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Introduction
Neurocognitive alterations in HIV-1 infection have been recog-

nized since the beginning of HIV epidemic. Several terminologies were 

initially used to describe it: ADC, HIVE, subacute encephalitis, AIDS-
related dementia, HAND and HIVD. These conditions were clinically 
defined and represent the same disease with different severity. The 
AAN 1991 criteria was developed to provide a consensus nomenclature 
for both clinical and epidemiological purposes [1]. Subsequently it was 
reviewed in 2007 incorporating severity, functional impairment and ef-
fect of confounders to develop an algorithm for identifying HAND [2]. 
Most notable change was recognition of ANI. 

Although there are variations in severity and diagnostic criteria, 
SNCD have an adverse effect on the lives of HIV+ patients especially 
increased mortality risk documented across several studies. [3-9]. A 
proposed ranking system of AIDS defining illnesses highlighted the 
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Abstract
Background: HIV- related symptomatic neurocognitive disorders (SNCD) negatively influence the survival of af-

fected patients. We conducted this meta-analysis to provide pooled estimates of mortality risk attributable to SNCD. 

Methods: MEDLINE, Google scholar, Cochrane library PsycINFO and EMBASE were the data bases thoroughly 
searched up to April 2014. Two parallel meta-analyses were performed to derive hazard ratio (HR) and relative risk (RR) 
of mortality from 7 and 6 studies respectively. The level statistical heterogeneity in the included studies was assessed 
using I-squared (I2) statistic while metaregression and subgroup analyses mainly explored clinical and methodological 
heterogeneity. Other assessments were analyses for publication bias, small study effect, single study effect and study 
quality.

Results: Thirteen studies with satisfactory quality met the inclusion criteria. A total of 84 421 HIV+ individuals 
across 21 countries from Europe and America were involved. Subjects with SNCD have more than twice risk of death 
compared to subjects without SNCD: HR=2.1, 95% confidence interval (CI)=1.52-2.58; RR=2.46, 95% CI=1.63-3.69. 
The estimated HR translates in to 72% probability of subjects with SNCD dying earlier than subjects without SNCD. 
Risk of mortality is associated with declining CD4 cell count (p=0.038) and neurocognitive impairment in psychomotor 
and memory domains. In subgroup analyses, there was no significant difference in mortality risk with respect to HAART 
utilization, type of SNCD and availability of demographically adjusted normative scores. Despite limiting generalizability 
of findings to sub-Saharan Africa, inclusion of studies conducted in developed countries reduces confounding and in-
creases the accuracy of defining pooled estimates. 

Conclusion: HIV- related SNCD negatively influence survival in affected patients. Routine care of these patients 
should include neurocognitive screening preferably with a battery assessing domains that are predictive of mortality 
such as psychomotor and memory domains.
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importance of SNCD in relation to mortality [6]. In that classification 
ADC was found to have a moderate impact on mortality among HIV+ 
subjects. Despite efforts to grade HIV-associated neurocognitive syn-
dromes and explore their impact on mortality, the magnitude and risk 
of mortality remains unclear due to variability in reported figures. In 
pre-HART era the RR of mortality from SNCD ranged from 1.47 to 6.40 
while in post-HAART era the HR of mortality associated with SNCD 
ranged from 1.0 to 6.1 [3,5,7,10]. We conducted this meta-analysis to 
derive pooled estimates of the risk of mortality as a result of SNCD. 

Methodology
Relevant English language publications on HIV- related SNCD and 

risk of mortality were searched for electronically in data bases. These 
included MEDLINE, Google scholar, the Cochrane data base, PsycIN-
FO and EMBASE. Manual search of the references of relevant articles 
identified, systematic reviews and dissertations was also done. MeSH 
terms used in electronic search included ‘HIV’, ‘Neurocognitive dis-
orders’, ‘HIV-associated Neurocognitive disorders’, ‘HIV-associated 
Dementia’, ‘Mild Neurocognitive Disorder, ‘Minor Cognitive Motor 
Disorder, ‘HIV Dementia’, ‘AIDS dementia complex’, ‘HIV-enceph-
alopathy’, ‘Subacute encephalitis’, ‘Neurocognitive impairment’, ‘De-
mentia’, ‘Neurocognitive dysfunction’, ‘Neuropsychological impair-
ment’, ‘Acquired Immune Deficiency Syndrome’, ‘mortality’, ‘death’ 
and ‘survival’. These MeSH terms were applied in different combina-
tions to search for relevant publications up to April 2014. This meta-
analysis adhered to the guidelines of PRISMA statements [11].

