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Abstract

Objective—To evaluate the impact of mitochondrial DNA (mtDNA) haplogroups on virologic 

and immunological outcomes of HIV infection.

Design—HAART-naive African American adolescent participants to the Reaching for Excellence 

in Adolescent Care and Health study.

Methods—The mtDNA haplogroups were inferred from sequenced mtDNA hypervariable 

regions HV1 and HV2 and their predictive value on HIV outcomes were evaluated in linear mixed 

models, controlled for human leukocyte antigen (HLA)-B27, HLA-B57 and HLA-B35-Px alleles 

and other covariates.

Results—We report data showing that the mtDNA L2 lineage, a group composed of L2a, L2b 

and L2e mtDNA haplogroups in the studied population, is significantly associated (beta=−0.08; 

Bonferroni-adjusted P=0.004) with decline of CD4+ T cells (median loss of 8 ± 1 cells per month) 

in HAART-naive HIV-infected individuals of African American descent (n=133). No significant 

association (P<0.05) with set-point viral load was observed with any of the tested mtDNA 

haplogroups. The present data concur with previous findings in the AIDS Clinical Trials Group 

study 384, implicating the L2 lineage with slower CD4+ T-cell recovery after antiretroviral therapy 

in African Americans.

Conclusions—Whereas the L2 lineage showed an association with unfavorable immunological 

outcomes of HIV infection, its phylogenetic divergence from J and U5a, two lineages associated 

with accelerated HIV progression in European Americans, raises the possibility that interactions 

with common nucleus-encoded variants drive HIV progression. Disentangling the effects of 

mitochondrial and nuclear gene variants on the outcomes of HIV infection is an important step to 

be taken toward a better understanding of HIV/AIDS pathogenesis and pharmacogenomics.
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Introduction

Until the turn of the century, the bulk of evidence for the link between HIV progression and 

genetic variation came from candidate gene approaches that have implicated 

immunomodulatory molecules encoded by the human leukocyte antigen (HLA) system [1–

6], notably HLA-B, along with the CC chemokine receptor and ligand (CCR2, CCR5 and 

CXCL12 known as SDF-1) genes ([7]; for a review). In recent years, several genome-wide 

association studies (GWAS) have been conducted to search for additional host genetic 

factors influencing HIV pathogenesis [8–16]. These genome-wide searches have focused on 

a restricted and largely overlapping set of phenotypes including set-point viral load (VL), 

and have resulted in striking converging results on the major histocompatibility complex 

(MHC) loci HPC5, HLA-B and HLA-C. In an early study [17], we were able to replicate 

certain of these findings in the predominantly African American Reaching for Excellence in 

Adolescent Care and Health (REACH) cohort; this has validated the use of set-point VL as a 

proxy for HIV progression in REACH cohort. Most importantly, in more recent studies that 

have refined the phenotypes, new susceptibility loci outside the MHC region have been 

identified ([18]; for a review). These new findings suggest that mechanisms of pathogenesis 

other than those mediated by the classical innate and adaptive immune pathways might be 

implicated in HIV progression and that the phenotypic heterogeneity of HIV pathogenesis 

has a genetic basis yet to be uncovered.

Very little is known about the effect of mitochondrial DNA (mtDNA) variation on HIV 

disease progression in treatment-naÏve study populations of African descent. Variants of 

mtDNA carried on population-specific mtDNA haplogroups may affect HIV progression 

through changes in mitochondrial oxidative phosphorylation, reactive oxygen species 

production or apoptosis [19]. mtDNA contains two short (about 400 base pairs of length) 

hypervariable regions (HV1 and HV2) that are part of the noncoding control region of the D-

loop. HV1 and HV2 regions are the most rapidly evolving sequences within the D-loop. 

These highly polymorphic mtDNA regions define population-specific mitochondrial 

haplogroups, and we have sequenced them in the REACH cohort [20].

