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Abstract
Purpose—Oxidant stress may be an effect of antiretroviral therapy (ART) or chronic HIV infection.
Plasma F2-isoprostanes (F2-IsoP) reflect lipid peroxidation and oxidant stress and have been
described in ART-associated toxicities. We explored factors associated with F2-IsoP in HIV-infected
adults.

Methods—HIV-infected adults enrolled in this cross-sectional study were (a) on ART including
zidovudine or stavudine but not non-nucleoside reverse transcriptase inhibitors (NNRTI), (b) on ART
including NNRTI, or (c) not on ART. Plasma F2-IsoP levels were quantified by GC/MS, and clinical
and laboratory data were collected at enrollment.

Results—Among 285 participants, 24% were female, 37% were African American, and 194 (68%)
were on ART; 44 (23%) of whom were receiving efavirenz, 45 (23%) nevirapine, and 85 (44%)
protease inhibitors. Median F2-IsoP was lower in those on NNRTI than those on ART without NNRTI
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(p = .02). In a multivariable model, factors independently associated with increased F2-IsoP were
female sex (p =.002), higher BMI (p = .01), and heavy smoking (p =.004). There was a trend toward
lower F2-IsoP among nevirapine users (p = .054).

Conclusions—Among HIV-infected adults, oxidant stress status differs by sex, BMI, smoking
status, and perhaps specific ART. Prospective studies should better define relationships between
oxidant stress and complications of HIV infection and its therapy.
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Access to potent antiretroviral therapy (ART) decreases morbidity and mortality due to human
immunodeficiency virus (HIV) infection and acquired immunodeficiency syndrome (AIDS)
1 and has made HIV infection a manageable chronic illness. Unfortunately many patients who
are prescribed chronic ART experience drug toxicities that include metabolic, hepatic,
neurological, and cardiovascular complications.2 Some adverse effects of ART including body
fat changes (lipodystrophy), and peripheral neuropathy may not be completely reversible
despite stopping the causative drug. The effects of chronic ART toxicity on treatment durability
and adherence are likely substantial, but there are considerable gaps in our understanding of
the underlying pathogenesis of ART toxicities. As patients may require life-long therapy, it is
critical that we elucidate mechanisms of ART-associated complications in order to prevent and
manage them.

Some ART-associated toxicities such as lipoatrophy, hepatic steatosis, lactic acidosis, and
peripheral neuropathy appear to be mediated at least in part by nucleoside reverse transcriptase
inhibitor (NRTI)-induced mitochondrial damage.3–5 A putative mechanism of these toxicities
includes inhibition of mitochondrial DNA polymerase-γ, with resultant mitochondrial DNA
depletion and tissue-specific mitochondrial dysfunction.3 Other metabolic toxicities including
dyslipidemia and insulin resistance appear to be predominately associated with protease
inhibitor (PI) exposure, likely through effects on lipid metabolism and cellular glucose uptake,
respectively.2 These toxicities presumably contribute to an increased risk of cardiovascular
disease observed in PI-treated persons.6,7 Although specific mechanisms of ART-associated
toxicities are largely unknown, all of these processes may be mediated at a fundamental level
by free radical-induced cellular damage, also referred to as oxidant stress.8

Oxidant stress is an underlying pathogenic mechanism during various human conditions
including cardiovascular and neurodegenerative diseases.9, 10 Production of reactive oxygen
species (ROS) during HIV infection may result from viral activation of inflammatory
cytokines, especially TNF-α, and activated macrophages.11 The pathogenesis of
immunodeficiency during chronic HIV infection includes apoptosis of CD4 T cells that is
influenced by ROS production.12 An increased level of ROS may also increase blood-brain
barrier permeability and contribute to HIV-associated dementia.13

