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Abstract

Objective—Living in adverse neighborhood conditions has been linked with greater prevalence 

of cardiovascular disease (CVD). We aimed to learn whether perceived neighborhood problems 

are related to attenuated nocturnal blood pressure (BP) dipping, a risk factor for CVD morbidity.

Method—A sample of 133 adults (71 male, 62 female; 80 White, 53 Black) underwent 24-hr 

ambulatory blood pressure monitoring. The neighborhood problem scale (NPS) was used to assess 

neighborhood environmental stressors.

Results—Nocturnal dipping in systolic (SBP), diastolic (DBP) and mean arterial (MAP) blood 

pressure was reduced in individuals with higher NPS scores (p < .05). Hierarchical regression 

analyses revealed that neighborhood problems explained 4%–6% of the variance in SBP, DBP, 

and MAP dipping (p < .05) even after adjusting for several theoretical confounders such as social 

status, age, gender, race, body mass index (BMI), smoking, exercise, depression and 

discrimination.

Conclusion—Neighborhood problems may contribute to attenuated BP dipping beyond the 

effect of known risk factors.
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Several studies have linked adverse neighborhood conditions with cardiovascular disease 

(CVD) risk factors and greater prevalence of CVD morbidity (Chaix, 2009; Chaix et al., 

2010; Diez Roux, 2007; Diez Roux et al., 2001). Most of these studies have characterized 

the neighborhood status in terms of aggregate measures of socioeconomic status (SES) or 

indices of deprivation constructed by combined aggregate measures (Diez Roux, 2001). A 

different view on relationships between neighborhood and health has been provided by 

evaluating individuals’ experience of adverse neighborhood conditions in terms of perceived 

neighborhood problems (Elo, Mykyta, Margolis, & Culhane, 2009; Steptoe & Feldman, 

2001). Researchers have developed scales to assess the self-reported severity of 

neighborhood characteristics such as safety, litter, noise, poor availability of services, 

vandalism, or poor social cohesion—all of which may relate to chronic stress. Self-reported 

neighborhood problems have been related to important CVD predictors/risk factors such as 

poor self-rated health, smoking, psychological distress, impaired physical function, higher 

blood pressure (BP) and depressive symptoms (Gary et al., 2008; Mujahid et al., 2008; 

Steptoe & Feldman, 2001; Yen, Michael, & Perdue, 2009; Yen, Yelin, Katz, Eisner, & 

Blanc, 2008).

Attenuated nocturnal BP dipping is considered a significant risk factor for developing CVD, 

hypertensive cardiovascular complications, cardiovascular organ damages, and all-cause 

mortality (Cuspidi et al., 2004; Fagard et al., 2009, 2008; Liu et al., 2003; Mancia et al., 

2007; Palatini et al., 1992; Phillips, Sheinart, Godbold, Mahboob, & Tuhrim, 2000; Rizzoni 

et al., 1992). There is evidence that measures of nocturnal BP dipping can be more 

predictive of cardiovascular outcomes than daytime or overall BP (Ohkubo et al., 2002; 

Staessen et al., 1999; Thomas, Nelesen, & Dimsdale, 2004). Although associations between 

nocturnal BP dipping and a number of factors that may be related to neighborhood problems 

have been studied (e.g., global measures of perceived stress, individual/neighborhood SES, 

violence, discrimination) (Hickson et al., 2011; Stepnowsky, Nelesen, DeJardin, & 

Dimsdale, 2004; Tomfohr, Cooper, Mills, Nelesen, & Dims-dale, 2010; Wilson, Kliewer, 

Teasley, Plybon, & Sica, 2002), little research has been done on whether the comprehensive 

experience of neighborhood problems is related to nocturnal BP dipping. To address this 

issue, we examined association patterns between the severity of perceived neighborhood 

problems and nocturnal systolic blood pressure (SBP) dipping, diastolic blood pressure 

(DBP) dipping, and mean arterial pressure (MAP) dipping. We hypothesized that individuals 

with more perceived neighborhood problems would exhibit reduced nocturnal BP dipping.

