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Abstract 
Introduction. Excessive exposure to acoustic phenomena, i.e. noise, is widely considered to 
cause hearing impairment, annoyance, and psychological disturbances…only. Clinical and 
biomedical experimentation incorporate currently accepted (but erroneous) assumptions into 
their research designs. Over the past 25 years, research into the effects of low frequency noise 
(LFN, <500 Hz including infrasound) on noise-exposed workers, animals and members of the 
general population have been undermining these concepts. Methods. A critical survey of what 
is known to date on the biological effects of LFN, as well as of current established research 
designs is carried out. Results. Evidence suggests that annoyance is not solely a psychological 
situation, but a clinical sign of excessive noise exposure, either in utero, or in everyday 
activities. Since the effects of LFN are cumulative, human studies that focus on noise 
exposure without obtaining information on previous noise exposure histories cannot lead to 
valid results. Similarly, conducting animal experimentation without controlling for the LFN 
present in the environment can lead to incorrect conclusions. Many of the complaints 
associated with vibroacoustic disease (VAD), a whole-body pathology caused by excessive 
exposure to LFN, are the object of independent studies that do not consider LFN exposure as 
an agent of disease, often mistakenly concluding that some other agent is the causative factor 
of the complaints. Discussion. How valid are the results of scientific studies that do not take 
LFN into account? How valid are studies of physiological responses if previous LFN-
exposure histories are unknown? LFN is ubiquitous in modern society, and continuing to 
ignore this fact is detrimental to the pursuit of scientific truth and, more importantly, to the 
well-being of human populations. 
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INTRODUCTION 

Physically, acoustic phenomena are wave events and, as such, are only clearly 
described if both amplitude and frequency are known quantities. Even though this is a 
scientifically valid statement, in the real world, acoustic environments are only 
characterized in terms of amplitude, while their frequency content is left unknown.  
 The goal of this report is to assess the validity of this established status quo, and 
bring to light the hindrances this position imposes on scientific studies. 
 

THE PROBLEM 
 
When acoustic environments are described by a dB-level alone, this means that only 
the overall global amplitude of the phenomenon is being measured. If the assessment 
is in dBA, then what is being evaluated is what humans would hear if they were 
placed in that particular environment. Mainstream science assumes that if the dB or 
dBA levels are the same, then the acoustic environments are comparable. As such, 
equal experimental designs in comparable dB- or dBA-level environments should 
produce the same results. Scientifically, this position cannot be upheld. Acoustic 
environments with equal dB- or dBA-levels cannot be considered comparable 
environments, unless the distribution of the acoustic energy along the frequency 
spectral range is also comparable (1,2)1. 
 The specific frequency content of acoustic environments is usually not 
quantified because it has been assumed that acoustic phenomena only affect the 
auditory system (3,4). Hence, protection against noise concentrates only on 
frequencies that cause hearing impairment or deafness. And these are well known. 
The A-weighting network, or filter, focuses on the frequencies that cause hearing 
impairment, and de-emphasizes those that are less audible, or even inaudible to 
humans. While this has worked well for hearing conservation programs that have 
been implemented worldwide in workplaces, effectively reducing the number of 
individuals who acquire on-the-job hearing impairment, it is now being realized that 
this may be insufficient to fully protect persons from noise-induced pathology. 
 Indeed, by assuming that only the auditory system needs protection when one is 
exposed to noise, an important component of acoustic phenomena is being ignored: 
low frequency noise (LFN). When the acoustic energy is concentrated within the 
lower frequency bands (≤500 Hz), hearing impairment or non-intelligible speech 
might not be one of the consequences. This does not mean that no consequences exist, 
even though this is what is assumed by mainstream science (3,4). 
 

CONSEQUENCES OF LOW FREQUENCY NOISE EXPOSURE 
  
Most scientists agree that LFN exposure causes annoyance and psychological 
disturbances. But many are reluctant to believe that LFN exposure also causes 

                                                
1 See “Low frequency noise legislation,” included in these Proceedings. 
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organic and anatomical changes, such as those described in vibroacoustic disease 
(VAD), a systemic pathology characterized by the abnormal growth of collagen and 
elastin (5,6)2,3. LFN exposure induces annoyance, or noise intolerance, which has 
more to do with the inability to stand any type of noise than with the inability to hear 
(6,7)4. Individuals who suffer from excessive LFN exposure have thickened cardiac 
structures, such as pericardium and valves, as seen in autopsy (8), echocardiography 
(9-13)5, as well as through light and electron microscopy studies (14-16)6. The 
respiratory tract in both LFN-exposed animals (17,18) and VAD patients (19-22)7 
also discloses thickening caused by increased production of collagen and elastin.  

