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Abstract: The present study builds on prior research that has examined the association
between children’s chronic exposure to community noise and resting blood pressure and
blood pressure dysregulation during exposure to acute stressors. A novel contribution of
the study is that it examines how chronic noise exposure relates to blood pressure
responses during exposure to both noise and non-noise acute stressors. The acute noise
stressor was recorded street noise and the non-noise stressor was mental arithmetic. The
sample consisted of 189 3rd and 6th grade children (51.9% percent boys; 52.9% 3rd
graders) from a noisy (n = 95) or relatively quiet (n = 94) public school in the city of Pune,
India. There were no statistically significant differences between chronic noise levels and
resting blood pressure levels. However, relative to quiet-school children, noisy-school
children had significantly lower increases in blood pressure when exposed to either an
acute noise or non-noise stressor. This finding suggests that chronic noise exposure may
result in hypo-reactivity to a variety of stressors and not just habituation to noise stressors.
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Abbreviations

SBP = systolic blood pressure

DBP = diastolic blood pressure

mm HG = millimeters of mercury

dB(A) = sound pressure using decibel A filter

1. Introduction

Many children throughout the world, but especially those in developing countries, are chronically
exposed to high levels of community noise [1]. Chronic noise exposure among youth usually comes
from transportation (i.e., road traffic, airplanes, trains), music, and other people [2]. Stress theory has
been applied to help explain a variety of ill effects attributed to chronic noise exposure [1,3,4],
including dysregulation of blood pressure [4-6]. In the present study, we examine how chronic noise
exposure relates to children’s resting blood pressure and the regulation of blood pressure responses to
acute stressors. To the extent that chronic noise exposure in children is associated with higher than
average levels of blood pressure at rest and during stressors, it could be a risk factor for cardiovascular
and coronary heart disease. For example, elevated resting and stress-reactive blood pressure in children
has been positively correlated with elevated resting blood pressure in later years [7-9]. To the extent
that chronic noise exposure has the opposite effect of diminishing children’s level of arousal in
response to acute stressors, it could undermine adaptive behavioral coping responses and other
biological processes relevant to health and disease processes [10].

There have been a number of studies on the link between chronic noise exposure and resting blood
pressure in children (for reviews, see [1,2]). Some investigators have found higher resting diastolic
blood pressure (DBP) and/or systolic blood pressure (SBP) among children exposed to high versus
relatively low levels of chronic noise from automobile traffic, airplanes, or trains [3,4,11-14]. In
contrast, other investigators have found gender-specific relations [15], nil relations [16], and negative
relations between chronic noise exposure due to airplane or traffic noise and resting blood pressure in
children [17]. Additional research will further advance our understanding of the parameters under
which chronic noise may be a risk factor for elevated resting blood pressure in children.

We know practically nothing about the relation between chronic noise exposure and blood pressure
reactivity during acute stress exposures in children. A novel contribution of the present study is that it
examines how chronic noise stress exposure in children relates to their blood pressure reactivity when
they are exposed to a stressor that matches the one they are exposed to chronically (an acute noise
stressor) versus one that is more novel (an acute mental arithmetic challenge). Prior research has
shown that animals repeatedly exposed to a stressor will exhibit a diminished response (habituation)
when they encounter a similar acute stressor and an exaggerated response (sensitization) when they
encounter a novel acute stressor [18]. Whether humans exposed to chronic stressors develop this dual
response pattern of habituation and sensitization in blood pressure responses to similar versus novel
acute stressors, respectively, has yet to be established.

Habituation to noise may be adaptive to the extent that it reduces levels of sustained arousal—and
associated risks of such arousal—among individuals chronically noise exposed. However, a pattern of
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habituation to noise and sensitization to non-noise stressors might be indicative of dysregulation of the
stress response system. Similarly, a pattern of diminished response to both noise and non-noise
stressors might be indicative of dysregulation of the stress response system. Impairment of blood
pressure responses resulting from iterative stress exposures may reflect damage to normal, healthy
physiological stress-response systems that are designed to mobilize energy to support coping efforts
when an acute environmental demand is encountered [19-21].