Method

Participants and Procedures

Participants were volunteers from a larger study on health, stress and ethnicity. The study 

was approved by the University of California, San Diego (UCSD) Institutional Review 

Board. Patients were prescreened for eligibility and examined by a physician. They were 

then consented and completed a number of demographic and psychosocial assessments, 

including body mass index (BMI). Fifty-eight women (24 African Americans and 34 

Caucasian Americans) and 68 men (27 African Americans and 41 Caucasian Americans) 

between 19 and 53 years underwent 24-hr ambulatory blood pressure monitoring (ABPM) 
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during the work week (see Table 1 for sample characteristics). Participants were recruited 

between 2006 and 2010 using advertisements and announcements. Since we aimed to 

examine the relationship between neighborhood problems and BP dipping in a nonclinical 

sample and to reduce the likelihood of confounding variables intervening in associations of 

study variables, a number of exclusion criteria were applied. Exclusionary criteria were: 

Current diagnoses of a clinical illness other than hypertension, history of psychosis or sleep 

disorder, current alcohol or drug abuse, moderate or heavy smoking (>10 cigarettes/day), 

increased caffeine intake (>600 mg/day), hormonal medication (including the contraceptive 

pill or hormone replacement therapy), BP ≥170/105 mmHg and any medication use. Two 

subjects with antihypertensive medication were accepted for participation and enrolled after 

a 3-week drug washout period supervised by the study physician.

Nocturnal BP Dipping

The ABPM device (Spacelabs Model 90207, Redmond, WA) was programmed to measure 

BP at 15-min intervals between 6 a.m. and 10 p.m. and at 30-min intervals between 10 p.m. 

and 6 a.m. ABPM readings were examined for artifacts through standard Spacelab default 

and visual inspection. BP readings that differed by more than 35 mmHg from one reading to 

the next reading were deleted (total number of valid readings, M = 69.8, SD = 11.8). 

Timeframes for sleep and wake were based on the participant's self-reported bedtime. 

Nocturnal SBP, DBP, and MAP dipping was calculated by subtracting the average of sleep 

readings from the average of wake readings. The described procedure generates dipping 

values with adequate reliability (Dimsdale et al., 2000).

Neighborhood Problems

The 10-item neighborhood problems scale (NPS) was used to measure neighborhood 

stressors. The NPS has been described in detail elsewhere (Steptoe & Feldman, 2001). In 

short, participants are asked to rate the degree of 10 neighborhood conditions that may result 

in chronic stress (e.g., litter, noise, poor availability of services, crime, vandalism) using a 3-

point scale from 1 (not a problem) to 2 (some problem) to 3 (serious problem). Scores can 

range from 10 to 30, with higher scores representing greater neighborhood problems. The 

NPS shows acceptable to good internal consistency. Principle components analysis indicated 

that all items load on a single factor (Feldman & Steptoe, 2004; Steptoe & Feldman, 2001).

Covariate Measures

Socioeconomic conditions are strongly related to neighborhood problems and have been 

suggested to influence health in part via the perceived neighborhood strain (Feldman & 

Steptoe, 2004). However, socioeconomic conditions may also affect cardiovascular health 

through other pathways; for example, negative emotions that result from a low perceived 

social position (Cooper et al., 2010; Euteneuer, Mills, Rief, Ziegler, & Dimsdale, 2012; 

Ghaed & Gallo, 2007). Thus, socioeconomic status was considered as a covariate by 

calculating the Hollingshead Two-Factor Index (HTFI), a well-established indicator of 

socioeconomic status, which is based on weighted values (1 to 7) of education and 

occupation levels (Hollingshead, 1957). HTFI scores can range from 11 to 77, with lower 

scores representing higher SES. This social index corresponds to social class categories that 
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are illustrated for characterization of the sample in Table 1: I (high social class); II (high-

medium social class); III (medium social class); IV (low-medium social class); V (low social 

class). All analyses are based on the continuous HTFI scores. Since subjective measures of 

socioeconomic status have frequently been shown to be more strongly related to 

cardiovascular health outcomes than objective measures, the MacArthur Scale for Subjective 

Social Status was also used to assess subjective social status (Adler, Epel, Castellazzo, & 

Ickovics, 2000). In short, subjects are asked to rate their place on the rung of a “social 

ladder” in relation to those who are the best and worst off with respect to money, education, 

and respected jobs in the United States. Lower scores indicate lower subjective social status.

