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We examined the effects of human immunodeficiency virus (Hnr) 
infection and chronic alcohd oonsumption on cerebral phosphorus 
metabolites to determine if chronic alcohol abwe is a risk factor for 
the progression of neurological effects of H N  infection. We studied 
15 HN- alooholics, 8 HN- IiiWnondrinkers, 32 HN+ alcoholics, 
and 41 HN+ lightlnondrinking men, with both HN+ g a p s  having 
similar C W  lymphocyte counts. We used localized 31-phosphorus 
magnetic resonance spectroscopy after magnetic resonance imag- 
ing to examine two brain volumes in superior white matter and sub- 
cortical gray matter. Chronic alcohol consumption was associated 
with reduced white matter concentrations of phosphodiester (PDE) 
and phosphocreatine (PCr). Also in the white matter, acquired im- 
mune deficiency syndrome (AIDS) and AIDS-related complex (ARC) 
were associated with reduced concentrations of PDE and PCr, com- 
pared W’WI both HN- and clinically asymptomatic HN+ subjects. 
Because no alcohol-by-HN interactions were detected, the effects 
of H N  infection and alcohol abuse were cumulative. This is reflected 
in a successive decrease of white matter PDE and PCr concentra- 
tions in the order HN- IightlnondrinkersMN- a lcohol i iN+  
light/nondrinkers/HN+ alcoholics. Subcortical gray matter PDE 
concentrations were lower in AFtClAlDS alcoholics than in HN- 
IighVnondrinking individuals. These findings suggest altered brain 
phospholipid metabolites and energy metabolites with alcohol abuse 
and HN infection. They demonstrate that the adverse metabolic ef- 
fects of H N  on the brain are augmented by chronic alcohol abuse. 

Key Words: Alcoholism, Human Immunodeficiency Virus, Mag- 
netic Resonance Spectroscopy, Magnetic Resonance Imaging, 
Phospholipids. 

HRONIC ALCOHOL consumption has been shown to c suppress vital immune functions”’ and is also directly 
neurotoxic. It is associated with neuropsychological impair- 
ments*’ and morphological changes of the brain, such as 
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cerebellar atrophy, increased sulcal width, and ventricular 
dilatati0n,6’~-’~ and an increased prevalence of both focal 
hyper- and hypointense brain lesions on magnetic reso- 
nance imaging (MRI).9 Sulcal widening is found fairly con- 
sistently in alcoholics of all ages, whereas ventricular dila- 
tation is found more frequently in older alcoholics? 
Neuropathology of brains from alcoholics confirmed these 
structural findings, and also revealed patchy loss of neu- 
rons, mons, and dendrites, as well as hemorrhagic lesions in 
the periaqueductal and periventricular gray matter, thala- 
mus, and mamillary bodies.I3 Furthermore, there is consid- 
erable evidence that physiologically relevant alcohol con- 
centrations alter bulk membrane order, but very little is 
known about the chronic effects of alcohol on brain cellular 
metabolism. Functional brain studies have shown a signif- 
icant negative correlation between hemispheric gray matter 
blood flow and total alcohol consumption, and between 
reduced white matter blood flowI4 and glucose utilization 
in the medio-frontal area in chronic alcoholics.’53‘6 

The late stages of central nervous system (CNS) infection 
by the human immunodeficiency virus (HIV) may be asso- 
ciated with a neurological syndrome, HIV-associated de- 
mentia, which is characterized by disordered cognition, 
motor function, and About 75% of autopsies 
on unselected acquired immune deficiency syndrome 
(AIDS) patients show CNS patholo&l-u primarily in the 
white matter and in subcortical n ~ c l e i , ~ ~ ~ ~ ’ ~ ~ ~  mostly due to 
the direct effects of HIV on the brain. Enlargements .of the 
ventricles or sulci, consistent with cerebral atrophy, and 
multiple small and discrete lesions of high signal intensities 
in subcortical white matter, suggestive of ischemic disease, 
are common MRI  finding^.^-^' Neuropsychological im- 
pairment secondary to HIV infection is observed in -40% 
of unselected AIDS  patient^.''.^^ It has been shown by in 
vivo phosphorus magnetic resonance spectroscopy (31P 
MRS) that impaired AIDS patients have lower brain cel- 
lular oxidative metabolism than HIV-seronegative (HIV- ) 
contr~ls?’’~~ Further, ratios of adenosine triphosphate 
(ATP) to inorganic phosphate (Pi) (ATPPi) and of phos- 
phocreatine (PCr) to Pi (PCrPi), both measures of tissue 
energetics, were negatively correlated with the severity of 
cognitive impairment secondary to HIV infection.33 

Thus, both HIV infection and chronic alcohol abuse 
adversely affect the immune system, are toxic to the brain, 
and eventually result in neuropsychological impairment. 

