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Abstract

Background: Psychological factors are known predictors of cardiovascular disease in many clinical settings, but data are
lacking for HIV infection. We carried out a prospective cohort study to evaluate potential psychological predictors of
preclinical and clinical vascular disease in HIV patients.

Methodology/Principal Findings: HIV patients were consecutively enrolled. Demographics, viral and immune parameters
and traditional cardiovascular predictors were considered; Intima-Media Thickness (c-IMT, continuous measure) and Carotid
Plaques (CPs, focal thickening $1.5 mm) were investigated by B-mode ultrasonography; depressive symptoms by the Beck
Depression Inventory (BDI-II), Type D personality (Distressed Personality or Type D) by the DS14, alexithymia by the Toronto
Alexithymia Scale (TAS-20). Vascular outcomes included transient ischemic attacks or stroke, acute coronary syndrome,
myocardial or other organ infarction. We enrolled 232 HIV subjects, 73.9% males, aged 44.569.9 y, 38.2% with AIDS
diagnosis, 18.3% untreated. Mean Nadir CD4 T-cell counts were 237.56186.2/mmc. Of them, 224 (96.5%) attended IMT
measurements; 201 (86.6%) attended both IMT assessment and psychological profiling. Mean follow-up was 7826308 days.
Fifty-nine patients (29.4%) had CPs at baseline. Nineteen patients (9.5%) had $1 vascular event; 12 (6.0%) died due to such
events (n = 4) or any cause. At baseline cross-sectional multivariate analysis, increasing age, total cholesterol, current
smoking and Alexithymia score$50 were significantly associated with both increased cIMT (linear regression) and CPs
(logistic regression). At follow-up analysis, log-rank tests and Cox’s regression revealed that only older age (p = 0.001),
current smoking (p = 0.019) and alexithymia score$50 (p = 0.013) were independently associated with vascular events.

Conclusions/Significance: In HIV-infected subjects, the Alexithymic trait emerges as a strong predictor of increased IMT,
presence of CPs and vascular events. Such results are preliminary and require confirmation from studies with larger sample
size and longer follow-up.
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Introduction

HIV-infected individuals are known to be at higher risk of

cardiovascular disease (CVD) than the general population [1,2].

HIV infection per se has been associated with imbalance of

inflammatory cytokines, endothelial dysfunction [3,4], hypercoag-

ulability states [5,6] and vascular damage [7,8]. The sharp decline

of HIV associated morbidity and mortality in the era of Highly

Active Antiretroviral Therapy (HAART) was somewhat counter-

balanced by the emergence of a number of metabolic derange-

ments, including insulin resistance, frank abnormalities of glucose

metabolism, dyslipidemias and changes in body fat distribution

[9,10]. As compared with uninfected controls, increased intima-

media thickness of carotid arteries (c-IMT) and faster progression

of atheromasic lesions have been more frequently observed in

HIV-infected patients [11–14], and an increased risk of myocar-

dial infarction (MI) and other vascular events during continual

HAART has been conclusively demonstrated [15,16].

So far, preventive strategies have focused on modifiable

traditional risk factors for CVD [17]. Although the link between

psychological factors, such as depression, Type D personality

(Distressed Personality or Type D) and alexithymia, and athero-
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sclerosis or vascular events has been repeatedly evaluated in

patients with heart diseases and in the general population, it has

been poorly examined in the HIV-infected population [18–21].

Type D consists of two traits: negative affectivity (NA), the

tendency of an individual to experience negative emotions, and

social inhibition (SI), the tendency to feel discomfort in social

interactions, to exhibit a lack of social poise, and to avoid

confrontation. Alexithymia is a ‘‘multi-trait’’ personality construct

characterized by a deficiency in the cognitive processing of

emotions, namely, difficulties in identifying and communicating

emotions, and externally-oriented thinking. These characteristics

reflect a disruption in the conscious experience of emotions.

Psychological factors may be related to atherosclerosis and other

vascular events through their association with behavioral risk

factors, such as smoking, physical activity, diet and abdominal

obesity [22,23]. They may also directly affect biological processes

by multiple pathways, such as inflammation [24], cardiovascular

reactivity [25], endothelial injury [26,27], platelet activation

[28,29] and autonomic dysfunction [30,31], whereby psycholog-

ical factors may play both a primary and a secondary pathogenetic

role [32].

For this reason, the contextual evaluation of both psychological

and traditional cardiovascular risk factors may represent a useful

widening of the investigation of vascular risk also in the HIV

infected population. In 2007, we therefore designed a single center

cohort study, to evaluate the role of psychological factors,

including alexithymia, Type D and depressive symptoms, in

parallel with several traditional predictors of increased c-IMT,

Carotid Plaque(s) (CPs) and ensuing vascular events in HIV-

infected patients. Here we report the results of baseline evaluation

and the first two-year follow-up, indicating that the alexithymic

trait, characterized by an impaired cognitive processing of

emotional stimuli, may be a relevant, previously unraveled,

predictor of CVD and vascular events in this setting.

Methods

Study Design
The study included a cross-sectional analysis of the baseline data

to evaluate the predictors of increased c-IMT and CPs, and a

prospective cohort analysis to explore the determinants of

cardiovascular events during a 5-year follow-up.

Demographic, Clinical and Viro-immunological
Characterization of the Sample

Inclusion criteria were: treated or untreated confirmed chronic

HIV infection; age $18 y; any CD4 T-cell counts and HIV

viremia; absence of acute opportunistic infections, malignancy or

pregnancy at the time of enrollment and subsequent study

procedures; sufficient knowledge of the Italian language to

undergo psychological profiling; willingness and ability to provide

written informed consent. All consecutive HIV infected patients

aged 18 y or more, attending the Outpatient Clinics of the

Infectious Disease Unit of Pescara General Hospital, Italy, were

offered participation at their first access. The study psychologist

was on duty in most of the days when HIV outpatients were cared

for and he was the only staff member authorized to perform study

presentation and psychological tests. Therefore, patients were

offered participation in the study (psychological profiling and c-

IMT measurements) only when the psychologist was present. On

purpose accesses for participants were kept to a minimum, study

procedures being performed at one of the next scheduled visits

whenever possible. Laboratory measurements were obtained at

accesses for either study procedure.

At the baseline visit, each patient agreeing to participate

underwent an in-depth assessment, including a structured

interview covering socio-demographic characteristics, HIV disease

history, presence of other comorbid conditions, health-related

behaviors, smoking status, cardiovascular risk factors, including

diabetes [33], medication exposure, and family or personal history

of vascular events (acute myocardial infarction (AMI), Transient

Ischemic Attack (TIA) or stroke). The 10-year cardiovascular risk

was assessed using the Framingham risk score (FRS) model,

recommended by NCEP (National Cholesterol Education Pro-

gram), as accessed at http://hp2010.nhlbihin.net/atpiii/

calculator.asp [34].