Inclusion and Exclusion Criteria
All the studies identified for possible inclusion in the meta-analysis 

were reviewed independently by two assessors. Whenever disagree-
ment was encountered a third reviewer was consulted for clarification. 
Studies were included if they satisfied the following criteria. 

1) HIV- related SNCD was reported.

2) Effect measure of mortality risk was reported or could be cal-
culated from available data. For studies that provided risk of death for 
each neurocognitive domain without overall risk, data for psychomo-
tor speed was extracted [5]. This is because psychomotor speed is com-
monly and consistently altered in HIV+ patients early in the disease 
and has been shown to predict development of dementia, AIDS and 
death [10]. Studies were excluded if they involved adolescents, had no 
required data or not meeting any of the inclusion criteria.

Extraction of Data
Information from relevant studies was collected on a Microsoft 

excel spread sheet. Subsequently relevant data was extracted for the 
meta-analysis. 

Data Analysis
Hazard Ratios (HR) or Relative Risk (RR) of mortality among 

HIV+ subjects with SNCD were obtained from included studies. Log 
HR, log RR, SE of log HR and SE of log RR were computed for all the 
included studies. One study provided adjusted RR without confidence 
intervals hence unadjusted RR with 95% CI was calculated from the 
raw data available [10]. For studies that provided adjusted and unad-
justed HR or RR, the adjusted effect measure is selected. Two parallel 
meta-analyses [12] were done to derive pooled estimates of HR and RR 
of mortality among patients with HIV-related SNCD. The probability 
of subjects with SNCD dying first as compared to those without SNCD 
was derived from the estimated HR using appropriate formula [13]. Ef-

fect measures derived from subgroup analyses were compared for sta-
tistical significance using test of interaction [11]. We assessed clinical 
and methodological heterogeneity via subgroup analyses while statisti-
cal heterogeneity was explored using Cochran’s Q test and I-squared 
(I2) statistic. Between-study heterogeneity was considered substantial 
when I2 is greater than 50%. Begg’s and Egger’s tests were employed to 
assess small study effect and publication bias [14,15]. Funnel plot de-
rived from these tests and Galbraith plot were also used to visually as-
sess publication bias. When heterogeneity is significant a REM is used 
to derive pooled estimates otherwise a FEM is used. The relationship 
between study-level covariates (CD4 count, age, proportion of female 
subjects, follow-up duration, sample size and proportion of subjects 
with AIDS and risk of death was analyzed using univariable weighted 
random effects meta-regression. Quality of included studies was also 
assessed. Statistical analysis was done with Stata version 10.0 (Stata 
Corp., College Station, TX, USA). 

Characteristics of Included Studies
As shown in Figure 1, thirteen studies (including 2 sub-studies) met 

the inclusion criteria and their sociodemographic, clinical and neuro-
psychological characteristics are given in Tables 1 and 2 [3-10,13,14,16-
20]. They all had satisfactory quality as indicated in Table 3. One study 
provided data for subjects with and without virological failure [11] and 
another study provided data for pre- HAART and post- HAART era 
[19]. All the studies were conducted in Europe and America. Three 
studies reported mean viral load of 3.79 to 4.29 log copies/ml [3,7,8]. 
Prevalence of coinfection with HCV from two studies ranged from 24 
to 44.6% [7,8]. The included studies excluded subjects with history of 
head injury, drug abuse, use of medications that could interfere with 
cognitive performance, CNS opportunistic infections (Toxoplasmosis, 
Progressive multifocal leucoencepalopathy, Cryptococcal meningitis, 
and Cytomegalovirus encephalitis), stroke, neuropsychiatric disorders 
and active psychosis. Five studies where conducted in post- HAART 
[3,6-8,19b] while the other eight studies (and one sub-study) were con-
ducted in pre-HAART era. [4,5,9,10,16-18,19a,20] Antiretroviral drugs 
combinations prescribed to patients were reported in only one study 
(conducted in pre-HAART era): ddI + ZDV, ddC + ZDV, d4T + 3TC 
and ZDV alone [5].

