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Abstract

Background: Swedish population-based national health
registers are widely used data sources in epidemiological re-
search. Register-based diagnoses of Parkinson’s disease
have not been validated against clinical information. Meth-
ods: Parkinson’s disease (PD) and other parkinsonian disor-
der diagnoses were ascertained in two registers, i.e. the Na-
tional Patient Register (NPR) and the Cause of Death Register
(CDR). Diagnoses were validated in terms of accuracy (posi-
tive predictive value) and sensitivity against data froma pop-
ulation-based study of PD in 1998-2004 that screened more
than 35,000 persons and identified 194 cases of parkinso-
nian disorders including 132 PD cases (the gold standard for
the purposes of this study). Results: Accuracy for any parkin-
sonian disorder diagnoses was 88.0% in the NPR and 94.4%
in the CDR. Accuracy of PD diagnoses was 70.8% in the NPR

and 66.7% in the CDR. Misclassification between differential
parkinsonian diagnoses was common. The accuracy of PD
diagnoses in the NPR improved to 83.0% by restricting the
definition to primary diagnoses only. The sensitivity of PD
diagnoses in the NPR and CDR combined was 83.1%, with a
mean time to detection of 6.9 years. Conclusions: Popula-
tion-based national health registers are valid data sources in
epidemiological studies of PD or parkinsonian disorder etiol-
ogy but are less suitable in studies of incidence or preva-

lence. Copyright © 2012 S. Karger AG, Basel

Introduction

Parkinson’s disease (PD) is a progressive and severely
disabling neurodegenerative movement disorder and the
most common cause of parkinsonian symptoms (parkin-
sonism), characterized by tremor, bradykinesia and ri-
gidity. Other parkinsonian disorders are secondary (such
as cerebrovascular parkinsonism) or atypical (such as
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progressive supranuclear palsy or Lewy body disease). In
the present study, ‘parkinsonian disorders’ refers to PD
and all other parkinsonian disorders together. The etiol-
ogy of parkinsonian disorders is complex, and the caus-
ative factors are largely unknown [1]. Diagnoses are pri-
marily clinical as there are no diagnostic biomarkers.
Population-based health registers are potentially great
assets in the field of PD research.

Swedish national health registers, in particular the
National Patient Register (NPR) and the Cause of Death
Register (CDR), are frequently used as sources of health
data in epidemiological research. The NPR and CDR are
population based, with possible follow-up approaching
50 years, making them very useful as secondary data
sources [2]. A recent review found that for many diseases,
the accuracy of the NPR, which registers inpatient hospi-
tal admissions, ranged from 85 to 95% [3]. However, reg-
ister-based diagnoses of parkinsonian disorders have not
been validated against clinical information. For example,
we do not know how many cases may be missed or wheth-
er there is misclassification between differential diag-
noses of parkinsonian disorders in the registers. Due to
differences between diseases in general with regard to
diagnosis, the availability of biomarkers, severity, comor-
bidity, age distribution, hospitalization and mortality
risk, the accuracy and sensitivity of register diagnoses
must be investigated separately for each disease. The aim
of this study was to validate diagnoses of parkinsonian
disorders and PD in particular in the NPR and CDR. As
the gold standard, we used a population-based study of
PD and other parkinsonian disorders in twins [4] in
which diagnoses were assigned through screening and
clinical workup of more than 35,000 individuals.

