
716 Am J Psychiatry 156:5, May 1999

Gender Effects on Persistent Cerebral Metabolite Changes
in the Frontal Lobes of Abstinent Cocaine Users

Linda Chang, M.D., Thomas Ernst, Ph.D., 
Tony Strickland, Ph.D., and C. Mark Mehringer, M.D.

Objective: Previous studies found functional changes in the frontal brain region and re-
gions with projections to the frontal lobe in cocaine users. The aim of this study was to in-
vestigate persistent neurochemical changes in the frontal lobes of subjects with a history
of crack cocaine dependence and to determine whether these changes are different in
male and female users. Method: The frontal gray and white matter of 64 young asympto-
matic and abstinent (>5 months) cocaine users (34 male and 30 female) and 58 healthy
comparison subjects without a history of drug abuse was evaluated with localized proton
magnetic resonance spectroscopy (1H-MRS). Results: Two-way analysis of variance
showed significant cocaine effects on the concentration of frontal gray matter N-acetyl
compounds, on the ratio of frontal white matter N-acetyl compounds to creatine levels, on
frontal gray and white matter myoinositol levels, and on the ratio of myoinositol to creatine.
Significant gender effects were observed for frontal gray matter choline-containing com-
pounds, the ratio of choline-containing compounds to creatine, and the percentage of CSF
in both gray and white matter. Interaction effects of cocaine and gender were observed for
creatine, N-acetyl/creatine ratio, and myoinositol/creatine ratio in frontal white matter. Con-
clusions: Cocaine use is associated with neuronal injury (with decreased N-acetyl com-
pounds) in the frontal cortex and glial activation (with increased myoinositol) in both frontal
gray and white matter. In the frontal lobe, cocaine affects male users differently than female
users. Future studies on the effects of cocaine abuse should control for the effects of gen-
der-specific neurotoxicity. 

(Am J Psychiatry 1999; 156:716–722)

Cocaine abuse continues to be a major public
health concern and is an important cofactor in the
AIDS epidemic (1, 2). Cocaine use may be associated
with cardiac infarcts, cerebral infarcts, depression, and
neuropsychological abnormalities (3–6). However, the
underlying pathophysiological mechanisms responsi-
ble for many of these complications are not well under-
stood. In addition, neurochemical abnormalities re-

flecting brain injury, such as increased total creatine
and myoinositol, in cocaine users may be subclinical
and have been reported in asymptomatic individuals
(7). Studies have also found that cocaine-dependent
women had fewer perfusion abnormalities in the fron-
tal lobe than cocaine-dependent men (8) and that fe-
male cocaine users had better treatment outcomes than
male cocaine users (9, 10). Therefore, it is important to
investigate whether cocaine use causes persistent cere-
bral abnormalities and whether such abnormalities are
affected by gender. This information may provide in-
sight into the factors that affect the brain’s vulnerabil-
ity to the harmful effects of cocaine.

Previous neuroimaging studies in cocaine users
showed a variety of long-term functional deficits.
Positron emission tomography (PET) studies in detox-
ified cocaine users found reduced local cerebral meta-
bolic rates for glucose utilization in the frontal and
subcortical brain regions (11–13), down-regulation of
postsynaptic dopamine receptor binding with recovery
after a drug-free interval (14), and reduced dopamine
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release in the striatum but increased dopamine release
in the thalamus (15). Both PET and single photon
emission computed tomography (SPECT) studies in
cocaine users have shown generalized cerebral hypo-
perfusion (16–20), particularly in the frontal cortex
(12). One SPECT study (8) specifically addressed gen-
der differences and found that cocaine-dependent
women had fewer perfusion abnormalities in the fron-
tal lobe than cocaine-dependent men. These neuroim-
aging studies demonstrate that brain abnormalities as-
sociated with cocaine abuse may be persistent and may
vary with gender.

Proton magnetic resonance spectroscopy (1H-MRS)
offers an opportunity to evaluate in vivo neurochemi-
cal changes that might occur in cocaine users. With
1H-MRS one can noninvasively measure several cere-
bral metabolites. Examples of these metabolites in-
clude N-acetylaspartate, a putative neuronal marker
(21); glutamate and glutamine, excitatory neurotrans-
mitters (glutamate also may co-localize with N-acetyl-
aspartate as N-acetylaspartylglutamate [22]); creatine
and phosphocreatine, measures of energy metabolism;
choline-containing compounds, cell membrane constit-
uents; and myoinositol, a glial marker (23). Recent
technical advances allow the acquisition of high-qual-
ity 1H spectra from the frontal lobe (24), an area that
was previously considered unsuited for 1H-MRS but is
of great importance for drug abuse research. Only a
few MRS studies (7, 25, 26) have evaluated cocaine us-
ers for cerebral metabolite abnormalities; however,
these studies did not examine the frontal brain region
or look for possible gender effects in acute or chronic
cocaine use. The aims of this study were to evaluate
persistent cerebral metabolite abnormalities in the
frontal lobe of asymptomatic, abstinent cocaine users
and to determine whether male cocaine users are af-
fected differently than female users.

