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Abstract
BACKGROUND—Reduced nocturnal blood pressure (BP) dipping is more prevalent among
blacks living in the United States than whites and is associated with increased target organ damage
and cardiovascular risk. The primary aim of this study was to determine whether socioeconomic
and psychosocial factors help to explain racial differences in dipping. In order to address the
limited reproducibility of dipping measures, we investigated this question in a sample of
participants who underwent multiple ambulatory BP monitoring (ABPM) sessions.

METHODS—The study sample included 171 black and white normotensive and mildly
hypertensive participants who underwent three ABPM sessions, each 1 month apart, and
completed a battery of questionnaires to assess socioeconomic and psychosocial factors.

RESULTS—As expected, blacks showed less dipping than whites, after adjusting for age, sex,
body mass index (BMI), and mean 24 h BP level (mean difference = 3.3%, P= 0.002). Dipping
was related to several of the socioeconomic and psychosocial factors examined, with higher
education and income, being married, and higher perceived social support, each associated with a
larger dipping percentage. Of these, marital status and education were independently associated
with dipping and together accounted for 36% of the effect of race on dipping.

CONCLUSIONS—We identified a number of socioeconomic and psychosocial correlates of BP
dipping and found that reduced dipping among blacks vs. whites is partially explained by marital
status (being unmarried) and lower education among blacks. We also present results suggesting
that repeated ABPM may facilitate the detection of associations between dipping and other
variables.

Blacks living in the United States suffer from disproportionately high rates of hypertension
compared with whites.1,2 In addition to significant differences in casual daytime blood
pressure (BP), studies using ambulatory BP monitoring (ABPM) to examine diurnal BP
patterns have found that blacks also have higher nocturnal BP than whites and show smaller
declines in nocturnal BP relative to daytime BP.3 The nocturnal decline represents the
normal diurnal pattern of BP,4 and disruption of this pattern appears to be an important
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prognostic factor. Individuals whose nocturnal BP declines <10% of their mean daytime BP
are typically classified as nondippers5 and have greater target organ damage and increased
risk of cardiovascular disease morbidity and mortality.6–9 A number of studies have
demonstrated that the reproducibility of dipping status is poor,10 which may reduce the
likelihood of detecting associations with other measures. The use of >1 ABPM may
facilitate the identification of predictors or outcomes of dipping but has rarely been done.

Mechanisms underlying the observed race differences in BP dipping are not well
understood. The finding that African blacks show greater dipping than US blacks—to a level
similar to that observed among whites11—suggests that environmental and psychosocial
factors may play an important role. A number of such factors have been associated with the
amount of BP dipping, including socioeconomic status,12 stressful life events,13 anger and
hostility,14 perceived racism,15 marital status,16 and aspects of social integration and social
support.13,17 Some of these factors have been found to partially mediate black–white
differences in dipping, but to our knowledge, the independent contributions of each have not
yet been examined using >1 ABPM recording.

The purpose of this study was to determine the extent to which socioeconomic and
psychosocial factors help to explain race differences in BP dipping in a sample of
normotensive and mildly hypertensive adults who completed three ABPM sessions.

METHODS
Study population

The present study was conducted as part of a larger investigation of psychological and
behavioral mechanisms of white coat hypertension. The sample includes normotensive and
mildly hypertensive participants who were recruited between 1998 and 2003 using
advertisements and physician referrals at the Weill Cornell Hypertension Center of New
York Presbyterian Hospital and Mount Sinai Medical Center in New York City. The study
was approved by the hospitals’ Institutional Review Boards. The eligibility criteria were age
18–80 years; English-speaking; no previous cardiovascular event, diabetes, or other serious
health problems; screening BP below 160/100mmHg; and participants willing, with
physician’s permission, to stop antihypertensive medication for a 10-week period (including
the 2 weeks prior to enrollment). A total of 226 black and white participants who enrolled in
the study and completed the first ABPM session were eligible for inclusion in the present set
of analyses. Of these, 171 participants (76%) completed all three ABPM sessions and
formed the sample for the primary analysis.

Procedure
Participants attended an initial recruitment visit during which eligibility was determined,
informed consent was obtained, and height and weight were measured for calculation of
body mass index (BMI). Following the recruitment visit, participants completed three
assessments, each of which involved two visits on consecutive days. The assessments were
scheduled at 1-month intervals; the median time between the first and second assessments
was 34 days (25th, 75th percentiles: 28, 41) and between the second and third assessments
was 30 days (25th, 75th percentiles: 26, 35).