AIDS-defining events, HCV and/or HBV coinfection(s), other

relevant comorbid condition(s), concomitant medications, dura-

tion of HIV infection, duration of HIV treatment, Nadir and

current CD4 T-cell Lymphocyte counts, HIV RNA levels at

diagnosis and at enrollment, use of Tenofovir (TDF) and third

antiretroviral drug (LPV/r, ATV/r, other boosted PIs, EFV,

NVP) were also recorded.

Additional information is provided as online supplemental

material (Methods S1).

Definition of the Main Outcomes
The main outcomes of our investigation were: (1) c-IMT

assessed as a continuous variable; (2) presence of CPs at baseline;

(3) vascular events during follow-up (every 3 months), including

TIA or stroke, acute coronary syndrome (unstable Angina, non-

ST Elevation MI and STEMI) and myocardial or other organ

infarctions. All ultrasonographic scannings of carotid arteries of

the short and long axis were performed by the same certified

operator [35,36]. Vascular events were actively searched in the

cohort. They were positively assessed at each follow-up visit by the

assisting physicians and recorded in the study dataset when

appropriate, after review of clinical, laboratory and imaging data

supporting diagnoses of each vascular event. Records of all

patients dying during follow-up were also reviewed before

inclusion in the dataset. Finally, in order to avoid unnecessary

data censoring, as of March 20th, 2012, all patients not completing

their last follow-up visit (n = 38) were interviewed by phone, to

assess the possibility of late vascular events. Additional information

is provided in the online supplemental material (Methods S1).

Definitions and Measures of the Psychological Constructs
The three psychological constructs were assessed contextually

by the same operator within a single interview. Depression

symptoms were investigated through the Beck Depression

Inventory II (BDI-II) [37]. Type D is a relatively new construct

characterized by 2 global personality traits: negative affectivity

(NA) and social inhibition (SI) [38,39]. This personality trait was

assessed with the Italian version of the 14-item DS14, consisting of

2 7-item subscales for NA and SI [39]. Alexithymia is a disorder of

the regulatory mechanisms of emotional and cognitive processing,

characterized by the following impairments: difficulty in differen-

tiating feelings and distinguishing them from bodily sensations and

emotional arousal (DIF), difficulty in describing feelings to others

(DDF), and an externally oriented way of thinking (EOT) [40,41].

We used the Italian version of the TAS-20 (Toronto Alexithymia

Scale), universally employed for the alexithymia construct

worldwide [41]. Additional information is provided in the online

supplemental material (Methods S1).
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Statistical Analysis - Cross-sectional Analysis of Baseline
Data

Both multivariable linear and logistic regression analyses were

used to evaluate potential independent predictors of increased c-

IMT of carotid arteries and the presence of CPs. The dependent

variable was IM thickening as measured by IMT as a continuous

variable in the linear models and the presence of plaque(s) as a

dichotomic variable in the logistic models. In linear regression

analysis, the dependent variable was the inverse of IMT, which

was transformed because of its skewed distribution (Shapiro–Wilk).

We defined the regression models including a priori potential

confounders (age, gender, BMI, smoking, hypertension, diabetes,

one among total cholesterol and LDL-cholesterol, physical

activity, alcohol/drug abuse, educational level, presence of

psychiatric disorders and infection duration), because of their

known association with IMT, and including other eventually

significant variables, which were selected using a stepwise forward

process (including in model fitting all variables that were

significant at a 0.10 level in univariate analyses). Each covariate

was tested in its original form or transformed if needed. In

addition, each variable included was tested for multicollinearity,

for potential interaction and/or quadratic/cubic terms. We found

only total and LDL cholesterol to be collinear and chose to include

total cholesterol. For continuous covariates for which a defined

threshold has been indicated in the literature (i.e. TAS-20 score

$50), we tested the inclusion of both the continuous and

categorical form, and selected the one that was included in the

model with highest pseudo or adjusted R-squared values. The

procedures to assess the validity of the logistic and linear models

Figure 1. Eligibility Flow-Chart.
doi:10.1371/journal.pone.0054555.g001
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are described in detail in the online supplemental material

(Methods S1).

For both linear and logistic models, all variables were tested for

inclusion and all variables that were not included into the final

models were not significant. Also, we tried to limit as much as

possible the number of covariates included in the final model to

avoid overfitting, and among the non-significant variables we left

inside the final model those that were associated with the highest

increase in model pseudo or adjusted R-squared, or that changed

the significant coefficients by more than 10%.

The results of the logistic analysis are presented as odds ratio

(OR) and 95% confidence limits whereas the results of the linear

regression analysis are presented as beta-coefficients, their

standard errors and standardized coefficients in order to quantify

the relative contribution of each covariate to the prediction of

IMT.

Statistical Analysis – Survival Analysis of Follow-up Data
Cox proportional hazards analysis was used to calculate the

adjusted relative hazards of a vascular event by each variable.

Stochastic level of entry into the model was set at 0.10, and

interaction terms were explored for all variables in the final model.

A minimum events-to-variable ratio of 10 was maintained in

multivariate modeling to avoid overfitting, and Schoenfeld’s test

was performed to check the validity of proportional hazards

assumption [42]. We forced to entry all variables that were

significantly (or border line) associated with increased c-IMT and

CPs in the linear and logistic regression models, respectively. As

for the latter models, all variables were tested for inclusion and all

variables that were not included into the final Cox model were not

significant. Kaplan-Meier survival analysis was used to examine

the association between a TAS-20 score $50 and other significant

variables and vascular event. The validity of constant incidence

ratios over the follow-up was checked using Nelson-Aalen

cumulative hazard estimates [43].

In all multivariate analyses, less than 5% of the participants had

missing data, thus no missing data imputation technique was

adopted. Statistical significance was defined as a two-sided p-

value,0.05 for all analyses, which were performed using STATA

10.1 (Stata Corp., College Station, TX, U.S.A., 2007).

Ethics Statement
The study protocol was set up and filed for approval by the local

Ethical Committee (Comitato etico per la Sperimentazione

Clinica dei Farmaci ASL di Pescara, http://www.

comitatoeticopescara.it/statuto.html) and Health District Author-

ities early in 2007. The final approval (authorization nu 943) was

granted on August 28th, 2008. Patients were enrolled and followed

from April 2007 through March, 2012. Informed consent was

Table 1. Clinical, behavioral and socio-demographic
characteristics of the final sample (n = 201).