METHOD

Sixty-four abstinent (>5 months) chronic cocaine users (34 male
and 30 female) aged 20–39 years (mean=31.6 years, SD=4.0) and 58
normal comparison subjects without a history of drug use (29 male
and 29 female) aged 18–39 years (mean=30.5 years, SD=5.2) were
consecutively recruited and studied with magnetic resonance imag-
ing (MRI) and localized 1H-MRS. The cocaine users were recruited
from several local drug rehabilitation centers. The inclusion criteria
for the cocaine users were 1) age 18–39 years; 2) DSM-IV criteria for
cocaine dependence met; 3) crack cocaine the primary form of co-
caine use; 4) more than 5 months’ abstinence from cocaine; 5) a
screening evaluation showing normal results of physical and neuro-
psychiatric examinations; 6) negative HIV-1 serology; and 7) a neg-
ative urine toxicology screen (cocaine, amphetamine, marijuana,
benzodiazepines, barbiturates, and opiates) both at initial screening
and on the day of the MRI/MRS. In addition, subjects in both
groups were excluded if they had 1) a history of alcohol abuse or de-
pendence or other substance dependence (except for cocaine in the
cocaine user group, nicotine, and caffeine); 2) current or previous
chronic medical or neuropsychiatric illnesses (e.g., diabetes, hyper-
tension, stroke, seizure disorder, schizophrenia, or major depression
except during the drug withdrawal period); 3) substantial abnormal-
ities in routine blood cell counts, chemistries, serum creatine and cre-
atinine levels, thyroid panel, HIV-1 serology, syphilis serology, and

hemoglobin electrophoresis; 4) head trauma with loss of conscious-
ness; 5) MRI showing major structural abnormalities (e.g., cortical
infarcts, arteriovenous malformations, or tumors); 6) pregnancy in
female subjects (screened by urine pregnancy tests); and 7) any me-
tallic objects in the body. Each subject also underwent a detailed in-
terview for cocaine use and history of other drug use, as well as a
battery of neuropsychological tests (results not shown). Before the
study each subject was verbally informed of the study protocol and
signed an informed consent form approved by the institutional re-
view board at Harbor–UCLA Research and Education Institute.

All subjects underwent brain MRI to assess structural abnormali-
ties. MRI and 1H-MRS were performed on a 1.5-T scanner (Signa
5.4, General Electric, Milwaukee). The examination began with the
acquisition of a sagittal T1-weighted localizer (TE=11 msec, TR=500
msec, 4-mm slice thickness, 1-mm gap, 24-cm field of view) followed
by an axial fast inversion recovery scan (TE=32 msec, TI =120 msec,
TR=4000 msec, 3.5-mm slice thickness, no gap, 24-cm field of
view). MRS voxels were defined from a coronal fast double spin
echo sequence (TE1=17 msec, TE2=102 msec, TR=4000 msec, 5-mm
slice thickness, no gap, 24-cm field of view).

MRS was performed in the midfrontal gray matter and the right
frontal white matter. Voxel sizes ranged between 3 and 5 cc, depend-
ing on the individual anatomy of the subject; voxel sizes and loca-
tions were carefully chosen to ensure that each voxel contained pri-
marily gray or white matter and were placed in normal-appearing
brain regions. Data were acquired with the use of an optimized dou-
ble spin echo sequence, point resolved spectroscopy (PRESS) (24,
27) (TE=30 msec, TR=3000 msec, 128 averages, 2.5-kHz band-
width). Metabolite concentrations were determined by a method de-
scribed previously (28, 29). Briefly, the T2 decay of the unsuppressed
water signal from the PRESS experiment was measured at 10 differ-
ent echo times to calculate metabolite concentrations corrected for
the partial volume of CSF. This approach yields interindividual vari-
ations of about 10% and intrasubject variabilities of 3%–8% for the
major metabolite peaks. The data were processed with a well-vali-
dated semiautomatic program (28, 29). These measurements yield
metabolite concentrations in “institutional units,” which were con-
verted into millimolar concentrations with the use of published nor-
mal values (29). For comparisons with the existing literature, we
also determined metabolite ratios by using creatine as an internal
standard.

