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A ntihypertensive medication reduces the risk of cardio-

vascular disease (CVD) and all-cause mortality in adults 

with hypertension.1-3 However, 35.2% of US adults with 

hypertension taking antihypertensive medication have uncon-

trolled blood pressure (BP).4 In addition, 17.7% of US adults taking 

antihypertensive medication have apparent treatment-resistant 

hypertension (aTRH), defined as uncontrolled BP while taking 

3 or more classes of antihypertensive medication or taking 4 or 

more classes of antihypertensive medication with controlled 

BP.5 Adults with aTRH have a higher risk of CVD and all-cause 

mortality compared with their counterparts with hypertension 

without aTRH.6,7

Several factors contribute to uncontrolled BP among adults 

taking antihypertensive medication, including medication 

nonadherence, an unhealthy diet, and low physical activity.8-10 

Fragmented ambulatory health care, wherein a patient’s care is 

spread across many health care providers without a dominant 

provider, is common and may increase the likelihood of gaps in 

communication across providers caring for the same patient.11-13 

Findings of prior studies suggest that fragmented health care 

may increase the likelihood of uncontrolled BP among adults 

taking antihypertensive medication.14,15 Fragmented health care 

may also increase the likelihood that adults with hypertension 

are prescribed medicines that raise BP or counteract their anti-

hypertensive medication, leading to aTRH.16,17 Among older US 

adults, uncontrolled BP is more frequent among those of Black vs 

White race and among women compared with men.18,19 Whether 

fragmented ambulatory health care differentially influences BP 

control by race and gender is unclear.

The aim of the current study was to determine the association 

of fragmented ambulatory health care with uncontrolled BP and 

aTRH among older US adults, overall and by race and gender. To 

accomplish this goal, we analyzed data from the REasons for 

Geographic And Racial Differences in Stroke (REGARDS) study 

linked to Medicare claims.
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ABSTRACT

OBJECTIVES: To determine the association of fragmented 
ambulatory health care with uncontrolled blood pressure 
(BP) and apparent treatment-resistant hypertension (aTRH) 
among older adults taking antihypertensive medication, 
overall and by race and gender.

STUDY DESIGN: Cross-sectional study using data from 
2868 REasons for Geographic And Racial Differences in 
Stroke (REGARDS) study participants 66 years and older 
who completed a study examination in 2013-2016, had 
Medicare fee-for-service coverage, and were taking 
antihypertensive medication.

METHODS: We used logistic regression to analyze the 
association of fragmented health care with uncontrolled BP 
and aTRH. Fragmented health care was operationalized as a 
reversed Bice-Boxerman Index score in the 75th percentile 
or higher, calculated using the number of ambulatory 
providers and health care visits in the year preceding 
the study examination. Uncontrolled BP was defined by 
systolic BP of at least 140 mm Hg or diastolic BP of at least 
90 mm Hg. aTRH was defined by taking 3 or more classes 
of antihypertensive medication with uncontrolled BP or 
4 or more classes with controlled BP.

RESULTS: The overall adjusted odds ratios (95% CIs) for 
uncontrolled BP, aTRH with controlled BP, and aTRH with 
uncontrolled BP associated with fragmented health care 
were 1.10 (0.89-1.37), 1.08 (0.80-1.47), and 1.32 (0.96-1.81), 
respectively. Fragmented health care was not associated 
with uncontrolled BP or aTRH among White participants, 
women, or men. Among Black participants, the odds ratio 
(95% CI) associated with fragmented health care was 1.21 
(0.81-1.82) for uncontrolled BP, 1.22 (0.72-2.07) for aTRH 
with controlled BP, and 1.82 (1.07-3.11) for aTRH with 
uncontrolled BP.

CONCLUSIONS: Fragmented health care may increase the 
likelihood of aTRH with uncontrolled BP among older Black 
adults taking antihypertensive medication.
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METHODS
Study Population

The REGARDS study enrolled a population-

based cohort of 30,239 Black and White adults 

45 years and older who were recruited from 

all 48 contiguous US states and the District of 

Columbia between January 2003 and October 

2007. Black adults and adults residing in the 

Southeastern region of the United States were 

oversampled by design.20 Participants completed 

a computer-assisted telephone interview (CATI) 

and an in-home study visit at baseline and were followed through 

phone contacts to identify study outcomes.21-24 Study data from 

participants were linked to their claims in Medicare.25 Medicare 

is an insurance program that provides health care coverage to US 

adults 65 years and older and those younger than 65 years who have 

disabilities or end-stage renal disease (ESRD). The REGARDS study 

was approved by institutional review boards at the participating 

institutions, and all participants provided written informed consent.

We included REGARDS study participants who completed 

a second CATI and in-home study visit between May 2013 and 

November 2016 and (1) were 66 years or older; (2) had continuous 

Medicare fee-for-service coverage for the 365 days preceding the 

date of their second in-home study visit, inclusive (ie, the health 

care assessment period); (3) did not have ESRD,26 defined by an ESRD 

indicator in Medicare; (4) had at least 4 ambulatory care visits during 

their health care assessment period; and (5) had hypertension and 

were taking antihypertensive medication, defined by self-report 

in addition to having at least 1 antihypertensive medication class 

identified during a study medication inventory.

We excluded participants younger than 66 years on their second 

in-home study visit (ie, younger than 65 years when the health 

care assessment period started) because this population may 

have qualified for Medicare on the basis of disability and have 

ambulatory care patterns that are sufficiently distinct to merit 

being considered separately.27 Participants with Medicare Advantage 

do not have fee-for-service coverage and were excluded because 

claims to assess ambulatory health care fragmentation were not 

available. We restricted the analysis to participants with 4 or more 

ambulatory visits because using fewer visits could produce unreli-

able estimates of health care fragmentation.12,28 Only 159 (5%) of 

3027 participants with hypertension were excluded because they 

were not taking antihypertensive medication. After these criteria 

were applied, 2868 REGARDS study participants taking antihyper-

tensive medication were included in the current study (Figure).

Health Care Fragmentation

Health care fragmentation was assessed based on the number of 

ambulatory visits and ambulatory providers that each participant 

had during their health care assessment period (ie, the year preceding 

each participant’s second in-home study visit) using the reversed 

Bice-Boxerman Index (rBBI) (eAppendix 1 [eAppendices available 

at ajmc.com]).29 Ambulatory visits, including visits to federally 

qualified health care centers and rural clinics, were defined using 

a modified version of the definition by the National Committee 

for Quality Assurance, restricting the definition to evaluation-

and-management visits in office or clinic settings.30 Ambulatory 

providers were defined by National Provider Identifier codes. The 

BBI captures the “dispersion” of care (the spread of care across 

multiple health care providers) and the “density” of care (the share 

of visits to each health care provider) received by patients.31 The 

rBBI score ranges from 0, all visits with the same provider or no 

health care fragmentation, to 1, each visit with a different provider 

or maximum health care fragmentation. Fragmented ambulatory 

care was defined by an rBBI score in the 75th percentile of the 

distribution in the overall study population or higher, informed 

by prior analyses.32-34 All participants included in the analysis had 

at least 4 ambulatory visits in their health care assessment period.

BP Measurements and Antihypertensive Medication Use

During each participant’s second in-home study visit, trained 

staff performed 2 BP measurements after a 5-minute rest using an 

aneroid sphygmomanometer, which were averaged for all analyses. 

Trained staff also conducted an inventory of medications taken in 

the previous 2 weeks, including antihypertensive medication classes 

(eAppendix 2). Following the Seventh Report of the Joint National 

Committee on Prevention, Detection, Evaluation, and Treatment of High 

Blood Pressure, we defined uncontrolled BP as a systolic BP (SBP) 

of at least 140 mm Hg or a diastolic BP (DBP) of at least 90 mm Hg. 

aTRH was defined as taking 3 or more classes of antihypertensive 

medication with uncontrolled BP (aTRH with uncontrolled BP) 

or taking 4 or more classes of antihypertensive medication with 

controlled BP (aTRH with controlled BP).

Participant Characteristics

Participant characteristics that were defined using data collected at the 

REGARDS study baseline included gender, race, geographic region of 

residence, rural residence, and education. Participant characteristics 

that were defined using data collected at the second REGARDS study 

examination included age, annual household income, body mass index 

(BMI), current smoking, diabetes, chronic kidney disease (CKD), atrial 

TAKEAWAY POINTS

In the current analysis including adults 66 years and older with Medicare fee-for-service coverage 
in a large population-based cohort who were taking antihypertensive medication in 2013-2016:

 › Fragmented health care was not associated with uncontrolled blood pressure (BP) or 
apparent treatment-resistant hypertension (aTRH) in the overall study population or among 
White participants, men, or women.

 › Among Black participants, fragmented health care was associated with an increased odds 
of aTRH with uncontrolled BP (odds ratio, 1.82; 95% CI, 1.07-3.11).

Among older Black adults taking antihypertensive medication, fragmented health care may 
increase the likelihood of aTRH with uncontrolled BP.
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EXCLUSIONS

FIGURE. Flowchart of REGARDS Study Participants Included in the Current Analysis

REGARDS study participants 

(N = 30,239)

REGARDS participants who completed  
the second CATI and in-home study visit  
between May 2013 and November 2016

(n = 14,236)

REGARDS participants 66 years or older  
on the date of their second in-home study visit 

(n = 11,405)

REGARDS participants with data linked to Medicare

(n = 9888)

REGARDS participants without end-stage renal disease

(n = 5451) 

 REGARDS participants taking 
antihypertensive medication

(n = 2868)

REGARDS participants with systolic and diastolic blood 
pressure information at their second in-home study visit

 (n = 4614)

REGARDS participants who had ≥ 4 ambulatory 
visitsc during the health care assessment period 

(excluding outlier values)d

(n = 4622) 

REGARDS participants with Medicare  
parts A and B coverage

(n = 9409)

REGARDS participants without Medicare Advantage

(n = 5866)

REGARDS participants with continuous Medicare 
coverage during the health care assessment periodb

(n = 5496)

 REGARDS participants with hypertensione

(n = 3027)

CATI, computer-assisted telephone interview; 
REGARDS, REasons for Geographic And Racial 
Differences in Stroke.
aMore Black than White participants were excluded 
at this step. Of the 3141 Black participants with 
Medicare parts A and B coverage, 1554 (49.5%) were 
excluded for having Medicare Advantage. Of the 
6268 White participants with Medicare parts A and 
B coverage, 1989 (31.7%) were excluded for having 
Medicare Advantage.
bThe health care assessment period is defined by 
the 365 days prior to each participant’s second in-
home study visit, inclusive.
cAmbulatory visits were defined using a modified 
version of the definition from the National Commit-
tee for Quality Assurance. Specifically, ambulatory 
visits were defined as an ambulatory or carrier file 
claim with a valid National Provider Identifier code 
and a Current Procedural Terminology code for an 
evaluation-and-management visit for adults that 
would take place in an office or clinic setting.
dAn outlier for the number of ambulatory visits or 
number of providers during the health care assess-
ment period is defined by a value greater than the 
99.9th percentile of the distribution.
eHypertension was defined by a systolic blood 
pressure of at least 140 mm Hg, a diastolic blood 
pressure of at least 90 mm Hg, or antihypertensive 
medication use. Antihypertensive medication use 
was defined by self-report of current use of medica-
tion to lower blood pressure during the second CATI 
and having at least 1 antihypertensive medication 
class in a medication inventory of all prescription 
and over-the-counter medications taken in the 
past 2 weeks conducted during the second in-home 
study visit.

1517 participants did not 
have their REGARDS data 

linked to Medicare

2831 participants were 
younger than 66 years on the 
date of their second in-home 

study visit

16,003 participants did not 
complete the second CATI 

and in-home study visit

45 participants had end-
stage renal disease

8 participants had missing 
systolic or diastolic blood 

pressure measures at their 
second in-home study visit

1587 participants did not 
have hypertensione at their 
second in-home study visit

817 participants had < 4 
ambulatory visitsc and 12 had 

outlier valuesd for number 
of ambulatory visits or 

providers during the health 
care assessment period

479 participants did not have 
Medicare parts A and B 

coverage for the month of their 
second in-home study visit

3543 participants had 
Medicare Advantagea

370 participants did not 
have continuous Medicare 
coverage during the health 

care assessment period

159 participants were not 
taking antihypertensive 

medication at the second 
in-home study visit
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fibrillation, total and high-density lipoprotein 

(HDL) cholesterol, statin use, and self-rated 

health. History of coronary heart disease (CHD), 

stroke, and heart failure were defined using data 

collected at baseline and the second in-home 

study visit, supplemented with adjudicated 

outcome events. We provide definitions for 

participant characteristics in eAppendix 3 and 

a figure detailing when data used for the current 

analysis were collected in eAppendix 4.

Statistical Analysis

We used descriptive statistics to estimate 

characteristics of participants overall and 

stratified by fragmented health care. We also 

calculated the prevalence of uncontrolled BP 

and aTRH overall and stratified by fragmented 

health care. We used 2 logistic regression models 

with progressive adjustment for covariates to 

calculate odds ratios (ORs) and 95% CIs for 

uncontrolled BP associated with fragmented 

health care. Model 1 included adjustment for 

age, gender, race, geographic region of residence, 

rural residence, annual household income, and 

education. Model 2 included adjustment for 

variables in model 1 and BMI, smoking, diabetes, 

CKD, history of CHD, stroke or heart failure, atrial 

fibrillation, total and HDL cholesterol, statin 

use, and self-rated health. We also calculated 

the prevalence and ORs for uncontrolled BP 

associated with quartiles of the rBBI distribution. 

The analysis described above was repeated for 

the outcome of aTRH. In a separate analysis, we 

divided the study population into 3 mutually 

exclusive groups—those with no aTRH, aTRH 

with controlled BP, and aTRH with uncontrolled 

BP—and used multinomial logistic regression 

models with adjustment for covariates as 

described above to calculate ORs and 95% CIs 

for aTRH with controlled and uncontrolled 

BP, separately, vs no aTRH associated with fragmented health care.

