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Background: Improving HCV treatment uptake among people who inject drugs (PWID) is crucial to achieving the 

WHO elimination targets. The aims were to evaluate HCV treatment uptake and HCV RNA prevalence in a large 

cohort of PWID in Norway. 

Methods: Registry-based observational study where all users of the City of Oslo’s low-threshold social and health 

services for PWID between 2010–2016 ( n = 5330) were linked to HCV notifications (1990–2019) and dispen- 

sions of HCV treatment, opioid agonist treatment (OAT) and benzodiazepines (2004–2019). Cases were weighted 

to account for spontaneous HCV clearance. Treatment rates were calculated using person-time of observation, 

and factors associated with treatment uptake were analysed using logistic regression. HCV RNA prevalence was 

estimated among individuals alive by the end of 2019. 

Results: Among 2436 participants with chronic HCV infection (mean age 46.8 years, 30.7% female, 73.3% OAT), 

1118 (45.9%) had received HCV treatment between 2010–2019 (88.7% DAA-based). Treatment rates increased 

from 1.4/100 PY (95% CI 1.1–1.8) in the pre-DAA period (2010–2013) to 3.5/100 PY (95% CI 3.0–4.0) in the 

early DAA period (2014–2016; fibrosis restrictions) and 18.4/100 PY (95% CI 17.2–19.7) in the late DAA period 

(2017–2019; no restrictions). Treatment rates for 2018 and 2019 exceeded a previously modelled elimination 

threshold of 50/1000 PWID. Treatment uptake was less likely among women (aOR 0.74; 95% CI 0.62–0.89) and 

those aged 40–49 years (aOR 0.74; 95% CI 0.56–0.97), and more likely among participants with current OAT 

(aOR 1.21; 95% CI 1.01–1.45). The estimated HCV RNA prevalence by the end of 2019 was 23.6% (95% CI 

22.3–24.9). 

Conclusion: Although HCV treatment uptake among PWID increased, strategies to improve treatment among 

women and individuals not engaged in OAT should be addressed. 
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Globally, 58 million people were estimated to be living with chronic

epatitis C virus (HCV) infection in 2019 ( WHO, 2021 ). Two-thirds of

he HCV disease burden in Western Europe can be attributed to inject-

ng drug use ( Degenhardt et al., 2016 ). Although harm reduction in-

erventions such as opioid agonist therapy (OAT) and needle and sy-

inge provision can prevent new HCV infections ( Platt et al., 2017 ),

ransmission continues to occur among people who inject drugs (PWID)

 Grebely et al., 2019 ). Comprised of approximately 8500 individuals,

orway has seen a relatively stable but aging population of PWID during

he last decade, as mean age of first injection has increased significantly

uring the last 30 years ( Bretteville-Jensen, 2009 ). 

Historically, HCV treatment uptake among PWID has been low

 Alavi et al., 2014 ; Iversen et al., 2014 ; Kielland, Amundsen, & Dalgard,

014 ). HCV treatment uptake among OAT patients living with chronic

CV infection in Norway was only 14% during the last 10 years before

he availability of direct-acting antiviral (DAA) therapy ( Midgard, Bram-

ess, Skurtveit, Haukeland, & Dalgard, 2016 ). The introduction of DAAs

n 2014 changed the HCV treatment paradigm, providing a virologic

ure in more than 95% of individuals after 8–12 weeks of oral treat-

ent ( Gotte & Feld, 2016 ). Several trials have shown high efficacy

f DAA treatment among PWID, including trials that included people

ith recent injecting drug use ( Dore et al., 2016 ; Grebely et al., 2018 ;

rebely et al., 2018 ; Hajarizadeh et al., 2018 ; Midgard et al., 2021 ). 

Scaled-up HCV treatment among PWID will be crucial to achieving

he World Health Organization’s goal of eliminating HCV infection as a

ajor public health threat by 2030 ( Day et al., 2019 ; WHO, 2016 , 2022 ).

athemathical modeling of the HCV epidemic in Norway has shown

hat annual treatment rates of at least 50 per 1000 PWID will be needed

o achieve substantial reductions in viremic prevalence ( Fraser et al.,

018 ). Although treatment uptake among PWID in many settings has

ncreased in the DAA era ( Bajis et al., 2020 ; Bardsley et al., 2021 ;

artlett et al., 2019 ; Falade-Nwulia et al., 2020 ; Valerio et al., 2020 ;

alerio et al., 2020 ), few studies have documented this in the most

arginalized populations with ongoing injecting drug use. As previ-

us studies have been limited by selection biases or lacking behavioural

ata, ( Grebely et al., 2017 ; Grebely, Hajarizadeh, Lazarus, Bruneau, &

reloar, 2019 ), more data concerning HCV treatment uptake among

WID is needed to better understand the challenges that remain in this

opulation. 