Survival studies in the Multicenter AIDS Cohort Study (MACS) and in other cohort studies 

of the HIV-infected populations of European descent indicated that mtDNA haplogroups J 

and U5a are associated with accelerated AIDS progression [21]. Because mtDNA 

haplogroups J and U5a occur on divergent mitochondrial clades, we set out to evaluate the 

association of mtDNA haplogroups with HIV outcomes in a population of African descent 

to get more insights into its meaning. In effect, in the absence of recombination, mtDNA 

variants are expected to be in cytonuclear disequilibrium with the maternally inherited 

nuclear DNA variants, making association data with mtDNA variants highly prone to 

confounding by nuclear variants [22]. A straightforward approach to cross-validate the data 

is to test the association in populations with distinct mtDNA composition. In this case, it 

would be possible to exclude potential confounding by cytonuclear disequilibrium if a 

phylogenetically related mtDNA haplogroup, that is a haplogroup sharing the same most 

recent common ancestor (MRCA), is associated with the phenotype or trait of interest in the 

validation study population. With the L mtDNA haplogroups representing the bulk of 
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mtDNA diversity in populations of African descent and being quasi-absent in the European 

populations, the likelihood of confounding by cytonuclear disequilibrium is predicted if the 

associated mtDNA haplogroup in the validation study population (here African American) is 

of the L haplogroup category with no shared MRCA with the European lineages implicated 

in HIV progression.

In the present study, we evaluated the association of mtDNA haplogroups with virologic 

(set-point VL) and immunologic (CD4+ T-cell trajectory) outcomes in the REACH 

participants of African American descent who were HAART-naive at baseline, and we report 

positive associations of CD4+ T-cell trajectories with macro-haplogroup L2.

Methods

Study population

The study population consisted of eligible participants of self-reported African American 

descent in REACH, an observational cohort study of HIV-1-seropositive and high-risk 

seronegative adolescents (12–18 years old) recruited from 15 clinical sites in 13 US cities 

between 1996 and 2000. All infected patients had a positive ELISA, with a confirmatory 

western blot performed before REACH enrollment. Participants were followed on a 

quarterly basis for epidemiologic, clinical, and laboratory evaluations, including 

documentation of demographic and risk behaviors, collection of medical history and various 

biological samples, along with tests for HIV-1 infection, other sexually transmitted 

infections, CD4+ T-cell count, and immunological outcomes.

The parent study and this substudy conformed to the procedures for informed consent 

(parental permission was obtained whenever required) approved by institutional review 

boards at all sponsoring organizations and to human experimentation guidelines set forth by 

the US Department of Health and Human Services.

Study design

Nearly all of the selected youth were HIV-1-seroprevalent at study entry, but the duration of 

infection was relatively short as judged by sexual debut and other risk behaviors [23]. The 

inclusion criteria were availability of good-quality DNA, non-Hispanic African American 

ethnicity and longitudinal measures of VL and CD4+ T-cell count. The exclusion criteria 

were HAART treatment at baseline and data points after treatment initiation. Two 

independent measures of HIV-related outcomes were used to gauge the likelihood of disease 

progression.

Set-point viral load

Estimation of set-point VL, a known predictor of HIV progression, has been described in a 

previous study in REACH [17] based on the same sample. Briefly, we used the covariance 

structure model of the first 2–4 sequential VL measures, with intervisit VL variation not 

greater than 0.5 log10 copies per ml of plasma, as steady set-point values. Of note, in most 

cases, duration of infection, as inferred from young age (median at 17), self-reported sexual 

debut (not earlier than age 13), and other risk behaviors (no vertical transmission), should be 
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no more than 5 years when VL measures were taken. As a result, stable VL at two or more 

HAART-naive clinical visits was treated as a proxy for set-point VL. Of the 192 eligible 

participants, 121 (102 women and 19 men) had measurements of set-point VL and among 

them, a group of 99 individuals of African American descent was sampled for the study of 

set-point VL outcome.

