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Abstract

Studies suggest that mitochondrial DNA (mtDNA) haplogroups are associated with antiretroviral therapy
(ART)-related metabolic complications and distal sensory polyneuropathy (DSP), but there have been few
studies in persons of African descent. We explored such associations in South African adults. Clinical and
laboratory data and DNA specimens from a cross-sectional study were used. Sequencing and Phylotree de-
termined African mtDNA subhaplogroups. Wilcoxon and regression analyses determined associations between
mtDNA subhaplogroups and ART-related complications. The 171 participants represented six major hap-
logroups: L0 (n = 78), L1 (n = 3), L2 (n = 30), L3 (n = 53), L4 (n = 1), and L5 (n = 6). Analyses were restricted to 161
participants representing L0, L2, and L3: 78% were female; the median age was 36 years. All had been exposed to
thymidine analogues, 42% were on lopinavir/ritonavir (lopinavir/r), and 58% were on either efavirenz or
nevirapine. Median (IQR) ART duration was 22 (14–36) months. Median fasting triglycerides were 1.60 (1.13–
1.75) and 1.04 (0.83–1.45) mmol/liter among L3e1 (n = 22) and other subhaplogroups, respectively ( p = 0.003).
Subhaplogroup L3e1 [adjusted OR (aOR) 3.16 (95% CI: 1.11–8.96); p = 0.03] and exposure to lopinavir/r [aOR
2.98 (95% CI: 1.02–8.96); p = 0.05] were independently associated with hypertriglyceridemia, after adjusting for
age, sex, and ART duration. There were no significant associations between mtDNA haplogroups and choles-
terol, dysglycemia, hyperlactatemia, or lipoatrophy, or DSP. Subhaplogroup L3e1 and lopinavir/r exposure
were independently associated with hypertriglyceridemia in black South Africans on ART. This is the first report
to link an African mtDNA variant with hypertriglyceridemia. If replicated, these findings may provide new
insights into host factors affecting metabolic complications.

Introduction

Exposure to antiretroviral therapy (ART) has been
associated with metabolic adverse effects such as dysli-

pidemia, insulin resistance, dysglycemia, central fat accu-
mulation, peripheral fat loss (lipoatrophy), and peripheral
neuropathy.1,2 Many of these adverse effects are thought to
be related to nucleoside reverse transcriptase inhibitor
(NRTI)-related mitochondrial toxicity, at least in part due to
inhibition of mitochondrial DNA (mtDNA) gamma polymer-
ase and subsequent mitochondrial dysfunction.2 Other anti-
retroviral classes have also been associated with mitochondrial
dysfunction.3,4

Mitochondrial DNA is distinct from nuclear DNA and
codes for 13 polypeptides essential for oxidative phosphory-
lation.5 Mitochondrial DNA exhibits abundant genetic varia-
tion across the 16.6 kb mitochondrial genome. Human
mtDNA sequences have diverged over approximately the last
150,000 years due to natural selection and human migration,
resulting in distinct patterns of single nucleotide polymor-
phisms (SNPs), called haplogroups.6 Evidence for associations
between mtDNA haplogroups and outcomes in HIV-infected
participants has been reported for CD4 count recovery,7 AIDS
progression,8 and ART-related complications.9,10,11,12,13,14,15

Studies in HIV-uninfected populations (primarily European
and Asian) have reported associations between mtDNA
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and metabolic complications including dyslipidemia and
diabetes.16,17,18,19,20

The majority of HIV-infected persons worldwide reside in
sub-Saharan Africa,21 but this region has been underrepre-
sented in genetic studies. Studies in African-Americans
showed associations between African mtDNA sub-
haplogroup L1c and peripheral neuropathy,15 and between
haplogroup L2 and CD4 T cell recovery.7 To date, no pub-
lished studies have investigated associations between African
mtDNA haplogroups and important metabolic complications
including lipoatrophy, dysglycemia, or dyslipidemia. In this
study, we report the prevalence of mtDNA haplogroups in a
South African population enrolled in an ART program, and
explore associations between African mtDNA and ART-
associated complications including metabolic complica-
tions and distal sensory polyneuropathy (DSP). Because
ART-associated adverse effects in HIV-infected persons,
and metabolic diseases in general, are believed to result in
part from mitochondrial dysfunction, we hypothesized that
mtDNA variation would be associated with susceptibility to
ART-associated lipoatrophy, dysglycemia, hypertriglycer-
idemia, and/or distal peripheral neuropathy in this South
African population.