 We repeated the analysis described above by race and gender 

subgroups, separately. Because Black adults have lower rBBI scores 

than White adults, we repeated the analysis among Black and White 

participants using race-specific 75th percentiles of the rBBI distribution 

to define fragmented health care.35 In exploratory analyses, we repeated 

the analyses described above excluding participants with an rBBI score 

of 0 or 1 and examined effect modification by education, income, and 

region of residence. We used chained equations to impute 10 data sets 

to keep participants with missing covariates in the regression models 

(eAppendix 5).36,37 For a secondary analysis, we repeated calculations 

described above using the definition of uncontrolled BP in the 2017 

American College of Cardiology (ACC)/American Heart Association 

(AHA) BP guideline. Under this definition, uncontrolled BP was defined 

as an SBP of at least 130 mm Hg or a DBP of at least 80 mm Hg.38 Analyses 

were conducted using SAS version 9.4 (SAS Institute Inc).

RESULTS
Participant Characteristics and Health Care 
Utilization Patterns 

Participants with fragmented health care were more likely to be 

White and had higher education and income vs those without 

fragmented health care (Table 1). Compared with participants 

TABLE 1. Characteristics of REGARDS Study Participants Included in the Analysis

Characteristics
Overall

(N = 2868)

Without 
fragmented 
health carea

(n = 2111)

With 
fragmented 
health carea

(n = 757) P

Age in years, mean (SD) 76.0 (6.5) 76.1 (6.6) 75.8 (6.2) .23

Women, n (%) 1524 (53.1) 1124 (53.2) 400 (52.8) .87

Black participants, n (%) 878 (30.6) 688 (32.6) 190 (25.1) <.01

Geographic region of residence, n (%)

Stroke buckleb 770 (26.8) 569 (27.0) 201 (26.5)

.58Stroke beltc 1020 (35.6) 744 (35.2) 276 (36.5)

Other US regions 1078 (37.6) 798 (37.8) 280 (37.0)

Rural residence, n (%) 359 (14.0) 266 (14.0) 93 (13.9) .95

Annual household income < $35,000, n (%) 987 (40.6) 749 (41.9) 238 (36.8) .02

Less than high school education, n (%) 218 (7.6) 164 (7.8) 54 (7.1) .63

Body mass index, n (%)

< 25 kg/m2 636 (22.3) 474 (22.5) 162 (21.5)

.2825 to < 30 kg/m2 1080 (37.8) 802 (38.2) 278 (36.8)

≥ 30 kg/m2 1141 (39.9) 826 (39.3) 315 (41.7)

Current smoking, n (%) 144 (5.1) 111 (5.3) 33 (4.4) .38

Diabetes, n (%) 892 (32.2) 677 (33.3) 215 (29.3) .05

Chronic kidney disease, n (%) 1313 (49.6) 981 (50.3) 332 (47.7) .25

History of coronary heart disease, n (%) 987 (34.4) 711 (33.7) 276 (36.6) .15

History of stroke, n (%) 258 (9.0) 195 (9.3) 63 (8.4) .51

History of heart failure, n (%) 296 (10.4) 223 (10.7) 73 (9.8) .53

Atrial fibrillation, n (%) 534 (18.7) 394 (18.7) 140 (18.5) .96

Total cholesterol in mg/dL, mean (SD) 171.7 (38.8) 171.8 (39.0) 171.4 (38.2) .82

HDL cholesterol in mg/dL, mean (SD) 54.4 (17.3) 54.6 (17.4) 53.8 (17.1) .28

Statin use, n (%) 1721 (60.0) 1264 (59.9) 457 (60.4) .83

Self-rated health, n (%)

Excellent 266 (9.4) 186 (8.9) 80 (10.6)

.09Very good/good 2065 (72.6) 1518 (72.5) 547 (72.7)

Fair/poor 514 (18.1) 389 (18.6) 125 (16.6)

HDL, high-density lipoprotein; REGARDS, REasons for Geographic And Racial Disparities in Stroke.
aFragmented health care was defined by a reversed Bice-Boxerman Index score in the 75th percentile 
of the distribution in the overall study population or greater. The 75th percentile of reversed Bice-
Boxerman Index scores among all participants included in the analysis was 0.89.
bThe stroke buckle includes the coastal plains region of North Carolina, South Carolina, and Georgia.
cThe stroke belt includes the remaining parts of North Carolina, South Carolina, and Georgia, and 
Alabama, Mississippi, Tennessee, Arkansas, and Louisiana.
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without fragmented health care, those with fragmented health 

care had more ambulatory visits, saw more ambulatory providers, 

and had a lower percentage of visits with the most commonly 

seen provider during the health care assessment period (Table 2).

Uncontrolled BP and aTRH

Overall, 18.4% of participants had uncontrolled BP (Table 3). Also, 

16.4% of participants had aTRH, including 9.0% who had aTRH with 

controlled BP and 7.4% who had aTRH with uncontrolled BP. After 

adjustment, there was no evidence of a difference in the likelihood 

of uncontrolled BP (model 2: OR, 1.10; 95% CI, 0.89-1.37) or aTRH 

(model 2: OR, 1.18; 95% CI, 0.93-1.49) between participants with vs 

without fragmented health care. Also, there was no evidence of an 

association between fragmented health care and aTRH with controlled 

BP (model 2: OR, 1.08; 95% CI, 0.80-1.47) or aTRH with uncontrolled 

BP (model 2: OR, 1.32; 95% CI, 0.96-1.81). There was no evidence of 

a difference in the likelihood of uncontrolled BP, aTRH, aTRH with 

controlled BP, or aTRH with uncontrolled BP across quartiles of 

the rBBI distribution (eAppendix 6). After excluding participants 

with rBBI scores of 0 or 1, the OR for aTRH with uncontrolled BP 

associated with health care fragmentation after adjustment for the 

variables in model 2 was 1.37 (95% CI, 1.00-1.89) (eAppendix 7).

Subgroup Analyses by Race and Gender
Among Black participants, there was no evidence 

of an association of fragmented health care 

with uncontrolled BP (model 2: OR, 1.21; 95% CI, 

0.81-1.82). Fragmented health care was associ-

ated with a higher likelihood of aTRH (model 2: 

OR, 1.51; 95% CI, 1.01-2.26) (Table 4) and aTRH 

with uncontrolled BP (model 2: OR, 1.82; 95% CI, 

1.07-3.11) among Black participants. There was no 

evidence of an association between fragmented 

health care and aTRH with controlled BP among 

Black participants. Among White participants, 

there was no evidence of an association of 

fragmented health care with uncontrolled BP, 

aTRH, or aTRH with controlled or uncontrolled 

BP, separately (Table 4). Results among Black 

and White participants using race-specific 

75th percentiles of the rBBI distribution to 

define fragmented health care and excluding 

participants with rBBI scores of 0 or 1 are 

shown in eAppendices 8 and 9, respectively. 

Among Black participants, fragmented health 

care was associated with aTRH with controlled 

BP among those with less than high school 

education or annual household income less 

than $35,000, but not among those with a high 

school education or greater or annual household 

income of $35,000 or higher (eAppendices 10 

and 11). There was no evidence of an effect 

modification by region of residence among Black 

participants (eAppendix 12) or by education, income, or region of 

residence among White participants (eAppendices 13 through 15).

There was no evidence of a difference in the association of 

fragmented health care with uncontrolled BP, aTRH, or aTRH with 

controlled or uncontrolled BP, separately, across gender subgroups 

(eAppendix 16). Results among men and women excluding 

participants with rBBI scores of 0 or 1 are shown in eAppendix 17. 

Fragmented health care was associated with aTRH and aTRH with 

controlled BP among women with less than high school education, 

but no association was present among those with a high school 

education or greater. Also, fragmented health care was associated 

with aTRH among women with annual household income less than 

$35,000, but no association was present among those with annual 

household income of $35,000 or more. There was no evidence 

of an effect modification by region of residence among women 

(eAppendices 18 through 20) or by education, income, or region 

of residence among men (eAppendices 21 through 23).

Secondary Analysis Following the 2017 ACC/AHA 
BP Guideline

Overall, 45.6% of participants had uncontrolled BP as defined in the 

2017 ACC/AHA BP guideline. According to this guideline, 22.8% of 

TABLE 2. Ambulatory Health Care Utilization Among REGARDS Study Participants Included 
in the Analysis 

Overall
(N = 2868)

Without 
fragmented 
health carea

(n = 2111)

With 
fragmented 
health carea

(n = 757) P

Number of ambulatory visits 

Mean (SD) 12.8 (7.7) 12.3 (7.6) 14.3 (7.9) <.01

Median (range)
11.0 

(4.0-59.0)
10.0 

(4.0-59.0)
13.0 

(4.0-48.0)

25th-75th percentile 7.0-16.0 7.0-16.0 8.0-19.0

Number of ambulatory providers 

Mean (SD) 5.8 (2.9) 4.9 (2.3) 8.2 (2.9) <.01

Median (range) 5.0 (1.0-17.0) 5.0 (1.0-15.0) 8.0 (4.0-17.0)

25th-75th percentile 4.0-7.0 3.0-6.0 6.0-10.0

Proportion of visits with most 
commonly seen ambulatory provider

Mean (SD) 0.42 (0.17) 0.47 (0.16) 0.25 (0.06) <.01

Median (range)
0.38 

(0.09-1.00)
0.44 

(0.20-1.00)
0.25 

(0.09-0.40)

25th-75th percentile 0.29-0.50 0.36-0.56 0.21-0.29

Reversed Bice-Boxerman Index score

Mean (SD) 0.78 (0.16) 0.73 (0.16) 0.92 (0.03) <.01

Median (range)
0.82 

(0.00-1.00)
0.79 

(0.00-0.88)
0.91 

(0.89-1.00)

25th-75th percentile 0.72-0.89 0.67-0.84 0.90-0.93

REGARDS, REasons for Geographic And Racial Disparities in Stroke.
aFragmented health care was defined by a reversed Bice-Boxerman Index score in the 75th percentile 
of the distribution in the overall study population or greater. The 75th percentile of reversed Bice-
Boxerman Index scores among all participants included in the analysis was 0.89.
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participants had aTRH, including 6.0% with aTRH with controlled BP 

and 16.8% with aTRH with uncontrolled BP. There was no evidence 

of a difference in the likelihood of uncontrolled BP, aTRH, or aTRH 

with controlled or uncontrolled BP, separately, among participants 

with vs without fragmented health care (eAppendices 24 and 25). 

There was no evidence of an association of fragmented health care 

with uncontrolled BP, aTRH, or aTRH with controlled or uncontrolled 

BP, separately, among Black or White participants (eAppendices 

26 and 27) or men or women (eAppendix 28).

DISCUSSION
In the current analysis of older adults taking antihypertensive medica-

tion, fragmented health care was not associated with uncontrolled 

BP or aTRH in the overall study population. Also, no association 

was present between fragmented health care and uncontrolled BP 

or aTRH among men and women and among White adults. However, 

fragmented health care was associated with a higher likelihood of 

aTRH with uncontrolled BP among Black adults.

Prior studies have suggested an association between fragmented 

health care and BP control.14,15 In an analysis of 5886 adults with 

hypertension in the Third National Health and Nutrition Examination 

Survey, participants who reported having a doctor or health care 

professional who they usually saw were more likely to have controlled 

BP (multivariable-adjusted OR, 2.29; 95% CI, 1.74-3.02).14 The higher 

likelihood of BP control associated with seeing 1 particular doctor 

or health professional was present among non-Hispanic White, 

non-Hispanic Black, and Mexican American participants. This 

prior analysis included participants who did not see a health 

care provider in the previous year. Therefore, some participants 

not seeing a particular health care provider may not have been 

receiving any health care, including antihypertensive medication, 

which may explain their lower likelihood of BP control. In the 

current study of 2868 adults taking antihypertensive medication 

who had 4 or more ambulatory visits in the preceding 365 days, the 

multivariable-adjusted OR for uncontrolled BP associated with health 

care fragmentation was 1.10 (95% CI, 0.89-1.37). Results from the 

current study suggest that fragmented health care is not associated 

with BP control among adults taking antihypertensive medication.

Black adults have lower health care fragmentation compared 

with White adults.35 Despite this, fragmented health care was 

associated with a higher likelihood of aTRH with uncontrolled 

BP among Black participants, but not among White participants. 

Several factors could explain the association between fragmented 

health care and aTRH with uncontrolled BP. If providers caring for 

the same patient are unaware of the complete medication regimen 

that the patient is taking, this could increase the likelihood that the 

patient is prescribed therapies that counteract their antihypertensive 

medication, necessitating the addition of more medications for BP 

control.11,16,17 Also, fragmented health care has been associated with 

lower medication adherence.39 Minimizing health care fragmentation 

may reduce the prevalence of aTRH among Black adults.

In an exploratory analysis, fragmented care was associated 

with a higher likelihood of aTRH with controlled BP among Black 

participants with less than high school education or annual 

household income less than $35,000. Fragmented health care was 

also associated with a higher likelihood of aTRH and aTRH with 

controlled BP among women with less than high school education 

and with a higher likelihood of aTRH among women with annual 

household income less than $35,000. Given the exploratory nature 

of these analyses, these results should be interpreted with caution 

and need to be confirmed in future studies.

