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Abstract: Objectives: To assess the relationship between non classical cardiovascular (CV) risk factors
including non-HDL cholesterol (non-HDL-C), apolipoprotein B, Triglycerides to HDL ratio, LDL size,
inflammation or oxidative stress parameters and carotid intima-media thickness (CIMT), in order to better
identify prevention or therapeutic targets. In addition, we studied the relationship between metabolic
syndrome (MS) and CIMT.

Methods: Cross-sectional study including 232 HIV-positive (HIV+) adults (80% treated by combined
antiretroviral therapy) extracted from the ANRS CO3 Aquitaine Cohort.

Results: There was a significant association of higher non-HDL-C (p<0.01), apolipoprotein B (p<0.01) levels
or TG/HDL ratio (p<0.05) with higher CIMT when compared the first versus fourth quartile, while there is no
association between CIMT and LDL-C (p=0.09) or LDL size (p=0.55). In multivariate analysis, only the



TG/HDL molar ratio >1.5 tend toward significance (p=0.08). MS was observed in only 7.3% of patients with
the NCEP-ATPIII definition and 11.2% with the IDF criteria. Whatever the used definition, there was a
significant association between MS presence and increased CIMT (p<0.05) in univariate and multivariate
model.

Conclusions: Non-HDL-C, TG/HDL ratio and apolipoprotein B levels, which are closely linked to lipid
disorders associated to the MS, appear as stronger predictive markers than LDL-C for screening sub-clinical
atherosclerosis in HIV+ populations. Achieving non-HDL-C target defined by the NCEP-ATPIII guidelines

appears of great importance to reduce CV complications in HIV+ patients.



Cover Letter

Montpellier, 16™ May 2008

Dear Professor,

Thank you very much for reviewing our manuscript numbered YJINF-D-08-00122
and for allowing us to submit our revision with an additional week. We found the reviewer's
comments very interesting and we have revised our manuscript according point by point to all
their helpful comments. In this way, the Title was modified as: "Association of non-HDL
cholesterol with subclinical atherosclerosis in HIV-positive patients".A detailed response for
each referee was presented in the file named "Response".

We hope that this manuscript is now suitable for publication in "Journal of
Infection" and we would like to take this opportunity to thank the independent referees for

their help to improve the quality of this article.

Sincerely yours

Dr S Badiou



* Revision Notes

Response to the Editors and reviewers

We are very grateful to the Editors and reviewers to their helpful comments to improve our

manuscript.

Reply to observations of reviewer 1

First and all, we take the opportunity to thank the anonymous referee for his interesting

comments.

1. In order to improve the statistical analysis we added a multivariate analysis including age,

gender and tobacco consumption. Adjusted p-values were added in the Tables 1 and 2.

The Statistics section was modified as follows:
"Comparisons of CIMT values according to marker levels were done using a Student t-test
and ANOVA when appropriate. Adjustment on age, gender and tobacco consumption was

performed with a multiple linear regression." (page 7)

The Results section was modified as follows:

Increased TC, non-HDL-C, apoB levels and TG/HDL ratio were significantly associated
with a 0.05 mm increase in CIMT when comparing the highest quartile against the
lowest one in univariate analysis (Table 1). After adjustment on age, gender and tobacco
consumption, these relationships disappeared but it remained a trend toward significant
association between TG/HDL > 1.5 and CIMT (p=0.08). .....

Interestingly, LDL-C recognized in the general population as the most common lipid
risk factor, was not significantly associated with CIMT (p=0.09) in univariate analysis

by contrast to non-HDL-C levels. (page 8)

The Discussion section was also modified accordingly to these new data as follows:

In this study, we demonstrated that non-HDL-C, apoB or TG/HDL ratio are
stronger predictive factors of increased CIMT than LDL-C in HIV+ patients, in
univariate analysis, while after adjustment on age, sex and smoking habits, TG/HDL

ratio >1.5 appeared as an interesting determinant of sub-clinical atherosclerosis.



Although an increase in non-HDL-C was statistically associated to increased
CIMT in univariate analysis only (Table 1), it appears necessary to reach the non-HDL-
C goal after the LDL-C goal in HIV+ patients who are generally exposed to multiple CV
risks and predisposed to increased atherosclerosis®* "%, A particularity of dyslipidemia
in HIV+ patients treated by c-ART is the combination of lipid disturbances related
firstly to the HIV infection per se and secondly induced by c-ART. Management of this
complex dyslipidemia appears as an important challenge for clinicians, as often, lipid
lowering therapy alone does not allow to reach the lipid target“"”’42 and should be
associated to diet and lifestyle modification and/or switching of some antiretroviral
agents43. A specific disturbance that persists in about half of patients is the trend to low
HDL-C levels and moderate hypertriglyceridemia. In this context, the determination of
a TG/HDL -cut-off associated to a significant subclinical atherosclerosis presence
appears as a useful tool for clinicians. The TG/HDL molar ratio was previously reported
as a marker of LDL size with a cut-off at 1.3 for identifying diabetic patients having
small dense LDL*. In addition to a significant linear correlation between TG/HDL ratio
and LDL size (r=-0.36 p<10'4) observed in our study, a value of 1.5 was identified as the
significant cut-off for distinguishing HIV+ patients having higher CIMT. Furthermore,
other studies such as the DAD collaboration reported an independent effect of
dyslipidemia on myocardial infarction in HIV+ patients underlining the need to analyse

more deeply those lipid abnormalities®. (page 12)

2. As requested, we mentioned in the Discussion the limitation of IMT measurement and
added a reference that compares common and internal CIMT (ref n°49. Mangili A et al. Clin
Infect Dis 2007;44:1368-74):

"The statistical significant association between the MS presence and increase in the
CIMT was similar whatever the definition used, in univariate and multivariate analysis
(Table 2). This observation was in agreement with recent data reporting a significant
association between increased common CIMT and MS presence, while internal CIMT
was similar in patients with and without MS®, a result that could be due in part to the
lesser variability of common CIMT measurement. In our study, CIMT was measured
only on the left far wall carotid arterial in order to obtain more interpretable findings

for all patients, but the bulb or the internal carotid was not explored." (page 13)



Reply to observations of reviewer 2

First and all, we take the opportunity to thank the reviewer for his helpful comments to

improve our manuscript.

