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Abstract

BACKGROUND—BIunted nocturnal blood pressure (NBP) dipping is a significant predictor of
cardiovascular events. Lower socioeconomic position (SEP) may be an important predictor of
NBP dipping, especially in African Americans (AA). However, the determinants of NBP dipping
are not fully understood.

METHODS—The cross-sectional associations of individual and neighborhood SEP with NBP
dipping, assessed by 24-h ambulatory BP monitoring, were examined among 837 AA adults
(Mean age: 59.2 + 10.7 years; 69.2% women), after adjustment for age, sex, hypertension status,
body mass index (BMI), health behaviors, office, and 24-h systolic BP (SBP).

RESULTS—The mean hourly SBP was consistently lower among participants in the highest
category of individual income compared to those in the lowest category, and these differences
were most pronounced during sleeping hours. The odds of NBP dipping (defined as >10% decline
in the mean asleep SBP compared to the mean awake SBP) increased by 31% (95% confidence
interval: 13-53%) and 18% (95% confidence interval: 0-39%) for each s.d. increase in income
and years of education, respectively, after multivariable adjustment.
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CONCLUSIONS—NBP dipping is patterned by income and education in AA adults even after
accounting for known risk factors. These results suggest that low SEP is a risk factor for
insufficient NBP dipping in AA.

Keywords

ambulatory blood pressure monitoring; blood pressure; hypertension; Jackson Heart Study;
nocturnal dipping; socioeconomic position; systole

A blunted blood pressure (BP) decline during sleep is a significant predictor of mortalityl—3
and cardiovascular disease (CVD) related outcomes,* including cardiac hypertrophy,
dysfunction, and structure,®8 congestive heart failure,” and renal insufficiency.® African
Americans (AA) are more likely than whites to experience blunted BP dipping or absence of
BP dipping during sleep.® This insufficient BP decline may contribute to existing disparities
in CVD and renal outcomes. Important questions remain regarding the main risk factors for
nondipping BP, especially in AA.

The association of low socioeconomic position (SEP) with cardiovascular risk factors,
including elevated BP is well recognized.19-14 Adverse neighborhood characteristics (e.g.,
socioeconomic disadvantage) have also been linked to poor cardiovascular outcomes and
higher BP, even after adjustment for individual-level SEP (e.g., annual household
income).12-19 Few studies have investigated the associations of individual and neighborhood
SEP with BP dipping. Although three studies have reported associations of BP dipping with
individual-level measures of SEP, sample sizes were small (the largest being 174
participants).20-22

We investigated associations of individual and neighborhood SEP measures with diurnal and
nocturnal ambulatory BP measures in a large population-based sample of AA adults. We
hypothesized that lower individual and neighborhood SEP would be associated with less BP
dipping during sleep and that these associations would be independent of behavioral factors,
body mass index (BMI), and other potential confounders.

METHODS

SEP

The Jackson Heart Study (JHS) is a population-based observational study of the
epidemiology of CVD in AA. Details of the study design23 and recruitment24 are provided
elsewhere. Institutional review board approval was obtained from the JHS institutions
(Jackson State University, Tougaloo College, and the University of Mississippi Medical
Center) and informed consent was received from all participants. All 5,301 JHS participants
(mean age: 54.9 years (range: 21-94 years)) were invited to participate in the 24-h
ambulatory BP monitoring (ABPM) during their scheduled baseline (2000-2004) clinic
examination. In total, 1,146 (21.6%) participants underwent ABPM.

Education was categorized into three strata: greater than or equal to a high school diploma or
graduate equivalency degree (36.0%), 1-3 years of college (25.2%), and >4 years of college
(38.8%). Annual household income was self-reported in 11 categories ranging from under
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$5,000-$100,000 or more and collapsed into four categories: <$25,000 (36.0%), $25,000—
$49,999 (26.4%), =$50,000 (27.7%), and unknown (9.9%). Education and income were also
investigated as continuous predictors. Years of education was determined by assigning the
corresponding numerical value for each year of school completed for grades 1-12, 12 years
for a graduate equivalency degree, 13 years for a vocational or trade certificate and some
college, but no degree, 14 years for an associate degree, 16 years for a bachelor degree, and
20 years for a graduate or professional degree. The median value of each income category
was used to assign a continuous income measure to each participant. For participants
classified with an “unknown” annual household income, we imputed the sex-specific
median for the annual household income of people with the same education level as the
respondent. For ease of comparison, continuous measures of income and education were
transformed into s.d. units. Each participant’s residential mailing address was geocoded to
the census tract and used as a proxy for neighborhood.2> Neighborhood SEP was defined as
the median household income from 2000 US Census. Neighborhood SEP was divided into
tertiles: <$25,900 (33.6%), $26,000-$35,000 (32.9%), and >$35,000 (33.6) and also
examined continuously in s.d. units.

