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Purpose: To evaluate the diagnostic validity of PD identification in a national health registry requiring neurologist-confirmed
diagnoses.

Patients and Methods: We analyzed the Turku PD Cohort including 1626 patients diagnosed with PD between 2006 and 2020 in
specialist care. Patients were identified based on >2 entries of ICD-10 code G20. Diagnoses were re-evaluated through detailed chart
review after a median follow-up of approximately 10 years. Two movement disorder specialists independently classified final
diagnoses based on clinical records, imaging, and treatment data. Linkage to the Finnish Register of the Entitlements to
Reimbursement of Pharmaceutical Expenses identified patients granted reimbursement for antiparkinsonian medications under ICD-
10 code G20. Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were calculated using the
final clinical diagnosis as the reference.

Results: Of the 1626 patients, 1550 (95.3%) had received reimbursement for PD medications. After long-term follow-up, 1314 were
confirmed as PD and 236 reclassified to alternative diagnoses. Registry identification showed high sensitivity (98.2%) and PPV
(84.8%). Only 24 confirmed PD cases (1.8%) were not captured. Diagnostic revisions most commonly reflected atypical or secondary
parkinsonian syndromes. Specificity was lower (18.1%), reflecting diagnostic evolution during follow-up rather than systematic
miscoding. The median delay between diagnosis and registry entry was 24 days.

Conclusion: A national health registry requiring neurologist-confirmed diagnoses enables highly sensitive PD case identification with
good PPV for epidemiological research. However, diagnostic evolution in early parkinsonism limits specificity in cross-sectional
register data. Registry studies should therefore apply follow-up exclusion algorithms for alternative parkinsonian diagnoses.
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Introduction

Accurate Parkinson’s disease (PD) case identification is essential for robust epidemiological and clinical research. As
large-scale observational studies increasingly rely on routinely collected health data to investigate disease incidence,
prevalence, risk factors, and treatment outcomes, the diagnostic validity of PD in such health registries is critically
important.' Registries offer broad coverage and follow-up, but their utility depends on diagnostic code accuracy, which
may lack specialist confirmation or follow-up validation. Methodological frameworks for registry research emphasize the
need for validation studies comparing registry-based diagnoses with clinical reference standards and reporting measures
such as sensitivity, specificity, and predictive values.”

Numerous validation studies have shown wide variation in the accuracy of register-based PD case identification.
Reported positive predictive values (PPVs) range from 46.5% in U.S. administrative health registries to over 85% in
European cohorts using repeated codes, prescriptions, or specialist input.>* However, few studies have assessed both the
ability to correctly identify true PD cases (sensitivity) and to exclude non-PD cases (specificity); or systematically
examined how healthcare system design and reimbursement protocols influence diagnostic accuracy.
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Several healthcare systems, including those in the United Kingdom, Germany, Canada, and France, promote specialist
involvement in the diagnostic process of PD or include administrative validation steps that may enhance the accuracy of
register-based research. In Finland, antiparkinsonian drug reimbursement specifically for PD requires a neurologist-
confirmed diagnosis and a detailed written statement submitted to the Social Insurance Institution. This process offers
a distinct framework for register-based case identification. Although the Finnish Register of the Entitlements to
Reimbursement of Pharmaceutical Expenses is frequently used in PD epidemiology (eg.””), its diagnostic accuracy
has not previously been validated against long-term specialist-confirmed clinical diagnoses. To our knowledge, no prior
study has systematically evaluated both sensitivity and specificity within this reimbursement framework.

Accordingly, the objective of this study was to evaluate the diagnostic accuracy of PD entries in this national health
registry. Using long-term clinical follow-up as a reference, we calculated sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV), and considered the implications of these findings for future research on PD
relying on administrative healthcare data.