1. As suggested by the referee, we modified the title as "Association of non-HDL
cholesterol with sub-clinical atherosclerosis in HIV-positive patients." in order to have

less emphasis on CIMT and to mention the non-HDL cholesterol.

2. In agreement with the referee comments, we added in the Discussion two recent
publications as follows:

The statistical significant association between the MS presence and increase in the
CIMT was similar whatever the definition used, in univariate and multivariate analysis
(Table 2). This observation was in agreement with recent data reporting a significant
association between increased common CIMT and MS presence, while internal CIMT
was similar in patients with and without MS®, a result that could be due in part to the
lesser variability of common CIMT measurement. In our study, CIMT was measured
only on the left far wall carotid arterial in order to obtain more interpretable findings
for all patients, but the bulb or the internal carotid was not explored. Controversial
results were reported in HIV+ women, as no difference of CIMT was observed between
patients with and without MS*. In our, study patients with MS were more likely to have
lipodystophy compared to those without MS (58.8% vs 35.8% and 69.2% vs 33.5% with
NCEP-ATPIII and IDF definition, respectively), in line with the overlap of some
abnormalities of lipodystophy such as visceral lipo-accumulation or insulin resistance
with components of the MS diagnosis. However, the low rate of MS could hide some
association as there was no difference in frequency of PI use between patients with or
without MS (52.9% vs 48.8% and 46.1% vs 49.5% with NCEP-ATPIII and IDF
definition, respectively) by contrast to the relationship between PI exposure and MS
previously reported in larger cohort®, or in a women only cohort™. Nevertheless, the
relative under-representation of MS in our rather young HIV+ cohort (41+9 years)

compared to previous reports51'53

was in agreement with epidemiological data obtained
in a large French cohort, mostly HIV-negative, reporting MS (NCEP-ATP III criteria)
in 10.2% of men with a mean age of 48 years, dropping to 5% for subjects younger than

40 years™*. (page 13)



49. Mangili A et al. Clin Infect Dis 2007;44:1368-74.
50. Johnsen S et al. J Clin Endocrinol Metab 2006;91:4916-24

3. Introduction section :

- The first three sentences were modified according to the reviewer's request as
follows:

"The introduction of combined antiretroviral therapy (c-ART) has significantly
increased the survival rates of HIV-positive (HIV+) patients and has improved their quality
of life'. However emergence of cardiovascular (CV) complications related to HIV infection
per se and/or to c-ART has raised clinical and public health concerns®” given the increasing
duration of exposure to c-ART. Several classical CV risk factors including age, gender, body
mass index (BMI), blood pressure, increased total cholesterol (TC) levels or tobacco
consumption have been previously recognized in HIV+ patients®. Surprisingly, there are
contradictory reports on the association between low density lipoprotein cholesterol (LDL-C),
the most recognized lipid risk factor in non-HIV populations’, and CIMT in HIV+
populations®!".

7. Eisenberg DA et al Am J Med 1998.

- The reference corresponding to the LT definition was added in the sentence 7.

16. Austin et al Circulation 1990; 82:495-506.

4. Patients and Methods section:

- Supra and ANRS CO3 were spelled out : "This ancillary study was performed on
232 HIV+ patients from the SUPRA (Surveillance of the Progression of Atherosclerosis)
study sample extracted from the ANRS CO3 (Agence Nationale de Recherches sur le
SIDA et les hépatites virales) Aquitaine cohort."

- The second sentence was modified as follows: "In brief, 423 HIV+ patients were
included consecutively between September and December 1999 in order to investigate
the extent of atherosclerosis by measuring the CIMT and studying CV risk factors®

- The fourth sentence was corrected by changing "formed" to "selected" as suggested.

- The asterix were used as indent and was now changed to appropriate indent.

- We totally agree with the referee that fibrate treatment was not mentionned in the

NCEP-ATPIII definition of metabolic syndrome. We now specified the criteria of diagnosis in



agreement with the original definition and added this sentence in the text (page 6) "In
addition, patients treated by hypertensive medication were categorized as having high
blood pressure, and patients receiving fibrate treatment were considered as having TG
>1.5 g/I."" (page 6)

In this study, 7 patients were categorized as MS on the basis of these medications.

- In the first manuscript, no adjustment was performed, so we are now providing adjusted p
values for age, gender and tobacco consumption. Because this multivariate model produces
less statistical relationship between lipid parameters and CIMT, results and discussion section

were modified in this revised manuscript.

5. Results section :

- There is no type setting error concerning duration of antiretroviral therapy. Perhaps,
NNRTI duration is low because this is a "old" cohort recruited in 1999 and there were fewer
NNRTIs available than today.

- The first sentence of the second paragraph was modified as requested to include "in
the general population":

- The asterix were removed and replaced by indents.

- The second sentence of section 3 was corrected as requested by adding "compared to
the absence of MS".

- The first sentence of paragraph 4, section 3 was divided in two pieces in order to
simplify the reading as follows: "Beyond hypertriglyceridemia and low HDL-C levels,
patients with MS compared to those without had significant increase in non-HDL-C and
apoB levels, whatever the definition used. The lipid profile of patients with the MS was
also characterized by decreased apoAl levels and LDL size when compared to patients
without MS while TC and LDL-C were similar (Table 3)".