CD4+ T-cell count trajectory

CD4+ T-cell count trajectories during HAART-free periods were estimated from baseline to 

the clinical visits at which HAART was initiated [median 5; interquartile range (IQR) (3, 

10)]. Longitudinal measurements of CD4+ T-cell count were available for additional 

participants of African or non-African descent allowing different sensitivity analyses. These 

study samples consisted of the above set-point VL sample (n=99), an expanded non-

Hispanic African American group (n=133) sampled for the study of the CD4+ trajectory and 

a slightly larger sample that included all ethnic groups (n=166) (Supplementary Fig. S1, 

http://links.lww.com/QAD/A542).

Mitochondrial DNA sequencing

The experimental design and bioinformatics treatment of nucleotide sequence data have 

been described [20]. Briefly, DNA extracted from buffy coat samples (Qiagen DNA 

purification kit) was used as templates in PCR to amplify the hypervariable regions HV1 and 

HV2 as described [20].

DNA typing

Genotyping of several nuclear loci including HLA-B and HLA-C loci have been reported in 

previous REACH studies [24,25].

Mitochondrial DNA haplogroup assessment and quality control

Following bidirectional DNA sequencing of HV1 and HV2 regions, the quality of forward 

and reverse sequences was calculated in CodonCode Aligner 3.7.1.1, and sequences with 

scores 300 or less were discarded. Consensus sequences were assembled using default 

conditions and poor-quality regions were re-sequenced at least once. Regions that were not 

resolved by the sequencing assay (runs of ‘n’ at both ends of the sequences or around the 

stretch of repetitive ‘C’ nucleotides in the HVI sequence) were coded as missing. Only 

unique haplotypes were included in the reconstruction of the phylogenetic tree, as duplicate 

haplotypes do not affect tree structure or support, thus reducing computation burden. All 

analyses were run assuming an unequal transition/transversion ratio and an equal mutation 

rate across sites. The likelihood analysis consisted of 100 separate heuristic searches and 

1000 bootstrap replicates were performed using the GTRCAT model of evolution. All 

sequence designations are based on comparisons to the revised Cambridge reference 

sequence (rCRS) [26].

The standard MitoTool [27] and mthap [28] programs were used to infer mtDNA haplogroup 

membership on the basis of HV1 and HV2 nucleotide sequences that passed the quality 

control filters above. Combined classification data from MitoTool and mthap, and from our 

reconstructed phylogenetic tree (not shown), were used to cross-validate the inferred 
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haplogroups and resolve discrepancies. Specifically, phylogenetically defined branches and 

clades were used to assign a likely haplogroup to individuals for whom classification by 

MitoTool and mthap have failed or produced ambiguous haplogroups (more than one 

possible haplogroup per individual).

Self-report of population of origin and ethnicity was substantiated by discriminant analysis 

of a validated set of 150 ancestry informative markers (AIMs) typed in a previous REACH 

study [25].

Statistical analysis

Association with set-point VL was tested in univariate models comparing estimated mean 

set-point VL by each mtDNA macrohaplogroup (or mtDNA haplogroup in sensitivity 

analyses) to that of all other haplogroups (carrier status), and adjusting for the effects of sex, 

baseline age and HLA alleles known to delay (HLA-B*57 or HLA-B*27) or accelerate 

(HLA-B*35 Px) HIV progression and for multiple comparisons (Tukey–Kramer 

adjustment). Set-point VL means were estimated in linear mixed models using an 

autoregressive covariance structure to accommodate the steady VL across the set-point 

phase and to account for the correlated data within patients. As noted above, the follow-up 

time in this HIV cohort of youth is relatively short (4 years). Therefore significant 

differences (P<0.05) in the least squares mean of log10 set-point VL between carriers and 

noncarriers of the test haplogroup that were larger than 0.75 log10 copies per ml of plasma 

(1.5-fold higher than the defined steady set-point value) were deemed meaningful.

The change of CD4+ T-cell count over time (CD4+ T-cell count trajectory) was assessed by 

the interaction term (haplogroup × time) in linear mixed models with adjustment for the 

above covariates. A random intercept effect was included in the models to account for the 

group differences in the CD4+ T-cell counts at baseline.

