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Hypertension is the premiere modifiable vascular risk 
factor for incident and recurrent strokes worldwide.1–3 In 
the United States, the prevalence of hypertension is higher 
among African Americans than other racial groups.4 The 
population-risk attributable to hypertension for stroke rates 
among Black Americans is 39% (95% confidence interval 
[CI]: 19%–56%)5 compared with 91% (95% CI: 88%–94%) 
in sub-Saharan Africa.6 Furthermore, individuals of Black 
race exhibit a greater proclivity for hypertension-driven 
stroke subtypes, including intracranial large vessel athero-
sclerosis, intracerebral hemorrhages, and small vessel is-
chemic strokes.7–9 Several emerging lines of evidence suggest 

that excess salt and water retention from impaired kidney 
function increases the propensity of Blacks to resistant 
hypertension.10–14

True resistant hypertension is defined as the blood pres-
sure (BP) of a hypertensive patient that remains elevated 
above goal despite the concurrent use of 3 antihypertensive 
agents of different classes, commonly including a long-acting 
calcium channel blocker (CCB), a blocker of the renin–an-
giotensin system (angiotensin-converting enzyme inhibitor 
or angiotensin receptor blocker), and a diuretic.15 The term 
apparent treatment-resistant hypertension (aTRH) is used 
for population-based studies. In population-based studies, 
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it is not feasible to remove confounders such as medication 
nonadherence, white-coat effect, or aberrations in BP meas-
urement accuracy. An estimated 17.7% of adults in the United 
States taking antihypertensive medication had aTRH based 
on BP cutoff value of <140/90 mm Hg in 2008. However, using 
updated data collected between 2009 and 2014, the prevalence 
of aTRH among Americans has increased to 19.7% from the 
updated 2018 Scientific Statement using a BP control cutoff 
of <130/80 mm Hg.15,16 Resistant hypertension is an impor-
tant medical condition because individuals with aTRH tend 
to harbor cardiovascular disease risk factors such as chronic 
kidney disease, diabetes mellitus (DM), and elevated 10-year 
predicted atherosclerotic cardiovascular disease risk, thus 
consequently poor cardiovascular disease outcomes.

While the treatment and control of BP remain an important 
goal of secondary prevention after surviving a stroke, this goal 
is often elusive. Resistant hypertension is probably important, 
albeit overlooked, a potential contributor to poor control of 
hypertension among stroke survivors. Although studies report 
differences in prevalence of hypertension in stroke survivors 
between those European and African ancestry,17 few studies 
have specifically evaluated the burden and factors contributing 
to presence of resistant hypertension in patients that have had a 
stroke, particularly within patients of African ancestry in com-
parison to other groups.18–20 Understanding the contribution 
of race and geographical location to the burden of resistant hy-
pertension among stroke survivors may identify an important 
epidemiological and biological determinants for ameliorating 
poor outcomes for stroke survivors, so this is very important 
question to investigate. The main objective of this study is to 
evaluate the prevalence and predictors of aTRH poststroke 
in study subjects from the United States and Ghana, and by 
stroke types to determine if the previously report stroke risks 
reported in patients of African ancestry is associated with an 
increased prevalence of aTRH.

MATERIALS AND METHODS

Study design

This is a cross-sectional study using the review board and 
ethically approved stroke registry data from the University 
of Florida institutional AHA Get With The Guidelines 
(GWTG) Database in the United States and the Kwame 
Nkrumah University of Science and Technology, Kumasi, 
Ghana. Data from the University of Florida were collected 
between January 2014 and November 2019, while data from 
Ghana were collected between January 2018 and March 
2020. This work represents the authors’ independent analysis 
of local or multicenter data gathered using the AHA GWTG 
Patient Management Tool but is not an analysis of the na-
tional GWTG dataset and does not represent findings from 
the AHA GWTG National Program.

