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ABSTRACT
Objective: To examine the associations between CD4
recovery, dyslipidaemia and apolipoprotein (APO) gene
single nucleotide polymorphisms (SNPs) following
highly active antiretroviral therapy (HAART).
Design: Retrospective observational cohort study.
Setting: A major HIV care clinic in Hong Kong.
Participants: 197 Chinese treatment-naïve HIV
patients.
Outcome measures: Maximum CD4 count and its
rise 2–3 years after HAART initiation and their
association with abnormal total cholesterol (TC),
triglyceride (TG) and 8 selected APO SNP at multiple
time points.
Results: Before HAART, abnormal levels of TC, TG,
high-density lipoprotein cholesterol and low-density
lipoprotein cholesterol were detected in 13%, 26%,
59% and 19% of the recruited patients, respectively.
APOA5 −1131T>C and c.553G>T were significantly
associated with high pre-HAART TG while APOE
2198C>T was correlated with high TG at baseline and/
or a rise 2–3 years following HAART initiation. Poor
CD4 achievement, defined as the highest CD4 count
<350/μL and a net gain of <100/μL, was associated
with a low CD4 count ≤200/μL at baseline and a rise
of TC beyond 5.17 mmol/L following HAART with or
without the use of antilipid agents. Conversely,
satisfactory CD4 achievement was associated with
APOC3 3238GG genotype. Applying a linear
generalised estimating equation, APOA5 −1131T>C
was shown to be a predictor of a weaker temporal
trend for CD4 response in the presence of a low
baseline CD4≤200/μL.
Conclusions: Dyslipidaemia plays a predictive role in
impacting immunological recovery following HAART,
which could be partly explained by the APO gene SNP.

INTRODUCTION
The complex inter-relationships between
hyperlipidaemia and HIV infection have

continued to be unravelled, paralleling the
progress of highly active antiretroviral therapy
(HAART). In treatment-naïve patients,
advanced HIV diseases have been reported to
be associated with high plasma triglyceride
(TG), low high-density lipoprotein choles-
terol (HDL-C) and variable levels of low-
density lipoprotein cholesterol (LDL-C) and
very-LDL-C,1–4 the relative importance of
which depends also on the patients’ nutri-
tional status.5 With HAART, hyperlipidaemia
has become increasingly reported, notably in
association with regimens composed of
ritonavir-boosted protease inhibitors (PIs).6

Lipid profile may also improve with the use of
antilipid agents and the strategic selection
of antiretrovirals (ARVs).7 Overall, the
characteristics of HIV-related cardiovascular
and metabolic complications have been
extensively researched.5 8 As an important
outcome of HAART, immunological recovery
and the potential influences of hyperlipid-
aemia are becoming an emerging concern.
Retrospective cohort studies suggested a posi-
tive correlation between HDL-C and nadir

Strengths and limitations of this study

▪ Analyses of longitudinal data collected from a
cohort of Chinese patients receiving treatment in
accordance with standard protocol.

▪ Both lipid levels and information on the selected
apolipoprotein (APO) gene single nucleotide
polymorphism were available to examine their
impacts on immunological recovery following
highly active antiretroviral therapy.

▪ Only eight APO genes were selected for analysis
in the study.

▪ CD4 count alone was used for assessing
immunological recovery.
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CD4 cell count.1 4 Similar patterns were reported in
Asian communities,3 children9 and women.10 In the
latter study, a higher CD4 count was associated with
higher apolipoprotein (APO) B. Separately, an African
cohort study reported that the LDL/HDL-C ratio and
anthropometric markers contributed to the variability of
CD4 reconstitution after 6 months of HAART.11