Materials and Methods

Study design and participants

This analysis was conducted by retrospectively analyzing
data and specimens that had been collected during a pro-
spective, cross-sectional study of the prevalence of metabolic
and neuropathy complications of ART.22,23 Participants were
ambulatory HIV-infected African black adults who presented
for a routine follow-up visit at public-sector antiretroviral
clinics in Cape Town. Participants were recruited by conve-
nience sampling between February 2007 and September 2008.
They were eligible if they were on ART therapy for at least
6 months, with no renal or hepatic disease, no active oppor-
tunistic infections, or no known history of diabetes or dysli-
pidemia. Participants on lipid or glucose-lowering therapy
were also excluded. The University of Cape Town research
ethics committee approved the primary study and all partic-
ipants who signed informed consent for the genetic study and
had clinical and laboratory evaluations and/or whole body
dual-energy X-ray absorptiometry (DEXA) were included in
this analysis. The Vanderbilt University Institutional Review
Board approved the use of de-identified DNA and clinical
data for these analyses.

Clinical and laboratory evaluations

Participants fasted overnight and underwent an oral glu-
cose tolerance test (OGTT). Impaired fasting glucose (IFG),
impaired glucose tolerance (IGT), and diabetes were defined
according to the American Diabetes Association criteria.24

Fasting triglyceride concentrations were determined at the
start of the OGTT and were measured at the National Health
Laboratory Services. Hypertriglyceridemia was defined ac-
cording to NCEP III criteria.25 Point-of-care measurement of
lactate was done before glucose loading using the Accutrend
lactate meter (Roche, Basel, Switzerland). Hyperlactatemia
was defined as a lactate concentration ‡ 2.5 mmol/liter.26 For
the present study, DSP was defined as the presence of at least

two of the following signs: reduced or absent reflexes and
impaired vibratory or pinprick sensation with or without
neuropathic symptoms (pain, paresthesia, or numbness). A
DSP diagnosis was considered only if signs and symptoms
were bilateral, of symmetrical onset, and present for at least
2 weeks. Limb fat was measured by DEXA scan and per-
centage of limb fat was used to determine lipoatrophy, which
was defined as percentage limb fat below the median strati-
fied by sex. We reviewed medical records to determine du-
ration on antiretroviral therapy, current CD4 + lymphocyte
counts, and viral load within 3 months of the study visit,
where available.

Mitochondrial DNA isolation and sequencing

Chromosomal and mtDNA were isolated from buffy coats
using Maxwell16� DNA Purification Kits (Promega Cor-
poration, Madison, WI). Full mitochondrial DNA sequencing
was performed using the GeneChip Human Resequencing
Array v2.0 (Affymetrix Inc., Santa Clara, CA). The full
sequence data were used to assign haplogroups and sub-
haplogroups based on PhyloTree.27

Statistical analysis

Kruskal–Wallis and Wilcoxon rank-sum tests were used to
compare medians between haplogroups. Linear regression
models were used to compare continuous outcomes between
subhaplogroups. For analysis of binary outcomes, a case-
control design was used. The Pearson Chi-squared test was
used to compare proportions of subjects with dichotomous
metabolic outcomes. Logistic regression models were fitted to
assess the association between subhaplogroups and dysgly-
cemia, DSP, hyperlactatemia, hypertriglyceridemia, and li-
poatrophy. Age, sex, lopinavir exposure, and duration on
ART were included in all multivariate regression models. Age
and sex were included a priori as potential confounders.
Lopinavir was included as the potential confounder as it had
been associated with metabolic complications. The duration
on ART was included in all multivariate models as it differed
between the major haplogroups. Subhaplogroups with fewer
than 10 participants were excluded from analyses. Analyses
were performed using Stata release 11 (StataCorp LP, College
Station TX). All tests were two-sided, and a p value < 0.05 was
considered significant. As this was an exploratory study, we
did not formally correct for multiple comparisons.