Stroke data collection and vascular risk factor 
harmonization for the US University of Florida GWTGS 
stroke database and Ghanaian cohort

Data included in the GWTG stroke registry was obtained 
from clinical record of patients admitted at the University of 

Florida based using the nationally accepted GWTG stroke 
metrics. For the Ghanaian cohort, stroke type was identified 
using head CT scans acquired up to 10-day poststroke, di-
vided into the following subtypes including subarachnoid 
hemorrhage, intracerebral hemorrhage, ischemic stroke, or 
undefined for those lacking neuroimaging data in Ghana. 
Subjects without neuroimaging were diagnosed with stroke 
based on the World Health Organization definition,21 using 
the 8-item questionnaire for verifying stroke-free status 
(QVSFS) as previously described.22

We also collected demographic data such as age, sex, loca-
tion of residence (urban or rural), and lifestyle factors such 
as alcohol use and cigarette smoking. As previously describe, 
presence of DM was based on clinical history, medication 
use for glucose management, fasting glucose, or hemo-
globin A1c values.20,23 Similarly, patients were determined 
to have hypercholesterolemia based on National Cholesterol 
Education Program (NCEP) guidelines low-density lipo-
protein (LDL)-C levels,24 clinical history, or prestroke statin 
use. As previously described, the diagnosis of hyperten-
sion was given to patients that had a BP ≥140/90 mm Hg 
or were taking on antihypertensives prestroke.20 As previ-
ously note, a BP reading ≥140/90  mm Hg while taking 3 
or more antihypertensives or being prescribed 4 or more 
antihypertensive medications regardless of BP was criteria 
for aTRH.15

Statistical analysis

Significant differences in patient demographics be-
tween study participates by race or aTRH diagnosis for 
nonnormally distributed variables were compared using 
nonparametric t-tests (Kruskal–Wallis test for >2 groups or 
the Mann–Whitney’s U-test), and differences in proportions 
assessed using the chi-squared tests or Fisher’s exact test 
when appropriate. Logistic regression was used to iden-
tify variables significantly associated with aTRH, including 
variables in the model obtained selected from empirical 
data after bivariate analyses and prespecified known risk 
factors for aTRH. Variables included in our unadjusted re-
gression models included: age, gender, stroke type, DM, 
high LDL, location of residence (urban vs. rural), alcohol 
use, and smoking. Factors attaining a P value <0.20 in bi-
variate analyses were included in the adjusted multivariate 
logistic regression models. We have also conducted a sen-
sitivity analysis with a BP cutoff of 130/80  mm Hg to ac-
count for temporal differences that be present by the nature 
of data collection between sites occurred in the context of 
clinical guideline updates. Two-tailed P values <0.05 were 
considered significant. Statistical analysis was performed 
using SAS software version 15.1.

RESULTS

Comparison of demographic and clinical features by race 
and geographical location of stroke survivors

Harmonized data were available for 3,365 stroke 
survivors, of which 943 (28.0%) were indigenous Africans 
from Ghana, 558 (16.6%) African Americans, and 1,864 
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(55.4%) non-Hispanic Caucasians. Table 1 shows a com-
parison of demographic and clinical characteristics by 
race and geographic location of stroke survivors. Briefly, 
the median age (interquartile range) of Ghanaian stroke 
survivors was 59 (49–68) years, compared with 61 (55–72) 
years for African Americans and 70 (62–78) years for non-
Hispanic Caucasians, P < 0.0001. African American stroke 
survivors (64%) were more likely to reside in urban resi-
dence followed by non-Hispanic Caucasians (57%) and 
then indigenous Africans (56%). The proportion of is-
chemic strokes were 75% among indigenous Africans, 79% 
among African Americans, and 80% among non-Hispanic 
Caucasians. African Americans most frequently reported 
cigarette smoking, most likely to have DM and elevated 
LDL-cholesterol, while indigenous Africans were most 
likely to have hypertension and report alcohol use (Table 
1). These findings were also significant when comparing 
Indigenous Africans are also compared with African 
Americans in Table 1.

Prevalence and characteristics of aTRH

The overall frequency of aTRH is 18.5% (95% CI: 17.2%–
19.8%) being 42.7% (95% CI: 39.6%–46.0%) among in-
digenous Africans, 16.1% (95% CI: 13.2%–19.5%) among 
African Americans, and 6.9% (95% CI: 5.8%–8.2%) among 
non-Hispanic Caucasians, P < 0.0001. Stroke survivors with 
aTRH were significantly younger with a median (interquar-
tile range) age of 58 (49–70) years compared with 67 (57–76) 
years those without aTRH, P  <  0.0001; were significantly 
more likely to report alcohol use (20.5% vs. 11.9%), but less 
likely to report smoking (7.7% vs. 17.6%) than those without 
aTRH (Table 2).