Statistical analyses were performed with Statview (Abacus, Inc.,
Berkeley, Calif.). Unpaired Student’s t tests were performed for the
differences between male and female cocaine users on the variables
shown in table 1. Two-way analyses of variance (ANOVA) were per-
formed to investigate the effect of the two independent variables,
gender and cocaine use, on brain metabolite concentrations and me-
tabolite ratios in both white matter and gray matter. Regression
analyses of metabolite concentrations on lifetime cocaine use were
performed with the use of a linear regression model. All values are
reported as means and standard deviations; p values of 0.05 or less
were considered significant.

RESULTS

All subjects had normal results on neurological ex-
aminations, negative HIV-1 serology, and negative
urine toxicology screens. Five of the cocaine users
(four female and one male) had a positive reactive pro-
tein reagent test for syphilis and received appropriate
treatments; three male cocaine users were positive for
sickle cell trait only on hemoglobin electrophoresis.
Since these eight subjects showed no abnormalities on
MRI and no significantly different cerebral metabolites
in comparison with the other cocaine users, they were
included in the final analyses. For the cocaine users,
detailed histories of drug use revealed that 62% used
marijuana intermittently, 74% used nicotine, and 72%
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used caffeine regularly; however, our exclusion criteria
excluded subjects from this study if they were depen-
dent on alcohol, amphetamines, or opiates.

All comparison subjects had normal MRI scans.
However, several of the cocaine users showed minor
abnormalities on MRI: two male cocaine users had
small basal ganglia infarcts (globus pallidus and puta-
men), and three female cocaine users had small dis-
crete periventricular white matter lesions, possibly
due to microinfarcts. In addition, four female and four
male cocaine users showed mild and diffuse white
matter hyperintensities in the periventricular brain re-
gions. Mild brain atrophy was observed in two male
and three female cocaine users, primarily in the dorsal
frontoparietal brain regions. Overall, there were no
gender differences among the cocaine users with re-
spect to MRI abnormalities.

Table 1 shows that the women used cocaine signifi-
cantly more frequently than the men. The female users
also had used cocaine for a longer period of time, had
used larger amounts of cocaine per day, and conse-
quently had higher total lifetime cocaine use than the
male users; however, these differences were not signifi-
cant. Both men and women had abstained from co-
caine use for approximately 10 months before the
study. The male users showed a significantly higher se-
rum creatinine level (+20%), a nonsignificantly ele-
vated creatine kinase level (+72.8%), and a nonsignifi-
cantly lower serum creatine level (–10.8%) than the
female cocaine users.

In the frontal gray matter of all subjects, significant
effects of cocaine on N-acetyl compounds (–3.4%) and
on myoinositol (+4.6%) were observed (table 2, figure
1). Gender effects were also observed, with the male
subjects showing a higher level of choline-containing
compounds (+4.5%), a higher percentage of CSF
(+24%), a higher choline compound/creatine ratio
(+5.6%), and a higher myoinositol/creatine ratio
(+4.4%). However, there were no interaction effects
between cocaine use and gender in the frontal cortex.

In frontal white matter, significant effects due to co-
caine use were observed, with elevated myoinositol
concentration (+10.8%) and myoinositol/creatine ra-
tio (+11.7%) and decreased N-acetyl compound/crea-

tine ratio (–3.7%) (table 2, figure 1). There were sev-
eral significant interaction effects between cocaine use
and gender: only male cocaine users showed an ele-
vated creatine concentration (+5.7%) and a decreased
N-acetyl compound/creatine ratio (–6.6%) as a result
of the increased creatine, while female cocaine users
showed a more significant elevation of myoinositol/
creatine ratio (+17.1%).

To avoid multiple correlations, total lifetime cocaine
exposure was used for the correlation analyses. In all
cocaine users, there was no significant relationship be-
tween brain metabolite concentration in either brain
region with lifetime cocaine exposure. In the male us-
ers, cocaine use showed a significant effect on gray
matter choline-containing compounds (r=0.34; F=
4.08, df=1, 32, p=0.05). In the female users, although
white matter myoinositol was elevated, no relationship
with lifetime cocaine exposure was found (r=0.29; F=
2.38, df=1, 32, p=0.10). Although frontal white matter
creatine was elevated in the male users, there were no
significant relationships with serum creatine, serum
creatine kinase, or serum creatinine.

