
698 American Journal of Hypertension 34(7) July 2021

Original article

 1Department of Medicine, Larner College of Medicine at the University 
of Vermont, Burlington, Vermont, USA; 2Department of Biostatistics, School 
of Public Health, University of Alabama at Birmingham, Birmingham, 
Alabama, USA; 3Department of Epidemiology, School of Public Health, 
University of Alabama at Birmingham, Birmingham, Alabama, USA; 
4Department of Pathology and Laboratory Medicine, Larner College of 
Medicine at the University of Vermont, Burlington, Vermont, USA. 

*Posthumous. 

© The Author(s) 2020. Published by Oxford University Press on 
behalf of American Journal of Hypertension, Ltd. All rights reserved. 
For permissions, please e-mail: journals.permissions@oup.com

Correspondence: Timothy B. Plante (Timothy.Plante@uvm.edu).

Initially submitted June 24, 2020; date of first revision November 16, 
2020; accepted for publication December 14, 2020; online publication 
December 16, 2020.

BACKGROUND

Among all diseases, hypertension contributes the greatest 
increased burden of disability-adjusted life years.1 Black 
Americans experience a disproportionate burden of hy-
pertension and have among the highest prevalence of any 
group in the world.2 A  recent study from the REasons for 
Geographic and Racial Differences in Stroke (REGARDS) 
cohort identified several clinical and social factors that con-
tribute to hypertension among Black compared to White 
participants.3 To reduce the burden of hypertension and its 
consequences among Black adults, improved understanding 
of the causes of this difference is needed.

Inflammation may play a role in the development 
of hypertension since adults with elevated levels of 

inflammatory markers, including C-reactive protein 
(CRP), experience a greater incidence of hypertension.4,5 
The contribution of inflammation to the Black–White dif-
ference in hypertension incidence is unknown, but given 
the known higher CRP in Blacks compared to Whites, 
inflammation is a key potential biomarker to explain the 
difference.6–8 Because inflammation can be reduced with 
medication and behavioral therapies,9–11 interventions to 
target inflammation to decrease hypertension risk may 
lead to potentially larger effects in the Black population 
and reduce the racial difference in incident hypertension. 
We studied the role of CRP as a mediator of the racial dif-
ference in incident hypertension in the REGARDS cohort 
and potential reasons for any mediation of the Black–
White risk differences seen.
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BACKGROUND
More inflammation is associated with greater risk incident hyperten-
sion, and Black United States (US) adults have excess burden of hyper-
tension. We investigated whether increased inflammation as quantified 
by higher C-reactive protein (CRP) explains the excess incidence in hy-
pertension experienced by Black US adults.

METHODS
We included 6,548 Black and White REasons for Geographic and Racial 
Differences in Stroke (REGARDS) participants without hypertension at 
baseline (2003–2007) who attended a second visit (2013–2016). Sex-
stratified risk ratios (RRs) for incident hypertension at the second exam 
in Black compared to White individuals were estimated using Poisson 
regression adjusted for groups of factors known to partially explain the 
Black–White differences in incident hypertension. We calculated the 
percent mediation by CRP of the racial difference in hypertension.

RESULTS
Baseline CRP was higher in Black participants. The Black–White RR 
for incident hypertension in the minimally adjusted model was 1.33 

(95% confidence interval 1.22, 1.44) for males and 1.15 (1.04, 1.27) for 
females. CRP mediated 6.6% (95% confidence interval 2.7, 11.3%) of 
this association in females and 19.7% (9.8, 33.2%) in males. In females, 
CRP no longer mediated the Black–White RR in a model including waist 
circumference and body mass index, while in males the Black–White 
difference was fully attenuated in models including income, education 
and dietary patterns.