Risk factors for aTRH poststroke and stroke types

In a multivariable logistic regression analysis, we 
identified 5 independent factors associated with aTRH. 
The factors adversely associated with aTRH include being 
an indigenous African or African American, intracerebral 
hemorrhage compared with ischemic stroke, and cigarette 
smoking while being female, and increasing age protective 
against aTRH (Table 3). Among those with ischemic strokes, 
4 factors, namely age, Black race, DM, and smoking, were in-
dependently associated with aTRH (Table 4). Among stroke 
survivors with intracerebral hemorrhage, 3 factors: female 
sex, Black race, and cigarette smoking, were associated with 
aTRH (Table 5).

Prevalence and factors associated with aTRH according to 
new AHA/ACC BP cutoffs

Using the new ACC/AHA guideline BP control cutoff of 
<130/80 mm Hg, the prevalence of aTRH was 22.1%, being 
48% among indigenous Africans, 20.8% among African 
Americans, and 9.3% among non-Hispanic Caucasians, 
P < 0.0001. Using the new guideline, we identified 4 inde-
pendent factors: increasing age, non-Hispanic Caucasians, 
DM, and cigarette smoking (Table 6).Ta
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DISCUSSION

aTRH was prevalent among 18.5% (95% CI: 17.2%–
19.8%) of stroke survivors from the United States and 
Ghana. This overall prevalence is partitioned into 
43% among indigenous Africans, 16% among African 
Americans, and 7% among non-Hispanic Caucasians. 

Using the updated guideline definition with a BP cutoff of 
130/80 mm Hg from the AHA/ACC, we obtained a prev-
alence of 22% along the same gradient of 48% among in-
digenous Africans, 21% among African Americans, and 9% 
among Caucasians. Our data are largely in consonance with 
the 2018 Scientific Statement from the AHA on the preva-
lence of aTRH based on the National Health and Nutrition 

Table 3.  Factors associated with apparent treatment-resistant hypertension among stroke survivors in the United States and Ghana

Factor Unadjusted OR (95% CI) P value Adjusted OR (95% CI) P value 

Age, each year rise 0.97 (0.96–0.97) <0.0001 0.99 (0.98–0.99) 0.0015

Female sex 0.86 (0.72–1.03) 0.11 0.70 (0.56–0.87) 0.0013

Rural residence 1.19 (1.00–1.43) 0.05 1.16 (0.94–1.43) 0.1709

Racial (vs. non-Hispanic Caucasian)

  Indigenous African 9.87 (7.89–12.35) <0.0001 4.42 (3.41–5.73) <0.0001

  African American 2.54 (1.90–3.39) <0.0001 2.44 (1.81–3.29) <0.0001

Intracerebral hemorrhage 2.07 (1.70–2.52) <0.0001 1.98 (1.57–2.48) <0.0001

Diabetes mellitus 1.01 (0.83–1.22) 0.94   

High LDL 0.94 (0.78–1.12) 0.47   

Alcohol use 0.52 (0.42–0.66) <0.0001 0.91 (0.68–1.23) 0.5374

Smoking 2.66 (1.92–3.67) <0.0001 1.98 (1.36–2.90) 0.0004

Abbreviations: CI, confidence interval; OR, odds ratio.

Table 2.  Comparison of patient demographic and clinical characteristics of stroke survivors according to apparent treatment-resistant 
hypertension status by race and geographical location

Characteristic 

Apparent treatment-resistant hypertension  

N = 622 

No apparent treatment-resistant hypertension  

N = 2,743 P value 

Age in years, median (IQR) 58 (49–70) 67 (57–76) <0.0001

Male, n (%) 352 (56.6) 1,434 (52.3) 0.05

Cohort, n (%) <0.0001

  Ghana (indigenous Africans) 403 (64.8) 540 (19.7)  

  United States (African Americans) 90 (14.5) 468 (17.1)  

  United States (non-Hispanic Caucasians) 129 (20.7) 1,735 (63.3)  

Urban location of residence, n (%) 326 (53.7) 1,581 (58.5) 0.03

Smoker, n (%) 46 (7.7) 477 (17.6) <0.0001

Alcohol use, n (%) 123 (20.5) 323 (11.9) <0.0001

Stroke types <0.0001

  Ischemic stroke 418 (67.2) 2,221 (81.0)  

