PWID at an early age can 

reduce HCV rates as high-risk injection practices are more common among this age cohort (20). 

 

Increasing access to NEPs can also enhance the ability to implement treatment as prevention. It 

has been shown that low levels of diagnosis and enrollment in treatment is common among 

HCV-infected PWID (28). At the end of 2019, 16 of 21 counties had operational needle 

exchange programs and two more are scheduled to open programs in the first half of 2020. The 

remaining three counties in Sweden that are without NEPs are Gävleborg, Västernorrland, and 

Västmanland, with a combined population of 808,574 at the end of 2019. This equates to roughly 

8 percent of the country’s population that is without access to NEPs.  

 

In order to limit disease transmission, it is recommended that clean equipment including filters, 

cookers, water, needles and syringes are used for every injection event (14). Although the 

primary underlying function of needle exchange programs is the provision of clean injecting 

equipment, they can also offer a variety of other services. Some of these, such as Opioid 

Substitution Treatment (OST), in combination with NEPs have shown to cause reductions in 

HCV (29). Where OST or other replacement therapy is not an option as with amphetamine and 

other stimulants, NEPs remain an important venue for contact between PWID and health care 

services (4). 

 

According to the 2019 Health and Social Care Inspectorate (IVO) yearly reports, many of 

Sweden’s NEPs offer HCV treatment on-site or via referral to connected or closely situated 

infectious disease clinics. Treatment of PWID as a group has been indicated as a crucial measure 

to reduce HCV prevalence (30).  

 

  

https://paperpile.com/c/bwpAES/AZuJ8
https://paperpile.com/c/bwpAES/cUJzh
https://paperpile.com/c/bwpAES/xZXlv
https://paperpile.com/c/bwpAES/QTwhd
https://paperpile.com/c/bwpAES/lkJHb
https://paperpile.com/c/bwpAES/cjxNo
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Table 1. Timeline of needle exchange programs in Sweden 1986-2020. 

County Population (county) Municipality Population (town) NEP Opened 

Skåne 1,377,827 Lund 124,935 1986 

Skåne 1,377,827 Malmö 344,166 1987 

Skåne 1,377,827 Helsingborg 147,734 2010 

Kalmar 245,446 Kalmar 69,467 2012 

Stockholm 2,377,081 Stockholm 974,073 2013 

Skåne 1,377,827 Kristianstad 85,747 2014 

Blekinge 159,606 Karlskrona 66,622 2016 

Jönköping 363,599 Jönköping 141,081 2016 

Kronoberg 201,469 Växjö 94,129 2016 

Uppsala 383,713 Uppsala 230,767 2016 

Halland 334,848 Varberg 64,601 2017 

Halland 335,848 Kungsbacka 84,395 2017 

Halland 333,848 Halmstad 102,767 2017 

Gotland 59,686 Visby 24,300 2018 

Norrbotten 250,093 Piteå 42,281 2018 

Södermanland 297,540 Eskilstuna 106,859 2018 

Västerbotten 271,736 Umeå 128,901 2018 

Västra Götaland 1,725,881 Skövde 56,366 2018 

Västra Götaland 1,725,881 Göteborg 579,281 2018 

Västra Götaland 1,725,881 Trollhättan 59,058 2018 

Östergötland 465,495 Norrköping 143,171 2018 

Jämtland  130,810 Östersund 63,779 2019 

Stockholm 2,377,081 Stockholm 974,073 2019 

Norrbotten 250,093 Luleå 78,105 2019 

Västra Götaland 1,725,881 Borås 113,179 2019 

Örebro 304,805 Örebro 155,696 2019 

Värmland 282,414 Karlstad 93,898 April 2020 

Dalarna 287,966 Falun 59,406 Summer 2020 

Gävleborg 287,382 N/A N/A N/A 

Västernorrland 245,347 N/A N/A N/A 

Västmanland 275,845 N/A N/A N/A 
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Literature Review 

There is a growing amount of literature on harm reduction services such as needle exchange 

programs, opioid substitution treatment, and safe consumption sites. However, due to ethical 

concerns there is a lack of randomized control trials (RCTs) studying these interventions. There 

is also wide heterogeneity between studies as different countries and services use different 

measurements. This results in few standardized and comparable studies.   