Daytime BP, sociodemographic and health-related variables such as age, race, smoking 

status, body mass index (BMI), depression, and everyday discrimination may influence 

nocturnal blood pressure dipping (Cuspidi et al., 2008; Profant & Dimsdale, 1999; Scuteri et 

al., 2009; Smart Richman, Pek, Pascoe, & Bauer, 2010; Spruill et al., 2009; Tomfohr et al., 

2010), and may in part be confounded with perceived neighborhood problems (Feldman & 

Steptoe, 2004; Steptoe & Feldman, 2001; Thomas, Nelesen, Ziegler, Natarajan, & Dimsdale, 

2009). Thus, these variables were also considered as control variables.

The severity of depressive symptoms was assessed with the well-established 20-item Center 

of Epidemiological Studies–Depression Scale (Radloff, 1977). Scores range from 0 to 60, 

with higher scores indicating more severe depressive symptoms. Discrimination was 

measured using the 10-item Everyday Discrimination Scale, which asks individuals to 

indicate the frequency with which they experience various forms of subtle discrimination in 

their daily live. Scores range from 0 to 5, with higher scores indicating greater perceived 

discrimination (Williams, Yu, Jackson, & Anderson, 1997). Habitual exercise was 

quantified through the weekly activity-score of the Godin Leisure Time Exercise 

Questionnaire (Godin & Shephard, 1997). This score is calculated by multiplying 

frequencies of weekly exercise of different intensity by 9 (strenuous), 5 (moderate), and 3 

(mild); higher scores reflect more regular exercise.

Statistical Analyses

Statistical analyses were carried out with SPSS version 17.0 for Windows (Chicago, IL, 

SPSS, Inc.). Boxplots were used to control for extreme univariate outliers. One case was 

considered as a multivariate outlier (NPS and SBP/DBP/MAP dipping) on the basis of 

studentized deleted residuals and centered leverage values and excluded (Fox, 1991). 

Pearson correlation analyses were used to examine associations between study variables. A 

number of hierarchical regression analyses were conducted to examine if neighborhood 

problems explain variance in nocturnal SBP, DBP, and MAP dipping after adjusting for 

awake BP (Model 1), after additionally taking into account gender, age, race, and CVD risk 

factors (BMI, smoking status, exercise) (Model 2), and after additionally adjusting for 

psychosocial factors (socioeconomic status, subjective social status, depression, 

discrimination) (Model 3). Variance inflation factors were below 1.7 for all variables in all 

models indicating that multi-collinearity did not appear to be a concern.
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Results

Mean values and standard deviations for all study variables are shown in Table 1. Bivariate 

relationships between study variables are presented in Table 2. With respect to 

neighborhood problems, correlation analyses revealed significant linear associations 

between NPS scores and nocturnal BP dipping. Individuals with higher perceived 

neighborhood problems exhibited reduced SBP dipping (r = –.24, p < .01), DBP dipping (r 

= –.25, p < .01), and MAP dipping (r = –.25, p < .01). It is noteworthy that neighborhood 

problems were not significantly related to awake SBP, DBP, or MAP (p > .1), but were 

related to higher BMI (r = .22, p < .05), lower subjective social status (r = –.23, p < .01), and 

greater everyday discrimination (r = .18, p < .05). With respect to BP dipping and further 

psychosocial variables, everyday discrimination was related to SBP dipping (r = –.21, p < .

05), DBP dipping (r = –.23, p < .01), and MAP dipping (r = –.24, p < .01), while subjective 

social status was only related to DBP dipping (r = .21, p < .05). Figure 1 illustrates the 

strength of correlations between metric study variables and nocturnal BP dipping (i.e., MAP 

dipping).