We could find only one study on the relation between chronic noise exposure and blood pressure
reactivity. In that study, children in a noisy community near a major airport had lower SBP reactivity
in response to an acute stressor, which consisted of intermittent noise (80 dBA peaks) while reading a
text, than did their counterparts in a quieter community [22]. There was no relation between noise
exposure and DBP reactivity. This study provides some evidence that children in the noisy schools
habituated to noise. However, because there was no assessment of reactivity to non-noise stressors, it
is not clear if there were other adaptive costs of noise exposure, such as sensitization to non-noise
stressors or possible diminished arousal in response to varied stressors. The present study was designed
to characterize these distinct patterns of relations between chronic noise exposure and reactivity.

In summary, the present study adds to the literature on the association between chronic exposure to
community noise and levels of resting blood pressure in children. The study also examines whether
chronic noise exposure compromises children’s stress response systems, by examining the relations
between chronic noise exposure and blood pressure responses during exposure to acute stressors
similar to the chronic stressor (acute noise) and a novel psychosocial stressor (mental arithmetic). A
novel contribution of the study is that it examines the relations between chronic noise exposure and
children’s blood pressure reactivity during acute exposure to both noise and non-noise stressors. The
resulting data could reveal a variety of patterns, including a potentially adaptive pattern, in which
children selectively habituate to noise stressors but respond normally to non-noise stressors, or a
potentially maladaptive pattern, in which children habituate to noise stressors but are hyper- or
hypo-reactive to non-noise stressors.

2. Methods
2.1. Setting

Participants were drawn from two public schools in Pune, India, the eighth largest city in India, with
a population of over 3.7 million people [23]. The “noisy” school selected for this study was located in
a busy commercial district on a street with much traffic noise. Traffic noise is probably the most
pervasive type of chronic noise exposure for children, especially in India [24]. The “quiet” school was
located in a less commercial area of the city and offset from the street by at least 100 yards. The
buildings of the two schools are of similar construction and have classrooms with open-air windows,
so outside ambient noise easily drifts into the buildings. Noise levels at both schools were measured
mid-morning between the outside entrance to the buildings and the school gate. Over a 5-minute
interval, noise levels at the noisy school reached a peak of 82 dB(A) and at the quiet school reached a
peak of 65 dB(A).
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2.2. Participants

A total of 189 boys and girls from 3rd and 6th grade classrooms participated in this study: 95 from
the quiet school and 94 from the noisy school. Sex of child was distributed fairly evenly between the
noisy school (51.6% males) and quiet school (52.1% males). Class level also was distributed fairly
evenly between the noisy school (52.5% third graders) and quiet school (55.3% third graders).

2.3. Experimental Design

The study used a non-equivalent, two-group (quiet vs. noisy school) repeated-measures (noise
challenge reactivity vs. math challenge reactivity) research design. We used a counterbalanced design
to control for order effects, with children randomly assigned to order of presentation of the
acute stressors.

2.4. Measures

Resting and reactive blood pressure. Blood pressure was measured using a non-invasive ambulatory
blood pressure monitoring device manufactured by Finapress Medical Systems (Amsterdam, The
Netherlands). The device was applied to the middle finger of the child’s non-dominant hand. Three
readings were taken at 1-minute intervals. The first reading allowed the child to adapt to the device.
The average of the last two readings was used to create the resting SBP and resting DBP scores. Blood
pressure also was measured three times at one-minute intervals during the acute stressors, a noise
challenge and a math challenge, which are described below. The reactivity scores were calculated by
subtracting the average resting blood pressure reading from the average of the three blood pressure
readings taken during each challenge (e.g., math challenge reactivity on SBP = mean math challenge
SBP—resting SBP).

Body Mass Index (BMI). BMI was measured using the standard metric formula: weight in
kilograms/height in meters squared (km/m?).

