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Abstract
Background Elevated nighttime blood pressure (BP) predicts
hypertension and its complications in adulthood.
Purpose This study aimed to assess the independent effects of
race and family income on night/day BP among adolescents and
to examine whether negative emotions, low positive resources,
and unpleasant interactions during the day are also related.
Methods Healthy African American and Caucasian high
school students (N=239) wore an ambulatory BP monitor
for 48 h, recorded quality of ongoing interpersonal interac-
tions, and completed questionnaires.
Results African Americans and those with lower family in-
come had higher night/day BP ratios. African Americans
reporting greater negative emotions, lower positive resources,
and more unpleasant interactions had higher night/day BP
ratios.
Conclusions Racial differences in night BP emerge by ado-
lescence, independent of family income. African Americans,
especially those high in negative emotions and low in positive
resources, may be at higher relative risk for hypertension later
in life in part due to elevated night BP.

Keywords Race . Socioeconomic status .Ambulatory blood
pressure . BP dipping . Adolescents . Negative emotions .

Positive resources

Normal circadian rhythm of blood pressure (BP) is charac-
terized by a higher BP during the day and comparatively

lower BP at night during sleep. Accumulating evidence
shows that the absence of or a limited decline in nighttime
BP relative to daytime BP, which is called BP nondipping, is
an independent predictor of cardiovascular events and mor-
tality [1–4]. Furthermore, BP nondipping has been implicated
in the development of hypertension [5, 6] and is associated
with complications, including target organ damage [5–7]. It
has been postulated that a failure of nighttime BP to fall
contributes to an overload on the cardiovascular system,
and, thereby, inhibits the restorative processes of the body at
night [8].

Research consistently shows that African American
adults are more likely to exhibit BP nondipping, relative to
Caucasians [9–11]. It is not established when in the life span
these racial disparities emerge. Only three studies have
examined racial differences in nocturnal BP decline among
children and adolescents, two of which reported a higher
prevalence of BP nondipping among African American
youth [12–14]. Because elevated BP during childhood per-
sists into adulthood and predicts adult hypertension [15],
adolescence is a critical period during which trajectories to
cardiovascular risk are established. Thus, investigating race
and other factors related to BP nondipping during this
period of biological, social, and psychological maturation
could shed light on inequalities in cardiovascular morbidity
and mortality in adulthood.

To fully comprehend race differences in BP nondipping,
it is essential to consider socioeconomic status (SES). Re-
search indicates that lower SES individuals are at greater
risk for nondipping compared to higher SES individuals
[16–20]. Because African Americans are overrepresented
in lower SES positions [21], racial differences in BP
nondipping may be attributed in part to racial disparities in
SES. Consistent with this notion are findings that years of
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education largely attenuated the effect of race on BP
nondipping among normotensive and hypertensive adults
[19]. Moreover, being African American and low SES
may interact to confer increased risk for nondipping and
subsequent hypertension, as African Americans may be
more vulnerable to the negative impact of lower SES envi-
ronments. Indeed, only among African American adoles-
cents from lower SES neighborhoods were perceptions of
unfair treatment from others associated with higher
night/day BP ratios [14]. A primary objective of this study
was to test the independent and combined effects of race and
SES on night/day BP ratios in healthy African American
and Caucasian adolescents.

Understanding the pathways by which SES and race influ-
ence cardiovascular health is of great public health and clinical
significance [22–24]. From a psychosocial perspective, both
lower SES and minority status are thought to lead to greater
exposure to stressful circumstances and their emotional se-
quelae, which, in turn, may lead to elevated cardiovascular
risk [24, 25]. However, it is also recognized that psychosocial
resources—including intrapersonal, interpersonal, and cultur-
al resources—may be important in reducing the likelihood of
adverse cardiovascular consequences [26, 27]. These factors
may be especially applicable to understanding nondipping
because stressful circumstances and negative emotions are
known to disturb circadian rhythms [28–30].

