BLACK-WHITE DIFFERENCES IN AGE TRAJECTORIES OF HYPERTENSION PREVALENCE
AMONG ADULT WOMEN AND MEN, 1999-2002

Objectives: To describe age patterns of
hypertension prevalence in young through
middle-aged adults and to test the hypothesis
that hypertension prevalence rises more rap-
idly with age among Blacks than Whites in the
United States.

Design, Setting, and Participants: Using
multiple logistics regression, we predicted
probability of being hypertensive for partici-
pants ages 15-65 years in the National Health
and Nutrition Examination Survey (NHANES)
IV, 1999-2002. We estimated age-specific
Black-to-White odds ratios of hypertension
overall, by sex, and adjusted for body mass
index (BMI) and poverty income ratio. We also
followed NHANES cohorts to test whether
differential age patterns of hypertension prev-
alence by race or gender represented cohort
effects.

Main Outcome Measure: Hypertension: sys-
tolic blood pressure =140 mm Hg, diastolic
blood pressure =90 mm Hg, or current
antihypertensive medication use.

Results: Black/White odds of hypertension
increased from 1.71 to 3.12 between ages
15 and 65. Odds for women increased faster,
from 2.11 to 4.04. By age 40, Black women
had the highest hypertension rates and stee-
pest age-gradient of race/sex groups. Adjust-
ment for poverty income ratio did not affect
results. Adjustment for BMI reduced Black
women’s hypertension risk somewhat but not
men’s. Cohort analysis confirmed a more rapid
increase in hypertension prevalence among
Blacks and women.

Conclusions: Hypertension screening of
Blacks should begin at young ages. Early
diagnosis and vigilant management are critical
to addressing racial and sex differences and
their effect on cardiovascular disease, life
expectancy, and maternal and infant health.
Psychosocial stressors merit consideration as
candidates for primary prevention. Addressing
fundamental causes is needed. Understanding
the growing age-gradient increase among US
Black women is pressing. (Ethn  Dis.
2007;17:40-48)
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INTRODUCTION

Excess hypertension prevalence
among US Blacks compared to US
Whites is well documented and con-
tributes to racial disparities in adult
mortality."™ Further, adult age trajec-
tories of hypertension prevalence may
follow a steeper gradient for Blacks than
Whites. In an analysis of a national
sample of women ages 15-44 years, we
observed that at age 15, Blacks faced 1.5
times the odds of being hypertensive
than Whites, but at age 44 Blacks were
more than three times as likely to be
hypertensive than Whites.

Such an age dimension to racial
differences in hypertension is consistent
with the “weathering” hypothesis’®
that African Americans experience early
health deterioration as a consequence of
repeated experience with social or
economic adversity and with related
psychosocial stressors. These negative
health impacts can be cumulative, pro-
ducing a steeper age-gradient increase in
poor health among Blacks compared to
Whites. According to this interpreta-
tion, in addition to identifying hyper-
tension risk factors to treat or modify at
the individual level, addressing funda-
mental causes’ is necessary to eliminate

excess hypertension prevalence among
Blacks.
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However, our earlier work was based
on a single cross-section, leaving the
interpretation that hypertension preva-
lence rises more steeply with age for
Blacks than Whites subject to the
assumption that observed age patterns
approximated life-course trajectories.
An alternative possibility is that ob-
served patterns represented cohort ef-
fects; for example, smaller racial dispar-
ities among younger than older women
might reflect improved health among
Black women born in the 1960s relative
to those born in the 1930s.

The current study updates and
extends our earlier work by analyzing
recent data, studying women and men
through middle age (15-65 years), and
testing the alternative hypothesis that
cohort effects explain age/race patterns
of hypertension prevalence. We also
examine the extent to which poverty
status confounds or body mass index
(BMI) mediates Black/White differ-
ences in age patterns of hypertension
prevalence.

METHODS

For our primary analyses we used
data from the National Health and Nu-
trition Examination Survey (NHANES)
IV, 1999-2002. To test the cohort
effects hypothesis, we added data from
the first phase of NHANES III, 1988-
1991. The NHANES are stratified,
multistage probability samples, designed
to provide national estimates of health
and nutritional status for the civilian,
non-institutionalized population of the
United States.® Initially administered on
a periodic basis, beginning in 1999
NHANES became a continuous survey,
and data are released in two-year cycles.’
We combined data from the first two



The current study ...analyzes
recent data, studying women
and men through middle age
(15-65 years), and tests the
alternative hypothesis that
cohort effects explain agelrace
patterns of hypertension

prevalence.

cycles of NHANES IV (1999-2000 and
2001-2002) collected in the adult
household interview and the medical
examination.

