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ABSTRACT
Background Non-interventional large-scale research on
real-world patients who had a stroke requires the use of
multiple data sources ensuring access to longitudinal data
from large populations with clinically-detailed information. We
sought to establish a framework for longitudinal research on
patients hospitalised with stroke by linking information-rich,
deidentified inpatient data from the Paul Coverdell National
Acute Stroke Program (PCNASP) to commercial and Medicare
Advantage longitudinal claims data.
Methods All stroke admissions in PCNASP between
2008 and 2015 were evaluated for linkage to longitudinal
claims from a commercial insurer using an algorithm
based on six available common data fields (patient
age, gender, admission date, discharge date, discharge
diagnosis and state) and a hospital match. We evaluated
the linkage quality (via the percentage of unique records
in the linked dataset) and the representativeness of the
linked population. We also described medical history,
stroke severity and patterns of medication use among the
PCNASP-claims linked cohort.
Results The linkage produced uniqueness equal to 99.1%.
We identified 5644 linked and 98 896 unlinked patients
who had an ischaemic stroke hospitalisation in claims
data. Linked patients were younger than unlinked (69.7
vs 72.5 years), but otherwise similar by medical history,
prestroke medication use or lab values. Stroke severity was
mild and most patients were discharged home. Prestroke
and discharge use of antihypertensive and statins in the
PCNASP were greater than their use as measured by filled
prescriptions in claims.
Conclusions High-quality linkage between the PCNASP and
commercial claims data is feasible. This linkage identified
differences between reported or recommended versus
actual out-of-hospital medication utilisation, highlighting the
importance of longitudinal data availability for research aimed
to improve the care of patients who had a stroke.

INTRODUCTION
Several classes of medications have shown to
be effective in managing stroke risk factors and
secondary stroke prevention,1 2 up to approximately 80% as compared with no treatment.3
Healthcare utilisation databases can be a useful
tool to study the use and the comparative safety

and effectiveness of therapeutics in routine care
of patients who had ischaemic stroke, and thus
complement information from randomised
controlled trials (RCTs), which although generally considered the gold standard for establishing
the causal relationship between interventions
and patient outcomes, are often costly, take a
long time to complete, and are often applicable
to only a narrow patient population.4–6 These
databases allow for the creation of a continuous
record of hospitalisations, outpatient care, and
medication use, but they often lack sufficient
detailed information on critical clinical characteristics such as disease severity.7 Furthermore,
most administrative datasets do not contain
in-hospital drug use information. By contrast,
clinical stroke registries are generally rich in
clinical detail but lack longitudinal data and are
deidentified abstractions of the medical record
without explicit patient consent. The Paul
Coverdell National Acute Stroke (PCNASP) was
established by the Centers for Disease Control
and Prevention in 2001 to collect data on the
quality of care provided to patients who had
a stroke from the initial emergency response
through hospital discharge with the goal of
improving the quality of hospital-
based acute
stroke care.8–10
In such a context, the linkage with alternative
data sources such as clinical or quality improvement registries, to confirm clinical diagnoses
that may not be accurately recorded in claims
and to collect information on disease severity
and inpatient medications and procedures,
provides an opportunity for clinical research on
the use and the effects of medications in large
real-world patient populations.
While a body of literature exists on Medicare fee for service claims linked to clinical
stroke registries,11–17 little is known about
commercially insured patients under age 65
and those in Medicare Advantage plans. In
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METHODS
Data sources
Inpatient stroke data from the PCNASP
Information on hospitalised patients who had an ischaemic
stroke was available via PCNASP between January 2008
and September 2015. The PCNASP was established in
2001 and from 2007 to 2011 collected data from acute
care hospitals in six states (Georgia, Massachusetts, Michigan, Minnesota, Ohio, and North Carolina), increasing
to 11 states in 2012–2015 (Arkansas, California, Georgia,
Iowa, Massachusetts, Michigan, Minnesota, New York,
North Carolina, Ohio and Wisconsin).18 PCNASP includes
patients aged ≥18 years with a clinical diagnosis of acute
ischaemic stroke, intracerebral haemorrhage, subarachnoid haemorrhage or transient ischaemic attack (TIA)
or an International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code indicative
of a stroke or TIA.19 PCNASP collects several in-hospital
data elements including stroke subtype, National Institutes of Health (NIH) Stroke Scale Score, and prescribed
preventative pharmacological therapy at discharge, for
example, antihypertensive, statin and antithrombotic
treatments.18
Claims data
Longitudinal information on commercially insured
patients was collected from the Clinformatics Data Mart
(OptumInsight, Eden, Prairie, Minnesota, USA) between
2008 and 2015, a US-based healthcare insurance dataset
including deidentified administrative claims for over
14 million persons annually (hereinafter referred to as
Optum). The patients in this dataset are commercial
health plan members and Medicare Advantage members
(approximately 25%–30%) from all 50 states. For each
enrollee, the dataset includes demographic information,
health plan enrollment status, inpatient and outpatient
medical encounters coded via ICD-
9CM and Current
Procedural Terminology (CPT)-
4 classifications, and
filled prescriptions, including National Drug Code
numbers, quantity dispensed, and days’ supply. Claims
data are deterministically linked to laboratory test results
provided by two national laboratory providers, with results
for outpatient laboratory tests available for approximately
a third of beneficiaries.
2

Data linkage strategy
In the absence of direct patient identifiers, we used the
following six available common data fields to link the
PCNASP and the Optum dataset: patient age, gender,
admission date, discharge date, discharge diagnosis and
state. In order to improve linkage validity, we required a
hospital match to occur first.20 We established a hospital
‘crosswalk’ by matching hospitalisations from the inpatient PCNASP data with hospitalisations from the claims,
on the basis of exact values for the six common data
fields. We restricted the crosswalk to hospitals with at
least five exact patient level matches. The hospital identified in claims data that contained the majority of exactly
matched hospitalisations for any given PCNASP hospital
was assumed to be the correct link for that PCNASP
hospital.
Within each hospital, we calculated the percentage of
records that were unique after implementing the linkage,
as previously described.20 This was defined as follows:
	

Uniqueness = 1 −

(
)
N multiple records in claims + N multiple records in PCNASP
N linked records

∗ 100

where,
N multiple records in claims=number of multiple
records in claims that linked to the same record in
PCNASP,
N multiple records in PCNASP=number of multiple
records in PCNASP that linked to the same record in
claims,
N linked records=total number of records in claims and
PCNASP for which linkage was possible.
We linked PCNASP and Optum dataset using increasingly stringent criteria with respect to matching by age
and dates of admission or discharge, and used the strictest
linkage rule (uniqueness equal to 99.1%), to identify a
study population of linked patients who had ischaemic
stroke for which we had high confidence that the linkage
accurately identified the same patient in claims and
PCNASP.
Study population
Within the linked study population, we restricted to
patients who had a first index ischaemic stroke hospitalisation and six or more months of continuous health plan
enrollment in claims prior to that hospital admission.
Within the same time period, we also identified patients
who had a first index ischaemic stroke hospitalisation in
claims and no linkage with the PCNASP, and applied the
same inclusion criteria as for linked patients. To identify patients who had ischaemic stroke in Optum linked
and unlinked patients, we used a definition previously
validated against medical records, based on a primary
discharge diagnosis of ischaemic stroke (ICD-9 codes 433.
x1, 434.xx (excluding 434.x0), or 4
 36.xx),21 22 during the
index hospitalisation.
Characteristics of linked and unlinked claims-based
populations with ischaemic stroke
To assess the representativeness of the claims-based population with linkage to the PCNASP, with respect to the
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a cohort study of patients who had ischaemic stroke, we
sought to determine: (1) the feasibility of linking patients
from an inpatient deidentified stroke registry (ie, the
PCNASP to a commercial claims dataset with longitudinal
information on inpatient and outpatient care and out-of-
hospital filled prescriptions, (2) the representatives of the
linked versus unlinked claims patients and (3) the reliability of registry-derived clinical inpatient and outpatient
information such as prestroke and postdischarge medication use by comparing it to administrative claims data on
filled prescriptions in the linked population.

Open access

Characterisation of cohorts of patients who had an ischaemic
stroke through PCNASP and claims-based longitudinal
information
Within the linked study population, we assessed common
fields pertinent to medical history and use of medications
prior to the index stroke hospitalisation as measured in both
PCNASP and claims. History of comorbid conditions at baseline was assessed through ICD-9 diagnostic and procedural
codes in claims, and through recorded information on past
medical history in PCNASP. Active use of antihypertensive
and lipid-lowering medication treatment was measured via
filled prescriptions during the 90 days prior to the stroke
hospitalisation in claims, and patient’s reported medication
use on admission in PCNASP. Baseline stroke severity was
captured by NIH Stroke Scale (NIHSS) scores and by degree
of independence in ambulation at discharge, both recorded
in the PCNASP.

specific information was collected (online supplemental
material table 1).
Within the linked study population, we also identified
a subset of patients who were directly discharged home
after the index stroke hospitalisation, in order to reliably measure dispensing of filled prescription medications after the stroke hospitalisation in claims data, since
patients do not have individual pharmacy claims while in
a postacute care facility. In this population, we described
the frequency of antihypertensive and statin treatment
prescribed at discharge based on information from the
PCNASP, with the frequency of filled prescriptions for
antihypertensive and statin medications in the 90 days
after discharge from the same hospitalisation.
In analyses stratified by age (<65 and ≥65 years) and
by coverage (commercial and Medicare Advantage), we
evaluated the representativeness of the linked population with stroke, described patients’ characteristics as
captured by PCNASP and by longitudinal claims, and
compared the frequency of antihypertensive and statin
treatment prescribed at discharge based on information
from the PCNASP, with the frequency of filled prescriptions for antihypertensive and statin medications in the
90 days after discharge from the same hospitalisation.

