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ABSTRACT 

 

Toxic stimuli exposure limits are typically based on single stressor 

experiments, but are presently applicable to toxic stimuli in isolation or in 

combination with other toxic stimuli.  In the latter case, typically less of each 

constituent of the combination is required to cause damage compared to the 

amount determined from single stressor experiments. 

This monograph presents a simplified approach to improving regulatory 

exposure limits for toxic stimuli.  The approach will partially account for the 

enhanced adverse effects of toxic stimuli combinations.  It 1) assumes that all 

potential toxic stimuli to which an individual might be exposed have the same 

mechanisms/modes of action on biological mechanisms, and are, thus, 

indistinguishable by the impacted organism; 2) converts the doses of exposures to 

toxic stimuli to NOAEL fractions; 3) adds all the NOAEL fractions from these 

exposures to toxic stimuli; and 4) divides all the present exposure limits by the 

total number of NOAELs obtained. It would reduce present single-stressor-based 

exposure limits by an order of magnitude or more across the board. 

The newly posited approach does not account for hormetic, antagonistic, or 

synergistic effects of toxic stimuli in combination.  It does not adjust for 1) low-

dose toxicants with adverse effects that have been under-reported, or 2) exposure 

limits (like the OSHA PELs) that are orders of magnitude above levels shown by 

published single stressor studies to have caused adverse effects. 
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Chapter 1. Introduction and Background 

 

1A. Overview 

 

Myriad regulatory agencies throughout the world have responsibility for  

protecting their constituents from the adverse effects of potential toxic stimuli.  

The data sources used by these agencies to determine safety have been of two main 

types: laboratory experiments (mainly on animals) and epidemiology studies 

(mainly on humans). By far, the dominant approach has been single stressor 

studies, mainly on animals.  For example: 

   

 "Over the past 35 years, the vast majority of risk assessments 

conducted by EPA have concentrated narrowly on individual chemical 

agents, distinct sources or source categories, and single exposure 

pathways, environmental media, routes of exposure, and health 

endpoints" [1];  

 "Traditional chemical-specific risk assessment based on animal testing 

may be insufficient and the lack of toxicological studies on chemical 

mixtures remains a major regulatory challenge." [2];  

 "The current chemical risk assessment approach is typically based on 

the toxicity caused by a single chemical on a variety of organs without 

acknowledging additional exposures to other chemicals also affecting 

the same organ or system." [3]. 

 

Typically, the effects of toxic stimuli combinations are not taken into 

account in setting regulatory exposure limits.  The discipline called Cumulative 

Risk Assessment (CRA), or Cumulative Effects Assessment (CEA), evaluates the 

effects of multiple stressors acting through multiple pathways.  Many/most of these 

studies address relatively few combinations, with some of the studies examining 

different stressors from the same general class. For readers interested in learning 

more about CRA/CEA, the Bibliography Section (A) on Cumulative Risk 

Assessment provides a number of useful references. 

Section B of the Bibliography provides a comprehensive listing of articles 

focused on effects from combinations of stressors.  Overwhelmingly, as the 

references in Section B show, combinations of stressors amplify the adverse effects 
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from single stressors, and lower the doses required for individual toxic stimuli to 

cause biological damage.  The present monograph presents a simple approach for 

modifying regulatory exposure limits to partially compensate for the enhanced 

adverse effects from toxic stimuli combinations. 

 

1B.  Single Stressor Studies 

 

In the data evaluation section of a 2018 monograph addressing the viability 

of OSHA's Permissible Exposure Limits [4], the overwhelming majority of the 

studies used by myriad regulatory agencies for determining harmful exposure 

levels were single stressor.  These included studies for determining the: 

 

 Occupational Safety and Health Administration (OSHA) 

Permissible Exposure Limits (PELs) [5-8], 

 National Institute for Occupational Safety and Health 

(NIOSH) Recommended Exposure Limits (RELs) [9-12], 

 American Conference of Government Industrial 

Hygienists (ACGIH) Threshold Limit Values (TLVs) [13-16] and 

Biological Exposure Indices (BEIs) [13, 17-18], 

 Environmental Protection Agency (EPA) Inhalation 

Reference Concentration (RFC) [19-24] and Oral Reference Dose 

(RFD) [19, 25-26], 

 Agency for Toxic Substances and Disease Registry 

(ATSDR) Minimal Risk Levels (MRLs) [27-31], and 

 German Ad-hoc Working Group on Indoor Guidelines of 

the Indoor Air Hygiene Committee Health Precaution Guide Value 

(RWI) and Health Hazard Guide Value (RWII) [32-36]. 

 

1C. Stressor Combination Studies 

 

Numerous biomedical studies have shown that combinations of stressors can 

enhance the adverse effects of any one of their constituents (relative to its effects 

when acting in isolation) [37-43]. As stated previously, Section B of the 

Bibliography provides a comprehensive listing of articles focused on effects from 

combinations of stressors.  These stressors are not limited to chemicals, but can 
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include radiation (ionizing and non-ionizing; visible and non-visible), heat, force, 

sound, biotoxins, iatrogenic, lifestyle choices, socioeconomic factors, physical and 

emotional stress, and many others.  Only few combinations of potentially toxic 

stimuli decrease the adverse effects of any constituent, and some/many of these 

may occur at low toxic stimuli doses in the hormetic range. 