- The next sentence, was modified as suggested: "There was no difference in
inflammation markers including hs-CRP, albumin and prealbumin levels according to

the presence or absence of the MS (Table 3)".



Reply to observations of reviewer 3

First and all, we take the opportunity to thank the reviewer for his helpful comments to

improve our manuscript.

1. Among the entire SUPRA cohort of 423 patients, only 232 patients were selected in this
sub-study on the basis of available frozen aliquots stored at -80°C. For all non-studied
patients the restriction factor was the volume of frozen sample. Hopefully, this selection did
not lead to bias as there was no significant difference between the characteristics of patients
for this subgroup compared to the remaining of cohort. This was noted in the study design as
follows: "A subgroup of 232 patients was selected on the basis of available aliquots
frozen at —80°C to perform complementary analysis including inflammation, oxidative
stress parameters and LDL size determination. There was no significant difference
between the characteristics of patients of this subgroup of 232 patients compared to the

entire cohort of 423 patients." (page 4).

2. As underlined by the referee, LDL-C was calculated using Friedwald's formula instead of
direct measurement. This formula was not applied to the nine patients with TG >4.5 mmol/l,
(3.9% of 232 patients). This was stated in the discussion as follows: ""Although LDL-C was
determined by the use of Friedwald’s formula, it is unlikely that the relationship
between LDL-C and CIMT has been skewed, as there were only nine patients (3.9%)

with TG levels >4.5 mmol/l, whose measurements did not allow the LDL-C calculation"

(page 11).

3. We totally agree with the referee that fibrates and hypertensive medications were not
specified as MS criteria in the NCEP-ATPIII definition by contrast with the WHO or the IDF
definitions. So, we removed them from the criteria in the text and added the following
sentence: "'In addition, patients treated by hypertensive medications were categorized as
having high blood pressure, and patients receiving fibrate treatment were considered as
having TG>1.5 g/l". (page 6)

In this study, 7 patients were defined as having a MS on the basis of an hypertensive/or fibrate

treatment.



4. The cohort was enrolled between 1999 and 2001, perhaps explaining the low rate of
duration of c-ART, especially for NNRTIs as there were fewer available than today. We

confirm that there was no type setting error in the text.

5. This study was an exploratory study looking for potential determinants of the CIMT.
Therefore, we did not plan to correct the alpha risk because of multiple statistical testing.
Nevertheless, any correction would not modify our conclusions as the majority of p values

were either clearly significant (e.g. <0.01 ) or non significant.

6. We agree that the presence of lipo-accumulation influences the waist perimeter and so we
added a new sentence in the Discussion to mention the overlap between lipodystrophy and
some metabolic syndrome components : "In our, study patients with MS were more likely
to have lipodystophy compared to those without MS (58.8% vs 35.8% and 69.2% vs
33.5% with NCEP-ATPIII and IDF definition, respectively), in line with the overlap of
some abnormalities of lipodystophy such as visceral lipo-accumulation or insulin

resistance with components of the MS diagnosis." (page 13)



Abstract

Abstract

Objectives: To assess the relationship between non classical cardiovascular (CV) risk factors
including non-HDL cholesterol (non-HDL-C), apolipoprotein B, Triglycerides to HDL ratio,
LDL size, inflammation or oxidative stress parameters and carotid intima-media thickness
(CIMT), in order to better identify prevention or therapeutic targets. In addition, we studied
the relationship between metabolic syndrome (MS) and CIMT.

Methods: Cross-sectional study including 232 HIV-positive (HIV+) adults (80% treated by
combined antiretroviral therapy) extracted from the ANRS CO3 Aquitaine Cohort.

Results: There was a significant association of higher non-HDL-C (p<0.01), apolipoprotein B
(p<0.01) levels or TG/HDL ratio (p<0.05) with higher CIMT when compared the first versus
fourth quartile, while there is no association between CIMT and LDL-C (p=0.09) or LDL size
(p=0.55). In multivariate analysis, only the TG/HDL molar ratio >1.5 tend toward
significance (p=0.08). MS was observed in only 7.3% of patients with the NCEP-ATPIII
definition and 11.2% with the IDF criteria. Whatever the used definition, there was a
significant association between MS presence and increased CIMT (p<0.05) in univariate and
multivariate model.

Conclusions: Non-HDL-C, TG/HDL ratio and apolipoprotein B levels, which are closely
linked to lipid disorders associated to the MS, appear as stronger predictive markers than
LDL-C for screening sub-clinical atherosclerosis in HIV+ populations. Achieving non-HDL-
C target defined by the NCEP-ATPIII guidelines appears of great importance to reduce CV

complications in HIV+ patients.
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Abstract

Objectives. To assess the relationship between non classical carditaafCV) risk factors
including non-HDL cholesterol (non-HDL-C), apolipoprotein B, Triglsides to HDL ratio,
LDL size, inflammation or oxidative stress parameters ardtic intima-media thickness
(CIMT), in order to better identify prevention or therapeutigé#s. In addition, we studied
the relationship between metabolic syndrome (MS) and CIMT.

Methods. Cross-sectional study including 232 HIV-positive (HIV+) adults (80éated by
combined antiretroviral therapy) extracted from the ANRS@@Quitaine Cohort.

Results: There was a significant association of higher non-HDL-C @K0Qapolipoprotein B
(p<0.01) levels or TG/HDL ratio (p<0.05) with higher CIMT when gamed the first versus
fourth quartile, while there is no association between CIMT anid-C§p=0.09) or LDL size
(p=0.55). In multivariate analysis, only the TG/HDL molar ratd.5 tend toward
significance (p=0.08). MS was observed in only 7.3% of patients thit NCEP-ATPIII
definition and 11.2% with the IDF criteria. Whatever the usedntieh, there was a
significant association between MS presence and increasedl (PK0.05) in univariate and
multivariate model.