On the first day of each assessment, participants were instrumented with an ABPM arm cuff
on the nondominant arm and were instructed to wear the monitor for the remainder of the
day, during sleep, and throughout the following day. Participants were given take-home
questionnaire packets and diaries in which to record sleep/wake times. The second
assessment day involved a clinic visit during which a physician obtained BP measurements
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using the opposite arm. Participants left the clinic still wearing the ABPM, which they
removed at bedtime and returned via prepaid mailer.

Measures
Ambulatory BP (ABP)—ABPM was performed using the Spacelabs 90207 ABP monitor
(Spacelabs Healthcare, Redmond, WA). Validation procedures followed the British
Hypertension Society guidelines.18 The ABPM took measurements every 30min throughout
the monitoring period for three-quarters of subjects, and every 15min during the day (6 AM–
10 PM) and 30min at night (10 PM–6 AM) for the remaining subjects. ABP data were edited to
eliminate out-of-range readings (systolic BP (SBP) <70mmHg or >220mmHg, diastolic BP
<40mmHg or >150mmHg) and errors due to motion artifacts or equipment problems. The
average daytime and nocturnal ABP for each monitoring period was computed from the
actual sleep/ wake times. Conservative time periods were used to compute daytime (10 AM–9
PM) and sleep (1 AM–5:30 PM) ABP for 6% of ABP recordings for which participants did not
report sleep/wake times. The mean number of awake and sleep ABP measurements taken
cumulatively over the three sessions were 107.3 ± 23.3 and 42.1 ± 8.7, respectively.

Self-report measures—The take-home packets included questionnaires to obtain the
following demographic and socioeconomic data: age, sex, race, years of education, annual
gross household income, marital status, and parental status (having biological or adopted
children). Participants also completed a battery of psychosocial measures, each of which has
been widely used and had good internal reliability in our sample: trait anxiety was assessed
using the 20-item subscale (α = 0.90) of the State-Trait Anxiety Inventory;19 trait anger was
assessed using the 10-item subscale (α = 0.86) of the State-Trait Anger Expression
Inventory;20 hostility was assessed using the 50-item (α = 0.90) Cook–Medley Hostility
Scale;21 neuroticism was assessed using the 12-item subscale (α = 0.86) of the NEO Five-
Factor Inventory;22 perceived social support was assessed using the 40-item (α = 0.93)
Interpersonal Support Evaluation List;23 and life stress was assessed using the Life
Experiences Survey,24 a 60-item checklist of life events.

Statistical analysis
The mean awake and sleep BPs were computed by taking the average of all awake and sleep
readings, respectively, across the three ABPM sessions. The mean BPs were quite stable
(see Table 1), and results of repeated measures analyses of variance indicated that any
differences across the sessions were not statistically significant. The primary outcome
measure was the average SBP dipping, calculated as 1 minus the ratio of the mean sleep
SBP divided by the mean awake SBP, expressed as a percentage. For descriptive purposes,
we defined nondippers as participants whose average dipping percentage was <10%, the
standard cutoff.5

The baseline characteristics of black and white participants were compared using t-tests for
continuous variables and χ2 tests for categorical variables. Multivariable regression was used
to examine the effect of race and the set of socioeconomic and psychosocial factors on the
mean dipping percentage after adjusting for age, sex, BMI, and mean 24-h SBP. We
controlled for 24-h SBP rather than awake or sleep SBP given that the latter two are used to
define dipping. Two-way interaction terms of interest were entered on the final step of the
regression equation. Because white participants were significantly more likely than black
participants to be recruited via physician referrals (49% vs. 27%, P = 0.02), and therefore
were more likely to be hypertensive, we also examined the interaction between race and
recruitment method.
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A bootstrap strategy25,26 was used to test whether socioeconomic and psychosocial factors
mediated the association between race and dipping. Specifically, 10,000 random samples
were drawn, with replacement, from the analysis sample, each with the same number of
subjects as the analysis sample. For each sample, two regression equations were estimated,
before and after inclusion of the potential mediator, and it was determined whether the race
coefficient was attenuated in the model that included the mediator. If attenuation occurred in
>95% of the bootstrap samples, we rejected the null hypothesis of “no mediation” at the α =
0.05 level. We also calculated the percent reduction in the race coefficient after including
the identified mediators in the regression equation. All analyses were performed using SPSS
v.16 (SPSS, Chicago, IL) and SAS v.9.13 (SAS Institute, Cary, NC).

RESULTS
Sample characteristics

Sample characteristics are presented in Table 2. Blacks were significantly younger (P <
0.001) and had higher BMI (P = 0.001), on average, than whites. Blacks were also less
likely than whites to be married (P = 0.04) and reported less education (P < 0.001), lower
income (P < 0.001), more life events (P = 0.008), and greater hostility (P = 0.001).
Regarding BP variables, blacks showed a smaller dipping percentage compared with whites
(P = 0.004), as expected. However, whites had somewhat higher awake SBP (P = 0.08) and
were more likely to have been diagnosed as hypertensive (P = 0.01) than blacks, likely due
to the difference in recruitment method described above.