Category

Age, mean (SD) 45.1 (10.1)

Gender

Male, n (%) 153 (76.1)

Duration of HIV infection, yr mean (SD) 5.2 (4.4)

HCV co-infection, n (%) 54 (26.9)

AIDS diagnosis, n (%) 76 (37.8)

HAART-treated, n (%) 160 (80)

Duration of HAART, yr, mean (SD) 5.1 (4.3)

Other drug(s), $1, n (%) 89 (59.8)

Nadir CD4 T-cell counts, mean (SD) 234 (181)

CD4 T-cell counts at baseline, mean (SD) 499 (283)

HIV viremia, undetectable at baseline, n (%) 120 (67.0)

Body Mass Index, mean (SD) 24.20 (3.82)

Hypertension, any level, treated or not, n (%) 53 (26.4)

Lipodystrophy, any type, n (%) 91 (45.3)

Framingham Risk Score, n (%)

0–10 149 (74.1)

10–20 41 (20.4)

.20 11 (5.5)

Total Cholesterol, mmol/L, mean (SD) 5.0 (1.54)

Triglycerides, mmol/L, mean (SD) 1.94 (1.40)

HDL Cholesterol, mmol/L, mean (SD) 1.07 (0.34)

Fasting plasma glucose, mmol/L 5.15 (1.43)

Diabetes, n(%) 36 (17.9)

Intima Media Thickness, mm, mean (SD) 0.57 (0.22)

Presence of carotid plaque ($1.5 mm focal thickening),
n (%)

59 (29.4)

Alexithymia TAS-20 score, n (%)

20–49 116 (57.7)

50–60 48 (23.8)

$61 37 (18.5)

Alexithymia TAS-20$50, n (%) 85 (42.3)

Alexithymia TAS-20$61, n (%) 37 (18.5)

Type D Personality, n (%) 68 (34.2)

Beck Depression Inventory, $17, n (%) 56 (27.9)

Current Smoking, n (%) 113 (56.2)

Regular Sport practice, n (%) 70 (35)

Employed, n (%) 138 (69)

Married, n (%) 84 (41.8)

Psychiatric disorder, n (%) 27 (13.4)

Active drug abuse, n (%) 21 (10.5)

Educational level, n (%)

High 48 (23.9)

Medium 77 (38.3)

Low 76 (37.8)

Drug use

Tenofovir, n (%) 136 (67.7)

NNRTI, n (%) 68 (33.8)

Nevirapine, n (%) 26 (12.9)

Table 1. Cont.

Category

Efavirenz, n (%) 44 (21.9)

PIs, n (%) 91 (45.3)

Lopinavir, n (%) 27 (13.4)

Atazanavir, n (%) 37 (18.4)

Other PIs, n (%) 31 (15.6)

doi:10.1371/journal.pone.0054555.t001
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Table 2. Intima Media Thickness (IMT) in the sample (n = 201),
according to selected variables.

n. Mean IMT SD P (Rho)*

Age class ,0.001
(0.35)

Age ,50 y 140 0.53 0.19

Age 50–64 y 53 0.67 0.25

Age $65 y 8 0.76 0.29

Gender 0.7

Male 153 0.56 0.03

Female 48 0.58 0.02

Duration of HIV infection 0.01

,10 y 64 0.52 0.17

$10 y 136 0.60 0.24

HCV co-infection 0.06

Yes 54 0.53 0.14

No 147 0.59 0.24

AIDS diagnosis 0.025

Yes 76 0.62 0.27

No 125 0.55 0.18

HAART 0.008

Treated 160 0.60 0.23

Untreated 40 0.49 0.13

Duration of HAART 0.020 (0.16)

Naı̈ve 37 0.49 0.13

,1 y 11 0.55 0.18

1–7 y 87 0.59 0.23

.7 y 66 0.60 0.25

Other drug(s) 0.030

$1 89 0.62 0.25

None 60 0.53 0.16

Nadir CD4 T-cell count, cell/mmc 0.4 (20.05)

,100 56 0.60 0.27

100–250 59 0.56 0.14

.250 82 0.58 0.24

CD4 T-cell count at baseline, cell/mmc 0.6 (0.03)

,250 36 0.55 0.17

250–500 80 0.57 0.22

.500 83 0.59 0.24

HIV viremia 0.2

Undetectable Detectable 120
59

0.60 0.55 0.24 0.19

Body Mass Index, kg/m2 0.3 (0.07)

,20 12 0.58 0.23

20–25 115 0.57 0.24

26–30 60 0.59 0.19

.30 14 0.56 0.17

Hypertension 0.007

Any level, treated or not 53 0.64 0.27

Normotensive 148 0.55 0.20

Lipodystrophy 0.001

Any type 91 0.63 0.28

Table 2. Cont.

n. Mean IMT SD P (Rho)*

No 110 0.53 0.15

Framingham Risk Score ,0.001
(0.28)

0–9 144 0.53 0.16

10–20 46 0.65 0.28

.20 11 0.78 0.43

Total Cholesterol, mmol/L 0.003 (0.21)

,5.17 122 0.53 0.15

5.17–6.18 47 0.61 0.29

$6.2 32 0.67 0.29

Triglycerides, mmol/L 0.17

#1.69 107 0.55 0.22

.1.69 92 0.60 0.22

HDL Cholesterol, mmol/L 0.1 (0.12)

,1.03 103 0.54 0.15

1.03–1.52 71 0.63 0.29

$1.55 21 0.57 0.18

Fasting plasma glucose, mmol/L 0.03

#6.11 171 0.56 0.20

.6.11 26 0.67 0.35

Diabetes 0.15

Yes 36 0.62 0.29

No 165 0.56 0.20

Alexithymia TAS-20 score 0.046 (0.15)

20–50 121 0.54 0.16

51–60 42 0.62 0.26

$61 38 0.64 0.31

Alexithymia TAS-20$50 ,0.001

Yes 85 0.65 0.30

No 116 0.53 0.13

Alexithymia TAS-20$61 0.06

Yes 37 0.64 0.31

No 164 0.56 0.20

Type D Personality (DS-14) 0.12

Yes 68 0.62 0.24

No 131 0.55 0.021

Depression (BDI-II) 0.22

$17 56 0.54 0.15

,17 145 0.59 0.24

Smoking 0.5

Current smoking 113 0.58 0.26

Former or never smoking 88 0.56 0.16

Sport practice 0.15

Yes 70 0.54 0.16

No 130 0.59 0.25

Occupation 0.09

Employed 138 0.56 0.18

Unemployed 62 0.61 0.29

Familial status 0.9

Married 84 0.58 0.19

Alexithymia and Cardiovascular Risk in HIV
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signed by patients at enrollment, both to undergo study

investigations and for anonymised publishing of data.

Results

Study Sample
The initial cohort screened for eligibility to participate in the

study consisted of 298 patients (Figure 1). Fourteen HIV-infected

patients visiting occasionally our Center were not offered

participation. Fifteen more patients were AIDS presenters with

severe clinical deterioration (n = 10) or chronic HIV patients with

hematological or neoplastic diseases (n = 5); similarly these patients

were not offered participation. Eight patients were excluded due to

linguistic barriers; 11 patients were not included as they reported

previous cardiovascular events; finally, a priori refusal of the initial

interview was expressed by 17 patients.