Consistent with this perspective, a burgeoning literature
finds that adults who exhibit BP nondipping have elevated
scores on measures of anger, hostility, and depression
[31–33], and there is preliminary evidence that suggests that
African Americans may be particularly vulnerable to the toxic
effects of negative emotions on the diurnal pattern of BP [34].
Less is known about positive resources in relation to
nondipping. The few available studies report that high social
support and high life purpose are associated with dipping in
middle-aged adults [32, 35, 36]. A second aim of this study
was to examine whether nondipping was associated with high
levels of negative emotions and low levels of psychosocial
resources among adolescents and whether accounting for these
psychological factors attenuated the impact of race and SES.

Poor social relationships, including the level of conflict
experienced in relationships, have also been associated with
BP nondipping [37–39]. Conflictual interpersonal interac-
tions with family and friends are a typical feature of adoles-
cent life and are associated with negative emotions [40].
Ecological momentary assessment of ongoing conflictual
and unpleasant encounters throughout the day may provide
a more valid representation of social relationships than
global self-report measure [41]. To date, only two ambula-
tory BP studies have examined interpersonal conflict by
ecological momentary assessment, with conflict exhibiting
positive associations with within-person fluctuations in sys-
tolic (S) BP and diastolic (D) BP in one study [42] and

masked hypertension in the other [43]; these studies did not
evaluate the effects on nighttime BP or night/day ratios. A
third purpose of this study was to test the associations
between cumulative exposure to conflictual and unpleasant
interactions throughout the day and BP nondipping.

To meet study objectives, we measured ambulatory BP for
two full days and nights during the school week in a sample of
healthy African American and Caucasian high school stu-
dents. The measures of nondipping were the ratios of
night/day SBP and DBP measured during sleep and awake
periods verified by actigraphy. At the time of BP assessment,
students recorded the quality of their concurrent social in-
teractions. Thus, our study was able to test the following
hypotheses: Night/day BP ratios would be elevated among
African American and low SES adolescents. Night/day ratios
would be elevated among adolescents with high negative
emotions and low positive resources scores, with statistical
adjustment for emotions and resources attenuating any ob-
served associations of night/day ratios and ethnicity and SES.
Night/day ratios would be elevated among those who experi-
enced conflictual, unpleasant encounters throughout the day.
Furthermore, the study examined whether associations be-
tween psychosocial factors and night/day BP ratios would be
stronger in African Americans, who may be more vulnerable
because of their established risk for nondipping and hyperten-
sion in adulthood.

Method

Participants were 250 adolescents between the ages of 14 and
19 from an urban, integrated, public high school near Pitts-
burgh, PA, USA. Participants were recruited from health
classes between 2008 and 2011 for an adolescent health
project designed to measure risk factors for cardiovascular
disease and sleep. Exclusionary criteria for study participation
included parental report of children’s cardiovascular or kidney
disease, usage of medication for emotional problems, diabetes
or high blood pressure, as well as medication known to affect
the cardiovascular system or sleep. Sixteen participants who
expressed an interest in the study were ineligible to participate
based on the exclusionary criteria, and seven students who
signed consent forms did not actively enroll in the study. Of
the 250 adolescents who enrolled in the study, two adolescents
had body mass index (BMI) values that fell over four standard
deviations from the sample mean (54.6 and 58.2) and were
excluded from analyses. Also excluded were one adolescent
who did not complete the ambulatory BP monitoring pro-
cedures and two participants who removed the BP cuff on at
least one night of data collection. Six participants had missing
data for family size, which precluded calculation of an imput-
ed score for income, and four participants were missing ques-
tionnaire data. The final sample consisted of 239 adolescents.
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Measures and Procedures

Overview

Participants were recruited during physical education classes
in which trained staff presented the study objectives and
protocol. Subsequently, parents/guardians of students who
expressed an interest in the study were contacted for a screen-
ing phone interview. After obtaining signed informed consent
from the parent/guardian and student, parents/guardians were
interviewed regarding household SES and family history.
Students were then scheduled to complete a 7-day study
protocol, which included two school days and two nights of
ambulatory BP monitoring, completion of a battery of psy-
chosocial questionnaires via protected web access, a blood
draw, and actigraphy. Upon completion of the study protocol,
participants were compensated $100 for successful participa-
tion in the research project.