Materials and Methods

Study Population
We examined data from the Turku PD Cohort, comprising 1626 patients diagnosed with PD between 2006 and 2020 at
Turku University Hospital and affiliated outpatient clinics. All patients were diagnosed by a neurologist or supervised
resident, following national guidelines. The cohort has been described previously.®

Patients were identified from EHRs based on >2 entries of ICD-10 code G20. The study design followed a diagnostic
validation framework, using long-term specialist-confirmed clinical diagnoses as the reference standard. Cases with
uncertain coding or baseline alternative diagnoses were excluded. Full clinical records, including notes, imaging, and
medications, were independently reviewed by two movement disorder specialists (V.K. and T.K.) using standardized
criteria over a median follow-up period of 10 years. Each case was classified as confirmed PD or revised (eg., atypical
parkinsonism, DLB, vascular or drug-induced parkinsonism).

Registry Linkage and Case Definition

Registry data on special reimbursement for antiparkinsonian drugs (Register of the Entitlements to Reimbursement of
Pharmaceutical Expenses) were obtained from the Finnish Social Insurance Institution (Kela). The reimbursement code
110 covers antiparkinsonian medications and may be granted for multiple parkinsonian syndromes. For this study, we
included only patients for whom reimbursement code 110 was approved specifically for ICD-10 code G20 (PD). Registry
data were linked using personal identification numbers. The final clinical diagnosis after 10 years served as the reference
standard.

Diagnostic Accuracy and Validity of Registry

For measuring the validity of the registry we calculated sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) using clinically confirmed diagnoses as the reference. We also assessed the proportion of
confirmed PD cases not captured in the registry and calculated the time lag between clinical diagnosis and register entry.

Statistical Analysis

Analyses were conducted using IBM SPSS Statistics, version 30.0 (IBM Corp., Armonk, NY). Diagnostic accuracy
measures were calculated with exact 95% confidence intervals using the Clopper-Pearson method. Group comparisons
were performed using chi-square tests for categorical variables. Time delays were summarized with medians and
interquartile ranges. Continuous variables were summarized with means (standard deviations) or medians (interquartile
ranges) and categorical variables with frequencies (percentages). A two-sided p-value <0.05 was considered statistically
significant.
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Results

Of the 1,626 PD patients in the clinical cohort, 1,550 (95.3%) had received drug reimbursement for PD medications.
Among these, 1,314 (84.8%) had a confirmed PD diagnosis upon patient record review, while 236 (15.2%) were later
reclassified (Table 1). Diagnostic validity measures are presented in Table 2. We also calculated validity using a broader
definition including DLB and monogenic PD. Drug reimbursement was more frequent among patients with a confirmed
PD diagnosis (1314 of 1338; 98.2%) compared to those whose diagnoses were revised to an alternative condition (236 of
288; 81.9%) (p<0.001).

Additionally, 24 (1.8%) confirmed PD patients were not found in the Register of the Entitlements to Reimbursement
of Pharmaceutical Expenses. The mean age of these patients at PD diagnosis was 76.7 (SD 12.2) years, and 14 were
male. During the follow-up period, 11 of these patients had died, with a median interval of 34 months (IQR 34) between
diagnosis and death. In 9 cases, a neurologist had documented preparation of a drug reimbursement statement, but these
patients were nevertheless not recorded in the register. Two patients had reported choosing not to submit the statement to
Kela, and one patient died shortly after the statement was issued.

Table | Summary of Final Diagnoses and Proportions of Patients in the Drug Reimbursement Register for Each Diagnostic Category

Final Diagnosis n Age at PD Diagnosis | Sex % Males Categorized as PD in
Mean (SD, Range) Reimbursement Register % (n)

PD 1338 68.5 (11.2, 30-95) 55.5 98.2 (1314)

Clinically undetermined parkinsonian syndrome | 77 67.8 (10.4, 30-92) 57.1 85.7 (66)

Dementia with Lewy bodies 69 74.3 (7.5, 57-90) 59.4 89.9 (62)

