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Design:   Retrospective cohort study within real-world implementation.
Methods:   Comparison of i) HIV diagnoses from national surveillance data and ii) HIV
incidence within a retrospective cohort of HIV-negative MSM attending sexual health
clinics from the National Sexual Health information system between the two-year
periods pre-(July 2015-June 2017) and post-(July 2017-June 2019) introduction of
PrEP.
Results   : Of 16723 MSM attending sexual health services in the PrEP period, 3256
(19·5%) were prescribed PrEP. Between pre-PrEP and PrEP periods, new HIV
diagnoses among MSM declined from 229 to 184 respectively (RRR: 19·7%, 95% CI
2·5-33·8%); diagnosed recently acquired infections declined from an estimated 73 to
47 respectively (35·6%, 95% CI 7·1-55·4%). Among MSM attending sexual health
clinics, HIV incidence per 1000 person-years declined from 5·13 (95% CI 3·90-6·64)
pre-PrEP to 3·25 (95% CI 2·30-4·47) in the PrEP period (adjusted IRR 0·57, 95% CI
0·37-0·87). Compared to the pre-PrEP period, incidence of HIV was lower in the PrEP
period for those prescribed PrEP (  aIRR  0·25, 95% CI 0·09-0·70) and for those not
prescribed PrEP (  aIRR  0·68, 95% CI 0·43-1·05).
Conclusions:   We demonstrate national population-level impact of PrEP for the first
time in a real-world setting. HIV incidence reduced in MSM who had been prescribed
PrEP and, to a lesser extent, in those who had not.  Promotion of the benefits of PrEP
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Abstract 250/250 

Objective: To evaluate Scotland’s national HIV PrEP programme in relation to PrEP uptake and 

associated population-level impact on HIV incidence among MSM.  

Design: Retrospective cohort study within real-world implementation. 

Methods: Comparison of i) HIV diagnoses from national surveillance data and ii) HIV incidence 

within a retrospective cohort of HIV-negative MSM attending sexual health clinics from the 

National Sexual Health information system between the two-year periods pre-(July 2015-June 

2017) and post-(July 2017-June 2019) introduction of PrEP.  

Results: Of 16723 MSM attending sexual health services in the PrEP period, 3256 (19·5%) were 

prescribed PrEP. Between pre-PrEP and PrEP periods, new HIV diagnoses among MSM declined 

from 229 to 184 respectively (RRR: 19·7%, 95% CI 2·5-33·8%); diagnosed recently acquired 

infections declined from an estimated 73 to 47 respectively (35·6%, 95% CI 7·1-55·4%). Among 

MSM attending sexual health clinics, HIV incidence per 1000 person-years declined from 5·13 

(95% CI 3·90-6·64) pre-PrEP to 3·25 (95% CI 2·30-4·47) in the PrEP period (adjusted IRR 0·57, 

95% CI 0·37-0·87). Compared to the pre-PrEP period, incidence of HIV was lower in the PrEP 

period for those prescribed PrEP (aIRR 0·25, 95% CI 0·09-0·70) and for those not prescribed 

PrEP (aIRR 0·68, 95% CI 0·43-1·05).  

Conclusions: We demonstrate national population-level impact of PrEP for the first time in a 

real-world setting. HIV incidence reduced in MSM who had been prescribed PrEP and, to a 

lesser extent, in those who had not.  Promotion of the benefits of PrEP needs to extend to 

MSM who do not access sexual health clinics.  
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Objective: To evaluate Scotland’s national HIV PrEP programme in relation to PrEP uptake and 

associated population-level impact on HIV incidence among MSM.  

Design: Retrospective cohort study within real-world implementation. 

Methods: Comparison of i) HIV diagnoses from national surveillance data and ii) HIV incidence 

within a retrospective cohort of HIV-negative MSM attending sexual health clinics from the 

National Sexual Health information system between the two-year periods pre-(July 2015-June 

2017) and post-(July 2017-June 2019) introduction of PrEP.  

Results: Of 16723 MSM attending sexual health services in the PrEP period, 3256 (19·5%) were 

prescribed PrEP. Between pre-PrEP and PrEP periods, new HIV diagnoses among MSM declined 

from 229 to 184 respectively (RRR: 19·7%, 95% CI 2·5-33·8%); diagnosed recently acquired 

infections declined from an estimated 73 to 47 respectively (35·6%, 95% CI 7·1-55·4%). Among 

MSM attending sexual health clinics, HIV incidence per 1000 person-years declined from 5·13 

(95% CI 3·90-6·64) pre-PrEP to 3·25 (95% CI 2·30-4·47) in the PrEP period (adjusted IRR 0·57, 

95% CI 0·37-0·87). Compared to the pre-PrEP period, incidence of HIV was lower in the PrEP 

period for those prescribed PrEP (aIRR 0·25, 95% CI 0·09-0·70) and for those not prescribed 

PrEP (aIRR 0·68, 95% CI 0·43-1·05).  

Conclusions: We demonstrate national population-level impact of PrEP for the first time in a 

real-world setting. HIV incidence reduced in MSM who had been prescribed PrEP and, to a 

lesser extent, in those who had not.  Promotion of the benefits of PrEP needs to extend to 

MSM who do not access sexual health clinics.  
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Text 

Introduction  

The effectiveness of oral tenofovir disoproxil/emtricitabine (tenofovir-emtricitabine) as HIV 

pre-exposure prophylaxis (PrEP) in men who have sex with men (MSM), a group at high risk of 

infection, has been established in clinical trials1–3. Reduction in HIV incidence of 44-97%1,4 has 

been reported with both daily and intermittent dosing regimens. A single large prospective 

Australian cohort study of rapidly implemented, high coverage daily PrEP5 5 reported a 25·1% 

relative risk reduction (RRR) in population-wide HIV diagnoses in MSM over the time period 12 

months before to 12 months after PrEP implementation. The reduction was greater for HIV 

diagnoses involving recent infections, which decreased by almost one-third.    

The majority of HIV infections in Scotland are in MSM, in whom 47% of all new diagnoses and 

60% of recently acquired infections are reported6. In July 2017, Scotland became one of the 

first countries to implement a national HIV PrEP programme for those at greatest risk of HIV7. 

The service is provided nationwide, almost exclusively within sexual health clinics. Clinics 

provide daily and event-based oral tenofovir-emtricitabine , adherence support and associated 

monitoring (for toxicities and  sexually transmitted infection (STI) and blood borne virus 

screening) and STI prevention services8,9. Medication and associated care is free to Scottish 

residents aged 16 years and older, who meet the following risk-based eligibility criteria: being 

a sex partner of someone who is HIV-positive with a detectable viral load; having a 

documented bacterial rectal STI in the last 12 months; reporting condomless penetrative anal 

sex with two or more partners in last 12 months, “equivalent high risk of HIV acquisition”8. 

PrEP has been widely promoted by community-based organisations and within sexual health 

services. Almost all people who have received PrEP are MSM10. 
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Unlike other parts of the UK, there has been an ongoing outbreak of HIV in people who inject 

drugs (PWID) in Scotland since 2015. Prevalence of HIV among PWID in Glasgow city centre 

increased ten-fold from 1% pre-outbreak to 11% in 2017-1811. However, given that oral 

tenofovir-emtricitabine is only licensed for prevention of sexual HIV transmission in Scotland12, 

PrEP provision is limited to PWID with additional high risk of HIV acquisition by sexual routes.  

We examined national surveillance data on HIV diagnoses and recent infections among MSM 

before and after introduction of the PrEP programme. Time trends in new diagnoses may not 

necessarily reflect population trends in HIV incidence if the uptake of testing among those with 

a recent infection is suboptimal or indeed varies over time. Therefore, we examined uptake of 

PrEP and HIV incidence (comparing the two year periods pre and post introduction of PrEP) 

within a national cohort of all MSM attending sexual health clinics in Scotland.   