Twenty-four hour ambulatory BP was obtained using a portable, noninvasive monitoring
Spacelabs 90207 Oscillometric ABPM device (Medifacts, Rockville, MD). Participants
were instructed in the proper use of the ABPM device by trained technicians. A monitoring
device with the appropriate-sized cuff was placed on the nondominant arm and programmed
to take readings at 20-min intervals. Each participant was instructed to proceed through a
normal day and keep their arm still and extended at his/her side during each BP reading.
With the participant in the seated position, 3-5 simultaneous monitor and office
sphygmomanometer correlation BP readings measures were used to calibrate each ABPM
device. According to the manufacturer’s protocol, the BP readings were considered within
range if the mean office sphygmomanometer diastolic BP (DBP) did not differ from the
mean office ambulatory DBP by + 7 mm Hg. All BP readings were edited to eliminate out-
of-range readings and errors due to motion artifacts or equipment problems. Predefined
acceptable ranges included systolic BP (SBP): 60-261 mm Hg and DBP: 30-151 mm Hg.
Participants were asked to maintain a diary of their sleep and wake times. The use of diary
information compared to fixed interval sleep times to compute awake and sleep BP averages
has been recently validated.26

Analyses were limited to participants with a minimum of 54 valid readings (75% of the 72
programmed readings), at least one valid reading per hour and complete diary information.
For each participant, mean awake and sleep BPs were calculated using recorded awake and
sleep times. We estimated three measures of awake and sleep SBP differences: (i) the
absolute difference was calculated as the difference between the mean awake and asleep
SBP; (ii) the percent difference was calculated as 1 minus the ratio of the mean sleep SBP to
the mean awake SBP; and, (iii) a “dipper” was defined as a participant with >10% decline in
the mean SBP during sleep compared to awake SBP.1-9:26 We used SBP as the key BP
measure because it has been the most consistently used measure in studies linking BP
dipping to health outcomes.1=8 In the present study, the SBP and DBP dipping measures
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were highly correlated (absolute difference: r=0.79, < 0.001; percent difference: r=0.81,
Pvalue < 0.001).

Risk factors for impaired BP dippingl:27-30 included self-reported cigarette smoking,
physical inactivity, short sleep duration, binge alcohol consumption, increased dietary intake
of sodium and potassium, and obesity. Other covariates included office BP, hypertension
status, and use of antihypertensive medications. Cigarette smoking was classified as current,
former, or never smoker. A summary score of physical activity (frequency and duration of
watching television, walking and/or biking to work, school, or errands, and physical exercise
during leisure time) was calculated from a 30-item validated questionnaire.3! Self-reported
sleep duration was ascertained using the question: “During the past month, excluding naps,
how many hours of actual sleep did you get at night (or day, if you work at night), on
average?” Daily alcohol consumption and sodium and potassium intakes were assessed from
a validated food frequency questionnaire administered face-to-face by trained
interviewers.32 BMI was calculated from in-clinic measurements of standing weight and
height using standardized procedures (kg/m?2). Office BP was measured in the seated
position after a 5-min rest using a random zero mercury sphygmomanometer with the
appropriate size cuff; the mean of two measurements was reported. Hypertension was
defined as a SBP =140 mm Hg, or DBP =90 mm Hg; self-reported use of antihypertensive
medications during the 2 weeks prior to the baseline clinic examination; or, a self-report of a
physician-diagnosis of hypertension and has been described previously.33 Antihypertensive
medication use was defined as currently taking at least one of seven classes of BP lowering
medications.33