Statistical analysis
To evaluate the representativeness of the linked population, we examined descriptive statistics for a range of
claims-
based characteristics of patients linked to the
PCNASP versus unlinked patients. We quantified the
differences between linked and unlinked patients via
standardised differences, using the conventional definition of meaningful differences as values greater than
0.1.23 Standardised differences compare the difference
in means in units of the pooled SD and, unlike p values,
are not influenced by sample size. Thus, in the context
of a large sample, such as the current study, standardised
differences are the preferred tool to identify meaningful
differences in covariates.
To describe characteristics of linked patients who had
an ischaemic stroke through PCNASP and claims-based
longitudinal information, we evaluated frequencies and
percentages for binary variables; and means (SD) and
medians (IQR) for continuous variables. For the information captured by both PCNASP and claims within the
linked population, we evaluated the presence of any meaningful discordance via McNemar test for paired nominal
data and also provided absolute per cent differences.
Percentages, means and medians for PCNASP variables
were calculated using only the data of stroke hospitalisations that occurred in the time periods for which the

RESULTS
There were 32 991 571 patients contained in the claims
dataset and 574 586 hospitalisations in PCNASP from
2008 to 2015. After applying a strict linkage rule based
on exact matching of linking fields (table 1, linkage step
5), we successfully linked 10 079 hospitalisations among
9548 unique patients in Optum to hospitalisations in the
PCNASP.
When we further restricted Optum linked and unlinked
patients to those with a primary discharge diagnosis of
ischaemic stroke during the index hospitalisation and
with six or more months of continuous enrollment prior
to the hospital admission, there were 5644 linked and
98 896 unlinked patients in claims data, that is, information from the PCNASP was available for 5.4% of Optum
patients who had an ischaemic stroke (figure 1). After the
linkage, most of the data derived from acute care hospitalisations in Georgia, North Carolina, Ohio and Minnesota.
Claims-based patient characteristics between enrollees for
whom PCNASP information was available (linked enrollees)
versus not available (unlinked enrollees) were balanced with
most standardised differences<0.1 (table 2).
In both cohorts within claims data, PCNASP-linked and
unlinked patients had similar gender distribution (approximately 50% women), burden of comorbidities as measured
by the combined comorbidity index, a claims-based score
with lower values associated with lower mortality risk and
higher values associated with higher mortality risk,24 and
medication use prior to the hospitalisation. Minor imbalances were noted for a few characteristics. Compared with
patients without PCNASP linkage, PCNASP-linked patients
in Optum were slightly younger (69.2 vs 72.5 years), had a
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claims-based population without linkage to the PCNASP, we
compared baseline patient characteristics between Optum
enrollees with ischaemic stroke who were linked and not
linked to the PCNASP data. Baselines patient characteristics
of interest were measured in claims during the 6 months
preceding the index stroke hospitalisation and included
demographic information, comorbid conditions, use of
medications, measures of healthcare utilisation, and, for a
subset of the study cohort, selected baseline laboratory test
results. We also described characteristics of the index hospitalisation including length of stay, discharge status, and
in-hospital death, when available.

Open access

Linkage
step
1

2

Linkage rule*†
Age at admission (±1 year), date of admission (±1 day),
date of discharge (±1 day), sex, state, and primary
diagnosis, by hospital ID
Age at admission, date of admission (±1 day), date of
discharge, sex, state, and primary diagnosis, by hospital
ID

Number of flexible
fields for matching

Total linked
Hospitalisations Uniqueness‡

3

17 850

89.6

1

10 917

98.0

3

Age at admission, date of admission, date of discharge
(±1 day), sex, state, and primary diagnosis, by hospital ID

1

10 445

98.0

4

Age at admission (±1 year), date of admission, date of
discharge, sex, state, and primary diagnosis, by hospital
ID
Age at admission, date of admission, date of discharge,
sex, state, and primary diagnosis, by hospital ID

1

14 004

98.0

0

10 079

99.1

5

*Unless otherwise specified, linkage rules employed exact matching of linking fields.
†Optum Clinformatics only includes year of birth for commercial beneficiaries, thus the linking field age at admission was always allowed to
differ by 1 year.
‡Uniqueness = (1−(N multiple hospitalisations in claims+N multiple hospitalisations in registry))/N linked hospitalisations] *100

higher number of physician visits at baseline and a higher
baseline total cholesterol and haemoglobin A1c level, and
were more frequently discharged to home healthcare.
During the 6 months prior to the stroke hospitalisation,
prescriptions were filled for an antihypertensive in over
60% of patients, a statin in ~35% and an anticoagulant or
antiplatelet in ~10%. In addition, measures of healthcare
utilisation, baseline laboratory test results and characteristics
of the index stroke hospitalisation were similar, with ~20%

Figure 1 Identification of linked and unlinked study cohorts
resulting from data linkage between ischaemic stroke
admissions in Paul Coverdell National Acute Stroke Program
(PCNASP)—registry and ischaemic stroke admissions in
claims dataset.

4

of patients experiencing a hospitalisation in the prior 6
months, of ~6 days length. Claims-based patient characteristics between PCNASP-linked and unlinked patients were
also balanced with most standardised differences <0.1, when
we stratified by age and coverage type (online supplemental
material tables 2 and 3).
When we explored the concordance of baseline medical
history in the PCNASP-linked patients between the claims
and PCNASP sources, we found discordance was overall
low and identified only a few variables for which discordance was higher as measured by McNemar test and absolute per cent differences (table 3).
In particular, the prevalence of history of diabetes
mellitus, carotid stenosis, peripheral vascular disease,
congestive heart failure and depression was higher in
claims. Conversely, the prevalence of history of atrial
fibrillation, obesity and cigarette smoking was higher
in the PCNASP compared with claims, consistent with
expected under-recording practice for these variables in
claims data. Stroke severity was often mild or moderate
(ie, mean initial NIHSS was 6.2 with a median of 3), and
50.4% patients were able to ambulate independently with
or without a device at discharge. When we stratified by
age and coverage type (online supplemental material
tables 4 and 5), findings remained consistent, except for
a higher prevalence of hypertension and chronic kidney
disease in the PCNASP compared with claims among
patients younger than 65 and among commercially
insured patients.
Patients filled prescriptions for antihypertensive and lipid-
lowering medications in the 90-day period prior to the stroke
hospitalisation less frequently than they reported these
medications as being currently taken at admission (figure 2).
Among PCNASP-linked patients discharged home, antihypertensive treatment was prescribed at discharge in 81.6% of
Patorno E, et al. Stroke & Vascular Neurology 2021;0. doi:10.1136/svn-2021-001134
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Linked
(n=5644)
N (%)

Unlinked
(n=98 896)
N (%)

Standardised
difference

Age, mean (SD)

69.7 (11.9)

72.5 (12.3)

−0.23

Female

2797 (49.6)

51 821 (52.4)

−0.06

Combined comorbidity index, mean (SD)

1.4 (2.5)

1.5 (2.4)

−0.03

Hypertension

3866 (68.5)

64 675 (65.4)

0.07

Diabetes

1974 (35.0)

31 964 (32.3)

0.06

Dyslipidaemia

2710 (48.0)

43 584 (44.1)

0.08

Prior ischaemic stroke

1192 (21.1)

17 852 (18.1)

0.08

Prior transient ischaemic attack

526 (9.3)

8802 (8.9)

History of atrial fibrillation

820 (14.5)

17 384 (17.6)

Carotid stenosis

411 (7.3)

6342 (6.4)

0.03

Prior haemorrhagic stroke

83 (1.5)

1067 (1.1)

0.03

Ischaemic heart disease or procedure

1341 (23.8)

22 974 (23.2)

0.01

Peripheral vascular disease (PVD) or PVD surgery

497 (8.8)

10 024 (10.1)

−0.05

Congestive heart failure

786 (13.9)

14 487 (14.7)

−0.02

Chronic kidney disease

699 (12.4)

13 338 (13.5)

−0.03

Chronic obstructive pulmonary disease

694 (12.3)

12 772 (12.9)

−0.02

Pneumonia

346 (6.1)

5890 (6.0)

Dementia

575 (10.2)

12 087 (12.2)

−0.06

Cancer or history of malignant neoplasm

661 (11.7)