Rating of testing environment. At the end of each study session with a child, experimenters recorded
their overall impressions of the testing environment using a 4-point scale: 0 = no problems, quiet, no
interruptions; 1 = minor problems, occasional background noise and/or an interruption; 2 = moderate
problems, low background noise throughout testing and/or two interruptions; 3 = major problems, high
levels of background noise throughout testing period and/or more than two interruptions.

2.5. Procedures

The study procedures were reviewed and approved by the appropriate institutional review boards
and informed consent was obtained from participating study schools. Each child was assessed
individually under standardized conditions at the schools. The child sat at a desk across from the
experimenter. The child’s height (meters) and weight (kilograms) were measured, a brief survey was
completed to collect demographic data (e.g., age), resting blood pressure was assessed, and reactive
blood pressure was assessed while the child was exposed to a noise challenge and a non-noise
challenge. There was a three-minute resting period between the challenges. The acute non-noise
stressor was a math challenge that required participants to subtract aloud by four from a large number
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and keep subtracting by four until they were told to stop at the three-minute mark. The acute noise
stressor was a challenge that involved listening via headphones to a three-minute recorded mix of loud
street noises, office machinery, and people speaking, with intermittent random noise bursts (80 dBA
peaks) [25].

3. Results
3.1. Identification of Covariates

Preliminary analyses were conducted to identify covariates. Relative to children in the quiet school,
children in the noisy school had a significantly higher BMI (20.66 vs. 30.97 mean BMI) (t;g7 = 11.05,
p = 0.000) and were trending toward being older (9.21 vs. 9.67 mean years old) (t1s7 =1.87, p = 0.06).
In addition, the experimenters reported slightly more problems due to noise and/or interruptions in the
testing environment of the noisy school (mean = 1.22) than the quiet school (mean = 0.71) (157 = 3.61,
p = 0.000). We also identified sex of the child as a covariate because BMI was significantly higher in
girls (mean = 27.44) than boys (mean = 24.26) (tis7 = 2.69, p = 0.008) and DBP reactivity during the
math challenge was trending toward being higher in girls (mean = 6.58 mm HG change) than boys
(mean = 3.20 mm HG change) (tig7 = 1.72, p = 0.09). Thus, sex, age, BMI and level of testing
problems were used as covariates in subsequent analyses.

3.2. Resting Blood Pressure

Resting SBP and DBP outcomes were analyzed using separate ANCOVAs. School (noisy vs. quiet)
was the independent variable and sex, age, BMI, and testing problems were covariates. As shown in
Table 1, on average children in the noisy school tended to have lower blood pressure than children in
the quiet school; but the differences were statistically non-significant.

Table 1. Resting systolic and diastolic blood pressure among children in the quiet versus
noisy elementary school (n = 189).

Quiet School Noisy School
Blood Pressure
M SE M SD Eg p
Systolic * 9463  2.00 9222 201 0.561,183 0.452
Diastolic * 61.71 1.60 56.81 1.62 3.651 183 0.058

! Means adjusted for sex, age, BMI, and testing problems.
3.3. Blood Pressure Reactivity during Acute Noise and Non-Noise Stressor Exposure

SBP and DBP reactivity outcomes were analyzed using separate ANCOVAs with school (noisy vs.
quite) as the between-subjects factor and type of acute stressor (noise vs. math challenge) as the
within-subjects factor. Each ANCOVA statistically adjusted for the corresponding baseline value of
resting blood pressure (e.g., resting SBP was covaried in analyses of SBP reactivity), in addition to sex,
age, BMI, and testing problems. There was no effect of order of presentation of challenge, so analyses
collapsed across order. Analyses of SBP reactivity revealed a significant main effect of school
(F1182=8.73, p = 0.004), no significant main effect of type of acute stressor (F11s,= 2.77, p = 0.098),
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and no significant school x type of acute stressor interaction effect (F11s,= 0.92, p = 0.34). Follow-up
ANCOVAs were conducted to evaluate the simple effects of school within type of acute stressor. These
analyses, and the data in Figure 1, revealed that noisy-school children had lower SBP reactivity than
quiet-school children during both the math (Fy 152 = 8.53, p = 0.004) and noise challenge (F1,18> = 3.95,
p = 0.048). School accounted for approximately twice as much variance in SBP reactivity during the
math challenge (partial Eta-squared = 0.045) than during the noise challenge (partial
Eta-squared = 0.021).

