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Objectives

Chronic oxidative stress (OS) may play a role in cardiovascular disease in HIV-infected patients,
and increased bilirubin levels may have a beneficial role in counteracting OS. Atazanavir (ATV)
inhibits UDP-glucuronosyl-transferase 1A1 (UGT1A1), thus increasing unconjugated bilirubin
levels. We aimed to compare changes in OS markers in patients on ATV/ritonavir (ATV/r)- vs.
efavirenz (EFV)-based first-line antiretroviral therapy (ART).
Methods

A multicentre, prospective cohort study of HIV-infected patients who started first-line ART with
either ATV/r or EFV was conducted. Lipoprotein-associated phospholipase A2 (Lp-PLA2),
myeloperoxidase (MPO) and oxidized low-density lipoprotein (oxLDL) were measured for 145
patients in samples obtained at baseline and after at least 9 months of ART during which the
initial regimen was maintained and the patient was virologically suppressed. The change in OS
markers was modelled using multiple linear regressions adjusting for baseline values and
confounders.
Results

After adjustment for baseline variables, patients on ATV/r had a significantly greater decrease in
Lp-PLA2 [estimated difference 16.3; 95% confidence interval (CI) 31.4, 1.25; P = 0.03] and a
significantly smaller increase in OxLDL (estimated difference 21.8; 95% CI 38.0, 5.6;
P < 0.01) relative to those on EFV, whereas changes in MPO were not significantly different
(estimated difference 1.2; 95% CI 14.3, 16.7; P = 0.88). Adjusted changes in bilirubin were
significantly greater for the ATV/r group than for the EFV group (estimated difference 1.33 mg/dL;
95% CI 1.03, 1.52 mg/dL; P < 0.01). Changes in bilirubin and changes in OS markers were
significantly correlated.
Conclusions

When compared with EFV, ATV/r-based therapy was associated with lower levels of oxidative
stress biomarkers, which was in part attributable to increased bilirubin levels.
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Introduction
Oxidative stress (OS) may be the result of an imbalance
between the production of reactive oxygen species (ROS)
and the ability to detoxify oxygen reactive intermediates
or repair the resulting damage. A substantial body of
evidence now implicates OS in the pathogenesis of
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atherosclerosis [1]. ROS generated during cellular metabolic pathways modifies polyunsaturated fatty acids and
lipoproteins, resulting in proinflammatory and atherogenic particles such as oxidized low-density lipoprotein
(OxLDL) [2]. In addition, high levels of ROS may contribute to endothelial dysfunction through nitric oxide
inactivation [3].
Cardiovascular disease (CVD) is one of the main causes
of death in the general population and represents a significant cause of morbidity and mortality in HIV-infected
patients [4]. CVD occurs in this population at earlier ages
than expected, probably reflecting a state of premature
aging (PA). The factors involved in PA have not been
adequately addressed, but a critical factor involved in the
cellular and molecular pathogenesis of accelerated aging
is chronic low-grade inflammation [5]. Chronic inflammation eventually induces mitochondrial dysfunction
which subsequently results in increased OS [6].
There is increasing evidence suggesting that bilirubin,
the metabolic end product of haem catabolism, may have
anti-inflammatory properties as well as a potent beneficial antioxidant effect through inhibition of the oxidation
of LDL, scavenging of oxygen radicals, and counteracting
of OS [7,8]. Epidemiological studies have shown an
inverse relationship between serum bilirubin and CVD [9].
Gilbert syndrome (GS), a genetic disorder that affects the
enzyme responsible for bilirubin metabolism, UDPglucuronosyl-transferase 1A1 (UGT1A1), is associated with
a low prevalence of ischaemic heart disease [10]. A population study performed as part of the Framingham Heart
Study showed that homozygote UGT1A1*28 allele carriers have increased serum bilirubin concentrations and a
lower risk of CVD [11]. Genome-wide studies confirmed
that genotype (TA)7/(TA)7 carriers of UGT1A*1 had
significantly higher bilirubin levels and approximately
one-third the risk of CVD compared with carriers of the
wild-type (TA)6 allele [12].
Atazanavir (ATV) is a potent HIV protease inhibitor (PI)
recommended in all HIV treatment guidelines as part of
preferred initial therapy for HIV infection. Its efficacy,
safety and tolerability have been demonstrated in both
treatment-na€ıve and treatment-experienced patients [13].
Hyperbilirubinaemia is a common adverse event because
ATV is an inhibitor of UGT1A1. There is a significant
correlation between plasma concentrations of ATV and
bilirubin levels [14]. Thus, bilirubin levels are higher in
patients treated with ATV/ritonavir (ATV/r) regardless of
UGT1A1 genotype.
We hypothesized that HIV-infected patients on ATVbased therapy would show reduced OS associated with
increased plasma bilirubin levels. Therefore, we measured
OS biomarkers in blood samples from a cohort of patients
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starting ATV-based therapy, and compared them with
those from a similar population of patients starting nonATV-based, standard antiretroviral therapy (ART) [efavirenz (EFV)-based ART].

