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BACKGROUND: More fragmented ambulatory care (ie, care spread across many providers without a dominant provider) has
been associated with excess emergency department and inpatient care. We sought to determine whether more fragmented
ambulatory care is associated with an increase in the hazard of incident stroke, overall and stratified by health status and by
race.

METHODS AND RESULTS: We conducted a secondary analysis of data from the REGARDS (Reasons for Geographic and Racial
Differences in Stroke) study (2003-2016), including participants aged >65 years who had linked Medicare fee-for-service
claims and no history of stroke (N=12 510). We measured fragmentation of care with the reversed Bice-Boxerman index. We
used Poisson models to determine the association between fragmentation and adjudicated incident stroke. The average age
of participants was 70.5 years; 53% were women, 32% were Black participants, and 16% were participants with fair or poor
health. Overall, the adjusted rate of incident stroke was similar for high versus low fragmentation (8.2 versus 8.1 per 1000
person-years, respectively; P=0.89). Among participants with fair or poor self-rated health, having high versus low fragmenta-
tion was associated with a trend toward a higher adjusted rate of incident strokes (14.8 versus 10.4 per 1000 person-years,
respectively; P=0.067). Among Black participants with fair or poor self-rated health, having high versus low fragmentation was
associated with a higher adjusted rate of strokes (19.3 versus 10.3 per 1000 person-years, respectively; P=0.02).

CONCLUSIONS: Highly fragmented ambulatory care is independently associated with incident stroke among Black individuals
with fair or poor health.
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Unfortunately, providers do not consistently com-
municate with each other about their common pa-
tients.* In a national survey of nearly 5000 providers,

see multiple ambulatory providers to manage their

Patients who are at risk for incident stroke often
chronic conditions, such as diabetes mellitus,

hypertension, heart disease, and atrial fibrillation.'
For example, patients at risk for incident stroke may
have a primary care provider, cardiologist, endocri-
nologist, and other subspecialists who they see reg-
ularly. Patients with either diabetes mellitus or heart
disease see more ambulatory providers than the me-
dian Medicare beneficiary nationally.? Indeed, the more
chronic conditions a patient has, the more providers he
or she tends to see.?

30% of primary care providers reported that they
do not “always or most of the time” send informa-
tion about a patient’s medical history or the reason
for requesting a consultation at the time of referral.*
Similarly, 20% of specialists reported that they do not
“always or most of the time” send the results of the
consultation back to the referring provider.* Thus,
clinically relevant information is frequently missing at
the point of care.’
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CLINICAL PERSPECTIVE

What Is New?

e Highly fragmented ambulatory care was associ-
ated with an increased hazard of incident stroke
among Black individuals with fair or poor health,
even after adjusting for clinically detailed poten-
tial confounders.

What Are the Clinical Implications?
e Excess strokes attributable to highly fragmented
ambulatory care may be preventable.

Nonstandard Abbreviations and Acronyms

NCQA National Committee for Quality
Assurance
REGARDS Reasons for Geographic and Racial

Differences in Stroke

SF-1 self-rated general health (the first
question in the Short-Form-12
[SF-12] survey)

WHO World Health Organization

As a result, more fragmented ambulatory care
(ie, care spread across many providers without a
dominant provider) has been associated with more
drug-drug interactions,® testing,” procedures,® emer-
gency department visits,®"" and hospitalizations,®?
compared with less fragmented care. However, the
relationship between fragmented ambulatory care
and health outcomes is not well understood.”® To
our knowledge, no study has explored whether frag-
mented ambulatory care is associated with more in-
cident strokes.

We previously found that the association between
fragmented ambulatory care and subsequent health-
care utilization varies with patients’ health status.”*
We hypothesized that the association between frag-
mented ambulatory care and stroke might also vary
with health status. Healthy people might be able to
see multiple providers without experiencing harm from
gaps in communication, whereas sicker individuals
might be more vulnerable to harm.

We sought to determine the association be-
tween fragmented ambulatory care and incident
stroke using data from the nationwide prospective
REGARDS (Reasons for Geographic and Racial
Differences in Stroke) cohort study. As the name
of the investigation conveys, the purpose of the
REGARDS study is to explain geographic and racial
disparities in stroke mortality.'® Thus, we sought to
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measure the association between fragmentation and
incident stroke overall and to determine whether any
association varied with health status, geographic re-
gion, or race.

METHODS

Study Design, Population, and Data
Sources

We conducted an ancillary study to the nationwide,
prospective REGARDS cohort study, using data from
2003 to 2016." The institutional review boards of
the participating institutions approved the protocol.
All participants provided written informed consent.
Because of the restrictions of our data use agree-
ment with the Centers for Medicare and Medicaid
Services, the data used for this study cannot be
made publicly available to other researchers for the
purpose of replicating the results. However, access
to REGARDS Medicare-linked data can be requested
first through the REGARDS study (www.uab.edu/
soph/regardsstudy/researchers) and then through
Medicare’s Research Data Assistance Center (www.
resdac.org).

Between 2003 and 2007, 30 239 community-
dwelling Black and White adults aged >45 years were
enrolled in the REGARDS study, with oversampling of
Black adults and individuals living in the Southeastern
United States.’® Baseline data collection involved
computer-assisted telephone interviews and in-home
visits with a physical examination, blood test, urine test,
ECG, and medication inventory. Participants or their
proxies are contacted by telephone every 6 months to
detect study end points. The report of a potential event
triggers adjudication, which involves expert review of
medical records, death certificates, proxy interviews,
autopsy reports, Social Security Death Index, and
National Death Index.'®

For this study, we used REGARDS study baseline
data, REGARDS-adjudicated events, and REGARDS
Medicare-linked claims."”

Variables
Exposure

We used Medicare claims to identify ambulatory vis-
its, which were defined using a modified National
Committee for Quality Assurance (NCQA) definition'®
that was restricted to Clinical Procedure Terminology
codes for in-person, evaluation-and-management vis-
its for adults in an office setting.” The NCQA defini-
tion of ambulatory visits does not include emergency
department visits. We calculated fragmentation scores
for each participant using the previously validated
Bice-Boxerman index, which ranges from O to 1 and
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captures both the spread of ambulatory visits across
providers and the relative share of visits by each pro-
vider (Data S$1).%121920 We reverse-coded scores, cal-
culating 1 minus Bice-Boxerman index, so that higher
scores reflected more fragmentation.”!"14

Outcome

Stroke events were adjudicated by the REGARDS
study according to study protocols.?! Briefly, stroke
events were defined in part using the World Health
Organization (WHO) definition as “rapidly developing
clinical signs of focal, at times global, disturbance
of cerebral function, lasting more than 24 hours or
leading to death with no apparent cause other than
that of vascular origin.”?"?? Events not meeting this
definition but characterized by symptoms lasting
<24 hours and with neuroimaging consistent with
acute ischemia or hemorrhage were also classified
as “clinical strokes.”?" We used strokes based on
WHO or clinical classification, adjudicated through
December 31, 2016.

Baseline Covariates

Demographics included self-reported age, sex,
race, marital status, educational attainment, and
annual household income; as well as geographic
region and rural/urban setting using Rural/Urban
Commuting Area codes?® based on baseline contact
information. Medical conditions included hyperten-
sion (self-reported use of antihypertensive medica-
tion, systolic blood pressure >140 mm Hg or diastolic
blood pressure >90 mm Hg from the in-home visit),
dyslipidemia (use of lipid-lowering medication, total
cholesterol>240 mg/dL, low-density lipoprotein cho-
lesterol >160 mg/dL, or high-density lipoprotein cho-
lesterol<40 mg/dL from the in-home visit), diabetes
mellitus (fasting glucose >126 mg/dL or nonfasting
glucose >200 mg/dL from the in-home visit, or self-
reported use of oral glucose-lowering medication
or insulin), history of coronary heart disease (self-
reported history of myocardial infarction, coronary
artery bypass graft, angioplasty, or coronary stents;
or evidence of myocardial infarction on ECG at base-
line), and atrial fibrillation (self-reported or present
on the study ECG at baseline). Medication variables
included a validated measure of self-reported medi-
cation adherence?*; the total number of medications
taken in the past 2 weeks by medication inventory;
self-reported use of antihypertensive medication,
insulin, and aspirin from the computer-assisted tel-
ephone interview; and statin and warfarin use from
the medication inventory. Health behaviors were self-
reported and included smoking status, alcohol con-
sumption,?® and exercise frequency. Psychosocial
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variables included whether a participant reported
being the primary caretaker for another individual
and whether he or she saw any close friends or
relatives in the past month. Depressive symptoms
were defined as Center for Epidemiologic Studies
Depression Scale scores >4.® Physiological vari-
ables included body mass index, heart rate, sys-
tolic blood pressure, left ventricular hypertrophy (on
ECQ); total, low-density lipoprotein cholesterol, and
high-density lipoprotein cholesterol; glucose; esti-
mated glomerular filtration rate;?” urinary albumin to
creatinine ratio;?® and high-sensitivity C-reactive pro-
tein. Self-rated health was assessed using self-rated
general health (SF-1) from the Short-Form-12 (SF-12)
survey.?°-%2 Hospitalization during the first year of ob-
servation was measured in Medicare claims.

Statistical Analysis

We included participants aged =65 years whose
REGARDS study data were linked to Medicare
claims at any time during the study period, allow-
ing for staggered entry as participants aged into
Medicare. We excluded participants who: (1) were
eligible for Medicare on the basis of end-stage renal
disease; (2) had fewer than 12 months of continuous
Medicare fee-for-service coverage or had Medicare
managed care; (3) were lost to follow-up before entry
into this ancillary study; (4) had <3 ambulatory visits
in the first year of observation, because calculating
fragmentation based on <3 visits can lead to unreli-
able estimates'?; (5) had a history of stroke; or (6) had
a missing value for self-rated health.