11 328 (11.5)

0.01

Obesity

811 (14.4)

13 357 (13.5)

0.02

Smoking

455 (8.1)

6411 (6.5)

0.06

Alcohol abuse or dependence

76 (1.4)

1221 (1.2)

0.01

Drug abuse or dependence

61 (1.1)

991 (1.0)

0.01

Depression

556 (9.9)

9194 (9.3)

0.02

Any antihypertensives†

3437 (60.9)

62 519 (63.2)

−0.05

 Angiotensin-converting enzyme inhibitors

1556 (27.6)

28 447 (28.8)

−0.03

 Angiotensin II receptor blockers

738 (13.1)

12 944 (13.1)

0.00

 Beta-blockers

1980 (35.1)

35 563 (36.0)

−0.02

 Calcium channel blockers

1361 (24.1)

23 941 (24.2)

0.00

 Thiazide diuretics

1147 (20.3)

18 151 (18.4)

0.05

 Loop diuretics

837 (14.8)

15 521 (15.7)

−0.02

 Other antihypertensives

458 (8.1)

8045 (8.1)

Nitrates and other antianginal therapies

389 (6.9)

6088 (6.2)

0.03

Antiarrhythmics

105 (1.9)

2044 (2.1)

−0.01

Digoxin

176 (3.1)

4329 (4.4)

−0.07

Any lipid-lowering agents‡

2144 (38.0)

36 294 (36.7)

 Statins

2016 (35.7)

33 977 (34.4)

0.03

 Other lipid-lowering agents

340 (6.0)

5231 (5.3)

0.03

Antiplatelets§

694 (12.3)

10 480 (10.6)

Anticoagulants¶

491 (8.7)

9163 (9.3)

−0.02

 Warfarin

383 (6.8)

7778 (7.9)

−0.04

 Direct oral anticoagulants

94 (1.7)

1198 (1.2)

0.04

 Heparin, LMWH or fondaparinux

66 (1.2)

935 (1.0)

0.02

Patient characteristics
Demographics

Comorbidities*

0.01
−0.08

0.01

Medication use*

0.00

0.03

0.05

Continued
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Open access

Patient characteristics

Linked
(n=5644)
N (%)

Unlinked
(n=98 896)
N (%)

Standardised
difference

Insulin

622 (11.0)

8937 (9.0)

0.07

Non-insulin glucose-lowering medications

1034 (18.3)

17 429 (17.6)

0.02

Antidepressants**

1145 (20.3)

19 146 (19.4)

0.02

Any hospitalisation, %

1215 (21.5)

17 462 (17.7)

0.10

Number of any hospitalisation, mean (SD)

0.3 (0.7)

0.3 (0.7)

0.08

Any hospitalisation within prior 30 days, %

467 (8.3)

6426 (6.5)

0.07

N hospital days, mean (SD)

2.0 (6.1)

1.6 (5.6)

0.07

Number of emergency department visits, mean (SD)

0.8 (2.0)

0.7 (1.9)

0.09

Number of any physician visit, mean (SD)

12.8 (17.8)

10.5 (15.7)

0.14

Total N distinct pharmacological agents prescribed, mean (SD)

6.5 (6.0)

6.3 (5.6)

0.04

Measures of healthcare utilisation*

Laboratory values*
LDL, mg/dL, mean (SD)

105.3 (56.9)

106.9 (44.7)

−0.03

LDL, N (%)

123 (2.2)

2471 (2.5)

−0.02

Total cholesterol, mg/dL, mean (SD)

199.6 (61.9)

193.3 (48.8)

Total cholesterol, N (%)

120 (2.1)

2514 (2.5)

−0.03

INR, mean (SD)

1.6 (0.9)

1.7 (0.9)

−0.02

INR, N (%)

19 (0.3)

384 (0.4)

−0.01

Creatinine, mg/dL, mean (SD)

1.1 (0.5)

1.1 (2.1)

−0.05

Creatinine, N (%)

171 (3.0)

3393 (3.4)

−0.02

HbA1c, %, mean (SD)

8.2 (2.5)

7.8 (2.2)

0.15

HbA1c, N (%)

90 (1.6)

1530 (1.6)

0.00

5.7 (4.7)

5.9 (6.8)

 Home

2691 (47.7)

41 191 (41.7)

 Home healthcare

680 (12.1)

10 376 (10.5)

 Rehabilitation facility

480 (8.5)

8596 (8.7)

−0.01

 Skilled nursing facility

935 (16.6)

19 766 (20.0)

−0.09

 Other acute inpatient facility

331 (5.9)

6701 (6.8)

−0.04

 Hospice

190 (3.4)

4098 (4.1)

−0.04

In-hospital mortality††

33 (0.6)

516 (0.5)

0.11

Characteristics of stroke hospitalisation
Length of stay of index hospitalisation, mean (SD)

−0.05

Discharge status
0.12
0.05

0.01

Values are N (%) unless otherwise specified.
*Unless otherwise specified, measured during the 6 months preceding the index stroke hospitalisation.
†Includes ACE-inhibitors, ARBs, beta-blockers, calcium channel blockers, thiazide diuretics, loop diuretics, and other antihypertensives.
‡Includes statins or other lipid-lowering medications.
§Includes aspirin, clopidogrel, prasugrel, ticagrelor, dipyridamole, aspirin–dipyridamole, ticlopidine.
¶Includes warfarin, dabigatran, rivaroxaban, apixaban, edoxaban, heparin, dalteparin, enoxaparin, tinzaparin, fondaparinux, argatroban, desirudin, lipirudin.
**Includes selective serotonin reuptake inhibitors (SSRIs) and non-SSRI antidepressants.
††Information on mortality is available in Optum through linkage with the Social Security Administration Death Master File. This capture is limited by a policy change
in 2011 concerning the extent of the Social Security Administration disclosure of death records received from states (important notice: change in public death
master file records. 2011; https://classic.ntis.gov/assets/pdf/import-change-dmf.pdf).
ARBs, angiotensin II receptor blockers; HbA1c, haemoglobin A1c; INR, international normalised ratio; LDL, low-density lipoprotein; LMWH, low-molecular-weight
heparin.

cases; however, claims for prescriptions filled post discharge
were found in only 61.9%. Similar patterns were observed
for statin treatment (prescribed at discharge in 84.7% of
cases and filled in the first 90 days post discharge in 61.1% of
cases). Findings were similar when we stratified by age and
coverage type (online supplemental material figures 1 and
2).
6

DISCUSSION
In a large cohort of patients hospitalised with ischaemic
stroke, we found that a reliable linkage between the
PCNASP, a rich inpatient stroke registry, and commercial claims data using indirect identifiers was feasible, and
permitted combining detailed disease markers of the acute
stroke care episode with longitudinal postdischarge care
Patorno E, et al. Stroke & Vascular Neurology 2021;0. doi:10.1136/svn-2021-001134

Stroke Vasc Neurol: first published as 10.1136/svn-2021-001134 on 8 November 2021. Downloaded from http://svn.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Table 2 Continued

Open access

Comorbidities*, N (%)
Hypertension

PCNASP-based variables
(n=5644)

Claims-based variables McNemar’s test
(n=5644)
p value

4021 (71.5)

3866 (68.5)

0.00

Absolute
difference
3.0

Diabetes mellitus

1780 (31.8)

1974 (35.0)

0.00

3.2

Dyslipidaemia

2590 (46.1)

2710 (48.0)

0.01

1.9

Prior ischaemic stroke

1075 (21.9)

1192 (21.1)

0.12

0.8

Prior transient ischaemic attack
History of atrial fibrillation
Carotid stenosis
Ischaemic heart disease
Peripheral vascular disease

406 (8.1)

526 (9.3)

0.08

1.2

1155 (20.5)

820 (14.5)

0.00

6.0

222 (4.0)

411 (7.3)

0.00

3.3

1323 (23.6)

1341 (23.8)

0.70

0.2

315 (5.6)

497 (8.8)

0.00

3.2

Congestive heart failure

449 (8.0)

786 (13.9)

0.00

5.9

Chronic kidney disease

138 (11.4)

699 (12.4)

0.00

1.0

Obesity

624 (39.6)

811 (14.4)

0.00

25.2

Smoking

1024 (18.3)

455 (8.1)

0.00

10.2

32 (2.8)

61 (1.1)

1.00

1.7

174 (5.6)

556 (9.9)

0.00

4.3

Drug or alcohol abuse
Depression

Stroke severity and functional information at discharge†
NIH Stroke Scale
 Mean (SD)
 Median (IQR)
Ambulatory status at discharge
Able to ambulate independently with
or without device, N (%)

6.2 (7.2)

N/A

N/A

N/A

3 (1–8)

N/A

N/A

N/A

2698 (50.4)

