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ABSTRACT

Background: HIV pre-exposure prophylaxis (PrEP) has proven to be efficacious and effective in
preventing HIV infections, but few studies have reported its impact in the real world.

Methods: We conducted an ecological analysis and compared the trends in HIV PrEP prescriptions
with the trends in age-adjusted HIV diagnosis rates in New York City (NYC). Joinpoint regression
analyses were used to identify any temporal trends in HIV diagnosis rates in NYC.

Results: The number of people filling at least one PrEP prescription in NYC increased from 2,551 in
2014 to 35,742 in 2022. The overall age-adjusted HIV diagnosis rate steadily decreased from 48.1
per 100,000 in 2003 to 17.1 per 100,000 in 2022. After the rollout of PrEP, accelerated decreases
were detected in some subpopulations including white males (2014-2019 annual percentage change
[APC]: -16.6%; 95% confidence interval [CI]: -22.7, -10.0), Asian/Pacific Islander males (2016-
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2022 APC: -9.8%), males aged 20 to 29 years (2017-2020 APC: -9.4%) and 40 to 49 years (2014-
2020 APC: -12.2%), Latino/Hispanic people aged 40 to 49 years (2015-2020 APC: -13.0%), white
people aged 20 to 29 years (2012-2022 APC: -11.4%) and 40 to 49 years (2014-2018 APC: -27.8%),
and Asian/Pacific Islander people aged 20 to 29 years (2017-2022 APC: -13.0).

Conclusions: With a high coverage, PrEP can have a long-term impact in reducing HIV infections in
a population, but if pre-existing social determinants that contribute to racial, ethnic, and gender
inequities are not well addressed, the implementation of PrEP can exacerbate these inequalities.

Keywords: HIV, pre-exposure prophylaxis, diagnosis, public health surveillance

Efficacy measures how well an intervention prevents infection or disease under ideal and controlled
circumstances. The efficacy of pre-exposure prophylaxis (PrEP) with tenofevir
disoproxil/alafenamide fumarate plus emtricitabine in preventing HIV acquisition has been
demonstrated in randomized clinical trials. When adherence to dailyroral'administration is high, the
efficacy of PrEP exceeds 90% in men who have sex with men (MSM).and heterosexuals and 70% in
participants who inject drugs.!* Based on these findings, theUnited States’and many other countries
have approved and encouraged the use of PrEP in populations vulnerable to HIV infection.*>

Effectiveness measures how well an intervention prévents infection or disease in the real world. Two
implementation studies conducted at sexual health clini¢s in San Francisco and Seattle showed that
PrEP reduced 60% to 79% of HIV infectionss®’ One large national population-based cohort study
from France reported an overall effectivenessiof 60%,awith reduced effectiveness in people younger
than 30 years of age and also in people who werereceiving complementary universal health
insurance via couverture maladie universelle complémentaire, a system that provides free access to
health care for people with an anfiial incomebelow 50% of the French poverty threshold.?

Impact measures the scale at which an/intervention prevents infection or disease in the real world. To
be impactful, an interventiomneeds both effectiveness and coverage, i.e., a substantial proportion of
the population receiving thefeffective intervention.” Few studies have reported the impact of PrEP on
population-level HIV incidence or diagnoses.!®!! One study from New South Wales, Australia,
reported that the number of HIV diagnoses among MSM dropped 25.1% in the 12 months after PrEP
roll-out,'® but diagnoses remained relatively stable thereafter until the COVID-19 epidemic in
2020.'2 Prior to the National Health Service approval of PrEP in the United Kingdom in early 2020,
there was a 40% drop in HIV diagnoses at four London sexual health clinics in 2016 compared with
2015, and some experts believed it was due to PrEP obtained online;'*!* however, no formal
evaluations were reported. More recently, an ecological analysis of PrEP across U.S. States
suggested those with higher PrEP coverage have experienced greater declines in HIV diagnoses.'?

HIV diagnoses in New York City (NYC) had been steadily decreasing before the Food and Drug
Administration (FDA) approved the use of Truvada (emtricitabine and tenofovir disoproxil fumarate)
for HIV PrEP in the United States in 2012, with 5,815 people newly diagnosed with HIV in 2001 and
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3,096 in 2012.!6!7 The purpose of this analysis is to assess the impact of PrEP prescriptions on HIV
diagnoses in NYC after its introduction, as seen through an accelerated decrease in HIV diagnoses
beyond the ongoing trend, overall and within subpopulations by age, sex and race or ethnicity.