We used descriptive statistics to characterize the
sample at baseline and summarize ambulatory care
utilization in the first year of observation. We used
the 75th percentile fragmentation score rounded to
the nearest 0.05 from the first year of observation
(0.85) to dichotomize fragmentation into high (>0.85)
and low (<0.85). This approach was informed by our
previous studies”™ and by the goal of identifying in-
dividuals who have such high scores that they might
benefit from future interventions if high fragmentation
is found to be associated with increased stroke risk.
To compare differences between participants with
high versus low fragmentation, we used Wilcoxon
rank sum, Student t, and chi-square tests. We con-
ducted sensitivity analyses changing the cutoff for
high fragmentation to >0.80 and, separately, >0.90.
We also conducted a sensitivity analysis treating
fragmentation as a 4-level variable.

Observation for each participant began after the
in-home visit with the first 12-month period for which
there was continuous Medicare fee-for-service cov-
erage, starting with calendar year 2004. Because
fragmentation can change over time, we treated



Kern et al

fragmentation as a time-dependent exposure.?4:33
Because the effects of fragmentation are hypothe-
sized to occur relatively quickly (eg, drug-drug inter-
actions in the context of multiple prescribers),'*3% we
measured outcomes in the 3 months following each
12-month exposure period. Specifically, for each par-
ticipant, we calculated a fragmentation score for the
first 12 months of his or her observation period and
then determined whether a stroke occurred in the
3 months immediately following the exposure period
(months 13-15). If no event occurred, we moved the
window of observation forward by 3 months, mea-
suring fragmentation in months 4 to 15 and any event
in months 16 to 18, and so on (Data S2). If the number
of visits in any 12-month exposure period fell below
4, we carried forward the last fragmentation score
based on >4 visits.'”” Observation continued until an
outcome or censoring occurred; censoring occurred
when a participant died of nonstroke causes, no lon-
ger had Medicare fee-for-service coverage, dropped
out of the REGARDS study, or reached December
31, 2016.

We used Poisson regression to estimate ab-
solute unadjusted and adjusted rates of strokes.
We used Cox proportional hazards models to esti-
mate unadjusted and adjusted hazards ratios.®4-36
Using Schoenfeld residuals, we determined that
the assumption of proportional hazards was met.
We included in the fully adjusted multivariate mod-
els covariates that had a bivariate association with
fragmentation (P<0.10), were used in the sampling
frame, or were retained because of high clinical im-
portance (sex, coronary heart disease, atrial fibrilla-
tion, statin, aspirin, warfarin, heart rate). If 2 variables
had bivariate P values <0.10, but 1 was embedded in
the definition of another (eg, use of antihypertensive
medication was embedded in the definition of hyper-
tension), we adjusted only for the broader variable
to avoid collinearity. To maximize power, given that
some subgroups had relatively few stroke events, we
also generated a more parsimonious model, which
included covariates that had multivariate P values
<0.10 in the fully adjusted model, were used in the
sampling frame, or were retained because of high
clinical importance (dyslipidemia, atrial fibrillation,
aspirin).

We conducted all model analyses using stochas-
tic regression imputation to handle missing covariates.
Stochastic regression is a method that adds a residual
error term to each imputed predicted value, thereby
preserving uncertainty while reducing bias.3” The most
frequently missing variable was income (missing for
12% of the sample).

We used self-rated health as a measure of health
status.?>3% We used 3 groupings of self-rated health
(excellent, very good or good, fair or poor) to detect
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any differences among subgroups, while maximizing
statistical power. We used Wald tests to determine in-
teractions between fragmentation and self-rated health
in the overall sample, by race, and by geographic re-
gion. The Wald tests were significant for self-rated
health in the overall sample (P=0.04) and by race
(P=0.02) but not by geographic region (P=0.94). Thus,
we conducted analyses overall and stratified by self-
rated health and by race.

Analyses were conducted with SAS version 9.4
(SAS Institute Inc) and Stata version 14 (StataCorp).
Multivariate P values<0.05 were considered statisti-
cally significant.

RESULTS

Study Sample

Of the 30 239 REGARDS study participants, 20 403
had linked Medicare claims and were aged >65 years
during the study period. Of those, 12 510 met our in-
clusion criteria (Figure S1).

Sample Characteristics

Participants in our sample were aged 70.5 years
on average; 53% were women and 68% were of
White race (Table 1). More than half (60%) lived in
the Southeastern United States. Chronic conditions
were common, with 62% having hypertension, 62%
having dyslipidemia, 22% having diabetes mellitus,
21% having coronary heart disease, and 9% having
atrial fibrillation. In terms of self-rated health, 17% re-
ported excellent health, 67% reported very good or
good health, and 13% reported fair or poor health.
Additional characteristics are shown in Table 1.
Appendices show participant characteristics strati-
fied by self-rated health (Table S1), by race (Table S2),
by self-rated health among Black participants
(Table S3), and by self-rated health among White
participants (Table S4).

Ambulatory Utilization

Participants with high fragmentation (fragmenta-
tion score >0.85) in the first year of observation were
younger, more likely to be of White race, and less likely
to have hypertension, dyslipidemia, and diabetes mel-
litus than those with low fragmentation (fragmenta-
tion score <0.85). Additional differences are shown in
Table 1.

Participants with high fragmentation had on aver-
age 11.1 ambulatory visits with 6.4 providers in the
first year of observation, with the most frequently
seen provider accounting for 29.1% of visits (Table 2).
By contrast, participants with low fragmentation had
on average 9.2 ambulatory visits with 3.6 providers,
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Table 1. Baseline Characteristics, Overall and Stratified by Fragmentation Score in the First Year of Observation*

High
Fragmentation
Low Fragmentation During First Year
Overall During First Year of of Observation
Characteristic (N=12 510) Observation (n=9301) (n=3209) P Value
Demographic characteristics
Age, mean (SD), y 70.5 (6.0) 70.7 (6.0) 70.2 (5.9) <0.001
Women, n (%) 6623 (52.9) 4896 (52.6) 1727 (53.8) 0.25
White race, n (%) 8513 (68.0) 6108 (65.7) 2405 (74.9) <0.001
Marital status, married, n (%) 7487 (59.8) 5475 (58.9) 2012 (62.7) <0.001
Education, less than high school diploma, n (%) 1545 (12.4) 1237 (13.9) 308 (9.6) <0.001
Annual household income, <$35 000, n (%) 5422 (49.5) 4199 (51.5) 1223 (43.7) <0.001
Geographic region, n (%)
Stroke belt! 4551 (36.4) 3334 (35.8) 1217 (37.9) 0.010
Stroke buckle 2899 (23.2) 2214 (23.8) 685 (21.3)
Neither stroke belt nor stroke buckle 5060 (40.4) 37583 (40.4) 1307 (40.7)
Residence in urban area, n (%) 8467 (75.9) 6307 (75.2) 2160 (75.4) 0.89
Medical conditions®
Hypertension, n (%) 7663 (61.5) 5857 (63.2) 1806 (56.4) <0.001
Dyslipidemia, n (%) 7538 (62.3) 5668 (62.9) 1870 (60.6) 0.019
Diabetes mellitus, n (%) 2623 (21.7) 2016 (22.4) 607 (19.6) <0.001
History of coronary heart disease, n (%) 2521 (20.5) 1852 (20.2) 669 (21.2) 0.25
Atrial fibrillation, n (%) 1149 (9.4) 840 (9.2 309 (9.8) 0.33
Medications
Medication adherence, n (%) 8302 (71.1) 6205 (71.4) 2097 (70.3) 0.23
No. of medications, median (25th, 75th percentiles) 6.0 (3.0,9.0) 6.0 (3.0, 8.0) 6.0 (3.0,9.0) <0.001
Antihypertensive medication, n (%) 6693 (55.4) 5126 (57.1) 1567 (50.3) <0.001
Insulin use, n (%) 657 (5.5) 483 (5.4) 174 (5.7) 0.62
Statin use, n (%) 4439 (35.5) 3297 (35.4) 1142 (35.6) 0.89
Aspirin use, n (%) 6084 (48.6) 4509 (48.5) 1575 (49.1) 0.55
Warfarin use, n (%) 522 (4.2) 402 (4.9) 120 (3.7) 0.16
Health behaviors
Current smoker, n (%) 1344 (10.8) 1031 (11.1) 313 (9.8) 0.035
Alcohol use, n (%)
Heavy 464 (3.8) 339 (3.7) 125 (4.0) <0.001
Moderate 4049 (33.0) 2924 (32.0) 1125 (35.7)
None 7775 (63.3) 5874 (64.3) 1901 (60.3)
Exercise frequency, 0 times per week, n (%) 4192 (34.1) 3121 (34.1) 1071 (33.9) 0.84
Psychosocial variables
Cares for a family member with a chronic illness or disability, 1493 (11.9) 1102 (11.9) 391 (12.2) 0.62
n (%)
Lack of social support, n (%) 485 (4.0) 343 (3.8) 142 (4.5) 0.073
Depressive symptoms, n (%) 710 (6.7) 528 (5.7) 182 (5.7) 0.99
Physiological variables
Body mass index, mean (SD), kg/m? 28.9 (5.8) 29.0 (5.8) 28.6 (5.7) <0.001
Heart rate, beats per min, mean (SD) 66.6 (24.8) 66.5 (22.4) 66.7 (30.8) 0.76
Systolic blood pressure, mean (SD), mm Hg 128.6 (16.9) 129.1 (16.9) 127.2 (16.0) <0.001
Left ventricular hypertrophy, n (%) 1247 (10.1) 959 (10.4) 288 (9.1) 0.032
Total cholesterol, mean (SD), mg/dL 189.9 (39.4) 190.5 (39.7) 188.4 (38.9) 0.011
Low-density lipoprotein cholesterol, mean (SD), mg/dL 111.5 (33.9) 112.1 (34.2) 109.6 (32.8) <0.001
(Continued)
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Table 1. Continued

Ambulatory Care Fragmentation and Incident Stroke

High
Fragmentation
Low Fragmentation During First Year
Overall During First Year of of Observation
Characteristic (N=12 510) Observation (n=9301) (n=3209) P Value
High-density lipoprotein cholesterol, mean (SD), mg/dL 51.6 (16.3) 51.4 (16.1) 52.3 (16.6) 0.009
Glucose, mean (SD), mg/dL 103.8 (33.7) 104.3 (34.2) 102.4 (32.2) 0.008
Estimated glomerular filtration rate, mean (SD), mL/min per 80.6 (18.9) 80.5 (19.1) 80.8 (18.3) 0.44
1.73 m?
Urinary albumin to creatinine ratio, median (25th, 75th 2.1(0.9, 4.8) 2.2 (1.0,4.8) 2.0(0.9, 4.5) 0.010
percentiles), mg/g
C-reactive protein, median (25th, 75th percentiles), mg/L 7.8 (4.9,16.7) 7.9 (4.9,17.0) 7.6 (4.8,15.7) 0.010
Self-rated health
Self-rated general health (SF-1), n (%)
Excellent 2145 (17.1) 1544 (16.6) 601 (18.7) 0.049
Very good 3940 (31.5) 2926 (31.5) 1014 (31.6)
Good 4423 (35.4) 3336 (35.9) 1087 (33.9)
Fair 1669 (13.3) 1251 (13.5) 418 (13.0)
Poor 333 (2.7) 244 (2.6) 89 (2.8)
Mental component summary score, mean (SD) 55.1(7.6) 55.1 (7.6) 54.9 (7.6) 0.24
Physical component summary score, mean (SD) 46.6 (10.3) 46.6 (10.2) 46.5 (10.5) 0.51
Healthcare utilization
Hospitalization in the first y of observation, n (%) 1245 (10.0) 880 (9.5) 365 (11.4) 0.002

SF indicates short-form survey.'® Percentages may not sum to 100 because of rounding.