In the case of contributions to disease, toxic stimuli combinations typically 

allow less of each component to cause damage compared to the levels obtained 

when examining the toxicity of each component in isolation (single stressor 

experiment, for assessing damage of the potentially toxic stimulus).  For example: 

 

 A study entitled "Synergistic toxicity produced by 

mixtures of biocompatible gold nanoparticles and widely used 

surfactants" [44] showed that these mixtures produced synergistic 

toxicity at concentrations where the individual components were 

benign. 

 A second study entitled "Synergistic action of the 

nephrotoxic mycotoxins ochratoxin A and citrinin at nanomolar 

concentrations in human proximal tubule-derived cells" [45] showed 

that only concurrent (but not individual) exposure to OTA [ochratoxin 

A] and CIT [citrin] at nanomolar concentrations led to (i) an increase 

of TNF protein and mRNA, (ii) a decrease of COX-2 protein and 

mRNA, (iii) a decrease of E-cadherin protein and (iv) an increase of 

vimentin and alpha-SMA protein. 

 A third study entitled "DNA damage in rat lymphocytes 

treated in vitro with iron cations and exposed to 7 Mt magnetic fields 

(Static Or 50 Hz)" [46] showed that lymphocyte exposure to magnetic 

fields (MF) at 7 mT did not increase the number of cells with DNA 

damage in the comet assay. Incubation of lymphocytes with 10 

mug/ml FeCl2 did not produce a detectable damage of DNA either. 

However, when the FeCl2-incubated lymphocytes were 

simultaneously exposed to 7 mT MF the number of damaged cells was 

significantly increased and reached about 20% for static MF and 15% 

for power frequency MF. 
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1D.  Impact of toxic stimuli combinations on setting safe exposure limits 

 

Thus, when setting safe exposure limits for a constituent of a given 

combination based on results from experiments involving that constituent in 

isolation (single stressor), the exposure limit values will be substantially higher 

than those at which the constituent might cause damage when used in combination.  

Stated differently, "When multiple components in a sample, even at low 

concentrations, affect the same pathway, their combined toxicity can usually be 

described by the concentration addition concept and may induce significant 

toxicity to aquatic organisms" [47].  It should be emphasized this quoted statement 

holds strictly when it is known that the same pathway is affected by the multiple 

components. 

There have been myriad approaches proposed to assess the effects of 

multiple toxic stimuli [1, 48].  A survey of the history of methods for "evaluation 

of cumulative health risks from the combined effects of multiple environmental 

stressors" [1] provides some idea of the progress made towards this goal.  As stated 

previously, Section A of the Bibliography provides a comprehensive listing of 

articles focused on the general topic of Cumulative Risk Assessment.  Other 

credible studies show the Concentration Addition approach simulates the toxicity 

of mixtures reasonably well [47, 49]. These approaches tend to be a posteriori, 

examining impacts of combinations after the fact. 

The more important question is how can these demonstrated enhanced 

adverse effects, resulting from combinations of toxic stimuli, be exploited to 

improve the regulatory process for setting exposure limits on individual toxic 

stimuli?  Given the numbers of potentially toxic stimuli in the environment, in 

occupational settings, and in daily life, the numbers of potential toxic stimuli 

combinations are essentially infinite [43].  The dose levels of each combination 

constituent that can cause damage can vary depending on the numbers, types, 

timing, and dosages of other constituents of the combination [43].  Appendix 1 

provides an estimate of numbers of combinations (with different numbers of 

constituents) of toxic stimuli possible. 

Thus, there are effectively an infinite number of dose levels of any 

constituent that could be used as a threshold for initiating damage, since there are 

essentially an infinite number of combinations of toxic stimuli.  This reality is 

orthogonal to the present exposure limit regulatory process, where each constituent 
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is given one exposure limit (for a pre-specified exposure duration) based on single 

stressor experiments, and this exposure limit is expected to be relevant under all 

conditions. 

This monograph presents a regulatory-enhancing approach that is  

 

 credible,  

 correct in at least one limiting case,  

 relatively simple to apply to all toxic stimuli, and 

 capable of adjusting regulatory exposure limits to partially 

compensate for the added damage of toxic stimuli combinations. 
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Chapter 2. Methods, Results, and Discussion 

 

2A. Intrinsic Flaw in Regulatory Process 

 

Single stressor experiments used as a basis for setting regulatory exposure 

limits have an intrinsic flaw not emphasized sufficiently by researchers and 

regulators alike.  For illustrative purposes, consider the following simple 

hypothetical example.  Assume we have a country of five million people.  

  

Case 1.  Assume:  

 

 we divide this country into five groups of one million people per 

group;  

 we have five different toxic chemicals; 

 each group is exposed to one chemical only, at the NOAEL dose for 

that chemical;  

 each of the five NOAELs is identical.   

 

By NOAEL definition, there should be no adverse effects among any of the five 

million people from exposure to these five chemicals. 

 

Case 2.  Assume: 

 

 we re-divide the country into two groups, where Group A has four 

million people and Group B has one million people; 

 Group A is not exposed to any of the five chemicals, and Group B is 

exposed to all the five chemicals, again at the NOAEL dose level for 

each chemical;  

 each of the five chemicals exerts identical pathological effects, 

through the same signaling pathways (identical mechanisms/modes of 

action).     

