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Abstract 

Background: Since interruptions of antiretroviral treatment may entail clinical risks for 

HIV-infected individuals, we investigated their impact on neurocognitive functioning. 

Methods: Cross-sectional study comparing HIV-infected persons who had interrupted 

antiretroviral therapy in the past (interruption group, IG) with persons who had never 

discontinued therapy (non-interruption group, NIG). Interruption was defined as the 

discontinuation of HAART for more than 15 days after previous treatment of at least 15 

days. All the participants were on therapy. Demographic, clinical, and neurocognitive 

variables were assessed. The primary end point was the percentage of people with 

neurocognitive impairment. The score in different neurocognitive domains was a secondary 

end point.  

Results: A total of 83 subjects participated in the study (IG: n=27, NIG: n=56). 

Demographic and clinical characteristics were balanced between the groups, except for 

years since HIV diagnosis (IG, 13.8; NIG, 10.2 [p=0.003]). The percentage of people with 

neurocognitive impairment was significantly higher in the IG group (IG, 59.25%; NIG, 

33.92% [p=0.02]). As for scores in neurocognitive domains, individuals in the IG showed 

worse neurocognitive functioning, and significant differences in attention/working memory 

and information processing speed were found. The adjusted analysis supported the 

unadjusted analysis. 

Conclusions: In our study, a higher prevalence of neurocognitive impairment was detected 

in HIV-infected persons who had interrupted antiretroviral therapy in the past. 

Additionally, neurocognitive functioning was observed to be more impaired in the same 

individuals. Further studies should examine the potential negative effects of antiretroviral 

therapy interruptions on neurocognitive functioning. 
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Introduction  
Patients infected with human immunodeficiency virus (HIV) continue to experience 

impairment of neurocognitive functioning. While the incidence of most neurological 

complications has decreased since the introduction of highly active antiretroviral therapy 

(HAART), the prevalence of HIV-associated dementia (HAD) has not declined, and the 

incidence of milder neurocognitive disorders, such as mild neurocognitive disorder (MND) 

and asymptomatic neurocognitive impairment (ANI), has increased (Cysique et al, 2004; 

Sacktor et al, 2002; Tozzi et al, 2005a). Both observations are related to the persistence of 

HIV in the central nervous system (CNS) (Muñoz-Moreno et al, 2009; Spudich et al, 2005) 

and the inability of current antiretroviral therapy to effectively protect the CNS (Cysique et 

al, 2006; Tozzi et al, 2007), as well as the emergence of new potential risk factors, such as 

aging (Becker et al, 2004), nadir CD4 cell count (Muñoz-Moreno et al, 2008), and 

coinfection with hepatitis C virus (HCV) (Hilsabeck et al, 2005). 

Treatment interruption in chronically HIV-infected individuals is often based on the 

patient’s decision, although it has also been applied as a therapeutic strategy by clinicians 

to reduce antiretroviral-associated toxicity, improve quality of life, and reduce the 

economic burden of antiretroviral therapy for public health systems. However, despite 

these potential advantages, there is evidence of significant risks for individuals 

discontinuing treatment and of an association with increased morbidity and mortality 

(Danel et al, 2006; El-Sadr et al, 2006).  

As little is known about the effect of treatment interruptions on neurocognitive 

functioning, we conducted a study to compare neurocognitive functioning in HIV-infected 

patients who had interrupted antiretroviral therapy with that of patients who had not. We 

assessed the prevalence of neurocognitive impairment and measures of neurocognitive 

functioning. 

 

Material and methods 

Study design  

 We designed an observational cross-sectional study to explore the effect of previous 

antiretroviral interruptions on neurocognitive functioning in chronically HIV-infected 

patients. Interruption was defined as discontinuation of antiretroviral treatment for more 
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than 15 days after at least 15 days of treatment at any time during the course of the 

infection. This criterion was based on previous findings which indicate that viral replication 

could be feasible after a mean of 15 days (Ruíz et al, 2007). Therefore, all recruited 

participants were classified into 2 study groups: patients who had discontinued 

antiretroviral therapy in the past (interruption group, IG), and patients who had never 

interrupted therapy (non-interruption group, NIG).  