*Missing data: education (n=4), income (n=1554), residence in urban area (n=1261), medication count (n=12), smoking (n=48), exercise (n=207), caregiver
status (n=12), lack of social support (n=308), depressive symptoms (n=72), body mass index (n=65), heart rate (n=111), systolic blood pressure (n=34), total
cholesterol (n=454), low-density lipoprotein cholesterol (n=680), high-density lipoprotein cholesterol (n=529), glucose (n=456), estimated glomerular filtration
rate (n=454), urinary albumin to creatinine ratio (n=505), C-reactive protein (n=724), mental component summary score (n=591), and physical component

summary score (N=591).

Stroke Belt consists of North Carolina, South Carolina, Georgia, Tennessee, Mississippi, Alabama, Louisiana, and Arkansas (except for 153 coastal counties

that constitute the Stroke Buckle).'

*Stroke Buckle consists of 153 coastal counties in North Carolina, South Carolina, and Georgia.'®?!

SSee Methods section for detailed definitions of variables.

with the most frequently seen provider accounting
for 57.5% of visits (P<0.001 for each pairwise com-
parison). The average fragmentation score for partic-
ipants with high fragmentation was 0.91, compared
with 0.63 for participants with low fragmentation
(P<0.001).

Participants with fair or poor self-rated health had
more visits and more providers, compared with par-
ticipants with very good/good self-rated health and
compared with those with excellent self-rated health
(P<0.001 for each comparison). However, highly frag-
mented care (score>0.85) was observed in all 3 sub-
groups by self-rated health, affecting 25% to 28%
participants in each subgroup.

Black participants had on average more visits
than White participants (10.0 visits versus 9.5 visits,
P<0.001) but fewer providers (4.1 providers versus 4.4
providers, P<0.001). Highly fragmented care was less
common among Black participants than White partici-
pants, affecting 20% of Black participants and 28% of
White participants.

J Am Heart Assoc. 2021;10:e019036. DOI: 10.1161/JAHA.120.019036

Rates of Incident Strokes

Participants were observed for a median of 5.6 years
(range, 1 day to 11.8 years). We observed 611 incident
strokes over 75 106 person-years, for an adjusted rate of
8.1 strokes per 1000 person-years (Table 3). The major-
ity of strokes observed were ischemic (85%), rather than
hemorrhagic (11%); stroke type was unclassifiable for
4%. Overall, the adjusted rates for incident strokes was
similar for high versus low fragmentation (8.2 versus 8.1
per 1000 person-years, P=0.89). However, there were
significant differences among subgroups. The subgroup
with the highest adjusted rate of incident strokes was
Black participants with high fragmentation and fair or
poor self-rated health who had an adjusted rate of 19.3
strokes per 1000 person-years (95% Cl, 11.5 per 1000
person-years; 27.2 per 1000 person-years) (Figure 1).

Hazard of Incident Stroke

Overall, there was no association between high frag-
mentation and the hazard of incident stroke (adjusted



Ambulatory Care Fragmentation and Incident Stroke

Kern et al

"UOIFBAJISSTO JO JeaA 1sJif Jay JO SIy Ul SYSIA Aloyeinguie $< aAey 0} pey juedionted e ‘sisAjeue ey} Ul pepn|oul 8q o] ,
(LOO'0>d) WediubIs Ajleonsiels ase ‘dnoiBans yieay parel-}os Ulyim pue [[etano ‘|gg4 ybily SA moj Jo suosuedwod ||y
.’ UONBIUBWBE.) 810W 81BDIPUI S8100S Jaybly 1yl yons ‘xepul UBwIaxog-a0ig—| 0} Jus[eAinba s| (jgg4) Xapul UeulIexog-a0lg pasional ay |

(@s) vesw ‘|ggi

(¥0°0) 06°0 (r2°0) 09°0 (52°0) 290 | w00 060 | (€2°0) 190 (¥2'0) 990 (5000260 | (52°0) 850 (92°0) ¥9°0 (¥0'0)06'0 | (F2'0)09°0 | (¥2'0)99°0 | ‘©i00s uopeUBWORI

@s)

‘uesW ‘Jepinoid uees

(9912 (eoel) Apuenbal) jsow e

(8e9) 16'22 | (G9°6l) 6285 4] (0£9) 8682 | (2981) G065 | (9202) Lzes | (152) 2682 | (861 12'H9 | (80'22) S2'SS | (69°9) 6982 80'65 (P1'12) 262G | UMM SHSIA JO JuSDIed

(6272 652 (or2) s8¢ (L22) 297 | (192) 269 | (e9'b)ove (vgo) 1oy (L02) €6'G (Sv'1) 2o (r6'1) 95°¢ (992) 629 | (Sr1sre (9e2) ekt | (@S) uesw ‘siepinoid

(kg8 oryk | (Gzo ezt | (L5088t | 692) 18 L | (G99 L6 (619) €96 (Sre)sre (W2 XI¥) (@8v) 162 (L22)2zer | (809 8y6 | (55°9) €00k (@s) uesw ‘sysip

(761 vee (9°08) ¥9. (001) 886 (7'61) 605 (908)Stie (001) 292 (r8n) 1L (918 vie (oo1) g8e (rog)vo8 | (662 e6le | (001 L66€ (%) "ON
sjuedionied yoe|g

(as) uesw ‘|gau

(¥0°0) 06°0 (0z'0) ¥9°0 (0z0)2,0 | wO0) 160 | (12700590 (lz'0) 220 (50°0) 26°0 (610) 9970 (0z°0) 720 (v00) 16'0 | (02°0)G9°0 | (L2'0)2L0 | ‘©l00s uopeluswbel

@s)

‘ueawl »\_®U_>O\_Q uses

(96'91) Apusnbaly 1sow ay)

(€5°9) G922 | (6Z'21) 196G | (€961 182y | (529 2v6e | (8LZL)¥9'9S | (se6l) 6067 | (929 2262 | (0091 €02G | (0281 088y | (52'9) 826 6595 (SZ'61) 28'8F | UM SHSIA JO JUSDIOd

(v22) 652 (Lre) sy (€z2)6Ls | (Be)ee9 | (021 coe (9z2) L8v (621) 15° (9g'1) 82°€ 81 g6e (8e2) 829 | (@21e9e | (Lz2)set | (aS)uesw ‘sispiroid

(r8)s9vL | (2590 9e2k | (098 00€l | (069) 28°0L | (8H9) €06 (rv'9) €5'6 9v) 08 vy L2 (05°1) 06°2 (€6'9)99°0L | (289206 | (/69)256 (as) uesw ‘susiA

(L22) €82 (€2 18l (oon vror | (L/2)zest | (e2l) Lriy (oo1) 6825 (roe) 0es (6'69) 0cZL (0ot) 091 (e'8g) sove | (912)8019 | (001 €198 (%) "ON
sjuedioned alypn

(@s) uesw ‘|ggi

(¥00) 06°0 (z'0) 290 (ez°0069°0 | (¥O0) 160 | (22°0)€9°0 (2z'0) 020 (o020 | (k270790 €z0) 20 (r00) 160 | (2200890 | (22°0)0L0 | ‘©4008 uopEIUBWORI

@s

uesuwl .\_®U_>O\_Q uses

(¢ 02) Apusnbeuy 3sow ey}

(ov'9) 6222 | (29°81) 86°9S 6561 (€9 162 | (€221 S¥26 | (68618805 | (G89)2962 | (6918825 | (056H 9667 | (72°9) €162 | (221 GG | (96'61) 810G | UHM SHSIA JO Jusdled

(922 8v'L (Lh2) 207 (er2vevy | wra)se9 | (B9NPSE (9z2) szv (e8'1) 9g°g (621 €2°€ (s8'1) 88°€ (ovr2)or9 | (e218se | (g2 oet | (@S)uesw ‘sispiroid

Qe9) vl | WwezsLrk | erg) syl | (LK) 90k | (00°9) 906 (92'9) 95'6 (0¥ 818 (6Y'1) 9¢°2 (95°1) 6G°2 (Br2)sotl | (829 te6 | (159896 (as) uesw ‘susiA

(rge) 205 (6'72) SevL (0ot) zooz | (rse) tote | (6'72) 2929 (001) e9¢8 (0'82) 109 (0'22) v¥SL (ooh) gvie (L's2)60ze | ('¥2) 106 | (001) OLS 2k (%) "ON

syuedionied ||y

L99BY pue ‘y)esH paley-}|9s ‘@109g uoljejuswbeld Ag paijilellS pue [|BJSAQ ‘UOIIBAISS]Q JO JBa,A 18414 8y} Buling uonezinn Alojenquy "z a|qeL

10.1161/JAHA.120.019036

J Am Heart Assoc. 2021;10:e019036. DOI



Kern et al

Table 3. Incident Rates of Stroke, Stratified by Self-Rated General Health, Fragmentation Status, and Race*