685 



686 

Alcohol abuse occurs in large numbers of gaybisexual 
HIV-infected individuals and is almost ubiquitous in indi- 
viduals who contracted HIV via drug abuse. The role of 
chronic alcohol abuse has not been assessed as a possible 
factor in the accelerated progression of the adverse effects 
of HIV on the brain, and metabolic effects of their inter- 
action have not yet been studied. Therefore, we designed 
this study to measure the effects of both chronic alcohol 
consumption and HIV infection independently on cerebral 
phospholipids and high-energy phosphates and to evaluate 
chronic alcohol abuse as a potential cofactor in affecting 
cerebral phosphates in HIV infection. To accomplish this 
goal, we measured phosphorus metabolites by localized 31P 
MRS and estimated brain atrophy from magnetic reso- 
nance (MR) images of alcoholic and lighthondrinking 
HIV+ individuals, as well as alcoholic and lighthondrink- 
ing HIV- samples. 

MEYERHOFF ET AL. 

cluded because of other substance abuse), except for current medical and 
neuropsychiatric problems clearly secondary to the HIV infection. HIV+ 
subjects with MRI evidence of opportunistic infections of the brain were 
also excluded. All procedures were approved by the Committee on Hu- 
man Research at the University of California at San Francisco, and all 
subjects gave informed consent before the study. 

Nempychologzcal Assessments 

Within 2 weeks of the combined MRVMRS examination, all alcoholics 
and HIV+ subjects were administered 14 neuropsychological tests as 
described in refs. 33 and 35. The tests measured a wide range of cognitive 
skills, including attention, concentration, memory retention, verbal lan- 
guage, problem-solving, visuo-motor and visuo-spatial skills, and fine mo- 
tor ability. Each test was scored according to its norms. Each test score was 
ranked on a scale from 0 to 2, depending on the severity of impairment. 
Points on all tests were summed to yield a global impairment score. The 
global impairment score was considered to indicate unimpaired perfor- 
mance, mildly impaired performance, moderately impaired performance, 
and severely impaired performance. 

; 
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METHODS 

Subjects 

A total of 100 male subjects participated in the study. They were 
divided into four major groups: 15 HIV- alcoholics (mean age 38 2 9 
years), 8 HIV- lighthondrinkers (28 2 5 years), 32 HIV+ alcoholics (37 
2 9 years), and 41 HIV+ lighthondrinkers (37 ? 8 years). Subjects in 
both HIV+ groups and in the HIV- alcoholic group were gaybisexual 
men. The 8 HIV- lighthondrinking subjects were recruited from the local 
student community for another study that was performed in parallel to this 
study.” They were screened for alcohol abuse and received no polymerase 
chain reaction (PCR) testing, but did not belong to any HIV high-risk 
group. Twenty-six of the 41 HIV+ lighthondrinkers had no clinical 
symptoms of HIV disease [CDC 11, according to the 1990 classification by 
the Centers for Disease Control (CDC)], 7 of 41 had AIDS-related 
complex (ARC) (CDC IV A), and 8 of 41 had full-blown AIDS (CDC IV 
B). None of the HIV+ subjects had opportunistic infections or neoplasms. 
Of the 32 HIV+ alcoholics, 16 presented with no clinical symptoms of 
HIV disease, 14 presented with ARC, and 2 with AIDS. The light/ 
nondrinking and alcoholic HIV+ groups were equated on percentage 
CD4 lymphocytes to control for degree of systemic immune dysfunction. 
The lighthondrinking group had a mean CD4 percentage of 16% ? 9% 
(range 1-33%); in the alcoholic group, the mean CD4 percentage was 
17% 2 10% (range 2-39%). CD4 lymphocyte counts were taken as the 
average of two samples taken within 4 weeks of the MR studies. HIV 
seronegativity was documented via PCR testing. 

The 32 HIV+ chronic and active alcohol abusers had an average 
alcohol consumption of 238 2 138 drinkdmonth during the 3 years before 
the study (range 90-640). The 15 HIV- alcoholics had a corresponding 
alcohol consumption of 207 2 78 drinkdmonth (range 120-400). The 41 
HIV+ lighthondrinkers had an average alcohol consumption of 14 2 16 
drinks/month during adulthood (range 0-60). One drink was considered 
a glass of wine, beer, or a shot of hard liquor, all averaging -10 g of 
ethanol. The measure of alcohol consumption was an estimate of current 
and past intake as volunteered by the subjects, and it is acknowledged that 
these estimates may not be completely reliable. Therefore, no correlations 
were made of actual alcohol consumption with measured parameters. 