Oxidant stress has been documented during HIV infection by demonstrating changes in plasma
and/or cellular markers such as glutathione, cystine, serum malondialdehyde, zinc, and
selenium. Oxidant stress associated with viral infection is correlated with decreased plasma
glutathione and cystine, decreased plasma antioxidants,14 and increased malondialdehyde, an
aldehyde produced by peroxide breakdown.15 Another marker of oxidant stress is 8-
hydroxyguanine, an oxidation-modified DNA base that is present in higher concentrations in
lymphocytes from HIV-infected individuals than from uninfected controls.16

The F2-isoprostanes (F2-IsoP) are prostaglandin-like compounds produced by peroxidation of
cell membrane lipids by free radicals and are accurate and reliable markers of in vivo lipid
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peroxidation and systemic oxidant stress in humans.17 Plasma F2-IsoP levels may be elevated
with heavy cigarette smoking18 and during chronic diseases that include atherosclerosis,10

scleroderma,19 Alzheimer’s disease,20 non-alcoholic fatty liver disease and chronic hepatitis
C,21 and end-stage renal disease.22 Elevated plasma F2-IsoP levels have also been described
in patients with chronic HIV infection, in particular among individuals with ART-associated
lipoatrophy or hyperlactatemia,23 during therapeutic control of HIV-1 viremia,24 and
potentially with some specific ART drugs.24 Factors that could potentially contribute to oxidant
stress during chronic ART include ongoing HIV replication or chronic exposure to medications
that increase oxidant stress. Results from an earlier, smaller study suggested higher F2-IsoP
levels in persons receiving the non-NRTI (NNRTI) efavirenz24 and, in unpublished exploratory
analyses, in those receiving the NRTI zidovudine. The present study was designed in an attempt
to determine the factors associated with increased plasma F2-IsoP levels in a larger group of
HIV-infected subjects and also to verify and further distinguish differences between particular
ART drugs, with the hypothesis that efavirenz- and/or zidovudine-treated subjects would have
higher plasma F2-IsoP levels than untreated subjects or those treated with other ART regimens.

METHODS
Study Population

This cross-sectional study enrolled a convenience sample of ambulatory HIV-infected adults
from the Comprehensive Care Center in Nashville, Tennessee, from 2003 to 2005. Based on
results from a previous study,24 we sought to identify subjects based on the use of particular
thymidine analogue NRTIs or the use of different NNRTIs. Thus, eligible participants were
(a) presently on ART that included zidovudine or stavudine but not an NNRTI for at least 30
days; (b) presently on ART that included an NNRTI (efavirenz or nevirapine) for at least 30
days; or (c) presently not on ART for at least 3 months and not on an NNRTI for at least 6
months. Because of the ubiquity of thymidine analogue NRTI use during the study period,
subjects included in group b could be receiving thymidine analogue NRTIs in addition to the
NNRTIs of interest. Target enrollment was 300 individuals, to include 100 in each group, and
50 each receiving zidovudine, stavudine, efavirenz, and/or nevirapine. Participants on ART
were all considered adherent based on primary provider opinion. No other adherence
assessments were performed. Patients receiving HMG-CoA reductase inhibitors were
excluded. The study was approved by the Vanderbilt Institutional Review Board, and all
participants provided written, informed consent.

Clinical Assessments
Study personnel collected clinical data at the time of study enrollment in a standardized fashion.
A questionnaire was administered to assess ART and current antioxidant medication usage.
Smoking status was self-reported as a history of use or current use and quantified as cigarettes/
day on average. Smoking was categorized in a predetermined fashion as non-current smoker,
current non-heavy smoker (<20 cigarettes/day), or current heavy smoker (≥20 cigarettes/day).
Antioxidant use was self-reported as use of any “alternative therapies and/or dietary
supplements, including antioxidants” and categorized as current use or no current use. Data on
specific agents or doses were not routinely collected. Body mass index (BMI) was calculated
as weight (kg)/height (m)2. The presence of lipoatrophy was graded by study personnel using
a severity scale and was considered present if at least mild fat wasting was noted in both the
face and peripheral extremities.

