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Abstract: Lipodystrophy is a common complication in HIV-infected patients 
taking highly active antiretroviral therapy. Its early diagnosis is crucial for 

timely modification of antiretroviral therapy. We hypothesize that mitochondrial DNA in plasma may be a 
potential marker of LD in HIV-infected individuals. In this study, we compared plasma mitochondrial DNA levels 
in HIV-infected individuals and non-HIV-infected individuals to investigate its potential diagnostic value. 

Total plasma DNA was extracted from 67 HIV-infected patients at baseline and 12, 24 and 30 months after 
initiating antiretroviral therapy. Real-time quantitative PCR was used to determine the mitochondrial DNA 
levels in plasma. Lipodystrophy was defined by the physician-assessed presence of lipoatrophy or 
lipohypertrophy in one or more body regions. 

The mitochondrial DNA levels in plasma were significantly higher at baseline in HIV-infected individuals than in 
non-HIV-infected individuals (p<0.05). At month 30, 33 out of 67 patients (49.2%) showed at least one sign of 
lipodystrophy. The mean plasma mitochondrial DNA levels in lipodystrophy patients were significantly higher 
compared to those without lipodystrophy at month 24 (p<0.001). The receiver operating curve analysis 
demonstrated that using plasma mitochondrial DNA level (with cut-off value >5.09 log10 copies/ml) as a 
molecular marker allowed identification of patients with lipodystrophy with a sensitivity of 64.2% and a 
specificity of 73.0%. 

Our data suggest that mitochondrial DNA levels may help to guide therapy selection with regards to HIV 
lipodystrophy risk. 

Keywords: Biomarker, highly active antiretroviral therapy (HAART), human immunodeficiency virus (HIV), 
lipodystrophy, mitochondrial DNA (mtDNA), plasma. 

INTRODUCTION 
 Lipodystrophy (LD) is a common complication in 
HIV-infected patients taking highly active antiretroviral 
therapy (HAART), with an estimated prevalence 
between 11% and 83% [1,2]. It is characterized by 
peripheral fat loss in the limbs, cheeks and/or buttocks 
(lipoatrophy) and by accumulation of fat in the 
abdomen, neck and/or breasts (lipohypertrophy). A 
number of studies have reported association of 
nucleoside reverse transcriptase inhibitors (NRTIs),  
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particularly thymidine analogues (zidovudine and 
stavudine), with lipoatrophy [3,4] while protease 
inhibitors (PIs) are associated with lipohypertrophy 
[5,6]. The underlying mechanisms for LD are thought to 
be due to mitochondrial toxicity [7,8]. Increased 
apoptosis of adipocytes has been described in NRTIs-
induced LD [9,10]. Furthermore, massive cell lysis 
during adipocyte tissue apoptosis results in 
mitochondrial DNA (mtDNA) release into plasma. LD 
resulting in body dysmorphism may lower the quality of 
life leading to stigma and discrimination among HAART 
recipients [11]. This may cause poor compliance to 
treatment, jeopardizing the long-term success of 
HAART [12]. Improved diagnostic techniques of pre-
clinical LD may facilitate earlier HAART modification by 
the physician. 
 Plasma mtDNA has recently received increasing 
attention and has been studied in several acute and 
chronic disorders. Studies show that plasma mtDNA 
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may act as a potential biomarker of aging, systemic 
inflammation, and tumors [13-17]. This may be due to 
cells releasing mitochondrial structures, particularly 
mtDNA, into the circulation. Since fat-cell damage is 
the main cause for the development of LD in HAART-
treated patients, we hypothesize that plasma mtDNA 
level may also be a marker of LD in HIV-infected 
individuals. 
Table 1. Baseline characteristics of HIV-infected 

individuals. 
 

Characteristic Value 

Age (years) 38.21±7.90 

Female [n (%)] 29 (43.3) 

Transmission [n (%)] 
Sexual 
Blood 
Intravenous drug use 
Others/unknown 

 
50 (74.6) 
3 (4.5) 
13 (19.4) 
1 (1.5) 

HIVRNA(log10 copies/ml) 4.65±0.84 

CD4+ count (cells/µl) 98.85±72.60 

Lactate level (mmol/l) 1.17±0.37 

NRTIs [n (%)] 
d4T + 3TC 
AZT+ 3TC 

 
50 (74.6) 
17 (25.4) 

Data expressed as mean ±standard deviation or percentages. NRTIs, 
nucleoside reverse-transcriptase inhibitors; d4T, stavudine; 3TC, lamivudine; 
AZT, zidovudine. 
 
