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Objective: To investigate the delay in diagnosis, residual
motorsigns,andnonmotorsignsofdopa-responsivedystonia
(DRD) using literature and our own pilot data.

Design, Setting, and Patients: We searched the
MEDLINE database for patients with clinically typical
DRD and/or guanosine triphosphate cyclohydrolase I gene
mutations from 1952 to 2011 and examined a pilot co-
hort of 23 outpatients with DRD and guanosine triphos-
phate cyclohydrolase I gene mutations.

Results: The literature search yielded 101 reports describ-
ing 576 cases. Excluding cases without proven guanosine
triphosphatecyclohydrolase Igenemutationsaswell asho-
mozygous and asymptomatic mutation carriers resulted in
352cases.Themean(SD)agesatonsetwere11.6(13.4)years
(literature)and9.4(7.7)years(pilotstudy).Theaverage(SD)
delays in diagnosis were 13.5 (13.3) years (literature) and
15.5(16.3)years(pilotstudy);usingall literaturecases, they
were9.1 (7.5)yearsbeforeand15.2 (13.7)years after iden-
tificationoftheguanosinetriphosphatecyclohydrolaseIgene.

Residualmotorsignsinpatientsreceivingtherapywerefound
in 28% (literature) and 39% (pilot study). Residual motor
signs in the literature comprised dystonic (20%) and par-
kinsonian (11%) symptoms, as well as complications such
as contractures or unnecessary surgical procedures. Infor-
mation on nonmotor signs was given for 70 patients in the
literature. Of these, 34% had depression, 19% anxiety, and
9%obsessive-compulsivedisorder.Sixofourowncases(32%)
reported 1 or more nonmotor signs including depression
and migraine.

Conclusions: The delay in diagnosis is long, despite the
well-known etiology and availability of genetic testing
and specific therapy. A sizable number of treated pa-
tients have residual motor signs, nonmotor signs, and
complications resulting from the lack of timely therapy
or unnecessary procedures.
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D OPA-RESPONSIVE DYSTO-
nia (DRD), a childhood-
onset or adolescent-
onset form of dystonia
with marked diurnal fluc-

tuation and an excellent response to le-
vodopa, is among the best-described forms
of monogenic dystonia.1,2 The most com-
mon cause of DRD (ie, autosomal domi-
nant mutations in the guanosine triphos-
phate cyclohydrolase I [GCH1] gene) was
identified as early as 1994.3 However, there
remains a marked delay in establishing the
diagnosis even today, with far-reaching con-
sequences on the disability of patients.4

The GCH1 gene encodes the rate-
limiting enzyme for the synthesis of tet-
rahydrobiopterin, an essential cofactor for
the conversion of tyrosine to levodopa,5

explaining the striking therapeutic re-
sponse. However, many patients retain re-
sidual motor signs (RMS), the expres-
sion and extent of which have not been
formally assessed to date. Even less atten-

tion has been paid to the potential clini-
cal consequences of the fact that tetrahy-
drobiopterin is also involved in the
biogenesis of serotonin, an important neu-
rotransmitter in the regulation of mood
and anxiety. Nonmotor signs (NMS) are
increasingly recognized as an important
feature of different movement disorders,
such as Parkinson disease, and impact sig-
nificantly on patients’ quality of life.6 De-
spite the biological plausibility of NMS as
a potential feature of DRD, to our knowl-
edge, this has not yet been systematically
studied and, along with diagnostic delay
and RMS, is the third focus of our article.

METHODS

LITERATURE REVIEW

We searched the online MEDLINE database
(http://www.ncbi.nlm.nih.gov/pubmed) fromthe
first description of the disease to December 2011,
using the search terms dopa-responsive dysto-
nia, DYT5, Segawa syndrome, GTP cyclohydro-
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lase1, and GCH1.This resulted in1094citations thatwere screened
for information on clinical characteristics and the mutational sta-
tus of probands. All studies providing individual data and, for NMS,
2 additional publications with group data were included. Fami-
lies reported in multiple publications were excluded. We iden-
tified 576 probands with either a reported heterozygous GCH1
mutationora typical clinicaldescriptionofDRD.Excludingasymp-
tomatic, compound heterozygous, and homozygous probands
yielded a sample size of 492 patients with DRD (140 clinically
identified cases and 352 genetically proven heterozygous-
affected mutation carriers; Figure 1). Because the 140 clini-
cally identified cases may have differed from the cases with a ge-
netically confirmeddiagnosis,weused the140cases for theanalysis
of the delay in diagnosis only. The 352 mutation carriers com-
prised 166 index patients and 186 affected family members.

