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Background.  Annual human immunodeficiency virus (HIV) diagnoses in the United States (US) have plateaued since 2013. 
We assessed whether there is an association between uptake of pre-exposure prophylaxis (PrEP) and decreases in HIV diagnoses.

Methods.  We used 2012–2016 data from the US National HIV Surveillance System to estimate viral suppression (VS) and an-
nual percentage change in diagnosis rate (EAPC) in 33 jurisdictions, and data from a national pharmacy database to estimate PrEP 
uptake. We used Poisson regression with random effects for state and year to estimate the association between PrEP coverage and 
EAPC: within jurisdictional quintiles grouped by changes in PrEP coverage, regressing EAPC on time; and among all jurisdictions, 
regressing EAPC on both time and jurisdictional changes in PrEP coverage with and without accounting for changes in VS.

Results.  From 2012 to 2016, across the 10 states with the greatest increases in PrEP coverage, the EAPC decreased 4.0% (95% 
confidence interval [CI], −5.2% to −2.9%). On average, across the states and District of Columbia, EAPC for a given year decreased 
by 1.1% (95% CI, −1.77% to −.49%) for an increase in PrEP coverage of 1 per 100 persons with indications. When controlling for 
VS, the state-specific EAPC for a given year decreased by 1.3% (95% CI, −2.12% to −.57%) for an increase in PrEP coverage of 1 per 
100 persons with indications.

Conclusions.  We found statistically significant associations between jurisdictional increases in PrEP coverage and decreases in 
EAPC independent of changes in VS, which supports bringing PrEP use to scale in the US to accelerate reductions in HIV infections.

Keywords.   HIV prevention; PrEP; prophylaxis; HIV diagnoses.

Efforts to bring delivery of antiretroviral human immunode-
ficiency virus (HIV) prevention to scale are under way in the 
United States (US) to reduce the number of new HIV infec-
tions. Since 2008, the annual number of diagnoses in the United 
States has been decreasing slowly overall but has been stable or 
increasing among certain population groups [1, 2]. HIV inci-
dence (annual new infections) has been stable from 2013 to 
2016 after several years of decline [3]. Efforts to reduce new in-
fections have focused on expanding (1) sustained antiretroviral 
therapy (ART) for persons with diagnosed HIV infection and 
(2) daily oral antiretroviral pre-exposure prophylaxis (PrEP) 

with coformulated tenofovir disoproxil fumarate (TDF) and 
emtricitabine (FTC) for persons without HIV who engage in 
sexual or drug injection behaviors that place them at significant 
risk of acquiring HIV infection. Since the US Food and Drug 
Administration’s approval of TDF/FTC for PrEP in 2012, the 
estimated number of US persons prescribed PrEP has increased 
from 8768 in 2012 to 77 120 in 2016 and 100 282 in 2017 [4]. 
During this period, ART delivery to all persons with HIV in-
fection has increased as have efforts to retain them in care and 
to support high medication adherence in order to achieve viral 
suppression levels associated with essentially no sexual trans-
mission to others [5, 6]. Randomized trials, cohort studies, and 
ecologic studies have demonstrated HIV diagnosis reductions 
associated with scale-up of either ART [7, 8] or PrEP [9–11] or 
with a combination [12] of the 2 strategies, but other studies have 
demonstrated only minimal change [13]. Additionally, mathe-
matical models have indicated that increasing HIV testing and 
coverage of ART [14] and PrEP [15] alone or in combination 
[16–18] for indicated groups can result in substantial decreases 
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in HIV incidence. We conducted an ecologic analysis at the US 
jurisdiction level to assess whether increasing PrEP prescrip-
tion was associated with decreases in the rate of HIV diagnoses, 
taking into account (for a subset of states with available data) 
the changes in the observed state-specific levels of HIV viral 
suppression resulting from increased ART coverage.

METHODS

Data Sources

To assess HIV diagnosis trends, we analyzed HIV infection cases 
diagnosed during 2012–2016 among persons aged ≥13  years 
reported to the Centers for Disease Control and Prevention 
(CDC) through December 2017 from each US state and the 
District of Columbia (hereafter “jurisdictions”). Data about per-
sons with reported diagnoses were identified by health depart-
ment personnel conducting active surveillance and reviewing 
medical records. To account for change in HIV viral suppres-
sion rates, we used National HIV Surveillance System (NHSS) 
data reported to CDC from the 33 jurisdictions (32 states and 
the District of Columbia) with complete laboratory reporting of 
HIV type 1 viral load test results reported to NHSS for ≥3 years 
from 2013 through 2015. Viral suppression was defined as <200 
copies/mL at the most recent test result reported during a given 
calendar year.