The high quality of Norwegian health registries provides opportu-

ities for linkage of a well-defined cohort of PWID to registries with

opulation-level coverage, providing robust data on HCV status and

rug dispensions in a marginalized group. This study aimed to docu-

ent HCV treatment uptake and associated factors in a large cohort of

eople who engaged in injection drug use between 2010–2016. Further-

ore, the study aimed to estimate HCV RNA prevalence by the end of

he study period in the same population. 

aterials and methods 

ata sources 

This was an observational cohort study based on linked data from

he following sources: 

The Agency for Welfare and Social Services in the City of Oslo.

he Agency provides extensive low-threshold services for PWID, includ-

ng short-term accommodation, a drug consumption room, and low-

hreshold health clinics. The initial study cohort was defined as all reg-

stered users of the drug consumption room, five low-threshold health

linics, and six short-term housing facilities between 1 January 2010

nd 31 December 2016. These services were chosen because they exclu-

ively serve individuals with ongoing injecting drug use and share the

ame electronic files. 
2 
The Norwegian Surveillance System for Communicable Diseases

MSIS). Notification of HCV infection from clinicians and laboratories

as been mandatory since 1990. From 1990–2008 only cases of acute

nfection were registered, but since 2008 HCV infections have been reg-

stered based on detection of HCV RNA or anti-HCV antibodies. Since

016 all notifications have been based on the detection of HCV RNA.

uspected mode of transmission, place of residence, country of birth, no-

ification date, and detection method is registered for all notifications.

CV notification data were extracted for all study participants between

 January 1990 and 31 December 2019. 

The Norwegian Prescription Database (NorPD). NorPD was estab-

ished in January 2004 and contains data on all prescription drugs dis-

ensed from all pharmacies in Norway. The registry has nationwide

overage, encompassing the entire Norwegian population (5.3 million

nhabitants). Date of dispension and detailed drug information is regis-

ered for all dispensions. This database also contains information regard-

ng year and month of death for individuals that resides or has resided

n Norway with dispensions of prescription drugs. These data are de-

ived from the National Population Register. All prescription drugs in

orway are classified according to the Anatomical Therapeutic Chemi-

al (ATC) Classification System. Quantities of dispensed drugs are mea-

ured as the number of defined daily doses (DDDs), the assumed aver-

ge dose per day used for its main indication in adults, as determined

y the World Health Organization Collaborating centre for Drug Statis-

ics Methodology ( WHOCC, 2020 ). We extracted data on dispensions for

CV treatment and OAT for all study participants between 1 January

004 and 31 December 2019. As a previous study had indicated that

oncurrent use of benzodiazepines and z-hypnotics was associated with

CV testing and treatment ( Midgard et al., 2016 ), data on dispensions

f benzodiazepines and z-hypnotics was also extracted. 

The Agency for Welfare and Social Services in the City of Oslo ex-

racted data on use of the different low-threshold services from their

lectronic patient file system (Rusdata). These data, containing birth-

nd social security number, were sent to the Norwegian Institute for

ublic Health, where linkage to the Norwegian Surveillance System for

ommunicable Diseases (MSIS) was performed. These data were linked

o the Norwegian prescription database (also managed by the Norwe-

ian Institute of Public Health) and anonymized. In the files every indi-

idual has a separate serial number and contain no person-identifiable

nformation. 

The study period was defined as 1 January 2010 - 31 December 2019.

tudy setting 

During the study period, treatment for HCV infection underwent a

aradigm shift, with pegylated interferon and ribavirin being replaced

ith DAA treatment from early 2014. Concurrently, models of HCV

are for PWID in Norway changed. Shifting from a traditional specialist

ealthcare-oriented model of care, HCV treatment has increasingly been

ffered in low-threshold settings and outreach practices during the last

ears. 

HCV genotypes 3 and 1 are most common in Norway. Due to high

rug costs, DAA treatment was restricted to patients with significant

iver fibrosis between 2014 and 2016. From 2017, the cost of DAAs for

enotypes 1 and 4 fell sharply, enabling fibrosis restrictions for these

enotypes to be lifted. From 2018 DAAs were offered for all HCV pa-

ients in Norway without restrictions. The cost of HCV treatment was

overed by Social Security until 2016 and by the regional Health Trusts

rom 2016. 

By the end of 2021, approximately 4500 individuals were living with

hronic HCV infection in Norway (data on file). 

tudy population 

The final study population was defined by linkage of the initial study

ohort to MSIS for HCV status and to NorPD for dispension data. Of
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Fig. 1. Flowchart of the study population. 
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he initial cohort identified as users of the low-threshold services for

WID ( n = 5330), we excluded individuals without HCV notification

 n = 2464), individuals with HCV treatment before first contact with

he services ( n = 132), and individuals who were registered as users

f the services after death, thus assumed to be a result of registration

rror ( n = 21). As no behavioural data was accessible, all participants

ere counted as PWID independent of the time of contact with the low-

hreshold services. 

To account for spontaneous HCV clearance, adjustments were made

o more accurately estimate the population with chronic HCV infection.

lthough estimates of spontaneous clearance rates vary ( Aisyah, Shall-

ross, Hully, O’Brien, & Hayward, 2018 ; Kåberg, Navér, Hammarberg,

 Weiland, 2018 ; Micallef, Kaldor, & Dore, 2006 ; Smith, Jordan, Frank,

 Hagan, 2016 ; Valerio et al., 2020 ), we chose to base our adjustments

n a recent study with high coverage of HCV RNA, where spontaneous

learance rates of 25% for men and 34% for women were reported

 Bartlett et al., 2019 ). Sex-specific importance weights were assigned

o all cases using a previously described method (Heather Valerio et al.,

020 ). Cases were weighted 1 if HCV notifications were based on

CV RNA ( n = 1888) or if HCV treatment had been received (i.e.,

onfirmed chronic HCV infection). Cases with HCV notifications based

n anti-HCV antibodies alone ( n = 978) were weighted based on the

ollowing formula: 

