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In-depth guide

The history of noise and health

Fifty-eight years ago, the world was put on notice that noise is not merely an annoyance but a
measurable threat to health. In 1968, U.S. Surgeon General William H. Stewart told a national
conference on the subject that noise produces “cardiovascular, glandular and respiratory effects
reflective of the generalized stress reaction,” occurring “under sustained high level, or even
moderately high noise conditions” (Stewart, 1968, in American Speech and Hearing Association,
Proceedings of the Conference: Noise as a Public Health Hazard, Washington, DC).

The science behind that statement was formalized four years later when Congress passed the
Noise Control Act of 1972, directing the EPA Administrator to “develop and publish criteria with
respect to noise” reflecting “the scientific knowledge most useful in indicating the kind and extent
of all identifiable effects of noise on the public health and welfare.” EPA met that Congressional
mandate with Public Health and Welfare Criteria for Noise (EPA 550/9-73-002, July 27, 1973) — a
comprehensive review of the health and welfare evidence then available, prepared by the agency's
Office of Noise Abatement and Control. A companion document followed the next year, Information
on Levels of Environmental Noise Requisite to Protect Public Health and Welfare with an Adequate
Margin of Safety (EPA 550/9-74-004, 1974), which translated that evidence into specific numeric
levels — an outdoor day-night average of 55 dB and an indoor average of 45 dB as the threshold
below which the public is protected with an adequate margin of safety.

The EPA’s 1978 publication, Noise: A Health Problem, articulates the stress and harmful health
effects caused by chronic noise on health: hearing health, heart health, sleep, mental and social
well-being. Furthermore, it emphasizes the special impacts it has on vulnerable populations,
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including children and the elderly and concludes with this statement from the former U.S. Surgeon
General, Dr. William Stewart: “Calling noise a nuisance is like calling smog an inconvenience. Noise
must be considered a hazard to the health of people everywhere.”

The science was expanded and detailed further in the World Health Organization's landmark 1995
report, Community Noise (Berglund, B., & Lindvall, T., Eds., Archives of the Center for Sensory
Research, 1995). That review examined and synthesized research from over 700 studies on the
effect of noise on communication, sleep, the cardiovascular and psychophysiological systems,
performance, and social behavior, and recognized the importance of the body’s stress response in
mediating those impacts (Welch & Welch, 1970, and Cavatorta et al., 1987, as cited in Berglund &
Lindvall, 1995).

This report formed the basis for the World Health Organization’s Community Noise Guidelines
published in 1999 that are still cited today:

The WHO’s community guidelines provided average dBA-based thresholds for various situations and
settings. For example, 55 LAeq for daytime outdoor noise, < 40 LAeq for outdoor nighttime noise,
and = 35 LAeq in classroom settings. More recent guidelines from the WHO on nighttime noise
(2009) and transportation and leisure noise (2018) recommend even lower levels.

How noise affects the body

This link between noise and physical illness — heart disease chief among them — sits uneasily with
how most people think about noise, which is simply an annoyance or nuisance rather than a health
hazard. It makes more physiological sense once the mechanism is understood. Hearing is the one
sense that cannot be voluntarily switched off: it functions as a threat-detection system, operating
continuously, including during sleep. An unexpected or unwanted sound triggers the brain's threat-
response circuitry — principally the amygdalal — which in turn activates the hypothalamic-
pituitary-adrenal axisZ and the sympathetic nervous systemg. The body responds as it would to any
perceived threat: catecholamines® and cortisol2 are released, heart rate and blood pressure rise,
blood vessels constrict, and blood sugar and blood lipids increase. This is the same acute “startle”
response that evolved to help humans and animals survive danger. In situations where the source
of the sound never stops — as with data centers — the stress-response cascade is repeatedly
activated, damaging the blood vessels and raising the risk of chronic disease (Basner et al., 2014;
Munzel et al., 2018). Longer lasting activation and elevated cortisol level raise the risk of developing
chronic disease including suppression of the immune system (e.g., eosinopenia®), insulin resistance
(e.g., diabetes), cardiovascular diseases (e.g., hypertension and arteriosclerosisf), catabolism® (e.g.,
osteoporosis), and intestinal problems (e.g., stress ulcer), etc. Other impacts may be widespread,

potentially affecting other regulatory systems of the body through mechanisms like disturbances in
hormonal balance (Spreng, 2000a, 2000b).
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Terms used in this section

