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Abstract

and IDF-2005) and the Framingham risk score.

Background: In HIV-infected patients, combination antiretroviral therapy (cART) is associated with clinical lipodystrophy
(CL) and metabolic abnormalities (MA). This study aimed to evaluate the prevalence of the metabolic syndrome (MS)
and its components, and to determine whether patients with or without CL had a different prevalence of MA.

Methods: We evaluated 345 HIV-infected patients on cART using two different MS definitions (NCEP-ATPII-2005

Results: CL was present in 58.7% of the patients. The prevalence of the MS was 52.2% (ATPIIl) and 43.2% (IDF), and
it was not significantly different between patients with (W) or without (WT) CL, regardless of the definition used
(ATPIII WCL 52.9% vs WT CL 51.1%; p = 0.738; IDF WCL 41.3% vs WTCL 46.0%; p = 0.379). Moderate concordance
was observed between the 2 definitions (kappa = 0484; p < 0.001) and after gender stratification there was good
concordance in women (kappa = 0.759; p < 0.001). Patients with CL had lower waist circumference and HDL-C and
higher triglycerides levels. In women, CL was significantly associated with MS, hypertriglyceridemia and low HDL
cholesterol independently of age, cART and BMI. Patients with CL had a significantly higher risk of coronary heart
disease at 10 years, measured by the Framingham risk score, than patients without CL. Those with CL and with MS
had higher frequencies of moderate and high risk categories than those without MS.

Conclusions: The prevalence of the MS was high in these HIV-infected patients with an age average of 40 years
and this finding could explain why HIV patients have an increased risk for cardiovascular disease (CVD).
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Background
Combination antiretroviral therapy (cART) has changed
the course of HIV infection, leading to a significant
reduction in AIDS related morbidity and mortality [1].
However, cART is known to be associated with changes
in fat distribution (lipodystrophy) and metabolic abnorm-
alities, including insulin resistance, dyslipidemia, and
increased blood pressure (BP) [2,3].

The Metabolic syndrome (MS), a common condition in
the general population, refers to a constellation of
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cardiovascular disease (CVD) risk factors, including
increased waist circumference (WC), glucose and lipid
metabolism disorders, and hypertension [4,5]. Each of
these risk factors individually increases cardiovascular
risk, but the MS itself has shown to be a powerful inde-
pendent risk factor for cardiovascular morbi-mortality
and diabetes [6]. It is still controversial if the MS
improves the identification of high risk individuals [7-9].
HIV-infected lipodystrophic patients share several com-
ponents of the MS. The prevalence of the MS in HIV-
infected patients has been reported to range from 4.4 to
45.4% [9-23].

HIV-lipodystrophy is considered to be an adverse
effect of cART, not limited to a specific drug or class of
drugs [24]. It seems to affects up to half or even more
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HIV-infected patients receiving cART [25]. However,
few studies address the prevalence of the MS in patients
with lipodystrophy [12,14,17].

The aim of this study was to evaluate the prevalence
of the MS and of its five individual components in HIV-
infected patients on cART and to determine whether
patients with or without CL had a different prevalence
of MA.

Methods

Subjects

As part of a cross-sectional study, 345 non-institutiona-
lized, HIV-infected Caucasian adults (239 males), on
cART referred from the Infectious Diseases to the Endo-
crinology Out-patient Clinic of Hospital Séo Jodo due to
lipodystrophy or any metabolic disorders were included.
Only patients on cART were included, since lipodystrophy
is mainly related to ART drugs. The study protocol was
approved by the Hospital’s Ethical Committee and all
patients provided informed consent.

Clinical assessment

For each patient the following information was collected,
using a standardized protocol: demographic data (age,
gender), duration of HIV infection, history of diabetes,
hypertension, use of antidiabetic, antihypertensive or lipid-
lowering drugs and duration of cART. Weight, height,
WC and resting BP were measured as previously described
[26]. Body weight was measured using TANITA (Tanita®,
model TBF 300) scale and height was measured to the
nearest centimetre in the standing position using a wall
stadiometer (Holtain Limited Crymych, Dyfed®).

Clinical lipodystrophy (CL) and central fat accumulation
or abdominal prominence, were defined as previously
described [27]. All clinical assessments were performed by
the same practitioner (PF). Patients were classified in 4 dif-
ferent groups according to the presence or absence of
either lipoatrophy or abdominal prominence: group 1- No
lipodystrophy (patients without clinical lipoatrophy and
without abdominal prominence); group 2- Isolated cen-
tral fat accumulation (patients without clinical lipoatro-
phy and with abdominal prominence); group 3- Isolated
lipoatrophy (patients with clinical lipoatrophy and with-
out abdominal prominence); group 4- Mixed forms of
lipodystrophy (patients with clinical lipoatrophy and with
abdominal prominence).

A venous blood sample was drawn after a 12-hour over-
night fast. All the samples were analyzed at the central
laboratory of our hospital. Plasma glucose, total choles-
terol, HDL cholesterol (HDL-C) and triglycerides were
determined using automatic standard routine enzymatic
methods. Hepatitis C was diagnosed by HCV-Ab serosta-
tus. The CD4+ cell count was determined by flow
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cytometry and plasma RNA-VIH was measured by a
quantitative reverse transcriptase polymerase chain reac-
tion, which had a lower limit of detection of 50 copies/mL.

Metabolic Syndrome definitions

Two different MS definitions were used: the Third Report
of the National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults (ATPIII) modified by
American Heart Association/National Heart, Lung, and
Blood Institute Scientific Statement (AHA/NHLBI) in
2005 [28] and the International Diabetes Federation (IDF)
definition [29].

The Framingham cardiovascular risk score was calcu-
lated for all patients using the Framingham methodology
as reported by Wilson. It incorporates age, gender, systolic
blood pressure, lipids, glucose, and smoking status into a
model that predicts the probability of coronary heart dis-
ease risk at 10 years [30].

Statistical analysis

Data were presented as mean and standard deviation (SD)
for quantitative variables when normally distributed.
When the variable distribution was different than the nor-
mal, it was expressed as median and respective 25™ and
75 percentiles. For comparison between quantitative
variables Student-t test and the Mann-Whitney test were
used when appropriate. Categorical variables were
described as counts and proportions, and compared using
the chi-square or Fisher’s exact test. Kappa coefficients
were estimated to analyze the statistical agreement
between ATP III as modified by the AHA/NHLBI and IDF
definitions of MS.

Odds ratios and their respective 95% confidence inter-
vals (CI) were computed using unconditional logistical
regression models. The association between lipodystrophy
and the presence of MS and its individual components
was estimated after adjustment for sex, age, CART dura-
tion and BMI, whenever appropriate.

Statistical analysis was performed using the SPSS version
17.0 software (SPSS Inc., Chicago, Illinois, USA). All prob-
abilities were two tailed and p values < 0.05 were regarded
as significant.

