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Executive summary 

This report describes the methods and findings of a systematic review of mathematical 
modelling studies of the population-level impact of opioid agonist treatment (OAT) and 
needle and syringe programmes (NSPs) on hepatitis C virus (HCV) transmission among 
people who inject drugs (PWID). This review is one component of a series of systematic 
reviews of the literature undertaken to update the European Centre for Disease Prevention 
and Control (ECDC) and European Monitoring Centre for Drugs and Drug Addiction 
(EMCDDA) 2011 joint guidance on ‘Prevention and control of infectious diseases among 
people who inject drugs’. Previous guidance did not consider evidence from mathematical 
modelling studies. The aim of the work was to assess the evidence from mathematical 
modelling studies relevant to a wide range of European settings of the population-level 
impact of OAT and NSPs on HCV transmission among PWID. 

Methods 
We systematically searched PubMed, Web of Science and Embase databases for 
mathematical modelling studies evaluating the impact of current and/or scaled-up coverage 
of OAT and NSPs. The search was conducted on 3 December 2020 with no restrictions on 
language or publication date. The modelling studies identified were included if they 
presented the impact, in terms of change in HCV prevalence or incidence or new HCV 
infections averted, of current or scaled-up levels of OAT and/or NSPs. Studies were also 
included if they considered the impact of HCV treatment with direct-acting antivirals (DAAs) 
alongside OAT and NSPs. Only studies relevant for European settings were included for this 
review, that is, modelling studies focused on a European setting or those that did not focus 
on a specific geographic setting. All references were screened by a second researcher, with 
discrepancies resolved through discussion with a third reviewer. Each of the included studies 
was graded based on the model type used in the study and on the quality of the 
parameterisation of the model with regards to the data sources used to obtain estimates for 
the efficacy of interventions. Model projections from studies were synthesised descriptively 
and, where possible, quantitatively using linear regression. 

Findings 
Primarily due to the number of studies found for each intervention, the evidence from 
mathematical modelling studies for the individual interventions, that is, OAT and NSPs 
separately, is not as strong as for the combined interventions. However, the available 
evidence suggests that the scaling up of OAT and NSPs individually can lead to moderate-
to-substantial decreases in HCV incidence at the population level. For example, 50 % OAT 
coverage could see a reduction in incidence > 31 % at the end of a 14-year study period 
compared to 0 % OAT coverage, with results of a similar scale observed for NSPs. Although 
there is uncertainty in the size of the projected impact of OAT in prison settings, studies 
suggest that a beneficial impact of prison OAT can be achieved on the overall (community 
and prison) HCV incidence among PWID. The evidence suggests that the combination of 
OAT and NSPs can have a substantial impact on HCV transmission among PWID. Our 
quantitative synthesis suggests that, for every 10 % relative reduction in the gap to 100 %, 
OAT and NSP coverage could reduce HCV incidence by 12 % (95 % confidence interval = 
11-13 %). In other words, moderate scale-ups, such as a 40 % reduction in the gap to full 
(i.e. 100 %) coverage of both OAT and NSPs would lead to substantial reductions in 
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incidence in the range of 43-52 %. Where available, the evidence suggests that the 
combination of OAT and NSPs has greater beneficial impact at the population level than 
would be expected from either intervention on its own. The impact of the scaling up of OAT 
and NSPs may be greater in settings where HCV incidence is already declining, such as 
through HCV treatment. While studies suggest the greatest impact would be achieved 
through the combination of OAT, NSPs and DAA treatment, analyses suggest that OAT and 
NSPs play a major role in the impact achieved. 

Conclusions 
Although there is variation in the projected impacts of OAT and NSPs, their scaling up can 
achieve moderate-to-substantial population-level impacts on HCV transmission among 
PWID, especially if implemented in combination, and should be recommended alongside 
DAA treatment. Our quantitative syntheses provide a report of the impact that can be 
expected of the scaling up of OAT and NSPs and suggest that, regardless of existing 
coverage, further scale-ups can meaningfully reduce HCV incidence. 
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Background 

The elimination of viral hepatitis as a public health threat has been defined by the World 
Health Organization (WHO) as a 90 % reduction in the number of new chronic hepatitis B 
and C infections and a 65 % reduction in the number of deaths by 2030, with milestones for 
2020 set at 30 % and 10 % reductions, respectively. The baseline is 2015. The indicators 
proposed by the WHO to monitor the impact of the elimination strategy include the incidence 
of hepatitis C virus (HCV) and hepatitis B virus infections and deaths from hepatocellular 
carcinoma, cirrhosis and chronic liver diseases attributable to HCV and hepatitis B virus 
infections (WHO, 2017). 

In October 2011, the European Centre for Disease Prevention and Control (ECDC) and 
European Monitoring Centre for Drugs and Drug Addiction (EMCDDA) published joint 
guidance on ‘Prevention and control of infectious diseases among people who inject drugs’ 
(ECDC & EMCDDA, 2011). Seven key interventions were recommended based on a 
combination of scientific evidence with expert opinion and models of best practice of 
prevention within the EU/European Economic Area. The guidance was supported by two 
technical reports (ECDC & EMCDDA, 2011a, 2011b) summarising the evidence for the 
effectiveness of needle and syringe programmes (NSPs) and of drug treatment, respectively, 
for preventing HCV, HIV and injecting risk behaviour. A stakeholder survey conducted in 
2018 by the ECDC and EMCDDA suggested the need to update the evidence base 
underpinning the guidance recommendations in order to capture new evidence and to take 
cognisance of emerging public health topics and new regional/global infectious disease 
strategies. The ECDC and EMCDDA initiated the update process in 2019 and commissioned 
an update of the evidence base and a collection of evidence for several new areas. 

In order to update the guidance, five packages of work were undertaken: 

• an updating of the review of reviews on the effectiveness of NSPs (existing 
intervention), drug treatments (existing intervention) and drug consumption rooms 
(new intervention), 

• a literature review of modelling studies of the population-level impacts of drug 
treatments and NSPs (new component), 

• a systematic review of interventions that can improve linkage to care and adherence 
to treatment for hepatitis B virus, HCV, HIV and tuberculosis (new component of the 
infectious disease treatment intervention), 

• a collection of models of practice about linkage to care, adherence to treatment, 
community-based testing and health promotion (new accompanying report) 

• updates to infectious disease testing, infectious disease treatment and health 
promotion (existing interventions) 

The present technical report describes the literature reviews that were undertaken to identify 
and synthesise the evidence for the second work package listed above. Closely related to 
this report is another technical report ‘Evidence for the effectiveness of interventions to 
prevent infections among people who inject drugs: Drug treatment, needle and syringe 

https://www.emcdda.europa.eu/publications/html/viral-hepatitis-elimination-barometer_en#references
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programmes and drug consumption rooms for preventing hepatitis C, HIV and injecting risk 
behaviour’, which describes a review of empirical studies undertaken to address the first 
work package. The evidence generated from these two work packages was presented at a 
meeting of multidisciplinary experts, appointed by the ECDC/EMCDDA, who appraised the 
evidence, voted on draft recommendations and provided considerations based on practice. 
A summary report of the discussions from the expert panel meeting and the proposed 
changes to the draft recommendations arising from these discussions are presented in a 
separate report (Summary report of discussions and proposed changes to the draft 
recommendations on interventions to prevent infections among people who inject drugs from 
the Expert Panel Meeting, 7-8 June 2021). 

Methods 

Research question 
This literature review aims to answer the following research question: 

What is the population-level impact from mathematical modelling studies of a) opioid agonist 
treatment (OAT), b) NSPs and c) the combination of OAT and NSPs with and without direct-
acting antiviral (DAA) treatment for HCV on the prevention of HCV transmission among 
people who inject drugs (PWID)? (1) 

The studies being used for this literature review form a subset of studies for a larger 
systematic review. A protocol was developed for the larger systematic review, which has 
been published on PROSPERO (https://www.crd.york.ac.uk/prospero, registration no.: 
CRD42020224201). Thus, details pertaining to literature searching will refer to those used 
for the larger systematic review. 

PICO and inclusion/exclusion criteria 
The research question was formulated according to the Population, Intervention, 
Comparison and Outcome (PICO) model, as specified below (Table 1). 

 
 
 
 
 
 
 
 
 
 
 

 
(1) This component was not part of the 2011 guidance. The rationale for its inclusion is that mathematical 

modelling evidence can provide information on the coverage and targeting of an intervention that is required 
to produce a change in the outcome, which is particularly relevant in the context of the WHO elimination 
strategy, as policymakers require guidance on how to achieve HCV elimination. Studies were restricted to 
Europe to accommodate what was feasible with resource and time constraints. 

 

https://www.crd.york.ac.uk/prospero
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TABLE 1 
PICO criteria for the literature review of modelling studies 
 

Population People who inject drugs (PWID) 

Interventions 1. Opioid agonist treatment (OAT) in the 
community and in prison 

2. Needle and syringe programmes (NSPs) 
3. OAT (in the community) + NSPs 
4. OAT (in the community) + NSPs + direct-

acting antiviral (DAA) treatment for hepatitis 
C virus 

Comparators Pairs of modelled scenarios in which OAT 
and/or NSP coverage differ 

Outcomes Hepatitis C virus (incidence, prevalence, cases 
averted) 

 

Inclusion and exclusion criteria are detailed in Table 2. 

 
TABLE 2  
Inclusion and exclusion criteria for the literature review of modelling studies 
 

 Inclusion criteria Exclusion criteria 

Publication date No date restrictions N/A 

Language No language restrictions N/A 

Publication type Full study publication available Conference abstracts, 
repeated/duplicated results 

Study design/type Mathematical modelling 
studies. These may include 
cost-effectiveness studies if a 
mathematical model was used 

Statistical modelling studies, 
reviews of mathematical 
modelling studies 

Geographic region Studies focusing on 
countries/regions in Europe 
were included, as well as 
studies not focusing on a 
specific geographic region 

Studies only focusing on 
countries/regions outside of 
Europe 

Study population People who inject drugs 
(PWID). This includes former 
PWID due to the varying 
definitions of ‘currently 
injecting’ used by the studies. 
This may include 
subpopulations of PWID, such 
as incarcerated PWID, young 
PWID, migrant PWID, 
homeless PWID, poly-drug 
injectors and people who inject 
synthetic opioids 

Non-injecting drug users 
(unless results were presented 
separately for the PWID subset 
of the study population) 
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 Inclusion criteria Exclusion criteria 

Intervention Interventions as stated in the 
PICO criteria. If a study 
considered the effect of 
needle/syringe sharing by 
changing the proportion of the 
population who are sharing, 
this was considered to be a 
proxy for an NSP as it is 
modelled in a similar way 

Supervised injection facilities 
that also supply 
needles/syringes (unless the 
effect of the NSP alone can be 
isolated). Studies that only 
examined hepatitis C virus 
treatment scale-up 

Study outcomes Hepatitis C virus 
incidence/prevalence/percenta
ge cases averted 

Studies using other measures 
of effect. For example, studies 
examining how interventions 
affect the reproductive ratio or 
those only examining the cost-
effectiveness of interventions 

Study setting/mode of delivery 
of intervention 

All settings for the delivery of 
interventions were considered, 
unless a setting constituted an 
intervention in its own right, 
where the effects could not be 
isolated, such as in supervised 
injection facilities (see the 
‘Intervention’ row above) 

N/A 

Abbreviation: N/A, not available. 

 

Data sources and search methods 
The following databases were searched: PubMed, Web of Science and Embase (via the 
Ovid platform). The search was conducted on 3 December 2020. 

