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A B S T R A C T

Metabolic Syndrome (MS) is a common disorder combining obesity, dyslipidemia, hypertension, and

insulin resistance. Its prevalence among HIV-infected people is still debated. Besides, how antiretroviral

therapy and HIV infection per se are related to MS is still unclear. All treatment-naı̈ve patients attending

scheduled visits at CISAI group hospitals between January and December 2007 were eligible for the

study. Patients without MS at enrolment were followed-up for 3 years or until they developed MS,

diagnosed according to the National Cholesterol Education Program (NCEP) definition. The main

objective was to assess the 3-years incidence of MS. MS was evaluated for 188 subjects. Out of them, 62

(33.0%) had started HAART at enrolment, whereas 67 (35.6%) more started during the observation. 59

(31.4%) were still treatment-naive at the study end. MS was newly diagnosed in 14 patients. The

incidence was 2.60 cases/100 person-years (95% CI 1.47–4.51), 2.75 (1.11–5.72) among HAART-naı̈ve

patients and 2.65 (1.23–5.03) in subjects on HAART. Blood pressure did not change in the study period,

whereas in naive patients the HDL level significantly lowered (median –6.0 vs. 4.0, P < 0.0001) compared

to HAART-treated patients. Triglicerides increased significantly in HAART subjects (median 12.0 vs. 1.0,

P = 0.02), as well as blood glucose (median 6.0 vs. 1.0, P = 0.01). In our population, the overall MS

incidence was low and largely similar in patients who started HAART or remained naive. However, the

feature of MS was different in the two groups, suggesting that in untreated and treated patients MS

developed through different metabolic pathways.

� 2012 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Metabolic Syndrome (MS) is a common and complex disorder
combining obesity, dyslipidemia, hypertension, and insulin resis-
tance. In the HIV-positive population, MS is considered an
emerging risk factor for overall cardiovascular risk [1–6], though
different populations and ethnic groups show prevalence ranging
from 7 to 45.5% [7]. In the clinical setting, diagnosing MS is useful
to identify and characterize HIV-infected patients at higher
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cardiovascular risk [8]. Nevertheless, how antiretroviral therapy
and HIV infection per se are related to MS is still unclear: to date,
studies have not provided conclusive results [7].

Recently, we have published the results of the cross-sectional
analysis of 292 HAART-naive subjects enrolled in 2007 [9]. Among
them, the prevalence of MS was 12.3%, increasing with age and
lower education. An interesting though not conclusive result was
that treatment-naı̈ve HIV-positive patients in an advanced stage of
the disease had a higher prevalence of abnormal levels of
triglycerides, HDL cholesterol and blood glucose than those at a
less advanced stage. Along the same line, Jacobson et al. [3] found
that MS incidence was higher in patients with 6-months HIV RNA
tabolic Syndrome in HIV naive patients is not the same of those
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increase. These findings suggested, therefore, that HIV infection
per se was associated to MS.

To add information on the issue, the HERMES project (HIV
Exposure and Risk of MS) was conducted by the CISAI group (Italian
Coordination for Research into Allergy and HIV Infection),
investigating the role of HIV infection and its treatments in the
development of MS. This cohort study only included patients who
were treatment-naı̈ve at entry. A primary objective of this analysis
was to determine the relationship between MS development, HIV
infection and HAART.

2. Methods

Patients were recruited between January 2007 and December
2007. All treatment-naı̈ve patients, attending the visits scheduled at
the start of the study in the CISAI centers, were eligible if they agreed
to enter this observational study. Patients were interviewed by a
physician, and all laboratory tests were performed at the center of
origin, using blood samples taken after 8–12 h fasting. Patients could
start antiretroviral treatment after enrolment if indicated.

All participants gave their informed consent to participate in the
study, which was approved by the institution’s ethics committee.

The following subjects were not eligible: patients who had
started antiretroviral therapy; pregnant women; patients with
ascites; patients aged less than 18; patients unable to sign the
informed consent form.

All centers used a standard data entry form to collect data at
enrolment; main demographic details, as sex, age, ethnicity,
marital status and years of education were recorded.

Medical history included information on previous occurrences
of ischemic heart disease, ictus or transient ischemic attack (TIA),
diabetes, dyslipidemia, malignancies in patient or in his/her first
degree relatives.

