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Abstract

The introduction of tenofovir-derived prodrugs has revolutionised the prevention and management of
HIV, which has coincided with 23% reduction in new HIV incidences globally. To date, there are two
formulations of tenofovir-derived nucleoside reverse transcriptase inhibitor (NRTI): tenofovir disoproxil
fumarate/emtricitabine (TDF/FTC) and tenofovir alafenamide fumarate/emtricitabine (TAF/FTC).
Although these prodrugs have shown favourable safety profile, their effects on cardiovascular health
are differ from one another: TDF/FTC exhibits potential lipid-lowering effect, TAF/FTC demonstrates
potential lipid-inducing effect, which is a major risk factor for cardiovascular diseases. However, this
issue has not been previously elucidated, especially among the marginalised populations [lesbian, gay,
bisexual and transgender (LGBT) and men who have sex with men (MSM)] who are likely be the main
users of these prodrugs. This is of clinically significance as the cardiovascular health in these
populations is often overlooked, in addition to a lack of appropriate cardiovascular risk prediction
algorithm. Therefore, this review aims to (1) highlight the cardiovascular risks of tenofovir-derived
prodrugs in the marginalized populations, and also to (2) establish the importance of having a
cardiovascular risk prediction model that is specific to this particular populations so that their health

management could be more comprehensive.

Introduction

The administration of tenofovir-derived prodrugs in the forms of pre-exposure prophylaxis and
antiretroviral therapy (ART) has demonstrated significant effectiveness in reducing HIV transmission,
particularly among the marginalised populations such as sexually active LGBT individuals, men who
have sex with men (MSM), and people who inject drug?!. This has coincided with 23% reduction in new
HIV incidence globally?.

Currently, there are two formulations of tenofovir-derived nucleoside reverse transcriptase
inhibitor (NRTI), tenofovir disoproxil fumarate/emtricitabine (TDF/FTC) and tenofovir alafenamide
fumarate/emtricitabine (TAF/FTC). Although these tenofovir-derived prodrugs have shown favourable

safety profile, evidence of nausea, headache, renal and bone toxicity have been reported. 34
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Particularly, TAF/FTC could minimize the renal- and bone-related side effects due to its improved
pharmacokinetics, its indication does not widely cover the LGBT spectrum and cisgender-women?.

Cardiovascular diseases include, but are not limited to, coronary artery disease, heart failure
(HF), cerebrovascular disease and peripheral artery disease, have contributed to 17.9 million of death
globally each year, making CVD as the top leading cause of death®. Emerging evidence shows a higher
tendency of CVD mortality and morbidity among the marginalised population®’, which likely attributed
to a significant mental distress acquired from the psychosocial aspects such as stigma, discrimination
and mistreatment®?, as well as the higher prevalence of smoking rate'°, all of which are major risk
factors of CVD. Whether these risk factors, when compounded with the chronic use of tenofovir-derived
PreP or ART, would accelerate the development or progression of CVD remain to be elucidated.
Tenofovir disoproxil fumarate/emtricitabine and risk of cardiovascular diseases

1. Seronegative population

Compelling evidence shows a low cardiovascular risk of TDF/FTC on seronegative individuals
and PLHIV'12, In the landmark Pre-exposure Prophylaxis Initiative (iPrEx) trial, which included 2174
cisgender men and 325 transgender women who have sex with men in 6 countries were followed for
nearly 2 years'2. Noteworthy, the TDF/FTC arm had no significant change in lean body mass in addition
to a lower fat accumulation compared to the placebo arm. This is also linked to a modest decline in
CVD risk factors such as low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein (HDL-C)
and total cholesterol relative to their baseline. Although TDF/FTC has no substantial effect on insulin
sensitivity and energy metabolism regulation*®, TDF/FTC has been reported to have a more favorable
lipid profile in comparison to other NRTIs such as stavudine and zidovudine!?. Both of these NRTIs
have been associated with increased risk of myocardial infarction4.

2. Seropositive population

Given that chronic HIV infection could disturb one’s metabolism, this could make PLHIV more
vulnerable to CVDs?®®. Hence, selecting an appropriate ART that could match to patient’s metabolic
profile is crucial in minimising the risk of CVDs.

Interestingly, Santos et al. demonstrated the possible intrinsic lipid-lowering effect of TDF/FTC

in PLHIV with underlying hypercholesterolemia who were on a stable protease inhibitor (PI)
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monotherapy!!, an ART that is known to cause dyslipidemia and increased risk of myocardial
infarction?®. In this randomised controlled trial, alternating treatment of TDF/FTC or placebo were given
over 9 months, in addition to their backbone PI treatment!!. The outcomes were intriguing because the
authors not only reported the absence of treatment failure, TDF/FTC exposure alone statistically
reduced triglycerides, LDL-C and HDL-C by an average of 10%.

Collectively, the findings on the minimal CVD risk of TDF/FTC for both populations of
seronegative individuals and PLHIV suggest its favorable safety profile on long-term usage.