  Intracerebral hemorrhage 204 (32.8) 522 (19.0)  

Diabetes mellitus comorbidity, n (%) 203 (32.6) 885 (32.3) 0.86

High LDL, n (%) 234 (37.6) 1,003 (36.6) 0.62

Classes of antihypertensive

  ACE-I 269 (43.3) 1,248 (45.5) 0.31

  ARB 323 (51.9) 523 (19.1) <0.0001

  Beta blockers 372 (59.8) 1,239 (45.2) <0.0001

  Calcium channel blockers 600 (96.5) 1,217 (44.4) <0.0001

  Other hypertensive agents 501 (80.6) 348 (12.7) <0.0001

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; IQR, interquartile range.
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Table 4.  Risk factors of aTRH among stroke survivors by ischemic stroke

Factor Unadjusted OR (95% CI) P value Adjusted OR (95% CI) P value 

Age, each year rise 0.97 (0.97–0.98) <0.0001 0.98 (0.97–0.99) 0.0007

Female sex 1.05 (0.85–1.30) 0.67   

Rural residence 1.05 (0.85–1.31) 0.64   

Racial (vs. non-Hispanic Caucasian)

  Indigenous African 10.88 (8.27–14.33) <0.0001 4.81 (3.54–6.55) <0.0001

  African American 2.83 (2.00–4.02) <0.0001 2.54 (1.78–3.61) <0.0001

Diabetes mellitus 0.79 (0.63–0.98) 0.04 0.62 (0.48–0.79) 0.0002

High LDL 1.05 (0.84–1.31) 0.65   

Alcohol use 0.66 (0.49–0.89) 0.01 0.88 (0.61–1.26) 0.4826

Smoking 2.63 (1.80–3.83) <0.0001 1.56 (1.02–2.39) 0.0406

Abbreviations: aTRH, apparent treatment-resistant hypertension; CI, confidence interval; OR, odds ratio.

Table 5.  Risk factors of aTRH among stroke survivors by intracerebral hemorrhage

Factor Unadjusted OR (95% CI) P value Adjusted OR (95% CI) P value 

Age, each year rise 0.96 (0.95–0.97) <0.0001 0.99 (0.98–1.01) 0.42

Female sex 0.54 (0.39–0.76) 0.0005 0.60 (0.40–0.89) 0.01

Rural residence 1.47 (1.05–2.04) 0.02 1.39 (0.96–2.01) 0.09

Racial (vs. non-Hispanic Caucasian)

  Indigenous African 7.91 (5.30–11.82) <0.0001 5.97 (3.68–9.70) <0.0001

  African American 2.08 (1.22–3.54) 0.007 1.92 (1.09–3.37) 0.02

Diabetes mellitus 1.52 (0.98–2.37) 0.06 1.14 (0.69–1.87) 0.61

High LDL 0.49 (0.35–0.71) 0.0001 0.72 (0.48–1.08) 0.11

Alcohol use 0.43 (0.29–0.63) <0.0001 0.78 (0.47–1.32) 0.36

Smoking 2.23 (1.18–4.23) 0.01 2.27 (1.09–4.72) 0.03

Abbreviations: aTRH, apparent treatment-resistant hypertension; CI, confidence interval; OR, odds ratio.

Table 6.  Risk factors of aTRH among stroke survivors by new HTN guidelines

Factor Unadjusted OR (95% CI) P value Adjusted OR (95% CI) P value 

Age, each year rise 0.97 (0.96–0.97) <0.0001 0.99 (0.98–0.99) 0.0002

Female sex 0.92 (0.78–1.09) 0.33   

Rural residence 1.16 (0.98–1.37) 0.09 1.11 (0.94–1.39) 0.1709

Racial (vs. non-Hispanic Caucasian)