DISCUSSION

Crack cocaine abuse has been associated with a
higher risk of cerebral infarcts (3–5). In this group of
relatively young, abstinent, asymptomatic cocaine us-
ers, two male users showed “silent infarcts,” and three
female users showed periventricular white matter le-
sions, which may be related to cocaine abuse. In addi-
tion, mild brain atrophy was observed in two male and
three female cocaine users, which may be a normal
variant or an early sign of alcoholic atrophy, although
these subjects denied a history of alcohol dependence.
Since only a few subjects showed structural abnormal-
ities, a gender-specific effect of cocaine on the brain
cannot be concluded from MRI alone. Furthermore,
the percentage of CSF within the gray matter voxels,
which may yield an estimate of brain atrophy, showed
only an effect of gender and not an effect of cocaine.
Therefore, structural imaging is less sensitive than 1H-

TABLE 1. Data on Male and Female Cocaine Users Abstinent for More Than 5 Months

Variable

Male Users
(N=34)

Female Users
(N=30) Analysis

Mean SD Mean SD t df p

Age (years) 31.4 3.5 32.0 4.5 n.s.
Mini-Mental State score (maximum=30) 28.7 1.6 28.9 1.3 n.s.
Frequency of cocaine use (days per week) 5.3 2.2 6.7 0.8 3.4 62 0.001
Duration of cocaine use (months) 102 63 110 50 n.s.
Last cocaine use (months) 10.9 9.9 10.5 8.4 n.s.
Amount of cocaine used ($ per day) 150 123 164 137 n.s.
Lifetime amount of cocaine used (× $1,000)a 451 840 458 403 n.s.
Creatine kinase (mg/dl) 308 460 171 165 1.6 61 0.10
Serum creatinine (mg/dl) 1.0 0.14 0.8 0.17 6.9 62 <0.0001
Serum creatine (mg/dl) 0.33 0.05 0.37 0.04 1.8 62 0.08
a Lifetime cocaine used=frequency of use (days per week) × 1 week/7 days × duration of use (months) × 30 days/month × amount of cocaine

used ($ per day).
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MRS, which shows significant effects of cocaine on
neurochemicals.

This study found persistent 1H-MRS abnormalities
in the frontal lobes of abstinent cocaine-dependent
subjects. N-acetyl compounds were reduced in the
frontal gray matter, a brain region where functional
deficits in cocaine users have previously been described
(8, 12, 30). Since N-acetylaspartate, constituting 80%
of the N-acetyl compound peak, is considered a neu-
ronal marker (21), this finding indicates neuronal
damage in the frontal cortex due to crack cocaine use.
Although it is possible that there are other causes of
neuronal injury in this subject population, our study
criteria screened out subjects with excess alcohol use, a
history of dependence on other drugs, and other
neuropsychiatric illnesses.

Both the male and the female cocaine users also had
increased concentrations of myoinositol in their fron-
tal lobes. This elevated myoinositol level most likely
represents glial hypertrophy or proliferation, since my-
oinositol has been shown to be present only in glial
and not neuronal tissue (23). Glial cells are involved in
protective and restorative function; therefore, evidence
for increased glial activity (with increased myoinositol)
implies a reactive process in the brains of cocaine us-
ers. Elevated myoinositol levels have also been ob-
served in numerous other brain disorders, such as Alz-
heimer’s disease (31, 32), multiple sclerosis (33), HIV-
1-associated dementia (34, 35), progressive multifocal
leukoencephalopathy (36), myotonic dystrophy (37),

and effects of 3,4-methylene dioxymethamphetamine
(MDMA) use (38). All of these diseases or conditions
are associated with either gliosis or cell membrane in-
jury. Comparable to early stages of Alzheimer’s or
HIV-associated dementia, the elevated myoinositol in
our cocaine users was mild in the cortex (+4.6%) but
moderate in the white matter (+10.8%).

Because glial cells have higher creatine levels than
neuronal cells (23), glial hypertrophy might also ex-
plain the increased creatine in the white matter of male
cocaine users. Alternatively, the increased creatine lev-
els might be caused by increased cerebral uptake of
creatine, since creatine is synthesized only in the liver.
To investigate this possibility further, we measured se-
rum creatine, creatinine, and creatine kinase. However,
we did not find abnormal levels of serum creatine or
creatinine, or significant correlations with brain crea-
tine, in our subjects.