Results

Of the 345 HIV-1 infected patients on cART included in
this study, 58.7% presented CL. Table 1 shows the charac-
teristics of the study sample according to the presence of
CL. Patients with CL were more frequently male, older,
had longer duration of infection, longer duration of cART
and lower weight, BMI and WC. Also, this group of
patients had significantly higher CD4+ cell counts and a
significantly higher prevalence of virological suppression.
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Table 1 Sample characteristic according to the presence of clinical lipodystrophy
Without CL With CL P
n (%) 139 (39.6) 206 (58.7)
Sex [n(%)]

Male 85 (61.2) 154 (74.8) 0.007

Female 54 (38.8) 52 (25.2)

Age [years, median (25" and 75™ percentiles)] 420 (34.0-51.0) 450 (39.0-54.0) 0.006
Duration of HIV infection [years, median (25" and 75" percentiles)] 6.0 (4.0-90) 90 (6.0-11.0) < 0001
CART [years, median (25th and 75th percentiles)] 4.0 (2.0-7.0) 8.0 (5.0-10.0) < 0.001
Weight [Kg, mean (sd)] 736 (14.1) 66.2 (124) < 0.001
Height [m, mean (sd)] 1.65 (0.09) 1.66 (0.09) 0430
BMI [(kg/m?), mean (sd)] 270 (50) 240 (3.9) < 0001
Waist circumference [cm, mean (sd)] 954 (13.0) 89.5 (10.5) < 0.001
Systolic BP [mmHg, median (25" and 75™ percentiles)] 1200 (110.0-135.0) 1200 (110.0-135.0) 0.871
Diastolic BP [mmHg, median (25" and 75" percentiles)] 80.0 (70.0-80.0) 80.0 (70.0-80.0) 0.765
CD4 cell count [cells/mm3, median (251" and 75" percentiles)] 4465 (291.5-633.8) 5440 (362.0-749.0) 0.008
HIV RNA (< 50) [n (%)] 94 (82.5) 163 (91.1) 0.029
Hepatitis C co-infection [n (%)] 31 (25) 58 (314) 0.227
HIV risk factor [n (%)]

Intravenous drug user 28 (24.6) 52 (30.6)

Homosexual contact 10 (8.8) 19 (11.2)

Heterosexual contact 75 (65.8) 90 (52.9)

Others 109 9 (5.3) 0.073
CDC [n (%)]

A 62 (54.9) 94 (534)

B 4(35) 0 (0.0)

C 47 (41.6) 82 (46.6) 0.037

ART [n (%)]
IP 67 (61.5) 98 (554) 0310
NNRTI 47 (43.1) 83 (46.9) 0534
NRTI 104 (95.4) 175 (98.9) 0.066
Smoking history [n (%)]

Never 60 (43.5) 70 (34.8)

Current 56 (40.6) 93 (46.3)

Former 22 (15.9) 38 (18.9) 0272
Glucose [mg/dL, median (25" and 75 percentiles)] 91.0 (84.0-108.0) 94.5 (863.0-117.0) 0074
Total cholesterol [mg/dL, mean (sd)] 229.5 (59.8) 220.7 (59.5) 0.182
HDL- cholesterol [mg/dL, median (25" and 75" percentiles)] 480 (37.0-55.0) 430 (35.0-53.0) 0.047
Triglycerides [mg/dL, median 25" and 75" percentiles)] 192.0 (126.0-323.0) 231.0 (149.8-365.8) 0016
Metabolic syndrome ATP Il [n (%)] 71 (51.1) 109 (52.9) 0.738
Metabolic syndrome IDF [n (%)] 64 (46.0) 85 (41.3) 0379
Metabolic syndrome features - ATP llI

High blood pressure 61 (43.9) 87 (424) 0.790

Hypertriglyceridemia 98 (70.5) 177 (85.9) < 0.001

Low HDL cholesterol 93 (66.9) 160 (77.7) 0.027

High waist circumference 58 (41.7) 46 (22.3) < 0.001

High fasting glucose 51 (36.7) 84 (40.8) 0.446
Number of metabolic syndrome features ATP Il
0 6 (4.3) 9 (44) 0.242
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Table 1 Sample characteristic according to the presence of clinical lipodystrophy (Continued)

1 25 (18.0) 19 (9.3)

2 37 (26.6) 69 (33.7)

3 31 (22.3) 52 (254)

4 31 (22.3) 42 (20.5)

5 9 (6.5) 14 (6.8)

Metabolic syndrome features - IDF
High blood pressure 61 (43.9) 87 (42.4) 0.790
Hypertriglyceridemia 98 (70.5) 177 (85.9) < 0.001
Low HDL cholesterol 93 (66.9) 160 (77.7) 0.027
High waist circumference 87 (62.6) 94 (45.6) 0.002
High fasting glucose 51 (36.7) 80 (38.8) 0.687

Number of metabolic syndrome features IDF

0 5(3.6) 9 (4.4) 0.263

1 19 (13.7) 17 (83)

2 35 (25.2) 51 (24.9)

3 32 (23.0) 63 (30.7)

4 35 (25.2) 39 (19.0)

5 13 (94) 26 (12.7)

Note - CL = Clinical lipodystrophy, MS = Metabolic syndrome; ATPIIl = Third Report of the National Cholesterol Education Program Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults; IDF = International Diabetes Federation; BMI = body mass index.

No significant differences in HIV risk factors or in cART
regimen composition were found between patients with or
without CL. The prevalence of hepatitis C co-infection
was 28.8%, without significant differences between patients
with or without CL. No significant differences were found
in smoking history (never, current or former) between
patients with or without CL, however, patients who were
current smokers had the highest frequency of low and
normal weight and those who never smoked had the high-
est frequency of overweight and obesity (data not shown).
No significant difference was found in fasting glucose
according to smoking history (data not shown). According
to the presence of CL, no differences were found in systo-
lic and diastolic BP, glucose and total cholesterol levels.
However, patients with CL had lower HDL-C and higher
triglycerides plasma levels (Table 1).

Regarding BMI distribution, men and women with CL,
were more frequently classified as normal when com-
pared to those without CL. Those without CL were
more frequentely classified as overweight (Table 2).

Table 2 BMI by gender and clinical lipodystrophy

Men Women
BMI Without CL  With CL  Without CL  With CL
[kg/m?, (n (%)]
<185 102 9 (5.8) 0 (0.0) 8 (154)
>185 and < 25 38 (44.7) 88 (57.1) 16 (30.2) 25 (48.1)
>25 and < 30 31 (36.5) 47 (30.5) 20 (37.7) 15 (28.8)
>30 15 (17.6) 10 (6.5) 17 (32.1) 4(7.7)
p value 0.009 < 0.001

Note - CL = Clinical lipodystrophy; BMI = body mass index.