 

A meta-analysis from 2011 by Turner et al. (29) covering six studies found that the combination 

of OST and high coverage of NEPs in the United Kingdom were associated with lowered risk of 

acquiring HCV. They also discovered an adjusted odds ratio of 0.48 equating to half the risk of 

HCV for those who report 100 percent needle coverage (new equipment for each and every 

injection). They reported an overall recent increase in HCV risk within PWID and particularly 

among new users. This was based on data from 833 participants.  

 

Platt et al. (31) performed a systematic review of 28 global studies on the effect of NEPs on 

HCV. They found that because none of the studies they reviewed had used RCTs to obtain their 

data, the quality of the results was low. This combined with a wide level of heterogeneity 

between studies led Platt et al. to conclude that the effect of NEPs on HCV rates is uncertain.  

 

Another meta-analysis by Davis et al. (12) in 2017 consisting of six studies, five of which came 

from North America, also led to unclear results on the relationship between NEPs and HCV. 

They concluded that among other things, bias, confounders, and concerns around participant 

representativeness showed a need for better designed studies using standardized criteria. 

 

Promising research in the field of NEPs in Sweden has been done by Kåberg et al. (5,20). These 

studies have investigated the impact of NEPs on the overall health and wellbeing of PWID. 

These papers also highlight the additional benefits that NEPs offer beyond the exchange of 

injection equipment, such as uptake into OST, reduced injection risk behaviors, increasing 

testing and awareness of infectious disease status, and connections to numerous other social 

services. Kåberg et al. show that NEPs are often the only health care service that PWID access.  

https://paperpile.com/c/bwpAES/QTwhd
https://paperpile.com/c/bwpAES/fDQOh
https://paperpile.com/c/bwpAES/5xah0
https://paperpile.com/c/bwpAES/AZuJ8+m7IMx
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Method 

Interrupted Time Series Analysis 

 

The statistical method used to assess the effect of NEPs on HCV rates in Sweden was an 

interrupted time series analysis. This method, also known as an intervention analysis or a 

segmented regression, is well-suited for the assessment of population-level health interventions 

with known implementation dates, routinely collected data, and for studying outcomes unable to 

be assessed by randomized control trials (32).  

 

In order to perform an ITS, the researcher must have pre- and post-intervention data. These 

analyses work by comparing the trend of the response variable before the intervention, also 

known as the counterfactual trend, against the trend that occurs after via a linear model. To be 

considered reliable, a minimum of three data points are needed before and after the intervention 

(33). The inference of all included factors is tested using type II Analysis of Variance (ANOVA) 

in R.  

 

Although the linear model determines if there is a difference in slope in HCV rates before and 

after the intervention, the ANOVA allows us to determine which of the factors is most 

responsible for the changes seen in each tested county. The model contains three factors: changes 

in rate by year, changes in rate before and after the interruption (opening of NEP), and the 

interaction between the year and the interruption. It is the result of the last factor that indicates if 

NEPs have had an effect on HCV rates by comparing the slope in the pre- and post-intervention 

periods.  

 

Because the strength of an ITS depends on the data used in the model, I have chosen to include 

only counties within Sweden that have at least 3 data points post-intervention. These counties are 

Blekinge, Jönköping, Kalmar, Kronoberg, Skåne, Stockholm, and Uppsala. The HCV rates used 

to establish the counterfactual trend for the ITS began in 1997 for all counties and each had at 

least 14 data points in the pre-intervention period. The first full year of NEP operation was used 

as the beginning of the post-intervention period. In order to make sure any differences in Skåne 

https://paperpile.com/c/bwpAES/sEB7b
https://paperpile.com/c/bwpAES/Y01UK


10 

  

are attributed to the 2010 opening of the NEP in Helsingborg, the post-intervention period was 

limited to 2011-2014 as another facility was opened in the same county four years later in 

Kristianstad.  

 

Research shows that where the intervention falls within the time period studied has little bearing 

on the outcome of the ITS (34). This is particularly useful in this study as most of the counties 

have recently implemented NEPs thus resulting in only a few post-intervention data points. It is 

also necessary when performing ITS analysis to assess for any seasonal variations in HCV rates 

that may need to be accounted for. The existing literature on the subject suggests that there is no 

seasonal component to HCV transmission (35,36).  