N/A

N/A

N/A

*Comorbidities in the PCNASP are based on recorded medical history during stroke hospitalisation; comorbidities for in claims are based
on International Classification of Diseases, Ninth Revision diagnoses recorded during the 183-day period prior to the stroke hospitalisation.
Comorbidities in the PCNASP were characterised by varying level of missingness: information on prior ischaemic stroke, transient ischaemic
attack, obesity, chronic kidney disease, drug or alcohol abuse, and depression was missing for 13.0%, 11.6%, 72.1%, 78.6%, 79.6% and
44.7%, respectively; information on the other comorbidities was missing for <1%.
†Information on National Institutes of Health (NIH) Stroke Scale and Ambulatory status at discharge was missing for 28.9% and 5.2%
patients, respectively.
N/A, not applicable.

in a vulnerable population of patients at high risk of recurrent stroke. Despite small differences in a few variables, the
PCNASP-claims linked subset appeared to be overall representative of the general claims-based population with stroke.
Detailed data on stroke severity (NIHSS), and ambulatory
status at discharge were available for most linked patients in
the PCNASP, providing crucial information for predictors
and risk adjustment in clinical and pharmacoepidemiological analyses addressing the postdischarge period. Medication information on antihypertensive and lipid-
lowering
treatments from the PCNASP was discordant with claims-
based drug utilisation patterns outside of the hospital, with
reported use of medications on admission and prescriptions at discharge largely overestimating the real-world use
of medications as measured by filled prescriptions, which
highlights the role of a longitudinal framework based on
dispensing information from claims to accurately assess the

use of medications outside of the hospital. Use of medications as measured by drug dispensing in claims is known
to strongly correlate with medication use by patients, in
contrast to prescribing information, typically captured in
medical records, which may overestimate medication use
by patients who fail to fill their prescriptions, resulting in
substantial bias.25
Real World Evidence (RWE), the understanding of
causal treatment effects from electronic data generated by
the routine provision of care, has gained much attention
from regulators, payers and physician groups.26–30 RWE
is thought to complement essential evidence on the efficacy of medications that we gain from RCTs, by providing
information on their safety and effectiveness in clinical
practice.5 6 Generated evidence needs to be internally
valid and generalisable to an identifiable target population in order to be actionable.31–33 A valid evaluation
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Table 3 Assessment of discordance among selected variables from the Paul Coverdell National Acute Stroke Program
(PCNASP) and claims data among linked patients

Open access

of patients who had a stroke in routine setting of care
requires the joint contribution of data sources that can
ensure the access to large populations with complete
healthcare longitudinal information and rich clinical
descriptors. Our study provides evidence that the creation
of such a research framework is feasible and can provide
a valid platform in which to address a range of clinical
and pharmacoepidemiological research questions. These
data resources can help understand why in some individuals evidence-based treatments fail to prevent recurrent
events and can help identify during the hospitalisation
those at greatest risk for non-
adherence in the time
period after discharge. The observation of important
differences between reported or prescribing information
and out-of-hospital medication dispensing for two mainstay treatments for stroke prevention highlights the challenges of assuming medication adherence subsequent to
acute stroke hospitalisation based on discharge prescriptions. These findings are in line with results from previous
studies assessing primary medication non-adherence in
the USA, with estimated pooled primary non-adherence
rates of 16% for antihypertensive medications and 25%
for lipid-lowering medications,34 and with rates as high
as 28% for both classes in the primary care setting.35
Our findings are also consistent with prior studies
showing that more than half of patients stop taking their
prescribed secondary prevention medications, including
antihypertensive and lipid-lowering medication, 1–2 years
after an incident stroke.36–39 In a study evaluating 1-year
8

self-report of persistence and adherence to medications
prescribed to patients after stroke discharge, up to one-
third of patients who had a stroke discontinued one or
more secondary prevention medications within 1 year
of hospital discharge.37 Of note, self-
discontinuation
of medications was uncommon, and several potentially
modifiable patient, provider, and system-level factors associated with persistence and adherence may be targets for
future interventions. The proposed research framework
can hopefully help identify modifiable elements that can
be the basis for taking quality improvement interventions
to the next level, such as intensive education, remediation
of social determinants of health, and better coordination
with primary care after discharge. This framework will
also provide the opportunity to study stroke care during
readmissions as well as the use of other major medication
classes, for example, antiplatelets, anticoagulants and
glucose-lowering medications.
Another relevant example of a successful large-scale
linkage between administrative data and alternative
data sources with additional clinical insight on patients
who had a stroke is the linkage between Medicare fee-
for-service part A and B claims and the in-hospital Get
With The Guidelines (GWTG)—Stroke Registry.20 40
This enriched data source allowed investigators to follow
Medicare fee-for-service beneficiaries who were linked to
the GWTG-Stroke Registry for a range of claims-based
clinical outcomes after acute ischaemic stroke hospitalisations.11–18 However, even in this important example,
Patorno E, et al. Stroke & Vascular Neurology 2021;0. doi:10.1136/svn-2021-001134
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Figure 2 Antihypertensive and lipid-lowering medication use prior and subsequent to index stroke hospitalisation as
measured in Paul Coverdell National Acute Stroke Program (PCNASP) and in claims at 90 days prestroke and 90 days post
dischargPCNASP (reported on admission): based on medications reported on admission in PCNASP registry. Claims (fills
prior to admission): based on prescription medications filled in the 90 days prior to the stroke hospitalisation in claims.
Antihypertensive and lipid-lowering medication use prior to admission in the PCNASP was missing for <1%. PCNASP
(prescription at discharge): based on medications prescribed at discharge in PCNASP among patients discharged home.
Antihypertensive and statin prescription at discharge in the PCNASP was missing for 11.3% and 1.7%, respectively. Claims
(fills after discharge): based on prescription medications filled in the 90 days following discharge as recorded in claims among
patients discharged home. To evaluate prescription medications filled following discharge in claims, analyses were limited to
patients with continuous enrollment for the 90 days after the stroke hospitalisation. Antihypertensive drugs: includes ACE-
inhibitors, angiotensin II receptor blockers (ARBs), beta-blockers, calcium channel blockers, thiazide diuretics, loop diuretics
and other antihypertensives. Lipid-lowering drugs: includes statins or other lipid-lowering medications. PCNASP included
information on the use of lipid-lowering drugs on admission and on the prescription of statins at discharge.

Open access
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do not provide information on the reasons patients are
non-
adherent or may discontinue medications, which
could be due to financial hardship, forgetfulness or countermanding physician orders.
In conclusion, in a large cohort of patients who had
a stroke, we found that a reliable linkage between the
PCNASP and commercial claims data using indirect
identifiers was feasible, representative and permitted
combining detailed disease markers of the acute stroke
care episode with reliable postdischarge longitudinal
information in a vulnerable population of patients at high
risk of recurrent stroke. This enriched data source will
provide important insights into postdischarge evaluation
of medication use and outcomes, ultimately improving
the care of patients who had a stroke.
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out-of-hospital medication information was limited to the
documentation of treatment reported at hospital admission and drug prescriptions at discharge as recorded in
the GWTG-
Stroke Registry, without longitudinal data
on prescriptions actively filled by the patient prior or
subsequent to the stroke hospitalisation.11 12 With the
exception of over-the-counter medications and self-pay,
our study could rely on complete information on filled
prescriptions outside of the hospital. Another strength of
this study is that we were able to provide information on
a population enrolled in commercial or Medicare Advantage plans, which is a crucial complementary data source
to those traditionally available from Medicare fee-
for-
service, Medicaid and Veterans Affairs.
Our study has limitations. First, as the data from claims
and the PCNASP were deidentified in accordance with
the data use agreement of these data sources, we could
not confirm our linkage through the use of personal
identifiers. However, our linkage was built on an established strategy successfully implemented in a similar
setting, which demonstrated the feasibility of a reliable linkage between claims and an inpatient registry.20
Second, information from the PCNASP was only available for 5.4% of Optum patients who had an ischaemic
stroke. This is not evidence of poor performance of the
linkage strategy, but it is likely driven by (1) the complete
absence of information from US states represented in the
Optum database but not participating to the PCNASP,
(2) the limited presence of Optum enrollees in some
of the US states that mostly contributed to the PCNASP
registry during the study period and (3) the limited
participation of hospitals to the PCNASP registry in
some of the US states mostly represented in the Optum
database. Nevertheless, we found that the Optum population with ischaemic stroke that was treated at hospitals
participating to the PCNASP registry had similar characteristics to the remainder of the Optum population with
ischaemic stroke that was treated at hospitals that did
not participate to the PCNASP registry, suggesting that
our findings likely apply to the broader Optum population with stroke. Similarly, information from the Optum
database was only available for 1.7% of PCNASP patients,
which could limit the generalisability of our findings
to the remainder of the PCNASP population. This was
not assessable as we did not have access to the unlinked
PCNASP population. Third, PCNASP-based information
on several variables was characterised by a considerable
amount of missingness (online supplemental material
table 6), in particular for the variables collected only later
in the study period (eg, obesity, chronic kidney disease,
drug or alcohol abuse, depression). Finally, claims data
capture actual medication dispensing patterns and therefore provide a more complete and reliable approximation of medication use than electronic health records,
which only capture prescriptions.25 However, claims
data do not capture actual medication use, and still have
limitations in measuring drug use in certain settings, for
example, over-the-counter medication use. Lastly, claims
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Table 1. Presence of PCNASP elements over calendar time
2007