Dieting and drug treatment for diabetes were recorded.
Information on previously diagnosed hypertension and/or antihy-
pertensive drug treatment use was collected, as well as blood lipid
disorders and related drug treatments. All data were checked with
clinical records where available. Information about treatment
initiation during the follow-up period was also recorded.

Smoking and alcohol consumption were recorded (detailed
description were previously reported [9]) at study entry and end.
Information on co-infection with Hepatitis B or C viruses were
collected, as well as diagnosis of chronic hepatitis and its cause.
The presence of lipodystrophy was also evaluated.

Clinical information regarding HIV infection were collected:
risk factor for HIV acquisition, CDC stage, CD4 + cell count and viral
load at enrolment, nadir CD4 + cell count, years from first diagnosis
of HIV infection.

Patients were followed for 3 years or until MS development, if
the diagnose was made before the study end.

2.1. Definition of Metabolic Syndrome

Blood pressure was measured with the patient in the sitting
position, using a mercury sphygmomanometer and taking the first
and fifth Korotkov sounds to indicate systolic and diastolic values,
respectively. Waist circumference was measured with the patient
standing. Plasma triglycerides, HDL cholesterol, total serum choles-
terol, and fasting plasma glucose were measured from a venous blood
sample by a radioenzymatic method. MS was diagnosed according to
the 2003 Adult Treatment Panel (ATP) III criteria [10] (ie, when at
least three of the following alterations were present:

� waist circumference more than102 cm in men and more than
88 cm in women;
Please cite this article in press as: Bonfanti P, et al. The feature of Me
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� HDL cholesterol level less than 40 mg/dL in men and less than
50 mg/dL in women;
� plasma triglyceride value more than or equal to 150 mg/dL;
� fasting plasma glucose value more than or equal to 110 mg/dL or

use of antidiabetic drugs;
� blood pressure value more than or equal to 130 mm Hg systolic

or more than or equal to 85 mm Hg diastolic).

Regardless of the blood pressure or blood glucose values, use of
antihypertensive or antidiabetic drugs was taken to indicate the
presence of a blood pressure or blood glucose alteration,
respectively.

We also calculated the Global Framingham Risk Score (FRS) as a
better predictor of subclinical atheromatous lesions [11] at entry
and end of the study to compare the variations in treated and
untreated subjects; we calculated two FRSs, including age at study
entry and age at study end. In order to normalize the FRS for
increasing age, at last follow-up we also calculated FRS at last
follow-up considering the actual age (A) and the age at enrolment
(B).

2.2. Statistical analysis

The incidence rate (IR) of MS and the 95% confidence intervals
were calculated as number of new cases per 100 person years, on
the whole sample and in subgroups (gender, age at study entry,
HAART treatment after enrolment). Confidence intervals (CI) at
95% for incidence rates are calculated based on Poisson’s binomial
distribution. Rate ratios (RR) and the 95% CI were calculated, and
logistic regression was used to simultaneously adjust for the
potentially confounding effects of selected variables, according to
the Cox model. Since in terms of exposure to HAART the risk factor
changed over time, patients who started therapy after the
enrolment during the study period were considered in the
HAART-naı̈ve group when still naı̈ve and in the HAART group
thereafter. Patients without MS were considered as the reference
group. Age, sex, and variables that resulted being statistically
significant from univariate analysis, were included in the regres-
sion equations. Variables included in the definition of MS were
excluded from the model. A 95% confidence interval not including
1 along with a P value < 0.05 was taken as the level of statistical
significance.

Changes in blood pressure, waist circumference, HDL choles-
terol, triglycerides and blood glucose were calculated as final level
minus baseline level. The differences were compared using the
analysis of variance. In order to account for potential confounders,
a general linear model was used, introducing the confounding
variables into the equation. If the variables were not normally
distributed, they were rank-transformed before the multivariate
analysis. Relationships between continuous variables were also
assessed using Pearson’s correlation coefficient, if normally
distributed, or Spearman’s correlation coefficient if not normally
distributed.

Logistic regression was used to evaluate the relation between
MS and several variables assessed at the same time of MS
development or at last visit. We used unconditional multiple
logistic regression, with maximum likelihood fitting, including
terms for age, sex and other potential confounders. Odds ratios
(OR) and the corresponding 95% CI were calculated.