Meta-analyses
In all the statistical analyses performed there was no publication 

bias as p-values for both Begg’s and Egger’s tests were all non-signifi-
cant. As shown in Figure 2, from 7 studies the pooled estimate of HR 
(95% CI) of mortality among HIV+ subjects with SNCD derived from 
FEM was 2.05 (1.52-2.58). Sensitivity analysis showed that the study by 
Mocroft et al. may influence the estimates [17]. Hence meta-analysis 
was repeated excluding that study and the FEM derived HR of mortal-
ity was 2.0 (1.45 -2.55). The probability of HIV+ subjects with SNCD 
dying earlier as compared to HIV+ subjects without SNCD was 72%. 

As shown in Figure 3, from 6 studies the pooled REM derived RR 
(95% CI) of mortality was 2.46 (1.63-3.69). Sensitivity analysis revealed 
that none of the studies had a profound influence on the estimates. 

Subgroup analyses

Hazard ratio of mortality (95% CI) estimated from studies con-
ducted in pre- HAART and post- HAART era were 2.34 (1.38-3.31) and 
1.93 (1.29-2.56) respectively, with no significant difference between the 
two estimates (ratio of HR=1.2, 95% CI=0.696-2.114, p=0.248).

From 5 studies that assessed severe syndromes of SNCD (HIV-D, 
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HIVE or ADC) the REM pooled estimate of HR (95% CI) of mortality 
among HIV+ subjects was 2.50 (2.07-3.03) [3,6,17,19,20]. The FEM es-
timate of HR (95% CI) of mortality pooled from 2 studies that assessed 
both mild and severe forms of SNCD (MCMD and HAD) was 2.83 
(1.81-4.42) [7,8]. 

Studies that used age-, sex- and education-adjusted normative data 
to rate and classify neuropsychological test scores yielded mortality HR 
(95% CI) of 3.16 (2.09-4.78) [3,4,7,8]. Those studies that did not use de-
mographically adjusted normative scores for establishing the diagnosis 
of SNCD yielded HR (95%) of mortality of 2.44 (2.02-2.94) [5,6,10,17-
20]. Comparison of these estimates via test of interaction yielded ratio 
of HR=1.3, 95% CI=0.675-1.670, p=0.887.

Meta-regression

Figure 4 shows the significant relationship between risk of death 
and declining CD4 count. Other study-level parameters including pro-
portion of female subjects, age, sample size and duration of follow-up 
were not associated with risk of mortality (respective p-values were 
0.273, 0.445, 0.724 and 0.266). 

Discussion
These meta-analyses involved 84 421 HIV+ individuals across 21 

countries from Europe and America. In the absence of publication bias 
we found both HR and RR of mortality among HIV+ subjects with 

SNCD to be more than twice that of neurocognitively unimpaired 
HIV+ subjects. These two effect measures should be interpreted with 
caution as differences exist between them. A HR of 2.1 means that at 
any point in time HIV+ subjects with SNCD have more than twice 
chance of dying as compared to unimpaired HIV+ subjects. On the 
other hand RR of 2.46 indicates that among HIV+ subjects the risk of 
mortality among those with SNCD is more than twice that of subjects 
without SNCD. Nonetheless, a relationship does exist between HR and 
RR. The similarity or differences between these two effect measures is 
determined by a combination of 3 factors; duration of follow-up, risk 
of exposed group relative to unexposed group and rate of occurrence 
of desired event/outcome. When the follow-up duration is short and 
rate at which events occur is small, these two effect measures tend to 
approximate each other and their convergence increases with reducing 
product of the 3 determining factors [21].