The MRS findings in our male cocaine users are sim-
ilar to the previous 1H-MRS findings in a group of
male African American cocaine users (7). As in the pre-
vious study, we found significantly increased myoino-
sitol in both the gray and white matter of the male co-
caine users. The findings differ slightly with respect to
creatine: the previous study showed a 7% increase in
creatine in both temporoparietal white matter and oc-
cipital gray matter, whereas the current study showed
increased creatine (+5.7%) only in the frontal white
matter and not in the gray matter of the male cocaine
users. In contrast to the previous study, the current

TABLE 2. Two-Way ANOVA of Metabolite Concentrations (mmol/kg) From MRS in the Frontal Gray and White Matter of Male and
Female Cocaine Users and Comparison Subjects

ANOVA (df=1, 118)

Brain Region and
Metabolite

Male Subjects Female Subjects Cocaine
Effect

Gender
Effect

Cocaine-
by-Gender 
InteractionCocaine Comparison Cocaine Comparison

Mean SD Mean SD Mean SD Mean SD F p F p F p

Frontal gray matter
N-acetyl compounds 8.53 0.54 8.96 0.77 8.54 0.55 8.71 0.52 7.7 0.007 1.3 n.s. 1.5 n.s.
Creatine 7.73 0.83 7.79 0.84 7.86 0.68 7.94 0.58 0.3 n.s. 1.1 n.s. 0.01 n.s.
Choline-containing com-

pounds 2.14 0.24 2.21 0.31 2.04 0.18 2.11 0.21 2.5 0.10 5.0 0.03 0.01 n.s.
Myoinositol 8.50 0.89 8.05 0.72 8.20 0.75 7.94 0.71 6.3 0.01 2.0 n.s. 0.6 n.s.
Glutamate and glutamine 18.2 2.0 18.8 1.8 18.3 1.6 18.1 1.6 0.3 n.s. 0.6 n.s. 1.1 n.s.
Percentage of CSF 12.7 4.1 13.5 3.1 9.7 3.4 11.2 4.2 1.6 n.s. 12.3 0.0006 1.1 n.s.
N-acetyl/creatine ratio 1.51 0.13 1.50 0.12 1.48 0.07 1.49 0.07 0.1 n.s. 0.6 n.s. 0.1 n.s.
Choline/creatine ratio 0.83 0.08 0.84 0.09 0.79 0.06 0.78 0.05 0.1 n.s. 12.6 0.0006 0.1 n.s.
Myoinositol/creatine ratio 0.78 0.08 0.71 0.14 0.75 0.08 0.69 0.05 14.6 0.0002 6.3 0.01 0.4 n.s.
Glutamate and gluta-

mine/creatine ratio 0.58 0.07 0.60 0.06 0.58 0.07 0.57 0.05 0.01 n.s. 2.2 0.10 1.3 n.s.
Frontal white matter

N-acetyl compounds 7.61 0.63 7.81 0.70 7.65 0.58 7.49 0.47 0.03 n.s. 1.7 n.s. 2.6 0.10
Creatine 6.46 0.62 6.11 0.53 6.16 0.44 6.16 0.42 3.4 0.06 1.6 n.s. 3.7 0.05
Choline-containing com-

pounds 1.61 0.25 1.58 0.13 1.56 0.19 1.60 0.12 0.01 n.s. 0.4 n.s. 1.0 n.s.
Myoinositol 7.57 0.62 6.99 0.55 7.75 0.94 6.83 0.52 36.7 <0.0001 0.01 n.s. 2.0 0.10
Glutamate and glutamine 11.9 2.0 11.6 1.4 11.5 1.9 11.6 1.1 0.1 n.s. 0.03 n.s. 2.6 0.10
Percentage of CSF 2.4 2.4 1.9 0.7 1.6 0.9 1.9 0.8 0.6 n.s. 2.9 0.09 2.9 0.09
N-acetyl/creatine ratio 1.56 0.15 1.67 0.11 1.60 0.14 1.63 0.11 6.3 0.01 0.1 n.s. 4.2 0.04
Choline/creatine ratio 1.02 0.16 1.00 0.10 1.01 0.10 0.96 0.12 2.4 0.10 1.0 n.s. 0.4 n.s.
Myoinositol/creatine ratio 0.78 0.08 0.73 0.05 0.82 0.08 0.70 0.07 40.7 <0.0001 0.3 n.s. 7.8 0.006
Glutamate and gluta-

mine/creatine ratio 0.45 0.06 0.46 0.04 0.46 0.07 0.47 0.03 1.2 n.s. 0.6 n.s. 0.2 n.s.
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male cocaine users also showed decreased N-acetyl
compounds (–4.8%) in the frontal gray matter.