Results

Participant characteristics and mitochondrial haplogroups

A total of 219 participants provided DNA for analysis, and
mitochondrial sequencing was successful in 171 (78%). The
primary reason for lack of sequencing data was insufficient or
poor quality DNA. Figure 1 shows the flow chart of partici-
pants in this study. We restricted our analyses to the 161
participants who belonged to the L0 (n = 78), L2 (30), and L3
(53) major haplogroups (Table 1) because the numbers in the
other haplogroups were small [L4 (1), L1 (3), and L5 (6)]. Most
participants (78%) were female, which reflects the population
treated in the referring clinics. Current ART regimens con-
tained efavirenz, nevirapine, and lopinavir/ritonavir in 33%,
25%, and 42%, respectively. Consistent with South African
HIV treatment guidelines at the time, most participants on a
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first-line regimen were treated with stavudine/lamivudine
(66%) or zidovudine/lamivudine (34%) combinations as the
NRTI backbone, while most of those on second-line regimens
were treated with zidovudine/didanosine (58%) or zidovu-
dine/lamivudine (24%) combinations. Duration on ART dif-
fered across haplogroups (Kruskal–Wallis p = 0.02; Table 1),
with the L0 major haplogroup having significantly shorter
ART duration ( p = 0.01), and the L3 major haplogroup having
longer ART duration compared to the others ( p = 0.01).
However, the duration on lopinavir/ritonavir did not differ
among the major haplogroups (Kruskal–Wallis p = 0.88; Table
1). The L2 major haplogroup had fewer females than other
haplogroups ( p = 0.04). Otherwise, baseline characteristics did
not differ significantly by major mtDNA haplogroup.

Metabolic complications and mitochondrial haplogroups

Median [interquartile range (IQR)] lipid values in this co-
hort were total cholesterol 4.33 (3.79–5.28) mmol/liter, LDL
2.71 (2.20–3.20) mmol/liter, HDL 1.03 (0.81–1.29) mmol/liter,
and triglycerides 1.11 (0.85–1.59) mmol/liter. Simple regres-
sion analyses showed no statistically significant associations
between the metabolic parameters and the three haplogroups
( p > 0.05 for each analysis, Table 2).

Metabolic complications were common in this cohort.
Hypercholesterolemia was present in 31%, hypertriglycer-
idemia in 18%, dysglycemia in 34%, and hyperlactatemia in
28%. Table 3 shows unadjusted and adjusted odds ratios for
metabolic complications. In these analyses, there was a sta-
tistically significant association between the L3 haplogroup
and hypertriglyceridemia [unadjusted odds ratio (OR) 2.58
(95% CI 1.14–5.84), p = 0.02; Table 3]. This association re-
mained significant after adjusting for age, sex, current
lopinavir-based ART, and overall ART duration [adjusted
odds ratio (aOR) 2.44(95% CI 1.03–5.77), p = 0.04]. As expected,
lopinavir/r use was also independently associated with hy-
pertriglyceridemia [aOR 3.55 (95% CI 1.21–10.39), p = 0.02].

Every mitochondrial haplogroup is further divided into
subhaplogroups.27 A weak association with a haplogroup
might be driven by a stronger association with a sub-
haplogroup. Because of the availability of full mtDNA se-
quence data in this study, we were able to explore whether a
subhaplogroup within L3 was associated with hyper-

triglyceridemia. The frequencies of the L3 subhaplogroups in
the study population were L3e1 (23), L3e2 (16), L3d1 (4), L3d3
(3), L3e4 (3), L3f1 (2), L3b1 (1), and L3e3 (1). Based on the
infrequency of non-L3e1 and non-L3e2 subhaplogroups, we
chose to analyze subhaplogroups L3e1 and L3e2 separately,
and to combine the remaining participants as ‘‘other L3 sub-
haplogroups.’’

Figure 2 shows the triglyceride concentrations (Fig. 2A) and
hypertriglyceridemia (Fig. 2B) in the L3e1 subhaplogroup,
other L3 subhaplogroups, and the haplogroups L0 and L2.
The triglyceride concentrations differed significantly between
the mtDNA subhaplogroups (Kruskal–Wallis p = 0.047). The
L3e1 subhaplogroup had significantly higher triglyceride
concentrations compared to other subhaplogroups combined
(Wilcoxon p = 0.003; Fig. 2A). Linear regression showed that
mean difference in triglyceride concentrations between the
L3e1 subhaplogroup and other subhaplogroups combined
was 0.40 mmol/liter [(95% CI 0.06–0.75 mmol/liter), p = 0.02].
After adjusting for age, sex, lopinavir/ritonavir-based ART,
and ART duration; the association was no longer statistically
significant [mean difference 0.35 (95% CI - 0.01–0.72) mmol/
liter, p = 0.06]. The prevalence of hypertriglyceridemia in the
L0 and L2 haplogroups and L3 subhaplogroups was L0
(13%) and L2 (17%), L3e1 (41%), L3e2 (19%), and other L3
subhaplogroups (23%). When comparing L3e1 to other sub-
haplogroups combined, the prevalence of hypertriglycer-
idemia was 41% and 15%, respectively ( p = 0.004; Fig. 2B). By
logistic regression, there was a statistically significant associ-
ation between the L3e1 subhaplogroup and hypertriglycer-
idemia [unadjusted OR 3.82 (95% CI 1.45–10.10), p = 0.007].
When adjusted for age, sex, current lopinavir treatment, and
ART duration, there remained a significant association with
the L3e1 subhaplogroup [aOR 3.16 (95% CI 1.11–8.96),
p = 0.03]. Lopinavir treatment was also independently asso-
ciated with hypertriglyceridemia [aOR 2.97 (95% CI 1.02–
8.69), p = 0.05]. Figure 3 summarizes various multivariate
models for the metabolic complications.

