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1  |  INTRODUC TION

Stroke affects nearly 795 000 people in the United States each year 
with the number of cases being distributed unevenly throughout 
the country.1 The Stroke Belt is a region of the United States com-
prised of Alabama, Arkansas, Georgia, Louisiana, Mississippi, North 
Carolina, South Carolina, and Tennessee where stroke incidence is 
disproportionately higher than in other US areas with stroke inci-
dence being 25.7 cases/1000 people in Stroke Belt states and 20.2 
cases/1000 people in non-Stroke Belt states.2 Elevated stroke rates 
in the Stroke Belt may be partly attributed to the high prevalence of 
hypertension (Stroke Belt: 48.9%, non-Stroke Belt: 39.2%) seen in 
this region.3-5 For Stroke Belt residents who have suffered a stroke, 
uncontrolled hypertension post-stroke places them at additional risk 
for recurrent stroke and subsequent hospitalization.6

Existing research on hypertension treatment in the Stroke Belt 
focuses on medication use before a primary stroke has occurred.7 

As a result, less is known about levels of post-stroke hypertension 
medication use among Stroke Belt residents. In this study, we sought 
to compare hypertension medication use following a stroke between 
Stroke Belt and non-Stroke Belt residents as well as determine 
whether differences in post-stroke hypertension medication use by 
Stroke Belt residence status remained after adjustment.

2  |  MATERIAL S AND METHODS

2.1  |  Study population

The study population was comprised of individuals with hypertension who 
have had a stroke that participated in the 2015, 2017, and 2019 Behavioral 
Risk Factor Surveillance System (BRFSS) surveys. These three survey years 
were chosen as they are the most recent BRFSS surveys with informa-
tion on hypertension and hypertension medication use.8-10 Briefly, the 
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BRFSS is a nationwide survey that is conducted annually by the Centers 
for Disease Control and Prevention.8-10 Potential survey participants are 
randomly selected from commercially available phone listings and con-
tacted via landline or mobile phone.8-10 For individuals who choose to par-
ticipate in the survey, information on their sociodemographic background, 
health conditions, and health behaviors are collected by BRFSS survey 
administrators.8-10 Survey weighting and oversampling of certain racial/
ethnic groups and rural residents in some US areas are used in tandem to 
ensure that estimates generated from BRFSS analyses are applicable to the 
general US population.8-10 All BRFSS surveys are made freely available for 
public use by the CDC after survey responses have been anonymized.8-10 
As a result, prior informed consent and IRB approval is not needed when 
BRFSS surveys are used for research purposes.8-10

2.2  |  Study variables

Following the example of other studies that have examined post-stroke 
hypertension medication use with national CDC surveys, we deter-
mined the stroke status, hypertension status, and hypertension medi-
cation use of study participants through the BRFSS questions “(Ever 
told) you had a stroke?”, “Have you ever been told by a doctor, nurse 
or other health professional that you have high blood pressure?” and 
“Are you currently taking medicine for your high blood pressure?” re-
spectively.11,12 People were excluded from the study if their response 
to the BRFSS stroke question was either “No”, “Don't know/Not Sure”, 
“Refused”, or “Not asked or Missing”; their response to the BRFSS hy-
pertension question was either “Yes, but female told only during preg-
nancy”, “No”, “Told borderline high or pre-hypertensive”, “Don't know/
Not Sure”, “Refused”, or “Not asked or Missing”; and their response to 
the hypertension medication use question was either “Don't know/
Not Sure”, “Refused”, or “Not asked or Missing”.8-10 Collectively, “Don't 
know/Not Sure”, “Refused”, or “Not asked or Missing” responses made 
up <1% of the responses to these three questions.

Individuals in the study were also categorized as living in a Stroke 
Belt State (Alabama, Arkansas, Georgia, Louisiana, Mississippi, North 
Carolina, South Carolina, and Tennessee) or a non-Stroke Belt state 
through corresponding state Federal Information Processing Standard 
(FIPS) codes contained in the BRFSS.8-10 From the literature, we iden-
tified characteristics (age, sex, race, household income, education, 

health care coverage, physical activity, drinking, and smoking) that are 
associated with stroke and hypertension.3-5 Covariate information for 
study participants was ascertained from BRFSS surveys.8-10

2.3  |  Statistical analyses

To account for survey weighting across the 2015, 2017, and 2019 
BRFSS surveys, we combined these datasets using the standard 
method outlined in CDC guides for BRFSS analyses.13 To obtain unad-
justed and adjusted estimates of post-stroke hypertension medication 
use, we created logistic models that accounted for survey weighting. 
The model used to determine the unadjusted odds ratio (OR) included 
Stroke Belt residence status as the only covariate while the model used 
to calculate the adjusted OR included Stroke Belt residence status, age, 
sex, race, household income, education, health care coverage, physical 
activity, drinking, and smoking as covariates. In addition, we examined 
interactions between Stroke Belt residence status and select covari-
ates (age, sex, race) that had somewhat large responses and whose cat-
egories were not too sparse. However, as none of these interactions 
were significant, separate stratified analyses by age, sex, or race are not 
presented. Statistical analyses were carried out in R version 4.0.