 

Then, each of the one million members of Group B will be exposed to an effective 

dose of 5xNOAEL.  This means that one million people will (potentially) 

experience adverse effects, since the NOAEL dose level has been exceeded.  The 
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four million people in Group A will experience no adverse effects, since they have 

not been exposed to these chemicals. 

Thus, the total amount of the five chemicals used has remained the same in 

both cases, but the number of people experiencing adverse effects has increased 

from zero to (potentially) one million because the chemicals were used in 

combination.  These adverse effects from the combination would not have been 

predicted from the single stressor tests, since the single stressor tests for each 

constituent showed no adverse effects at the NOAEL level.  This limiting case 

(where the chemicals are effectively the same from the perspective of the test 

subjects) shows the necessity of testing potentially toxic stimuli in combinations 

as a basis for setting regulations on exposure limits.   

 

2B. Role of combinations in correlation-causation nexus 

 

There are further benefits that can be obtained from this type of simple 

hypothetical example (see Appendix 2 for application to hormesis, and see 

Bibliography Section C for representative references related to hormesis).  For 

example, many epidemiology studies attempt to extract correlations from data to 

serve as a starting point for showing causation.  A study may show that substance 

A increased at a given rate over some period of time, and disease B increased at the 

same rate over the same period of time.  Therefore, the correlation between 

substance A and disease B could serve as a starting point for identifying the 

mechanisms by which substance A could contribute to disease B. 

However, absence of evidence is not evidence of absence!  As the 

hypothetical example above shows, lack of correlation does not exclude causation.  

One needs to ensure that the appropriate variables, or, in the present case, 

combinations of variables, are selected for evaluating correlation. Trends in 

combinations of potential toxic stimuli need to be considered when evaluating a 

correlation-causation nexus. 

Consider the 2014 study by Nevison [50] to identify potential autism 

environmental contributing factors by correlating those contributing factors whose 

temporal increases parallel the observed temporal increases in autism.  The author 

started with "a list of the top ten environmental compounds suspected of causing 

autism and learning disabilities".  She found that "Most of the suspected 

environmental toxins examined have flat or decreasing temporal trends that 
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correlate poorly to the rise in autism. Some, including lead, organochlorine 

pesticides and vehicular emissions, have strongly decreasing trends. Among the 

suspected toxins surveyed, polybrominated diphenyl ethers, aluminum adjuvants, 

and the herbicide glyphosate have increasing trends that correlate positively to the 

rise in autism."  She did not look at the trends of toxic stimuli combinations within 

the ten (including those toxicants whose trends were flat or decreased over time), 

but rather concentrated on trends of specific toxic stimuli.  There remains the 

possibility that the toxic stimuli combinations could potentially account for 

some/much of the increase in autism. 

 

2C. Numerical Difficulties in Setting Exposure Limits based on each Combination 

 

In the USA, there are about 85,000 chemicals in commerce registered with 

the US Environmental Protection Agency (EPA) through the Toxic Substances 

Control Act inventory [51].  An analysis of the PUBMED MeSH Tree showed the 

existence of ~4,000 described diseases [52].  Thus, there are about 340,000,000 

potential one-to-one chemical-disease combinations that would have to be 

examined to assess which of the chemicals are contributing factors to which 

diseases.  Most of these 340,000,000 potential chemical-disease combinations have 

not been tested for chemicals applied in isolation (the contribution of one chemical 

to one disease), much less in combinations reflective of real-world exposures [43, 

53].   

In the USA, federal legally enforceable occupational exposure limit 

regulations are governed by the Occupational Safety and Health Administration 

(OSHA).  Of the ~85,000 chemicals referenced above, perhaps ~500 are regulated 

by OSHA through their issuance of Permissible Exposure Limits (PELs).  A 2018  

monograph [4] shows that (based on sampling ten of these ~500 OSHA 'regulated' 

chemicals) the OSHA PELs are typically one-four orders-of-magnitude higher 

than exposures shown in the biomedical literature to cause biological 

damage/adverse health effects.   

Section 1B above and companion studies [43, 53] show that most of the 

biomedical literature-based toxic stimuli exposures on which the OSHA PEL 

regulations (as well as other Agency regulations and guidelines) depend are 

exposures in isolation (one chemical used in the experiment).  When exposures to 

these chemicals are combined as in the real-world, synergistic effects that magnify 
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their damage are often the result.  Thus, the one-four orders-of-magnitude gap for 

OSHA PELs mentioned in the previous paragraph would be increased when toxic 

stimuli are combined. 

Further, a 2016 paper [54] shows that 1) some/many adverse health effects 

from toxic stimuli have been under-reported in the biomedical literature (see 

Section D of the Bibliography for references that address this under-reporting and 

associated publication bias) and 2) some/many of the studies reported in the 

biomedical literature have been manipulated to underestimate the severity of the 

results, especially for topics that have political/commercial/military sensitivity.  In 

many respects, the USA workplace is effectively unregulated for chemical 

exposures, given the orders-of-magnitude difference between 1) the regulated 

OSHA PEL exposure limits, and 2) the levels of exposures shown in the 

biomedical literature to cause damage. 

In the eBook entitled "Pervasive Causes of Disease" [52], ~8,000 factors 

(chemicals, radiations, drugs, biotoxins, etc) that potentially contributed to the 

~4,000 diseases were identified.  These ~8,000 contributing factors were obtained 

from analyses of the existing biomedical literature, and should be viewed as a very 

low floor.  Only a miniscule fraction of the 340,000,000 chemical-disease pairs 

mentioned at the beginning of Section 2B have been tested (much less the other 

non-chemical toxicant-disease pairs) and published in the biomedical literature.  