There were no other significant associations between hap-
logroups and metabolic complications other than hyper-
triglyceridemia. In multivariate analyses for each haplogroup,
increasing age was an independent predictor of dysglycemia
after adjusting for mtDNA haplogroup, sex, current lopina-
vir/r treatment, and duration on ART ( p for age in each
model < 0.05; Fig. 3C).

Peripheral lipoatrophy and mitochondrial haplogroups

Overall median (IQR) percentage limb fat by DEXA was 17
(12–21)% (Table 1). Percentage limb fat differed by sex, with
males having a median (IQR) of 8 (6–10)% and females having
a median (IQR) of 18 (15–22)%. Initial unadjusted analyses
demonstrated significantly lower percentage limb fat in the L2
haplogroup compared with the other haplogroups ( p = 0.04).
However, the L2 haplogroup also had a lower percentage of
females than the other haplogroups ( p = 0.04). In view of these
findings, peripheral lipoatrophy was defined as percentage
limb fat below the median in sex-stratified populations (male
n = 30; female n = 101). Logistic regression analyses stratified
by sex showed no associations between L2 haplogroup and
peripheral lipoatrophy by this definition [males: unadjusted
OR 1.33 (95% CI 0.30–5.91), p = 0.71; females: unadjusted OR
1.17 (95% CI 0.41–3.36), p = 0.71]. Adjusting for age and ART

FIG. 1. Flow chart of the study population.
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Table 1. Study Population Characteristics Including Metabolic and Neuropathic Data, by Major Haplogroups

Study population submitted for sequencing Major haplogroups analyzed

All subjects Subjects L0, L2, L3 L0 L2 L3
Variable N = 219 N = 161 N = 78 N = 30 N = 53

Age (years) 36 (31–42) 36 (32–42) 35 (31–40) 36 (31–41) 37 (32–44)
Female n/N (%)a 179/219 (82) 125/161 (78) 63/78 (80) 19/30 (63) 43/53 (81)
BMI (kg/m2) 26 (23–31) 25 (23–28) 25 (23–29) 24 (21–28) 27 (24–34)

N = 216 N = 158 N = 77 N = 30 N = 51
CD4 count at start of

treatment (cells/mm3)
97 (48–151) 97 (54–153) 93 (40–155) 79 (33–130) 113 (75–179)

N = 199 N = 146 N = 69 N = 28 N = 49
CD4 count at study

enrollment (cells/mm3)
385 (247–520) 382 (247–518) 346 (238–510) 349 (201–518) 447 (288–524)

N = 217 N = 160 N = 77 N = 30 N = 53

Viral load (VL) log10

VL before ART
(copies/ml)

4.64 (3.68–5.26) 4.97 (4.49–5.45) 4.98 (4.56–5.49) 4.98 (4.55–5.38) 4.85 (4.48–5.33)
N = 100 N = 75 N = 30 N = 14 N = 31

VL < 400 at study
enrollment n/N (%)

142/163 (87) 109/127 (86) 50/58 (86) 23/27 (85) 36/42 (85)

Blood pressure (mm Hg) 109/73
(101/66–119/80)

107/73
(101/57–119/81)

108/71
(101/63–119/77)

109/75
(100/64–120/79)

107/73
(102/67–120/81)

Waist:hip ratio 0.88 (0.84–0.94) 0.88 (0.83–0.94) 0.86 (0.82–0.94) 0.88 (0.84–0.93) 0.89 (0.85–0.94)

NRTI backbone n/N (%)
Stavudine/lamivudine 97/218 (45) 69/160 (43) 41/77 (53) 8/30 (27) 20/53 (38)
Zidovudine/lamivudine 66/218 (30) 46/160 (28) 19/77 (25) 10/30 (33) 17/53 (32)
Zidovudine/didanosine 46/218 (21) 38/160 (23) 12/77 (16) 12/30 (40) 14/53 (26)
Other 9/218 (4) 7/160 (5) 5/77 (7) 0/30 (0) 2/53 (4)