Laboratory Data
Laboratory data were collected at the time of study enrollment. Assays for plasma HIV-1 RNA,
CD4 T cells, and nonfasting cholesterol were performed at a commercial laboratory (LabCorp,
Louisville, Kentucky, USA). Plasma F2-IsoP levels were quantified from EDTA plasma.
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Whole-blood specimens were placed on ice promptly after collection and were centrifuged at
400 × g for 10 minutes at 4°C; plasma aliquots were stored at −70°C within 1 to 2 hours of
collection. Plasma levels of 15-F2t-isoprostane (8-iso-PGF2alpha) were quantified by gas
chromatographic/negative ion chemical ionization mass spectrometry employing stable
isotope dilution as described previously.25 The assay has an intraday variability of less than
10%, and normal F2-IsoP in plasma of healthy volunteers is 35 pg/mL ± 1 SD (6 pg/mL).25

Plasma NNRTI concentrations were determined by high-performance liquid chromatography
(HPLC) using slightly modified assays that have been previously reported.26

Statistical Analyses
Participant characteristics are presented using median and interquartile range (IQR) for
continuous variables and frequencies for categorical variables. F2-IsoP levels were compared
using the Mann-Whitney U test, Kruskal-Wallis test, or Spearman correlation for continuous
variables, and chi-square or Fisher exact tests for categorical variables. Linear regression was
used to assess independent association between F2-IsoP level as a continuous variable and
covariates of interest, which were chosen a priori based on their known or potential effects on
F2-IsoP. Among 307 participants, 264 had complete data. Missing continuous covariates
included in the regression model (plasma HIV-1 RNA, CD4 T cells, BMI, and cholesterol)
were imputed using multiple imputation methods.27 Factors included in the model were age,
sex, race (White vs. non-White), self-reported use of antioxidant supplements (yes vs. no),
BMI, CD4 T-cell count, log10 HIV-1 RNA level, total cholesterol, self-reported current
smoking status (non-smoker vs. non-heavy smoker [<20 cigarettes/day] and vs. heavy smoker
[≥20 cigarettes/day]), use of specific ART drugs (zidovudine vs. stavudine; nevirapine vs.
efavirenz), and drug classes (PI vs. no PI).

F2-IsoP level was natural log-transformed to provide normality in the regression residuals.
Beta coefficients were back-transformed indicating percent increase in F2-IsoP by one unit
increase in corresponding covariate. Nonlinear cubic splines were used to assess the nonlinear
association between log F2-IsoP and BMI. All two-way interactions were included to evaluate
the effect of combined use of drugs or drug classes, and a global test indicated no statistically
significant overall effect of all two-way interactions (p = .25); thus the interaction terms were
excluded from the final model. The final model was validated using a bootstrap method,27

indicating a robustness of the final model (estimated shrinkage = 20%). All analyses were
performed using R statistical software (version 2.3.1; available at: http://www.r-project.org).

RESULTS
Plasma F2-IsoP assay results were available for 285 study participants. The median age was
41 years; 24% were female, 37% were self-reported African American, and 68% were receiving
ART (Table 1). Eighty-nine (46%) of those on ART were receiving an NNRTI (44 on efavirenz,
45 on nevirapine), 85 (44%) were receiving a PI, and 110 (57%) were receiving a thymidine
analogue NRTI without an NNRTI (61 on zidovudine, 49 on stavudine). Other NRTI use
included lamivudine/emtricitabine in 153 (79%); abacavir in 56 (29%); tenofovir in 42 (22%);
and didanosine in 7 (4%). Current cigarette smoking was reported by 150 (53%), and 82 (29%)
reported smoking at least 20 cigarettes (one pack) per day. Ten persons (4%) reported regular
use of antioxidant supplements. Among all study participants, median plasma F2-IsoP was 37
pg/mL (IQR 27–48 pg/mL), and the mean (SD) was 42 (31) pg/mL plasma. Median plasma
F2-IsoP values differed by treatment group (Kruskal-Wallis p = .05): 40 pg/mL (29–56 pg/mL)
in those on ART without an NNRTI, 36 pg/mL (26–48 pg/mL) for those not on ART, and 33
pg/mL (26–44 pg/mL) for those on ART that included an NNRTI (Figure 1).

