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Abstract

IMPORTANCE Pre-exposure prophylaxis (PrEP) is an important tool for preventing HIV infection.
However, PrEP’s impact on cardiometabolic health is understudied.

OBJECTIVE To examine the risk of incident hypertension and statin initiation among adult (age �18
years) health plan members starting PrEP with tenofovir alafenamide fumarate (TAF) compared with
propensity score–matched adults taking tenofovir disoproxil fumarate (TDF).

DESIGN, SETTING, AND PARTICIPANTS This retrospective cohort study used electronic health
records (EHRs) from Kaiser Permanente Southern California. Adult members starting PrEP in Kaiser
Permanente Southern California between October 2019 and May 2022 were included. Propensity
score matching with multiple imputation (50 matched data sets) was conducted to generate 1 TAF:4
TDF matched data sets with balanced baseline covariates.

EXPOSURES PrEP initiation with either TAF or TDF during the study period.

MAIN OUTCOMES AND MEASURES Incident hypertension and statin initiation within 2 years of
PrEP initiation were ascertained through blood pressure and outpatient pharmacy records,
respectively. Risk differences and odds ratios (ORs) were estimated using logistic regression and
g-computation.

RESULTS A total of 6824 eligible individuals were identified (mean [SD] age, 33.9 [10.3] years; 6618
[97%] male). This pool was used to generate 2 cohorts without baseline hypertension or statin use
for matching (hypertension: n = 5523; statin: n = 6149) In both cohorts, those starting PrEP with TAF
were older and were more likely to be non-Hispanic White compared with those starting with TDF.
In matched analysis adjusting for baseline covariates, TAF use was associated with elevated risk of
incident hypertension (TAF: n = 371; risk difference, 0.81 [95% CI, 0.12-1.50]; OR, 1.64 [95% CI, 1.05-
2.56]). TAF use was also associated with elevated risk of statin initiation (TAF: n = 382; risk
difference, 0.85 [95% CI, 0.37-1.33]; OR, 2.33 [95% CI, 1.41-3.85]). Subgroup analyses restricted to
individuals 40 years and older at PrEP initiation showed similar results with larger risk difference in
statin initiation (risk difference, 4.24 [95% CI, 1.82-6.26]; OR, 3.05 [95% CI, 1.64-5.67]).

CONCLUSIONS AND RELEVANCE In this study of people taking PrEP, TAF use was found to be
associated with higher incident hypertension and statin initiation compared with TDF use, especially
in those 40 years or older. Continued monitoring of blood pressure and lipids for TAF users is
warranted.
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Key Points
Question Is initiation of tenofovir

alafenamide fumarate (TAF) for

pre-exposure prophylaxis (PrEP) for HIV

associated with increased risk for

incident hypertension and statin

initiation compared with tenofovir

disoproxil fumarate?

Findings In this cohort study of PrEP

initiators without hypertension at

baseline, TAF use was associated with

increased hypertension risk. TAF was

also associated with statin initiation in a

similar analysis limited to PrEP initiators

without history of statin use.

Meaning Closer monitoring of blood

pressure and lipid levels may be

warranted if using TAF.
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Introduction

Pre-exposure prophylaxis (PrEP) is an effective intervention for reducing risk of HIV infection and is
a key component for HIV elimination efforts in the US.1-3 As of 2023, 2 daily oral PrEP regimens has
been approved by the US Food and Drug Administration: emtricitabine/tenofovir disoproxil fumarate
(TDF) was approved in 2012, while emtricitabine/tenofovir alafenamide fumarate (TAF) was
approved in 2019.4,5 While efficacy trials demonstrated that the 2 regimens are comparable in terms
of effects for HIV prevention and overall safety,6-8 data from the DISCOVER trial7,8 showed that
individuals taking TAF for PrEP had better bone and kidney health markers than those taking TDF.
Further, those in the TAF arm had greater weight gain, while those in the TDF arm experienced
greater declines in total cholesterol and low-density lipoprotein cholesterol (LDL-C) during
follow-up.8 These findings are consistent with studies in people with HIV who demonstrated
elevations in weight, total cholesterol, and LDL-C levels associated with TAF use for HIV
antiretroviral therapy.9-13

Abnormal cholesterol levels (eg, elevated total cholesterol) and greater body weight have been
associated with increased cardiovascular disease risk in the general population.14,15 In the DISCOVER
trial,16 despite weight gain in the TAF arm, there was no difference in the initiation of lipid-modifying
agents (eg, statins) between the 2 arms; however, risk differences of other cardiometabolic
conditions like hypertension were not assessed. Importantly, the generalizability of clinical trial
results may be limited due to differences in the selected trial population and the population on PrEP
in the real world.17