All analyses were performed in SAS (SAS Institute, Cary, North Carolina, USA) using 

normalized data (square root of CD4+ T-cell count and log10 of set-point viral load). 

Bonferroni-corrected thresholds (8.3×10−3 – 6.2×10−3 range for the 6–8 tests performed) 

were used to assess the significance of the associations and two-sided P values from t tests 

are reported.

Results

The demographic and clinical characteristics of the African American REACH population 

are depicted in Table 1. Principal component analysis (PCA) based on a validated set of 150 

nuclear AIMs typed in the predominantly African American REACH cohort previously 

enabled us to identify and exclude study participants of admixed population descent, namely, 

other than non-Hispanic African or European descent [20]. In that study (n=343), from 

which the present study sample was derived, we observed 17 out of the 18 mtDNA 

haplogroups reported so far for populations of African American descent, indicating a good 

representation of the African American population diversity in our studied REACH sample. 

Because the present study sample was a random selection based on DNA availability, no 

major distortion in the distribution of the common African American mtDNA haplogroups 
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was observed (Fig. 1). To increase the study statistical power, mtDNA haplogroups sharing 

the same MRCA defined according to the global human mtDNA phylogenetic tree 

(Supplementary Fig. S2, http://links.lww.com/QAD/A542) were grouped together as 

macrohaplogroups. Haplogroups defined with different resolutions by MitoTool and mthap 

(e.g. L2 for L2a) represented the majority of the observed ambiguities (about 7%); with the 

adopted grouping procedure, these haplogroups felt under the same macrohaplogroups. As 

reported in the early study [20], about 2.9% of self-reported Caucasian descents were re-

classified by PCA as African American descents.

Fitting linear mixed models to the set-point viral load data with adjustments for the indicated 

covariates and for multiple comparisons (Tukey–Kramer adjustment) showed that none of 

the tested macrohaplogroups predicted significantly (least square mean difference > 

threshold 0.75 log10 copies/ml and P<0.05) low or high set-point viral load (Table 2). A 

borderline association with higher set-point viral load [least square mean difference=0.44 

log10 copies/ml, standard error (SE)=0.27, P=0.105] was, however, observed with the R0 

macrohaplogroup, which in our study is composed of the West-Eurasian H, V, HV 

haplogroups and their MRCA R0 haplogroup (Fig. S2). Expansion of the study sample to all 

ethnic groups (n=99) resulted in a slight increase of the association strength between R0 and 

set-point VL (beta= =0.48, SE=0.25, P=0.069) (not shown).

We further tested whether mtDNA haplogroups influence the CD4+ T-cell count trajectory 

over HAART-naÏve follow-up medical visits [median 6; IQR (4, 10); range (2, 17)] and 

observed that the L2* macrohaplogroup (L2a, L2b and L2e) predicted a significant decline 

(beta=−0.07, SE=0.024, P=0.002) of CD4+ T-cell counts in African Americans (Table 2). 

Consistently, the root L2 haplogroup was the only other haplogroup associated, albeit 

marginally (P=0.12), with a negative and steeper slope of CD4+ T-cell count (beta=−0.15, 

SE=0.095). With L2 being the MRCA to the haplogroups grouped under L2*, we evaluated 

the combined effect of L2 and L2* and observed a stronger (beta=−0.081, SE=0.023) and 

more significant (adjusted P=0.0005) association with the decline of CD4+ T-cell count over 

the follow-up interval in carriers vs. noncarriers. Specifically, the higher rate of CD4+ T-cell 

loss in the combined group L2 and L2* was 8 ± 1 cells per month.