Analyses of DBP reactivity revealed no significant main effect of school (Fy 1, = 3.46, p = 0.064),
no significant main effect of type of acute stressor (F11s2 = 2.43, p = 0.121), and no significant school
X type of acute stressor interaction effect (F110 = 1.11, p = 0.29). However, inspection of the means
and standard errors in Figure 1 indicated that the schools did differ in DBP reactivity to the math
challenge. Thus, follow-up ANCOVAs were conducted to evaluate the simple effects of school within
type of acute stressor. These analyses revealed that noisy-school children had significantly lower DBP
reactivity than quiet-school children during the math challenge (F11s2 = 4.65, p = 0.032), but not
during the noise challenge (F11s2 = 0.79, p = 0.376). School accounted for a relatively small proportion
of the variance (partial Eta-squared = 0.025) in DBP reactivity during the math challenge.

Figure 1. Systolic ! and diastolic 2 blood pressure reactivity during acute math and noise
stressors among children in the quiet versus noisy elementary school (n = 189).
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! Means adjusted for sex, age, BMI, testing problems, and resting systolic blood pressure.
2 Means adjusted for sex, age, BMI, testing problems, and resting diastolic blood pressure.

4. Discussion

Results of this quasi-experimental study revealed no link between traffic noise exposure at school
and resting blood pressure in a sample of urban elementary school boys and girls in India. These
findings contradict work on aircraft noise and children’s resting blood pressure, but generally match
findings on traffic noise [1,2]. Thus one way to interpret the present results is lack of support for the
hypothesis that chronic noise exposure raises blood pressure. However several prior studies have also
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found that aircraft but not road traffic noise elevates children’s blood pressure. Because we only had
two readings to estimate resting blood pressure and there were some potential acute noise effects
during the baseline assessments, the data on resting blood pressure and exposure to chronic noise at
school are best interpreted as tentative.

The results also did not provide evidence that children exposed to traffic noise at school have
different blood pressure responses when they are exposed to acute noise versus non-noise stressors.
Instead, children exposed to traffic noise at school appeared to have a generally suppressed blood
pressure response to acute stressors relative to children not exposed to traffic noise at school. All
analyses controlled for potential confounds, including sex, age, BMI, and problems due to noise and
interruptions during testing. The reactivity findings indicate that children from the noisy school tended
to have lower blood pressure during exposure to acute noise and non-noise stressors than their
counterparts from a quieter school. SBP reactivity was significantly lower in the noisy school than the
quiet school during noise and non-noise challenges, whereas DBP reactivity was significantly lower in
the noisy school than the quiet school during the non-noise challenge.

To our knowledge, only one other study to date has examined the relation between chronic noise
exposure and blood pressure reactivity in children [22], and it found results consistent with the present
findings. In that prior study, children in a noisy community near an airport had lower SBP reactivity in
response to an acute noise stressor than did their counterparts in a quieter community. Also, the prior
study found no relation between noise exposure and DBP reactivity during an acute noise stressor,
which also parallels the present findings. As an extension to the prior study, we found that children in a
noisy school also had lower SBP and DBP reactivity to a non-noise stressor relative to children
attending a quiet school. Thus, there is emerging evidence that chronic noise exposure is linked to
dysregulation of blood pressure responses during acute challenges. An insufficient blood pressure
response to an acute stressor may reflect an underlying pathophysiological process (e.g., dysregulation
of the sympathetic-adrenal-medullary response system) and could undermine effective behavioral
responses to stressors that demand a rapid mobilization of energy [26]. The fact that children in the
noisy school were less reactive to both acute noise and the psychosocial stressor, mental arithmetic,
indicates that physiological desensitization or habituation to noise is an unlikely explanation for the
pattern of results uncovered. Rather, the data suggest some general downward shift in stress response
efficiency during acute demands.