 = 1 . 0 − 𝑇 𝑜𝑡𝑎𝑙 𝐻𝐶𝑉 𝑎𝑛𝑡𝑖𝑏𝑜𝑑𝑦 𝑛𝑜𝑡𝑖𝑓 𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠 ∗ 𝑠𝑝𝑜𝑛𝑡𝑎𝑛𝑒𝑜𝑢𝑠 𝑐𝑙𝑒𝑎𝑟𝑎𝑛𝑐𝑒 𝑟𝑎𝑡𝑒 
𝑇 𝑜𝑡𝑎𝑙 𝐻𝐶𝑉 𝑎𝑛𝑡𝑖𝑏𝑜𝑑𝑦 𝑛𝑜𝑡𝑖𝑓 𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠 − 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝐻𝐶𝑉 𝑎𝑛𝑡𝑖𝑏𝑜𝑑𝑦 𝑛𝑜𝑡𝑖𝑓 𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠 

This resulted in a weight of 0.63 for untreated women and 0.70 for

ntreated men with HCV notifications based on anti-HCV antibodies.

ases registered without a test method ( n = 65) were assumed to be

ased on anti-HCV if they were registered at a time when HCV RNA was
3 
ot available or if they had not received treatment for HCV infection.

he importance weighted study population was comprised of 2436

ndividuals living with chronic HCV infection, that had not previously

ndergone HCV treatment. 354 of the participants included in the study

opulation deceased during the study period. A flowchart describing

he derivation of the importance weighted study population is shown

n Fig. 1 . 

xposure variables 

Age and sex were obtained from the electronic files of the Agency for

elfare and Social Services. Sex was derived from the birth- and social

ecurity number. Age was defined as age at the end of 2019 or death,

hatever occurred first, and categorized as < 30, 30–39, 40–49, 50–59,

nd ≥ 60 years. Year and month of death was extracted from NorPD. For

 minority of individuals ( n = 96) with no dispensions, we did not find

 way to obtain data concerning death (if this had occurred or not), this

as been listed as missing data. Country of birth was provided by the

SIS register. 

The number of visits at each type of low-threshold service was cal-

ulated for all participants based on the Agency for Welfare and Social

ervices files. Participants were stratified according to the following cat-

gories: no use (never use), moderate use (1–9 visits/year), and frequent

se ( ≥ 10 visits/yr), focusing on the year with the highest number of vis-

ts. These cut-offs were established in consensus with local partners with

xperience from the various services. 

Exposure to HCV treatment was defined as having been dispensed

ibavirin or DAAs. Ribavirin without concurrent dispension of DAAs was

sed as a proxy for interferon-based treatment as interferon was pre-
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Fig. 2. Annual number of HCV treatments among users of low-threshold ser- 

vices for people who inject drugs in Oslo between 2013 and 2019, stratified by 

treatment regimen. 
cribed for other medical conditions in Norway at that time, and as it

ould not have been possible to differentiate this from prescription due

o HCV treatment. The timepoint of HCV treatment uptake was defined

s the date of the first dispension of HCV treatment. 

Exposure to OAT was defined as having been dispensed methadone,

evomethadone, buprenorphine, or buprenorphine-naloxone. Partici-

ants were stratified to the following categories: a) never (no dispen-

ations), b) former (dispensations of OAT only prior to the first contact

ith the low-threshold services), and c) current (OAT dispensations dur-

ng the study period). Exposure to benzodiazepines and/or z-hypnotics

as defined as having been prescribed diazepam, oxazepam, alprazo-

am, nitrazepam, midazolam, clonazepam, zopiclone, or zolpidem. We

alculated median OAT and benzodiazepine doses per year and stratified

articipants according to the following categories: no dispensions, mod-

rate use (total defined daily doses (DDDs)/year < median), and high

se (total DDDs/year > median). 

Relevant ATC codes are listed in the Supplementary Materials. 

utcomes 

The primary outcome was HCV treatment uptake, defined as the first

ispension of HCV treatment between 2010–2019 in the importance-

eighted study population. Secondary outcomes were 1) factors associ-

ted with treatment uptake in the same population, and 2) HCV RNA

revalence among registered users of the low-threshold services alive

y the end of 2019. 

tatistical analysis 

Categorical data were summarized and reported as N (%), con-

inuous data as median (IQR) or mean (SD) appropriate. Cumulative

verall and DAA treatment uptake was calculated in the importance-

eighted study population and stratified according to age groups, sex,

se of low-threshold services, country of birth, OAT, and benzodiazepine

se. 

Annual treatment uptake was calculated in the importance-weighted

tudy population using person-time of observation and reported as in-

idence rates per 100 person-years (PY) with 95% Poisson confidence

ntervals (CI). The observation time for each participant was defined as

he time from first contact with low-threshold services or from HCV

otification (if notification occurred later) to the time of HCV treat-

ent, death, or 31 December 2019 (whatever occurred first). Treatment

ates were reported for each year and according to the pre-DAA period

2010–2013), early DAA period (2014–2016; fibrosis restrictions), and

ate DAA period (2017–2019; no restrictions). Annual treatment rates

er 1000 PWID with Poisson 95% CIs were calculated as the number of

reatments per 1000 registered unweighted users of the low-threshold

ervices each year. 

Logistic regression analysis reporting odds ratios (OR) and 95%

Is was used to evaluate factors associated with overall treatment

ptake. An additional model was specified to identify factors associ-

ted with DAA treatment uptake. For this analysis, individuals who

eceived interferon-based treatment ( n = 126) or died before 2014

 n = 109) were excluded. Factors significant at the 0.100 level in

nadjusted analysis in addition to age and sex were considered for

nclusion in the adjusted analyses. The adjusted models were tested

or collinearity using variance-covariance matrices, and the best fit

odels were deduced based on likelihood ratio tests and pseudo R

quared. 