2010

2012

2014

2015

Comorbidities1
Hypertension

X

X

X

X

X

Diabetes mellitus
Dyslipidemia

X
X

X
X

X
X

X
X

X
X

Prior ischemic stroke

X

X

X

X

X

Prior transient ischemic attack
History of atrial fibrillation

X
X

X
X

X
X

X
X

X
X

Carotid stenosis
Ischemic heart disease

X
X

X
X

X
X

X
X

X
X

Peripheral vascular disease

X

X

X

X

X

Congestive heart failure
Chronic kidney disease

X

X

X
X

X
X

X
X

X

X
X

X
X

X
X

X
X

X

X
X

X
X

X
X

Obesity
Smoking
Drug or alcohol abuse
Depression
Medications reported upon admission
Antihypertensive drugs2
Lipid-lowering drugs3

X
X

X
X

X
X

X
X

X
X

Stroke severity and functional information at discharge
NIH Stroke Scale

X

X

X

X

X

Ambulatory status at discharge

X

X

X

X

X

Medications prescribed at discharge
Antihypertensive drugs2

X

X

X

X

X

Statins

X

X

X

X

X

1. Based on recorded medical history during stroke hospitalization
2. Antihypertensive drugs: includes ACE-inhibitors, ARBs, beta-blockers, calcium channel blockers, thiazide diuretics, loop diuretics, and other antihypertensives
3. Lipid-lowering drugs: includes statins or other lipid-lowering medications.
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Table 2. Comparison of claims variables between beneficiaries in Optum with versus without successful PCNASP-linkage in
patients less than 65 years and 65-year old and older

Patients 65 year-old and older

Patients less than 65 years

Patient characteristics
Demographics
Age, mean (SD)
Female
Comorbidities1
Combined comorbidity index, mean (SD)
Hypertension
Diabetes
Dyslipidemia
Prior ischemic stroke
Prior transient ischemic attack
History of atrial fibrillation
Carotid stenosis
Prior hemorrhagic stroke
Ischemic heart disease or procedure
Peripheral vascular disease (PVD) or PVD surgery
Congestive heart failure
Chronic kidney disease
Chronic obstructive pulmonary disease
Pneumonia
Dementia
Cancer or history of malignant neoplasm
Obesity
Smoking
Alcohol abuse or dependence
Drug abuse or dependence
Depression
Medication use1
Any antihypertensives2
Angiotensin-converting enzyme inhibitors
Angiotensin II receptor blockers
Beta-blockers
Calcium channel blockers

Linked

Unlinked

Linked

Unlinked

(n=1,597)

(n=22,838)

N (%)

N (%)

Standardized
difference

(n=4,047)

(n=76,058)

N (%)

N (%)

Standardized
difference

54.4 (8.3)
688 (43.1)

54.2 (8.4)
9375 (41.1)

0.03
0.04

75.8 (6.3)
2109 (52.1)

78.0 (6.7)
42446 (55.8)

-0.33
-0.07

0.8 (2.1)
924 (57.9)
520 (32.6)
628 (39.3)
344 (21.5)
148 (9.3)
96 (6.0)
82 (5.1)
28 (1.8)
242 (15.2)
84 (5.3)
151 (9.5)
122 (7.6)
117 (7.3)
60 (3.8)
33 (2.1)
85 (5.3)
225 (14.1)
186 (11.7)
22 (1.4)
31 (1.9)
153 (9.6)

0.8 (2.0)
11900 (52.1)
6876 (30.1)
8364 (36.6)
4108 (18.0)
1967 (8.6)
1218 (5.3)
1031 (4.5)
251 (1.1)
3398 (14.9)
1179 (5.2)
1747 (7.7)
1499 (6.6)
1772 (7.8)
892 (3.9)
574 (2.5)
1422 (6.2)
2820 (12.4)
2500 (11.0)
453 (2.0)
431 (1.9)
2234 (9.8)

0.02
0.12
0.05
0.06
0.09
0.02
0.03
0.03
0.06
0.01
0.00
0.06
0.04
-0.02
-0.01
-0.03
-0.04
0.05
0.02
-0.05
0.00
-0.01

1.6 (2.5)
2942 (72.7)
1454 (35.9)
2082 (51.5)
848 (21.0)
378 (9.3)
724 (17.9)
329 (8.1)
55 (1.4)
1099 (27.2)
413 (10.2)
635 (15.7)
577 (14.3)
577 (14.3)
286 (7.1)
542 (13.4)
576 (14.2)
586 (14.5)
269 (6.7)
54 (1.3)
30 (0.7)
403 (10.0)

1.7 (2.5)
52775 (69.4)
25088 (33.0)
35220 (46.3)
13744 (18.1)
6835 (9.0)
16166 (21.3)
5311 (7.0)
816 (1.1)
19576 (25.7)
8845 (11.6)
12740 (16.8)
11839 (15.6)
11000 (14.5)
4998 (6.6)
11513 (15.1)
9906 (13.0)
10537 (13.9)
3911 (5.1)
768 (1.0)
560 (0.7)
6960 (9.2)

-0.03
0.07
0.06
0.10
0.07
0.01
-0.08
0.04
0.03
0.03
-0.05
-0.03
-0.04
-0.01
0.02
-0.05
0.04
0.02
0.06
0.03
0.00
0.03

910 (57.0)
430 (26.9)
213 (13.3)
473 (29.6)
332 (20.8)

11851 (51.9)
5987 (26.2)
2603 (11.4)
5959 (26.1)
4044 (17.7)

0.10
0.02
0.06
0.08
0.08

2527 (62.4)
1126 (27.8)
525 (13.0)
1507 (37.2)
1029 (25.4)

50668 (66.6)
22460 (29.5)
10341 (13.6)
29604 (38.9)
19897 (26.2)

-0.09
-0.04
-0.02
-0.03
-0.02
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Thiazide diuretics
Loop diuretics
Other antihypertensives
Nitrates and other antianginal therapies
Antiarrhythmics
Digoxin
Any Lipid-lowering agents3
Statins
Other lipid-lowering agents
Antiplatelets4
Anticoagulants5
Warfarin
Direct oral anticoagulants
Heparin, LMWH, or fondaparinux
Insulin
Non-insulin glucose-lowering medications
Antidepressants6
Measures of healthcare utilization1
Any hospitalization, %
Number of any hospitalization, mean (SD)
Any hospitalization within prior 30 days, %
N hospital days, mean (SD)
Number of emergency department (ED) visits, mean (SD)
Number of any physician visit, mean (SD)
Total N distinct pharmacological agents prescribed, mean (SD)
Laboratory values1
LDL, mg/dl, mean (SD)
LDL, N (%)
Total cholesterol, mg/dl, mean (SD)
Total cholesterol, N (%)
INR, mean (SD)
INR, N (%)
Creatinine, mg/dl, mean (SD)
Creatinine, N (%)
HbA1c, %, mean (SD)
HbA1c, N (%)
Characteristics of stroke hospitalization
Length of stay of index hospitalization, mean (SD)
Discharge status
Home

Stroke Vasc Neurol

354 (22.2)
166 (10.4)
140 (8.8)
77 (4.8)
25 (1.6)
27 (1.7)
527 (33.0)
493 (30.9)
98 (6.1)
185 (11.6)
98 (6.1)
78 (4.9)
11 (0.7)
21 (1.3)
190 (11.9)
314 (19.7)
334 (20.9)

4016 (17.6)
2089 (9.2)
1578 (6.9)
898 (3.9)
324 (1.4)
363 (1.6)
6902 (30.2)
6383 (28.0)
1316 (5.8)
2038 (8.9)
1284 (5.6)
998 (4.4)
195 (0.9)
274 (1.2)
2606 (11.4)
4029 (17.6)
4623 (20.2)

0.11
0.04
0.07
0.04
0.01
0.01
0.06
0.06
0.02
0.09
0.02
0.02
-0.02
0.01
0.02
0.05
0.02

793 (19.6)
671 (16.6)
318 (7.9)
312 (7.7)
80 (2.0)
149 (3.7)
1617 (40.0)
1523 (37.6)
242 (6.0)
509 (12.6)
393 (9.7)
305 (7.5)
83 (2.1)
45 (1.1)
432 (10.7)
720 (17.8)
811 (20.0)

14135 (18.6)
13432 (17.7)
6467 (8.5)
5190 (6.8)
1720 (2.3)
3966 (5.2)
29392 (38.6)
27594 (36.3)
3915 (5.2)
8442 (11.1)
7879 (10.4)
6780 (8.9)
1003 (1.3)
661 (0.9)
6331 (8.3)
13400 (17.6)
14523 (19.1)

0.03
-0.03
-0.02
0.03
-0.02
-0.07
0.03
0.03
0.04
0.05
-0.02
-0.05
0.06
0.02
0.08
0.00
0.02

295 (18.5)
0.3 (0.7)
125 (7.8)
1.7 (6.6)
307 (19.2)
9.9 (15.3)
6.3 (5.7)