Conclusions: Non-HDL-C, TG/HDL ratio and apolipoprotein B levels, which afesely
linked to lipid disorders associated to the MS, appear as strpnggictive markers than
LDL-C for screening sub-clinical atherosclerosis in HIV+ popate. Achieving non-HDL-
C target defined by the NCEP-ATPIII guidelines appearsr@atgimportance to reduce CV

complications in HIV+ patients.

Key words : apolipoprotein B atherosclerosis; HIV infection; intima-media thickness;

metabolic syndrome; non-HDL-cholesterol, TG/HDL ratintr oduction



The introduction of combined antiretroviral therapy (c-ART) hagnicantly
increased the survival rates of HIV-positive (HIV+) patseamd has improved their quality of
life'. However emergence of cardiovascular (CV) complicationsel® HIV infectionper
se and/or to c-ART has raised clinical and public health cor€ergiven the increasing
duration of exposure to c-ART. Several classical CV risk fadtarluding age, gender, body
mass index (BMI), blood pressure, increased total cholestero) ([@&ls or tobacco
consumption have been previously recognized in HIV+ pafieSsrprisingly, there are
contradictory reports on the association between low density lipopoteiesterol (LDL-C),
the most recognized lipid risk factor in non-HIV populatipnand CIMT in HIV+
population&®, Because classical risk factors do not account for all atherosis risk in
HIV+ patients, a search for non-classical could be of integshe of them could be directly
related to HIV infection or its treatment such as duratforr&RT, time from HIV diagnosis,
HIV plasma viral load or lipodystropf§*®> Other ones including non-high density
lipoprotein (HDL) cholesterol, Triglyceride (TG) to HDL ratiapolipoprotein B (apoB),
LDL size, inflammation or oxidative stress could be relatednetabolic disorders such as
metabolic syndrome (MS) and lipid triad (LT). LT defined as i-C, high TG and small
dense LDL presenterepresents the characteristic dyslipidemia of MS. In omlevaluate
non classical CV risk factors, we studied firstly the retathip between CIMT and biological
parameters (lipids, inflammation and oxidative stress mgykdren the relationship between

CIMT and metabolic cluster (MS, LT) presence.

Patients and methods

1- Study design
This ancillary study was performed on 232 HIV+ patients frdre SUPRA

(Surveillance of the Progression of Atherosclerosis) stuthpkaextracted from the ANRS



CO3 (Agence Nationale de Recherches sur le SIDA et lesitegparales) Aquitaine cohort.
In brief, 423 HIV+ patients were included consecutively betwegteBwer and December
1999 in order to investigate the extent of atherosclerosis bgumeg the CIMT and studying
CV risk factor§. Blood samples were collected the day of CIMT measurenfésit an

overnight fasting. A subgroup of 232 patients was selected on trseedbasrailable aliquots
frozen at —80°C to perform complementary analysis including imflation, oxidative stress
parameters and LDL size determination. There was no sigmifdifference between the
characteristics of patients of this subgroup of 232 patients ceohparthe entire cohort of

423 patients.

2- Initial study procedures

CIMT measurement: The ultrasonographic scanning of carotid arteries was perfiowhde
the subjects were lying in the decubitus position. IMT of thiecemmon carotid artery was
measured by high resolution B-mode ultrasonography (ACUSON, Faaisce) on the far
wall carotid arterial with a mechanical sector transdoéet.5 MHz frequency and a pulsed
Doppler, as previously descrifed

Lipodystrophy was categorized as peripheral fat accumulation, lipoatropidy raixed
syndrome on the basis of clinical examination and standardizestionnair¥.
Immuno-virological parameters. CD4" cell count (flow cytometry) and plasma HIV-1 viral
load (Chiron Quantiplex RNA HIV-1, Emeryville, CA, USA) veedetermined.

Biological parameters. glucose and insulin (Enzyme linked immunosorbent assay) were
determined to calcul HOMA index with the formtita insulin (pUI/I) x glucose
(mmol/l)/22.5. TG, TC and HDL-C concentrations were measure@rizymatic method.

LDL-C was calculated with the Friedwald's formula for T@.8 mmol/l; non-HDL-C was



defined as (TC - HDL-C). ApoAl and apoB were measured by immunodeepdteic

method.

3- Complementary study procedures

LDL size: The size of the predominant LDL subfraction was determibgdplasma
electrophoretic migration in non-denaturant polyacrylamide gradjels (Spiragel 1.5 to
25%, Lara-Spiral, France) as previously described

Inflammation parameters. High sensitive C-Reactive Protein (hs-CRP), albumin and pre-
albumin levels were determined using immuno-turbidimetric yagssa a Olympus 2700
analyzer (Olympus, Rungis, Frante)

Oxidative stress parameters:

i) Total antioxidant capacity of the plasma (TAC) was sueed using the Trolox equivalent
antioxidant capacity with a colorimetric technique (Randox, Maudtrance) adapted on an
Olympus 2700 analyzer (Olympus, Rungis, France);

i) Plasma concentration of advanced oxidation protein products PAQ@nsidered as an
index of protein oxidation, was measured by spectrophotometry (340 nm)cagingmine T
and expressed as micromoles per liter of chloramine T dqotéd;

i) Plasma malonyldialdehyde (MDA) levels, as a markerlipfd peroxidation were
determined by spectrofluorometfy

iv) Plasma concentration of advanced glycation end products (AB&S)determined on
diluted (water) plasma sample by fluorescence at 460 nm aftgatexc at 335 nm on a
Vicktor apparatus (Wallac Turku Finlaffd)Results were expressed in arbitrary units (AU);
v) Measurement of anti MDA-modified LDL auto-antibodies (MDAML Ab) was performed
using an enzyme linked immunosorbent a¥sd&riefly, antigen was prepared bycubation

of isolated LDL for 3 hours at 37°C with MDA. Serum samplesevassessed in duplicate at



1:100 and 1:400 dilutions, anti-human IgG peroxidase-conjugated antibody dBives

diluted at 1:2000. The peroxidase activity was developed with orgngfdnediamine and
absorbance was measured at 450 nm after 8 min of incubation at eograrature. The
difference between the absorbance of the sample and a blank in wiSehvwign buffer was

substituted for the sample dilution was calculated. Reselts expressed in AUs.