 The study was conducted in accordance with the Helsinki Declaration of 1964 

(1996 revision) and Good Clinical Practice guidelines, and was approved by the research 

ethics committee of Germans Trias i Pujol University Hospital. Lluita Contra la SIDA 

Foundation was the principal study sponsor.  

 

Objectives 

The general objective of this study was to compare neurocognitive functioning in 

patients who had interrupted antiretroviral therapy in the past with those who had never 

interrupted therapy. We established two study end points:  

- The primary end point was the prevalence of neurocognitive impairment. This was based 

on a comparison of the percentage of patients showing neurocognitive impairment in both 

groups. 

- The secondary end point was based on neurocognitive scores covering relevant 

neurocognitive domains in HIV infection. Fourteen scores resulting from a comprehensive 

assessment of neurocognitive functioning were compared between study groups. 

 

Study participants 

The study population was composed of patients attended at the HIV Unit of the 

Germans Trias i Pujol University Hospital. Between March 2006 and September 2008, we 

informed all the patients about the objectives of the study and applied specific study criteria 

to select the definitive sample. All participants had to be at least 18 years old and receiving 

a HAART combination on inclusion. Those patients with a prior or current opportunistic 

infection involving the CNS were excluded, as were those who reported drug use or a prior 

or current psychiatric disorder. This was assessed at the initial information visit by the 

investigator responsible for recruitment, although the database of the HIV Unit was also 

checked to confirm the information reported by each patient. After recruitment, all 
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participants made an appointment for a new visit, at which they were evaluated and data 

were collected.  

 

Measures and instruments 

Demographic, clinical, emotional, and neurocognitive variables were assessed. The 

demographic variables were recorded at the information visit and confirmed using our HIV 

Unit database. These data comprised age, gender, infection route, and years of education.  

Clinical variables were extracted from the HIV Unit database and medical reports. In 

both study groups, these consisted of time since HIV diagnosis, time on treatment, current 

CD4 cell count, nadir CD4 cell count, viral load, and coinfection with HCV. In the IG, we 

recorded the following additional variables: number of interruptions, number of structured 

interruptions, duration of interruption, time since last interruption, and number of plasma 

viral rebounds. The number of structured treatment interruptions and viral rebounds were 

not included in the data analysis, although both variables were recorded to provide 

descriptive data on interruptions. A structured treatment interruption was considered to 

have finished when therapy was restarted at a CD4 cell count of <350 cells/mL or plasma 

viral load of >100,000 copies/mL, and when the patient had undergone at least 2 

interruptions. Viral rebounds were defined as an increase in plasma viral load to >35,000 

copies/mL during the month after interruption. 

The emotional variables assessed were depression and anxiety. Depression was 

evaluated using the Beck Depression Inventory (BDI) (Beck et al, 1979)—specifically the 

cognitive−affective subscale for avoiding biases related to somatic symptoms (Beck et al, 

1996)—and anxiety was evaluated by the State-Trait Anxiety Inventory (STAI) 

(Spielberger et al, 1970).  

Neurocognitive variables were assessed using a neuropsychological test battery, as 

recommended for the assessment of neurocognitive functioning in HIV infection (Muñoz-

Moreno, 2007). The tests included and neurocognitive domains assessed were as follows: 

the Letter-Numbers and Digits Tests of the Wechsler Adult Intelligence Scale-III (WAIS-

III) (Weschler, 1997) for attention/working memory; Part A of the Trail Making Test 

(TMT) (Reitan and Davidson, 1974) and the Symbol Digit Modalities Test (SDMT) 

(Smith, 1973) for information processing speed; the California Verbal Learning Test 

(CVLT) (Delis et al, 2000) for verbal memory and learning; Part B of the TMT (Reitan and 
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Davidson, 1974), the Stroop Test (Golden, 1978), the Wisconsin Card Sorting Test 