Statistical analysis

All analyses were initially stratified by sex, hypertension status, and medication use,
separately, to explore to explore heterogeneities in the associations of SEP with BP dipping
by these factors. Statistical interactions between these factors and the SEP measures of
interest with respect to the three BP dipping outcomes were tested in age-adjusted models.
Since no consistent statistically significant interactions with SEP measures (in separate
models) were observed in age-adjusted models (A > 0.10), subsequent analyses were pooled
and adjusted for sex, hypertension status, and medication use. Associations of SEP with
relative BP difference, with percent difference in BP, and with the odds of BP dipping were
estimated using linear and logistic regression models. Hierarchical models with an identity
or logit link (continuous or binary outcome, respectively) and a random intercept for each
census tract were used to account for within tract correlations in selected analyses.
Sequential multivariable models were fit to examine the mediating or confounding effect of
different covariates on the associations of SEP with BP dipping. Model 1 (base model)
adjusted for age and sex, Model 2 adjusted the base model for hypertension status and
hypertension medication use, Model 3 added known risk factors (current cigarette smoking,
physical activity, alcohol consumption, dietary intake of sodium and potassium, and BMI)
and Models 4 and 5 added office SBP and mean 24-h SBP, respectively. In sensitivity
analyses, (i) we further adjusted for prevalent diabetes3* and CVD3° defined using standard
criteria, (ii) accounted for correlations among related participants using generalized
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estimating equations, and (iii) restricted analyses to persons not currently taking
antihypertensive medications (/7= 322). All tests were two-tailed and a probability value
<0.05 was considered statistically significant.

RESULTS

Of the 1,146 participants who underwent ABPM, 837 (Mean age: 59.2 + 10.7 years; 69.2%
women) had the minimum number of valid BP readings and complete awake-sleep diary
information as well as complete data on key socioeconomic indicators and covariates. The
837 participants included in these analyses did not differ substantially on socioeconomic
indicators or office SBP from the other JHS participants but had lower office DBP and were
more likely than the rest of the JHS cohort to be hypertensive and diabetic, taking
antihypertensive medications, and to have CVD.

Similar to the prevalences reported in other samples of AA %27 the unadjusted prevalence of
“dippers” (BP dipping >10% during sleep) was 31.5% in women and 33.2% in men.
Compared to nondippers, dippers were younger, more likely to consume moderate amounts
of alcohol and have less prevalent type 2 diabetes and CVD and lower BMI (Table 1).

The mean hourly SBP was consistently lower among participants in the highest category of
income compared to participants in the lowest category and differences by income appeared
most pronounced during sleep hours (10:00 PM-6:00 AM) (Figure 1b). Similar differences
in hourly SBP were observed across categories of education (Figure 1a) and neighborhood
SEP (Figure 1c), although differences were not as pronounced.

After adjustment for age, sex, hypertension status, and hypertension medication use (Model
2), higher income was associated with greater absolute and percent differences between
awake and sleep mean SBP (Table 2). These differences were reduced but remained
statistically significant after adjustment for standard risk factors (BMI, current cigarette
smoking, physical activity, sleep duration, alcohol consumption, dietary intake of sodium
and potassium, and BMI (Model 3)), indicating greater BP dipping in the higher income
groups. These differences were not substantially attenuated after additional adjustment for
office BP (Model 4) and mean 24-h SBP (Model 5). The largest attenuations in the
associations of income with absolute and percent differences occurred after adjustment for
standard risk factors. Associations of education with absolute and percent differences in SBP
were in a similar direction to those observed for income but were not statistically significant.

Higher income and higher education were also associated with greater odds of BP dipping
after adjustment for age, sex, hypertension status, and antihypertensive medication use
(Model 2), although associations were stronger and more likely to be statistically significant
for income than for education. Further adjustments for risk factors and office and 24-h SBP
did not substantially alter these estimates. In the fully adjusted model, the odds of BP
dipping increased by 32% (95% confidence interval: 13-54%) for each s.d. increase in
income. The associations with education were in the same direction but only marginally
statistically significant. Greater neighborhood SEP was associated with small differences in
absolute and percent SBP differences but none of the associations were statistically
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significant after multivariable adjustment and no associations with the odds of BP dipping
were observed.