Metabolic syndrome

In our sample, the prevalence of MS was 52.2% and
43.2%, according to ATPIII and IDF criteria, respectively.
No significant differences in the prevalence of the MS
were observed in patients with or without CL, regardless
of the definition used (table 3). Moderate concordance
was observed between the 2 definitions (kappa = 0.484;
p < 0.001). After gender stratification, moderate agree-
ment was observed in men (kappa = 0.374; p < 0.001),
and good agreement in women (kappa = 0.759; p <
0.001). Using both MS criteria, no significant differences
in the prevalence of CL were found between patients
with and without MS [[with MS 60.6% (109 patients) vs
without MS 58.8% (97 patients); p = 0.822 for ATPIII]
and [with MS 57.0% (85 patients) vs without MS 61.7%

Table 3 Metabolic syndrome prevalence according to ATP
Il and IDF criteria in the total of patients and by gender
and presence of clinical lipodystrophy

MS Criteria Total of patients Without CL  With CL P
ATP Il [n, (%)]
Total 180 (52.2%) 71 (51.1%) 109 (52.9%) 0.738
Men 130 (54.4%) 46 (54.1%) 84 (54.5%) 0.949
Women 50 (47.2%) 25 (463%) 25 (48.1%) 0854
IDF [n, (%)]
Total 149 (43.2%) 64 (46.0%) 85 (41.3%) 0379
Men 88 (36.8%) 36 (42.4%) 52 (33.8%) 0.188
Women 61 (57.5%) 28 (51.9%) 33 (63.5%) 0227

Note - CL = Clinical lipodystrophy MS = Metabolic syndrome; ATPIIl = Third
Report of the National Cholesterol Education Program Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults; IDF
= International Diabetes Federation; BMI = body mass index.
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(121 patients); p = 0.442 for IDF]]. No significant differ-
ences according to gender and presence of CL were
observed regarding the prevalence of the MS (Table 3).
However, men and women with lipodystrophy had a sig-
nificantly different prevalence of the MS when stratified
by BMI classes, regardless the criteria used to define the
MS (Table 4). Men and women with CL presented a sig-
nificantly higher prevalence of the MS in the normal and
underweight class (Table 4). A significantly higher preva-
lence of hypertriglyceridemia, low HDL-C levels and
lower prevalence of abdominal obesity were observed in
patients with CL. No differences were found in the num-
ber of the MS features according to ATPIII and IDF cri-
teria in patients with and without CL (Table 1).

Regarding the aggregate of the MS criteria using the
ATP definition, the most frequent aggregate number was
2, except for men without CL. On the other hand, using
the IDF definition, the most frequent aggregate number
was 3, except for women without CL (table 5 and 6). No
significant increase of MS prevalence with age was
observed in patients with or without CL (data not shown).

Concerning the frequency of the individual ATPIII cri-
teria for MS, we found a significantly lower prevalence
of central obesity in men with CL and no other signifi-
cant differences were observed. No significant differ-
ences were found in the frequency of the five IDF
criteria for the MS in men (table 5).

In women with CL, using either ATPIII or IDF cri-
teria, we found a statistically higher frequency of hyper-
triglyceridemia and lower HDL-C levels. According to
ATPIII criteria, women with CL had a lower frequency
of central obesity (Table 6).

Table 4 MS prevalence by BMI, gender and clinical
lipodystrophy according to ATPIII criteria and IDF

Men Women
Without CL  With CL Without CL  With CL
ATPIIl criteria
Classes of BMI
(kg/m? (n (%))
<25 14 (30.4%) 41 (488%) 3 (12.5%) 11 (44.0%)
>25 < 30 19 (41.3%) 33 (393%) 9 (37.5%) 10 (40.0%)
>30 13 (28.3%) 10 (11.9%) 12 (50.0%) 4 (16.0%)
p value 0.002 < 0.001 0.012 0.008
IDF criteria
<25 4 (11.1%) 11 212%) 5 (18.5%) 16 (48.5%)
>25 < 30 18 (50.0%) 32 (61.5%) 10 (37.0%) 13 (39.4%)
>30 14 (38.9%) 9 (17.3%) 12 (44.4%) 4 (12.1%)
p value < 0.001 < 0.001 0.084 0.012

Note - CL = Clinical lipodystrophy; MS = Metabolic syndrome; ATPIIl = Third
Report of the National Cholesterol Education Program Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults; IDF
= International Diabetes Federation; BMI = body mass in
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No significant differences were found between the
cumulative number MS features according to the pre-
sence of CL in both genders (Table 5 and 6).

In men, high blood pressure, high WC and the MS
were more frequent in those with isolated central fat
accumulation and mixed forms of lipodystrophy using
either ATPIII or IDF criteria. High fasting glucose levels
were significantly more frequent in patients with isolated
central fat accumulation and mixed forms of lipodystro-
phy using ATPIII criteria and without any differences
(p = 0.058) in the 4 groups of fat distribution using the
IDF criteria (table 7).

In women, no significant differences were found in high
blood pressure and high fasting glucose levels in the four
groups of fat distribution (either ATPIII or IDF criteria).
Hypertriglyceridemia, low C-HDL levels, high waist cir-
cumference and presence of the MS were more frequent
in patients with isolated central fat accumulation and
mixed forms of lipodystrophy using either ATPIII or IDF
criteria (table 8).

Men and women with CL, after adjustment for age and
cART, had significantly lower odds of having central obe-
sity, as defined by the ATPIII criteria [OR = 0.403 (95%
CI: 0.187-0.865) and OR = 0.306 (95%CI: 0.118-0.796),
respectively].

In women, CL was significantly associated with higher
odds of having MS as defined by IDF [OR = 5.290 (95%
CI: 1.502-18.635)], hypertriglyceridemia [OR = 5.917
(95%CI: 1.50-23.349)] and low HDL cholesterol [OR =
3.990 (95%CI:1.252-12.716)], independently of age,
cART and BMI (tables 9 and 10).

No significant differences were found in the five
classes of the Framingham risk score between patients
with or without CL (data not shown).

Patients with CL had a significantly higher median risk
of coronary heart disease at 10 years, measured by the
Framingham risk score, than patients without CL, [med-
ian (25th and 75th percentile) = 7.00 (4.00-14.00) and
6.00 (4.00-11.00); p = 0.049]. Independent of the pre-
sence of CL, those with MS had a higher median of the
Framingham risk score. In patients without CL, those
with MS had a higher Framingham risk score median
than those without MS, [median (25th and 75th percen-
tile) = 7.00 (4.00-12.50) and 6.00 (3.00-9.00); p = 0.007].
Also, in patients with CL, those with MS, had a higher
Framingham risk score than those without MS, [median
(25th and 75th percentile) = 9.00 (6.00-18.00) and 6.00
(4.00-9.00); p < 0.001].