Methods
Study design and population
The study was conducted with patients from the cohort
of the Spanish AIDS Research Network (CoRIS) (see
Appendix). This is an open, multicentre, prospective
cohort of HIV-infected patients over 13 years of age with
confirmed HIV infection who were na€ıve to ART at entry
and seen for the first time from 1 January 2004 to 31
May 2012 in any of the 32 participating centres. Samples
from patients were kindly provided by the HIV BioBank
integrated in the AIDS Research Network, where baseline
and follow-up blood samples from CoRIS participants are
stored. Ethics approval was obtained from all hospitals
ethics committees and every patient provided written
informed consent. Detailed descriptions of the cohort and
biobank have been previously published [15]. The information is subject to internal quality controls; once every
2 years, information on 10% of the cohort is audited by
an externally contracted agency. The biobank possesses a
certification of quality under Regulation UNE-EN-ISO
9001:2008 Systems of Quality Management Requirements. UNE-EN-ISO 9001:2008 is a regulation for implementing the Systems of Quality Management that has
permitted the standardization and documentation of all
the procedures and tasks carried out in the biobank.
We selected previously ART-na€ıve patients from CoRIS
who started first-line ART with either an ATV/r- or EFVbased regimen plus a combination of nucleos(t)ide reverse
transcriptase inhibitors (NRTIs), and who had a baseline
biobank sample taken within 6 months before ART initiation and a follow-up sample taken after at least 9 months
of ART while maintaining the initial regimen and being
virologically suppressed. Positive serologies for either
hepatitis C or B virus were exclusion criteria. Sample size
was calculated for a difference of 50% between groups,
80% power and a 1:2 ratio, resulting in 48 patients for
the ATV group and 96 for the EFV group.

Variables
Basic clinical and epidemiological information was
obtained from CoRIS, and an ad hoc data collection form
was filled in by the clinicians to retrieve additional data.
The following markers of OS were measured in paired
samples at baseline and follow-up: lipoprotein-associated
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phospholipase A2 (Lp-PLA2), myeloperoxidase (MPO) and
oxidized LDL (OxLDL).

Measurement of plasma levels of Lp-PLA2, MPO and
OxLDL
Commercial enzyme-linked immunosorbent assay (ELISA)
kits were used for measurement of the levels of Lp-PLA2
(R&D Systems, Abingdon, UK), MPO (Mercodia, Uppsala,
Sweden) and OxLDL (Mercodia) according to the manufacturers’ guidelines. For the Lp-PLA2 ELISA, intra-assay
variations were < 7% and inter-assay variations were
< 10%. The detection range of the assay was 0.781–
50 ng/mL. For the MPO ELISA, intra-assay variations
were < 5% and inter-assay variations were < 10%. The
detection range of the assay was 3.5–200 lL. For the
OxLDL assay, intra-assay and inter-assay variations were
< 7.5% and < 6.5%, respectively, and the detection range
was 1.4–22.5 mU/L.