Study selection 
Results of searches were stored in EndNote and de-duplicated according to the guide by 
Bramer et al. (2016). Title/abstract and full-text screening were performed independently by 
two researchers, with discrepancies resolved through discussion with a third reviewer. One 
reviewer selected the relevant studies for the EMCDDA literature review from the list of 
studies accepted for the larger review; one reviewer extracted relevant data from these 
studies. 

Critical appraisal 
In the absence of a validated tool to critically appraise mathematical modelling studies, a 
brief critical appraisal of the studies was designed and undertaken. This process examined 
the type of model used in the study and assessed the quality of the parameterisation of the 
model with regards to the data sources used to obtain estimates for the efficacy of 
interventions. Based on these attributes, studies were graded as ‘low’ quality (neither model 
type nor quality of parameterisation were adequate, or they were unclear), ‘medium’ quality 
(either model type or quality of parameterisation was adequate) or ‘high’ quality (both model 
type and quality of parameterisation were adequate). 
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Methods for data synthesis 
Two key methods were used to synthesise the evidence from the review of mathematical 
modelling studies: descriptive synthesis and quantitative synthesis. 

Descriptive synthesis involves the extraction of key conclusions from each study involved in 
the review and comparing them in a qualitative manner to get an overall picture of the effect 
of each intervention at the population level. 

Quantitative synthesis uses linear regression analysis to combine results from a large 
number of intervention scale-up scenarios to gain understanding of how the impact of each 
intervention varies as the coverage of the intervention is scaled up. 

Description of the linear regression analysis 
Background 
Each data point used in the linear regression analysis considers a comparison between a 
baseline scenario and a comparison scenario. The baseline scenario does not necessarily 
refer to the ‘status quo’ scenario, where all interventions are at the current levels for the 
relevant location. Rather, the comparison scenario is defined to be one where the relevant 
interventions are scaled up relative to a specified baseline. For example, for the OAT+NSP 
intervention, the baseline scenario may have treatment scaled-up relative to the status quo 
and the comparison scenario will have the same treatment scale-up (i.e., as in the baseline 
scenario), plus increased OAT+NSP coverage. 

For a data point to be eligible, the incidence/prevalence must be reported for a baseline 
scenario where the coverage of the intervention (e.g. OAT/NSP) is provided and for a 
comparison scenario where the coverage of the intervention is scaled up. 

The number of data points included in the quantitative synthesis is not equal to the number 
of studies. This is because some studies examine many different scale-up scenarios across 
different locations, leading to multiple data points. The tables in Appendix 1 provide the 
number of data points that each study contributes to the quantitative synthesis. 

Explanatory and response variables 
For this analysis, the response variable is the ‘relative reduction in incidence/prevalence at 
the end of the study period between the baseline and comparison scenarios’. For example, if 
the baseline scenario predicts that HCV prevalence will be 40 % at the end of the study 
period and the comparison scenario predicts that it will be 30 %, then this corresponds to a 
reduction of (40 - 30) × 100

40
 = 25 %. This is illustrated in Figure 1. 

 

 

 

 



12 

 

FIGURE 1 
Illustrative example of the ‘relative reduction in incidence/prevalence at the end of the 
study period between the baseline and comparison scenarios 

 

 

The key explanatory variables in the analysis are measures of the change in coverage of 
OAT and NSPs and the increase in DAA treatments. Specifically, the OAT and NSP 
coverages are measured by considering the ‘gap to full (100 %) coverage’ (2). For example, 
if OAT coverage is at 20 %, then there is a coverage gap to full coverage of 80 % 
(=100 % − 20 %). To compare the scale-up in coverage between a baseline scenario and a 
comparison scenario, the ‘relative reduction in the gap to full coverage’ is used. For 
example, consider a baseline coverage of 20 % and a comparison scenario where the 
coverage increases to 50 %, as shown in Figure 2. To calculate the relative reduction in the 
coverage gap, we examine the coverage increase as a percentage of the coverage gap in 
the baseline scenario. For this example, this corresponds to a relative reduction in the gap of 
(50 - 20)
100 - 20

 × 100 = 37.5 %. Similarly, if the intervention scenario increased the coverage of OAT 

from 20 % to 60 %, then the coverage gap would be halved: (60 - 20)
100 - 20

 × 100 = 50 %. 

The relative reduction in the gap to full coverage is a useful measure because its value stays 
between 0 and 100, making comparisons straightforward. Additionally, the measure 
accounts for both the baseline coverage level and the absolute change in coverage between 
the baseline and comparison scenarios. This means that the same relative reduction in the 
gap to full coverage can be achieved with different changes in coverage if the baseline 
coverage is different. For instance, a 50 % relative reduction in the gap starting from a 
baseline coverage of 20 % requires a scale-up to 60 % coverage, which is a 40 % absolute 

 
(2) Note: this measure has been chosen for ease of comparison, not because we advocate 100 % coverage as a 

goal. 
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increase. However, the same relative reduction in the gap (i.e. 50 %) starting from 60 % 
coverage requires a scale-up to 80 % coverage, which is only a 20 % absolute increase. If 
this variable is linearly associated with the impact on incidence and prevalence (which 
appears to be the case for the regression models presented here), then this attribute could 
mean that a fixed increase in the coverage of an intervention could have different levels of 
impact depending on the baseline coverage. 

FIGURE 2 
Example explaining ‘relative reduction in the gap to full (100 %) coverage’ 

 
 
 

In this analysis, the regression models have been kept simple, which means that other 
variables possibly affecting how OAT and NSP coverage impact incidence/prevalence have 
not been included. However, it is important to be aware that additional factors likely explain 
some of the variation in the data points. One of these variables is discussed briefly in the 
Results. 

The time horizon (length of the study period) varied across the studies used. This was not 
taken into account in the models presented here because most data points used similar time 
horizons of 10-14 years. Possibly due to the small amount of variation in time horizons, there 
did not appear to be a strong relationship between the outcomes of interest and the time 
horizon. 

The assumed efficacies of interventions at the individual level were also not taken into 
account in the quantitative synthesis because they were deemed to be sufficiently similar 
across studies and they were all within the 95 % confidence intervals (CIs) for the estimates 
found in overview of reviews and primary literature review (Technical report-Evidence for the 
effectiveness of interventions to prevent infections among people who inject drugs - Drug 
treatment, needle and syringe programmes and drug consumption rooms for preventing 
hepatitis C, HIV and injecting risk behaviour). A key point is that the relative risk of HCV 
infection is lower for OAT than for NSPs, that is, OAT is assumed to have a greater efficacy 
in the mathematical modelling studies (3). This underpins the results presented in Section 3. 
For information on the time horizons and the intervention efficacies assumed by each study, 
refer to Appendix 1. 

 
(3) Across all studies included in the review, the range for the relative risk of HCV transmission for OAT was 0.41-

0.48. For NSPs, the range was 0.43-0.59. For both OAT and NSPs, the range was 0.18-0.26. 
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Results 

Fifteen relevant studies were identified (Figure 3). 

FIGURE 3 
PRISMA flow diagram for the review of mathematical modelling studies 

 

 
 

Table 3 summarises the number of studies at each quality grade found for each intervention 
and the method of data synthesis used to investigate that intervention. Note that descriptive 
synthesis is always used to supplement quantitative synthesis because not all studies can 
be included in the quantitative synthesis. For more information on the individual studies 
included in the review, refer to Appendix 1. This includes reasons for ineligibility for 
quantitative synthesis, if applicable. 

For the purposes of this review, OAT coverage is defined as the percentage of PWID 
receiving OAT. NSP coverage is defined as the percentage of PWID receiving more than 
100 % of their needles/syringes from an NSP service. Note that NSP coverage is defined 
differently in one study (Borges et al., 2020) and the definition is unclear in another (Wisløff 
et al., 2018) (Appendix 1). DAA treatment coverage is given as the number treated with 
DAAs per 1000 PWID per year, independent of the HCV status of the PWID. 
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TABLE 3 
Summary of the studies and data synthesis methods for each intervention 
Intervention Studies and quality grades Data synthesis method 

Opioid agonist 
treatment (OAT) 

Three studies in total: two 
‘high’ grade (Platt et al., 
2017; Ward et al., 2018) and 
one ‘low’ grade (Wisløff et 
al., 2018) 

Descriptive synthesis 

OAT in prisons Two studies in total, both 
‘medium’ grade (Csete et al., 
2016; Stone et al., 2017) 

Descriptive synthesis 

Needle and syringe 
programmes (NSPs) 

Seven studies in total: three 
‘high’ grade (Fraser et al., 
2018a; Platt et al., 2017; 
Ward et al., 2018), two 
‘medium’ grade (Sweeney et 
al., 2019; Vickerman et al., 
2007) and two ‘low’ grade 
(Borges et al., 2020; Wisløff 
et al., 2018) 

Quantitative synthesis with linear 
regression analysis + descriptive 
synthesis 

OAT+NSPs Nine studies in total: six 
‘high’ grade (Cousien et al., 
2018; Fraser et al., 2018a; 
Fraser et al., 2018b; Platt et 
al., 2017; Vickerman et al., 
2012; Ward et al., 2018), two 
‘medium’ grade (Gountas et 
al., 2017; Mabileau et al., 
2018) and one ‘low’ grade 
(Wisløff et al., 2018) 

Quantitative synthesis with linear 
regression analysis + descriptive 
synthesis 

OAT+NSPs+ direct-
acting antiviral (DAA) 
treatment 

Five studies in total: four 
‘high’ grade (Cousien et al., 
2018; Fraser et al., 2018a; 
Martin et al., 2013; Ward et 
al., 2018) and one ‘medium’ 
grade (Gountas et al., 2017) 

Quantitative synthesis with linear 
regression analysis + descriptive 
synthesis 

 
Throughout the next sections, the linear regression coefficients are referred to simply as 
‘coefficients’. A coefficient value of 0.8 indicates that an increase of 10 units in the respective 
explanatory variable leads to an 8 % decrease in incidence/prevalence at the end of the 
study period (4). Similarly, if an explanatory variable has a coefficient of 0.3, then an increase 

 
(4) In terms of units for the explanatory variables, a 10-unit increase would correspond to a 10 % reduction in the 

coverage gap for the OAT and NSP measures, or 10 additional treatments per 1000 PWID per year for the 
DAA measure. 
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of 10 units in that variable would lead to a 3 % decrease in incidence/prevalence at the end 
of the study period. 

Full details of the regression models discussed in this section can be found in Appendix 2. 
For information on the key statistics (e.g. mean and standard deviation of coverage 
measures), refer to Appendix 3. 

Opioid agonist treatment 
Three studies were identified for the OAT-only intervention. There was an insufficient 
number of data points for quantitative synthesis (seven for the incidence regression model 
and six for the prevalence regression model). Therefore, we rely on descriptive synthesis for 
this intervention. 

Two of the studies examined the effect of removing the intervention. The same three UK 
settings were used in both of these studies (Bristol, Walsall and Dundee), where increasing 
OAT coverage was assumed. The most recent data for coverage estimates prior to the study 
period ranged from 70 % to 81 % across settings. Using a model that included both PWID 
and former PWID, Platt et al. (2017) suggested that, across three UK settings, the current 
levels of OAT intervention would avert at least 46 % (46-56 % between settings) of new HCV 
infections compared to a scenario with no OAT over a 15-year period. Ward et al. (2018) 
presented qualitatively similar results using a model that considers currently injecting PWID 
only: the current OAT intervention would avert 48-83 % of new HCV infections across 
settings over a 14-year study period. Additionally, Ward et al. (2018) also reported beneficial 
impacts of OAT on both incidence and prevalence. In particular, they found that the current 
levels of OAT would lead to a > 60 % decrease in incidence by the end of the 14-year study 
period compared to no OAT. The third study, from Wisløff et al. (2018), was based in 
Norway and reported that the scaling up of OAT from 0 % to 50 % would result in a 69 % 
decrease in incidence over a 14-year study period, compared to a 55 % decrease with no 
OAT. This corresponded to an approximate 31 % decrease in incidence at the end of the 
study period. 