(WCST) (Kongs et al, 1993), and the Tower of London (TOL) (Culbertson and Zillmer, 

2001) for executive functions; the Controlled Oral Word Association Test (COWAT) 

(Benton et al, 1994) and the Animals Test (Gladsjo et al, 1999) for verbal fluency; and the 

Grooved Pegboard Test (Matthews and Klove, 1964) for motor function. Premorbid 

intelligence was also assessed using the Vocabulary Test of the WAIS-III (Weschler, 

1997), although this variable was treated as a clinical variable, mainly to be included in 

equivalence analyses between groups. Self-reported neurocognitive complaints were also 

recorded. This was considered a dichotomized categorical variable (yes/no), when the 

patient reported symptoms of neurocognitive impairment.  

Neurocognitive impairment was defined as performance of one standard deviation 

below the normative mean in at least two neuropsychological tests, or two standard 

deviations below the normative mean in at least one test, as extensively used in other 

studies assessing HIV-related neurocognitive impairment (Antinori et al, 2007; Cysique et 

al, 2004; Muñoz-Moreno et al, 2007; Muñoz-Moreno, 2008; Tozzi et al, 2005a). 

Impairment was considered mild when one standard deviation below the normative mean 

was observed in at least two tests or two standard deviations in one test, and moderate-

severe when this was more than two standard deviations in one test or two deviations in 

more than two tests. t scores were used for all comparisons and were obtained using a 

correction standardization process based on adjusting the raw scores according to age, 

gender and education, using normative data (Benton et al, 1994; Culbertson and Zillmer, 

2001; Delis et al, 2000; Gladsjo et al, 1999; Golden, 2001; Kongs et al, 1993; Reitan and 

Wolfson, 1985a; Reitan and Wolfson, 1985b; Smith, 2002; Weschler, 1999). 

The Frascati criteria proposed by Antinori et al (Antinori et al, 2007) were used to 

classify subjects in both groups according to the presence of HIV-associated 

neurocognitive disorders (HAND). This classification contemplated the existence of ANI, 

MND, and HAD. More specifically, in our work ANI and MND were identified when mild 

neurocognitive impairment involved at least two neurocognitive domains, and HAD when 

moderate-severe impairment was confirmed by the presence of self-reported 

neurocognitive complaints. The differentiation between ANI and MND was established 

according to the presence of neurocognitive complaints: MND involved the presence of 

neurocognitive complaints and ANI did not. 
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Data analysis 

Equivalence between groups was determined by the comparison of demographic, 

clinical, and emotional variables. Differences between groups were assessed using analysis 

of variance when quantitative variables showed a normal distribution (Kolmogorov-

Smirnov test, p values >0.05) and non-parametric tests (Mann-Whitney) when they were 

not normally distributed. A χ2 test was used to compare proportions. Regarding the 

neuropsychological measures in the seven domains, differences between groups were 

assessed using the means of each score.  

Since this was an observational and cross-sectional investigation, the possibility of a 

lack of equivalence between groups was considered, and neuropsychological measures 

were adjusted using linear regression when demographic or clinical variables were not 

balanced. Additionally, Cohen’s effect size tests (d) (Cohen, 1988) were also performed to 

quantify the magnitude of the differences found. Values were considered small when scores 

were less than 0.40, medium when they ranged between 0.40 and 0.75, and large when they 

were over 0.75.  

All statistical analyses were performed using SPSS Statistics, v.17.0. (SPSS Inc, 

Chicago, Illinois, USA) and R, v.2.2.0. [http://www.r-project.org]) with a univariate two-

tailed significance level of 5%. 

 

Results 
 A total of 136 patients were informed and invited to participate in the study. Of 

these, 124 accepted and 83 fulfilled the study criteria (see Figure 1). Of the 83 eligible 

participants, 27 patients were assigned to the IG and 56 to NIG.  