Ambulatory Blood Pressure Assessment

A Spacelabs Monitor 90217 was used to measure ambula-
tory BP for two days and two nights. This monitor uses the
auscultatory method of BP assessment. A BP reading was
taken every 30 min from 7:00A.M. to 10:00P.M. and hourly
thereafter. Measurements were averaged across the night,
starting when participants went to sleep and stopping when
they reported awakening in daily diaries (verified by
actigraphy) and across the remaining wake period. At least
five readings across each night were required in order to
calculate this average. Blood pressures that fell within the
participant’s self-reported sleep window were used to calcu-
late average nighttime BP; BP readings that were ±3 stan-
dard deviations from a participant’s individual mean were
treated as outliers and excluded. Night/day ratio was defined
as the ratio of average nighttime BP to average daytime BP
for SBP and DBP separately. Accordingly, a higher score
represents a smaller nocturnal decline relative to daytime BP
or more BP nondipping. We chose the night/day SBP and
DBP ratios as our primary measures because they provide
continuous measures and maximize statistical power.

Measures

Socioeconomic Status

We utilized parental education and family income as indi-
cators of SES. These two indicators are distinct in that
income is often characterized as a resource measure and
education as a prestige index of SES [21]. Parental educa-
tion was the higher level of educational attainment of either
mother or father or head of household, with 1=grade school,
2=high school diploma, 3=associate degree, and 4=college

degree, and then summarized as lower than or equal to high
school, or associate degree or higher. Family income was
reported as gross annual family income in the categories of
<$5,000, <$12,000, <$16,000, <$25,000, <$35,000,
<$50,000, <$75,000, <$100,000, and >$100,000. To create
a family size adjusted income, we first derived midpoints for
the income categories, with the open ended top category being
assigned a value of 50% above its lower boundary. Thereafter,
income was adjusted for the square root of the household size
(i.e., the number of adults and children) and a log transforma-
tion was applied to reduce skewness of the distribution. Ad-
ditionally, because the parents of 15 participants declined to
provide information about their family income, we imputed
income data by identifying families with similar structure (i.e.,
number of adults and children in the same household) and
using the midpoint of the average income category for the
comparable family constellations [17]. The results presented
below were identical to those results based on excluding those
with the imputed scores.

Assessments of Psychological Factors: Negative Emotions
and Positive Resources

Four measures of negative emotions were included. The
Positive and Negative Affect Schedule [44] consisted of
10 items each measuring global positive and negative dis-
positional affect. Participants were asked to indicate how
much they feel each affect in general ranging from 1 (not at
all) to 5 (extremely). Cronbach’s alpha coefficient for neg-
ative affect was 0.85. Depressive symptoms were assessed
using the 20-item Center for Epidemiological Studies De-
pression (CES-D) scale [45]. Participants rated the frequen-
cy of experiencing each symptom in the past week, ranging
from 1 (less than 1 day) to 4 (5–7 days). A sample item was
“I was bothered by things that usually don’t bother me.”
Higher scores indicated greater depressive symptoms.
Cronbach’s alpha coefficient for the CES-D in this sample
was 0.85. Anger was measured using the Spielberger Trait
Anger Scale [46], which consists of 10 items related to the
frequency with which the emotion of anger is generally
experienced in relation to situations and interactions with
others. Participants characterized how they generally felt,
ranging from a 1 (almost never) to 4 (almost always).
Sample items were, “I have a fiery temper” and “When I
get frustrated, I feel like hitting someone.” Higher scores
indicate greater trait anger. Cronbach’s alpha for trait anger
was 0.87. Cynicism was assessed by 12 items from the
Cook-Medley Hostility Scale [47]. Participants designated
if they believed a statement to be true or false about the
ways people behave. Sample items include, “It is safer to
trust nobody” and “I think most people would lie to get
ahead.” Higher scores indicate greater cynicism and the
Cronbach’s alpha in this sample was 0.55.
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Four measures of positive resources were included. Pos-
itive affect was derived from the Positive and Negative
Affect Scale, described above; Cronbach’s alpha for positive
affect was 0.82. Self-esteem was measured with 10 items
from the Rosenberg Self-Esteem Scale [48]. Students char-
acterized their agreement with statements regarding percep-
tions of self-worth using a scale ranging from 1 (strongly
disagree) to 4 (strongly agree). A sample item is, “I feel that
I am a person of worth, at least on an equal basis with
others.” Higher scores are indicative of higher self-esteem.
In our sample, the Cronbach’s alpha was 0.84. Optimism
was measured using the six-item Life Orientation Test—
Revised (LOT-R) [49]. Participants characterized their
agreement with each item using a scale ranging from
0 (strongly disagree) to 4 (strongly agree), with 2 being a
neutral response. A sample optimism item is, “In uncertain
times, I usually expect the best.” The LOT-R overall score
ranges from 0 to 24, and higher scores indicate greater
optimism. The LOT-R showed moderate reliability; the
Cronbach’s alpha coefficient was 0.60. Subjective social
standing was measured using the MacArthur Scale of Sub-
jective Social Standing (modified for adolescents) that was
developed as a measure of people’s perceptions of their
placement in the social hierarchy [50]. Using a picture of a
ladder with nine rungs, adolescents indicated where they
rank relative to other students in the school based on pop-
ularity, grades, respect, etc. The youth version of the
MacArthur Scale is appropriate for those grades 7 and above
or children aged 12 and older. This measure was considered
to be a positive sense of self, relative to other students.

