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IMPORTANCE The high prevalence of hypertension among the US black population is a major
contributor to disparities in life expectancy; however, the causes for higher incidence of
hypertension among black adults are unknown.

OBJECTIVE To evaluate potential factors associated with higher risk of incident hypertension
among black adults.

DESIGN, SETTING, AND PARTICIPANTS Prospective cohort study of black and white adults
selected from a longitudinal cohort study of 30 239 participants as not having hypertension
at baseline (2003-2007) and participating in a follow-up visit 9.4 years (median) later.

EXPOSURES There were 12 clinical and social factors, including score for the Southern diet
(range, −4.5 to 8.2; higher values reflect higher level of adherence to the dietary pattern),
including higher fried and related food intake.

MAIN OUTCOMES AND MEASURES Incident hypertension (systolic blood pressure �140 mm Hg,
diastolic blood pressure �90 mm Hg, or use of antihypertensive medications) at the
follow-up visit.

RESULTS Of 6897 participants (mean [SD] age, 62 [8] years; 26% were black adults; and 55%
were women), 46% of black participants and 33% of white participants developed
hypertension. Black men had an adjusted mean Southern diet score of 0.81 (95% CI, 0.72 to
0.90); white men, −0.26 (95% CI, −0.31 to −0.21); black women, 0.27 (95% CI, 0.20 to 0.33);
and white women, −0.57 (95% CI, −0.61 to −0.54). The Southern diet score was significantly
associated with incident hypertension for men (odds ratio [OR], 1.16 per 1 SD [95% CI, 1.06 to
1.27]; incidence of 32.4% at the 25th percentile and 36.1% at the 75th percentile; difference,
3.7% [95% CI, 1.4% to 6.2%]) and women (OR, 1.17 per 1 SD [95% CI, 1.08 to 1.28]; incidence
of 31.0% at the 25th percentile and 34.8% at the 75th percentile; difference, 3.8% [95% CI,
1.5% to 5.8%]). The Southern dietary pattern was the largest mediating factor for differences
in the incidence of hypertension, accounting for 51.6% (95% CI, 18.8% to 84.4%) of the
excess risk among black men and 29.2% (95% CI, 13.4% to 44.9%) of the excess risk among
black women. Among black men, a higher dietary ratio of sodium to potassium and an
education level of high school graduate or less each mediated 12.3% of the excess risk of
incident hypertension. Among black women, higher body mass index mediated 18.3% of the
excess risk; a larger waist, 15.2%; less adherence to the Dietary Approaches to Stop
Hypertension diet, 11.2%; income level of $35 000 or less, 9.3%; higher dietary ratio of
sodium to potassium, 6.8%; and an education level of high school graduate or less, 4.1%.

CONCLUSIONS AND RELEVANCE In a mediation analysis comparing incident hypertension
among black adults vs white adults in the United States, key factors statistically mediating the
racial difference for both men and women included Southern diet score, dietary ratio of
sodium to potassium, and education level. Among women, waist circumference and body
mass index also were key factors.
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C ardiovascular disease, including stroke, is the largest
contributor to the mortality difference between the
black and white populations in the United States, ac-

counting for 34% of the difference in years of life lost in data
from the National Health Interview Survey between 1986 to
1994; hypertension was the single largest contributor, account-
ing for 15% of the disparity.1

Even among individuals aged 8 to 17 years, data from the
1999-2010 National Health and Nutrition Examination Survey
showed a higher prevalence of hypertension among black chil-
dren than white children.2 The higher risk of developing hyper-
tension among black adults persists to an age older than 75 years,
with a higher incidence of hypertension from 2000 to 2007
among older black adults in both the Multi-Ethnic Study of
Atherosclerosis,3 and from 2003 to 2016 in the Reasons for Geo-
graphic and Racial Differences in Stroke (REGARDS) cohort.4

The reasons for the difference in the incidence and preva-
lence of hypertension between the black and white popula-
tions remain unknown,5 and a better understanding of these
reasons could guide efforts to prevent hypertension and re-
duce the difference in mortality between the black and white
populations. Mediation analysis of a US national cohort of
black and white participants was used to identify factors as-
sociated with the higher incidence of hypertension among
black participants.

Methods
REGARDS is a longitudinal cohort study of 30 239 black and
white participants aged 45 years or older who were recruited
between 2003 and 2007. With the goal of understanding ra-
cial differences in incident hypertension, inclusion in the cur-
rent study was limited to the subset of participants with nor-
mal blood pressure levels at baseline and with hypertension
status available at follow-up. Study eligibility included self-
reported black or white race (by selection from categories used
by the US Census), with exclusion of individuals reporting being
either Hispanic or Latino.

At baseline, the cardiovascular disease risk profile of par-
ticipants was assessed via a telephone interview and via an in-
person examination that included blood pressure measure-
ment, venipuncture, measures of adiposity (height, weight, and
waist circumference), and electrocardiography. A similar as-
sessment was performed at a follow-up visit that occurred a
median of 9.4 years later between 2013 and 2016. Details of
the study methods are provided elsewhere.4,6 All partici-
pants provided written informed consent and the study was
approved by all participating institutional review boards.

At both the baseline and follow-up visits, blood pressure
was assessed as the mean of 2 measures taken after the par-
ticipant had been seated for 5 minutes. Participants without
hypertension (systolic blood pressure <140 mm Hg, diastolic
blood pressure <90 mm Hg, and self-report of not taking an-
tihypertensive medications) at baseline were included in the
analysis. Among those with normal blood pressure levels at
baseline, incident hypertension was defined similarly at the
second assessment.

Potential Mediating Factors
The selected potential mediating factors had either evidence of
a racial difference in the prevalence, level of the risk factor, or
evidence of an association with hypertension (with a sugges-
tion of a racial difference in the prevalence or level). Mediation
analysis7 was performed separately for men and women to as-
sess the association of the 12 potential mediating factors (1 at a
time) with the racial difference in the development of hyper-
tension (a description of each potential mediating factor ap-
pears in Table 1).