Methods

Study Population

The Screening Across the Lifespan Twin study (SALT) [5] was
an endeavor to screen all twins living in Sweden and born before
1958 for common complex diseases between 1998 and 2002.
Twins older than 50 years at the screening telephone interview
(n = 49,814) were eligible to be included in a study of PD that has
been described in detail previously [4]. The SALT screening was
the first of three phases in the study. The second and third phases
were a follow-up telephone interview of suspected cases and sub-
sequent clinical workup taking place in 2002-2004. Briefly, in
SALT, the twins (or, if unable to participate themselves, a proxy)
were asked questions specific to parkinsonian symptoms and the
use of antiparkinson medications and direct questions regarding
whether they had PD. This screening procedure has been vali-
dated and shown to be highly sensitive [6]. In total, 36,197 twins
(73%) were screened. Twins suspected of PD in the first screening
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(n = 787) were contacted again in a second screening interview
(phase II) with the purpose of excluding from further follow-up
those with suspected PD who reported symptoms due to diseases
other than PD. The second screening interview was conducted by
telephone by research nurses and included additional questions
about parkinsonian symptoms and diagnosis, other diseases and
medications. If the twins remained suspects after the second
screening, they were invited to a clinical workup (phase III, see
below). After excluding twins with an uncertain diagnostic status
(i.e. twins who screened positive for PD but were not worked up
due to loss to follow-up or refusal to participate in the second
screening or clinical phase; n = 476), the final study population
included 35,788 twins with available data.

Gold Standard Diagnoses of Parkinsonian Disorders

Briefly, following two phases of screening, a total of 420 twins
participated in the clinical workup (phase III), including 102 co-
twins of suspected cases. Twins who self-reported a PD diagnosis
in the screening were worked up by review of medical records and
telephone interview (n = 195). Twins who did not report a PD di-
agnosis but who were suspected cases based on their responses to
the screening questions about symptoms or medications were
worked up with a clinical examination in their home, an in-per-
son interview and a review of their medical records (n = 225). The
Unified Parkinson’s Disease Rating Scale [7] was used to evaluate
parkinsonian signs and symptoms. Diagnoses of PD were as-
signed according to the National Institute of Neurological Disor-
ders and Stroke criteria [8] by a study physician together with
movement disorder specialists, who independently assigned diag-
noses, reviewed cases where there was disagreement and agreed
upon final consensus diagnoses. Diagnoses of multiple system at-
rophy, progressive supranuclear palsy and Lewy body disease
were based on previously published criteria [9-11]. Diagnoses of
cerebrovascular parkinsonism were based on clinical experience
and, where available, computer tomography imaging, in line with
clinical practice at that time [12]. In total, 194 cases of parkinso-
nian disorders, including 132 PD cases, were identified. These
cases constituted the gold standard-positive cases in the present
study. Non-PD parkinsonian disorders included progressive su-
pranuclear palsy (n = 6), multiple system atrophy (n = 3), cerebro-
vascular parkinsonism (n = 32), parkinsonism in dementia (n =
5), Lewy body disease (n = 11) and parkinsonism of unknown
cause (n = 5). Of all parkinsonian disorder cases, 107 (55.2%) were
men. The mean (SD) age at screening was 63.1 (9.7) years for the
study population overall and 74.7 (8.8) years for the parkinsonian
disorder cases. Age at symptom onset was self-reported or derived
from medical records for 185 cases (94.4%). Mean (SD) age at on-
setwas 68.7 (11.1) years, and mean (SD) disease duration at screen-
ing was 6.3 (6.6) years. All procedures were performed according
to the Declaration of Helsinki, and the project was approved by
the Regional Ethical Review Board in Stockholm and the Univer-
sity of Southern California Institutional Review Board.

The NPR and CDR

The SALT study population was linked to the NPR and CDR
by the 10-digit personal identification number assigned to all
Swedish residents [13].

Sweden has a decentralized unified health care system with
universal coverage that ensures equal access to inpatient hospital
care. The NPR [14] includes information about hospitalizations
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Table 1. ICD codes used to identify PD and other parkinsonian disorders in the health registers

ICD version (follow-up period) Code Description
ICD-7 (1961-1967) 350! PD (paralysis agitans)
ICD-8 (1968-1986) 342.00! PD
342.08 other defined parkinsonism
342.09 unspecified parkinsonism
ICD-9 (1987-1996) 332.0! PD
333.0 other degenerative diseases of the basal ganglia
ICD-10 (1997-2009) G20! PD
G214 vascular parkinsonism
G21.8 other defined secondary parkinsonism
G21.9 unspecified secondary parkinsonism
G23.1 progressive supranuclear ophthalmoplegia
G23.2 striatonigral degeneration
G23.9 unspecified degenerative disease of basal ganglia
G25.9 unspecified extrapyramidal and movement disorder