From the genetic perspective, HAART-associated
hyperlipidaemia was under the influence of various
forms of genetic polymorphisms, similar to the situation
in non-HIV adults.12 13 The prevalence of such poly-
morphisms did vary from one population to another. A
study in the Chinese population reported that APOA5
gene −1131T>C and c.553G>T were associated with high
TG and could predict coronary artery disease.14 A cross-
sectional study demonstrated that the same polymorph-
isms at APOA5 could affect circulating CD4 cell levels in
chronically HIV-infected patients,15 inferring the effects
of lipid metabolism on HAART-associated immune
recovery. These results echoed the analyses conducted
on a South African cohort, suggesting that metabolic
parameters might account for as much as 44% of CD4
recovery following HAART.13 While these studies pro-
vided insights into the relationships between dyslipidae-
mia, host genetic polymorphism and CD4 recovery, a
definitive conclusion is difficult partly because of the
limitations inherent in the studies, many of which were
cross-sectional in design. There was also scarcity of data
on the temporal changes of lipid/immune markers,
superimposed on the coexistence of confounders. These
backgrounds have prompted us to conduct a retrospect-
ive cohort study on HIV-positive treatment-naïve patients
of the same ethnicity with data from multiple time
points to test the relationships between lipid/genetic
polymorphism and CD4 recovery pattern.

PATIENTS AND METHODS
The study was conducted at the HIV specialist service of
Queen Elizabeth Hospital in Hong Kong, an institution
that looks after about a quarter of all reported HIV/
AIDS cases in the territory. Following written informed
consent, HIV-positive patients were recruited if they
were Chinese and had been put on HAART, in accord-
ance with local clinical guidelines founded on a
CD4-guided approach to treatment initiation. In brief,
treatment was recommended when the CD4 count fell
below 350/μL. The following data were retrieved from
clinical records anonymously: demographics; dates of
HIV diagnosis and HAART initiation; HAART regimens
—divided into either PI-based or non-nucleoside reverse
transcriptase inhibitor (NNRTI)-based; CD4 and viral
load measurements every 3–4 months; lipid profiles—
TG, total cholesterol (TC), HDL-C, LDL-C; and the use
of lipid-lowering treatment at baseline and/or following
HAART.
During a 9-month study period, all eligible cases were

selected for analysis if they were ARV naïve at baseline,

had been on their first HAART regimen ≥2 years
without interruptions, had lipid measurements, a viral
load and CD4 records made at baseline and during
treatment, and had achieved viral suppression (defined
as ≤500/mL) as a result of HAART. Patients with
missing data on CD4 changes and lipid profiles were
excluded. Blood samples were collected from eligible
patients followed by the extraction of genomic DNA
using QIAmp DNA kit (Qiagen) according to the manu-
facturer’s protocol. The following candidate single
nucleotide polymorphisms (SNPs) of APO genes were
tested: APOA5 −1131T>C (rs662799), c.56C>G (S19W)
(rs3135506) and c.553G>T (rs2075291); APOC3
−482C>T (rs2854117), -455T>C (rs2854116) and
3238C>G (rs5128); and APOE 2060T>C (rs429358) and
2198C>T (rs7412) by allelic discrimination using the
custom TaqMan SNP Genotyping Assay (Applied
Biosystems).16 17 Selection of these SNPs was based on
results published in the literature as regards their associ-
ation with dyslipidaemia following HAART.12 15 18

Lipid abnormalities were diagnosed according to
the cut-off values defined by the US National
Cholesterol Education Program Adult Treatment
Panel III (NCEP-ATPIII) guidelines: TG ≥1.7 mmol/L;
TC ≥5.17 mmol/L; HDL-C <1.03 mmol/L; LDL-C
≥3.36 mmol/L.19 Allele frequencies of SNPs were calcu-
lated by direct counting. The Hardy-Weinberg equilib-
rium (HWE) for each SNP was tested using a χ2 HWE
test calculator, considering equilibrium for p>0.05.
Linear generalised estimating equations (GEEs) with an
unstructured working correlation matrix were per-
formed to examine the variation of selected SNP, hyper-
lipidaemia (TC and TG abnormality) and baseline
CD4≤200/μL (independent variables) with a CD4 count
across time (outcome variable). Sequential Bonferroni
was used to adjust for multiple comparisons in GEE.
Separately, univariate analysis (OR) was used to compare
between patients with suboptimal and satisfactory CD4
recovery, followed by multivariate analyses. In this study,
satisfactory CD4 recovery was defined as the attainment
of the highest CD4 count above 350/μL at years 2–3 and
a net gain of >100/μL above baseline, following criteria
adopted in a previous study.20 All statistical analyses were
performed in SPSS V.22 (IBM Corp) and R V.3.2.1.