Ambulatory Care Fragmentation and Incident Stroke

Self-Rated General Health

J Am Heart Assoc. 2021;10:e019036. DOI: 10.1161/JAHA.120.019036

Very Good or
Overall Excellent Good Fair or Poor
Sample sizes and observation time
No. (%) 12 510 2145 (17) 8363 (67) 2002 (16)
Range of observation time 1dto11.8y 11dto11.8y 2dto11.8y 1dto11.8y
Median observation time (IQR), y 5.6 (2.9-9.1) 6.4 (3.2-9.9) 5.8 (3.0-9.4) 41 (2.0-7.5)
Event counts and rates
All participants
Total
Observed no. of events (% participants) 611 (4.9) 96 (4.5) 399 (4.8) 116 (5.8)
Observed no. of person-years 75106 13 836 51 367 9903
Unadjusted rate per 1000 person-years 8.1 6.9 7.8 1.7
Adjusted rate per 1000 person-years 8.1 6.9 7.8 1.7
Low fragmentation
Observed no. of events (% participants) 423 (5.2) 73 (5.4) 277 (5.1) 73 (6.7)
Observed no. of person-years 51053 9113 35127 6813
Unadjusted rate per 1000 person-years 8.3 8.0 79 10.7
Adjusted rate per 1000 person-years 8.1 7.8 79 10.4
High fragmentation
Observed no. of events (% participants) 188 (4.2) 23 (2.9) 122 (4.2) 43 (5.9)
Observed no. of person-years 24 052 4723 16 239 3090
Unadjusted rate per 1000 person-years 7.8 4.9 7.5 13.9
Adjusted rate per 1000 person-years 8.2 51 7.5 14.8
White participants
Total
Observed no. of events (% participants) 431 (5.1) 84 (4.8) 289 (5.0) 58 (56.7)
Observed no. of person-years 54 516 11 791 37 303 5422
Unadjusted rate per 1000 person-years 7.9 71 7.7 10.7
Adjusted rate per 1000 person-years 7.9 71 7.7 10.8
Low fragmentation
Observed no. of events (% participantss) 289 (5.5) 63 (5.9) 187 (56.3) 39 (6.3)
Observed no. of person-years 35 641 7552 24 511 3577
Unadjusted rate per 1000 person-years 8.1 8.3 7.6 10.9
Adjusted rate per 1000 person-years 7.9 8.0 7.5 10.6
High fragmentation
Observed no. of events (% participants) 142 (4.3) 21(3.1) 102 (4.6) 19 (4.8)
Observed no. of person-years 18 875 4239 12 792 1844
Unadjusted rate per 1000 person-years 7.5 5.0 8.0 10.3
Adjusted rate per 1000 person-years 7.9 5.3 8.3 114
Black participants
Total
Observed no. of events (% participants) 180 (4.5) 12 (3.1) 110 (4.2) 58 (5.9)
Observed no. of person-years 20 590 2045 14 063 4481
Unadjusted rate per 1000 person-years 8.7 5.9 7.8 12.9
Adjusted rate per 1000 person-years 8.8 6.0 7.9 12.8
Low fragmentation
Observed no. of events (% participants) 134 (4.7) 10 (3.7) 90 (4.6) 34 (5.2)
Observed no. of person-years 15413 1662 10 616 3235
(Continued)
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Table 3. Continued

Ambulatory Care Fragmentation and Incident Stroke

Self-Rated General Health
Very Good or
Overall Excellent Good Fair or Poor
Unadjusted rate per 1000 person-years 8.7 6.4 8.5 10.5
Adjusted rate per 1000 person-years 8.7 7.2 8.5 10.3
High fragmentation
Observed no. of events (% participants) 46 (4.1) 2(1.8) 20 (2.9 24 (7.2)
Observed no. of person-years 5177 484 3447 1246
Unadjusted rate per 1000 person-years 8.9 4.1 5.8 19.3
Adjusted rate per 1000 person-years 8.9 3.4 6.0 19.3

*Adjusted rates were derived from Poisson models that adjusted for demographics (sex, age, race, income, region), medical conditions (hyperlipidemia,
myocardial infarction, atrial fibrillation), medications (aspirin use, warfarin use), health behaviors (smoking), psychosocial variables (social support), physiological
variables (body mass index, systolic blood pressure, aloumin to creatinine ratio, C-reactive protein), self-rated health, and hospitalization. Fragmentation status

is a time-varying exposure based on the reversed Bice-Boxerman index (low <0.85, high >0.85). See Methods section for more details.

hazard ratio [HR], 1.01; 95% ClI, 0.85, 1.21) (Table 4).
There was a trend suggesting that high fragmenta-
tion was associated with a higher hazard of stroke,
compared with low fragmentation, among partici-
pants with fair or poor self-rated health (adjusted HR,
1.39; 95% Cl, 0.95-2.04). There was no association
among participants with very good or good self-
rated health (adjusted HR, 1.01; 95% ClI, 0.82-1.26)

or excellent self-rated health (adjusted HR, 0.66; 95%
Cl, 0.41-1.07).

Among Black participants with fair or poor self-rated
health, high fragmentation was associated with a sig-
nificantly higher hazard of stroke, compared with low
fragmentation (adjusted HR, 1.83; 95% ClI, 1.06-3.14).
Among Black participants, there was no association
between fragmentation and stroke among participants

30
25
20
15

10

5 I
0

Adjusted rate of incident strokes per 1000 person-years

White Race

Low Fragmentation - Low Fragmentation - High Fragmenation - High Fragmentation -
Black Race

Excellent Self-rated Health m Very Good/Good Self-rated Health m Fair/Poor Self-rated Health

White Race Black Race

Figure. Adjusted rates of incident strokes per 1000 person-years with 95% Cls, stratified by
healthcare fragmentation, self-rated health, and race.*

*Fragmentation is defined using the reversed Bice-Boxerman index (high >0.85, low <0.85) and modeled
as a time-varying exposure. Adjusted rates were derived from multivariable Poisson models; see Table 3
for more details. The lower bound of the ClI for low fragmentation—Black race—excellent self-rated health

was equal to -1.6
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Table 4. Hazard of Incident Stroke, Comparing High With Low Fragmentation, Overall and Stratified by Self-Rated General
Health and Race (N=12 510)*

Self-Rated General Health
Overall Excellent Very Good or Good Fair or Poor
HRs (95% Cls)
All participants
Unadjusted 0.92 (0.78-1.10) 0.60 (0.37-0.96) 0.93 (0.75-1.15) 1.25 (0.86-1.82)
Model 1t 1.01 (0.84-1.21) 0.67 (0.42-1.08) 1.01 (0.82-1.26) 1.41 (0.96-2.07)
Model 2% 1.01 (0.85-1.21) 0.66 (0.41-1.07) 1.01 (0.82-1.26) 1.39 (0.95-2.04)
White participants
Unadjusted 0.90 (0.73-1.10) 0.58 (0.35-0.95) 1.01 (0.80-1.29) 0.89 (0.51-1.54)
Model 3% 0.98 (0.80-1.21) 0.68 (0.41-1.12) 110 (0.86-1.41) 0.99 (0.57-1.72)
Model 4% 0.99 (0.81-1.21) 0.67 (0.40-1.10) 111 (0.87-1.42) 1.01 (0.58-1.76)
Black participants
Unadijusted 1.04 (0.75-1.45) 0.69 (0.43-1.13) 1.82 (1.08-3.07)
Model 3% 1.06 (0.75-1.48) 0.72 (0.44-1.17) 1.87 (1.09-3.20)
Model 4* 1.05 (0.74-1.46) 0.73 (0.45-1.19) 1.83 (1.06-3.14)

*HR indicates hazard ratio. Results were derived from Cox proportional hazards models that treat fragmentation as a time-varying exposure (considering
12 months of the exposure at a time and outcomes that occur in the 3 months immediately following the exposure period), with a total of up to 11.8 years of
follow-up. High fragmentation is defined as a score of >0.85 on a reversed Bice-Boxerman index. We were not able to calculate results for Black participants
with excellent self-rated health because they had too few events. Wald tests for interaction were significant for self-rated health in the overall sample (P=0.04)
and by race (P=0.02).

Model 1 is a fully adjusted model, which adjusts for 26 baseline covariates that were associated with fragmentation in the first year of observation in
bivariate models (P<0.10), were used in the sampling frame, or were retained because of high clinical importance: demographics (age, sex, race, marital status,
education, income, region), medical conditions (dyslipidemia, diabetes mellitus, coronary artery disease, atrial fibrillation), medications (medication count, statin
use, aspirin use, warfarin use), heath behaviors (smoking, alcohol use), psychosocial variables (social support), physiological variables (body mass index, heart
rate, systolic blood pressure, left ventricular hypertrophy, albumin to creatinine ratio, and C-reactive protein), self-rated health, and hospitalization.

*Model 2 is a more parsimonious model that includes 18 covariates that were significant (P<0.10) in model 1, were used in the sampling frame, or were
retained because of high clinical importance: demographics (sex, age, race, income, region), medical conditions (dyslipidemia, myocardial infarction, atrial
fibrillation), medications (aspirin use, warfarin use), health behaviors (smoking), psychosocial variables (social support), physiological variables (body mass

index, systolic blood pressure, albumin to creatinine ratio, C-reactive protein), self-rated health, and hospitalization.
SModel 3 is the same as model 1, except stratified by race, instead of including adjustment for race.
*Model 4 is the same as model 2, except stratified by race, instead of including adjustment for race.

with very good or good self-rated health (adjusted HR,
0.73; 95% CI, 0.45-119). There were too few stroke
events among Black participants with excellent self-
rated health to calculate a model for that subgroup.
There was no association between fragmentation and
stroke among White participants, overall or by self-
rated health subgroup.