One prior study, which used the TriNetX electronic health records (EHR) research database
(n = 9956), assessed if TAF use was associated with a higher risk of cardiometabolic conditions vs
TDF use. They reported a higher incidence of statin initiation among those taking TAF compared with
propensity score–matched individuals taking TDF. Meanwhile, elevated blood pressure, defined as
systolic blood pressure (SBP) more than 140 mm Hg, occurred more often in those taking TDF
despite hypertension diagnosis rates being comparable between TDF and TAF users.18 These
findings need to be confirmed since the use of diagnosis codes or prescriptions separately to identify
cardiometabolic conditions may lead to underestimated outcomes.19

If trial data are limited, careful analysis of observational studies can be used to compare
differences in outcomes among pharmacologic interventions.20,21 Here, we compared the risk of
incident hypertension and statin initiation among adults initiating PrEP with TAF vs with TDF among
members of an integrated health care system in California.

Methods

Study Design and Data Source
We conducted a retrospective cohort study of adults initiating PrEP in Kaiser Permanente Southern
California (KPSC) using EHRs. KPSC is an integrated health care delivery system providing services
to approximately 4.8 million diverse members that is representative of the communities in the
Southern California service area.22,23 Members’ receipt of health care services are tracked in KPSC’s
EHR system. Out-of-system care is captured through billing claims. The KPSC institutional review
board approved the study protocol with a waiver of informed consent. Reporting followed
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting
guideline.

Study Population and Follow-Up
We identified adult health plan members (age �18 years) initiating PrEP (TAF or TDF) for HIV
prevention between October 1, 2019, and May 31, 2022. Individuals with diagnosed HIV infection or
chronic kidney disease at any time prior to and up to PrEP initiation were excluded. We further
excluded individuals with evidence of abnormal kidney, liver, or hematologic laboratory test results
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at baseline (eMethods in Supplement 1) To ensure adequate follow-up, those who had fewer than 30
days of membership after their PrEP initiation date were excluded from the analysis.

Two analytic cohorts were derived from the entire study sample: one for assessing the risk of
incident hypertension and one for the risk of statin initiation. The 2 cohorts were restricted to those
without prevalent hypertension or statin use at baseline, respectively. Each cohort was then used to
generate propensity score–matched cohorts (1 TAF:4 TDF) for further analysis.

Individuals in each matched cohort contributed time at risk from the date of PrEP initiation
(index date) until censored on the earliest of the following dates: reaching maximum follow-up (2
years), membership disenrollment, death, or end of the observation period (June 30, 2022).

Main Exposure and Outcomes
The main exposure was PrEP initiation with either TAF or TDF during enrollment at KPSC. Outpatient
pharmacy dispensing records were used to identify the first filled PrEP prescription from October 1,
2019, and May 31, 2022. The primary outcomes were incident hypertension and, separately, statin
initiation that occurred between 30 days and up to 2 years after PrEP initiation.

Hypertension was ascertained using both International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision diagnosis codes (I10, I15.xx) and outpatient blood pressure
measurements and defined as 2 or more diagnosis codes during separate encounters in any care
setting or 2 or more abnormal outpatient blood pressure measurements (SBP �140 mm Hg or
diastolic blood pressure [DBP] �90 mm Hg) occurring on separate dates within a 2-year period. The
earliest date between diagnosis codes or abnormal blood pressures was used for the date of
hypertension diagnosis. The 140/90 mm Hg cutoff value was used following the Joint National
Committee 8 definition and the health care system’s guidelines.24 In a sensitivity analysis, a cutoff of
SBP/DBP level of 130/80 mm Hg or higher was used following the 2017 American College of
Cardiology/American Heart Association hypertension guidelines.25 Statin initiation was ascertained
using outpatient pharmacy dispensing records for first filled (sold) statin medication during the
study period.

Covariates
Baseline covariates included age, sex, EHR-reported race and ethnicity (Asian [non-Hispanic], Black
[non-Hispanic], Hispanic, White [non-Hispanic], and other [eg, Native American/Alaskan, Pacific
Islander]), census block group Area Deprivation Index, insurance type (commercial, Medicaid/care,
other), cardiometabolic comorbidities (diabetes, dyslipidemia, and/or hypertension), body mass
index (calculated as weight in kilograms divided by height in meters squared), estimated glomerular
filtration rate (eGFR), lipids (total cholesterol, high-density lipoprotein cholesterol, LDL-C), calculated
10-year atherosclerotic cardiovascular disease (ASCVD) risk score, medical center, and calendar year
of the index date.