 

 

Opioid agonist treatment in prison 
Two studies were found to model OAT in a prison setting. Both studies reported the effects 
of OAT in prison on HCV transmission among all PWID, not just those in prison. Stone et al. 
(2017) reported that removal of prison OAT at 57 % coverage resulted in a 9.3 % increase in 
overall incidence among PWID at the end of a 15-year study period, a large effect given that 
incarcerated PWID make up only 9 % of the overall PWID population. In contrast, Csete et 
al. (2016) reported much larger effects: going from 57 % OAT coverage to 19 % coverage in 
prison resulted in a 56 % increase in incidence in the overall PWID population at steady 
state (i.e. when the epidemic has stabilised). 

Evidence statement: Three mathematical modelling studies project that the scaling up 
of OAT from 0 % coverage to at least 50 % coverage among PWID would lead to 
moderate-to-substantial decreases in HCV incidence at the end of the study period 
(>31 %) and/or in new infections (>46 %) at the population level. 
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The results of these studies suggest that there is uncertainty in the projected impact of OAT 
in a prison setting on overall HCV incidence among PWID. This uncertainty is due to the 
different assumptions each study makes of the effect of OAT on prison-based transmission, 
as well as differences in incarceration dynamics and levels of transmission within prison (5). 
However, both studies reported a beneficial impact of prison OAT for coverage levels > 50 % 
at the level of the whole PWID population. 

 

Needle and syringe programmes 
Seven studies were identified for the NSP-only intervention. Of these, three (Fraser et al., 
2018a; Ward et al., 2018; Wisløff et al., 2018) had results that could be used for quantitative 
analysis, with 10 eligible data points for the incidence analysis and 8 for the prevalence 
analysis. The linear model examining the effects of NSPs on incidence did not obtain a 
sufficiently good fit to deduce meaningful results about coefficients. However, removal of the 
data points from low-grade studies (leaving eight data points) resulted in an adequate fit, as 
illustrated in Figure 4 (6). The black line represents the linear model. All studies assume that 
NSPs have a positive impact at the individual level, which we would expect to extend to the 
population level. Indeed, this is illustrated by the positive gradient on the graph. This 
indicates that increasing coverage of NSPs reduces the incidence at the end of the study 
period compared to what would have happened without the increase in NSP coverage. The 
gradient of the linear model suggests that, for every 10 % reduction in the NSP coverage 
gap, there should be a reduction in incidence at the end of the study period of 9.5 % (95 % 
CI = 7.1-12 %). For example, a reduction in the gap to full NSP coverage by 40 % could lead 
to reductions in incidence at the end of the study period in the range of 28 % to 48 %. 
Caution should be taken when interpreting these results due to the small number of data 
points used to produce the model fit, especially given that the data points from low-grade 
studies were removed. 

There were no eligible data points for prevalence from low-grade studies. Therefore, these 
data points did not need to be removed (Appendix 2: Figure 9). A comparison of the models 
suggested that NSPs have an approximate 1.5 times greater effect on incidence than on 
prevalence for the same decrease in the coverage gap (7). 

 

 
(5) The impact of prison OAT is also likely to depend upon levels of retention following release from prison (Stone 

et al., 2021). 

(6) Note that the linear model has been fixed to pass through the origin so that no increase in coverage 
corresponds to no impact on HCV transmission. 

(7) The incidence model has coefficient = 0.95 (95 % CI = 0.71-1.2, p = 4.1 × 10-5) while the prevalence model 
has coefficient = 0.64 (95 % CI = 0.35-0.93, p = 1.2 × 10-3). The ratio of the coefficients gives 0.95/0.64 = 1.5 
(2 significant figures). 

Evidence statement: While there is uncertainty in the size of the projected impact of 
OAT in a prison setting on overall HCV incidence among PWID, two mathematical 
modelling studies reported a beneficial impact of prison OAT coverage levels > 50 % at 
the level of the whole PWID population. 
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FIGURE 4 
Relative reduction in incidence at the end of the study period for various levels of 
NSP scale-ups. For this linear model, low-grade data points have been removed 

 
 

 

Qualitatively, if we use all of the evidence from the NSP evidence table (see Appendix 1), we 
can see that all studies find that increased NSP coverage reduces HCV transmission. NSPs 
appear to have the potential for large incidence reductions. For example, two studies (Fraser 
et al., 2018a; Wisløff et al., 2018) reported more than 50 % reductions in HCV incidence for 
scale-up coverage levels of 100 % (from 75 %) and 80 % (from 50 %) over time horizons of 
14 and 10 years, respectively. The effects on HCV prevalence and the relative reduction 
appear to be weaker. For example, Vickerman et al. (2007) reported that large and 
sustained reductions in syringe sharing would be required to reduce prevalence for all PWID. 
Sweeney et al. (2019) determined that, across three UK settings (Bristol, Walsall and 
Dundee), 8-40 % of infections could be averted over a 10-year time horizon with current 
NSP coverage (range, 30-57 % across settings), suggesting a small-to-moderate impact. 

 

Evidence statement: Seven mathematical modelling studies reported beneficial impacts 
of NSPs on HCV transmission at the population level, although the predicted impact at 
the population level varies across studies. Limited quantitative evidence suggests that a 
moderate reduction in the relative gap to full NSP coverage (40 %) would lead to 
moderate reductions in incidence at the end of the study period (range, 28-48 %). NSPs 
are likely to have a larger impact on incidence than on prevalence. 
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Combination OAT+NSPs 
Nine studies were identified for combined OAT+NSPs. Of these, four (Fraser et al., 2018a; 
Vickerman et al., 2012; Ward et al., 2018; Wisløff et al., 2018) were eligible for inclusion in 
the quantitative analysis, contributing 36 data points for the incidence analysis and 42 for 
that of prevalence. 

Figure 5 illustrates the relationship between the average reduction in the coverage gap for 
OAT and NSPs and the relative reduction in HCV incidence achieved. The linear model 
suggests that, for every 10 % reduction in both the OAT and NSP coverage gaps, there 
should be a reduction in incidence at the end of the study period of 12 % (95 % CI = 11-
13 %). In other words, moderate scale-ups, such as a 40 % reduction in the gap to full 
coverage of both OAT and NSPs, could lead to substantial reductions in incidence in the 
range of 43-52 % at the end of the study period. 

The data points in Figure 5 are colour coded according to the ‘relative reduction in outcome 
(incidence/prevalence) over the study period in the baseline scenario’. The red points are 
towards the top of the graph and the blue points are towards the bottom. This suggests that 
the baseline epidemic trajectory (i.e. changes in incidence/prevalence that are not 
attributable to increases in intervention coverage) affects the reduction in incidence that can 
be achieved when OAT and NSPs are scaled up, with OAT and NSPs having greater impact 
on incidence when incidence is already declining. Similar trends for prevalence are shown in 
Figure 14 in Appendix 2. These findings underscore the possible effects of additional 
variables on the relationship between the OAT and NSP scale-up and the impact on 
incidence/prevalence. 

FIGURE 5 
Relative reduction in incidence at the end of the study period for various levels of 
OAT+NSP scale-ups. Data points are colour coded according to the reduction in 
incidence over the study period in the baseline scenario
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We also considered linear regression models that use two explanatory variables, that is, the 
reduction in coverage gap for both OAT and NSPs separately. Unfortunately, this combined 
relationship cannot be easily viewed on a two-dimensional graph. In both the incidence and 
prevalence regression models, OAT has a larger coefficient than NSPs (Appendix 2: Figures 
11 and 13). For example, the incidence model predicts that OAT could be 2.6 times more 
effective than NSPs at the population level (8). While it is interesting to try to understand the 
individual contributions of OAT and NSPs to the combination intervention, we urge caution in 
interpreting the results here. The result can partially be explained by the fact that studies 
assume that the relative reduction in the risk of HCV infection is lower with OAT than NSPs 
(Appendix 1). Additionally, the studies typically explore larger reductions in the coverage gap 
for OAT than NSPs (on average, 59.8 % versus 49.1 % for incidence and 58.3 % versus 
45.5 % for prevalence), which could affect the linear regression coefficients. 

All linear regression models analysed for the OAT and NSP combination intervention 
suggest that the combination intervention will have a larger impact on incidence than on 
prevalence (9). 

In terms of the descriptive synthesis of all studies, it is difficult to decipher the relationship 
between intervention coverage and the effect from separate summaries of the individual 
studies. However, it is clear that all studies included in the review agree that the combination 
intervention of OAT and NSPs is associated with reductions in HCV transmission at the 
population level, with most studies reporting large effects. Additionally, studies (Platt et al., 
2017; Ward et al., 2018; Wisløff et al., 2018) examining the OAT and NSP interventions on 
their own as well as their combination suggest that the combination has more beneficial 
impacts at the population level than would be expected from either intervention on its own. 

 

As discussed above, we found that the reduction in incidence/prevalence over the study 
period in the baseline scenario was associated with incidence/prevalence reductions at the 
end of the study period between the baseline and comparison scenarios. Furthermore, we 
found that the reduction in incidence/prevalence over the study period in the baseline 
scenario was strongly associated with the baseline coverage of DAA treatment (correlation 
coefficient = 0.751 for the incidence data points). Therefore, it was deemed appropriate to 
also investigate the impact of the combination interventions of OAT, NSPs and DAA 
treatment. This will be explored in the next section. 

 
(8) The coefficient for OAT is 0.82 (95 % CI = 0.65-1.0, p = 2.5 × 10-11), while the coefficient for NSPs is 0.32 

(95 % CI = 0.12-0.52, p = 0.27 × 10-3). 

(9) The incidence model has coefficient = 1.18 (95 % CI = 1.07-1.29, p = 1.2 × 10-22), while the prevalence model 
has coefficient = 0.82 (95 % CI = 0.70-0.95, p = 1.5 × 10-16). The ratio of the coefficients gives 1.07/0.82 = 1.4 
(2 significant figures). 

 

Evidence statement: Even with moderate reductions in the coverage gap (40 %), the 
combined scale-up of OAT and NSPs can have substantial impact on incidence (43-52 % 
at the end of the study period) at the PWID population level, although the impact on 
prevalence is smaller. The intervention may have greater impact when HCV 
incidence/prevalence is already declining. 
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Combination OAT+NSPs+DAAs 
Five studies were eligible for the OAT+NSP+DAA combined intervention. Of these, three 
(Fraser et al., 2018a; Martin et al., 2013; Ward et al., 2018) were eligible for quantitative 
synthesis. Linear model fitting was restricted to three explanatory variables at most due to 
the limited number of data points. A linear model was fit for incidence reduction (%) with a 
relative reduction in the gap (%) for OAT (coefficient = 0.50, 95 % CI = 0.24-0.75, p = 4.9 × 
10-4) and NSPs (coefficient = 0.43, 95 % CI = 0.17-0.68, p = 1.9 × 10-3) and an absolute 
increase in DAA treatments per 1000 PWID per year (coefficient = 1.2, 95 % CI = 0.77-1.6, p 
= 3.9 × 10-6) as explanatory variables (10). The p-values show that all explanatory variables 
are significant at the 5 % significance level. The effects of OAT and NSPs appear to be 
weaker for prevalence reduction than for incidence reduction, which is consistent with the 
results for the OAT+NSP intervention. This is not true for treatment, which has similar 
coefficient values for both the incidence and prevalence models. 