1. A small, almond-shaped part of the brain that detects possible threats and triggers the body’s alarm response. £

2. The chain of hormone signals running from the brain (the hypothalamus and pituitary gland) to the adrenal glands
above the kidneys. It releases stress hormones, including cortisol. €

3. The part of the nervous system that speeds the heart and raises blood pressure when the body senses danger — the
“fight-or-flight” response. €

4. Stress hormones, including adrenaline and noradrenaline, that speed the heart and raise blood pressure. £

5. The body’s main long-acting stress hormone. It raises blood sugar and readies the body to respond to a threat; kept
high for long periods, it can damage health. €

6. An abnormally low count of eosinophils, a type of white blood cell. Here it is cited as a sign of a suppressed immune
response to chronic stress. €

7. Thickening and stiffening of the artery walls, often called “hardening of the arteries.” €

8. The body breaking down its own tissues for energy. Prolonged stress hormones can drive this, for example the loss of
bone that leads to osteoporosis. £

& 1 A sound that never stops

Cooling fans and generators, day and night

@ 2 Hearing never switches off

It works as a threat-detection system, even during sleep

Q 3 The brain’s alarm reacts

Mainly the amygdala

&4 Stress hormones released

The HPA axis and sympathetic nervous system release cortisol and catecholamines
@5 The body under strain
Heart rate and blood pressure rise, vessels constrict, blood sugar and lipids increase

When the sound never stops, the cascade repeats, damaging blood vessels and raising the risk
of chronic disease.

Stress-response pathway: Basner et al. (2014); Munzel et al. (2018), as cited in this guide.
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What we now know about the noise From data centers

Data center noise has a specific acoustic profile that matters for how this evidence applies: it is
continuous — operating 24 hours a day, 365 days a year, with no respite period — and it carries
substantial low-frequency, tonal content from cooling fans, generators, co-located power sources,
and electrical equipment.

Major industrial sources with strong low frequency components include ventilation systems,
compressors, diesel engines, transportation vehicles, and heavy construction equipment (e.g.,
excavators, dozers, cranes, generators), all of which pertain to data centers and their construction.
Noise with dominant low frequency components travels long distances, readily penetrates walls
and windows, and accounts for the majority of noise complaints (Bengtsson 2003; Persson 1988;
Persson Waye 2001).

Low frequency noise is a well-established but underappreciated risk to human health (WHO 1999;

Leaffer 2025; Leventhall 2004) with a greater negative impact on annoyance, sleep disturbance, and
nonauditory health (Berglund 1995; WHO 1999; Persson Waye 2001; Ascari 2015; Broner 1985; Erdélyi
2024). These types of noise sources can cause distress at lower levels than higher frequency noise.

Continual exposure, especially during the night, prevents the body from recuperating. This is
especially important because of the impacts of continual activation of the stress cascade and
disproportionate hazard associated with nighttime noise, consistent with sleep's role as a period of
physiological restoration (Minzel et al., 2020; Spreng, 2000a, 2000b)

Because so much of the sound energy of data center noise is in the low-frequency range, standard
A-weighted decibel measurement (dBA) — the near-universal basis for noise ordinances —
substantially understates the exposure and geographic area that may be affected and does not
account for the intrusion of the noise into the interior of homes and other buildings. Reliance on
the dBA to measure sound with prominent low frequency components has been widely criticized as
inadequate by national and international agencies, including the National Academy of Engineering
(NAE 2010) and the WHO (WHO 1999), as well as by scientists and acoustic professionals.

Related to that is the inadequacy of the dBA as a basis for modeling the impact of noise over
distance.

Attenuation rates for low frequency sound are a small fraction of that of higher frequency sound,
e.g., 01 dB/km vs 11 dB/km (Leventhall, 2003, p. 9). This can result in predicting much lower levels
at a distance than what is actually heard and experienced by those exposed.

Walls, windows and hearing protection do not block the intrusion of low frequency sound (Berglund
et al., 1996, pp. 2988, 2996). Therefore, indoors and at night, low frequencies may be primarily what
people hear (Persson & Bjérkman, 1988, cited in Berglund et al., 1996, p. 2987). The presence of
tonal elements makes the noise even more disturbing and the effect is accentuated in quiet
settings such as bedrooms at night.
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The degree to which the dBA discounts low frequency sound energy is substantial, roughly 16 dB at
125 Hz, 26 dB at 63 Hz, and 39 dB at 31.5 Hz (IEC 61672-1), removing about 97% of the energy at 125

Hz and 99% or more at 63 and 31.5 Hz.