RESULTS
General characteristics of recruited patients
Between August 2011 and March 2012, a total of 327
ARV-naïve patients attending the clinic were
approached. Of these, 197 (60%) eligible patients were
recruited after exclusion of cases with missing data. The
general characteristics of recruited patients are displayed
in table 1. Overall, their male-to-female ratio was 6.9:1,
with a median age of 37 (IQR 31–44). The median pre-
treatment CD4 count and viral load were 103/μL (IQR
29–212) and 97 000/mL (IQR 34 000–279 000), respect-
ively. The median duration of observation was
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27 months (IQR 23–60). One hundred and forty-eight
patients (75%) have been put on NNRTI-based ARV
therapy, and 49 (25%) on PI-based therapy regimens. At
study entry, patients in the NNRTI-treated and PI-treated
groups were similar with regard to age, gender, nadir
CD4 count and HIV viral load. All patients had demon-
strable virus suppression with a viral load ≤500/mL after
the initiation of HAART.

Lipid profile and APO gene polymorphisms
At baseline, a quarter (26%) of the patients had a high
TG ≥1.7 mmol/L. The proportions with abnormal TC,
HDL-C and LDL-C were 13%, 59% and 19% respect-
ively, while 18 (9%) had already been receiving antilipid
treatment before HAART. The genotype distributions of
the SNPs in the tested APO genes were in HWE
(p>0.05), except for APOA5 c.56C>G (S19W), in which
case only one patient was tested positive for the SNP
(see online supplementary table S1). Two mutated
alleles, APOA5 −1131T>C and c.553G>T, were

significantly associated with a high pre-HAART TG (ie,
≥1.7 mmol/L; 81% vs 55%, OR=3.43, 95% CI 1.38 to
8.51; 28% vs 10%, OR 3.32, 95% CI 1.27 to 8.68, respect-
ively). There was otherwise no association between base-
line lipids and the other APO gene SNPs (see online
supplementary table S2(A)). Likewise, no difference was
seen between homozygous and heterozygous
SNP-containing genotypes as regards their association
with dyslipidaemia (results not shown). Concerning the
impacts of ARV therapy, patients on NNRTI were more
likely to have abnormal HDL-C <1.03 mmol/L at base-
line compared with those on PI (39% vs 67%, OR=3.11,
95% CI 1.15 to 8.41).
Following the initiation of HAART, 44/94 (47%) of

the recruited participants with a normal lipid profile at
baseline had developed dyslipidaemia at years 2–3—ele-
vated TG 27/72 (38%), TC 26/85 (31%), LDL-C 6/24
(25%) and reduced HDL-C 2/14 (14%)—while 3/93
(3%) had started on antilipid agents. There was no dif-
ference between PI-based and NNRTI-based regimens in
their development of dyslipidaemia (results not shown).
Expanding the definition of dyslipidaemia to include
abnormal lipid levels after HAART as well as the use of
antilipid agents, the mutated APOA5 allele −1131T>C
remained significantly associated with abnormal TG (see
online supplementary table S2(B)) Separately, the
mutated APOE allele 2198C>T was associated with a rise
in TG at baseline and/or years 2–3 following HAART
initiation, with the inclusion of patients on antilipid
treatment. There was, however, no association between
abnormal TG at years 2–3 following HAART and any
one of the eight APO SNPs for patients with normal
lipid levels at baseline (see online supplementary table
S2(C)). As for abnormal TC and LDL-C, there was again
no genetic association with any of the tested SNPs at any
specific time point following HAART.