NNRTI/PI n/N (%)
Efavirenz 82/219 (37) 54/161 (33) 27/78 (35) 6/30 (20) 21/53 (40)
Nevirapine 57/219 (26) 40/161 (25) 24/78 (30) 9/30 (30) 7/53 (13)
Lopinavir/ritonavir 80/219 (37) 67/161 (42) 27/78 (35) 15/30 (50) 25/53 (47)

Duration (months)
Stavudine 15 (9–23) 15 (10–22) 14 (9–19) 14 (10–21) 17 (12–30)

N = 187 N = 137 N = 70 N = 25 N = 42
Zidovudine 16 (10–26) 16 (10–27) 16 (11–27) 16 (7–27) 16 (10–26)

N = 114 N = 88 N = 35 N = 22 N = 31
Lopinavir/ritonavir 18 (10–26) 18.5 (10–26) 18 (12–30) 18 (7–27) 20 (10.5–26)

N = 76 N = 66 N = 27 N = 15 N = 24
Any ARTb 23 (14–33) 22 (14–36) 19 (11–30) 22 (15–33) 30 (17–41)

N = 214 N = 157 N = 76 N = 30 N = 51
Lipids (mmol/liter) N = 217 N = 159 N = 78 N = 30 N = 51

Total cholesterol 4.34 (3.75–5.25) 4.33 (3.79–5.28) 4.34 (3.86–5.15) 4.23 (3.95–4.72) 4.45 (3.66–5.49)
LDL-C 2.70 (2.20–3.22) 2.71 (2.20–3.20) 2.71 (2.20–3.08) 2.75 (2.21–3.10) 2.80 (2.19–3.49)
HDL-C 1.03 (0.82–1.30) 1.03 (0.81–1.29) 1.07 (0.88–1.27) 0.96 (0.80–1.29) 1.01 (0.75–1.32)
Triglycerides 1.11 (0.85–1.49) 1.11 (0.85–1.59) 1.07 (0.87–1.41) 0.99 (0.78–1.62) 1.23 (0.87–1.81)

Glucose (mmol/liter)
Fasting 5.3 (4.8–5.6) 5.1 (4.8–5.6) 5.0 (4.7–5.4) 5.3 (4.9–5.6) 5.1 (4.8–5.6)

N = 217 N = 159 N = 78 N = 30 N = 51
2 h 6.1 (5.2–7.1) 6.0 (5.2–7.3) 5.8 (5.05–6.95) 6.15 (5.70–7.80) 6.2 (5.3–7.5)

N = 215 N = 157 N = 76 N = 30 N = 51
Lactate (mmol/liter) 1.9 (1.3–2.5) 1.9 (1.3–2.5) 1.9 (1.3–2.5) 1.9 (1.7–2.5) 1.8 (1.3–2.8)

N = 207 N = 155 N = 75 N = 29 N = 51
Percentage limb fat (%)c 17 (12–21) 17 (12–21) 18 (14–21) 13 (9–20) 17 (13–21)

N = 172 N = 131 N = 62 N = 28 N = 41
DSP n/N (%) 149/219 (68) 106/161 (65) 54/78 (69) 21/30 (70) 31/53 (58)

aChi-square test shows that the L2 major haplogroup had fewer females than other haplogroups ( p = 0.04).
bKruskal–Wallis test showed that ART duration differed across the haplogroups ( p = 0.02). Wilcoxon rank sum test showed that the L0

major haplogroup had significantly shorter ART duration than others ( p = 0.01) and the L3 major haplogroup had significantly longer ART
duration than the others ( p = 0.01).

cWilcoxon rank sum test showed that the L2 major haplogroup had significantly lower percentage limb fat than other groups. Other
baseline characteristics did not significantly differ by major mtDNA haplogroup.

Data are reported in median (IQR) unless specified. When N is not specified, there was no missing data. BMI, body mass index; LDL-C,
low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; NRTI, nucleoside reverse transcriptase inhibitor; NNRTI,
nonnucleoside reverse transcriptase inhibitor; ART, antiretroviral therapy; PI, protease inhibitor; DSP, distal sensory polyneuropathy.
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regimen also did not show significant associations [males:
unadjusted OR 1.17 (95% CI 0.24–5.72), p = 0.85; females: un-
adjusted OR 1.28 (95% CI 0.46–3.61), p = 0.64].