During the enrollment period, 241 eligible patients accepted the

initial interview and 232 also provided the informed consent. Of

them, 224 (96.6%) attended IMT measurements; 205 (88.4%)

psychological testing; 201 (86.6%) both procedures and could thus

Table 2. Cont.

n. Mean IMT SD P (Rho)*

Not married 117 0.57 0.24

Psychiatric disorder 0.7

Yes 27 0.56 0.18

No 174 0.58 0.23

Active drug abuse 0.4

Yes 21 0.54 0.13

No 180 0.58 0.23

Educational level 0.5 (0.04)

High 76 0.57 0.23

Medium 77 0.57 0.23

Low 48 0.58 0.20

Drug use

Tenofovir, Yes 136 0.57 0.24 0.8

Tenofovir, No 65 0.58 0.19

NNRTI, Yes 68 0.60 0.23 0.3

NNRTI, No 133 0.56 0.22

Nevirapine, Yes 26 0.63 0.21 0.13

Nevirapine, No 175 0.56 0.22

Efavirenz, Yes 44 0.56 0.22 0.7

Efavirenz, No 157 0.58 0.23

PIs, Yes 91 0.59 0.24 0.3

PIs, No 110 0.56 0.21

Lopinavir, Yes 27 0.56 0.16 0.7

Lopinavir, No 174 0.58 0.23

Atazanavir, Yes 37 0.54 0.16 0.3

Atazanavir, No 164 0.58 0.23

Other PIs, Yes 31 0.63 0.32 0.17

Other PIs, No 168 0.57 0.20

*p-values of the comparison between groups (categorical variables: chi-squared
test; continuous variables: Kruskal-Wallis test). For continuous variables only,
the Spearman Rho of the correlation between IMT and the variable in its
continuous form has been reported in brackets.
doi:10.1371/journal.pone.0054555.t002

Table 3. Characteristics of the sample according to the
presence of atherosclerotic plaque (IMTmax $1.5 mm).

Plaque
No
Plaque p*

(n = 59) (n = 142)

Mean age in years mean(SD) 51.9 (9.4) 41.3 (9.0) ,0.001

Male gender, % 81.4 74.0 0.3

Duration of HIV infection, y, mean (SD) 15.7 (7.3) 12.2 (7.2) 0.002

HCV co-infection, % 28.8 26.1 0.7

AIDS diagnosis, % 50.9 32.4 0.014

Treated with HAART, % 88.1 76.6 0.06

Duration of HAART, y (SD) 6.5 (4.4) 4.6 (4.2) 0.003

Other drug(s), %** 79.6 51.4 0.001

Nadir CD4 T-cell count, cell/mmc (SD) 197 (180) 250 (180) 0.06

CD4 T-cell count at baseline, cell/mmc (SD) 498 (273) 500 (288) 0.9

HIV viremia, detectable, % 31.6 33.6 0.8

Body mass index, Kg/m2, mean (SD) 24.53 24.10 0.4

Hypertension, % 45.8 18.3 ,0.001

Lipodystrophy, % 66.1 36.6 ,0.001

Framingham Risk Score mean (SD) 12.4 (8.3) 4.5 (5.2) ,0.001

Total cholesterol, mmol/L mean (SD) 5.33 (1.53) 4.88 (1.53) 0.06

HDL-c, mmol/L mean (SD) 1.1 (0.35) 1.10 (0.33) 0.11

Triglycerides, mmol/L mean (SD) 2.41 (1.96) 1.74 (1.03) 0.002

Fasting plasma glucose, mmol/L mean (SD) 5.59 (1.34) 4.97 (1.43) 0.005

Diagnosis of Diabetes, % 30.5 12.7 0.003

Alexithymia

Mean TAS-20 score mean (SD) 52.5 (14.3) 45.2 (13.6) ,0.001

TAS-20$50, % 62.7 33.8 ,0.001

TAS-20$61, % 33.9 12.6 ,0.001

Depression BDI score .17, % 33.9 25.4 0.2

Type D Personality, % 37.3 32.9 0.6

Gainful employment, % 61.0 72.3 0.1

Smoker, % 67.8 51.4 0.03

Sport practice, % 30.5 36.9 0.4

Married, % 44.1 40.9 0.7

Active drug abuse, % 11.9 9.9 0.7

Psychiatric disorders, % 20.3 10.6 0.06

Educational level, % 0.04

Low 50.8 32.3

Medium 32.2 40.9

High 20.8 26.7

Therapy

Tenofovir, % 64.4 69.0 0.5

NNRTI, % 40.7 31.0 0.2

Nevirapine, % 22.0 9.2 0.01

Efavirenz, % 18.6 23.2 0.5

PIs, % 44.1 45.8 0.8

Lopinavir, % 13.6 13.4 0.9

Atazanavir, % 11.9 21.1 0.12

Other PIs, % 22.0 12.9 0.10

*Kruskal-Wallis test for continuous variables; chi-squared test for categorical
ones.
**59 missing values (21 among those with plaque; 38 among other
participants).
doi:10.1371/journal.pone.0054555.t003
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be included in the multivariate analyses. The 31 patients with

missing values in one or more of the main outcomes were

unsuccessfully rescheduled for baseline visits more than once. To

exclude relevant selection biases, we compared the intention-to-

treat and per-protocol samples. In the total (n = 232) and final

(n = 201) samples, respectively, males were 74.1% and 76.0%; the

mean age was 44.569.9 y and 45.1610.1 y; drug abusers were

25.1% and 25.0%; heterosexuals 43.5% and 41.7%; homosexuals

28.9% and 31.3% and transfusions 2.5% and 2.0% (all p.0.05).

None of the other parameters, including AIDS diagnosis,

proportion of treatment naı̈ve patients and mean Nadir CD4 T-

cell counts, were significantly different across samples.

The clinical, behavioral and socio-demographic characteristics

of the final sample (n = 201) are described in Table 1.

Predictors of c-IMT (Cross-sectional Analysis)
At baseline, among the 201 patients in the final sample, mean c-

IMT was 0.5760.22 mm. Fifty-nine patients (29.4%) were found

to have at least one vascular carotid lesion meeting the primary

($1.5 mm) definition of CP [36].

As shown in Table 2, at univariate analyses increased c-IMT

was significantly associated with older age, duration of HIV

infection, AIDS diagnosis, treatment with HAART and its

duration, treatment with other drugs, hypertension, lipodystrophy,

higher Framingham risk score, total cholesterol, fasting plasma

glucose, TAS-20 score $50. As shown in Table 3, the presence of

CPs showed similar predictors: older age, duration of HIV

infection, AIDS diagnosis, HAART duration, therapy with other

drug(s), hypertension, lipodystrophy and higher Framingham

scores, smoking, higher triglycerides and fasting plasma glucose,

diabetes, alexithymia (at both cut-off values, TAS-20$50 and

$61), nevirapine as 3rd drug. Type D and a depression BDI score

$17 were not significantly associated with CPs, whereas an higher

educational level provided significant protection. A border-line

significance was observed for HAART therapy, higher cholesterol

Table 4. Results from the multivariable regression model evaluating the association between the inverse of carotid Intima Media
Thickening (c-IMT) and various explanatory factors.