The demographic, emotional, and clinical characteristics of the participants are shown 

in Table 1. The study groups were statistically comparable, except for time since HIV 

diagnosis, which was greater for IG participants (IG, 13.8; NIG, 10.2 [p=0.003]). Although 

some of the remaining demographic, emotional, and clinical variables showed differences 

in the distribution between groups, none of them reached statistical significance. The 

greatest differences were seen in time on treatment (IG: 8.2; NIG: 7 [p=0.09]) and the 

scores for anxiety (IG, 47; NIG, 40 [p=0.06]). Other virological and immunological 

parameters such as plasma viral load, nadir CD4 cell count, or current CD4 count, did not 
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show statistical significance. There were a total of 55 interruptions in the IG (STIs [41.8%], 

patient’s decision [36.3%], and toxicity [21.8%]). The remaining characteristics of the 

interruptions are shown in Table 2. 

Neurocognitive impairment affected 16 patients (59.2%) in the IG and 19 patients 

(33.9%) in the NIG (p=0.02). The percentages for HAND in both groups are shown in 

Table 1. The distribution was similar between groups, except for HAD, which was higher 

in the IG.   

With regard to the scores representing neurocognitive domains, the comparison 

between groups revealed significant differences in the following functions: 

attention/working memory, specifically in digit span forward (IG, 46.8; NIG, 51.3 

[p=0.03]) and digit span backward (IG, 48.1; NIG, 53 [p=0.008]), and information 

processing speed in the SDMT written score (IG, 46; NIG, 50.6 [p=0.01]). These scores 

therefore indicated worse functioning in the IG. In fact, the remaining neuropsychological 

outcomes revealed that all scores were lower in the IG than in the NIG, thus indicating a 

general poorer functioning in this group, although the difference did not reach statistical 

significance. The differences in the scores representing neurocognitive domains are shown 

in Table 3.  

An additional post hoc subanalysis was performed including all the scores in each 

neurocognitive domain assessed, and the mean was calculated for each of them. This was 

compared between groups, and the results showed statistically significant differences in 

attention/working memory. The outcomes of this analysis for the IG and NIG, respectively, 

were as follows: attention/working memory, 48.9 and 52.2 (p=0.02); information 

processing speed, 49.6 and 51.8 (p=0.24); verbal memory, 50.7 and 51.2 (p=0.82); 

learning, 47.4 and 50.4 (p=0.30); executive functions, 49.3 and 51.5 (p=0.18); verbal 

fluency, 45.7 and 49.1 (p=0.07); and motor function, 51.9 and 54.8 (p=0.22). Figure 2 

summarizes the results for cognitive and motor functions in the form of a graph. 

Because the study groups were not completely equivalent in terms of clinical 

variables, specifically with regard to time since diagnosis of HIV infection, a regression 

model was applied to assess the differences between neurocognitive scores, adjusting for 

time since diagnosis of HIV infection. This model revealed that significant differences 

between groups were maintained in the same cognitive and motor scores (digit span 

forward, p=0.03; digit span backward, p=0.01; and the SDMT written score, p=0.02). All p 
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values obtained by the regression model are included in Table 3. The results of Cohen’s 

effect size tests confirmed these findings, thus revealing the presence of medium values 

according to the measures showing statistical significance. Specifically, 5 of the 15 sizes 

indicated medium values as the strongest size category found. These results are also 

included in Table 3. 

 

Discussion 
Detrimental consequences have been reported in HIV-infected persons who undergo 

structured treatment interruptions (Danel et al, 2006; El-Sadr et al, 2006; Ruíz et al, 2007). 