Linear Regression 

 

For the second research question I ran a linear regression to assess if there was a relationship 

between the number of needles and syringes dispensed (the explanatory variable) and regional 

HCV incidence rates (the response variable) in 2019. The 2019 IVO county reports provide data 

on both needles and syringes distributed and the regression test was performed on each item 

separately. However, the number of syringes, which are distributed in fewer numbers than 

needles, might actually be the better indicator as an item in short supply may be shared more 

frequently.  

 

All statistical tests were run using RStudio version 3.6.1 (37).  

 

  

https://paperpile.com/c/bwpAES/iX2xH
https://paperpile.com/c/bwpAES/Itw8A+QcGPL
https://paperpile.com/c/bwpAES/qIPF
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Data 

County data for domestic HCV cases and incidence rates for 1997-2019 was obtained from 

Folkhälsomyndigheten. Table 2 displays the HCV rates that were used for the ITS analysis. The 

pre-intervention period is from 1997 until the first full year of NEP implementation and the post-

intervention period is highlighted in grey. Opening dates for NEPs came from the Health and 

Social Care Inspectorate 2019 report submitted by each county.  

 

Table 2. HCV incidence rates in Sweden (per 100,000 people) for counties included in the ITS 

with the post-intervention period highlighted in grey.  

Year Blekinge Jönköping Kalmar Kronoberg Skåne Stockholm Uppsala 

1997 11.18 15.83 11.61 7.80 15.51 20.53 12.41 

1998 20.43 21.94 6.27 9.51 23.24 28.36 19.58 

1999 13.89 15.25 9.26 7.31 16.66 25.42 15.41 

2000 15.26 15.56 12.28 9.60 18.10 23.88 17.38 

2001 15.30 15.24 8.93 9.05 13.41 20.15 14.55 

2002 6.66 12.19 9.79 10.17 14.29 24.34 21.49 

2003 8.66 8.83 9.79 6.20 13.14 20.85 18.35 

2004 5.99 15.79 9.81 11.22 13.61 18.69 15.20 

2005 9.29 12.72 7.69 7.29 10.95 15.56 11.50 

2006 12.55 6.03 4.28 13.36 10.22 11.89 11.57 

2007 8.56 8.10 6.42 12.73 11.19 13.52 13.01 

2008 11.16 16.71 11.99 6.59 11.87 18.61 16.83 

2009 9.82 13.69 10.69 9.83 13.10 11.56 12.07 

2010 6.52 8.91 7.71 7.61 7.65 9.61 11.32 

2011 5.87 7.99 8.15 7.04 11.18 9.00 12.11 

2012 10.50 8.85 14.13 2.15 7.92 8.89 8.77 

2013 7.86 10.84 9.83 11.75 6.12 10.36 12.16 

2014 5.19 5.52 8.49 6.34 9.39 6.78 10.89 

2015 3.84 8.91 11.78 1.57 7.36 9.41 7.91 

2016 7.57 8.79 10.73 6.68 7.40 8.99 6.92 

2017 4.39 8.12 9.03 6.08 6.84 8.58 8.67 

2018 3.76 9.98 7.36 5.50 7.27 8.66 8.24 

2019 6.27 6.33 4.89 3.97 6.97 7.74 5.99 
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The data on the number of dispensed needles and syringes for the year 2019 were also obtained 

from the reports provided by the IVO (Table 3). Two counties, Kalmar and Norrbotten, lacked 

data for numbers of needles and syringes distributed and were not included in the analysis. 

 

Table 3. Number of Needles and Syringes per County vs. HCV incidence rates in Sweden in 

2019. 

County 2019 HCV rate                 

(per 100,000 people) 

Needles Syringes 

Blekinge 6.27 16532 16066 

Gotland 1.68 3769 3400 

Halland 2.40 8100 8100 

Jämtland 3.82 1600 1200 

Jönköping 6.33 28668 24099 

Kronoberg 3.97 13340 10549 

Skåne 6.97 449057 212812 

Stockholm 7.74 600224 518031 

Södermanland 7.73 5770 5003 

Uppsala 5.99 66183 57859 

Västerbotten 9.57 14544 14323 

Västra Götaland 8.87 92012 72538 

Örebro 14.44 10926 10118 

Östergötland 7.09 33205 30297 
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Results 

Interrupted Time Series Analysis 

 

The interrupted time series show that the effect on HCV rates varies between counties (Table 4). 