Immune recovery and its correlates
In the subsequent analyses, satisfactory CD4 achieve-
ment was defined as the attainment of the highest CD4
count above 350/μL at years 2–3 and a net gain of
>100/μL above baseline.20 Results of 140 patients were
available for the analyses, of which 75 (53.5%) could be
classified as satisfactory CD4 achievers. Comparing
between low and satisfactory CD4 achievers, a low base-
line CD4 count ≤200/μL was a negative associating
factor (86% vs 69%, OR=0.36, p=0.02; table 2). The
extent of CD4 recovery was not related to baseline dysli-
pidaemia, but was associated with a rise of TC beyond
5.17 mmol/L with or without the use of antilipid agents
following HAART. Age, baseline viral load and gender
did not show any relationship with CD4 achievement.
The allelic frequency of APO SNPs tested did not show
any significant difference between low and satisfactory
CD4 achievers. Patients homozygous for the mutated
APOC3 allele 3238C>G were more likely to give a satis-
factory CD4 achievement compared with heterozygous
patients (OR 3.74, 95% CI 1.07 to 13.13; see online

Table 1 General characteristics of treatment-naïve HIV

patients at baseline before HAART initiation (n=197)

n (%) Median (IQR)

Demographics

Male gender 172 (87)

HIV age >35 116 (59)

Months of monitoring 27 (23–60)

Baseline immune and viral markers

CD4 cells/μL 103 (29–212)

Cell count ≤200/μL 139 (71)

VL copies/mL; n=191 97 000

(34 000–279 000)

VL unsuppressed

(>500/mL)

191 (100)

VL >100 000

copies/mL

92 (48)

Baseline lipid status

TG mmol/L; (n=141) 1.3 (1–1.7)

TG ≥1.7 mmol/L 36 (26)

TC mmol/L; (n=141) 4 (3.5–4.7)

TC ≥5.17 mmol/L 18 (13)

HDL-C mmol/L; (n=83) 1 (0.8–1.2)

HDL-C <1.03 mmol/L 49 (59)

LDL-C mmol/L; (n=81) 2.4 (1.8–3)

LDL-C ≥3.36 mmol/L 15 (19)

Antilipid treatment at

baseline

18 (9)

Antiretroviral therapy

HAART initiation age 39 (32–45)

Initiation age >35 129 (65)

First HAART regimen

NNRTI-based 148 (75)

PI-based 49 (25)

HAART, highly active antiretroviral therapy; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
NNRTI, non-nucleoside reverse transcriptase inhibitor; PI,
protease inhibitors; TC, total cholesterol; TG, triglyceride; VL, viral
load.
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supplementary table S3). The temporal difference in
the maximum yearly CD4 between patients with normal
TC and abnormal TC (at baseline and/or a rise above
normal range following HAART) is shown in online sup-
plementary figure. Multivariable analysis confirmed that
both a low CD4 baseline count and increased TC follow-
ing HAART were associated with poorer immune
recovery.
The possible influence of dyslipidaemia and APO SNP

on longitudinal CD4 trend over an extended period of
up to 3 years was examined using GEE. Three APO gene
mutations were included in the analyses: APOA5
−1131T>C allele, APOA5 c.553G>T allele and APOC3
genotype 3238GG. The other input variables were:
yearly time points, baseline CD4 (count ≤200/μL or
>200/μL), abnormal TC (≥5.17 mmol/L at baseline
or 2–3 years after initiation of HAART, and/or the use
of antilipid treatment), abnormal TG (≥1.7 mmol/L at
baseline or 2–3 years after initiation of HAART, and/or
the use of antilipid treatment). Two sets of models were
constructed for the exploration, one focusing on abnor-
mal lipids and the other on the selected APO mutated
alleles/genotype which have been shown to be

associated either with hypertriglyceridaemia or with the
ultimate CD4 recovery. The main results of GEE are dis-
played in table 3, using yearly maximum CD4 as the
dependent variable. Abnormal TC but not TG was con-
sistently associated with a poorer CD4 recovery, in con-
junction with or without a low baseline CD4. On the
other hand, the APOA5 mutated allele −1131T>C was
also a predictor of a weaker CD4 recovery over time.
The impact was, however modest, as the association
could not be demonstrated in the absence of a low base-
line CD4 count ≤200/μL. No statistically significant cor-
relation can be found between the APOA5 mutated
allele c.553G>T or the APOC3 mutated genotype
3238GG and the temporal trend of CD4 recovery.