Statistical analyses
Categorical and continuous variables were described
using proportions and medians [with interquartile ranges
(IQRs)] and means [with standard deviations (SD)], respectively. The v2 test, the nonparametric Mann Whitney
U-test or Student’s t-test was used as appropriate to compare variables across groups. Correlations between the
annual change in total bilirubin and annual changes in
Lp-PLA2, MPO and OxLDL were explored using Pearson’s
correlation tests.
Total follow-up time was defined as the time that
elapsed between the date of ART initiation and the date
on which the follow-up sample was taken. Lp-PLA2, MPO
and OxLDL values at 1 year of follow-up were interpolated from available data and used as an endpoint. A
similar procedure was used for total bilirubin levels,
which were obtained from clinical records. Annual
change from baseline in these parameters and the difference in annual change between groups were calculated.
The effect of treatment with ATZ/r vs. EFV on annual
change in Lp-PLA2, MPO, OxLDL and total bilirubin was
estimated using multiple linear regression analysis adjusting by baseline level, to minimize regression to the mean.
Models were adjusted by potential baseline confounders,
including: sex (male or female), age at ART initiation
(< 30, 30 to < 35, 35 to < 45 or ≥ 45 years), transmission
category [men who have sex with men (MSM), heterosexual or other/unknown], education level (maximum of
lower secondary, or upper secondary or higher), geographical origin (Spanish or other), baseline CD4 T-cell
count (< 100, 100 to < 350 or ≥ 350 cells/lL), baseline
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plasma HIV RNA (< 4, 4 to < 5 or ≥ 5 log HIV-1 RNA
copies/mL), AIDS diagnosis ever (no or yes), baseline
body mass index (BMI) (< 20, 20 to < 25 or ≥ 25), use of
tobacco during the study (no or yes), hypertension (no or
yes), diabetes (no or yes) and baseline LDL cholesterol
level (< 130, 130 to < 160, 160 to < 190 or ≥ 190 mg/
dL). For OS markers, total baseline bilirubin was also considered a potential confounder, and was categorized in
quartiles (< 0.39, 0.39 to < 0.48, 0.48 to < 0.57 and
≥ 0.57 mg/dL). Confounding was evaluated using a
threshold of 10% change in the regression coefficient.
Multiple imputations using chained equations (MICE)
were used to deal with missing values. A logistic model
was used for education level and tobacco use, a multinomial model for BMI and LDL cholesterol, and linear
regression for total bilirubin at baseline and follow-up,
with all models being adjusted by all baseline confounders, including OS markers. Fifteen replicas were created, and Rubin’s rules were applied for the estimation of
95% confidence intervals (CIs) and calculation of Pvalues. Wald tests were used to derive P-values. All analyses were conducted using STATA software (V.12.0MP;
Stata Corporation, College Station, TX, USA).

Results
The study included 145 subjects, 48 on ATV/r-based and
97 on EFV-based therapy. The NRTI backbone was in all
cases tenofovir 300 mg and emtricitabine 200 mg, coformulated as a single tablet (Truvada) or in Atripla
(Gilead Sciences, Inc Foster City, California, USA) in
patients on EFV. The main clinical characteristics are
shown in Table 1. The two groups were well balanced for
baseline values, apart from higher total bilirubin levels in
the EFV group and higher MPO levels in the ATV group.
The time from treatment initiation to the follow-up sample being taken was close to 6 weeks longer in the ATV
group. We imputed baseline total, high-density lipoprotein (HDL) and LDL cholesterol for four, six and seven
patients, respectively, who had missing values, all from
the EFV group. For bilirubin, we imputed baseline values
for 17 patients in the EFV group and four patients in the
ATZ group, and follow-up values for 14 patients in the
EFV group and nine patients in the ATV group. The distributions of the variables remained virtually unchanged
for both groups (data not shown).
OS and bilirubin changes after 1 year of follow-up
were interpolated in the imputed data sets and are shown
in Table 2. A significant increase in bilirubin levels was
observed only in the ATV/r group, as expected [1.25 mg/dL
(0.96, 1.54); P < 0.01], while a small decrease was found
for patients on EFV [ 0.13 mg/dL ( 0.19,
0.07);
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Table 1 Baseline characteristics according to treatment group
Efavirenz (n = 97)