The results via the adjusted R-squared indicate how large the proportion of the variation in the 

response (HCV rate) that is explained by the linear model.  

 

Table 4. Results from the Linear Model on the effect of NEPs on HCV Incidence rates. 

County Adjusted R Squared P Value 

Blekinge 0.487 0.001 

Jönköping 0.452 0.002 

Kalmar -0.022 0.486 

Kronoberg 0.121 0.147 

Skåne 0.657 < 0.001 

Stockholm 0.852 < 0.001 

Uppsala 0.595 < 0.001 

 

Table 5 shows the p values from the ANOVA for each factor in the model. Full ANOVA tables 

are found in the appendix. 

 

Table 5. ANOVA results on the effect of NEPs on HCV Incidence rates.  

County  Year P Value Interruption P Value                                                  Interaction P Value 

Blekinge 0.001   0.860 0.516  

Jönköping 0.001    0.403 0.860    

Kalmar 0.810 0.970 0.144 

Kronoberg 0.104 0.701 0.672 

Skåne < 0.001 0.484 0.993 

Stockholm < 0.001 0.069 0.074 

Uppsala < 0.001 0.872 0.648    
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Linear Regression 
 

For the second research question a linear regression was run to assess if there was a causal 

relationship between the number of needles distributed and HCV rates in counties with NEPs. 

The outcome of the linear regression indicates that there is no clear relationship between the 

number of needles distributed and regional HCV rates. The Multiple R-squared value (0.017 p-

value: 0.655) indicates the percentage of the variation of HCV rates that is explained by the 

number of needles dispensed.  

 

Figure 2. Scatter Plot with Least Square Line of relationship between number of needles 

dispensed (Log) and HCV incidence rates. 

 

This test was repeated using syringes instead of needles. The linear regression showed no clear 

relationship between the number of syringes distributed and HCV rates (Multiple R-squared: 

0.019 p-value: 0.639). It is important to note that the x-axis in all scatter plots (Figure 2 and 3) 

are in log form to improve viewing. 
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Figure 3. Scatter Plot with Least Square Line of relationship between number of syringes 

dispensed (Log) and HCV incidence rates. 

 

Örebro’s 2019 HCV incidence rate is an outlier with an incidence of 14.44 per 100,000 people 

(see Table 3, Figure 2 and 3) and is almost double from other counties. This outlying point was 

removed to see what impact it may have on the results of the linear regression. Without the 

Örebro outlier, the result of the linear regression for needles and HCV provides a larger Multiple 

R-squared of 0.098 and a p-value of 0.298. When comparing the number of syringes to HCV 

rates without the Örebro outlier, the result of the linear regression again gives a larger Multiple 

R-squared of 0.099 and a p-value of 0.296. Scatter plots using the updated data with the x-axis in 

log form can be seen in Figure 4 and 5. The compiled results for the linear regression are found 

in Table 6.  
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Figure 4. Scatter Plot with Least Square Line of relationship between number of needles 

dispensed (log) and HCV incidence rates without outlier (Örebro). 
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Figure 5. Scatter Plot with Least Square Line of relationship between number of syringes 

dispensed (Log) and HCV incidence rates without outlier (Örebro). 

 

Table 6. Results from Linear Model on the effect of Needles/Syringes on HCV Incidence rates. 

Data Set Multiple R-Squared P Value 

Needles vs HCV 0.017 0.655  

Needles vs HCV adjusted 0.098 0.298   

Syringes vs HCV 0.019 0.639 

Syringes vs HCV adjusted 0.099 0.296 
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Discussion 

HCV rates have decreased in Sweden between 1997 and 2019. This may be associated with a 

number of different factors including improved and more widely available treatment, a better 

understanding of transmission, and the impact of education campaigns. Decreases in blood borne 

infectious diseases usually associated with injection drug use may also be due to a shift towards 

non-injection forms of use such as smoking (21).  