Our NHANES IV sample included
non-Hispanic men and women, ages
15-65 years, who self-identified as
Black or White. We focused on 15- to
65-year-olds because of our interest in
the possibility of early health deteriora-
tion or “weathering” during the re-
productive and working ages, ages that
are thought of as low risk and where
hypertension has implications for preg-
nancy outcome and work disability.

Because pregnancy affects blood
pressure, we excluded pregnant women,
which reduced the sample by 14% of
White women and 8% of Black. We
also excluded individuals who were
missing data on current blood pressure
readings or health history, further re-
ducing the sample by 2% for White
men, 3% for White women, 4% for
Black men, and 6% for Black women.
The final sample size was 5,501: 1,803
White men, 1,681 White women,
1,047 Black men, and 970 Black
women.

In NHANES III and IV, blood
pressure was measured by using proce-
dures recommended by the American
Heart Association. Three blood pressure
measurements were taken during the
household interview and three during
the medical exam. Large adult and thigh
blood pressure cuffs allowed reliable
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blood pressure readings among the
obese. Blood pressure was reported as
an average of the six measurements. In
NHANES IV, reported averages exclud-
ed the first reading and also any read-
ings of zero for diastolic blood pressure,
assuming other non-zero readings ex-
isted."® We considered individuals with
a systolic blood pressure =140 or
a diastolic blood pressure =90 or who
reported the current use of antihyper-
tensive medications to be hypertensive.

STATISTICS

We fit logistic regression models to
the data to estimate the relationship
between age and hypertension preva-
lence within each race/sex group, mea-
suring age as a continuous variable from
15 to 65 years. We used results from
this model to calculate the predicted
probability of hypertension by age. We
also estimated Black-to-White odds
ratios of hypertension by using this
model. In all analyses, we followed
statistical procedures recommended by
the National Center for Health Statis-
tics to account for the complex sample
design.®

To ensure that study findings were
not driven by functional form, we
reanalyzed the data by using alternative
functional forms, including introducing
age-squared, age-cubed, and age-to-the-
fourth variables and then splines in our
estimating equations. All approaches
yielded similar results. We report results
from models where age is entered
linearly.

We adjusted estimated odds ratios
by the poverty income ratio (PIR) and
by body mass index (BMI). The PIR is
an income-to-needs variable that mea-
sures the ratio of household income to
the US poverty threshold, which varies
by family size and composition. Exten-
sive sensitivity analyses included enter-
ing PIR and BMI into equations as
categories, then linearly, then with
higher order terms, including fourth
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order polynomials. Results were insen-
sitive to these choices. We report results
based on measuring PIR as continuous
and BMI as categorical. Body mass
index (BMI) categories are lean
(<24.9), overweight (25-29.9), and
obese (>30), according to National
Institutes of Health standards. Being
overweight or obese is associated with
hypertension. Underweight, while
linked to excess mortality for other
reasons is not a hypertension risk
factor.""™'? We included it with normal
BMI in the lean category.

To test the cohort effects hypothesis,
first, we analyzed the inital phase of
NHANES 1III (1988-1991) and com-
pared results to those from the
NHANES IV analysis. Shifts in age-
specific hypertension rates between
these two datasets would suggest cohort
effects. In addition, we used the two
datasets to follow cohorts over time as
they aged. In the absence of longitudinal
data, and under the assumption that
NHANES III and NHANES IV are
each representative of the same popula-
tion, we used repeated cross-sections to
draw inferences about population
means.'*"° Using reported age at exam
to estimate birth year, we followed
individuals born between 1935 and
1975. These cohorts aged from 13-53
to 24-67 between NHANES III and
IV, respectively.