Methods  

Study design and data sources 

In this retrospective cohort study we analysed national surveillance data held at Public Health 

Scotland (PHS) for a four-year study period (July 2015 to June 2019), which encompassed the 

two years pre and two years post introduction of the National HIV PrEP programme. We 

examined 1) the characteristics of MSM attending sexual health clinics and their uptake of 

PrEP, 2) new HIV diagnoses and associated recent infections among MSM across Scotland 

(involving those diagnosed within sexual health as well as other settings), and 3) HIV incidence 

among MSM attending sexual health clinics.   

We obtained data on MSM attending sexual health clinics from NaSH, the electronic patient 

record system used in almost all specialist sexual health settings in Scotland13. Clinics, 

providing access to sexual health care for over 98% of the Scottish population, have been 
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submitting data to NaSH since 2011. This includes data on HIV and STI testing from sexual 

health clinics but does not cover testing in other settings. MSM are defined as assigned male 

gender at birth and ever having at least one male sexual partner. Using NaSH, we 

retrospectively identified a cohort of MSM (aged 15 years and over) who had attended a 

sexual health clinic in Scotland between July 2015 and June 2019. Individuals with a positive 

HIV test prior to July 2015 were excluded. Data on attendances, HIV and STI test results and 

PrEP prescriptions for this cohort were extracted from NaSH. 

We also used the Scottish HIV diagnosis database to examine data on diagnoses among MSM 

reported to PHS by NHS laboratories across Scotland14. Diagnoses recorded include first ever 

diagnoses (here referred to as new diagnoses) and diagnoses previously recorded elsewhere 

but newly reported in Scotland.  

Outcomes 

Uptake of PrEP 

Uptake was defined as at least one prescription for PrEP (daily or event-based) among MSM 

attending sexual health clinics from July 2017 to June 2019. Individuals who tested positive for 

HIV within one week of their first PrEP prescription were excluded from analysis, as they had 

acquired infection prior to commencing PrEP. 

HIV diagnoses and recent infections 

An HIV diagnosis was based on repeat reactive results on more than one laboratory-based 

fourth generation antibody/antigen assay with further confirmation by Western blot. 

Among diagnoses, the number recently infected (estimated in the three to four months prior 

to diagnosis) was determined through HIV antibody avidity testing, available in Scotland since 

April 201415. To estimate the total number of recent infections, we assumed that the avidity 
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status of diagnoses with missing data (due to insufficient sample for re-testing) followed an 

equivalent pattern to those with an avidity result.  

Estimated incidence of HIV 

HIV incidence was estimated using the person-years approach for the sub-cohort of MSM 

attending sexual health clinics in Scotland during the study period who had at least two HIV 

tests recorded on NaSH. Participants were included in the follow-up cohort if they had an HIV 

negative test up to two years prior to their first attendance in the study period and had 

subsequently tested during the study period. An incident HIV infection was defined as the date 

of a patient’s first positive HIV antibody test on NaSH and recorded within the study period. 

Person-years (PY) were calculated from the start of the study period (1st July 2015) if they had 

tested negative previously (i.e. relating to the two-year period prior to their attendance in the 

study period) or from the first HIV negative test within the study period up to either their last 

negative or their first positive HIV test in the study period.  We also undertook a sensitivity 

analysis which assumed HIV infection occurred midway between an individual’s last negative 

and first positive test. With the midpoint approach, we used additional HIV testing data up to 

March 2020 to capture diagnoses occurring beyond July 2019 with assumed time of infection 

within our study period. 

Statistical analysis 

Characteristics of MSM attending sexual health clinics and their uptake of PrEP 

MSM attending sexual health clinics in the pre-PrEP and PrEP periods were compared 

according to the following characteristics: sex, age, ethnicity, NHS board of residence (or clinic, 

where missing), residence in the most deprived quintile (according to the Scottish Index of 

Multiple Deprivation16), history of injecting drugs and risk category. We characterised the 

latter hierarchically in the year prior to and including first attendance at clinic in the study 
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period, based on available data in NaSH, in the following order of risk of infection: i) prescribed 

HIV post-exposure prophylaxis (PEP) and/or diagnosed with rectal STIs (gonorrhoea and/or 

chlamydia); ii) diagnosed with a non-rectal STI; iii) tested for HIV and/or STIs; and iv) not tested 

for HIV or STIs. Odds ratios (OR) and adjusted odds ratios (aOR) were obtained using logistic 

regression to identify characteristics associated with uptake of PrEP. 

Nationwide trends in surveillance data on HIV diagnosis and recent infections. 

We compared the number of HIV diagnoses and estimated number of diagnosed recent 

infections between the pre-PrEP and PrEP periods. We also considered the two-year period 

between July 2013 to June 2015 to assess any change occurring during an extended period 

prior to introduction of PrEP. RRRs of the percent change in the number of diagnoses between 

periods were calculated using a denominator of 53,000 MSM (approximately 2% of the 

Scottish male population17 for all periods and 95% confidence intervals (CIs) derived assuming 

a Poisson distribution.  

HIV incidence among MSM attending sexual health clinics 

We calculated incidence of HIV as the rate per 1000 PY, with 95% CIs derived assuming a 

Poisson distribution. We estimated incidence rate ratios (IRR) and adjusted incidence rate 

ratios (aIRR) using the person-years method18,19, using Poisson regression. A time dependent 

variable was used to compare incidence pre and post introduction of PrEP, with person-years 

and incident cases attributed to the respective periods.  The PrEP period was further divided 

into time accumulated with and without exposure to PrEP, where exposure was defined from 

the time of first PrEP prescription up to date of censoring. 

For this analysis, we adjusted for the characteristics mentioned previously but risk category 

was collapsed into those with a high-risk behaviour factor – relating to i) and ii) above – versus 

those without. Risk category was included as a time-dependent variable where individuals 
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could transition from no high-risk behaviour in the pre-PrEP period to high-risk behaviour in 

the PrEP period if they were diagnosed with an STI or were prescribed PEP. We also undertook 

stratified analysis for MSM with and without high-risk behaviour.   

Role of the funding source 

This study was funded by Health Protection Scotland (HPS). HPS had no role in study design; in 

the collection, analysis, and interpretation of data; in the writing of the report; and in the 

decision to submit the paper for publication.  The corresponding author had full access to all 

study data and had final responsibility for the decision to submit for publication. 

Ethical approval  

We conducted secondary analysis of anonymised administrative healthcare data for which 

pan-Scotland Caldicott approval is in place13.  Formal ethical approval was not required.  

Results  

Characteristics of MSM attending sexual health clinics and their uptake of PrEP  

The number of MSM attending clinics increased by 17% from 14319 pre-PrEP to 16723 in the 

PrEP period (Table 1). Small differences (<5%) in the characteristics of MSM between periods 

were observed. The median age at first attendance was 28 (IQR 22-37) years and a similar 

proportion were new to sexual health services (39-44%), of non-White ethnicity (5%), resident 

in the most deprived quintile (19-20%), attended clinics in Scotland’s two largest cities (51-

53%), and had a rectal STI or were prescribed PEP in the previous 12 months (12-13%).  