3419 (15.0)
0.2 (0.7)
1333 (5.8)
1.5 (6.3)
3484 (15.3)
8.9 (14.3)
5.9 (5.9)

0.09
0.06
0.08
0.03
0.11
0.07
0.06

920 (22.7)
0.3 (0.7)
342 (8.5)
2.0 (5.8)
1671 (41.3)
14.0 (18.5)
6.6 (6.1)

14043 (18.5)
0.3 (0.7)
5093 (6.7)
1.6 (5.3)
25657 (33.7)
10.9 (16.1)
6.4 (5.5)

0.11
0.08
0.07
0.08
0.16
0.18
0.03

111.8 (57.2)
100 (6.3)
203.7 (62.0)
99 (6.2)
1.7 (1.1)
14 (0.9)
1.1 (0.5)
141 (8.8)
8.1 (2.5)
79 (5.0)

108.1 (45.7)
2043 (9.0)
195.3 (49.0)
2080 (9.1)
1.6 (0.9)
303 (1.3)
1.1 (2.2)
2786 (12.2)
7.9 (2.3)
1279 (5.6)

0.07
-0.10
0.15
-0.11
0.03
-0.04
-0.04
-0.11
0.08
-0.03

77.1 (47.5)
23 (0.6)
180.2 (59.0)
21 (0.5)
1.6 (0.5)
5 (0.1)
1.0 (0.3)
30 (0.7)
8.5 (2.4)
11 (0.3)

101.1 (38.9)
428 (0.6)
183.9 (46.5)
434 (0.6)
1.8 (1.1)
81 (0.1)
1.2 (0.8)
607 (0.8)
7.3 (1.8)
251 (0.3)

-0.55
0.00
-0.07
-0.01
-0.22
0.01
-0.20
-0.01
0.57
-0.01

5.3 (4.5)

5.9 (7.2)

-0.11

5.8 (4.7)

5.9 (6.7)

-0.02

1154 (72.3)

15955 (69.9)

0.05

1537 (38.0)

25236 (33.2)

0.10
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Home health care
Rehabilitation facility
Skilled nursing facility
Other acute inpatient facility
Hospice
In-hospital mortality7

66 (4.1)
44 (2.8)
62 (3.9)
153 (9.6)
11 (0.7)
25 (1.6)

831 (3.6)
726 (3.2)
836 (3.7)
2667 (11.7)
69 (0.3)
254 (1.1)

0.03
-0.02
0.01
-0.07
0.06
0.04

614 (15.2)
436 (10.8)
873 (21.6)
178 (4.4)
179 (4.4)
8 (0.2)

Stroke Vasc Neurol

9545 (12.6)
7870 (10.4)
18930 (24.9)
4034 (5.3)
4029 (5.3)
262 (0.3)

0.08
0.01
-0.08
-0.04
-0.04
-0.03

Values are N (%) unless otherwise specified. SD: standard deviation; LMWH: low-molecular-weight heparin; LDL: low-density lipoprotein; INR:i nternational normalised ratio; HbA1c: hemoglobin A1c
1 Unless otherwise specified, measured during the six months preceding the index stroke hospitalization
2 Includes ACE-inhibitors, ARBs, beta-blockers, calcium channel blockers, thiazide diuretics, loop diuretics, and other antihypertensives
3 Includes statins or other lipid-lowering medications
4 Includes aspirin, clopidogrel, prasugrel, ticagrelor, dipyridamole, aspirin–dipyridamole, ticlopidine
5 Includes warfarin, dabigatran, rivaroxaban, apixaban, edoxaban, heparin, dalteparin, enoxaparin, tinzaparin, fondaparinux, argatroban, desirudin, lipirudin
6 Includes selective serotonin reuptake inhibitors (SSRIs) and non-SSRI antidepressants
7 Information on mortality is available in Optum through linkage with the Social Security Administration Death Master File. This capture is limited by a policy change in 2011 concerning the extent of the
Social Security Administration disclosure of death records received from states (Important notice: change in public death master file records. 2011; https://classic.ntis.gov/assets/pdf/import-changedmf.pdf).
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Table 3. Comparison of claims variables between beneficiaries in Optum with versus without successful PCNASP-linkage in
commercially-insured and Medicare Advantage insured patients
Commercially insured patients

Patient characteristics
Demographics
Age, mean (SD)
Female
Comorbidities1
Combined comorbidity index, mean (SD)
Hypertension
Diabetes
Dyslipidemia
Prior ischemic stroke
Prior transient ischemic attack
History of atrial fibrillation
Carotid stenosis
Prior hemorrhagic stroke
Ischemic heart disease or procedure
Peripheral vascular disease (PVD) or PVD surgery
Congestive heart failure
Chronic kidney disease
Chronic obstructive pulmonary disease
Pneumonia
Dementia
Cancer or history of malignant neoplasm
Obesity
Smoking
Alcohol abuse or dependence
Drug abuse or dependence
Depression
Medication use1
Any antihypertensives2
Angiotensin-converting enzyme inhibitors
Angiotensin II receptor blockers
Beta-blockers
Calcium channel blockers

Linked

Unlinked

(n=1,495)

(n=25,824)

N (%)

N (%)

57.1 (11.5)
614 (41.1)

Medicare Advantage insured patients

Linked

Unlinked

Standardized
difference

(n=4,149)

(n=73,072)

N (%)

N (%)

Standardized
difference

60.2 (13.4)
10810 (41.9)

-0.25
-0.02

74.3 (8.0)
2183 (52.6)

76.8 (8.3)
41011 (56.1)

-0.31
-0.07

0.7 (2.1)
806 (53.9)
406 (27.2)
544 (36.4)
280 (18.7)
126 (8.4)
113 (7.6)
74 (5.0)
19 (1.3)
213 (14.3)
67 (4.5)
126 (8.4)
93 (6.2)
78 (5.2)
53 (3.6)
43 (2.9)
107 (7.2)
178 (11.9)
140 (9.4)
14 (0.9)
15 (1.0)
109 (7.3)

0.8 (2.0)
13353 (51.7)
6621 (25.6)
9119 (35.3)
4295 (16.6)
2213 (8.6)
2252 (8.7)
1239 (4.8)
276 (1.1)
3910 (15.1)
1426 (5.5)
1937 (7.5)
1593 (6.2)
1790 (6.9)
956 (3.7)
1204 (4.7)
2239 (8.7)
2581 (10.0)
1979 (7.7)
347 (1.3)
229 (0.9)
1910 (7.4)

-0.02
0.04
0.03
0.02
0.05
-0.01
-0.04
0.01
0.02
-0.03
-0.05
0.03
0.00
-0.07
-0.01
-0.09
-0.06
0.06
0.06
-0.04
0.01
0.00

1.6 (2.5)
3060 (73.8)
1568 (37.8)
2166 (52.2)
912 (22.0)
400 (9.6)
707 (17.0)
337 (8.1)
64 (1.5)
1128 (27.2)
430 (10.4)
660 (15.9)
606 (14.6)
616 (14.9)
293 (7.1)
532 (12.8)
554 (13.4)
633 (15.3)
315 (7.6)
62 (1.5)
46 (1.1)
447 (10.8)

1.7 (2.5)
51322 (70.2)
25343 (34.7)
34465 (47.2)
13557 (18.6)
6589 (9.0)
15132 (20.7)
5103 (7.0)
791 (1.1)
19064 (26.1)
8598 (11.8)
12550 (17.2)
11745 (16.1)
10982 (15.0)
4934 (6.8)
10883 (14.9)
9089 (12.4)
10776 (14.8)
4432 (6.1)
874 (1.2)
762 (1.0)
7284 (10.0)

-0.04
0.08
0.06
0.10
0.09
0.02
-0.09
0.04
0.04
0.02
-0.04
-0.03
-0.04
-0.01
0.01
-0.06
0.03
0.01
0.06
0.03
0.01
0.03

812 (54.3)
356 (23.8)
208 (13.9)
414 (27.7)
283 (18.9)

13856 (53.7)
6273 (24.3)
3437 (13.3)
7015 (27.2)
4845 (18.8)

0.01
-0.01
0.02
0.01
0.00

2625 (63.3)
1200 (28.9)
530 (12.8)
1566 (37.7)
1078 (26.0)

48663 (66.6)
22174 (30.4)
9507 (13.0)
28548 (39.1)
19096 (26.1)