4- Metabolic cluster definition

- MS was defined by the National Cholesterol Education Progtadelgnes Adult Treatment
Panel 1l (NCEP-ATP lll) criteria, i.e. if three or m@bf the following five risk determinants
were present: fasting glucos=l.10 g/l (6.1 mmol/l); waist circumference > 102 cm for men,
> 88cm for women; TG 1.5 g/l (1.69 mmol/l); HDL-C < 0.4 g/I (1.04 mmol/l) for men,.50
g/l (1.29 mmol/l) for women ; blood pressurel30/85 mmHg>. In addition, patients treated
by hypertensive medication were categorized as having high blosdupee and patients
receiving fibrate treatment were considered as havingI.& g/l.

- According to the International Diabetes Federations (IDE¢ra, MS was defined on the
presence of an increased waist circumfererc&®4 cm for men> 80 cm for women,
associated with two or more of the following criteria: fastyhgcose> 1.0 g/l (5.6 mmol/l)
and/or medication; previously diagnosed type 2 diabetes; trighgseril.5 g/l or specific
treatment; HDL-C < 0.4 g/l for men, <0.5 g/l for women or spetieatment; blood pressure
> 130/85 and/or medicati6h.

- LT was defined as the combination of three lipid disorders that@devels= 1.5¢/l, HDL-

C < 0.4 g/l for men, < 0.5 g/l for women, and LDL siz&55 nnt®.

5- Statistical analysis



Results are expressed as percentages for categoricablearias mean standard
deviation (sd) for quantitative variables. Comparisons of markatues according to the
presence of LT or MS were performed using a Student t-testel@tions between continuous
variables were calculated using the Spearman coefficient. Cmmps of CIMT values
according to marker levels were done using a Student t-test [d@¥/A when appropriate.
Adjustment on age, gender and tobacco consumption was performed witplanliinear
regression. Other comparisons between qualitative variablespgeformed with Chi-square
test. All analyses were performed using SAS Softwardore&1 (SAS Institute, Cary, NC,

USA).

Results
1- Clinical and immuno-virological characteristics of patients

In this sample of 232 patients, mean age was gYears, 75% were male, 70% were
current smokers. Mean systolic/diastolic blood pressure wasl223/ 7%9.4 mmHg. Only
3% of patients have blood presszré30/85 mmHg. Mean BMI was 23.1 kg/nf and mean
waist-to-hip ratio 0.80.08. Eighty six patients (37%) presented a fat distribution afaday:
2% a fat accumulation alone, 16% a lipoatrophy alone and 20% a mindmbsye. Eighty
percent were treated with c-ART, 46% with a regimen inclugirigease inhibitor (PI) and
31% with a non-nucleoside reverse transcriptase inhibitor (NNRIdan duration of c-ART
was 3725.8 months (NRTI: 3#25.7 months, Pl: 3615.1 months, NNRTI: 24 months).
Mean HIV-1 viral load was 2#.1 Log, cp/ml and mean T lymphocyte CD4+ count was

465286 cell/mni.

2- Relationship between biological parametersand CIMT



Increased TC, non-HDL-C, apoB levels and TG/HDL ratio wemgnificantly
associated with a 0.05 mm increase in CIMT when comparing thedtiquartile against the
lowest one in univariate analysis (Table 1). After adjustnoentage, gender and tobacco
consumption, these relationships disappeared but it remained atétneacd significant
association between TG/HDL molar ratio>1.5 and CIMT (p=0.0&)L Lsize, that was
negatively correlated with TG levels (r=-0.37 p€1l@nd TG/HDL ratio (r=-0.36 p<1%) but
not with insulin levels (p=0.41) or with HOMA index (p=0.37), did not appeaa biological
determinant of CIMT. There was also no significant diffeeerof CIMT related to the
presence of small dense LDL defined as LDL size < 25.5p%®.17).

Interestingly, LDL-C recognized in the general population asntost common lipid risk
factor, was not significantly associated with CIMT (p=0.0Bunivariate analysis by contrast
to non-HDL-C levels (p=9.1%). The correlation between apoB and LDL-C was lower
(r=0.88, p<10) than with non HDL-C (r=0.94, p<I). In addition, there was also no
statistical association between CIMT and recognized CV preteédictors in the general
population such as HDL-C (p=0.34) and apoAl (p=0.63).

Inflammation assessed by hs-CRP level was not statigticeltited to CIMT (p=0.11). In
addition no parameter of oxidative stress was associated With (AOPP: p=0.26; MDA:

p=0.49; AGEs: p=0.30; MDA-LDL Ab: p=0.71; TAC: p=0.27).

3- Metabolic and biological clusters
- Metabolic syndrome
Prevalence of the MS was 7.3% (n=17) using the NCEP-ATdreflhition and 11.2%
(n=26) with the IDF criteria.
The presence of MS was associated with a significant incre@3®T compared to absence

of MS, whatever the definition used, in univariate and mul@taranalysis (Table 2). This



increase of CIMT was of 0.10 mm for patients with MS defibyg NCEP-ATP Il criteria
(0.66+0.16 vs 0.56:0.10 mm, p=1.5 1) and of 0.08 mm (0.60.16 vs 0.56:0.09 mm,
p=3.10%) for patients with MS according to IDF criteria.