Sensitivity Analyses

When we changed the cutoff for “high” fragmentation
to >0.80 instead of >0.85, 46.7% of the cohort was
classified as having high fragmentation (rather than
25.7%). With this alternate cutoff of >0.80, we did not
find any association between high fragmentation and
incident stroke (Table S5). When we changed the cutoff
for “high” fragmentation to >0.90, 13.7% of the cohort
was classified as having high fragmentation. With this
alternate cutoff of >0.90, we found that the associa-
tion between high fragmentation and incident stroke
persisted among the subset of Black participants with
fair or poor self-rated health (adjusted HR, 2.13; 95%
Cl, 115-3.95). When we modeled fragmentation as

J Am Heart Assoc. 2021;10:e019036. DOI: 10.1161/JAHA.120.019036

a 4-level variable, Cls widened, but the association
between fragmentation and incident stroke persisted
among Black participants with fair of poor self-rated
health and fragmentation scores >0.90, compared
with the reference category (adjusted HR, 2.18; 95%
Cl, 1.11-4.28) (Table S6).

DISCUSSION

In this nationwide, 11-year cohort study of 12 510
Medicare beneficiaries, we found that the associa-
tion between highly fragmented ambulatory care and
incident stroke varied with self-rated health and race.
Overall, the adjusted rate of incident stroke was similar
between participants with high versus low fragmenta-
tion (8.2 versus 8.1 per 1000 person-years, P=0.89).
Among participants with fair or poor self-rated health
at baseline, having high versus low fragmentation
was associated with a trend toward a higher adjusted
rate of incident strokes (14.8 versus 10.4 per 1000
person-years, P=0.067). Among Black participants
with fair or poor self-rated health, having high versus
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low fragmentation was associated with a significantly
higher adjusted rate of strokes (19.3 versus 10.3 per
1000 person-years, respectively; P=0.02), which was
equivalent to a significantly increased adjusted hazard
of stroke (HR, 1.83; 95% ClI, 1.06-3.14).

This study creates a novel bridge across several ex-
isting bodies of work. There is one body of work doc-
umenting physiologic risk factors for stroke, such as
age, hypertension, diabetes mellitus, atrial fibrillation,
coronary heart disease, and left ventricular hypertro-
phy, which our analysis includes.® There is a second
body of work linking self-rated health with stroke in-
cidence®® and all-cause mortality.?®3° There is a third
body of work documenting racial disparities in stroke
incidence, with Black individuals experiencing a dis-
proportionate number of strokes.?! There is a fourth
body of work documenting racial disparities in the de-
livery of health care.®® This study is a novel addition,
contributing new data on how fragmented ambulatory
care relates to incident strokes, by self-rated health and
by race, after accounting for physiologic risk factors.

The exact mechanism by which fragmentation in-
creases the hazard of stroke among Black individuals with
fair or poor self-rated health cannot be fully elucidated by
the data in this study. Previous work has shown that frag-
mented care can lead to gaps in communication across
providers caring for the same patient.*® Such gaps in
communication have been shown to be associated with
an increased risk of drug-drug interactions,® including
drug-drug interactions that could inadvertently worsen
blood pressure control or worsen anticoagulation control
among individuals at risk for stroke. Additional factors to
be considered include that Black adults may be cared for
by less well-trained physicians than White adults,*' Black
adults may have less access to specialist providers than
White adults (even with similar Medicare insurance),*>43
Black adults have reason to distrust the healthcare sys-
tem,** and Black adults may face explicit and/or implicit
bias in the care they receive.*® In this context, Black adults
with fair or poor health may be particularly vulnerable to
any adverse consequences of fragmented care.

If future interventions were to try to reduce frag-
mentation, by how much would care patterns need to
change in order to reduce fragmentation scores? To il-
lustrate this, we provide a nomogram (Figure S2), which
shows all possible patterns of providers for individuals
with 12 visits (the average number of visits for Black
participants with fair or poor health).® The nomogram
shows all possible patterns of providers (1 to 12 provid-
ers) and all possible distributions of visits across those
providers. The nomogram illustrates how fragmenta-
tion scores decrease as the proportion of visits with
the most frequently seen provider increases. Although
the nomogram illustrates only patterns of care for in-
dividuals with 12 visits, this negative correlation holds
for any visit count. In our study, participants with high

J Am Heart Assoc. 2021;10:e019036. DOI: 10.1161/JAHA.120.019036
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fragmentation often had average fragmentation scores
of =0.90, whereas participants with low fragmentation
often had fragmentation scores of ~0.60. Using the no-
mogram, we can see that, for individuals with 12 vis-
its, changing a fragmentation score from 0.90 to 0.60
would involve increasing the proportion of visits with
the most frequently seen provider from ~25% to 58%.
The nomogram also shows how fragmentation scores
vary with the distribution of visits to the other providers,
not just the most frequently seen provider.

This study has several strengths, including the na-
tional sampling frame and large sample size, with over-
sampling of Black individuals to ensure robust subgroup
analysis, the long follow-up period, the uniform insurance
coverage through Medicare fee-for-service, the previ-
ously validated measure of fragmentation, the treatment
of fragmentation as a time-varying exposure, adjudicated
stroke events, and clinically detailed potential confound-
ers that were collected through standardized protocols.

This study has several limitations. First, this is an ob-
servational study, so we cannot infer causation or rule
out unmeasured confounding. There were differences
in the characteristics for participants with high versus
low fragmentation; the reasons for these differences
are not known. However, the direction of many of these
differences (such as lower rates of cardiovascular risk
factors in the high fragmentation group) would bias our
study toward the null. Second, we do not have data
on communication among providers, so fragmentation
cannot be interpreted as the definite absence of com-
munication. Third, we cannot determine the clinical ap-
propriateness of the ambulatory visit patterns that we
observed. Fourth, we measured self-rated health and
clinical covariates at baseline, and it is possible that
they change over time. However, self-rated health at
baseline was a significant predictor of incident stroke.

CONCLUSIONS

High fragmentation of ambulatory care was associ-
ated with an increase in the hazard of incident stroke
for Black individuals with fair or poor self-rated health,
compared with low fragmentation (adjusted HR, 1.83;
95% Cl, 1.06-3.14). Future research is needed to bet-
ter understand how fragmentation affects Black adults
with fair or poor health, in order to inform the design of
future interventions to prevent unnecessary fragmen-
tation and prevent excess strokes.
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Data S1. Supplemental Methods. Formula for the Bice-Boxerman Index (BBI)**°

_ (Zf=1ni2) —n

BBI
nn—-1)

where n = total number of visits in the 12-month period
ni = number of visits to provider i
p = total number of providers

* The BBl is a continuous index that ranges from 0 to 1. We have reversed the direction of the Index,
calculating 1 minus BBI, so that higher scores reflect more fragmentation.



Data S2. Supplemental Methods. Schematic diagram of analytic approach*
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REGARDS = Reasons for Geographic and Racial Differences in Stroke.

*This schematic diagram illustrates a longitudinal design that treats the exposure (healthcare fragmentation) as
time-varying. Observation continues until a stroke occurs, censoring occurs, or the end of the study period is
reached. Note that the periods of time for the outcome do not overlap with each other, but they are contiguous
(with the next one starting where the previous one left off).

TObservation began after the in-home visit with the first 12-month period for which there was continuous
Medicare fee-for-service coverage, starting as early as January 1, 2004. The study continued (as shown in the
schematic diagram) until the end of the study period, which was December 31, 2016.



Figure S1. Derivation of the study sample
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Table S1. Baseline characteristics, overall and stratified by self-rated health*

Very good Fair or
Overall Excellent or good poor
Characteristic (N=12,510) (N =2,145) (N=8,363) (N =2,002) p-value
Demographic characteristics
Age, years, mean (SD) 70.5 (6.0) 70.4 (5.9) 70.6 (5.9) 70.5 (6.2) 0.38
Gender, female, N (%) 6623 (52.9%) | 994 (46.3%) | 4425 (52.9%) 1204 (60.1%) <0.001
Race, white, N (%) 8513 (68.0%) | 1760 (82.1%) | 5739 (68.6%) 1014 (50.6%) <0.001
Marital status, married, N (%) 7487 (59.8%) | 1432 (66.8%) | 5049 (60.4%) 1006 (50.2%) <0.001
Education, less than high school
diploma, N (%) 1545 (12.4%) 127 (5.9%) 889 (10.6%) 529 (26.4%) <0.001
Annual household income, <$35,000,
N (%) 5422 (49.5%) | 652 (33.9%) | 3568 (48.8%) 1202 (69.8%) <0.001
Geographic region, N (%)
Stroke Beltt 4551 (36.4%) | 783 (36.5%) | 2980 (35.6%) 788 (39.4%)
Stroke Bucklet 2899 (23.2%) | 490 (22.8%) 1941 (23.2%) 468 (23.4%) 0.015
Neither Stroke Belt nor Stroke
Buckle 5060 (40.4%) | 872 (40.7%) | 3442 (41.2%) 746 (37.3%)
Residence in urban area, N (%) 8467 (75.3%) | 1412 (73.5%) | 5711 (75.8%) 1344 (75.0%) 0.003
Medical conditions§
Hypertension, N (%) 7663 (61.5%) | 874 (40.8%) | 5256 (63.1%) 1533 (76.8%) <0.001
Dyslipidemia, N (%) 7538 (62.3%) | 1109 (53.6%) | 5082 (62.9%) 1347 (69.4%) <0.001
Diabetes, N (%) 2623 (21.7%) 166 (8.1%) 1665 (20.6%) 792 (40.8%) <0.001
History of coronary heart disease, N
(%) 2521 (20.5%) | 227 (10.7%) 1642 (20.0%) 652 (33.1%) <0.001
Atrial fibrillation, N (%) 1149 (9.4%) 94 (4.4%) 723 (8.8%) 332 (17.0%) <0.001
Medications
Medication adherence, N (%) 8302 (71.1%) | 1437 (75.2%) | 5591 (71.2%) 1274 (66.8%) <0.001
Number of medications, median (IQR) | 6.0(3.0,9.0) | 4.0(2.0,7.0) | 6.0(3.0,8.0) | 8.0(5.0,11.0) | <0.001
Anti-hypertensive medication, N (%) 6693 (55.4%) 671 (32.4%) | 4602 (56.9%) 1420 (73.5%) <0.001
Insulin use, N (%) 657 (5.5%) 23 (1.1%) 355 (4.4%) 279 (14.9%) <0.001
Statin use, N (%) 4439 (35.5%) | 547 (25.5%) | 3074 (36.8%) 818 (40.9%) <0.001
Aspirin use, N (%) 6084 (48.6%) | 967 (45.1%) | 4112 (49.2%) 1005 (50.2%) <0.001
Warfarin use, N (%) 522 (4.2%) 40 (1.9%) 339 (4.1%) 143 (7.1%) <0.001
Health behaviors
Current smoker, N (%) 1344 (10.8%) 144 (6.8%) 877 (10.5%) 323 (16.2%) <0.001
Alcohol use, N (%)
Heavy 464 (3.8%) 113 (5.3%) 314 (3.8%) 37 (1.9%)
Moderate 4049 (33.0%) | 851 (40.2%) | 2791 (34.0%) 407 (20.7%) <0.001
None 7775 (63.3%) | 1152 (54.4%) | 5103 (62.2%) 1520 (77.4%)
Exercise, O times per week, N (%) 4192 (34.1%) | 419 (19.8%) | 2740 (33.3%) 1033 (52.4%) <0.001
Psychosocial variables
Cares for a family member with a
chronic illness or disability, N (%) 1493 (11.9%) 242 (11.3%) 990 (11.9%) 261 (13.0%) 0.20
Lack of social support, N (%) 485 (4.0%) 73 (3.5%) 320 (3.9%) 92 (4.7%) 0.13
Depressive symptoms, N (%) 710 (5.7%) 54 (2.5%) 368 (4.4%) 288 (14.4%) <0.001
Physiological variables
Body mass index, kg/m? mean (SD) | 28.9(5.8) | 26.8(45) | 289(56) | 31.2(6.8) | <0.001