Diabetes and dyslipidemia were assessed using combinations of diagnosis codes, medication
use, and laboratory values (eMethods in Supplement 1).26,27 The ASCVD risk score was calculated
using the American College of Cardiology/American Heart Association method, which incorporated
baseline laboratory, medication, and comorbidities data.14 For body mass index, lipids, eGFR, and
inputs for the ASCVD risk score, we used the value closest to baseline measured from 12 months
before to 7 days after the index date.

Statistical Analysis
For each analytic cohort, we first calculated summary statistics of baseline covariates to compare all
unmatched individuals initiating PrEP with TAF vs with TDF. We then estimated measures of
differences in risk (primary: risk difference; secondary: odds ratio [OR], hazard ratio [HR]) using
logistic or Cox regression with multiply imputed and matched data.

Multiple imputation with chained equations were first used to impute missing baseline
covariates and create 50 imputed data sets (eTable 1 in Supplement 1). In each data set, we
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performed propensity score matching to address covariate imbalance with each person taking TAF
being matched to 4 persons taking TDF (1:4 matching). This ratio was selected to optimize bias-
variance trade-off and avoid situations where the TDF group had no events.28

The propensity score model for the incident hypertension analysis was a logistic regression
models adjusting for baseline age, sex, race and ethnicity, insurance type, medical center, calendar
year, clinical measures (body mass index and lipids), ASCVD risk score, cardiometabolic comorbidities
(diabetes and dyslipidemia), and Area Deprivation Index. The propensity score models for incident
statin initiation analysis adjusted for all covariates listed above plus hypertension.

The 50 matched data sets were then used to estimate risk difference and OR via logistic
regression with g-computation. Time-to-event analysis was conducted using Cox proportional
hazards regression models to estimate HR. Aside from treatment status, no additional covariates
were included in the outcome models.29 All models used robust variance estimators to obtain 95%
CIs. The results across all multiply imputed and matched data sets were pooled using Rubin’s rules.

Due to matching, we focused on estimates that point to differences in incident outcome risk
between TAF users and the same TAF users had they used TDF instead.29 We did not account for
switching from or discontinuation of initial PrEP type used during follow-up, so estimates are
observational analogs of intention-to-treat analyses.

We performed a sensitivity analysis among a subset of individuals 40 years or older at PrEP
initiation because practice guidelines recommend statin initiation in this age group and the onset of
hypertension is more likely in this age group. Another sensitivity analysis was conducted by defining
hypertension using the cutoff value of SBP/DBP levels of 130/80 mm Hg or higher.

All analyses were conducted in R/RStudio version 4.4 (R Foundation) using the MatchIt,
MatchThem, marginaleffects, and mice packages.30-33 eMethods in Supplement 1 contains full
analytical details and sample R code.

Results

There were 6824 eligible individuals starting PrEP included in the main pool for generating the
analytic cohorts (Figure 1). The mean (SD) age was 34 (10.3) years and 6618 (97%) were male
(eTable 2 in Supplement 1). Compared with those excluded (n = 352), eligible individuals tended to
be younger, less likely to have Medicare/Medicaid insurance, more likely taking TDF, and less likely to
have baseline cardiometabolic comorbidity.

Incident Hypertension
We identified a total of 5523 individuals without prevalent (baseline) hypertension (TAF: 371 [6.7%];
TDF: 5152 [93.3%]) prior to matching. Compared with unmatched individuals taking TDF, those
taking TAF were older (mean [SD] age, 36 [10.2] vs 33 [9.3] years), more likely to be non-Hispanic
White (142 [43%] vs 1609 [34%]), and have diabetes at baseline (16 [4%] vs 73 [1%]) but less likely
to be Hispanic (101 [31%] vs 1976 [42%]) and use Medicare/Medicaid (11 [3%] vs 304 [6%]) or
commercial (264 [71%] vs 3960 [77%]) insurance. Those taking TAF also had lower eGFR (mean
[SD], 102 [18] vs 109 [16] mL/kg/1.73 m2), higher ASCVD risk score (mean [SD], 2.6% [4.0%] vs 1.6%
[1.8%]), and shorter follow-up (median [IQR], 276 [140-523)] vs 321 [156-561] days) (Table 1). The
matched cohort per imputation (50 matched data sets) included 1855 people taking PrEP (TAF: 371
[20%]; TDF: 1484 [80%]). The differences in baseline covariates between those taking TAF vs TDF
were reduced after matching and balance in key covariates was achieved (mean differences �0.10)
(Figure 2A and eFigure A in Supplement 1).