Excessive exposure to LFN does not induce the classical stress reaction but, 
instead, an organic response which may occur concurrently, or not, with a social 
adaptation (5). Thickened blood and lymphatic vessel walls were observed in LFN-
exposed animals (17,23,24) and humans (8,14-16,19-22). LFN-induced blood vessel 
wall thickening is not due to the typical atherosclerotic plaques; instead, a continuous 
lining of collagen and elastin along the intimal layer of blood vessel walls is formed. 
This lining is thicker in locations where atherosclerotic plaques usually appear, 
namely in the aorta and carotid bifurcation. Blood and lymphatic vessel lumens are 
reduced in size due to this thickening, with the necessary implications for the normal 
blood flow profile. 
 Hence, there are consequences to LFN exposure that are not related to hearing 
impairment, but can promote a silent, insidious and debilitating disease. 
 

ANNOYANCE 
 
“Noise annoyance is a phenomenon of ‘mind and mood’”, states Stallen in 1999 (25). 
On the other hand, the European Commission’s Noise Team maintains: “Annoyance 
is the scientific expression for the non-specific disturbance by noise, as reported in a 
structured field survey. Nearly every person that reports to be annoyed by noise in 
and around its home will also experience one or more of the following specific 
effects: Reduced enjoyment of balcony or garden; When inside the home with 
windows open: interference  with sleep, communication, reading, watching 
television,  listening to music and radio; Closing of bedroom windows in order to 
avoid sleep disturbance. Some of the persons that are annoyed by noise also 
experience one or more of the following effects: Sleep disturbance when windows 
and doors are closed; Interference with communication and other indoor activities 
when windows and doors are closed; Mental health effects; Noise-induced hearing 

                                                
2 See “Clinical stages of vibroacoustic disease for health professionals,” included in these Proceedings. 
3 See “Vibroacoustic disease – a 25-year-old saga,” included as a keynote speech in these Proceedings. 
4 See “Behavioural and psychological changes in vibroacoustic disease”, included in these 
Proceedings. 
5 See “Echocardiography in vibroacoustic disease”, included in these Proceedings. 
6 See “The pericardium in vibroacoustic disease I and II”, included in these Proceedings. 
7 See “Respiratory pathology in vibroacoustic disease II – Specific morphological changes”, included 
in these Proceedings. 
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impairment; Hypertension; Ischemic heart disease”(26). 
It has already been demonstrated that annoyance is closely related to the 

amount of LFN in the environment (27). However, most researchers believe that there 
is a selected group of individuals who are “more sensitive” to noise and therefore, 
register higher levels of annoyance when exposed to noise (28-30). Annoyance is 
considered to be one of the “first and most direct reactions to environmental noise” 
(31) and assessment of annoyance by “LFN-sufferers and non-sufferers” has been the 
object of intense study (32-35, for example).  The idea adopted by mainstream 
science is that since only certain individuals become annoyed, given the same 
acoustical stimulus, then those individuals are categorized as more “noise sensitive” 
than others (30,33). 
 The position of VAD researchers is that annoyance is a clinical sign of 
excessive LFN exposure. Noise intolerance was first described by these researchers in 
the early 1980’s (7). Noise intolerance (or annoyance), translates into the inability to 
stand noise, any type of noise. This is a different attitude than that of the hearing 
impaired individual. While the hearing impaired persons turn the TV volume up, 
because they cannot hear, noise intolerant persons turns it down because they “hear 
too much” (5,6)4. Restaurants, shopping malls, car rides, and cinemas can all be 
dreadful places for noise intolerant persons and, as a result, they tend to isolate 
themselves. While hearing impairment promotes isolation from social surroundings, 
noise intolerance promotes an incompatibility with almost all social settings, 
particularly in today’s noisy world. 
 Viewing annoyance as a clinical sign of excessive LFN exposure implies 
recognizing that LFN is a causative agent, and not merely an inconvenience suffered 
by a “more sensitive” subgroup of the population. When patients exhibit the typical 
annoyance complaints, VAD diagnostic tests are provided in order to establish the 
degree of prior LFN exposure. 
 