In patients with CL, we found significant differences
in the Framingham risk score classes between patients
with or without MS. Patients with CL and with MS had
higher frequencies of moderate and high risk categories
than those without MS (table 11).
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Table 5 Frequency of each criterion of MS according to ATP Ill and IDF in men with and without clinical lipodystrophy

Men

ATPIIl IDF
MS criteria Total Without CL With CL p value Total Without CL With CL p value
WC [n, (%)] 43 (18.0%) 1 (24.7%) 2 (14.3%) 0.045 98 (41.0%) 42 (49.4%) 56 (36.4%) 0.050
TG [n, (%)] 197 (82.4%) 5 (76.5%) 132 (85.7%) 0.072 197 (82.4%) 5 (76.5%) 132 (85.7%) 0.072
HDL [n, (%)] 1(75.7%) 2 (72.9%) 119 (77.3%) 0455 181 (75.7%) 2 (72.9%) 119 (77.3%) 0455
BP [n, (%)] 1 (46.6%) 1 (48.2%) 70 (45.8%) 0.713 111 (46.6%) 41 (48.2%) 70 (45.8%) 0.713
GLU [n, (9%)] 107 (44.8%) 5 (41.2%) 72 (46.8%) 0407 103 (43.1%) 35 (41.2%) 68 (44.2%) 0.656
Number of MS criteria
0 8(33) 3(35) 533 8 (34) 3335 5@33)
1 29 (12.1) 15 (17.6) 14 (9.2) 24 (10.1) 11 (12.9) 13 (8.5)
2 72 (30.1) 21 (24.7) 1(333) 60 (25.29 19 (224) 41 (26.8)
3 67 (28.5) 23 (27.1) 44 (28.8) 70 (29.4) 22 (259 48 (31.4)
4 48 (20.1) 17 (20.0) 1(20.3) 8 (20.2) 20 (23.5) 28 (18.3)
5 14 (5.9) 6 (7.1) 8(5.2) 0411 28 (11.8) 10 (11.8) 18 (11.8) 0.718

Note - CL = Clinical lipodystrophy MS = Metabolic syndrome; ATPIIl = Third Report of the National Cholesterol Education Program Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults; IDF = International Diabetes Federation; WC = waist circumference; TG = triglycerides; HDL = HDL

cholesterol; BP = blood pressure; GLU = glucose.

Discussion
To our knowledge, this is the first study conducted in
HIV-infected patients focusing specifically on the role of
subcutaneous adipose tissue atrophy defined by presence
of CL on the prevalence of the MS. Another particular-
ity is that all patients were on cART. Other studies ana-
lysed the presence of the MS in naive or on cART HIV-
infected patients, with sub-analyses concerning the pre-
sence of CL in patients with the MS [12,14,17].

cART can induce a large spectrum of metabolic distur-
bances. On the other hand, lipodystrophy per se, including
genetic lipodystrophy syndromes, is associated with lipid
and metabolic disturbances, and hasmany similarities with

the MS [2,31-35]. The effect of cART on the molecular
processes of metabolic disturbances has been extensively
studied [36] and its contribution to an increased risk of
premature and accelerated atherosclerosis in HIV infec-
tion is well recognized [37,38]. Our aim was to determine
the different patterns of metabolic alterations in patients
with or without lipodystrophy.

It is unknown if the MS is more frequent in patients
with lipodystrophy compared to either with patients
without lipodystrophy and not HIV-infected [9,17]. We
found a higher prevalence of MS compared with some
studies [9,10,12-23] but similar to another [11]. We
included all patients referred from the Infectious Diseases

Table 6 Frequency of each criterion of MS according to ATP Ill and IDF in women with and without clinical

lipodystrophy

Women

ATPIIl IDF
MS criteria Total Without CL With CL p Total Without CL With CL p
WC [n, (%)] 1 (57.5%) 7 (68.5%) 24 (46.2%) 0.020 3 (78.3%) 45 (83.3%) 8 (73.1%) 0.200
TG [n, (%)) 8 (73.6%) 3 (61.1%) 45 (86.5%) 0.003 8 (73.6%) 33 (61.1%) 5 (86.5%) 0.003
HDL [n, (%)] 2 (67.9%) 1 (57 4%) 41 (78.8%) 0.018 72 (67.9%) 31(57.4%) 1 (78.8%) 0.018
BP [n, (%)) 7 (34.9%) 0 (37.0%) 17 (32.7%) 0.639 7 (34.9%) 20 (37.0%) 7 (32.7%) 0.639
GLU [n, (%)] 8 (26.4%) 6 (29.6%) 12 (23.1%) 0444 8 (26.4%) 16 (29.6%) 2 (23.1%) 0444
Number of MS criteria
0 7 (6.6) 3(56) 4(7.7) 0.680 6 (5.7) 2(37) 4(7.7) 0214
1 15 (14.2) 0(185) 596) 12 (11.3) 8 (14.8) 4(7.7)
2 34 (32.1) 16 (29.6) 18 (34.6) 26 (24.5) 16 (29.6) 10 (19.2)
3 16 (15.1) 8 (14.8) 8 (154) 25 (236) 10 (18.5) 15 (28.8)
4 25 (23.6) 4 (259) 11 (21.2) 26 (24.5) 15 (27.8) 11212
5 9 (8.5) 3(56) 6 (11.5) 11 (104) 3(5.6) 8 (154)

Note - CL = Clinical lipodystrophy MS = Metabolic syndrome; ATPIIl = Third Report of the National Cholesterol Education Program Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults; IDF = International Diabetes Federation; WC = waist circumference; TG = triglycerides; HDL = HDL

cholesterol; BP = blood pressure; GLU = glucose.
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Table 7 Metabolic syndrome and its individual components according the four different groups of fat distribution in

men
Four different groups of fat distribution

[n (%)] No Isolated central Isolated Mixed forms P

lipodystrophy fat accumulation lipoatrophy of lipodystrophy
ATP Il
High blood pressure 17 (39.5) 24 (57.1) 36 (37.1) 3 (60.0) 0.017
Hypertriglyceridemia 32 (744) 33 (78.6) 79 (81.4) 2 (92.9) 0.086
Low HDL cholesterol 29 (674) 33 (78.6) 74 (76.3) 4 (78.6) 0.563
High waist circumference 0 (0.0) 21 (50.0) 0 (0.0) 22 (39.3) < 0.001
High fasting glucose 13 (30.2) 22 (52.4) 40 (41.2) 2 (57.1) 0.035
Metabolic syndrome 16 (37.2) 30 (71.4) 43 (44.3) 0 (71.4) < 0.001
IDF
High blood pressure 17 (39.5) 24 (57.1) 36 (37.1) 3 (60.0) 0017
Hypertriglyceridemia 32 (744) 33 (78.6) 79 (814) 2 (929 0.086
Low HDL cholesterol 29 (674) 33 (78.6) 74 (76.3) 4 (78.6) 0.563
High waist circumference 0 (0.0) 42 (100.0) 0 (0.0) 6 (100.0) < 0.001
High fasting glucose 13 (30.2) 22 (524) 38 (39.2) 0 (53.6) 0.058
Metabolic syndrome 0 (0.0) 36 (85.7) 0 (0.0) 2 (92.9) < 0.001

Department to our Endocrinology Out-patient Clinic for
metabolic abnormalities, but we cannot exclude the
selection bias by the infectious disease specialist. We
found a high prevalence of lipodystrophy but there was
no selection bias for the presence of isolated lipoatrohy
or abdominal prominence. Since our main goal was to
evaluate whether the presence of lipodystrophy influ-
ences MA, only patients on cART were included. The
high MS prevalence may reflect the fact that all the
patients were on cART. Another important fact is the
low prevalence of intravenous drug users in our study
(24.6% in patients without CL and 30.6% in patients with