Regression coefficient (95% CI) p Standardized coefficient

Age, 5-year increase 20.086 (20.129; 20.044) ,0.001 20.309

Male gender 0.030 (20.153; 0.213) 0.8 0.022

Body Mass Index, one unit increase 20.006 (20.030; 0.017) 0.6 20.040

Infection duration, years 20.008 (20.019; 0.004) 0.2 20.099

Hypertension 20.008 (20.211; 0.196) 0.9 20.005

Current smoking 20.076 (20.233; 0.082) 0.3 20.065

Diabetes mellitus 0.049 (20.168; 0.266) 0.7 0.032

Total cholesterol, 10 mg/dL increase 20.022 (20.035; 20.009) 0.001 20.225

Alexithymia TAS220 score $50 20.164 (20.322; 20.007) 0.032 20.141

CI = Confidence Interval. The final sample included 196 patients.
doi:10.1371/journal.pone.0054555.t004

Table 5. Results from the logistic regression models predicting the presence of plaques (using diverse cutoffs for focal thickening)
with Alexithymia TAS-20 score cut-off $50.

IMTmax$1.5 mm IMTmax$1.2 mm IMTmax$1.0 mm

Variables OR (95% CI)* p OR (95% CI)* p OR (95% CI)* p

Age, 5-year increase 1.72 (1.36–2.19) ,0.001 2.25 (1.73–2.93) ,0.001 2.03 (1.58–2.62) ,0.001

Male gender 2.24 (0.74–6.75) 0.15 2.12 (0.72–6.26) 0.17 1.93 (0.71–5.26) 0.2

Body Mass Index, 1 unit increase 0.99 (0.88–1.10) 0.8 1.02 (0.91–1.15) 0.7 0.96 (0.85–1.09) 0.5

Infection duration, 1-year increase 1.04 (0.98–1.10) 0.19 1.05 (0.99–1.12) 0.082 1.05 (0.99–1.11) 0.077

Hypertension 1.93 (0.78–4.82) 0.16 1.73 (0.67–4.46) 0.3 2.59 (0.91–7.35) 0.074

Current smoking 2.74 (1.16–6.44) 0.021 2.48 (1.04–5.92) 0.041 1.55 (0.66–3.63) 0.3

Diabetes mellitus 1.10 (0.37–3.23) 0.9 1.15 (0.37–3.55) 0.8 1.02 (0.32–3.23) 0.9

Total cholesterol, 10 mg/dL increase 1.10 (1.05–1.16) ,0.001 1.12 (1.07–1.18) ,0.001 1.12 (1.06–1.18) ,0.001

Alexithymia TAS-20 score $50 2.63 (1.17–5.89) 0.019 2.99 (1.31–6.83) 0.009 4.23 (1.86–9.61) 0.001

CI = Confidence Interval. OR = Odds Ratio.
*Based upon robust standard errors. Parameters of the models: (1.0 mm) n. of obs. = 196; Wald chi-squared = 66.4; Hosmer–Lemeshow goodness of fit p = 0.27; area
under the receiving operator curve (ROC) = 0.87; (1.2 mm) n. of obs. = 196; Wald chi-squared = 61.9; Hosmer–Lemeshow goodness of fit p = 0.68; area under the
receiving operator curve (ROC) = 0.87; (1.5 mm) n. of obs. = 196; Wald chi-squared = 44.1; Hosmer–Lemeshow goodness of fit p = 0.23; area under the receiving operator
curve (ROC) = 0.84.
doi:10.1371/journal.pone.0054555.t005
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Table 6. Characteristics of the final sample according to the presence of vascular events.

Vascular No p*

Events Events

(n = 19) (n = 182)

Mean age, y, mean (SD) 54.1 (8.5) 44.2 (9.8) ,0.001

Male gender, % 9.8 8.3 0.8

Duration of HIV infection, y, mean (SD) 14.6 (7.3) 13.1 (7.4) 0.4

HCV co-infection, % 5.6 10.9 0.3

AIDS diagnosis, % 13.2 7.2 0.16

Treated with HAART, % 9.4 7.5 0.7

Duration of HAART, y, mean (SD) 5.7 (4.0) 5.1 (4.4) 0.6

Other drug(s), % ** 11.2 5.0 0.2

Nadir CD4 T-cell count, cell/mmc mean (SD) 281 (244) 229 (173) 0.23

CD4 T-cell count at baseline, cell/mmc, mean (SD) 557 (317) 493 (280) 0.4

HIV viremia, detectable (%) 10.2 10.0 1.0

Body Mass Index mean (SD) 24.0 (3.2) 24.2 (3.9) 0.4

Lipodystrophy, % 13.2 6.4 0.1

Hypertension, % 13.2 8.1 0.3

Diagnosis of Diabetes, % 11.1 9.1 0.7

Fasting plasma glucose, mmol/L mean (SD) 5.3 (0.72) 5.1 (1.5) 0.8

Total cholesterol, mmol/L, mean (SD) 5.3 (1.6) 5.0 (1.5) 0.4

HDL-c, mmol/L, mean (SD) 1.1 (0.47) 1.1 (0.33) 0.7

Triglycerides, mmol/L, mean (SD) 1.94 (1.3) 1.93 (1.4) 1.0

Framingham Risk Score mean (SD) 13.8 (9.3) 6.1 (6.6) ,0.001

c-IMT, mm mean (SD) 0.76 (0.33) 0.55 (0.20) ,0.001

Presence of plaque ($1.5 mm), % 25.4 2.8 ,0.001

Alexithymia

Mean TAS-20 score mean (SD) 53.5 (14.0) 46.7 (14.0) 0.05

TAS $50, % 17.7 3.5 0.001

Depression BDI score.17, % 14.3 7.6 0.14

Type D Personality, % 11.8 7.6 0.30

Current smoking, % 12.4 5.7 0.1

Sport practice, % 5.7 11.5 0.2

Gainful employment, % 8.7 11.3 0.6

Married, % 8.3 10.3 0.6

Active drug abuse, % 4.8 10.0 0.4

Psychiatric disorders, % 11.1 9.2 0.8

Educational level, %

Low 52.6 36.3 0.16

Medium 31.6 39.0 0.5

High 15.8 24.7 0.4

Therapy

Tenofovir, % 8.1 12.3 0.4

NNRTI, % 14.7 6.8 0.07

Nevirapine, % 19.2 8.0 0.07

Efavirenz, % 6.8 10.2 0.5

PIs, % 6.6 11.8 0.2

Lopinavir, % 7.4 9.8 0.7

Atazanavir, % 10.8 9.2 0.8

Other PIs, % 9.7 8.9 0.9

*Kruskal-Wallis test for continuous variables; chi-squared test for categorical ones.
doi:10.1371/journal.pone.0054555.t006
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levels, lower Nadir CD4 T-cell counts, presence of psychiatric

disorders.

