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ABSTRACT

Background: Administrative databases that capture diagnostic codes are increasingly being used worldwide for re-
search because they can save time and reduce costs. However, assessing validity is necessary before defining diseases
using only diagnostic codes in research applications.

Objective: Our objective was to assess the validity of using diagnostic codes to identify incident Parkinson's disease (PD)
cases in Olmsted County, Minnesota using an established standard for comparison (1976-2005).

Methods: Cases were identified solely using computer programs applied to administrative diagnostic code indexes from
the Rochester Epidemiology Project (REP). Two codes >30 days apart or one code on the death certificate constituted
PD. The standard was a clinical diagnosis by movement disorders specialists based on medical record review. Validity
was assessed using positive predictive value (PPV) and sensitivity. Numbers of incident cases and incidence rates were
compared between the two ascertainment methods by sex.

Results: The codes only method over-counted the number of incident PD cases by 73% (804 versus 464), and this over-
counting generally increased with calendar year. Sensitivity was 80% (95% CI [76%, 84%]) and PPV was 46% (95% CI
[34%, 50%]). Disease status misclassification accounted for two-thirds of falsely identified cases, where individuals
were found to not have PD (43%) or even parkinsonism (23%) after medical record review. The codes only method
also over-estimated the incidence rate time trend for men and women by approximately two-fold.

Conclusion: In our context, using administrative diagnostic codes only to identify incident PD cases is not recommended

unless more accurate algorithms are developed.

1. Introduction

Parkinson's disease (PD) is a neurological disorder projected to affect
770,000 individuals in the United States by 2040, and increase of 56%
from 2005 [1]. Understanding trends in PD incidence within and across
populations may lead to the identification of modifiable risk factors [2].
Some studies have reported that the risk of PD may be increasing with
time [3-5], whereas other studies suggest the risk may be decreasing
with time [6-8]. Differences may be real or due to the way the diagnosis
is assessed. Administrative databases that capture diagnoses, prescriptions,
and procedures, are increasingly being used worldwide for clinical re-
search. Using these databases can save time and reduce costs because the
information is already collected, but they are generally designed for billing
purposes and not for research. Therefore, assessing the questionable valid-
ity of diagnostic codes for correctly classifying disease status is recom-
mended [9,10]. Manually abstracting data from medical records using
accepted criteria is considered the most accurate way to retrospectively
identify disease cohorts but takes more time. Our objective was to assess

the validity of only using diagnostic codes to identify incident PD cases
and to calculate PD incidence. We hypothesized that using diagnostic
codes only would over-estimate incident PD.

2. Methods
2.1. Study design and setting

The Rochester Epidemiology Project (REP) was used to identify cases of
incident PD in Olmsted County, Minnesota from 1976 through 2005. The
REP links virtually all medical records across all local medical care pro-
viders for individuals residing in Olmsted County, including outpatient, in-
patient, emergency room, nursing home, residency, and death certificate
information [11]. Physicians providing medical care assign administrative
diagnostic codes per routine medical practice. Medical diagnoses, surgical
interventions, and other information are routinely abstracted, coded,
indexed, and stored in electronic datasets. The REP identifies 102% of the
United States census estimates for the Olmsted County population, thereby
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allowing for reliable incidence studies [12]. Approximately 98% of the pop-
ulation provides authorization to use their medical records for research
[11]. The diagnostic coding systems used in the REP are the Berkson system
(1966-1975), the Hospital Adaptation of the International Classification of
Diseases, Eighth Revision (HICDA, 1976-2010), the International Classifi-
cation of Diseases, Ninth Revision (ICD-9, 1995-2015), and the Tenth Revi-
sion (ICD-10, 2015-present).

Two methods were used to identify incident PD cases. The first used
electronic diagnostic codes for screening followed by medical record re-
view [13,14], hereafter referred to as standard [3]. The second method
used electronic diagnostic codes only without medical record review. The
number of incident cases and incidence rates were determined using both
methods and then compared.