Re-evaluation of the associations in an expanded sample (Fig. S1) of non-Hispanic African 

Americans (n=133) showed similar trends for L2 and L2*, and their combined effects (Table 

3). Comparable results were obtained when the study sample was expanded (n=166) to 

include individuals of European (n=9), Hispanic African (n=11) and other (n=13) population 

descents (Supplementary Table S1, http://links.lww.com/QAD/A542). In this case, however, 

the significance of the association with L2* (beta=−0.046, SE=0.020, P=0.024) and with the 

combination of L2 and L2* (beta=−0.052, SE=0.020, P=0.009) was lost after Bonferroni 

correction. The sole haplogroup that remained significantly (P<0.05) associated with the 

CD4+ T-cell count outcome was the root L3 haplogroup, which predicted no decline of the 

CD4+ T-cell count (beta=0.177, SE=0.063, P=0.005).
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Discussion

We report the first data on the association of mtDNA variation with the virologic and 

immunological outcomes in HAART-naive HIV-infected African Americans. The data 

indicated that carriage of the African lineage L2 is associated with unfavorable 

immunological outcomes of HIV infection. Specifically, we report that compared to the 

other mtDNA lineages, L2 is associated with a higher loss of CD4+ T-cells (8±1 cells per 

month) in HAART-naive non-Hispanic African American adolescents. We have also shown 

that except for the marginal and sole association of R0 with increased set-point VL, none of 

the other mtDNA lineages affected this outcome. Most importantly, the present data are 

consistent with those of the AIDS Clinical Trials Group (ACTG) study, which reported a 

decreased likelihood of CD4+ T-cell count recovery (≥100 cells per cubic millimiter CD4+ 

T-cell count increase) at week 48 of antiretroviral therapy (ART) among carriers of L2 [29].

As can be expected from a study population of adolescents, the narrow age range of the 

REACH participants (median 17 years, IQR 17, 18) and the slower HIV progression in 

young vs. older participants [30] likely precluded detection of an effect of this covariate, if 

any, on the CD4+ trajectory. Consistent with the published data in REACH and other HIV 

cohort studies of natural history of HIV HLA -B*57, -B*27 and -B*35 had the expected 

effects on the CD4+ trajectory in the model testing the L2 lineage in the largest sample 

(Table S1). Because these HLA-B effects were controlled for in all our models, the reported 

associations with the L2 lineage are independent of this important AIDS restriction gene.

Nonetheless, the observation of strict effects of mtDNA variation on set-point VL or CD4+ 

T-cell count trajectory and not on both outcomes in the present study (the virologic outcome 

was not studied in the ACTG study) raises questions. First of all, whereas our main 

hypothesis was that specific mitochondrial lineages predict favorable or unfavorable 

virologic or immunological outcomes in the African American population in the absence of 

ART, the corollary hypothesis is that observed associations might reflect confounding by the 

nuclear background if the predictor mitochondrial lineages are different or share no MRCA 

among ethnic groups.

The rationale for this latter hypothesis is that by virtue of cytonuclear disequilibrium [31] 

(another form of linkage disequilibrium), any variants in the mitochondrial genomes can be 

proxy for nuclear variants and vice versa [22]. Reported associations of mitochondrial 

lineages with HIV outcomes may point to true mtDNA variant effects, uncontrolled nuclear 

variant effects or joint effects of both types of variants. One approach that potentially helps 

distinguish these alternatives is to conduct replication studies in populations with divergent 

mtDNA composition. In consideration of the above hypothesis, it is interesting to note that 

R0, the West-Eurasian mtDNA haplogroup that shares MRCAR with J and U5a, was the 

only haplogroup that showed an association, albeit marginal, with high set-point VL. The 

marginal association of this non-L haplogroup in our study population may simply be due to 

the moderate statistical power. Our queries of reference mtDNA databases [28] showed that 

the only diagnostic position shared solely by J, U5 and L2* (a mixture of L2a, L2b and L2e 

in our sample) is G13708A, a nonsynonymous polymorphism in the ND5 (NADH 

dehydrogenase, subunit 5) gene; however, this ND5 variant is present in only two carriers of 

Aissani et al. Page 7

AIDS. Author manuscript; available in PMC 2016 August 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the rare L2e haplogroup. Thus, whereas low levels of shared variants are predictable for 

divergent mitochondrial lineages, we cannot fully assess functional polymorphisms in the 

mitochondrial genome.