 In this study, we compared plasma mtDNA levels in 
HIV-infected individuals and non-HIV-infected 
individuals and investigated its potential role in 
diagnosing pre-clinical LD. 

MATERIALS AND METHODS 
 Study population - 67 HIV-infected individuals were 
included in this study. HIV-infected individuals who 
received medical care between April 2009 and October 
2013 at the Guangzhou Eighth People’s Hospital were 
enrolled. Only treatment-naïve HIV-infected individuals 
were included. Patients with opportunistic infections or 
co-infection with hepatitis B or C were excluded from 
the study. All patients received an initial regimen of 
lamivudine (3TC) plus zidovudine (AZT) or stavudine 
(d4T) with efavirenz (EFV), nelfinavir or 
lopinavir/ritonavir (LPV/r). LD was defined as 
subcutaneous fat wasting (lipoatrophy) and/or fat 
accumulation in the abdomen, neck, or back 
(lipohypertrophy), reported by the patient and 
confirmed by the physician examination. Non-HIV-
infected controls (n=23) were a group of local 
volunteers who were seronegative for HIV and had no 
history of chronic illness or intravenous drug use. All 
individuals gave written informed consent. This study 
was approved by the local ethics committee. 
 Blood sampling and assessment of plasma mtDNA - 
The blood samples were processed and the DNA was 

extracted according to our aforementioned protocol 
[17]. Plasma DNA was measured with cytochrome C 
oxidase II (Cox II) genes and the GAPDH by real-time 
quantitative polymerase chain reaction (qPCR) assay, 
the primer sequences have been described previously 
[18]. Amplification of mitochondrial products was 
performed separately in optical 96-well plates (Applied 
Biosystems). All samples were run in triplicate. 
Absolute mtDNA copy numbers were calculated using 
serial dilutions of plasmids with known copy numbers of 
mtDNA. qPCR was carried out in 20 µl of total reaction 
volume containing 4 µl H2O, 10µlTaqMan® Universal 
PCR Master Mix (Applied Biosystems, Branchburg, 
New Jersey, USA), 1 µl of each of 10 µM primers and 
0.5 µl of a 10 µM FAM-labeled probe (both probes from 
Life Technologies, Guangzhou, China). For each 
reaction, 3.5 µl of DNA was added. qPCR was 
performed using the ABI 7500 fast Sequence Detection 
System (Applied Biosystems, Branchburg, New Jersey, 
USA) under the following conditions: 10 minutes at 
95°C, 2 minutes at 50°C followed by 40 cycles of 15 
seconds at 95°C and 1 minute at 60°C. 
 Plasma HIV-RNA was measured by quantitative 
PCR assay (CobasAmpliPrep/CobasTaqman 96; 
sensitivity of 40 copies/ml; Roche Molecular Systems). 
CD4 cell count was determined using FACSCanto flow 
cytometer and CellQuest software (BD Biosciences, 
San Jose, CA). 
 Statistical analysis - Comparisons between groups 
were made using the Mann–Whitney U-test. Multiple 
comparisons were performed using Kruskal-Wallis test. 
The diagnostic suitability of plasma mtDNA copy 
number for identification of patients with LD was 
determined by the Receiver operating characteristic 
(ROC) curve analysis. Quantitative data are presented 
as means ± standard deviations (SD). p<0.05 was 
considered statistically significant. All statistical 
analyses were performed using the SPSS software 
(version16.0; SPSS, Chicago, IL). 