About 800 of these ~8,000 potential disease contributing factors (e.g., smoking, 

pesticides, high-fat diets, heavy metals, advanced glycation end products, etc) were 

judged to be 'pervasive' in [52], i.e., they contributed to at least a threshold number 

(many tens) of diseases.  

How many of these potential disease contributing factors might contribute to 

a specific disease?  In the past five years, the author has identified potential 

contributing factors (existing and discovered) to two major chronic diseases, 

Chronic Kidney Disease (CKD) [55] and Alzheimer's Disease (AD) [56], as part of 

protocol development to prevent and reverse these diseases.  For both CKD and 

AD, on the order of ~500 potential contributing factors were identified (as an  

example, see Appendix 3 for the potential contributing factors to AD).  Again, this 

number should be viewed as a floor, given 1) the limitations on full inclusion of 

contributing factors that have been reported in the literature for these two chronic 

diseases, and 2) the text mining limitations on extracting potential contributing 

factors from these text databases.  Many of these potential contributing factors 
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were pervasive based on the eBook findings, but many were not.  Ongoing studies 

by the author's research group for reversing two other major chronic neurological 

diseases are showing the same orders-of-magnitude of numbers of potential 

contributing factors to these two additional diseases. 

Again, absence of evidence is not evidence of absence.  Many potential 

contributing factors (pervasive or not) to any given disease did not surface in the 

eBook because: 

 

 the research had not been done on the linkage between the potential 

toxic stimulus and the disease, or  

 the research had been done but not reported, or  

 the research had been reported improperly.   

 

These research/reporting deficiencies resulted in severe limitations on the 

total number of potential disease contributing factors reported, and the number 

reported that could pass the numerical threshold of pervasiveness. 

The disease reversal protocol for CKD and AD [55, 56] requires that major 

contributing factors to any of these chronic diseases be eliminated before disease 

reversal is even remotely possible.  Therefore, minimizing toxic stimuli exposures 

becomes central to healing.  Minimizing toxic stimuli exposures can be 

accomplished in at least two ways: avoidance and regulation.   

Toxicant exposures can (in theory) be avoided, although this may not be 

realistically possible in many cases.  Additionally, government can regulate toxic 

stimuli exposure ceilings, to minimize those toxic stimuli exposures that cannot (in 

practice) be avoided.  If government regulations are inadequate, then the likelihood 

of developing chronic diseases will be increased and the likelihood of reversing (or 

preventing) these diseases will be decreased.  Inadequate government regulations 

on potentially toxic exposures can be viewed effectively as government  

promoting/mandating the development of myriad chronic diseases! 

 

2D. Proposed Regulatory Modification to Partially Account for Combinations 

 

The end goal of this monograph is to propose a revision to existing 

regulatory exposure limits for potentially toxic substances that would partially 

reflect and compensate for the enhanced adverse effects of toxic stimuli 
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combinations.  Such a revision would have to be credible, simple, and not overly 

harsh or restrictive, or it would have no chance of implementation.   

The basic concept underlying the proposed revision is based on the 

hypothetical limiting condition of Section 2A.  Concept implementation requires: 

 

 assuming that all potential toxic stimuli to which an individual 

might be exposed have the same mechanisms/modes of action on the 

biological mechanisms; 

 converting the doses of toxic stimuli exposures to NOAEL fractions; 

 adding all the NOAEL fractions from these toxic stimuli exposures; 

 dividing all the present toxic stimuli exposure limits by the total 

number of NOAELs obtained.   

 

Since, (in the foreseeable future, for a given regulation-setting Agency) one 

exposure limit value (or perhaps an acute and chronic value) is set for a given toxic 

stimulus, the individual-oriented concept of the previous paragraph needs to be 

converted to a population-oriented concept.  This would require generating a 

distribution function of exposures for a representative sample of myriad 

individuals to a full spectrum of potential toxic stimuli, and performing statistical 

analyses on the resulting population-based distribution functions.  This 

integrating/averaging process would arrive at the requisite NOAEL fractions to 

which the sample population is exposed for each of the selected toxic stimuli 

exposures, which would then be summed over all the selected potential toxic 

stimuli to provide the total number of NOAELs to be used for existing exposure 

limit reduction.  

For example, suppose there were five potentially toxic stimuli to which the 

greater population could be exposed.  Suppose, after a representative sample of 

people had been selected, measurements of their exposures to these toxic stimuli 

showed that average exposure to:  

 

 Toxic Stimulus 1 (TS1) was 0.5 times present NOAEL1,  

 TS2 was 0.6 NOAEL2,  

 TS3 was 0.7 NOAEL3,  

 TS4 was 0.8 NOAEL4, and  
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 TS5 was 0.9 NOAEL5. 

   

Then, the sum of these five NOAEL coefficients (fractional NOAEL 

exposures, assuming equal importance of all five NOAELs), would be 3.5.  The 

proposed algorithm would reduce the present day exposure limits for ALL toxic 

stimuli by a factor of 3.5.  Obviously, this excludes any hormetic, antagonistic, or 

synergistic effects among combination members, and thus would be 'exact' only for 

the hypothetical limiting case of identical mechanisms/modes of action among all 

potentially toxic stimuli. 