Because both the MACS and REACH studies controlled for HLA (and non-HLA loci as well 

in MACS) known to influence HIV progression, other AIDS-restriction genes become 

potential targets. Among such targets those encoding the plethoric (n > 966) class of nuclear-

encoded mitochondrial proteins (NEMPs) contains strong candidates and some of them have 

been investigated in MACS [32]. As previously reported in some severe 

encephalomyopathies [33] and cardiomyopathies [34], functional NEMP variants may 

become clinically relevant if combined with incompatible mitochondrial lineages. Similarly, 

de-novo mutations in mtDNA genes (heteroplasmy) may become pathogenic in individuals 

with predisposing mutations in NEMP genes. Alternatively, with the emerging roles for the 

mitochondrial genome in nuclear gene expression [35,36], polymorphisms affecting the 

interplay between nuclear and mitochondrial genes may increase the risk for HIV 

progression through attenuation or exhaustion of protective cellular mechanisms co-

regulated by the two genomes such as apoptosis. Whereas neither refinement of the 

phenotypes nor consideration of alternative clinical end points is an option in the REACH 

study, the observed association of set-point VL with mtDNA haplogroups sharing common 

root with those implicated in AIDS progression in Caucasians may reflect sharing of specific 

nuclear genetic factors underlying unmeasured subphenotypes. In other words, mtDNA 

haplogroups may breakdown nuclear genetic heterogeneity influencing the spectrum of HIV 

disease progression phenotypes and thus increase the power to detect new susceptibility loci.

We are aware of the present study limitations. First, ART treatments received prior to study 

entry or later during follow-ups precluded the inclusion of the entire African American 

group for whom mtDNA typing is available (n=347). Second, the follow-up time in REACH 

is short (4 years) to allow time to event studies or pharmacogenomic studies. Third, study 

samples of admixed population descent can make difficult the interpretation of association 

data due to the maternal inheritance of mtDNA. However, as shown here, such studies can 

also provide clues to refine hypotheses.

In conclusion, we observed a significant association of mitochondrial L2 lineages with the 

decline of CD4+ T-cell numbers and a marginal association of R0 lineages with slightly 

elevated set-point VL in HAART-naÏve study population of African American descent. 

Future studies in larger HIV cohorts are required to validate the present findings and most 

importantly to investigate further mitochondrial and nuclear genomes for functional variants 

shared by carriers of L2, J and U5a mtDNA haplogroups.

Because of the genetic hypervariability of the D-loop region, most common mtDNA 

haplogroups can be tagged by unique diagnostic positions. If validated, this approach would 

offer an opportunity for developing affordable genetic tests to identify early in their 

asymptomatic phase those individuals at risk for unfavorable immunological outcomes of 

HIV infection. Detecting genetic markers validated as predictive of unfavorable HIV 

outcomes may improve the management of this condition, particularly in resource limited 

settings.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Mitochondrial DNA diversity in the African American group of the Reaching for 
Excellence in Adolescent Care and Health cohort
Histogram shows the composition of mtDNA macrohaplogroups in the study sample. 

Macrohaplogroups define major human lineages consisting of closely related haplogroups 

(Supplementary Fig. S2, http://links.lww.com/QAD/A542). In the present study sample, L1* 

comprised two common mtDNA haplogroups (L1b and L1c), L2* (L2a, L2b and L2e) and 

L3* (L3b, L3d, L3e, L3f, L3h and L3x). The non-L macrohaplogroups comprised other 

mtDNA haplogroups as indicated in Fig. S2. mtDNA, mitochondrial DNA; REACH, 

Reaching for Excellence in Adolescent Care and Health.
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Table 1

Demographic and clinical characteristics of a subset of 133 non-Hispanic African Americans of the REACH 

cohort sampled for the mitochondrial study*

Characteristics Female Male all

Number of participants
 count (%) 114 (85.7) 19 (14.3) 133 (100)

Age at baseline, years
 median (IQR) 17 (16, 18) 17 (17, 18) 17 (17, 18)

Follow-up medical visits**
 median (IQR) 5 (3, 11) 5 (4, 7) 5 (3, 10)

 CD4+ T cells/mm3

 median (IQR) 546 (412, 745) 502 (349, 576) 543 (404, 713)

HIV-1 Log10 RNA copies/ml
 median (IQR) 3.4 (2.5, 4.1) 4.0 (3.3, 4,7) 3.5 (2.6, 4.2)

Footnote to Table 1

*
Only participants who were HAART-naïve at baseline and subsequent follow-medical visits were sampled.