Data from the US Census Bureau’s American Community 
Survey 1-year population estimates for each calendar year in each 
jurisdiction were used as the denominator for computing HIV 
diagnosis rates. American Community Survey data were also the 
source for jurisdiction-specific social and demographic variables.

For our analysis, data for unique persons prescribed TDF/
FTC were extracted from a larger Source Healthcare Analytics 
(SHA) data set containing approximately 82% of all TDF/FTC 
prescriptions in the US linked to anonymized medical or hos-
pital claims data for all payment types (eg, public or private in-
surance, medication assistance programs, or cash). These data 
were then filtered by a validated algorithm that used medical 
procedure and diagnosis code data to select the TDF/FTC pre-
scriptions that were provided for PrEP and to exclude uses of 
TDF/FTC for treatment of HIV infection, active hepatitis B in-
fection, or HIV postexposure prophylaxis [4, 19]. PrEP coverage 
per 100 persons with an indication were calculated by using the 
number of persons prescribed PrEP in a calendar year as nu-
merators for each state and the number of persons with a PrEP 
indication in each state during each calendar year as denom-
inators, estimated using the method previously reported [20].

Statistical Analyses

Temporal trends in HIV diagnosis rates, 2012–2016, were mod-
eled with year as an independent continuous variable. From this 
model, we reported state-specific estimated annual percentage 
change (EAPC) in HIV diagnosis rates. EAPC measures the rel-
ative change in HIV diagnoses rates per year [21].

To describe the relationship between changes in PrEP cov-
erage and HIV diagnoses rates, we divided the 50 states into 
quintiles based on the changes in state-specific PrEP coverage 
calculated as the difference from 2012 to 2016. Within each 
quintile, we fit the temporal trends model and reported the 
quintile-specific EAPC and corresponding 95% confidence 
intervals.

We also estimated the association of state-level PrEP cov-
erage with HIV diagnoses rates (2013–2016) while control-
ling for yearly trends in these rates, by including 1-year lagged 
PrEP coverage (2012–2015) as a continuous covariate in our 
temporal-trend models. The lagged covariate assessed the po-
tential impact of PrEP coverage in a given year on HIV diag-
noses during the following year.

We reported the relative change in state-specific HIV diag-
noses rates for both a 1 per 100 and 5 per 100 increase in PrEP 
coverage over the previous year. Finally, for a subset of 33 jur-
isdictions with available data, we added to the model 1-year 
lagged state-specific viral suppression rates as a continuous 
covariate. This last model allowed assessment of the impact of 
PrEP coverage while controlling for viral suppression and tem-
poral trends in HIV diagnosis rates.

State-level covariates for poverty, insurance coverage, educa-
tion, income, and race were included, one at a time, to assess 
the robustness of PrEP coverage association while controlling 
for yearly trends in diagnosis rates and these demographic and 
social factors. In addition, because most PrEP use was in men 
(94% in 2017) [4] and men accounted for 81% of HIV diagnoses 
in 2017 [2], we refit our models using data for only males.

We used multilevel Poisson regression of rates with random 
effects for state and year. Random effects allowed for between-
state variation in HIV diagnosis rates at the start of the study 
as well as between-state variation in how HIV diagnoses rates 
changed over the study period. In all models, an indicator, 
and its interaction with year, was included for the District of 
Columbia, because the District of Columbia was a notable out-
lier with respect to HIV diagnoses rate in the first year of the 
study period (2012) and in rate of decline over time.

All models were fit in SAS version 9.4 software (SAS Institute, 
Cary, North Carolina) using the GLIMMIX procedure.

Data Sharing

HIV diagnosis data are available at https://www.cdc.gov/
nchhstp/atlas/index.htm and HIV viral suppression data at 
https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-
hiv-surveillance-supplemental-report-vol-22-2.pdf; TDF/FTC 
for PrEP prescription data from SHA are available at https://
aidsvu.org/.

RESULTS

The HIV diagnosis rate averaged across states decreased from 
13.1/100 000 persons during 2012 to 11.8/100 000 during 2016. 

https://www.cdc.gov/nchhstp/atlas/index.htm
https://www.cdc.gov/nchhstp/atlas/index.htm
https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-surveillance-supplemental-report-vol-22-2.pdf
https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-surveillance-supplemental-report-vol-22-2.pdf
https://aidsvu.org/
https://aidsvu.org/


3146  •  cid  2020:71  (15 December)  •  Smith et al

Conversely, PrEP coverage among those estimated to have in-
dications for its use, when averaged across 50 states and the 
District of Columbia, increased from 0.7 per 100 in 2012 to 5.8 
per 100 in 2016 (Table 1).