PATIENTS’ BASIC CHARACTERISTICS 
 The characteristics of HIV-infected individuals are 
depicted in Table 1. There was no significant variation 
in age and gender of non HIV-infected patients (age 
34.64± 8.83, female 45.5%, p-value 0.07, 0.86 
respectively) compared to HIV-infected individuals 
group. HAART regimen consisting of two NRTIs in 
combination with one nonnucleoside reverse 
transcriptase inhibitors (NNRTIs) or protease inhibitor 
(PI) was initiated in all HIV-positive patients. They all 
had AZT and 3TC as their initial NRTIs regimen. The 
mean duration of d4T treatment was 12.8 months (SD, 
10.5). At month 30 visit, 13 (19.4%) patients never 
experienced exposure to d4T, 14 (20.9%) patients 
were exposed to d4T less than 12 months, 31 (46.3%) 
patients had exposure of 12 to 24 months, and 9 
(13.4%) patients more than 24 months. Patients taking 
a d4T-based regimen switched to AZT or TDF 
(tenofovir) based regimen. 
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mtDNA ASSESSMENT IN PLASMA 
 mtDNA level was measured in all patients at 
baseline, month 12, month 24, and month 30 of 
treatment. Data are reported in Fig. (1). In HIV-infected 
individuals, the mean plasma mtDNA levels were 5.51, 
4.79, 5.00, and 5.10 for baseline, month 12, 24, and 
30, respectively. In non-HIV-infected individuals, the 
mean mtDNA level was 5.03. The plasma mtDNA 
levels were significantly higher in HIV-infected 
individuals pre-HAART compared to non-HIV-infected 
individuals, at months 12, 24, and 30 post-HAART (p = 
0.008, p < 0.001, p < 0.001, and p = 0.002 respectively; 
Fig. 1). 

 
Fig. (1). Comparison of plasma mtDNA levels in non-HIV-
infected individuals, HIV-infected individuals’ pre-ART, month 
12, month 24 and month 30 post-ART. ART: antiretroviral 
therapy. 

 To study the association of plasma mtDNA levels 
with duration of d4T exposure, we compared mtDNA 
levels of HIV-infected individuals at baseline, with 

HAART duration of less than 12 months, between 12 
months and 24 months, and more than 24 months. 
There was no significant difference in plasma mtDNA 
levels between these groups (5.09, 5.09, 5.17, 5.22 
log10 copies/ml, respectively). 

COMPARED PLASMA mtDNA IN PATIENTS 
WITH OR WITHOUT CLINICAL LD 
At month 30 of initiating HAART, 33 out of 67 patients 
(49.2%) showed at least one sign of LD. The 
characteristics of HIV-infected individuals with and 
without LD are presented in Table 2. In patients with 
LD, the mean plasma mtDNA (log10copies/ml) was 
5.54 at baseline, 4.86 at month 12, 5.14 at month 24 
and 5.22 at 30 months post-HAART. In patients without 
LD, it was 5.48, 4.71, 4.81, and 4.90 respectively (Fig. 
2). The plasma mtDNA levels in patients with LD were 
significantly higher than those without LD at month 24 
and at month 30 post-HAART (both p<0.001). 
However, similar trends were observed at baseline (p = 
0.74) and at month 12 (p = 0.21) (Fig. 2). 

 
Fig. (2). The different values of plasma mtDNA levels (pre-
ART, month 12, month 24, and month 30) in patients with and 
without lipodystrophy. 

 

FIGURE 1. Comparison of plasma mtDNA levels in non-HIV-infected individuals, HIV-infected  individuals’  pre-
ART, month 12, month 24 and month 30 post-ART. ART: antiretroviral therapy. 

Table 2. The characteristics of HIV-infected individuals with and without LD. 
 