STUDY AND CONTROL POPULATIONS 
 
LFN noise is ubiquitous in technological societies. Its presence has already been 
detected among numerous residences, significantly reducing quality of life and 
increasing the onset of LFN-induced (or aggravated) pathology8. Despite this, LFN 
sources are allowed to proliferate because legislation is lacking (1,2)1. 
 When scientific studies are designed involving a control and exposed 
population of subjects, it is desirable that the control population not be exposed to the 
agent that one wishes to study in the exposed population. Many noise-related studies 
do not guarantee this basic principle of scientific endeavour. It is also desirable that 
study subjects have approximately the same dosage of agent exposure, otherwise 
exposure effects could be misleading. Specifically, studies focusing on the 
relationship between traffic noise and myocardial infarction (36,37 among several 
others) or annoyance (31, for example). Often, the criterion is whether or not the 

                                                
8 See “Personal experiences of vibroacoustic disease patients with environmental exposures,” included 
in these Proceedings. 
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subject lives in a high (usually in dBA with no information on LFN content) traffic 
noise area, or not. But rarely are the subject’s other noise exposures taken into 
account. The end-result could be the equal comparison between subject A, who is 
only exposed to traffic noise in the home, and subject B, who is exposed to traffic 
noise while at home, and is also exposed to occupational noise while out of the home. 
If cardiovascular pathology is indeed associated with noise exposure (as has already 
been demonstrated for LFN exposure), then one would expect that subject B would 
have an increased risk for such clinical events. But, mainstream study design would 
ignore the increased exposure of Subject B and would treat both subjects as equally 
exposed to traffic noise – study subjects with different doses of agent exposure. 
 Similarly, when control populations are selected based on whether or not they 
are exposed to traffic noise in the home, the possibility of exposure to other noise 
sources when not in the home is disregarded. Hence, control populations may often 
not be, in fact, controls, merely subjects with a different type of noise exposure. The 
most blatant example of an inadequate selection of control subjects for a LFN-related 
study is that conducted in the Island of Vieques, Puerto Rico (39)8. Controls were 
selected merely based on the criteria of age-matching and that they lived on an island 
different than Vieques. The erroneously presumes there are no LFN sources on the 
other island, which, in this case is Puerto Rico’s main island. False controls in VAD-
related studies have been documented (40)8. 
 When noise-related studies are designed with study and control populations, 
LFN-exposure histories of all individuals must be taken in order to obtain 
scientifically useful data. 
 

LOW FREQUENCY NOISE-INDUCED PATHOLOGY 
 
The response to LFN exposure has been linked to cardiovascular pathology (8,11-
14,16)5,6 the onset of respiratory tract tumours (17,18,20,41)9 the early onset of auto-
immune diseases (12,13,42)10, the appearance of neurological disorders closely 
associated with the existence of brain lesions (43) and delays in nerve conduction 
times (43-45)11, as well as behavioural and psychological disorders (5,6,40)4. Hence, 
if LFN exposures are not taken into account when the incidence of cancer, heart 
disease and systemic lupus erythematosus (for example) are the object of study, 
results may be misleading.  

The development of respiratory tract tumours is a case in point. There are 
several different types of respiratory tract tumours, depending on the type of tissue 
that develops the tumour. In all VAD patients who have developed respiratory tract 
cancer, all tumours have been of one single type: squamous cell carcinomas (41)9. 
Hence when other studies, with a different end-point, study respiratory tract tumours 
                                                
9 See “Respiratory pathology in vibroacoustic disease I – Current findings,” included in these 
Proceedings. 
10 See “Auto-immune disorders in vibroacoustic disease”, included in these Proceedings. 
11 See “Neurological disorders in vibroacoustic disease I – Current findings ”, included in these 
Proceedings. 
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and do not gather previous LFN-exposure histories, results could be misleading. 
Moreover, studying respiratory tract cancer without separating and classifying the 
different types of tumours may also lead to erroneous conclusions. 

SUMMARY  

Several aspects regarding noise-related study designs were approached, within the 
context of disregarding a) LFN as an agent of disease, and b) subjects’ previous noise 
exposure histories as a contaminant. Many more examples could have been provided, 
showing that most studies do not fully realize the real impact of noise exposure on 
modern society, thus yielding non-useful scientific data. 
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