Interrupted Time Series Analysis 

 

Although the linear model shows that there is a statistically significant difference in HCV rates 

before and after NEP implementation in most counties, the analysis of variance shows that the 

differences are due to yearly trends rather than the result of needle exchange programs. This is 

not surprising considering the conflicting results of previous studies on the subject. It may also 

be that the amount of data in the post-intervention period studied is not sufficient to display the 

impact of NEPs on HCV rates. It is likely that it takes time, maybe even some years, before 

PWID access and regularly utilize new NEPs. With a longer perspective and additional post-

intervention points we might see a different result.  

 

While the Stockholm County result was not statistically significant, the 0.074 p value is quite 

close to the 0.05 cut off. This result needs particular attention as there is the chance to make a 

type II error in stating that there is no effect when there actually is one. In comparison to other 

counties, Stockholm has a relatively large number of post-NEP date points and there is a 

possibility that the difference in slope will become greater in the near future. This may also 

indicate that there will be an effect in other counties in the coming years due to a lag effect of the 

NEP intervention.  

 

Another aspect that must be considered when assessing the results is the effect of the 

intervention itself on the collection of data. NEPs have a mandate to offer testing to the 

population utilizing the service and this additional testing may increase HCV incidence. 

Conversely, populations without access to NEPs and their corresponding counties may have 

https://paperpile.com/c/bwpAES/yuS2E
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artificially low numbers due to lower levels of testing. This may also be true for the periods prior 

to implementation of NEPs in counties where they are now operating.  

Linear Regression 

 

According to the regression results there was no clear relationship between the number of 

distributed needles and syringes on HCV rates. Despite the slight upward trend indicated by the 

least square line in Figures 2-5, the results are not statistically significant. For the linear 

regression tests, a lack of data may impede the ability to find a causal relationship. Studying the 

relationship over time may provide more precise answers. The fact that NEPs have been opened 

in areas with a high prevalence of HCV might also contribute to the apparent upward trend seen 

in the figures. Similar to the ITS analyses, the increased testing performed by NEPs may increase 

positive HCV cases by reaching an otherwise under-tested population. 

 

Another reason for not seeing a causal relationship between the number of needles and syringes 

distributed and HCV rates may be attributed to the fact that there is simply not enough 

equipment being dispensed to interrupt the spread of HCV. The number of PWID accessing 

NEPs is likely low considering the existing coverage of harm reduction services.  

 

Tables 7 and 8 were created in order to compare the number of needles and syringes dispensed in 

2019 in Sweden vs the WHO recommendations on needles/syringes per user per year. As there is 

a wide range of variation in the numbers of PWID thought to exist in Sweden, population 

numbers were taken at three points across the estimates (low, middle, and high). To reach the 

WHO goal of 300 needles per user per year for each estimated PWID (8000), Sweden would 

need to provide 2,400,000 needles each year. In 2019 a total of only 1,342,330 needles were 

handed out by Swedish NEPs. This means Sweden needs to distribute almost double the number 

of needles to reach the 2030 goal.  

 

The number for syringes dispensed in 2019 may be more of an accurate indicator as sharing 

syringes can also lead to HCV transmission. During 2019 only 872,075 syringes were dispensed 

equating to just over one half of the 2020 goal or one third of the 2030 goal using the minimum 



20 

  

8000 PWID estimate. Using the minimum number of PWID results in the current best-case 

scenario however this is likely to be an underestimate of the true numbers of people who inject 

drugs. It should also be noted that two counties (accounting for 4 percent of the country’s total 

population) did not submit their numbers on dispensed equipment by the time of the writing of 

this paper and thus the total numbers are slightly lower than they would otherwise be.  

 

Table 7. Number of needles dispensed vs three different estimates of PWID in Sweden 2019. 

Estimated 

number of 

PWID in 

Sweden 

Number of 

Needles 

Dispensed 2019 

Number of 

needles per 

year needed to 

reach 2020 goal 

of 200 per user 

Percentage of 

target reached 

in 2019 

Number of 

needles per 

year needed to 

reach 2030 goal 

of 300 per user 

Percentage of 

target reached 

in 2019 

8,000 1,342,330 1,600,000 84% 2,400,000 56% 

16,000 1,342,330 3,200,000 42% 4,800,000 28% 

24,000 1,342,330 4,800,000 28% 7,300,000 18% 

 

Table 8. Number of syringes dispensed vs three different estimates of PWID in Sweden 2019. 