In addition, four abstinent chronic alcoholics (49 ? 6 years) were 
included in the study. They had been abstinent from alcohol for 6-48 
months before the MR study. Their average alcohol consumption was 303 
? 105 drinkdmonth during the 3 years before cessation of drinking. 

All subjects reported refraining from drinking at our request on the 
mornings of study appointments. All groups were screened for current or 
past history of medical, neurological, or psychiatric disorders or substance 
abuse other than alcohol (large numbers of potential subjects were ex- 

MR 
All MR studies were performed on a 2 Tesla MRVMRS system (Philips 

Medical Systems, Shelton, CY). The procedures for MRI and localized 31P 
MRS using ISIS were the same as previously d e ~ r i b e d . 3 ~  After obtaining 
a sagittal localizer MR image, axial MR images were obtained from 16 to 
24 sections of 5-mm thickness (TR/TE 2500/30/80 msec). The MR images 
were evaluated by a board-certified neuroradiologist (W.P.D.) blind to 
each subject’s serostatus. Ventricular and sulcal atrophy were rated sep- 
arately on a 4-point scale (absent = 0, mild = 1, moderate = 2, severe = 
3). White matter signal hyperintensities (WMSHs) were rated on a pre- 
viously published 0-4 scale?6 ISIS-localized 31P MR spectra were ob- 
tained as previously described33 from two volumes of interest (VOIs): a 
bilateral 100-mi VOI (8 x 5 x 2.5 cm3) placed above the ventricles to 
sample as much white matter tissue as possible (called “white matter 
volume”) and a bilateral 90-ml VOI (5 X 6 X 3 cm3) placed to sample as 
much subcortical gray matter as possible (called “gray matter volume”). 
Figure 1 shows the typical location of the two VOIs on a sagittal scout MR 
image. After data acquisition (TR = 2000 msec, data sue = 512 words, 
spectral width = 2000 Hz, number of scans = 640), the free induction 
decays were processed using NMRl software (New Methods Research, 
Inc., New York, NY). Data were zerofilled once and line-broadened by a 
10-Hz exponential filter. To remove broad spectral components, convolu- 
tion difference was applied using a 150-Hz exponential filter and a con- 
volution factor of 0.9. After Fourier transform, spectra were phased and 
baseline-flattened using a very smooth baseline parameter. These proce- 
dures yielded ISIS spectra as shown in Fig. 2. Resonances are from 
phosphomonoesters (PMEs), Pi, phosphodiesters (PDEs), PCr, and y-, a-, 
and &ATP. All resonances were fitted to Gaussian lines, except for PCr 
that was fitted with a Lorentzian line. Because resonance integrals are 
proportional to metabolite concentrations, they were used to calculate 
molar concentrations ([PME], [Pi], [PDE], [PCr], and [ATP,a], [ATP$], 
[ATP,y]) using previously established  method^.^^.^'.^^ The a- and y-reso- 
nances of ATP contain contributions from other metabolites (see “Dis- 
cussion”), so that the &ATP resonance was used to reflect ATP concen- 
tration. In short, metabolite concentrations were calculated by comparing 
signal intensities from brain spectra with resonance integrals obtained 
with an identical experimental protocol from a large calibration phantom 
containing Pi of known concentration (here: 183 mM). A human head and 
the large calibration phantom load the receiver coil to slightly different 
degrees; therefore, signal intensities differ not only due to different me- 
tabolite concentrations, but also due to different coil loading. These 
loading differences were accounted for by measurement of signal inten- 
sities from a small calibration standard (here: hexamethylphosphoroustri- 
amide), which was included in all examinations of subjects and large 
calibration samples (for further details, see refs. 37 and 38). 
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5. 1. Sagittal MR image showing the typical position and size of the two 
VOls selected for 37P MRS. The upper VOI (100 cm3) was centered on the midline 
above the ventricles to include as much white matter as possible, whereas the 
lower VOI (90 cm3) was placed to include subcortical gray matter. 

To obtain a quantitative measure of the broad spectral component 
removed by convolution difference in the data analysis described herein, 
we fitted this broad resonance in 12 of the 15 HIV- alcoholics and in all 
of the HIV- lightinondrinking controls. The asymmetrical broad line was 
fitted by five overlapping resonances with Gaussian line shapes. Five was 
the least number of Gaussian signal components to achieve a qualitatively 
good fit to the asymmetrical broad signal. 