Further adjustment for prevalent type 2 diabetes and CVD and accounting for clustering
within related participants did not substantially modify results (data not shown). In models
excluding participants undergoing antihypertensive therapy, similar associations between
SEP and BP dipping were observed, although there were null associations between income
and absolute and percent SBP differences (Table 3).

DISCUSSION

In this population-based sample of AA adults, greater SEP was associated with greater BP
dipping. The mean hourly SBP was consistently lower among participants in the highest
income category compared to those in the lowest income category, and these differences
were most pronounced during sleeping hours. A higher level of education was also
associated with greater BP dipping, but this association was less pronounced. The odds of
BP dipping increased by 32% and 18%, respectively for each s.d. in income and education,
even after adjustment for known risk factors. Similar patterns were observed for absolute
and percent differences between awake and asleep SBP.

Our findings are consistent with limited prior evidence suggesting that dippers are
significantly healthier than nondippers and BP dipping is socioeconomically patterned; prior
work has been based on small samples of mostly mildly hypertensive volunteer adults20:21
and undergraduates,?? the largest of which included only 42 AA participants.20 In 78
employed adults, Stepnowsky and colleagues?? reported that SEP (as measured by
occupation and education) was positively associated with dipping. Spruill er a/?! observed
that education was positively associated with greater BP dipping, even after controlling for
race. Campbell and colleagues?? found that higher childhood socioeconomic status was
associated with more BP dipping among 174 undergraduate students.

Our study is the first to examine the association between SEP and BP dipping in a large
population-based sample of middle-aged and elderly AA. BP dipping was strongly patterned
by SEP, especially income, even after adjustment for BP dipping risk factors. Although AA,
as a group, have lower rates of BP dipping than whites,® there is substantial socioeconomic
heterogeneity in BP dipping within AA. Additional adjustment for antihypertensive
medication use within 24-h of the ABPM did not materially change any of the observed
associations, although we cannot rule out differential compliance with medication or use of
different types of antihypertensive drugs by SEP as a possible explanation. Further
investigation into the mechanisms through which SEP may affect BP dipping and contribute
to racial differences in BP dipping is warranted.

Others have noted that education may be a weaker predictor of health in AA than in whites36
because of differential income returns to education in AA and whites. We found that income
was the most consistent predictor of BP dipping in a large sample of AA: for nearly each
$30,000 increase in annual household income, the odds of nocturnal BP (NBP) increased by
32%. When income and education were entered into the model simultaneously, education
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did not remain significant in any of the models (data not shown). Occupation was not
associated with BP dipping in our analyses (data not shown) although challenges in the
measurement of occupation in large population studies may have affected our ability to
detect associations.

To our knowledge, no studies have examined associations of neighborhood characteristics
with BP dipping in adults; one study of 212 adolescents reported that higher neighborhood
income was associated with lower daytime SBP after adjustment for individual-level
characteristics.3” We found no statistically significant associations of neighborhood SEP
with BP dipping measures after multivariable adjustment. However, median household
income may be a poor proxy for the neighborhood factors that may affect dipping.
Additional research needs to investigate whether more specific environmental features of
neighborhoods (e.g., noise or stressors) are related to BP dipping.

Associations of income and education with BP dipping persisted after adjustment for
established risks factors. These findings are generally similar to those of other studies,20-22
although the risk factors investigated in our study were more comprehensive. While we
cannot rule out measurement error, the fact that associations of SEP with BP dipping were
not fully explained by established risk factors suggests that other mediators may be
involved. Chronic stressors linked to SEP could play a role. Previous research?2:38-40 hag
shown that various psychological stressors, including lack of social support, anger, and
racism and discrimination, are associated with less BP dipping among AA and whites.