Vascular parkinsonism 30 73.2 (9.3, 54-88) 63.3 76.7 (23)

PSP-RS 29 71.8 (7.6, 54-85) 65.5 82.8 (24)

MSA-P 24 65.2 (11.2, 46-79) 458 87.5 (21)

Essential tremor 15 73.4 (8.4, 56-87) 533 60.0 (9)

Drug-induced parkinsonism 12 73.5 (7.4, 59-85) 41.7 50.0 (6)

CBS 6 71.1 (4.9, 63-76) 50.0 100 (6)

Alzheimer’s disease 4 78.3 (4.8, 74-83) 75.0 75.0 (3)

Monogenic PD 4 37.8 (8.1, 26-43) 25.0 100 (4)

Normal pressure hydrocephalus 4 77.4 (5.3, 70-82) 50.0 0 (0)

Depression 3 69.3 (19.2, 48-84) 333 66.7 (2)

PSP-CBS 2 73.0 (3.0, 71-75) 100 100 (2)

Functional neurological disorder 2 50.5 (3.0, 48-53) 50.0 100 (2)

Motor neuron disease 2 60.8 (3.4, 58-63) 100 100 (2)

Other® 5 65.7 (11.3, 55-78) 100 80.0 (4)

Total 1626 69.0 (11.1, 26-95) 55.9 95.3 (1550)

Notes: “Dystonia (n=1), AD combined with DLB (n=1), hepatic encephalopathy (n=1), unspecified myalgia (n=1) and unspecified tauopathy (n=1).
Abbreviations: PSP-RS, Progressive supranuclear palsy — Richardson syndrome; MSA-P, Multiple system atrophy — parkinsonian subtype; CBS, Corticobasal syndrome; PSP-
CBS, Progressive supranuclear palsy — corticobasal syndrome.
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Table 2 Diagnostic Accuracy and Registry Validity of the Drug
Reimbursement Register in Identifying PD, with and without
Inclusion of Dementia with Lewy Bodies (DLB) and Monogenic
Parkinsonism

Confirmed PD Confirmed PD
Excluding DLB and Including DLB and
Monogenic PD Monogenic PD
n 1314 1380
PPV (%) 84.8 (82.9-86.5) 89.0 (87.4-90.5)
NPV (%) 68.4 (56.7-78.6) 59.2 (47.3-70.4)
Sensitivity (%) 98.2 (97.3-98.8) 97.8 (96.9-98.5)
Specificity (%) 18.1 (13.8-23.0) 20.9 (15.7-27.0)

Notes: Diagnostic accuracy metrics (positive predictive value [PPV], negative predictive
value [NPV], sensitivity, and specificity) are shown for registry-identified PD cases using
clinically confirmed diagnoses as the reference standard. Estimates are presented both
when DLB and monogenic parkinsonism are excluded (left column) and included (right
column) in the definition of confirmed PD. Values are expressed as percentages with
95% confidence intervals in parentheses.

Discussion

This study evaluated the diagnostic performance of PD identification in a specialist-certified national reimbursement
registry. Using long-term clinical record reviews as the reference standard, we found that a register requiring neurologist-
confirmed diagnoses achieved high sensitivity (98.2%) and positive predictive value (PPV; 84.8%) in identifying true PD
cases. Only 1.8% of clinically verified cases were missed, and the median delay between clinical diagnosis and register
entry was 24 days. These results support the utility of structured specialist-based systems, where reimbursement
eligibility requires neurologist confirmed diagnoses and standardized documentation, for registry-based research. The
findings also suggest refinement through exclusion algorithms accounting for diagnostic evolution.