CONCLUSIONS
Elevated CRP attenuated a portion of the unadjusted excess risk of hy-
pertension in Black adults, but this excess risk was attenuated when 
controlling for measures of obesity in females and diet and socioeco-
nomic factors in males. Inflammation related to these risk factors might 
explain part of the Black–White disparity in hypertension.
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METHODS

Cohort

REGARDS enrolled 30,239 adults, aged ≥45  years, be-
tween 2003 and 2007 in the contiguous United States (US). 
The design oversampled Black people (44%) and residents 
in the stroke belt (56%), a region in the southeastern US 
including Alabama, Mississippi, Tennessee, Louisiana, 
Arkansas, Georgia, North Carolina, and South Carolina, 
where stroke mortality is higher than the rest of the country.12 
Potential participants were contacted by mail, followed by a 
telephone interview to collect demographic, medical history, 
and risk factor data. Participants were excluded at baseline 
for active cancer or treatment for cancer in the prior year, 
medical conditions preventing long-term participation; res-
idency or awaiting placement in a nursing home; inability to 
communicate in English, Hispanic, or Latino ethnicity; or 
self-reported race other than Black or White.

A baseline in-home examination included measurement 
of blood pressure (BP), anthropometrics, collection of blood 
and urine samples, and review of medications. The telephone 
and in-person examinations were repeated at a second exam 
between April 2013 and October 2016. Of the original co-
hort, 16,150 completed the second in-home exam.

Institutional review boards of each participating institu-
tion approved the protocol. Informed consent was obtained 
initially by telephone and later in writing during in-person 
exams.

Measures and definitions

BP measurement. At both in-home exams, seated BP 
was measured twice. A trained technician used an aneroid 
sphygmomanometer (American Diagnostic Corporation, 
Hauppage, NY) to obtain the measurements after the partic-
ipant was seated for 5 minutes. Measurements were taken in 
the left arm unless there was a contraindication for measure-
ment on that side. A large cuff was used if the arm circum-
ference was above 13  inches. The cuff was inflated 20 mm 
Hg beyond the point at which the pulse was obliterated 
then deflated at 2  mm Hg per second. The average meas-
urement was used to determine systolic BP and diastolic BP. 
Measurements were monitored for quality control.13

Hypertension definition. Hypertension was defined 
using the Joint National Commission 7 (JNC7) BP threshold 
of ≥140/90 mm Hg or self-report of antihypertensive med-
ication use.14

Inflammation measurement. Laboratory methods were 
previously described.15 Phlebotomy was performed in the 
morning after a 10- to 12-hour fast. Samples were centrifuged 
locally and shipped overnight on dry ice to the central lab-
oratory at the University of Vermont where they were 
recentrifuged and stored at −80 °C. CRP measurement used 
a high-sensitivity particle-enhanced immunonephelometric 
assay on the BNIII nephelometer (N High Sensitivity CRP, 
Dade Behring Inc., Deerfield, IL) with an interassay coeffi-
cient of variation of 2–6%.

Risk factors for Black-White differences in incident hy-
pertension. Risk factors measured at baseline were pre-
viously described.3 Measures of obesity were measured at 
the in-home exam. Waist circumference was measured by 
placing a tape measure halfway between the bottom rib and 
iliac crest while the participant was standing. Body mass 
index (BMI) was calculated as mass in kilograms divided 
by the height in meters squared. Annual household income 
was self-reported as <$20,000, $20,000 to $34,000, $35,000 
to $74,000, ≥$75,000, or refused to answer. Education level 
was self-reported as less than high school, high school, some 
college, and college graduate and above. Southern diet score 
was a dietary pattern identified from factor analysis using 
data from the Block 98 Food Frequency Questionnaire 
(FFQ).16 This dietary pattern is characterized by heavily 
processed meats and sugar-sweetened beverages. This 
Southern diet score is normally distributed with range from 
−4.5 to 8.2, with higher scores indicating a diet more con-
sistent with the Southern diet. This FFQ was also used to 
calculate dietary sodium-to-potassium ratio, a continuous 
variable ranging from 0.3 to 2.5.17 The Dietary Approaches to 
Stop Hypertension (DASH) diet score was derived from the 
FFQ.18 It ranged from 9 to 37, a higher number indicating 
higher compliance with the DASH diet.

Anti-inflammatory medication use. Anti-inflammatory 
medications were defined as statin, metformin, or aspirin 
use. Use of statin and metformin were based on the medica-
tion inventory. Regular aspirin use was self-reported.