One-fifth of MSM attending in the PrEP period were prescribed PrEP at least once 

(3256/16273, 19·5%) (Table 1 and SDC7 for PrEP regimen). Compared with those who had 

attended services within the last two years, those who last attended over two years ago (aOR 
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0·53, 95% CI 0·47-0·59) and those who had never previously attended services (aOR 0·51, 0·47-

0·57) were less likely to be prescribed PrEP. MSM aged 25-39, 40-49 and 50+ years were more 

likely to have received PrEP than those aged 15-24 years (aOR 1·32, 1·20-1·46; aOR 1·54, 1·34-

1·75; aOR 1·15, 1·00-1·32, respectively). Those who reported previous and/or current injecting 

drug use were more likely to be prescribed PrEP (aOR 1·96, 1·52-2·53). Compared with MSM 

who had never been tested for STIs or HIV within the previous 12 months, those more likely to 

be prescribed PrEP included those who had been tested for STIs and/or HIV (aOR 2·02, 1·68-

2·43), diagnosed with a non-rectal STI (aOR 2·63, 2·09-3·31) and received PEP and/or had a 

rectal STI (aOR 4·82, 3.94-5·81). 

Nationwide Trends in HIV diagnoses and recent infections 

The number of new HIV diagnoses among MSM in both pre-PrEP periods (2013-2015 and 

2015-2017) was similar (234 and 229) and reduced by 20% to 184 in the PrEP period (RRR 

19·7%, 2·5%-33·8%) (Table 2). The proportion of diagnoses made at sexual health clinics 

decreased from 61·1% to 50·7% and then down to 41·8% during the three periods. The 

estimated numbers of diagnoses involving recent infection increased from 61 to 73 between 

the two pre-PrEP periods but fell by 35% to 47 in the PrEP period (RRR 35·6%, 7·1%-55·4%). 

The proportion of recent infections diagnosed in a sexual health clinic was similar in the two 

pre-PrEP periods (68·9% and 66·7%) but declined in the PrEP period to 53·2%. 

HIV incidence among MSM attending sexual health clinics 

Of 23062 MSM who attended sexual health clinics in the study period, 12276 (53·2%) had 

sufficient HIV testing data for inclusion in the incidence analysis (Tables, Supplemental Digital 

Content (SDC) S1 & S2). Of 3256 MSM prescribed PrEP, 579 (18%) did not contribute person-

time while exposed to PrEP as they had no follow-up HIV test, with 316 (55%) of these first 

prescribed PrEP within the last 6 months of the study period. 
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HIV incidence in MSM reduced from 5·13 (3·90-6·64) per 1000 PY pre-PrEP to 3·25 (95% CI 

2·30-4·47) in the PrEP period (Table, SDC S3). Adjusting for covariates, risk of HIV infection 

reduced by 43% in the PrEP period compared to pre-PrEP period (aIRR 0·57, 0·37-0·87). Among 

those who had been prescribed PrEP at least once, the incidence was 1·74 (0·58-4·14) per 1000 

PY; none of the four incident cases among those exposed had been taking PrEP at the time of 

likely HIV acquisition. Compared to the pre-PrEP period, risk of HIV in the PrEP period was 

reduced by 75% for those prescribed PrEP (aIRR 0·25, 0·09-0·70) and 32% for those not 

prescribed PrEP (0·68, 0·43-1·05) (Table 3).  

Across the study period, risk of HIV infection was raised for those with a history of injecting 

drugs (aIRR 3·14, 1·35-7·26) and those recently diagnosed with an STI or those who had been 

prescribed PEP (referred to as MSM with high-risk behaviour) (aIRR 2·89, 1·89-4·40). However, 

the largest reduction in HIV incidence over time was observed among MSM with high-risk 

behaviour: from 10·87 (7·38-15·49) per 1000 PY pre-PrEP to 2 (0·4-6·41) in the PrEP period (Fig. 

1). Among MSM with high-risk behaviour, risk of HIV reduced by 83% for those prescribed PrEP 

compared to the pre-PrEP period (aIRR 0·17, 0·04-0·71) (Table, SDC S4). Findings were 

unchanged in the sensitivity analysis applying the mid-point method for calculating incidence 

(Tables, SDC S5 & S6). 

Discussion  

In the first two years of Scotland’s PrEP programme, national surveillance data showed that 

new HIV diagnoses in MSM fell by 20% overall and by 36% among those recently infected, 

compared with the two years before PrEP. These reductions occurred against four years of 

stable new HIV diagnoses and rising recent infections among MSM. Among MSM attending 

sexual health clinics, HIV incidence reduced from 5·13 to 3·25 per 1000 PY in the pre-PrEP and 

PrEP periods, respectively.  Compared to the pre-PrEP period, incidence of HIV in MSM was 
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75% lower among those prescribed PrEP at least once and 32% lower among those not 

prescribed PrEP, in the two years since PrEP was introduced.   

MSM with high-risk behaviour (either PEP use or chlamydia/gonorrhoea in the last 12 months) 

benefitted most. Uptake of PrEP was higher in this group (31%) and incidence reduced from 

11/1000 PY in the pre-PrEP period to 2/1000 PY among those exposed to PrEP, relating to 83% 

reduced risk.  

Although the effectiveness of PrEP in MSM has been established in clinical trials1–3, its impact 

on HIV incidence has not been demonstrated in a real-world national context until now. The 

retrospective cohort approach applied here, using existing datasets, enabled us to follow up a 

large national cohort of over 12000 MSM contributing in excess of 20000 PY of follow-up, 

spanning time periods before and after the introduction of PrEP. Almost all (98%) MSM 

accessing state-funded PrEP in Scotland do so through sexual health clinics10 so our dataset is 

likely to be comprehensive; the number of MSM in Scotland accessing PrEP privately appears 

to be low8,20.  

This study has several limitations. Incidence estimates are derived from those attending sexual 

health clinics so may not represent all MSM in Scotland. Our cohort of 12,276 MSM involved in 

incidence analysis relates to 20-25% of all MSM living in Scotland17, but likely relates to a much 

larger proportion of those at high risk of HIV infection, given two-thirds (48/73) of MSM 

diagnosed with recently acquired HIV in the pre-PrEP period were diagnosed in sexual health 

clinics. Furthermore, our analysis relates directly to the setting for PrEP delivery. 

To be included in the incidence analysis, subjects needed a previous negative HIV test and at 

least one follow-up test recorded on NaSH. Individuals who were diagnosed with HIV at their 

first ever clinic attendance were therefore excluded from the cohort, but this number also 

declined by 27% between pre-PrEP and PrEP periods (Table, SDC S2). There is uncertainty 
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around the exact time of HIV acquisition for those we were able to follow up. To explore this, 

we adopted the mid-point approach to estimating incidence in sensitivity analysis; our findings 

were unchanged (Tables, SDC S5 & S6). 

Frequency of HIV testing varied over time. MSM were tested on average 2·2 and 3·3 times in 

the pre-PrEP and PrEP periods respectively; those prescribed PrEP were tested an average of 

5·7 times in the PrEP period. Increased testing is likely to lead to earlier detection of HIV and 

therefore we may have under-estimated the reduction in HIV incidence associated with PrEP 

exposure. However, this is likely to be minimal as only four new diagnoses were made in those 

exposed to PrEP.   

We defined PrEP use as having been prescribed PrEP at least once. We were unable to 

determine the proportion of condomless anal intercourse episodes covered by PrEP as sexual 

behaviour and condom use are not recorded in a standardised way. As such we do not know 

whether our findings represent “best case” PrEP usage or a spectrum of use in which some 

take PrEP consistently and others more variably21. Furthermore, issues with NaSH reporting of 

STI test results precluded us from including previous infectious syphilis in our “with high risk-

behaviour” category.  