Based on the approximately 500 potential contributing factors for each of the 

two chronic diseases (CKD, AD) identified already (with the very real possibility 

that hundreds or thousands more contributing factors could be identified if all the 

e.g. 85,000 chemicals in use were evaluated for their contributions to diseases in 

isolation or in combination), how many of these ~500 potential contributing factors 

could any one person be expected to encounter?  That question cannot be answered 

with any degree of credibility at present, since there are extremely limited data on 

all the myriad potentially toxic stimuli exposures to which people are subjected 

over their lifetimes.   

To obtain such cumulative exposure data, people would need to be 

instrumented for many years with myriad devices to measure temporal exposures 

to 1) myriad radiation fields, 2) thousands or tens of thousands of chemicals, 3) 

thousands of non-chemical substances, etc.  Given the effectively infinite number 

of combinations of toxicants possible from the many thousands of toxic stimuli 

already shown to contribute to myriad diseases (~8,000, based on the limited 

results shown in [52]), there is little hope of identifying effective NOAELs for all 

the constituents in each combination within the foreseeable future.   

A credible process that would provide a first-order approximation to the full-

scale challenge outlined above is as follows.  The pervasive causes of disease 

approach presented in [52] would be updated and upgraded, to both include the 

most recent information and cover a broader expanse of biomedical literature using 

more powerful computer capabilities.  Let's assume that 1,000 pervasive causes of 

disease would be identified (in [52], the causes/contributing factors were classified 

as foundational, which meant they were tangible primary causes of disease over 

which potential victims had some control, such as smoking, high-fat-diet, 

iatrogenic surgical procedures, iatrogenic drugs, radiation exposures, heavy metals, 
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food additives, insufficient exercise, brominated fire retardants, etc (See Appendix 

3 for a taxonomy/list of potential foundational contributing factors to AD ). 

These ~1,000 pervasive causes of disease would serve as the 'pool' from 

which toxic stimuli would be selected for purposes of identifying average 

fractional NOAEL levels of exposure.  A sample of the population would be 

selected, and their exposures to selected toxic stimuli from this 'pool' would be 

ascertained.  To insure adequate protection for the most vulnerable members of our 

population, this sample could be weighted towards  people who serve on the front-

lines of deploying (and living nearby) much of the advanced technology 

responsible for major contributions to disease, such as farmers/gardeners 

(pesticides), cell tower service personnel (wireless radiation), miners (particles, 

heavy metals), radiotherapy technicians/radiopharmaceutical diagnosticians 

(ionizing radiation), etc. 

These exposures to selected toxic stimuli could be ascertained in at least 

three ways.  First, if the exposure data is already in the literature, the literature 

could be scanned for population distributions of exposures to these selected toxic 

stimuli.   

Second, the sample members could be queried for their exposure levels to 

these selected toxic stimuli.  This would be relatively credible for contributing 

factors related to lifestyle (e.g., diet, exercise, sleep, recreational substances, etc), 

iatrogenic (e.g., surgeries, drugs, diagnostics, etc), and some 

occupational/environmental exposures (e.g., noise, air pollution, some types of 

ionizing radiation, etc).  It would not be credible for many of the 

occupational/environmental exposures, since most people have little or no 

knowledge of their exposures to specific toxic stimuli (chemicals, radiation, etc) at 

their workplace, in their environment, and in their home. 

Third, the population sample could be instrumented, and some of the 

unknown occupational/environmental/home exposures to toxic stimuli could be 

measured.  Measuring exposure trajectories over the long-term is probably not 

realistic given today's technologies, but acute (perhaps one or two day) exposure 

trajectories might be doable.  In the future, imbedded chip technologies might 

allow much longer-term exposure measurements to be made. 

Once these exposures to selected toxic stimuli have been ascertained for the 

sample population by the above three (and perhaps other) approaches, then the 

distributions can be generated, and the statistical assessments can be performed.  
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The fractional or integer NOAEL coefficient levels would be summed over all 

toxic stimuli selected, and the result used as the denominator for reducing the 

present regulatory exposure limits to partially account for exposures to 

combinations of toxic stimuli.  Myriad rules could be added to the numerical 

process, such as 1) assuming exposures <0.25xNOAEL could be hormetic and 

setting their contribution to the reduction factor to zero, and/or 2) assuming 

exposures >0.5xNOAEL could be synergistic and setting their contribution to the 

reduction factor to unity. 

What levels of exposure limit reduction should we expect to partially 

account for effects of toxic stimuli combinations?  Over the past four years, the  

author has reviewed many thousands of potential disease contributing factors 

identified in [52].  It would not be unreasonable to expect many people to be 

exposed to at least tens (perhaps many tens) of these potential contributing factors 

at near-NOAEL or greater levels, especially those contributing factors that have 

been characterized as 'pervasive' [52].  Then, in this hypothetical limiting case of 

identical mechanisms/modes of action, the cumulative exposure would be on the 

order of tens or hundreds of NOAELs.  This means that present regulatory 

exposure limits would need to be set one or more orders of magnitude lower across 

the board to avoid increasing the risk of major chronic diseases from large 

combinations of contributing factors. 