Statistical analysis

We excluded participants with baseline hypertension, 
those missing hypertension status or baseline CRP, or who 
did not participate in the second in-home exam. We did 
not exclude participants with any other missing covariates 
for the primary analysis. We tabulated baseline character-
istics by CRP quartiles. The distributions of CRP across 
race/sex groups were compared using Wilcoxon Rank 
Sum test. The risk ratio (RR) of hypertension by race 
and CRP quartile, stratified by sex, was calculated using 
Poisson regression with robust variance estimation, often 
called modified Poisson regression.19 The RR of incident 
hypertension was calculated by race–sex specific CRP 
quartiles, using the first quartile as the reference group for 
each race–sex stratum.

Mediation analysis. After confirming no interactions 
between either sex and CRP or race and CRP with hyper-
tension incidence (P > 0.10), we proceeded with mediation 
analysis. We evaluated the percentage mediation of the racial 
difference in incident hypertension by CRP using 5 models. 
The base model was minimally adjusted. Subsequent models 
added baseline risk factors that were previously established 
as potential mediators of the racial difference in hypertension 
in REGARDS.3 In addition to these established risk factors, 
we also considered the use of anti-inflammatory medications 
at baseline. We chose to cluster related risk factors into spe-
cific models, rather than include each risk factor individu-
ally. The first model included race, age, sex, and systolic BP. 
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The second model added waist circumference in both males 
and females and BMI among males. Waist was not included 
for males because it was not related to the sex-specific race 
differences in hypertension in REGARDS.3 The third model 
added education and income. The fourth model added use 
of anti-inflammatory medications. The final model added 
Southern diet score, dietary sodium-to-potassium ratio, and 
DASH diet score.

To estimate percent of the racial difference mediated by 
CRP, we fit each of the above models with and without log-
transformed CRP as a covariate and calculated the percent 
change in the race parameter. Confidence intervals (CIs) 
for these percent changes were estimated from the 2.5th and 
97.5th percentiles from the distribution of 1,000 bootstrapped 
samples with replacement.20 For models in which there was 
substantial attenuation of the Black–White difference in hy-
pertension prior to addition of CRP (i.e., with CIs including 
the null), we did not estimate mediation.

Sensitivity analyses. We performed sensitivity analyses. 
First, we tabulated incident hypertension among those with 
and without an elevated CRP (threshold of 10 mg/L). Next, 
we utilized the American Heart Association/American 
College of Cardiology (AHA/ACC) 2017 hypertension def-
inition of ≥130/80 for all analyses.21 Third, we restricted to 
participants without any missing covariate data. We did not 
assess mediation of CRP in sensitivity analyses if they were 
not also assessed in the primary analysis.

All statistical analyses were performed in SAS 9.4 (SAS 
Institute, Cary, NC). We used an alpha of 0.05 for our level 
of significance.

RESULTS

Population

Of 30,239 participants, 17,847 (59%) were excluded for 
baseline hypertension, 56 (<1%) for data anomalies, 74 
(<1%) for missing baseline hypertensive status, and 1,954 
(6%) for missing CRP (Supplementary Figure S1 online). 
Of the remaining 11,536 participants, 1,715 (15%) died 
and 2,871 (25%) withdrew from study participation before 
the second exam. Of the remaining 6,950 participants who 
completed the second exam, 402 (6%) were excluded for 
missing hypertension status at the second exam, yielding a 
final analytic sample of 6,548 adults with a median follow-up 
of 9.2 (SD) years (interquartile range) 8.5, 9.9 years. In con-
trast to the 44% representation of the entire REGARDS pop-
ulation at baseline, Blacks comprised only 26% (1,696/6,548) 
of the population in this analysis. This was mostly due to the 
higher prevalence of baseline hypertension among Blacks.

Baseline characteristics

Compared to participants in the lower quartiles of CRP, 
participants in higher quartiles were more likely to be fe-
male, Black, and have lower income and education (Table 
1). They also had higher levels of hypertension risk factors 

including increased BMI, higher waist circumference, 
greater Southern diet pattern, and higher prevalence of 
smoking. Age was similar across CRP quartiles. Use of 
statins was higher in lower CRP quartiles. Current alcohol 
use was lower in higher CRP quartiles.

CRP by race and sex

The distribution of CRP into race–sex–based quartiles is 
shown in Figure 1. The median (interquartile range) CRP 
was 2.8 (1.2, 5.8) for Black females, 1.7 (0.8, 3.8) for White 
females, 1.6 (0.8, 3.8) for Black males, and 1.2 (0.6, 2.4) for 
White males. CRP had different distributions across the 
race–sex groups (P < 0.0001).