The EPIC-NSW5 implementation cohort study reported HIV incidence of 0·48 (95% CI 0·12-1·95) 

per 1000 PY among MSM exposed to PrEP, which compared to 1·74 (0·58-4·14) per 1000 PY 

reported here.  There were differences in study design that may have influenced the incidence 

rates observed. EPIC-NSW based analysis on 12 months’ follow-up and required participants to 

provide informed consent and attend follow up visits. The high median medication ratio 

(96·7%) suggests high participant adherence. In contrast, we report findings at 24 months after 

PrEP implementation, PrEP was provided as part of routine care, MSM who defaulted clinic 

appointments were not uniformly followed up, and we were unable to systematically measure 
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adherence. Further, EPIC-NSW did not directly compare incidence in the PrEP exposed group 

to other key groups (i.e. MSM in the pre-PrEP period and MSM in the PrEP period who were 

not exposed to PrEP).   

An American ecological analysis at the US jurisdiction level showed that areas with increases in 

PrEP coverage were associated with decreases in the estimated annual percentage change in 

HIV diagnosis rate which were independent of levels of viral suppression among PLWHIV23. 

However, our analysis differs from this as it follows up a cohort up over time (retrospectively) 

to provide national estimates of HIV incidence among MSM attending sexual health clinics 

before and after the PrEP programme rather than looking at associations between PrEP 

coverage and the annual percentage change in HIV diagnoses. 

In Scotland, although reduction in HIV incidence was most pronounced in those prescribed 

PrEP, a modest reduction was also seen in other MSM attending sexual health services in that 

period.   It is possible that PrEP may have reached the “core group” of MSM (those engaging in 

frequent condomless anal intercourse with multiple partners) who without PrEP would 

contribute most to HIV transmission24.   

Whilst PrEP is likely to have contributed to the population level reduction in risk of HIV, other 

factors could have contributed. From 2015 onwards, earlier initiation of antiretroviral therapy 

in people living with HIV to prevent onward transmission24 was believed to be reducing HIV 

incidence in some settings25. There was a modest increase in proportion of all PLWHIV in 

Scotland on antiretroviral therapy and with fully suppressed viral load over the study period. 

The UNAIDS 90:90:90 targets were met in 201826. However, the observed reduction in HIV 

diagnoses in MSM in the PrEP period was against a background of stable annual new HIV 

diagnoses in Scotland. Our finding that MSM with high-risk behaviour (previous PEP use and/or 

a bacterial STI) had greater uptake of PrEP and experienced a greater reduction in incidence 
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(from 11/1000 in the pre-PrEP period to 2/1000 in the PrEP period among those exposed), 

provides further support for a direct impact of PrEP.   

Shifts in condom use and changes in sexual behaviour could contribute to a reduction in HIV 

incidence. However, evidence from Scottish and international studies27,28 suggests that sexual 

risk taking has increased in MSM (PrEP users and non-users). Australian studies suggest that a 

rapid increase in PrEP use was associated with a rapid decrease in condom use and an increase 

in STIs29.  

PrEP was gradually scaled up in Scotland without a national mass media promotion campaign, 

to avoid demand exceeding clinic capacity. Mathematical modelling studies had suggested that 

rapidly recruited programmes with high coverage would be needed to quickly reduce HIV 

incidence in MSM30. Our findings show that reductions in incidence can be achieved through 

targeting PrEP at high risk populations attending routine sexual health services. However, 

Scotland’s PrEP model includes free medication, comprehensive monitoring and adherence 

support in addition to blood borne virus and STI testing. The reductions in incidence reported 

here may not be possible in settings with less holistic PrEP care.  

The Scottish PrEP programme has successfully attracted a group of MSM who are willing to 

attend specialist sexual health clinics for PrEP.   The programme may have also benefitted 

MSM more broadly, shown by the reduction in HIV incidence in MSM who have not been 

prescribed PrEP. However, more work is needed to engage MSM who do not access sexual 

health services, including younger MSM.  

Risk-based eligibility criteria need careful consideration. In our setting, expanding eligibility 

criteria to include MSM receiving PEP and those reporting any bacterial STI in the previous 12 

months could potentially identify more MSM who could benefit.  
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We show that it is possible to achieve important reductions in HIV incidence in MSM when 

PrEP is implemented within routine care. Our findings suggest that PrEP can make a wider 

contribution, alongside other prevention interventions, in reducing population level risk of HIV 

for those not on PrEP.  Although Scotland’s PrEP programme provides PrEP for all who meet 

the eligibility criteria, only 2% of those prescribed PrEP were not MSM. Targeted community 

awareness-raising campaigns and PrEP provision in a wider range of settings will be needed to 

widen access to PrEP for all who may benefit.  
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Population-level effectiveness of a national HIV pre-exposure prophylaxis 
programme in men who have sex with men.  

Response to Reviewers' comments.  

We are very grateful for the reviewers’ insightful comments and suggestions, which have enhanced 

our paper. We have responded to each in turn below. As requested, we have made the 

corresponding changes in our revised manuscript.  

 

REVIEWER #1 

General 

This description of real-world trends in HIV as PrEP is introduced at a national scale is one of a small 

handful of descriptions of population-based impact of PrEP and would be a valuable addition to the 

literature. It is mostly well-written and clearly described, but I have several suggestions for improving 

the clarity. I was surprised to see so little mention of adherence, and I do think that part of the paper 

could be improved.  

 We thank the reviewer for highlighting this and have addressed this below, where the 

reviewer raises specific points in the paragraph “Page 14”.  

 

Introduction 

Para 1: In The Australian study referenced, the 25% RRR in HIV diagnoses, and the one-third 

reduction in recent infections, were in population-wide diagnoses in MSM, and were not in-cohort 

reduction. This should be clarified. 

 We have added in this detail as requested (Introduction, paragraph 1, line 6).  

 

Final para: please clarify what is meant by "third sector organisations", this is not a term which is 

internationally familiar. 

 We apologise. We have amended this to “community-based organisations” for clarity 

(Introduction, paragraph 2, line 11 and throughout the manuscript).  

 

Methods 

Para 1, page 7: clarification is required about a few data fields in NasH.  

1) Was data on having at least one male sexual partner from NaSH records?  

 Yes, NaSH was the data source.  

2) Did the cohort include all HIV negative/HIV untested MSM aged 15+ who attended during the 

relevant range period? OR was this only a subset of MSM who attended?  

 Thank you. We have further clarified this in the text. Please see page 8, Estimated incidence 

of HIV, (para 2) where we explain inclusion to the cohort: “.. for the sub-cohort of MSM 

attending sexual health clinics in Scotland during the study period who had at least two HIV 

tests recorded on NaSH. Participants were included in the follow-up cohort if they had an 

HIV negative test up to 2 years prior to their first attendance in the study period and had 

subsequently tested during the study period.” 

3) How was PREP recorded in NaSH, and if it was by prescription of TDX/FTC, how was it 

differentiated from HIV treatment?  

Response to reviewers
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 Prescription categories on NaSH specify “TDX/FTC for PrEP”. In addition, as we had excluded 

people living with HIV from our sample, all TDX/FTC prescriptions were for PrEP and not HIV 

treatment.  

Second para: This para brings in a second database, the Scottish HIV database. It is implied, but not 

stated, that the data from NaSH were linked to data from HIV database to allow the inclusion of 

MSM who were diagnosed outside of the sexual health clinic network in cohort analyses. Please 

clarify, and if data linkage did occur, on what basis? Ie Was it deterministic, on the basis of name or 

id number or similar, or probabilistic? If data linkage did not occur, then a substantial number of men 

who became infected ion the cohort would have been missed, and this would be a weakness 

requiring discussion.  

 We now make clear on page 7 (last sentence of para 1) that HIV test results were extracted 

from NaSH. We also make clear on page 8 (para 2) that “incident HIV infection was defined 

as the date of a patient’s first positive HIV antibody test on NaSH …”. As such, NaSH data 

were not linked to the HIV database.  In the discussion, we acknowledge this limitation (page 

13, last para and page 14, first para): “Our cohort of 12,276 MSM involved in incidence 

analysis relates to 20-25% of all MSM living in Scotland17, but likely relates to a much larger 

proportion of those at high risk of HIV infection, given two-thirds (48/73) of MSM diagnosed 

with recently acquired HIV in the pre-PrEP period were diagnosed in sexual health clinics. 