By univariate analysis (Table 2), higher plasma F2-IsoP levels were significantly associated
with female sex (p = .004), heavy cigarette smoking (p = .003), and higher BMI (p = .004).
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Lower F2-IsoP levels were associated with antioxidant use (p = .01). Among individuals on
ART, lower F2-IsoP levels were associated with current NNRTI use (p = .02). The latter
association was seen with nevirapine (p = .007; Figure 1) but not with efavirenz (p = .94).
Current stavudine use was associated with higher F2-IsoP (p = .04) and zidovudine use with
lower F2-IsoP levels (p = .03) compared with persons on ART not including these agents.
Plasma F2-IsoP levels did not differ based on current use of abacavir or other NRTI. There
were no significant univariate associations between F2-IsoP and current use of PIs, CD4 T
count, HIV-1 RNA level, total cholesterol, plasma NNRTI concentration, or the presence of
clinical lipoatrophy.

In a multivariable model that adjusted for demographic and clinical variables (Figure 2)
including use of stavudine or zidovudine, and efavirenz or nevirapine, factors independently
associated with higher F2-IsoP were female sex (26% relative increase in F2-IsoP [95% CI
9%–45%]; p=.002), higher BMI (8% increase in F2-IsoP [3%–14%] for an increase in BMI
from 25 to 30 kg/m2; p = .01), and heavy smoking (23% increase in F2-IsoP [7%–42%]; p = .
004), while nevirapine use tended to be associated with lower F2-IsoP levels (15% decrease in
F2-IsoP [0%–29%]; p = .054). After adjusting for other factors, associations between F2-IsoP
and current antioxidant, stavudine, or zidovudine use were no longer apparent. In a secondary
multivariable model that included study groups rather than individual drugs, use of NNRTIs
was independently associated with lower F2-IsoP referent to persons receiving ART without
an NNRTI (p = .01; Table 3).

Because preliminary studies had identified an association between plasma F2-IsoP and NNRTI
use,24 we determined plasma NNRTI concentrations in this population. Among individuals
receiving nevirapine, there was no correlation between plasma nevirapine concentration and
F2-IsoP. However, in a secondary multivariable model that included individual drugs and
nevirapine and efavirenz concentrations, the statistical association between nevirapine use and
lower F2-isoP strengthened (p = .007; data not shown).

There was no statistically significant association between total cholesterol and F2-IsoP.
However, there was a modest association between total cholesterol and F2-IsoP levels among
individuals on ART without an NNRTI (Spearman’s rho = 0.23; p = .02) but not among
individuals receiving an NNRTI or those not on ART (p = .6 for both). Not surprisingly, among
individuals on ART without an NNRTI, 58% were receiving a PI, while only 27% of those on
an NNRTI were also receiving a PI.