Heart rate, beats per min, mean (SD) 66.6 (24.8) 65.4 (36.6) 66.1 (18.2) 70.0 (31.9) <0.001
Systolic blood pressure, mm Hg, mean

(SD) 128.6 (16.3) 125.7 (15.0) 128.8 (16.1) 130.9 (17.6) <0.001
Left ventricular hypertrophy, N (%) 1247 (10.1%) 136 (6.4%) 846 (10.3%) 265 (13.4%) <0.001
Total cholesterol, mg/dL, mean (SD) 189.9(39.4) | 193.3(36.9) | 189.5(39.4) 188.0 (41.6) | <0.001
Low-density lipoprotein cholesterol,

mg/dL, mean (SD) 111.5(33.9) | 114.5(31.8) | 111.2(34.0) 109.5 (35.4) <0.001
High-density lipoprotein cholesterol,

mg/dL, mean (SD) 51.6 (16.3) 53.9(17.0) 51.5(16.2) 49.6 (15.6) <0.001
Glucose, mg/dL, mean (SD) 103.8 (33.7) 96.5 (22.6) 103.2 (32.6) 114.0 (44.3) <0.001
Estimated glomerular filtration rate,

mL/min/1.73 m?, mean (SD) 80.6 (18.9) 82.3(15.3) 80.8 (18.5) 77.9 (23.2) <0.001
Urinary albumin-to-creatinine ratio,

mg/g, median (IQR) 2.1(0.9,4.8) | 1.4(0.7,3.2) | 2.1(1.0,4.6) 3.4(1.4,7.7) <0.001
C-reactive protein, mg/L, median (IQR) | 7.8 (4.9, 16.7) | 6.4 (4.3,11.3) | 7.9(4.9,16.8) | 10.2(5.7,30.2) | <0.001
Self-rated health

Mental component summary score,

mean (SD) 55.1 (7.6) 56.9 (5.5) 55.6 (6.9) 50.9 (10.4) <0.001
Physical component summary score,

mean (SD) 46.6 (10.3) 54.1 (5.4) 47.6 (8.5) 34.0(10.3) <0.001
Healthcare utilization

Hospitalization in the first year of

observation, N (%) 1245 (10.0%) 153 (7.1%) 803 (9.6%) 289 (14.4%) <0.001

* Missing data: education (N=4), income (1,554), residence in urban area (N=1,261), medication count (N=12),
smoking (N=48), exercise (N= 207), caregiver status (N=12), lack of social support (N= 308), depressive symptoms
(N=72), body mass index (N=65), heart rate (111), systolic blood pressure (N=34), total cholesterol (N=454), low
density lipoprotein (N=680), high-density lipoprotein (N=529), glucose (N=456), estimated glomerular filtration
rate (N=454), urinary albumin-to-creatinine ratio (N=505), C-reactive protein (N=724), mental component
summary score (N=591), and physical component summary score (N=591).

T Stroke Belt = North Carolina, South Carolina, Georgia, Tennessee, Mississippi, Alabama, Louisiana, and Arkansas
(except for 153 coastal counties that constitute the Stroke Buckle).?®

¥ Stroke Buckle = 153 coastal counties in North Carolina, South Carolina, and Georgia.
§ See methods section for detailed definitions of variables.

Key: rBBI = reversed Bice-Boxerman Index (BBI), equivalent to 1 — BBI, such that higher scores indicate more
fragmentation.'® IQR = interquartile range. SF = short-form survey.3? Percentages may not sum to 100 due to
rounding.

15,21



Table S2. Baseline characteristics, overall and stratified by race*

Overall Black White
Characteristic (N=12,510) (N =3,997) (N =8,513) p-value
Demographic characteristics
Age, years, mean (SD) 70.5 (6.0) 70.2 (5.8) 70.7 (6.0) <0.001
Gender, female, N (%) 6623 (52.9%) 2531 (63.3%) 4092 (48.1%) <0.001
Marital status, married, N (%) 7487 (59.8%) 1767 (44.2%) 5720 (67.2%) <0.001
Education, less than high school diploma, N
(%) 1545 (12.4%) 912 (22.8%) 633 (7.4%) <0.001
Annual household income, <$35,000, N (%) 5422 (49.5%) 2269 (64.6%) 3153 (42.4%) <0.001
Geographic region, N (%)
Stroke Beltt 4551 (36.4%) 1345 (33.7%) 3206 (37.7%)
Stroke Bucklet 2899 (23.2%) 809 (20.2%) 2090 (24.6%) <0.001
Neither Stroke Belt nor Stroke Buckle 5060 (40.4%) 1843 (46.1%) 3217 (37.8%)
Residence in urban area, N (%) 8467 (75.3%) 3299 (89.5%) 5168 (68.3%) <0.001
Medical conditions§
Hypertension, N (%) 7663 (61.5%) 2990 (75.0%) 4673 (55.1%) <0.001
Dyslipidemia, N (%) 7538 (62.3%) 2250 (58.9%) 5288 (63.9%) <0.001
Diabetes, N (%) 2623 (21.7%) 1270 (33.1%) 1353 (16.4%) <0.001
History of coronary heart disease, N (%) 2521 (20.5%) 693 (17.6%) 1828 (21.8%) <0.001
Atrial fibrillation, N (%) 1149 (9.4%) 312 (8.0%) 837 (10.0%) <0.001
Medications
Medication adherence, N (%) 8302 (71.1%) 2620 (70.7%) 5682 (71.3%) 0.53
Number of medications, median (IQR) 6.0 (3.0, 9.0) 5.0 (3.0, 8.0) 6.0 (3.0, 9.0) <0.001
Anti-hypertensive medication, N (%) 6693 (55.4%) 2699 (69.8%) 3994 (48.6%) <0.001
Insulin use, N (%) 657 (5.5%) 374 (9.9%) 283 (3.5%) <0.001
Statin use, N (%) 4439 (35.5%) 1304 (32.6%) 3135 (36.8%) <0.001
Aspirin use, N (%) 6084 (48.6%) 1749 (43.8%) 4335 (50.9%)
Warfarin use, N (%) 522 (4.2%) 101 (2.5%) 421 (5.0%) <0.001
Health behaviors
Current smoker, N (%) 1344 (10.8%) 510 (12.8%) 834 (9.8%) <0.001
Alcohol use, N (%) <0.001
Heavy 464 (3.8%) 79 (2.0%) 385 (4.6%)
Moderate 4049 (33.0%) 906 (23.2%) 3143 (37.5%)
None 7775 (63.3%) 2920 (74.8%) 4855 (57.9%)
Exercise frequency, 0 times per week, N (%) 4192 (34.1%) 1515 (38.6%) 2677 (32.0%) <0.001
Psychosocial variables
Cares for a family member with a chronic
iliness or disability, N (%) 1493 (11.9%) 531 (13.3%) 962 (11.3%) 0.001
Lack of social support, N (%) 485 (4.0%) 154 (4.0%) 331 (4.0%) 0.99
Depressive symptoms, N (%) 710 (5.7%) 306 (7.7%) 404 (4.8%) <0.001
Physiological variables
Body mass index, kg/m?, mean (SD) 28.9 (5.8) 30.6 (6.3) 28.1(5.4) <0.001
Heart rate, beats per minute, mean (SD) 66.6 (24.8) 68.0 (23.8) 65.9 (25.3) <0.001
Systolic blood pressure, mm Hg, mean (SD) 128.6 (16.3) 131.8 (17.0) 127.1 (15.7) <0.001
Left ventricular hypertrophy, N (%) 1247 (10.1%) 643 (16.3%) 604 (7.2%) <0.001
Total cholesterol, mg/dL, mean (SD) 189.9 (39.4) 192.9 (40.9) 188.5 (38.6) <0.001
Low-density lipoprotein cholesterol, mg/dL,
mean (SD) 111.5(33.9) 116.4 (36.1) 109.2 (32.5) <0.001




