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 Summary
 Background: Asymptomatic central nervous system involvement may occur in the early stages of the HIV 

infection. The aim of the study was to evaluate early brain metabolic changes by means of proton 
MR spectroscopy (H1MRS) in the HIV-1 seropositive patients without neurological deficits or 
significant abnormalities in the plain MR study.

 Material/Methods: The H1MRS examinations were performed with the use of a MR GE Signa 1,5T system. There 
were 39 subjects examined, aged 21 to 57 years (mean age 35 years) were examined, including 
25 patients infected with HIV-1 and 14 healthy volunteers who constituted a control group. The 
examinations were performed using the Single Voxel Spectroscopy technique with the PRESS 
sequence, with following parameters: TR=1500 ms, TE=35 ms, number of acquisitions =128, time 
of acquisition =3 min. 43 sec. Voxels of 8 cm3 (20×20×20 mm) in size were located in the following 
5 regions: posterior cingulate gyrus, grey matter of the frontal area, left basal ganglia, white matter 
of the left parietal area and white matter of the frontal area. The NAA/Cr, Cho/Cr, mI/Cr ratios in the 
defined regions of interest were statistically analyzed.

 Results: There was a statistically significant decrease (p<0.05) in the NAA/Cr ratios in the posterior 
cingulate area and white matter of the left parietal area in HIV-1 seropositive patients, as compared 
to the control group. Other metabolite ratios in all the above mentioned locations showed no 
statistically significant differences, as was also the case for NAA/Cr ratios in grey matter of the 
frontal area, left basal ganglia and white matter of the frontal area.

 Conclusions: The reduction of NAA/Cr values revealed in H1MRS studies suggests loss of neurons/neuronal 
activity in the posterior cingulate area and white matter of the left parietal area, in patients with 
HIV-1 at the stage before clinical manifestations of retroviral infection and structural changes in 
the plain MR study. This may reflect a direct neurotropic activity of HIV.
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Background

The involvement of the central nervous system in the devel-
opment of human immunodeficiency virus (HIV) infection 
is often found as early as in the first stage of the disease 
[1–4]. In the initial phase, brain inflammation caused by the 
HIV is clinically asymptomatic [5,6], later leading to mild-
to-advanced HIV-associated neurocognitive impairments 
(HNCIs) [7], and finally, in about 20% of patients, to demen-
tia/encephalopathy in the course of HIV infection [5,8].

The exact causes of the dementive process in the course 
of HIV infection has not been fully understood [9]. 
Histopathological examinations showed that diffuse 
microglial aggregates containing HIV-infected multinucle-
ated giant cells, become apparent at the early stage of the 
disease, both in the white and in the grey matter, while at 
the late stage, there is an abundant accumulation of HIV-
infected macrophages in perivascular spaces, accompanied 
by multiple multinucleated giant cells, the “pallor” of the 
white matter and loss of cerebrocortical neurons [10,11].

White matter is most commonly the first to become damaged, 
followed by cerebral cortex [12]. In structural MR imaging, 
lesions within the brain and HIV-related encephalopathy at 
later stages of the infection are apparent as demyelination 
and brain atrophy areas, correlating with the results of 
autopsies [13]. On the other hand, there are no abnormalities 
in plain MR images at early stages of HIV infections.

The proton magnetic resonance spectroscopy (H1MRS) is 
a non-invasive method of investigating biochemical trans-
formations within the brain. Reports published to date 
showed that metabolic changes in brain were visible on 
H1MRS already in the presence of minor motor deficits 
(MMDs) and with normal MRI images [14].

In this study, we used the H1MRS technique to analyze 
the metabolic composition of the brain tissue of patients 
without clinical manifestations of HIV-1 infection, previ-
ously subjected to neurological tests. Subjected to evalua-
tion were the ratios of the N-acetylaspartate (NAA), choline 
(Cho) and myoinositol (mI) resonance signals compared to 
the creatine (Cr), which, being a metabolite of a relatively 
constant concentration, is commonly used as the reference 
for the remaining metabolites. In single voxel spectros-
copy (SVS), the intensity values for the resonance signals 
are automatically generated for individual metabolites. 
N-acetylaspartate (NAA) is a marker for neurones/neuro-
nal activity, choline (Cho) is a marker of cellular membrane 
metabolism, both in the myelin degradation phase and the 
cellular proliferation phase, myoinositol (mI) is a marker 
for glial cells, and creatine (Cr) is a marker for highly ener-
getic transformations within the brain [15].