Distal sensory polyneuropathy (DSP) and
mitochondrial haplogroups

The overall prevalence of DSP was 66% (Table 1). There
were no statistically significant associations between DSP and
mitochondrial haplogroups, either when treated as a com-
posite variable or when assessing symptomatic and asymp-
tomatic DSP separately (all p > 0.1; data not shown).

Discussion

We explored associations between African mtDNA
haplogroups and ART-related complications in a cohort of
HIV-infected South African adults. We found that the L3e1
subhaplogroup was significantly associated with hyper-
triglyceridemia independent of lopinavir/ritonavir expo-
sure. This is the first report to link an African mtDNA variant
to hypertriglyceridemia. We found no associations between
mtDNA haplogroups and other metabolic complications,
including hypercholesterolemia, dysglycemia, lipoatrophy,
or DSP.

Mitochondrial DNA haplogroups have been mostly stud-
ied to understand human evolution and migration.28 How-
ever, recent studies have investigated the association of
mtDNA haplogroups with human diseases and longevity.7–15

We described the frequencies of the mitochondrial hap-
logroups in our South African cohort recruited from two Cape
Town clinics, the majority of which belonged to the L0 hap-
logroup. There are limited data regarding the distribution of
the mitochondrial haplogroups in the South African popula-
tion. However, the distribution of mitochondrial haplogroups
we found was similar to a recently published South African
study conducted in 71 children.29 None of the participants
analyzed belonged to the European mitochondrial hap-
logroups.

The association between L3e1 subhaplogroup and hyper-
triglyceridemia was independent of LPV/r use, which is a
well-documented cause of elevated triglycerides.30 In a recent
study of 174 non-Hispanic white HIV-infected clinical trial
participants in the United States, the European mtDNA hap-
logroup I was associated with a decrease in triglycerides over
96 weeks of ART when compared with non-I mtDNA hap-
logroups.10 To the best of our knowledge, the association
between African mtDNA haplogroups and hypertriglycer-
idemia has not previously been studied.

Table 2. Univariate Analyses of Metabolic Complications and Major Mitochondrial Haplogroups

Major haplogroups

L0 L2 L3

Variable Beta coeff (95% CI) p Beta coeff (95% CI) p Beta coeff (95% CI) p

Total cholesterol - 0.01 ( - 0.47–0.27) 0.59 - 0.12 ( - 0.51–0.26) 0.53 0.20 ( - 0.25–0.65) 0.38
Triglycerides - 0.10 ( - 0.34–0.13) 0.39 - 0.11 ( - 0.35–0.13) 0.35 0.20 ( - 0.06–0.46) 0.13
Fasting glucose - 0.18 ( - 0.63–0.27) 0.42 - 0.06 ( - 0.44–0.30) 0.73 0.26 ( - 0.40–0.91) 0.44
2 h glucose - 0.69 ( - 1.60–0.22) 0.14 0.32 ( - 0.62–1.27) 0.50 0.56 ( - 0.70–1.81) 0.38
Lactate - 0.07 ( - 0.38–0.24) 0.65 - 0.01 ( - 0.35–0.33) 0.95 0.09 ( - 0.28–0.46) 0.64

Fasting glucose and lipid data were available from 159 participants. For 2 h glucose and lactate, data were available only from 157 and 155
participants, respectively. All variables were measured in mmol/liter. p values are comparing variables for each haplogroup with the other
two haplogroups combined.

Table 3. Univariate and Multivariate Analyses of Metabolic Complications and Major Haplogroups

Major haplogroups

L0 L2 L3

Univariate Multivariate Univariate Multivariate Univariate Multivariate

Variable
OR (95%

CI)
p OR (95%

CI)
p OR (95%

CI)
p OR (95%

CI)
p OR (95%

CI)
p OR (95%

CI)
p

Hypercholesterolemia 0.88
(0.45–1.74)

0.72 0.95
(0.48–1.91)

0.90 0.63
(0.25–1.59)

0.33 0.59
(0.23–1.47)

0.26 1.5
(0.76–3.14)

0.23 1.51
(0.74–3.07)

0.23

Hypertriglyceridemia 0.44
(0.19–1.04)

0.06 0.56
(0.22–1.40)

0.21 0.83
(0.29–2.40)

0.73 0.63
(0.21–1.94)

0.43 2.58
(1.14–5.83)

0.02 2.44
(1.03–5.77)

0.04

Dysglycemia 0.77
(0.40–1.49)

0.44 0.82
(0.41–1.63)

0.57 1.62
(0.72–3.66)

0.24 1.58
(0.72–3.48)

0.26 0.95
(0.47–1.92)