All medical record information for both methods was collected pas-
sively so informed consent was not required. This study was approved by
the Mayo Clinic and Olmsted Medical Center institutional review boards.

2.2. Identification of incident PD cases by the standard

The standard method used a two phase approach to identify incident PD
cases; a screening phase and a clinical confirmation phase [3,13-16]. First, a
computerized screening of the diagnostic code index identified individuals
with at least one code indicative of parkinsonism from 1976 through 2010.
A broad set of codes, including non-specific codes such as tremor, was used
to maximize sensitivity. Second, a movement disorders specialist reviewed
the medical records of individuals who screened positive and confirmed or re-
futed parkinsonism as a syndrome and PD as a specific type of parkinsonism
using pre-specified criteria (J.H-B in 1998-1999 for codes from 1976 through
1990 and R.S in 2012-2013 for codes from 1991 through 2010). Parkinson-
ism required two of four cardinal signs: resting tremor, bradykinesia, rigidity,
and impaired postural reflexes. PD required a parkinsonism diagnosis with no
secondary cause, no documentation of levodopa unresponsiveness at doses of
at least 1 g/day in combination with carbidopa (only for patients who were
prescribed the medications; use of the medications was not necessary for a di-
agnosis), and no prominent or early signs of more extensive nervous system
involvement not explained otherwise [3,13]. The specialist classified individ-
uals as having parkinsonism or not and as having PD or not, and determined
the onset year and residency status at onset. The standard method was shown
to be reliable and valid [13,16,17].

2.3. Identification of incident PD cases using diagnostic codes only

Incident PD cases were identified solely using computer programs ap-
plied to the administrative diagnostic code index. All parkinsonism diag-
nostic codes were retrieved (online Supplementary Table 1). PD codes
were a subset of parkinsonism codes: HICDA codes 03420110 (Disease,
Parkinson's), 03420111 (Paralysis, Agitans), and 03420112 (Palsy, Shak-
ing); ICD-9 codes 332 (Parkinson's Disease) and 332.0 (Paralysis Agitans);
and ICD-10 code G20 (Parkinson's Disease). Individuals with two PD
codes that occurred >30 days apart or who were given one PD code on
their death certificate were classified as having PD. A 30-day timeframe
was chosen to reduce false positives by assuming that these individuals
were evaluated for PD and found not to have it. Longer timeframes may in-
troduce bias due to death or moving out of the county prior to classification.
The onset date of PD was defined as the earliest parkinsonism diagnostic
code date. Individuals residing in Olmsted County for at least one year be-
fore their first parkinsonism diagnostic code were considered incident PD
cases. A one year timeframe was chosen to avoid including individuals
with prevalent PD who recently moved into Olmsted County but had
their onset while residing elsewhere.

2.4. Statistical analysis
The difference in the number of cases identified per calendar year by the

codes only and standard methods were tested using one-sample Wilcoxon
Signed Rank tests. The number of PD codes were counted for each case
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and compared across methods using the Kruskal-Wallis test. If an individual
had more than one PD code in a calendar day, it was counted as one code.
Sensitivity and PPV were calculated requiring 2, 3, 4, 5, and 10 total PD
codes with exact 95% binomial confidence intervals (CI). Analysis of inci-
dence rates and time trends followed the same methods as the standard
[3]. Sex-specific incidence rates were calculated for each calendar year
standardizing by age using the 1990 United States population. Negative bi-
nomial regression was used to estimate the relative PD incidence rate
change over time for men and women. All statistical tests were two-tailed
with an alpha of 0.05. SAS software version 9.4 (SAS institute Inc., Cary,
NC, USA) and R version 3.4.2 were used for analyses.