We collected information on the age at onset, the age at di-
agnosis, RMS while taking levodopa treatment, and NMS. Age
at onset was defined as the age for which patients recalled the
appearance of first symptoms. Age at diagnosis was defined as
the time of first diagnosis and, if this was not reported, we used
age at first treatment. We defined delay in diagnosis as the dif-
ference between the age at onset and the age at diagnosis. When-
ever the authors reported the persistence of motor signs of any
severity in the neurologic examination, such as parkinsonism
or dystonia despite dopaminergic therapy (regardless of doses
and duration of treatment), we considered those as RMS. The
term complications was used to summarize contractures, sec-
ondary orthopedic deformities such as scoliosis, and unneces-
sary surgical procedures. For NMS, we aimed to collate all re-
ported nonmotor features. However, only migraine and
psychiatric features were mentioned in the literature; there-
fore, we focused on psychiatric features in all pilot examina-
tions. A complete list of the reviewed articles (n=101) is avail-
able in the eAppendix (http://www.archneurol.com).

PILOT STUDY

All 23 patients with DRD included in the pilot study had proven
GCH1 mutations and were diagnosed or followed up at our Move-
ment Disorder Center since 1995. The study was approved by
the university’s ethics committee, and all subjects gave written

informed consent. Of those, 10 participated in a personal and stan-
dardized videotaped neurologic examination by movement dis-
order specialists (V.T., N.B., J.H., and C.K.) and an extended ques-
tionnaire survey. Dystonic and parkinsonian features were assessed
with the Burke-Fahn-Marsden Dystonia Rating Scale and the Uni-
fied Parkinson’s Disease Rating Scale. Information on the remain-
ing 13 patients was obtained by self-report (mailed question-
naires) and additional medical records (3 cases). To ascertain
current depression, we used the Beck Depression Inventory. In
addition, lifetime occurrence of depression and a general ques-
tion for other disorders were included.

Most data were summarized at a descriptive level. Other-
wise, only univariate statistics were applied using �2 tests for
categorical variables and t tests or analysis of variance for con-
tinuous variables.

RESULTS

LITERATURE RESULTS

Comparing patients reported before the genetic test be-
came available (between 1952 and 1993) with patients
reported from 1994 onwards, delay in diagnosis was lon-
ger after the availability of genetic testing, with a mean
(SD) delay in diagnosis before 1994 of 9.1 (7.5) years and
after 1994 of 15.2 (13.7) years.

Dystonia started more frequently in the lower limbs
and less frequently in the upper limbs and neck in the
early-onset cases (0-14 years) as compared with the late-
onset cases (�15 years). In the latter cases, parkinson-
ism was more common than in early-onset cases. Women
had younger age at onset (10.1 years) than men (15.2
years; P=.04), and women had more frequent onset of
dystonia in the lower limbs (P� .001) (Figure 2).

For analyses of RMS, availability of information was
incomplete (Table1 and Table2). Residual motor signs
included dystonia or parkinsonism, and both were more
frequently observed in men. Similarly, RMS were more

Sex

No. (%)

White
115 (52.5)
85 (68.5)

Asian
63 (28.8)
17 (13.7)

Hispanic
7 (3.2)
9 (7.3)

Mixed
32 (14.6)
13 (10.5)

AAE
33.3 (17.1)
31.7 (20.8)

AAO
10.1 (10.6)
15.2 (18.0)

AAD
25.5 (16.3)
24.6 (18.9)

Women
Men

Heterozygous symptomatic cases352

Analysis of 101 articles from 1952 to 2010

Exclusion of:
Double counts, articles without clinical information,

summaries, and previously published cases

Analysis I:
Estimation of DID

1094 Hits obtained

DRD cases with genetic testing436 DRD cases without genetic testing140

Heterozygous asymptomatic cases;
women 47.9%, men 52.1%

71 Compound heterozygous and
homozygous cases

13

Analysis II:
Estimation of RMS and NMSMean (SD)

Figure 1. Flowchart of the literature review. AAD indicates age at diagnosis; AAE, age at examination; AAO, age at onset; DID, delay in diagnosis; NMS, nonmotor
signs; RMS, residual motor signs.
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frequent in younger-onset cases (Table 1). The fre-
quency of complications did not differ by sex, but com-
parison by age revealed the presence of complications in
the 2 youngest-onset groups only. The rate of complica-
tions was lower (33%) in the delay in diagnosis of less
than 5 years group and 100% in cases with a delay in di-
agnosis of 5 years. Descriptions of NMS were scarce.
Therefore, we included 2 additional reports not provid-
ing data on individual patients, resulting in 70 cases with
information on NMS. Frequency of depression was 34%,
19% for anxiety, and 9% for obsessive-compulsive dis-
order (Table 2).