Heterogeneity Chi2 was used to evaluate the relation between
MS criteria and HAART use by drug class (naı̈ve, PI-based and
NNRTI-based therapy). To account for potential confounding, we
used the Cochran-Mantel-Haenszel method; included variables are
listed in the table footnotes.
tabolic Syndrome in HIV naive patients is not the same of those
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3. Results

Overall, 292 patients were enrolled. A participating center
withdraw from the study after the enrolment period: 26
patients were not followed any more. Out of 266 remaining
patients, 31 were excluded from the incidence analysis because
they had MS at baseline. Among 235 subjects without MS at
baseline, 195 (83%) were followed-up for 3 years or until MS
was diagnosed. Since seven of them lacked at least one
criterion for MS diagnosis, we could evaluate MS in 188
subjects.The patients lost to follow-up were mainly males aged
less than 50 years (63%).

3.1. Metabolic Syndrome incidence

In the 3-year follow-up period, 14 patients developed MS, three
females and 11 males.
Table 1
General characteristics and immunological status of patients evaluated in the HERMES

Variable Total Without MS 

N 188 174 (92.5) 

Age (median, interquartile range) 38 (32–47) 38 (32–45) 

BMI (mean, SD) 23.2 (3.1) 22.9 (2.8) 

Gender (n %)

M 142 (75.5) 131 (75.3) 

Fa 46 (24.5) 43 (24.7) 

Ethnicity (n %)

Caucasian 168 (89.4) 154 (88.5) 

Other 20 (10.6) 20 (11.5) 

Risk factor for HIV acquisition (n %)

IDU 20 (11.4) 18 (11.0) 

Heterosexual intercourses 85 (47.7) 77 (47.0) 

Homo/bi-sexual intercourses 71 (40.3) 68 (41.4) 

Transfusion 1 (0.6) 1 (0.6) 

Physical activity at enrolment (n %)

Yes 58 (30.8) 57 (32.8) 

No 130 (69.2) 117 (67.2) 

CD4 at enrolment (n %)

< 200 34 (18.1) 32 (18.4) 

200–500 93 (49.5) 88 (50.6) 

> 500 61 (32.4) 54 (31.0) 

Log10 HIV RNA at enrolment (n %)

� 5.00 41 (22.0) 41 (23.7) 

< 5.00 145 (78.0) 132 (76.3) 

CD4 at last visit (n %)

< 200 10 (5.4) 9 (5.2) 

200–500 83 (44.4) 76 (43.9) 

> 500 94 (50.3) 88 (50.9) 

Logistic 

< 200

Detectable HIV RNA at last visitd (n %)

Yes 21 (16.3) 19 (15.6) 

No 108 (80.6) 103 (84.4) 

Logistic 

Baseline FRS (n %)

< 5.00 110 (58.8) 107 (61.8) 

5.00–10.00 42 (22.5) 38 (22.0) 

� 10.00 35 (18.7) 28 (16.2) 

FRS at last follow-up A (actual age) (n %)

< 5.00 90 (51.7) 88 (54.7) 

5.00–10.00 41 (23.6) 38 (23.6) 

� 10.00 43 (24.7) 35 (21.7) 

Logistic 

FRS at last follow-up B (baseline age) (n %)

< 5.00 108 (58.4) 105 (61.4) 

5.00–10.00 36 (19.5) 34 (19.9) 

� 10.00 41 (22.2) 32 (18.7) 

Logistic 

Positive criteria at baseline (n %)

0 62 (33.0) 62 (35.6) 

1 76 (40.4) 70 (40.2) 

2 50 (36.6) 42 (24.2) 

HAART (n %)

Please cite this article in press as: Bonfanti P, et al. The feature of Me
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The incidence was 2.60 cases/100 person-years (95% CI 1.47–
4.51), 2.35 (0.60–6.40) in females and 2.80 (1.47–4.86) in males.
Among patients who remained HAART-naı̈ve, the incidence was
2.75 (1.11–5.72), whereas in subjects who started HAART it was
2.65 (1.23–5.03).