Methods

We conducted an ecological analysis using HIV PrEP prescription and registry data. We obtained the
number of people in NYC filling at least one prescription for PrEP, in the form of Truvada or Descovy
(emtricitabine and tenofovir alafenamide, approved by the FDA for PrEP in October 2019), in each
calendar year overall and by age, sex, and race or ethnicity between 2014 and 2022 from Symphony
Health’s Integrated Dataverse (IDV) and the New York State Medicaid Data Warehouse via a publicly
available website, the Ending the HIV Epidemic Dashboard.!® The IDV contains longitudinal patient
data sources that capture adjudicated prescription, medical, and hospital claims across the United
States for all payment types, including commercial plans, Medicare Part D, cash, assistance programs,
and Medicaid. New York State (NYS) uses the IDV data to extract PrEP preSetiption data for all payors
with the exception of Medicaid. For Medicaid, an algorithm was developed and applied to Medicaid
fee-for-service claims and encounter data submitted by Medicaid managed,care/plans that are housed
in the NYS Department of Health Medicaid data warehouse. This algorithm included diagnosis and
prescription drug coding that was intended to monitor the number of HIV-negative Medicaid recipients
who filled prescriptions for Truvada for PrEP, excluding tfeatment of chronic hepatitis B infection. 31

We obtained the number of new HIV diagnoses indANY C overall and by age, sex, and race or ethnicity
between 2003 and 2022 from the NYC HIV registry, which contains data on all persons diagnosed
and reported in NYC with AIDS since 198 Liand HIV singe 2000.2° To calculate the HIV diagnosis
rate, we obtained annual estimates on the NY'Cpopulation overall and by age, sex, and race or
ethnicity from the intercensal population estimates@pdated in 2023 by the NYC Department of
Health and Mental Hygiene (DOHMH).

We calculated annual age-adjusted HIV. diagnosis rates by sex and race or ethnicity using the U.S.
2000 standard population, and annualage-specific HIV diagnosis rates by sex and race or ethnicity
excluding people aged 60 or'older.”! To approximate HIV incidence, we also calculated annual HIV
diagnosis rates by sex and race or ethnicity among people aged 20 to 29 years. All HIV diagnosis
rates were calculated using SAS version 9.4 (SAS Institute, Cary, NC). We then conducted joinpoint
regression analyses to identify any temporal trends in HIV diagnosis rates in NYC using the
Joinpoint software (version.4.9.1.0) developed by the Surveillance Research Program of the U.S.
National Cancer Institute.???* The Joinpoint software implements a segmented regression model in
which segments of the trend are identified and joined by “joinpoints.” The software allows users to
identify trends in data, estimate the magnitude of trends, and calculate annual percentage change
(APC) for each segment of the trend.

For this ecological analysis, we compared the trends in PrEP prescriptions in NYC in 2014-2022
against the trends in HIV diagnosis rate in NYC in 2003-2022, overall and by age, sex, and race or
ethnicity.
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Results

The number of people filling at least one PrEP prescription in NYC increased from 2,551 in 2014 to
35,742 in 2022. PrEP prescriptions increased among all groups when measured by sex, age, and race
or ethnicity (Table 1).

The overall age-adjusted HIV diagnosis rate decreased from 48.1 per 100,000 in 2003 to 17.1 per
100,000 in 2022 (Figure 1), with an accelerated decrease starting before the rollout of PrEP (2007-
2020 APC: -7.3%; 95% confidence interval [CI]: -7.7, -7.0). The rate among males decreased from
68.0 to 28.3 per 100,000, with an accelerated decrease starting before the rollout of PrEP (2007-2020
APC: -6.6%), and among females, the rate decreased from 30.1 to 6.4 per 100,000, with no
accelerated decreases.

We found decreases across all groups when we measured the age-adjusted HIV diagnosis rate by sex
and race or ethnicity, but accelerated decreases were only detected amongswhite (2014-2019 APC: -
16.6%) and Asian Pacific Islander males (2016-2022 APC: -9.8%) aftet the rollout of PrEP (Figure
2).

We also found decreases across all groups when we measuredage=specific’ HIV diagnosis rates by
sex and age, but accelerated decreases were only detectedd@mong males'aged 20 to 29 years (2017-
2020 APC: -9.4%) and 40 to 49 years (2014-2020 APC;,-12.2%), after the rollout of PrEP (Figure 3).

By race or ethnicity and age, accelerated decreases weré detected among Latino/Hispanic people
aged 40 to 49 years (2015-2020 APC: -13.0%), white people aged 20 to 29 years (2012-2022 APC: -
11.4%) and 40 to 49 years (2014-2018 APC:527.8%),and Asian/Pacific Islander people aged 20 to
29 years (2017-2022 APC: -13.0) after'the rollout.of PrEP (Supplemental Figure 1,
http://links.lww.com/QAD/D214).