The course of HIV- related neurocognitive disorders has been 
modified by HAART. Following the introduction of HAART in 1996 
the incidence of ADC has reduced while its prevalence has increased 
due to prolonged survival after diagnosis. At CD4 count <100 cells/
ml in pre-HAART era subjects with ADC had 5 months median sur-
vival duration. However, at the same CD4 count in post- HAART era 
the median survival duration was 38 months [22]. In Australia 4 fold 
survival benefit was reported for ADC as against 2 fold for other Neu-
roAIDS diseases [23]. Despite the documented benefits of HAART in 
management of NeuroAIDS, patients with SNCD still had higher risk 

Figure 1: Flow diagram for selecting studies for systematic review and meta-analysis.
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Author/ 
publication year

Neurocognitive 
syndrome as-

sessed
Criteria

Neurocognitive domains assessed 

SIP Motor Attention/ 
WM Memory Verbal flu-

ency
Executive 
function Learning Visuospatial 

construction

Vivithanaporn 2010 [20] MCMD/ HAD AAN 1991 NA NA NA NA NA NA NA -

Sevigny 2007 [5] HIV-D AAN 2007 + + - + + - - -

Tozzi 2005 [19]a MCMD/ HIV-D AAN 1991 + - + - + + - -

Tozzi 2005 [19]b MCMD/ HIV-D AAN 1991 + - + - + + - -

Chaisson 1998 [14] ADC NA NA NA NA NA NA NA NA -

Conti 2000 [15]a HIVE NA NA NA NA NA NA NA NA -

Conti 2000  [15]b HIVE NA NA NA NA NA NA NA NA -

Mocroft 1997 [17] ADC NA NA NA NA NA NA NA NA NA

ART-CC 2009 [4] ADC NA NA NA NA NA NA NA NA NA

Ellis et al. 1997 [16] MCMD AAN 1991 - + + + + + + -

Mayeux  1993 [6] MCMD AAN 1991 + + + + + + + +

Sacktor 1996 [9] NCI* AAN 1991 + + + + + + + +

Wilkie 1998 [7] NCI* NA + - - + + - + +

Hutchinson 1997 [21] ADC NA + - - + - - + -

Petruckevitch 1998 [18] ADC NA NAA NA NA NA NA NA NA NA

ART-CC- Antiretroviral therapy Cohort Collaboration, SIP- Speed of information processing, ADC- AIDS dementia complex, HIVE- HIV encephalopathy, MCMD- Minor 
cognitive motor disorder, HIV-D- HIV dementia, HAD- HIV-associated dementia, NA- not available, HR- Hazard Ratio, RR- Relative Risk, AAN- American Academy of 
Neurology criteria, WM- Working memory, NCI- Neurocognitive impairment, * NCI defined as sustained psychomotor slowing. 

Table 2: Neuropsychological characteristics of included studies.

Authors/ publication year Study 
design Country Follow 

up (yrs) Time frame Era Sample                    
size Age * Cur-

rentCD4* Confounders adjusted for 

Vivithanaporn 2010 [20] PC Canada 7.6 1998-2008 Post-HAART 1651 33 (27-41) 353
Baseline/ nadir CD4 count, CD8 count, 
Viral Load, HCV, age, sex, mode of HIV 
transmission

Sevigny 2007 [5] PC USA >2 1998-2002 Post-HAART 329 41.9 138.6 CD4 count, IQ score, Hb, ADI, age, race

Tozzi 2005(a) [19] PC Italy 2.7 From 1996 Post-HAART 182 NR NR CD4 count, viral load, disease stage, 
HCV, age, sex

Tozzi 2005(b) [19] PC Italy 2.7 From 1996 Post-HAART 230 NR NR Baseline CD4 count, viral load, disease 
stage, HCV, age, sex

Chaisson 1998 [14] PC USA 2.5 1989-1996 Pre-HAART 2081 35 (30-41) 264 Baseline CD4 count, opportunistic dis-
eases

Conti 2000 (a) [15] PC Italy <1 1990-1995 Pre-HAART 25737 NR NR Baseline CD4 count, ADI, age, sex, 
region of Italy

Conti 2000 (b) [15] PC Italy <1 1996-1998 Post-HAART 9581 NR NR Baseline CD4 count, ADI, age, sex, 
region of Italy

Mocroft  1997 [17] RC Europe b 10 1979-1989 Pre-HAART 6548 34 86 Baseline CD4 count, age, sex, region 
of Europe