DISCUSSION
In this study, we set out to examine the inter-
relationships between dyslipidaemia and immune recov-
ery following the initiation of HAART in chronic HIV
infection. Since hyperlipidaemia can be a result of a
multitude of factors, we attempted to minimise, as far as
possible, the effects of confounders by focusing on a

Table 2 Comparison between satisfactory CD4 achievers (CD4>350/μL at years 2–3 with a net gain of >100/μL from

baseline, n=75) and low CD4 achievers (n=65) in univariate analysis

Low CD4
achievers (n=65)

Satisfactory CD4
achievers (n=75) OR

n Per cent n Per cent OR 95% CI

Demographics and baseline HIV status

Male gender 54 83 63 84 1.07 0.44 to 2.62

HIV diagnosis at age >35 37 57 44 59 1.07 0.55 to 2.1

CD4≤200cells/μL 56 86 52 69 0.36 0.15 to 0.86*

NNRTI-based regimen 51 78 56 75 0.81 0.37 to 1.78

Apolipoprotein gene SNP (mutated allele)

APOA5 −1131T>C 44 68 42 56 0.61 0.3 to 1.21

APOA5 c.56C>G (S19W) 1 2 0 0 /

APOA5 c.553G>T 7 11 10 13 1.27 0.46 to 3.57

APOC3 −482C>T 40 62 44 59 0.89 0.45 to 1.75

APOC3 −455T>C 43 66 42 56 0.65 0.33 to 1.29

APOC3 3238C>G 38 58 36 48 0.66 0.34 to 1.28

APOE 2060C>T† 10 15 8/74 11 0.67 0.25 to 1.81

APOE 2198T>C 8 12 12 16 1.36 0.52 to 3.56

Lipid at baseline

On antilipid treatment 3 5 2 3 0.57 0.09 to 3.5

TG ≥1.7 mmol/L† 12/39 31 13/58 22 0.65 0.26 to 1.63

TC ≥5.17 mmol/L† 5/39 13 7/58 12 0.93 0.27 to 3.18

LDL-C ≥3.36 mmol/L† 3/17 18 5/25 20 /

HDL-C <1.03 mmol/L† 11/18 61 15/26 58 /

Lipid changes in first 2–3 years

Put on antilipid treatment 4 6 5 7 1.09 0.28 to 4.24

TG from normal to ≥1.7 mmol/L† 9/27 33 18/45 40 1.33 0.49 to 3.62

TC from normal to ≥5.17 mmol/L† 16/34 47 10/51 20 0.27 0.1 to 0.72*

LDL-C from normal to ≥3.36 mmol/L† 4/11 36 2/13 15 /

HDL-C from normal to <1.03 mmol/L† 0/7 0 2/7 29 /

*p<0.05.
†For items with incomplete data, the number of persons with available data is given as the denominator.
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; NNRTI, non-nucleoside reverse transcriptase inhibitor;
SNP, single nucleotide polymorphism; TC, total cholesterol; TG, triglyceride.
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Table 3 Results of linear GEE with annual maximum CD4 in the first 3 years of antiretroviral treatment as the outcome variable and the following parameter in the

respective model: (1) mutated APOA5 allele −1131T>C; (2) mutated APOA5 allele c.553G>T; (3) mutated APOC3 3238GG genotype; (4) abnormal TC; (5) abnormal TG

(1) (2) (3) (4) (5)

Parameter β 95% CI
p
Value β 95% CI

p
Value β 95% CI

p
Value β 95% CI

p
Value β 95% CI

p
Value

(Intercept) 281 239 to 323 <0.001* 249 202 to 296 <0.001* 244 203 to 284 <0.001* 269 217 to 320 <0.001* 248 199 to 296 <0.001*

Time point

Third

year

399 350 to 448 <0.001* 404 352 to 455 <0.001* 402 351 to 453 <0.001* 392 330 to 454 <0.001* 396 331 to 460 <0.001*

Second

year

280 248 to 311 <0.001* 279 248 to 311 <0.001* 279 248 to 311 <0.001* 273 233 to 313 <0.001* 274 234 to 313 <0.001*

First year 175 157 to 193 <0.001* 175 157 to 193 <0.001* 175 157 to 193 <0.001* 167 145 to 189 <0.001* 167 145 to 189 <0.001*