However, based on the results from [4, 43, 53], the actual exposure limit 

reduction numbers computed with the above process may be far larger.  As was 

shown in [4] for the ten sampled substances that OSHA regulates, the PELs could 

range anywhere from about an order of magnitude above an effective NOAEL to 

about four orders-of-magnitude above an effective NOAEL.  Thus, for example, 

people who worked in an environment where they were exposed to all ten of these 

sampled substances in [4] could have an exposure limit reduction on the order of 

three orders of magnitude based on these ten toxic stimuli alone!  Much of that 

reduction is not due to the effect of combinations, but rather to the present-day 

PELs not reflecting the exposure limits shown by the biomedical literature to cause 

damage. 

To compensate for this influence of non-combination effects on the 

computation of the combination toxic stimuli exposure limit reduction factor, the 

value of any toxic stimulus NOAEL fraction/coefficient could be limited to unity 

(i.e., any NOAEL fraction that was greater than one would be set equal to one).  



Safer Exposure Limits                             Copyright © 2019                                Ronald N. Kostoff 

 

 Page 19 
 

Thus, for the ten sampled substances example above [4], the total of their NOAEL 

coefficients  used for computing reduction in present exposure limits to account for 

combinations would be ten.  Hopefully, when the PELs are reduced to reflect 

biomedical literature results, the limit on NOAEL coefficient values to unity for 

any toxic stimulus would be exact for the hypothetical limiting case for identical 

mechanisms/modes of action. 

Thus, if e.g. the sampling results show that the total fractional NOAEL 

exposure coefficients sum to 100, then the NOAELs would be reduced to one 

percent of their single stressor values across the board (for all toxic stimuli 

exposure limits).  The results could always be weighted for different levels of 

exposure relative to NOAEL values, or for different levels of importance for the 

different toxic stimuli. 
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Chapter 3. Conclusions 

 

Toxic stimuli exposure limits are typically based on single stressor 

experiments, but are presently applicable to toxic stimuli in isolation or in 

combination with other toxic stimuli.  In the latter case, typically less of each 

constituent of the combination is required to cause damage conpared to the amount 

determined from single stressor experiments. 

This monograph advances a simplified improved regulatory approach that 

will partially account for the enhanced adverse effects of combinations of toxic 

stimuli.  It essentially divides all NOAEL dose levels by the sum of fractional 

NOAELs of toxic stimuli to which a representative sample of people are exposed.  

It would reduce present single-stressor-based NOAEL levels by an order of 

magnitude or more across the board. 

It does not account for hormetic, antagonistic, or synergistic effects of toxic 

stimuli in combination.  It does not adjust for low-dose toxicants with adverse 

effects that have been under-reported, nor does it adjust for exposure limits like the 

OSHA PELs that are orders of magnitude above levels shown by published single 

stressor studies to have caused adverse effects. 
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Chapter 5. Appendices 

 

Appendix 1 - Numbers of Combinations of Potentially Toxic Stimuli 

 The reason few combinations (relative to single stressors) are selected for 

study derives from combinatorics. Consider the number of possible combinations 

of two and three items. For n variables, and possible combinations of a subset of n 

consisting of r variables, the number of combinations is: C(n,r)=n!/(r!*(n-r)!), 

where [!] denotes the factorial function. For large n, and r small compared to n, 

C(n,r)~=n
r
/r! For large n, C becomes a large number. How large? Consider the 

following, using radiofrequency radiation (RFR) as an example. 

 It would be useful to identify comprehensively those substances that could 

combine with RFR to produce enhanced adverse health effects. There are many 

tens of thousands of items that could be potential candidates for study. Is there any 

way to narrow those down? 

 The eBook 'Pervasive Causes of Disease' [52] examined contributing factors 

to ~4,000 diseases, and identified factors that contributed to 1) any of these 

diseases and 2) a threshold number of diseases. There were about 8,000 causes 

identified for the ~4,000 diseases.  On the order of 800 substances that contributed 

to at least a threshold number of the ~4,000 diseases were identified, and were 

labeled pervasive causes because of their widespread impact. The total number of 

causes identified for all diseases (~8,000) might be a good starting point for 

identifying additional potential RFR combinations. Why is this a reasonable 

assumption? 

 The various systems in the body are inter-related. The immune system, 

neural system, endocrine system, circulatory system, etc, are linked. There are 

research disciplines devoted to study of these linked systems (e.g., 

neuroimmunology, neuroimmunoendocrinology, etc). Most of the ~8,000 causes 

impact one or more of these inter-related systems. Many of the studies focus on the 

impact of the test substance on (typically) one system only. It would be reasonable 

to expect that a substance impacting one of the systems above would have some 

level of impact on the other systems above, with some impacts being more 

significant than others. 
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 Thus, the ~8,000 potential causes would be candidates for evaluation as RFR 

partners. However, many of these ~8,000 potential contributing factors are 

relatively rare in the existing biomedical literature. Their rarity may be because 1) 

they are 'weak' contributing factors, 2) they have not yet been studied for many 

diseases, or 3) their adverse effects may have been suppressed from publication by 

the sponsor or journal.  

 First, two sub-sets of the 8,000 potential causes will be examined. Assume 

the top 1,000 contributing factors are reasonably important (essentially those 

deemed 'pervasive' in [52]), and assume the top 100 contributing factors are quite 

important. How many experiments would be required to examine comprehensively 

their potential damage enhancements in concert with RFR? 

1. 1000 contributing factors as possible RFR partners 

 If all possible combinations of the 1000 contributing factors were partnered 

with RFR, there would be 1000! [factorial] experiments required. The number is 

essentially infinite. We will instead examine combinations starting at the other end 

of the combinatorial spectrum. 