The study sample of 171 was also compared with the 55 participants (24%) who were
excluded due to missing the second and/or third ABPM sessions. Included and excluded
participants did not differ significantly with regard to sex, hypertension status, use of
antihypertensive medications, session 1 awake BP, sleep BP, dipping status or percentage,
or psychosocial factors. Those excluded were, however, more likely to be black (P < 0.001),
younger (P = 0.009), report lower education (P = 0.005) and income (P = 0.006), and have a
higher mean BMI (P = 0.002).

Reproducibility of BP measures
Correlations among the continuous dipping measures across the three ABPM sessions
ranged from 0.42 to 0.48 (Ps < 0.001); these are similar to previous reports,27,28 but are
likely attenuated due to the sampling variability that results from having a limited number of
sleep readings each night.29 Results of a repeated measures analysis of variance indicated
that the amount of dipping did not change significantly across the sessions. As expected,
reproducibility of the dichotomous dipping measure across sessions was more limited
(kappas from 0.26 to 0.42, Ps < 0.01).

Race differences in BP dipping
A regression equation predicting dipping was estimated with age, sex, BMI, and mean 24-h
SBP entered as covariates on the first step and race entered on the second step. Results were
consistent with the unadjusted analysis and showed that race was a significant predictor (P =
0.002), with SBP dipping 3.3% more in whites than in blacks. None of the covariates were
significantly associated with dipping. Given the differential exclusion of blacks vs. whites
from the sample (due to missing the second and/or third ABPM sessions), we repeated this
analysis using dipping measures from the first session only for all 226 participants. Race
remained a significant predictor of dipping (P = 0.03).

We also examined the interaction between race and recruitment method. This interaction
was not statistically significant (P = 0.24), suggesting that despite whites having been more
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likely than blacks to be recruited via physician referrals vs. advertisements, this difference
did not substantially affect the observed race-dipping relationship.

Associations of socioeconomic and psychosocial factors with race and BP dipping
We next examined associations between dipping and each of the socioeconomic and
psychosocial variables. Greater dipping was associated with more education (r = 0.26, P =
0.001), higher income (r = 0.28, P < 0.001), being married (t = −3.95, P < 0.001), and was
marginally associated with higher perceived social support (r = 0.16, P = 0.06). In order to
identify factors that were independently associated with dipping, these variables were
entered on the second step of a regression equation, following the entry of race and the set of
covariates. Results indicated that more education and being married were each associated
with greater dipping. To rule out the possibility that multicollinearity among the predictors
influenced these results, we repeated the analysis using stepwise entry of the predictors.
Consistent with the previous analysis, only education (P = 0.03) and marital status (P <
0.001) entered the equation. Interactions of race with marital status and education were not
statistically significant, although Figure 1 shows some indication of greater race differences
in dipping at low education levels.

Given previous literature demonstrating greater health benefits of marriage for men than
women,30 we also tested whether the effect of marital status on dipping differed by sex.
Results indicated that a marginally significant sex by marital status interaction existed (P =
0.11), so we next examined the effect of marital status on dipping in separate regression
equations for men and women. Being married was more strongly associated with greater
dipping in men (P = 0.001) than in women (P = 0.06). A plot of this interaction is shown in
Figure 2.

Do socioeconomic or psychosocial factors mediate the race-dipping association?
We next examined whether education and marital status, which were each independently
associated with dipping, mediated the race-dipping association. The estimated effect of race
decreased by 21% when education was added to the equation that also controlled for age,
sex, BMI, and 24-h SBP. The mediation hypothesis was supported by the bootstrap analysis
at the P = 0.02 level of significance. Similarly, the estimated effect of race decreased by
14% when marital status was added to the equation that also controlled for the covariates.
The bootstrap analysis supported this mediation hypothesis at the P = 0.04 level of
significance. Together, education and marital status accounted for 36% of the effect of race
on dipping. When the mediators and covariates were all controlled in the regression
equation, the statistical significance of the race coefficient was reduced from P = 0.002 to P
= 0.05.