 

FIGURE 6 
Data points used for linear models considering the combination OAT+NSP+DAA 
intervention, with reduction in incidence as the outcome of interest. Note that there is 
a strong association with an increase in DAA coverage, as indicated by the colour 
coding 

 

 

 
(10) Note that the value of the regression coefficient for DAA treatment should not be compared with the value of 

the regression coefficient for the reduction in the coverage gap for OAT and NSPs because the treatment 
measure is not a percentage, unlike the OAT and NSP measures. Nonetheless, the p-values are useful for 
gauging the relative importance of the explanatory variables. 
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Figure 6 indicates that an absolute increase in DAA coverage of > 20 treatments per 1000 
PWID per year and a > 30 % reduction in the gap to full coverage of both OAT and NSPs 
could result in at least a 70 % decrease in incidence at the end of the study period. Similar 
results were found for prevalence (Appendix 2: Figure 17). 

Caution should be taken when comparing linear model results for OAT+NSPs+DAAs with 
those from OAT+NSPs because different studies are used to produce the linear models and 
the nature of the coverage scale-up is different (see Appendix 3). 

By reviewing the evidence from all of the studies, we can see that all mathematical models 
hypothesise that the use of DAA treatment as part of a combined intervention with OAT and 
NSPs has the potential to substantially reduce both HCV incidence and prevalence, in 
agreement with the quantitative synthesis. Moreover, studies (Fraser et al., 2018a; Gountas 
et al., 2017; Martin et al., 2013; Ward et al., 2018) that examined both the OAT+NSP and 
OAT+NSP+DAA combination interventions concluded that the OAT+NSP+DAA intervention 
would have the most beneficial impact on HCV transmission. 

 

Discussion 

Summary of evidence 
Table 4 below shows the evidence statements for each intervention considered in this 
review. Notably, the evidence statement is stongest for the combination of OAT and NSPs, 
where the number of modelling studies allowed us to quantatively synthesise the evidence, 
providing estimates of the expected impact from the scaling up of these interventions. 
Notably, no studies were found to model the impact of NSPs in prison settings. 

 
TABLE 4  
Summary of the modelling evidence 
 
Intervention Evidence statement 

Opioid agonist 
treatment (OAT) 

Three mathematical modelling studies project that the scaling up of 
OAT from 0 % coverage to at least 50 % coverage among people 
who inject drugs (PWID) would lead to moderate-to-substantial 
decreases in hepatitis C virus (HCV) incidence at the end of the study 
period (>31 %) and/or in new infections (>46 %) at the population 
level 

OAT in prisons While there is uncertainty in the size of the projected impact of OAT in 
a prison setting on overall HCV incidence among PWID, two 
mathematical modelling studies reported a beneficial impact of prison 

Evidence statement: The combination intervention with OAT, NSPs and DAA treatment 
appears to be the most effective intervention examined in this review for reducing HCV 
transmission. However, OAT and NSPs clearly play a major role and should therefore be 
recommended for scale-up alongside treatment. 
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Intervention Evidence statement 

OAT coverage levels > 50 % at the level of the whole PWID 
population (community and prison) 

Needle and 
syringe 
programmes 
(NSPs) 

Seven mathematical modelling studies reported beneficial impacts of 
NSPs on HCV transmission at the population level, although the 
predicted impact at the population level varies across studies. Limited 
quantitative evidence suggests that a moderate reduction in the 
relative gap to full NSP coverage (40 %) would lead to moderate 
reductions in incidence at the end of the study period (range, 28-
48 %). NSPs are likely to have a larger impact on incidence than on 
prevalence 

OAT+NSP Even with moderate reductions in the coverage gap (40 %), the 
combined scale-up of OAT and NSPs can have a substantial impact 
on incidence (43-52 % at the end of the study period) at the PWID 
population level, although the impact on prevalence is smaller. The 
intervention may have greater impact when HCV 
incidence/prevalence is already declining 

OAT+NSP+direct-
acting antivirals 
(DAAs) 

The combination intervention with OAT, NSPs and DAAs was the 
most effective intervention examined in this review for reducing HCV 
transmission. However, OAT and NSP clearly play a major role and 
should therefore be recommended for scale-up alongside DAAs 

 
Largely due to the number of studies found for each intervention, the evidence from 
mathematical modelling studies for the individual interventions (OAT and NSPs separately) 
is not as strong as for the combined interventions. However, the available evidence suggests 
that the scaling up of OAT and NSPs individually can lead to moderate-to-substantial 
decreases in HCV incidence at the population level. Although there is uncertainty in the size 
of the projected impact of OAT in prison settings, studies suggest that prison OAT can have 
a beneficial impact on the overall (community and prison) HCV incidence among PWID. 

The evidence from modelling studies suggests that the combination of OAT and NSPs can 
have substantial impact on HCV transmission among PWID. Our quantitative synthesis 
suggests that every 10 % relative reduction in the gap to 100 % OAT and NSP coverage 
could reduce HCV incidence by 12 % (95 % CI = 11-13 %). In other words, moderate scale-
ups, such as a reduction in the gap to full coverage of both OAT and NSPs by 40 %, could 
lead to substantial reductions in incidence in the range of 43 % to 52 %. As well as informing 
coverage levels, a key added benefit of the modelling evidence is its ability to provide 
information on combination interventions, for which there is less empirical evidence. 

Where available, the evidence suggests that the combination of OAT and NSPs has greater 
beneficial impacts at the population level than would be expected from either intervention on 
its own. The impact of the scaling up of OAT and NSPs may be greater in settings where 
HCV incidence is already declining, such as through HCV treatment. While studies suggest 
that the greatest impact will be achieved through the combination of OAT, NSPs and DAA 
treatment, analyses suggest that OAT and NSPs play a major role in the impact achieved. 
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Strengths and limitations 
The qualitative synthesis of multiple modelling studies is challenging because each study 
makes different assumptions and uses different levels of intervention scale-ups. Therefore, 
quantitative synthesis was used in an attempt to gain clarity on how levels of intervention 
scale-ups relate to population-level impacts. This novel approach to the synthesis of 
evidence from modelling reviews allows us to obtain information on the scale-up in 
intervention coverage levels required to achieve specific reductions in HCV incidence. 
However, this approach has not been validated and the findings are thus also presented with 
descriptive syntheses. 

Primarily because of the number of studies found for each intervention, the evidence from 
mathematical modelling studies for the individual interventions (OAT and NSPs separately) 
is not as strong as for the combined interventions. Due to the heterogeneity among studies 
and the associated complexities this creates when data synthesis is being conducted, the 
recommendation based on the modelling evidence is informed by what can be directly 
interpreted from only the strongest of the quantitative syntheses, that is, analyses of the 
impact of the combination of OAT and NSPs. 

Conclusions 
Although there is variation in the projected impacts of OAT and NSPs, a moderate-to-
substantial population-level impact on HCV transmission among PWID can be achieved 
through their scale-up, especially if implemented in combination. Our quantitative syntheses 
provide a guide of the impact that can be expected of the scaling up of OAT and NSPs and 
suggest that, regardless of existing coverage, further scale-ups can result in meaningful 
reductions in HCV incidence. Future work is required to validate the findings of our 
quantitative synthesis, which could further aid coverage target setting for OAT and NSPs 
both individually and in combination. Because the existing evidence is limited, further 
modelling evaluating the population impact of prison-based interventions is needed. 
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Appendix 1. Tables summarising the evidence from each study 

Three articles use the same basic model (Platt et al., 2017; Sweeney et al., 2019; Ward et al., 2018) but with slight differences in 
implementation. For example, Platt et al. (2017) includes former PWID, unlike Ward et al. (2018). Moreover, the results are reported over 
different time periods and for different outcome measures. Therefore, they are treated separately in this review. 
Data points were considered ineligible for inclusion in the linear regression analysis if the incidence/prevalence reduction over the study period 
in the baseline scenario exceeded 99 %, the incidence was less than 0.1 per 100 person-years at the end of the study period or the prevalence 
was less than 0.1 % at the end of the study period. This is because accurate results for the relative reduction in incidence/prevalence at the end 
of the study period between a baseline and comparison scenario cannot be calculated when baseline incidence/prevalence is very low. These 
data points were removed after the data point count for each study was made. 
 

OAT 
Key information Model details Assumed 

intervention 
efficacy 

Used in 
quantitative 
analysis? 

Key results/conclusions 

First author and year: 
Platt et al., 2017 
Location: Bristol, Dundee, 
Walsall (United Kingdom) 
Time period(s) modelled: 
15 years (2016-2031) 
Outcome(s): Percent 
reduction in new cases 
Study grade: High 

Dynamic 
deterministic 
model of HCV 
transmission 
and disease 
progression 

Relative risks of HCV 
transmission of 0.41 
(0.22-0.75) for OAT, 
0.59 (0.36-0.96) for 
NSPs and 0.26 (0.09-
0.64) for OAT+NSPs 

No. There were 
not enough 
data points 
suitable for the 
OAT analysis; 
therefore, 
quantitative 
analysis was 
not performed 

Under the baseline scenario, OAT coverage 
increased in all settings. The most recent data for 
coverage estimates prior to the study period 
ranged from 70 % to 81 % across settings. Across 
the three settings, removal of OAT would result in 
at least an 86 % (range, 86-125 % between 
settings) increase in the number of new infections 
by 2031. Note that the effects of OAT are more 
marked than those of NSPs (refer to NSP sections 
for more details). The authors’ overall conclusions 
relate to the interaction of OAT with NSPs. Refer 
to the table on the combined OAT+NSP 
intervention for details 
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Key information Model details Assumed 
intervention 
efficacy 

Used in 
quantitative 
analysis? 

Key results/conclusions 

Note: the modelled population includes former 
PWID 

First author and year: 
Ward et al., 2018 
Location: Bristol, Dundee, 
Walsall (United Kingdom) 
Time period(s) modelled: 
14 years (2016-2030) 
Outcome(s): Incidence, 
prevalence, percent 
reduction in new cases 
Study grade: High 

Dynamic 
deterministic 
model of HCV 
transmission 
and disease 
progression 

Relative risks of HCV 
transmission of 0.41 
(0.22-0.75) for OAT, 
0.59 (0.36-0.96) for 
NSPs and 0.26 (0.09-
0.64) for OAT+NSPs. 
DAA efficacy 
sampled from a 
uniform distribution 
(0.86-0.92) 

No. There were 
not enough 
data points 
suitable for the 
OAT analysis; 
therefore, 
quantitative 
analysis was 
not performed 

Under the baseline scenario, OAT coverage 
increased in all settings. The most recent data for 
coverage estimates prior to the study period 
ranged from 72 % to 81 % across settings. 
Removal of OAT would increase the number of 
new HCV infections over the time period by 92-
483 % across locations. However, the scaling up 
of OAT to 80 % coverage would result in a 49 % 
decrease in new infections in Walsall and Bristol, 
with even more substantial decreases in Dundee 
due to existing levels of treatment 
Note that the effects of OAT are more marked than 
those of NSPs (refer to the NSP section for more 
details) 

First author and year: 
Wisløff et al., 2018 
Location: Norway 
Time period(s) modelled: 
14 years (2016-2030) 
Outcome(s): Incidence 
Study grade: Low 

Compartmental 
Markov model 

Odds ratio for the 
effect of OAT of 0.41 
(0.21-0.82); adjusted 
odds ratio for the 
effect of NSPs of 
0.48 (0.24-0.93). 
Appears to compare 
> 100 % coverage 
with < 100 % for 
NSPs 

No. There were 
not enough 
data points 
suitable for the 
OAT analysis; 
therefore, 
quantitative 
analysis was 
not performed 

This study was primarily a cost-effectiveness study 
that also included impact projections 
The modelling suggested that the scaling up of 
OAT from 0 % to 50 % would result in a 69 % 
decrease in incidence over the study period. Note 
that this is less than the reported incidence 
reductions for NSPs (see the NSP section for 
more details) 
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OAT in prison 
Key information Model details Assumed 

intervention 
efficacy 

Used in 
quantitative 
analysis? 