Incidence of hypertension by race and CRP

Among the 6,548 participants without baseline hyperten-
sion, 3,343 (51%) developed incident hypertension. The in-
cidence was 51% (95% CI 49, 53%) among White males and 
59% (56, 63%) among Black males, a 12% relative increased 
risk among Black males (Table 2). Hypertension incidence 
was 45% (43, 47%) among White females and 62% (59, 65%) 
among Black females, representing a 26% greater relative 
adjusted incidence among Black females.

Higher CRP quartiles were associated with a greater inci-
dence of hypertension, with an adjusted RR of 1.19 (95% CI 
1.12, 1.28) for those in the 4th compared to 1st quartile of CRP 
(Table 3); P for trend across quartiles <0.001). There was no 
significant difference in the association of CRP with incident 
hypertension by race (Pinteraction = 0.46) or sex (Pinteraction = 0.65).

Race–sex–specific quartiles of CRP had similar 
associations with hypertension incidence as the overall anal-
ysis (Table 3). The trend across CRP quartiles was P = 0.02 
White males, P = 0.02 for White females, P = 0.18 for Black 
males, and P = 0.10 for Black females. The point estimates 
for each sex–race strata were similar.

Mediation analysis

Females. The Black–White RR for incident hypertension 
in females was 1.33 (95% CI 1.22, 1.44) without CRP in the base 
model (Figure 2). This RR was attenuated in models that added 
waist circumference and BMI (RR 1.26; 1.16, 1.37), income and 
education (RR 1.26; 1.16, 1.38), and dietary patterns (RR 1.20; 
1.08, 1.33). However, the RR was essentially unchanged in the 
model adding anti-inflammatory medications (RR 1.32; 1.21, 
1.44). The fully adjusted model incorporating all covariates was 
the most attenuated (RR 1.15; 1.04, 1.29).

When CRP was added to models, it mediated the female 
Black–White RR for incident hypertension in several models. 
The estimated mediation was similar in the base model 
(6.6%; 2.7, 11.3%) and models that added income and ed-
ucation (5.4%; 1.4, 10.1%), anti-inflammatory medications 
(6.7%; 2.6, 11.6%), and diet factors (5.0%; 0.5, 11.4%). We 
did not observe mediation in the model with waist circum-
ference and BMI (1.0%; −0.6, 3.6%) or in the fully adjusted 
model (0.3%; −1.7, 3.4%).

http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpaa215#supplementary-data


American Journal of Hypertension 34(7) July 2021 701

Inflammation and Incident Hypertension in REGARDS

Males. For males, the Black–White RR for incident hy-
pertension was 1.15 (1.04, 1.27) in the base model without 
CRP. This RR was attenuated in models incorporating in-
come and education (1.09; 0.98, 1.21) and dietary patterns 
(1.05; 0.92, 1.21). As in females, the attenuation was greatest 
for the model incorporating dietary patterns. We did not ob-
serve attenuation in the models incorporating waist circum-
ference (1.16; 1.05, 1.29) or anti-inflammatory medications 
(1.19; 1.07, 1.32). The attenuation of the fully adjusted model 

(1.07; 0.93, 1.23) was similar to the model incorporating die-
tary patterns.

Because of the full attenuation in the models assessing 
income and education, dietary patterns, and the fully 

Figure 1. Race-sex stratified quartiles of CRP using JNC7 hypertension 
definition. Q1-4 indicates CRP quartile. The white vertical lines indicate 
the median value of each quartile. CRP is reported in mg/L. Abbreviations: 
CRP, C-reactive protein; JNC7, Joint National Commission 7.

Table 2. Sex-race stratified hypertension incidence and adjusted 
RRs, JNC7 hypertension definition

Group n Cases/N at risk

Hypertension  

incidence (95% CI)

Adjusted RR

(95% CI)

Males

 White 1,190/2344 51% (49, 53) Ref

 Black 395/665 59% (56, 63) 1.12 (1.04, 1.20)

Females

 White 1,121/2508 45% (43, 47) Ref

 Black 637/1031 62% (59, 65) 1.26 (1.18, 1.34)

Adjusted for age, baseline systolic blood pressure, and region. 
The CI estimated through modified Poisson model. Abbreviations: 
CI, confidence interval; RR, risk ratios; JNC 7, Joint National 
Commission 7.