The differences between the findings of the two stud-
ies might be due to several factors. First, different brain
regions were examined (frontal lobe versus occipital
and parietal lobe). Therefore, the decreased N-acetyl
compounds observed in the frontal lobe of the cocaine
users may not be present in the other brain regions.
This finding is consistent with previous reports of de-
creased dopamine receptors with associated hypome-
tabolism in the frontal lobes of cocaine users (14, 30).
Second, our current study group is younger than the
one studied previously. The difference in myoinositol
abnormalities (+8.3% in the frontal white matter of
the current younger male users compared with
+18.1% in the parietal white matter of the older male
cocaine users) might therefore be caused either by a re-
gional effect or by more extensive effects of cocaine in
the older subjects (including subjects between 40 and
50 years of age). Finally, some of the differences in cre-
atine concentration between our first and second stud-
ies might be related to differences in the neuronal dam-

age observed. Creatine is present in neuronal as well as
in glial tissue; therefore, neuronal loss might cause
some decreases in creatine. In fact, we did not observe
increased creatine in the frontal gray matter of the
male cocaine users (the region with significantly re-
duced N-acetyl compounds), whereas there was an in-
crease in creatine in the white matter.

The MRS abnormalities in the male cocaine users
were different from those observed in the female co-
caine users. In gray matter, although the decreased N-
acetyl compounds and elevated myoinositol were more
pronounced in the male users (–4.8% for N-acetyl
compounds and +5.3% for myoinositol) than in the fe-
male users (–2.0% for N-acetyl compounds and
+3.8% for myoinositol), no significant interaction due
to gender was observed. Decreased N-acetyl com-
pounds suggest neuronal injury, while elevated myoi-
nositol suggests glial activation, possibly associated
with reactive or repair processes. Although our find-
ings did not reach statistical significance, they parallel
those of Levin et al. (8), who found that cocaine-de-
pendent women had fewer perfusion abnormalities in

FIGURE 1. Coronal T2-Weighted Magnetic Resonance Images Showing the Two Voxel Locations Chosen for This Study: Midfrontal
Gray Matter and Right Frontal White Mattera

a These 1H-MR spectra are from representative male and female crack cocaine users. The dashed lines indicate the mean peak height of
normal comparison subjects for each corresponding peak. Note decreased N-acetyl compounds and increased myoinositol in the frontal
gray matter and increased creatine and myoinositol in the white matter of the male user (left top and bottom spectra). In contrast, the fe-
male user showed mildly elevated myoinositol in the frontal gray matter and more significantly elevated myoinositol in the frontal white mat-
ter (top and bottom right). See also table 2.
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the frontal lobe than cocaine-dependent men. The eti-
ology of this gender effect of cocaine is unknown; con-
ditions associated with female gender (e.g., hormonal
differences) may have a protective effect for cerebral
insult due to cocaine. Furthermore, since brain injury
due to cocaine may be responsible for relapses, the
gender differences in brain metabolite effects may ex-
plain and support previous studies which showed that
female cocaine users had better treatment outcome and
were more able to remain abstinent in follow-up than
male users (9, 10). Future studies with a larger study
group are needed to determine whether such an inter-
action effect exists between the effects of gender and
cocaine use.

In frontal white matter, only male cocaine users
showed a significantly decreased N-acetyl compound/
creatine ratio (–6.6%), due to minimally decreased N-
acetyl compounds (–2.6%) and elevated creatine
(+5.7%). In contrast, only the female cocaine users
showed a significant effect of elevated myoinositol/cre-
atine ratio (+17.1% in the female cocaine users, com-
pared with 6.8% in the male users) and a nonsignifi-
cant but higher elevation of myoinositol in frontal
white matter (+13.5% in the female users and +8.3%
in the male users). As discussed above, the elevated cre-
atine in the male users confirms our previous observa-
tions in another male cocaine-dependent population
(7). The higher elevation of myoinositol in the cocaine-
dependent women suggests a stronger glial reactive
process in their brains compared with those of the
men. These gender-specific changes in neurochemicals
were present despite a nonsignificant difference be-
tween the two groups in lifetime cocaine use.

In summary, we confirmed our previous observation
that male cocaine users have elevated levels of creatine
and myoinositol in white matter. In addition, we found
decreased N-acetyl compounds, indicative of neuronal
loss or dysfunction, and elevated myoinositol in the
frontal gray matter of cocaine users. In the female us-
ers, however, the only 1H-MRS abnormality observed
was elevated myoinositol in frontal white matter. Our
findings show that the brains of cocaine-dependent
men and of cocaine-dependent women respond differ-
ently to the effects of cocaine. Therefore, gender and
regional differences in brain metabolite concentration
are important variables to consider in future 1H-MRS
studies of drug abuse. Since quantitative 1H-MRS can
evaluate the extent of brain injury associated with co-
caine abuse, it may have a role in the prognosis or
monitoring of treatment effects.