Subjects who entered the study less or equal to 50 years old
were less prone to MS: in this group MS incidence was 1.85/100
person-years (0.86–3.51) versus 6.82/100 person-years (2.49–
14.84) in people aged more than 50 years. In percentage, MS
developed in 11.9% of subjects who remained naı̈ve over the
observation period and in 8% of patients who started HAART after
the enrolment visit.

3.2. Patients’ characteristics

The patients’ characteristics and the risk ratios are shown in
Table 1. Gender and risk factor for HIV acquisition were not
 study by Metabolic Syndrome status.

With MS P RRe 95% CIe Pe Reference

variable

14 (7.5) –

47 (33–53) 0.04 3.4 1.2–11.0 0.03 < 50

27.1 (3.8) 0.001 15.6 3.2–69.6 0.001 < 25

11 (78.6) 0.83 0.9 0.3–3.6 0.98 M

3 (21.4) 1

14 (100) 0.37 – – – Caucasian

0 (0)

2 (15.4) 0.74 0.7 0.2–2.4 0.53 Sexual

8 (61.5) 1

3 (23.1)

0 (0)

1 (7.1) 0.07b 0.4 0.1–2.6 0.08 No

13 (93.9) 1

2 (14.3) 1 < 200

5 (35.7) 0.20c 0.7 0.1–3.5 0.64

7 (50.0) 1.6 0.3–7.9 0.55

0 (0) 0.08b – – – < 5.00

13 (100.0)

1 (7.1) 1

7 (50.0) 0.54c 1.2 0.1–11.5 0.88

6 (42.9) 0.8 0.1–8.0 0.87

(OR)

2 (28.6) 0.32b 3.1 0.7–14.6 0.15 No

5 (71.4) 1

(OR)

3 (21.4) 1 < 5.00

4 (28.6) 0.0007c 1.9 0.4–9.0 0.39

7 (50.0) 7.5 1.8–31.2 0.006

2 (15.4) 1 < 5.00

3 (23.1) 0.0002c 2.9 0.4–21.0 0.28

8 (61.5) 9.3 1.6–53.5 0.001

(OR)

3 (21.4) 1 < 5.00

2 (14.3) 0.001c 1.5 0.2–10.5 0.69

9 (64.3) 8.5 1.8–39.1 0.006

(OR)

0 (0) – – – 2

6 (42.9) 0.001c 0.4 0.1–1.3 0.14

8 (57.2) 1

tabolic Syndrome in HIV naive patients is not the same of those
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Table 1 (Continued )

Variable Total Without MS With MS P RRe 95% CIe Pe Reference

variable

Started at enrolment 62 (33.0) 57 (32.8) 5 (35.7) 0.4 0.1–1.5 0.19 Naive

Started HAART during the study 67 (35.6) 65 (37.4) 2 (14.3) 0.16b 0.4 0.1–2.1 0.30

Naive 59 (31.4) 52 (29.9) 7 (50.0) 1

HAART (third agent) (n %)

NNRTI 58 (45.0) 56 (45.9) 2 (28.6) 0.46b 0.3 0.1–1.6 0.14 Naive

PI 60 (46.5) 56 (45.9) 4 (57.1) 0.70b 0.7 0.2–2.5 0.65

a Out of six menopausal women, two (33.3) had Metabolic Syndrome, versus one (2.6) out of 40 not menopausal (Fisher’s exact test P = 0.04).
b Fisher exact test.
c Mantel Haenzsel Chi2.
d Only patients on HAART.
e Adjusted for gender, age, BMI, HCV co-infection and physical activity (as appropriate). Sometimes the sums do not add up to 188 because of missing values.

Table 2
Changes from baseline during 3-year follow-up according to HAART.