Table 1. Baseline characteristics by CRP quartile among those at risk for incident hypertension using JNC7 hypertension definition

Variable* N missing covariate Quartile 1 Quartile 2 Quartile 3 Quartile 4

N 1,623 1,646 1,621 1,631

Age, y 0 61 (8) 62 (8) 62 (8) 61 (8)

Female, % 0 43 49 56 67

Black race, % 0 19 22 26 37

Stroke belt, % 0 30 36 34 33

Household income <$25,000, % 715 7 9 10 16

Educational level < HS diploma, % 0 3 5 6 8

BMI, kg/m2 16 25 (4) 27 (4) 28 (5) 30 (6)

Waist circumference, cm 23 86 (14) 90 (13) 93 (14) 97 (15)

Current alcohol use, % 99 51 49 46 41

Smoking status 16

 Current, % 8 11 12 17

 Former, % 39 38 38 38

 Never, % 54 51 49 45

Systolic BP, mm Hg 0 116 (11) 119 (11) 120 (11) 120 (11)

Diastolic BP, mm Hg 0 72 (8) 74 (8) 74 (7) 74 (8)

Southern diet score 1,227 −0.5 (0.9) −0.3 (0.9) −0.2 (0.9) 0.0 (1.0)

Dietary sodium-to-potassium ratio 1,227 0.8 (0.2) 0.9 (0.2) 0.9 (0.2) 0.9 (0.3)

DASH diet score 1,227 25.7 (4.5) 24.7 (4.2) 24.1 (4.2) 23.6 (4.2)

Anti-inflammatory Medications

 Statin, % 27 25 23 19 18 

 Aspirin, % 4 36 36 32 31 

 Metformin, % 27 3 3 4 5

Mean (SD) or percentage except where specified. CRP ranges were 0.15–.072 mg/L for quartile 1, 0.73–1.56 mg/L for quartile 2, 1.57–3.65 
mg/L for quartile 3, and 3.66–130 mg/L for quartile 4. Abbreviations: BMI, body mass index; BP, blood pressure; CRP, C-reactive protein; DASH, 
Dietary Approaches to Stop Hypertension; HS, high school; JNC 7, Joint National Commission 7.
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adjusted model, we did not assess mediation by CRP in 
these models. The percent mediation by adding CRP to the 
models was similar for the base model (19.7%, 9.8, 33.2%) 
and the models incorporating waist circumference (16.7%; 
7.3, 29.7%), and anti-inflammatory medication use (15.9%; 
7.4%, 26.9%).

Sensitivity analyses

Incident hypertension by CRP thresholds of 10 mg/L 
appear in Supplementary Table S4 online. A  larger pro-
portion of adults with CRP ≥10 mg/dL developed hyper-
tension when compared to those with CRP <10 mg/dL 
(P = 0.03).

In sensitivity analyses comparing the incidence of hyper-
tension and mediation analysis using the 2017 AHA/ACC 
hypertension threshold of 130/80 mm Hg, the findings were 
similar for males and females as they were for the primary 
analysis and JNC7 threshold of 140/90 mm Hg. The wider 

confidence bounds reflected the smaller analytical popula-
tion (Supplementary Figure S4 online). In sensitivity analyses 
including participants without any missing covariate data, 
findings were similar for the 2 definitions of hypertension 
(Supplementary Figures S5 and S6 online).

DISCUSSION

In this large prospective cohort study of Black and White 
males and females across the contiguous US, Blacks had 
higher CRP levels and more incident hypertension than 
Whites and the racial difference in hypertension incidence 
was more pronounced for females than males. Among 
females, CRP attenuated 5 to 7% of the racial difference 
in hypertension, even after adjusting for baseline BP, in-
come and education, anti-inflammatory medication use, 
and dietary patterns. However, CRP was no longer a medi-
ator after accounting for measures of obesity. This suggests 
that differences in BMI and waist circumference influence 

Table 3. Overall and sex-race stratified hypertension incidence and adjusted RRs by quartile of CRP, JNC7 hypertension definition