An exploratory mediation analysis also was performed for an
additional 9 factors assessed only at the follow-up visit. To in-
crease comparability between the potential mediating factors,
some variables were “inverted” so higher values for all variables
are hypothesized to be inversely associated with the risk of inci-
dent hypertension. Similarly, dichotomous factors were defined
so the presence of the factor was associated with higher hypoth-
esized risk of incident hypertension (such as income ≤$35 000).

Analysis
Mediation analysis provides an approach to estimate the pro-
portion of an association (in this study, the association of race
with incident hypertension) that is attributable to potential me-
diating factors (in this study, the 12 potential mediating fac-
tors). This approach estimates what proportion of the associa-
tion between race and incident hypertension might be
attributable to racial differences in potential mediating factors
(an indirect effect), with the remaining proportion as the direct
association of race.

This study focused on the identification of factors that me-
diate the association of race with incident hypertension by
(1) having a differential prevalence or level in black and white
participants and (2) being associated with the incidence of
hypertension. The analysis was implemented using the dif-
ference in coefficients,14 in which the change in the logistic
regression β coefficient associated with race (adjusted for the
covariates of age and baseline systolic blood pressure) was as-
sessed with subsequent adjustment for potential mediating
factors. The analysis was performed in 3 stages.

Stage 1: Assessment of Racial Differences in the Prevalence
of Each Potential Mediating Factor
The association of race with each risk factor was assessed by
first calculating the age-adjusted least-squares estimate of the

Key Points
Question Are there factors that may mediate the higher incidence
of hypertension among black adults compared with white adults?

Findings In this mediation analysis that included 6897 adults who
participated in a follow-up visit 9.4 years (median) later, the largest
statistical mediator of the difference in hypertension incidence
between black and white participants was the Southern dietary
pattern, accounting for 51.6% of the excess risk among black men
and 29.2% of the excess risk among black women.

Meaning These findings may provide insights into the sources of
racial disparities in hypertension incidence.
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mean risk factor level by race. Dichotomous factors were coded
as 0 or 1, so the mean for these variables is equivalent to the
proportion with the trait. The least-squares means (and 95%
CIs) are reported for both white and black participants along
with the difference between these mean scores (and 95% CIs)
to assess the racial differences.

Stage 2: Assessment of the Association
of Potential Mediating Factors With Incident Hypertension
The association of mediating factors with incident hyperten-
sion was assessed by calculating the odds ratios (ORs) and using
logistic regression to adjust for age group (45-54, 55-64, 65-
74, and ≥75 years) and baseline systolic blood pressure level.
To facilitate the interpretation of the magnitude of associa-
tions between the mediating factors, the ORs were provided
for presence vs absence of the dichotomous factors and for a
standard deviation difference in the continuous factors.

For dichotomous factors, the proportion of the pop-
ulation with incident hypertension for those with vs with-
out the factor was calculated from the same logistic model
and the absolute difference was calculated as the difference
in these proportions. The 95% CIs for both the proportion
and the difference was calculated using bootstrap methods
with 1000 replications.

For continuous factors, a similar approach was used to cal-
culate the proportion with incident hypertension for those at
the 25th and 75th percentile of the distribution, and the ab-
solute difference in these proportions for this interquartile
range (again with bootstrap estimates for the 95% CIs).

Stage 3: Assessment of the Magnitude of the Mediation
of the Difference Between Black and White Participants in Risk
of Incident Hypertension by Each of the Potential Mediating Factors
The magnitude of the mediation of the racial difference in
the risk of developing hypertension was assessed as the
difference in the β coefficient for race in 2 logistic models
predicting incident hypertension after (1) adjusting for age
group and baseline systolic blood pressure and (2) further ad-
justing for each of the potential mediating factors individu-
ally. The 95% CIs for the difference in the race β coefficient be-
tween the 2 models were calculated using bootstrap methods
with 1000 replications.

Additional Details About the Analyses
It is also possible for the association of race and incident
hypertension to be mediated if a factor has a differential
strength of association among black and white participants
(ie, race × potential mediating factor interaction); however, this
mechanism for mediation was beyond the scope of this study.

Because the racial difference in the level of a particular
risk factor may not be consistent among men and women,
the analyses were stratified by sex. For example, black
women have a higher body mass index (BMI; calculated as
weight in kilograms divided by height in meters squared)
than white women; however, there is a much smaller racial
difference among men.

Approximately 16% of the cohort died and an additional
24% withdrew from the study during the follow-up period, op-
ening the possibility of attrition bias affecting the study results.

Table 1. Description of Potential Mediating Factors Measured at Baseline

Potential Mediating Factor Reporting Source Classificationa

Education level ≤high school No. of grades completed reported to the interviewer Dichotomized as high school graduate or less vs some college
or more

Income ≤$35 000 Family income reported by selected categories
to the interviewer

Dichotomized as ≤$35 000 vs >$35 000

Body mass indexb Height and weight measured at in home visit Continuous variable with range from 11.5 to 59.9; higher
scores are associated with greater adiposity

Waist circumference Measured at home using a tape measure positioned
midway between the lowest rib and the iliac crest
with the participant standing

Continuous variable with range from 48.3 to 183.5 cm;
higher scores represent larger waist circumference

Heavy alcohol use NIAAA classification based on self-reported No. of drinks
per wk to the interviewer

Dichotomized as having vs not having ≥7 drinks/wk
for women and ≥14 drinks/wk for men

Does not exercise No. of times per wk of exercise enough to sweat
reported to the interviewer

Dichotomized as none vs some

High depression scale score Interviewer-administered CESD-48 Continuous variable with range from 0 to 12; higher scores
represent more depressive symptoms

High Perceived Stress Scale score Interviewer-administered Perceived Stress Scale9 Continuous variable with range from 0 to 16; higher scores
reflect more perceived stress

Low DASH diet score10 Assessed using data from the self-administered Block Food
Frequency questionnaire11

Continuous variable (original score subtracted from 38) with
range from 0 to 29; higher scores reflect being less compliant
with the DASH diet

Low Mediterranean diet score12 Assessed using data from the self-administered Block Food
Frequency questionnaire11