Among those taking TAF, 8 (2.2%) developed incident hypertension within 2 years of PrEP
initiation. In comparison, 1.3% (95% CI, 1.0%-1.7%) of those taking TDF developed hypertension
across the imputations (50 matched data sets). The incident rate for hypertension was 0.06 per
1000 person-years for those taking TAF and 0.04 (95% CI, 0.03-0.05) per 1000 person-years for
those in TDF across imputations.
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TAF use was associated with a higher likelihood of hypertension within 2 years of PrEP initiation
compared with TDF use (risk difference, 0.81% [95% CI, 0.12%-1.5%]; OR, 1.64 [95% CI, 1.05-2.56]).
In the time-to-event analysis, the association of TAF use (vs TDF use) with hypertension risk was not
statistically significant (HR, 1.63 [95% CI, 0.67-3.96]). The sensitivity analysis limited to those 40
years or older at PrEP initiation showed similar results (Table 2).

In a sensitivity analysis using SBP/DBP levels of 130/80 mm Hg or more as the cutoff to define
hypertension, we identified 3454 eligible individuals (TAF: 287 [83.1%]; TDF: 3167 [91.7%]) with
notable differences in age, race and ethnicity, insurance, smoking status, and eGFR (eTable 3 in
Supplement 1). Each imputed matched sample included 1435 individuals (TAF: 287 [20%]; TDF: 1148
[80%]). Matched samples in this sensitivity analysis also exhibited balanced baseline covariates
(Figure 2B and eFigure B in Supplement 1). A higher proportion of people taking TAF (31 [10.8%])
were identified with incident hypertension compared with those taking TDF (mean, 5.5%; 95% CI,
4.8%-6.3%; 50 matched data sets). Like the main analysis, we observed that TAF use was associated
with a higher risk of hypertension even after accounting for censoring. Similar results were observed
in the sensitivity analysis restricted to individuals 40 years or older at baseline (Table 2).

Statin Initiation
We identified 6149 individuals without history of statin use at baseline to serve as a pool for matching
(TAF: 382 [6.2%]; TDF: 5767 [93.8%]). Compared with unmatched individuals taking TDF, those
taking TAF were older (mean [SD] age, 36 [9.6] vs 33 [9.2] years), more likely to be non-Hispanic
White (143 [42%] vs 1772 [34%]), less likely to be Hispanic (104 [31%] vs 2288 [43%]), less likely to
use commercial (268 [70%] vs 4451 [77%]) or Medicare/Medicaid (14 [4%] vs 355 [6%]) insurance,
and less likely to have hypertension at baseline (35 [9%] vs 764 [13%]). Those taking TAF tended to
have higher ASCVD risk score (mean [SD], 2.0% [2.4%] vs 1.6% [1.7%]) and shorter follow-up
duration (median [IQR], 290 [147-538] days vs 324 [157-571] days) (Table 1). Each imputation (50
matched data sets) in the matched cohort included 1855 individuals (TAF: 382 [20.6%]; TDF: 1473
[79.4%]). Covariate balance was achieved after matching (Figure 2C and eFigure C in Supplement 1).

Figure 1. Identification of Eligible Pre-Exposure Prophylaxis (PrEP) Users, Kaiser Permanente
Southern California (KPSC), October 2019-June 2022

16 757 People taking PrEP in KPSC by June 2022

6824 Included and eligible people taking PrEP

5523 Hypertension incidence cohort 6149 Statin initiation cohort

9581 Initiated PrEP before
October 2019

7176 Assessed for eligibility

352 Excludeda

99 Disenrolled from KPSC
6 Had HIV at baseline

52 Had CKD
38 Had abnormal eGFR level
47 Had abnormal AST/ALT level
86 Had abnormal bilirubin level

9 Had abnormal platelet count 
or ANC

46 Had glycosuria or proteinuria

Matched hypertension cohort
50 Sample size per imputation

371 TAF
1484 TDF

Matched statin cohort
50 Sample size per imputation

382 TAF
1473 TDF

ANC indicates absolute neutrophil count; AST/ALT,
aspartate transaminase/alanine transaminase; CKD,
chronic kidney disease; eGFR, estimated glomerular
filtration rate; TAF, emtricitabine/tenofovir disoproxil
fumarate; TDF, emtricitabine/tenofovir disoproxil
fumarate.
a Some individuals met multiple exclusion criteria.
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Among individuals taking TAF, 6 (1.6%) initiated statins within 2 years after PrEP initiation.
About 1.0% (95% CI, 0.7%-1.3%) of those taking TDF initiated statins across the imputations. The
incident rate for statin initiation was 0.05 per 1000 person-years for those taking TAF and 0.03 (95%
CI, 0.02-0.04) per 1000 person-years in matched TDF users.