Principal components analysis with orthogonal varimax
rotation was conducted on the scale scores from the above
questionnaires. The Kaiser–Meyer–Olkin measure verified
the sampling adequacy for the analysis, KMO=0.72. Barlett’s
test of sphericity χ2(28)=499.45, p<.01, indicated that corre-
lations between measures were sufficiently large. Two com-
ponents had eigenvalues over Kaiser’s criterion of 1 and in
combination explained 55.5 % of the variance. Four measures
(CES-D, PANAS Negative Affect, Spielberger Trait Anger,
and Cook–Medley Cynicism) loaded>.55 on the first factor,
labeled Negative Emotions, and four measures (PANAS Pos-
itive Affect, Rosenburg Self-Esteem, Optimism, and the Sub-
jective Social Standing ladder) loaded>.61 on the second
factor, labeled Positive Resources. Each score was standard-
ized and added together to form composites.

Unpleasant Social Interactions

In conjunction with the daytime ambulatory BP recordings,
participants reported via electronic diaries whether or not they
had been engaged in a social interaction (via text, phone,
internet, or in person) in the 10minutes preceding each daytime
BP recording. If “Yes” was indicated, participants answered

two questions: “Did you have a conflict or disagreement with
someone? Did you have a pleasant interaction with someone?”
The responses ranged from 1 (not at all) to 6 (a lot). The
responses for pleasantness and conflict averaged across the
total number of responses provided across the measurement
period were inversely related, r=−.42. The ratings of pleasant-
ness were reverse coded and added to the ratings of conflict to
make a total combined score, labeled unpleasant interaction
score, across the total number of responses provided across the
measurement period; eight participants with fewer than five
recorded interactions were not included in the analysis of this
variable.

Covariates

The covariates were age, sex, and BMI. Age and sex were
determined by self-report. BMI was derived from weight
and height measured on a calibrated scale nearest 0.1 kg and
0.1 cm, respectively; because of its distribution, a square
root transformation was performed.