RESULTS

Sample Statistics

Table 1 describes sample character-
istics. On average, Whites were five
years older than Blacks and had a higher
PIR (income relative to needs). Approx-
imately half of Blacks in the sample
were poor, almost twice the rate for
Whites. (Poverty was defined as a PIR
=1.85, on the basis of the eligibility
cut-point for US Department of Agri-
culture food assistance programs.'®)

Women were more likely to be obese
than men, and Black women were sub-
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Table 1. Sample characteristics

Characteristic White Men White Women Black Men Black Women

Mean age (SE) 38 (.38) 38 (.40) 33 (.53) 33 (.55)
Mean systolic pressure (mm Hg) 120 (.34) 116 (.43) 123 (.54) 120 (.65)
Mean diastolic pressure (mm Hg) 73 (.31) 71 (.27) 71 (.51) 71 (.46)
Mean PIR 3.31 (.04) 3.21 (.04) 2.25 (.05) 2.04 (.05)
Mean BMI (kg/m?) 27 (.14) 27 (17) 26 (.20) 29 (.29)
% Poor 27% 28% 49% 54%
% Lean 39% 48% 50% 36%
% Obese 26% 28% 22% 41%
% Hypertensive 20% 18% 23% 26%

Table 2. Observed hypertension prevalence by age (%), with 95% confi-
dence intervals*

Age (years) White Men White Women Black Men Black Women
15-24 4 (2-8) 1 (0-5) 8 (5-13) 1 (0-5)
25-34 10 (7-15) 2 (0-5) 15 (10-21) 8 (3-21)
35-44 15 (11-20) 13 (9-17) 29 (22-38) 3 (27-39)
45-54 31 (25-36) 28 (23-34) 43 (33-54) 50 (43-58)
55-65 44 (39-48) 49 (43-54) 62 (52-71) 74 (66-81)

* Standard errors are adjusted for complex survey design per National Health and Nutrition Examination Survey
IV guidelines.

stantially more likely to be obese than obese and the most likely to be lean.

either Black men or White women and Despite being younger, Blacks had higher

men. Black men were the least likely to be hypertension prevalence than Whites.

Predicted Probability

T
15 20 25 30 35 40 45 50 55 60 65
age (years)

—=—— black ——e— white

Figure 1. Predicted probability of hypertension by age and race, NHANES IV
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Table 2 lists observed hypertension
prevalence by age. Hypertension rates
increased with age for Blacks and
Whites of both sexes. However, begin-
ning with the 25- to 34-year age group,
the probability of being hypertensive
was consistently higher for Blacks than
Whites. Between ages 35 and 65, this
disparity was greater for women than
men.

Odds Ratios

The results of fitting the logistic
regression models are shown in
Figures 1 and 2. The size of the Black-
White difference in hypertension prev-
alence increased with age from 15 to 65
(Figure 1). Blacks reached a probability
of being hypertensive at age 50 that
Whites did not reach until approxi-
mately age 64. These patterns were
more pronounced among women than
men. Beginning at age 30, Black women
had a higher probability of being
hypertensive than did White men or
women (Figure 2), and by age 40 they
surpassed Black men as well. White
women did not surpass White men until
age 55; however, by age 65 their
probability of hypertension was well
above that of White men and appeared
to be converging with that of Black
men.

Table 3 lists Black-White relative
odds of being hypertensive, overall and
by age group and sex, under different
models. Unadjusted Black-White odds
(column 1) rose from 1.71 at age 15 to
3.12 at age 65.

Black men and Black women had
higher estimated odds relative to their
White counterparts at all ages, and these
relative odds increased in size with age.
For men, the Black-White odds in-
creased from 1.61 at age 15 to 2.30 at
age 65. For women, they increased from
2.11 at age 15 to 4.04 at age 65.

Estimated male-female relative odds
of being hypertensive favored women at
younger ages, but by age 35 for Blacks
and age 55 for Whites they converged,
crossing over by age 55 for Blacks and
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Predicted Probability
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Figure 2. Predicted probability of hypertension by age, race, and gender, NHANES IV

age 65 for Whites. At age 65, White
women were =~50% more likely to be
hypertensive than White men; Black
women fared worse than Black men;
they exhibited three times the odds of
being hypertensive.