Analysis of first ABPM session
A unique element of this study was the use of three ABPM sessions, which we believe is
important given that the limited reliability of BP dipping when based on a single 24-h
recording is likely to reduce the likelihood of detecting associations with other variables. We
conducted additional analyses to evaluate whether the results presented above based on all
three sessions were comparable to those obtained when analyzing only the first session in
the same sample of 171 participants. Although the pattern of results was similar, the
association between race and dipping became somewhat weaker; the statistical significance
of the association was reduced from P = 0.002 to P = 0.03. Thus, it appears that the use of a
single ABPM session does indeed limit the ability to detect associations between dipping
and other variables that become evident when repeated monitoring is conducted.
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DISCUSSION
As previously reported, we found that blacks showed significantly less BP dipping than did
whites and were more likely to be classified as nondippers. Examination of a group of
socioeconomic and psychosocial factors revealed that being unmarried and having less
education were independent predictors of less dipping and together accounted for 36% of the
effect of race on dipping. Marriage and higher socioeconomic status are associated with
positive health outcomes,31,32 and these effects are thought to result from both a better
health behavior profile and the buffering of psychological and physiological effects of stress,
which could involve lower exposure to stress as well as the availability of greater resources
with which to cope with stress.30,33 We also found that being married was more strongly
associated with dipping among men than women, which is consistent with previous research
regarding sex differences in the beneficial health effects of marriage.30

The use of three ABPM sessions is an important and unique feature of this study. Our results
suggest that improving the reliability of diurnal BP changes through repeated monitoring
facilitates the detection of associations between dipping and other factors. Another strength
of the present study is the simultaneous examination of a range of socioeconomic and
psychosocial factors, which allowed us to assess the independent contribution of several
factors that have previously been examined in isolation. This may help to explain
discrepancies with previous studies. For example, the studies that have reported associations
between perceived social support and dipping13,17 did not assess marital status, and it is
unknown whether the effect of perceived support would have been reduced when both were
included in the analyses for those studies. In the present study, the association between
perceived support and dipping became stronger, although not statistically significant, when
marital status was excluded from the analysis, suggesting that this may be a plausible
explanation for the difference in findings.

Notwithstanding the race differences in ABPM completion—which were found to have little
effect on our results—the generalizability of these findings is enhanced by the inclusion of
both normotensives and hypertensives and participants of a wide age range and varied
socioeconomic profile. Ituarte et al.13 examined a comparable set of factors and found that
being a parent was the only independent predictor of less dipping. However, all participants
were married or living with a partner, were high school graduates, employed full-time,
nonsmokers, normotensive, and were similar with regard to socioeconomic status.
Therefore, the authors were not able to evaluate the role of marital status and were
underpowered to evaluate the role of education, the two socioeconomic factors that were
found to be most important in our study.

Several limitations of the study must be noted when interpreting these findings. First, the
number of blacks in the sample was relatively small. In addition, blacks were less likely to
complete the second and/or third ABPM sessions than whites, and therefore a greater
proportion of blacks were excluded from the analysis sample. Also, blacks were less likely
to have been recruited for the study via physician referrals than whites and were less likely
to be hypertensive. However, we have shown that these factors did not substantially
influence the results. Still, efforts to reduce such enrollment biases will enhance the
generalizability of findings of future studies in this area.

The lack of information regarding baseline medical status is an important limitation.
Although participants reported no major health problems, we were unable to evaluate the
role of possible confounds (e.g., creatinine level, glomerular filtration rate) using objective
data. Similarly, lack of data regarding lifestyle factors is a limitation. Although recent
studies suggest that race differences in dipping are not explained by dietary factors34 or
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sleep quality,35 other factors such as smoking and alcohol use may be important. We also
did not assess marital quality or exposure to racism, which have both been related to dipping
in previous studies.15,16

In conclusion, the present study contributes to the growing body of research focused on
understanding race differences in BP dipping. Our findings suggest that marital status and
socioeconomic status may help to explain the disparity between blacks and whites in BP
dipping, an important predictor of cardiovascular disease outcomes. Additional research is
needed to further explore the pathways between race and dipping using longitudinal designs
that include a comprehensive assessment of possible mediators to determine the relative
importance of the various factors that have been shown to influence dipping.
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Figure 1.
Mean blood pressure dipping percentage by race and education level. Standard error bars are
shown for each mean.
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Figure 2.
Mean blood pressure dipping percentage by marital status and sex. The sex × marital status
interaction was marginally significant (P = 0.11). The figure shows the mean dipping
percentage for each group, adjusted for age, body mass index, mean 24-h systolic blood
pressure, race, and education. P values in the figure represent the significance of the effect
of marital status in men and women separately.
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Table 1

Reproducibility of ABP measures

Awake SBP Sleep SBP

Session 1, mean ± s.d. 134 ± 14 119 ± 15

Session 2, mean ± s.d. 134 ± 14 119 ± 14

Session 3, mean ± s.d. 134 ± 14 120 ± 14

r, Sessions 1/2 0.85 0.72

r, Sessions 2/3 0.80 0.76

r, Sessions 1/3 0.85 0.76

r = Pearson correlation coefficient; all r s significant at P < 0.001.

ABP, ambulatory blood pressure; SBP, systolic blood pressure.
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