Statistical Analyses

Race and gender differences in SES, BP, negative emotions,
positive resources, and unpleasant interaction scores were
examined by 2 (race)×2 (sex) ANOVAS. To test our hy-
potheses, we used linear regression, with covariates of age,
sex, and BMI. To meet the first aim, in separate analyses for
household income and parental education, the covariates,
race, and the SES variable were entered at step 1, and the
interaction of race and SES at step 2. To meet the second
and third aims, after entering covariates plus race and house-
hold income, negative emotions, positive resources, and
unpleasant interaction scores were entered separately in the
second step. The change in the betas for race and SES were
evaluated as to whether they were attenuated by the intro-
duction of the psychosocial scores. Finally, the interactions
between race and each of the psychosocial scores were
calculated. Significant interactions with race were further
examined by conducting race-stratified regressions. For il-
lustration only, figures show the estimated means at one
standard deviation above and below sample mean for con-
tinuous SES and psychosocial variables. Statistical signifi-
cance was set at p<.05 (two-tailed) and was conducted with
SPSS, Version 18 (SPSS Inc., Chicago, IL, USA).

Results

Sample Characteristics

The study sample included 239 participants, about half of
whom were female, with a mean age of approximately
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16 years. One hundred thirty-five participants self- reported
their race as African American and 104 as Caucasian; two
Hispanic participants were grouped with Caucasians. Re-
sults reported below were similar when the two Hispanic
participants were removed from analyses. Approximately
22 % of the adolescents were obese (BMI≥30). Using the
criterion of <10 % decline in BP during sleep relative to
daytime BP, 26 % of the adolescents would be categorized
as nondippers for SBP and 4 % for DBP.

Table 1 shows the full sample characteristics as well as race
differences in characteristics. African American adolescents
had higher SBP ratios and nighttime SBP and lower house-
hold income than Caucasians. African Americans had lower
negative emotions and higher positive resources scores than
Caucasians, each of the scales contributing to the overall
factor scores differed by race as well (data not shown). Only
one significant interaction between race and sex emerged for
BMI [F (1, 235)=5.23, p=.02], with Caucasian males
exhibiting the highest BMI (data not shown).

Table 2 shows the simple correlations among variables.
Household income and parental education were modestly
associated. Lower income was associated with higher SBP
and DBP ratios. Negative emotion scores were positively
correlated with SBP and DBP ratios. Additionally, negative
emotions were inversely correlated with positive resources.
As might be expected, adolescents who had higher negative
emotion and lower positive resource scores reported more

unpleasant social interactions throughout the two days of
monitoring.

Influence of Race and Socioeconomic Status on Night/Day
BP ratios

The results of linear regression models testing the indepen-
dent associations of race and income with BP ratios are
displayed in Table 3. Larger SBP ratios were observed
among African Americans than among Caucasians, whereas
larger DBP ratios were associated with lower household
income (base models). Moreover, income interacted with
race to predict SBP ratio. Race-stratified analyses revealed
that among African American adolescents, lower income
was associated with higher night/day SBP ratio (β=−.16,
p=.05), but not among Caucasians (β=.12 p=.25; for illus-
tration, see Fig. 1 for means of participants 1 SD above and
below sample mean). There were no significant effects
involving parental education, p’s>.25.

Influence of Negative Emotions and Positive Resources
on Night/day BP Ratios

Table 4 shows the results of the relations between negative
emotions, positive resources, and each BP ratio, independent
of variables in the base models (see Step 2). Only the summed
negative emotions were related to SBP ratio and marginally to

Table 1 Sample characteristics

Mean (standard deviation) unless noted otherwise Full sample (239) African Americans (135) Caucasians (104) F p value

Age (years) 15.71 (1.30) 15.78 (1.30) 15.63 (1.29) 0.82 0.38

Body mass index (BMI, kg/m2) 26.3 (5.95) 26.2 (5.50) 26.3 (6.52) 0.01 0.94

Parental education

≤High school, % (N) 69 (165) 56 (92) 44 (73)

>High school, % (N) 31 (74) 58 (43) 42 (31) 0.74

Household income>$25K, % (N) 47 (113) 37 (50) 61 (63) 0.001

Negative emotions −0.04 (2.94) −0.56 (2.61) 0.63 (3.20) 10.05 0.002

Positive resources 0.02 (2.75) 0.67 (2.54) −0.81 (2.79) 18.30 < 0.001

Unpleasant interactions 8.68 (1.49) 8.62 (1.49) 8.75 (1.49) 0.48 0.49

Systolic blood pressure (SBP)