There are multiple reasons why patients may have fragmented care, 

including patient-, provider-, organization-, and environment-level 

TABLE 3. Odds Ratios for Uncontrolled Blood Pressure and aTRH 
Associated With Health Care Fragmentation Overalla

Overall
(N = 2868)

Without 
fragmented 
health careb

(n = 2111)

With 
fragmented 
health careb

(n = 757)

Uncontrolled blood pressure

Prevalence, n (%) 528 (18.4) 385 (18.2) 143 (18.9)

Odds ratio (95% CI)

Model 1 – 1 (ref) 1.09 (0.88-1.35)

Model 2 – 1 (ref) 1.10 (0.89-1.37)

aTRH

Prevalence, n (%) 469 (16.4) 337 (16.0) 132 (17.4)

Odds ratio (95% CI)

Model 1 – 1 (ref) 1.19 (0.95-1.49)

Model 2 – 1 (ref) 1.18 (0.93-1.49)

aTRH with controlled blood pressure

Prevalence, n (%) 258 (9.0) 189 (9.0) 69 (9.1)

Odds ratio (95% CI)

Model 1 – 1 (ref) 1.10 (0.82-1.48)

Model 2 – 1 (ref) 1.08 (0.80-1.47)

aTRH with uncontrolled blood pressure

Prevalence, n (%) 211 (7.4) 148 (7.0) 63 (8.3)

Odds ratio (95% CI)

Model 1 – 1 (ref) 1.32 (0.96-1.80)

Model 2 – 1 (ref) 1.32 (0.96-1.81)

aTRH, apparent treatment-resistant hypertension; ref, reference.
aUncontrolled blood pressure is defined as a systolic blood pressure of 
at least 140 mm Hg or a diastolic blood pressure of at least 90 mm Hg. 
Controlled blood pressure is defined as a systolic blood pressure less than 
140 mm Hg and a diastolic blood pressure less than 90 mm Hg. aTRH is 
defined as taking 3 or more antihypertensive medications with uncontrolled 
blood pressure or taking 4 or more antihypertensive medications with con-
trolled blood pressure.
bFragmented health care was defined by a reversed Bice-Boxerman Index 
score in the 75th percentile of the distribution in the overall study popula-
tion or greater. The 75th percentile of reversed Bice-Boxerman Index scores 
among all participants included in the analysis was 0.89. 

Model 1 adjusted for age, gender, race, geographic region of residence, rural 
residence, annual household income and education.

Model 2 adjusted for variables in model 1 and body mass index, smoking, 
diabetes, chronic kidney disease, history of coronary heart disease, stroke or 
heart failure, atrial fibrillation, total and high-density lipoprotein cholesterol, 
statin use, and self-rated health.



114  MARCH 2022 www.ajmc.com

CLINICAL

factors. However, most causes of fragmented care are unrelated to 

medical needs (eg, patient preference for geographic proximity, the 

widespread availability of urgent care centers).11 Therefore, it may 

be possible to reduce health care fragmentation without affecting 

the care that a patient is receiving. Among those with 12 ambulatory 

visits, to decrease fragmentation from an rBBI score of 0.9 (the 

mean among participants with fragmented care) to an rBBI score 

of 0.7 (the mean among participants without fragmented care), an 

intervention would need to increase the proportion of visits with 

the most frequently seen provider from 25% to 50%.40 Such a change 

may be feasible, but very few interventions have been designed to 

change fragmentation of care. One previous pilot study decreased 

fragmentation by using alerts in the electronic health record to 

inform providers if they were seeing patients 

with fragmented care in real time; however, this 

study was conducted in a single clinic among 

pediatric patients and may not be generaliz-

able to adults.41 More interventions need to 

be designed and evaluated to address patient-, 

provider-, organization-, and environment-level 

drivers of fragmentation.

Strengths and Limitations

The current study has several strengths. BP 

was measured by trained staff following a 

standardized procedure. Participants’ health 

care fragmentation was assessed using a vali-

dated index and claims data.28,42 This study 

also has limitations. Results from the current 

study may not be generalizable to older adults 

without Medicare fee-for-service coverage. We 

used the definitions of uncontrolled BP and 

aTRH in the 2017 ACC/AHA BP guideline in the 

secondary analysis.38 However, this guideline 

was published after the data for the current study 

were collected. Future studies should examine 

the association of fragmented health care with 

BP control using data collected after this guide-

line was published. Lastly, we cannot exclude 

the possibility of reverse causation (ie, that 

participants with uncontrolled BP were more 

likely to be referred to more doctors). However, 

we attempted to minimize that possibility by 

assessing participants’ ambulatory care in 

the 365 days preceding their BP measurement.

CONCLUSIONS
No association was present between fragmented 

health care and uncontrolled BP or aTRH in 

the overall study population of older adults 

taking antihypertensive medication. However, 

fragmented health care was associated with a higher likelihood of 

aTRH with uncontrolled BP among Black participants. Results from 

the current study suggest that fragmented health care may be a risk 

factor for aTRH with uncontrolled BP among older Black adults. n
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eAppendix 1. Formula for the reversed Bice-Boxerman Index. 
The reversed Bice-Boxerman Index is calculated as:  

1 − (∑ %!") − 	%#
!$%
%(% − 1) , 

where n is the total number of ambulatory visits during the healthcare assessment period, ni is the 
number of ambulatory visits with provider i, and p is the total number of ambulatory providers.1 
Ambulatory care patterns with high dispersion (many providers) and low density (few visits with 
each provider) result in a higher score on the index.2 
  



 

 
 

eAppendix 2. Antihypertensive medication classes. 
The following classes of antihypertensive medication were included in the analysis: 

• Aldosterone antagonists  
• Alpha-blockers  
• Angiotensin-converting-enzyme inhibitors  
• Angiotensin-II receptor blockers  
• Beta-blockers  
• Calcium channel blockers  
• Central antihypertensive medications  
• Direct vasodilators  
• Diuretics  



 

 
 

eAppendix 3. Definitions of participants’ characteristics analyzed in the current study. 
Participant characteristic Definition 
Age Calculated at the second CATI using birth date collected at 

the REGARDS study baseline. 
Gender Women or men using data collected at the REGARDS 

study baseline. 
Race Black or white using data collected at the REGARDS 

study baseline. 
Geographic region of residence Defined using data collected at baseline and categorized as 

stroke buckle, stroke belt, or other US regions. Stroke 
buckle includes coastal North Carolina, South Carolina and 
Georgia. Stroke belt includes the remaining parts of North 
Carolina, South Carolina and Georgia, and Tennessee, 
Mississippi, Alabama, Louisiana and Arkansas. Other US 
regions includes the remaining 40 contiguous US states 
and the District of Columbia. 

Rural residence Defined using data collected at baseline and categorized as 
rural or not rural. Rural residence was defined by living in 
a census tract ≤25% urban. 

Annual household income  Self-reported annual household income from any source at 
the second CATI and categorized as < $20,000, $20,000 – 
$34,999, $35,000 – $74,999, ≥ $75,000. Due to small 
group sizes, annual household income was dichotomized as 
<$35,000 and ≥$35,000 in Supplemental Tables 11, 14, 19, 
and 22.  

Education Self-reported highest level of education attained at the 
REGARDS study baseline and categorized as less than 
high school education, high school graduate, some college, 
college graduate and above. Due to small group sizes, 
education was dichotomized as less than high school and 
high school graduate in Supplemental Tables 10, 13, 18, 
and 21.  

Body mass index Calculated as weight (kg)/height (m2) using data collected 
at each participant’s second in-home study visit. 
Categorized as <25 kg/m2, 25 to <30 kg/m2, ≥30 kg/m2 

Current smoking Self-reported smoking at the second CATI. Categorized as 
current smoker or non-smoker. 

Diabetes Defined as a fasting serum glucose ≥ 126 mg/dL or a non-
fasting serum glucose ≥ 200 mg/dL using blood samples 
collected at the second in-home study visit, or self-report 
of a prior diagnosis of diabetes with concurrent use of 
glucose-lowering medication at the second CATI. 

Chronic kidney disease  Defined as an estimated glomerular filtration rate < 60 
ml/min per 1.73 m2, or a urinary albumin-to-creatinine 
ratio ≥ 30 mg/g. Estimated glomerular filtration rate was 
calculated based on serum creatinine measured at the 



 

 
 

second in-home study visit and the chronic kidney disease 
Epidemiology Collaboration (CKD-EPI) equation. 
Albumin-to-creatinine ratio was calculated based on 
creatinine and albumin measured using urine samples 
collected at the second in-home study visit.   

History of coronary heart disease Defined as self-report of a prior diagnosis of myocardial 
infarction or coronary revascularization procedure, or 
electrocardiographic evidence of a myocardial infarction at 
the REGARDS study baseline or the second in-home study 
visit, or having an adjudicated myocardial infarction 
hospitalization or revascularization procedure between 
baseline and the second in-home study visit.  

History of stroke Defined by self-report of a prior diagnosis of stroke at the 
REGARDS study baseline or having an adjudicated stroke 
hospitalization between baseline and the second in-home 
study visit.  

History of heart failure Defined by self-report of a prior diagnosis of heart failure 
at the second CATI or having an adjudicated heart failure 
hospitalization between the REGARDS study baseline and 
the second in-home study visit. 

Atrial fibrillation Defined by self-report of a prior diagnosis of atrial 
fibrillation at the REGARDS study baseline or the second 
CATI, or having atrial fibrillation on the study 
electrocardiogram at baseline or on the second in-home 
study visit. 

Total cholesterol Measured from staff-collected blood samples at the second 
in-home study visit.  

High-density lipoprotein 
cholesterol 

Measured from staff-collected blood samples at the second 
in-home study visit. 

Statin use Determined using the medication inventory conducted 
during the second in-home study visit. 

Self-rated health Defined based on the response to the first question of the 
Short Form 12 questionnaire (i.e., “In general, would you 
say that your health is excellent, very good, good, fair or 
poor?”) which was completed at the second CATI. Self-
rated health was categorized as excellent, very good/good, 
and fair/poor. 

CATI: computer-assisted telephone interview; REGARDS: Reasons for Geographic And Racial 
Differences in Stroke. 



 

 
 

eAppendix 4: Schema of REGARDS study data used in the current analysis. 
 

  
  

REGARDS: REasons for Geographic and Racial Disparities in Stroke; CHD: coronary heart disease; CKD: chronic kidney disease; SBP: 

systolic blood pressure; DBP: diastolic blood pressure, BMI: body mass index; HDL: high-density lipoprotein. 
aDefined as self-report of a prior diagnosis of myocardial infarction or coronary revascularization procedure, or electrocardiographic evidence 

of a myocardial infarction at the REGARDS study baseline or the second in-home study visit, or having an adjudicated myocardial infarction 

hospitalization or revascularization procedure between baseline and the second in-home study visit. 
bDefined by self-report of a prior diagnosis of stroke at the REGARDS study baseline or having an adjudicated stroke hospitalization between 

baseline and the second in-home study visit. 
cDefined by self-report of a prior diagnosis of heart failure at the second CATI or having an adjudicated heart failure hospitalization between 

the REGARDS study baseline and the second in-home study visit. 

 

Baseline: 2003-2007 
• Gender  
• Race  
• Geographic region of 

residence  
• Rural residence  
• Education  
• Electrocardiogram 
• Self-reported prior 

myocardial infarction or 
coronary revascularization  

• Self-reported prior stroke  
 

Second examination: 2013-2016 
• SBP and DBP • Total cholesterol 
• Age • HDL cholesterol 
• Annual household 

income 
• History of CHD 

• BMI • History of stroke 
• CKD • History of heart failure 
• Current smoking • Statin use 
• Diabetes • Self-rated health 
• Atrial fibrillation  

 

Healthcare assessment period 
 

Follow-up for cardiovascular events: 
Adjudicated myocardial infarction.  

Adjudicated stroke. 
Adjudicated heart failure 

 

365 days before 
second examination 



 

 
 

eAppendix 5. Number and percentage of participants with missing data on 
each covariate (N=2,868). 

Covariate Missing, N(%) 
Age, years 0 (0.0%) 
Gender 0 (0.0%) 
Race 0 (0.0%) 
Geographic region of residence 0 (0.0%) 
Rural residence 301 (10.5) 
Annual household income 435 (15.2%) 
Education 0 (0.0%) 
Body mass index, kg/m2 11 (0.4%) 
Current smoking 20 (0.7%) 
Diabetes 100 (3.5%) 
Chronic kidney diseasea,b 220 (7.7%) 
History of coronary heart disease 2 (0.1%) 
History of stroke 11 (0.4%) 
History of heart failure 34 (1.2%) 
Atrial fibrillation 4 (0.1%) 
Total cholesterol, mg/dL 149 (5.2%) 
HDL cholesterol, mg/dL 148 (5.2%) 
Statin use 0 (0.0%) 
Self-rated health 23 (0.8%) 
aUrinary albumin-to-creatinine ratio was missing for 186 (6.5%) participants. 
bEstimated glomerular filtration rate was missing for 148 (5.2%) participants. 

 
 



 

 
 

 
eAppendix 6. Odds ratios for uncontrolled blood pressure and aTRH associated with healthcare fragmentation across quartiles of the reversed Bice-Boxerman 
Index distribution. 
 Quartiles of the reversed Bice-Boxerman Index distribution  
 Quartile 1 

(0.00 to 0.71) 
(n=712) 

Quartile 2 
(0.72 to 0.81) 

(n=608) 

Quartile 3 
(0.82 to 0.88) 

(n=791) 

Quartile 4 
(0.89 to 1.00) 

(n=757) 

P-trend 

Uncontrolled Blood pressure 
   Prevalence, N (%) 126 (17.7) 115 (18.9) 144 (18.2) 143 (18.9)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.10 (0.83-1.46) 1.11 (0.85-1.45) 1.16 (0.89-1.52) 0.27 
       Model 2 1 (ref) 1.08 (0.82-1.44) 1.12 (0.85-1.47) 1.18 (0.90-1.55) 0.24 
aTRH 
   Prevalence, N (%) 121 (17.0) 101 (16.6) 115 (14.5) 132 (17.4)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.03 (0.76-1.38) 0.95 (0.72-1.27) 1.18 (0.89-1.56) 0.44 
       Model 2 1 (ref) 0.98 (0.72-1.33) 0.88 (0.65-1.19) 1.12 (0.84-1.49) 0.77 
aTRH with controlled blood pressure 
   Prevalence, N (%) 69 (9.7) 59 (9.7) 61 (7.7) 69 (9.1)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.05 (0.72-1.52) 0.86 (0.60-1.25) 1.06 (0.74-1.52) 0.95 
       Model 2 1 (ref) 0.98 (0.66-1.44) 0.78 (0.53-1.14) 0.98 (0.68-1.43) 0.58 
aTRH with uncontrolled blood pressure 
   Prevalence, N (%) 52 (7.3) 42 (6.9) 54 (6.8) 63 (8.3)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.00 (0.65-1.53) 1.08 (0.72-1.62) 1.35 (0.91-2.00) 0.20 
       Model 2 1 (ref) 0.98 (0.63-1.51) 1.02 (0.67-1.54) 1.32 (0.88-1.96) 0.29 
aTRH: apparent treatment-resistant hypertension; CI: confidence interval. 
Uncontrolled blood pressure is defined as a systolic blood pressure ≥140 mm Hg or a diastolic blood pressure ≥90 mm Hg. Controlled blood pressure is 
defined as a systolic blood pressure <140 mm Hg and a diastolic blood pressure <90 mm Hg. aTRH is defined as taking ≥3 antihypertensive medications with 
uncontrolled blood pressure, or taking ≥4 antihypertensive medications regardless of blood pressure levels. 
Model 1 adjusted for age, gender, race, geographic region of residence, rural residence, annual household income and education. 
Model 2 adjusted for variables in Model 1 and body mass index, smoking, diabetes, chronic kidney disease, history of coronary heart disease, stroke or heart 
failure, atrial fibrillation, total and high-density lipoprotein cholesterol, statin use, and self-rated health. 