EAPC in HIV diagnosis rates during 2012–2016 varied 
across states, from a 14.4% decrease in the District of Columbia 
to a 4.3% increase in Nevada. The change in PrEP coverage also 
varied across states, from an increase of 16.0 per 100 in New 
York to an increase of 1.5 per 100 in Wyoming (Table 2).

The 50 states were grouped into quintiles based on their 
change in PrEP coverage during 2012–2016 (Figure  1). For 
the 10 states with the greatest change in PrEP coverage, the av-
erage EAPC of HIV diagnosis rates decreased 4.0% and the av-
erage EAPC decreased by 1.2% in the 10 states with the second 
highest quintile of change in PrEP coverage (both statistically 
significant) (Figure 2). Though the changes were not statistically 
significant, in the third quintile the average EAPC decreased 
slightly and in the fourth and fifth quartiles, the average EAPC 
increased slightly. Overall, the pattern of quintile-specific es-
timates of average EAPC of HIV diagnosis rates suggest that, 
as change in PrEP coverage increases, EAPC of HIV diagnose 
rates decreases (Figure 3 and Supplementary Data 1.3.4).

To model the impact on HIV diagnoses of increasing PrEP 
use, we incorporated a 1-year lag so that coverage during a given 
year was assessed for potential impact on diagnoses during the 
following year. When data were modeled from all 50 states and 
the District of Columbia, predicted EAPC in HIV diagnosis rate 
averaged across the 50 states decreased by 0.9% (Table 3). For 
the District of Columbia, the predicted EAPC in HIV diagnosis 
rates decreased by 13.7%. When yearly state-specific PrEP cov-
erage was added to the model, on average, HIV diagnosis rates 
for a given year decreased by 1.1% for an increase in PrEP cov-
erage of 1 per 100 and 5.6% decrease when PrEP coverage in-
creased by 5 per 100 over the previous year. After controlling for 
PrEP coverage in the model, no statistically significant effect of 
time alone existed on HIV diagnosis rates.

When controlling for viral suppression in the 33 areas with 
≥3 years of viral suppression data, the state-specific HIV diag-
nosis rate for a given year decreased by 1.3% for an increase in 

PrEP coverage of 1 per 100 and by 6.6% for an increase in PrEP 
coverage of 5 per 100 (Table 4). Similar to the model without 
viral suppression, no effect of time alone existed on HIV di-
agnosis rate. Additionally, we observed no impact of viral sup-
pression on the HIV diagnosis rate when PrEP coverage was 
accounted for.

Sensitivity analyses to assess difference in effect of PrEP 
in the male population and difference of PrEP effect when 
controlling for specific demographic or social factors re-
vealed no difference from the results reported in Table 3 (see 
Supplementary Data). Estimates of PrEP impact in the male 
population were similar to those in Table 4 for the entire pop-
ulation. HIV diagnosis rates among men for a given year de-
creased by 0.94% for an increase in PrEP coverage of 1 per 100 
and a 4.6% decrease when PrEP coverage increases by 5 per 
100 over the previous year.

DISCUSSION

Our results reveal associations between state-level increases in 
PrEP coverage and decreases in annual HIV diagnoses. States in 
the quintile with the greatest increase in PrEP coverage during 
2012–2016 had the greatest average decrease in EAPC in HIV 
diagnosis rates. Conversely, states in the quintile with the lowest 
increase in PrEP coverage had no change in EAPC of HIV 
diagnosis rate.

In the 33 areas with HIV viral suppression data for ≥3 years, 
when controlling for changes in viral suppression, increases in 
PrEP coverage were independently associated with decreases in 
EAPC of HIV diagnosis rates. The lack of demonstrated impact 
of viral suppression on EAPC of HIV diagnosis after accounting 
for PrEP coverage may be due to the relatively small annual 
changes in viral suppression during the study period.