Total (n = 188) Naive (n = 59) HAART (n = 129) P Pa

Median IQ range Median IQ range Median IQ range

SBP 0.0 –10.0–10.3 0.0 –10.0–10.5 0.0 –10.0–10.0 0.91 0.36

DBP 0.0 –5.0–7.5 0.0 –7.5–8.0 0.0 –5.0–5.0 0.87 0.39

Waist circumference 1.0 –1.7–5.0 0.0 –2.0–4.0 1.0 –1.0–7.0 0.06 0.18

HDL cholesterol 0.0 –9.0–11.0 –6.0 –12.0–0.0 4.0 –5.0–12.0 < 0.0001 < 0.0001

Triglycerides 8.5 –20.0–54.0 1.0 –32.0–24.0 12.0 –15.0–58.0 0.02 0.02

Blood glucose 4.0 –3.0–11.0 1.0 –6.0–8.0 6.0 –2.0–11.0 0.03 0.01

FRS A (actual age) 0.98 –0.10–2.77 1.08 0.06–2.45 0.94 –0.11–2.80 0.95 0.94

FRS B (baseline age) 0.33 –0.45–1.64 0.40 –0.44–1.62 0.31 –0.46–1.65 0.91 0.92

MS criteria N % N % N % P Pa

BP 53 28.2 16 27.1 37 28.7 0.83 0.95

Waist circumference 25 13.3 10 17.0 15 11.6 0.32 0.89

HDL cholesterol 73 38.8 26 44.1 47 36.4 0.31 0.18

Triglycerides 71 37.8 14 23.7 57 44.2 0.007 0.008

Blood glucose 13 6.9 3 5.1 10 7.8 0.50 0.22

Number of positive criteria

0 45 23.9 16 27.1 29 22.5

1 70 37.2 27 45.8 43 33.3

2 59 31.4 9 15.2 50 38.8

3 10 5.3 5 8.5 5 3.9 0.44 0.41

4–5 4 2.1 2 3.4 2 1.6

a Adjusted for gender, age, BMI, HCV co-infection and initial level of variable (as appropriate).
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significantly associated with MS; age more than 50 years was a
significant determinant for MS development (RR = 3.4, 95% CI 1.2–
11.0, P = 0.02), whereas physical activity seemed protective, but
not significantly (RR = 0.4, 95% CI 0.1–2.6, P = 0.08).

Baseline FRS more than or equal to 10 was predictive of MS
development (RR = 7.5, 95% CI 1.8–31.2, P = 0.006); FRS more than
or equal to 10 at last follow-up was also associated to MS (OR).

HAART initiation did not appear significantly related to MS
development, though the RR = 0.3 suggested a protective role of
NNRTIs.

During follow-up, the median FRS increase was 0.98; patients
who developed MS had a higher FRS at baseline and were subjected
to a higher median increase (6.0) in comparison to patients
without MS (0.9). This difference also emerged when using the age
at enrolment in the FRS equation (2.6 vs. 0.3) and suggested that
factors other than ageing were responsible of FRS increase.

3.3. Metabolic Syndrome criteria analysis

As a secondary objective, we analyzed the single features of MS
(Table 2) according to HAART initiation. Patients who remained
naı̈ve had baseline frequency of low HDL-C level significantly
lower than patients who initiated HAART (22.0% vs. 40.3%,
Please cite this article in press as: Bonfanti P, et al. The feature of Me
treated: Results from a prospective study. Biomed Pharmacother (2
P < 0.05). The baseline prevalence of other MS features were
similar between groups. At study end (or at MS diagnose) HDL-C
frequency did not differ, whereas TGL > 150 mg/dL were signifi-
cantly more frequent in HAART patients.

Duringtheobservation period, thesecriteriamay havevaried either
way,sinceBP,WC,HDL-C,TGLandBGcouldeither increaseordiminish
(Table2).Toaccountforinitialvalues,weanalyzedtheabsolutechanges
inBP,WC,HDL-C,TGLandBG.Apositivevalueindicateanincreaseanda
negative value a decrease as compared to the baseline value.

HAART was associated to HDL-C: patients that started therapy
during the study period showed a median HDL-C increase
significantly higher than patients who remained treatment-naı̈ve.
Baseline CD4 cell count < 200 cells/mm3 was also related to HDL-C
change: the lower the baseline CD4 cell count, the higher the HDL-
C increase during the study period. This relation was mediated by
the HAART initiation, being subjects with CD4 cell count less than
200 more likely to start HAART.

HAART duration was directly correlated with several metabolic
changes (data not shown in tables): WC (r = 0.15, P = 0.04), HDL-C
(r = 0.26, P = 0.0003). BG was also correlated (r = 0.11) but not
significantly. Conversely, study time while still naı̈ve was inversely
correlated to HDL-C (r = –0.20, P = 0.007), WC (r = –0.22, P = 0.003)
and BG (r = -0.16, P = 0.03).
tabolic Syndrome in HIV naive patients is not the same of those
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Table 3
Changes from baseline during 3-year follow-up according to HAART class.