Atazanavir (n = 48)

P
Age (years) [median (IQR)]
Gender, male [n (%)]
Transmission category [n (%)]
MSM
Heterosexual
Other/unknown
AIDS diagnosis [n (%)]
CD4 count (cells/mL) [median (IQR)]
HIV-1 VL (log copies/mL) [median (IQR)]
BMI (kg/m2) [median (IQR)]*
Smoking [n (%)]
Hypertension [n (%)]
Type 2 diabetes [n (%)]
Cholesterol (mg/dL) [median (IQR)]†
Total
HDL
LDL
Lipid-lowering therapy [n (%)]
Baseline bilirubin (total; mg/dL) [mean (SD)]
Lp-PLA2 (ng/mL) [mean (SD)]
MPO (lg/L) [mean (SD)]
OxLDL (U/L) [mean (SD)]
Follow-up (days) [median (IQR)]

35.9 (29.9–41.6)
83

37.0 (29.4–42.9)
37

(85.5)

0.98
0.20

(77.1)

64
28
5
18
263
4.68
23.4
38
8
6

(65.9)
(28.8)
(5.1)
(18.5)
(160–355)
(3.9–5.2)
(21.8–25.2)
(39.1)
(8.2)
(6.1)

27
17
4
6
289.5
4.69
23.3
24
7
2

(56.2)
(35.4)
(8.3)
(12.5)
(189.5–399)
(3.9–5.2)
(21.2–25.5)
(50.0)
(14.5)
(4.1)

0.48

0.36
0.31
0.73
0.88
0.46
0.24
0.62

163
41
101.5
4
0.53
142.2
74.3
76.3
390

(133–192)
(31–45)
(80–127)
(4.1)
(0.2)
(72.8)
(48.2)
(52.3)
(357–495)

157.5
39.5
96
3
0.45
150.1
93.9
82.2
429.5

(137.5–183]
(31–44.5)
(72.5–109.5)
(6.2)
(0.1)
(92.8)
(64.3)
(54.4)
(355.5–669)

0.48
0.62
0.09
0.57
0.03
0.93
0.02
0.40
< 0.01

BMI, body mass index; HDL, high-density lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein; Lp-PLA2, lipoprotein-associated phospholipase A2; MPO, myeloperoxidase; MSM, men who have sex with men; OxLDL, oxidized low-density lipoprotein; SD, standard deviation; VL, viral load.

Table 2 Change at 1 year in oxidative stress markers and linear regression analysis for the treatment effect of ritonavir-boosted atazanavir
(ATV/r) compared with efavirenz (EFV)
Lp-PLA2 (ng/mL)
M/Coef (95% CI)
One-year change*
EFV
ATZ
Crude difference
Adjusted for baseline values
Adjusted for confounders†
Adjusted for all baseline variables‡

3.7
22.6
18.9
14.6
16.3
14.9

(
(
(
(
(
(

16.0, 8.6)
40.4, 4.7)
40.2, 2.4)
29.7, 0.4)
31.4, 1.25)
31.7,2.0)

MPO (lg/L)

P

0.55
0.01
0.08
0.06
0.03
0.08

M/Coef (95% CI)

0.8
5.4
4.6
3.7
1.2
1.2

(
(
(
(
(
(

9.5, 7.9)
19.4, 8.6)
20.2, 11.1)
10.0, 17.5)
14.3, 16.7)
14.3,16.7)

OxLDL (U/L)

P

0.85
0.44
0.57
0.59
0.88
0.88

M/Coef (95% CI)

26.1
3.5
22.6
20.6
21.8
24.6

(14.9, 37.3)
( 6.3, 13.4)
( 39.8, 5.3)
( 36.8, 4.4)
( 38.0, 5.6)
( 42.8, 6.3)