 



 

 
 

eAppendix 7. Odds ratios for uncontrolled blood pressure and aTRH associated with 
healthcare fragmentation overall, excluding participants with an rBBI of 0 or 1a. 
 

Overall 
(n=2,794) 

Without fragmented 
healthcareb 
(n=2,079) 

With fragmented 
healthcareb 

(n=715) 
Uncontrolled Blood pressure 
   Prevalence, N (%) 515 (18.4) 379 (18.2) 136 (19.0) 
   Odds ratio (95% CI)    
       Model 1 -- 1 (ref) 1.09 (0.88-1.36) 
       Model 2 -- 1 (ref) 1.11 (0.89-1.38) 
aTRH 
   Prevalence, N (%) 460 (16.5) 332 (16.0) 128 (17.9) 
   Odds ratio (95% CI)    
       Model 1 -- 1 (ref) 1.23 (0.98-1.55) 
       Model 2 -- 1 (ref) 1.21 (0.96-1.54) 
aTRH with controlled blood pressure 
   Prevalence, N (%) 253 (9.1) 187 (9.0) 66 (9.2) 
   Odds ratio (95% CI)    
       Model 1 -- 1 (ref) 1.12 (0.83-1.51) 
       Model 2 -- 1 (ref) 1.10 (0.81-1.50) 
aTRH with uncontrolled blood pressure 
   Prevalence, N (%) 207 (7.4) 145 (7.0) 62 (8.7) 
   Odds ratio (95% CI)    
       Model 1 -- 1 (ref) 1.38 (1.01-1.90) 
       Model 2 -- 1 (ref) 1.37 (1.00-1.89) 
aTRH: apparent treatment-resistant hypertension; CI: confidence interval. 
Uncontrolled blood pressure is defined as a systolic blood pressure ≥140 mm Hg or a diastolic 
blood pressure ≥90 mm Hg. Controlled blood pressure is defined as a systolic blood pressure 
<140 mm Hg and a diastolic blood pressure <90 mm Hg. aTRH is defined as taking ≥3 
antihypertensive medications with uncontrolled blood pressure, or taking ≥4 antihypertensive 
medications regardless of blood pressure levels.  
Model 1 adjusted for age, gender, race, geographic region of residence, rural residence, annual 
household income and education. 
Model 2 adjusted for variables in Model 1 and body mass index, smoking, diabetes, chronic 
kidney disease, history of coronary heart disease, stroke or heart failure, atrial fibrillation, total 
and high-density lipoprotein cholesterol, statin use, and self-rated health. 
aOverall, 1.1% of participants had an rBBI of 0 and 1.5% had an rBBI of 1. 
bFragmented healthcare was defined by a reversed Bice-Boxerman Index score ≥75th 
percentile of the distribution in the overall study population. The 75th percentile of reverse 
Bice-Boxerman index scores among all participants included in the analysis was 0.89. 

  



 

 
 

 
  

eAppendix 8. Odds ratios for uncontrolled blood pressure and aTRH associated with healthcare fragmentation stratified 
by race and using race-specific reversed Bice-Boxerman Index cut-points. 
 Black White 
 Without fragmented 

healthcarea 
(n=629) 

With fragmented 
healthcarea 

(n=249) 

Without fragmented 
healthcarea 
(n=1,423) 

With fragmented 
healthcarea 

(n=567) 
Uncontrolled Blood pressure 
   Prevalence, N (%) 122 (19.4) 61 (24.5) 247 (17.4) 98 (17.3) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 1.42 (0.99-2.04) 1 (ref) 1.03 (0.79-1.33) 
       Model 2 1 (ref) 1.42 (0.98-2.06) 1 (ref) 1.04 (0.80-1.35) 
aTRH 
   Prevalence, N (%) 122 (19.4) 64 (25.7) 202 (14.2) 81 (14.3) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 1.48 (1.04-2.12) 1 (ref) 1.07 (0.81-1.42) 
       Model 2 1 (ref) 1.47 (1.01-2.14) 1 (ref) 1.08 (0.81-1.45) 
aTRH with controlled blood pressure 
   Prevalence, N (%) 70 (11.1) 31 (12.5) 113 (7.9) 44 (7.8) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 1.19 (0.75-1.91) 1 (ref) 1.02 (0.71-1.48) 
       Model 2 1 (ref) 1.17 (0.72-1.90) 1 (ref) 1.07 (0.73-1.56) 
aTRH with uncontrolled blood pressure 
   Prevalence, N (%) 52 (8.3) 33 (13.3) 89 (6.3) 37 (6.5) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 1.87 (1.15-3.03) 1 (ref) 1.13 (0.75-1.69) 
       Model 2 1 (ref) 1.86 (1.13-3.07) 1 (ref) 1.14 (0.75-1.72) 
aTRH: apparent treatment-resistant hypertension; CI: confidence interval. 
Uncontrolled blood pressure is defined as a systolic blood pressure ≥140 mm Hg or a diastolic blood pressure ≥90 mm 
Hg. Controlled blood pressure is defined as a systolic blood pressure <140 mm Hg and a diastolic blood pressure <90 
mm Hg. aTRH is defined as taking ≥3 antihypertensive medications with uncontrolled blood pressure, or taking ≥4 
antihypertensive medications regardless of blood pressure levels. 
Model 1 adjusted for age, gender, geographic region of residence, rural residence, annual household income and 
education. 
Model 2 adjusted for variables in Model 1 and body mass index, smoking, diabetes, chronic kidney disease, history of 
coronary heart disease, stroke or heart failure, atrial fibrillation, total and high-density lipoprotein cholesterol, statin use, 
and self-rated health. 
aFragmented healthcare was defined by a reversed Bice-Boxerman Index score ≥75th percentile of the race-specific 
distributions. The 75th percentile of reversed Bice-Boxerman Index scores among black and white participants included 
in the analysis was 0.87 and 0.89, respectively. 



 

 
 

 
  

eAppendix 9. Odds ratios for uncontrolled blood pressure and aTRH associated with healthcare fragmentation 
stratified by race and excluding participants with an rBBI of 0 or 1a. 
 Black White 
 Without fragmented 

healthcareb 
(n=666) 

With fragmented 
healthcareb 

(n=173) 

Without fragmented 
healthcareb 
(n=1,413) 

With fragmented 
healthcareb 

(n=542) 
Uncontrolled Blood pressure 
   Prevalence, N (%) 133 (20.0) 42 (24.3) 246 (17.4) 94 (17.3) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 1.31 (0.87-1.97) 1 (ref) 1.02 (0.79-1.33) 
       Model 2 1 (ref) 1.25 (0.82-1.89) 1 (ref) 1.03 (0.79-1.34) 
aTRH 
   Prevalence, N (%) 131 (19.7) 49 (28.3) 201 (14.2) 79 (14.6) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 1.66 (1.12-2.45) 1 (ref) 1.09 (0.82-1.45) 
       Model 2 1 (ref) 1.68 (1.11-2.55) 1 (ref) 1.09 (0.81-1.47) 
aTRH with controlled blood pressure 
   Prevalence, N (%) 75 (11.3) 23 (13.3) 112 (7.9) 43 (7.9) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 1.33 (0.79-2.24) 1 (ref) 1.05 (0.72-1.53) 
       Model 2 1 (ref) 1.31 (0.75-2.26) 1 (ref) 1.09 (0.74-1.61) 
aTRH with uncontrolled blood pressure 
   Prevalence, N (%) 56 (8.4) 26 (15.0) 89 (6.3) 36 (6.6) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 2.08 (1.24-3.50) 1 (ref) 1.14 (0.76-1.71) 
       Model 2 1 (ref) 2.14 (1.24-3.69) 1 (ref) 1.13 (0.75-1.72) 
aTRH: apparent treatment-resistant hypertension; CI: confidence interval. 
Uncontrolled blood pressure is defined as a systolic blood pressure ≥140 mm Hg or a diastolic blood pressure 
≥90 mm Hg. Controlled blood pressure is defined as a systolic blood pressure <140 mm Hg and a diastolic 
blood pressure <90 mm Hg. aTRH is defined as taking ≥3 antihypertensive medications with uncontrolled 
blood pressure, or taking ≥4 antihypertensive medications regardless of blood pressure levels. 
Model 1 adjusted for age, gender, geographic region of residence, rural residence, annual household income and 
education. 
Model 2 adjusted for variables in Model 1 and body mass index, smoking, diabetes, chronic kidney disease, 
history of coronary heart disease, stroke or heart failure, atrial fibrillation, total and high-density lipoprotein 
cholesterol, statin use, and self-rated health. 
aAmong black participants, 2.5% of participants had an rBBI of 0 and 1.9% had an rBBI of 1. Among white 
participants, 0.5% had an rBBI of 0 and 1.3% had an rBBI of 1. 
bFragmented healthcare was defined by a reversed Bice-Boxerman Index score ≥75th percentile of the 
distribution in the overall study population. The 75th percentile of reverse Bice-Boxerman index scores among 
all participants included in the analysis was 0.89. 



 

 
 

  

eAppendix 10. Odds ratios for uncontrolled blood pressure and aTRH associated with healthcare fragmentation 
stratified by educational attainment and restricted to black participants. 
 Less than high school education High school graduate  
 Without 

fragmented 
healthcarea 

(n=87) 

With fragmented 
healthcarea 

(n=29) 

Without 
fragmented 
healthcarea 

(n=601) 

With fragmented 
healthcarea 

(n=161) 
P-

valueb 

Uncontrolled Blood pressure  
   Prevalence, N (%) 22 (25.3) 9 (31.0) 116 (19.3) 36 (22.4)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.27 (0.50-3.23) 1 (ref) 1.25 (0.82-1.93) 0.976 
       Model 2 1 (ref) 1.10 (0.42-2.88) 1 (ref) 1.21 (0.78-1.87) 0.868 
aTRH  
   Prevalence, N (%) 21 (24.1) 15 (51.7) 114 (19.0) 36 (22.4)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 3.70 (1.52-9.03) 1 (ref) 1.24 (0.81-1.91) 0.031 
       Model 2 1 (ref) 3.26 (1.26-8.45) 1 (ref) 1.23 (0.79-1.94) 0.070 
aTRH with controlled blood pressure  
   Prevalence, N (%) 9 (10.3) 10 (34.5) 67 (11.2) 15 (9.3)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 6.36 (2.11-19.18) 1 (ref) 0.83 (0.45-1.51) 0.002 
       Model 2 1 (ref) 5.70 (1.77-18.39) 1 (ref) 0.80 (0.43-1.49) 0.004 
aTRH with uncontrolled blood pressure  
   Prevalence, N (%) 12 (13.8) 5 (17.2) 47 (7.8) 21 (13.0)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.94 (0.58-6.46) 1 (ref) 1.85 (1.06-3.23) 0.94 
       Model 2 1 (ref) 1.74 (0.50-6.14) 1 (ref) 1.82 (1.02-3.25) 0.95 
aTRH: apparent treatment-resistant hypertension; CI: confidence interval. 
Uncontrolled blood pressure is defined as a systolic blood pressure ≥140 mm Hg or a diastolic blood pressure ≥90 
mm Hg. Controlled blood pressure is defined as a systolic blood pressure <140 mm Hg and a diastolic blood 
pressure <90 mm Hg. aTRH is defined as taking ≥3 antihypertensive medications with uncontrolled blood pressure, 
or taking ≥4 antihypertensive medications regardless of blood pressure levels. 
Model 1 adjusted for age, gender, geographic region of residence, rural residence, annual household income, and the 
healthcare fragmentation*educational attainment interaction. 
Model 2 adjusted for variables in Model 1 and body mass index, smoking, diabetes, chronic kidney disease, history 
of coronary heart disease, stroke or heart failure, atrial fibrillation, total and high-density lipoprotein cholesterol, 
statin use, and self-rated health. 
aFragmented healthcare was defined by a reversed Bice-Boxerman Index score ≥75th percentile of the distribution 
in the overall study population. The 75th percentile of reverse Bice-Boxerman index scores among all participants 
included in the analysis was 0.89. 
bP-value for the healthcare fragmentation*educational attainment interaction. 