Among people aged 20 to 29 years, angaccelerated decrease was detected among white males (2012-
2022 APC: -11.8%) (Figure 4)..The annual HIV diagnosis rate among Asian/Pacific Islander males
aged 20 to 29 years changedifrom an increase before the rollout of PrEP (2003-2016 APC: 6.7%) to
a decrease afterwards (20162022 APC: -11.0%).

There was a large drop in HIV diagnosis rates across most of the groups in 2020 attributable to the
emergence of COVID-19 in NYC; rates subsequently rebounded in 2021 and 2022.

Discussion

HIV diagnoses in NYC had steadily decreased before the FDA’s approval of Truvada as PrEP in
2012. We examined whether there was an accelerated decrease after the rollout of PrEP beyond the
ongoing trend. Overall, our ecological analysis suggests that in NYC the increasing number of
people prescribed PrEP from 2014 to 2022 did not appear to accelerate the overall decrease in HIV
diagnosis rate. The impact of PrEP prescriptions on HIV diagnoses depends on both the effectiveness
and coverage of PrEP. Previous studies have shown that PrEP is effective in preventing HIV
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infections.®® The limited impact of PrEP prescriptions on overall HIV diagnoses in NYC could be
due to the inadequate coverage of PrEP across all populations most vulnerable to HIV.

We did observe accelerated decreases in HIV diagnoses after the rollout of PrEP in some
subpopulations, such as Asian/Pacific Islander and white males and males aged 20 to 29 years, of
whom a large proportion were MSM. This suggests that PrEP was effective and can reduce HIV
infections if enough people at increased risk of HIV acquisition are prescribed PrEP. PrEP users in
NYC are overwhelmingly male (93% in 2022), aged 20 to 39 years (66% in 2022), and white (53%
of PrEP users with a known race or ethnicity in 2022). We also observed that white people had an
earlier accelerated decrease than other populations (e.g., 2014 for white males and 2016 for
Asian/Pacific Islander males) after the rollout of PrEP, suggesting that white males were more likely
to be early PrEP adopters or to have greater access to PrEP.

We did not observe the same level of impact on HIV diagnoses in other populations during the
analysis period. The most likely reason for this was that the number of peopleat increased risk of
acquiring HIV who were prescribed PrEP within these subpopulationséwas not sufficiently high to
achieve the coverage needed to generate an accelerated decrease indHIV diagnoses. Studies have
shown that women and Black and Latino/Hispanic people are le§s likely to be prescribed PrEP.?4-2¢
Generally, those who might most benefit from PrEP might not be ptescribed or using PrEP due to a
variety of factors including structural, economic, providef limitations‘and biases, and individual-level
influences such as stigma and medical mistrust.

Our analysis has limitations. First, there is a possibility’of ecological fallacy. Regarding the observed
accelerated decrease in HIV diagnoses afterthe rollout of PrEP in some subpopulations, other
initiatives could have influenced this. One could be the'treatment as prevention effect (TasP) on the
incidence of HIV infection from the récommendation of treating all people with HIV regardless of
their CD4 count released by the NYC DOHMH in December 2011.27-? If that was the case, we
should expect accelerated decréase in HIVadiagnoses in all subpopulations regardless of PrEP
coverage, as they all had a similar degtee of improvement in HIV viral suppression (NYC DOHMH
unpublished data). Given that in'NYC{ 1) white people were more likely to be prescribed PrEP and
white males had an acceleratedidecrease in HIV diagnoses after the rollout of PrEP, and 2) younger
population had a bigger increase in PrEP prescriptions and an accelerated decrease in HIV diagnoses
after the rollout of PrEP,** we believe that PrEP was likely the cause of the accelerated decrease in
HIV diagnoses in some subpopulations in NYC. Our findings are consistent with those from
Australia, England, and France,!%!13:3!

Second, we reported a negative association between PrEP prescriptions and HIV diagnoses in some
subpopulations, but were unable to quantify the association, because of lack of data to calculate the
PrEP-to-need ratio.>? If we had all the data, we would have reported coefficients from linear
regression models showing that with every percentage point of increase in PrEP prescriptions there
were additional percentage points of decrease in HIV diagnoses.

Third, we did not have population-based PrEP prescription data in specific priority populations who
are highly affected by HIV, including MSM, transgender people, and people who inject drugs, given
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that the data source is not able to provide such information. While the impact of PrEP has the
potential to be high among these groups, we were unable to conduct a side-by-side comparison of
PrEP prescriptions and HIV diagnoses among them. There was also a large amount of missing data
by race or ethnicity in the PrEP data available, a limitation of many current administrative datasets.