P

< 0.01
0.48
0.01
0.01
< 0.01
< 0.01

M, mean (for 1-year change); Coef, regression coefficient (for all other estimates); CI, confidence interval; Lp-PLA2, lipoprotein-associated phospholipase A2; MPO, myeloperoxidase; OxLDL, oxidized low-density lipoprotein.
*P-values for the null hypothesis of mean change equal to zero (Student’s t-test).
†
Lp-PLA2: adjusted for baseline CD4 count, transmission category and baseline total cholesterol; MPO: adjusted for baseline CD4 count, transmission
category, gender, place of birth, education level, baseline VL, AIDS diagnosis, Arterial Hypertension (HTA), type 2 diabetes, baseline total cholesterol
and baseline total and conjugated bilirubin; OxLDL: adjusted for baseline CD4 count and smoking.
‡
Gender, education level, age, transmission category, place of birth, HTA, type 2 diabetes, smoking, AIDS, CD4 count, viral load, body mass index, total
cholesterol, and total and conjugated bilirubin.

P < 0.01]. Lp-PLA2 and MPO levels decreased in both
treatment arms, although the decrease was only of substantial magnitude and statistical significance for the
reduction of Lp-PLA2 in the ATV group [change at 1 year
22.6 ng/mL ( 40.4,
4.7); P = 0.01]. OxLDL levels
increased after the initiation of ART in both the EFV and
ATV/r arms, with the increase being greater and of statistical significance in the EFV group [change at 1 year
26.1 U/L (14.9, 37.3); P < 0.01] (Fig. 1).
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After adjustment for baseline variables and confounders, patients on ATV/r had a significantly greater
decrease in Lp-PLA2 [estimated difference 16.3 (95% CI
31.4,
1.25); P = 0.03] and a significantly smaller
increase in OxLDL [estimated difference 21.8 (95% CI
38.0, 5.6); P < 0.01] relative to those on EFV, whereas
changes in MPO did not differ [estimated difference 1.2
( 14.3, 16.7); P = 0.88]. Adjusted changes in bilirubin
were significantly greater for the ATV/r group than for

HIV Medicine (2016)

Atazanavir, bilirubin and oxidative stress

P = 0.01
180

NS

120

NS

160

120

80

MPO (µg/L)

Lp-PLA2 (ng/mL)

NS

100

140

5

100
80
60

60
40

40
20

20
0
EFV-B

EFV-FU

ATV/r-B

120

0

ATV/r-FU

EFV-B

EFV -FU

ATV/r-B

ATV/r-FU

P < 0.001
NS

100

OxLDL (U/L)

80

60

40

20

0
EFV-B

EFV- FU

ATV/r-B

ATV/r-FU

Fig. 1 Oxidative stress biomarker variations during the study period. Values shown are mean plus standard error. EFV, efavirenz; ATV/r, atazanavir/ritonavir; B, baseline; FU, follow-up; NS, nonsignificant; Lp-PLA2, lipoprotein-associated phospholipase A2; MPO, myeloperoxidase; OxLDL,
oxidized low-density lipoprotein.

the EFV group [estimated difference 1.33 (1.03, 1.52);
P < 0.01]. Additional adjustment for the remaining baseline variables that did not fulfill criteria for confounding
did not substantially change point estimates, although
statistical precision was reduced.
The annual increase in total bilirubin was weakly but
significantly correlated with decreases in Lp-PLA2
(r = 0.22; P = 0.01) and OxLDL (r = 0.18; P = 0.03)
but not with changes in MPO (r = 0.03; P = 0.71).