! Codes used to identify PD cases. All other codes refer to non-PD parkinsonian disorders.

recorded at discharge. Each record states admission and discharge
dates, hospital department and the primary and up to 7 contribu-
tory diagnoses coded according to the Swedish versions of the
current edition (at the time of diagnosis) of the International Clas-
sification of Diseases (ICD). The NPR started in 1964 in 6 coun-
ties (of a total of 26 Swedish counties). The register has had full
national coverage since 1987. In the present study, the NPR was
available from 1964 to 2009.

The CDR [15] contains information from death records, in-
cluding underlying and up to 20 contributory causes of death cod-
ed according to the current edition (at the time of death) of the
ICD. The CDR has had complete national coverage since 1961 and
was available in the present study until the end of 2008.

To identify cases of parkinsonian disorders in the NPR and
CDR, we used comprehensive definitions that included all pri-
mary and contributory diagnoses in the NPR and all underlying
and contributory causes of death in the CDR. We also explored
four separate ways of restricting the definition of PD in the regis-
ters, as follows: (1) by excluding register cases who, at any point,
had had a non-PD parkinsonian disorder diagnosis (e.g. vascular
parkinsonism) in the NPR in addition to a PD diagnosis; (2) by
using primary diagnoses only in the NPR or underlying causes of
death only in the CDR; (3) by using diagnoses (primary or con-
tributory) from neurological, neurosurgical and geriatric depart-
ments only in the NPR, and (4) by only including register cases
with at least 2 hospital admissions due to PD (as a primary or con-
tributory diagnosis). ICD codes used to identify parkinsonian
disorders are described in table 1.

Statistical Analysis

As primary validity measures, we estimated the positive pre-
dictive value (PPV) and sensitivity, and as secondary validity
measures, specificity and the negative predictive value (NPV). All
validity measures were calculated for two outcomes, i.e. (1) any
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parkinsonian disorder and (2) PD. The accuracy of positive reg-
ister diagnoses was determined by PPV, i.e. the probability of pos-
itive register cases being confirmed by the gold standard (true-
positive register cases divided by true plus false-positive register
cases). The ability of the registers to detect gold standard-positive
cases was determined by sensitivity, i.e. the probability of gold
standard-positive cases ever appearing in the register with a diag-
nosis (true-positive register cases divided by true-positive plus
false-negative register cases). The ability of the register to ‘detect’
gold standard non-cases was determined by specificity, i.e. the
probability of gold standard non-cases accurately not being given
any diagnosis in the register (true-negative register cases divided
by true-negative plus false-positive register cases). The accuracy
of negative register diagnoses compared to the gold standard was
determined by NPV, i.e. the probability of study persons without
a diagnosis in the register being confirmed as non-cases by the
gold standard (true-negative register cases divided by true plus
false-negative register cases). Clopper-Pearson exact confidence
limits for proportions [16] were used to construct 95% confidence
intervals (CIs) for the validity estimates. Statistical analyses were
performed using SAS version 9.2 (SAS Institute Inc., Cary, N.C,,
USA).

As the index date for each participant (the date at which their
gold standard-positive or -negative diagnosis status was known),
we used the date of initial telephone contact in the SALT screen-
ing. For the NPR, PPV, specificity and NPV were estimated for
register diagnoses between 1964 and the index date, and sensi-
tivity was estimated for register diagnoses between 1964 and the
end of follow-up in 2009. In the CDR, study persons who had no
gold standard parkinsonian disorder but who developed a par-
kinsonian disorder during follow-up and were subsequently de-
tected by the register would be erroneously considered false-
positive cases (while, in fact, they would be true-positive cases).
This misclassification would artificially reduce the estimated
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Table 2. Accuracy of parkinsonian disorder diagnoses in the NPR