Strengths of our study include the availability of multiple SEP measures, the comprehensive
covariate data to adjust for confounders and the statistical power provided by the use of a
large population-based sample. The cross-sectional design of this study limits our ability to
explore temporality. Another limitation of our study is the use of one ABPM to classify BP
dipping. Nonetheless, we observed SEP differences in awake-sleep BP similar to studies
with multiple ABPM.21 The lack of objective measures of obstructive sleep apnea data
limited our ability to fully account for sleep disorders. Sample size and the high percentage
of participants on antihypertensive medications limited our ability to fully investigate effect
modification by hypertension status and medication use. The JHS cohort was not designed
to be representative of AA in the entire United States and participants included in the present
study were older, had lower office DBP and were more likely to be hypertensive, to undergo
hypertension therapy and to have prevalent type 2 diabetes and CVD than the rest of the JHS
cohort. It is not clear, however, that these selection factors would have affected the
associations between income and BP dipping in this sample. Our sample remains one of the
largest population-based samples of AA with ABPM data. We find that low SEP is a strong
risk factor for less BP dipping in AA, even after adjustment for established risk factors for
nondipping. Given that nondippers have an increased risk of CVD mortality of 51%
compared to dippers,! the magnitude of the associations we observed (e.g., a 31% increase
in the odds of dipping) could have considerable population health impact. Taken together
with known differences in SEP between AA and whites in the United States,23 our results
imply that SEP may contribute to the large differences in BP dipping observed between AA
and whites. Further investigation of the reasons for this strong income patterning of NBP
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dipping could provide important clues regarding the physiopathology of hypertension and
hypertension-related mortality.
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Figure 1.
Twenty-four hour circadian rhythm of systolic blood pressure (SBP) among African-

American men and women in the Jackson Heart Study, 2000-2004. Mean hourly unadjusted
SBP across categories of (a) education, (b) income, and (c) median neighborhood income.
HS, high school.
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Selected characteristics of the study population by blood pressure dipping status: Jackson Heart Study, 2000—

2004

Characteristic (Sifggg) N((;n:dg%%ir P value
Age, years 57.4 (10.6) 60.1(10.7)  <0.001
Female sex, % 67.9 69.6 0.623
Body mass index, kg/m?2 30.1(6.1) 31.3(6.6) 0.007
Current smoker, % 12.7 8.8 0.08
Alcohol consumption, grams/day 6.1 (22.6) 2.5(10.4) 0.015
Physical activity score 2.2(0.8) 2.1(0.8) 0.315
Sleep duration, h 6.4 (1.5) 6.4 (1.5) 0.669
Sodium, grams/day 3.9(2.4) 3.9(2.0) 0.974
Potassium, grams/day 2.7 (1.4) 27(1.2) 0.670
Office blood pressure, mm Hg

Systolic BP 1265 (17.0) 127.8(18.0)  0.329

Diastolic BP 775(105) 77.0(102) 0522
Hypertension, % 64.9 70.5 0.232
Antihypertensive medication use, % 54.9 61.3 0.121

Use within 24-h of clinic visit, % 81.2 80.6 0.336
Diabetes, % 15.7 22.3 0.013
Cardiovascular disease, % 6.4 11.0 0.034

A dipper is defined as a decline >10% in the mean systolic BP (SBP) during sleep compared to awake SBP.

BP, blood pressure.
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Table 2

Mean differences (in mm Hg) and odds ratio of BP dipping per 1-s.d. increase in SEP: Jackson Heart Study,
2000-2004

Mean differencein absolute  Mean differencein percent Oddsratio of BP dipping

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Characteristics awake-sleep SBP difference  awake-sleep SBP difference  (defined as percent difference >10%)
Education
Model 1 0.62 (-0.03,1.27)7 0.45 (-0.04, 0.94)7 1.18(1.01,1.37) "
Model 2 0.62 (-0.03,1.27)" 0.45 (-0.04, 0.94) 7 1.18 (1.01,1.37) "
Model 3 0.49 (-0.18, 1.16) 0.34 (-0.15, 0.83) 1.17 (0.99, 1.37) A
Model 4 0.50 (-0.17, 1.17) 0.34 (-0.15, 0.83) 1.17(0.99, 1.37)7
Model 5 0.54 (-0.13, 1.20) 0.39 (-0.10, 0.88) 1.18 (1.01, 1,39)*
Income
Model 1 1.22 (057, 1.87) " 0.91 (0.42, 1.40) " 1.30 (1.13, 1.51)
Model 2 1.21 (0.56, 1.86) 0.90 (0.41, 1.39) " 1.31 (1.13, 1.51)
Model 3 1.06 (0.39, 1.73) 0.78 (0.39, 1.27) 1.32 (1.13, 1.54)
Model 4 1.06 (0.39, 1.73) 0.78 (0.39, 1.27) ™ 1.32 (1.13, 1.54)
Model 5 1.05 (0.38, 1.72) ™ 0.75 (0.26, 1.24) ** 1.32 (1.13, 1.54) "
Neighborhood SEP
Model 1 0.46 (-0.19, 1.11) 0.28 (-0.21, 0.77) 1.00 (0.96, 1.03)
Model 2 0.47 (-0.18, 1.12) 0.29 (-0.20, 0.78) 1.00 (0.96, 1.03)
Model 3 0.37 (-0.30, 1.04) 0.21 (-0.28, 0.70) 0.99 (0.96, 1.03)
Model 4 0.36 (-0.31, 1.03) 0.21 (-0.28, 0.70) 0.99 (0.96, 1.03)
Model 5 0.44 (-0.23, 1.11) 0.30 (-0.19, 0.79) 1.00 (0.96, 1.03)