Key results/conclusions 

First author and year: 
Csete et al., 2016 
Location: Scotland, 
Australia, Ukraine and 
Thailand 
Time period(s) modelled: 
Not specified 
Outcome(s): Incidence 
Study grade: Medium 

Dynamic 
deterministic 
HCV 
transmission 
model 

Efficacy of OAT not 
specified 

No. There were 
not enough 
data points 
suitable for the 
analysis of OAT 
in prison; 
therefore, 
quantitative 
analysis was 
not performed 

Rather than directly comparing various levels of 
prison OAT, the modelling compares four 
scenarios similar to Scotland, Australia, Ukraine 
and Thailand, which have varying levels of prison 
OAT, as well as other changes in risk. The authors 
note that Australia has similar incarceration rates 
and durations to Scotland but that a lower level of 
prison OAT (19 % coverage in Australian prisons 
versus 57 % in Scotland) correlates with a high 
HCV incidence among incarcerated PWID. This 
corresponds to an incidence of 12.3 per 100/year 
in Scotland and 19.2 per 100/year in Australia, a 
56 % increase 

First author and year: 
Stone et al., 2017 
Location: Scotland 
Time period(s) modelled: 
15 years (2015-2030) 
Outcome(s): Incidence, 
prevalence 
Study grade: Medium 

Dynamic 
deterministic 
model of 
incarceration 
and HCV 
transmission 

Efficacy of OAT not 
specified – 
comparison made by 
considering HCV in 
scenarios where OAT 
was and was not 
implemented 

No. There were 
not enough 
data points 
suitable for the 
analysis of OAT 
in prison; 
therefore, 
quantitative 
analysis was 
not performed 

With existing treatment and OAT coverage in 
prison (57 %), incidence and chronic prevalence 
could be reduced among all PWID by 10.7 % and 
9.7 % over the study period, respectively. 
However, without prison OAT, these figures 
become 3.1 % and 4.7 %, respectively 
The authors note that, although their projections 
‘suggest that existing prison OAT may be having 
little impact on the overall epidemic due to the low 
proportion (9 %) of PWID in prison at any point in 
time, it is still likely to be cost-effective because of 
the large reduction in HCV incidence and other 
benefits achieved’ 
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NSPs 
Key information Model details Assumed 

intervention 
efficacy 

Used in 
quantitative 
analysis? 

Key results/conclusions 

First author and year: 
Borges et al., 2020 
Location: Portugal 
Time period(s) modelled: 
2015-2019, results 
reported in 1-year 
increments 
Outcome(s): Percent 
reduction in new cases 
(over 5 years), cases 
averted 
Study grade: Low 

Equation for 
number of new 
infections as a 
function of 
disease 
prevalence, 
probability of 
effective 
cleaning of 
drug injecting 
equipment, 
number of 
needles in 
circulation, 
sharing rate, 
probability of 
infection per 
single injection 
with infected 
needle, number 
of individuals 
sharing the 
same needle 

Sharing rate in status 
quo scenario taken in 
range of 1 % to 9 %. 
Change in sharing 
rate in intervention 
scenario taken in 
range of −7.7 % to 
3.7 %. Note that 
coverage between 
baseline and 
comparison is 
provided as the 
percent increase in 
needles exchanged 

No. Results 
were not 
reported for 
incidence/preva
lence 

Over the 5-year study period, there was a 6.8 % 
reduction in new HCV infections due to the 
participation of community pharmacies in the 
national needle exchange programme. In 1 year, 
the intervention was estimated to increase the 
number of needles in circulation by 7 %. For 
subsequent years, a stable 14 % increase from 
baseline was assumed. The focus of this study 
was cost-effectiveness; therefore, the authors’ 
conclusions do not focus on impact. However, they 
recognise that the inclusion of community 
pharmacies in the needle exchange programme 
reduces HCV (and HIV) infections while saving 
money for their health system 

First author and year: 
Fraser et al., 2018 
Location: France (study 
considers other countries, 
but only France is relevant 
for NSPs) 

Dynamic 
deterministic 
HCV 
transmission 
model 

Relative risks of 
infection of 0.42 (0.3-
0.53) for OAT, 0.43 
(0.15-0.70) for NSPs 
and 0.18 (0.04-0.32) 
for OAT+NSPs 

Yes. Three 
data points 
were used for 
the analysis of 
incidence and 
three for the 

This study does not focus on the NSP as an 
intervention on its own but on the combinations 
OAT+NSPs and OAT+NSPs+DAAs. Refer to 
these sections for more details. The OAT+NSPs 
scenarios examine the impact of the scaling up of 
both of these interventions to 80 % coverage 
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Key information Model details Assumed 
intervention 
efficacy 

Used in 
quantitative 
analysis? 

Key results/conclusions 

Time period(s) modelled: 
10 years (2016-2026) 
Outcome(s): Incidence, 
prevalence 
Study grade: High 

analysis of 
prevalence 

There are scenarios for France where only NSPs 
are scaled up to 80 % because OAT is already at 
the desired 80 % coverage at baseline 
Under scenarios where treatment coverage is at 
the status quo level (with DAAs), no NSP scale-up 
would result in incidence and prevalence 
reductions of 5.9 % and 6.7 %, respectively. 
Conversely, with an NSP scale-up from 50 % to 
80 %, there would be reductions of 54.1 % and 
35.5 %, respectively. Results with varying levels of 
underlying treatment coverage are included in the 
quantitative analysis 

First author and year: 
Platt et al., 2017 
Location: Bristol, Dundee, 
Walsall (United Kingdom) 
Time period(s) modelled: 
15 years (2016-2031) 
Outcome(s): Percent 
reduction in new cases 
Study grade: High 

Dynamic 
deterministic 
model of HCV 
transmission 
and disease 
progression 

Relative risks of HCV 
transmission of 0.41 
(0.22-0.75) for OAT, 
0.59 (0.36-0.96) for 
NSPs and 0.26 (0.09-
0.64) for OAT+NSPs 

No. Results 
were not 
reported for 
incidence/preva
lence 
separately for 
each location 

Under the baseline scenarios, NSP coverage 
remained stable in Bristol and Walsall but 
increased in Dundee. Prior to the study period, the 
most recent coverage estimates ranged between 
38 % and 60 % across settings. Removal of NSPs 
would result in at least a 22 % (range, 22-59 % 
between settings) increase in the number of new 
infections by 2031. The authors’ overall 
conclusions relate to the interaction of NSPs with 
OAT. Refer to the table on the combined 
OAT+NSP intervention for details. Note that the 
effect of NSPs is not as significant as the effect of 
OAT (refer to OAT sections for more details) 

First author and year: 
Sweeney et al., 2019 
Location: Bristol, Dundee, 
Walsall (United Kingdom) 

Dynamic 
deterministic 
model of HCV 
transmission 

Relative risks of HCV 
transmission of 0.41 
(0.22-0.75) for OAT, 
0.59 (0.36-0.96) for 

No. Results 
were not 
reported for 
incidence/preva
lence 

This study compared the current NSP provision 
with a scenario in which NSPs were removed for 
10 years. The model predicts that 8 % of infections 
in Bristol and Walsall and 40 % of infections in 
Dundee could be averted by continuing the current 
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Key information Model details Assumed 
intervention 
efficacy 

Used in 
quantitative 
analysis? 

Key results/conclusions 

Time period(s) modelled: 
10 years (2016-2026) 
Outcome(s): Percent 
reduction in new cases 
Study grade: Medium 

and disease 
progression 

NSPs and 0.26 (0.09-
0.64) for OAT+NSPs 

NSP provision, with a range of 30-57 % across 
settings. This study focused on cost-effectiveness 
and the conclusions thus do not focus on impact. 
However, NSPs are deemed to be a ‘highly 
effective low-cost intervention to reduce hepatitis 
C transmission’ 

First author and year: 
Vickerman et al., 2007 
Location: London (United 
Kingdom) 
Time period(s) modelled: 
8 years 
Outcome(s): Prevalence 
Study grade: Medium 

Dynamic 
deterministic 
model of HCV 
transmission 

Transmission rate 
per syringe sharing 
event in the chronic 
phase – varied 
between scenarios 

No. The 
scenarios 
modelled could 
not be 
compared in a 
way compatible 
with the 
quantitative 
analysis 

Rather than directly examining NSPs, this article 
examined prevention strategies that would reduce 
syringe sharing. The study also examined the 
relationship between the duration of injecting and 
the efficacy of these prevention strategies. The 
results showed that ‘modest reductions in syringe 
sharing frequency (<25 %) will reduce the HCV 
seroprevalence in newly initiated [PWID] (injecting 
less than four years) but much larger and 
sustained reductions (>50 %) are required to 
reduce the HCV seroprevalence in long-term 
[PWID] (injecting more than 8 years)’. The authors 
stress that it is important for these intervention 
strategies to target all PWID, not just longer-term 
injectors, to achieve substantial reductions in HCV 
seroprevalence 

First author and year: 
Ward et al., 2018 
Location: Bristol, Dundee, 
Walsall (United Kingdom) 
Time period(s) modelled: 
14 years (2016-2030) 

Dynamic 
deterministic 
model of HCV 
transmission 
and disease 
progression 

Relative risks of HCV 
transmission of 0.41 
(0.22-0.75) for OAT, 
0.59 (0.36-0.96) for 
NSPs and 0.26 (0.09-
0.64) for OAT+NSPs. 
DAA efficacy 
sampled from a 

Yes. Six data 
points were 
used for the 
analysis of 
incidence and 
six for the 
analysis of 
prevalence 

In the baseline scenarios, NSP coverage ranged 
between 28 % and 56 % across study settings 
prior to the study period. Removal of NSPs would 
increase the number of new HCV infections over 
the study period by 23-64 % across locations. 
However, the scaling up of NSPs would reduce 
new infections by about 29 % in Bristol and 
Walsall, with more significant reductions in 
Dundee due to existing levels of treatment. Note 
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Key information Model details Assumed 
intervention 
efficacy 

Used in 
quantitative 
analysis? 

Key results/conclusions 

Outcome(s): Incidence, 
prevalence, percent 
reduction in new cases 
Study grade: High 

uniform distribution 
(0.86-0.92) 

that the effect of NSPs was not as significant as 
the effect of OAT (refer to OAT sections for more 
details) 

First author and year: 
Wisløff et al., 2018 
Location: Norway 
Time period(s) modelled: 
14 years (2016-2030) 
Outcome(s): Incidence 
Study grade: Low 

Compartmental 
Markov model 

Odds ratio for the 
effect of OAT of 0.41 
(0.21-0.82); adjusted 
odds ratio for the 
effect of NSPs of 
0.48 (0.24-0.93). 
Appears to compare 
> 100 % coverage 
with < 100 % for 
NSPs 

Yes. Two data 
points were 
used for the 
analysis of 
incidence 

This study is primarily a cost-effectiveness study 
that also includes impact projections 
The modelling suggested that the scaling up of 
NSPs to more than 100 % coverage from 75 % 
would result in a 74 % decrease in incidence over 
the study period. Note that this is more than the 
reported incidence reductions for OAT (see OAT 
sections for more details) 
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OAT+NSPs 
Key information Model details Assumed 

intervention 
efficacy 

Used in 
quantitative 
analysis? 