Estimated 

number of 

PWID in 

Sweden 

Number of 

Syringes 

Dispensed 2019 

Number of 

syringes per 

year needed to 

reach 2020 goal 

of 200 per user  

Percentage of 

target reached 

in 2019 

Number of 

syringes per 

year needed to 

reach 2030 goal 

of 300 

per user 

Percentage of 

target reached 

in 2019 

8,000 872,075 1,600,000 55% 2,400,000 36% 

16,000  872,075 3,200,000 27% 4,800,000 18% 

24,000 872,075 4,800,000 18% 7,300,000 12% 

 

The distributed needles and syringes in Sweden for 2019 fall short of both the 2020 and 2030 

goals set out by the WHO even using modest estimates of the number of PWID (Table 7 and 8). 

An expansion of NEPs in order to improve access to all areas of Sweden would likely increase 

the use of clean injecting equipment as well as enhance testing and facilitate treatment of HCV. 

Once Sweden has expanded access to NEPs and reached the WHO goals, we might be able to 

better see the impact of these programs on HCV incidence. It may also indicate that the country 
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needs to explore additional forms of harm reduction such as safe consumption rooms to reduce 

the transmission of blood-borne diseases among PWID.  

 

Even if Sweden does reach the WHO recommended goal, coverage of NEPs needs to be 

addressed at not just the population level, but also for the individual user (38) in order to ensure 

equipment is reaching all PWID. Relying purely on numbers of equipment distributed may not 

be the best measure as there is the potential for equipment to be lost, confiscated, or given away. 

Improvements in data collection can show how the equipment received from NEPs is actually 

being used, and if it is reaching all PWID at risk.  

 

Determining what barriers exist for each subgroup of PWID can improve access and 

implementation of NEPs as a harm reduction measure. The lack of anonymity when utilizing 

needle exchange programs is one such example. As there are a low number of facilities across 

the country and many of Sweden’s needle exchange programs are open for only a few hours a 

week, this is likely to prevent many PWID from accessing these services. The need to provide 

needles on an exchange basis (one for one) may also hinder PWID from receiving enough 

needles to reach 100 percent coverage. In populations with high prevalence of HCV even low 

injection risk behaviors may be enough to keep the level of transmission of the disease constant 

(29).   

 

Criminalized use and other hardline measures to achieve the goal of a drug-free society will 

likely prevent a clear understanding of this problem by inhibiting health care services to 

adequately reach PWID. This population will remain hidden due to fear of legal ramifications 

and obtaining the necessary knowledge from and about those who are at most risk may be 

impossible until broader drug policy is changed. Seeing the problem as a moral failing rather 

than a medical issue will undoubtedly hinder research and evidence-based interventions.  

 

Finally, NEPS are not only measured by the number of needles exchanged and received. A sense 

of community and meaningful connections with the health care system in a non-judgmental 

environment are important for creating relationships with people who inject drugs. NEPs are 

often a primary source of contact for PWID with the healthcare system and can therefore 

https://paperpile.com/c/bwpAES/JweGA
https://paperpile.com/c/bwpAES/QTwhd
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increase screening and treatment for HCV as well as facilitating OST uptake. Because of the 

high levels of HCV prevalence amongst PWID, measures to connect this group with harm 

reduction services and HCV treatment is vital to any strategy to reduce the burden of this 

disease. 

Strengths 

 

Because of the inability to perform randomized control studies to research the impacts of NEPs 

on HCV rates, an interrupted time series can be used to make inferences. This method is often 

used in regional or country-wide assessments of public health interventions (33) with responses 

collected at regular intervals. Data concerning HCV levels is consistently and methodically 

submitted to the public health institute so it was possible to use the latest data on HCV rates. The 

available IVO reports allowed for obtaining the precise numbers of injection equipment 

distributed. 

Limitations 

 

Power of ITS is shown to improve when there is more data. It was not possible to input a large 

amount of post-intervention data as Sweden has only recently opened the majority of their NEPs. 