1 PCr 

, m' 10' 0'  .IO' .m -30 

Fb. 2 A 2 Tesla "P MR spectrum after data processing (see text) obtained 
from a white matter VOI. For localization, an lSlS sequence was used with TR = 
2 sec and a spectral width of 2 kHz. The spectrum was obtained in 21 min and 
was processed as described in 'Methods." Resonances are from PMEs, Pi, 
PDEs. PCr. and from the three phosphates (a, p, and v )  in ATP. Resonances were 
w e - f ~ e d  to yield psak integrals that are proportional to metabolite concentra- 
t i .  

W M  
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Table 1. Neuropsychological and MRI Test Results 

HIV- Hlv+ 
HIV: HN+, lig? 

akohollcs non%;eps alcoholics nondnnkers 

Impairments 
No 11 8 22 26 
Mild 1 0 6 13 
Moderate 2 0 2 2 
severe 1 0 2 0 

Mild to moderate 
Ventricular and sulcal 

MRI readings' 

Enlargements 3 1 10 7 
WMSHs grades 1 and 2 6 0 10 8 
WMSHs grade 3 1 0 1 0 

* WMSHs grade 1 : WMSHs limited to the frontal horns of the lateral ventricles; 
WMSHs grade 2: small focal WMSHs in subependymal or subcortical regions; 
WMSHs grade 3: extensive subependymal and discrete separate W M S H S . ~  

Statistical AnufVsis 

Analyses were performed comparing the four major study groups as a 
two-factor (alcohol abuse, HIV status), fully crossed design using the SAS 
General Linear Models Procedure. The HIV+ group was stratified into 
clinically asymptomatic versus MUAIDS patients. Correlations of me- 
tabolite measures with atrophy ratings, cognitive impairment ratings, sub- 
ject age, average alcohol consumption, and (for HIV+ subjects) percent- 
age CD4 lymphocytes were examined. All values are expressed as mean ? 
SD, and p < 0.05 was considered statistically significant. 

RESULTS 

Neuropsychological and MRI Findings 
The results of the neuropsychological tests for the four 

study groups are shown in Table 1. Of the 100 subjects, 67 
had no impairments, 20 subjects had mild impairments, 6 
individuals had moderate impairments, and only 3 of the 
subjects had severe impairments. Impairments occurred 
mostly in the HIV+ groups. Table 1 also lists MRI findings. 
Of the 49 lightlnondrinking subjects, 8 (16%) had mild to 
moderate ventricular and sulcal enlargements and 8 (16%) 
had WMSHs grades 1 and 2. The Occurrence of MRI 
abnormalities was almost twice that among the alcohol- 
abusing subjects. Of the 47 drinkers, 13 (28%) had mild to 
severe (in only 1 case of asymptomatic HIV infection) 
ventricular and sulcal enlargements, and 16 (34%) had 
WMSHs grades 1 and 2, whereas 2 drinkers (4%) had 
extensive WMSHs grade 3. 

MRS Findings 
Table 2 lists all white matter 31P metabolite concentra- 

tions by groups. In the white matter volume, chronic alco- 
hol consumption was associated with statistically significant 
reductions of [PDE] and [PCr]. [ATP#], which best reflects 
ATP concentration, and [ATP,y] were unchanged between 
groups, whereas [ATP,a] was significantly lower in alcohol- 
ics. Also, in the white matter, ARC/AIDS was associated 
with significantly reduced [PDE] compared with [PDE] in 
either HIV- individuals or clinically asymptomatic HN+ 
subjects, which were not significantly different from each 
other. Both white matter [PCr] and [ATP,a] in ARC/AIDS 
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Table 2. Phosphorus Metabolite Concentrations in White Matter: HIV and Chronic Alcohol Effects (mM) 

Groups - 
All alcoholics 
All lighthondrinkers 
Alcohol effect 

All HIV- subjects 
All asymptomatic HIV+ 

All ARC/AIDS subjects 
ARC/AIDS vs. HIV- subjects 
Asymptomatic HIV+ vs. 