-0.07
-0.03
-0.01
-0.03
0.00
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Thiazide diuretics
Loop diuretics
Other antihypertensives
Nitrates and other antianginal therapies
Antiarrhythmics
Digoxin
Any Lipid-lowering agents3
Statins
Other lipid-lowering agents
Antiplatelets4
Anticoagulants5
Warfarin
Direct oral anticoagulants
Heparin, LMWH, or fondaparinux
Insulin
Non-insulin glucose-lowering medications
Antidepressants6
Measures of healthcare utilization1
Any hospitalization, %
Number of any hospitalization, mean (SD)
Any hospitalization within prior 30 days, %
N hospital days, mean (SD)
Number of emergency department (ED) visits, mean (SD)
Number of any physician visit, mean (SD)
Total N distinct pharmacological agents prescribed, mean (SD)
Laboratory values1
LDL, mg/dl, mean (SD)
LDL, N (%)
Total cholesterol, mg/dl, mean (SD)
Total cholesterol, N (%)
INR, mean (SD)
INR, N (%)
Creatinine, mg/dl, mean (SD)
Creatinine, N (%)
HbA1c, %, mean (SD)
HbA1c, N (%)
Characteristics of stroke hospitalization
Length of stay of index hospitalization, mean (SD)
Discharge status
Home
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305 (20.4)
129 (8.6)
100 (6.7)
55 (3.7)
22 (1.5)
30 (2.0)
480 (32.1)
455 (30.4)
86 (5.8)
160 (10.7)
89 (6.0)
68 (4.6)
12 (0.8)
20 (1.3)
134 (9.0)
253 (16.9)
269 (18.0)

4636 (18.0)
2474 (9.6)
1509 (5.8)
919 (3.6)
433 (1.7)
653 (2.5)
8007 (31.0)
7413 (28.7)
1396 (5.4)
2250 (8.7)
1692 (6.6)
1338 (5.2)
259 (1.0)
286 (1.1)
2138 (8.3)
4143 (16.0)
4375 (16.9)

0.06
-0.03
0.03
0.01
-0.02
-0.04
0.02
0.04
0.02
0.07
-0.02
-0.03
-0.02
0.02
0.02
0.02
0.03

842 (20.3)
708 (17.1)
358 (8.6)
334 (8.1)
83 (2.0)
146 (3.5)
1664 (40.1)
1561 (37.6)
254 (6.1)
534 (12.9)
402 (9.7)
315 (7.6)
82 (2.0)
46 (1.1)
488 (11.8)
781 (18.8)
876 (21.1)

13515 (18.5)
13047 (17.9)
6536 (8.9)
5169 (7.1)
1611 (2.2)
3676 (5.0)
28287 (38.7)
26564 (36.4)
3835 (5.3)
8230 (11.3)
7471 (10.2)
6440 (8.8)
939 (1.3)
649 (0.9)
6799 (9.3)
13286 (18.2)
14771 (20.2)

0.05
-0.02
-0.01
0.04
-0.01
-0.07
0.03
0.03
0.04
0.05
-0.02
-0.04
0.05
0.02
0.08
0.02
0.02

258 (17.3)
0.2 (0.6)
109 (7.3)
1.4 (5.6)
116 (7.8)
8.2 (11.8)
5.6 (5.3)

3221 (12.5)
0.2 (0.6)
1139 (4.4)
1.2 (5.6)
1434 (5.6)
8.1 (11.4)
5.5 (5.3)

0.13
0.11
0.12
0.04
0.09
0.01
0.02

957 (23.1)
0.3 (0.7)
358 (8.6)
2.2 (6.2)
1862 (44.9)
14.5 (19.2)
6.8 (6.2)

14241 (19.5)
0.3 (0.7)
5287 (7.2)
1.7 (5.5)
27707 (37.9)
11.3 (16.9)
6.6 (5.6)

0.09
0.07
0.05
0.07
0.14
0.18
0.04

106.3 (58.1)
117 (7.8)
201.9 (62.4)
114 (7.6)
1.5 (0.9)
16 (1.1)
1.1 (0.5)
159 (10.6)
8.2 (2.5)
86 (5.8)

107.1 (44.8)
2417 (9.4)
193.6 (48.7)
2460 (9.5)
1.7 (0.9)
376 (1.5)
1.1 (2.1)
3317 (12.8)
7.8 (2.3)
1498 (5.8)

-0.02
-0.05
0.15
-0.07
-0.18
-0.03
-0.05
-0.07
0.13
0.00

86.8 (19.2)
6 (0.1)
156.2 (25.8)
6 (0.1)
2.4 (1.1)
3 (0.1)
1.1 (0.3)
12 (0.3)
8.5 (2.2)
4 (0.1)

100.3 (38.7)
54 (0.1)
179.4 (49.2)
54 (0.1)
1.9 (0.9)
8 (0.0)
1.1 (0.3)
76 (0.1)
7.0 (1.4)
32 (0.0)

-0.44
0.02
-0.59
0.02
0.56
0.03
0.04
0.04
0.78
0.02

5.1 (4.0)

5.9 (7.0)

-0.13

5.9 (4.9)

6.0 (6.7)

-0.02

1155 (77.3)

18770 (72.7)

0.11

1536 (37.0)

22421 (30.7)

0.13
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Home health care
Rehabilitation facility
Skilled nursing facility
Other acute inpatient facility
Hospice
In-hospital mortality7

5 (0.3)
8 (0.5)
8 (0.5)
218 (14.6)
2 (0.1)
33 (2.2)

37 (0.1)
104 (0.4)
65 (0.3)
4697 (18.2)
12 (0.1)
511 (2.0)

0.04
0.02
0.05
-0.10
0.03
0.02

675 (16.3)
472 (11.4)
927 (22.3)
113 (2.7)
188 (4.5)
0 (0.0)

Stroke Vasc Neurol

10339 (14.2)
8492 (11.6)
19701 (27.0)
2004 (2.7)
4086 (5.6)
5 (0.0)

0.06
-0.01
-0.11
0.00
-0.05
-0.01

Values are N (%) unless otherwise specified. SD: standard deviation; LMWH: low-molecular-weight heparin; LDL: low-density lipoprotein; INR:i nternational normalised ratio; HbA1c: hemoglobin A1c
1 Unless otherwise specified, measured during the six months preceding the index stroke hospitalization
2 Includes ACE-inhibitors, ARBs, beta-blockers, calcium channel blockers, thiazide diuretics, loop diuretics, and other antihypertensives
3 Includes statins or other lipid-lowering medications
4 Includes aspirin, clopidogrel, prasugrel, ticagrelor, dipyridamole, aspirin–dipyridamole, ticlopidine
5 Includes warfarin, dabigatran, rivaroxaban, apixaban, edoxaban, heparin, dalteparin, enoxaparin, tinzaparin, fondaparinux, argatroban, desirudin, lipirudin
6 Includes selective serotonin reuptake inhibitors (SSRIs) and non-SSRI antidepressants
7 Information on mortality is available in Optum through linkage with the Social Security Administration Death Master File. This capture is limited by a policy change in 2011 concerning the extent of the
Social Security Administration disclosure of death records received from states (Important notice: change in public death master file records. 2011; https://classic.ntis.gov/assets/pdf/import-changedmf.pdf).
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Table 4. Assessment of discordance among selected variables from the PCNASP and claims data among linked patients less
than 65 years and 65-year old and older

Comorbidities1, N (%)
Hypertension
Diabetes mellitus
Dyslipidemia
Prior ischemic stroke
Prior transient ischemic attack
History of atrial fibrillation
Carotid stenosis
Ischemic heart disease
Peripheral vascular disease
Congestive heart failure
Chronic kidney disease
Obesity
Smoking
Drug or alcohol abuse
Depression
Stroke severity and functional
information at discharge2
NIH Stroke Scale
mean (SD)
median (IQR)
Ambulatory status at discharge
Able to ambulate independently
with or without device, N (%)

PCNASPbased
variables
(n=1,597)

Patients less than 65 years
ClaimsMcNemar’s
based
test
variables
p-value
(n=1,597)

Patients 65-year old and older

Absolute
difference

PCNASPbased
variables
(n=4,047)

Claimsbased
variables
(n=4,047)

McNemar’s
test
p-value

Absolute
difference

1053 (66.1)
532 (33.5)
612 (38.5)
228 (16.0)
96 (6.7)
122 (7.6)
34 (2.1)
256 (16.1)
50 (3.2)
93 (5.9)
39 (16.7)
194 (54.0)
463 (29.1)
10 (4.7)
40 (4.1)

924 (57.9)
520 (32.6)
628 (39.3)
344 (21.5)
148 (9.3)
96 (6.0)
82 (5.1)
242 (15.2)
84 (5.3)
151 (9.5)
122 (7.6)
225 (14.1)
186 (11.7)
31 (1.9)
153 (9.6)

0.00
0.33
0.46
0.00
0.03
0.01
0.00
0.31
0.00
0.00
0.00
0.00
0.00
0.81
0.00

8.2
0.9
0.9
5.5
2.6
1.6
3.0
1.0
2.1
3.6
9.0
40.0
17.5
2.8
5.5

2968 (73.6)
1248 (31.1)
1978 (49.2)
847 (24.3)
310 (8.7)
1033 (25.5)
188 (4.7)
1067 (26.6)
265 (6.6)
356 (8.9)
99 (10.1)
430 (35.3)
561 (14.0)
22 (2.3)
134 (6.2)

2942 (72.7)
1454 (35.9)
2082 (51.5)
848 (21.0)
378 (9.3)
724 (17.9)
329 (8.1)
1099 (27.2)
413 (10.2)
635 (15.7)
577 (14.3)
586 (14.5)
269 (6.7)
30 (0.7)
403 (10.0)