Key results/conclusions 

First author and year: 
Cousien et al., 2018 
Location: France 
Time period(s) modelled: 
20 years 
Outcome(s): Cases 
averted 
Study grade: High 

Dynamic, 
individual-
based, 
stochastic 
model of HCV 
transmission, , 
cascade of 
care and health 
outcomes 

Relative risks of 
infection of 0.5 for 
NSPs and 0.21 for 
OAT+NSPs. Efficacy 
of 0.95 for DAAs 

No. Results 
were not 
reported for 
incidence/preva
lence 

Rather than directly examining changing coverage 
of OAT and NSPs, this study examined the effect 
of a reduction in the time to initiation of these 
interventions from injecting initiation. We can 
calculate that the model predicts that improved 
access to OAT and NSPs corresponds to a 4.1 % 
reduction in new HCV infections 
The article is a cost-effectiveness study that 
primarily focuses on the combination of OAT and 
NSP interventions with improved access to HCV 
treatment. Refer to the table on the combined 
OAT+NSP+DAA intervention for details 

First author and year: 
Fraser et al., 2018a 
Location: Amsterdam 
(Netherlands), Belgium, 
Czechia, Denmark, 
Finland, Hamburg 
(Germany), Norway, 
Scotland, Slovenia, 
Sweden 
Time period(s) modelled: 
10 years (2016-2026) 
Outcome(s): Incidence, 
prevalence 
Study grade: High 

Dynamic 
deterministic 
HCV 
transmission 
model 

Relative risks of 
infection of 0.42 (0.3-
0.53) for OAT, 0.43 
(0.15-0.70) for NSPs 
and 0.18 (0.04-0.32) 
for OAT+NSPs 

Yes. Thirty data 
points were 
used for the 
analysis of 
incidence and 
thirty for the 
analysis of 
prevalence 

The scaling up of OAT and NSPs to 80 % 
coverage could achieve reductions in incidence of 
37.2-89.2 % over the study period across 
scenarios and in prevalence of 17.6-78.6 %, with 
underlying treatment at the status quo level (with 
DAAs). Without the scale-up of OAT and NSPs, 
these figures are 0.1-52.6 % and 0.1-51.8 %, 
respectively 
Results for different underlying treatment rates are 
included in the quantitative analysis 
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Key information Model details Assumed 
intervention 
efficacy 

Used in 
quantitative 
analysis? 

Key results/conclusions 

First author and year: 
Fraser et al., 2018b 
Location: Scotland 
Time period(s) modelled: 
7 years (2008-2015) 
Outcome(s): Incidence 
Study grade: High 

Dynamic 
deterministic 
HCV 
transmission 
model 

Relative risks of 
infection of 0.48 
(0.17-1.33) for OAT, 
0.5 (0.22-1.12) for 
NSPs and 0.21 (0.08-
0.52) for OAT+NSPs 

No. The 
coverage data 
were not 
compatible for 
comparison 
with the other 
studies 

Rather than comparing fixed coverages of 
interventions, this study examined the historical 
scale-up of various interventions and identified 
how each individual intervention contributed to the 
observed decrease in HCV transmission. This 
involved comparing scenarios where there is no 
intervention scale-up with scenarios where 
individual and combination interventions are 
scaled up. No change in the intervention scale-up 
would have led to a 27.4 % decrease in incidence 
over the study period, whereas the scaling up of 
OAT and NSPs only would lead to a 47.3 % 
decrease in incidence. This corresponds to a 
27.4 % decrease in incidence at the end of the 
study period, using no intervention scale-up as the 
baseline 
Additionally, the authors attribute most of the 
observed decline in HCV incidence to the scale-up 
of OAT and NSPs 
Note: The study also examines HCV treatment, 
but this is with pegylated interferon and ribavirin 
rather than DAAs, so it is not relevant for this 
review 

First author and year: 
Gountas et al., 2017 
Location: Athens (Greece) 
Time period(s) modelled: 
14 years (2016-2030) 

Dynamic, 
discrete time, 
stochastic, 
individual-
based HCV 
transmission 
model 

Relative risk of HCV 
infection while in a 
harm reduction 
programme of 0.41. 
Harm reduction 
programme defined 
ambiguously but 

No. The 
coverage data 
were not 
compatible for 
comparison 
with the other 
studies 

This study focuses on the combination of harm 
reduction (OAT and NSPs) with HCV treatment, 
but the effect of increasing harm reduction is 
isolated for some constant treatment coverages. 
Under a moderate treatment coverage (4 % 
PWID/year), increasing harm reduction by 
2 %/year for the duration of the study period would 
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Key information Model details Assumed 
intervention 
efficacy 

Used in 
quantitative 
analysis? 

Key results/conclusions 

Outcome(s): Incidence, 
prevalence 
Study grade: Medium 

suggests OAT or a 
high-coverage NSP 

result in a 5.1 % absolute decrease in chronic 
HCV prevalence and a 19.2 % lower incidence in 
2030 compared to constant harm reduction. Under 
high treatment coverage (8 % PWID/year), the 
figures are 1 % and 38 %, respectively. For 
conclusions regarding the combined effect of harm 
reduction and treatment, refer to the table on the 
combined OAT+NSP+DAA intervention 

First author and year: 
Mabileau et al., 2018 
Location: Belarus, 
Georgia, Kazakhstan, 
Republic of Moldova, 
Tajikistan 
Time period(s) modelled: 
20 years (2013-2033) 
Outcome(s): Percent 
reduction in new cases 
Study grade: Medium 

Dynamic 
deterministic 
model of HCV 
and HIV 
transmission 
and the natural 
history of these 
diseases 

Relative risk of 
transmission of 0.5 
for a 100 % NSP; 
relative risk of 
injection of 0.17 
(0.15-0.85) for OAT 

No. Results 
were not 
reported for 
incidence/preva
lence 

This is a cost-effectiveness study that also reports 
the impact of interventions. Compared to the other 
interventions examined (increasing NSPs only, 
increasing HCV treatment), it was found that 
increasing OAT and NSP coverage (OAT 
increased to 20 %, NSPs increased to 60 %) had a 
‘high impact’ among PWID, with infections averted 
among locations ranging from 42 % (in Tajikistan) 
to 55 % (in Republic of Moldova) 

First author and year: 
Platt et al., 2017 
Location: Bristol, Dundee, 
Walsall (United Kingdom) 
Time period(s) modelled: 
15 years (2016-2031) 
Outcome(s): Percent 
reduction in new cases 

Dynamic 
deterministic 
model of HCV 
transmission 
and disease 
progression 

Relative risk of HCV 
transmission of 0.41 
(0.22-0.75) for OAT, 
0.59 (0.36-0.96) for 
NSPs and 0.26 (0.09-
0.64) for OAT+NSPs 

No. Results 
were not 
reported for 
incidence/preva
lence 
separately for 
each location 

Across the three settings, removal of OAT and 
NSPs would increase the number of new 
infections by 2031 by at least 125 % (range, 125-
166 % between settings). Removal of OAT would 
result in at least an 86 % (86-125 %) increase and 
removal of NSPs would result in at least a 22 % 
(22-59 %) increase. The scaling up of NSPs to 
80 % coverage was predicted to reduce the 
number of new infections by at least 10 % (10-
26 %). The authors conclude that current levels of 
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Key information Model details Assumed 
intervention 
efficacy 

Used in 
quantitative 
analysis? 

Key results/conclusions 

Study grade: High interventions are ‘preventing considerable 
transmission of HCV infection in these cities’. 
Furthermore, the benefits of the combined OAT 
and NSP interventions increase the impact more 
than would be expected from each intervention on 
its own 

First author and year: 
Vickerman et al., 2012 
Location: General 
locations with 20 %, 40 % 
and 60 % baseline 
prevalence, as well as the 
United Kingdom 
Time period(s) modelled: 
Various, from 5 to 20 years 
Outcome(s): Prevalence 
Study grade: High 

Dynamic 
deterministic 
HCV 
transmission 
model 

Relative risks of 
infection of 0.48 
(0.17-1.33) for OAT, 
0.5 (0.22-1.12) for 
NSPs and 0.21 (0.08-
0.52) for OAT+NSPs 

Yes. Nine data 
points were 
used for the 
analysis of 
prevalence. 
Only results for 
time periods of 
10 and 20 
years could be 
extracted for 
inclusion in the 
quantitative 
analysis 

For a 40 % baseline prevalence, the scaling up of 
OAT and NSPs from 0 % to 20 %, 40 % or 60 % 
would result in prevalence reductions of 13 %, 
24 % and 33 %, respectively, over 10 years. For 
higher prevalence settings, there is less impact 
In the United Kingdom, no OAT and NSPs would 
result in a prevalence of 65 % compared to the 
reported 40 % 
The authors suggest that OAT and NSPs can 
reduce HCV prevalence among PWID. However, 
scale-up needs to be sustained at high levels for 
long periods of time for substantial reductions 
(over half), such as the scaling up of OAT and 
NSP coverage from 50 % to 80 % for at least 20 
years 

First author and year: 
Ward et al., 2018 
Location: Bristol, Dundee, 
Walsall (United Kingdom) 
Time period(s) modelled: 
14 years (2016-2030) 

Dynamic 
deterministic 
model of HCV 
transmission 
and disease 
progression 

Relative risks of HCV 
transmission of 0.41 
(0.22-0.75) for OAT, 
0.59 (0.36-0.96) for 
NSPs and 0.26 (0.09-
0.64) for OAT+NSPs. 
DAA efficacy 
sampled from a 

Yes. Nine data 
points were 
used for the 
analysis of 
incidence and 
six for the 
analysis of 
prevalence 

Removal of both OAT and NSPs would result in an 
increase in new infections over the study period of 
132-878 % across locations, corresponding to 
approximately 350 % and 433 % increases in 
incidence at the end of the study period in Bristol 
and Walsall, with more substantial relative 
increases in Dundee due to low incidence in the 
baseline scenario. If OAT and NSPs were scaled 
up to 80 %, this would reduce incidence at the end 
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Key information Model details Assumed 
intervention 
efficacy 

Used in 
quantitative 
analysis? 

Key results/conclusions 

Outcome(s): Incidence, 
prevalence, percent 
reduction in new cases 
Study grade: High 

uniform distribution 
(0.86-0.92) 

of the study period by approximately 20 % and 
49 % in Bristol and Walsall, with decreases in 
Dundee less clear due to low baseline incidence. 
These results emphasise the importance of OAT 
and NSPs for reducing HCV transmission 

First author and year: 
Wisløff et al., 2018 
Location: Norway 
Time period(s) modelled: 
14 years (2016-2030) 
Outcome(s): Incidence 
Study grade: Low 

Compartmental 
Markov model 

Odds ratio for the 
effect of OAT of 0.41 
(0.21-0.82); adjusted 
odds ratio for the 
effect of NSPs of 
0.48 (0.24-0.93). 
Appears to compare 
> 100 % coverage to 
< 100 % for NSPs 

Yes. One data 
point was used 
for the analysis 
of incidence 

This study is primarily a cost-effectiveness study 
that includes impact projections 
Regarding harm reduction strategies, the authors 
conclude ‘combining an increase in the current 
clean [NSP] with OAT was clearly the most cost-
effective options’. This strategy, which involves the 
scaling up of OAT from 0 % to 50 % coverage and 
an increase in NSPs to more than 100 % 
coverage, would result in an 80 % reduction in 
incidence over the study period 
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OAT+NSPs+DAAs 
Key information Model details Assumed 

intervention 
efficacy 

Used in 
quantitative 
analysis? 