At multivariate analyses, only increasing age, total cholesterol,

current smoking and a TAS-20$50 remained significantly

associated with both cIMT (Table 4) and CPs (Table 5). Our

findings on CPs were similar in the logistic models using three

different thresholds for carotid plaque ($1.5 mm; $1.2 mm;

$1.0 mm), with the exception of current smoking, that was not

significant with the least conservative threshold for plaque

(1.0 mm). In particular, subjects with a TAS-20$50 consistently

showed an OR .2.5 of having a CP (p,0.01) with all thresholds

(Table 5). Even at the higher cut-off score for alexithymia (TAS-

20$61), the association between alexithymia and CPs remained

significant (p,0.02 whatever the c-IMTmax threshold for plaque;

data not shown). Notably, no other factor among those identified

in univariate analyses was independently associated with either

cIMT or CPs.

Predictors of Vascular Events (Follow-up Survival
Analysis)

The mean follow-up of the 201 patients undergoing both c-IMT

and psychological evaluations was 7826308 days (for a total of

430.5 person-years). The overall incidence of vascular events was

4.41 (95% CI: 2.66–6.89) per 100 person-years. Ninety-nine

patients (9.5%) had a vascular event during the follow-up: 6 AMI,

6 TIA, 5 strokes, and 2 other organ infarctions (one intestinal

infarction and 1 renal infarction). Deaths from any cause were 12;

of these, 4 (33.3%) were caused by cardiovascular events.

The distributions of all considered variables were compared in

patients with or without cardiovascular events (Table 6). At

univariate analyses, age, c-IMT, presence of plaque, Framingham

score and alexithymia score (both continuous or dichotomic) were

significantly associated with vascular events. Also, a border-line

significance was observed for smoking. All other factors were not

significantly associated with vascular events. Notably, the inci-

dence of vascular events was 8.45 (95% CI: 4.73–13.9) per 100

person-years in patients with TAS-20$50; 1.58 (95% CI: 0.43–

4.05) per 100 person-years in patients with TAS,20.

In the Cox proportional hazards model, age (Hazard ratio, HR,

1.55, 95%CI: 1.19–2.02, p = 0.001), current smoking (3.87, 1.25–

12.0, p = 0.019) and TAS-20$50 (5.58, 1.44–21.6, p = 0.013) were

the only factors significantly associated with vascular events

(Table 7). The relationship between vascular events and

alexithymia is also apparent from the shape variation of the

Kaplan-Meier estimates of time to event (Figure 2).

Discussion

Depression, Type D and alexithymia were found to be strongly

related to cardiovascular risk in several populations [44–48], but

HIV patients were not yet considered. This cohort study

investigated for the first time the potential role of such

psychological traits, in addition to traditional cardiovascular risk

factors, in predicting CVD in the HIV population.

Despite an association between CVD and depression was

repeatedly documented, and several studies showed a role of

immune parameters in such a relationship, making its investigation

particularly interesting in the setting of HIV infection [49,50], we

observed a possible association between higher depression scores

and the presence of CPs in univariate models, but failed to

Table 7. Results from the Cox proportional hazards
regression analyses predicting time to vascular events.

Hazard Ratio (95% CI) p

Age, 5-year increase 1.55 (1.19–2.02) 0.001

Infection duration, 1-year increase 0.98 (0.91–1.05) 0.5

Hypertension 0.44 (0.13–1.50) 0.2

Current smoking 3.87 (1.25–12.0) 0.019

Total cholesterol, 10 mg/dL increase 1.06 (0.98–1.14) 0.13

Alexithymia TAS-20 score $50 vs ,50 5.58 (1.44–21.6) 0.013

doi:10.1371/journal.pone.0054555.t007

Figure 2. Kaplan-Meier estimates of time to vascular events by alexithymia (TAS-20 score $50 versus TAS-20 score ,50).
doi:10.1371/journal.pone.0054555.g002
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demonstrate an independent association when contextually

evaluating the other psychological constructs.

Some prospective studies suggested a potential association of Type

D with hypercholesterolemia, hypertension, metabolic syndrome

and increased mortality rates in patients with established CVD [51–

56]. As for depression, the association among Type D personality and

investigated outcomes was not confirmed in our cohort.

In contrast, we found that higher alexithymia scores were

associated with higher c-IMT, presence of CPs and vascular

events, both in univariate analyses and in all final multivariate

models. Indeed, several studies investigated the relationships

between alexithymia, cardiovascular risk factors, CVD and

cardiovascular mortality in the general population [44,45,57,58].

In particular, two large population-based studies linked the

alexithymic trait with a previous diagnosis of coronary heart

disease and subclinical atherosclerosis and, more recently, with

increased cardiovascular mortality [44,45]. The preliminary,

mechanistic explanation of such findings may be provided by

the fact that subjects with the alexithymic trait were shown to

suffer amplified and prolonged neurovegetative reactions to stress

stimuli, using models of skin-conductance response [59,60]. Such

investigations suggested that the alexithymic trait may disturb the

autonomic system and the pituitary-adrenal axis, leading to

increased neuroendocrine insult of the vasculature [44,60]. In

fact, in the HIV setting, the association between the alexithymic

trait and CVD risk is in line with the predictions of the cognitive-

emotional interaction model [61–65], according to which the high

prevalence of alexithymia in HIV may reflect the effects of the

virus on sub-cortical areas of the brain, involved in cognitive

emotional regulation and the relative autonomic responses

mediating vascular damage [66–68].

An alternative explanation for the observed association between

alexithymia and CVD would be that alexithymic patients might

have an intrinsic higher risk of CVD simply because they more

frequently present traditional cardiovascular risk factors. For

instance, if subjects with alexithymia were more commonly

diabetics, hypertensive, obese and smokers, their higher risk of

CVD would not be caused by the psychological trait, but rather by

such well-known risk factors (a typical example of confounding).

Also, in this scenario, the co-inclusion of such factors and

alexithymia in multivariate analysis might have covered the

statistical significance of single risk factors due to a certain degree

of multicollinearity (which may also explain why we did not

observe a significant association between CVD and other well-

known CVD risk factors). However, in our sample alexithymic

patients were not significantly more hypertensive (p = 0.6), smokers

(p = 0.2) or obese (p = 0.2). They were older (48.3 y vs 42.8 y,

p,0.001), and more frequently diabetics (27.1% vs 11.2%,

p = 0.004). Nevertheless, when analyses were stratified by age-

class and diabetes, alexithymia remained significantly and strongly

associated with the presence of plaques as well as with vascular

events both in patients ,50 y and in non diabetics (see Table S1).

Our data would therefore suggest a true association between the

alexithymic traitandCVDrisk inHIVpatients, inagreementwith the

above mentioned cognitive-emotional interaction model [61–68].

Alexithymia may thus represent anovel andunexpected determinant

of accelerated atherothrombosis in the setting of HIV infection.