 With LD (n=33) Without LD (n=34) p-Value 

Age (years) 37.5±8.2 38.5±8.3 087 

Female [n (%)] 14 (42.4%) 13 (38.2%) 0.86 

BMI (kg/m2) 20.3±2.7 21.1±2.6 0.26 

CD4+ count (cells/µl) at baseline 111±70.1 92±69.0 0.28 

CD4+ count (cells/µL) at month 24 374±254.5 424±184.0 0.47 

HIV RNA(log10 copies/ml) at baseline 4.5±0.8 4.8±0.9 0.31 

NRTI exposure(months) 
Stavudine* 
Zidovudine 
Tenofovir 

 
14.1±5.4 
6.4±6.1 
3.1±5.6 

 
9.5±9.8 

12.0±10.7 
2.3±5.3 

 
0.02 
0.06 
0.44 

Triglycerides 2.5±2.4 2.1±1.6 0.59 

Cholesterol 4.6±1.0 4.5±0.9 0.64 
Data expressed as mean (SD) or n (percentage). *Statistically significant. 
AHL, asymptomatic hyperlactatemia; BMI, body mass index; HAART, antiretroviral treatment; NRTI, nucleoside reverse transcriptase inhibitor. 
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EVALUATION OF PLASMA mtDNA LEVEL AS 
A DIAGNOSTIC MARKER FOR EARLY IDENTI-
FICATION OF PATIENTS WITH LD 
To test whether quantification of plasma mtDNA copy 
number allows identification of patients with LD at 
month 24 post-HAART, we conducted a parametric 
ROC curve analysis, which correlates true and false 
positive rates (sensitivity and 1-specificity). As shown in 
Fig. (3), when the optimal cut-off value of plasma 
mtDNA was defined at > 5.09 log10 copies/ml by the 
ROC analysis, the area under the curve (AUC) was 
0.74 (95% confidence interval: 0.61–0.87). Sensitivity 
and specificity of plasma mtDNA for diagnosis of  
patients with LD was 64.2% and 73.0%, respectively, 
suggesting that the level of plasma mtDNA may serve 
as a useful biomarker to identify patients with LD. 

 
Fig. (3). Receiver operating characteristic (ROC) curve of 
plasma mtDNA for discrimination between patients with 
lipodystrophy from patients without lipodystrophy. Sensitivity 
of the individual biomarkers is plotted on the y-axis, whereas 
1-specificity or the false positive rates plot on the x-axis. The 
data are shown with 95%CI. AUC, area under curve; CI, 
confidence interval. 

CONCLUSION 
 In this study, we present measured plasma mtDNA 
levels in HIV-infected individuals at baseline and during 
30 months of HAART treatment. Our study evaluates 
the role of plasma mtDNA levels in identification of pre-
clinical LD. Our results show that the plasma mtDNA 
levels in patients with LD were significantly higher than 
those without LD 30 months after HAART initiation. 
Similar results are seen at month 24. 
 Our data are consistent with previous studies 
demonstrating that plasma mtDNA levels are elevated 
in HIV-infected individuals prior to initiation of 
antiretroviral therapy [19]. Plasma mtDNA levels are 
also significantly increased in patients with tissue injury 
and various tumors [15,20,21]. The mechanism that 
cells use to release free circulating DNA into the blood 
is still not elucidated. An increase in plasma DNA 
concentration may be due to either increased liberation 
from cells or decreased clearance efficiency [22,23]. 
Our observation of a significant decrease of plasma 
mtDNA levels after 12 months of HAART initiation 

indicates that the HIV virus may disturb the equilibrium 
between mtDNA production and clearance. 
 Studies showed that about 50% of patients had at 
least one physical abnormality characteristic of LD after 
12–18 months of HAART treatment [24,25]. However, it 
is difficult to predict pre-clinical LD and the need for 
changing medication [26,27]. In this study, clinical 
investigations showed a higher frequency of LD at 
month 30 of HAART. At month 24 of HAART therapy, 
patients who subsequently developed LD at month 30 
have shown higher levels of mtDNA compared to non-
LD subjects. This suggests that plasma mtDNA levels 
may serve as a diagnostic biomarker for LD in HIV-
infected individuals taking HAART. 
 Our study has some limitations. First, we did not 
follow a HAART-naïve HIV-infected group, so we could 
not assess the contribution of the virus alone to plasma 
mtDNA levels over time. This of course would be 
ethically unacceptable in the era of therapy. Second, 
HAART regimens were modified for HIV-infected 
individuals who had side effects or intolerance. This 
may cause uncertainty in assessing the impact of each 
regimen on plasma DNA levels. Finally, our sample 
size was small and inferences should be drawn with 
caution. Further studies with larger sample size are 
warranted to evaluate the possibility of using mtDNA 
levels to predict pre-clinical LD. 
 In conclusion, plasma mtDNA levels may help 
earlier identification of pre-clinical LD. Plasma mtDNA 
could be a valuable addition to assessing patients with 
LD. The relatively higher specificity suggests that 
mtDNA levels may help in earlier detection and 
treatment modification of patient populations at risk for 
HIV lipodystrophy. 

ABBREVIATIONS 
3TC = Lamivudine 
AUC = Area under the curve 
AZT = Zidovudine 
Cox II = Cytochrome C oxidase 
d4T = Stavudine 
EFV = Efavirenz 
HAART = Highly active antiretroviral therapy 
HIV = Human immunodeficiency virus 
LD = Lipodystrophy 
LPV/r = Lopinavir/ritonavir 
mtDNA = Mitochondrial DNA 
NRTIs = Nucleoside reverse transcriptase inhibitors 
PIs = Protease inhibitors 
qPCR = Quantitative PCR 
ROC = Receiver operating characteristic 
SD = Standard deviation 
TDF = Tenofovir 
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