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Article abstract—This study examined the temporal trends in the incidence
rates of HIV dementia, cryptococcal meningitis, toxoplasmosis, progressive
multifocal leukoencephalopathy, and CNS lymphoma from January 1990 to
December 1998 in the Multicenter AIDS Cohort Study. The incidence rates
for HIV dementia, cryptococcal meningitis, and lymphoma decreased follow-
ing the introduction of highly active antiretroviral therapy (HAART). The
proportion of new cases of HIV dementia with a CD4 count in a higher range
(i.e., 201 to 350) since 1996 may be increasing.
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Highly active antiretroviral therapy (HAART) is ef-
fective in suppressing plasma HIV viral load,1 but its
effect on the incidence rates of HIV-1–associated
neurologic disease is largely unknown. Prior to the
use of HAART, from 1985 to 1992, the incidence
rates of cryptococcal meningitis, toxoplasmosis, pro-
gressive multifocal leukoencephalopathy (PML), and
primary CNS lymphoma were all increasing,
whereas the incidence rate of HIV dementia re-
mained stable.2 This study examines the temporal
trends in the incidence rates of these conditions in
the Multicenter AIDS Cohort Study (MACS) during
the time HAART was introduced.

Methods. The MACS is a prospective study of the natu-
ral history of HIV infection among homosexual men in
Baltimore, Pittsburgh, Chicago, and Los Angeles.3 Partici-
pants undergo an interview, clinical assessment, neuro-
logic screening tests, and laboratory measurements every
six months. Questionnaires on medical conditions, antiret-
roviral drug therapy, and opportunistic infection prophy-
laxes are also included. Medical records are obtained for
all participants with HIV who report the development of
AIDS-defining conditions and neurologic disorders. The re-
search diagnostic criteria for HIV dementia, cryptococcal
meningitis, toxoplasmosis, PML, and CNS lymphoma have
been described previously.2,4 Antiretroviral therapy regi-
mens of MACS participants were classified as mono-
therapy, combination therapy without protease inhibitors

(dual therapy), and HAART,1 which was defined according
to 1997 US NIH guidelines.5

The study included all 2734 MACS men with HIV dur-
ing the study period. Participants were recruited from
1984 to 1985 (88%), and 1987 to 1991 (12%). The follow-up
rate was 90%. Overall, 79.1% were Caucasian. Fifty per-
cent had at least a college degree, and the median (SD) age
at study entry was 37.4 (7.3) years.

The outcomes of interest were the incidence rates of five
HIV-1–associated neurologic conditions. The incidence rate
was defined as the ratio between the number of cases of
that specific condition and the number of person-years at
risk for that condition during that period.

The study period for this analysis was from January
1990 to December 1998. This nine year study period was
divided into three smaller periods. Monotherapy was the
predominant form of treatment from January 1990 to De-
cember 1992, dual therapy and monotherapy were predom-
inant from January 1993 to December 1995, and HAART
was predominant from January 1996 to December 1998.
Similar time period borders were used in previous analy-
ses within the MACS1 to serve as proxies for the different
regimens. Incidence rates during each of these three time
periods were then compared using Poisson regression
analysis.

Results. Table 1 and figure 1 show the incidence rates
during each of the three time periods from 1990 to 1998.
With the introduction of HAART from 1996 to 1998, there
was a decreased incidence rate compared with both the
incidence rate of HIV dementia from 1990 to 1992 (pair-
wise comparison, p 5 0.0005) and the incidence rate from
1993 to 1995 (pairwise comparison, p 5 0.02). Of the 20
new cases of HIV dementia from 1996 to 1998, 40% were
on HAART, 20% were on dual therapy, 5% were on mono-
therapy, and 35% were on no therapy.

From 1990 to 1992, the majority (70%) of HIV dementia
cases occurred with advanced immunosuppression (CD4
count ,200) (table 2). In contrast, from 1996 to 1998, cases
of HIV dementia were more equally distributed among the
three CD4 count ranges. The incidence rates for those with
CD4 ,200 show a marked tendency toward a decrease by
calendar period (p , 0.004 for 1996 to 1998 compared with
1990 to 1992; p 5 0.001 for 1993 to 1995 compared with
1990 to 1992).

For cryptococcal meningitis and toxoplasmosis, the use
of prophylaxis medications for each calendar year was
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without meaningful change from 1992 to 1998. Using the
incidence rates from 1990 to 1992 as the reference, there
was a decreased incidence rate from 1996 to 1998 (pair-
wise comparison, p 5 0.008) for cryptococcal meningitis,
and a trend for a decreased incidence rate for toxoplasmo-
sis which was not significant after adjustment for multiple
comparisons (see table 1 and figure 1). There was no differ-
ence in the incidence rate for PML across these three peri-
ods. There was a decreased incidence rate for CNS
lymphoma from 1996 to 1998 compared with the incidence
rate from 1990 to 1992 (pairwise comparison, p 5 0.008)
and the incidence rate from 1993 to 1995 (pairwise com-
parison, p 5 0.0005). All cases of cryptococcal meningitis,
toxoplasmosis, PML, and CNS lymphoma from 1990 to
1998 occurred in patients with a CD4 count ,200.

Discussion. Although new cases of HIV dementia,
cryptococcal meningitis, and CNS lymphoma are still
developing in patients with HIV, the incidence rates
for these conditions have decreased dramatically
since the introduction of HAART in 1996, compared
to the incidence rates from 1990 to 1992. In addition,
the proportion of new cases of HIV dementia with a
CD4 count in a higher range (i.e., 201 to 350) since
the beginning of 1996 may be increasing compared to
the early 1990s, as shown in table 2. In patients on
HAART, screening for HIV dementia may need to
begin in patients with a CD4 ,350.