……… To be included in the incidence analysis, subjects needed a previous negative HIV test 

and at least one follow-up test recorded on NaSH. Individuals who were therefore diagnosed 

with HIV at their first ever clinic attendance were therefore excluded from the cohort, but 

this number also declined by 27% between pre-PrEP and PrEP periods (Table, SDC S2).”   

 

Page 8, para 1: "this involves..". The meaning of this is unclear. Do you mean "Participants were 

included in the follow-up cohort if they had an HIV negative test up to two years prior to first 

attendance in the study period…." 

 We apologise. We have replaced our wording with the reviewer’s suggested wording.  

Ethical approval: if data linkage between NasH and the Scottish HIV database was performed, then 

the cohort was not truly anonymised, and some form of ethics permission required, unless NasH/HIV 

database linkage is mandated by legislation in Scotland. Please clarify. 

 There is no linkage between NaSH and the Scottish HIV database.  

 

Results 

Para 1: Comparisons between the two periods require significance tests. IT may be that that the 

proportion new (39% versus 44%) is significant, and this may be of interest, as more men may have 

been attracted to sexual health services by PrEP availability. 

 Given the large cohort size, small differences (1-2%) are significantly different. We have 

nevertheless added a column to Table 1 to show p-values from hypothesis tests comparing 

proportions in the pre-PrEP and PrEP periods. We have also revised the text (page 10) to 

reflect that: “Small differences (<5%) in the characteristics of MSM between periods were 

observed.” To note, the proportion indicated by the reviewer has not increased in the PrEP 

period but reduced (from 44% to 39%).  

 

Page 11, para headed "Trends in HIV diagnoses and recent infections". I believe this paragraph refers 

to nationwide data from the HIV database. IF this is correct, I suggest the section title be altered to 

reflect this. Eg "Nationwide trends in surveillance data on HIV diagnosis and recent infections". Here 
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and elsewhere, there is some lack of clarity in distinguishing between nationwide trends and cohort 

trends, and I recommend the authors edit the results/discussion to make this clearer. 

 Thank you. We have changed the section title and now use the reviewer’s suggested 

wording.  

 

Discussion 

First para, First sentence. I think the first sentence refers to nationwide surveillance data, and this 

should be added to the sentence. Last sentence: "exposed to PrEP" isn't very clear. "prescribed PrEP 

at least once" or similar would be clearer. 

 Thank you. We have amended the text by adding “national surveillance data…” (Discussion, 

para 1, line 1) and removing “exposed to PrEP” with “prescribed PrEP at least once” 

(Discussion, para 1, line 7 & 8).  

Page 13: patients dispensed privately. In the UK, it is well-described that many MSM have been 

accessing PrEP through on-line importing. Are there any data - perhaps from surveys - on how 

widespread this has been in Scotland? When did it commence - I imagine substantially earlier than 

2017? 

 Thank you for raising this point. We had addressed this issue in the discussion, paragraph 3 

and reference (Gilson et al’s 2018 work, Ref 20) & Scotland’s First Year Report (Ref 8), which 

states that only 1.5% of MSM attending sexual health services for monitoring of PrEP had 

purchased it privately) as sources to support our statement that few people in Scotland are 

likely to source PrEP through online importing. To our knowledge there have not been any 

other published Scottish studies to quantify this. However, a recent and as yet unpublished 

bar-based survey of MSM in Scotland suggests that around 10% of those surveyed have 

bought PrEP online or via a private doctor (Personal communication, Dr J Frankis, Glasgow 

Caledonian University, October 2020).  

Data from England is not directly comparable as at the time of our study, PrEP was only 

available as part of an implementation trial. Of note, the online survey, Use of, and likelihood 

of using, HIV pre-exposure prophylaxis among men who have sex with men in Europe and 

Central Asia: findings from a 2017 large geosocial networking application survey, (Bourne A 

et al),  https://sti.bmj.com/content/95/3/187, suggested that 76% of UK respondents had 

accessed PrEP online. However, UK data was not disaggregated by country and we do not 

know whether there were any respondents from Scotland in the sample at all.  

Page 14: Although this study cannot measure the adequacy of PrEP adherence in terms of at risk acts 

covered, I presume it would be possible to measure adherence by medication possession ration, 

based on prescription records and days between prescriptions (as eg was done in the EPIC-NSW 

study). As it stands the lack of any data on adherence presented is a real weakness of this analysis, 

and I was surprised to see no presentation of data on adherence. Can the authors add data on 

adherence based on MPR? If they have date of each prescription, and number of pills prescribed at 

each script, then calculation is quite straightforward. 

 Thank you for raising the issue of adherence. The EPIC-NSW study used once daily PrEP as 

the sole regime and so MPRs are relatively straightforward to calculate and provide at least 

some measure of adherence. However, in Scotland, people may choose once daily or event-

based PrEP. This means that MPR ratios are not a useful measure of adherence because 

there is not a standard number of events for which PrEP is needed in any given time frame 

(or per prescription duration).    

https://sti.bmj.com/content/95/3/187
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Furthermore, evidence suggests that PrEP usage in Scotland is fluid; users change between 

daily and event based regimes, often without informing their healthcare provider. Data from 

Scottish National reporting (REF 8) showed that 74% of individuals prescribed PrEP received 

only prescriptions for a daily PrEP regimen during the time period of analysis, 17% received 

only event-based PrEP, and 9% received prescriptions for both regimes. By the end of the 

second year of the PrEP programme, 57% chose a daily regimen, 17% chose event-based 

dosing while the remaining 25% used a combination of daily PrEP and event–based dosing 

(REF 10). We had already discussed the limitations with our dataset in this respect in 

Discussion, paragraphs 7 and 8).  

Mindful of word limit constraints, we have further addressed adherence by clarifying 

(Introduction, paragraph 2, line 5) that the Scottish PrEP programme provides daily and 

event-based PrEP and by including an additional table (Results, paragraph 2, Table S7), which 

details the regimens chosen by PrEP users over the study period.  

Page 15: The authors make a very valid point that increasingly early initiation of ARV treatment may 

have contributed to these reductions in HIV. Scotland has very good data systems on the proportion 

of PLWHIV on ARVs, and it would be of interest if the authors could comment on whether the 

proportion of PLWHIV treatment increased (and by how much) over the study period. 

 We have added to page 15 (last sentence): “There was a modest increase in proportion of all 

PLWHIV in Scotland on antiretroviral therapy and with fully suppressed viral load over the 

study period. The UNAIDS 90:90:90 targets were met in 2018 

(https://www.hps.scot.nhs.uk/news/detail?id=22844).  

 

Page 15, para 3, point about gradual scale up. This may be seen to conflict with the statement in the 

introduction "PrEP has been widely promoted by third sector organisations a…". Please clarify and 

make consistent. 

 Thank you. We have clarified this point by adding “national mass media” so that this 

sentence now reads “PrEP was gradually scaled up in Scotland without a national mass 

media promotion campaign, to avoid demand exceeding clinic capacity”. 

Table 1: p values for the PrEP-PrEP /PrEP comparison should be added 

 We have added p values as requested.  

 

Table 2: I suggest the title should be amended to make it clearer this is national surveillance data. 

 We have amended the title as requested.  

 

 

REVIEWER #2: Population-level effectiveness of a national HIV pre-exposure prophylaxis 

programme in men who have sex with men.  