SBP daytime 121.84 (9.28) 122.48 (9.29) 121.01 (9.25) 1.48 0.23

SBP nighttime 105.99 (8.93) 107.34 (8.34) 104.26 (9.40) 7.17 0.01

SBP night/day ratio 0.87 (0.05) 0.88 (0.06) 0.86 (0.04) 5.26 0.02

Diastolic blood pressure (DBP)

DBP daytime 71.98 (6.08) 72.49 (6.38) 71.32 (5.64) 2.19 0.14

DBP nighttime 57.00 (5.59) 57.58 (5.67) 56.26 (5.41) 3.31 0.07

DBP night/day ratio 0.79 (0.07) 0.80 (0.07) 0.79 (0.06) 0.50 0.48

Parental education=highest educational attainment of either mother and father/male head of household; annual income greater than $25,000 is used
only for illustration in this table, hereafter income is analyzed as a continuous variable; negative emotions=composite of standardized scores for
negative affect, depression, cynicism, and trait anger; positive resources=composite of standardized scores for optimism, self-esteem, positive
affect, and SES self ladder; unpleasant interaction=mean of conflict and unpleasant social interaction ratings
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DBP ratio. Furthermore, the standardized beta for the associ-
ation between race and SBP ratio (β=0.147, p=.023) was not
attenuated with the inclusion of negative emotions (β=0.171,
p=.01) in the model, and the relationship between family
income and DBP ratio (β=−0.175, p=.009) was not attenuat-
ed with the inclusion of negative emotions (β=−0.179,
p=.008) in the model.

Significant interactions emerged between race and negative
emotions for both SBP and DBP ratios, and race and positive
resources for DBP ratio (Table 4, Step 3). Race-stratified
analyses revealed that among African Americans, higher
scores on negative emotions were associated with higher
night/day SBP (β=.30, p<.01; r2 change=.08) andDBP ratios
(β=.29, p=.001, r2 change=.08), but not among Caucasians
(β=−.04 p=.69) and (β=−.06 p=.57), respectively. Similarly,
lower scores on positive resources were associated with higher
DBP ratio only among African Americans (β=−.20, p<.02;
r2 change=.04), but not Caucasians (β=.06 p=.59). The
above interactions are illustrated in Figs. 2 and 3 that depict
the analyses of the simple slopes at one standard deviation
above and below the mean. Of note, the effects of positive
resources (β=−.16 p=.05) on DBP ratios among African
Americans were independent of negative emotions when both
were introduced into the model (β=.27, p<.01). Stratified
analyses for African Americans showed that the inclusion of

negative emotions along with the covariates of age, sex, and
BMI accounted for 22 and 21 % percent of the variance in
SBP and DBP ratio, respectively. With the addition of positive
resources in the same model as negative emotions, 23 %
variance in DBP ratios was explained.

Influence of Unpleasant Social Interactions on Night/Day
BP Ratios

Unpleasant interactions were not associated with DBP and
SBP ratios. However, a significant interaction between race
and unpleasant interactions was observed (Table 4, step 3),
with higher unpleasant interactions associated with higher
SBP ratio among African Americans (β=−.19, p=.03,
r2 change=.02), but not Caucasians (β=.09, p=.40) in race-
stratified analyses. Figure 4 plots the regression of race by
unpleasant interaction (at one standard deviation above and
below the mean) on SBP ratio.

Discussion

The first aim of this study was to evaluate racial differences in
BP nondipping in adolescents and to extend the findings by
examining whether expected racial differences were

Table 2 Correlations among
SES, psychosocial variables, and
BP ratios

*p≤ .05; **p≤ .01; ***p≤ .001

Measures 2 3 4 5 6 7

1. Income .25*** .03 −.05 −.12 −.13* −.20**

2. Education − .01 .07 .12 −.02 −.09

3. Negative emotions − −.33*** .16* .14* .13*

4. Positive Resources − −.20** .00 −.09

5. Unpleasant interactions − −.09 −.08

6. SBP night/day ratio − .73***

7. DBP night/day ratio −

Table 3 Standardized betas
from linear regression models
regressing night/day SBP and
DBP ratios on race and income
with adjustment for covariates