HCV RNA prevalence estimates with Clopper-Pearson exact 95% CIs

ere calculated as the importance weighted number of untreated indi-

iduals with HCV notification divided by the total number of registered

sers of the low-threshold services for PWID. For this analysis, individ-

als without HCV notification were weighted 1. Prevalence estimates

ere reported among individuals alive by 31 December 2019 and strat-

fied by subgroups of interest. 
4 
To investigate the effect of importance-weighting on effect sizes and

tatistical significance, a sensitivity analysis was performed comparing

eighted and unweighted results of the logistic regression analyses. 

All analyses were performed in STATA v.17.0 (College Station, TX,

SA). 

esults 

tudy population 

Of 5330 registered users of the low-threshold services for PWID,

e identified 2713 previously untreated individuals living with chronic

CV infection. After applying sex-specific importance weights, the final

tudy population estimated to have chronic HCV infection comprised

f 2436 individuals ( Fig. 1 ). Characteristics of study participants are

hown in Table 1 . The mean age was 46.8 years, 30.7% were female,

1.1% were born in Norway, 73.3% were current OAT recipients, and

6.7% had moderate or extensive benzodiazepine use. Use of short-term

ccomodation, the drug consumption room, and low-threshold health

linics was registered in 51.3%, 50.7%, and 68.5% of the participants,

espectively. 

The median observation time was 5.6 years among treated indi-

iduals and 5.9 years among untreated. The size of the study pop-

lation changed during the study period, with individuals entering

nd exiting throughout, including 354 (14.5%) individuals who died

uring the study period. Mortality was lower (4.8%) among indi-

iduals treated for HCV infection than among untreated individuals

22.7%). 

CV treatment uptake 

Overall, 1118 of 2436 individuals (45.9%) had received HCV treat-

ent during the study period. The majority of treatments (842 of 1118)

ere registered in 2017 – 2019, peaking at 369 treatments in 2018

 Fig. 2 ). Treatment was interferon-based in 126 cases (11.3%) and DAA-

ased in 992 cases (88.7%) with sofosbuvir/velpatasvir being the most

requent regimen (41.3%). 

Table 2 shows cumulative overall and DAA treatment uptake

n different subgroups. Treatment uptake was lowest among indi-

iduals below 30 years (39.1% overall; 37.1% DAA) and highest

mong those 60 years or older (50.8% overall; 50.4% DAA). Treat-

ent uptake was lower among women (40.7% overall; 38.0% DAA)

han among men (48.2% overall; 47.7% DAA). Overall and DAA
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Table 1 

Characteristics of the importance weighted study population of HCV RNA positive users of low-threshold services for people who inject drugs 

in Oslo between 2010 and 2019. 

Characteristic, n (col%) Total Treated Untreated 

Total 2436 (100) 1118 (45.9) 1318 (54.1) 

Age groups 

20–29 94 (3.9) 37 (3.3) 58 (4.4) 

30–39 561 (23.0) 265 (23.7) 295 (22.4) 

40–49 748 (30.7) 320 (28.6) 428 (32.5) 

50–59 761 (31.2) 358 (32.0) 403 (30.6) 

≥ 60 272 (11.2) 138 (12.4) 134 (10.1) 

Mean age (SD) 46.8 (10.2) 47.1 (10.3) 46.5 (10.1) 

Sex 

Male 1689 (69.3) 814 (72.8) 875 (66.4) 

Female 747 (30.7) 304 (27.2) 443 (33.6) 

Country of birth 1 

Norway 2172 (91.1) 1014 (91.4) 1158 (90.9) 

Other 213 (8.9) 96 (8.6) 116 (9.1) 

Deceased during study period 2 354 (14.5) 54 (4.8) 300 (22.7) 

Observation time, median years (IQR) 5.8 (3.7–7.5) 5.6 (2.9–7.7) 5.9 (4.1–7.0) 

Short-term accommodation 

No use 1188 (48.7) 557 (49.8) 631 (47.9) 

Moderate use 1074 (44.1) 488 (43.7) 586 (44.4) 

Frequent use 174 (7.2) 73 (6.5) 101 (7.7) 

Short-term accommodation, median number of visits (IQR) 0.6 (0.0- 3.0) 1.0 (0.0–3.0) 0.6 (0.0–3.0) 

Drug consumption room 

No use 1201 (49.3) 543 (48.6) 658 (49.9) 

Moderate use 610 (25.1) 277 (24.8) 333 (25.3) 

Frequent use 625 (25.6) 298 (26.6) 327 (24.8) 

Drug consumption room, median number of visits (IQR) 0.6 (0.0–17.5) 1.0 (0.0–21.0) 0.6 (0.0–14.5) 

Low-threshold health clinics 

No use 769 (31.5) 355 (31.8) 414 (31.4) 

Moderate use 1242 (51.1) 566 (50.6) 676 (51.3) 

Frequent use 425 (17.4) 197 (17.6) 228 (17.3) 

Low-threshold health clinics, median number of visits (IQR) 2.0 (0.0–8.8) 2.0 (0.0–9.0) 2.0 (0.0–8.0) 

Overall use of low-threshold services 

One service 1180 (48.5) 535 (47.9) 645 (48.9) 

Two services 798 (32.7) 385 (34.4) 413 (31.3) 