Continuous variable (original score subtracted from 9) with
range from 0 to 9; higher scores reflect being less compliant
with the Mediterranean diet

High Southern diet score13 Assessed using data from the self-administered Block Food
Frequency questionnaire11

Continuous variable with range from −4.5 to 8.2; higher
scores represent greater compliance with the Southern diet

High ratio of sodium to potassium Calculated from food nutrient mapping using data from the
self-administered Block Food Frequency questionnaire11

Continuous variable with range from 0.3 to 2.5; higher scores
represent a greater intake of sodium relative to potassium

Abbreviations: CESD-4, 4-item Center for Epidemiologic Studies Depression
Scale; DASH, Dietary Approaches to Stop Hypertension; NIAAA, National
Institute on Alcohol Abuse and Alcoholism.

a All mediating factors have been defined or rescaled so that higher values are
presumed to be associated with a higher risk of hypertension.

b Calculated as weight in kilograms divided by height in meters squared.
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To assess the potential magnitude of attrition bias, the analy-
ses were repeated using inverse probability weighting.15 The
inverse probability weighting approach models the lost par-
ticipants by assigning heavier weights to observed individu-
als who are similar to those who die or withdraw.

Because the goal of the study was to understand the higher
prevalence of mediating factors among survivors, analyses of
the individuals retained in the study may be more informa-
tive; however, the inverse probability weighting findings also
are included. Post hoc analyses also were performed stratify-
ing on baseline age of younger or older than 60 years to as-
sess age as an effect modifier of the difference between black
and white participants in the incidence of hypertension.

All analyses were performed using SAS version 9.4 (SAS
Institute Inc) and significance was defined by a 2-sided α = .05.

Results

The flow of the participants from inclusion in the baseline
cohort (12 262 participants with normal blood pressure lev-
els) to inclusion in the analytic cohort (6897 who participated
in the second examination; mean [SD] age, 62 [8] years; 26%
were black adults; and 55% were women) appears in Figure 1.
The individuals who were excluded for death or study with-
drawal were older compared with those included in the
analysis (mean [SD] age of 64.4 [8.4] vs 61.7 [10.6] years,
respectively) and more likely male (47% vs 45%), black
(33% vs 26%), to have incomes of $35 000 or below (42% vs
29%), and an education level of high school graduate or less
(40% vs 26%).

Figure 1. Flow of Participants From Baseline to the Analytic Cohort and Hypertensive Status at the Follow-up Visit

8910 Excluded (have hypertension)
5636 Women
3274 Men

1676 Excluded
988 Withdrew

617 Women
371 Men

599 Died
271 Women
328 Men

89 Lost to follow-up
52 Women
37 Men

12 493 Black patients assessed for
hypertension at baseline
7754 Women
4739 Men

1807 Included in analytic cohort
1112 Women

695 Men

3583 Had normal blood pressure level
2118 Women
1465 Men

100 Excluded (cannot define
hypertension status at follow-up)
66 Women
34 Men

836 Had hypertension at
follow-up
538 Women
298 Men

971 Had normal blood pressure
level at follow-up
574 Women
397 Men

1907 Completed second in-person
examination
1178 Women

729 Men

8937 Excluded (have hypertension)
4326 Women
4611 Men

3259 Excluded
1891 Withdrew

1085 Women
806 Men

1276 Died
509 Women
767 Men

92 Lost to follow-up
53 Women
39 Men

17 616 White patients assessed for
hypertension at baseline
8840 Women
8776 Men

5090 Included in analytic cohort
2660 Women
2430 Men

8679 Had normal blood pressure level
4514 Women
4165 Men

330 Excluded (cannot define
hypertension status at follow-up)
207 Women
123 Men

1679 Had hypertension at
follow-up
842 Women
837 Men

3411 Had normal blood pressure
level at follow-up
1818 Women
1593 Men

5420 Completed second in-person
examination
2867 Women
2553 Men

There were 130 participants excluded due to data anomalies. More than half of
the study participants had hypertension at baseline and were excluded from the
analysis. During the approximate 10-year follow-up, approximately 24% of the

participants withdrew from the study (reflecting a 97.1% annual retention rate)
and 13% to 14% died. Of those completing the second in-person examination,
hypertension status could be assessed in approximately 95% of participants.
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The characteristics of the participants included in the analy-
sis appear in Table 2. Black participants were younger (approxi-
mately 60 vs 63 years), had an education level of high school
graduate or less, had an income level of $35 000 or less, and had
a higher prevalence of most factors potentially associated with
incident hypertension compared with white participants.

The incidence of hypertension during the median 9.4-
year follow-up was 46% (95% CI, 44%-49%) among black par-
ticipants and 33% (95% CI, 32%-34%) among white partici-
pants. At baseline, the mean systolic blood pressure level was
117 mm Hg (SD, 12 mm Hg) in women and 120 mm Hg (SD,
10 mm Hg) in men and the mean diastolic blood pressure level
was 73 mm Hg (SD, 8 mm Hg) in women and 74 mm Hg (SD,
7 mm Hg) in men. With inclusion at baseline limited to those
without hypertension, no participants were taking an antihy-
pertensive medication.

At the follow-up visit, the mean systolic blood pressure
level was 120 mm Hg (SD, 14 mm Hg) in women and 122 mm Hg
(SD, 13 mm Hg) in men and the mean diastolic blood pressure
was 72 mm Hg (SD, 8 mm Hg) in women and 73 mm Hg (SD,
8 mm Hg) in men; and 32.6% of women and 30.8% of men were
taking an antihypertensive medication. After adjustment for
age group and baseline systolic blood pressure, the OR of in-
cident hypertension for black participants compared with white
participants was 1.35 (95% CI, 1.12-1.61) for men and 1.73 (95%
CI, 1.49-2.01) for women.