Accuracy
TP FP PPV 95%CI
n n %
Any parkinsonian disorder
All 66 9 88.0 78.4-94.4
Men 31 4 88.6 73.3-96.8
Women 35 5 87.5 73.2-95.8
Age at 1st register detection
<64 years 18 3 85.7 63.7-97.0
65-70 years 13 2 86.7 59.5-98.3
=71 years 35 4 89.7 75.8-97.1
Period of 1st register detection
ICD-7, -8 (1964-1986) 4 2 66.7 22.3-95.7
ICD-9 (1987-1996) 39 3 92.9 80.5-98.5
ICD-10 (1997-2002) 23 4 85.2  66.3-95.8
PD
All 51 21 70.8  58.9-81.0
Men 24 10 70.6  52.5-84.9
Women 27 11 71.1 54.1-84.6
Age at Ist register detection
<64 years 17 3 85.0 62.1-96.8
65-70 years 11 3 78.6 49.2-95.3
=71 years 23 15 60.5 43.4-76.0
Period of 1st register detection
ICD-7, -8 (1964-1986) 4 2 66.7 22.3-95.7
ICD-9 (1987-1996) 29 10 744  57.9-87.0
ICD-10 (1997-2002) 18 9 66.7 46.0-83.5

Follow-up from 1964 until screening, by sex, age at detection
and time period of detection. All primary and contributory diag-
noses were used to identify cases in the register. FP = False posi-
tive; TP = true positive.

PPV (as well as specificity and NPV). Thus, we could only accu-
rately calculate PPV, specificity and NPV in the CDR over a
short follow-up period during which the probability of cases be-
ing newly diagnosed was low. We set this limit to 3 years from
screening. Sensitivity of the CDR was estimated among deaths
occurring between the SALT screening and the end of follow-up
in 2008. Combined sensitivity of the NPR and CDR was esti-
mated among all gold standard-positive cases who were followed
until their death (until the end 0f 2009). Dates of death for study
persons who died during 2009 (after the end of follow-up in the
CDR) were derived from the Swedish Total Population Register.
The different follow-up periods used for the primary validity
measures in each register are illustrated in online supplemen-
tary figure 1 (www.karger.com/doi/10.1159/000336356). The dif-
ference in the frequency of PD cases with tremor-dominant dis-
ease among those who were and were not detected by the NPR
was tested using the x? test. Differences in the mean age at onset
were tested using a t test.

Validity of Register-Based Parkinson’s
Disease Diagnoses

Table 3. Sensitivity and time to detection for parkinsonian disor-
der diagnoses in the NPR

Time from onset to
detection, years

Sensitivity

TP  EN sensitiv- 95% CI
n n ity, %

mean £ SD range

Any parkinsonian disorder

All 123 71 634 56.2-70.2 6.8%55 0-43
Men 65 42 60.7 50.8-70.1 7.2x6.1 0-43
Women 58 29 66.7 55.8-76.4 6.4%47 0-20

Age at onset
<60 years 34 8 81.0 659-914 9.6%+7.8 1-43
61-75 years 67 23 744 64.2-83.1 64%x37 0-15
>76 years 21 32 429 26.5-540 34%3.0 0-11

Period of onset
1964-1979 8§ 1 889 51.8-99.7 15.0%x13.33-43
1980-1989 32 842 68.8-940 7.0x45 0-16
1990-2002 82 56 594 50.7-67.7 59%38 0-14

PD

All 9 36 72.7 64.3-80.1 7.5%*44 0-20
Men 51 23 689 57.1-79.2 7.6%x41 0-16
Women 45 13 77.6 64.7-875 7.4%46 0-20

Age at onset
<60 years 31 7 816 657-923 9.1x52 1-20
61-75years 55 15 78.6 67.1-87.5 7.0%3.7 0-15
=76 years 9 12 429 21.8-66.0 53%x3.0 2-11

Period of onset
1964-1979 7 0 100.0 59.0-100.0 11.7*6.8 3-20
1980-1989 28 5 848 681-949 7.8x45 1-16
1990-2002 60 29 674 56.7-77.0 6937 0-14

Follow-up 1964-2009, by sex, age at onset and time period of
onset. All primary and contributory diagnoses were used to iden-
tify cases in the register. TP = True positive; FN = false negative.