Sound lost per kilometer as it travels (dB)

Low-frequency 0.1dB/km

Higher-frequency 1.1dB/km

Low-frequency noise is poorly attenuated as it
travels, at a rate that is a small fraction of the
rate of higher-frequency sound (Leventhall,
2003, p. 9).

(0

Walls and windows block it poorly

Indoors and at night, low-frequency sound can dominate
what people hear.

C

It never stops

Continuous, 24 hours a day, 365 days a year, with no
respite.

=S

It drives complaints

Noise with dominant low-frequency components
accounts for the majority of noise complaints.

Source: Leventhall (2003), p. 9, with the additional research cited in this guide.
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The hum

“  Tonal noise

+5 dB(A)

tonal penalty New York applies when
a tone is present

Source:
Cooling fans, generators,
transformers

Why it matters:

Tones make noise more disturbing,
especially in quiet settings such as
bedrooms at night

The pitch

J-|_|- Low frequency

-26 dB

how much a dBA reading discounts
sound at 63 Hz

Key bands:
16, 31.5 and 63 Hz

dBA discount:
-39 dB at 31.5 Hz - =16 dB at 125 Hz

dBC vs. dBA:
dBC about 10 dB or more above dBA
is a useful signal of low-frequency

The volume

';]’ Level in dBA

30 dBA

WHO: keep indoor night levels below
this when noise has a large low-
frequency share

Quiet night:

A 40 dBA facility over a 30 dBA
background is clearly noticeable, yet
under a 50 dBA limit

Heart risk:
Each 10 dB above 50 dBA: 8% higher
relative risk of ischemic heart

How it’s found:
Narrow-band analysis; dBA and dBC
alone usually can’t show it

sound (a rule-of-thumb flag) eens (fend G

What the research shows

= &

Sleep Stress hormones

&

Heart

(D

Mind

~90% of people reporting
low-frequency noise
problems had sleep
difficulties

In lab studies, disrupted
cortisol patterns in noise-
sensitive people at 40 dBA

Larger heart-rate-variability
declines with low-frequency
than higher-frequency noise
at the same dBA

+36% risk of mild cognitive
impairment associated with
each 10 dBA, in older adults

Sources: the studies cited in this guide, including Berglund et al. (1999), van Kempen et al. (2018), Persson Waye et al.
(2002), Walker et al. (2016), and Weuve et al. (2021). The New York tonal adjustment is an example from renewable-energy
siting rules, not a universal data-center requirement. The 40/30/50 dBA comparison is illustrative; audibility depends on
the sound and setting. Reported health associations are not predictions for an individual facility.

Specific health efFects

Cardiovascular disease. The association between chronic environmental noise exposure and
cardiovascular disease — hypertension, atherosclerosis, heart failure, stroke, arrhythmia, and
cardiovascular mortality — is firmly established, supported by extensive evidence and guidelines
(Mlnzel et al., 2026, accepted for publication; WHO 2018; APHA 2021; EEA 2025). Roughly 145 million
Americans are estimated to be at risk of noise-related hypertension (Swinburn 2015; APHA, 2021).
Many studies have demonstrated exposure-response relationships between noise and health
outcomes. For example, a WHO-commissioned systematic review of road-traffic-noise studies
found each 10 dB increase above 50 dBA was associated with an 8% increase in the relative risk of
ischemic heart disease and reached consistent conclusions for cardiovascular and metabolic
outcomes generally (van Kempen et al., 2018).
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Most studies of noise effects on health involve transportation noise (air, road, rail), which all
contain prominent low frequency components. For instance, road traffic noise contains low
frequency components and may also contain tonal elements under certain circumstances, e.g.,
hard acceleration or modified exhaust systems. Other studies indicate the effect of low frequency
noise on the stress response. For instance, one study found larger falls in heart rate variability with
low frequency noise than with higher-frequency noise at the same dBA (Walker et al., 2016); another
study found that low frequency noise was related to higher cortisol levels in noise-sensitive people
(Persson Waye et al., 2002).