Mediating Factors Among Men
The age-adjusted least-squares mean for the Southern di-
etary pattern was −0.26 (95% CI, −0.31 to −0.21) among white
men vs 0.81 (95% CI, 0.72 to 0.90) among black men; the age-
adjusted difference in means was −1.07 (95% CI, −1.17 to −0.97)

Table 2. Participant Characteristics by Sex and Race

Potential Mediating Factor

Men Women

White (n = 2430) Black (n = 695) White (n = 2660) Black (n = 1112)
Age, mean (SD) [range], y 62.9 (8.3) [45 to 88] 60.9 (8.2) [45 to 83] 62.9 (8.3) [45 to 88] 60.6 (8.4) [45 to 87]

Education level ≤high school, No. (%) 467 (19.2) 257 (37.0) 683 (25.7) 373 (33.5)

Income ≤$35 000, No./total No. (%) 460/2234 (20.6) 245/637 (38.5) 790/2275 (34.7) 471/993 (47.4)

Body mass indexa

Total No. 2426 693 2656 1106

Mean (SD) 27.5 (4.2) 27.9 (5.0) 26.9 (5.4) 30.3 (6.2)

Waist circumference, cmb

Total No. 2427 694 2641 1105

Mean (SD) 97.2 (11.4) 96.0 (13.3) 85.1 (14.0) 91.9 (14.4)

Heavy alcohol use, No./total No. (%)c 109/2398 (4.5) 26/677 (3.8) 141/2631 (5.4) 24/1088 (2.2)

Does not exercise, No./total No. (%) 493/2405 (20.5) 171/687 (24.9) 757/2621 (28.9) 369/1100 (33.5)

Depression scale (CESD-4) scored

Total No. 2410 689 2644 1097

Median (IQR) 0 (0 to 0) 0 (0 to 1.0) 0 (0 to 1.0) 0 (0 to 2.0)

Perceived Stress Scale score, median (IQR)e 2.0 (0 to 4.0) 2.0 (0 to 4.0) 3.0 (1.0 to 5.0) 3.0 (1.0 to 6.0)

DASH diet scoref

Total No. 2067 422 2345 750

Mean (SD) 13.4 (4.3) 14.9 (4.3) 12.9 (4.3) 14.5 (4.3)

Mediterranean diet scoreg

Total No. 2043 411 2322 735

Mean (SD) 4.5 (1.7) 4.2 (1.7) 4.6 (1.7) 4.5 (1.8)

Southern diet scoreh

Total No. 2067 422 2345 750

Mean (SD) −0.3 (0.9) 0.8 (1.2) −0.6 (0.8) 0.2 (1.0)

Ratio of sodium to potassiumi

Total No. 2067 422 2345 750

Mean (SD) 0.9 (0.2) 1.0 (0.3) 0.8 (0.2) 0.9 (0.3)

Abbreviations: CESD-4, 4-item Center for Epidemiologic Studies Depression
scale; DASH, Dietary Approaches to Stop Hypertension; IQR, interquartile range.
a Calculated as weight in kilograms divided by height in meters squared. Range

from 11.5 to 59.9; higher scores are associated with greater adiposity.
b Range from 48.3 to 183.5; higher scores represent larger waist circumference.
c Defined according to the National Institute on Alcohol Abuse and Alcoholism

as �7 drinks per week in women or �14 drinks per week in men.
d Range from 0 to 12; higher scores represent more depressive symptoms.
e Range from 0 to 16; higher scores represent more perceived stress.

f Original score subtracted from 38; range from 0 to 29; higher scores reflect
being less compliant with the diet.

g Original score subtracted from 9; range from 0 to 9; higher scores reflect
being less compliant with the diet.

h Range from −4.5 to 8.2; higher scores reflect being more compliant
with the diet.

i Range from 0.3 to 2.5; higher scores represent a greater intake of sodium
relative to potassium.
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(Table 3). There also was a significant association between the
Southern diet and the risk of incident hypertension (adjusted
OR, 1.16 [95% CI, 1.06 to 1.27]; incidence proportion at the 25th
percentile of diet score, 32.4% [95% CI, 29.9% to 34.9%] and
at the 75th percentile of diet score, 36.1% [95% CI, 33.8% to
38.3%]; absolute risk difference, 3.7% [95% CI, 1.4% to 6.2%]).
The Southern dietary pattern was the largest mediating fac-
tor for differences in the incidence of hypertension, account-
ing for 51.6% (95% CI, 18.8% to 84.4%) of the higher risk of in-
cident hypertension among black men (Figure 2).

The age-adjusted prevalence of an education level of high
school or less was 20% (95% CI, 18% to 22%) for white men
and 38% (95% CI, 35% to 42%) for black men, and had an age-
adjusted difference of 18% (95% CI, 15% to 22%). In addition,
a high school education or less was significantly associated with
incident hypertension (adjusted OR, 1.22 [95% CI, 1.02 to 1.47]).
The incidence proportion for those without a high school de-
gree was 34.0% (95% CI, 32.0% to 35.9%) and was 38.7% (95%
CI, 34.6% to 42.4%) for those with a high school degree (ab-
solute risk difference, 4.6% [95% CI, 0.1% to 8.8%]) and ac-
counted for 12.3% (95% CI, 0.6% to 23.9%) of the excess risk
of hypertension among black men.

The age-adjusted mean dietary ratio of sodium to potas-
sium intake was 0.89 (95% CI, 0.87 to 0.98) for white men and
0.98 (95% CI, 0.95 to 1.00) for black men (age-adjusted dif-
ference, −0.09 [95% CI, −0.12 to −0.06]). The ratio of sodium
to potassium also was associated with incident hypertension
(OR, 1.11 [95% CI, 1.01 to 1.20]; incidence proportion at 25th
percentile, 32.9% [95% CI, 30.4% to 35.5%] and the 75th per-
centile, 35.8% [95% CI, 33.5% to 38.2%]; absolute risk differ-
ence, 2.9% [95% CI, 0.4% to 5.5%]). Together, these ac-
counted for 12.3% (95% CI, 1.1% to 22.8%) of the excess risk of
hypertension among black men.