Results

National Patient Register

When considering any parkinsonian disorder overall,
NPR diagnoses were confirmed by the gold standard to a
high degree (PPV 88.0%, 95% CI 78.4-94.4; table 2). PPV
was lower for PD diagnoses (70.8%, 95% CI 58.9-81.0). Of
21 false-positive PD cases, 13 were gold standard non-PD
parkinsonian disorder cases. For any parkinsonian dis-
order diagnosis, PPV did not differ by sex or age at regis-
ter detection, but for PD, PPV was higher in those detect-
ed in the register at a younger age, although confidence
limits overlapped.

The NPR detected many of the gold standard-positive
cases with a sensitivity of 63.4% (95% CI 56.2-70.2) for
any parkinsonian disorder and 72.2% (95% CI 64.3-80.1)
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Table 4. Accuracy and sensitivity of restricted PD diagnoses in the NPR and CDR

Accuracy Sensitivity
TP FP PPV 95% CI TP EN sensitivity 95% CI
n n % n n %
NPR
Excluding non-PD parkinsonian disorder
diagnoses 47 20 70.1 57.7-80.7 88 44 66.7 57.9-74.6
Primary register diagnoses only 44 9 830 702-919 66 66 50.0 41.2-58.8
Specialized departments only! 20 4 833 62.6-953 31 101 235 16.6-31.7
>2 hospital admissions only 32 10 762 60.6-88.0 80 52 60.6 51.7-69.0
CDR
Underlying causes of death only 4 1 800 284-995 15 62 195 11.3-30.1

Follow-up in the NPR: 1964 to screening

(PPV); 1964 to 2009 (sensitivity). Follow-up in the CDR: 3 years

from screening (PPV) or until the end of 2008 (sensitivity). FN = False negative; FP = false positive; TP = true

positive.

! Diagnoses in the NPR from neurological, neurosurgical and geriatric departments only.

for PD (table 3). Compared to any parkinsonian disorder
diagnosis, the sensitivity of PD diagnoses was higher, in-
dicating that PD cases are somewhat more often detected
by the register than non-PD parkinsonian disorder cases.
Sensitivity was slightly lower for men compared to wom-
en. The median number of hospital admissions with any
parkinsonian disorder diagnosis for true-positive regis-
ter cases was 4. The overall time difference between
symptom onset and first record in the NPR (time to de-
tection) for true-positive register cases was 6.8 years for
any parkinsonian disorder and 7.5 years for PD. As ex-
pected, the time difference was smaller and sensitivity
decreased with older age and later calendar year at symp-
tom onset, as disease duration and time at risk of detec-
tion were on average shorter for these cases.

To investigate whether the accuracy of PD diagnoses
may be improved when using the NPR, we tried four sep-
arate ways of restricting the register definition of PD
(table 4). Firstly, excluding register cases with a non-PD
parkinsonian disorder diagnosis in addition to a PD di-
agnosis did not improve PPV. Secondly, restricting the
definition of PD to cases identified with primary PD di-
agnoses only in the NPR improved the PPV to 83.0% (95%
CI 70.2-91.9), although sensitivity was reduced to 50%
(95% CI 41.2-58.8). Thirdly, restricting the definition of
PD to cases identified from neurological, neurosurgical
and geriatric departments only improved the PPV to
83.3% (95% CI 62.6-95.3), although sensitivity was re-
duced to 23.5% (95% CI 16.6-31.7). Fourthly, restricting
the definition of PD to only cases with 2 or more hospital
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admissions with a PD diagnosis improved the PPV to
76.2% (95% CI 60.6-88.0), although sensitivity was re-
duced to 60.6% (95% CI 51.7-69.0).