During the study period, a substantial increase occurred in 
the number of PrEP prescriptions recorded. The proportion of 
the population with indications for PrEP did not change mark-
edly (data not shown). Variability was observed across states 
in the amount of change in PrEP coverage and the amount of 
change in EAPC of HIV diagnosis rates, both across individual 

Table 1.  Descriptive Statistics for Human Immunodeficiency Virus Diagnosis Rates and Pre-exposure Prophylaxis Coverage in 50 States and the District 
of Columbia (N = 51)

Year

HIV Diagnosis Rate per 100 000 PrEP Coverage per 100 Viral Suppressiona,b

Mean (SD) Range Mean (SD) Range Mean (SD) Range

2012 13.13 (14.78) 103.20–1.47 0.72 (0.52) 3.55–0.17 40.17 (6.43) 52.20–28.10

2013 12.57 (12.83) 87.74–1.92 1.03 (0.71) 4.78–0.31 45.43 (8.20) 62.20– 27.70

2014 12.36 (11.09) 71.96–1.63 2.18 (1.38) 8.90–0.50 47.54 (7.92) 60.00– 29.00

2015 11.94 (10.05) 62.45–2.18 4.64 (2.52) 15.38–0.99 49.49 (7.12) 62.00–36.40

2016 11.83 (9.26) 56.83–0.92 5.80 (2.84) 16.90–1.71 NA NA

Abbreviations: HIV, human immunodeficiency virus; NA, not available; PrEP, pre-exposure prophylaxis; SD, standard deviation.
a2012: n = 27; 2013–2015: n = 33.
bCoverage is defined as persons prescribed PrEP during the prior year per estimated 100 persons with an indication for PrEP use.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz1229%23supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz1229%23supplementary-data
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Table 2.  Jurisdiction-specific Estimated Annual Percentage Change in Human Immunodeficiency Virus Diagnosis Rates and Change in Pre-exposure 
Prophylaxis Coverage, United States, 2012–2016

Statea
EAPC in HIV Diagnosis Rates  

(Lower, Upper 95% CI)
Change in PrEP Coverage Rates  
per 100 Persons With Indications