PILOT STUDY RESULTS

Our 23 patients (17 women and 6 men) comprised 12
index patients (10 familial and 2 sporadic) and 11 af-
fected relatives. Mean (SD) ages were 9.4 (7.7) years at
symptom onset, 23.2 (17.2) years at diagnosis, and 15.5
(16.3) years in the delay in diagnosis. Residual motor signs
were reported by 52.9% of the women and none of the
men. In a subanalysis of the examined 10 patients only,
the frequency of RMS was 60%, with only women af-
fected (residual dystonic signs, 66.7%; residual signs for
parkinsonism, 22.2%). Six cases (32%) reported 1 or more
NMS including depression, anxiety, and migraine. As an
indicator of current depression, the Beck Depression In-
ventory showed mild or moderate depressive symptoms
in 9 of 14 women (64.3%) and none of the men
(Table 3). All patients in the pilot study were treated
with dopaminergic medication and reported their NMS
while receiving treatment.

COMMENT

Our study demonstrates that DRD is far from being the
well-recognized condition one would expect it to be based
on its pathognomonic clinical features, availability of con-
clusive biochemical and genetic testing, and excellent
treatment options. Our finding of a considerable delay
in diagnosis, both in the cases from the literature and our
own series, has a high imperative, as DRD is one of the
few neurogenetic disorders and the only form of dysto-
nia for which a miracle healing can be achieved for the
lifetime of the patient. In this context, it should be noted
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Early-onset DRD (women∗)

227/228 Cases with dystonia

Generalized:

15 y and older
40/53 Cases with dystonia

1.7% / (1.8%∗) 5.7% / (4.0%∗)
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5.2% / (5.5%∗)

47.2% / (58.1%∗)

9.4% / (4.8%∗)

Late-onset DRD (men∗)

Figure 2. Frequency of initial dystonic signs according to age and sex.
A, Frequency of initial dystonic signs in early-onset and late-onset
dopa-responsive dystonia (DRD) and frequency of initial signs in women and
men (*). B, Frequency of dystonia and parkinsonism in early-onset and
late-onset DRD. AAO indicates age at onset.

Table 1. Age-Dependent Frequencies of RMS and Complications From the Literature

AAO, No./No. (%), y

P Value0-6 7-14 15-21 22-40 �40

RMS dystonia: Information available in 197/352 cases (56.0%)a

Present 33/92 (35.9) 23/81 (28.4) 3/12 (25.0) 1/6 (16.7) 2/6 (33.3)
.53

Absent 52/92 (56.5) 51/81 (63.0) 8/12 (66.7) 4/6 (66.7) 2/6 (33.3)
RMS Parkinson: Information available in 223/352 cases (63.4%)a

Present 15/87 (17.2) 16/91 (17.6) 0/18 (0) 2/10 (20.0) 4/17 (23.5)
.07

Absent 71/87 (81.6) 71/91 (78.0) 17/18 (94.4) 7/10 (70.0) 10/17 (58.8)
Complications: Information available in 41/352 cases (12.5%)a

Present 14/23 (60.9) 13/17 (76.5) 0/1 (0) 0/1 (0) 0/2 (0)
.22

Absent 2/23 (8.7) 0/17 (0) 0/1 (0) 0/1 (0) 0/2 (0)

Abbreviations: AAO, age at onset; RMS, residual motor signs.
aCases with unclear symptoms or without treatment with levodopa were not included.
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that we were obviously unable to assess the rate of un-
diagnosed DRD cases, which is likely high. Surpris-
ingly, the availability of genetic testing after 1994 did not
improve the delay in diagnosis; rather, although not a sig-
nificant difference, the average delay in diagnosis rose
from 9 to 15 years since 1994. However, these results have
to be interpreted with caution, as several biases are likely.
First, the summarized study types did not include popu-
lation-based studies and in clinic samples, the risk for
selection bias was particularly high. Additional selec-
tion bias was introduced via the large proportion of miss-
ing data; it is likely that the cases with complete infor-
mation differed from those without. Second, a reporting
bias emphasizing atypical or severe cases is conceivable,
as indicated by the small number of cases reported to be
free of a particular DRD symptom and the high fre-
quency of RMS.