There was no significant difference in frequency of Pl userdmn patients with or without
MS: 52.9%vs 48.8% if the MS was defined by NCEP-ATP Ill and 46:949.5% if the MS
was defined by IDF. There was a trend towards an increasealgme® of lipodystrophy in
patients with the NCEP-ATP Ill defined MS compared to thosaowit (58.8%vs 35.8%,
p=0.06) reaching significance with IDF definition (69.2%833.5%, p<0.001).

Beyond hypertriglyceridemia and low HDL-C levels, patients wit8 compared to those
without had significant increase in non-HDL-C and apoB levelsieviea the definition used.
The lipid profile of patients with the MS was also charazter by decreased apoAl levels
and LDL size when compared to patients without MS while TC and-CDwere similar
(Table 3). There was no difference in inflammation markaskiding hs-CRP, albumin and
prealbumin levels according to the presence or absence of the€lfab& 3). As protein
oxidation marker, AOPP levels were significantly increasqzhtrents with the MS compared
to those without. Because comparison of biological parametered&etpatients with or
without MS defined by NCEP or IDF criteria was similar il parameters, data are not

shown for IDF definition.

- Lipid Triad
Mean CIMT was similar (0.6.13 vs 0.540.10 mm, p=0.14) in presence and
absence of the LT defined as the combination o&TI55¢g/l, HDL-C < 0.4 g/l for men, < 0.5

g/l for women, and LDL size < 25.5 nm (Table 2).



Patients with the LT (n=43, prevalence of 19%) were sStlt more prone to have
lipodystrophy (58.1vs 32.8 %, p<0.01) and to receive Pl (6%4 45.5%, p<0.05) when
compared to patients without the LT.

Beyond lipid disturbances included in the LT definition, TC,-piL-C and apoB
levels were significantly higher while apoAl levels were dovin patients with the LT
compared to those without. Similarly to the MS, there wasgrifsiant difference in LDL-C
levels with regard to the LT presence (Table 4). Intergly, there was no statistical
difference in insulin levels, HOMA levels or prevalenceimsulin-resistance defined as
HOMA index >4 in relation to the LT presence or absence (TableMéyeover, no
association of the LT with inflammation markers including RPCalbumin and prealbumin
levels was observed (Table 4). Likewise to the MS, sigmfiedevated AOPP levels were

associated with the presence of the LT (p910

Discussion

In this study, we demonstrated that non-HDL-C, apoB or TG/i#®io are stronger
predictive factors of increased CIMT than LDL-C in HIV+ pat& in univariate analysis,
while after adjustment on age, sex and smoking habits, TG/iddh >1.5 appeared as an
interesting determinant of subclinical atherosclerosis. Thesdts were in agreement with
previous data in the general population reporting a higher predicdive of non-HDL-C
than LDL-C in CV risk assessméhtin addition, metabolic cluster disturbance such as MS
presence was associated with increase in CIMT, whilevas not.

Non-HDL-C increase, closely linked to increased TG/HDloratppears as a result of
abnormal lipoprotein metabolism characterized by increased produmttiMiDL and/or
delayed clearance of VLDL, as frequently observed in dialbgpesll patient® and in HIV+

patient§®3L Classically, VLDL accumulation is associated to new lgithange pathways
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leading to decrease in LDL size and HDL-C le¥el$his combination of elevated serum TG,
decreased HDL-C and LDL size constitute the*®E Tan atherogenic risk factor in the general
populatiorf®. Surprisingly, the LT presence was not associated tedased CIMT in our HIV
cohort, suggesting a worse role of VLDher se. In addition, mechanism of VLDL
accumulation in HIV+ patients appears more complex than in debgde Il patients where
insulin-resistance plays a central f8ldndeed, there was no association between the LT and
HOMA index in the present study (See Table 4), by contrast tttirequent occurrence of
LT in insulin resistance state in the general populdtiofihis independence between

1.35:38c0uld be

dyslipidemia and insulin disorders, previously observed in some Hitft
related to recent evidence of a direct effect of decreaskygonectin level on VLDL
clearanc&*®

The significant relationship between apoB and CIMT underlined trexagenicity of
all apoB-containing lipoproteins (IDL, VLDL, LDL), but increasgdDL particles seems to
represent the major atherogenic lipid factor in HIV+ patielmdeed, no relationship was
observed between LDL-C levels and CIMT, even in univariateysisalwhile LDL-C was
correlated with apoB. Although LDL-C was determined by the ug&ietiwald’s formula, it
is unlikely that the relationship between LDL-C and CIMT has b&ewad, as there were
only nine patients (3.9%) with TG levetd.5 mmol/l, whose measurements did not allow the
LDL-C calculation. VLDL atherogenicity could be relatedt®ability to infiltrate the intima-

media space when endothelial permeability is alteredjingato their uptake by the

macrophage via a VLDL receptor, thus accelerating the tiwmaf foam cell&>.