HIV alcohol interaction 

Alcoholics, HIV- 
Alcoholics. asymptomatic 

Alcoholics. ARC/AIDS 

subjects 

HIV- subjects 

Subgroups 

HIV+ 

Lighthondrinken, HIV- 
Lighthondrinkers, 

asymptomatic HIV+ 
Lig hthondrin ken, ARC/AI DS 

47 
49 

23 
42 

31 

15 
16 

16 

0 
26 

15 

7.01 2 1.20 
8.51 2 1.38 

0.004 

8.49 2 1.23 
8.38 2 1.43 

7.64 2 1.16 
0.005 
Ns 

NS 

8.08 2 1.17 
7.78 -C 1.15 

7.57 f 1.30 

9.25 If: 1.06 
8.74 2 1.47 

7.72 2 1.02 

2.97 2 0.57 
3.23 2 0.60 

0.02 

3.22 2 0.64 
3.16 2 0.62 

2.94 2 0.51 
0.03 

NS 

NS 

3.04 2 0.64 
2.99 2 0.56 

2.90 f 0.55 

3.56 2 0.54 
3.27 C 0.64 

3.00 2 0.48 

2.71 2 0.49 
2.87 2 0.48 

0.03 

2.94 2 0.50 
2.90 2 0.48 

2.54 -+ 0.42 
O.OOO6 

Ns 

NS 

2.79 2 0.49 
2.80 2 0.52 

2.55 2 0.45 

3.22 2 0.41 
2.97 -C 0.45 

2.53 2 0.39 

1.84 2 0.38 
1.96 2 0.41 

Ns 

1.92 2 0.37 
1.95 2 0.36 

1.82 -t 0.47 
Ns 
Ns 

Ns 

1.90 2 0.39 
1.90 2 0.40 

1.73 -C 0.35 

1.96 2 0.34 
1.98 f 0.33 

1.92 2 0.57 

1.30 2 0.32 
1.30 2 0.40 

Ns 

1.34 2 0.38 
1.33 t 0.34 

1.23 2 0.36 
Ns 
Ns 

Ns 

1.36 2 0.40 
1.33 2 0.22 

1.21 2 0.32 

1.31 2 0.37 
1.33 2 0.40 

1.24 2 0.42 

2.95 2 0.85 
3.11 2 0.96 

Ns 

3.19 2 0.92 
2.90 2 0.83 

3.09 2 0.98 
Ns 
Ns 

Ns 

3.10 2 0.96 
2.05 -t 0.67 

2.91 -C 0.94 

3.34 2 0.90 
2.94 2 0.93 

3.28 2 1.03 

Values are mean 2 SD. NS. not significant. 

evidenced a similar pattern, whereas [ATP#] was un- 
changed. Table 2 also shows mean concentrations for PME 
and Pi, which were not different between groups. No inte- 
gral differences were detected between the underlying 
broad signal in spectra from HIV- alcoholics and HIV- 
lighthondrinkers. Mean intracellular pH in the white mat- 
ter volume of the different groups was between 7.03 and 
7.05 and not different between groups. 

The effects of ARC/AIDS and alcohol abuse on [PDE], 
[PCr], and [ATP,a] were cumulative (Le., they were ob- 
served on the same variables with no HIV-by-alcohol in- 
teraction). This resulted in alcohol-abusing ARC/AIDS pa- 
tients having the lowest mean concentrations of all study 
groups for PDE (7.57 2 1.30 mM), PCr (2.90 2 0.55 mM), 
and ATP,a (2.55 ? 0.45 mM). 

The aforementioned results are presented as main ef- 
fects of alcohol abuse or HIV infection, because there were 
no significant alcohol-by-HIV interactions for any of the 
variables presented. Thus, the profile of differences in me- 
tabolite concentrations and their ratios in alcoholics versus 
lighthondrinkers was the same regardless of HIV status, 
and the profile of differences in metabolite concentrations 
and ratios in ARC/AIDS individuals versus either HIV 
asymptomatic or HIV- subjects was the same regardless of 
their alcohol abuse status. (It is noted that, because no 
alcohol-by-HIV interactions were detected, the observed 
effects in the alcohol and HIV group need to be cumula- 
tive, by definition.) 

In the subcortical gray matter volume, [PDE] was signif- 
icantly lower in the 15 ARC/AIDS alcoholics compared 
with the 16 asymptomatic HIV+ alcoholics (7.27 2 1.40 
mM vs. 8.26 2 1.78 mM, p = 0.05). None of the other 
subcortical gray matter measures of metabolite concentra- 
tions and pH were different between any groups. pH values 

in this volume were between 7.08 and 7.10 and not different 
between groups. 