All three services 458 (18.8) 198 (17.7) 260 (19.8) 

OAT status 

Never 595 (24.4) 258 (23.1) 337 (25.6) 

Former 75 (3.1) 27 (2.4) 48 (3.6) 

Current 1766 (72.5) 833 (74.5) 933 (70.8) 

OAT dispensions 

No dispensions 595 (24.4) 258 (23.1) 337 (25.5) 

Moderate 768 (31.5) 373 (33.4) 395 (30.0) 

High 1073 (44.1) 487 (43.5) 586 (44.5) 

Main OAT drug 3 

Methadone-based 944 (51.5) 429 (50.1) 515 (52.8) 

Buprenorphine-based 886 (48.5) 423 (49.9) 463 (47.2) 

OAT dose, median DDD/year (IQR) 548 (317- 865) 594 (358–957) 505 (285–806) 

Benzodiazepine dispensions 

No dispensions 324 (13.3) 138 (12.3) 186 (14.1) 

Moderate 982 (40.3) 467 (41.8) 515 (39.1) 

High 1130 (46.4) 513 (45.9) 617 (46.8) 

Main benzodiazepine 4 

Diazepame 526 (26.0) 231 (24.7) 295 (27.0) 

Oxazepame 899 (44.3) 425 (45.4) 474 (43.4) 

Alprasolame 86 (4.2) 38 (4.1) 48 (4.4) 

Nitrazepame 111 (5.5) 51 (5.4) 60 (5.5) 

Z-hypnotics 237 (11.7) 120 (12.8) 117 (10.8) 

Clonazepame 169 (8.3) 72 (7.6) 97 (8.9) 

Benzodiazepine dose, median DDD/year (IQR) 182 (51–441) 199 (56–481) 170 (45–415) 

Data are presented as n (%) unless otherwise indicated. 

Abbreviations: IQR, interquartile range; HCV, hepatitis C virus; PWID, people who inject drugs; OAT, opioid agonist therapy; PCR, polymerase 

chain reaction; SD, standard deviation. 
1 Missing data for 51 participants. 
2 Missing data for 96 persons. 
3 Among those with OAT dispensions, and in cases where types of OAT were not equal in use. 
4 Among those with benzodiazepine dispensions, and in cases where types of benzodiazepines were not equal in use. 
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a

2  

A  
reatment uptake among individuals who were alive by 31 Decem-

er 2019 was 51.1% (1074 of 2101) and 48.4% (963 of 1990),

espectively. 

Fig. 3 shows annual HCV treatment rates per 100 PY and per 1000

WID between 2010 and 2019. Annual treatment rates increased from
5 
.4/100 PY (95% CI 1.1–1.8) in the pre-DAA period (2010–2013) to

.5/100 PY (95% CI 3.0–4.0) in the early DAA period (2014–2016)

nd 18.4/100 PY (95% CI 17.2–19.7) in the late DAA period (2017–

019), peaking at 24.1/100 PY (95% CI 21.7–26.7) in 2018 ( Fig. 3 A-B).

nnual treatment rates per 1000 PWID (infected or uninfected) were
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Table 2 

Cumulative HCV treatment uptake (overall and DAA) among users of low- 

threshold services for people who inject drugs in Oslo between 2010 and 

2019. Overall treatment uptake includes participants having been dispensed 

interferon-based treatment. 

Characteristic, n (%) 

Overall treatment 

uptake 

DAA treatment 

uptake 

Total 1118/2436 (45.9) 992/2218 

(44.7) 

Age groups 

20–29 37 (39.1) 30 (37.1) 

30–39 265 (47.3) 215 (43.8) 

40–49 320 (42.8) 278 (41.4) 

50–59 358 (47.0) 336 (47.3) 

≥ 60 138 (50.8) 133 (50.4) 

Sex 

Male 814 (48.2) 733 (47.7) 

Female 304 (40.7) 259 (38.0) 

Country of birth 

Norway 1014 (46.7) 899 (45.5) 

Other 96 (45.2) 87 (44.5) 

Short-term accommodation 

No use 557 (46.9) 478 (45.5) 

Moderate use 488 (45.4) 443 (44.3) 

Frequent use 73 (41.9) 71 (42.4) 

Drug consumption room 

No use 543 (45.2) 479 (43.7) 

Moderate use 277 (45.4) 241 (44.2) 

Frequent use 298 (47.7) 272 (47.2) 

Low-threshold health clinics 

No use 335 (46.1) 310 (44.7) 

Moderate use 566 (45.6) 497 (44.2) 

Frequent use 197 (46.3) 185 (46.1) 

Use of low-threshold services 

One service 535 (45.3) 464 (43.9) 

Two services 385 (48.3) 339 (46.8) 

All three services 198 (43.2) 189 (43.3) 

OAT status 

Never/former 285 (42.6) 240 (41.3) 

Current 833 (47.2) 752 (45.9) 

OAT dispensions 

No dispensions 258 (43.4) 218 (41.6) 

Moderate 373 (48.6) 339 (48.0) 

High 487 (45.4) 435 (44.1) 

Main OAT drug 1 

Methadone-based 429 (45.4) 398 (45.4) 

Buprenorphine-based 423 (47.8) 368 (45.6) 

Benzodiazepine dispensions 

No dispensions 138 (42.5) 119 (40.2) 

Moderate 467 (47.6) 409 (46.1) 

High 513 (45.4) 464 (44.8) 

1 Among those with OAT dispensions, and in cases where types of OAT 

were not equal in use. 
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elow 10 in the pre-DAA period but exceeded the previously mod-

lled elimination threshold of 50 per 1000 PWID in 2018 and 2019

 Fig. 3 C). 

actors associated with treatment uptake 

In adjusted logistic regression analysis ( Table 3 ), the odds of overall

reatment uptake were lower among those aged 40–49 years compared

o those above 60 years (aOR 0.74; 95% CI 0.56–0.97) and lower among

omen than among men (aOR 0.74; 95% CI 0.62–0.89). The odds of

verall treatment uptake were higher among participants with current

AT (aOR 1.21; 95% CI 1.01–1.45) compared to those with never or

ormer OAT. 