From a clinical point of view, non-HDL-C level or TG/HDLti@ determination

appears of greatest interest to screen HIV+ patients witioatherogenic profile but with a

LDL-C in the reference range. The interest to determineHidk-C is the existing of specific
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goal defined by the NCEP-ATPIII guidelines as LDL-C targe0 mg/dl (+ 0.77 mmol/l) in
the general populatiéh The ACTG/IDSA lipid guidelines mentioned the non-HDL-C level
as a secondary therapeutic target after LDL-C for HIV+ep& with TG ranging from 2 g/l
to 5 g/l (2.3 to 5.6 mmolAy. In our study, mean LDL-C (3:81.1 mmol/l) was equal to the
primary prevention cut-off of 130 mg/dl (3.3 mmol/l) and was indepenafethie presence of
MS or LT. By contrast non-HDL-C appears dependent to metaboliamesers and
overwhelmed the threshold value of 4.1 mmol/l (160 mg/dl) i cddMS or LT presence.
Although an increase in non-HDL-C was statistically assatidte increased CIMT in
univariate analysis only (See Table 1), it appears nagetsseeach the non-HDL-C goal after
the LDL-C goal in HIV+ patients who are generally exposed totiphell CV risks and
predisposed to increased atherosclefdd{s'? A particularity of dyslipidemia in HIV+
patients treated by c-ART is the combination of lipid disturbsme&ated firstly to the HIV
infection per se and secondly induced by c-ART. Management of this complex dyslipademi
appears as an important challenge for clinicians, as offed,|tiwering therapy alone does

not allow to reach the lipid targéf*

and should be associated to diet and lifestyle
modification and/or switching of some antiretroviral agéntd specific disturbance that
persists in about half of patients is a trend to low HDL-Celievand moderate
hypertriglyceridemia. In this context, the determination GiGIHDL cut-off associated to a
significant sub-clinical atherosclerosis presence appearsuasfal tool for clinicians. The
TG/HDL molar ratio was previously reported as a marker of Isizie with a cut-off at 1.3 for
identifying diabetic patients having small dense Ebln addition to a significant linear
correlation between TG/HDL ratio and LDL size (r=-0.36 p&16bserved in our study, a

value of 1.5 was identified as the significant cut-off foridgtishing HIV+ patients having

higher CIMT. Furthermore, other studies such as the DAD coldibor reported an
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independent effect of dyslipidemia on myocardial infarction in Hpatients underlining the

need to analyse more deeply those lipid abnormdfties

The MS is recognized as a clinical condition associatéu an enhanced risk
of CV diseasé. To identify MS, NCEP-ATP Il criteria is the most frequg used
classification, while a more recent definition was providgdthe IDF, leading to some
difference in MS prevalente This latter definition was reported to select more patigais
NCEP which were characterized by less insulin-resistancdosred CIMT*. In our study,
prevalence of MS was indeed higher with IDF (11.2%) than wWi@ER-ATP Il criteria
(7.3%) and HOMA index > 4 was more frequent when using NCEP-ATiRathker than IDF
definition for MS (64.7% and 53.8% respectively). The statistigtificant association
between the MS presence and increase in the CIMT walasintiatever the definition used,
in univariate and multivariate analysis (Table 2). This ola®n was in agreement with
recent data reporting a significant association betweemased common CIMT and MS
presence, while internal CIMT was similar in patients veittd without MS°, a resulthat
could be due in part to the lesser variability of common CIMT oreasent. In our study,
CIMT was measured only on the left far wall carotid artemaorder to obtain more
interpretable findings for all patients, but the bulb or the matlecarotid was not explored.
Controversial results were reported in HIV+ women, as no difie of CIMT was observed
between patients with and without R#Sn our, study patients with MS were more likely to
have lipodystophy compared to those without MS (58/8%56.8% and 69.2%s 33.5% with
NCEP-ATPIIl and IDF definition, respectively), in line Wwitthe overlap of some
abnormalities of lipodystophy such as visceral lipo-accumulatioimsadin resistance with
components of the MS diagnosis. However, the low rate of MSIdode some association

as there was no difference in frequency of Pl use between patigtor without MS (52.9%
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vs 48.8% and 46.1%s 49.5% with NCEP-ATPIIl and IDF definition, respectively) by
contrast to the relationship between PI exposure and MS previoushteckpor larger
cohorf?, or in a women only cohdft Nevertheless, the relative under-representation of MS
in our rather young HIV+ cohort (49 years) compared to previous repdfts was in
agreement with epidemiological data obtained in a largadh cohort, mostly HIV-negative,
reporting MS (NCEP-ATP Il criteria) in 10.2% of men withnaean age of 48 years,
dropping to 5% for subjects younger than 40 y¥#ar® the general population, MS is
associated with inflammation and oxidative stress markeatscibntribute to the increased
atherosclerosis riSk® In our study, presence of MS was not associated with inflaimmat
markers including hs-CRP, albumin and prealbumin levels, in cohdrasprevious report in
HIV+ populations’. There was also no association of MS with oxidative stressken
excepting an increase in AOPP levels. It should be underlinethtb@bsence of relationship
between MS and inflammation or oxidative stress parameters couldldied to the low

prevalence of MS in this cohort of limited size.

A main limitation of this study is its cross-sectional deskurther prospective studies
could be conducted to determine the capacity of non-HDL-C, apoBGaHDL ratio for
predicting progression of CIMT and occurrence of cardiovascukamtgvn larger cohort of

HIV+ patients.