High-density lipoprotein cholesterol, mg/dL,

mean (SD) 51.6 (16.3) 53.9 (15.8) 50.6 (16.4) <0.001
Glucose, mg/dL, mean (SD) 103.8 (33.7) 109.7 (41.9) 101.1 (28.8) <0.001
Estimated glomerular filtration rate,
mL/min/1.73 m?, mean (SD) 80.6 (18.9) 83.9 (22.4) 79.1 (16.8) <0.001
Urinary albumin-to-creatinine ratio, mg/g,
median (IQR) 2.1(0.9, 4.8) 2.9(1.2,6.4) 1.9(0.9,4.1) <0.001
C-reactive protein, mg/L, median (IQR) 7.8(4.9,16.7) 8.3 (4.9, 20.2) 7.6 (4.9, 15.4) <0.001
Self-rated health
Self-rated general health (SF-1), N (%)
Excellent 2145 (17.1%) 385 (9.6%) 1760 (20.7%)
Very good 3940 (31.5%) 943 (23.6%) 2997 (35.2%) <0.001
Good 4423 (35.4%) 1681 (42.1%) 2742 (32.2%) '
Fair 1669 (13.3%) 843 (21.1%) 826 (9.7%)
Poor 333 (2.7%) 145 (3.6%) 188 (2.2%)
Mental component summary score, mean
(sd) 55.1(7.6) 54.2 (8.4) 55.5(7.2) <0.001
Physical component summary score, mean
(sd) 46.6 (10.3) 45.1 (10.4) 47.2 (10.1) <0.001
Healthcare utilization
Hospitalization in the first year of
observation, N (%) 1245 (10.0%) 454 (11.4%) 791 (9.3%) <0.001




Table S3. Baseline characteristics among black participants, overall and stratified by self-

rated health

Very good Fair or
Overall Excellent or good poor

Characteristic (N =3,997) (N =385) (N =2624) (N =988) p-value
Demographic characteristics
Age, years, mean (SD) 70.2 (5.8) 70.0 (5.5) 70.2 (5.7) 70.3 (6.2) 0.7
Gender, female, N (%) 2531 (63.3%) | 207 (53.8%) 1644 (62.7%) 680 (68.8%) <0.001
Marital status, married, N (%) 1767 (44.2%) | 174 (45.2%) 1207 (46.0%) 386 (39.1%) <0.001
Education, less than high school
diploma, N (%) 912 (22.8%) 59 (15.3%) 499 (19.0%) 354 (35.8%) <0.001
Annual household income, <$35,000,
N (%) 2269 (64.6%) | 175 (51.0%) 1434 (61.7%) 660 (78.0%) <0.001
Geographic region, N (%)

Stroke Beltt 1345 (33.7%) | 125 (32.5%) 869 (33.1%) 351 (35.5%)

Stroke Buckle+ 809 (20.2%) 81 (21.0%) 522 (19.9%) 206 (20.9%)

Neither Stroke Belt nor Stroke

Buckle 1843 (46.1%) | 179 (46.5%) 1233 (47.0%) 431 (43.6%) 0.46
Residence in urban area, N (%) 3299 (89.5%) 322 (90.7%) 2199 (90.8%) 778 (85.6%) <0.001
Medical conditions§
Hypertension, N (%) 2990 (75.0%) | 216 (56.1%) 1937 (74.1%) 837 (84.8%) <0.001
Dyslipidemia, N (%) 2250 (58.9%) | 177 (48.6%) 1440 (57.6%) 633 (66.1%) <0.001
Diabetes, N (%) 1270 (33.1%) 69 (18.8%) 759 (30.2%) 442 (46.1%) <0.001
History of coronary heart disease, N
(%) 693 (17.6%) 34 (9.1%) 384 (14.9%) 275 (28.3%) <0.001
Atrial fibrillation, N (%) 312 (8.0%) 9 (2.4%) 162 (6.3%) 141 (14.8%) <0.001
Medications
Medication adherence, N (%) 2620 (70.7%) | 247 (75.1%) 1742 (71.4%) 631 (67.5%) 0.016
Number of medications, median (IQR) 5.0(3.0,8.0) | 3.0(1.0,5.0) | 5.0(3.0,7.0) 7.0 (5.0, 10.0) <0.001
Anti-hypertensive medication, N (%) 2699 (69.8%) 173 (45.6%) 1743 (68.9%) 783 (81.6%) <0.001
Insulin use, N (%) 374 (9.9%) 14 (3.8%) 196 (7.9%) 164 (17.7%) <0.001
Statin use, N (%) 1304 (32.6%) 73 (19.0%) 842 (32.1%) 389 (39.4%) <0.001
Aspirin use, N (%) 1749 (43.8%) | 135 (35.1%) 1141 (43.5%) 473 (47.9%) <0.001
Warfarin use, N (%) 101 (2.5%) 4 (1.0%) 54 (2.1%) 43 (4.4%) <0.001
Health behaviors
Current smoker, N (%) 510 (12.8%) 46 (12.1%) 306 (11.7%) 158 (16.0%) 0.002
Alcohol use, N (%)
Heavy 79 (2.0%) 10 (2.7%) 50 (2.0%) 19 (2.0%)
Moderate 906 (23.2%) 88 (23.4%) 667 (26.0%) 151 (15.6%)
None 2920 (74.8%) | 278 (73.9%) 1845 (72.0%) 797 (82.4%) <0.001
Exercise, 0 times per week, N (%) 1515 (38.6%) 89 (23.7%) 917 (35.6%) 509 (52.3%) <0.001
Psychosocial variables
Cares for a family member with a
chronic illness or disability, N (%) 531 (13.3%) 39 (10.1%) 362 (13.8%) 130 (13.2%) 0.14
Lack of social support, N (%) 154 (4.0%) 12 (3.2%) 103 (4.1%) 39 (4.1%) 0.72
Depressive symptoms, N (%) 306 (7.7%) 15 (3.9%) 145 (5.6%) 146 (14.8%) <0.001
Physiological variables
Body mass index, kg/m%, mean(SD) | 30.6(6.3) | 285(51) | 303(6.0) | 323(6.9) | <0.001




Heart rate, beats per min, mean (SD) 68.0 (23.8) 68.5 (48.8) 67.3(21.4) 69.5 (12.4) 0.041
Systolic blood pressure, mm Hg, mean

(SD) 131.8 (17.0) 129.2 (16.1) 131.7 (16.8) 133.1(17.8) <0.001
Left ventricular hypertrophy, N (%) 643 (16.3%) 50 (13.2%) 406 (15.7%) 187 (19.1%) 0.01
Total cholesterol, mg/dL, mean (SD) 192.9 (40.9) 198.9 (39.2) 192.9 (40.9) 190.7 (41.4) 0.005
Low-density lipoprotein cholesterol,

mg/dL, mean (SD) 116.4 (36.1) 122.3 (34.6) 116.3 (36.1) 114.5 (36.7) 0.002
High-density lipoprotein cholesterol,

mg/dL, mean (SD) 53.9 (15.8) 55.4 (16.4) 54.2 (15.8) 52.4 (15.6) 0.002
Glucose, mg/dL, mean (SD) 109.7 (41.9) 102.0 (31.4) 108.2 (39.8) 116.6 (49.4) <0.001
Estimated glomerular filtration rate,

mL/min/1.73 m?, mean (SD) 83.9 (22.4) 88.0(18.9) 84.5 (21.6) 80.6 (25.2) <0.001
Urinary albumin-to-creatinine ratio,

mg/g, median (IQR) 2.9(1.2,6.4) | 6.5(4.3,11.7) | 8.1(4.8,18.6) | 10.9(5.5,36.8) | <0.001
C-reactive protein, mg/L, median (IQR) | 8.3 (4.9,20.2) | 2.0(0.8, 4.3) 2.8(1.3,6.0) 3.9(1.5, 8.2) <0.001
Self-rated health

Mental component summary score,

mean (SD) 54.2 (8.4) 56.7 (6.0) 55.4 (7.2) 50.2 (10.6) <0.001
Physical component summary score,

mean (SD) 45.1(10.4) 54.1 (5.4) 47.3 (8.5) 35.7 (10.2) <0.001
Healthcare utilization

Hospitalization in the first year of

observation, N (%) 454 (11.4%) 39 (10.1%) 280 (10.7%) 135 (13.7%) 0.03
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Table S4. Baseline characteristics among white participants, overall and stratified by self-rated