CRP quartile by group n Cases/N at risk Hypertension incidence (95%) CI) Adjusted RR (95% CI)

All

 Q1 713/1629 44% (41, 46%) Ref

 Q2 817/1652 49% (47, 52%) 1.06 (0.99, 1.14)

 Q3 859/1631 53% (50, 55%) 1.10 (1.02, 1.18)

 Q4 954/1636 58% (56, 61%) 1.19 (1.12, 1.28)

Males

 White

  Q1 261/588 44% (41, 49%) Ref

  Q2 287/586 49% (45, 53%) 1.06 (0.94, 1.19)

  Q3 317/585 54% (50, 58%) 1.13 (1.01, 1.27)

  Q4 325/585 56% (52, 60%) 1.14 (1.02, 1.28)

 Black

  Q1 90/166 54% (47, 62%) Ref

  Q2 101/166 61% (54, 69%) 1.08 (0.90, 1.28)

  Q3 95/167 57% (50, 65%) 1.03 (0.86, 1.24)

  Q4 109/166 66% (59, 73%) 1.16 (0.98, 1.37)

Females

 White

  Q1 228/624 37% (33, 41%) Ref

  Q2 273/628 43% (40, 48%) 1.07 (0.94, 1.22)

  Q3 308/628 49% (45, 53%) 1.16 (1.02, 1.31)

  Q4 312/628 50% (46, 54%) 1.14 (1.01, 1.30)

 Black

  Q1 145/257 56% (51, 63%) Ref

  Q2 146/258 57% (51, 63%) 0.96 (0.83, 1.11)

  Q3 168/259 65% (59, 71%) 1.12 (0.98, 1.28)

  Q4 178/257 69% (64, 75%) 1.14 (0.99, 1.30)

Q1–4 indicates each quartile. Adjusted for age, baseline systolic BP, and region. The CI estimated through modified Poisson model. 
Abbreviations: BP, blood pressure; CI, confidence interval; CRP, C-reactive protein; RR, risk ratios; JNC 7, Joint National Commission 7.

http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpaa215#supplementary-data
http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpaa215#supplementary-data
http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpaa215#supplementary-data
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hypertension partly through inflammation. Among males, 
CRP attenuated 15 to 20% of the racial disparity, regardless 
of other factors accounted for. We could not assess income 
and education or dietary patterns in males as they attenuated 
too large of a component of the racial difference to allow ad-
dition of CRP to the model.

Despite its high prevalence, the underlying factors 
contributing to hypertension remain elusive. Inflammation 
likely plays an etiologic role as numerous studies have 
documented an association between higher levels of inflam-
matory markers and increased risk of incident hyperten-
sion.4,5,22–24 For example, participants with CRP levels >3.5 
mg/L in the Women’s Health Study had a 52% increased 
risk of incident hypertension at 8 years of follow-up when 
compared to those with levels <0.43 mg/L.4 A similar asso-
ciation was seen in the more diverse Multi-Ethnic Study of 
Atherosclerosis.24 Several risk factors for hypertension are 
also pro-inflammatory, including obesity and specific die-
tary patterns.4,5,22–27 Weight loss and dietary modifications 
reduce inflammation and may prevent hypertension.27–33

To our knowledge, this is the first study of the role of in-
flammation on the racial disparity of hypertension. As was 
shown previously in REGARDS, the racial disparity of hyper-
tension is greater among females than males and risk factors 
of income and education, measures of adiposity, and dietary 
patterns attenuated the Black–White disparity.3 Here, inflam-
mation was a potent mediating factor for the excess risk of 
hypertension among both Black males and females. Among 
females, CRP mediated the excess risk of hypertension when 
accounting for income and education, dietary patterns, and 
anti-inflammatory use. However, there was a loss of medi-
ation by CRP when incorporating measures of adiposity. 
Therefore, the association between excess weight and ex-
cess hypertension among Black females may act through 
inflammation. Among males, CRP mediated the excess risk 
of hypertension even when accounting for waist circumfer-
ence and anti-inflammatory medication use. However, the 

racial disparity was fully attenuated in the non-CRP models 
adding income and education and in the model adding die-
tary patterns, so we were unable to assess the potential role of 
CRP for these models. Similar patterns were observed when 
using the lower 130/80 mm Hg hypertension definition and 
among those with complete ascertainment of covariates.