Matched analysis showed a higher likelihood of statin initiation associated with TAF use (risk
difference, 0.85% [95% CI, 0.37%-1.33%]; OR, 2.33 [95% CI, 1.41-3.85]) but not with time-to-event
analysis (HR, 2.26 [95% CI, 0.76-6.69]). The sensitivity analysis limited to people 40 years or older at
PrEP initiation showed larger differences in risk associated with TAF compared with the main analysis
(Table 3).

Discussion

We found that TAF use was associated with higher risk of incident hypertension and statin initiation
compared with propensity score–matched TDF users within 2 years after PrEP initiation using logistic
regression. Time-to-event analyses suggested no differences except for the sensitivity analysis for
hypertension using the cutoff of 130/80 mm Hg or higher. Our finding on increased statin initiation
risk contrasts with DISCOVER but aligns with the TriNetX study.16,18 However, our findings on
increased hypertension risk associated with TAF contrasts with the TriNetX study, which showed no
difference in risk. Importantly, among adults 40 years or older, we found that the risk difference for
statin initiation associated with TAF vs TDF use was greater than the overall cohort, suggesting the
possibility of age-specific differences in risk due to TAF use.

The higher occurrence of hypertension and statin initiation may be due to weight and lipid-level
changes associated with TAF as observed in DISCOVER and in studies of people with HIV.5,8,34 In

Table 1. Baseline Characteristics of Analytic Cohorts, Kaiser Permanente Southern California, October 2019-June 2022

Characteristic

No. (%)

Incident hypertension cohort Statin initiation cohort

All (n = 5523) TAF (n = 371) TDF (n = 5152) All (n = 6149) TAF (n = 382) TDF (n = 5767)
Age, mean (SD), y 32.8 (9.4) 36.4 (10.2) 32.5 (9.3) 32.9 (9.3) 35.7 (9.6) 32.7 (9.2)

Male 5362 (97.1) 366 (98.7) 4996 (97.0) 5966 (97.0) 376 (98.4) 5590 (96.9)

Female 155 (2.8) 5 (1.3) 150 (2.9) 175 (2.8) 5 (1.3) 170 (2.9)

Race and ethnicity

Asian, non-Hispanic 550 (11.0) 35 (10.7) 515 (11.0) 602 (10.7) 38 (11.2) 564 (10.7)

Black, non-Hispanic 324 (6.5) 20 (6.1) 304 (6.5) 381 (6.8) 24 (7.1) 357 (6.8)

Hispanic 2077 (41.4) 101 (30.8) 1976 (42.2) 2392 (42.5) 104 (30.6) 2288 (43.3)

White, non-Hispanic 1751 (34.9) 142 (43.3) 1609 (34.3) 1915 (34.0) 143 (42.1) 1772 (33.5)

Other, non-Hispanica 314 (6.3) 30 (9.1) 284 (6.1) 338 (6.0) 31 (9.1) 307 (5.8)

Commercial insurance 4224 (76.5) 264 (71.2) 3960 (76.9) 4719 (76.8) 268 (70.3) 4451 (77.2)

Medicare/Medicaid insurance 315 (5.7) 11 (3.0) 304 (5.9) 369 (6.0) 14 (3.7) 355 (6.2)

Diabetes 89 (1.6) 16 (4.3) 73 (1.4) 99 (1.6) 7 (1.8) 92 (1.6)

Dyslipidemia 255 (4.6) 20 (5.4) 235 (4.6) NA NA NA

Hypertension NA NA NA 799 (13.0) 35 (9.2) 764 (13.2)

Ever smoked 1170 (21.2) 70 (18.9) 1100 (21.4) 1337 (21.7) 76 (19.9) 1261 (21.9)

Block group ADI, mean (SD) 100.0 (18.3) 98.4 (18.5) 100.1 (18.3) 100.3 (18.1) 99.3 (18.0) 100.3 (18.1)

Weight, mean (SD), kg 82.7 (18.6) 81.4 (16.2) 82.8 (18.7) 85.0 (21.0) 82.9 (18.5) 85.1 (21.1)