The lack of comparable data for the post-intervention period is a major limitation of this study. 

 

Some of the variation in HCV incidence may be related to the fact that cases are registered in the 

county where they are identified rather than where they have been transmitted (21). Considering 

the potential impact that NEPs have on increasing testing and identification of cases, this will 

likely increase the number of infections associated with counties with NEPs in operation.  

 

Due to the high rates of HCV transmission connected to PWID, it should be possible to see 

results of interventions in county-wide incidence rates. If it were available, the study could be 

improved by using data specific to injection drug users in Sweden i.e. domestic incidence rates 

by county attributed to IDU.  

https://paperpile.com/c/bwpAES/Y01UK
https://paperpile.com/c/bwpAES/yuS2E
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Conclusion 

NEPs in Sweden appear to have no statistically significant impact on regional HCV rates in their 

present state. While the ITS analysis fails to show a decrease in the HCV incidence rates after the 

implementation of needle exchange programs, the Stockholm result may indicate a difference 

provided the addition of more data. It may also point to a lag in effect from the intervention.  

 

The linear regressions testing both needles and syringes and HCV rates do not show a clear 

relationship in Sweden at their current levels of distribution. Sweden falls substantially short in 

NEP coverage and the amount of sterile injection equipment distributed as recommended by the 

WHO and other health authorities. It does appear that populations with high levels of HCV 

incidence have access to injection equipment, however limited.  

 

The wide variation of data, particularly the estimates of PWID that are crucial to understanding 

the impact these harm reduction interventions may have on HCV rates, provide an opportunity 

for improvement. Using ITS to analyze the effect of NEPs and other harm reduction 

interventions on HCV rates is a viable and robust method given sufficient data. With a longer 

perspective and improved data, the results from this method should be able to provide clearer 

answers. 
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Appendix 

Interrupted Time Series 

 

ANOVA results for the counties included in the ITS 

 

Blekinge ANOVA results 

Factor Sum of Squares Degrees of 

Freedom 

F Value P Value 

Year 147.700 1 16.2643 0.0007107 

Interruption 0.290 1 0.0319 0.8601042  

Year:Interruption  3.972  1 0.4374 0.5163242  

 

 

Jönköping ANOVA results 

Factor Sum of Squares Degrees of 

Freedom 

F Value P Value 

Year 168.323 1 17.3279 0.0005285 

Interruption 7.103 1 0.7312 0.4031526 

Year:Interruption 0.311 1 0.0320 0.8598844 

 

 

Kalmar ANOVA results 

Factor Sum of Squares Degrees of 

Freedom 

F Value P Value 

Year 0.357 1 0.0596 0.8097 

Interruption 0.008 1 0.0014 0.9704 

Year:Interruption  13.918  1 2.3258 0.1437 
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Kronoberg ANOVA results 

Factor Sum of Squares Degrees of 

Freedom 

F Value P Value 

Year 23.591 1 2.9190 0.1038 

Interruption 1.229 1 0.1521 0.7009 

Year:Interruption    1.498  1 0.1854 0.6716 

 

 

Skåne ANOVA results 

Factor Sum of Squares Degrees of 

Freedom 

F Value P Value 

Year 122.749 1 21.3507 0.0003966 

Interruption 2.970 1 0.5166 0.4841064  

Year:Interruption   0.000  1 0.0001 0.9929049 

 

 

Stockholm ANOVA results 

Factor Sum of Squares Degrees of 

Freedom 

F Value P Value 

Year 496.26 1 74.5035 0.00000005325 

Interruption 24.84  1 3.7287 0.06854  

Year:Interruption  23.77  1 3.5684 0.07425 

 

 

Uppsala ANOVA results 

Factor Sum of Squares Degrees of 

Freedom 

F Value P Value 

Year 153.116 1 22.2000 0.0001519 

Interruption 0.185 1 0.0269 0.8715466  

Year:Interruption  1.487  1 0.2156 0.6477269  
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HCV Incidence Charts  

 

Domestic HCV incidence by Cases (blue) and Rate per 100,000 (red) for each county included in 

the interrupted time series analysis. The first full year with a NEP is noted next to the county 

name. To improve viewing, log scale was used for Skåne, Stockholm, and Sweden. 
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