 

 
 

 
 
  

eAppendix 11. Odds ratios for uncontrolled blood pressure and aTRH associated with healthcare fragmentation 
stratified by annual household income and restricted to black participants. 
 Income <$35,000 Income ≥$35,000  
 Without 

fragmented 
healthcarea 

(n=315) 

With fragmented 
healthcarea 

(n=83) 

Without 
fragmented 
healthcarea 

(n=272) 

With fragmented 
healthcarea 

(n=82) 
P-

valueb 

Uncontrolled Blood pressure  
   Prevalence, N (%) 74 (23.5) 23 (27.7) 44 (16.2) 13 (15.9)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.37 (0.83-2.26) 1 (ref) 1.09 (0.55-2.13) 0.597 
       Model 2 1 (ref) 1.27 (0.76-2.13) 1 (ref) 1.06 (0.53-2.09) 0.675 
aTRH  
   Prevalence, N (%) 64 (20.3) 30 (36.1) 48 (17.7) 14 (17.1)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 2.03 (1.24-3.34) 1 (ref) 0.98 (0.51-1.88) 0.092 
       Model 2 1 (ref) 1.95 (1.15-3.32) 1 (ref) 0.97 (0.49-1.91) 0.120 
aTRH with controlled blood pressure  
   Prevalence, N (%) 32 (10.2) 16 (19.3) 33 (12.1) 6 (7.3)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 2.15 (1.11-4.14) 1 (ref) 0.60 (0.24-1.51) 0.034 
       Model 2 1 (ref) 2.01 (1.00-4.00) 1 (ref) 0.58 (0.23-1.51) 0.048 
aTRH with uncontrolled blood pressure  
   Prevalence, N (%) 32 (10.2) 14 (16.9) 15 (5.5) 8 (9.8)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.91 (1.00-3.62) 1 (ref) 1.75 (0.71-4.30) 0.885 
       Model 2 1 (ref) 1.85 (0.95-3.61) 1 (ref) 1.72 (0.69-4.29) 0.900 
aTRH: apparent treatment-resistant hypertension; CI: confidence interval. 
Uncontrolled blood pressure is defined as a systolic blood pressure ≥140 mm Hg or a diastolic blood pressure ≥90 
mm Hg. Controlled blood pressure is defined as a systolic blood pressure <140 mm Hg and a diastolic blood 
pressure <90 mm Hg. aTRH is defined as taking ≥3 antihypertensive medications with uncontrolled blood pressure, 
or taking ≥4 antihypertensive medications regardless of blood pressure levels. 
Model 1 adjusted for age, gender, geographic region of residence, rural residence, education, and the healthcare 
fragmentation*annual household income interaction. 
Model 2 adjusted for variables in Model 1 and body mass index, smoking, diabetes, chronic kidney disease, history 
of coronary heart disease, stroke or heart failure, atrial fibrillation, total and high-density lipoprotein cholesterol, 
statin use, and self-rated health. 
aFragmented healthcare was defined by a reversed Bice-Boxerman Index score ≥75th percentile of the distribution 
in the overall study population. The 75th percentile of reverse Bice-Boxerman index scores among all participants 
included in the analysis was 0.89. 
bP-value for the healthcare fragmentation*annual household income interaction. 



 

 
 

   

eAppendix 12. Odds ratios for uncontrolled blood pressure and aTRH associated with healthcare 
fragmentation stratified by geographic region of residence and restricted to black participants. 
 Stroke bucklea/Stroke beltb Other US Regions  
 Without 

fragmented 
healthcarec 

(n=384) 

With 
fragmented 
healthcarec 

(n=112) 

Without 
fragmented 
healthcarec 

(n=304) 

With 
fragmented 
healthcarec 

(n=78) 
P-

valued 

Uncontrolled Blood pressure  
   Prevalence, N (%) 77 (20.1) 25 (22.3) 61 (20.1) 20 (25.6)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.18 (0.70-1.97) 1 (ref) 1.37 (0.76-2.47) 0.706 
       Model 2 1 (ref) 1.07 (0.63-1.82) 1 (ref) 1.36 (0.74-2.48) 0.565 
aTRH  
   Prevalence, N (%) 78 (20.3) 27 (24.1) 57 (18.8) 24 (30.8)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.29 (0.78-2.14) 1 (ref) 1.89 (1.07-3.34) 0.325 
       Model 2 1 (ref) 1.36 (0.80-2.33) 1 (ref) 1.63 (0.89-3.00) 0.663 
aTRH with controlled blood pressure  
   Prevalence, N (%) 47 (12.2) 14 (12.5) 29 (9.5) 11 (14.1)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.09 (0.57-2.09) 1 (ref) 1.66 (0.77-3.56) 0.411 
       Model 2 1 (ref) 1.14 (0.57-2.26) 1 (ref) 1.37 (0.62-3.06) 0.730 
aTRH with uncontrolled blood pressure  
   Prevalence, N (%) 31 (8.1) 13 (11.6) 28 (9.2) 13 (16.7)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.57 (0.78-3.16) 1 (ref) 2.15 (1.03-4.46) 0.546 
       Model 2 1 (ref) 1.64 (0.79-3.39) 1 (ref) 1.92 (0.89-4.14) 0.767 
aTRH: apparent treatment-resistant hypertension; CI: confidence interval. 
Uncontrolled blood pressure is defined as a systolic blood pressure ≥140 mm Hg or a diastolic blood 
pressure ≥90 mm Hg. Controlled blood pressure is defined as a systolic blood pressure <140 mm Hg and a 
diastolic blood pressure <90 mm Hg. aTRH is defined as taking ≥3 antihypertensive medications with 
uncontrolled blood pressure, or taking ≥4 antihypertensive medications regardless of blood pressure levels. 
Model 1 adjusted for age, gender, rural residence, annual household income, education, and the healthcare 
fragmentation*geographic region of residence interaction. 
Model 2 adjusted for variables in Model 1 and body mass index, smoking, diabetes, chronic kidney disease, 
history of coronary heart disease, stroke or heart failure, atrial fibrillation, total and high-density lipoprotein 
cholesterol, statin use, and self-rated health. 
aThe stroke buckle includes the coastal plains region of North Carolina, South Carolina, and Georgia  
bThe stroke belt includes the remaining parts of North Carolina, South Carolina and Georgia, and Alabama, 
Mississippi, Tennessee, Arkansas, and Louisiana. 
cFragmented healthcare was defined by a reversed Bice-Boxerman Index score ≥75th percentile of the 
distribution in the overall study population. The 75th percentile of reverse Bice-Boxerman index scores 
among all participants included in the analysis was 0.89. 
dP-value for the healthcare fragmentation*geographic region of residence interaction. 



 

 
 

 
 
  

eAppendix 13. Odds ratios for uncontrolled blood pressure and aTRH associated with healthcare fragmentation 
stratified by educational attainment and restricted to white participants. 
 Less than high school education High school graduate  
 Without 

fragmented 
healthcarea 

(n=77) 

With fragmented 
healthcarea 

(n=25) 

Without 
fragmented 
healthcarea 

(n=1,346) 

With 
fragmented 
healthcarea 

(n=542) 
P-

value 
Uncontrolled Blood pressure  
   Prevalence, N (%) 15 (19.5) 5 (20.0) 232 (17.2) 93 (17.2)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.00 (0.32-3.13) 1 (ref) 1.02 (0.78-1.33) 0.972 
       Model 2 1 (ref) 1.11 (0.34-3.66) 1 (ref) 1.04 (0.79-1.36) 0.858 
aTRH  
   Prevalence, N (%) 15 (19.5) 6 (24.0) 187 (13.9) 75 (13.8)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.23 (0.41-3.65) 1 (ref) 1.02 (0.76-1.36) 0.743 
       Model 2 1 (ref) 0.92 (0.30-2.83) 1 (ref) 1.06 (0.79-1.44) 0.806 
aTRH with controlled blood pressure  
   Prevalence, N (%) 8 (10.4) 4 (16.0) 105 (7.8) 40 (7.4)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.48 (0.39-5.57) 1 (ref) 0.95 (0.65-1.40) 0.528 
       Model 2 1 (ref) 1.11 (0.28-4.38) 1 (ref) 1.03 (0.70-1.54) 0.919 
aTRH with uncontrolled blood pressure  
   Prevalence, N (%) 7 (9.1) 2 (8.0) 82 (6.1) 35 (6.5)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 0.92 (0.17-4.88) 1 (ref) 1.10 (0.73-1.66) 0.842 
       Model 2 1 (ref) 0.72 (0.13-3.95) 1 (ref) 1.13 (0.74-1.73) 0.615 
aTRH: apparent treatment-resistant hypertension; CI: confidence interval. 
Uncontrolled blood pressure is defined as a systolic blood pressure ≥140 mm Hg or a diastolic blood pressure 
≥90 mm Hg. Controlled blood pressure is defined as a systolic blood pressure <140 mm Hg and a diastolic 
blood pressure <90 mm Hg. aTRH is defined as taking ≥3 antihypertensive medications with uncontrolled 
blood pressure, or taking ≥4 antihypertensive medications regardless of blood pressure levels. 
Model 1 adjusted for age, gender, geographic region of residence, rural residence, annual household income, 
and the healthcare fragmentation*educational attainment interaction. 
Model 2 adjusted for variables in Model 1 and body mass index, smoking, diabetes, chronic kidney disease, 
history of coronary heart disease, stroke or heart failure, atrial fibrillation, total and high-density lipoprotein 
cholesterol, statin use, and self-rated health. 
aFragmented healthcare was defined by a reversed Bice-Boxerman Index score ≥75th percentile of the 
distribution in the overall study population. The 75th percentile of reverse Bice-Boxerman index scores among 
all participants included in the analysis was 0.89. 
bP-value for the healthcare fragmentation*educational attainment interaction. 



 

 
 

 
  

eAppendix 14. Odds ratios for uncontrolled blood pressure and aTRH associated with healthcare fragmentation 
stratified by annual household income and restricted to white participants. 
 <$35,000 ≥$35,000  
 Without 

fragmented 
healthcarea 

(n=434) 

With fragmented 
healthcarea 

(n=155) 

Without 
fragmented 
healthcarea 

(n=766) 

With fragmented 
healthcarea 

(n=326) 
P-

valueb 

Uncontrolled Blood pressure  
   Prevalence, N (%) 83 (19.1) 36 (23.2) 128 (16.7) 51 (15.6)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.20 (0.78-1.85) 1 (ref) 0.92 (0.65-1.29) 0.353 
       Model 2 1 (ref) 1.24 (0.80-1.92) 1 (ref) 0.92 (0.65-1.30) 0.303 
aTRH  
   Prevalence, N (%) 58 (13.4) 28 (18.1) 106 (13.8) 46 (14.1)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.15 (0.72-1.83) 1 (ref) 0.96 (0.67-1.38) 0.561 
       Model 2 1 (ref) 1.17 (0.72-1.91) 1 (ref) 0.99 (0.67-1.44) 0.591 
aTRH with controlled blood pressure  
   Prevalence, N (%) 26 (6.0) 11 (7.1) 61 (8.0) 30 (9.2)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 0.87 (0.44-1.73) 1 (ref) 1.04 (0.67-1.62) 0.671 
       Model 2 1 (ref) 0.91 (0.45-1.85) 1 (ref) 1.11 (0.70-1.76) 0.653 
aTRH with uncontrolled blood pressure  
   Prevalence, N (%) 32 (7.4) 17 (11.0) 45 (5.9) 16 (4.9)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.45 (0.80-2.62) 1 (ref) 0.84 (0.47-1.50) 0.211 
       Model 2 1 (ref) 1.48 (0.81-2.72) 1 (ref) 0.85 (0.48-1.53) 0.209 
aTRH: apparent treatment-resistant hypertension; CI: confidence interval. 
Uncontrolled blood pressure is defined as a systolic blood pressure ≥140 mm Hg or a diastolic blood pressure ≥90 
mm Hg. Controlled blood pressure is defined as a systolic blood pressure <140 mm Hg and a diastolic blood 
pressure <90 mm Hg. aTRH is defined as taking ≥3 antihypertensive medications with uncontrolled blood pressure, 
or taking ≥4 antihypertensive medications regardless of blood pressure levels. 
Model 1 adjusted for age, gender, geographic region of residence, rural residence, education, and the healthcare 
fragmentation*annual household income interaction. 
Model 2 adjusted for variables in Model 1 and body mass index, smoking, diabetes, chronic kidney disease, history 
of coronary heart disease, stroke or heart failure, atrial fibrillation, total and high-density lipoprotein cholesterol, 
statin use, and self-rated health. 
aFragmented healthcare was defined by a reversed Bice-Boxerman Index score ≥75th percentile of the distribution 
in the overall study population. The 75th percentile of reverse Bice-Boxerman index scores among all participants 
included in the analysis was 0.89. 
bP-value for the healthcare fragmentation*annual household income interaction. 



 

 
 

   

eAppendix 15. Odds ratios for uncontrolled blood pressure and aTRH associated with healthcare 
fragmentation stratified by geographic region of residence and restricted to white participants. 
 Stroke bucklea/Stroke beltb Other US Regions  
 Without 

fragmented 
healthcarec 

(n=929) 

With 
fragmented 
healthcarec 

(n=365) 

Without 
fragmented 
healthcarec 

(n=494) 

With 
fragmented 
healthcarec 

(n=202) 
P-

valued 

Uncontrolled Blood pressure  
   Prevalence, N (%) 167 (18.0) 64 (17.5) 80 (16.2) 34 (16.8)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 0.98 (0.72-1.36) 1 (ref) 1.07 (0.69-1.67) 0.756 
       Model 2 1 (ref) 0.98 (0.71-1.36) 1 (ref) 1.12 (0.71-1.75) 0.641 
aTRH  
   Prevalence, N (%) 138 (14.9) 53 (14.5) 64 (13.0) 28 (13.9)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.00 (0.71-1.41) 1 (ref) 1.09 (0.68-1.77) 0.764 
       Model 2 1 (ref) 1.05 (0.73-1.51) 1 (ref) 1.05 (0.64-1.74) 0.995 
aTRH with controlled blood pressure  
   Prevalence, N (%) 77 (8.3) 26 (7.1) 36 (7.3) 18 (8.9)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 0.87 (0.55-1.39) 1 (ref) 1.23 (0.68-2.23) 0.378 
       Model 2 1 (ref) 0.97 (0.60-1.58) 1 (ref) 1.18 (0.63-2.19) 0.638 
aTRH with uncontrolled blood pressure  
   Prevalence, N (%) 61 (6.6) 27 (7.4) 28 (5.7) 10 (5.0)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.16 (0.72-1.86) 1 (ref) 0.91 (0.43-1.92) 0.595 
       Model 2 1 (ref) 1.17 (0.72-1.90) 1 (ref) 0.94 (0.44-2.01) 0.627 
aTRH: apparent treatment-resistant hypertension; CI: confidence interval. 
Uncontrolled blood pressure is defined as a systolic blood pressure ≥140 mm Hg or a diastolic blood 
pressure ≥90 mm Hg. Controlled blood pressure is defined as a systolic blood pressure <140 mm Hg and a 
diastolic blood pressure <90 mm Hg. aTRH is defined as taking ≥3 antihypertensive medications with 
uncontrolled blood pressure, or taking ≥4 antihypertensive medications regardless of blood pressure levels. 
Model 1 adjusted for age, gender, rural residence, annual household income and education. 
Model 2 adjusted for variables in Model 1 and body mass index, smoking, diabetes, chronic kidney disease, 
history of coronary heart disease, stroke or heart failure, atrial fibrillation, total and high-density lipoprotein 
cholesterol, statin use, and self-rated health. 
aThe stroke buckle includes the coastal plains region of North Carolina, South Carolina, and Georgia  
bThe stroke belt includes the remaining parts of North Carolina, South Carolina and Georgia, and Alabama, 
Mississippi, Tennessee, Arkansas, and Louisiana. 
cFragmented healthcare was defined by a reversed Bice-Boxerman Index score ≥75th percentile of the 
distribution in the overall study population. The 75th percentile of reverse Bice-Boxerman index scores 
among all participants included in the analysis was 0.89. 
dP-value for the healthcare fragmentation*geographic region of residence interaction. 