Higher BMI was related to the risk of incident hyperten-
sion (Table 3), but because the mean BMI was similar among
black and white men, it was not a mediating factor for the ex-
cess risk of hypertension among black men (Figure 2). A larger
waist circumference was related to risk of incident hyperten-
sion, but white men had larger waist circumferences than black
men, so adjustment for waist circumference significantly in-
creased the risk of incident hypertension among black men by
8.4% (95% CI, 1.5% to 15.4%). The Perceived Stress Scale score
and less adherence to the Dietary Approaches to Stop Hyper-
tension (DASH) diet were not significantly associated with in-
cident hypertension (Table 3), and thus did not mediate the
risk of incident hypertension among black men. Less adher-
ence to the Mediterranean diet was more prevalent among
white men than black men, but was not significantly associ-
ated with the risk of incident hypertension. Prevalence of
heavier alcohol use did not differ between white men and black
men and was not associated with incident hypertension.

Mediating Factors Among Women
A larger number of factors mediated the higher risk for hyper-
tension among black women compared with white women
(Table 4 and Figure 2). Similar to men, the single largest me-
diating factor was the Southern dietary pattern; the age-
adjusted mean dietary score was −0.57 (95% CI, −0.61 to −0.54)

among white women and 0.27 (95% CI, 0.20 to 0.33) among
black women and the age-adjusted difference in means was
−0.84 (95% CI, −0.91 to −0.77). The Southern diet score was
significantly associated with incident hypertension (ad-
justed OR, 1.17 [95% CI, 1.08 to 1.28]; incidence proportion at
the 25th percentile of diet score, 31.0% [95% CI, 28.8% to
33.2%], and at the 75th percentile, 34.8% [95% CI, 32.5% to
36.8%]; absolute risk difference, 3.8% [95% CI, 1.5% to 5.8%]),
and accounted for 29.2% (95% CI, 13.4% to 44.9%) of the risk
of hypertension among black women.

Black women had a higher mean BMI and larger waist cir-
cumferences than white women, and both waist circumfer-
ence and BMI had a significant association with incident
hypertension. Among black women, BMI was the second
largest mediating factor for hypertension and accounted for
18.3% (95% CI, 11.9% to 24.6%) of the risk and larger waist
circumference was the third largest mediating factor and
accounted for 15.2% (95% CI, 9.8% to 20.6%) of the risk.
Other factors mediating the excess risk of hypertension
among black women included less adherence to the DASH
diet (11.2%), income of $35 000 or less (9.3%), higher dietary
ratio of sodium to potassium (6.8%), and education level of
high school or less (4.1%).

The Perceived Stress Scale score did not attenuate the
higher risk of hypertension among black women because of a
lack of association with the risk of incident hypertension
(Figure 2 and Table 4). Less adherence with the Mediterra-
nean diet was associated with risk of incident hypertension but
did not differ between black and white women.

Exploratory, Sensitivity, and Post Hoc Analyses
Exploratory mediation analysis of 9 factors assessed only at
follow-up suggested that low mobility may be a significant me-
diator in men and low-quality neighborhood score may be a
significant mediator in both men and women (eTables 1 through
4 and the eFigure in Supplement 1). A sensitivity analysis using
inverse probability weighting provided nearly identical re-
sults as the primary analysis, with a correlation coefficient of
0.99 for the primary analysis (additional information ap-
pears in Supplement 1).

The post hoc analyses assessing effect modification of the
mediation by age suggested a stronger association between di-
etary measures and the increased risk of hypertension among
black participants at younger ages, with only modest effect
modification by age for the other factors (eTables 5, 6, and 7
in Supplement 1).

Discussion
A high intake of the Southern diet was the largest mediator of
the difference between black and white participants in the in-
cidence of hypertension for both men and women. The South-
ern diet, defined previously in the REGARDS study,13 in-
cludes high intake of fried foods, organ meats, processed meats,
egg and egg dishes, added fats, high-fat dairy foods, sugar-
sweetened beverages, and bread. In other research, this di-
etary pattern was associated with increased risk of incident

Association of Clinical and Social Factors With Hypertension Risk in Black vs White US Adults Original Investigation Research

jama.com (Reprinted) JAMA October 2, 2018 Volume 320, Number 13 1343

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.13467


Ta
bl

e
3.

As
so

ci
at

io
n

of
Ri

sk
Fa

ct
or

sW
ith

H
yp

er
te

ns
io

n
Am

on
g

M
en

Po
te

nt
ia

lM
ed

ia
tin

g
Fa

ct
or

Sa
m

pl
e

Si
ze

Ag
e-

Ad
ju

st
ed

Le
as

t-
Sq

ua
re

sM
ea

n
(9

5%
CI

)a
Ag

e-
Ad

ju
st

ed
Di

ff
er

en
ce

Be
tw

ee
n

W
hi

te
an

d
Bl

ac
k

Pa
rt

ic
ip

an
ts

(9
5%

CI
)

Ad
ju

st
ed

O
dd

sR
at

io
(9

5%
CI

)b

Ad
ju

st
ed

In
ci

de
nc

e
Pr

op
or

tio
n

(9
5%

CI
)

Ab
so

lu
te

Ri
sk

Di
ff

er
en

ce
in

In
ci

de
nc

e
(9

5%
CI

)
W

hi
te

Bl
ac

k
W

hi
te

M
en

Bl
ac

k
M

en
Fa

ct
or

Ab
se

nt
or

25
th

Pe
rc

en
til

e
of

Fa
ct

or
Fa

ct
or

Pr
es

en
to

r7
5t

h
Pe

rc
en

til
e

of
Fa

ct
or

Ed
uc

at
io

n
le

ve
l

≤h
ig

h
sc

ho
ol

24
30

69
5

0.
20

(0
.1

8
to

0.
22

)
0.

38
(0

.3
5

to
0.

42
)

−0
.1

8
(−

0.
22

to
−0

.1
5)

1.
22

(1
.0

2
to

1.
47

)c
34

.0
(3

2.
0

to
35

.9
)

38
.7

(3
4.

6
to

42
.4

)
4.

6
(0

.1
to

8.
8)

In
co

m
e

≤$
35

00
0

22
34

63
7

0.
23

(0
.2

1
to

0.
25

)
0.

42
(0

.3
9

to
0.

46
)

−0
.1

9
(−

0.
23

to
−0

.1
5)

1.
20

(1
.0

0
to

1.
45

)c
34

.3
(3

2.
2

to
36

.4
)

38
.6

(3
4.