BMI, mean (SD) 26.7 (5.5) 26.2 (5.1) 26.7 (5.5) 27.4 (6.2) 26.6 (5.6) 27.4 (6.2)

eGFR, mean (SD), mL/min/1.73 m2 108.2 (16.1) 101.6 (17.8) 108.5 (16.0) 108.2 (16.1) 102.5 (17.3) 108.5 (16.0)

ASCVD risk, mean (SD) 1.67 (2.00) 2.59 (3.95) 1.62 (1.81) 1.65 (1.71) 2.04 (2.40) 1.62 (1.66)

Abbreviations: ADI, Area Deprivation Index; ASCVD, atherosclerotic cardiovascular
disease; BMI, body mass index (calculated as weight in kilograms divided by height in
meters squared); eGFR, estimated glomerular filtration rate; NA, not applicable; TAF,
tenofovir alafenamide fumarate; TDF, tenofovir disoproxil fumarate.

a Other race and ethnicity include Native American/Alaskan, Pacific Islander, multiracial,
and all other types of responses not reported in this table.
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Figure 2. Balance of Baseline Covariates After Matching (50 Matched Data Sets per Cohort)
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0

Hypertension cohort: BP of 130/80 mm HgB

-0.25 0.25
Mean difference (95% CI)

0

Source
0.009 (−0.03 to 0.04)
−0.0002 (−0.003 to 0.004)
0.005 (−0.01 to 0.04)
−0.0008 (−0.01 to 0.01)
−0.00006 (−0.01 to 0.01)
0.00006 (−0.01 to 0.01)
−0.004(−0.03 to 0.01)
0.004 (−0.01 to 0.02)
0.0009 (−0.006 to 0.009)
−0.0009 (−0.02 to 0.03)
0.006 (−0.003 to 0.02)
0.01 (0.007 to 0.02)
0.004 (−0.009 to 0.02)
0.0002 (−0.05 to 0.04)
−0.0002 (−0.05 to 0.04)
0.009 (−0.03 to 0.07)
0.04 (0.009 to 0.08)
−0.01 (−0.06 to 0.04)
−0.007 (−0.06 to 0.04)
−0.01 (−0.07 to 0.02)
−0.006 (−0.06 to 0.02)
−0.002 (−0.05 to 0.04)

Mean difference (95% CI)
0.009 (−0.03 to 0.04)
−0.0002 (−0.003 to 0.004)
0.005 (−0.01 to 0.04)
−0.0008 (−0.01 to 0.01)
−0.00006 (−0.01 to 0.01)
0.00006 (−0.01 to 0.01)
−0.004(−0.03 to 0.01)
0.004 (−0.01 to 0.02)
0.0009 (−0.006 to 0.009)
−0.0009 (−0.02 to 0.03)
0.006 (−0.003 to 0.02)
0.01 (0.007 to 0.02)
0.004 (−0.009 to 0.02)
0.0002 (−0.05 to 0.04)
−0.0002 (−0.05 to 0.04)
0.009 (−0.03 to 0.07)
0.04 (0.009 to 0.08)
−0.01 (−0.06 to 0.04)
−0.007 (−0.06 to 0.04)
−0.01 (−0.07 to 0.02)
−0.006 (−0.06 to 0.02)
−0.002 (−0.05 to 0.04)

Mean difference (95% CI)

Agea

Male
Hispanic
Asian
Black
Otherb

White

Statins cohortC

Commercial insurance
Government insurance
Other insurance
Dyslipidemia
Diabetes
Ever smoked
Weighta

BMIa

eGFRa

ASCVD risk scorea

Total cholesterola

LDLa

HDLa

ADIa

Baseline yeara

Source
0.004 (−0.03 to 0.04)
0.0002 (−0.007 to 0.007)
0.007 (−0.009 to 0.03)
0.00002 (−0.01 to 0.01)
0.001 (−0.009 to 0.01)
0.0008 (−0.01 to 0.01)
−0.009 (−0.03 to 0.01)
0.0006 (−0.02 to 0.02)
−0.0005 (−0.007 to 0.009)
0.001 (−0.02 to 0.02)
−0.001 (−0.01 to 0.009)
0.0005 (−0.005 to 0.006)
0.003 (−0.01 to 0.02)
−0.009 (−0.06 to 0.02)
−0.006 (−0.04 to 0.02)
−0.0003 (−0.03 to 0.02)
0.01 (−0.02 to 0.05)
0.005 (−0.03 to 0.03)
0.007 (−0.03 to 0.04)
−0.003 (−0.07 to 0.04)
0.0002 (−0.05 to 0.05)
−0.002 (−0.06 to 0.05)

Mean difference (95% CI)

In this figure, −0.1 and 0.1 represent the recommended threshold for assessing balance.
Balance in medical centers were also achieved but not reported to protect
confidentiality.