DISCUSSION
Among HIV-infected adults in this cross-sectional study, increased systemic oxidant stress as
assessed by plasma F2-IsoP was associated with female sex, heavy smoking, and greater BMI,
with estimated increases in plasma F2-IsoP of 26%, 23%, and 8%, respectively. These findings
are consistent with previous studies of HIV-negative populations that also identified increased
F2-IsoP among persons with increased BMI28 and heavy smokers.18 Increased BMI and
cigarette smoking are well-established cardiovascular risk factors, and inflammation and
oxidant stress are believed to play a modifying if not causative role in these relationships. These
factors continued to be strongly associated with oxidant stress despite adjusting for other HIV-
specific factors such as CD4 T-cell count, HIV RNA level, and ART use. This supports the
importance of traditional risk factors as major determinants of cardiovascular disease in the
HIV-infected population. Previous studies in HIV-negative populations also identified
increased F2-IsoP in females,28–30 but others have reported lower F2-IsoP in healthy
premenopausal females.31 The relationship between sex hormones, oxidant stress, and
complications of HIV infection and its treatment, particularly cardiovascular complications,
warrants further study.
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We did not find an association between PI use and oxidant stress, despite the fact that
prospective cohort studies have identified an epidemiological link between PI use and
cardiovascular outcomes in HIV-infected persons.7 This finding suggests that PI-associated
metabolic effects may influence cardiovascular risk through mechanisms that are independent
of lipid peroxidation. Alternatively, our ability to identify a true association between PI use
and oxidant stress may have been limited by our cross-sectional study design, the relatively
small number of individuals on PIs, and the fact that we did not capture cumulative duration
of PI exposure. We also saw no significant associations between either stavudine or zidovudine
use and F2-IsoP after adjusting for other factors in our multivariable model. As with PIs, our
ability to detect true associations between stavudine or zidovudine and oxidant stress may have
been limited by the lack of information on duration of drug exposure. In contrast to a previous
study,23 we did not find an association between plasma F2-IsoP and clinically defined
lipoatrophy. Subjects included in the present study were not selected based on lipoatrophy
status and were defined subjectively. Prospective studies using objective assessments will be
needed to definitively determine relationships between plasma F2-IsoP and lipoatrophy.

In the present study, current NNRTI use, and in particular nevirapine, tended to be associated
with lower oxidant stress as assessed by plasma F2-IsoP, even after adjusting for other clinical
covariates (including nonfasting total cholesterol and concomitant ART including stavudine
and PI use). Although this observation must be interpreted cautiously, it is particularly
intriguing in light of data suggesting a more favorable lipid profile and lower levels of other
cardiovascular risk markers in nevirapine-treated individuals compared with those receiving
efavirenz or PI-containing ART.32–37 Patients with dyslipidemia on PI-containing regimens
have favorable changes in lipid profiles following nevirapine substitution including increases
in high-density lipoprotein (HDL) levels and apo-lipoprotein A1 (apoA1) levels, as well as
decreased low-density lipoprotein (LDL)38, 39 and total cholesterol levels.34 Similar effects of
nevirapine on lipid profiles when compared to PIs have been seen in treatment-naïve patients
who initiate ART.40 When compared to efavirenz, nevirapine has been reported to cause greater
increases in HDL cholesterol,41 decreases in triglycerides,42 or both.43 Proposed mechanisms
for the differences include enhanced synthesis or impaired clearance of HDL particles and/or
apoA1 by nevirapine41 and/or stimulation of lipogenic pathways in adipose tissue by efavirenz.
44 Although nevirapine concentration did not directly correlate with plasma F2-isoP levels,
including NNRTI concentration in our model appeared to strengthen the relationship between
nevirapine use and F2-IsoP (data not shown).