Discussion
The present study revealed two main findings. First, the
OS biomarkers Lp-PLA2 and Ox-LDL were significantly
reduced after ATV/r initiation. Secondly, there was a significant correlation between bilirubin level and changes
in OS biomarkers. These data confirm our initial hypothe-
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sis that HIV-infected patients on ATV-based therapy
would present with reduced OS biomarkers associated
with increased plasma bilirubin levels.
The effect of contemporary antiretroviral drugs on OS
has not been studied extensively. HIV infection by itself
causes OS, which may increase in patients receiving ART
[16], in particular those treated with regimens with high
mitochondrial toxicity, such as thymidine analogue NRTIs
(t-NRTIs). OS and mitochondrial toxicity can partly
explain signs of cellular senescence and adipose tissue
toxicity induced by t-NRTIs [17]. In vitro studies have
shown that EFV may cause mitochondrial toxicity and
OS of doubtful clinical significance [18]. Similarly, the
use of PIs is associated with increased OS biomarkers. It
has been proposed that PIs may increase ROS production
which induces cell death, impaired mitochondrial function and ubiquitin-proteasome system (UPS) dysregula-
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tion [19]. In contrast, Hileman et al. [20] reported that
neither ATV/r nor higher total bilirubin levels were associated with significant variations of OS and inflammation
biomarkers in patients on stable ART. Meanwhile, Dekker
et al. [21] observed in a double-blind and randomized
crossover study that subjects with type 2 diabetes mellitus receiving a 3-day ATV treatment showed a significant
improvement in plasma antioxidant capacity.
According to our findings, ART is not associated per se
with an increase in OS markers. Our data show that in
patients on ATV/r-based therapy there was a significant
decrease in OS biomarkers (OxLDL and Lp-PLA2) from
baseline, suggesting that the primary factor responsible
for OS is HIV infection itself.
The different biomarkers used when studying OS may
in part explain the different results obtained in previously
published studies [22]. We analysed OxLDL, Lp-PLA2 and
MPO as well-known biomarkers reflecting oxidative damage. MPO is an extensively studied biomarker of inflammation and oxidation, which also has potential
diagnostic and prognostic utility in CVD [23]. OxLDL is a
recognized marker of OS, and increased plasma levels are
associated with coronary artery disease [24]. HIV-infected
patients on ART show increased OxLDL levels, and associations have been found between OxLDL and lipodystrophy [25], increased CVD risk and subclinical
atherosclerosis [26]. Considering the role of OxLDL in the
development of atherosclerosis, it has been suggested that
increased plasma bilirubin levels could reduce this
atherogenic risk. Lp-PLA2 is an accepted CVD risk biomarker, and increased values have been described in
HIV-infected patients [27], in particular in those on PIbased therapy and with high coronary artery calcium
scores [28].
To our knowledge, this is the first study to explore
prospectively OS biomarkers in HIV-infected patients
after ART initiation. The reduction in OS biomarkers
observed with viral suppression supports the concept of a
cardioprotective effect of ART. A previously unreported
finding is the reduction of Lp-PLA2 and OxLDL levels in
patients on ATV/r-based therapy, which correlated with
increased levels of bilirubin. These results suggest that
bilirubin might exert some protective effect on OS. These
findings have been described in the general population in
patients with Gilbert syndrome. In this condition, there is
also a significant relationship between OS, serum concentration of bilirubin and endothelial function [29]. There is
a growing body of evidence suggesting a beneficial role
of increased bilirubin as a protective factor for CVD.
Some studies found a strong inverse and independent
relationship between conjugated bilirubin and coronary
artery calcium score [30]. Also, an inverse association has
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been found between bilirubin levels and the incidence of
metabolic syndrome in a healthy population [31].
The interpretation of the potential clinical relevance of
these findings is difficult. In large epidemiological studies, the use of ATV has not been associated with an