ADI indicates Area Deprivation Index; ASCVD, atherosclerotic cardiovascular disease;
BMI, body mass index; eGFR, estimated glomerular filtration rate; HDL, high-density
lipoprotein; LDL, low-density lipoprotein.

a Standardized difference is reported instead of raw differences. Raw differences were
used to compare proportions of categorical variables.

b Other race and ethnicity include Native American/Alaskan, Pacific Islander, multiracial,
and all other types of responses not reported in the figure.
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people with HIV, those who initiated antiretroviral therapy containing TAF exhibited greater weight
gain and increased LDL-C compared with those undergoing antiretroviral therapy containing TDF.13

Similarly, switching from TDF to TAF in people with HIV was associated with significant increase in
weight and worsening of lipid profiles.10,11 The weight gain may affect blood pressure and
hypertension risk through neurohormonal pathways controlling sodium balance.35 Meanwhile,
statins are generally initiated when clinicians observe changes in lipid profiles that affect
cardiovascular risk. Despite observed metabolic changes, DISCOVER did not report differences in
initiation of lipid-modifying agents and argued that metabolic changes (eg, greater weight gain in TAF
arm, steeper LDL changes in TDF arm) were minimal and not likely clinically meaningful.8 Similarly, a
switching study in people with HIV did not find differences in incident cardiometabolic events.36

Finally, since we used TDF as a comparator, our findings could also be due to potential decrease in
cardiometabolic risk from TDF. The TDF arm in the iPrEx trial had lower weight gain and short-term
LDL-C decline compared with placebo.37 Future mediation work assessing the role of PrEP-
associated metabolic changes on cardiometabolic risk would be important.

Table 2. Comparison of Hypertension Risk Between TAF Users and Propensity Score–Matched TDF Users, Kaiser Permanente Southern California,
October 2019-June 2022

Outcome

Cumulative incidence per
100 person

Risk difference (95% CI)
(null: 0)b,c

Odds ratio (95% CI)
(null: 1)b,c

Incidence rate
(per 1000 person-years)

Hazard ratio (95% CI)
(null: 1)c

TAF
users

TDF users
(95% CI)a

TAF
users

TDF users
(95% CI)a

Hypertension (BP, 140/90 mm Hg)

All (TAF n = 371) 2.2 1.3 (1.0-1.7) 0.81 (0.12 to 1.5) 1.64 (1.05-2.56) 0.06 0.04 (0.03-0.05) 1.63 (0.67-3.96)

Age ≥40 y at PreP initiation
(TAF n = 100)

5 2.6 (2.0-3.2) 2.41 (0.03-4.80) 2.0 (1.07-3.76) 0.15 0.08 (0.04-0.11) 1.97 (0.65-6.00)

Hypertension (BP, 130/80 mm Hg)

All (TAF n = 287) 10.8 5.5 (4.8-6.3) 5.29 (3.44-7.13) 2.08 (1.61-2.70) 0.36 0.18 (0.14-0.22) 2.03 (1.29-3.22)b

Age ≥40 y at PreP initiation
(TAF n = 69)

17.4 7.7 (6.6-8.8) 9.73 (3.59-15.88) 2.55 (1.50-4.33) 0.56 0.24 (0.16-0.32) 2.32 (1.12-4.81)b

Abbreviations: PrEP, pre-exposure prophylaxis; TAF, tenofovir alafenamide fumarate;
TDF, tenofovir disoproxil fumarate.
a Matching model covariates include age, sex, race and ethnicity, insurance type, medical

center, calendar year, clinical measures (body mass index, lipids), atherosclerotic
cardiovascular risk score, cardiometabolic comorbidities (diabetes, dyslipidemia), and
Area Deprivation Index. Matching done for each missing data imputation (50 matched
data sets). CIs represent Wald-type 95% intervals. No CI for TAF since the same set of
TAF users are used across all matching models.

b Confidence interval did not cross the null threshold (0 for risk difference and 1 for odds/
hazard ratio). 95% CI does not cross the null.

c Risk difference, odds ratio, and hazard models only adjust for treatment status.
Confidence intervals are derived from results for each imputation and pooled using
Rubin’s rules.