Hierarchical regression analyses were separately conducted for SBP, DBP, and MAP 

dipping. Results of the final steps, which always include neighborhood problems, are 

summarized in Table 3. In Model 1, NPS values were entered after adjusting for awake SBP, 

DBP, and MAP, respectively. Results indicated that NPS remained significantly related to 

SBP, DBP, and MAP dipping (p < .001) and explained 8% of the variance in SBP dipping (β 

= –0.29), 8% of the variance in DBP dipping (β = –0.29), and 9% of the variance in MAP 

dipping (β = –0.29). When additionally adjusting for age, gender, race, and CVD risk factors 

(BMI, smoking status, exercise) (Model 2), NPS remained significantly related to BP 

dipping (p < .01) and explained 6% of the variance in SBP dipping (β = –0.25), 5% of the 

variance in DBP dipping (β = –0.24), and 5% of the variance in MAP dipping (β= –0.24). In 

this model, gender also was significantly related to MAP dipping (β= 0.17, p < .05).

Since we wanted to examine whether neighborhood problems explain variance in BP 

dipping beyond what was accounted for by known sociodemographic and psychosocial 

measures, we ran further regression analyses: Model 3 was additionally adjusted for social 

status (socioeconomic status, subjective social status) and psychological factors (depression, 

discrimination). After taking these covariates into account, NPS remained significantly 

related to SBP, DBP, and MAP dipping respectively (p < .05), and explained 6% of the 

variance in SBP dipping (β = –0.26), 4% of the variance in DBP dipping (β = –0.21), and 

4% of the variance in MAP dipping (β = –0.22). SBP dipping (β = –0.28, p < .01), DBP 

dipping (β = –0.22, p < .05), and MAP dipping (β= –0.27, p < .01) were also related to 

discrimination. Moreover, DBP dipping was predicted by age (β = –0.21, p < .05) and MAP 

dipping was predicted by gender (β= 0.16, p < .05).

Finally, a number of exploratory moderation analyses were conducted to examine whether 

there are significant interactions between neighborhood problems and potential covariates 

(gender, age, race, CVD risk factor, and psychosocial variables) in the prediction of BP 

dipping. Interaction terms of centered NPS scores and centered (or dummy coded) study 

variables were entered on step 3 after accounting for the effect of both variables on step 2 
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and awake SBP, DBP, or MAP on step 1. These moderation analyses were rerun with the 

remaining covariates on step 1. Results indicated that interaction terms did not significantly 

explain additional variance (p > .1; results of nonsignificant exploratory analyses not shown) 

with one exception: NPS × age interaction terms accounted for significant increments of 

variance in SBP dipping (β = –0.21, p < .01, ΔR2 = 0.04), DBP dipping (β = –0.30, p < .001, 

ΔR2 = 0.09), and MAP dipping (β = –0.29, p < .001, ΔR2 = 0.08) beyond what was 

accounted for by age, NPS, and awake BP. Figure 2 illustrates the significant NPS × age 

interaction for the prediction of MAP dipping by plotting the relationship between NPS 

scores and MAP dipping at low age (one standard deviation below mean) and at high age 

(one standard deviation above mean) (Aiken & West, 1991). NPS × age interaction terms 

remained significantly related to SBP dipping (β = –0.16, p < .05, ΔR2 = 0.02), DBP dipping 

(β = –0.28, p < .001, ΔR2 = 0.07), and MAP dipping (β = –0.26, p < .01, ΔR2 = 0.06) after 

additionally accounting for gender, race, CVD risk factor, and psychosocial variables.

Discussion

The aim of this study was to examine whether perceived neighborhood problems are related 

to attenuated nocturnal BP dipping, a risk factor for CVD morbidity and mortality (Cuspidi 

et al., 2004; Fagard et al., 2009, 2008; Liu et al., 2003; Mancia et al., 2007; Palatini et al., 

1992; Phillips et al., 2000; Rizzoni et al., 1992). Our main finding is that nocturnal SBP, 

DBP, and MAP dippings are reduced in individuals with more severe self-reported 

neighborhood problems. These relationships persisted after adjusting for several theoretical 

covariates including social status, age, gender, race, BMI, smoking, exercise, depression, 

and discrimination. Thus, our findings support previous research showing that perceived 

neighborhood problems are related to cardiovascular risk factors (Gary et al., 2008; Mujahid 

et al., 2008; Steptoe & Feldman, 2001; Yen et al., 2008). To our knowledge, this is the first 

study that examined associations between perceived neighborhood problems and nocturnal 

BP dipping.