7
to

42
.6

)
4.

3
(0

to
8.

9)

Bo
dy

m
as

si
nd

ex
d

24
26

69
3

27
.3

(2
7.

1
to

27
.6

)
27

.6
(2

7.
2

to
27

.9
)

−0
.3

(−
0.

7
to

0.
1)

1.
22

(1
.1

3
to

1.
32

)e
32

.1
(3

0.
5

to
35

.0
)

37
.3

(3
5.

8
to

40
.3

)
5.

2
(3

.2
to

7.
7)

W
ai

st
ci

rc
um

fe
re

nc
e,

cm
24

27
69

4
96

.8
(9

6.
3

to
97

.4
)

95
.7

(9
4.

8
to

96
.6

)
1.

2
(0

.1
to

2.
2)

1.
18

(1
.0

9
to

1.
27

)e
32

.5
(3

0.
5

to
34

.6
)

36
.9

(3
4.

9
to

39
.2

)
4.

4
(2

.3
to

9.
2)

H
ea

vy
al

co
ho

lu
se

f
23

98
67

7
0.

04
(0

.0
3

to
0.

05
)

0.
03

(0
.0

2
to

0.
05

)
0.

01
(−

0.
01

to
0.

03
)

0.
97

(0
.6

7
to

1.
40

)c
34

.8
(3

3.
0

to
36

.8
)

34
.1

(2
6.

4
to

42
.7

)
−0

.8
(−

8.
6

to
7.

9)

Do
es

no
te

xe
rc

is
e

24
05

68
7

0.
20

(0
.1

8
to

0.
22

)
0.

24
(0

.2
1

to
0.

28
)

−0
.0

4
(−

0.
08

to
0)

0.
98

(0
.8

1
to

1.
18

)c
35

.0
(3

2.
9

to
36

.9
)

34
.5

(3
0.

8
to

38
.1

)
−0

.5
(−

4.
5

to
3.

7)

De
pr

es
si

on
sc

al
e

sc
or

e
(C

ES
D-

4)
g

24
10

68
9

0.
57

(0
.5

1
to

0.
64

)
0.

91
(0

.8
0

to
1.

03
)

−0
.3

4
(−

0.
47

to
−0

.2
1)

1.
05

(0
.9

7
to

1.
13

)e
34

.6
(3

2.
2

to
36

.5
)

34
.3

(3
3.

2
to

37
.1

)
0.

7
(−

0.
4

to
1.

9)

Pe
rc

ei
ve

d
St

re
ss

Sc
al

e
sc

or
eh

24
30

69
5

2.
40

(2
.2

8
to

2.
51

)
2.

86
(2

.6
6

to
3.

05
)

−0
.4

6
(−

0.
69

to
−0

.2
3)

1.
00

(0
.9

2
to

1.
08

)e
35

.2
(3

2.
5

to
37

.6
)

35
.0

(3
2.

9
to

37
.0

)
−0

.2
(−

2.
8

to
2.

5)

DA
SH

di
et

sc
or

ei
20

67
42

2
13

.3
(1

3.
1

to
13

.6
)

14
.7

(1
4.

3
to

15
.1

)
−1

.4
(−

1.
8

to
−0

.9
)

1.
05

(0
.9

6
to

1.
15

)e
33

.5
(3

0.
9

to
36

.3
)

35
.3

(3
5.

3
to

37
.8

)
1.

8
(−

1.
2

to
4.

6)

M
ed

ite
rr

an
ea

n
di

et
sc

or
ej

20
43

41
1

4.
47

(4
.3

8
to

4.
56

)
4.

19
(4

.0
2

to
4.

36
)

0.
28

(0
.0

9
to

0.
48

)
1.

01
(0

.9
2

to
1.

10
)e

34
.1

(3
1.

7
to

36
.7

)
34

.3
(3

4.
3

to
37

.0
)

0.
2

(−
3.

1
to

3.
3)

So
ut

he
rn

di
et

sc
or

ek
20

67
42

2
−0

.2
6

(−
0.

31
to

−0
.2

1)
0.

81
(0

.7
2

to
0.

90
)

−1
.0

7
(−

1.
17

to
−0

.9
7)

1.
16

(1
.0

6
to

1.
27

)e
32

.4
(2

9.
9

to
34

.9
)

36
.1

(3
3.

8
to

38
.3

)
3.

7
(1

.4
to

6.
2)

Ra
tio

of
so

di
um

to
po

ta
ss

iu
m

l
20

67
42

2
0.

89
(0

.8
7

to
0.

98
)

0.
98

(0
.9

5
to

1.
00

)
−0

.0
9

(−
0.

12
to

−0
.0

6)
1.

11
(1

.0
1

to
1.

20
)e

32
.9

(3
0.

4
to

35
.5

)
35

.8
(3

3.
5

to
38

.2
)

2.
9

(0
.4

to
5.

5)

Ab
br

ev
ia

tio
ns

:C
ES

D
-4

,4
-it

em
Ce

nt
er

fo
rE

pi
de

m
io

lo
gi

cS
tu

di
es

D
ep

re
ss

io
n

Sc
al

e;
DA

SH
,D

ie
ta

ry
Ap

pr
oa

ch
es

to
St

op
H

yp
er

te
ns

io
n.

a
Fo

rd
ic

ho
to

m
ou

sv
ar

ia
bl

es
,t

he
da

ta
ha

ve
be

en
sc

or
ed

0
fo

r“
no

”a
nd

1f
or

“y
es

”;
th

er
ef

or
e,

th
e

m
ea

n
is

eq
ui

va
le

nt
to

th
e

pr
op

or
tio

n.
b

Ad
ju

st
ed

fo
ra

ge
,r

ac
e,

an
d

ba
se

lin
e

sy
st

ol
ic

bl
oo

d
pr

es
su

re
fo

rt
he

ris
k

fa
ct

or
of

in
ci

de
nt

hy
pe

rt
en

sio
n.