3. Results
3.1. Incident Parkinson's disease cases identified

The codes only method identified 804 incident PD cases in Olmsted
County from 1976 through 2005 compared to 464 identified by the stan-
dard (Fig. 1). There were 373 individuals with incident PD identified by
both methods, 91 identified by the standard only and 431 identified by
codes only. Therefore, using codes only identified 373 of 464 ‘true’ PD
cases (80% sensitivity) while erroneously identifying 431 (PPV 46%,
Table 1). The negative predictive value was 99.98% (CI [99.97%,
99.98%]) and the specificity was 99.89% (CI [99.88%, 99.90%]). The
most frequent reason individuals were classified as incident PD by the
codes and not by the standard was a false positive for disease status. Of
the 431 cases identified by codes only, 187 (43%) were classified as parkin-
sonism but not PD and 101 (23%) were classified as free of parkinsonism by
the standard. The most frequent reason for an individual being classified as
incident PD by the standard and not the codes were differing onset years. Of
the 91 cases identified by the standard only, 27 (30%) were classified as PD
with an onset year after 2005 by the codes. The same PD onset year was
found in 40% of overlapping cases and 82% were within 2 years. Compared
to the standard, 3% of cases identified using codes only had an earlier onset
year and 57% had a later onset year. The median difference was 1 year (in-
terquartile range [IQR] 0-2, range — 4-10). Fig. 1 displays other reasons
for non-overlapping cases. When residency status was ignored, the PPV
for using codes only to identify PD cases from 1976 through 2005 was
54% and the sensitivity was 84%.

The median number of PD codes significantly differed between PD cases
identified by the codes only (10, IQR 4-29), the standard only (20, IQR 1-
53), and both methods (39, IQR 14-72, P < .0001). However, each incre-
mental increase in the number of PD codes required for the codes method
resulted in only a 2-3% increase for PPV and a 2-3% decrease for sensitiv-
ity (Table 1). Twelve of the 804 cases found by the codes were identified be-
cause they only had one code on their death certificate. Nine cases were
reviewed as part of the standard, and one was classified as PD.

3.2. Incident Parkinson's disease cases identified by onset year

Fig. 2 shows the number of incident PD cases identified by each method
per calendar year for men and women. The difference in the number of
cases identified using codes only minus the standard per calendar onset
year ranged from — 3 to 15 for women (median 5) and — 2 to 24 for men
(median 4.5). Both medians differed significantly from 0, P < .0001. The
differences increased over time for men and women starting around 1980
with the codes only method identifying more cases than the standard
(Fig. 2). The ratio of the number of cases identified using codes only versus
the standard per calendar onset year ranged from 0.8 to 4.3 for women (me-
dian 2.0) and 0.7 to 3.4 for men (median 1.5). Both medians differed signif-
icantly from 1, P < .0001.

The estimated relative incidence rate change per 10 calendar years for
men was 1.57 (CI [1.38, 1.79]) using codes only compared to 1.24 (CI
[1.08, 1.43]) using the standard. The estimated relative incidence rate
change per 10 calendar years for women was 1.18 (CI [1.01, 1.38]) using
codes only compared to 1.09 (CI [0.87, 1.38]) using the standard. The PD
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Standard
Total
464

For 91 cases identified by the standard only
N (%) Reason not identified by codes only
27 (30) PD, onset > 2005
14 (15) PD, Olmsted County resident < 365 days at onset
19(21) PD, not Olmsted County resident at onset
12 (13) Not PD, no parkinsonism codes found
6(73) Not PD, non-PD parkinsonism code found
13 (14) Not PD, PD and non-PD parkinsonism code found
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Codes
only
431 Codes only
Total
804

For 431 cases identified by codes only
N (%) Reason not identified by the standard
19(4) PD, onset < 1976
18 (4) Screened negative®
82(19) Not Olmsted County resident?
101 (23) Not parkinsonism
187 (43) Parkinsonism, non-PD type
5(1) PD or parkinsonism, onset > 2005
19(4) Other

Fig. 1. Incident Parkinson's disease cases identified in Olmsted County, Minnesota from 1976 through 2005 by the codes only and standard methods. Reasons each method did not identify
a case when the other method did are enumerated. PD = Parkinson's disease; Std = standard. * Medical records not reviewed by specialist to ascertain parkinsonism and PD.

incidence time trends derived separately from the codes only and standard
methods diverged over time for both men (Fig. 3A) and women (Fig. 3B).