 

 
 

 
  

eAppendix 16. Odds ratios for uncontrolled blood pressure and aTRH associated with healthcare fragmentation 
stratified by gender. 
 Women Men 
 Without 

fragmented 
healthcarea 
(n=1,124) 

With fragmented 
healthcarea 

(n=400) 

Without 
fragmented 
healthcarea 

(n=987) 

With fragmented 
healthcarea 

(n=357) 
Uncontrolled Blood pressure 
   Prevalence, N (%) 214 (19.0) 79 (19.8) 171 (17.3) 64 (17.9) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 1.12 (0.83-1.50) 1 (ref) 1.05 (0.76-1.45) 
       Model 2 1 (ref) 1.12 (0.83-1.51) 1 (ref) 1.06 (0.77-1.48) 
aTRH 

   Prevalence, N (%) 169 (15.0) 66 (16.5) 168 (17.0) 66 (18.5) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 1.21 (0.88-1.66) 1 (ref) 1.20 (0.87-1.65) 
       Model 2 1 (ref) 1.21 (0.87-1.69) 1 (ref) 1.19 (0.84-1.66) 
aTRH with controlled blood pressure 
   Prevalence, N (%) 86 (7.7) 33 (8.3) 103 (10.4) 36 (10.1) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 1.17 (0.76-1.80) 1 (ref) 1.06 (0.70-1.60) 
       Model 2 1 (ref) 1.13 (0.72-1.77) 1 (ref) 1.06 (0.69-1.61) 
aTRH with uncontrolled blood pressure 
   Prevalence, N (%) 83 (7.4) 33 (8.3) 65 (6.6) 30 (8.4) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 1.25 (0.81-1.92) 1 (ref) 1.42 (0.89-2.26) 
       Model 2 1 (ref) 1.28 (0.83-1.99) 1 (ref) 1.42 (0.88-2.30) 
aTRH: apparent treatment-resistant hypertension; CI: confidence interval. 
Uncontrolled blood pressure is defined as a systolic blood pressure ≥140 mm Hg or a diastolic blood pressure 
≥90 mm Hg. Controlled blood pressure is defined as a systolic blood pressure <140 mm Hg and a diastolic blood 
pressure <90 mm Hg. aTRH is defined as taking ≥3 antihypertensive medications with uncontrolled blood 
pressure, or taking ≥4 antihypertensive medications regardless of blood pressure levels. 
Model 1 adjusted for age, race, geographic region of residence, rural residence, annual household income and 
education. 
Model 2 adjusted for variables in Model 1 and body mass index, smoking, diabetes, chronic kidney disease, 
history of coronary heart disease, stroke or heart failure, atrial fibrillation, total and high-density lipoprotein 
cholesterol, statin use, and self-rated health. 
aFragmented healthcare was defined by a reversed Bice-Boxerman Index score ≥75th percentile of the 
distribution in the overall study population. The 75th percentile of reverse Bice-Boxerman Index scores among 
all participants included in the analysis was 0.89. 



 

 
 

 
  

eAppendix 17. Odds ratios for uncontrolled blood pressure and aTRH associated with healthcare fragmentation 
stratified by gender excluding participants with an rBBI of 0 or 1a. 
 Women Men 
 Without 

fragmented 
healthcarea 
(n=1,107) 

With fragmented 
healthcarea 

(n=381) 

Without 
fragmented 
healthcarea 

(n=972) 

With fragmented 
healthcarea 

(n=334) 
Uncontrolled Blood pressure 
   Prevalence, N (%) 211 (19.1) 76 (20.0) 168 (17.3) 60 (18.0) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 1.12 (0.83-1.51) 1 (ref) 1.06 (0.76-1.47) 
       Model 2 1 (ref) 1.12 (0.83-1.52) 1 (ref) 1.06 (0.76-1.49) 
aTRH 

   Prevalence, N (%) 167 (15.1) 64 (16.8) 165 (17.0) 64 (19.2) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 1.22 (0.88-1.69) 1 (ref) 1.27 (0.91-1.76) 
       Model 2 1 (ref) 1.22 (0.87-1.71) 1 (ref) 1.24 (0.88-1.75) 
aTRH with controlled blood pressure 
   Prevalence, N (%) 85 (7.7) 31 (8.1) 102 (10.5) 35 (10.5) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 1.15 (0.74-1.79) 1 (ref) 1.12 (0.74-1.70) 
       Model 2 1 (ref) 1.09 (0.68-1.73) 1 (ref) 1.12 (0.72-1.72) 
aTRH with uncontrolled blood pressure 
   Prevalence, N (%) 82 (7.4) 33 (8.7) 63 (6.5) 29 (8.7) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 1.30 (0.85-2.00) 1 (ref) 1.50 (0.93-2.40) 
       Model 2 1 (ref) 1.34 (0.86-2.07) 1 (ref) 1.47 (0.90-2.40) 
aTRH: apparent treatment-resistant hypertension; CI: confidence interval. 
Uncontrolled blood pressure is defined as a systolic blood pressure ≥140 mm Hg or a diastolic blood pressure 
≥90 mm Hg. Controlled blood pressure is defined as a systolic blood pressure <140 mm Hg and a diastolic blood 
pressure <90 mm Hg. aTRH is defined as taking ≥3 antihypertensive medications with uncontrolled blood 
pressure, or taking ≥4 antihypertensive medications regardless of blood pressure levels. 
Model 1 adjusted for age, race, geographic region of residence, rural residence, annual household income and 
education. 
Model 2 adjusted for variables in Model 1 and body mass index, smoking, diabetes, chronic kidney disease, 
history of coronary heart disease, stroke or heart failure, atrial fibrillation, total and high-density lipoprotein 
cholesterol, statin use, and self-rated health. 
aAmong women included in the current manuscript, 1.1% of participants had an rBBI of 0 and 1.2% had an rBBI 
of 1. Among men, 1.1% had an rBBI of 0 and 1.7% had an rBBI of 1. 
bFragmented healthcare was defined by a reversed Bice-Boxerman Index score ≥75th percentile of the 
distribution in the overall study population. The 75th percentile of reverse Bice-Boxerman Index scores among 
all participants included in the analysis was 0.89. 



 

 
 

 
  

eAppendix 18. Odds ratios for uncontrolled blood pressure and aTRH associated with healthcare fragmentation 
stratified by educational attainment and restricted to women. 
 Less than high school education High school graduate  
 Without 

fragmented 
healthcarea 

(n=112) 

With fragmented 
healthcarea 

(n=35) 

Without 
fragmented 
healthcarea 

(n=1,012) 

With 
fragmented 
healthcarea 

(n=365) 
P-

valueb 

Uncontrolled Blood pressure  
   Prevalence, N (%) 24 (21.4) 8 (22.9) 190 (18.8) 71 (19.5)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.07 (0.43-2.68) 1 (ref) 1.12 (0.82-1.52) 0.927 
       Model 2 1 (ref) 0.99 (0.39-2.53) 1 (ref) 1.13 (0.83-1.55) 0.796 
aTRH  
   Prevalence, N (%) 22 (19.6) 16 (45.7) 147 (14.5) 50 (13.7)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 3.45 (1.51-7.89) 1 (ref) 1.00 (0.70-1.42) 0.007 
       Model 2 1 (ref) 2.71 (1.14-6.47) 1 (ref) 1.04 (0.73-1.50) 0.047 
aTRH with controlled blood pressure  
   Prevalence, N (%) 13 (11.6) 12 (34.3) 73 (7.2) 21 (5.8)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 4.31 (1.67-11.11) 1 (ref) 0.83 (0.50-1.38) 0.003 
       Model 2 1 (ref) 3.22 (1.16-8.88) 1 (ref) 0.86 (0.51-1.46) 0.024 
aTRH with uncontrolled blood pressure  
   Prevalence, N (%) 9 (8.0) 4 (11.4) 74 (7.3) 29 (8.0)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 2.13 (0.59-7.73) 1 (ref) 1.17 (0.74-1.84) 0.386 
       Model 2 1 (ref) 1.82 (0.49-6.78) 1 (ref) 1.22 (0.77-1.93) 0.571 
aTRH: apparent treatment-resistant hypertension; CI: confidence interval. 
Uncontrolled blood pressure is defined as a systolic blood pressure ≥140 mm Hg or a diastolic blood pressure 
≥90 mm Hg. Controlled blood pressure is defined as a systolic blood pressure <140 mm Hg and a diastolic 
blood pressure <90 mm Hg. aTRH is defined as taking ≥3 antihypertensive medications with uncontrolled 
blood pressure, or taking ≥4 antihypertensive medications regardless of blood pressure levels. 
Model 1 adjusted for age, race, geographic region of residence, rural residence, annual household income, and 
the healthcare fragmentation*educational attainment interaction. 
Model 2 adjusted for variables in Model 1 and body mass index, smoking, diabetes, chronic kidney disease, 
history of coronary heart disease, stroke or heart failure, atrial fibrillation, total and high-density lipoprotein 
cholesterol, statin use, and self-rated health. 
aFragmented healthcare was defined by a reversed Bice-Boxerman Index score ≥75th percentile of the 
distribution in the overall study population. The 75th percentile of reverse Bice-Boxerman index scores among 
all participants included in the analysis was 0.89. 
bP-value for the healthcare fragmentation*educational attainment interaction.. 



 

 
 

 
  

eAppendix 19. Odds ratios for uncontrolled blood pressure and aTRH associated with healthcare fragmentation 
stratified by annual household income and restricted to women. 
 Income <$35,000 Income ≥$35,000  
 Without 

fragmented 
healthcarea 

(n=513) 

With 
fragmented 
healthcarea 

(n=156) 

Without 
fragmented 
healthcarea 

(n=395) 

With fragmented 
healthcarea 

(n=168) 
P-

valueb 

Uncontrolled Blood pressure  
   Prevalence, N (%) 108 (21.1) 40 (25.6) 62 (15.7) 28 (16.7)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.23 (0.83-1.82) 1 (ref) 0.97 (0.60-1.57) 0.476 
       Model 2 1 (ref) 1.25 (0.84-1.85) 1 (ref) 0.96 (0.59-1.56) 0.428 
aTRH  
   Prevalence, N (%) 76 (14.8) 39 (25.0) 48 (12.2) 17 (10.1)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.62 (1.08-2.42) 1 (ref) 0.73 (0.42-1.27) 0.025 
       Model 2 1 (ref) 1.60 (1.05-2.44) 1 (ref) 0.75 (0.43-1.34) 0.042 
aTRH with controlled blood pressure  
   Prevalence, N (%) 38 (7.4) 19 (12.2) 25 (6.3) 9 (5.4)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.53 (0.88-2.65) 1 (ref) 0.77 (0.37-1.61) 0.150 
       Model 2 1 (ref) 1.45 (0.81-2.59) 1 (ref) 0.77 (0.36-1.67) 0.213 
aTRH with uncontrolled blood pressure  
   Prevalence, N (%) 38 (7.4) 20 (12.8) 23 (5.8) 8 (4.8)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.70 (1.00-2.88) 1 (ref) 0.69 (0.31-1.54) 0.072 
       Model 2 1 (ref) 1.72 (1.00-2.94) 1 (ref) 0.72 (0.32-1.63) 0.090 
aTRH: apparent treatment-resistant hypertension; CI: confidence interval. 
Uncontrolled blood pressure is defined as a systolic blood pressure ≥140 mm Hg or a diastolic blood pressure 
≥90 mm Hg. Controlled blood pressure is defined as a systolic blood pressure <140 mm Hg and a diastolic 
blood pressure <90 mm Hg. aTRH is defined as taking ≥3 antihypertensive medications with uncontrolled 
blood pressure, or taking ≥4 antihypertensive medications regardless of blood pressure levels. 
Model 1 adjusted for age, race, geographic region of residence, rural residence, education, and the healthcare 
fragmentation*annual household income interaction. 
Model 2 adjusted for variables in Model 1 and body mass index, smoking, diabetes, chronic kidney disease, 
history of coronary heart disease, stroke or heart failure, atrial fibrillation, total and high-density lipoprotein 
cholesterol, statin use, and self-rated health. 
aFragmented healthcare was defined by a reversed Bice-Boxerman Index score ≥75th percentile of the 
distribution in the overall study population. The 75th percentile of reverse Bice-Boxerman index scores among 
all participants included in the analysis was 0.89. 
bP-value for the healthcare fragmentation*annual household income interaction. 