  Indigenous African 8.93 (7.27–10.97) <0.0001 3.69 (2.91–4.67) <0.0001

  African American 2.52 (1.95–3.27) <0.0001 2.40 (1.84–3.14) <0.0001

Intracerebral hemorrhage 2.42 (2.02–2.92) <0.0001 2.30 (1.87–2.84) <0.0001

Diabetes mellitus 1.00 (0.84–1.19) 0.99   

High LDL 1.01 (0.85–1.20) 0.93   

Alcohol use 0.54 (0.43–0.67) <0.0001 0.84 (0.64–1.11) 0.2130

Smoking 2.34 (1.77–3.11) <0.0001 1.79 (1.28–2.50) 0.0007

Abbreviations: aTRH, apparent treatment-resistant hypertension; CI, confidence interval; OR, odds ratio.
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Examination Survey, which found a prevalence of 17.7% 
using a BP cutoff of >140/90 mm Hg in 2008, increasing to 
19.7% using >130/80 mm Hg in 2018.16

Resistant hypertension is characterized by the clustering 
of unique demographics, comorbidities, physiological 
perturbations, and metabolic abnormalities. In a large eth-
nically diverse hypertension population in the United States, 
demographic covariates linked to resistant hypertension in-
cluded Black race, male sex, and older age.19 Regarding the 
racial contribution of resistant hypertension among the pop-
ulation of interest in the present study (i.e., stroke survivors), 
we found that indigenous Africans and African Americans 
had adjusted odds ratios of 4.4 and 2.4, respectively, rel-
ative to Caucasians. The associations between Black race 
and risk of aTRH persisted in sensitivity analyses by stroke 
types. While, on the one hand, racial/genetic underpinnings 
may explain the higher burden of aTRH among Blacks 
than Caucasians, on the other hand, ecological and so-
cial determinants may account for the substantially greater 
burden of aTRH among indigenous Africans relative to 
African Americans. Hence, the inordinately higher burden 
of resistant hypertension among indigenous Africans 
compared with African Americans could be due to contex-
tual differences in healthcare access for treatment of hyper-
tension, physician practices, adherence to medications, and 
sociocultural practices, potential confounders which were 
not measured in our study. Indeed the contribution of psy-
chosocial determinants to resistant hypertension has been 
previously documented in the Jackson Heart Study.25 In 
addition, over the past 3 decades, there has been a steady 
improvement in population-level control of BP in the 
United States which may contribute to a lower prevalence 
of uncontrolled BP in the US cohort unlike the situation in 
sub-Saharan Africa.26 In sub-Saharan Africa, the awareness, 
detection and control of hypertension are abysmal and is a 
strong contributor to the significant surge in stroke burden 
on the continent.27

Intracerebral hemorrhage is generally more closely as-
sociated with hypertension than ischemic stroke. Hence, 
the observed association between resistant hypertension 
and intracerebral hemorrhage (ICH) relative to ischemic 
is intriguing and may provide some insights into why 
some individuals with hypertension are more prone to the 
more devastating ICH stroke type rather than ischemic 
stroke. Although other mechanisms such as structural 
malformations, medication use, and amyloid angiopathy 
may all contribute to the occurrence of intracerebral hem-
orrhage, hypertension is by far the most potent risk factor 
for this stroke type. It is tempting to speculate that resistant 
forms of hypertension may potentially accentuate a pre-
disposition towards intracerebral hemorrhage relative to 
ischemic strokes. Furthermore, cigarette smoking was asso-
ciated with 85% higher odds of aTRH among stroke survivors 
overall, with odds being 63% higher among ischemic stroke 
survivors and 127% higher among intracerebral hemor-
rhage survivors. Cigarette smoking promotes both athero-
sclerosis and arteriolosclerosis, which are implicated in the 
pathophysiology of the 2 primary stroke types. We rather 
found an inverse association between age and risk of re-
sistant hypertension among stroke survivors, probably due 

to the higher representation of indigenous Africans, who 
experience stroke 15 years earlier than those in the United 
States.6,17,28,29 Probably, for similar demographic reasons, 
DM was however found to be protective against resistant 
hypertension in the present study, given the lower preva-
lence of DM among indigenous Africans with stroke rela-
tive to the US cohort.