Although information on complications related to de-
lay in diagnosis was explicitly given for only 23 pa-
tients, as expected, the delay in diagnosis seems to im-
pact the risk for complications. In our pilot series, 1 patient
had undergone 9 surgical orthopedic procedures of her
feet, resulting in severe, permanent (nondystonic) im-
pairment of gait. From a clinical point of view, it seems
reasonable to focus special attention even on rare symp-
toms if they are severe and avoidable, as is the case for
some of the DRD complications.

For analyses of clinical symptoms, the major chal-
lenge is the availability of systematic information. How-
ever, we were able to confirm the early onset of dystonia
with a median of 8 years and the previously described
spatiotemporal gradient of the distribution of dystonic
signs in relation to age at onset. In addition, parkinson-
ism was more common in older-onset cases.

Table 2. Frequencies of RMS, Complications, and NMS by Sex From the Literature

No./No. (%)

P ValueWomen Men

RMS dystonia: Information available in 224/352 cases (63.6%)a

Present 40/156 (25.6) 32/68 (47.1)
�.001

Absent 99/156 (63.5) 22/68 (32.4)
RMS Parkinson: Information available in 255/352 cases (72.4%)a

Present 24/173 (13.9) 16/71 (19.5)
.06

Absent 139/173 (80.3) 55/71 (67.1)
Complications: Information available in 58/352 cases (16.5%)a

Present 19/35 (54.3) 10/23 (43.5)
.57

Absent 1/35 (2.9) 1/23 (4.3)
NMS: Information available in 20/352 cases (5.7%)a,b

Any 9 (Depression = 6,
migraine = 4,
anxiety = 4)

4 (Depression = 4,
anxiety = 4,
OCD = 1)

Abbreviations: NMS, nonmotor signs; OCD, obsessive-compulsive disorder; RMS, residual motor signs.
aCases with unclear symptoms or without treatment with levodopa were not included.
bTwo publications provided only group data on NMS: depression 14/50, anxiety 5/50, and OCD 5/50 cases.

Table 3. Frequencies of RMS, Complications, and NMS in the Pilot Group

No./No. (%)

P ValueWomen Men

RMS dystonia: Information available in 21/23 cases (91.3%)a

Present 9/16 (56.2) 0/5 (0)
.03

Absent 5/16 (43.8) 2/3 (100)
RMS Parkinson: Information available in 18/23 cases (78.3%)a

Present 2/14 (14.3) 0/4 (0)
.42

Absent 12/14 (85.7) 4/4 (100)
Complications: Information available in 18/23 cases (78.3%)a

Present 2/14 (14.3) 0/4 (0)
.42

Absent 12/14 (85.7) 4/4 (100)
NMS: Information available in 20/23 cases (86.9%)a,b

Reported by patient 5 (Depression = 5,
migraine = 1,
anxiety = 1)

1 (Migraine) .03

Beck Depression Inventory
Mild (9-13) 4/14 (28.6) 0/6 (0)
Moderate (14-17) 5/14 (35.7) 0/6 (0)

Abbreviations: NMS, nonmotor signs; RMS, residual motor signs.
aCases with unclear symptoms or without treatment with levodopa were not mentioned.
b In relation to BDI.
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Residual motor signs were reported more frequently
than described previously. These also included subtle mo-
tor signs that did not necessarily interfere with the pa-
tients’ activities of daily life but were easily detectable on
neurologic examination.

Information on NMS was incomplete but indicated
high frequencies of depression, anxiety, and obsessive-
compulsive disorder as compared with the general popu-
lation, as well as to patients with Parkinson disease.7-9

Interestingly, these 3 NMS are all linked to serotoniner-
gic pathways highlighting their biological plausibility
within DRD. From other diseases, such as Parkinson dis-
ease, it is well known that NMS may have a large impact
on the quality of life.10

In conclusion, the remaining delay in diagnosis,
complications resulting from a lack of timely therapy
or unnecessary procedures, and the occurrence of
RMS and NMS warrant further clinical studies of DRD.
In addition, our study should alert clinicians to the
importance of not only establishing an early diagnosis
but also of continuously monitoring patients with
DRD on dopaminergic medication for potentially
treatable RMS and NMS.
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