Our data support this finding, and reveal an association between interrupting antiretroviral 

therapy and presenting major impairment in neurocognitive functioning. We observed a 

higher prevalence of neurocognitive impairment in subjects who discontinued therapy in 

the past, and we also detected worse scores in neurocognitive functioning in the seven 

domains assessed, which were those habitually reported in other studies assessing 

impairment of neurocognitive functioning in HIV infection (Cysique et al, 2004; Heaton et 

al, 2009; Muñoz-Moreno, 2007; Muñoz-Moreno et al, 2008; Sacktor et al, 2002; Tozzi et 

al, 2005a). This strengthens our observations, and emphasizes the possible role of more 

vulnerable brain areas damaged by the effect of the virus, a hypothesis defended by other 

authors (Berger et al, 2000; Shapshack et al, 1999). The fact that we focused only on 

previous interruptions, and not on recent discontinuation of therapy, reinforces this 

supposition of irreversibility. Additionally, clinical trials evaluating large samples of 

subjects during CD4-guided interruptions of therapy have revealed higher rates of major 

cardiovascular, renal and hepatic diseases, opportunistic infections, and death (Danel et al, 

2006; El-Sadr et al, 2006). However, factors such as the nadir CD4 cell count, baseline 

CD4 cell count, and other immunological and inflammatory parameters may affect end 

points (Caridello et al, 2005; Hirschel and Flanigan, 2009; Maggiolo et al, 2009; Sarmati et 

al, 2009; Seminari et al, 2008). Our objective was to study neurocognitive functioning in 

this setting, although we did not focus only on CD4-guided or structured treatment 

interruptions (41.8% in our sample). We addressed this area from a more clinical 

perspective, namely, by examining possible long-term neurocognitive damage in 

individuals who had interrupted therapy in the past for any reason.  
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At the 14th Conference on Retroviruses and Opportunistic Infections, Robertson and 

cols (Robertson et al, 2007) reported changes in the neurocognitive functioning evaluated 

before and after discontinuation of antiretroviral therapy in patients with high CD4 cell 

counts, observing an improvement in neurocognitive functioning at weeks 48, 72, and 96 

after the interruption. Similarly, Childers and cols (Childers et al, 2008) recently reported 

that this practice could be safe and even slightly beneficial for neurocognitive functioning. 

Nevertheless, the study designs and objectives of both investigations were substantially 

different from ours, and this may explain the contradictory results. Both studies assessed 

participants based only on one treatment discontinuation, whereas the number of 

interruptions was unrestricted in our study. In fact, more than half of the individuals in our 

sample had discontinued treatment more than once (51.9%). Furthermore, Robertson and 

cols presented information on subjects who discontinued therapy, but not on those who 

restarted therapy. In this regard, we firmly believe that data from subjects who restarted 

treatment is relevant in order to identify reversible and permanent damage. The results also 

differed in terms of immune status, which was represented by the nadir CD4 cell count. 

Unlike Robertson and cols, who selected participants with elevated nadir cell counts, we 

established our objectives independently of this value. Moreover, the nadir CD4 cell count 

is known to be one of the strongest predictors, both of the poor success of structured 

treatment interruptions (Maggiolo et al, 2004; Moltó et al, 2004), and neurocognitive 

impairment (Heaton et al, 2009; Muñoz-Moreno et al, 2008; Tozzi et al, 2005a). 

Thresholds of less than 350 cells/mm3 have been associated with more likely disease events 

in patients interrupting therapy (Danel et al, 2006; El-Sadr et al, 2006; Ruíz et al, 2007), 

and also with a higher presence of neurocognitive dysfunction (Muñoz-Moreno et al, 

2008). In our work, both study groups had similar nadir CD4 cell counts; therefore, we 

were unable to provide supplementary information on this interesting point. The 

prospective investigation of Childers and cols provided additional relevant information on 

neurocognitive functioning through measurement of valuable neuropsychological tests and 

CSF determinations. However, their study sample was small and the prevalence of 

neurocognitive impairment was relatively modest at baseline (three subjects, 27% of the 

sample). The investigators acknowledged that the rate of impairment at baseline could be 

significant enough to have a positive influence on the appearance of subsequent decline. 

Therefore, although the findings of Robertson and Childers seem to be different from ours, 
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they should not be viewed as contradictory, chiefly because of the manifestly different 

study designs and population characteristics. 

There is evidence in the literature to lead us to consider that antiretroviral therapy 

interruptions could be associated with a higher degree of neurocognitive dysfunction. 