DAA treatment uptake ( Table 3 ) was similarly negatively associated

ith female sex (aOR 0.68; 95% CI 0.56–0.82) and more clearly asso-

iated with age; the odds of DAA treatment increased by 10% for each

0-year increment in age (aOR 1.10; 95% 1.01–1.19). Treatment uptake

as not associated with country of origin, benzodiazepine use, OAT sta-

us, or with the use of any of the low-threshold services. 
6 
CV RNA prevalence estimates 

Among 4354 individuals who were alive by 31 December 2019, 1027

ere estimated to still have untreated chronic HCV infection, for an

verall HCV RNA prevalence of 23.6% (95% CI 22.3–24.9). The esti-

ated HCV RNA prevalence was higher among women (33.0%; 95%

I 30.3–35.8) than among men (20.3%; 95% CI 19.0–21.8) and higher

mong those with a history of OAT (32.3%; 95% CI 30.4–34.2) than

mong those without (13.2%; 95% CI 11.7–14.8). HCV RNA prevalence

as lowest among individuals 60 years or older (18.0%; 95% CI 15.0–

1.4) and highest among those aged 40–49 years (26.6%; 95% CI 24.1–

9.1). Fig. 4 illustrates overall treatment uptake and corresponding HCV

NA prevalence estimates by the end of the study period for selected

ubgroups. 

ensitivity analysis 

Unweighted analysis of treatment uptake yielded generally lower

ates than weighted analysis, but relative proportions across subgroups

ere not affected by weighting (Supplementary Table 1). In logistic re-

ression analysis of factors associated with overall and DAA treatment

ptake, unweighted results for age and sex were comparable to weighted

esults with similar effect sizes and CIs (Supplementary Table 2). The

actor most impacted by importance-weighting was OAT, and this fac-

or did not reach significance in unweighted analysis. 

iscussion 

In this registry-based observational study of people who engaged in

njection drug use between 2010–2016 with a HCV notification between

990–2019, cumulative HCV treatment uptake between 2010–2019 was

5.9%. Treatment rates increased from 1.4/100 PY in the pre-DAA pe-

iod to 18.4/100 PY in the late DAA period and exceeded a previously

odelled elimination threshold of 50/1000 PWID in 2018 and 2019

 Fraser et al., 2018 ). Treatment uptake was less likely among women

nd those aged 40–49 years and more likely among participants with

urrent OAT. The estimated HCV RNA prevalence among those alive by

he end of 2019 was 23.6%. This study documents the effect of DAAs

n HCV treatment uptake in Norway and provides valuable insights that

ould inform HCV elimination efforts internationally. 

HCV treatment uptake was higher than in recent studies from the US

nd Canada ( Bartlett et al., 2022 ; Corcorran, Tsui, Scott, Dombrowski,

 Glick, 2021 ; Falade-Nwulia et al., 2020 ; Socías et al., 2019 ) but in

ine with findings from other regions with unrestricted access to DAAs,

uch as New South Wales in Australia ( Valerio et al., 2020 ). The low

re-DAA treatment rates are similar to results from a previous study

mong OAT recipients in Norway ( Midgard et al., 2016 ), reflective of

 period dominated by barriers to HCV care. It should be noted that

atients treated with interferon in monotherapy due to contraindica-

ions for ribavirin may have been missed, as our definition of interferon-

reatment rests on the dispension of ribavirin alone. Although treatment

ates increased in the early DAA-era, it was first when fibrosis restric-

ions were lifted in 2017 that treatment rates increased sharply, exceed-

ng a previously modelled HCV elimination threshold of 50 pr 1000

WID ( Fraser et al., 2018 ). In addition to unrestricticted access to treat-

ent, improved experience with HCV care among healthcare providers

nd patients becoming more aware of treatment options may have con-

ributed to the increasing uptake. Sustaining an elimination threshold

f 50 pr 1000 PWID could pose a significant challenge in a remaining

CV population that may be dominated by individuals that are unsuc-

essfully reached with testing and treatment. Therefore, new models of

are better adapted to this group are needed. Mean age and distribu-

ion of participants based on sex in the cohort was similar to findings

n a recent report documenting OAT use nationwide ( Beck et al., 2022 ),

ndicating that our findings are generalizable on a national level. 
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Table 3 

Logistic regression analysis of factors associated with HCV treatment uptake in the DAA era among users of low-threshold services for people who inject drugs in 

Oslo. 