Implications

Several studies have now explicitly demonstrated ad-
verse associations between aTRH and risk of cardiovas-
cular mortality and indeed all-cause mortality.30–35 In 
fact, it has been worryingly shown in a recent study that 
the risk of cardiovascular disease deaths remains signifi-
cantly higher even among individuals with controlled BP 
on 3 classes of antihypertensive medications as well as 
those with controlled resistant hypertension on 4 or more 
antihypertensive medications.36 If the outcomes among 
individuals with resistant hypertension without cardiovas-
cular disease events are worse as these previous studies sug-
gest, then one could speculate that outcomes among stroke 
survivors with resistant hypertension may be even dire. 
Unfortunately, the literature is deficient in the short- and 
long-term cardiovascular, neurocognitive, quality of life, 
and mortality outcomes of resistant hypertension, specif-
ically among stroke survivors. Although the technicalities 
of defining true resistant hypertension instead of apparent 
resistant hypertension (RH) require that adherence, medi-
cation doses, and white-coat hypertension be ruled out, ap-
parent RH nonetheless is lethal as borne out by previous 
studies. Hence, clinicians managing stroke survivors should 
adopt an aggressive approach to achieving control of BP 
among those with aTRH while more studies are encouraged 
to understand the biology, treatment, and outcomes of 
resistant hypertension. Given that using a cutoff BP of 
140/90 mm Hg for defining resistant hypertension is associ-
ated with poorer outcomes, it would be an interesting prop-
osition to consider the longer-term outcomes of resistant 
hypertension using the lower BP cutoff of 130/80 mm Hg as 
recommended by the AHA/ACC.

Limitations

This study has limitations worth noting. First, we cannot 
draw causal associations between factors identified for re-
sistant hypertension among stroke survivors due to the 
cross-sectional design of the study. Second, the doses of 
antihypertensive medications and adherence to therapy 
were not available for analysis; hence, we have assessed 
aTRH, terminology used in epidemiological studies when 
such data are unavailable. Thirdly, data on kidney function 
such as estimated glomerular filtration rate were not avail-
able for us to include in our models. It is possible, given 
the racial differences in predisposition to renal dysfunction, 
that the differences in the prevalence of resistant hyperten-
sion by race observed in our study may be differential ex-
posure to kidney disease. There may be other unmeasured 
confounders such as differences in care provider practices in 
the 2 countries, availability of and access to antihypertensive 
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medications may differ as well as assessments of behavioral 
patterns such as alcohol use, dietary practices, and so forth. 
These unmeasured factors may potentially have biased our 
study findings and should be borne in mind in the inter-
pretation of our findings. For example, the data from the 
Ghanaian cohort emanated from a neurology clinic where 
follow-up care for BP management is under the auspices 
of neurology trainee residents and 1 neurologist. In other 
centers in Ghana, stroke survivors are cared for by general 
practitioners. Thus said, clinicians in the practices in Ghana 
and even the United States may be vary in the rigor of their 
investigative approach for diagnosis of potential causes of 
resistant hypertension. In spite of these limitations, a major 
strength of our study is its transcontinental design, the in-
clusion of both ischemic and hemorrhagic stroke types, 
and large sample size. Also, since Florida is known to have 
a significant prevalence of hypertension with a prevalence 
of 37.9% in non-Hispanic Caucasians and 35.9% in African 
Americans,37 and highest in the North Florida region which 
our institution primarily serves,38 we are able to evaluate 
for differences within our databases. We highlight that re-
sistant hypertension is highly prevalent among indigenous 
Africans and could only worsen the already poor outcomes 
of stroke in Africa. It is worth also mentioning that the 
prevalence of resistant hypertension may also vary in prev-
alence within different regions within African and has 
changed overtime.37,39 Among Ghanaian stroke survivors, 
resistant hypertension has been recently demonstrated 
to be independently associated with long-term survival.40 
Further studies are needed to characterize the genetic and 
epigenetic ancestry41,42 and to tailor treatment of resistant 
hypertension using renin–aldosterone profile in those with 
perturbations on this axis. Also, more studies are needed to 
investigate how prenatal care and maternal fetal health may 
play a role in the development of resistant hypertension in 
those of African ancestry.43

There are significant racial and geographic disparities in 
the burden of resistant hypertension among stroke survivors 
which may in part explain the poorer cardiovascular and 
neurocognitive outcomes of individuals of the Black race. 
For stroke survivors with aTRH, opportunities exist for 
pharmacological tailoring of antihypertensive therapy 
and lifestyle interventions to help bring BP under control. 
Further studies on the patient-level, practice gaps, and 
policy-level determinants of resistant forms of hypertension 
are needed to address this severe phenotype of hypertension 
across the globe.
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