Correlations 
Within the alcoholic subjects, there were significant neg- 

ative correlations of age with white matter [PDE] (R = 
- 0 . 4 5 , ~  = 0.002) and white matter [ATP,a] (R = -0.38, 
p = 0.008), with a trend for a negative correlation of age 
with white matter [PCr] (R = -0.22, p = 0.13). These 
correlations were unaffected by the presence or absence of 
HIV infection and were absent in the pooled nonalcoholic 
HIV+ and HIV- subjects. [PDE] has been shown to be 
essentially unchanged in controls between the ages of 25 
and 50.39 CD4 percentage in the nonalcoholic HIV+ pa- 
tients correlated with white matter metabolite concentra- 
tions of [PDE] (R = 0 . 3 0 , ~  = 0.065) and [ATP,a] (R = 
0 . 4 9 , ~  = 0.001), whereas there was a trend for a correlation 
between CD4 percentage and [PCr] (R = 0 . 2 3 , ~  = 0.15). 
No such correlations were observed in the alcoholic HIV+ 
patients. This group difference in correlations was signifi- 
cant for [ATP,a] [F(1,69) = 4.06, p = 0.0481, but not for 
[PDE] or [PCr]. 

White matter [PDE] was strongly correlated with white 
matter [ATP,a] in each study group (HIV-, HIV+, alco- 
holics, and lighthondrinkers), with the lowest R value of 
0.55 and the highest p value of 0.006. 

Neuroradiologist ratings of ventricular dilatation in the 
alcoholic samples were negatively correlated with [PDE] 
(R = - 0 . 3 0 , ~  = 0.04) and [ATP,a] (R = - 0 . 4 0 , ~  = 0.006), 
and with a trend for [PCr] (R = - 0 . 2 3 , ~  = 0.13). These 
correlations were unaffected by HIV status. No such cor- 
relations were apparent for sulcal atrophy ratings. 

No correlations were observed of cognitive impairment 
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Table 3. Phosphorus Metabolite Concentrations in Abstinent and Chronic Active Alcoholics (mM) 

n Age [PDEI [PcrI [ATPPI [ATPA [Pi] FMEI 
white matter VOlS 

Abstinent 4 49.0 2 6.4 6.72 -c 0.57 2.58 2 0.39 2.46 2 0.44 1.56 50.50 1.25 2 0.33 2.65 2 0.61 
Active 10 48.4 2 4.1 7.22 2 1.47 2.75 -c 0.53 2.36 t 0.39 1.602 0.32 1.28 ? 0.22 2.88 2 0.74 

Abstinent 4 49.0 26.4 4.92 2 0.23 2.16 2 0.40 1.94 2 0.40 1.07 5 0.14 1.05 2 0.19 1.47 2 0.51 
Active 10 48.4 t 4.1 6.88 -c 1.17 3.79 2 0.82 2.48? 0.79 1.31 t 0.21 1.21 2 0.22 2.04 2 0.74 

Subcortical gray matter VOls 

ratings with any of the metabolite or MRI measures. This 
seems to be in contrast to a previous 31P MRS study of HIV 

in which we found a significant negative corre- 
lation of cerebral ATPPi, a measure of oxidative state, with 
cognitive impairment secondary to HIV infection. How- 
ever, this previous study had a more impaired patient co- 
hort than the current one. 

Covariate Analysis 
When ventricular atrophy ratings were incorporated into 

the primary statistical analysis of metabolite concentra- 
tions, the pattern of alcohol and HIV effects on metabolite 
concentrations remained the same. Mean differences were 
somewhat attenuated, and p values were slightly increased. 
For example, t hep  value for the alcohol effect on [PDE] 
increased from 0.004 to 0.006, upon statistically correcting 
for ventricular dilatation. This suggests that any possible 
loss of white matter in our cohort of alcoholics does not 
contribute to lower [PDE], as measured in these experi- 
ments. 

Effects of Abstinence and Anecdotal Findings 
Four chronic alcoholics who had been abstinent for 6-48 

months before the study were also examined. Their average 
age was 49.0 t 6.4 years. They were compared with a 
subgroup of 10 chronic and active alcoholics (7 HIV+, 3 
HIV-), who were chosen to have similar ages (48.4 2 4.1 
years). As shown in Table 3, the mean white matter con- 
centrations of all metabolites in the abstinent alcoholics 
were similar to those of the age-matched active alcoholics. 
Two of the abstinent alcoholics were HIV+. Except for 
PME, all of their metabolite levels were below those of the 
two HIV- abstinent alcoholics; their white matter signal 
hyperintensity ratings were among the four highest of the 
100 subjects studied, although displaying mild sulcal wid- 
ening and ventricular dilatation. In the subcortical gray 
matter VOI, all metabolite concentrations were lower in 
the four abstinent alcoholics than in the age-matched alco- 
holics by between 13 and 43%. 