CL) compared with Jericé study (41.3%), which con-
curred on the low prevalence of abdominal obesity.
Studies of prevalence of MS in HIV-infected indivi-
duals compared with control populations revealed differ-
ent prevalences of MS) [9-23] and it also seems to be
higher than the 22 to 24% prevalence rate reported for
the general US population [39]. Other data suggest that
the increased prevalence of MS among HIV-infected
persons may be reflective of the burgeoning epidemic of
obesity than a predominant effect of cART [40]. Cigar-
ette smoking analysis could be important because of its
frequent association with lower BMI and higher glucose

Table 8 Metabolic syndrome and its individual components according the four different groups of fat distribution in

women
Four different groups of fat distribution

[n (%)] No Isolated central Isolated Mixed forms P

lipodystrophy fat accumulation lipoatrophy of lipodystrophy
ATP Il
High blood pressure 1010 19 (42.2) 2 (14.3) 5 (39.5) 0.110
Hypertriglyceridemia 4 (444) 29 (64.4) 8 (57.1) 7 (974) < 0.001
Low HDL cholesterol 5 (55.6) 26 (57.8) 8 (57.1) 3 (86.8) 0.021
High waist circumference 0 (0.0) 37 (82.2) 0 (0.0) 24 (63.2) < 0.001
High fasting glucose 2 (22.2) 14 (31.1) 1(7.1) 1 (28.9) 0.335
Metabolic syndrome 0 (0.0) 25 (55.6) 1(7.1) 4 (63.2) < 0.001
IDF
High blood pressure 10111 19 (42.2) 2 (14.3) 5 (39.5) 0.110
Hypertriglyceridemia 4 (44.4) 29 (64.4) 8 (57.1) 7 (97.4) < 0.001
Low HDL cholesterol 5 (55.6) 26 (57.8) 8 (57.1) 3 (86.8) 0.012
High waist circumference 0 (0.0 45 (100.0) 0 (0.0 8 (100.0) < 0.001
High fasting glucose 2 (22.2) 14 (31.1) 1(7.1) 1 (289 0348
Metabolic syndrome 0 (0.0) 28 (62.2) 0 (0.0) 3 (86.8) < 0.001
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Table 9 Association between lipodystrophy and the metabolic syndrome and its individual components in men

Model 1 Model 2 Model 3
OR (95% CI) OR (95% Cl) OR (95% CI)

MS ATP 11l 7 (0.598-1.731) 0621 (0.324-1.191) 0.931 (0.460-1.884)
High waist circumference 0.508 (0.260-0.991) 0403 (0.187-0.865) -

Hypertriglyceridemia 1.846 (0.940-3.624) 1.677 (0.782-3.600) 2.019 (0.899-4.531)
Low HDL cholesterol 1.261 (0.686-2.319) 6 (0.562-2.216) 1.304 (0.639-2.661)
High fasting glucose 1.254 (0.734-2.143) 1.004 (0.540-1.868) 1.256 (0.654-2.409)
High blood pressure 0.905 (0.532-1.540) 0458 (0.223-0.939) 0.567 (0.270-1.191)

MS IDF 0.694 (0.402-1.196) 519 (0.274-0.985) 1.058 (0.473-2.365)
High waist circumference 0.585 (0.342-1.001) 0491 (0.260-0.929) -

Hypertriglyceridemia 1.846 (0.940-3. 624) 677 (0.782-3.600) 2.019 (0.899-4.531)
Low HDL cholesterol 1.261 (0.686-2.319) 16 (0.562-2.216) 1.304 (0.639-2.661)
High fasting glucose 0 (0.661-1.931) 0.940 (0.506-1.743) 1.143 (0.599-2.180)
High blood pressure 0.905 (0.532-1 540) 0458 (0.223-0.939) 0.567 (0.270-1.191)

Model 1 - OR crude.
Model 2 - OR adjusted for gender, age and cART.
Model 3 - OR adjusted for gender, age, duration of cART and BMI.

levels, however, no significant difference was found in
smoking history (never, current or former) between
patients with or without CL. Also, no significant differ-
ence was found in fasting plasma glucose levels accord-
ing the smoking history.

In our sample, the prevalence of MS was lower using
the IDF definition compared to the ATPIII criteria
either in the total of the patients or in men with or
without CL. On the other hand, in women it was higher
when the IDF definition was used. This probably mir-
rors the fact that central obesity is a compulsory criter-
ion for the IDF definition, and, women had a higher
mean of WC. Since HIV patients despite lower WC had

increased visceral fat, Capeau ] proposed that a different
WC cut-off is needed for HIV patients [34]. In fact, in
our data, patients with CL after adjustment for age and
cART had significantly lower odds of having central
obesity.

No differences in the prevalence of ATPIII or IDF
defined MS between patients with and without CL were
observed, like it was previously described by Estrada
[14]. In women, CL was significantly associated with
MS, hypertriglyceridemia and low HDL cholesterol inde-
pendently of age, cART and BMI. Analyzing the data
differently, Samaras showed that the prevalence of CL
was 57.2% in the total of patients, and 73% and 79% in

Table 10 Association between lipodystrophy and the metabolic syndrome and its individual components in women

Modelo 1
OR (95% Cl)

Modelo 2
OR (95% Cl)

Modelo3
OR (95% Cl)

MS ATP IIl 1.074 (0.501-2.303)

0.763 (0.298-1.952 2.730 (0.810-9.194)

0.394 (0.178-0.869)
4.091 (1.557-10.750)
2.765 (1.174-6.513)
0.713 (0.298-1.701)
0.826 (0.371-1.839)

High waist circumference
Hypertriglyceridemia
Low HDL cholesterol
High fasting glucose
High blood pressure

( )
0306 (0.118-0.796)
3.091 (1.063-8.989)
2308 (0.885-6.020)
( )
1( )

5917 (1.50-23.349)
3.990 (1.252-12.716)
0.758 (0.240-2.390)

0.560 (0.204-1.534 (
0917 (0.273-3.078)

0.177-1474

MS IDF 1.613 (0.742-3.507)

1461 (0.572-3.736 5.290 (1.502-18.635)

0.543 (0.212-1.393)
4.091 (1.557-10.750)
2.765 (1.174-6.513)
0.713 (0.298-1.701)
0.826 (0.371-1.839)

High waist circumference
Hypertriglyceridemia
Low HDL cholesterol
High fasting glucose
High blood pressure

5917 (1.500-23.349)
3.990 (1.252-12.716)
0.758 (0.240-2.390)
0917 (0.273-3.078)

( )
0.385 (0.127-1.164)
3.091 (1.063-8.989)
2.308 (0.885-6.020)
0.560 (0.204-1.534)

1(0.177-1.474)

Model 1 - OR crude.
Model 2 - OR adjusted for gender, age and cART.
Model 3 - OR adjusted for gender, age, duration of cART and BMI.
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Table 11 Framingham risk score according clinical lipodystrophy and metabolic syndrome