health
Very good Fair or
Overall Excellent or good poor
Characteristic (N =8,513) (N =1,760) (N =5,739) (N=1,014) p-value
Demographic characteristics
Age, years, mean (SD) 70.7 (6.0) 70.5 (6.0) 70.8 (6.0) 70.7 (6.2) 0.22
Gender, female, N (%) 4092 (48.1%) | 787 (44.7%) | 2781(48.5%) | 524 (51.7%) 0.001
Marital status, married, N (%) 5720 (67.2%) | 1258 (71.5%) | 3842 (66.9%) | 620 (61.1%) | <0.001
Education, less than high school
diploma, N (%) 633 (7.4%) 68 (3.9%) 390 (6.8%) 175 (17.3%) | <0.001
Annual household income, <$35,000,
N (%) 3153 (42.4%) | 477 (30.2%) | 2134 (42.8%) | 542 (61.9%) | <0.001
Geographic region, N (%)
Stroke Beltt 3206 (37.7%) | 658 (37.4%) | 2111(36.8%) | 437 (43.1%)
Stroke Bucklet 2090 (24.6%) | 409 (23.2%) | 1419 (24.7%) | 262(25.8%) | _;q0q
Neither Stroke Belt nor Stroke
Buckle 3217 (37.8%) | 693 (39.4%) | 2209 (38.5%) | 315 (31.1%)
Residence in urban area, N (%) 5168 (68.3%) | 1090 (69.6%) | 3512 (68.7%) 566 (64.1%) 0.003
Medical conditions§
Hypertension, N (%) 4673 (55.1%) | 658 (37.5%) | 3319 (58.0%) | 696 (69.0%) | <0.001
Dyslipidemia, N (%) 5288 (63.9%) | 932 (54.7%) | 3642 (65.2%) | 714 (72.6%) | <0.001
Diabetes, N (%) 1353 (16.4%) 97 (5.7%) 906 (16.3%) 350 (35.6%) <0.001
History of coronary heart disease, N <0.001
(%) 1828 (21.8%) | 193 (11.1%) | 1258 (22.3%) | 377 (37.9%) '
Atrial fibrillation, N (%) 837 (10.0%) 85 (4.9%) 561 (10.0%) 191 (19.2%) | <0.001
Medications
Ideal medication adherence 5682 (71.3%) | 1190 (75.2%) | 3849 (71.1%) 643 (66.1%) <0.001
Number of medications, median (IQR) 6.0(3.0,9.0) | 4.0(2.0,7.0) | 6.0(4.0,9.0) 9.0(6.0,12.0) | <0.001
Anti-hypertensive medication, N (%) 3994 (48.6%) | 498 (29.5%) 2859 (51.4%) 637 (65.5%) <0.001
Insulin use, N (%) 283 (3.5%) 9 (0.5%) 159 (2.9%) 115 (12.2%) | <0.001
Statin use, N (%) 3135 (36.8%) 474 (26.9%) 2232 (38.9%) 429 (42.3%) <0.001
Aspirin use, N (%) 4335 (50.9%) | 832 (47.3%) | 2971(51.8%) | 532 (52.5%) 0.002
Warfarin use, N (%) 421 (5.0%) 36 (2.1%) 285 (5.0%) 100 (9.9%) <0.001
Health behaviors
Current smoker, N (%) 834 (9.8%) 98 (5.6%) 571 (10.0%) 165 (16.3%) <0.001
Alcohol use, N (%)
Heavy 385 (4.6%) 103 (5.9%) 264 (4.7%) 18 (1.8%)
Moderate 3143 (37.5%) | 763 (43.9%) | 2124 (37.6%) | 256 (25.7%) | <0.001
None 4855 (57.9%) | 874 (50.2%) | 3258 (57.7%) | 723 (72.5%)
Exercise, O times per week, N (%) 2677 (32.0%) 330 (19.0%) 1823 (32.3%) 524 (52.6%) <0.001
Psychosocial variables
Cares for a family member with a 0.18
chronic illness or disability, N (%) 962 (11.3%) 203 (11.5%) 628 (11.0%) 131 (12.9%) '
Lack of social support, N (%) 331 (4.0%) 61 (3.6%) 217 (3.9%) 53 (5.3%) 0.061
Depressive symptoms, N (%) 404 (4.8%) 39 (2.2%) 223 (3.9%) 142 (14.1%) <0.001
Physiological variables
Body mass index, kg/m?, mean (SD) | 28.1(54) | 264(42) | 282(53) | 30.1(6.5) <0.001
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Heart rate, beats per min, mean (SD) 65.9 (25.3) 64.7 (33.3) 65.5 (16.5) 70.4 (43.1) <0.001
Systolic blood pressure, mm Hg, mean
(SD) 127.1(15.7) | 124.9(14.6) | 127.5(15.7) 128.8 (17.1) <0.001
Left ventricular hypertrophy, N (%) 604 (7.2%) 86 (4.9%) 440 (7.8%) 78 (7.8%) <0.001
Total cholesterol, mg/dL, mean (SD) 188.5(38.6) | 192.1(36.3) | 188.0(38.6) 185.4 (41.7) <0.001
Low-density lipoprotein cholesterol,
mg/dL, mean (SD) 109.2 (32.5) 112.8 (30.9) 108.9 (32.7) 104.6 (33.3) <0.001
High-density lipoprotein cholesterol,
mg/dL, mean (SD) 50.6 (16.4) 53.6(17.1) 50.3 (16.2) 46.9 (15.0) <0.001
Glucose, mg/dL, mean (SD) 101.1 (28.8) 95.3 (20.0) 101.0 (28.6) 111.4 (38.7) <0.001
Estimated glomerular filtration rate,
mL/min/1.73 m?, mean (SD) 79.1 (16.8) 81.1(14.1) 79.2 (16.7) 75.2 (20.7) <0.001
Urinary albumin-to-creatinine ratio,
mg/g, median (IQR) 1.9(0.9,4.1) | 6.3(4.4,11.1) | 7.8(4.9,16.2) | 9.9(5.8,25.0) | <0.001
C-reactive protein, mg/L, median (IQR) | 7.6 (4.9, 15.4) | 1.3(0.7,3.0) | 1.9(0.9, 4.1) 3.0(1.3,7.0) <0.001
Self-rated health
Mental component summary score,
mean (SD) 55.5(7.2) 56.9 (5.4) 55.7 (6.8) 51.6 (10.1) <0.001
Physical component summary score,
mean (SD) 47.2 (10.1) 54.0 (5.4) 47.7 (8.4) 32.4(10.2) <0.001
Healthcare utilization
Hospitalization in the first year of
observation, N (%) 791 (9.3%) 114 (6.5%) 523 (9.1%) 154 (15.2%) <0.001
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Table S5. Fully adjusted hazard of incident stroke, comparing high to low fragmentation,
overall and stratified by self-rated general health and race, with sensitivity analyses
varying the cut-off for high fragmentation*

Self-rated general health

N (%)
classified as Very Good or
Cut-off for high high Overall Excellent Good Fair or Poor
fragmentation fragmentation Adjusted hazard ratios (95% confidence intervals)
ALL PARTICIPANTS N=12,510

>0.80

5,838 (46.7%)

1.03 (0.88, 1.21)

0.72 (0.48, 1.09)

1.09 (0.89, 1.33)

1.11(0.77, 1.61)

>0.85 (base case)

3,209 (25.7%)

1.01 (0.85, 1.21)

0.66 (0.41, 1.07)

1.01 (0.82, 1.26)

1.39 (0.95, 2.04)

>0.90

1,713 (13.7%)

1.05 (0.84, 1.31)

0.80 (0.45, 1.42)

0.96 (0.72, 1.27)

1.69 (1.07, 2.67)

WHITE
PARTICIPANTS

N =8,513

>0.80

4,289 (50.4%)

1.02 (0.84, 1.23)

0.76 (0.49, 1.17)

1.16 (0.92, 1.48)

0.87 (0.51, 1.46)

>0.85 (base case)

2,405 (28.3%)

0.99 (0.81, 1.21)

0.67 (0.40, 1.10)

1.11(0.87, 1.42)

1.01 (0.58, 1.76)

>0.90

1,326 (15.6%)

0.97 (0.74, 1.26)

0.75 (0.41, 1.39)

0.99 (0.72, 1.36)

0.83 (0.49, 1.40)

BLACK
PARTICIPANTS

N = 3,997

>0.80

1,549 (38.8%)

1.02 (0.75, 1.37)

0.91 (0.62, 1.34)

1.34(0.79, 2.29)

>0.85 (base case)

804 (20.1%)

1.05 (0.74, 1.46)

0.73 (0.45, 1.19)

1.83 (1.06, 3.14)

>0.90

387 (9.7%)

1.26 (0.83, 1.91)

0.80 (0.42, 1.54)

2.13 (1.15, 3.95)

* Results were derived from Cox proportional hazards models that treat fragmentation as a time-varying exposure,
consider 12 months of the exposure at a time and outcomes that occur in the 3 months immediately following the
exposure period, and occur over up to 11.8 years of follow-up. Fragmentation is measured with the reversed Bice-
Boxerman Index. We were not able to calculate results for black participants with excellent self-rated health

because they had too few events.




Table S6. Fully adjusted hazard of incident stroke, overall and stratified by self-rated
general health and race, modeling fragmentation as a variable with four levels*
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Self-rated general health
Number Very Good or
Fragmentation of Overall Excellent Good Fair or Poor
score N (%)t strokest Adjusted hazard ratios (95% confidence intervals)
ALL N=12,510
PARTICIPANTS
<0.80 6672 (53.3%) 324 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
0.81-0.84 2629 (21.0%) 138 1.04 (0.84,1.28) | 0.85(0.51,1.42) | 1.14(0.89,1.47) | 0.81(0.47,1.39)
0.85-0.89 1496 (12.0%) 77 1.00(0.79,1.26) | 0.55(0.27,1.12) | 1.10(0.82,1.46) | 1.06 (0.63, 1.80)
20.90 1713 (13.7%) 72 1.06 (0.84,1.34) | 0.70(0.38,1.27) | 1.01(0.75,1.37) | 1.63(1.00, 2.67)
WHITE
PARTICIPANTS N =28,513
<0.80 4224 (49.6%) 218 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
0.81-0.84 1884 (22.1%) 108 1.05(0.82,1.34) | 0.92(0.54,1.58) | 1.17(0.86,1.58) | 0.76(0.36, 1.62)
0.85-0.89 1079 (12.7%) 51 1.02 (0.78,1.33) | 0.61(0.30,1.26) | 1.24(0.90,1.71) | 0.77 (0.36, 1.64)
>0.90 1326 (15.6%) 54 0.98 (0.74,1.30) | 0.68(0.35,1.30) | 1.08(0.77,1.53) | 1.13(0.54, 2.35)
BLACK
PARTICIPANTS N = 3,997
<0.80 2448 (61.2%) 106 1.00 (ref) 1.00 (ref) 1.00 (ref)
0.81-0.84 745 (18.6%) 30 0.98 (0.66, 1.45) 1.10(0.69, 1.74) | 0.79(0.35, 1.76)
0.85-0.89 417 (10.4%) 26 0.88 (0.54, 1.42) 0.71(0.37,1.40) | 1.41(0.67, 2.96)
20.90 387 (9.7%) 18 1.23(0.79, 1.90) 0.78 (0.40, 1.54) | 2.18(1.11, 4.28)

* Results were derived from Cox proportional hazards models that treat fragmentation as a time-varying exposure,
consider 12 months of the exposure at a time and outcomes that occur in the 3 months immediately following the
exposure period, and occur over up to 11.8 years of follow-up. Fragmentation is measured with the reversed Bice-
Boxerman Index. We were not able to calculate results for black participants with excellent self-rated health

because they had too few events.

T The sample size should be interpreted as the number of participants with the given level of fragmentation in the
first year of observation. The number of strokes should be interpreted as the event count for the participants who
had the given level of fragmentation in the first year of observation. The models, however, treat fragmentation as
a time-varying exposure.
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Figure S2. An illustrative nomogram showing how fragmentation scores (reversed Bice-
Boxerman scores*) vary with the proportion of visits with the most frequently seen provider,
among those with 12 ambulatory visitst
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*Higher scores reflect more fragmentation of care.

TRepublished with permission of MJH Life Sciences, from eAppendix D in Kern et al., Fragmented ambulatory care
and subsequent emergency department visits and hospital admissions among Medicaid beneficiaries. Am J
Manage Care 2019 Mar;25(3):107-112; permission conveyed through Copyright Clearance Center, Inc.
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