Naive (n = 59) NNRTI (n = 58) PI (n = 60) P Pe

Median IQ range Median IQ range Median IQ range

SBP 0.0 –10.0–10.5 –3.3 –10.0–7.0 0.0 –6.0–12.5 0.28 0.12

DBP 0.0 –7.5–8.0 0.0 –5.0–5.0 0.5 –5.0–6.5 0.69 0.22

Waist circumference 0.0 –2.0–4.0 1.0 –2.0–5.0 3.0 0.0–9.0 0.0009 0.03a

HDL cholesterol –6.0 –12.0–0.0 6.5 –3.0–12.0 4.0 –5.0–14.0 < 0.0001 < 0.0001b

Triglycerides 1.0 –32.0–24.0 5.5 –16.0–39.0 34.5 –7.5–66.5 0.01 0.001a

Blood glucose 1.0 –6.0–8.0 4.0 –1.0–11.0 7.0 –3.5–13.0 0.05 0.04b

FRS A (actual age) 1.08 0.06–2.45 0.37 –0.43–2.22 1.15 0.38–4.31 0.14 0.16

FRS B (baseline age) 0.40 –0.44–1.62 0.07 –1.08–1.16 0.65 –0.05–1.96 0.12 0.14

MS criteria N % N % N % P Pe

BP 16 27.1 18 31.0 16 26.7 0.85 0.48

Waist circumference 10 17.0 6 10.3 9 15.0 0.57 0.55

HDL cholesterol 26 44.1 16 27.6 24 40.0 0.16 0.04c

Triglycerides 14 23.7 19 32.8 31 51.7 0.005 0.10d

Blood glucose 3 5.1 6 10.3 3 5.0 0.42 0.09

Number of positive criteria 0.79 0.70

0 16 27.1 17 29.3 11 18.3

1 27 45.8 20 34.5 20 33.3

2 9 15.2 19 32.8 25 41.7

3 5 8.5 1 1.7 3 5.0

4–5 2 3.4 1 1.7 1 1.7

a NNRTI and naı̈ve groups were significantly different from PI group (P = 0.03 and P = 0.01 respectively).
b NNRTI and PI groups were significantly different from naı̈ve group (P < 0.0001 and P = 0.0003 respectively).
c NNRTI group was significantly different from naı̈ve group (P = 0.04).
d PI group was significantly different from naı̈ve group (P = 0.01).
e Adjusted for gender, age, BMI, HCV co-infection and initial level of variable (as appropriate).
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3.4. Regimen analysis

In Table 3, naı̈ve patients were compared to those who started a
PI-based or NNRTI-based therapy. Concerning the WC and the TGL
changes from baseline, NNRTI treated and naı̈ve patients were
different from PI-treated ones that showed a significantly greater
WC and TGL increase. However, compared to naı̈ve patients, NNRTI
treated and PI-treated subjects showed a significantly higher HDL-
C and BG increase. In the analysis of MS criteria, low HDL-C
criterion was less frequent in the NNRTI group and TGL criterion
was more frequent in the PI group (both significant if compared to
naı̈ve patients).

4. Discussion

The main findings of this study was the low MS incidence and
the different trend of metabolic changes seen in HAART groups.

Other studies have prospectically followed patients to estimate
MS incidence [3,4,12]. Compared to our results, Wand et al. [4]
found a lower baseline prevalence (8.5% with ATP-III MS definition
vs. 12.3%) and a higher incidence over a 3-year observation period
(12/100 patient-years vs. 2.6/100 patient-years). Another study [3]
found a incidence of MS (15 cases/100 person-years) similar to
Wand, [4] with a baseline prevalence of 24%, but this study
included both naı̈ve and HAART-treated subjects, thus a direct
comparison with our results was not feasible.