 For potential damage enhancements of RFR combined with one other 

contributing factor, 1000 experiments would be required to cover all 1000 

contributing factors. And, each experiment would be more complex than an 

experiment for each component in isolation. For example, suppose four values 

were selected for each variable. In the simplest illustrative case, the isolated 

experiment would require four runs for each variable (eight runs total). In the 

combination experiment, sixteen runs total would be required. 

 For potential damage enhancements of RFR and two other contributing 

factors (a three component combination), ~500,000 experiments would be required 

(according to the approximate formula above). An online calculator gives the exact 

number as 499,500, so the approximation is quite reasonable.  

 For potential damage enhancements of RFR and three other contributing 

factors (a four component combination), 166,167,000 experiments would be 

required. Given the cost and time of these types of experiments, the number of two, 
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three, or four component experiments required to cover all 1000 possibilities is 

completely unrealistic. 

2. 100 contributing factors as possible RFR partners 

 For potential damage enhancements of RFR combined with one other 

contributing factor, 100 experiments would be required to cover all 100 

contributing factors. For potential damage enhancements of RFR and two other 

contributing factors (a three component combination), 4,950 experiments would be 

required. For potential damage enhancements of RFR and three other contributing 

factors (a four component combination), 161,700 experiments would be required. 

Even RFR and one other contributing factor require a large number of experiments, 

and the two and three other contributing factor scenarios are again completely 

unrealistic in terms of number of experiments and available resources required. 

3. 10 contributing factors as possible RFR partners 

 Consider the additional case of combinations of ten contributing factors with 

RFR. For potential damage enhancements of RFR and one other contributing 

factor, 10 experiments would be required to cover all 10 contributing factors. For 

potential damage enhancements of RFR and two other contributing factors (a three 

component combination), 45 experiments would be required. For potential damage 

enhancements of RFR and three other contributing factors (a four component 

combination), 120 experiments would be required. While these numbers are still 

huge, based on the experience of past RFR experiments, they are not out of the 

realm of possibility.  
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Appendix 2 - Combining Hormetic Exposures 

 

One definition of hormesis, or the hormetic dose response, is: "a biphasic 

dose response characterized by stimulatory low doses and inhibitory (toxic) doses." 

[57].  Obtaining a hormetic effect from multiple stimuli may be dependent on 

many variables, including the time between applications of the individual stimuli 

[57].  As stated in [57]: "To estimate a “true” MHSR [maximal hormetic 

stimulatory response], it is also necessary to measure the MHSR at an optimal time 

following the administration of any treatment dose. A certain amount of time is 

biologically required to sense a stimulus, to transmit and process information about 

a stimulus, and to organize and execute an adaptive response to a stimulus. Simply 

put, if the duration between a stimulus and the measurement of a response to that 

stimulus is either too short or too long then the temporal window that is required 

for the expression and measurement of an optimal response will be either 

completely or partially missed, resulting in no response or, possibly a response 

significantly less than a “true” MHSR." 

If multiple substances that have hormetic dose responses individually are 

provided in parallel (which could include application times spaced too closely in 

order for hormetic effects to be observed), then under certain conditions the 

hormetic effects could be negated, or even transformed into adverse effects. 

For example, assume: 

 five substances that exhibit hormetic dose responses individually; 

 each of these five substances has the same mode of action, and 

produces the same end results;  

 each substance has the same NOAEL, and that hormesis is produced 

individually at the same fractional NOAEL level, e.g., 0.4xNOAEL.   

Then, administering the five substances in parallel at the 0.4xNOAEL level 

for each, or sufficiently close temporally that hormetic effects do not have the time 

to emerge, would result in an effective dose of 2.0xNOAEL.  This would lead to 

adverse effects, since the NOAEL threshold has been exceeded. 

Thus, the contribution of individual substance hormesis to total mixture 

hormesis will be a function of many variables, especially the temporal trajectory of 

toxic stimuli exposures, and the similarities among their hormetic modes of action. 

  



Safer Exposure Limits                             Copyright © 2019                                Ronald N. Kostoff 

 

 Page 31 
 

Appendix 3 - Potential Contributing Factors to AD 

 

DETAILED AD FOUNDATIONAL CAUSES 

(adapted from reference [56]) 

 

2-7A. Taxonomy of AD Causes 

 

 Table 2-7A presents a detailed taxonomy of AD foundational causes. 

 

Table 2-7A - Detailed Taxonomy of AD Foundational Causes  

CODE CATEGORY 

I LIFESTYLE 

I-A Diet 

I-A1 Excesses 

I-A2 Deficiencies 

I-A3 Food Additives/Pollutants 

I-B Activity 

I-B1 Sedentary Lifestyle 

 

I-B2 Sleep 

I-C Substance Abuse 

I-C1 Recreational Drugs 

I-C2 Smoking 

I-C3 Alcohol 

I-D Other 

II IATROGENIC 

II-A Drugs 

II-A1 Anti-Neoplastic Agents 

II-A2 Anti-Infective Agents 

II-A2a Anti-Bacterial/Anti-Fungal/Anti-Parasitical Agents 

II-A2b Anti-Viral/Anti-Retroviral Agents 

II-A3 Anti-Inflammatory Agents 

II-A4 Cardiovascular Agents 

II-A5 Central Nervous System Agents 

II-A5a Analgesics and Pain Relievers 

II-A5b Movement Stabilizers 

II-A5c Depressants/Anti-Depressants and Stimulants 



Safer Exposure Limits                             Copyright © 2019                                Ronald N. Kostoff 