Without clinical lipodystrophy

With clinical lipodystrophy

Framingham risk score Without MS With MS Total Without MS With MS Total
Low risk (< 5%) [n (%)] 27 (45.8) 20 (294) 7 (37.0) 36 (41.9) 3(215) 9 (30.6)
Average (5%-9%) [n (%)] 21 (35.6) 22 (324) 3(33.9) 31 (36.0) 1 (290 62 (32.1)
Moderate risk (10-19%) [n (%)) 7 (11.9) 13 (19.1) 0 (15.7) 15 (17.4) 1(29.0) 46 (23.8)
High risk (20-39%) [n (%)] 3(5.1) 12 (17.6) 5(11.8) 2 (23) 0 (187) 2 (11.4)
Very high risk (> 40%) [n (%)] 101.7) 1(1.5) 2 (1,6) 2 (23) 2 (1,9) 4 (2.1)

p

0.078 < 0.001

those with MS defined by respectively IDF and ATPIII
criteria [17]. In our patients, we did not find any signifi-
cant differences in the prevalence of lipodystrophy in
patients with and without MS, according to both cri-
teria. In the Jericé study, as in Samaras, lipodystrophy
was more common among MS participants (50.4 vs
33.8; p = 0.0001) [12], and Squillace, also found that CL
was strongly associated with MS [22].

In the Jericé and Mangili studies, the prevalence of MS
in HIV-infected patients significantly increased with age
[12]. In our sample, we did not observe any differences in
the distribution of MS prevalence according to age. This
may reflect the homogeneity of age strata in our sample,
when compared to other studies (only 12% of our sample
were 60 years or older).

Regarding gender differences, as in our study, Mangili
reported that significantly more women than men had
MS [10].

Concerning the number of MS components, in our
study and according to IDF definition, we had 25% of
patients with two features of MS which is lower when
compared to other studies [12,17]. In the Samara study,
49% of patients had at least two features of MS, namely
elevated lipid levels [17]. In the Jericé study, the MS pre-
valence was 17%, with 69.3% of patients showing one or
more features of MS, 35.8% two or more, 4.5% three or
more and 0.1% five features [12].

Concerning the prevalence of the individual features of
MS, we found that the two least prevalent features were
high fasting glucose level (similar to Bonfatti and Sobieszc-
zyk) [18,21] and high WC, the latter being the least preva-
lent in the patients with CL. Lipid abnormalities, namely
high triglyceride and low HDL-C levels, were present in all
HIV-infected patients [9,10,12,13,16,17] and also in CL
patients, the most prevalent components of MS. Obesity is
an important risk factor for MS in the general population
and in HIV-infected individuals [40]. We found a higher
prevalence of overweight and obesity among the patients
without CL. Although not proving causation, because of
the cross-sectional nature of the study design, we can
hypothesize that the high frequency of overweight and
obesity in patients without CL may contribute to the
observed absence of difference in the MS prevalence

between patients with or without CL. To clarify the rela-
tion between obesity and MS as well as the alterations in
the fat distribution, data was analysed according to the
presence or absence of either lipoatrophy or abdominal
prominence. In men, high blood pressure and MS were
more frequent in those with isolated central fat accumula-
tion and mixed forms of lipodystrophy (ATPIII and IDF
criteria) and high fasting glucose levels were significantly
more frequent in same two groups using ATPIII criteria.
In women, hypertriglyceridemia, low C-HDL levels, high
WC and presence of MS were more frequent in those
with isolated central fat accumulation and mixed forms of
lipodystrophy using either ATPIII or IDF criteria. The
observation that patients with CL had significantly higher
risk of coronary heart disease at 10 years, measured by the
Framingham risk score, than patients without CL and that
those with CL and with MS had higher frequencies of
moderate and high risk categories than those without MS
emphasizes the importance of the clinical diagnosis of this
condition. The higher risk of CHD at 10 years of HIV lipo-
dystrophic patients was previously reported by Ena [41]. In
the De Socio study, a correlation between the Framingham
risk score and MS was observed, and patients with lipody-
strophy had a higher Framingham risk score than patients
without lipodystrophy, suggesting that the presence of
lipodystrophy has metabolic implications equivalent to
those of MS [42].

Our study had some limitations. We did not exclude
patients with diabetes or hypertension diagnosed prior to
HIV infection. We also cannot discard the influence of
the pre-HIV body composition, the cumulative exposure
time of each drug and the nadir value of CD4 factors that
could contribute to the risk lipoatrophy or abdominal
prominence that were not evaluated. It is difficult to
compare results on the prevalence of MS because of the
heterogeneity in populations regarding past and actual
cART regimens and treatment adherence. Regarding the
CD4 count we only presented the values at the time of
the cross sectional evaluation, because we did not have
access to the nadir value. Finally, there exists the possibi-
lity of selection bias. Some subjects in this study were
referred from to Endocrinology Clinics specifically for
lipodystrophy or metabolic disorders related to cART,
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and so we might have selected for a study population
enriched for metabolic complications.

Conclusions

In women, CL was significantly associated with the
metabolic syndrome, hypertriglyceridemia and low HDL
cholesterol independent of age, cCART and BMI.

Our data showed that among HIV patients on cART,
the prevalence of MS may be remarkably high, especially
when taking into account the mean age of our sample.
The observation that patients with CL had a significantly
higher risk of coronary heart disease at 10 years, measured
by the Framingham risk score, than patients without CL
and those with CL and with MS had higher frequencies of
moderate and high risk categories than those with CL but
without MS, emphasizes the importance of the clinical
diagnosis of this condition.

Funding

Research Fellowship Dr. Manuel Almeida Ruas, Portu-
guese Society of Diabetology. Research Fellowship of the
Portuguese Association for Clinical Study of AIDS.
Research Grant to support doctoral studies in the area
of HIV/AIDS Foundation GlaxoSmithKline of Health
Sciences.

List of abbreviations

AHA/NHLBI: American Heart Association/National Heart, Lung, and Blood
Institute Scientific Statement; ATPIII: The Third Report of Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults;
BP: Blood pressure; cART - Combination antiretroviral therapy; CL: Clinical
lipodystrophy; CVD: Cardiovascular disease; HIV: Human immunodeficiency
virus; IDF: International Diabetes Federation; MA: Metabolic abnormalities;
MS: Metabolic syndrome; NCEP: National Cholesterol Education Program;
WC: Waist circumference.

Author details

'Endocrinology, Diabetes and Metabolism Department of Centro Hospitalar
Sdo Jodo, EP.E, University of Porto Medical School, Alameda Hernani
Monteiro, 4200 - 319 Porto, Portugal. 2Clinical Epidemiology, Predictive
Medicine and Public Health Department, University of Porto Medical School,
Porto, Portugal and University of Porto Institute of Public Health, Alameda
Hernani Monteiro, 4200 - 319 Porto, Portugal. *Infectious Disease
Department of Centro Hospitalar Sao Jodo, EP.E, Alameda Hernani Monteiro,
4200 - 319 Porto, Portugal. YInfectious Diseases Department, Hospital Clinic,
University of Barcelona, C/Villarroel 170, Barcelona 08036, Spain. “Infectious
Disease Department of Centro Hospitalar Sdo Jodo, E.P.E, University of Porto
Medical School, Alameda Hernani Monteiro, 4200 - 319 Porto, Portugal.