Cause of Death Register

Mean (SD) follow-up in the CDR was 8.0 (2.1) years for
the study population overall and 6.1 (3.2) years for par-
kinsonian disorder cases. In total, 42 of 194 (21.6%) par-
kinsonian disorder cases died within 3 years from screen-
ing, and 127 (65.5%) had died at the end of 2008. PPV in
the CDR was 94.4% (95% CI 72.7-99.9) for any parkinso-
nian disorder diagnoses and 66.7% (95% CI 41.0-86.7) for
PD diagnoses (table 5). When restricting the definition to
underlying causes of death only, the PPV for PD diagno-
ses in the CDR was improved to 80.0% (95% CI 28.4-
99.5), although the sample size in this subgroup analysis
was small (table 4).

Overall, the CDR detected relatively few cases. How-
ever, as in the NPR, sensitivity was slightly higher for PD
compared to any parkinsonian disorder. Sensitivity was
consistently lower in men than in women (table 5). The
most common underlying cause of death recorded for PD
cases was cardiovascular disease (39.0% of deaths). This
proportion did not differ between men and women. How-
ever,among those who died of cardiovascular disease, PD
was included as a contributory cause of death for 8 of 12
women (66.6%) but only for 5 of 18 men (27.7%).

The combined sensitivity of the NPR and CDR was
70.9% for any parkinsonian disorder and 83.1% for PD
(calculated among gold standard cases followed until
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Table 5. Accuracy and sensitivity of parkinsonian disorder diag-
noses in the CDR

Accuracy Sensitivity
TP FP PPV 95% CI TP FN sensi- 95% CI
nn % n n tivity
%
Any parkinsonian disorder
All 17 1 944 72.7-99.9 55 72 43.3 34.6-524
Men 7 0 100.0 59.0-100.0 25 48 34.2 23.5-46.3
Women 10 1 90.9 58.7-99.8 30 24 55.6 41.4-69.1
Age at death
<75years 4 0 100.0 39.8-100.0 9 12 42.9 21.8-66.0
76-85years 8 1 88.9 51.8-99.7 28 29 49.1 35.6-62.7
>86years 5 0 100.0 47.8-100.0 18 31 36.7 23.4-51.7
PD
All 12 6 66.7 41.0-86.7 44 33 57.1 45.4-68.4
Men 52 714 29.0-96.3 23 24 48.9 34.1-63.9
Women 7 4 63.6 30.8-89.1 21 9 70.0 50.6-85.3
Age at death
<75years 31 750 194-994 7 5 583 27.7-84.8
76-85years 6 3 66.7 29.9-925 26 15 63.4 46.9-77.9
>86years 3 2 60.0 14.7-947 11 13 458 25.6-67.2

Follow-up for 3 years from screening (PPV) or until the end of
2008 (sensitivity), by sex and age at death. All underlying and con-
tributory causes of death were used to identify cases in the regis-
ter. FN = False negative; FP = false positive; TP = true positive.

their death). Of the 55 parkinsonian disorder cases de-
tected by the CDR, only 4 (7.2%) were not previously
found by the NPR. The proportion of PD cases with trem-
or-dominant disease did not differ between those detect-
ed by the NPR and those not detected (82 and 73%, re-
spectively; p = 0.31). As expected, mean age at onset was
significantly lower among PD cases detected by the NPR
(64.4 years, SD 10.0) compared to those not detected (70.5
years, SD 11.1; p = 0.0041). Sensitivity was 100% for cases
with onset before the age of 50 years.

Specificity and NPV in both the NPR and CDR ranged
from 98.5 to 100.0%. The majority of the study popula-
tion had no gold standard parkinsonian disorder and
were accurately true negatives in the registers, as would
be expected from low-prevalence disorders.