Overall treatment uptake DAA treatment uptake 

Factor Unadjusted OR (95% CI) p Adjusted OR (95% CI) p Unadjusted OR (95% CI) p Adjusted OR (95% CI) p 

Age groups NA NA 

20–29 0.62 (0.39–1.00) 0.052 0.69 (0.43–1.12) 0.131 0.58 (0.35–0.97) 0.036 

30–39 0.87 (0.65–1.16) 0.345 0.89 (0.67–1.19) 0.435 0.76 (0.57–1.03) 0.079 

40–49 0.73 (0.55–0.96) 0.024 0.74 (0.56–0.97) 0.031 0.69 (0.52–0.92) 0.012 

50–59 0.86 (0.65–1.14) 0.294 0.88 (0.67–1.16) 0.364 0.88 (0.66–1.17) 0.384 

≥ 60 1 1 

Age (per 10- year increment) 1.05 (0.97–1.14) 0.185 NA NA 1.11 (1.02–1.21) 0.012 1.10 (1.01–1.19) 0.027 

Sex 

Male 1 1 1 1 

Female 0.74 (0.62–0.88) 0.001 0.74 (0.62–0.89) 0.001 0.67 (0.56–0.81) < 0.001 0.68 (0.56–0.82) < 0.001 

Country of birth 

Norway 1 NA NA 1 NA NA 

Other 0.94 (0.71–1.25) 0.684 0.96 (0.71–1.29) 0.772 

Short-term accomodation 

No use 1 NA NA 1 NA NA 

Moderate use 0.94 (0.80–1.11) 0.495 0.95 (0.80–1.14) 0.600 

Frequent use 0.82 (0.59–1.13) 0.217 0.88 (0.63–1.22) 0.449 

Drug consumption room 

No use 1 NA NA 1 NA NA 

Moderate use 1.01 (0.83–1.23) 0.939 1.02 (0.83–1.25) 0.869 

Frequent use 1.10 (0.91–1.34) 0.314 1.15 (0.94–1.41) 0.182 

Low-threshold health clinics 

No use 1 NA NA 1 NA NA 

Moderate use 0.98 (0.81–1.17) 0.789 0.98 (0.81–1.19) 0.841 

Frequent use 1.00 (0.79–1.27) 0.972 1.06 (0.83–1.35) 0.656 

Use of low- threshold services 

One service 1 NA NA 1 NA NA 

Two services 1.13 (0.94–1.35) 0.199 1.13 (0.93–1.36) 0.222 

Three services 0.92 (0.74–1.40) 0.433 0.98 (0.78–1.23) 0.852 

OAT status 

Never/former 1 1 1 1 

Current 1.20 (1.01–1.44) 0.043 1.21 (1.01–1.45) 0.043 1.21 (1.00–1.46) 0.053 1.21 (1.00–1.47) 0.055 

Benzodiazepine dispensions 

No dispensions 1 NA NA 1 NA NA 

Moderate 1.22 (0.95–1.58) 0.116 1.27 (0.97–1.66) 0.078 

High 1.12 (0.88–1.44) 0.358 1.21 (0.93–1.57) 0.157 
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Treatment uptake was lower among women than men, consistent

ith international studies ( Corcorran et al., 2021 ; Iversen et al., 2014 ;

ojas et al., 2019 ; Heather Valerio et al., 2020 ; H. Valerio et al.,

020 ). The reason is probably multifactorial, but women may face

dditional individual and structural barriers to care, including in-

reased stigma. Men are more likely to use illicit drugs and alcohol,

ut women are as likely as men to develop substance use disorders

 SAMHSA, 2017 ). Women tend to initiate substance use later than men

ut progress faster from initiation to chronic use and to the develop-

ent of substance-related adverse consequences, often referred to as

telescoping ” ( Piazza, Vrbka, & Yeager, 1989 ; SAMHSA, 2017 ). In ad-

ition, women with substance use carry a higher burden of psychiatric

omorbidities ( Kaló, 2020 ) and are more at risk of engaging in injection

isk behavior ( Des Jarlais, Feelemyer, Modi, Arasteh, & Hagan, 2012 ;

arlsson et al., 2017 ). Women who inject drugs are also particularly vul-

erable due to sex work, physical and sexual violence, stigma, and dis-

rimination ( Roberts, Mathers, & Degenhardt, 2010 ; SAMHSA, 2017 ). A

tudy from the pre-DAA era found that even if women were more proac-

ive in health-seeking behavior than men, they were not more likely to

eceive HCV treatment ( Temple-Smith et al., 2007 ). The female partici-

ants in this study had higher mean age than males (47.1 years vs 46.0),

nd a higher percentage were registered with Norway as country of birth

Supplementary Table 3). Furthermore, there were fewer females reg-

stered as frequent users of the drug consupmtion room and short-term

ccommodation, and a higher number of female participants had a high

umber of benzodiazepine dispensions compared to men. 

Participants with OAT dispensions during the observation period had

igher odds of treatment compared to those with no or previous OAT.
7 
his is in line with previous studies ( Socías et al., 2019 ; H. Valerio et al.,

020 ), including a recent cohort study from Canada in which HCV-

ositive individuals with current OAT were 84% more likely to initiate

CV treatment compared to those not engaged in OAT ( Bartlett et al.,

022 ). OAT could serve as a facilitator for health seeking behavior

 Degenhardt et al., 2019 ; Ferraro et al., 2021 ). In the context of HCV

are, the multidisciplinary nature of OAT programs could provide a plat-

orm for testing and linkage to care for PWID. In a recent randomized

ontrolled trial from Norway ( Fadnes et al., 2021 ), integrated HCV treat-

ent in OAT was superior to standard of care with regards to treatment

ptake and virologic response. Therefore, increasing OAT uptake among

WID and integrating HCV care in OAT could be key to enhance HCV

reatment in marginalized populations. 