Poverty and Obesity

In the full sample, being poor or
obese was associated with excess hyper-
tension risk (Table 4). Obese sample
members had 4.2 times the odds of
being hypertensive than did the lean.
Poor sample members had 1.5 times the
odds of being hypertensive as did the
nonpoor. However, when Black-White
relative odds of hypertension were
adjusted for PIR (Table 3, column 2),
point estimates were slightly smaller,
overall and by sex, but they remained
strong and were not qualitatively differ-
ent from the unadjusted estimates
(column 1).

When we added BMI categories to
the PIR adjusted model (Table 3,
column 5), Black-White odds ratios
were only slightly reduced for the full
sample. The Black-White odds ratios

were unchanged for men, reflecting the
fact that Black and White men had
similar obesity rates. Consistent with
the greater percentage of Black com-
pared to White women who were obese,
the point estimates for women were
reduced, but the reduction was not
dramatic. Adjusted Black-White odds
ratios were not significantly different
from the unadjusted odds ratios, and
the age pattern was unchanged.
Among Whites, adjusting for PIR
left female-to-male odds unaffected,
reflecting their similar rates of poverty
and odds of being hypertensive, if poor.
This finding held true for Blacks until
age 45. Then, Black female-to-male
odds ratios appeared to increase some-
what when adjusted for PIR, although
insufficiently to qualitatively alter the
age pattern of odds ratios. After adjust-
ing for BMI as well, the estimated
disadvantage of the oldest White wom-
en compared to the oldest White men
increased slightly, but no change in
estimates at younger ages or in the
general age patterns were apparent.
Black women’s greater propensity to
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be obese than Black men resulted in
a larger advantage for Black women
under age 45 and a smaller disadvantage
for Black women over age 45, once BMI
was included in the model. However,
even taking BMI and PIR into account,
55-year-old Black women had >1.5
times the risk of being hypertensive than
Black men; by age 65, they had >2.5
times the odds of being hypertensive as
Black men.

Cohort Analysis

The four panels of Figure 3 com-
pare age profiles of hypertension for
Black and White men and women in
the NHANES III and IV data. For men,
the profiles are almost identical across
survey waves and not statistically signif-
icantly different. For women, data from
the more recent period show higher
hypertension rates; differences were
statistically significant starting at age
35 for Blacks and age 45 for Whites.
Similarly, estimated survey wave effects
were larger for Black than White
women. These findings suggest that
NHANES 1V patterns understated the
magnitude of the racial difference in the
age gradient increase in hypertension
prevalence, to a small extent.

Figure 4 shows increases in hyper-
tension prevalence in our cohort of
respondents born between the years
1935 and 1975 and followed from
1988 (when they were ages 13-53)
through 2002 (when they were age
24-67). In each race/sex category,
hypertension prevalence increased as
the cohort aged, with a larger increase
for women than for men. Moreover, the
disparity between Blacks and Whites

grew as the cohort aged.

DISCUSSION

Our findings provide evidence that
the Black/White disparity in hyperten-
sion prevalence in the United States
widens over the reproductive and work-