BP, blood pressure; SBP, systolic BP; SEP, socioeconomic position.

Model 1 adjusts for age and sex; Model 2 adjusts for variables in Model 1 plus hypertension status and medication use; and, Model 3 adjusts for
variables in Model 2 plus behavioral and anthropometric risk factors. Model 4 adjust for the variables in Model 3 plus office SBP. Model 5 adjusts

for the variables in Model 4 plus mean 24-h SBP.

*
P<0.05,

A
P<0.01,

*ok

*
P<0.001,

fP< 0.10.
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Table 3

Mean differences (in mm Hg) and odds ratio of BP dipping per 1-s.d. increase in SEP among nonhypertensive
individuals: Jackson Heart Study, 2000-2004

Mean differencein absolute  Mean differencein percent Oddsratio of BP dipping

Characteristics awake-sleep SBP difference  awake-sleep SBP difference  (defined as percent difference >10%)

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Excluding hypertension medication use (n = 322)

Education
Model 1 0.54 (-0.32, 1.40) 0.43 (-0.22, 1.08) 1.26 (0.99, 1.61)
Model 2 0.54 (-0.32, 1.40) 0.43 (-0.22, 1.08) 1.26 (0.99, 1.61) ™
Model 3 0.55 (-0.31, 1.41) 0.49 (-0.22, 1.20) 1.38 (1.05, 1,30)*
Model 4 0.70 (-0.22, 1.62) 0.55 (-0.14, 1.24) 1.38 (1.05, 1.80)
Model 5 0.73 (-0.19, 1.65) 0.73 (-0.19, 1.65) 1.40 (1.07, 1.84) *
Income
Model 1 0.92 (0.06, 1.78) " 0.68 (0.03, 1.33) " 1.13(0.89, 1.42)
Model 2 0.92 (0.06, 1.78) * 0.68 (0.03,1.33) " 1.13(0.89, 1.42)
Model 3 1.09 (0.19, 1.99) * 0.75 (0.06, 1.44) ™ 1.23(0.96, 1.58)
Model 4 1.09 (0.19, 1.99) * 0.75 (0.06, 1.44) " 1.23(0.96, 1.58)
Model 5 1.12(0.22,2.02) 0.80 (0.13, 1.47) " 1.25 (0.97, 1.60)
Neighborhood SEP
Model 1 0.19 (-0.69, 1.07) 0.04 (-0.63, 0.71) 0.98 (0.93, 1.03)
Model 2 0.18 (-0.70, 1.06) 0.05 (-0.62, 0.72) 0.98 (0.93, 1.03)
Model 3 0.30 (-0.62, 1.22) 0.12 (-0.57, 0.81) 0.98 (0.93, 1.04)
Model 4 0.31 (-0.61, 1.23) 0.12 (-0.57, 0.81) 0.98 (0.93, 1.04)
Model 5 0.39 (-0.53, 1.31) 0.25 (-0.44, 0.94) 0.99 (0.94, 1.04)

BP, blood pressure; SBP, systolic BP; SEP, socioeconomic position.

Model 1 adjusts for age and sex; Model 2 adjusts for variables in Model 1 plus hypertension status; and, Model 3 adjusts for variables in Model 2
plus behavioral and anthropometric risk factors. Model 4 adjust for the variables in Model 3 plus office SBP. Model 5 adjusts for the variables in

Model 4 plus mean 24-h SBP.
*
P<0.05,

P<0.10.
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