There are several clinical implications for these findings. 
National guidelines encourage optimization of health factors 
and behaviors across the spectrum of cardiovascular risk.34 
Hypertension is a key condition that dramatically increases 
the risk of related conditions like cardiovascular disease and 
cognitive decline, especially among Blacks.35,36 Primordial 
prevention efforts focusing on normotensive adults with 
elevated CRP may augment current population-level risk 
reduction strategies. To specifically address differences 
in hypertension incidence among Blacks, future research 
may assess the role of weight loss and healthy dietary 
interventions among overweight or obese females with ele-
vated CRP and dietary modifications among males with ele-
vated CRP. Further, elevated levels of inflammatory markers 
are associated with excess risk for CVD when accounting for 
other traditional risk factors, i.e., smoking, hypertension, 
and dyslipidemia. Large clinical trials have found a benefit 
for the use of anti-inflammatory medications like statins 
and aspirin in reducing the risk of CVD events in primary 
prevention populations with elevated CRP.11,37 Statin use is 
associated with a modest reduction in BP.38 Whether anti-in-
flammatory medications play a role in prevention of hyper-
tension in normotensive adults with elevated inflammatory 
markers is unknown.

This analysis has limitations. First, there were fewer Black 
adults at risk for hypertension due to their higher prevalence 
of hypertension at baseline, which led to lower power in the 
race-sex specific analyses. Second, ascertainment of hyper-
tensive status depended on self-report of antihypertensive 
use and a single-time measure of BP, which may have led 
to misclassification of hypertension status. Third, CRP was 

Figure 2. Mediation analysis of the Black–White difference in incident hypertension, JNC7 definition of hypertension.CRP is log-transformed. 95% CI is 
estimated by bootstrapping with 1,000 models. BMI was not included for males because it was not related to the sex-specific race differences in hyper-
tension in REGARDS.3 The analytical subpopulations were 3,539 (F) and 3,009 (M) for the base model, 3,509 (F) and 3,007 (M) for the model adding waist 
circumference ± BMI, 3,539 (F) and 3,009 (M) for the model adding income and education, 3,520 (F) and 2,997 (M) for the model adding ASA, statin, and 
metformin use, 2,921 (F) and 2,400 (M) for the model adding dietary patterns, and 2,883 (F) and 2,389 (M) for the fully adjusted model. Abbreviations: 
ASA, aspirin; BMI, body mass index; CI, confidence interval; CRP, C-reactive protein; DASH, Dietary Approaches to Stop Hypertension; JNC 7, Joint National 
Commission 7; Na:K, sodium-to-potassium dietary ratio; PA, physical activity; SDS, Southern diet score; Waist, waist circumference.
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only measured once. As it is an acute phase reactant, inclu-
sion of participants who had recent acute illness may have 
led to misclassification. We suspect that this misclassification 
was rare and occurred at random in this population. Finally, 
25% of participants with normal BP at baseline withdrew 
or died prior to the second exam. However, one prior eval-
uation of attrition in REGARDS found no evidence of se-
lection bias that might contribute to estimation of risk 
factor effects on racial disparities in cardiovascular disease 
events.39 Attendance at visit 2 was incomplete, though a 
prior REGARDS analysis did not find evidence of attrition 
bias in this population when assessing using inverse prob-
ability weighting.3 Genetic variants also alter CRP levels, 
these data are unavailable in this population so we were un-
able to assess the contribution of these genetic variants to in-
cident hypertension.40 We based the models off of a previous 
REGARDS analysis3 and did not include all hypertension 
risk factors, including levels of uric acid, hormone replace-
ment therapy, and sleep deprivation.41–43

This analysis has several strengths. This cohort has a high 
level of geographic diversity across the US, included a large 
number of Blacks and Whites, and has carefully measured 
phenotypic data collected by trained technicians. Assessment 
of BP measurement used a rigorous protocol in the home, 
which may have reduced misclassification from white-coat 
hypertension that might occur in a study using field centers.

In conclusion, inflammation is a risk factor for hyper-
tension and attenuates the racial disparity in hypertension 
affecting Black Americans. Multimodal interventions to ad-
dress this disparity could target normotensive adults with el-
evated CRP and suboptimal risk factors.
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