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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 tenofovir 
disoproxil/alafenamide fumarate plus emtricitabine in preventing HIV acquisition has been 
demonstrated in randomized clinical trials. When adherence to daily oral 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.1-3 Based on these findings, the United States and many other countries 
have approved and encouraged the use of PrEP in populations vulnerable to HIV infection.4,5 

Effectiveness measures how well an intervention prevents infection or disease in the real world. Two 
implementation studies conducted at sexual health clinics in San Francisco and Seattle showed that 
PrEP reduced 60% to 79% of HIV infections.6,7 One large national population-based cohort study 
from France reported an overall effectiveness of 60%, with reduced effectiveness in people younger 
than 30 years of age and also in people who were receiving complementary universal health 
insurance via couverture maladie universelle complémentaire, a system that provides free access to 
health care for people with an annual income below 50% of the French poverty threshold.8 

Impact measures the scale at which an intervention prevents infection or disease in the real world. To 
be impactful, an intervention needs both effectiveness and coverage, i.e., a substantial proportion of 
the population receiving the effective intervention.9 Few studies have reported the impact of PrEP on 
population-level HIV incidence or diagnoses.10,11 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,10 but diagnoses remained relatively stable thereafter until the COVID-19 epidemic in 
2020.12 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;13,14 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.15 

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 2012.16,17 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.18 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 prescription 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 treatment of chronic hepatitis B infection.18,19 

We obtained the number of new HIV diagnoses in NYC 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 1981 and HIV since 2000.20 To calculate the HIV diagnosis 
rate, we obtained annual estimates on the NYC population overall and by age, sex, and race or 
ethnicity from the intercensal population estimates updated 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 annual age-specific HIV diagnosis rates by sex and race or ethnicity 
excluding people aged 60 or older.21 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.22,23 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 among white (2014-2019 APC: -
16.6%) and Asian Pacific Islander males (2016-2022 APC: -9.8%) after the rollout of PrEP (Figure 
2). 

We also found decreases across all groups when we measured age-specific HIV diagnosis rates by 
sex and age, but accelerated decreases were only detected among 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 were 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: -27.8%), 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, an accelerated 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 changed from an increase before the rollout of PrEP (2003-2016 APC: 6.7%) to 
a decrease afterwards (2016-2022 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.6-8 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 people at increased risk of 
acquiring HIV who were prescribed PrEP within these subpopulations was not sufficiently high to 
achieve the coverage needed to generate an accelerated decrease in HIV diagnoses. Studies have 
shown that women and Black and Latino/Hispanic people are less likely to be prescribed PrEP.24-26 
Generally, those who might most benefit from PrEP might not be prescribed or using PrEP due to a 
variety of factors including structural, economic, provider 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 after the 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 recommendation of treating all people with HIV regardless of 
their CD4 count released by the NYC DOHMH in December 2011.27-29 If that was the case, we 
should expect accelerated decrease in HIV diagnoses in all subpopulations regardless of PrEP 
coverage, as they all had a similar degree 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 accelerated decrease 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,30 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,10,13,31  

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.32 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.10,33 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 included in our analysis 
were from HIV surveillance, 2) previous studies have shown that PrEP is effective in preventing HIV 
infections in the real world,6-8 3) previous studies have shown that white people were more likely to 
be prescribed PrEP,24-26 and 4) in our analysis, we found accelerated decrease in HIV diagnoses 
among white people. 

In conclusion, PrEP is an effective prevention method, and 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 diagnoses 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., we need to increase the accessibility and use of PrEP and address 
the many pre-existing social determinants that contribute to racial, ethnic, and gender inequities.34-37 
Local NYC efforts to increase access to PrEP—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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Figure 3. Age-specific HIV diagnosis rate among males and females in New York City, 2003-2022 

 

 

 

 

 

Copyright © 2024 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited. 

D
ow

nloaded from
 http://journals.lw

w
.com

/aidsonline by lbM
E

G
LfG

h5G
U

b5F
W

Z
kB

LaB
a4M

gfZ
5lG

R
uzV

pam
C

uD
Z

s4Y
5

bsV
Z

vW
I2T

w
D

Y
1nD

iS
daX

U
a4N

3O
1U

qh7X
A

/X
hH

V
e18G

osQ
d/K

R
M

P
+

979IjzB
cR

xtD
980aP

fK
uA

K
j5H

A
Jzw

7w
eJR

/s7X
Lkc=

 on 05
/16/2024



ACCEPTED  

 

 

 

 

 

Copyright © 2024 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited. 

D
ow

nloaded from
 http://journals.lw

w
.com

/aidsonline by lbM
E

G
LfG

h5G
U

b5F
W

Z
kB

LaB
a4M

gfZ
5lG

R
uzV

pam
C

uD
Z

s4Y
5

bsV
Z

vW
I2T

w
D

Y
1nD

iS
daX

U
a4N

3O
1U

qh7X
A

/X
hH

V
e18G

osQ
d/K

R
M

P
+

979IjzB
cR

xtD
980aP

fK
uA

K
j5H

A
Jzw

7w
eJR

/s7X
Lkc=

 on 05
/16/2024



ACCEPTED

Figure 4. HIV diagnosis rate among males and females aged 20 to 29 years in New York City, 2003-
2022 
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Table 1. Number of people prescribed HIV pre-exposure prophylaxis (PrEP) in New York City, 
2014-2022 
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