 

 
 

 
  

eAppendix 20. Odds ratios for uncontrolled blood pressure and aTRH associated with healthcare 
fragmentation stratified by geographic region of residence and restricted to women. 
 Stroke bucklea/Stroke beltb Other US Regions  
 Without 

fragmented 
healthcarec 

(n=733) 

With 
fragmented 
healthcarec 

(n=271) 

Without 
fragmented 
healthcarec 

(n=391) 

With 
fragmented 
healthcarec 

(n=129) 
P-

valued 

Uncontrolled Blood pressure  
   Prevalence, N (%) 137 (18.7) 58 (21.4) 77 (16.7) 21 (16.3)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.26 (0.89-1.78) 1 (ref) 0.85 (0.50-1.45) 0.233 
       Model 2 1 (ref) 1.26 (0.88-1.79) 1 (ref) 0.86 (0.50-1.47) 0.247 
aTRH  
   Prevalence, N (%) 112 (15.3) 46 (17.0) 57 (14.6) 20 (15.5)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.23 (0.84-1.81) 1 (ref) 1.12 (0.64-1.97) 0.797 
       Model 2 1 (ref) 1.30 (0.87-1.93) 1 (ref) 1.02 (0.57-1.83) 0.504 
aTRH with controlled blood pressure  
   Prevalence, N (%) 59 (8.1) 20 (7.4) 27 (6.9) 13 (10.1)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.02 (0.59-1.74) 1 (ref) 1.48 (0.73-3.01) 0.406 
       Model 2 1 (ref) 1.05 (0.60-1.84) 1 (ref) 1.28 (0.60-2.71) 0.679 
aTRH with uncontrolled blood pressure  
   Prevalence, N (%) 53 (7.2) 26 (9.6) 30 (7.7) 7 (5.4)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.46 (0.89-2.41) 1 (ref) 0.78 (0.33-1.84) 0.213 
       Model 2 1 (ref) 1.55 (0.93-2.58) 1 (ref) 0.74 (0.31-1.77) 0.150 
aTRH: apparent treatment-resistant hypertension; CI: confidence interval. 
Uncontrolled blood pressure is defined as a systolic blood pressure ≥140 mm Hg or a diastolic blood 
pressure ≥90 mm Hg. Controlled blood pressure is defined as a systolic blood pressure <140 mm Hg and a 
diastolic blood pressure <90 mm Hg. aTRH is defined as taking ≥3 antihypertensive medications with 
uncontrolled blood pressure, or taking ≥4 antihypertensive medications regardless of blood pressure levels. 
Model 1 adjusted for age, race, rural residence, annual household income, education, and the healthcare 
fragmentation*geographic region of residence interaction. 
Model 2 adjusted for variables in Model 1 and body mass index, smoking, diabetes, chronic kidney disease, 
history of coronary heart disease, stroke or heart failure, atrial fibrillation, total and high-density lipoprotein 
cholesterol, statin use, and self-rated health. 
aThe stroke buckle includes the coastal plains region of North Carolina, South Carolina, and Georgia  
bThe stroke belt includes the remaining parts of North Carolina, South Carolina and Georgia, and Alabama, 
Mississippi, Tennessee, Arkansas, and Louisiana. 
cFragmented healthcare was defined by a reversed Bice-Boxerman Index score ≥75th percentile of the 
distribution in the overall study population. The 75th percentile of reverse Bice-Boxerman index scores 
among all participants included in the analysis was 0.89. 
dP-value for the healthcare fragmentation*geographic region of residence interaction. 



 

 
 

eAppendix 21. Odds ratios for uncontrolled blood pressure and aTRH associated with healthcare fragmentation 
stratified by educational attainment and restricted to men. 
 Less than high school education High school graduate  
 Without 

fragmented 
healthcarea 

(n=52) 

With fragmented 
healthcarea 

(n=19) 

Without 
fragmented 
healthcarea 

(n=935) 

With fragmented 
healthcarea 

(n=338) 
P-

valueb 

Uncontrolled Blood pressure  
   Prevalence, N (%) 13 (25.0) 6 (31.6) 158 (16.9) 58 (17.2)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.38 (0.43-4.41) 1 (ref) 1.04 (0.74-1.45) 0.641 
       Model 2 1 (ref) 1.46 (0.44-4.83) 1 (ref) 1.04 (0.74-1.47) 0.596 
aTRH  
   Prevalence, N (%) 14 (26.9) 5 (26.3) 154 (16.5) 61 (18.1)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.06 (0.32-3.54) 1 (ref) 1.19 (0.85-1.65) 0.862 
       Model 2 1 (ref) 1.12 (0.32-3.93) 1 (ref) 1.19 (0.84-1.68) 0.927 
aTRH with controlled blood pressure  
   Prevalence, N (%) 4 (7.7) 2 (10.5) 99 (10.6) 34 (10.1)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.51 (0.25-9.24) 1 (ref) 1.03 (0.68-1.56) 0.686 
       Model 2 1 (ref) 1.53 (0.24-9.85) 1 (ref) 1.04 (0.67-1.60) 0.694 
aTRH with uncontrolled blood pressure  
   Prevalence, N (%) 10 (19.2) 3 (15.8) 55 (5.9) 27 (8.0)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 0.87 (0.20-3.70) 1 (ref) 1.48 (0.91-2.41) 0.494 
       Model 2 1 (ref) 0.96 (0.22-4.27) 1 (ref) 1.48 (0.89-2.46) 0.593 
aTRH: apparent treatment-resistant hypertension; CI: confidence interval. 
Uncontrolled blood pressure is defined as a systolic blood pressure ≥140 mm Hg or a diastolic blood pressure ≥90 
mm Hg. Controlled blood pressure is defined as a systolic blood pressure <140 mm Hg and a diastolic blood 
pressure <90 mm Hg. aTRH is defined as taking ≥3 antihypertensive medications with uncontrolled blood pressure, 
or taking ≥4 antihypertensive medications regardless of blood pressure levels. 
Model 1 adjusted for age, race, geographic region of residence, rural residence, annual household income, and the 
healthcare fragmentation*educational attainment interaction. 
Model 2 adjusted for variables in Model 1 and body mass index, smoking, diabetes, chronic kidney disease, history 
of coronary heart disease, stroke or heart failure, atrial fibrillation, total and high-density lipoprotein cholesterol, 
statin use, and self-rated health. 
aFragmented healthcare was defined by a reversed Bice-Boxerman Index score ≥75th percentile of the distribution 
in the overall study population. The 75th percentile of reverse Bice-Boxerman index scores among all participants 
included in the analysis was 0.89. 
bP-value for the healthcare fragmentation*educational attainment interaction. 

 
  



 

 
 

 
  

eAppendix 22. Odds ratios for uncontrolled blood pressure and aTRH associated with healthcare 
fragmentation stratified by annual household income and restricted to men. 
 Income <$35,000 Income ≥$35,000  
 Without 

fragmented 
healthcarea 

(n=236) 

With 
fragmented 
healthcarea 

(n=82) 

Without 
fragmented 
healthcarea 

(n=643) 

With fragmented 
healthcarea 

(n=240) 
P-

valueb 

Uncontrolled Blood pressure  
   Prevalence, N (%) 49 (20.8) 19 (23.2) 110 (17.1) 36 (15.0)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.40 (0.78-2.51) 1 (ref) 0.94 (0.63-1.39) 0.279 
       Model 2 1 (ref) 1.34 (0.74-2.45) 1 (ref) 0.97 (0.65-1.45) 0.383 
aTRH  
   Prevalence, N (%) 46 (19.5) 19 (23.2) 106 (16.5) 43 (17.9)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.26 (0.69-2.30) 1 (ref) 1.15 (0.78-1.69) 0.802 
       Model 2 1 (ref) 1.26 (0.67-2.38) 1 (ref) 1.15 (0.77-1.73) 0.821 
aTRH with controlled blood pressure  
   Prevalence, N (%) 20 (8.5) 8 (9.8) 69 (10.7) 27 (11.3)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.01 (0.43-2.38) 1 (ref) 1.05 (0.66-1.68) 0.936 
       Model 2 1 (ref) 1.02 (0.42-2.46) 1 (ref) 1.07 (0.66-1.74) 0.925 
aTRH with uncontrolled blood pressure  
   Prevalence, N (%) 26 (11.0) 11 (13.4) 37 (5.8) 16 (6.7)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.48 (0.70-3.13) 1 (ref) 1.34 (0.73-2.44) 0.838 
       Model 2 1 (ref) 1.50 (0.68-3.29) 1 (ref) 1.35 (0.72-2.51) 0.840 
aTRH: apparent treatment-resistant hypertension; CI: confidence interval. 
Uncontrolled blood pressure is defined as a systolic blood pressure ≥140 mm Hg or a diastolic blood 
pressure ≥90 mm Hg. Controlled blood pressure is defined as a systolic blood pressure <140 mm Hg and a 
diastolic blood pressure <90 mm Hg. aTRH is defined as taking ≥3 antihypertensive medications with 
uncontrolled blood pressure, or taking ≥4 antihypertensive medications regardless of blood pressure levels. 
Model 1 adjusted for age, race, geographic region of residence, rural residence, education, and the 
healthcare fragmentation*annual household income interaction. 
Model 2 adjusted for variables in Model 1 and body mass index, smoking, diabetes, chronic kidney disease, 
history of coronary heart disease, stroke or heart failure, atrial fibrillation, total and high-density lipoprotein 
cholesterol, statin use, and self-rated health. 
aFragmented healthcare was defined by a reversed Bice-Boxerman Index score ≥75th percentile of the 
distribution in the overall study population. The 75th percentile of reverse Bice-Boxerman index scores 
among all participants included in the analysis was 0.89. 
bP-value for the healthcare fragmentation*annual household income interaction. 



 

 
 

 

eAppendix 23. Odds ratios for uncontrolled blood pressure and aTRH associated with healthcare 
fragmentation stratified by geographic region of residence and restricted to men. 
 Stroke bucklea/Stroke beltb Other US Regions  
 Without 

fragmented 
healthcarec 

(n=580) 

With 
fragmented 
healthcarec 

(n=206) 

Without 
fragmented 
healthcarec 

(n=407) 

With 
fragmented 
healthcarec 

(n=151) 
P-

valued 

Uncontrolled Blood pressure  
   Prevalence, N (%) 107 (18.5) 31 (15.1) 64 (15.7) 33 (21.9)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 0.79 (0.51-1.23) 1 (ref) 1.53 (0.96-2.47) 0.045 
       Model 2 1 (ref) 0.81 (0.52-1.27) 1 (ref) 1.53 (0.94-2.48) 0.061 
aTRH  
   Prevalence, N (%) 104 (17.9) 34 (16.5) 64 (15.7) 32 (21.2)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 0.95 (0.62-1.46) 1 (ref) 1.58 (0.98-2.55) 0.121 
       Model 2 1 (ref) 1.02 (0.65-1.60) 1 (ref) 1.44 (0.87-2.40) 0.314 
aTRH with controlled blood pressure  
   Prevalence, N (%) 65 (11.2) 20 (9.7) 38 (9.3) 16 (10.6)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 0.90 (0.52-1.53) 1 (ref) 1.31 (0.70-2.44) 0.368 
       Model 2 1 (ref) 0.99 (0.57-1.73) 1 (ref) 1.16 (0.60-2.23) 0.720 
aTRH with uncontrolled blood pressure  
   Prevalence, N (%) 39 (6.7) 14 (6.8) 26 (6.4) 16 (10.6)  
   Odds ratio (95% CI)      
       Model 1 1 (ref) 1.03 (0.54-1.96) 1 (ref) 1.99 (1.02-3.90) 0.164 
       Model 2 1 (ref) 1.07 (0.55-2.09) 1 (ref) 1.94 (0.96-3.93) 0.231 
aTRH: apparent treatment-resistant hypertension; CI: confidence interval. 
Uncontrolled blood pressure is defined as a systolic blood pressure ≥140 mm Hg or a diastolic blood 
pressure ≥90 mm Hg. Controlled blood pressure is defined as a systolic blood pressure <140 mm Hg and a 
diastolic blood pressure <90 mm Hg. aTRH is defined as taking ≥3 antihypertensive medications with 
uncontrolled blood pressure, or taking ≥4 antihypertensive medications regardless of blood pressure levels. 
Model 1 adjusted for age, race, rural residence, annual household income, education, and the healthcare 
fragmentation*geographic region of residence interaction. 
Model 2 adjusted for variables in Model 1 and body mass index, smoking, diabetes, chronic kidney disease, 
history of coronary heart disease, stroke or heart failure, atrial fibrillation, total and high-density lipoprotein 
cholesterol, statin use, and self-rated health. 
aThe stroke buckle includes the coastal plains region of North Carolina, South Carolina, and Georgia  
bThe stroke belt includes the remaining parts of North Carolina, South Carolina and Georgia, and Alabama, 
Mississippi, Tennessee, Arkansas, and Louisiana. 
cFragmented healthcare was defined by a reversed Bice-Boxerman Index score ≥75th percentile of the 
distribution in the overall study population. The 75th percentile of reverse Bice-Boxerman index scores 
among all participants included in the analysis was 0.89. 
dP-value for the healthcare fragmentation*geographic region of residence interaction. 



 

 
 

eAppendix 24. Odds ratios for uncontrolled blood pressure and aTRH associated with healthcare 
fragmentation, using the definitions of uncontrolled blood pressure and aTRH from the 2017 
American College of Cardiology/American Heart Association blood pressure guideline. 
 