There are several limitations of this study that must be considered when interpreting these findings.
First, because the data were derived from a quasi-experimental design, a number of alternative
explanations cannot be ruled out, particularly those related to spurious factors that could be associated
with exposure to chronic noise and blood pressure reactivity. For example, community noise tends to
covary with other ambient stressors, such as crowding and pollution [26]. Thus it is possible that other
factors could have influenced the observed blood pressure differences across schools. Another
limitation is that we had insufficient resources for measuring children’s noise exposure outside of
school. According to an Environment Status Report by the Pune Municipal Corporation [27], noise
levels at most places in the city of Pune exceed recommended levels, ranging from 43 to 109 dB(A).
Thus, it is possible that children in both the quiet and noisy school live in communities varying widely
in ambient noise levels. This unexplained variance in home noise levels could have attenuated some of
the observed relations between noise exposure and blood pressure. A final limitation is that we were
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less successful at controlling extraneous sources of noise and interruptions in the noisy school than in
the quiet school. We were able to add a covariate to control for some of the variance associated with
these problems, but it is still possible that variations in the testing environments attenuated some of the
effects due to imperfect measurement of ambient conditions during testing at the schools.

5. Conclusions

The present results suggest a possible link between chronic noise exposures related to street traffic
surrounding elementary schools and diminished blood pressure responses to acute noise and non-noise
stressors in elementary-school-aged children. There was no evidence of a link between chronic noise
exposure at school and resting blood pressure. In general, data on road traffic noise and blood pressure
are equivocal. Since work on aircraft noise and blood pressure is more consistent, at a minimum the
noise source as well as its intensity needs to be considered in evaluating the effects of noise on blood
pressure. Although not a focus of the present study, we also found that chronic noise exposure at
school may be a risk factor for obesity, as evidenced by the significantly higher BMI among children
in the noisy versus quiet school. In rapidly developing and highly populous countries, such as India,
chronic noise problems will continue to grow exponentially and affect many thousands if not millions
of children. Further research is need to establish the long-term and clinical significance of the effects
of noise in this context given the vast numbers of people likely to be affected in coming decades.

Acknowledgements

The authors are thankful for the research assistants, school administrators, teachers, and children
who helped with this study. We also thank Madan Palsane for his helpful comments on the study
design. An Indo-American Fellowship co-sponsored by the National Science Foundation and the
Fulbright Association awarded to Stephen J. Lepore supported this work.

References

1. Evans, G.W.; Lepore, S.J. Nonauditory effects of noise on children: A critical review. Children's
Environments 1993, 10, 31-51.

2. Evans, G.W. Child development and the physical environment. Annu. Rev. Psychol. 2006, 57,
423-451.

3. Evans, G.W.; Lercher, P.; Meis, M.; Ising, H.; Kofler, W.W. Community noise exposure and
stress in children. J. Acoust. Soc. Am. 2001, 109, 1023-1027.

4. Cohen, S.; Evans, G.W.; Stokols, D.; Krantz, D.S. Behavior, Health, and Environmental Stress;
Plenum: New York, NY, USA, 1986.

5. Evans, G.W.; Bullinger, M.; Hygge, S. Chronic noise exposure and physiological response:
A prospective study of children. Psychol. Sci. 1998, 9, 75-77.

6. Maschke, C.; Rupp, T.; Hecht, K. The influence of stressors on biochemical reactions—A review
of present scientific findings with noise. Int. J. Hyg. Environ. Health 2000, 203, 45-53.

7. Matthews, K.A.; Salomon, K.; Brady, S.S.; Allen, M.T. Cardiovascular reactivity to stress
predicts future blood pressure in adolescence. Psychosom. Med. 2003, 65, 410-415.



Int

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,
25.

. J. Environ. Res. Public Health 2010, 7 3465

Chen, X.; Wang, Y. Tracking of blood pressure from childhood to adulthood: a systematic review
and meta-regression analysis. Circulation 2008, 117, 3171-3180.