In conclusion, considering the stronger relationship between CIMThamdHDL-C,
apoB, or TG/HDL ratio than with LDL-C, and the higher riskaafrdiovascular events in
HIV+ population cumulating multiple cardiovascular risk factdfsreaching non HDL-C

goal defined by the NCEP-ATP Ill and the ACTG/IDSA lipid guide$ appears necessary to
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manage CV risk beyond beneficial intervention on other modifialok®ra such as tobacco

consumptiorf.
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Table

Table 1: Relationship between lipid parameters and carotid intima-media thickness
(CIMT) (mean =+ sd)

Parameters Quartile CIMT (mm) p* p#
LDL-C [0.50-2.59] 0.55+0.07 0.09 0.66
(mmol/1) [2.60-3.29] 0.55+£0.10
[3.30-3.89] 0.58 £0.12
[3.90-6.40] 0.59+0.11
TC [2.20-4.49] 0.55£0.07 9.107 0.15
(mmol/l) [4.50-5.39] 0.55+£0.07
[5.40-6.30] 0.58£0.13
[6.31-9.20] 0.60 £0.12
Non-HDL-C [1.20-3.29] 0.55+£0.06 9.10° 0.41
(mmol/1) [3.30-4.09] 0.55+£0.07
[4.10-5.09] 0.58 £0.13
[5.10-7.80] 0.60 £0.12
ApoB [0.37-0.83] 0.55+£0.06 8.107 0.25
(g/) [0.84-1.02] 0.55+£0.08
[1.03-1.27] 0.59+£0.12
[1.28-1.84] 0.60£0.13
TG/HDL [0.20-0.69] 0.54 £0.06 0.02 0.41
[0.70-1.40] 0.56 £ 0.08
[1.41-2.50] 0.59£0.13
[2.51-20.0] 0.58 £0.12
TG/HDL <15 0.55 +0.08 4.10” 0.08
>1.5 0.59£0.12

* Comparison of the first versus the fourth quartile

# Adjusted p values for age, gender and tobacco consumption.



Table 2: Relationship between metabolic cluster and carotid intima-media thickness

(CIMT) (mean = sd)

N CIMT (mm) p value p
Metabolic syndrome Yes 17 0.66 £0.16 0.03 15107
(NCEP-ATP III criteria) No 215 0.56 £0.10
Metabolic syndrome Yes 26 0.64 £0.16 0.02 3.10°
(IDF criteria) No 206 0.56 £ 0.09
Lipid Triad Yes 43 0.60 £0.13 0.14 0.36
No 189 0.57+£0.10

# Adjusted p values for age, gender and tobacco consumption.



Table 3: Relationship between biological parameters and metabolic syndrome (MS)

presence defined by NCEP-ATP III criteria.

Metabolic syndrome

Whole group Yes No
(n=232) (n=17) (n=215)

TG (mmol/l) § 20+ 1.5 2.9+ 0.8*%* 1.9+1.6
HDL-C (mmol/l) § 1.2£0.5 0.9 £0.2%* 1.3£0.5
TC (mmol/l) 54+13 5.8% 1.1 54£13
Non-HDL C (mmol/l) 42+1.3 4.9+ 1.0* 41+13
LDL-C (mmol/l) 33£1.1 36 1.0 33+1.1
LDL size (nm) 25.52+£0.50 25.16+£0.42*  25.55%0.50
ApoB (g/l) 1.0£0.3 1.2+0.3*% 1.0+0.3
ApoA (g/1) 1.3£0.3 1.2+0.2% 14103
Insuline (U/1) 16.6 £ 15.1 32.5+£25.2% 153+13.3
HOMA index 4.0+4.38 9.3+99%* 3.6+3.9
HOMA >4 (%) 24.1 64.7%* 20.9
Hs-CRP (mg/l) 49+8.0 45+6.7 4.9 +8.1
Albumin (g/1) 45+£5.6 444 +£54 45+£5.7
Prealbumin (g/1) 0.22 £ 0.07 0.23 £0.05 0.22 £ 0.07
AOPP (umol/l) 36.3+£20.9 54.3 £20.8%* 348 £20.2
MDA (mmol/l) 0.74 £ 0.30 0.63 £0.18* 0.75£0.31
AGEs (AU) 13628 £ 3217 13427 £ 2232 13644 + 3286
MDA-LDL Ab (AU) 1556 + 1257 1197 £ 680 1582 + 1287
TAC (mmol/l) 1.60 £ 0.14 1.58 £0.11 1.60 £0.15

*, p<0.05 comparison of patient with MS versus without MS

** p<0.001 comparison of patient with MS versus without MS

§ components of MS definition.



Table 4: Relationship between biological parameters and the lipid triad (LT) presence

Lipid Triad
Whole group
Yes No
(n=232) (n=43) (n=189)
TG (mmol/l) § 20£1.5 3.7 £2.1%* 1.6+1.0
HDL-C (mmol/l) § 1.2+0.5 0.8£0.1** 1.3+£0.5
LDL size (nm) § 25.52+£0.50 25.01 £ 0.34** 25.64 £ 0.46
TC (mmol/l) 54113 6.0+ 1.5* 53112
LDL-C (mmol/l) 33£1.1 35£13 33£1.1
Non-HDL C (mmol/l) 42+13 5.0+ 1.4%* 4012
ApoB (g/1) 1.0£0.3 1.2£0.3** 1.0£0.3
ApoA (g/) 1.3+£03 1.1 £0.2%* 14+£03
Insuline (UI/1) 18.0 £27.0 18.9£16.0 17.8 £28.9
HOMA index 4.0=x4.8 44+4.6 39£438
HOMA >4 (%) 24.1 30.2 22.7
Hs-CRP (mg/l) 54+104 48+6.7 55+11.1
Albumin (g/1) 45+5.6 46 +3.8 45+59
Prealbumin (g/1) 0.22£0.07 0.21 £0.06 0.23£0.07
AOPP (umol/1) 36.3£20.9 54.8 £17.9%* 33.1+£19.7
MDA (mmol/l) 0.74 £0.30 0.79+0.3 0.73+£0.3
AGEs (AU) 13628 + 3217 14109 £+ 3035 13519 + 3255
MDA-LDL Ab (AU) 1556 £ 1257 1526 £ 1545 1562 £ 1188
TAC (mmol/l) 1.60£0.14 1.63+0.11 1.60 £0.15

*, p<0.05 comparison of patient with LT versus without LT

** p<0.001 comparison of patient with LT versus without LT

§ components of LT definition.