0.88 0.89
(0.42–1.87)

0.76

Hyperlactatemia 0.96
(0.47–1.94)

0.92 0.93
(0.45–1.96)

0.85 0.95
(0.39–2.35)

0.92 0.90
(0.35–2.30)

0.83 1.08
(0.51–2.26)

0.84 1.16
(0.54–2.49)

0.96

Adjusted for age, sex, lopinavir treatment, and treatment duration. p values are comparing variables for each haplogroup with the other
two haplogroups combined.
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FIG. 2. Fasting triglyceride concentrations and hypertriglyceridemia by mitochondrial DNA (mtDNA) subhaplogroups. (A)
Box plots of triglyceride concentrations in the L3e1 subhaplogroup, other L3 subhaplogroups, as well at the other hap-
logroups L0 and L2. Boxes represents medians and interquartile ranges; whiskers are the range. Triglycerides differed by
mtDNA haplogroups (Kruskal–Wallis p = 0.047), with L3e1 having significantly higher concentrations than other hap-
logroups (Wilcoxon p = 0.003). The gray dashed line indicates the cutoff value of 1.7 mmol/liter used to categorize hyper-
triglyceridemia.25 (B) The proportion of participants with hypertriglyceridemia by mtDNA subhaplogroups, with 41% in the
L3e1 subhaplogroup and 15% in other subhaplogroups combined (Chi square test p = 0.004).

FIG. 3. Associations between mitochondrial DNA subhaplogroups and metabolic complications in HIV-infected South
African adults on antiretroviral therapy (ART), shown as adjusted odds ratios (aORs). aORs were obtained from separate
models: L0, L2, L3, and L3e1. The covariates age, sex, lopinavir/ritonavir (LPV/r) exposure, and ART duration displayed in
(A) are from the L3e1 model. (B–D) The same covariates are from the L0 model. After adjusting for age, sex, LPV/r exposure,
and ART duration, L3 [aOR 2.44 (95% CI: 1.03–5.77) and p = 0.04], L3e1 [aOR 3.16 (95% CI: 1.11–8.96); p = 0.03] were
independently associated with hypertriglyceridemia. LPV/r exposure [aOR 2.97 (95% CI: 1.02–8.69); p = 0.047] was also
independently associated with hypertriglyceridemia and this was consistent in all subhaplogroup models.
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An association between an mtDNA polymorphism and
plasma triglycerides was previously reported in a Canadian
cohort.31 Variation at mtDNA position 16517 was associated
with significantly higher fasting plasma triglyceride concen-
trations in this population. These data support the hypothesis
that mitochondrial DNA variation may influence fatty acid
and lipid metabolism. Fatty acids derived from plasma tri-
glycerides are precursors of acyl CoA, which is used in the
mitochondrial ß oxidation cycle of fatty acid metabolism.
Genetic variation affecting mitochondrial function might also
affect the utilization of fatty acid in ß oxidation.31 Differences
in cellular utilization may then alter the demand of fatty acids
from triglycerides, which may influence plasma concentra-
tions.31 However, the exact mechanism is still unclear.

We found no association between mitochondrial DNA
haplogroups and hypercholesterolemia. In the study refer-
enced above, European mtDNA haplogroup I was associated
with higher baseline (pre-ART) non-HDL cholesterol and a
significant decrease in non-HDL cholesterol after 96 weeks of
ART.10 In a study of 83 elite athletes and 61 patients with
sedentary lifestyles, mtDNA clade HV was significantly as-
sociated with higher LDL cholesterol in the elite athletes, but
not in those with a sedentary lifestyle.19 The lack of an asso-
ciation between mtDNA haplogroups and hypercholester-
olemia observed in our cohort may be due to several factors.
First, the studies discussed above investigated only European
haplogroups,10 not African haplogroups. Second, nuclear
genetic factors known to influence cholesterol (e.g., LPL,
APOC3, and APOA2) may have a stronger influence on cho-
lesterol than mitochondrial genetic variation, or mediate re-
lationships between mitochondrial variation and phenotype.
Third, data on lifestyle factors known to influence plasma
cholesterol were not available in our cohort.