ART-CC 2009† [4] PC
Europe/ 
North 

America
3.6 1998-2002 Post-HAART 31620 36 (31-44) 256

Baseline CD4 count, viral load, number/
date of ART, age, sex, mode of HIV 
transmission

Ellis et al. 1997 [16] PC USA 2.4 1987-1995 Pre-HAART 414 33 400 CD4 count, Hb, β2 microglobulin, dis-
ease stage

Mayeux 1993 [6] PC USA 3 1992 Pre-HAART 111 42 (26-63) 324.4 CD4 count, red cell count, age, medical 
stage, motor symptoms

Sacktor 1996 [9] PC USA 9 1986-1994 Pre-HAART 291 38.1 543.5 CD4 count, Hb, ARVs, number of at-
tended visits

Wilkie 1998 [7] PC USA 3.5 1987-1991 Pre-HAART 119 (21-58) 234 CD4 count, Hb, disease stage, ARVs, 
prophylactic drugs, age, sex 

Hutchinson 1997 [21] PC Scotland 6 1987-1995 Pre-HAART 248 NR 28 CD4 count, ADI

Petruckevitch 1998 [18] RC England <1 1982-1995 Pre-HAART 2048 NR NR CD4 count, disease stage, ADI, ZDV 
treatment, age, hospital attended

ART-CC- Antiretroviral therapy Cohort Collaboration, ADI- AIDS defining illness, HCV- Hepatitis C virus, Hb- Hemoglobin, PC- prospective cohort, RC- retrospectively 
constructed cohort, NR- not reported, AAN- American Academy of Neurology criteria, ARVs-Antiretrovirals, ZDV- Zidovudine, HAART- Highly Active Antiretroviral Therapy, 
IQ- Intelligence Quotient.  *mean or median, †17 European countries involved. 

Table 1: Characteristics of included studies.
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of mortality compared to those without SNCD possibly due to differ-
ences in viral dynamics. Intrathecal replication of HIV has been re-

ported in patients with HAD, a severe form of SNCD [24]. Moreover, 
anti-retroviral drugs with low CPE could encourage viral replication 
in the CNS despite effective viral suppression in the peripheral blood. 
This enhances compartmentalization of HIV that contributes to devel-
opment of neurological diseases and faster rate of disease progression. 

These meta-analyses included studies conducted in Europe and 
America where clade B virus is predominant. Other regions of the 
world like SSA that is home to majority of people infected with HIV 
commonly have non-B virus as the predominant sub-type. AIDS-relat-
ed morbidity and mortality could be influenced by viral clade diversity. 
Relative to sub-type A virus, sub-type D virus has been found to be as-
sociated with a higher mortality rate and a more rapid development of 
AIDS defining illnesses [25,26]. In patients with advanced disease and 
at high risk of developing neurocognitive disorders, frank dementia 
(HAD) is commoner among those infected with sub-type D than sub-
type A [27].This differential risk of dementia and death with respect to 
the viral sub-types may be related to the degree of neurovirulence of 
the various sub-types. 

Meta-regression analysis in this study found significantly higher 
risk of mortality with declining CD4 cell count. Both the rate of decline 
and the rate of rise in CD4 count have been found to be associated 
with risk of mortality in HIV+ patients. A unit increment in CD4 cell 
count is associated with decreased risk of mortality in HIV+ patients 
with OIs [14]. On the other hand for each 100 cells/mm3 reduction in 
CD4 cells, NeuroAIDS is associated with 13.3% higher risk of mortality 
[8]. Although declining CD4 count is an important marker of immune 
dysfunction and a good predictor of mortality, SNCD have been found 
to predict mortality independent of CD4 cell count, HAART and other 
confounders [3,5,28]. 