Discussion
In this population-based validation study of PD and

any parkinsonian disorder diagnoses in two national
health registers, we found that overall, the registers are

Validity of Register-Based Parkinson’s
Disease Diagnoses

accurate and sensitive in detecting parkinsonian disorder
cases, but that misclassification between PD and non-PD
parkinsonian disorders is quite common in both the NPR
and CDR. This misclassification goes both ways (PD cas-
es are misclassified as other parkinsonian disorders and,
similarly, non-PD parkinsonian disorder cases are mis-
classified as PD), as indicated by the gold standard non-
PD parkinsonian disorder cases found among the NPR
false-positive PD cases and the unchanged PPV for PD
diagnoses in the NPR when excluding cases with an ad-
ditional non-PD parkinsonian disorder diagnosis. Mis-
classification is particularly common with regard to the
contributory diagnoses or causes of death, as indicated by
the improved PPV when restricting the PD case defini-
tion to primary diagnoses or underlying causes of death
only. The accuracy of PD diagnoses may be improved by
restricting the definition to primary diagnoses in the
NPR only, although this comes at a cost of reduced sensi-
tivity. Since PPV declined with age for PD diagnoses in
the NPR, misclassification was more common in older
ages. Similarly, it has been suggested previously that the
commonly observed decline in PD incidence with age is
due to underreporting in older ages [17]. Sweden’s univer-
sal health care coverage ensures that the sensitivity of the
NPR is not affected by differential access to inpatient hos-
pital care. We found that clinical presentation (presence
of tremor-dominant disease) did not seem to affect dis-
ease detection in the NPR. The low sensitivity of the CDR
is in line with previous findings of underreporting of PD
as a cause of death [18-21].

The strengths of this study include the population-
based setting and gold standard ascertainment of diag-
noses that allowed us to estimate sensitivity and PPV as
well as specificity and NPV. The majority of previous val-
idation studies of other diseases in the NPR have used
patient chart reviews as the gold standard, prohibiting the
evaluation of sensitivity, specificity or NPV [3]. A weak-
ness of this study is that the follow-up after the screening
was only approximately a decade, which makes the sen-
sitivity estimates of the CDR and NPR incomplete. The
low prevalence of parkinsonian disorders unfortunately
limits our power in subgroup analyses. Since screening
was limited to participants aged 50 or older, young-onset
cases may have been missed.

National health registers are valid data sources in epi-
demiological studies of parkinsonian disorders. Howev-
er, caution is warranted when using the registers in four
situations in particular. Firstly, although estimates of the
incidence and prevalence of parkinsonian disorders may
be adjusted for misclassification using the validity esti-
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mates reported in this study, we believe the delayed detec-
tion together with the reduced sensitivity make the reg-
isters less suitable for such studies. Secondly, in survival-
type analyses where PD is an end point, precise incidence
dates cannot be derived. Similarly, in studies of progno-
sis, PD cases cannot be followed from disease onset, since
this is unknown. Since the average time period from on-
set to detection by the NPR differs according to age, it is
difficult to attempt to extrapolate age at onset from reg-
ister data. Thirdly, when the study depends on differen-
tial parkinsonian disorder diagnoses, there will be mis-
classification. We have shown that there are ways to im-
prove the accuracy of PD diagnoses, but not without
reducing the sensitivity. Fourthly, if exposures studied in
association with PD are themselves derived from the
NPR, the estimates of association may be biased by dif-
ferential misclassification; i.e. there can be misclassifica-
tion of disease that is associated with the exposure. How-
ever, in studies where exposure is ascertained indepen-
dently of the national health registers and is unrelated to
the sensitivity of detection of parkinsonian disorders, es-
timates of association will not be biased due to this type
of differential misclassification. This is the case because,
although sensitivity is reduced, specificity is almost per-
fect.

The results of this study highlight that in future regis-
ter-based studies of parkinsonian disorders, the defini-
tion of a PD or parkinsonian disorder case should be
adapted to the aims of the study. If the aim is to study an
association with parkinsonian disorders regardless of the
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Albertine Aouba.
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