Key results/conclusions 

First author and year: 
Cousien et al., 2018 
Location: France 
Time period(s) 
modelled: 20 years 
Outcome(s): Cases 
averted 
Study grade: High 

Dynamic, 
individual-
based, 
stochastic 
model of HCV 
transmission , 
cascade of 
care and health 
outcomes 

Relative risk of 
infection of 0.5 for 
NSPs and of 0.21 
for OAT+NSPs. 
Efficacy of DAAs of 
0.95 

No. Results were not 
reported for 
incidence/prevalence 

This is a cost-effectiveness study that primarily 
focuses on strategies to improve access to 
HCV treatment but also examines the effect of 
combining these strategies with improved 
access to OAT and NSPs 
The authors conclude that the combination of 
HCV treatment interventions with improved 
access to OAT and NSPs was the most 
effective strategy, compared to either the 
treatment strategies alone or the OAT and NSP 
strategy alone 
We refrain from reporting a quantitative value 
for the reduction in new infections because the 
HCV treatment interventions included improved 
testing, which is not featured in the other 
studies included in this review 

First author and year: 
Fraser et al., 2018a 
Location: Amsterdam 
(Netherlands), Belgium, 
Czechia, Denmark, 
Finland, Hamburg 
(Germany), Norway, 
Scotland, Slovenia, 
Sweden 

Dynamic 
deterministic 
HCV 
transmission 
model 

Relative risks of 
infection of 0.42 
(0.3-0.53) for OAT, 
0.43 (0.15-0.70) for 
NSPs and 0.18 
(0.04-0.32) for 
OAT+NSPs. Efficacy 
of 0.9 for DAAs 

Yes. Twenty-two 
data points were 
used for the analysis 
of incidence and 
twenty-two for the 
analysis of 
prevalence 

The scaling up of OAT and NSPs to 80 %, as 
well as a doubling of DAA treatment, could 
result in reductions in incidence over the study 
period of 41.2-99.7 % across sites and a 
reduction in prevalence of 17.9-99.5 %. Without 
these increases, these figures are 0.1-52.6 % 
and 0.1-51.8 %, respectively 
The scaling up of OAT and NSP coverage to 
80 % in all sites decreased the treatment scale-
up needed to reduce incidence to 2 per 
100/year in 10 years or less by 20-80 % 
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Key information Model details Assumed 
intervention 
efficacy 

Used in 
quantitative 
analysis? 

Key results/conclusions 

Time period(s) 
modelled: 10 years 
(2016-2026) 
Outcome(s): Incidence, 
prevalence 
Study grade: High 

The authors conclude that a reduction in HCV 
in Europe to minimal levels ‘will require scale-
up of both HCV treatment and other 
interventions that reduce injecting risk 
(especially OAT and provision of sterile 
injecting equipment)’ 

First author and year: 
Gountas et al., 2017 
Location: Athens 
(Greece) 
Time period(s) 
modelled: 14 years 
(2016-2030) 
Outcome(s): Incidence, 
prevalence 
Study grade: Medium 

Dynamic, 
discrete time, 
stochastic, 
individual-
based HCV 
transmission 
model 

Relative risk of HCV 
infection while in a 
harm reduction 
programme of 0.41. 
Harm reduction 
programme defined 
ambiguously but 
suggests OAT or a 
high-coverage NSP 

No. The coverage 
data were not 
compatible for 
comparison with the 
other studies 

Under moderate treatment regimens (2 % or 
4 % PWID/year) and with an increase in harm 
reduction (OAT and NSP) coverage of 
2 %/year, there would be relative reductions in 
chronic HCV prevalence of 26.5 % and 46.2 %, 
respectively, over the study period. The 
corresponding figures for incidence were 14 % 
and 21 %. If more than 8 % PWID/year are 
treated, prevalence would reduce by almost 
94.8 % and incidence by 88 % 
With reference to the results in the OAT+NSP 
intervention table, the authors conclude that, as 
treatment coverage is increased, the benefits of 
harm reduction in reducing prevalence are 
reduced, but it has a significant impact in terms 
of reducing incidence 
In summary, the authors conclude that the 
combined OAT+NSP+DAA intervention ‘could 
achieve major reductions in HCV incidence and 
prevalence among [PWID] by 2030’ 

First author and year: 
Martin et al., 2013 

Dynamic 
deterministic 
HCV 

Relative risks of 
infection of 0.48 
(0.17-1.33) for OAT, 

Yes. Three data 
points were used for 

The authors examined the treatment rates 
required to reduce HCV prevalence to specific 
levels, alongside an increase in OAT and NSP 
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Key information Model details Assumed 
intervention 
efficacy 

Used in 
quantitative 
analysis? 

Key results/conclusions 

Location: General 
locations with 20 %, 40 % 
and 60 % baseline 
prevalence 
Time period(s) 
modelled: 10 years 
Outcome(s): Prevalence 
Study grade: High 

transmission 
model 

0.50 (0.22-1.12) for 
NSPs and 0.21 
(0.08-0.52) for 
OAT+NSPs 

the analysis of 
prevalence 

coverage. With DAAs, if OAT and NSP 
coverage were increased from 0 % to 40 %, 
then 7, 16 or 29 treatments per 1000 
PWID/year could halve prevalence for baseline 
chronic HCV prevalence of 20 %, 40 % and 
60 % 
The authors highlight the importance of the 
combination treatment with OAT and NSPs to 
achieve ‘substantial reductions (>50 %)’ in HCV 
prevalence over the study period 

First author and year: 
Ward et al., 2018 
Location: Bristol, 
Dundee, Walsall (United 
Kingdom) 
Time period(s) 
modelled: 14 years 
(2016-2030) 
Outcome(s): Incidence, 
prevalence, percent 
reduction in new cases 
Study grade: High 

Dynamic 
deterministic 
model of HCV 
transmission 
and disease 
progression 

Relative risks of 
HCV transmission of 
0.41 (0.22-0.75) for 
OAT, 0.59 (0.36-
0.96) for NSPs and 
0.26 (0.09-0.64) for 
OAT+NSPs. DAA 
efficacy sampled 
from a uniform 
distribution (0.86-
0.92) 

Yes. Nine data 
points were used for 
the analysis of 
incidence and three 
for the analysis of 
prevalence. Note 
that there are more 
scenario 
comparisons 
reported in the article 
that would be 
relevant here, except 
reporting 
inconsistencies 
meant that 
quantitative 
comparisons 
between baseline 
and comparison 
scenarios were not 

The numbers of treatments required to reduce 
incidence by 90 % over the study period if OAT 
and NSPs are scaled up to 80 % were 40, 22 
and 14 treatments per 1000 PWID in Bristol, 
Dundee and Walsall, respectively. Contrast this 
with the current coverage (81 %, 72 % and 
72 % on OAT; 56 %, 48 % and 28 % on an 
NSP; 9, 52.5 and 2 treatments per 1000 PWID), 
which would lead to approximate reductions in 
incidence of 11 %, 99.97 % and 1 %, 
respectively 
The authors note that, although their analyses 
show that OAT and NSPs are important for 
reducing HCV transmission, a combined 
approach that uses HCV treatment is required 
to reduce HCV to low levels of incidence 
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Key information Model details Assumed 
intervention 
efficacy 

Used in 
quantitative 
analysis? 

Key results/conclusions 

possible for all 
scenarios 
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Appendix 2. Linear regression models 

Note that all linear models have been derived under the assumption that a zero scale-up of 
the intervention corresponds to a zero change in incidence/prevalence. 

Adjusted R squared statistics are reported for each linear regression model. 

Definitions of variables used in the linear regression models 
 
Variable Meaning 
OAT_gap Relative reduction in the gap to full OAT coverage (see Figure 3) 

NSP_gap Relative reduction in the gap to full NSP coverage (similar to 
OAT_gap) 

Arith_OSTNSP_gap The arithmetic mean of OAT_gap and NSP_gap 

DAA_inc Absolute increase in the number of DAA treatments per 1000 PWID 
per year between the baseline and comparison scenarios 

Outcome_red_rel Relative reduction in the outcome (incidence or prevalence) at the 
end of the study period between the baseline and comparison 
scenarios 

Outcome_red_base The relative reduction in the outcome (incidence or prevalence) 
over the study period for the baseline scenario 

Black = ‘explanatory variables’, blue = ‘response variables’ 
 

NSPs 
FIGURE 7 
Linear model for the NSP intervention that uses ‘gap to full NSP coverage’ as an 
explanatory variable and ‘relative reduction in incidence at the end of the study 
period’ as the response variable 

Incidence 

 
. 
 

  --> Model name: NSP_inc 
  
 Explanatory vars = NSP_gap, ; Response var = Outcome_red_rel.  
  
 Number of data points = 10.  
Linear regression model: 
  Outcome_red_rel ~ NSP_gap 
 
Estimated coefficients: 
        Estimate     95 % CI      pValue  
        ________  ________________  __________ 
 
  NSP_gap   0.6775   (0.4165, 0.9385)  0.00023712 
 
Adjusted R squared statistic: -0.979.  
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FIGURE 8 
Linear model for the NSP intervention that uses ‘gap to full NSP coverage’ as an 
explanatory variable and ‘relative reduction in incidence at the end of the study 
period’ as the response variable  

 

Points from studies graded as ‘low’ have been removed. This is the model illustrated in 
Figure 4. 

 

FIGURE 9 
Relative reduction in prevalence at the end of the study period for various levels of 
NSP scale-ups  

Prevalence 

 
Data points are colour coded according to the grade of their respective study. 

 --> Model name: NSP_inc_nolowgrade 
  
 Explanatory vars = NSP_gap, ; Response var = Outcome_red_rel. 
  
 Number of data points = 8. 
Linear regression model: 
  Outcome_red_rel ~ NSP_gap 
 
Estimated coefficients: 
        Estimate     95 % CI      pValue 
        ________  ________________  __________ 
 
  NSP_gap  0.95345   (0.7051, 1.2018)  4.0358e-05 
 
Adjusted R squared statistic: 0.305. 
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FIGURE 10 
Linear model for the NSP intervention that uses ‘gap to full NSP coverage’ as an 
explanatory variable and ‘relative reduction in prevalence at the end of the study 
period’ as the response variable 
 

 

This is the model illustrated in Figure 9. 
 

OAT+NSPs 
 

FIGURE 11 
Linear model for the OAT+NSP intervention that uses ‘gap to full OAT coverage’ and 
‘gap to full NSP coverage’ as explanatory variables and ‘relative reduction in 
incidence at the end of the study period’ as the response variable 

Incidence 

 
 

 

 

 

 

 --> Model name: NSP_prev 
  
 Explanatory vars = NSP_gap, ; Response var = Outcome_red_rel. 
  
 Number of data points = 8. 
Linear regression model: 
  Outcome_red_rel ~ NSP_gap 
 
Estimated coefficients: 
        Estimate     95 % CI      pValue 
        ________  ________________  __________ 
 
  NSP_gap   0.6424   (0.3515, 0.9333)  0.0012241 
 
Adjusted R squared statistic: 0.258. 

 --> Model name: OSTNSP_inc 
  
 Explanatory vars = OAT_gap, NSP_gap; Response var = Outcome_red_rel. 
  
 Number of data points = 36. 
 
Linear regression model: 
  Outcome_red_rel ~ OAT_gap + NSP_gap 
 
Estimated coefficients: 
        Estimate     95 % CI      pValue 
        ________  ________________  __________ 
 
  OAT_gap  0.82335   (0.6510, 0.9957)  2.492e-11 
  NSP_gap  0.31771   (0.1184, 0.5171)  0.0026805 
 
Adjusted R squared statistic: 0.452. 
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FIGURE 12 
Linear model for the OAT+NSP intervention that uses the arithmetic mean of ‘gap to 
full OAT coverage’ and ‘gap to full NSP coverage’ as an explanatory variable and 
‘relative reduction in incidence at the end of the study period’ as the response 
variable 

 
This is the model illustrated in Figure 5. 
 