Lipid metabolism is mediated in part by oxidant stress, and elevated plasma F2-IsoP as a marker
of oxidant stress has been linked to coronary artery disease.10 We speculate that the somewhat
lower plasma F2-IsoP in patients on nevirapine may reflect the beneficial effect of this drug
on lipids and/or lipid-independent effects on oxidant stress. Subjects were not required to be
fasting at the time of enrollment, which may have influenced total cholesterol measurements,
but data from other HIV-infected populations have shown no difference in urinary F2-IsoP
metabolites based on fasting status (authors’ unpublished data). A prospective study that
includes thorough assessments of fasting lipid profiles and other markers of cardiovascular
disease could better determine whether there is any differential effect of nevirapine on oxidant
stress and whether this modifies cardiovascular risk. Although we did not find a significant
association between total cholesterol and F2-IsoP, in secondary analyses there was a modest
association between total cholesterol and F2-IsoP levels among the group on ART without an
NNRTI that was not present among persons receiving an NNRTI or those not on ART. Because
most of these individuals (58%) were receiving a PI (compared with 27% of the ART group
receiving an NNRTI), perhaps this reflects a differential relationship between PI use, lipid
peroxidation, and dyslipidemia.
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This is the largest study to date to examine F2-IsoP as a marker of oxidant stress in HIV-infected
individuals. In a previous cross-sectional study by our group involving 120 HIV-infected
adults, we identified a weak correlation between plasma HIV RNA and F2-IsoP, with a greater
proportion of persons with plasma HIV RNA <400 copies/mL on ART having higher F2-IsoP
levels compared with persons receiving no ART.24 A previous study of 59 HIV-infected adults
identified an association between lipoatrophy, symptomatic hyperlactatemia (with or without
acidemia), and increased plasma F2-IsoP.23 We did not find an association between F2-IsoP
in cryopreserved plasma and development of NRTI-associated peripheral neuropathy in a case-
control study of 164 clinical trial participants.45 In addition to its larger size, the present study
population was more demographically diverse and included participants with heterogeneous
ART regimens including many not receiving ART. In contrast to our previous finding, the
present study found no association between plasma HIV-1 RNA and F2-IsoP among all study
participants or in subgroup analyses based on whether or not individuals were on ART.

This study has several limitations, particularly those inherent to cross-sectional analyses. We
cannot determine causality of factors associated with F2-IsoP. Data regarding previous ART
regimens and duration of ART exposure were not collected. Although the multivariable
analysis adjusted for PI class use, the contribution of individual PIs to oxidant stress and toxicity
was not assessed due to relatively small numbers of persons on any single PI. At the time of
the study, NRTI-only regimens were still common (23% of those on ART), limiting our data
related to more contemporary ART regimens. Nevertheless, we were able to evaluate many
individuals receiving NNRTIs or PIs, and the identification of factors associated with oxidant
stress remains relevant and applicable to contemporary therapies. Because plasma for NNRTI
assays was collected at random times, true pharmacokinetic parameters and drug metabolism
could not be precisely accounted for in our analysis. Finally, information on dietary antioxidant
intake was not obtained nor did we quantify markers of oxidant stress or inflammation other
than F2-IsoP.

We believe the results presented here have identified important HIV- and non-HIV-related
factors contributing to oxidant stress that require more detailed study. An important
complication of ART appears to be accelerated cardiovascular risk, which is likely influenced
by oxidant stress status. Prospective studies are underway to better define contributions of ART
and other factors to oxidant stress and complications of HIV infection and its therapy. Further
clarification is needed regarding the role of F2-IsoP and other biomarkers of oxidant stress in
HIV-infected individuals, as are prospective studies to assess potential benefits of interventions
to decrease oxidant stress in this population.
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Figure 1.
Box plots of plasma F2-isoprostanes (F2-IsoP) in study participants receiving no antiretroviral
therapy (ART; white box), receiving ART without a non-nucleoside reverse transcriptase
inhibitor (NNRTI; dark grey shaded boxes), receiving ART with an NNRTI (light grey shaded
boxes), and receiving ART that did not include nevirapine (NVP) and receiving ART that
included NVP (shaded cross-hatched boxes). Horizontal lines represent median, interquartile
range, and 5th and 95th percentile values. Outliers are shown by individual markers. P values
shown are from unadjusted pair-wise Mann-Whitney U tests. The Kruskal-Wallis p value for
comparison of first three groups = .05. Sample sizes for each group are shown.
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Figure 2.
Plots of adjusted β-coefficient values from multivariate linear regression modeling shown as
percent change in F2-IsoP for a unit change in covariate. As body mass index (BMI) was
included in the model as a nonlinear effect using restricted cubic spline, the β-coefficient shown
for BMI corresponds to percent change in F2-IsoP as BMI increase from 25 to 30 kg/m2.
Missing values for BMI (n = 4), total cholesterol (n = 5), HIV-1 RNA (n = 8), and CD4
lymphocyte count (n = 9) were imputed using multiple imputation methods.27 ART =
antiretroviral therapy; CI = confidence interval; NNRTI = non-nucleoside reverse transcriptase
inhibitor; F2-IsoP = F2-isoprostanes; NVP = nevirapine; EFV = efavirenz; d4T = stavudine;
ZDV = zidovudine; PI = protease inhibitor.
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Table 2

