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CHANGES IN ELEVATED CHOLESTEROL IN THE ERA OF TENOFOVIR:
RISK FACTORS, CLINICAL MANAGEMENT, AND OUTCOMES

Background

ART has led to great improvements in survival for HIV
patients (1-3), but emerging evidence of associations
between ART and increased risk of cardiovascular
disease is raising concern. Long-term ART use has been
closely linked to CVD risk factors like hypertension and
distortions of metabolic pathways (4-9).

The impact of ART on lipid profiles depends on the ARV
regimen used (8-15). Tenofovir has been associated
with more favourable lipid outcomes than NNRTIs and
PlIs (10). Complicating the role of ARVs is the fact that
HIV itself can affect lipid profiles (16, 17). We
investigated incident elevated total cholesterol (TC) in a
large South African population on first-line ART, as a
measure of potential CVD risk.

Methods

This analysis was conducted among ART-naive adults
initiating a standard first-line ART regimen between
April 2010 and April 2014. The most common regimen
in use at that time was TDF/3TC/EFV. The patient cohort
attended the Themba Lethu Clinic, a large urban HIV
clinic at Helen Joseph Hospital in Johannesburg, South
Africa (18).

Our primary outcome was incident high TC, defined as
having a TC>6 mmol/l >90 days after ART initiation, in
those who had a baseline TC<6 mmol/l. Baseline TC was
defined as a TC measurement taken up to 90 days prior
to and 7 days after ART initiation. We assessed risk
factors associated with incident high TC, attrition, and
clinical management of high incident TC and subsequent
repeat TC.

Results

Of the 10,690 patients who initiated treatment, 5,308
(49.7%) were ART naive, initiated a standard first-line
ART regimen, were at least 18 years old, and had a
baseline TC measurement during the required window.
At baseline 113 (2.1%) patients had a high TC and were
excluded from the analysis. Of the 4,091 patients with
follow-up data, 60.7% were female, the median age at
ART initiation was 38 (IQR: 32-45) years and the median
baseline CD4 count was 158 (IQR: 76-231) cells/mm?3
(Table 1). The median follow-up time from ART initiation
to either last visit date or database closure was 4.0
years (IQR: 3.0-4.8)
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Table 1: Baseline characteristics of cohort

Variable (n, %) Overall Non- Tenofovir
(N=4091) tenofovir regimen
regimen (N=3482)
(N=609)
ART regimen at initiation
3TC/TDF/EFV 3296 (80.6%) 0 (0.0%) 3296 (94.7%)
3TC/d4T/EFV 469 (11.5%) 469 (77.0%) 0 (0.0%)
3TC/TDF/NVP 186 (4.6%) 0 (0.0%) 186 (5.3%)
3TC/AZT/EFV 91 (2.2%) 91 (14.9%) 0 (0.0%)
Other 49 (1.2%) 49 (8.0%) 0 (0.0%)

CD4 count (cells/mm3)
(median, IQR)
Body mass index (kg/m?2)

158 (76-231) 160 (78-233) 144 (59-222)

<18 374 (10.3%) 78 (14.9%) 296 (9.6%)

18-24.9 2106 (58.2%) 307 (58.7%) 1799 (58.1%)

25-29.9 728 (20.1%) 85 (16.3%) 643 (20.8%)

>30 710 (11.3%) 53 (10.1%) 357 (11.5%)

Missing 473 86 387
Baseline TC (median, 3.8 (3.2-4.3) 3.8 (3.2-4.4) 3.8 (3.2-4.3)
1QR)

No. TC measurements in

follow-up (median, IQR) 3(2-5) 3(2-5) 3(2-5)

Incident high total cholesterol

There were 595 incident cases of TC >6 mmol/I after
ART initiation over 13,783 pyrs, corresponding to an
incidence rate of 4.32/100 pyrs (95% Cl: 3.98-4.68). Of
these, 496 (83.4%) had a repeat TC available at a
median of 11.6 months (IQR: 6.9-12.9) after their initial
high TC, 61.7% (N=306) of whom had a TC <6 mmol/| at
the repeat TC.

Clinical and demographic predictors of high incident TC

Factors associated with increased risk of incident high
TC are shown in Table 2. Risk factors for an elevated TC
included older age, high BMI, and low CD4 count.
Patients who initiated on a non-tenofovir-based
regimen, compared to those on a tenofovir-based
regimen, had a 50% increased risk of having incident
high TC (95%Cl: 14%-108%). This association occurred
early on after ART initiation; by one year post-ART the
probability of incident high TC was 4.8% and 8.8% for
tenofovir- and non-tenofovir-based regimens.