Firstly, neurocognitive impairment has been associated with virological failure in plasma 

(Tozzi et al, 2005b). Moreover, elevated levels of HIV in CSF and plasma have been linked 

to neurocognitive decline (Ellis et al, 1997; Ellis et al, 2002; Ellis et al, 2003; Price et al, 

2004). Findings such as these are increasingly common, and two preliminary therapeutic 

recommendations have been made for clinical practice, in contrast to interrupting therapy: 

the use of highly active antiretroviral drugs targeting CNS reservoirs (Letendre et al, 2004; 

Letendre et al, 2008; Tozzi et al, 2009), and the earlier initiation of HAART to protect CNS 

function (Arendt et al, 2007; Marcondes et al, 2009; McCrossan et al, 2006; Muñoz-

Moreno et al, 2008; Panel on Clinical Practices for Treatment of HIV Infection convened 

by the Department of Health and Human Services [DHHS], 2009). Two ongoing 

randomized controlled clinical trials are analyzing both strategies (Clinical Trial of CNS-

targeted HAART [CIT2], 2010; Strategic Timing of Antiretroviral Treatment [START], 

2010) and their results will provide useful information on the validity of both hypotheses. 

Secondly, interruption of therapy is linked to viral rebound in a substantial number of 

individuals (Deeks et al, 2001; Garcia et al, 2001; Harrigan et al, 1999; Tebas et al, 2002; 

Tubiana et al, 2002). Some authors describe the negative effects associated with marked re-

emergence of the virus, such as symptoms resembling those of acute retroviral disease 

(Knysz et al, 2005), rapid expansion of circulating CD8 T cells (Steingrover et al, 2008), or 

destruction of HIV-specific helper T cells (Davey et al, 1999; Oxenius et al, 2002; Scriba et 

al, 2005). Similar examples include the breakdown of the blood-brain barrier or 

microvascular changes brought about by early CNS inflammation, which induces the 

development of HIV dementia (Avison et al, 2004). In our work, comparisons involving 

attention/working memory and information processing speed revealed the most important 

differences, in contrast to other domains usually observed as altered in HIV infection, such 

as executive functioning. In this sense, prior reports have suggested the role of different 

types of involvement of neurocognitive domains, according to the distinct existence of 

inflammation or the influence of other risk factors (Berger et al, 2000; Castelo et al, 2006; 

Shapshak et al, 1999). Therefore, in our opinion, more intense neuroinflammation might be 
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an alternative explanation for the poorer neurological status observed as a result of viral 

peaks affecting CNS functioning. Nevertheless, new research should surely focus on the 

neuropathological mechanisms involved in this hypothetical response of the brain to 

virological blips.  

Our study has some limitations. The small sample size constrains the power of the 

results and, due to the cross-sectional design, possible associations with the interruptions 

were only studied retrospectively. In addition, it remains unclear whether neurocognitive 

problems could lead to interruption of therapy, although according to the weak rate of 

discontinuations for individual decisions (36.3%), and the minority of participants with 

more than two interruptions (33.3%), it seems that the decline in CNS functioning did not 

affect the decision to discontinue treatment. Finally, there were differences in the 

demographic and clinical conditions of the study groups, and time since HIV diagnosis was 

particularly significant. This may show a greater possibility of therapy discontinuation in 

patients who have had HIV infection for longer, although the linear regression model and 

additional effect size tests confirmed the initial results. 

In summary, to date, several reports have described dysfunction of the CNS in 

people living with HIV, but few have explored the relationship between repeated 

antiretroviral treatment interruption and its consequences on neurocognitive performance. 

Our results are preliminary and based on a cross-sectional design, although they provide 

evidence of permanent neurocognitive dysfunctioning after antiretroviral therapy 

interruptions, mainly in attention/working memory and information processing speed. 

Therefore, we conclude that antiretroviral therapy interruptions may be an additional risk 

factor for neurocognitive impairment in HIV-infected patients and, as highlighted by other 

authors, we defend the importance of continuing antiretroviral therapy for the treatment of 

HIV-infected patients in order to protect neurocognitive functioning. 
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