Overall 
(n=2,868) 

Without fragmented 
healthcarea 
(n=2,111) 

With fragmented 
healthcarea 

(n=757) 
Uncontrolled Blood pressure 
   Prevalence, N (%) 1,309 

(45.6) 
990 (46.9) 319 (42.1) 

   Odds ratio (95% CI)    
       Model 1 -- 1 (ref) 0.86 (0.72-1.01) 
       Model 2 -- 1 (ref) 0.85 (0.72-1.01) 
aTRH 
   Prevalence, N (%) 654 (22.8) 479 (22.7) 175 (23.1) 
   Odds ratio (95% CI)    
       Model 1 -- 1 (ref) 1.08 (0.89-1.33) 
       Model 2 -- 1 (ref) 1.07 (0.87-1.32) 
aTRH with controlled blood pressure 
   Prevalence, N (%) 172 (6.0) 119 (5.6) 53 (7.0) 
   Odds ratio (95% CI)    
       Model 1 -- 1 (ref) 1.32 (0.94-1.86) 
       Model 2 -- 1 (ref) 1.28 (0.90-1.81) 
aTRH with uncontrolled blood pressure 
   Prevalence, N (%) 482 (16.8) 360 (17.1) 122 (16.1) 
   Odds ratio (95% CI)    
       Model 1 -- 1 (ref) 1.01 (0.80-1.27) 
       Model 2 -- 1 (ref) 1.01 (0.80-1.27) 
aTRH: apparent treatment-resistant hypertension; CI: confidence interval. 
Uncontrolled blood pressure is defined as a systolic blood pressure ≥130 mm Hg or a diastolic 
blood pressure ≥80 mm Hg. Controlled blood pressure is defined as a systolic blood pressure <130 
mm Hg and a diastolic blood pressure <80 mm Hg. aTRH is defined as taking ≥3 antihypertensive 
medications with uncontrolled blood pressure, or taking ≥4 antihypertensive medications regardless 
of blood pressure levels. 
Model 1 adjusted for age, gender, race, geographic region of residence, rural residence, annual 
household income and education. 
Model 2 adjusted for variables in Model 1 and body mass index, smoking, diabetes, chronic kidney 
disease, history of coronary heart disease, stroke or heart failure, atrial fibrillation, total and high-
density lipoprotein cholesterol, statin use, and self-rated health. 
aFragmented healthcare was defined by a reversed Bice-Boxerman Index score ≥75th percentile of 
the distribution in the overall study population. The 75th percentile of reverse Bice-Boxerman 
Index scores among all participants included in the analysis was 0.89. 



 

 
 

 eAppendix 25. Odds ratios for uncontrolled blood pressure and aTRH associated with healthcare fragmentation across quartiles of the reversed 

Bice-Boxerman Index distribution, using the definitions of uncontrolled blood pressure and aTRH from the 2017 American College of 

Cardiology/American Heart Association blood pressure guideline. 

 Quartiles of the reversed Bice-Boxerman Index distribution  

 Quartile 1 

(0.00 to 0.71) 

(n=712) 

Quartile 2 

(0.72 to 0.81) 

(n=608) 

Quartile 3 

(0.82 to 0.88) 

(n=791) 

Quartile 4 

(0.89 to 1.00) 

(n=757) 

P-trend 

Uncontrolled Blood pressure 

   Prevalence, N (%) 343 (48.2) 273 (44.9) 374 (47.3) 319 (42.1)  

   Odds ratio (95% CI)      

       Model 1 1 (ref) 0.91 (0.73-1.13) 1.06 (0.86-1.31) 0.85 (0.69-1.05) 0.38 

       Model 2 1 (ref) 0.89 (0.71-1.11) 1.05 (0.85-1.30) 0.84 (0.68-1.04) 0.33 

aTRH 

   Prevalence, N (%) 168 (23.6) 144 (23.7) 167 (21.1) 175 (23.1)  

   Odds ratio (95% CI)      

       Model 1 1 (ref) 1.07 (0.82-1.38) 0.99 (0.77-1.27) 1.10 (0.86-1.41) 0.60 

       Model 2 1 (ref) 1.02 (0.78-1.34) 0.92 (0.71-1.19) 1.04 (0.81-1.35) 0.97 

aTRH with controlled blood pressure 

   Prevalence, N (%) 47 (6.6) 35 (5.8) 37 (4.7) 53 (7.0)  

   Odds ratio (95% CI)      

       Model 1 1 (ref) 0.93 (0.59-1.47) 0.77 (0.49-1.22) 1.19 (0.78-1.80) 0.82 

       Model 2 1 (ref) 0.85 (0.53-1.36) 0.71 (0.44-1.12) 1.08 (0.70-1.65) 0.81 

aTRH with uncontrolled blood pressure 

   Prevalence, N (%) 121 (17.0) 109 (17.9) 130 (16.4) 122 (16.1)  

   Odds ratio (95% CI)      

       Model 1 1 (ref) 1.12 (0.84-1.50) 1.07 (0.81-1.41) 1.07 (0.80-1.42) 0.62 

       Model 2 1 (ref) 1.08 (0.80-1.46) 0.99 (0.74-1.33) 1.03 (0.77-1.37 0.92 

aTRH: apparent treatment-resistant hypertension; CI: confidence interval. 

Uncontrolled blood pressure is defined as a systolic blood pressure ≥130 mm Hg or a diastolic blood pressure ≥80 mm Hg. Controlled blood 

pressure is defined as a systolic blood pressure <130 mm Hg and a diastolic blood pressure <80 mm Hg. aTRH is defined as taking ≥3 

antihypertensive medications with uncontrolled blood pressure, or taking ≥4 antihypertensive medications regardless of blood pressure levels. 

Model 1 adjusted for age, gender, race, geographic region of residence, rural residence, annual household income and education. 



 

 
 

Model 2 adjusted for variables in Model 1 and body mass index, smoking, diabetes, chronic kidney disease, history of coronary heart disease, 

stroke or heart failure, atrial fibrillation, total and high-density lipoprotein cholesterol, statin use, and self-rated health. 



 

 
 

 
  

eAppendix 26. Odds ratios for uncontrolled blood pressure and aTRH associated with healthcare 
fragmentation stratified by race, using the definitions of uncontrolled blood pressure and aTRH from the 2017 
American College of Cardiology/American Heart Association blood pressure guideline. 
 Black White 
 Without 

fragmented 
healthcarea 

(n=688) 

With fragmented 
healthcarea 

(n=190) 

Without 
fragmented 
healthcarea 
(n=1,423) 

With fragmented 
healthcarea 

(n=567) 

Uncontrolled Blood pressure 
   Prevalence, N (%) 363 (52.8) 94 (49.5) 627 (44.1) 225 (39.7) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 0.91 (0.65-1.26) 1 (ref) 0.86 (0.70-1.05) 
       Model 2 1 (ref) 0.91 (0.65-1.27) 1 (ref) 0.85 (0.70-1.04) 
aTRH 
   Prevalence, N (%) 192 (27.9) 61 (32.1) 287 (20.2) 114 (20.1) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 1.21 (0.85-1.72) 1 (ref) 1.04 (0.81-1.33) 
       Model 2 1 (ref) 1.19 (0.82-1.73) 1 (ref) 1.06 (0.82-1.37) 
aTRH with controlled blood pressure 
   Prevalence, N (%) 43 (6.3) 19 (10.0) 76 (5.3) 34 (6.0) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 1.60 (0.89-2.89) 1 (ref) 1.17 (0.77-1.79) 
       Model 2 1 (ref) 1.48 (0.81-2.71) 1 (ref) 1.20 (0.78-1.86) 
aTRH with uncontrolled blood pressure 
   Prevalence, N (%) 149 (21.7) 42 (22.1) 211 (14.8) 80 (14.1) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 1.09 (0.73-1.63) 1 (ref) 0.99 (0.75-1.32) 
       Model 2 1 (ref) 1.09 (0.72-1.66) 1 (ref) 1.02 (0.76-1.37) 
aTRH: apparent treatment-resistant hypertension; CI: confidence interval. 
Uncontrolled blood pressure is defined as a systolic blood pressure ≥130 mm Hg or a diastolic blood pressure 
≥80 mm Hg. Controlled blood pressure is defined as a systolic blood pressure <130 mm Hg and a diastolic 
blood pressure <80 mm Hg. aTRH is defined as taking ≥3 antihypertensive medications with uncontrolled 
blood pressure, or taking ≥4 antihypertensive medications regardless of blood pressure levels. 
Model 1 adjusted for age, gender, geographic region of residence, rural residence, annual household income 
and education. 
Model 2 adjusted for variables in Model 1 and body mass index, smoking, diabetes, chronic kidney disease, 
history of coronary heart disease, stroke or heart failure, atrial fibrillation, total and high-density lipoprotein 
cholesterol, statin use, and self-rated health. 
aFragmented healthcare was defined by a reversed Bice-Boxerman Index score ≥75th percentile of the 
distribution in the overall study population. The 75th percentile of reverse Bice-Boxerman Index scores among 
all participants included in the analysis was 0.89. 



 

 
 

 
  

eAppendix 27. Odds ratios for uncontrolled blood pressure and aTRH associated with healthcare 
fragmentation stratified by race and using race-specific reversed Bice-Boxerman Index cut-points and the 
definitions of uncontrolled blood pressure and aTRH from the 2017 American College of 
Cardiology/American Heart Association blood pressure guideline. 
 Black White 
 Without 

fragmented 
healthcarea 

(n=629) 

With fragmented 
healthcarea 

(n=249) 

Without 
fragmented 
healthcarea 
(n=1,423) 

With fragmented 
healthcarea 

(n=567) 

Uncontrolled Blood pressure 
   Prevalence, N (%) 330 (52.5) 127 (51.0) 627 (44.1) 225 (39.7) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 0.98 (0.72-1.32) 1 (ref) 0.86 (0.70-1.05) 
       Model 2 1 (ref) 1.00 (0.73-1.36) 1 (ref) 0.85 (0.70-1.04) 
aTRH 
   Prevalence, N (%) 176 (28.0) 77 (30.9) 287 (20.2) 114 (20.1) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 1.15 (0.83-1.60) 1 (ref) 1.04 (0.81-1.33) 
       Model 2 1 (ref) 1.14 (0.80-1.60) 1 (ref) 1.06 (0.82-1.37) 
aTRH with controlled blood pressure 
   Prevalence, N (%) 41 (6.5) 21 (8.4) 76 (5.3) 34 (6.0) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 1.31 (0.74-2.31) 1 (ref) 1.17 (0.77-1.79) 
       Model 2 1 (ref) 1.23 (0.69-2.20) 1 (ref) 1.20 (0.78-1.86) 
aTRH with uncontrolled blood pressure 
   Prevalence, N (%) 135 (21.5) 56 (22.5) 211 (14.8) 80 (14.1) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 1.11 (0.77-1.60) 1 (ref) 0.99 (0.75-1.32) 
       Model 2 1 (ref) 1.11 (0.75-1.62) 1 (ref) 1.02 (0.76-1.37) 
aTRH: apparent treatment-resistant hypertension; CI: confidence interval. 
Uncontrolled blood pressure is defined as a systolic blood pressure ≥130 mm Hg or a diastolic blood pressure 
≥80 mm Hg. Controlled blood pressure is defined as a systolic blood pressure <130 mm Hg and a diastolic 
blood pressure <80 mm Hg. aTRH is defined as taking ≥3 antihypertensive medications with uncontrolled 
blood pressure, or taking ≥4 antihypertensive medications regardless of blood pressure levels. 
Model 1 adjusted for age, gender, geographic region of residence, rural residence, annual household income 
and education. 
Model 2 adjusted for variables in Model 1 and body mass index, smoking, diabetes, chronic kidney disease, 
history of coronary heart disease, stroke or heart failure, atrial fibrillation, total and high-density lipoprotein 
cholesterol, statin use, and self-rated health. 
aFragmented healthcare was defined by a reversed Bice-Boxerman Index score ≥75th percentile of the race-
specific distributions. The 75th percentile of reversed Bice-Boxerman Index scores among black and white 
participants included in the analysis was 0.87 and 0.89, respectively. 



 

 
 

 
  

eAppendix 28. Odds ratios for uncontrolled blood pressure and aTRH stratified by gender, using the definitions 
of uncontrolled blood pressure and aTRH from the 2017 American College of Cardiology/American Heart 
Association blood pressure guideline. 
 Women Men 
 Without 

fragmented 
healthcarea 
(n=1,124) 

With fragmented 
healthcarea 

(n=400) 

Without 
fragmented 
healthcarea 

(n=987) 

With fragmented 
healthcarea 

(n=357) 

Uncontrolled Blood pressure 
   Prevalence, N (%) 535 (47.6) 164 (41.0) 455 (46.1) 155 (43.4) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 0.80 (0.63-1.01) 1 (ref) 0.92 (0.72-1.18) 
       Model 2 1 (ref) 0.78 (0.62-1.00) 1 (ref) 0.93 (0.72-1.19) 
aTRH 
   Prevalence, N (%) 253 (22.5) 88 (22.0) 226 (22.9) 87 (24.4) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 1.03 (0.78-1.37) 1 (ref) 1.16 (0.87-1.54) 
       Model 2 1 (ref) 1.03 (0.77-1.38) 1 (ref) 1.15 (0.85-1.56) 
aTRH with controlled blood pressure 
   Prevalence, N (%) 52 (4.6) 26 (6.5) 67 (6.8) 27 (7.6) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 1.53 (0.93-2.53) 1 (ref) 1.19 (0.74-1.92) 
       Model 2 1 (ref) 1.43 (0.85-2.41) 1 (ref) 1.14 (0.70-1.86) 
aTRH with uncontrolled blood pressure 
   Prevalence, N (%) 201 (17.9) 62 (15.5) 159 (16.1) 60 (16.8) 
   Odds ratio (95% CI)     
       Model 1 1 (ref) 0.91 (0.66-1.25) 1 (ref) 1.14 (0.81-1.59) 
       Model 2 1 (ref) 0.93 (0.67-1.29) 1 (ref) 1.16 (0.81-1.64) 
aTRH: apparent treatment-resistant hypertension; CI: confidence interval. 
Uncontrolled blood pressure is defined as a systolic blood pressure ≥130 mm Hg or a diastolic blood pressure 
≥80 mm Hg. Controlled blood pressure is defined as a systolic blood pressure <130 mm Hg and a diastolic blood 
pressure <80 mm Hg. aTRH is defined as taking ≥3 antihypertensive medications with uncontrolled blood 
pressure, or taking ≥4 antihypertensive medications regardless of blood pressure levels. 
Model 1 adjusted for age, race, geographic region of residence, rural residence, annual household income and 
education. 
Model 2 adjusted for variables in Model 1 and body mass index, smoking, diabetes, chronic kidney disease, 
history of coronary heart disease, stroke or heart failure, atrial fibrillation, total and high-density lipoprotein 
cholesterol, statin use, and self-rated health. 
aFragmented healthcare was defined by a reversed Bice-Boxerman Index score ≥75th percentile of the 
distribution in the overall study population. The 75th percentile of reverse Bice-Boxerman Index scores among 
all participants included in the analysis was 0.89. 
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