Importantly, in our sample 42.3% of the patients had a TAS-20

score $50; a prevalence of the alexithymic trait including borderline

cases that is nearly three times higher than in the general population

[69,70]. Such proportion rose to 70.4% in patients aged $55

(p = 0.002, data not shown). Thus, besides the relatively small sample

size and short follow-up, our data can only provide preliminary

findings, to be interpreted with caution, because the high prevalence

of the alexithymic trait may partly reflect a secondary effect of HIV-

mediated vascular damage on such brain areas [66,71,72]. On the

other side, if the observed association will be confirmed, the high

prevalence of alexithymia in our sample may explain the high

incidence of vascular events that we observed in a relatively short

follow-up: approximately 10% of patients suffered a vascular event

(lethal in one third of cases), a remarkable and unexpected rate at the

time of cohort setting.

It is worth noting, in any case, that this is the first evaluation of

the prevalence of alexithymia in an unselected sample of HIV

patients. Notably, the alexithymic trait was not associated with

either current (p = 0.8) or Nadir CD4 T-cell counts (p = 0.9),

duration of HIV infection (p = 0.8), AIDS diagnosis (p = 0.5) or

baseline HIV viremia (p = 0.4, data not shown), suggesting either a

relation with behaviors at risk of getting HIV infection, such as

drug addiction [73], or with the early phases of HIV infection

[68]. Furthermore, data collected on a fraction (n = 70) of patients

in our sample, who were retested for psychological traits after a

mean of 18 months, revealed that alexithymic scores were only

minimally modified (data not shown), indicating a remarkable

stability of such a psychological phenotype over time, in line with

other reports in the general population [74].

The major strengths of our study are the accurate consecutive

enrolment of the study sample, the contextual evaluation of both

the psychological traits and c-IMT, each operated by a single

certified investigator, and the active follow-up for vascular events,

that allowed limiting data censoring to a minimum in the final

Cox’s multivariate models. In addition to the limitations

mentioned above, shortcomings of the study are the single

experimental site and the inclusion of 95% of Caucasian subjects.

In conclusion, HIV alexithymic patients may be at a significantly

and persistently increased risk of both preclinical and clinically overt

vascular damage. Such a result is preliminary and require confirma-

tion from studies with larger sample size and longer follow-up. In fact,

further research is strongly warranted: should our findings be

confirmed, they may pave the way to an array of additional

interventions to control cardiovascular disorders in the HIV

population.
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17. Dahlöf B (2010) Cardiovascular Disease Risk Factors: Epidemiology and Risk
Assessment. Am J Cardiol 105: 3–9.

18. Rozanski A, Blumenthal JA, Davidson KW, Saab PG, Kubzansky L (2005) The
epidemiology, pathophysiology, and management of psychosocial risk factors in

cardiac practice. J Am Coll Cardiol 45: 637–651.

19. Stansfeld SA, Fuhrer R, Shipley MJ, Marmot MG (2002) Psychological distress

as a risk factor for coronary heart disease in the Whitehall II Study.

Int J Epidemiol 31: 248–255.

20. Rosengren A, Hawkin S, Ounpuu S, Sliwa K, Zubaid M, et al. (2004)

Association of psychosocial risk factors with risk of acute myocardial infarction in
11,119 cases and 13,648 controls from 52 countries (the INTERHEART study):

case-control study. Lancet 364: 953–962.

21. Hamer M, Molloy GJ, Stamatakis E (2008) Psychological Distress as a Risk

Factor for Cardiovascular Events Pathophysiological and Behavioral Mecha-
nisms. J Am Coll Cardiol 52: 2156–2162.

22. Vogelzangs N, Kritchevsky SB, Beekman ATF, Newman AB, Satterfield S, et al.
(2008) Depressive symptom and change in abdominal obesity in older persons.

Arch Gen Psychiatry 65: 1386–1393.

23. Needham BL, Epel ES, Adler NE, Kiefe C (2010) Trajectories of change in

obesity and symptom of depression: the CARDIA study. Am J Public Health

100: 1040–1046.

24. Maes M, Song C, Lin A, De Jongh R, Van Gastel A, et al. (1998) The effect of

psychological stress on humans: increased production of pro-inflammatory
cytokines and Th1-like response in stress-induced anxiety. Cytokine 10: 313–

318.

25. Vella EJ, Friedman BH (2009) Hostility and anger in: Cardiovascular reactivity

and recovery to mental arithmetic stress. Int J of Psychophys 72: 253–259.

26. Ghiadoni L, Donald AE, Cropley M, Mullen MJ, Oakley G, et al. (2000) Mental

stress induces transient endothelial dysfunction in humans. Circulation 102:
2473–2478.

27. Lavoie KL, Pelletier R, Arsenault A, Dupuis J, Bacon SL (2010) Association

Between Clinical Depression and Endothelial Function Measured by Forearm
Hyperemic Reactivity. Psychosom Med 72: 20–26.

28. Reid GJ, Seidelin PH, Kop WJ, Irvine MJ, Strauss BH, et al. (2009) Mental

stress-induced platelet activation among patients with coronary artery disease.
Psychosom Med 71: 438–445.

29. Steptoe A, Magid K, Edwards S, Brydon L, Hong Y, et al. (2003) The influence

of psychological stress and socioeconomic status on platelet activation in men.

Atherosclerosis 168: 57–63.
30. Bhatnagar S, Dallman M (1998) Neuroanatomical basis for facilitation of

hypothalamic-pituitary-adrenal responses to a novel stressor after chronic stress.

Neuroscience 84: 1025–1039.
31. Carney RM, Freedland KE, Veith RC (2005) Depression, the autonomic

nervous system, and coronary heart disease. Psychosom Med 67: 29–33.

32. Plante GE. (2005) Depression and cardiovascular disease: a reciprocal

relationship. Metabolism 54: 45–48.
33. American Diabetes Association (2011) Standards of medical care in diabetes–

2011. Diabetes Care 34: S11–S61.

34. National Cholesterol Education Program (NCEP) Expert Panel (ATP III). (2002)

Third report of the National Cholesterol Education Program (NCEP) Expert
Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in

Adults (Adult Treatment Panel III) final report. Circulation 106: 3143–3421.

35. O’Leary DH, Polak JF (2002) Intima-media thickness: a tool for atherosclerosis
imaging and event prediction. Am J Cardiol 90: 18–21.

36. Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB, et al. (2008) Use of

carotid ultrasound to identify subclinical vascular disease and evaluate
cardiovascular disease risk: a consensus statement from the American Society

of Echocardiography Carotid Intima-Media Thickness Task Force. Endorsed by
the Society for Vascular Medicine. J Am Soc Echocardiogr 21: 93–111.

37. Beck AT, Steer RA, Brown GK eds (1996) Manual for the Beck Depression

Inventory-II. San Antonio, TX: Psychological Corporation.