Quintile of Change in  
PrEP Coverage Rates

DC −14.43 (−16.98, −11.79) 10.49 NA

Pennsylvania  −5.20 (−6.79, −3.58) 6.59 1

New York −5.05 (−6.07, −4.02) 15.60 1

Maryland −4.91 (−6.51, −3.28) 4.57 3

Oregon −3.77 (−6.81, −.63) 4.95 2

Illinois −3.75 (−5.20, −2.27) 7.61 1

Washington −3.46 (−5.89, −.95) 6.91 1

Tennessee −3.33 (−5.32, −1.30) 3.53 4

Massachusetts −3.31 (−5.43, −1.15) 11.05 1

Delaware −3.04 (−6.69, .75) 4.19 3

Connecticut −2.83 (−5.68, .11) 8.76 1

Vermont −2.36 (−6.96, 2.47) 3.05 5

New Jersey −2.32 (−3.95, −.65) 6.03 1

Kentucky −2.25 (−4.95, .52) 3.25 5

Rhode Island −2.24 (−6.17, 1.86) 7.12 1

Minnesota −2.14 (−4.96, .76) 5.25 2

New Hampshire −2.07 (−6.36, 2.41) 4.50 3

Ohio −2.05 (−3.85, −.22) 5.47 2

West Virginia −2.04 (−5.98, 2.06) 3.27 5

Michigan −1.77 (−3.77, .28) 4.41 3

Montana −1.62 (−6.13, 3.11) 5.45 5

Nebraska −1.59 (−5.48, 2.47) 5.02 2

Georgia −1.57 (−2.76, −.37) 5.03 2

Virginia −1.26 (−3.11, .62) 3.46 4

Missouri −1.16 (−3.57, 1.30) 4.26 2

Kansas −1.12 (−4.61, 2.49) 5.51 2

South Carolina −0.90 (−2.97, 1.22) 3.98 3

Oklahoma −0.83 (−3.67, 2.09) 3.27 4

Texas −0.81 (−1.72, .11) 3.60 4

California −0.80 (−1.66, .07) 5.62 2

Mississippi −0.63 (−3.08, 1.90) 4.26 3

Wisconsin −0.58 (−3.71, 2.64) 5.15 2

Hawaii −0.50 (−4.34, 3.49) 3.47 4

Utah −0.36 (−4.03, 3.45) 7.95 1

Alabama −0.15 (−2.32, 2.06) 4.72 3

Alaska −0.13 (−4.62, 4.57) 2.66  5

Maine −0.11 (−4.42, 4.40) 2.93 5

Idaho −0.04 (−4.49, 4.61) 3.13 5

South Dakota 0.02 (−4.49, 4.74) 4.46 3

New Mexico 0.16 (−3.49, 3.94) 3.03 5

Florida 0.27 (−.64, 1.19) 3.91 4

Wyoming 0.27 (−4.47, 5.25) 1.54 5

Iowa 0.29 (−3.46, 4.18) 9.28 1

Louisiana 0.57 (−1.18, 2.34) 4.04 3

Arizona 0.96 (−1.19, 3.15) 3.04 5

North Carolina 1.22 (−.43, 2.89) 3.84 4

Indiana 1.43 (−1.03, 3.95) 3.91 4

Colorado 1.57 (−1.20, 4.42) 3.68 4

Arkansas 2.40 (−.72, 5.62) 5.30 2

North Dakota 2.47 (−2.59, 7.79) 3.50 4

Nevada 4.32 (1.53, 7.18) 4.66 3

Quintiles of change in PrEP coverage: 1 = highest increase; 2 = second highest; 3 = third highest; 4 = fourth highest; 5 = lowest. 

Abbreviations: CI, confidence interval; DC, District of Columbia; EAPC, estimated annual percentage change; HIV, human immunodeficiency virus; NA, not applicable; PrEP, pre-exposure 
prophylaxis.
aFor this study, data for the District of Columbia were analyzed as if equivalent to state data.
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states and within quintiles. The national and quintile EAPC 
reported here uses an unweighted average of state values and 
differs from values calculated with Poisson regression models 
using weighted averages [21]. Our estimates are a result of aver-
aging effects in the few states with rapidly increasing PrEP cov-
erage and the many states with more limited coverage. At this 
relatively large population level (ie, state), stronger associations 
concentrated among smaller populations are likely obscured. 

The higher decrease observed in the District of Columbia in 
EAPC of HIV diagnosis rates associated with PrEP coverage 
is an illustration of this possibility. Our next step is to analyze 
county-level data to determine if this obscuring effect can be 
reduced.

Our data and study have certain limitations. As an ecologic 
analysis, it may be subject to unmeasured bias; therefore, we 
cannot prove definitively that the use of PrEP led to the changes 

Figure 1.  Quintiles of change in PrEP coverage, by state, United States, 2012–2016. State abbreviations can be found at https://www.50states.com/abbreviations.htm. 
Abbreviation: PrEP, pre-exposure prophylaxis.

Figure 2.  Average EAPC stratified by quintiles of change in PrEP coverage, United States, 2012–2016. Abbreviations: DC, District of Columbia; EAPC, estimated annual 
percentage change; HIV, human immunodeficiency virus; PrEP, pre-exposure prophylaxis.

https://www.50states.com/abbreviations.htm
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in the HIV diagnosis rates for any given state. However, the di-
rection of our finding is consistent with the biologic mechanism 
of PrEP’s effectiveness for HIV prevention that has been proven 
in multiple clinical trials [22], and our findings are consistent 
with the low rate of HIV infections reported for observational 
cohorts of persons prescribed PrEP [23]. Estimated HIV in-
cidence data were unavailable for all states during all years of 
interest; therefore, we used annual HIV diagnosis rates. HIV 
diagnosis data do not include persons with undiagnosed HIV 
infection, including acute infection, which is the source of ap-
proximately 40% of new infections [24]. HIV diagnosis data 
include persons infected in earlier years and first testing HIV 

positive in the year of diagnosis and reported to NHSS. Using 
incidence rates would be preferable, but these data were not 
available for all states and annual HIV diagnoses are the only 
available alternative. However, with current levels of laboratory 
reporting of HIV diagnoses, and an assumption of stable HIV 
testing rates, the HIV diagnosis rate tracks closely with modeled 
national HIV incidence rates. Another limitation is that phar-
macy databases (eg, SHA) are a principal source of data used to 
estimate PrEP prescriptions. However, these data can be an un-
derestimate because of missing prescription or diagnosis data 
or might overestimate actual usage because persons with a pre-
scription might not take the medication as prescribed. Reliance 

Figure 3.  Changes in tenofovir disoproxil fumarate/emtricitabine PrEP coverage and HIV diagnosis rates, in the District of Columbia and 5 state quintiles, United States 
(US), 2012–2016. Abbreviations: DC, District of Columbia; EAPC, estimated annual percentage change; HIV, human immunodeficiency virus; PrEP, pre-exposure prophylaxis.
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on an indirect though validated algorithm to detect prescrip-
tions for PrEP is due to the lack of a specific diagnosis code (eg, 
International Classification of Diseases, Tenth Revision, Clinical 
Modification code) and may contribute imprecision to our esti-
mate of PrEP prescriptions. Moreover, no data regarding trans-
mission risk group are available in pharmacy databases, and 
race/ethnicity data are limited, both of which are important for 
understanding disparities in HIV infection and use of PrEP as 
prevention. HIV viral load suppression data are unavailable for 
several states or for all study years for some states. Additionally, 
definitions of viral suppression use a single viral load measure 
per year (the last measure during a year). However, 40%–50% 

of persons with multiple viral load measures during a year are 
unsuppressed at some time during that year [25], and using a 
single annual level can overestimate viral suppression during 
that entire year.