Matthews, K.A.; Woodall, K.L.; Allen, M.T. Cardiovascular reactivity to stress predicts future
blood pressure status. Hypertension 1993, 22, 479-485.

McEwen, B.S.; Lasley, E.N. Allostatic load: When protection gives way to damage. Adv. Mind.
Body Med. 2003, 19, 28-33.

Regecova, V.; Kellerova, E. Effects of urban noise pollution on blood pressure and heart rate in
preschool children. J. Hypertens. 1995, 13, 405-412.

Babisch, W.; Neuhauser, H.; Thamm, M.; Seiwert, M. Blood pressure of 8-14 year old children in
relation to traffic noise at home—results of the German Environmental Survey for Children
(GerES 1V). Sci. Total Environ. 2009, 407, 5839-5843.

Belojevic, G.; Jakovljevic, B.; Stojanov, V.; Paunovic, K.; llic, J. Urban road-traffic noise and
blood pressure and heart rate in preschool children. Environ. Int. 2008, 34, 226-231.

Cohen, S.; Evans, G.W.; Krantz, D.S.; Stokols, D. Physiological, motivational, and cognitive
effects of aircraft noise on children: Moving from the laboratory to the field. Am. Psychol. 1980,
35, 231-243.

Ising, H.; Rebentisch, E.; Poustka, F.; Curio, I. Annoyance and health risk caused by military
low-altitude flight noise. Int. Arch. Occup. Environ. Health 1990, 62, 357-363.

Cohen, S.; Evans, G.W.; Krantz, D.S.; Stokols, D.; Kelly, S. Aircraft noise and children:
Longitudinal and cross-sectional evidence on adaptation to noise and the effectiveness of nosie
abatement. J. Personal. Soc. Psychol. 1981, 40, 331-345.

van Kempen, E.; van Kamp, |.; Fischer, P.; Davies, H.; Houthuijs, D.; Stellato, R.; Clark, C,;
Stansfeld, S. Noise exposure and children's blood pressure and heart rate: the RANCH project.
Occup. Environ. Med. 2006, 63, 632-639.

McCarty, R.; Horwatt, K.; Konarska, M. Chronic stress and sympathetic-adrenal medullary
responsiveness. Soc. Sci. Med. 1988, 26, 333-341.

McEwen, B.S.; Gianaros, P.J. Central role of the brain in stress and adaptation: Links to
socioeconomic status, health, and disease. Ann. NY Acad. Sci. 2010, 1186, 190-222.

McEwen, B.S. Physiology and neurobiology of stress and adaptation: central role of the brain.
Physiol. Rev. 2007, 87, 873-904.

McEwen, B.S.; Seeman, T. Protective and damaging effects of mediators of stress. Elaborating
and testing the concepts of allostasis and allostatic load. Ann. NY Acad. Sci. 1999, 896, 30-47.
Evans, G.W.; Hygge, S.; Bullinger, M. Chronic noise and psychological stress. Psychol. Sci.
1995, 6, 333-338.

Census of India. Alphabetical list of towns and their population based on 2001 census of India.
Government of India Ministry of Home Affairs, Office of the Reistrar General & Census
Commissioner, India. Available online: censusindia.gov.in/towns/mah_towns.pdf (Accessed on
13 July 2010).

Lucas, G.N. Noise pollution and children. Sri Lanka J. Child Health 2008, 37, 1-2.

Glass, D.; Singer, J.E. Urban Stress; Academic Press: New York, NY, USA, 1972.



Int. J. Environ. Res. Public Health 2010, 7 3466

26. Lepore, S.J.; Evans, G.W. Coping with multiple stressors in the environment. In Handbook of
Coping: Theory, Research, Applications; Zeidner, M., Endler, N.S., Eds.; John Wiley & Sons:
Oxford, UK, 1996; pp. 350-377.

27. Environmental Status Report 2007-2008; Pune Municipal Corporation, 2010. Available online:
http://www.punecorporation.org/pmcwebn/index.aspx (accessed on 13 July 2010).

© 2010 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).