FIGURE 13  
Linear model for the OAT+NSP intervention that uses ‘gap to full OAT coverage’ and 
‘gap to full NSP coverage’ as explanatory variables and ‘relative reduction in 
prevalence at the end of the study period’ as the response variable 

Prevalence 

 
 

 

 

 

 

 

 --> Model name: OSTNSP_inc_arith 
  
 Explanatory vars = Arith_OSTNSP_gap, ; Response var = Outcome_red_rel. 
  
 Number of data points = 36. 
 
Linear regression model: 
  Outcome_red_rel ~ Arith_OSTNSP_gap 
 
Estimated coefficients: 
             Estimate     95 % CI      pValue 
             ________  ________________  __________ 
 
  Arith_OSTNSP_gap   1.1803   (1.0756, 1.2850)  1.2082e-22 
 
Adjusted R squared statistic: 0.339. 

 --> Model name: OSTNSP_prev 
  
 Explanatory vars = OAT_gap, NSP_gap; Response var = Outcome_red_rel. 
  
 Number of data points = 42. 
 
Linear regression model: 
  Outcome_red_rel ~ OAT_gap + NSP_gap 
 
Estimated coefficients: 
        Estimate     95 % CI      pValue 
        ________  ________________  __________ 
 
  OAT_gap   0.5857   (0.3160, 0.8554)  8.0833e-05 
  NSP_gap  0.20308   (-0.1258, 0.5320)  0.21929 
 
Adjusted R squared statistic: 0.236. 
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FIGURE 14  
Relative reduction in prevalence at the end of the study period for various levels of 
OAT+NSP scale-ups 

 

Data points are colour coded according to the reduction in prevalence over the study period 
in the baseline scenario. 
 

FIGURE 15 
Linear model for the OAT+NSP intervention that uses the arithmetic mean of ‘gap to 
full OAT coverage’ and ‘gap to full NSP coverage’ as an explanatory variable and 
‘relative reduction in prevalence at the end of the study period’ as the response 
variable 

 

This is the model illustrated in Figure 14. 
 

 --> Model name: OSTNSP_prev_arith 
  
 Explanatory vars = Arith_OSTNSP_gap, ; Response var = Outcome_red_rel. 
  
 Number of data points = 42. 
Linear regression model: 
  Outcome_red_rel ~ Arith_OSTNSP_gap 
 
Estimated coefficients: 
            Estimate     95 % CI      pValue 
            ________  ________________  __________ 
 
  Arith_OSTNSP_gap  0.82834   (0.7032, 0.9535)  1.5599e-16 
 
Adjusted R squared statistic: 0.222. 
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OAT+NSPs+DAAs 
 
FIGURE 16 
Linear model for the OAT+NSP+DAA intervention that uses ‘gap to full OAT coverage’, 
‘gap to full NSP coverage’ and ‘absolute increase in number of DAA treatments per 
1000 PWID per year’ as explanatory variables and ‘relative reduction in incidence at 
the end of the study period’ as the response variable 
 

Incidence 

 
 

FIGURE 17 
Data points used for linear models considering the combination OAT+NSP+DAA 
intervention, with the reduction in prevalence as the outcome of interest 
 
Prevalence 
 

 
Note that there is a strong association with an increase in DAA coverage, as indicated by the 
colour coding. 

 --> Model name: OSTNSPDAA_inc_DAAinc 
  
 Explanatory vars = OAT_gap, NSP_gap, DAA_inc; Response var = Outcome_red_rel. 
  
 Number of data points = 30. 
Linear regression model: 
  Outcome_red_rel ~ OAT_gap + NSP_gap + DAA_inc 
 
Estimated coefficients: 
        Estimate     95 % CI      pValue 
        ________  ________________  __________ 
 
  OAT_gap  0.49515   (0.2385, 0.7518)  0.00049288 
  NSP_gap  0.42813   (0.1729, 0.6834)  0.0018991 
  DAA_inc   1.2013   (0.7738, 1.6288)  3.9297e-06 
 
Adjusted R squared statistic: 0.494. 
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FIGURE 18 
Linear model for the OAT+NSP+DAA intervention that uses ‘gap to full OAT coverage’, 
‘gap to full NSP coverage’ and ‘absolute increase in number of DAA treatments per 
1000 PWID per year’ as explanatory variables and ‘relative reduction in prevalence at 
the end of the study period’ as the response variable 
 

 
 

  

 --> Model name: OSTNSPDAA_prev_DAAinc 
  
 Explanatory vars = OAT_gap, NSP_gap, DAA_inc; Response var = Outcome_red_rel. 
  
 Number of data points = 28. 
Linear regression model: 
  Outcome_red_rel ~ OAT_gap + NSP_gap + DAA_inc 
 
Estimated coefficients: 
        Estimate     95 % CI      pValue 
        ________  ________________  __________ 
 
  OAT_gap  0.33432   (0.0757, 0.5930)  0.013379 
  NSP_gap   0.3514   (0.0488, 0.6540)  0.024621 
  DAA_inc   1.3267   (0.9101, 1.7434)  7.1848e-07 
 
Adjusted R squared statistic: 0.511. 
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Appendix 3. Key statistics for data used in linear 
regression analysis 

Please refer to  definitions of variables in table in Appendix 2 (page 44). All values are taken 
to 3 significant figures up to an order of 0.001. 

NSPs 
Incidence models 
Variable Mean Standard deviation 
NSP coverage in the 
baseline scenario (%) 

30.0 32.9 

NSP coverage in the 
comparison scenario (%) 

65.6 26.5 

Reduction in the gap to full 
NSP coverage (%) 

59.6 24.5 

 
Variable Mean Range 

Time horizon (years) 12.8 (10.0-14.0) 

 
Prevalence models 
Variable Mean Standard deviation 
NSP coverage in the 
baseline scenario (%) 

18.8 25.9 

NSP coverage in the 
comparison scenario (%) 

57.0 21.9 

Reduction in the gap to full 
NSP coverage (%) 

49.5 13.8 

 

Variable Mean Range 

Time horizon (years) 12.5 (10.0-14.0) 
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OAT+NSPs 
Incidence 
Variable Mean Standard deviation 
OAT coverage in the 
baseline scenario (%) 

37.8 23.7 

OAT coverage in the 
comparison scenario (%) 

78.3 5.50 

Reduction in the gap to full 
OAT coverage (%) 

59.8 18.7 

NSP coverage in the 
baseline scenario (%) 

45.1 27.0 

NSP coverage in the 
comparison scenario (%) 

74.6 15.1 

Reduction in the gap to full 
NSP coverage (%) 

49.1 23.2 

 

Variable Mean Range 

Time horizon (years) 11.0 (10.0-14.0) 

 

Correlation 
coefficients 

Reduction in the 
gap to full OAT 
coverage 

Reduction in the 
gap to full NSP 
coverage 

Relative reduction 
in incidence over 
the study period in 
the baseline 
scenario 

Reduction in the 
gap to full OAT 
coverage 

1 0.008 0.022 

Reduction in the 
gap to full NSP 
coverage 

0.008 1 −0.033 

Relative reduction 
in incidence over 
the study period in 
the baseline 
scenario 

0.022 −0.033 1 

 
Correlation coefficient between ‘relative reduction in incidence over the study period in the 
baseline scenario’ and ‘DAA treatment rate in the baseline scenario’ = 0.751. 
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Prevalence 
Variable Mean Standard deviation 
OAT coverage in the baseline 
scenario (%) 

28.8 24.5 

OAT coverage in the comparison 
scenario (%) 

71.0 16.6 

Reduction in the gap to full OAT 
coverage (%) 

58.3 16.3 

NSP coverage in the baseline 
scenario (%) 

34.9 30.5 

NSP coverage in the comparison 
scenario (%) 

66.5 19.4 

Reduction in the gap to full NSP 
coverage (%) 

45.5 20.1 

 

Variable Mean Range 

Time horizon (years) 11.5 (10.0-20.0) 

 

Correlation 
coefficients 

Reduction in the 
gap to full OAT 
coverage 

Reduction in the 
gap to full NSP 
coverage 

Relative reduction 
in prevalence over 
the study period in 
the baseline 
scenario 

Reduction in the 
gap to full OAT 
coverage 

1 0.274 0.162 

Reduction in the 
gap to full NSP 
coverage 

0.274 1 0.021 

Relative reduction 
in prevalence over 
the study period in 
the baseline 
scenario 

0.162 0.021 1 

 
Correlation coefficient between ‘relative reduction in prevalence over the study period in the 
baseline scenario’ and ‘DAA treatment rate in the baseline scenario’ = 0.749. 
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OAT+NSPs+DAAs 
Incidence 
Variable Mean Standard deviation 
OAT coverage in the 
baseline scenario (%) 

47.3 24.3 

OAT coverage in the 
comparison scenario (%) 

79.5 2.05 

Reduction in the gap to full 
OAT coverage (%) 

50.5 27.0 

NSP coverage in the 
baseline scenario (%) 

46.9 23.0 

NSP coverage in the 
comparison scenario (%) 

76.4 11.6 

Reduction in the gap to full 
NSP coverage (%) 

50.7 20.4 

DAA treatment rates in the 
baseline scenario 
(treatments per 1000 PWID 
per year) 

9.57 9.30 

DAA treatment rates in the 
comparison scenario 
(treatments per 1000 PWID 
per year) 

31.0 18.5 

Increase in DAA treatment 
rates between baseline and 
comparison scenarios 
(treatments per 1000 PWID 
per year) 

21.4 19.1 

 

Variable Mean Range 
Time horizon (years) 11.1 (10.0-14.0) 

 

Correlation 
coefficients 

Reduction in the 
gap to full OAT 
coverage 

Reduction in the 
gap to full NSP 
coverage 

Increase in the 
DAA treatment rate 

Reduction in the 
gap to full OAT 
coverage 

1 −0.188 0.164 

Reduction in the 
gap to full NSP 
coverage 

−0.188 1 −0.086 

Increase in the 
DAA treatment rate 

0.164 −0.086 1 
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Prevalence 
Variable Mean Standard deviation 
OAT coverage in the 
baseline scenario (%) 

37.1 25.0 

OAT coverage in the 
comparison scenario (%) 

75.2 12.6 

Reduction in the gap to full 
OAT coverage (%) 

55.7 22.0 

NSP coverage in the 
baseline scenario (%) 

42.5 27.5 

NSP coverage in the 
comparison scenario (%) 

71.9 16.4 

Reduction in the gap to full 
NSP coverage (%) 

47.3 20.2 

DAA treatment rates in the 
baseline scenario 
(treatments per 1000 PWID 
per year) 

6.65 5.84 

DAA treatment rates in the 
comparison scenario 
(treatments per 1000 PWID 
per year) 

30.4 19.2 

Increase in DAA treatment 
rates between baseline and 
comparison scenarios 
(treatments per 1000 PWID 
per year) 

23.8 17.8 

 

Variable Mean Range 
Time horizon (years) 10.4 (10.0-14.0) 

 

Correlation 
coefficients 

Reduction in the 
gap to full OAT 
coverage 

Reduction in the 
gap to full NSP 
coverage 

Increase in the 
DAA treatment rate 

Reduction in the 
gap to full OAT 
coverage 

1 −0.046 0.003 

Reduction in the 
gap to full NSP 
coverage 

−0.046 1 0.051 

Increase in the 
DAA treatment rate 

0.003 0.051 1 
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