REFERENCES

1. Edlin BR, Irwin KL, Faruque S, McCoy CB, Word C, Serrano
Y, Inciardi JA, Bowser BP, Schilling RF, Holmberg SD: Inter-
secting epidemics—crack cocaine use and HIV infection
among inner-city young adults. N Engl J Med 1994; 331:
1422–1427

2. Word C, Bowser B: Background to crack cocaine addiction
and HIV high-risk behavior: the next epidemic. Am J Drug Al-
cohol Abuse 1997; 23:67–77

3. Mody C, Miller B, McIntyre H, Cobb S, Goldberg M: Neuro-
logic complications of cocaine abuse. Neurology 1988; 38:
1189–1193

4. Lowenstein D, Massa S, Rowbotham M, Collins S, McKinney
H, Simon R: Acute neurologic and psychiatric complications
associated with cocaine abuse. Am J Med 1987; 83:841–846

5. Levine S, Brust J, Futrell N, Ho K, Blake D, Millikan C, Brass
L, Fayed P, Schultz L, Selwa J: Cerebrovascular complications
of the use of “crack” form of alkaloidal cocaine. N Engl J Med
1990; 323:699–704

6. O’Malley S, Adamse M, Heaton R, Gawin F: Neuropsycho-
logical impairment in chronic cocaine abusers. Am J Drug Al-
cohol Abuse 1992; 18:131–144

7. Chang L, Mehringer CM, Ernst T, Melchor R, Myers H, Forney
D, Satz P: Neurochemical alterations in asymptomatic absti-
nent cocaine users: a proton magnetic resonance spectros-
copy study. Biol Psychiatry 1997; 42:1105–1114

8. Levin J, Holman B, Mendelson J, Teoh S, Garada B, Johnson
K, Springer S: Gender differences in cerebral perfusion in co-
caine abuse: technetium-99m-HMPAO SPECT study of drug-
abusing women. J Nucl Med 1994; 35:1902–1909

9. Kosten T, Gawin F, Kosten T, Rounsaville B: Gender differ-
ences in cocaine use and treatment response. J Subst Abuse
Treat 1993; 10:63–66

10. Weiss R, Martinez-Raga J, Griffin M, Greenfield S, Hufford C:
Gender differences in cocaine-dependent patients: a 6-month
follow-up study. Drug Alcohol Depend 1997; 44:35–40

11. London ED, Cascella NG, Wong DF, Phillips RL, Dannals RF,
Links JM, Herning R, Grayson R, Jaffe JH, Wagner HN Jr: Co-
caine-induced reduction of glucose utilization in human brain:
a study using positron emission tomography and [fluorine 18]-
fluorodexoyglucose. Arch Gen Psychiatry 1990; 47:567–574

12. Volkow N, Hitzemann R, Wang G, Fowler J, Wolf A, Dewey S,
Handlesman L: Long-term frontal brain metabolic changes in
cocaine abusers. Synapse 1992; 12:184–190

13. Volkow N, Wang G, Fowler J, Logan J, Hitzemann R, Gatley S,
MacGregor R, Wolf A: Cocaine uptake is decreased in the
brain of  detoxi f ied cocaine abusers.  Neuropsycho-
pharmacology 1996; 14:159–168

14. Volkow ND, Fowler JS, Wolf AP, Schlyer D, Shiue C-Y, Alpert
R, Dewey SL, Logan J, Bendriem B, Christman D, Hitzemann
R, Henn F: Effects of chronic cocaine abuse on postsynaptic
dopamine receptors. Am J Psychiatry 1990; 147:719–724

15. Volkow ND, Wang GJ, Fowler JS, Logan J, Gatley SJ, Hitzem-
ann R, Chen AD, Dewy SL, Pappas N: Decreased striatal do-
paminergic responsiveness in detoxified cocaine-dependent
subjects. Nature 1997; 386:830–833

16. Volkow N, Mullani N, Gould K, Adler S, Krajewski K: Cerebral
blood flow in chronic cocaine users: a study with positron
emission tomography. Br J Psychiatry 1988; 152:641–648

17. Holman L, Carvalho P, Mendelson J, Teoh S, Nardin R, Hall-
gring E, Hebben N, Johnson K: Brain perfusion is abnormal in
cocaine-dependent polydrug users: a study using technetium-
99m-HMPAO and SPECT. J Nucl Med 1991; 32:1206–1210

18. Holman BL, Garada B, Johnson KA, Mendelson J, Hallgring
E, Teoh SK, Worth J, Navia B: A comparison of brain perfu-
sion SPECT in cocaine abuse and AIDS dementia complex. J
Nucl Med 1992; 33:1312–1315

19. Holman BL, Mendelson J, Garada B, Teoh SK, Hallgring E,
Johnson KA, Mello N: Regional cerebral blood flow improves
with treatment in chronic cocaine polydrug users. J Nucl Med
1993; 34:723–727