Neurocognitive deficit in psychomotor speed [5,10] and memory 
[4,5] domains has been associated with increased risk of death. There 
has been conflicting reports with regard to deficits in language domain; 
Mayeux et al. found that impairment in language domain significantly 
predicted mortality whereas Wilkie et al. reported otherwise [4,5]. Pos-
sible explanation forwarded was that patients in the latter study were at 
more advanced stage of disease [5]. Sevigny et al. reported HIV demen-
tia to be significantly associated with mortality. In that study subjects 
diagnosed with HIV dementia had the commonest cognitive impair-
ment in test of verbal memory. This was followed by abnormalities 
in construction and motor speed in that order [3]. These conflicting 
reports highlighted the need for further studies to explore and char-

Authors Adequate sample size Adequate follow up duration Reported baseline characteristics Adjustment for confounders
Vivithanaporn  [20] Y Y Y N

Sevigny [5] Y Y Y Y
Tozzi [19] Y Y N Y

ART-CC [4] Y Y Y Y
Chaisson [14] Y Y Y Y

Conti [15] Y N N Y
Mocroft  [17] Y Y Y Y

Ellis et al. [16] Y Y Y Y
Mayeux [6] Y Y Y Y
Sacktor [9] Y Y Y Y
Wilkie [7] Y Y N Y

Hutchinson [21] Y Y N Y
Petruckevitch [18] Y N N Y

ART-CC- Antiretroviral therapy cohort collaboration.  Y- Yes.  N- NO.
Table 3: Quality assessment of included studies.

Figure 3: Forest plot of Relative Risk of mortality associated with SNCD. REM 
was used to derive overall estimate: 12=68.4%, p=0.007.

Figure 2: Forest plot of HR of mortality associated with SNCD. FEM was used 
to derive overall estimate: I2=40.1%, p=1.00.
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Figure 4: Metaregression analysis exploring the association between CD4 cell 
count and risk of mortality among HIV+ subjects with SNCD. The risk of mortal-
ity increases significantly with declining CD4 cell count (coefficient=-0.0014 to 
+ 0.0005, p=0.038).

acterize the pattern and magnitude of neurocognitive deficits in HIV+ 
patients with increased risk of mortality. 

Our findings should be interpreted within the limits of the me-
ta-analyses. The effect of clade diversity has been mentioned above. 
Among the included studies, there was none from Asia, Latin America 
and SSA. Two studies that failed to meet the inclusion criteria involved 
Sub-Saharan Africans: the first was the Swiss HIV cohort study that 
compared access to antiretroviral therapy, disease progression and sur-
vival between migrants from SSA and participants from Northwestern 
Europe in post-HAART era [29]; the second was conducted in rural 
Uganda and the study assessed disease progression to AIDS and death 
and relates these to CD4 count [30]. None of these studies assessed 
symptomatic neurocognitive disorders and were thus not included in 
the meta-analysis. This is a major concern because SSA is the region 
harboring the greatest burden of HIV, with poor resources, inadequate 
health care services, low ART coverage and high prevalence of other 
contributors of mortality (e.g. Tuberculosis). Hence generalizability of 
estimates meta-analytically pooled from studies conducted in industri-
alized countries may be limited. 

Heterogeneity arising from differences in neuropsychological eval-
uation tools and criteria used is an important limitation worthy of note. 
Because majority of the studies were performed before the updated 
2007 Frascati criteria, AAN 1991 algorithm was mainly used to classify 
most of the SNCD. This may not compromise the reliability of esti-
mates in that ANI, the major difference between AAN 1991 and AAN 
2007 criteria was only reported in one study that utilized the updated 
criteria [5]. Most importantly ANI was not included in this study ow-
ing to controversies surrounding it [31]. Lack of demographically ad-
justed normative scores in some of the studies could lead to under rat-
ing of impairments and in consequence misclassification of syndromes. 
This, however, may not have an impact on the reliability of pooled 
estimates since we found no significant difference between mortality 
HR estimates form studies with and without demographically adjusted 
normative neuropsychological test scores. The non-availability of viral 
load in majority of the included studies could not allow for assessment 

the effect of viral load on risk of mortality. Similarly, lack of adequate 
data concerning the antiretroviral drugs prescribed to study subjects 
precludes analysis on the impact of specific HAART drugs or regimen 
on improving survival. 

In conclusion, HIV- related SNCD negatively influence survival 
in affected patients. Risk of mortality should therefore be considered 
when assessing the burden and impact SNCD on HIV+ patients, their 
families and the community at large. We recommended that clini-
cians and other healthcare givers should pay more attention to early 
detection of these conditions. Routine care of HIV+ patients should 
incorporate neurocognitive screening preferably with a battery assess-
ing domains that are predictive of mortality such as psychomotor and 
memory. 
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