4. Discussion

The codes only method over-counted the number of incident PD cases in
Olmsted County, Minnesota from 1976 through 2005 by 73% compared to
our standard and this over-counting generally increased with calendar year.
Disease status misclassification accounted for the majority of falsely identi-
fied PD cases. These individuals were found to not have PD, or even parkin-
sonism, after medical record review. The codes only method also over-
estimated the incidence rate time trend for both men and women.

Administrative health data has been used for parkinsonism studies, in-
cluding validation assessments [18-24]. A review of 18 articles identifying
PD using administrative datasets showed that PPVs ranged from 53 to 90%
and sensitivities ranged from 15 to 73% using their respective standard
[10]. Our PPV of 46% was below this range and our 80% sensitivity was
above this range. Feldman et al. reported 71% PPV and 73% sensitivity
when using at least one PD code to identify cases [21]. Our lower PPV may
have resulted from differing standards, administrative datasets, or coding
practices. Feldman et al. used telephone interviews, clinical examinations,

Table 1
Accuracy of identifying Parkinson's disease incident cases using the codes only
method.

No. of PD codes PPV Sensitivity

% 95% CI % 95% CI
=2 46.4 42.9-49.9 80.4 76.5-83.9
=3 49.4 45.7-53.1 78.4 74.4-82.1
=4 51.4 47.6-55.2 75.6 71.5-79.5
=5 53.0 49.0-56.9 72.4 68.1-76.4
=10 57.7 53.3-62.0 64.4 59.9-68.8

Number of days with a PD code required to classify someone as an incident PD case
using codes only. Additionally in all scenarios, at least two codes must be over
30 days apart, and onset year and residency criteria must be met.

CI, confidence interval; PPV, positive predictive value.

medical records, and in-person interviews to establish the standard compared
to medical record review alone. Additionally, PPVs can be over-estimated
when the disease prevalence in the validation standard is higher than the da-
tabase in which the algorithm will be applied [9]. Similar to our findings, an-
other REP study using only diagnostic codes to identify anterior cruciate
ligament tears concluded the low accuracy (PPV of 66%) could be improved
by adding medical record chart review [25].

Two-thirds of false positive cases were disease status misclassifications
where 43% had parkinsonism but not PD and 23% did not have parkinson-
ism at all. Another study similarly found that most false positives had a par-
kinsonism other than PD according to their standard [21]. Using
administrative codes to distinguish between parkinsonism and PD was
shown to be ineffective using only codes [18]. Diagnoses made by move-
ment disorder specialists are more accurate compared to non-specialists
who can substantially over diagnose [26-28]. Using a PD code assigned
by a specialist improves PPV, but can markedly reduce sensitivity
[19-21], likely depending on the proportion of individuals with PD who
visit a specialist in a given population.

False positives without any type of parkinsonism may result from
suspected disease or misdiagnosis. While some reports required one or
more codes at any time, we required two PD codes >30 days apart to remove
misclassification from rule-out evaluations. Similarly, another study found
that a 30 day window between codes was preferable to no window in their
algorithms [22]. In addition, our data suggest that requiring more than two
PD codes had little effect on overall classification accuracy and only slightly
increased PPV and slightly reduced sensitivity. Misdiagnosis may occur
when physicians observe symptoms such as tremor and code PD as the diag-
nosis without applying diagnostic criteria or using the specific codes for those
symptoms. This possibility is supported by a study in which 17 of 42 patients
who were false positives for parkinsonism identified by ICD-9 codes were af-
fected by other conditions with similar symptoms, mostly tremor [22]. Data
entry errors for codes occur infrequently and therefore should have relatively
minimal impact on misclassification [29].