0.31
0.00
0.01
0.00
0.46
0.00
0.00
0.35
0.00
0.00
0.00
0.00
0.00
0.86
0.00

0.9
4.8
2.3
3.4
0.6
7.6
3.4
0.6
3.6
6.8
4.1
20.8
7.4
1.6
3.7

5.0 (6.4)
3 (1-6)

N/A
N/A

N/A
N/A

N/A
N/A

6.6 (7.4)
4 (1-9)

N/A
N/A

N/A
N/A

N/A
N/A

N/A

N/A

N/A

N/A

N/A

N/A

1020 (66.6)

1678 (43.9)

SD: standard deviation; NIH: National Institutes of Health; IQR: 25 -75 interquartile; N/A: not applicable
1 Comorbidities in the PCNASP are based on recorded medical history during stroke hospitalization; comorbidities for in claims are based on ICD9 diagnoses recorded during the 183-day period
prior to the stroke hospitalization. Comorbidities in the PCNASP were characterized by varying level of missingness: information on prior ischemic stroke, transient ischemic attack, obesity,
chronic kidney disease, drug or alcohol abuse, and depression was missing for 13.0%, 11.6%, 72.1%, 78.6%, 79.6% and 44.7%, respectively; information on the other comorbidities was missing
for <1%.
2 Information on NIH Stroke Scale and Ambulatory status at discharge was missing for 28.9% and 5.2% patients, respectively.
th
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Table 5. Assessment of discordance among selected variables from the PCNASP and claims data among linked commerciallyinsured and Medicare Advantage insured patients

Comorbidities1, N (%)
Hypertension
Diabetes mellitus
Dyslipidemia
Prior ischemic stroke
Prior transient ischemic attack
History of atrial fibrillation
Carotid stenosis
Ischemic heart disease
Peripheral vascular disease
Congestive heart failure
Chronic kidney disease
Obesity
Smoking
Drug or alcohol abuse
Depression
Stroke severity and functional
information at discharge2
NIH Stroke Scale
mean (SD)
median (IQR)
Ambulatory status at discharge
Able to ambulate independently
with or without device, N (%)

Medicare Advantage insured patients

Commercially insured patients
PCNASPClaimsMcNemar’s
based
based
Absolute
test
variables
variables
difference
p-value
(n=1,495)
(n=1,495)

PCNASPbased
variables
(n=4,149)

Claimsbased
variables
(n=4,149)

McNemar’s
test
p-value

Absolute
difference

1005 (67.5)
449 (30.3)
598 (40.3)
183 (13.3)
100 (7.3)
163 (10.9)
35 (2.4)
256 (17.3)
48 (3.3)
82 (5.6)
26 (14.9)
149 (53.6)
360 (24.4)
5 (3.2)
30 (3.2)

806 (53.9)
406 (27.2)
544 (36.4)
280 (18.7)
126 (8.4)
113 (7.6)
74 (5.0)
213 (14.3)
67 (4.5)
126 (8.4)
93 (6.2)
178 (11.9)
140 (9.4)
15 (1.0)
109 (7.3)

0.00
0.00
0.01
0.00
0.17
0.00
0.00
0.00
0.06
0.00
0.00
0.00
0.00
0.26
0.00

13.5
3.1
3.9
5.5
1.2
3.4
2.6
3.0
1.2
2.9
8.6
41.7
15.0
2.2
4.1

3016 (72.9)
1331 (32.3)
1992 (48.2)
892 (25.3)
306 (8.5)
992 (23.9)
187 (4.5)
1067 (25.9)
267 (6.5)
367 (8.9)
112 (10.8)
475 (36.6)
664 (16.1)
27 (2.7)
144 (6.6)

3060 (73.8)
1568 (37.8)
2166 (52.2)
912 (22.0)
400 (9.6)
707 (17.0)
337 (8.1)
1128 (27.2)
430 (10.4)
660 (15.9)
606 (14.6)
633 (15.3)
315 (7.6)
46 (1.1)
447 (10.8)

0.31
0.00
0.01
0.00
0.22
0.00
0.00
0.05
0.00
0.00
0.00
0.00
0.00
1.00
0.00

0.8
5.5
4.0
3.3
1.2
6.9
3.6
1.3
3.9
7.0
3.8
21.3
8.5
1.6
4.2

4.8 (6.4)
2 (1-6)

N/A
N/A

N/A
N/A

N/A
N/A

6.6 (7.4)
4 (1-9)

N/A
N/A

N/A
N/A

N/A
N/A

N/A

N/A

N/A

N/A

N/A

N/A

995 (69.5)

1703 (43.4)

SD: standard deviation; NIH: National Institutes of Health; IQR: 25 -75 interquartile; N/A: not applicable
1 Comorbidities in the PCNASP are based on recorded medical history during stroke hospitalization; comorbidities for in claims are based on ICD9 diagnoses recorded during the 183-day period
prior to the stroke hospitalization. Comorbidities in the PCNASP were characterized by varying level of missingness: information on prior ischemic stroke, transient ischemic attack, obesity,
chronic kidney disease, drug or alcohol abuse, and depression was missing for 13.0%, 11.6%, 72.1%, 78.6%, 79.6% and 44.7%, respectively; information on the other comorbidities was missing
for <1%.
2 Information on NIH Stroke Scale and Ambulatory status at discharge was missing for 28.9% and 5.2% patients, respectively.
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Table 6. Percentage of missingness for PCNASP elements
% missing
Comorbidities , N (%)
Hypertension

0.3

Diabetes mellitus
Dyslipidemia

0.7
0.6

Prior ischemic stroke

13.0

Prior transient ischemic attack
History of atrial fibrillation

11.6
0.8

Carotid stenosis
Ischemic heart disease

0.9
0.8

Peripheral vascular disease

0.9

Congestive heart failure
Chronic kidney disease

0.9
78.6

Obesity
Smoking

72.1
0.9

Drug or alcohol abuse
Depression

79.6
44.7

1

Medications reported upon admission
Antihypertensive drugs2
Lipid-lowering drugs3

0.2
0.0

Stroke severity and functional information at discharge
NIH Stroke Scale

28.9

Ambulatory status at discharge

5.2

Medications prescribed at discharge
Antihypertensive drugs2

11.3

Statins

1.7

1. Based on recorded medical history during stroke hospitalization
2. Antihypertensive drugs: includes ACE-inhibitors,
ARBs, beta-blockers, calcium channel blockers,
thiazide diuretics, loop diuretics, and other
antihypertensives
3. Lipid-lowering drugs: includes statins or other lipid-lowering medications.
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Figure 1. Antihypertensive and lipid-lowering medication use prior and subsequent to index stroke
hospitalization as measured in PCNASP and in claims at 90 days pre-stroke and 90 days post
discharge among linked patients less than 65 years and 65-year old and older
Patients less than 65 years

Patients 65-year old and older

PCNASP (reported upon admission): based on medications reported upon admission in PCNASP registry,
Claims (fills prior to admission): based on prescription medications filled in the 90 days prior to the stroke hospitalization in claims.
PCNASP (prescription at discharge): based on medications prescribed at discharge in PCNASP among patients discharged home.
Claims (fills after discharge): based on prescription medications filled in the 90 days following discharge as recorded in claims among patients
discharged home. To evaluate prescription medications filled following discharge in claims, analyses were limited to patients with continuous
enrollment for the 90 days after the stroke hospitalization.
Antihypertensive drugs: includes ACE-inhibitors, ARBs, beta-blockers, calcium channel blockers, thiazide diuretics, loop diuretics, and other
antihypertensives
Lipid-lowering drugs: includes statins or other lipid-lowering medications. PCNASP included information on the use of lipid-lowering drugs
upon admission and on the prescription of statins at discharge.
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Figure 2. Antihypertensive and lipid-lowering medication use prior and subsequent to index stroke
hospitalization as measured in PCNASP and in claims at 90 days pre-stroke and 90 days post
discharge among linked commercially-insured and Medicare Advantage insured patients
Commercially insured patients

Medicare Advantage insured patients

PCNASP (reported upon admission): based on medications reported upon admission in PCNASP registry,
Claims (fills prior to admission): based on prescription medications filled in the 90 days prior to the stroke hospitalization in claims.
PCNASP (prescription at discharge): based on medications prescribed at discharge in PCNASP among patients discharged home.
Claims (fills after discharge): based on prescription medications filled in the 90 days following discharge as recorded in claims among patients
discharged home. To evaluate prescription medications filled following discharge in claims, analyses were limited to patients with continuous
enrollment for the 90 days after the stroke hospitalization.
Antihypertensive drugs: includes ACE-inhibitors, ARBs, beta-blockers, calcium channel blockers, thiazide diuretics, loop diuretics, and other
antihypertensives
Lipid-lowering drugs: includes statins or other lipid-lowering medications. PCNASP included information on the use of lipid-lowering drugs
upon admission and on the prescription of statins at discharge.
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