20. Weber D, Franceschi D, Ivanovic F, Atkins H, Cabahug C,
Wong C, Susskind H: SPECT and planar brain imaging in
crack abuse: iodine-123-iodoamphetamine uptake and local-
ization. J Nucl Med 1993; 34:899–907

21. Birken DL, Oldendorf WH: N-Acetyl-L-aspartic acid: a litera-
ture review of a compound prominent in 1H-NMR spectro-
scopic studies of brain. Neurosci Biobehav Rev 1989; 13:23–
31

22. Moffett J, Namboodiri M: Differential distribution of N-acety-
laspartylglutamate and N-acetylaspartate immunoreactivities
in rat forebrain. J Neurocytol 1995; 24:409–433



722 Am J Psychiatry 156:5, May 1999

GENDER EFFECTS ON METABOLITES

23. Brand A, Richter-Landsberg C, Leibfritz D: Multinuclear NMR
studies on the energy metabolism of glial and neuronal cells.
Dev Neurosci 1993; 15:289–298

24. Ernst T, Chang L: Elimination of artifacts in short echo time 1H
MR spectroscopy of the frontal lobe. Magn Reson Med 1996;
36:462–468

25. MacKay S, Meyerhoff D, Dillon W, Weiner M, Fein G: Alter-
ation of brain phospholipid metabolites in cocaine-dependent
polysubstance abusers. Biol Psychiatry 1993; 34:261–264

26. Christensen JD, Kaufman MJ, Levin JM, Mendelson JH, Hol-
man BL, Cohen BM, Renshaw PF: Abnormal cerebral me-
tabolism in polydrug abusers during early withdrawal: a 31P
MR spectroscopy study. Magn Reson Med 1996; 35:658–663

27. Bottomley PA: Spatial localization in NMR spectroscopy in
vivo. Ann NY Acad Sci 1987; 508:333–348

28. Ernst T, Kreis R, Ross BD: Absolute quantitation of water and
metabolites in the human brain, I: compartments and water. J
Magn Reson Series B 1993; 102:1–8

29. Kreis R, Ernst T, Ross BD: Absolute quantitation of water and
metabolites in the human brain, II: metabolite concentrations.
J Magn Reson Series B 1993; 102:9–19

30. Volkow ND, Fowler JS, Wang GJ, Hitzemann R, Logan J,
Schlyer DJ, Dewey SL, Wolf AP: Decreased dopamine D2 re-
ceptor availability is associated with reduced frontal metabo-
lism in cocaine abusers. Synapse 1993; 14:169–177

31. Moats R, Ernst T, Shonk T, Ross BD: Abnormal cerebral me-
tabolite concentrations in patients with probable Alzheimer’s
disease. Magn Reson Med 1994; 32:110–115

32. Ernst T, Chang L, Melchor R, Mehringer CM: Frontotemporal
dementia and early Alzheimer disease: differentiation with
frontal lobe H-1 MR spectroscopy. Radiology 1997; 203:829–
836

33. Koopmans R, Li D, Zhu G, Allen P, Penn A, Paty D: Magnetic
resonance spectroscopy of multiple sclerosis: in-vivo detec-
tion of myelin breakdown products. Lancet 1993; 341:631–
632

34. Chang L: In vivo magnetic resonance spectroscopy in HIV
and HIV-related brain diseases. Rev Neurosci 1995; 6:365–
378

35. Laubenberger J, Haussinger D, Bayer S, Thielemann S,
Schneider B, Mundinger A, Hennig J, Langer M: HIV-related
metabolic abnormalities in the brain: depiction with proton MR
spectroscopy with short echo times. Radiology 1996; 199:
805–810

36. Chang L, Ernst T, Tornatore C, Aronow H, Melchor R, Walot I,
Singer E, Cornford M: Metabolite abnormalities in progressive
multifocal leukoencephalopathy by proton magnetic reso-
nance spectroscopy. Neurology 1997; 48:836–845

37. Chang L, Ernst T, Osborn D, Seltzer W, Leonido-Yee M, Po-
land R: Proton spectroscopy in myotonic dystrophy: correla-
tion with CTG repeats. Arch Neurol 1998; 55:305–311

38. Chang L, Ernst T, Grob CS, Poland RE: Neurochemical ef-
fects in 3,4-methylenedioxymethamphetamine (MDMA) us-
ers, in Abstracts of the Fourth Annual Meeting of the Interna-
tional Society for Magnetic Resonance in Medicine. Berkeley,
Calif, ISMRM, 1996, p 414