Despite these limitations, our results are consistent with a 
recent report from Australia where very rapid PrEP expansion 
in a community that had already achieved high rates of viral 
suppression among persons with HIV infection resulted in a 
marked 31.5% reduction in diagnoses of recent HIV infection 
when comparing the 12 months before PrEP roll-out with the 
12 months after PrEP roll-out [11].

In the United States, annual HIV diagnoses have occurred at 
the highest rates among black men and women and men who 
have sex with men of all race/ethnicities, yet PrEP coverage is 
highest among white men [26] and women [27]. Our results 
strongly support the urgency of expanding PrEP delivery to as 
many as possible of the 1.2 million persons at substantial risk 
for HIV acquisition, including all transmission risk groups, pro-
viding equitable access for all racial/ethnic groups, and focusing 
on the states and regions where the rates of HIV infections are 
highest. For that reason, the federal government is including 
PrEP provision as a focus activity in a new initiative, “Ending the 
HIV Epidemic: A Plan for America” [28], with a goal to reduce 
new HIV infections by 75% in the first 5 years and 90% within 
10 years. Under this “whole of government” initiative, scale-up 
and broadening the population coverage of PrEP are being 
supported in multiple ways, including through the Federally 
Qualified Healthcare Center Program (https://findahealthcenter.
hrsa.gov/), a new Department of Health and Human Services 
program to provide free PrEP medication to the uninsured with 
indications (https://www.getyourprep.com/) and the application 
of implementation science and program evaluation to dissemi-
nate strategies that prove to be effective.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding author.
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Table 3.  Predicted Percentage Change in Human Immunodeficiency 
Virus Diagnosis Rates per Unit Increase in Pre-exposure Prophylaxis 
Coverage (Includes a 1-Year Lag), Without Accounting for Changes in Viral 
Suppression Rates

Variable (Unit)

50 US States and the District of Columbia (N = 51)

Temporal Trend Model  
Percentage Change  

(95% CI)

PrEP Model  
Percentage Change 

(95% CI)

Time (per 1 y)   

  50 states −0.95 (−1.90 to .02) 0.56 (−.68, 1.81)

  District of Columbia −13.69 (−17.46 to −9.76) −11.59 (−15.63, −7.36)
a(PrEP coverage)t−1 NA  

   (1 per 100) −1.14 (−1.77 to −.49)

   (5 per 100) −5.56 (−8.57 to −2.45)
b(VS)t−1 NA NA

   (1 per 100)

   (5 per 100)

t−1 was measured during the previous year.

Abbreviations: CI, confidence interval; NA, not applicable; PrEP, pre-exposure prophylaxis; 
VS, viral suppression.
aPrEP coverage rate during the previous year.
bVS rate among persons with diagnosed human immunodeficiency virus during the pre-
vious year.

Table 4.  Predicted Percentage Change in Human Immunodeficiency 
Virus Diagnosis Rates per Unit Increase in Pre-exposure Prophylaxis 
Coverage (Includes a 1-Year Lag), When Accounting for Changes in Viral 
Suppression Rates

Variable (Unit)

Jurisdictions With VS Data Available (n = 33)

PrEP and VS Model Percentage Change (95% CI)

Time (per 1 year)  

  50 states 1.11 (−1.06 to 3.33)

  District of Columbia −12.34 (−17.94 to −6.37)
a(PrEP coverage)t−1  

   (1 per 100) −1.34 (−2.12 to −.57)

   (5 per 100) −6.55 (−10.15 to −2.80)
b(VS)t−1  

   (1 per 100) −0.11 (−.53 to .32)

   (5 per 100) −0.54 (−2.63 to 1.59)

t−1 was measured during the previous year.

Abbreviations: CI, confidence interval; PrEP, pre-exposure prophylaxis; VS, viral suppression.
aPrEP coverage rate during the previous year.
bVS rate among persons with diagnosed human immunodeficiency virus during the pre-
vious year.
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