The aim of this work was to demonstrate the presence 
of early metabolic changes in the brain tissue of patients 
infected with HIV.

Material and Methods

The H1MRS examinations were performed with the use of 
a MR GE Signa 1.5 T system, using the PRESS sequence 

and a Single Voxel Spectroscopy (SVS) technique with 
a 20×20×20 mm (8 cm3) voxel size with the following 
parameters: TR=1500 ms, TE=35 ms, number of acqui-
sitions =128, acquisition time =3 min. 43 sec. Automatic 
prescanning followed by shimming and suppression of 
water was performed before each PRESS sequence. The 
voxels were located in the following five regions: posteri-
or cingulate gyrus, white matter of the left frontal region, 
grey matter of the frontal region, left basal ganglia, and 
white matter of the left parietal region. (Figures 1–5).

Thirty-nine subjects aged 21 to 57 years (mean age 35 
years) were examined, including 25 patients infected with 
HIV-1 and 14 healthy volunteers who constituted a control 
group (Table 1). Patients were referred from the Infectionus 
Diseases Outpatient Clinic of the Wroclaw Medical 
University. The patient group was selected after initial 
MRI scans were performed. The selected group consisted of 
HIV-1 seropositive, clinically asymptomatic.

Statistical analysis of the ratios of resonance signals of 
N-acetylaspartate, choline and myoinositol in compari-
son to creatine (NAA/Cr, Cho/Cr, mI/Cr) was performed for 
the examined regions. The statistical software used was 
PASW Statistics 18.0. Kolmogorov-Smirnov test was used 
for evaluation of distribution normality of the studied vari-
ables. The significance of differences between the study 
groups was verified by a t-test for the dependent variable 
with normal distribution and after assumption of variance 
homogeneity.

Results

Statistically significant (p<0.05) reduction in NAA/Cr ratio 
in the HIV-1 seropositive patients compared to the control 
group was observed in the posterior cingulate gyrus and 
in the white matter of the left parietal lobe (Figures 6–9). 
Mean NAA/Cr value for the posterior cingulate gyrus was 
1.60 in HIV-1 seropositive patients and 1.70 in healthy 
volunteers. In case of the parietal white matter, the mean 

Figure 1.  Voxel located in the posterior cingulate gyrus – transverse 
cross-section, T2-weighted image.
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NAA/Cr value was 1.84 in HIV-1 seropositive patients 
and 1.96 in healthy volunteers (Tables 2, 3). Levels of 
the remaining metabolites in all other locations, as well 
as the NAA/Cr ratios in the frontal white matter, in the 
frontal grey matter, and in the basal ganglia, showed no 

statistically significant differences between the study 
groups (Table 2).

Discussion

Inflammatory brain lesions resulting from HIV-1 infection 
are probably caused by infected monocytes/macrophages 
and T cells crossing the blood-brain barrier [9]. Numerous 
studies were performed using the H1MRS technique in 
the evaluation of metabolic brain changes in patients with 
clinical symptoms of HIV infections, at advanced stages of 
the disease and encephalopathy, in the course of the HIV 
infection [7,16–23]. In the majority of studies there was a 
decrease in the NAA/Cr ratio, a slight increase in the Cho/Cr 
ratio and an increase in the mI/Cr ratio, as compared to the 
control group [7,16–19,24]. An increase in myoinositol lev-
els and mI/Cr ratio was also observed at early stages of the 

Figure 3.  Voxel located in the grey matter of the frontal region 
– transverse cross-section, T2-weighted image.

Figure 4.  Voxel located in the left basal ganglia – transverse cross-
section, T2-weighted image.

Figure 5.  Voxel located in the white matter of the left parietal region 
– transverse cross-section, T2-weighted image.

Figure 2.  Voxel located in the left frontal white matter region 
– transverse cross-section, T2-weighted image.