Authors’ contributions

PF conceived the study, participated in its design, in the acquisition of data
and drafted the manuscript; DC conceived the study, participated in its
design and drafted the manuscript; SS participate in the acquisition of data
and drafted the manuscript; SX participate in the acquisition of data; ACS
performed the statistical analysis and revised critically the manuscript; RM
participated in its design and revised critically the manuscript; EM and AS
revised critically the manuscript; JLM revised the study design. All authors
read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Page 10 of 11

Received: 28 February 2011 Accepted: 20 September 2011
Published: 20 September 2011

References

1.

2.

Aberg JA: Cardiovascular complications in HIV management: past,
present, and future. J Acquir Immune Defic Syndr 2009, 50(1):54-64.

Carr A, Samaras K, Burton S, Law M, Freund J, Chisholm DJ, Cooper DA: A
syndrome of peripheral lipodystrophy, hyperlipidaemia and insulin
resistance in patients receiving HIV protease inhibitors. AIDS 1998, 12(7):
F51-58.

Saint-Marc T, Partisani M, Poizot-Martin |, Rouviere O, Bruno F, Avellaneda R,
Lang JM, Gastaut JA, Touraine JL: Fat distribution evaluated by computed
tomography and metabolic abnormalities in patients undergoing
antiretroviral therapy: preliminary results of the LIPOCO study. AIDS 2000,
14(1):37-49.

Lakka HM, Laaksonen DE, Lakka TA, Niskanen LK, Kumpusalo E, Tuomilehto J,
Salonen JT: The metabolic syndrome and total and cardiovascular disease
mortality in middle-aged men. JAMA 2002, 288(21):2709-2716.

Mancia G, Facchetti R, Bombelli M, Polo Friz H, Grassi G, Giannattasio C,
Sega R: Relationship of office, home, and ambulatory blood pressure to
blood glucose and lipid variables in the PAMELA population.
Hypertension 2005, 45(6):1072-1077.

Isomaa B, Aimgren P, Tuomi T, Forsen B, Lahti K, Nissen M, Taskinen MR,
Groop L: Cardiovascular morbidity and mortality associated with the
metabolic syndrome. Diabetes Care 2001, 24(4):683-689.

Kahn R, Buse J, Ferrannini E, Stern M: The metabolic syndrome: time for a
critical appraisal. Joint statement from the American Diabetes
Association and the European Association for the Study of Diabetes.
Diabetologia 2005, 48(9):1684-1699.

Greenland P: Critical questions about the metabolic syndrome. Circulation
2005, 112(24):3675-3676.

Worm SW, Sabin CA, Reiss P, El-Sadr W, Monforte A, Pradier C, Thiebaut R,
Law M, Rickenbach M, De Wit S, Lundgren JD, Friis-Moller N: Presence of
the metabolic syndrome is not a better predictor of cardiovascular
disease than the sum of its components in HIV-infected individuals: data
collection on adverse events of anti-HIV drugs (D:A:D) study. Diabetes
Care 2009, 32(3):474-480.

Mangili A, Jacobson DL, Gerrior J, Polak JF, Gorbach SL, Wanke CA:
Metabolic syndrome and subclinical atherosclerosis in patients infected
with HIV. Clin Infect Dis 2007, 44(10):1368-1374.

Gazzaruso C, Sacchi P, Garzaniti A, Fratino P, Bruno R, Filice G: Prevalence
of metabolic syndrome among HIV patients. Diabetes Care 2002,
25(7):1253-1254.

Jerico C, Knobel H, Montero M, Ordonez-Llanos J, Guelar A, Gimeno JL,
Saballs P, Lopez-Colomes JL, Pedro-Botet J: Metabolic syndrome among
HIV-infected patients: prevalence, characteristics, and related factors.
Diabetes Care 2005, 28(1):132-137.

Jacobson DL, Tang AM, Spiegelman D, Thomas AM, Skinner S, Gorbach SL,
Wanke C: Incidence of metabolic syndrome in a cohort of HIV-infected
adults and prevalence relative to the US population (National Health
and Nutrition Examination Survey). J Acquir Immune Defic Syndr 2006,
43(4):458-466.

Estrada V, Martinez-Larrad MT, Gonzalez-Sanchez JL, de Villar NG, Zabena C,
Fernandez C, Serrano-Rios M: Lipodystrophy and metabolic syndrome in
HIV-infected patients treated with antiretroviral therapy. Metabolism
2006, 55(7):940-945.

Wand H, Calmy A, Carey DL, Samaras K, Carr A, Law MG, Cooper DA,
Emery S: Metabolic syndrome, cardiovascular disease and type 2
diabetes mellitus after initiation of antiretroviral therapy in HIV infection.
AIDS 2007, 21(18):2445-2453.

Mondy K, Overton ET, Grubb J, Tong S, Seyfried W, Powderly W,

Yarasheski K: Metabolic syndrome in HIV-infected patients from an
urban, midwestern US outpatient population. Clin Infect Dis 2007,
44(5):726-734.

Samaras K, Wand H, Law M, Emery S, Cooper D, Carr A: Prevalence of
metabolic syndrome in HIV-infected patients receiving highly active
antiretroviral therapy using International Diabetes Foundation and Adult
Treatment Panel Ill criteria: associations with insulin resistance,
disturbed body fat compartmentalization, elevated C-reactive protein,
and [corrected] hypoadiponectinemia. Diabetes Care 2007, 30(1):113-119.


http://www.ncbi.nlm.nih.gov/pubmed/19295335?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19295335?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9619798?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9619798?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9619798?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10714566?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10714566?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10714566?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12460094?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12460094?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15867138?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15867138?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11315831?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11315831?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16079964?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16079964?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16079964?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16344398?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19056612?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19056612?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19056612?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19056612?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17443477?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17443477?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12087038?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12087038?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15616246?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15616246?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16980905?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16980905?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16980905?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16784968?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16784968?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18025881?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18025881?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17278068?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17278068?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17192343?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17192343?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17192343?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17192343?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17192343?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17192343?dopt=Abstract

Freitas et al. BMC Infectious Diseases 2011, 11:246
http://www.biomedcentral.com/1471-2334/11/246

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

Bonfanti P, Giannattasio C, Ricci E, Facchetti R, Rosella E, Franzetti M, 40.

Cordier L, Pusterla L, Bombelli M, Sega R, Quirino T, Mancia G: HIV and
metabolic syndrome: a comparison with the general population. J Acquir
Immune Defic Syndr 2007, 45(4):426-431.

Adeyemi O, Rezai K, Bahk M, Badri S, Thomas-Gossain N: Metabolic 41,

syndrome in older HIV-infected patients: data from the CORE50 cohort.
AIDS Patient Care STDS 2008, 22(12):941-945.
Diehl LA, Dias JR, Paes AC, Thomazini MC, Garcia LR, Cinagawa E,

Wiechmann SL, Carrilho AJ: [Prevalence of HIV-associated lipodystrophy 42.

in Brazilian outpatients: relation with metabolic syndrome and
cardiovascular risk factors]. Arq Bras Endocrinol Metabol 2008,
52(4):658-667.