Baseline 0 ref 0 ref 0 ref 0 ref 0 ref

Baseline CD4≤200
Yes −189 −234 to −143 <0.001* −179 −233 to −125 <0.001* −178 −256 to −130 <0.001* −151 −213 to −88 <0.001* −153 −219 to −87 <0.001*

No 0 ref 0 ref 0 ref 0 ref 0 ref

APO gene

mutation

APOA5 −1131T>C APOA5 c.553G>T APOC3 3238GG

Yes −44 −80 to −8 0.02* −17 −70 to 35 0.52 17 −48 to 82 0.61 / /

No 0 ref 0 ref 0 ref

Lipid Abnormal TC Abnormal TG

Yes / / −80 −151 to −8 0.029* −19 −91 to 54 0.62

No 0 ref 0 ref

*p Value <0.05; abnormal TC=TC ≥5.17 mmol/L either at baseline or 2–3 years after initiation of HAART, and/or the use of antilipid treatment; abnormal TG=TG ≥1.7 mmol/L either at baseline
or 2–3 years after initiation of HAART, and/or the use of antilipid treatment.
APO, apolipoprotein; GEE, generalised estimating equation; HAART, highly active antiretroviral therapy; TC, total cholesterol; TG, triglyceride.
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cohort composed of patients with the same ethnic back-
ground (ie, Chinese), and limiting the analyses to the
situation in the first 2–3 years following the initiation of
HAART. The temporal trend of dyslipidaemia was
assessed, alongside the evaluation of the effects of
selected APO SNPs. Our results confirmed that satisfac-
tory CD4 achievement was negatively associated with a
low baseline CD4 count, as has been reported by us and
reviewed elsewhere.20 21 It is interesting to note,
however, that dyslipidaemia did play an important role
in the temporal pattern of immune recovery.
Specifically, an elevation of plasma TC above
5.17 mmol/L, rather than the absolute values at specific
time point(s), in the 2–3 year period following initiation
of HAART, was associated with poorer CD4 recovery.
The latter’s associations with TG, LDL-C and HDL-C
could not be demonstrated. The effect of the boosted
PI-based regimen on dyslipidaemia reported in other
studies was also not seen in our cohort.22 Our results
could be related to the clinical decision of attending
physicians on restricting the use of PI to patients without
baseline dyslipidaemia, such that the lipid profile of
PI-treated patients was different from those on NNRTI.
It is therefore difficult to compare between the two treat-
ment groups in terms of temporal changes of plasma
lipids. The relatively small proportion (<5%) of patients
requiring antilipid agents following HAART could be
partly explained by the short observation period during
which dyslipidaemia tended to be moderate.
From the perspective of host genetics, our results did

not support a strong influence of the selected APO
SNPs on immune recovery. At baseline, the associations
between mutated APOA5 alleles −1131T>C and
c.553G>T with high baseline TG were seen, confirming
results of similar population studies on HIV12 and
non-HIV patients.23 Our results on the associations
between specific APO SNP and lipid profiles were not
entirely the same as observations made in other
reported studies.12 13 18 22 24 The discrepancies might
have arisen from the differences in study design and/or
the recruitment criteria applied in enrolling HIV
patients. As regards immune recovery, the APOC3
3238GG genotype was shown to be associated with a
better CD4 recovery 2–3 years after HAART, an observa-
tion not seen for other SNPs or genotypes for the eight
selected APO genes under investigation; neither has this
been reported in the literature. In assessing the tem-
poral trend of CD4 increase using a GEE model, no cor-
relation could be demonstrated with APOC3 3238GG.
The same GEE model, however, showed that the APOA5
allele −1131T>C was associated with a smaller CD4
increase over time, an observation similar to that
reported by Echeverria et al.15 Other SNPs did not show
any significant association with dyslipidaemia or CD4
achievement at any time points during the study, and
which therefore have not been included in the GEE for
further analysis. Though the selected APO SNP may pre-
dispose individuals to dyslipidaemia, there could also be