Sex Age range
Mean 

± standard 
deviation

HIV-1 seropositive 
group (N=15)

Females 5
Males 10 21–57 35.42±9.75

Control group 
(N=14)

Females 5
Males 9 21–57 34.53±8.90

Table 1. Sex and age distribution in the study groups.
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disease with moderate neurocognitive impairment [14,25]. 
There were only several reports, based on a limited patient 
material, regarding HIV infection in clinically asymptomat-
ic individuals. They showed a decrease in NAA/Cr; however, 
the results were not clinically significant [16–18,23,24,26–
28]. In one study, however, statistically significant results 
were also obtained, such as NAA/Cr ratios amounting to 
1.28 in HIV-seropositive patients (compared to 1.53 in the 
control group) for the white matter and to 1.19 (compared 
to 1.38 in the control group) for the grey matter [9].

In our study, we compared the metabolic changes in the 
brain in clinically asymptomatic HIV-infected patients 
and in the control group of healthy volunteers in a similar 
age range, – of 21 to 57 years. The age distribution in both 
study groups was normal, with similar mean and standard 
deviation values, which allowed for minimization of the 

effects of age-dependent differentiation in brain metabo-
lite concentrations. We observed a statistically significant 
decrease in the NAA/Cr ratio in the white matter of the 
left parietal lobe and in the grey matter of posterior cin-
gulate gyrus, as compared to the control group (Table 3). 
The reduction in NAA/Cr ratio suggests a neuronal activity 
impairment/neuronal loss at the early stage of HIV infec-
tion, with a normal image in the structural MRI examina-
tion. The lack of statistically significant differences in the 
NAA/Cr ratio of the remaining locations may result from 
the artefacts originating from adjacent bone structures and 
frontal sinuses and from a lower signal/noise ratio (SNR) 
in the frontal grey matter, frontal white matter and basal 
ganglia. Similarly to previous reports, we found a slightly 
higher reduction in the NAA/Cr ratio in the white matter 
compared to the grey matter, which is in line with histo-
pathological results [12].

Figure 6.  Spectrum of the posterior cingulate gyrus in a control-group 
patient.

Figure 8.  Spectrum of the parietal white matter in a control-group 
patient.

Figure 7.  Spectrum of the posterior cingulate gyrus in a HIV-
seropositive patient.

Figure 9.  Spectrum of the parietal white matter in a HIV-seropositive 
patient.
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Conclusions

The reduction of NAA/Cr ratio observed in the H1MRS 
examination suggests a direct neurotropic activity of the 
HIV virus, resulting in neuronal activity impairment/
neuronal loss in left parietal region and posterior cingu-
late gyrus. H1MRS examinations in clinically asymptom-
atic HIV-1 seropositive patients may contribute important 
information regarding the preclinical stage of the disease 
and may be helpful for clinicians making decisions regard-
ing the appropriateness of early introduction of antiretrovi-
ral treatment.

Location
NAA/Cr Cho/Cr mI/Cr

mean (SD) mean (SD) mean (SD)

PWM

Infected group 1.84 (0.15) 1.08 (0.13) 0.68 (0.11)

Control group 1.96 (0.12) 1.05 (0.13) 0.67 (0.09)

p=0.005 p>0.05 p>0.05

PCG

Infected group 1.60 (0.12) 0.59 (0.05) 0.58 (0.05)

Control group 1.70 (0.11) 0.57 (0.07) 0.60 (0.06)

p=0.016 p>0.05 p>0.05

FWM

Infected group 1.74 (0.31) 1.04 (0.21) 0.64 (0.11)

Control group 1.69 (0.18) 1.02 (0.21) 0.66 (0.07)

p>0.05 p>0.05 p>0.05

FGM

Infected group 1.54 (0.20) 0.80 (0.15) 0.70 (0.14)

Control group 1.62 (0.18) 0.86 (0.19) 0.71 (0.12)

p>0.05 p>0.05 p>0.05

LBG

Infected group 1.53 (0.20) 0.77 (0.11) 0.53 (0.10)

Control group 1.59 (0.20) 0.77 (0.12) 0.52 (0.11)

p>0.05 p>0.05 p>0.05

Table 2.  Mean values and standard deviations (SD) of the marker/
creatine ratios.

PWM – parietal white matter, PCG – posterior cingulate gyrus, FWM 
– frontal white matter, FGM – frontal grey matter, LBG – left basal 
ganglia.
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