This nice manuscript describes real-world effects in the population of Scotland of HIV PrEP on 

incidence of HIV. The authors analyse a large sample of MSM on PrEP and not on PrEP. They describe 

HIV incidence in a 4 year period, 2 years before and 2 years after PrEP outroll. The outcomes show 

lower hiv incidence in both MSM on PrEP and also in those not on PrEP. This is one of the first 

manuscripts on population-level effects of PrEP. The manuscript is well-written and informative. 

I have only some minor input to further improve the manuscript. I highly recommend to publish this 

paper. 

 Thank you for these supportive comments.  

 

https://www.hps.scot.nhs.uk/news/detail?id=22844
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About terminology, at some places in the manuscript the authors speak of high-risk MSM (eg page 

12). If possible this should be avoided as it can be seen as stigmatizing. 

 We apologise for this oversight. We now use the CDC recommended term “MSM with high-

risk behaviour” throughout (https://www.cdc.gov/stophivtogether/hiv-stigma/ways-to-

stop.html) 

 

Abstract 

Results: specify that the included MSM are all hiv negative 

 We have added HIV negative in Abstract, methods, line 2 
 

Last line: add "aIRR" to 0.25 and 0.68 to avoid misinterpretation.  

 We have added aIRR before 0.25 and 0.68 as suggested.  

Conclusions: the statement that PrEP needs to be extended to MSM who do not attend sexual health 

clinics is not very well substantiated in the results, as the authors show that also MSM not on PrEP 

(and thus possibly also not attending sexual health clinics) benefit. 

 We thank the reviewer for picking up on this and have corrected an editing error. 

Conclusion, lines 3 & 4 now read, “Promotion of the benefits of PrEP need to be extended to 

MSM who do not access sexual health clinics”.  

 

Methods 

Page 7. Ref 14 is from 1992. Is there perhaps a more recent publication on the Scottish HIV database 

methodology? How is MSM status established? 

 Reference 14 is the most recent publication on the Scottish HIV database methodology.  

 MSM status is recorded on NaSH by clinicians as part of the electronic patient record. MSM 

status is also reported to the Scottish HIV database team by the diagnosing clinician.   

Page 8. Perhaps mention where the hierarchy of risk of infection is based on. At ii) specify which STI 

are included here. Re iv): how end people with no STI/HIV test up in such a database? 

 The hierarchy of risk of infection was decided a-priori based on factors that are associated 

with risk of HIV infection.  

 People with no STI/HIV test can be in the database as they may be new attenders or have 

attended only for other reasons related to sexual health such as contraception. 

 

Results 

Specify " resident in the most deprived quintile", or explain how this was established in the methods 

 We have added the suggested wording in Methods, Characteristics of MSM attending sexual 

health clinics and their uptake of PrEP.  

Trends in HIV diagnoses: it would be interesting to put the numbers in context by mentioning here 

how many were diagnosed at a sexual health clinic. 

 We agree. The numbers of diagnoses made at sexual health clinics are shown in Table 2 and 

we have added to the results section on Nationwide Trends in HIV diagnoses and recent 

infections as follows: ‘The proportion of diagnoses made at sexual health clinics decreased 

from 61·1% to 50·7% and further down to 41·8% during the three periods’ to give the 

context around how many were diagnosed at sexual health clinics. 

https://www.cdc.gov/stophivtogether/hiv-stigma/ways-to-stop.html
https://www.cdc.gov/stophivtogether/hiv-stigma/ways-to-stop.html
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HIV incidence among MSM: the proportion of MSM to whom PrEP was prescribed and who 
contributed no person-time is quite high at 18%. This should be further discussed in the discussion 
part. 

 Although 579/3256 (18%) contributed no person-time, 316/579 (55%) of these people were 
first prescribed PrEP in the last 6 months of the study period and 240/579 (41%) were first 
prescribed PrEP in the last 3 months of the study period. People first prescribed PrEP late in 
the study may not have had enough time to come back in for a follow-up HIV test which is 
required for them to be included in the cohort followed up for HIV incidence. 
 

Though not the aim of the paper, it would be of interest if some words on proportions on daily and 
event-driven PrEP were added. 

 Thank you. Please also see our response to the related comment from Reviewer 1, Page 14, 
copied here for ease: Mindful of word limit constraints, we have addressed adherence by 
clarifying (Introduction, paragraph 2, line 5) that the Scottish PrEP programme provides daily 
and event-based PrEP and by including an additional table (Results, paragraph 2, Table S7) 
which details the regimes chosen by PrEP users over the study period.  

 

Discussion 

On page 13, the 48/73 diagnosed in sexual health clinics is new information. It would be good to 

include this also in the result section. This accounts also, if I am correct, for the 27% decline in those 

diagnosed with HIV in their first clinic visit, and the data in the next paragraph on frequency of hiv 

testing. 

 Please see our response above to the comment “ Trends in HIV diagnoses……” 

Page 15: Reference to an Australian study with ref nr 26 seems not correct. 

 We stated “Australian studies suggest that a rapid increase in PrEP use was associated with a 

rapid decrease in condom use and an increase in STIs26”. Reference 26 was Traeger M. W., 

Cornelisse V. J., Asselin J., Price B., Roth N. J., Willcox J. et al. Association of HIV preexposure 

prophylaxis with incidence of sexually transmitted infections among individuals at high risk 

of HIV infection. JAMA 2019;321:1380–90. This is indeed a study set in Victoria, Australia. 

We were not quite sure what the reviewer meant here so have not altered the text but 

would be happy to do so if we have further clarification. Please note that with the additional 

references requested, Traeger et al has now become reference 29.  

The authors mention some more about the Scottish prep program here: adherence support and 

testing of blood borne viruses. Please specify, preferably in the methods section.  

 Thank you. We have included additional detail as requested but felt it flowed more naturally 

within the Introduction, paragraph 2.   

The authors state that the reduction in incidence may be lower in settings with less holistic prep care. 

What do they mean here? If adherence is lower, or the testing rate? 

 Our PrEP care model includes a comprehensive package of care including screening, 

adherence support and prevention advice, as described in the introduction. We are mindful 

that this may not be feasible in less well-resourced settings.  

Page 16. It is stated that younger MSM have more sexual risk taking. This is not always the case in 

my experience. However, a subgroup may be seeking new experiences, and they are definitely harder 

to engage in PrEP care. Please add references and/or rephrase. 
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 We have followed the reviewer’s advice and have rephrased the line, removing the 

statement that younger MSM are associated with sexual risk taking.   

 

Retainment in care should be discussed. I was curious if there is any information in getting HIV after 

stopping PrEP?  

 Thank you. We explain (Results, HIV incidence among MSM attending sexual health clinics, 

paragraph 3) that none of the four incident cases among those exposed had been taking 

PrEP at the time of likely HIV acquisition. We feel that lengthier discussion of retention in 

care is outside the scope of this study.  

 

REVIEWER #3: 

An important research article describing a population-level cohort analysis of PrEP impact in 

Scotland. While well done, the authors overstate the primacy of their findings. Somewhat similar 

population-level analyses have been performed in the, US. San Francisco and likely other areas. See 

http://programme.aids2018.org/Abstract/Abstract/13004 Authors should perform a much more 

rigorous literature review. 

 Thank you for highlighting this abstract which we had overlooked. We have now added 

additional detail as the reviewer suggested (Discussion, paragraph 8), in addition to 

referencing this work (Smith DK et al 2020), which has now been published in the scientific 

literature. We relooked at the published literature but were unable to find additional 

comparable studies of direct relevance to our study which warranted inclusion within word 

count constraints.  

We have added the following to the discussion: “An American ecological analysis at the US 

jurisdiction level showed that areas with increases in PrEP coverage were associated with 

decreases in the estimated annual percentage change in HIV diagnosis rate which were 

independent of levels of viral suppression among PLWHIV. However, our analysis differs from 

this as it follows up a cohort up over time (retrospectively) to provide national estimates of 

HIV incidence among MSM attending sexual health clinics before and after the PrEP 

programme rather than looking at associations between PrEP coverage and the annual 

percentage change in HIV diagnoses”. 