ing ages (ages 1565 years). The largest
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Table 3. Relative odds of being hypertensive*
PIR BMI&PIR
Age Unadjusted 95% Cl Adjusted 95% ClI Adjusted 95%Cl
Blacks compared to Whites
15 1.71% 1.07-2.73 1.69t .99-2.88 1.52 .79-2.92
25 1.938 1.35-2.76 1.848 1.23-2.76 1.72% 1.05-2.82
35 2178 1.67-2.84 2.018 1.50-2.70 1.958 1.38-2.77
45 2.458 1.98-3.04 2.208 1.76-2.75 2.228 1.72-2.86
55 2.768 2.20-3.47 2.408 1.90-3.02 2.528 1.93-3.29
65 3.128 2.31-4.21 2.608 1.91-3.58 2.868 1.96-4.17
Black men compared to White men
15 1.61t 1.03-2.52 1.54t 92-2.58 1.63t 91-2.92
25 1.748 1.23-2.43 1.60% 1.07-2.40 1.748 1.11-2.73
35 1.868 1.43-2.40 1.658 1.20-2.28 1.878 1.32-2.65
45 1.998 1.58-2.52 1.718 1.28-2.29 1.998 1.45-2.74
55 2.148% 1.62-2.84 1.778 1.27-2.46 2138 1.47-3.08
65 2.308 1.59-4.34 1.838 1.21-2.78 2.27 1.41-3.67
Black women compared to White women
15 2.11% 1.03-4.55 2.221 .99-4.96 1.71 .65-4.53
25 2.488 1.44-4.18 2.458 1.37-4.36 1.99t .99-4.00
35 2.788 1.95-3.97 2.708 1.86-3.93 2.33%8 1.49-3.67
45 3.148 2.37-4.18 2.988 2.32-3.85 2.73%8 2.02-3.67
55 3.568 2.44-5.20 3.308 2.37-4.59 3.198 2.18-4.66
65 4.048 2.30-7.07 3.648 2.15-6.15 3.728 2.03-6.84
White women compared to White men
15 248 .13-.45 228 11-.43 218 .10-.41
25 .358 .22-.55 328 .20-.53 328 .19-.53
35 .508 .38-.68 488 .35-.66 498 .35-.68
45 738 .62-.87 718 .59-.85 74% .61-91
55 1.07 .89-1.28 1.04 .85-1.29 1.14 .92-1.41
65 1.558 1.13-2.13 1.54% 1.07-2.21 1.04 1.02-1.06
Black women compared to Black men
15 328 16-.66 318 16-.62 238 12-.76
25 498 .30-.81 498 .30-.80 378 .22-.63
35 .76 .55-1.04 .78 .55-1.09 618 43-.86
45 1.16 .88-1.53 1.22 .89-1.67 1.00 .73-1.36
55 1.77% 1.16-2.70 1.938 1.25-2.98 1.64% 1.06-2.53
65 2.728 1.44-5.13 3.048 1.63-5.68 2.67% 1.42-5.06

* Calculated from logistic regression coefficients. See text for details.
t P=<.10;  P=.05; § P=.01.
PIR=poverty income ratio; BMI=body mass index.

gap between Blacks and Whites is
evident among women, largely because
of the rapid increase in hypertension
prevalence among Black women as they
age from young through middle adult-
hood.

Study findings refute the hypothesis
that cohort effects account for this
widening. Comparisons of NHANES
II and NHANES 1V analyses showed
that our NHANES IV results under-
estimated Black/White differences in
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age trajectory among women and be-
tween Black women and men.

At younger ages, women were less
likely to be hypertensive than men, but
at older ages the reverse was true. By age
40, Black women had the highest
hypertension risk, and their age-gradient
increase through middle age was steeper
than for any other race/sex group.

Calculations based on standard life
table methods'” suggest that differential
mortality cannot explain the sex cross-
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over. Instead, Black women appear to
experience a faster increase in hyperten-
sion as they age from young through
middle adulthood. This age dimension
to racial differences in hypertension
prevalence is consistent with the weath-
ering hypothesis. Most disturbing is
evidence that Black women’s age-gradi-
ent increase has become steeper in
recent years.

Although Blacks are more likely to
be poor than Whites, and although
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Table 4. Relative odds of being hypertensive by poverty income ratio, body mass

index, race, and sex

Men

Women

Both sexes

Full sample

Poor 1.50 (1.25-1.80)
Overweight 1.91 (1.44-2.52)
Obese 4.17 (3.30-5.26)
Whites

Poor 1.34 (1.09-1.63)
Overweight 2.03 (1.45-2.84)
Obese 4.48 (3.35-5.99)
Blacks

Poor 1.31 (1.02-1.68)
Overweight 1.35 (1.01-1.80)
Obese 2.53 (1.85-3.47)

1.53 (1.15-2.04)
2.16 (1.47-3.17)
3.96 (2.77-5.67)

1.48 (1.05-2.08)
2.46 (1.57-3.86)
4.41 (2.83-6.87)

1.27 (.85-1.89)
1.60 (1.01-2.51)
3.43 (2.44-5.24)

1.51 (1.17-1.95)
1.52 (1.05-2.18)
4.60 (3.32-6.38)

1.22 (.96-1.55)
1.44 (.95-2.17)
4.78 (3.29-6.93)

1.31 (.93-1.85)
1.06 (.57-1.94)
1.98 (1.05-3.74)

women, especially Black women, are
more likely to be obese than men,
neither PIR nor obesity accounted for

the differential age gradient in hyper-
tension prevalence between Blacks and
Whites or between men and women.