DISCUSSION 

Chronic active alcohol abuse, regardless of HIV status or 
the stage of HIV disease progression, was associated with 
Significantly lower concentrations of PDE (8%) and PCr 
(8%) in white matter relative to the same measures in 

lighthondrinking subjects. The presence of ARC/AIDS, 
regardless of alcohol status, was also associated with signif- 
icantly lower concentrations of PDE (10%) and PCr (9%) 
in white matter relative to the same measures in HIV- 
individuals. The same measures were only slightly (and not 
statistically significantly) lower in clinically asymptomatic 
HIV+ patients. The reduced cerebral metabolites were 
positively correlated with the percentage of CD4 lympho- 
cytes, but were not correlated with the subjects' degree of 
cognitive impairment. The main metabolic effects of alco- 
hol abuse and HIV infection were cumulative in HIV+ 
alcohol abusers, as demonstrated by the lowest white mat- 
ter concentrations of PDE (-18% relative to HIV- light/ 
nondrinkers) and PCr (- 19%) in the alcoholic ARC/AIDS 
group. Although the HIV- control group was on average 
10 years younger than the other groups, no age-related 
metabolite differences were observed between groups. Ag- 
ing studies in normal adult human brain showed no signif- 
icant changes in metabolite levels between the ages of 20 
and 50 years.39 

Phospholipids and the PDE Resonance 
The major contributors to the PDE peak of brain 31P 

MR spectra obtained at 2 Tesla after removing broad signal 
components by convolution difference (see Fig. 2) are glyc- 
erophosphocholine (GPC), glycerophosphoethanolamine 
(GPE), and residual fairly mobile membrane phospholip- 
ids. The phospholipid deacylation products GPC and GPE 
give overlapping, relatively narrow resonance signals. Fairly 
mobile phospholipids give broader signal than the phos- 
pholipid metabolites,40 but their signal is not wide enough 
to be completely removed by our spectral processing pro- 
cedure. The bulk of phospholipids, such as sphingomyelin 
in bilayers:' is fairly rigid and immobile, and exhibits very 
broad 31P resonances that are either NMR invisible or 
removed during spectral processing. The integral of this 
broad signal component was not different between HIV- 
alcoholics and HIV- lighthondrinkers. 

Reduced PDE in the white matter of alcoholics and 
ARC/AIDS patients suggests that either the concentration 
of any of the compounds contributing to the PDE reso- 
nance in 31P ISIS spectra is reduced or that the relaxation 
times (i.e., mobility) of any such metabolites is altered, 
thereby reducing signal intensities. A third conceivable ex- 
planation is a combination of the aforementioned possibil- 
ities. 

White matter PDE may be reduced in alcoholics because 



concentration of GPC and/or GPE is reduced. To our 
kowledge, there are no animal studies of chronic ethanol 
feeding that measured concentrations of these phospho- 
lipid metabolites. White matter PDE in alcoholics may also 
be decreased due to lower amounts of  phospholipid^^^ as a 
consequence of increased phospholipase activity secondary 
to reduced white matter blood and commonly 
observed in alcoholics. This theory of reduced lipids, how- 
ever, has been questioned recently because it is not consis- 
tent with results of a recent neuropathological study of 
ak~hol ics~* and with numerous biochemical studies of 
erythrocytes exposed to of chronically alcoholic 
and control ratsu and of rat and mice cell membrane 
fractions after chronic alcohol exp0sure.4~.~ 

Alterations of relaxation times (mobility within the mo- 
lecular environment) of any of the compounds contributing 
to the PDE resonance may also be responsible for reduced 
fPDE] in chronic alcoholics. Again, no relaxation time data 
we available on GPC, GPE, and other cerebral phospho- 
lipid metabolites. Whereas water T1 is increased in the 
brains of chronic  alcoholic^,^^^^ it is unknown if also "P 
metabolite Tls are affected by chronic alcohol consump- 
tion. There are, however, many experimental reports of 
+creased lipid mobility with chronic alcohol exposure, 
Which is reflected in reduced T2 relaxation time.49"5 This 
may decrease the amount of 31P NMR visible phospholipid 
bead groups and, thus, the apparent [PDE]. In this context, 
it is interesting to note that alterations in brain membrane 
structure found in mice chronically treated with ethanol 
my be the result of an acquired resistance to fluidization, 
indicating membrane tolerance described in ~ i t r o . ~ ~ " * ~ ' ~  
Consequently, membranes of individuals chronically abus- 
ing ethanol for years would be unusually rigid shortly after 
cessation of drinking, which should be associated with even 
further reduced 31P NMR visibility of phosphorus head 
groups (dependence). This was indeed observed in the 
preliminary cohort of four abstinent alcoholics who dis- 
played lower [PDE] than age-matched active and chronic 
alcoholics. This is a very intriguing observation, but clearly 
needs to be replicated in a larger sample of abstinent 
alcoholics. Thus, the observations of reduced [PDE] in both 
d i v e  and abstinent alcoholics may be a consequence of 
reduced mobility of the phospholipid head groups, reflect- 
ing effects of tolerance and dependence. 