Conversely, Palacios et al. [12] surveyed a sample of naı̈ve
patients starting HAART at enrolment: MS at baseline was 16.6%,
and 25% after 48 weeks. During follow-up, 7/50 patients developed
MS, leading an incidence of 14/100 patients/year. Despite the
similar baseline prevalence, MS incidence in our cohort was lower.
However, our study was performed more recently, when new
drugs were available and the physician alert on MS and obesity was
higher compared to the past. This aspect may partially explain the
low MS incidence observed.
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We also focused on the comparison between patients who
started HAART and the group that remained naı̈ve. For each
component of MS there is a complex interaction between HIV,
therapy and central obesity. Some retrospective studies found a
higher prevalence of MS associated with HAART use [3,13–16] and
in particular with PIs, [2,3,14,16] whereas others did not find any
association [4,12,17,18]. Some authors suggested that HAART
specifically affected the triglycerides levels [5,19,20] and the
insuline resistance [13]. Specific antiretroviral therapies are known
to affect individual components of MS adversely, such as increasing
triglycerides as lopinavir/ritonavir, [21,22] but also efavirenz [23].
Along this line, we found that the most frequent MS feature among
patients starting HAART was TGL > 150 mg/dL; the change from
baseline was significantly higher in patients on HAART as
compared to naı̈ve subjects. NNRTI-based regimen seemed
associated to lower TGL increase than PI-based regimens. Among
subjects on PIs, lopinavir/ritonavir-treated patients had blood lipid
levels similar to those on other PIs (data not shown in tables).

In our sample, PIs seemed related to a significant WC increase,
as is well documented [24]. Moreover, use of indinavir and
lopinavir/ritonavir has been associated with increasing fasting
glucose [25,26]. In our study, we found a slight median increase of
BG level, as well as a higher incidence of this MS component among
patients on HAART; the former was statistically significant.
Comparing PI- and NNRTI-based treatments with naı̈ve patients,
we found that both regimens were associated with a significant BG
increase, though this feature did not emerge in the criteria analysis
due to the low number of cases.

On the other hand, some therapies have been associated with
improvements in metabolic profiles, such as increases in HDL
cholesterol [27,28]. The association between HIV infection and low
HDL is well established [29,30]. A recent study [31] suggested that
HIV-associated dyslipidemia was, partially at least, related to
chronic inflammation, and that the effect of HAART on HDL changes
could be mediated by suppressing inflammation. In fact, inflamma-
tion induces major changes in HDL levels and composition.
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Interestingly, HDL levels and functions are altered in several
immune-mediated disorders, such as rheumatoid arthritis, systemic
lupus eritematosus, Crohn’s disease and multiple sclerosis as well as
during inflammatory responses. Changes in HDL levels may
represent a predictable response to attenuation of inflammation
[32]. Specifically, HIV infection and chronic inflammation impairs
the first step of reverse cholesterol transport, namely cholesterol
efflux from macrophages that plays a key role in maintaining cell
cholesterol homeostasis [33].

In our sample, we found a significant HDL-C change from
baseline, between naı̈ve and treated patients, that led to a
frequency of the feature higher in the former, though not
significantly. In the regimen analysis, the frequency of HDL-C
criteria was significantly lower in the NNRTI-based treatment, in
comparison to PI and naı̈ve subjects.

We also investigated the cardiovascular risk factors at baseline
and at follow-up. The estimated cardiovascular risk at baseline and
at the end of follow-up was unchanged comparing naı̈ve and
HAART-treated patients, suggesting that the FRS increase due to
TGL and total cholesterol was possibly balanced by the concomi-
tant HDL-C increase. In the light of this finding, HAART did not
seem responsible for significant additional vascular damage.

The main limitation of this study was the low number of new
MS cases that prevented us from finding potentially significant risk
factors. In some cases, as in the analysis for drugs, the lack of
statistical significance may be due to the lack of power.

However, this study has several strength. First of all, we have
had the possibility to compare MS incidence in patients who
started HAART, using the group that remained naı̈ve as compari-
son. Then, we reliably collected information about potential
confounders at baseline. Lastly, the 3-year follow-up period was
adequate for our purpose.

In conclusion, we found a low MS incidence in our population of
HIV-positive subjects, naı̈ve at enrolment. Furthermore, the
incidence of MS was similar in patients who remained naive
and in those who started treatment. However, the features of MS
were different in the two groups: in this sample, TGL and BG
increases were more frequent in HAART-treated (in particular PI-
treated) patients and HDL-C decrease was more frequent in naive
subjects, possibly as an expression of inflammatory responses.
These characteristics suggest that, in untreated and treated
patients, MS developed through different metabolic pathways.
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