To support this notion, a large cohort study that involved 21435 veterans living with HIV showed
a significant 30-50% reduction of HF risk for the current and past users of TDF/FTC, in comparison to
those who have never been exposed to TDF/FTC’. Concomitantly, TDF/FTC even lowered HF risk by
21% among those current users with each additional year exposure. Intriguingly, this favouable
outcome was conflicted with the authors’ initial hypothesis, whereby they expected TDF/FTC to
increase HF risk due to its kidney complications (a strong predictor of CVD)*".

Ultimately, if TDF/FTC is administered according to guidelines with the exclusion of pre-existing
kidney complications, the low CVD risk of TDF/FTC would warrant a sustainable regimen among the
seronegative and seropositive populations.

Tenofovir alafenamide fumarate/emtricitabine and risk of cardiovascular diseases
1. Seronegative population

Studies on the effect of TAF/FTC on CVD risks are limited as it is just recently approved by the
U.S. Food and Drug Administration (FDA) for the use as PrEP. However, in a head-to-head DISCOVER
trial over 96 weeks, TAF/FTC is non-inferior to TDF/FTC for HIV prevention among the cisgender MSM
and transgender women who have sex with men#. While the exposure to TAF/FTC shows favourable
effects on bone mineral density and renal safety, TAF/FTC had less influence in lowering total
cholesterol (-0.03 vs. -0.28 mmol/L) and HDL-C (-0.05 vs. -0.13 mmol/L) compared to TDF/FTC
therapy“. In their analyses, the risk factors of CVD such as body weight, LDL-C and triglycerides were
markedly increased at week 48, in comparison to TDF/FTC group. Noteworthy, in the highly cited
Framingham Heart Study, every 1kg/m? BMI increment may elevate the risk of HF by 5% in men and

7% in women®®, This figure could be even higher, if the individuals are compounded with other
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underlying metabolic diseases. Therefore, whether long term administration of TAF/FTC would
contribute to increased risk of CVDs among the LGBT adults with seronegative status remains to be
verified.
2. Seropositive population

In a real-world setting that involved PLHIV, the lipid profile was even significantly exaggerated
when exposed to TAF/FTC'®20, |n particular, a study that included 490 seropositive patients has
demonstrated higher total cholesterol, LDL-C, and >20% increase in the number of patients who
experienced severe dyslipidemia after switching treatment from TDF/FTC to TAF/FTC for 2 months?®.
In line with this observation, Lagoutte-Renosi et al. reported a significant elevation of the same CVD
risk factors among 103 seropositive patients?°. Of which, 4 patients required lipid-lowering therapy after
switching. Thus far, it remains uncertain as to whether TAF/FTC therapy with evidence of disturbed
lipid profile may clinically contribute to a higher risk of CVD, because two recent studies that used the
10-year atherosclerotic cardiovascular disease (ASCVD) risk algorithm on PLHIV showed conflicting
outcomes?1?2, According to the current clinical guidelines, lipid profile monitoring was not
recommended for PrEP users. Perhaps, the inclusion of this parameter would help better managing
patient prognosis in a more comprehensive approach.
Predicting cardiovascular risks in marginalised populations

Traditionally, predicting the risks of CVD in the general population has been performed using
different algorithm models such as Framingham Risk Score, ASCVD Risk Score and Systematic
Coronary Risk Evaluation (SCORE)?3. These prediction models included CVD risk factors such as age,
gender, lipid profile, family history of CVDs, blood pressure and smoking status, have been relatively
reliable in estimating 10-year risk of CVD and stroke, specifically in the age group of 40-79 within the
European and American populations. However, this may not be the most reliable models to predict
CVD risks in the marginalised populations for several critical reasons.

Firstly, the psychosocial factors such as quality of life, stigma and discrimination among the
LGBT members and PLHIV have been inevitably linked to lifetime depression and mental distress, all
of which could lead to increased CVD risks®°. Secondly, since the access to PrEP is increasing and

some PrEP may influence lipid profile, it is sensible to include this variable into the algorithm because
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similar parameter (i.e. ART) has been added in the Data-Collection on Adverse effects of Anti-HIV Drug
(D:A:D) Full Risk Score to predict CVD risk in PLHIV?4, but not for the seronegative PrEP users. Thirdly,
as the smoking rate among the LGBT adults is 2.5-fold higher than the heterosexual adults!?, this would
likely accelerate the onset of CVD but it has not been considered. Furthermore, a study shows that the
use of hormone therapy could increase the risk of myocardial infarction in transgender men >2-fold,
after adjusting for the conventional risk factors mentioned above®, but this has been considered in the
transgender population who are on PrEP. Finally, since there is an increasing trend of premature CVD
(<45 years old)?®, these models have not considered a younger age group especially those who are
on Prep.
Conclusion

The use of tenofovir-derived PrEP and ART has increased over the years. Although it shows
good safety profile and low incidence of CVD risks, growing body of evidence suggests that the
disparities in psychosocial and the acquired negative health behaviors among the LGBT population
and PLHIV may even make them more susceptible to the development of CVD. Importantly, the
conventional algorithm described earlier may potentially underestimate the CVD prognosis in the
marginalised population, thereby delaying comprehensive health management. Hence, research to
formulating a more reliable and robust algorithm specially cater for the marginalised population should
be considered, especially when the newly approved tenofovir-derived prodrug tends to increase CVD

risks.
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