38. Denollet J (2000) Type D personality. A potential risk factor refined. J Psychosom
Res 49: 255–266.

39. Denollet J (2005) DS14: Standard assessment of negative affectivity, social

inhibition, and Type D personality. Psychosom Med 67: 89–97.

40. Taylor GJ, Bagby RM, Parker JD (1991) The alexithymia construct. A potential
paradigm for psychosomatic medicine. Psychosomatics 32: 153–164.

41. Parker J D A, Taylor G J, Bagby RM (2003) The 20-item Toronto Alexithymia

Scale -III. Reliability and factorial validity in a community population.
J Psychother Pract Res 55: 269–275.

42. Hosmer DW, Lemeshow S eds (2000) Applied Logistic Regression, 2nd Edition.

New York: John Wiley & Sons.

43. Hosmer DW, Lemeshow S eds (1999) Applied Survival Analysis. New York:
John Wiley & Sons.

44. Gabre HJ, Schwahn C, Barnow S (2010) Alexithymia, hypertension, and

subclinical atherosclerosis in the general population. J Psychosom Res 68: 139–
147.

45. Tolmunen T, Lehto SM, Heliste M, Kurl S, Kauhanen J (2010) Alexithymia Is

Associated With Increased Cardiovascular Mortality in Middle-Aged Finnish
Men. Psychosom Med 72: 187–191.

46. Denollet J, Pedersen SS, Vrints CJ, Conraads VM (2006) Usefulness of Type D

personality in predicting five-year cardiac events above and beyond concurrent

symptoms of stress in patients with coronary heart disease. Am J Cardiol 97:
970–973.

47. Reich J, Schatzberg A (2010) Personality traits and medical outcome of cardiac

illness. J Psych Res 44: 1017–1020.

48. Serrano CV Jr, Setani KT, Sakamoto E. Andrei AM, Fraguas R, et al. (2011)
Association between depression and development of coronary artery disease:

pathophysiologic and diagnostic implications. Vasc Health Risk Manag 7: 159–
164.

49. Pizzi C, Manzoli L, Mancini S, Bedetti G, Fontana F, et al. (2010) Autonomic

nervous system, inflammation and preclinical carotid atherosclerosis in
depressed patients with coronary risk factors. Atherosclerosis 212: 292–298.

50. Davidson KW, Schwartz JE, Kirkland SA, Mostofsky E, Fink D, et al. (2009)

Relation of Inflammation to Depression and Incident Coronary Heart Disease
(From The NSHS95 Prospective Population Study). Am J Cardiol 103: 755–

761.

51. Denollet J, Sys SU, Stroobant N, Rombouts H, Gillebert TC, et al. (1996)
Personality as independent predictor of long-term mortality in patients with

coronary heart disease. Lancet 347: 417–421.

52. Pedersen SS, Lemos PA, van Vooren PR, Liu TK, Daemen J, et al. (2004) Type

D personality predicts death or myocardial infarction after bare metal stent or
sirolimus-eluting stent implantation: a Rapamycin-Eluting Stent Evaluated at

Rotterdam Cardiology Hospital (RESEARCH) registry substudy. J Am Coll
Cardiol 44: 997–1001.

53. Denollet J, Vaes J, Brutsaert DL (2000) Inadequate response to treatment in

coronary heart disease: adverse effects of type D personality and younger age on
5-year prognosis and quality of life. Circulation 102: 630–635.

54. Mommersteeg P, Kupper N, Denollet J (2010) Type D personality is associated

with increased metabolic syndrome prevalence and an unhealthy lifestyle in a
cross sectional Dutch community sample. BMC Public Health 10: 714.

Alexithymia and Cardiovascular Risk in HIV

PLOS ONE | www.plosone.org 11 January 2013 | Volume 8 | Issue 1 | e54555



55. Tziallas D, Kostapanos MS, Skapinakis P, Milionis HJ, Athanasiou T, et al.

(2011) The association between Type D personality and the metabolic

syndrome: a cross-sectional study in a University-based outpatient lipid clinic.

BMC Research Notes 4: 105.

56. Hausteiner C, Klupsch D, Emeny R, Baumert J, Ladwig KH; KORA

Investigators (2010) Clustering of negative affectivity and social inhibition in

the community: prevalence of type D personality as a cardiovascular risk marker.

Psychosom Med 72: 163–171.

57. Chatzi L, Bitsios P, Solidaki E, Christou I, Kyrlaki E, et al. (2009) Type 1

diabetes is associated with alexithymia in non depressed, non-mentally ill

diabetic patients: A case-control study. J Psychosom Res 67: 307–313.

58. Jula A, Salminen JK, Saarij S (1999) Alexithymia: a facet of essential

hypertension. Hypertension 33: 1057–1061.

59. Bermond B, Bierman DJ, Cladder MA, Moormann PP, Vorst HC (2010) The

cognitive and affective alexithymia dimensions in the regulation of sympathetic

responses. Inter J Psychophys 75: 227–233.

60. Pollatos O, Werner NS, Duschek S (2011) Differential effects of alexithymia

subscales on autonomic reactivity an anxiety during social stress. J Psychosom

Res 70: 525–533.

61. Phillips LM, Drevets WC, Rauch SL Lane R (2003) Neurobiology of Emotion

Perception II: Implications for Major Psychiatric Disorders. Biol Psychiatry 54:

515–528.

62. Wager TD, Davidson ML, Hughes BL, Lindquist MA, Ochsner KN (2008)

Prefrontal-subcortical pathways mediating successful emotion regulation.

Neuron 59: 1037–1050.

63. Taylor SF, Liberzon I (2007) Neural correlates of emotion regulation in

psychopathology. Trends Cogn Sci 11: 413–418.

64. Grynberg D, Chang B, Corneille O, Maurage P, Vermeulen N et al. (2012)

Alexithymia and the Processing of Emotional Facial Expressions (EFEs):

Systematic Review, Unanswered Questions and Further Perspectives. PLoS

One 7: e42429.
65. Swart M, Kortekaas R, Aleman A (2009) Dealing with feelings: characterization

of trait alexithymia on emotion regulation strategies and cognitive-emotional

processing. PLoS One 4: e5751.
66. Bogdanova Y, Dı́az-Santos M, Cronin-Golomb A (2010) Neurocognitive

correlates of alexithymia in asymptomatic individuals with HIV. Neuropsycho-
logia 48: 1295–1304.

67. Clark US, Cohen RA, Westbrook ML, Devlin KN, Tashima KT (2010) Facial

emotion recognition impairments in individuals with HIV. J Int Neuropsychol
Soc 16: 1127–1137.

68. Ances BM, Ortega M, Vaida F, Heaps J, Paul R (2012) Independent effects of
HIV, aging, and HAART on brain volumetric measures. J Acquir Immune

Defic Syndr 59: 469–77.
69. Joukamaa M, Taanila A, Miettunen J, Karvonen JT, Koskinen M, et al. (2007)

Epidemiology of Alexithymia among adolescents. J Psychosom Res 63: 373–376.
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