 

Some analytic points--authors report on differences in numerators (229 to 184) in the Abstract but 

since those a rates (per 53,0000 MSM population) should be reported as such, per 100,000. Similar 

with the number of diagnoses. 

 Thank you. We chose to present the numbers of diagnoses in this way to be comparable to 

the way results were presented in the EPIC-NSW study which is the most directly 

comparable study to ours in the literature. Further, the denominator (MSM population) is an 

estimate and there is no evidence to suggest this has changed much between the two 

periods we considered. Therefore the numerators can be compared directly here. 

 

The finding that HIV incidence declined in those not prescribed PrEP is noteworthy and novel. The 

authors should explain that further and discuss core group theory as a means to understand that 

effect. 

http://programme.aids2018.org/Abstract/Abstract/13004
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 Thank you for highlighting the importance of this finding. We have followed the reviewer’s 

advice and added additional explanation and reference to Core Group Theory, Discussion, 

Paragraph 9.  

Introduction 

First line of paragraph 2, is awkward..."the majority" ...of "almost half" Please clarify. 

 We have followed the reviewer’s suggestion and inserted the percentages for clarity.  

Authors use TDX to abbreviate TDF, please check that. Not sure if that's a European difference. 

 Thank you for spotting this. We have replaced TDX-FTC with tenofovir-emtricitabine 

throughout. 

Last line page 6, authors state "98% of the Scottish population" what does that mean? 98% have 

access? 98% have used those clinics. Please clarify  

 We have clarified this in Methods, para 2, line 3, as follows, “Clinics, providing access to 

sexual health care for over 98% of the Scottish population”.  

 

Please be sure to designate ages with "years" 

 We have now done this.  

 

Last paragraph page 7. the confirmation by Western blot and p24 antigen pcr testing. That's 

confusing. Typically, rapid ab results are confirmed by Wb or pcr. I don't know what p24 antigen pcr 

testing is. 

 Thank you for highlighting this lack of clarity. We have amended the text as follows, an HIV 

diagnosis is based on repeat reactive results on more than one laboratory-based fourth 

generation Antibody/Antigen assay with further confirmation by Western blot. 

The paragraph on estimating HIV incidence is quite good as are the analytic methods. 

Thank you.  

 

The denominator of 53,000 is across each period. That has not changed? 

 Please see our response to  “Some analytic points” above.  

 

In the Results, it's a bit unclear why only 35% of those with rectal STIs offered PrEP? Seems low. And 

no data on those offered with syphilis? This is a key area that the manuscript should also address, is 

why those with indications are not receiving PrEP, if known and what % is daily vs intermittent 

among users. 

 We respectfully refer the reviewer to Results, Characteristics of MSM attending sexual 

health clinics and their uptake of PrEP and Table 2, in which 35% of MSM with previous STIs 

accepted the offer of PrEP (not were offered PrEP).  

 We respectfully refer the reviewer to Discussion, paragraph 7 in which we have already 

made mention of lack of data on syphilis diagnoses as a limitation, “Furthermore, issues with 

NaSH reporting of STI test results precluded us from including previous infectious syphilis in 

our “high risk” category”.  

 We have added detail on the PrEP regimen prescribed (as also requested by the other 

reviewers) as a new Table S7.   

Discussion 

Authors repeat the findings, with actual values, 95% CIs, that is not necessary. 

 We have now deleted this.  
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Again, more discussion and comparisons with other studies, cities, locations is warranted. 

 Please see our response to the first comment by this reviewer in which we have addressed 

this & revised our manuscript accordingly.  



 

Fig. 1. HIV Incidence per 1000 person-years with 95% confidence intervals according to exposure category and defined risk group.  

 

MSM=men who have sex with men. PY=person-years. PrEP=pre-exposure prophylaxis. 

 

 

Figure 1



 

Table 1. Characteristics and uptake of HIV PrEP among 23,062 MSM attending sexual health clinics in Scotland between July 2015 to June 2019. Unadjusted 

and adjusted odds ratios (OR) were generated from logistic regression models. 

  Number of MSM Attended at Least Once*   
Uptake of PrEP  

among MSM attending in the PrEP period  

  

Pre-PrEP 

(July 2015 to 
June 2017) 

N1 (col %) 

PrEP period 

(July 2017 to 
June 2019) 

N2 (col %) p***   

N3 (% of 

N2) OR (95% CI) aOR (95% CI) 

Total MSM 14319 16723   3256 (19·5%)   

Attendance History        

Last attended within the last 2 years 5404 (37·7%) 6804 (40·7%) <0.001  1846 (27·1%) 1·00 1·00 

Last attended more than 2 years ago 2670 (18·6%) 3329 (19·9%) 0.005  541 (16·3%) 0·52 (0·47-0·58) 0·53 (0·47-0·59) 

Never attended in the history of NaSH 6245 (43·6%) 6590 (39·4%) <0.001  869 (13·2%) 0·41 (0·37-0·45) 0·51 (0·47-0·57) 

Age at First Attendance (Years)        

Median (IQR) 28 (22-37) 28 (22-37)   31 (25-41)   

15-24 4556 (31·8%) 4798 (28·7%) <0.001  766 (16·0%) 1·00 1·00 

25-39 6074 (42·4%) 7571 (45·3%) <0.001  1607 (21·2%) 1·42 (1·29-1·56) 1·32 (1·20-1·46) 

40-49 1923 (13·4%) 2124 (12·7%) 0.060  488 (23·0%) 1·57 (1·38-1·78) 1·54 (1·34-1·75) 

50+ 1766 (12·3%) 2230 (13·3%) 0.009  395 (17·7%) 1·13 (0·99-1·29) 1·15 (1·00-1·32) 

Ethnicity        

White 11426 (79·8%) 12175 (72·8%) <0.001  2577 (21·2%) 1·00 1·00 

Non-White 677  (4·7%) 745  (4·5%) 0.263  177 (23·8%) 1·16 (0·98-1·38) 1·20 (1·00-1·43) 

Not Known 2216 (15·5%) 3803 (22·7%) <0.001  502 (13·2%) 0·57 (0·51-0·63) 0·67 (0·60-0·75) 

NHS Board of Residence        

Greater Glasgow and Clyde 4576 (32·0%) 5242 (31·3%) 0.253  1191 (22·7%) 1·00 1·00 

Table 1



 

Lothian 4063 (28·4%) 4607 (27·5%) 0.109  806 (17·5%) 0·72 (0·65-0·80) 0·68 (0·61-0·76) 

Rest of Scotland 5680 (39·7%) 6874 (41·1%) 0.010  1259 (18·3%) 0·76 (0·70-0·83) 0·77 (0·70-0·85) 

Deprivation Quintile of Residence        

1 (Most Deprived) 2850 (19·9%) 3140 (18·8%) 0.013  661 (21·1%) 1·00 1·00 

2 2708 (18·9%) 2987 (17·9%) 0.018  615 (20·6%) 0·97 (0·86-1·10) 1·04 (0·91-1·18) 

3 2424 (16·9%) 2748 (16·4%) 0.248  586 (21·3%) 1·02 (0·90-1·15) 1·11 (0·97-1·26) 

4 2310 (16·1%) 2601 (15·6%) 0.168  480 (18·5%) 0·85 (0·74-0·97) 0·94 (0·82-1·08) 

5 2603 (18·2%) 2888 (17·3%) 0.038  500 (17·3%) 0·79 (0·69-0·89) 0·89 (0·78-1·02) 