Fo
re

xa
m

pl
e,

da
ta

on
ed

uc
at

io
n

w
er

e
av

ai
la

bl
e

on
24

30
w

hi
te

pa
rt

ic
ip

an
ts

an
d

69
5

bl
ac

k
pa

rt
ic

ip
an

ts
.T

he
ag

e-
ad

ju
st

ed
es

tim
at

e
of

th
e

pr
op

or
tio

n
w

ith
an

ed
uc

at
io

n
le

ve
l�

hi
gh

sc
ho

ol
w

as
20

%
fo

rw
hi

te
pa

rt
ic

ip
an

ts
(9

5%
CI

,1
8%

to
22

%
)a

nd
38

%
fo

rb
la

ck
pa

rt
ic

ip
an

ts
(9

5%
CI

,3
5%

to
42

%
),

w
hi

ch
di

ffe
re

d
by

18
%

(9
5%

CI
,1

5%
to

22
%

).
Th

e
od

ds
of

de
ve

lo
pi

ng
hy

pe
rt

en
sio

n
du

rin
g

fo
llo

w
-u

p
w

as
1.2

2-
tim

es
hi

gh
er

fo
rt

ho
se

w
ith

an
ed

uc
at

io
n

le
ve

l�
hi

gh
sc

ho
ol

(r
el

at
iv

e
to

th
os

e
w

ith
>h

ig
h

sc
ho

ol
ed

uc
at

io
n

le
ve

l);
38

.7
%

(9
5%

CI
,

34
.6

%
to

42
.4

%
)o

ft
ho

se
w

ith
an

ed
uc

at
io

n
le

ve
l�

hi
gh

sc
ho

ol
de

ve
lo

pe
d

hy
pe

rt
en

sio
n

vs
34

.0
%

(9
5%

CI
,

32
.0

%
to

35
.9

%
)o

ft
ho

se
w

ith
>h

ig
h

sc
ho

ol
ed

uc
at

io
n

le
ve

ld
ev

el
op

ed
hy

pe
rt

en
sio

n,
w

hi
ch

di
ffe

re
d

by
4.

6%
(9

5%
CI

,0
.1%

to
8.

8%
).

c
Ex

pr
es

se
d

as
th

e
di

ffe
re

nc
e

in
a

di
ch

ot
om

ou
sp

re
di

ct
or

.
d

Ca
lc

ul
at

ed
as

w
ei

gh
ti

n
ki

lo
gr

am
sd

iv
id

ed
by

he
ig

ht
in

m
et

er
ss

qu
ar

ed
.

e
Ex

pr
es

se
d

fo
ra

1-S
D

di
ffe

re
nc

e
in

a
co

nt
in

uo
us

pr
ed

ic
to

r.
f

D
ef

in
ed

ac
co

rd
in

g
to

th
e

N
at

io
na

lI
ns

tit
ut

e
on

Al
co

ho
lA

bu
se

an
d

Al
co

ho
lis

m
as

�
7

dr
in

ks
pe

rw
ee

k
in

w
om

en
or

�
14

dr
in

ks
pe

rw
ee

k
in

m
en

.
g

Ra
ng

e
fr

om
0

to
12

;h
ig

he
rs

co
re

sr
ep

re
se

nt
m

or
e

de
pr

es
siv

e
sy

m
pt

om
s.

h
Ra

ng
e

fr
om

0
to

16
;h

ig
he

rs
co

re
sp

re
se

nt
m

or
e

pe
rc

ei
ve

d
st

re
ss

.
i

O
rig

in
al

sc
or

e
su

bt
ra

ct
ed

fr
om

38
;r

an
ge

fr
om

0
to

29
;h

ig
he

rs
co

re
sr

ef
le

ct
be

in
g

le
ss

co
m

pl
ia

nt
w

ith
th

e
di

et
.

j
O

rig
in

al
sc

or
e

su
bt

ra
ct

ed
fr

om
9;

ra
ng

e
fr

om
0

to
9;

hi
gh

er
sc

or
es

re
fle

ct
be

in
g

le
ss

co
m

pl
ia

nt
w

ith
th

e
di

et
.

k
Ra

ng
e

fr
om

−4
.5

to
8.

2;
hi

gh
er

sc
or

es
re

fle
ct

be
in

g
m

or
e

co
m

pl
ia

nt
w

ith
th

e
di

et
.

l
Ra

ng
e

fr
om

0.
3

to
2.

5;
hi

gh
er

sc
or

es
re

pr
es

en
ta

gr
ea

te
ri

nt
ak

e
of

so
di

um
re

la
tiv

e
to

po
ta

ss
iu

m
.

Research Original Investigation Association of Clinical and Social Factors With Hypertension Risk in Black vs White US Adults

1344 JAMA October 2, 2018 Volume 320, Number 13 (Reprinted) jama.com

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.13467


stroke,13 coronary heart disease,16 end-stage renal disease and
chronic kidney disease,17 sepsis,18 cancer mortality,19 and cog-
nitive decline.20 The Southern diet also has been shown to be
a large mediating factor for the difference in stroke risk be-
tween black and white individuals.13

Among both men and women, a high dietary ratio of so-
dium to potassium was a significant mediating factor. Among
women, less adherence to the DASH diet was a significant

mediating factor. The National Heart, Lung, and Blood Insti-
tute high blood pressure education program concluded ran-
domized clinical trial evidence shows a delay or prevention of
hypertension with dietary interventions including reduced so-
dium intake, maintenance of adequate intake of potassium, and
consumption of a diet rich in fruits, vegetables, and low-fat
dairy products, and a diet reduced in saturated and total fat.21

The American Heart Association also has issued a scientific

Figure 2. Percentage of Mediation for the Excess Risk of Incident Hypertension in Black Men and Women

–20 20 10080600 40
% Mediation (95% CI)

P ValuePotential Mediating Factors
Education level ≤high school 

% Mediation (95% CI)

.04Men 12.3 (0.6 to 23.9)

.004Women 4.1 (1.3 to 6.8)
Income ≤$35 000

.06Men 12.0 (–0.5 to 24.4)
<.001Women 9.3 (4.8 to 13.9)