increased CVD risk [32]. CVD is the final result of many
pathogenic pathways, including traditional risk factors,
such as smoking, hyperlipidaemia, hypertension and diabetes. Chronic low-grade inflammation and OS might
have a relevant pathogenic role in individual patients,
but this is still a matter of debate.
The study has limitations. The allocation of patients to
ART was not randomized. Nevertheless, although cardiovascular risk factors may have contributed to the decision
to prescribe an ATV/r-based regimen, the main risk factors (smoking, hypertension and diabetes) were well balanced between the two arms, including those that are not
modifiable, i.e. age, sex and race. In clinical practice,
patients on PI therapy often have some differential features compared with those receiving EFV. Those patients
who are expected to have poorer compliance with ART
often receive PIs, and this might have influenced the
results of the study. However, the differences found
between study arms at baseline were limited to higher
MPO levels in patients receiving ATV/r. These differences
would go against the hypothesis of the study, so we consider that the final results are unlikely to be explained by
these differences.
In contrast, the strengths of this study are the large
number of participants, providing adequate power to
address the research question; the use of sera collected,
processed and banked under rigorous standardized conditions; and, finally, the prospective design which reflects
the “real world” situation, as patient care is completely
entrusted to the physician.
In summary, this study demonstrated that there was a
significant reduction in plasma levels of OS biomarkers
in patients after the initiation of ART and that this
decline was correlated to plasma levels of bilirubin. These
results merit further investigation in randomized clinical
trials.
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Hernando, Belen Alejos, Debora Alvarez,
Susana Monge,
Inma Jarrın, Yaiza Rivero and Cristina Gonzalez.
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HIV BioBank: M. Angeles
Mu~
noz-Fernandez, Isabel
Garcıa-Merino, Coral G
omez Rico and Jorge Gallego de
la Fuente y Almudena Garcıa Torre. Participating centres
for this study: Hospital General Universitario de Alicante
(Alicante): Joaquın Portilla, Esperanza Merino, Sergio
Reus, Vicente Boix, Livia Giner, Carmen Gadea, Irene
Portilla, Maria Pampliega, Marcos Dıez, Juan Carlos
Rodrıguez and Jose Sanchez-Paya. Hospital General
Universitario de Elche (Elche): Felix Gutierrez, Mar Masia,
Sergio Padilla, Andres Navarro, Fernando Montolio, Catalina Robledano, Joan Gregori Colome, Araceli Adsuar,
Rafael Pascual and Maravillas Martinez. Hospital General
Universitario Gregorio Mara~
non (Madrid): Juan Berenguer, Juan Carlos L
opez Bernaldo de Quir
os, Pilar Miralles, Isabel Gutierrez, Margarita Ramırez, Belen Padilla,
Paloma Gij
on, Ana Carrero, Teresa Aldamiz-Echevarrıa,
Francisco Tejerina, Francisco Jose Parras, Pascual Balsalobre and Cristina Diez. Hospital Universitari de Tarragona Joan XXIII, IISPV, Universitat Rovira i Virgili
(Tarragona): Francesc Vidal, Joaquın Peraire, Consuelo
Vilades, Sergio Veloso, Montserrat Vargas, Miguel L
opezDupla, Montserrat Olona, Alba Aguilar, Joan Josep Sirvent, Ver
onica Alba and Olga Calavia. Hospital Universitario La Paz/IdiPaz (Madrid): Juan Gonzalez, Ignacio
Bernardino de la Serna, Jose Ram
on Arribas, Marıa Luisa
Montes, Jose Mª Pe~
na, Blanca Arribas, Juan Miguel Castro, Fco Javier Zamora, Ignacio Perez, Miriam Estebanez,
Silvia Garcıa, Marta Dıaz, Natalia Stella Alcariz, Jes
us
Mingorance, Dolores Montero, Alicia Gonzalez, Maria Isan. Hospital Ramon y Cajal
bel de Jose and Victor Honta~
no
(Madrid): Santiago Moreno, Jose Luis Casado, Fernando
Dronda, Ana Moreno, Marıa Jes
us Perez Elıas, Dolores
L
opez, Carolina Gutierrez, Beatriz Hernandez, Nadia
Madrid, Angel Lamas, Paloma Martı, Alberto de Diaz,
Sergio Serrrano and Lucas Donat. Hospital Reina Sofıa

(Murcia): Alfredo Cano, Enrique Bernal and Angeles
Mu~
noz. Hospital Virgen de la Victoria (Malaga): Jes
us
Santos, Manuel Marquez, Isabel Viciana, Rosario Palacios,
Isabel Perez and Carmen Maria Gonzalez. Hospital
Universitario Virgen del Rocıo (Sevilla): Pompeyo Viciana,
Manuel Leal, Luis Fernando L
opez-Cortes, M
onica Trastoy
and Nuria Espinosa.
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