Treatment uptake was associated with increasing age, as also demon-

trated in previous studies ( Aas et al., 2020 ; Corcorran et al., 2021 ).

his age effect could be explained by several factors, including longer

ime in the cohort (i.e., longer duration of HCV infection) among older

ndividuals and increased opportunities for linkage to care, but also

he fact that early DAA era fibrosis restrictions prioritized older in-

ividuals with more advanced liver disease. Although this is encour-

ging from an individual health perspective, it is disappointing from

 public health perspective that treatment uptake was lower among

ounger individuals who may contribute to higher transmission risk

 Page et al., 2019 ; Roy, Boudreau, & Boivin, 2009 ). Younger individ-

als with injecting drug use may have additional vulnerabilities, mak-

ng it less likely that they are reached with HCV testing and treatment

 Prussing, Bornschlegel, & Balter, 2015 ; Sundsbø, 2013 ). In addition,

everal of the low-threshold services may not be adopted to these indi-
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Fig. 3. HCV treatment rates among users of low-threshold services for people who inject drugs in Oslo. (A) Annual rates per 100 PY between 2010 and 2019. (B) 

Rates per 100 PY according to time periods. (C) Annual rates per 1000 people who inject drugs between 2010 and 2019. Dots indicate point estimates and bars 

indicate 95% Poisson confidence intervals. The dotted line in (C) indicate a previously modelled elimination threshold. 

Fig. 4. Overall treatment uptake and corresponding HCV RNA prevalence estimates in the study cohort by 31 December 2019 according to sex, age and opioid 

agonist treatment status. Gray bars represent treatment uptake and bludots represent prevalence estimates with 95% CI. . 
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iduals, often practicing referral to collaborating services to guide them

way from the injecting drug scene. This is in contrast to policies for

ther age groups where retention and proximity have been key strate-

ies ( Sundsbø, 2013 ). 

One could assume that being in contact with the various health and

ocial services would increase the probability of linkage to HCV care.
8 
herefore, a surprising finding was the lack of association between use

f low-threshold services and treatment uptake. This could be explained

y increased somatic, psychiatric, and addiction-related comorbidities

mong frequent users of the health services, who may be additionally

arginalized and have a lower likelihood of being reached. Another ex-

lanation could be that the low-threshold services simply fail to meet
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he needs of the clients with regards to HCV testing and linkage to care.

o facilitate access to HCV treatment, we believe all low-threshold ser-

ices should offer HCV testing and swift provision of treatment in a

ystematic fashion, and consider point-of care HCV testing for broader

mplementation. 

Estimated HCV RNA prevalence among individuals alive at the end

f the study period was 23.6%. This is almost one-half of the estimated

revalence in 2018 (" The Norwegian Directorate of Health. Hepatitt C

kal elimineres som folkehelseproblem," 2018 ) and highlights the im-

act of DAAs in this population. However, it is still discouraging that

CV RNA prevalence estimates in most subgroups were relatively high,

nd a stark reminder that if high-income countries are to succeed in HCV

limination, people with ongoing injecting drug use are in dire need of

ttention and customized models of care. 

This study demonstrates the importance of unrestricted DAA access

mong PWID, but also reveals the need for strategies directly addressing

omen with HCV. Future research is needed to increase our understand-

ng of sex-specific barriers to HCV care and factors associated with HCV

are. 

A key strength of the study is the inclusion of a large and repre-

entative sample of PWID with evidence of ongoing injecting drug use.

his has provided credible estimates of treatment uptake anchored in

 target-population for HCV elimination. Another strength is the use of

ex-specific weighting, adding accuracy and robustness to the estimate

f the population living with chronic HCV infection. 

A limitation of our study, caused by the methodology, is that we only

ncluded individuals engaged in low-threshold care. By omitting to in-

lude individuals not engaged in these services, we risk selection bias.

nother limitation is that the registry-based method only allowed for

egistration of dispensions, and that actual intake of drugs has not been

easured. A potential bias regarding treatment rates for 2017–2019 is

hat the study did not recruit participants after 2016. Unless individu-

ls recruited to the low-threshold services after 2016 were treated with

he same rates, estimated treatment uptake for the last three years has

een overestimated. Furthermore, as no participants were included af-

er 2016, our findings regarding DAA uptake in 2017–2019 does not

onstitute recent HCV infections. As a longer duration of HCV infection

s associated with a higher probability of receiving treatment, this may

ave added to overestimation of treatment rates from 2017–2019. A lim-

tation is that the lack of clinically relevant background variables (i.e.,

tage of liver disease, alcohol consumption, housing status) may have

ampered the analysis of factors associated with treatment uptake. An-

ther limitation of the study rests on the definition on some of our time-

arying variables, such as age, OAT use, and the use of low-threshold

ervices. As age was defined at the end of the study cohort or death, age

iven at the time of treatment uptake will for the vast majority be some-

hat overestimated. Furthermore, our definition of “current OAT ” has

imitiations and could be regarded as misleading, as HCV treatment may

ave been administered to some participants prior to first dispension of

AT. Lastly, a limitiation of our study rests on the definition of all partic-

pants being counted as PWID, independent of the time of contact with

he low-threshold services. By avoiding to discriminate between recent

nd distant use of these services, potential findings of importance may

ave been missed. 

In conclusion, this observational study has demonstrated increased

CV treatment uptake among PWID after the introduction of DAAs, ex-

eeding previously established elimination thresholds. However, strate-

ies targeting women and individuals not engaged in OAT are needed

o maintain momentum in HCV elimination efforts. 
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