Clinical management and outcomes among patients
with elevated total cholesterol

Of the 595 patients with incident high TC, 10 (1.7%) died
and 34 (5.7%) were lost to follow-up at a median of 13.8
and 17.0 months after their high TC, respectively.
Among the 496 patients with an initial elevated TC and
a repeat TC measurement thereafter, rates of mortality
for those with repeat TC <6mmol/l and 26mmol/I
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were 5.82/1000 pyrs (95%Cl: 1.89-13.58) and 7.08/1000
pyrs (95%Cl: 1.93-18.12), respectively. Loss to follow-up
rates in those with a repeat TC<émmol/l and 26mmol/I
were similar at 1.16/100 pyrs (95%Cl: 0.56-2.14) and
1.24/100 pyrs (95%Cl: 0.50-2.55), respectively.

Table 2: Predictors of incident high total cholesterol

Variable No. incident
high cholesterol
cases, n/N (%)

Adjusted hazard
ratio* (95% Cl)

Initiating TDF 473/3482 (13.6%) 1.00
NRTI non-TDF 122/609 (20.0%) 1.54 (1.14-2.08)
Initiating EFV 567/3866 (14.7%) 1.00
NNRTI non-EFV 28/225 (12.4%) 0.90 (0.55-1.48)
Age (years) 18-29 45/680 (6.6%) 1.00
30-39 191/1715 (11.1%) 1.49 (0.95-2.35)
>40 359/1696 (21.2%) 3.22 (2.07-4.99)
Gender Female 379/2482 (15.3%) 1.00
Male 216/1609 (13.4%) 1.01 (0.79-1.29)
Body mass <18 37/374 (9.9%) 0.75 (0.46-1.21)
index (kg/m?)  18-24.9 276/2106 (13.1%) 1.00
25-29.9 131/728 (18.0%) 1.70 (1.30-2.23)
>30 88/410 (21.5%) 1.65 (1.18-2.31)
CD4 count >200 181/1400 (12.9%) 1.00
(cells/mm3) 100-199 188/1290 (14.6%) 1.13 (0.86-1.48)
50-99 84/574 (14.6%) 1.40 (1.00-1.97)
<50 124/696 (17.8%) 1.55 (1.10-2.20)

*Adjusted model included all listed variables.

A third (36.5%) of patients with elevated TC were
prescribed cholesterol-lowering drugs following their
initial high TC. The majority (59.3%) probably received
counselling only. A small proportion of patients had an
ART regimen switch only (2.7%) or received both
cholesterol-lowering drugs and an ART switch (1.5%).
Most patients ultimately received cholesterol-lowering
drugs after repeated TC measurements (61.0%), while
fewer had only an ART switch (4.7%) or a combination
of an ART switch and cholesterol-lowering drugs (2.5%).

Policy Relevance

We found South African adults on ART have increased
rates of elevated total cholesterol but tenofovir affects
total cholesterol less than do other NRTIs. Older
patients and patients with increased BMI are at an
increased risk of high cholesterol and should therefore
be monitored closely and perhaps be prioritized for
cholesterol-lowering drugs, while at the same time
receiving lifestyle and dietary counselling. A concerted
effort needs to be made in monitoring those who have
recurrent or persistently high TC. We have also
highlighted the importance of regular, robust and
systematic monitoring of patients on long-term ART,
especially after the initial high TC has been diagnosed
and treated to ensure patients reach and maintain
lower TC levels. For patients with an initial high TC,
more frequent cholesterol monitoring is required, in
order to treat those who need it sooner. Current South
African ART guidelines do not call for regular TC
monitoring in adults, but the risk of untreated high TC

suggests that they should. The opportunity to monitor
non-communicable disease risks should not be missed.
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Acronyms used in this brief:

3TC Lamivudine CVD  Cardiovascular disease TC Total cholesterol
ART Antiretroviral therapy EFV Efavirenz TDF Tenofovir disoproxil fumarate
ARVs  Antiretroviral medications pyrs  person-years Cl confidence interval

NRTI  Nucleoside reverse transcriptase inhibitor NNRTI Non-nucleoside reverse transcriptase inhibitor