An accurate onset date is crucial for incidence studies. An incorrect
onset date can affect onset timing and inclusion in the target study popula-
tion. The codes method used the earliest parkinsonism diagnostic code to
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Fig. 2. Incident Parkinson's disease cases identified per calendar year by the codes only and standard methods. The grey squares represent the number of cases identified by
the codes only method minus the number identified by the standard method with a grey cubic regression trend line for men (Panel A) and women (Panel B).

establish the onset date and residency. Reviewing records can determine a
more biologically correct onset date that precedes the actual diagnosis. In
27 of 91 false negatives (30%), the codes correctly identified PD but the
onset year was after 2005, and therefore outside of the standard study's in-
cidence window. On the other hand, the codes estimated the onset year
well with a median difference of 1 year later than the standard, consistent
with 0.7 years estimated by Bower et al. [13]. Residency at the time of
PD onset accounted for approximately 20% of misclassifications in both di-
rections. When residency status was ignored using the codes method, the
PPV increased by 8%, the sensitivity increased by 4%, and the over-
counting of cases decreased to 56%.

The PD incidence rate trends diverged over time, and the estimated rel-
ative change from the codes only method was approximately double than
that estimated by the standard method for both men and women. Further-
more, the estimated relative change in PD incidence was statistically signif-
icant for women using codes only, but not using the standard. One possible
explanation for the increasing over-estimation with calendar year is the

heightened awareness of and screening for PD. Using codes only misclas-
sifies people as having PD who do not. This misclassification weakens anal-
yses of risk factors and distorts clinical characterization of PD populations.
Noyes et al. reported that people with claims-based PD diagnoses differed
in comorbidities, Medicare expenses, residency location, and income com-
pared to their standard [19].

Strengths of the analyses include the population-based setting, rigor for
identifying incident PD cases in the standard study, and the large number of
cases. Our standard included all 464 PD incident cases identified in the gen-
eral population of Olmsted County, Minnesota. The standard included a
broad screening and chart review by movement disorder specialists using
established diagnostic criteria. A validity study of 321 individuals without
a screening code found no one with parkinsonism after chart review [13].
Additionally, all individuals determined to have parkinsonism after a neu-
rologic exam were identified by the standard ascertainment method, dem-
onstrating that these diagnoses were captured in the REP diagnostic coding
indices [13]. Fifty-seven of 59 PD cases identified by the standard study
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were confirmed to have PD by a movement disorders specialist at a stan-
dardized in-person examination [17]. Finally, the clinical PD classifications
from the standard showed high agreement with autopsy findings [16].

Limitations include generalizability and the standard time period. The
findings from this study are reflective of the Olmsted County population, in-
cident PD rates in Olmsted County, and the REP records-linkage system ad-
ministrative datasets, coding practices, and coding systems. Therefore,
specific results may not translate to other settings, analyses, and diseases.
However, our findings demonstrate the importance of validating the use
of diagnostic codes for finding disease cases, and that accuracy can be
worse when used to identify incident disease cases in a defined geography
and timeframe. The standard identified incident PD through 2005 and the
specialty of the physician assigning the PD diagnostic codes was rarely doc-
umented, therefore we could not assess more recent years or physician spe-
cialty. Two studies reported that adding the use of parkinsonism
medications with diagnostic codes improves PPV and decreases sensitivity,
and can reduce overall accuracy [20,22]. We did not evaluate medications
because they are only available from 2003 onward in the REP electronic in-
dices. Future investigations using natural language processing of electronic
health records hold promise. A recent study showed that PPV and sensitiv-
ity for identifying incident strokes increased when using ICD codes and nat-
ural language processing compared to ICD codes alone [30].

Conducting research using administrative health data can be cost-
effective and time-saving. Knowing the limitations and how they affect
analyses and inferences is critical to creating sound evidence that informs
clinical decision making and future planning. In this investigation, using
only diagnostic codes over-counted the number of incident PD cases in
Olmsted County, Minnesota from 1976 through 2005 by 73% compared
to using diagnostic codes for screening with subsequent medical record re-
view and adjudication by a movement disorders specialist. In our context,
using administrative diagnostic codes only to identify incident PD cases is
not recommended unless more accurate algorithms are developed. Using
diagnostic codes to screen for potential cases followed by medical record re-
view remains the recommended approach.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.prdoa.2020.100061.
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