3  |  RESULTS

Our study included 31 372 individuals with hypertension who had 
suffered a stroke, of which 16.9% resided in the Stroke Belt (Table 1). 
Individuals living in the Stroke Belt had similar levels of post-stroke 
hypertension medication use (OR: 1.09, 95% CI: 0.89, 1.33, p = .412) 
as those living in non-Stroke Belt states. Following adjustment, 
Stroke Belt residents with hypertension had 1.14 times the odds 
of post-stroke hypertension medication use (95% CI: 0.92, 1.41, 
p = .230) compared to non-Stroke Belt residents.

4  |  DISCUSSION

In this nationwide study, we examined the influence of Stroke Belt 
residence on post-stroke hypertension medication use. Unadjusted 

TA B L E  1  Estimates of post-stroke hypertension medication use by Stroke Belt residence status (n = 31 372)

Current hypertension medication use

Unadjusteda  Adjustedb 

Odds 
Ratio

(95% Confidence 
Interval) p Odds Ratio

(95% Confidence 
Interval) p

Stroke Belt residence (Reference: Non-
Stroke Belt states [n = 26 080])

Non-Stroke Belt states (n = 5292) 1.09 (0.89, 1.33) .412 1.14 (0.92, 1.41) .230

aLogistic models had BRFSS survey weighting applied to them. 
bModel included Stroke Belt residence status, age, sex, race, household income, education, health care coverage, physical activity, drinking, and 
smoking as covariates. 
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levels of hypertension medication use were comparable between 
stroke survivors in Stroke Belt states and those in non-Stroke Belt 
states. However, adjusted estimates of post-stroke hypertension 
medication use were observed to be slightly higher in Stroke Belt 
residents compared to non-Stroke Belt residents.

Our work expands on previous research on hypertension med-
ication use in the Stroke Belt as existing literature focuses on 
medication use prior to stroke occurrence.7 Similar to what we 
found for post-stroke medication use, Howard et al noted that in 
the prospective REasons for Geographic and Racial Differences 
in Stroke (REGARDS) cohort, there was little difference in pre-
stroke hypertension medication use between Stroke Belt residents 
(89.1%) and non-Stroke Belt residents (88.7%) in unadjusted anal-
yses while Stroke Belt residents had slightly higher pre-stroke hy-
pertension medication use (OR: 1.11, 95% CI: 0.95-1.29) compared 
to non-Stroke Belt residents after adjustment.7 When looking at 
the results from Howard et al and our study, they seem to demon-
strate that hypertension medication use among Stroke Belt resi-
dents stays at a consistently high level prior to and after a stroke 
as well as Stroke Belt residence having minimal impact on pre- and 
post-stroke hypertension medication use.7 Potential differences 
in post-stroke hypertension medication use between Stroke Belt 
and non-Stroke Belt residents that remain after adjustment may 
be due to differences in physician prescribing patterns as well as 
frequency of clinical visits (associated with antihypertensive use 
and blood pressure control) throughout the United States.11,12 
Although post-stroke hypertension medication use was observed 
to be similar between Stroke Belt and non-Stroke Belt residents, 
further research is needed to determine if use of other methods to 
control hypertension such as a low sodium diet and meditation dif-
fers between stroke survivors in the Stroke Belt and those in other 
parts of the United States.3-5

For the sake of completeness, we now discuss some of the 
limitations of our study. As all responses to the BRFSS are self-
reported, there is the possibility of some misclassification in the 
data.8-10 However, the BRFSS has been extensively validated by 
both the CDC and independent investigators, showing similar 
prevalences between survey responses and electronic health 
records for diabetes, smoking, hypertension, and obesity.14-16 
Furthermore, correlation was high between survey responses and 
in-clinic measurements for BMI.14-16 Although residual confound-
ing cannot be entirely removed, adjusting for multiple stroke and 
hypertension related sociodemographic factors strikes a balance 
between controlling for possible bias while maintaining high power 
in our study.

In conclusion, we found similar levels of hypertension medica-
tion use post-stroke between individuals living in Stroke Belt and 
non-Stroke Belt states. Levels of hypertension medication use were 
generally high, an encouraging sign. Yet, given the prevalence of hy-
pertension in the United States and its aggrandizing role in recurrent 
strokes, our study still suggests that further work is needed to deter-
mine if levels of non-medicinal methods of hypertension control can 
be improved on in stroke survivors living in the Stroke Belt.
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