We observed no statistically significant associations be-
tween African mtDNA haplogroups and fasting dysglycemia.
Multivariate analyses showed that older age was an inde-
pendent predictor of dysglycemia, independent of hap-
logroup, sex, lopinavir treatment, or duration on ART. To our
knowledge, this is the first study to investigate an association
between this outcome and mtDNA haplogroups in an African
cohort. Several inborn mitochondrial diseases include diabe-
tes,32 and common mitochondrial DNA mutations have also
been associated with type 2 diabetes mellitus in Asians and
Europeans.33,34 Studies investigating mitochondrial hap-
logroups and type 2 diabetes have shown conflicting results.
Although the prevalence of dysglycemia was high (33%) in
our cohort, only 8 of 159 participants had diabetes and
therefore diabetes was not included as an outcome in this
analysis. Hyperlactatemia is a recognized consequence of
mitochondrial dysfunction associated with d-drug use.35 We
found no association between African mtDNA haplogroups
and hyperlactatemia, which is similar to the finding from
another South African study.36

There are inconsistent data regarding the influence of
specific European mtDNA haplogroups on lipoatrophy.11,12

The AIDS Clinical Trials Group (ACTG) cohort found that the
mtDNA haplogroup J tended to be protective against lipoa-
trophy.11 The Multicenter AIDS Cohort Study (MACS), con-
ducted in 410 U.S. men (100% white), found that mtDNA
haplogroup H was significantly associated with clinically
defined lipoatrophy in the arms and legs, and that mtDNA
haplogroup T tended to be protective.12 In contrast, a recent

Italian study showed that mtDNA haplogroup T tended to
increase the risk of lipoatrophy when compared to mtDNA
haplogroup H.37 These studies are limited by diverse popu-
lations and heterogeneous outcome ascertainment. It is hy-
pothesized that variations in mtDNA haplogroups may
influence lipoatrophy at the adipocyte level, affecting cellular
energy production efficiency, reactive oxygen species gener-
ation, and/or levels of apoptosis, all of which may be exac-
erbated by use of NRTIs. However, the exact mechanism
remains unclear. The lack of an association between African
mtDNA haplogroups and lipoatrophy could have been
influenced by the way lipoatrophy was defined in our cohort.
Due to significant differences between men and women, li-
poatrophy was defined as percentage limb fat below the
median in the sex-stratified populations. We also compared
groups in the lowest and highest tertiles and quartiles and
found no significant associations (data not shown). Notably,
only a subset had DEXA scans, therefore we had limited
power to detect differences. Larger prospective studies are
needed to determine if an association between lipoatrophy
and African mtDNA haplogroups exists.

Finally, we found no association between African mtDNA
haplogroups and DSP. A study conducted in non-Hispanic
black participants from ACTG study 384 reported an associ-
ation between the African mtDNA L1c and increased sus-
ceptibility to peripheral neuropathy during NRTI treatment.15

As discussed above, the L1 haplogroup was found in only
three participants in our cohort and they were excluded from
our analyses, so we were unable to replicate this reported
association. Here, DSP was frequent and no association was
observed with a particular haplogroup. We were also unable
to adjust for the effect of d-drugs, an important cause of DSP,
as > 90% of participants had been exposed to stavudine and/
or didanosine. All participants were examined by either of
two trained clinicians, and DSP was more rigorously defined
compared with many other reports. The prevalence of DSP in
our cohort was high (66%), compared with that reported in
the ACTG study (33%).15

Our study had several limitations. The design was cross-
sectional, with participants of different HIV disease stages
and different ART durations. We excluded ART-naive par-
ticipants and participants with current opportunistic infec-
tions, known hepatic or renal disease, or with known
dyslipidemia (or taking lipid-lowering therapy) or dysglyce-
mia (or taking antidiabetic drugs). Viral load data were
missing in the majority of participants, and were therefore not
included in the analysis as a covariate. Our sample size was
relatively small and we did not formally adjust for multiple
comparisons. However, when considering the five mtDNA
subhaplogroups we analyzed, only the unadjusted analyses
between subhaplogroup L3e1 and triglycerides concentra-
tions (Wilcoxon p = 0.003), or hypertriglyceridemia ( p = 0.007)
remained significant when our level of significance was cor-
rected to p < 0.01.

In conclusion, we observed a novel association between
African mtDNA subhaplogroup L3e1 and hypertriglycer-
idemia. Functional studies are needed to unravel the mecha-
nism by which this subhaplogroup may increase triglycerides.
We did not find associations between African mtDNA hap-
logroups and the other ART-related complications studied,
but we may have been underpowered to identify smaller as-
sociations. Larger studies in sub-Saharan Africa, which has
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the highest HIV burden in the world but few pharmacoge-
nomic studies, are needed to confirm the association we found
between African mtDNA subhaplogroup L3e1 and hyper-
triglyceridemia, and to explore associations between mtDNA
haplogroups and other HIV- and ART-related complications.
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