Compared to previous register validation efforts, our findings are notably strong. In a large U.S. Veterans
Administration study, Goldman et al reported a PPV of only 46.5% using primary diagnosis codes alone, rising to
85% when enriched algorithms incorporating neurologist visits and treatment response were applied.” A systematic
review across multiple health systems found wide heterogeneity in PD case ascertainment methods, ranging from simple
diagnostic codes to more complex definitions involving prescriptions, hospital episodes, or death records.* While several
included studies achieved PPVs >80%, sensitivity was often unreported, and specificity rarely addressed. Our study adds
to this literature by evaluating both sensitivity and specificity in a specialist-diagnosed cohort with long-term follow-up,
using detailed patient records as a clinical reference.

Our findings also illustrate the practical trade-offs inherent in real-world validation studies. The “bottom-up” design
used here, beginning with clinically diagnosed PD patients and assessing their representation in the register, enabled
accurate measurement of sensitivity and identification of register-missed cases. In contrast, most prior studies have used
“top-down” designs that sample register-defined PD cases and validate diagnoses through medical records. While such
approaches provide direct estimates of PPV, they cannot evaluate sensitivity or identify register-missed cases. Our
bottom-up design, beginning with clinically confirmed PD patients, enables assessment of sensitivity and under-
ascertainment but limits estimation of specificity at the population level.

However, our approach has limitations. This cohort was derived from a single defined geographical region in Finland.
Although the reimbursement process is nationally standardized, regional variation in diagnostic practices may still occur.
Therefore, external validation in other Finnish regions and in countries with comparable reimbursement frameworks is
warranted. Moreover, since the cohort comprised clinically diagnosed PD patients, specificity could only be estimated

within this subgroup. This is a common limitation in register validation studies, which often assess defined subsets rather
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than full register populations due to practical constraints. The observed low specificity (18.1%) reflects diagnostic change
over time, many patients initially considered to have PD were ultimately reclassified with atypical parkinsonism or other
conditions. This diagnostic evolution illustrates the challenge of using cross-sectional registry data for progressive
conditions. Our findings echo the need to supplement registry data with follow-up exclusions for diagnoses.

We also identified 24 patients (1.8%) with clinically confirmed PD who were not present in the reimbursement
registry. In some cases, the reimbursement application process may have been interrupted (eg., patients declined to apply
or died before processing). For others, no clear explanation was available, raising the possibility of system-level lapses.
Although these findings indicate that even highly structured, specialist-based administrative systems may fail to capture
all eligible patients, the small number of missing cases suggests that the extent of under-ascertainment is limited.

Our findings support certain strategies to improve PD case identification in administrative data. First, structured
diagnostic requirements, such as specialist confirmation and fulfilment of PD clinical diagnostic criteria, can significantly
improve registry sensitivity and PPV. Second, exclusion algorithms based on subsequent codes for atypical or secondary
parkinsonism should be routinely applied to enhance specificity. In our cohort, most diagnostic revisions occurred within the
first two years after the initial PD diagnosis, with common alternative diagnoses including MSA, PSP, vascular parkinsonism,
and clinically undetermined parkinsonism (CUPS).® These findings support the application of at least a two-year diagnostic
window when implementing such exclusions in registry-based case definitions. Third, multi-source linkage (eg., with
hospital records) should be considered where feasible, particularly in systems without mandatory specialist involvement.
Finally, even in healthcare systems that appear well-structured, it is essential to validate registry data locally.

Conclusion

In sum, this study highlights the strengths of neurologist-certified administrative registries in PD research and offers
strategies for improving case definitions. While no system is free from diagnostic uncertainty or omissions, targeted
methodological refinements, such as incorporating exclusion algorithms and leveraging specialist-confirmed diagnoses,
can meaningfully enhance diagnostic accuracy.

Statement of Ethics

The study was conducted using retrospectively collected clinical data and national health registry data. According to
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new biological material. Permission to use the clinical data was granted by the Wellbeing Services County of Southwest
Finland (Varha) and national registry linkage was approved by Findata (THL/1965/14.02.00/2024). All of the included
patient data used in the study were handled in accordance with applicable data protection and privacy regulations. Access
to the data was restricted to authorized investigators only.
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