strong influences of one’s stage of HIV illness, nutri-
tional status, diet, ethnicity, as well as the HAART regi-
mens prescribed. The immunological impacts of SNP
may therefore be hard to elicit if it is moderate, and
especially so in the presence of the interplay between
multiple factors in our cohort study. Since a CD4-guided
approach was adopted as a standard practice for the ini-
tiation of HAART during the study period, the baseline
pretreatment lipid profile is also likely to vary in accord-
ance with the CD4 threshold adopted in different clin-
ical cohorts.
The association between dyslipidaemia and immune

recovery could be explained by the phenomenon of sys-
temic inflammation, the latter long known to be a hall-
mark of both chronic HIV infection25 26 as well as
hyperlipidaemia.27 In chronically infected HIV patients,
the inflammation burden was reported to be associated
with elevated TC and TG, in the background of viro-
logical suppression following HAART.28 In the presence
of ongoing activation of the innate and adaptive
immune system, fuelled by the presence of proinflam-
matory cytokines, there is progressive destruction of
CD4 cells.25 Early initiation of HAART with a PI-based
regimen has been reported to promote rapid CD4
recovery.29 The impact of dyslipidaemia either at base-
line or following treatment was, however, not examined
in the latter study. Another small-scale study that
involved the addition of an integrase inhibitor, a lipid-
neutral ARV, was shown to decrease the level of the
inflammatory marker but failed to demonstrate any
increase in CD4 counts.30 The use of an antilipid agent
has in fact been examined as a means of reducing
T-cell activation. There appeared to be a greater reduc-
tion of CD4 and CD8 cell activation, respectively, follow-
ing statin, but improvement of the CD4 trend was not
consistently demonstrated.31–33 In our cohort, abnormal
levels of TC, TG, HDL-C and LDL-C were prevalent
before HAART initiation. The results in our study con-
firmed the association between hyperlipidaemia,
notably a rise from normal to high level following
HAART, and a poorer CD4 recovery in the first
2–3 years after treatment initiation, with the APO gene
polymorphism (notably APOA5 −1131T>C and APOC3
3238GG) playing a moderate role in parallel. The
impacts of dyslipidaemia on immune activation might
have counterbalanced the effects of HAART on CD4
recovery. Since the testing of inflammatory markers was
not included in the original study design, the negative
association between inflammation and CD4 recovery
remains speculative. Other studies have suggested
that CD4/CD8 inversion could be a marker of immune
senescence and metabolic complication of chronic
HIV infection, the latter characterised again by
dyslipidaemia.34

We acknowledge that our study did carry some inher-
ent limitations. By focusing on ARV-naïve patients with
the same ethnic background, we were able to minimise
the influences of confounders but had restricted
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ourselves to the analysis of a relatively small number of
patients from the cohort. Generalisability of the results
should therefore be made with caution. In the host
genetic studies, we have only explored the impacts of
eight selected APO SNPs while other genetic factors
may knowingly also have contributed to dyslipidae-
mia.12 13 24 In the assessment of immune recovery, CD4
counts were measured as the only marker of the body’s
response. The potential impacts of hyperlipidaemia on
T cell activation and monocyte homoeostasis have not
been evaluated.31–33 35 Neither have we examined the
effects of treatment on the CD4/CD8 ratio, an indica-
tor of effective immunological outcome that has
recently been shown to be associated with the level of
cumulative viraemia.36 The observation period was rela-
tively short and may not allow conclusions to be drawn
on the long-term impacts of dyslipidaemia, though the
effects in the initial 2–3 years of HAART can be effect-
ively elicited. Finally, the provision of antilipid in some
patients may have partly complicated the clinical pic-
tures. In our analyses, antilipid treatment at baseline
and following ARV therapy were included as surrogates
of dyslipidaemia, on the assumption that there could
be relatively little or no impacts of such treatment on
CD4 recovery in the first few years of HAART. Despite
these drawbacks, this small study on a cohort of
Chinese treatment-naïve patients, through genetic, stat-
istical analyses and GEE, has enabled us to delineate
the complex relationships between dyslipidaemia, APO
gene polymorphisms and CD4 recovery. Further
research on the biological pathways on inflammation
and immune recovery would be crucial to better under-
stand the situation so as to inform optimisation of ARV
therapy.
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