Sobieszczyk ME, Hoover DR, Anastos K, Mulligan K, Tan T, Shi Q, Gao W,
Hyman C, Cohen MH, Cole SR, Plankey MW, Levine AM, Justman J:
Prevalence and predictors of metabolic syndrome among HIV-infected
and HIV-uninfected women in the Women'’s Interagency HIV Study. J
Acquir Immune Defic Syndr 2008, 48(3):272-280.

Page 11 of 11

Amorosa V, Synnestvedt M, Gross R, Friedman H, MacGregor RR, Gudonis D,
Frank I, Tebas P: A tale of 2 epidemics: the intersection between obesity
and HIV infection in Philadelphia. J Acquir Immune Defic Syndr 2005,
39(5):557-561.

Ena J, Benito C, Llacer P, Pasquau F, Amador C: [Abnormal body fat
distribution and type of antiretroviral therapy as predictors of
cardiovascular disease risk in HIV-infected patients]. Med Clin (Barc) 2004,
122(19):721-726.

De Socio GV, Parruti G, Quirino T, Ricci E, Schillaci G, Adriani B, Marconi P,
Franzetti M, Martinelli C, Vichi F, Penco G, Sfara C, Madeddu G, Bonfanti P:
Identifying HIV patients with an unfavorable cardiovascular risk profile
in the clinical practice: results from the SIMONE study. J Infect 2008,
57(1):33-40.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2334/11/246/prepub

Nicola Squillace GO AR, Chiara Stentarelli, Stefano Zona, Giula Nardini,
Barabara Beghetto, Roberto Esposito, Giovanni Guaraldi: Metabolic
syndrome in HIV-associated lipodystrophy. HAART and correlated
pathologies 2008, 1:35-38.

Palella F, WZ CH: Correlates of the metabolic syndrome among HIV

doi:10.1186/1471-2334-11-246

Cite this article as: Freitas et al. Impact of Lipodystrophy on the
prevalence and components of metabolic syndrome in HIV-infected
patients. BMC Infectious Diseases 2011 11:246.

seropositive and seronegative men in the multicenter AIDS Cohort
Study. Denver 2006.

Lichtenstein KA: Redefining lipodystrophy syndrome: risks and impact on
clinical decision making. J Acquir Immune Defic Syndr 2005, 39(4):395-400.
Bacchetti P, Gripshover B, Grunfeld C, Heymsfield S, McCreath H,

Osmond D, Saag M, Scherzer R, Shlipak M, Tien P: Fat distribution in men
with HIV infection. J Acquir Immune Defic Syndr 2005, 40(2):121-131.
Santos AC, Barros H: Impact of metabolic syndrome definitions on
prevalence estimates: a study in a Portuguese community. Diab Vasc Dis
Res 2007, 4(4):320-327.

Van Maldergem L, Da Silva H, Freitas P, D' Abronzo FH: Berardinelli-Seip
Syndrome: a new Portuguese disease? Eur J Hum Genet 1998, , 6: 74A.
Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA,
Gordon DJ, Krauss RM, Savage PJ, Smith SC, Spertus JA, Costa F: Diagnosis
and management of the metabolic syndrome: an American Heart
Association/National Heart, Lung, and Blood Institute Scientific
Statement. Circulation 2005, 112(17):2735-2752.

Alberti KG, Zimmet P, Shaw J: The metabolic syndrome-a new worldwide
definition. Lancet 2005, 366(9491):1059-1062.

Wilson PW, D'Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel WB:
Prediction of coronary heart disease using risk factor categories.
Circulation 1998, 97(18):1837-1847.

Carr A, Samaras K, Chisholm DJ, Cooper DA: Abnormal fat distribution and
use of protease inhibitors. Lancet 1998, 351(9117):1736.

Carr A, Samaras K, Thorisdottir A, Kaufmann GR, Chisholm DJ, Cooper DA:
Diagnosis, prediction, and natural course of HIV-1 protease-inhibitor-
associated lipodystrophy, hyperlipidaemia, and diabetes mellitus: a
cohort study. Lancet 1999, 353(9170):2093-2099.

Carr A, Samaras K, Chisholm DJ, Cooper DA: Pathogenesis of HIV-1-
protease inhibitor-associated peripheral lipodystrophy, hyperlipidaemia,
and insulin resistance. Lancet 1998, 351(9119):1881-1883.

Capeau J, Magre J, Lascols O, Caron M, Bereziat V, Vigouroux C: [Primary
lipodystrophies]. Ann Endocrinol (Paris) 2007, 68(1):10-20.

Garg A: Acquired and inherited lipodystrophies. N £ngl J Med 2004,

350(12):1220-1234. Ve
Mallon PW, Unemori P, Sedwell R, Morey A, Rafferty M, Williams K,
Chisholm D, Samaras K, Emery S, Kelleher A, Cooper DA, Carr A: In vivo,
nucleoside reverse-transcriptase inhibitors alter expression of both
mitochondrial and lipid metabolism genes in the absence of depletion
of mitochondrial DNA. J Infect Dis 2005, 191(10):1686-1696.

Friis-Moller N, Sabin CA, Weber R, d’Arminio Monforte A, El-Sadr WM,

Reiss P, Thiebaut R, Morfeldt L, De Wit S, Pradier C, Calvo G, Law MG,

Kirk O, Phillips AN, Lundgren JD: Combination antiretroviral therapy and
the risk of myocardial infarction. N Engl J Med 2003, 349(21):1993-2003.
Grinspoon S, Carr A: Cardiovascular risk and body-fat abnormalities in
HIV-infected adults. N £ngl J Med 2005, 352(1):48-62.

Ford ES, Giles WH, Dietz WH: Prevalence of the metabolic syndrome
among US adults: findings from the third National Health and Nutrition
Examination Survey. JAMA 2002, 287(3):356-359.

~
Submit your next manuscript to BioMed Central
and take full advantage of:
e Convenient online submission
e Thorough peer review
¢ No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
¢ Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BioMed Central
J



http://www.ncbi.nlm.nih.gov/pubmed/17514013?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17514013?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19072100?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19072100?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18604379?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18604379?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18604379?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18545157?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18545157?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16010159?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16010159?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16186728?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16186728?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18158702?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18158702?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16157765?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16157765?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16157765?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16157765?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16182882?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16182882?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9603539?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9734917?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9734917?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10382692?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10382692?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10382692?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9652687?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9652687?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9652687?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15028826?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15838796?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15838796?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15838796?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15838796?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14627784?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14627784?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15635112?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15635112?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11790215?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11790215?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11790215?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16044007?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16044007?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18436307?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18436307?dopt=Abstract
http://www.biomedcentral.com/1471-2334/11/246/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Subjects
	Clinical assessment
	Metabolic Syndrome definitions
	Statistical analysis

	Results
	Metabolic syndrome

	Discussion
	Conclusions
	Funding
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