Sleep disruption. Nighttime noise disrupts sleep architecture — increasing awakenings and stage
changes — even at levels well below what most people would describe as loud, and even when the
sleeper does not consciously wake (Basner et al., 2014). The difference between data center noise
and background noise can be considerably greater at night. This, in combination with fluctuations
in the data center noise due to factors like power surges and temperature inversions, can disrupt
sleep, normal hormonal cycles, and physiological recovery (Basner et al., 2014; MlUnzel et al., 2021).

Sleep disruption from low frequency noise exposure is a common complaint. About 90% of people
reporting low frequency noise problems in a Dutch survey had sleep difficulties (Erdélyi et al., 2024,
pp. 11-12). WHO community guidelines recommend levels below 30 dBA indoors at night when noise
has a large low frequency share (Berglund et al., 1999, §4.2.3). Because of the ability of low
frequency noise to readily penetrate walls and windows, indoor noise measurements with
appropriate metrics are needed (WHO 2018).

Metabolic effects. Chronic noise-related sleep disruption and stress-hormone elevation are
associated with problems in how the body controls insulin and blood sugar, implicating
environmental noise as a contributing factor in diabetes risk (Mlnzel et al., 2026, accepted for
publication; van Kempen et al., 2018; APHA, 2021).

Anxiety and depression. A substantial and recent literature connects environmental noise exposure
to anxiety and depression, operating through the same stress-hormone mechanism implicated in
cardiovascular disease (Hahad, 2024; Hahad, 2019). A German study of over 15,000 individuals found
the highest noise-exposure group carrying roughly double the prevalence of anxiety and depression
compared with the least-exposed group (Hahad, 2019, as summarized in APHA, 2021).

Coghnitive effects on children. Chronic noise exposure impairs children's reading comprehension,
memory, and listening skills (Klatte et al., 2013; Stansfeld 2015). A ten-year study of 6,000 U.S.
schools near major airports found aircraft noise associated with lower standardized test scores —
an effect that installing sound insulation reversed in the subset of schools where it was done
(NASEM, 2014).

Cognitive decline, dementia, and Parkinson’s disease. A 2021 study of 5,227 older adults in the
Chicago area suggests that each 10 dBA increase in neighborhood noise is associated with a 36%
increase in the risk of mild cognitive impairment and a 29% increase in the risk of Alzheimer's
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disease (Weuve et al., 2021). Other studies found relationships between chronic noise exposure,
Alzheimer’s dementia, and Parkinson’s disease (Sorensen, 2026; Lomme, 2023).

Effects on wildlife and other animals. Chronic noise disrupts animal communication, mating
behavior, predator avoidance, and foraging, with measurable reductions in local biodiversity (Barber,
2010; National Park Service, Natural Sounds and Night Skies Division; Kunc, 2019), and documented
stress-physiology changes in birds specifically (Kleist, 2018).

Environmental justice. Noise exposure in the United States is not evenly distributed: nationwide
studies find exposure to road and air traffic noise highest in minority and low-income
neighborhoods, and in public schools serving lower-income and minority student populations
(Casey, 2017; Collins, 2020; Collins, 2019) — a pattern with plausible relevance to siting decisions
for industrial facilities more broadly.

Vulnerable Populations. Certain groups within the general population are especially vulnerable to
the adverse impacts of noise, including infants and children, seniors, pregnant women, those with
pre-existing conditions, e.g., hearing disorders, neurodivergence, cardiovascular disease, psychiatric
disorders, post-traumatic stress, and others who may be confined to the home (van Kamp 2013;
Stansfeld 1992; Wicki 2024), as well as people for whom quiet is necessary to do their work, such
as writers, analysts, musicians, composers, scholars, and others. Noise exposure has also been
linked to higher risk of mortality in vulnerable populations (Saucy, 2021; Itzkowitz, 2023; Jin 2024).

Institutional recognition. Noise as a public health hazard is formally recognized by the World

Health Organization, the American Public Health Association (APHA, 2021), the American Academy of
Pediatrics (AAP 2024), the American Academy of Nursing (Lusk 2016; McCullagh et al., 2026), and
scientific leaders (Balk 2026). The problems presented by low frequency noise and the inadequacy
of the standard metric, the dBA, to evaluate community impacts is also recognized by national and
international organizations including the World Health Organization (1999, 2018), the National
Academy of Engineering (NAE 2010), and the EPA (EPA 1982).
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