Interaction analyses indicated that the relationship between perceived neighborhood 

problems and BP dipping strengthens with increasing age. A potential explanation for this 

finding might be that diurnal BP regulation in older individuals is more sensitive to 

environmental stressors such as poor neighborhood conditions. This would be in line with 

the notion of age as an important CVD risk factor, a decline of coping abilities with age, and 

previous findings of increasing autonomic responsiveness to stressors with age (Chobanian 

et al., 2003; Folkman, Lazarus, Pimley, & Novacek, 1987; Garwood, Engel, & Capriotti, 

1982; Palmer, Ziegler, & Lake, 1979; Steptoe, Moses, & Edwards, 1990). A further 

explanation might be that the prolonged perception of poor neighborhood conditions may be 

of relevance, and that older individuals have been exposed to their neighborhood for a 

longer time. Because we have not longitudinally assessed perceived neighborhood problems 

and BP dipping, these explanations are speculative and further research is necessary to 

clarify this issue.

There are diverse pathways linking adverse social environmental conditions with poor health 

outcomes. Health behavior (i.e., smoking, physical inactivity, poor diet) and 

psychophysiological mechanisms (i.e., chronic stress) have been regarded as very important 
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mediators (Adler & Matthews, 1994; Ross, 2000; Steptoe & Feldman, 2001). With respect 

to health behavior, we found a relationship of perceived neighborhood problems with BMI 

(r = .22, p < .05) but not with smoking or leisure time exercise (p > .1). It is noteworthy that 

a lack of associations between smoking and both neighborhood problems and BP dipping 

may be due to the reduced range of smokers because people who smoke more than 10 

cigarettes per day were not included in this study. However, in a previous study using the 

NPS, neighborhood problems were also not significantly related to health behavior factors 

such as smoking, diet, alcohol consumption, or physical activity (Steptoe & Feldman, 2001). 

Moreover, in our study the relationship between neighborhood problems and BP dipping 

remained significant after taking into account health behavior factors. In sum, these findings 

confirm the suggestion that psychophysiological mechanisms may link neighborhood 

conditions and health, at least in part, independent from health behaviors. Possible 

mechanisms that underlie this association are speculative but may involve several stress-

related features that have also been shown to affect diurnal blood pressure regulation such as 

autonomic imbalance, neurohormonal alterations (e.g., decreased diurnal variation in 

cortisol and catecholamines), and sleep disruptions (Holt-Lunstad & Steffen, 2007; Yano & 

Kario, 2012).

It might be relevant to note the absence of relations between BP dipping and study variables 

previously shown to be associated with BP dipping. For example, socioeconomic status has 

been related to BP dipping earlier (Fortmann et al., 2012; Rodriguez et al., 2013; 

Stepnowsky et al., 2004). In the present study, we have used the HTFI as a well-established 

weighted measure of socioeconomic status that combines levels of occupation and education 

(see methods section). Although the HTFI was not related to BP dipping, exploratory 

analyses indicated that not occupation (p > .1) but education was indeed related to BP 

dipping: Participants with lower education exhibited reduced SBP dipping (r = –.18, p < .

05), DBP dipping (r = –.19, p < .05), and MAP dipping (r = –.18, p < .05). Thus inconsistent 

findings may in part result from different indicators of socioeconomic status. Regarding 

BMI, it is unclear why some studies found a link to BP dipping (e.g., Cuspidi et al., 2008; 

Stepnowsky et al., 2004), while our and other data did not indicate this association (e.g., 

Loredo, Ancoli-Israel, & Dimsdale, 2001; Rodriguez et al., 2013), and further research is 

necessary to clarify this issue.

Our findings are limited because our cross-sectional design allows no causal interpretation. 

Prospective studies that focus on the longitudinal relationship between neighborhood 

problems and nocturnal BP dipping, changing neighborhood conditions, and possibly on the 

mediating role of BP dipping between neighborhood conditions and cardiovascular 

outcomes may be promising. A further important limitation is the generalizability of our 

findings. Since we have examined the relationship between perceived neighborhood 

problems and BP dipping in a nonclinical sample of African Americans and Caucasian 

Americans, it would be of interest if the observed associations are also prominent in clinical 

populations (e.g., CVD patients) or other ethnic groups. An additional limitation is that we 

have only assessed perceived neighborhood problems. Although self-reported neighborhood 

measures have been shown to be highly reliable (Elo et al., 2009), inclusion of additional 
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objective neighborhood factors (e.g., neighborhood socioeconomic status or indices for 

quality of health care) may be beneficial.