Sex: 2=female, 1=male; race:
2=African American, 1=Cauca-
sian; BMI=body mass index,
SBP=systolic blood pressure;
DBP=diastolic blood pressure. R2

refers to the total variance
accounted for at step, whereas
ΔR2 refers to the additional vari-
ance accounted for by the step

SBP night/day ratio DBP night/day ratio

β p value R2 ΔR2 ΔF β p value R2 ΔR2 ΔF

Base model

Age −0.01 0.89 0.00 0.95

Sex 0.21 <0.01 0.13 0.04

BMI 0.00 0.97 0.07 0.28

Race 0.14 0.03 0.01 0.86

Income −0.07 0.32 −0.18 0.01

0.08 3.84 0.06 3.05

Interaction

Race×income −0.15 0.02 −0.09 0.15

0.10 0.02 5.35 0.07 0.01 2.09
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independent of SES. We found that African American adoles-
cents showed higher SBP night/day ratio than Caucasians,
independent of both parental education and family income.
Lower family income was associated with higher SBP ratio
for African Americans only and was associated with higher
DBP ratio in both African Americans and Caucasians. The
blunted BP decline observed among African Americans and
low income adolescents in this study is consistent with the
considerable evidence on the prevalence of BP nondipping in
African American and low SES adults [9–11, 16–20]. Taken
together, the current study replicates the extant findings in the
literature regarding the independent association between SES
and BP dipping and demonstrates that the association between
race and night/day BP ratio in adolescents cannot be explained
by racial disparities in family income.

The second aim of this study was to examine whether
negative emotions and positive resources would be related
to BP nondipping and would attenuate the associations of
race and SES. We hypothesized that adolescents who
reported high negative emotions and low positive resources
would exhibit higher night/day ratios. Our results showed

that higher scores on the composite measure of negative
emotions (anger, depressive symptoms, negative affect,
and cynicism) were associated with SBP night/day ratios.
On the other hand, neither negative emotions nor positive
resources explained race and SES effects on BP dipping.
This relationship between negative emotions and BP dip-
ping is in line with previous findings in adults [28–32]. The
finding that negative emotions did not account for demo-
graphic differences in BP is also consistent with previous
research, as only one study found that hostility and anger
expression explained racial differences in nocturnal de-
creases [31], whereas three additional studies [19, 51, 52]
did not observe that individual negative emotions explained
race differences in BP nondipping.

We also found that race moderated the association between
both negative emotions and positive resources and BP dip-
ping. Specifically, among African Americans only, higher
negative emotion scores were associated with higher SBP
and DBP ratios, with each component of the negative emo-
tions factor related (data not shown). Furthermore, low posi-
tive resources, especially low positive affect and low
optimism (data not shown), were associated with higher
DBP ratio. In contrast, negative emotions and positive re-
sources were unrelated to nocturnal decline among Caucasian
adolescents. These findings coincide with findings by Shapiro
et al. [34] and Steffen et al. [33] observed in African American
adults and suggest that African American adolescents may be
particularly vulnerable to the effects of high levels of negative
emotions and low positive resources.

The third goal of this study was to evaluate the role of
daily interpersonal stress in BP nondipping. We found no
evidence that level of unpleasant interactions reported over
two days via ecological momentary assessment mitigated
the effects of either race or SES on night/day ratio. Howev-
er, parallel to our findings on the moderating effects of
negative emotions and positive resources, we did find that
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Fig. 1 SBP night/day ratios according to family income scores (1 SD
above and below mean)

Table 4 Standardized betas from linear regression models regressing night/day SBP and DBP ratios on negative emotions, positive resources,
unpleasant interactions, and the interaction between race and each psychosocial factors, with adjustment for covariates

SBP night/day ratio DBP night/day ratio

Base model (covariates) + β p value R2 ΔR2 ΔF β p value R2 ΔR2 ΔF

Step 2: negative emotions 0.13 0.05 0.14 0.05 3.92 0.12 0.09 0.12 0.04 2.96

Step 3: race×negative emotions 0.30 0.01 0.14 0.05 12.17 0.29 0.001 0.12 0.04 11.15