Fourth, we used the number of HIV diagnoses as a proxy for HIV incidence to evaluate the impact of
PrEP, as have most other studies evaluating the effectiveness of PrEP in the real world.!®* To
counter this limitation, we conducted an analysis restricting diagnoses to those aged 20 to 29 years,
who were more likely to be recently infected, and found an association of PrEP prescription with
accelerated decrease in HIV diagnoses in Asian/Pacific Islander and white males but not in other
groups.

Fifth, because of multiple stratified analyses, it could be chance rather than heterogeneity that
explains the accelerated decrease in HIV diagnoses in some subpopulations, but not others. We
believe that it is unlikely to be chance based on the facts that, 1) the data in¢luded in our analysis
were from HIV surveillance, 2) previous studies have shown that PrEPis effective in preventing HIV
infections in the real world,*® 3) previous studies have shown thatavhite people/were more likely to
be prescribed PrEP,?*2¢ and 4) in our analysis, we found accelerated décrease’in HIV diagnoses
among white people.

In conclusion, PrEP is an effective prevention methodgand when,enough people are prescribed PrEP,
PrEP can have a population-level impact on HIV incidence. Our ecological analysis showed that
PrEP accelerated the annual decrease in HIV didgnoses in some populations in NYC, but not overall.
We also observed that during the rollout of PrEP, existing racial and gender inequities in HIV
diagnoses in NYC were highlighted, in that PrEP had.the greatest impact on young white males. To
end the HIV epidemic in the U.S., weneed to inctease the accessibility and use of PrEP and address
the many pre-existing social determinants that contribute to racial, ethnic, and gender inequities.3*3’
Local NYC efforts to increasedccess to PtEP—such as availability via municipal-funded sexual
health clinics, funding to local community-based organizations and clinics, and support for provider-
based interventions as well as State and Federal efforts—should continue to pursue increased PrEP
uptake and particularly those that address inequities, so that PrEP’s impact can be maximized across
all groups.36-38
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Figure 1. Age-adjusted HIV diagnosis rate in New York City, 2003-2022, overall and by sex
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Figure 2. Age-adjusted HIV diagnosis rate in New York City, 2003-2022, by sex and race/ethnicity
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{c] White people
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Figure 3. Age-specific HIV diagnosis rate among males and females in New York City, 2003-2022
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{c) 40-49 years old
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Figure 4. HIV diagnosis rate among males and females aged 20 to 29 years in New York City, 2003-

2022
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{c] White people [aged 20-29 years)
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Table 1. Number of people prescribed HIV pre-exposure prophylaxis (PrEP) in New York City,

2014-2022
2014 2015 2016 2017 2018 2019 2020 2021 2022
N % N % N % N % N % N % N % N % N %
Total 2,551 100.0 6,992 100.0 12,915 100.0 17,961 100.0 23,133 100.0 28,259 100.0 27,696 100.0 31,151 100.0 35,742 100.0
Sex
Male 2285 896 6428 919 11911 922 16574 923 21159 915 25831 914 25421 918 28,804 925 33,221 929
Female 266 104 564 8.1 1004 78 1387 77 1974 85 2428 86 2275 82 2347 75 2521 7.1
Age
0-19 26 1.0 54 08 132 1.0 231 1.3 335 14 361 13 304 1.1 301 1.0 377 1.1
20-29 479 188 1,759 252 3,728 289 5705 318 6809 294 7887 279 6,631 239 7568 243 8,040 225
30-39 1,056 41.4 2,863 409 5131 397 6858 382 8903 385 11,137 394 11571 418 13305 427 15675 439
40-49 589 235 1432 205 2412 187 3,130 174 4138 179 5075 180 5205 188 5723 184 6,881 193
50-59 296 1186 702 100 1217 94 1669 93 2345 101 2989 106 3,072 111 3231 104 3459 9.7
60+ 95 37 182 28 295 23 388 20 603 28 800 28 913 33 1,023 33 1310 3.7
Race/ethnicity
Black 327 128 872 125 1816 141 2603 145 3705 160 4650 165 4416 159 48655 149 4880 137
Hispanic 262 103 674 96 1,237 96 1648 92 2174 94 2805 99 2738 99 2883 93 3821 107
White 1,076 422 2,940 420 5060 392 6724 374 8515 368 10,713 379 10450 37.7 11677 375 12916 36.1
API 95 37 286 4.1 493 38 644 386 840 386 1,160 4.1 1086 3.9 1284 41 1432 4.0
Other 71 28 228 33 392 30 532 30 659 28 870 3.1 810 29 992 32 1,420 4.0
Missing 720 282 1992 285 3917 303 5810 323 7240 313 8061 285 8196 206 9660 310 11273 315

API, Asian/Pacific Islander; HIV, human immunodeficiency virus.
Data source: Symphony Health's Integrated Dataverse (IDV) and the New York State Medicaid Data Warehouse.
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