Univariate analysis of factors potentially associated with plasma F2-isoprostane levels

Median (IQR) F2-IsoP (pg/mL) or Spearman correlation
coefficient Unadjusted p valuea

Sex

 Female (n = 69) 42 (32–62) .004

 Male (n = 216) 36 (25–46)

Smoking

 Heavy smoker (≥20 cigarettes/day; n = 78) 42 (32–54) .003

 Non-heavy smoker (<20 cigarettes/day; n = 72) 32 (25–51) .83

 Non-smoker (n = 135) 36 (26–46) reference

Body mass index (kg/m2) 0.17 .004

Current nevirapine useb

 Yes (n = 45) 32 (24–40) .007

 No (n = 149) 39 (29–52)

Age 0.05 .41

CD4 T cell count −0.03 .62

Race/ethnicity

 White, non-Hispanic (n = 163) 39 (27–48) .17

 Non-white (n = 122) 36 (25–49)

Antioxidant use

 Yes (n = 10) 24 (20–31) .01

 No (n = 275) 38 (27–49)

Log10 HIV-1 RNA −0.07 .28

Total cholesterol 0.11 .07

Current efavirenz useb

 Yes (n = 44) 38 (29–46) .94

 No (n = 150) 38 (26–52)

Current stavudine useb

 Yes (n = 66) 39 (30–58) .04

 No (n = 128) 36 (26–46)

Current zidovudine useb

 Yes (n = 103) 33 (24–46) .03

 No (n = 91) 39 (30–57)

Current protease inhibitor useb

 Yes (n = 85) 40 (28–52) .13

 No (n = 109) 36 (26–45)

Lipoatrophyc

 Yes (n = 50) 39 (26–46) .97

 No (n = 221) 37 (27–49)

Note: ART = antiretroviral therapy; NNRTI = non-nucleoside reverse transcriptase inhibitor; IQR = interquartile range; F2-IsoP = F2-isoprostanes.
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a
P values shown are from the Mann-Whitney U test or Spearman correlation.

b
Comparisons are for users of specific ART compared to nonusers among individuals on ART.

c
Clinically defined as at least mild fat wasting of the face and peripheral extremities. 271 individuals had lipoatrophy assessments and plasma F2-

IsoP levels.
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Table 3

Univarate and multivariate analysis of ART treatment status and plasma F2-isoprostane levels

Current treatment status

Median (IQR) F2-IsoP (pg/
mL) or Spearman
correlation coefficient Unadjusted p valuea

Adjusted β-coefficient (95%
CI) Adjusted p valueb

No ART (n = 91) 36 (26–48) .10 0.88 (0.74–1.04) .13

ART with NNRTI (n = 89) 33 (26–44) .02 0.83 (0.72–0.95) .01

ART without NNRTI (n = 105) 40 (29–56) reference reference reference

Note: ART = antiretroviral therapy; CI = confidence interval; NNRTI = non-nucleoside reverse transcriptase inhibitor; IQR = interquartile range;
F2-IsoP = F2-isoprostanes.

a
Unadjusted p values shown are from the Mann-Whitney U test.

b
Adjusted p values are from a separate multivariable model adjusting for all factors shown in Table 2 and Figure 2 except individual ART drugs.

Female sex, body mass index, and heavy smoking remained independently associated with F2-IsoP levels in this model (data not shown).
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