Step 2: positive resources 0.01 0.94 0.08 0.00 0.01 −0.08 0.23 0.07 0.01 1.43

Step 3: race×positive resources −0.17 0.07 0.09 0.01 3.31 −0.22 0.02 0.09 0.02 5.83

Step 2: unpleasant interactions −0.07 0.28 0.10 0.01 1.17 −0.10 0.14 0.08 0.01 2.15

Step 3: race×unpleasant interactions −0.13 0.04 0.12 0.02 4.13 −0.02 0.75 0.08 0.00 0.09

Step 2: includes the basic model illustrated in Table 3, and negative emotions, positive resources, and pleasant interaction analyzed separately. Step
3 includes the basic model illustrated in Table 3, and the interaction of race and negative emotions, positive resources, and unpleasant interactions
analyzed separately. R2 refers to the total variance accounted for at step, whereas ΔR2 refers to the additional variance accounted for by the step.

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure
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more unpleasant interactions were associated with higher
SBP ratios among African American adolescents, but not
among Caucasians.

Taken together, these findings highlight the significance
of negative emotions, positive resources, and unpleasant in-
teractions for understanding BP nondipping among African
American adolescents. One plausible explanation of race
differences in the influence of these psychosocial variables
could be different patterns of cardiovascular reactivity
among African Americans and Caucasians, with African
Americans exhibiting more alpha-adrenergic (vascular) re-
sponse to laboratory stressors and Caucasians more beta-
adrenergic (cardiac), reactivity [53]. Greater vascular reac-
tivity may accelerate stiffening of the vasculature, leading to
eventual hypertension, in contrast to beta-adrenergic reactiv-
ity that may have more direct effects on atherosclerosis.
Indeed, in a different sample of adolescents than the present,
among African Americans, increasing negative mood states
(assessed by ecological momentary assessment) predicted
greater increases in ambulatory heart rate and DBPmeasured
across two schools [54]. Relatedly, African Americans’
greater sensitivity to the effects of psychosocial factors on
nocturnal BP decline could reflect diathesis stress processes

[55], such that physiological vulnerabilities conferred by
race and exposure to negative psychosocial factors interact
to place African Americans on trajectories for disruptions in
circadian BP regulation and later hypertension.

There are several strengths of this study, including the
examination of BP dipping in an adolescent sample with
representation of African American and Caucasian partici-
pants, which permitted the examination of race differences.
Additionally, we assessed BP over two nights, which in-
creased the reliability of our nondipping measure compared
to most studies that have examined dipping over a single 24-h
period, and we utilized self-reported sleep and wake times
confirmed by objective actigraphy data rather than imposing
arbitrary night and day periods. Finally, we considered posi-
tive as well as negative psychosocial factors in our explora-
tions of potential pathways leading to BP nondipping.

Notwithstanding the aforementioned strengths, the find-
ings should be interpreted in light of several limitations.
First, our study did not have a broad range of SES as
participants were from families of a low to middle class
background from a single urban high school. Thus, the
restricted family income and homogenous sample limit the
generalizablity of our findings. The excellent health of the
adolescent sample also limited the range of ambulatory BP.
Finally, the cross-sectional design of the study does not
permit inferences about causality.

In summary, our findings suggest both African American
and lower SES adolescents may be at risk for elevated
night/day BP ratios. Furthermore, African American adoles-
cents who report greater negative emotions, lower positive
resources, and more unpleasant social interactions may be
particularly vulnerable to having elevated night/day BP
ratios. Given that the sample consisted of healthy, normo-
tensive adolescents, it is striking that elevated night/day BP
ratios were associated with race, SES, and negative emo-
tions. Should these associations persist into adulthood, such
adolescents may be at high risk for later hypertension and its
complications. Interventions focused on enhancing the
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psychological resources of African American adolescents
may reduce their risk for later hypertension.
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