Correlation analyses revealed that chronic alcoholics (re- 
gardless of HIV status), in contrast to lighthondrinkers, 
showed a significant negative correlation of [PDE] with 
age. This is consistent with the neuropsychological and 
newoanatomical data wherein age is the most potent me- 
diating variable of alcohol effects on the brain.57 

ARC/AIDS was associated with significantly reduced 
[PDE]. Clinically asymptomatic HIV+ patients showed no 
reduction of [PDE] or [PME]. This suggests an association 
between the degree of systemic disease and cerebral phos- 
pholipid metabolites. Interestingly, we did not observe any 
coqelation of cognitive impairments with [PDE] (or 
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[PME]). (The lack of correlation, however, may be simply 
because of the low prevalence and severity of cognitive 
impairment in the study samples.) These results suggest 
that HIV infection in advanced stages (CDC IV A and 
CDC IV B) is associated with cerebral phospholipid abnor- 
malities not reflected on standard MR images, which 
showed primarily mild ventricular and sulcal enlargements 
in only 12 of the 31 (39%) ARC/AIDS individuals. The 
[PDE] reductions can be explained as discussed for chronic 
alcoholism by (1) reduced concentrations of PDE signal 
components, (2) changes in membrane ordering, (3) re- 
duced blood flow, and/or (4) increased brain water. Cere- 
bral white matter, particularly myelin, may be affected by 
the direct or indirect actions of HIV in brain cells, which 
may lead to reduced PDE measures. Alternatively, blood- 
brain barrier dysfunction, as a consequence of HIV infec- 
tion, may cause edema (increased water) or relative isch- 
emia via reduced blood flow, which could conceivably also 
lengthen PDE relaxation times. 

High-Energy Phosphates 
The concentration of the high-energy phosphate PCr in 

the white matter of both chronic alcoholics and ARC/AIDS 
patients is lower, whereas ATP concentrations were un- 
changed. It possibly indicates an underlying derangement 
of high-energy phosphate metabolism in both conditions. 
Interestingly, although the measures for all three reso- 
nances of ATP were slightly decreased in ARC/AIDS pa- 
tients and alcoholics, only the reductions for [ATP,a] 
reached statistical significance. Alterations of a-ATP in the 
absence of measurable changes of p-ATP raise the ques- 
tion of whether nicotinamide adenine dinucleotides 
(NAD+, NADH, NADPc, and NADPH), which resonate 
at a frequency very close to a-ATP (and are therefore 
included in the measured peak area for a-ATP), contribute 
to the apparent decreased [ATPp]. These a-ATP results 
may either indicate altered cytoplasmic levels of pyridine 
nucleotides or mitochondrial involvement in the pathogen- 
esis of alcoholism and HIV infection. The significant cor- 
relations found between [PDE] and [ATF',a] in all four 
major study groups may suggest a connection between 
membrane alterations and pyridine nucleotides or mito- 
chondrial abnormalities; alternatively, they may indicate 
that both observations are consequences of the same un- 
derlying metabolic effects. 

Cumulative Effects 
The major findings clearly demonstrate a cumulative 

effect of metabolic alterations in the human brain due to 
concomitant chronic alcohol abuse and progression of HIV 
infection. This suggests a cerebral comorbidity of alcohol- 
ism and progressing HIV disease, an effect that gets worse 
with age. Although a recent study showed no correlation 
between alcohol consumption and the progression of HIV 
disease to AIDS as assessed by immune response mea- 
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sures?* our results suggest that chronically alcohol-abusing 
HIV+ subjects are at a greater risk for accelerated pro- 
gression of the deteriorating effects of HIV on the brain 
than nonalcohol-abusing HIV+ subjects. In addition, there 
is anecdotal evidence that even abstinence after a long 
period of alcohol abuse may not reverse the adverse met- 
abolic effects of alcohol and HIV on the brain. 

In conclusion, chronic alcohol consumption must be rec- 
ognized as a risk factor in the deteriorating neurological 
effects of HIV. Alcohol abuse in the study sample should 
be always considered in MRS studies of human brain by 
selecting appropriate control groups and by being aware of 
the potentially confounding influences, such as age and 
exposure to alcohol on measured variables. The results of 
this study further suggest a potential clinical role for brain 
31P MRS in the assessment of metabolic consequences of 
HIV infection and chronic alcohol abuse. 
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