Table 3. Comparison of Statin Initiation Risk Between TAF and Matched TDF Users, Kaiser Permanente Southern California, October 2019-June 2022

Outcome

Cumulative incidence per
100 person (%)

Risk difference (95% CI)
(null: 0)b,c

Odds ratio (95% CI)
(null: 1)b,c

Incidence rate
(per 1000 person-years)

Hazard ratio (95% CI)
(null: 1)cTAF

Matched TDF
(95% CI)a TAF

Matched TDF
(95% CI)a

All (TAF n = 382) 1.6 1.0 (0.7-1.3) 0.85 (0.37-1.33) 2.33 (1.41-3.85) 0.05 0.03 (0.02-0.04) 2.26 (0.76-6.69)

Age ≥40 y at PrEP
initiation (TAF n = 92)

6.5 3.6 (2.6-4.6) 4.24 (1.82-6.66) 3.05 (1.64-5.67) 0.18 0.10 (0.06-0.15) 2.72 (0.87-8.45)

Abbreviations: PrEP, pre-exposure prophylaxis; TAF, tenofovir alafenamide fumarate;
TDF, tenofovir disoproxil fumarate.
a Matching covariates include age, sex, race and ethnicity, insurance type, medical

center, calendar year, clinical measures (body mass index, lipids), atherosclerotic
cardiovascular risk score, cardiometabolic comorbidities (diabetes, dyslipidemia,
hypertension), and Area Deprivation Index. Matching done for each missing data
imputation (50 matched data sets). CIs represent Wald-type 95% intervals. No CI for
TAF since the same set of TAF users are used across all matching models.

b Confidence interval did not cross the null threshold (0 for risk difference and 1 for odds/
hazard ratio). 95% CI does not cross the null.

c Risk difference, odds ratio, and hazard models only adjust for treatment status.
Confidence intervals are derived from results for each imputation and pooled using
Rubin’s rules.
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Limitations
Confounding by indication (eg, those at higher risk of hypertension were more likely to use TAF) is a
main limitation of observational studies. To mitigate this, we used matching to identify TDF users that
have similar propensity to initiate with TAF based on observed baseline covariates. Importantly,
matching requires proper specification of the matching model and inclusion of all important
confounders.29 However, structured data from EHRs may not capture all relevant covariates, the
observed elevated risk in TAF users may be partially due to residual confounding.

Other limitations should be considered when interpreting our findings. First, the health care
system’s first dispensing record of PrEP was used to identify initiation, which may lead to
misclassification if a person had started PrEP before their KPSC enrollment. Second, our results are
analogs of intention-to-treat analyses. They do not account for adherence or discontinuation and
cannot be used to compare risks according to cumulative exposures or early switching. Third, since
TAF was relatively low in our sample, those taking TAF might represent early adopters who are likely
different from those taking TDF. We included comorbidities and neighborhood conditions in our
propensity score model, but we cannot account for factors not recorded in the EHR. Fourth, we had
a limited follow-up time and low number of events. We set a 2-year maximum follow-up based on
TAF’s approval year and cohort attrition. However, this limited our ability to study long-term risks.
Relatedly, the limited events could explain nonsignificant main time-to-event results. Our estimated
HRs represent the mean of HRs during the entire follow-up period and not period-specific HRs.38

Null HR may fail to identify treatment effect in the presence of nonproportional hazards or
significantly different period-specific HRs (eg, presence of immediate effects but no delayed effects).
Due to low events, we were unable to use methods that accounts for nonproportional hazards in our
analysis to estimate period-specific HRs.39 Fifth, our sample included primarily male individuals;
thus, we were unable to investigate sex-related effect modification. Relatedly, we did not investigate
if receipt of gender-affirming hormone therapy modifies the association of TAF with cardiometabolic
conditions. Sixth, there was high missingness of the baseline ASCVD risk score from missing lipids
data. This was addressed through multiple imputation.40 Relatedly, low events combined with high
missingness of follow-up weight (approximately 70%) and lipids (approximately 90%), precluded
mediation analysis through marginal structural models.41,42 Finally, our study was conducted in a
single integrated health care system in the US with unique demographics so our findings may also be
less generalizable to individuals in other health care settings such as those serving primarily
uninsured individuals or outside the US.

Conclusions

We found an elevated risk of hypertension and statin initiation among TAF users especially among
those who initiated PrEP at age 40 years and older. TAF has been a welcome addition to the products
for PrEP due to its benefits on kidney and bone health and smaller pill size.43 However, it may have
unwanted impact on cardiometabolic health. Future studies with larger sample size and longer
follow-up period are warranted to provide more evidence to inform clinical decision-making
regarding different PrEP regimens, especially among those with increased risk for
cardiometabolic disease.
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