Prior evidence on the relationship
between socioeconomic position and
hypertension is not neatly summarized.
In US studies, the relationship is
generally inverse, but the magnitude of
this association is often small."® In their
comparison of hypertension rates
among several populations of African
descent, Cooper et al'? found US Blacks
to have much higher hypertension rates
than African or Caribbean populations,
despite much deeper and more wide-
spread poverty among the non-US
populations. In a study of Jamaicans,
Mendez et al* found hypertension rates
to be highest among the wealthiest
women. We found variation in the
extent to which the poor faced greater
odds of hypertension. Black women,
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Figure 4. Predicted probability of hypertension by age, race, gender, and cohort

who were most likely of the four race/
sex groups to be poor, were least likely
to be hypertensive if poor; White men,
who were least likely to be poor, were
most likely to be hypertensive if poor.
Our finding that economically advan-
taged Blacks faced almost the same
excess hypertension risk as poor Blacks
is consistent with a growing body of
literature that suggests that, for African
Americans, higher economic status is
more protective against early mortality
than against early morbidity.?'*

Obesity was associated with elevated
risk of hypertension in the sample
overall but accounted for none of the
difference between Black and White
men, and only a small fraction of the
differences between Black and White
women or between Black women and
men. Unlike obese women, Black
women who were overweight were not
at greater hypertension risk than their
leaner counterparts.

The current findings imply the need
to consider other factors that may
produce or mediate excess Black hyper-
tension risk in the United States, with
particular focus on factors whose effects

46

are cumulative and affect Black women.
Contributing factors are likely to be
multiple and span psychosocial, dietary,
activity, and environmental factors,
among others. While gene-environment
interactions may be important, Cooper

et all 9,25-26

caution against inferring
a strictly genetic explanation for the
excess hypertension rates of Blacks in
the United States.

Psychosocial stressors merit further
study. Persistent high-effort coping with
acute and chronic stressors can have
a profound effect on health through
stress-related diseases such as hyperten-
sion.”” ™’ Preliminary studies suggest
the benefit of stress reduction for
hypertensive Blacks.?® Its value for
primary prevention requires testing.
For African Americans, the stress in-
herent in living in a race-conscious
society that stigmatizes and disadvan-
tages Blacks may help explain why they
experience hypertension rates typical of
Whites who are significantly older.”'
Studies find racial discrimination to be
associated with hypertension®>? In
a sample of Black Caribbean women,
Tull et al*® found evidence that in-
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The largest gap between
Blacks and Whites is evident
among women, largely because
of the rapid increase in
hypertension prevalence
among Black women as they
age from young through
middle adulthood.

ternalized racism was also associated
with increased obesity and central
adiposity, both of which are hyperten-
sion risk factors.

For Black women, the psychosocial
effects of racism may be compounded
by the “double jeopardy” of being both
Black and female or by the stress
inherent in fulfilling multiple roles as
economic providers and dependent
caretakers.>® African American women
play central roles in extended family
economies and caretaking systems, ful-
filling multple demands from both
older and younger dependents in these
multigenerational networks.>*%” Mid-
dle-class Black women may experience
token stress, role overload,”® or psycho-
social stress as they maintain a dual
identity as autonomous professionals
and as responsive and connected mem-
bers of their families or communities of
origin.39’4° The unique demands on
Black women across social class may
lead to role strain, caregiver stress, or
allostatic overload, all risk factors for
stress-related disease.

Recent rescarch by Epel et al!
suggests that stress is related to acceler-
ated cellular aging in reproductive-age
women, through decreased telomerase
activity and shortened telomeres. Epel et
al found these markers were associated
with high perceived stress in their entire
sample and with length of caregiving in
women caring for a chronically ill child.



Aviv and Aviv found an association
between telomere length and hyperten-
sion.*> The current study’s findings do
not speak directly to mechanistic path-
ways or to the possible role of stressors.
However, Black women’s particularly
steep age-gradient increase in hyperten-
sion suggests psychosocial stressors mer-
it further study.

In the absence of strong direct
evidence to inform primary prevention
or address fundamental causes, study
findings underscore the importance of
hypertension screening for Blacks be-
ginning at young ages. Ensuring African
Americans access to health services that
provide early diagnosis and vigilant
medical management of hypertension
is critical to reducing its effect on
cardiovascular disease, maternal and
infant health, active life expectancy,
and excess mortality.
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