**
Median number of quarterly follow-up HAART-naive medical visits. (IQR) Interquartile range.
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Table 2

Mitochondrial haplogroups and virologic and immunological HIV outcomes in 91 HAART-naïve African 

American adolescents of the REACH study

linear mixed model
¶

setpoint viral load CD4+ T cell count trajectory

Mitochondrial
macrohaplogroup frequency coefficient (SE) p 

§ frequency coefficient (SE) p 
§†

L1* 17 −0.29 (0.19) 0.143 17 0.007 (0.024) 0.815

L2 6 0.15 (0.30) 0.618 6 −0.150 (0.095) 0.121

L2* 22 −0.02 (0.18) 0.925 22 −0.070 (0.024) 0.002

L3 6 −0.34 (0.30) 0.249 6 0.051 (0.075) 0.499

L3* 30 0.11 (0.16) 0.479 30 0.016 (0.021) 0.450

R0 8 0.44 (0.27) 0.105 6 0.015 (0.042) 0.731

U − − − − 4 0.040 (0.034) 0.429

L2 + L2* 28 0.15 (0.30) 0.618 28 −0.081 (0.023) 0.0005

Footnote to Table 2

*
Macro-haplogroups as defined in the histogram of Figure 1. Note that non-L haplogroups H, HV, V and root R0 were grouped as R0, and the U 

and K haplogroups as U.

¶
Models adjusted for the effects of gender, baseline age and HLA-B.

§
p-values adjusted for multiple comparisons (Tukey-Kramer adjustment). Note that only clades or macrohaplogroups with a frequency greater than 

3% are shown. SE=Standard Error of the mean.

†
Parameter estimates for the covariates in the model with L2 & L2* as predictors were for HLA-B*35 (beta= −1.62; SE=1.81; p= 0.370), HLA-

B*57 or HLA-B*27 (beta=3.01; SE=1.44; p=0.037), gender (beta= −1.45; SE=1.30; p =0.265) and for age (beta= 0.066; SE=0.25; p=0.795).
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Table 3

Mitochondrial haplogroups and immunological HIV outcomes in HAART-naïve non-Hispanic African 

American adolescents of the REACH study

CD4+ trajectory (n=133) linear mixed model
¶

coefficient (SE) p 
§†

L0 (n=5) 0.063 (0.037) 0.086

L1* (n=27) 0.035 (0.026) 0.183

L2 (n=7) −0.162 (0.101) 0.109

L2* (n=31) −0.061 (0.022) 0.007

L3 (n=9) 0.029 (0.074) 0.696

L3* (n=36) −0.002 (0.020) 0.915

R0 (n=9) −0.007 (0.031) 0.831

U (n=4) 0.029 (0.036) 0.427

L2 + L2* (n=38) −0.068 (0.022) 0.002

Footnote to Table 3

*
macro-haplogroups as defined in the histogram of Figure 1. Note that non-L haplogroups H, HV, V and root R0 were grouped as R0, and the U 

and K haplogroups as U.

¶
models adjusted for the effects of gender, baseline age and HLA-B.

§
p-values adjusted for multiple comparisons (Tukey-Kramer adjustment). Note that only clades or macro-haplogroups with a frequency greater 

than 3% are shown. SE=Standard error of the mean.

†
Parameter estimates for the covariates in the model with L2 & L2* as predictors were for HLA-B*35 (beta= −1.21; SE=1.46; p= 0.408), HLA-

B*57 or HLA-B*27 (beta=3.87; SE=1.52; p=0.011), gender (beta= − 1.80; SE=1.24; p=0.147) and for age at baseline (beta= −0.28; SE=0.240; 
p=0.238).
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