Body mass indexa

.69Men 1.2 (–4.8 to 7.2)
<.001Women 18.3 (11.9 to 24.6)

Waist circumference, cmb

.02Men –8.4 (–15.4 to -1.5)
<.001Women 15.2 (9.8 to 20.6)

Heavy alcohol use
.89Men (≥14 drinks/wk) 0.1 (–1.6 to 1.8)
.68Women (≥7 drinks/wk) 0.5 (–1.7 to 2.6)

Does not exercise
.83Men –0.3 (–3.1 to 2.5)
.09Women 1.7 (–0.3 to 3.7)

High depression scale (CESD-4) scorec

.23Men 3.6 (–2.4 to 9.6)

.05Women 2.0 (0 to 4.1)
High Perceived Stress Scale scored

.91Men –0.3 (–5.4 to 4.8)

.48Women 0.5 (–1.0 to 2.1)
Low DASH diet scoree

.27Men 4.7 (–3.7 to 13.2)
<.001Women 11.2 (5.6 to 16.8)

Low Mediterranean diet scoref

.91Men –0.3 (-5.6 to 5.9)

.07Women –3.3 (–6.8 to 0.3)
High Southern diet scoreg

.002Men 51.6 (18.8 to 84.4)
<.001Women 29.2 (13.4 to 44.9)

High ratio of sodium to potassiumh

.03Men 12.3 (1.1 to 22.8)

.01Women 6.8 (1.6 to 11.9)

A 0% mediation means none of the association between race and incident
hypertension is attributable to the factor (eg, the entire association between
race and incident hypertension is a direct effect), whereas 100% means that
race is fully mediated by the factor (eg, the total association is an indirect
association with the mediating factor). There was a negative mediation for
some factors (eg, for waist circumference in men). This implies that adjustment
for this factor resulted in an exacerbation of the risk difference for incident
hypertension with adjustment for this factor.
a Calculated as weight in kilograms divided by height in meters squared.
b For men, higher waist circumference was positively associated with the risk of

incident hypertension (odds ratio, 1.18 [95% CI, 1.09-1.27]; incidence
proportions at 25th percentile of waist circumference of 32.5% [95% CI,
30.5%-35.0%] and at the 75th percentile of waist circumference of 36.9%
[95% CI, 34.9%-39.2%]; and an absolute difference 4.4% [95% CI,

2.3%-9.2%]), but white men had a larger waist than black men; therefore, the
estimated difference between black and white adults became larger when
adjusted for waist circumference.

c The 4-item Center for Epidemiologic Studies Depression scale (CESD-4) was
used; higher scores indicate more depressive symptoms.

d Higher scores reflect more perceived stress.
e Lower scores indicate less adherence to the Dietary Approaches to Stop

Hypertension (DASH) diet.
f Lower scores indicate less adherence to the Mediterranean diet.
g Higher scores indicate more adherence to the Southern diet.
h Higher scores indicate a greater intake of sodium relative to potassium.
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statement with evidence that dietary interventions can pre-
vent or delay the development of hypertension.22

An education level of high school or less was a statistically
significantmediatingfactorof incidenthypertensionamongboth
men and women. Low educational attainment is associated with
poorer health outcomes,23 shorter life expectancy,24 and higher
systolic blood pressure and incidence of hypertension.25-30 Low
educationlevelmaybelinkedwithhypertensionthroughmecha-
nisms including higher job-related and family-related stress and
poorer diet.31 A low-quality neighborhood score was the only
other significant mediator of the difference between black and
white participants in incident hypertension for both men and
women.

The findings herein identified more mediating factors of
the racial difference in incident hypertension in women than
men. This may be partially attributable to an observed stron-
ger association of race with incident hypertension among
women than men that would provide greater statistical power
to detect mediating factors.

For both men and women, higher BMI and greater waist cir-
cumference were associated with incident hypertension. How-
ever, neither BMI nor waist circumference was higher for black
men than white men, and thus neither of these factors mediated
theriskofincidenthypertensionformen.Incontrast,blackwom-
en had higher BMI and greater waist circumference than white
women, and both BMI and waist circumference provided statis-
tically significant mediation.

Among men, a higher BMI was associated with incident
hypertension but did not differ in the prevalence of hyperten-
sion between black and white men. Interventions to lower BMI
would benefit both black and white adults; however, based on
the findings of this study, lowering BMI would not be ex-
pected to reduce the racial disparity in hypertension.

For other mediating factors, there were significant differ-
ences in the prevalence of the exposure for black and white par-
ticipants, but no association with incident hypertension. For
women, the other mediating factors included stress. For men,
the other mediating factors included depressive symptoms,

stress, and low DASH diet score. Findings suggest that an in-
tervention aimed at these factors may not reduce incident hy-
pertension among either the black or white populations.

The greatest strengths of this research are that the large
REGARDS cohort was well characterized at 2 time points sepa-
rated by approximately 10 years, and that a systematic assess-
ment of risk factors for hypertension was carried out. Al-
though the representativeness of the study population generally
has a smaller effect on the assessment of associations than the
estimation of the population prevalence of conditions, the
REGARDS cohort oversampled residents of the 8-state south-
eastern stroke belt region of the United States.

Limitations
This study had several limitations. First, approximately half
of the REGARDS cohort did not have a follow-up visit, 16% had
died, and 24% either withdrew from follow-up or declined the
visit. Initially, competing cause models32 had been consid-
ered to account for those who died; however, with the focus
of this study on the etiologic effects, the use of these models
would have been inappropriate.33 Use of inverse probability
weighting analysis15 to account for differential attrition from
the study was evaluated, and had little effect on the results.
Second, as in all clinical research, measurement error and mis-
classification of the potential meditating factors occurs. Such
misclassification would generally lead to underestimation of
the effects of potential mediating factors,34 so the reported es-
timates of the mediating effects could be underestimates.

Conclusions
In a mediation analysis comparing incident hypertension
among black adults vs white adults in the United States, key
factors statistically mediating the racial difference for both men
and women included Southern diet score, dietary ratio of so-
dium to potassium, and education level. Among women, waist
circumference and BMI also were key factors.
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