In conclusion, our findings suggest that neighborhood problems may contribute to 

attenuated BP dipping beyond the effect of known risk factors.
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Figure 1. 
Bar charts illustrating Pearson correlation coefficients (r) between mean arterial blood 

pressure dipping and metric study variables. ** p < 0.01
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Figure 2. 
Age as a moderator of the relation between neighborhood problems (neighborhood problem 

scale) and nocturnal mean arterial blood pressure dipping (adjusted for awake mean arterial 

blood pressure). *** p < 0.001.
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Table 1

Descriptive Statistics of Study Variables (N = 133)

Age, years 35.0 (9.9)

Body mass index, kg/m2 25.7 (4.2)

Females, N (%) 62 (46.6)

African Americans, N (%) 53 (39.8)

Caucasian Americans, N (%) 80 (60.2)

Current smoker, N (%) 15 (11.3)

Neighborhood Problems scale 14.3 (3.6)

Socioeconomic status (Hollingshead Two-Factor Index) 41.4 (14.9)

High social class: I (%) 4 (3)

High-medium social class: II (%) 23 (17.2)

Medium social class: III (%) 50 (37.3)

Low-medium social class: IV (%) 42 (31.2)

Low social class: V (%) 15 (11.2)

Subjective social status (MacArthur Scale) 5.5 (2.1)

Center for Epidemiologic Studies Depression Scale 12.1 (9.3)

Everyday discrimination scale 1.2 (0.9)

Leisure Time Exercise Questionnaire 77.4 (144.4)

Awake SBP, mm Hg 119.5 (10.3)

Sleep SBP, mm Hg 105.8 (10.2)

SBP dipping, mm Hg 13.7 (7.0)

Awake DBP, mm Hg 74.5 (7.6)

Sleep DBP, mm Hg 60.8 (8.2)

DBP dipping, mm Hg 13.7 (6.3)

Awake MAP, mm Hg 89.7 (7.9)

Sleep MAP, mm Hg 76.2 (8.0)

MAP dipping, mm Hg 13.5 (6.2)

Note. Values shown as mean (SD) unless otherwise noted. DBP = diastolic blood pressure; MAP = mean arterial pressure; SBP = systolic blood 
pressure
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Table 3

Regression of Neighborhood Problems on Nocturnal Blood Pressure Dipping After Adjusting for Theoretical 

Confounders

Independent variable: Dependent variable: Nocturnal blood pressure dipping

Neighborhood Problems scale systolic diastolic mean

β R2 Δ R2 β R2 Δ R2 β R2 Δ R2

Model 1, adjusted for Awake blood pressure
a –0.29 0.26

0.08
*** –0.29 0.21

0.08
*** –0.29 0.27

0.09
***

Model 2, adjusted for Awake blood pressure
a –0.25 0.31

0.06
** –0.24 0.32

0.05
** –0.24 0.35

0.05
**

    Age, gender, race

    CVD risk factors
b

Model 3, adjusted for Awake blood pressure
a –0.26 0.42

0.06
** –0.21 0.40

0.04
* –0.22 0.46

0.04
**

    Age, gender, race

    CVD risk factors
b

    Psychosocial confounders
c

Note. β = standardized regression coefficient; R2 = total variance explained by the model; ΔR2 = variance explained by neighborhood problems 
after adjusting for confounders.

a
systolic dipping is adjusted for awake systolic blood pressure, diastolic dipping is adjusted for awake diastolic blood pressure, mean dipping is 

adjusted for awake mean arterial pressure.

b
Cardiovascular disease risk factors: body mass index, leisure time exercise, and smoking status.

c
Socioeconomic status (Hollingshead Two-Factor Index), subjective social status, depression, and everyday discrimination.

*
p < .05 (two-tailed)

**
p < .01.

***
p < .001. p < .1 in brackets
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