Not Known 1424  (9·9%) 2359 (14·1%) <0.001  414 (17·5%) 0·80 (0·70-0·91) 0·97 (0·85-1·12) 

Ever Injected Drugs        

No 13047 (91·1%) 14968 (89·5%) <0.001  2946 (19·7%) 1·00 1·00 

Yes 277  (1·9%) 293  (1·8%) 0.250  103 (35·2%) 2·21 (1·73-2·82) 1·96 (1·52-2·53) 

Not Known 995  (6·9%) 1462  (8·7%) <0.001  207 (14·2%) 0·67 (0·58-0·78) 0·87 (0·74-1·02) 

Testing and STI History in the Last 12 

Months**        

Prescribed HIV PEP and/or had a Rectal STI 1693 (11·8%) 2087 (12·5%) 0.081  746 (35·7%) 5·23 (4·30-6·37) 4·82 (3·94-5·89) 

Had an STI (Non-Rectal) 977  (6·8%) 1081  (6·5%) 0.213  246 (22·8%) 2·77 (2·21-3·47) 2·63 (2·09-3·31) 

Had an STI or HIV Test 10291 (71·9%) 12119 (72·5%) 0.245  2126 (17·5%) 2·00 (1·67-2·40) 2·02 (1·68-2·43) 

Not Tested and No STIs 1358  (9·5%) 1436  (8·6%) 0.006   138 (9·6%) 1·00 1·00 

* This excludes those that tested positive for HIV prior to their first attendance in the pre-PrEP period (n=226) and PrEP period (n=332).  

** Includes the day of first attendance in a period. STI only includes gonorrhoea and chlamydia. Patients have been assigned to only one  

category based on their highest risk factor. 

*** p-values come from a hypothesis test for equal proportions in the pre-PrEP and PrEP periods 

MSM=men who have sex with men. PrEP=pre-exposure prophylaxis. OR=odds ratio. aOR=adjusted odds ratio. CI=confidence interval.  

NaSH=National Sexual Health Information System. IQR=interquartile range. STI=sexually transmitted infection. PEP=post-exposure  

prophylaxis. 



 

Table 2. Nationwide trends in HIV diagnoses and associated recent infections among MSM in Scotland for 24 month time periods before and after PrEP roll 

out. The source of this data is the Scottish national HIV diagnosis database. 

  

July 2013 to 

June 2015 

(Early Pre-

PrEP) 

July 2015 to June 

2017 

(Immediately Pre-

PrEP) 

RRR (95% CI)  from 

previous period 

July 2017 to 

June 2019 

(PrEP period) 

RRR (95% CI) from 

previous period 

Diagnoses, including those previously diagnosed outside Scotland 342 339 0·9% (-15·1%-14·7%) 298 12·1% (-2·7%-24·7%) 

  Diagnosed in a Sexual Health Clinic 191 166 13·1% (-7·0%-29·4%) 142 14·5% (-7·0%-31·6%) 

  Previously diagnosed outside Scotland 108 110   114   

New Diagnoses, excluding those previously diagnosed outside Scotland 234 229 2·1% (-17·4%-18·4%) 184 19·7% (2·5%-33·8%) 

  Diagnosed in a Sexual Health Clinic 143 116 18·9% (-3·6%-36·5%) 77 33·6% (11·5%-50·2%) 

Estimated Recent Infections among new diagnoses* 61 73 -19·7% (-68·1%-14·8%) 47 35·6% (7·1%-55·4%) 

  Diagnosed in a Sexual Health Clinic 42 48 -14·3% (-72·9%-24·5%) 25 47·9% (15·6%-67·9%) 

* HIV avidity data were missing for 19%, 7% and 17% of samples in the early pre-PrEP, immediately pre-PrEP and PrEP periods, respectively; avidity status for those with missing information was estimated  

according to the avidity status of those with available data within each period. 

PrEP=pre-exposure prophylaxis. RRR=relative risk reduction. CI=confidence interval. 

Table 2



 

Table 3. HIV incidence per 1000 person-years for the cohort of 12,276 MSM attending sexual health clinics in Scotland during the pre-PrEP and PrEP 

periods (i.e. from July 2015 to June 2019) and had multiple HIV tests sufficient to enable inclusion in the cohort for HIV incidence analysis. Incidence rate 

ratios were generated from Poisson regression models.  

  

Number 

of MSM 

Person-

Years 

(PY) 

Incident HIV 

Infections 

Incidence per 1000 

PY 

(95% CI) 

Unadjusted 

Incidence RR 

(95% CI) 

Adjusted 

Incidence RR  

(95% CI) 

Exposure Period*       

Pre-PrEP period 8831 10524 54 5·13 (3·90-6·64) 1·00 1·00 

PrEP period: never prescribed PrEP 9600 8477 31 3·66 (2·53-5·12) 0·71 (0·46-1·11) 0·68 (0·43-1·05) 

PrEP period: prescribed PrEP at least once 2677 2295 4 1·74 (0·58-4·14) 0·34 (0·12-0·94) 0·25 (0·09-0·70) 

Age (Years)       

15-24 4180 6923 18 2·60 (1·60-4·02) 1·00 1·00 

25-39 5358 9261 50 5·40 (4·05-7·06) 2·08 (1·21-3·56) 2·15 (1·25-3·70) 

40+ 2738 5112 21 4·11 (2·62-6·16) 1·58 (0·84-2·96) 1·81 (0·96-3·42) 

Ethnicity       

White 9793 17997 73 4·06 (3·20-5·07) 1·00 1·00 

Non-White 600 1021 6 5·88 (2·44-12·11) 1·45 (0·63-3·33) 1·30 (0·56-3·00) 

Not Known 1883 2278 10 4·39 (2·25-7·79) 1·08 (0·56-2·10) 1·38 (0·70-2·73) 

NHS Board of Residence       

Greater Glasgow and Clyde 4127 7251 28 3·86 (2·62-5·50) 1·00 1·00 

Lothian 3247 5664 32 5·65 (3·94-7·87) 1·46 (0·88-2·43) 1·56 (0·92-2·65) 

Rest of Scotland 4902 8381 29 3·46 (2·37-4·90) 0·90 (0·53-1·51) 1·07 (0·62-1·83) 

Deprivation Quintile of Residence       

1-2 (Most Deprived) 4710 8316 34 4·09 (2·88-5·64) 1·00 1·00 

3-5 6244 10709 47 4·39 (3·26-5·78) 1·07 (0·69-1·67) 1·06 (0·67-1·67) 

Not Known 1322 2270 8 3·52 (1·66-6·65) 0·86 (0·40-1·86) 0·89 (0·41-1·92) 
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Ever Injected Drugs       

No 11338 19910 81 4·07 (3·25-5·03) 1·00 1·00 

Yes 224 398 6 15·06 (6·26-31·04) 3·70 (1·62-8·48) 3·14 (1·35-7·26) 

Not Known 714 988 2 2·02 (0·40-6·49) 0·50 (0·12-2·02) 0·55 (0·13-2·30) 

Risk Group       

No High-Risk Behaviour 9583 15121 43 2·84 (2·09-3·79) 1·00 1·00 

High-Risk Behaviour** 3622 6175 46 7·45 (5·52-9·84) 2·62 (1·73-3·97) 2·89 (1·89-4·40) 

* Individuals can contribute to multiple exposure categories. 

** High-risk behaviour includes patients that had an STI (gonorrhoea or chlamydia) or were prescribed HIV PEP within 12 months prior to and  

including their first attendance over the follow-up period. Patients can move from no high-risk behaviour in the pre-PrEP period to high-risk behaviour in the PrEP- 

era. 

MSM=men who have sex with men. PY=person-years. CI=confidence interval. RR=rate ratio. PrEP=pre-exposure prophylaxis. 
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