Our data are consistent with another cohort of
homosexual men, where there was a decreased inci-
dence rate from 1992 to 1996 for toxoplasmosis, and
a combined group of HIV dementia and PML cases.6

In an urban clinical practice with predominantly IV
drug users, a decreased incidence for HIV dementia
and toxoplasmosis was also suggested during the pe-
riod of 1996 to 1997, compared to the period of 1993
to 1995.7 In contrast, HIV dementia constituted a
greater proportion of AIDS-defining illnesses in Aus-
tralia8 in the period of 1996 to 1997, compared to
1992 to 1995. However, that study did not evaluate
incidence changes for HIV dementia; rather, it was a
comparison of HIV dementia relative to other AIDS-
defining illnesses.

There are a variety of mechanisms proposed by
which HAART may cause such decreased incidence
rates. By decreasing systemic HIV viral load,
HAART may decrease the risk of seeding of HIV into
the CNS. However, the CNS may serve as a sanctu-
ary site for the virus, and neurologic dysfunction
such as HIV dementia may result when the CNS
serves as a reservoir for virological escape. In con-
trast, the development of opportunistic infections
and lymphoma within the CNS require advanced
immunosuppression.

There are several limitations to the current study.
HIV-1-associated neurologic diseases within the
MACS are detected by medical records, active sur-
veillance, and neuropsychological screening tests,9

and there may be some individuals who developed
dementia or a CNS condition that were never identi-
fied. Our study was performed in a cohort of homo-
sexual men with a relatively high education level
and excellent medication adherence. It is unknown

Table 1 Mean incidence rate of HIV-1–associated neurologic diseases during three time periods in the Multicenter AIDS Cohort Study:
1990–1992, 1993–1995, 1996–1998

Disease

1990–1992,
predominantly
monotherapy

1993–1995,
predominantly
dual therapy*

1996–1998,
predominantly

HAART Overall p value

HIV dementia 21.1 17.8 10.5 0.002†

Cryptococcal meningitis 5.0 2.5 1.5 0.02†

Toxoplasmosis 5.4 3.8 2.2 0.08

PML 2.0 1.8 1.5 0.84

CNS lymphoma 2.8 4.3 0.4 0.003†

Incidence rates are no./1000 person-years.

* Combination therapy without protease inhibitors.
† p , 0.05 By Poisson regression analysis.

HAART 5 highly active antiretroviral therapy; PML 5 progressive multifocal leukoencephalopathy.

Table 2 Number of observed cases (N) and incidence rate (IR) per 1000 person-years of HIV dementia stratified by CD4 cell count

CD4 count
1990–1992,

N (IR)*
1993–1995,

N (IR)*
1996–1998,

N (IR)* Overall p value

#200 70 (80.7) 31 (41.3) 9 (26.9) 0.001

201–350 10 (14.0) 3 (4.9) 6 (13.6) 0.18

.350 18 (8.7) 8 (6.4) 7 (6.6) 0.70

* Incidence rate per 1000 person-years given in parentheses.
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whether similar results would be obtained in other
groups of patients such as IV drug users, patients
with less education, or patients with poor adherence.

As patients develop increasing resistance to
HAART regimens, and with the failure of HAART to
suppress HIV viral replication in some cases,10 it is
possible that the incidence and prevalence rates of
HIV-1–associated neurologic diseases could increase.
As the balance between new and more potent anti-

retroviral therapies and viral resistance shifts
within the AIDS epidemic, it will be important to
document and react to these possible changes in the
incidence rates for HIV-1–associated neurologic
diseases.
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Figure. Incidence rates of HIV-associated neurologic dis-
eases. The x-axis corresponds to the calendar year. The
y-axis corresponds to the incidence rate per 1000 person
years. The scale of the y-axis for CNS lymphoma is dif-
ferent from the scale of the y-axis for HIV dementia and
the opportunistic infections. The vertical bars at each
calendar year correspond to the 95% CI. The horizontal
bars from 1990 to 1992, 1993 to 1995, and 1996 to 1998
correspond to the mean incidence rates during those time
periods.
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CME Dopa-responsive
dystonia simulating
spastic paraplegia

due to tyrosine
hydroxylase (TH)

gene mutations

Article abstract—Spastic paraplegia is not widely recognized to occur in
dopa-responsive dystonia (DRD). The authors found a compound heterozygote
for novel mutations of the human tyrosine hydroxylase (TH) gene (TH). The
patient was initially diagnosed as having spastic paraplegia, but responded
completely to levodopa therapy. Exercise-induced stiffness in the patient’s
father, who had a TH deletion, also responded to levodopa. The data expand
the clinical spectrum of TH deficiency and suggest that TH mutations may
account for some patients with DRD simulating spastic paraplegia.
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Dopa-responsive dystonia (DRD) is a syndrome char-
acterized by childhood-onset dystonia and a dramatic
and sustained response to levodopa.1,2 There are two

known causative genes for DRD: 1) the gene (GCH1)
coding for GTP cyclohydrolase I (GTPCH), the en-
zyme in the biosynthetic pathway of tetrahydrobiop-
terin, the cofactor for tyrosine hydroxylase (TH); and
2) the human TH gene (TH).1 Many DRD families
have GCH1 mutations.1 In contrast, only one pedi-
gree with typical DRD was reported to have a TH
mutation.3 In six other genetically confirmed families
with TH deficiency, all patients developed severe mo-
tor retardation, truncal hypotonia, and hypokinesia
rather than dystonia.1,4

Approximately 20% of DRD patients present with
severe dystonia of the lower extremities simulating
spastic paraplegia.2 Thus, the differential diagnosis
of spastic paraplegia should include DRD. This, how-
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