 

 Page 32 
 

II-A5d Mood Stabilizers 

II-A6a Immunosuppressive Agents/Immunosuppression 

II-A6b Immunostimulation Agents 

II-

A6b1 

Vaccines/Vaccination 

II-A7 Hematologic Agents 

II-A7a Coagulants 

II-A7b Anti-Coagulants 

II-A7c Other 

II-A8 Steroids/Hormones 

II-A9 Anti-Hypertensive Agents 

II-A10 Gastrointestinal Agents 

II-A11 Lipid Regulating Agents 

II-A12 Dermatologic Agents 

II-A13 Anti-Bone-Loss Agents 

II-A14 Anti-Diabetic Agents 

II-A15 Anti-Rheumatic Agents 

II-A16 Anti-Allergic Agents 

II-A17 Anti-Hypotensive Agents 

II-A18 Anti-Thyroid Agents 

II-B Radiotherapy 

II-C Surgery/Invasive Treatments 

II-C1 Transplantation 

II-C2 CardioVascular 

II-C3 Orthopedic 

II-C4 Gastrointestinal 

II-C5 Kidney/Urologic 

II-C6 Brain/Neural 

II-C7 Dental/Oral/Nose/Ear 

II-C8 Gynecologic 

II-C9 Respiratory/Thorax 

II-C10 Liver/Spleen 

II-C11 Ocular 

II-C12 Breast 

II-C13 Dermal/Tissue/Neck 

II-C14 Thyroid 

II-C15 Pancreas 
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II-C16 General 

II-C17 Other 

II-D Diagnostic Agents/Procedures 

II-D1 Contrast Media 

II-D2 Radiation 

II-D2a Ionizing 

II-D2b Non-Ionizing 

II-D3 Invasive 

II-D4 Other 

III BIOTOXIC AGENTS 

III-A Mycotoxins 

III-B Exotoxins 

III-C Bacteria/Fungi/Parasites 

III-D Viruses 

III-E Other 

IV OCCUPATIONAL/ENVIRONMENTAL EXPOSURES 

IV-A Chemicals/Materials 

IV-A1 Industrial/Household Chemicals/Materials 

IV-A1a Hydrocarbons 

IV-A1b Solvents 

IV-A1c Chemical Compounds 

IV-A1d Other 

IV-A2 Agricultural Chemicals 

IV-A3 Materials 

IV-A3a Heavy Metals 

IV-A3b Particulates 

IV-A3c Nanotechnology 

IV-B Physical/Mechanical 

IV-B1 Electromagnetic Radiation 

IV-B1a Ionizing 

IV-B1b Non-Ionizing 

IV-

B1b1 

Non-Visible 

IV-

B1b2 

Visible 

IV-B2 Sound 

IV-B3 Temperature; Heat/Cold 

IV-B4 Force/Pressure/Physical Trauma 
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IV-C Other 

V PSYCHOSOCIAL/SOCIOECONOMIC 

V-A Psychological 

V-B Sociological 

V-C Economic 

VI GENETICS (Categories Only) 

VI-A Polymorphism/Genotypes/Haplotypes 

VI-B Mutations 

VI-C Linkages 

VI-D Risk Alleles 

VI-E Genotoxicity 

VI-F Familial 

VI-G Congenital 

   

2-7B.  Effects/Impacts from AD Foundational Causes 

 

 Table 2-7B presents a taxonomy of effects/impacts from the AD 

foundational causes.  Its members will be used to identify potential links to 

effects/impacts of the foundational causes identified in the final results taxonomy 

of Table 2-7C. 
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Table 2-7B - Taxonomy of Effects/Impacts from AD Foundational Causes 

(adapted from reference [56]) 

CODE LEVEL 

 CELLULAR LEVEL 

A1 increase neuroinflammation 

A2 increase neurotoxicity 

A3 increase neuronal death 

A4 increase neurodegeneration 

A5 induce DNA damage 

A6 damage mitochondria 

A7 increase neuronal oxidative stress 

 BIOMARKER LEVEL 

B1 increase tau pathology/neurofibrillary tangles 

B2 increase Abeta generation 

B3 increase AGEs 

B4 increase insulin resistance 

B5 reduce brain volume 

B6 produce low tostesterone 

B7 produce tissue lesions 

B8 induce synaptic/neurotransmission dysfunction 

B9 induce hippocampal damage 

B10 induce olfactory dysfunction 

B11 impair glutamate uptake 

B12 compromise BBB integrity 

B13 impair glucose homeostasis 

B14 impair metal homeostasis 

 PERFORMANCE LEVEL 

C1 increase memory loss 

C2 increase seizures 

C3 induce cognitive dysfunction 

 DISEASE LEVEL 

D1 increase AD risk 

D2 increase diabetes risk 

D3 induce hypothyroidism 

D4 induce metabolic syndrome 

D5 increase obesity 

 

 These effects/impacts are divided into four categories:  
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 Cellular Level,  

 Biomarker Level,  

 Performance Level,  

 Disease Level.   

Each lowest-level sub-category was obtained by inspecting visually many abstracts 

and titles of records that related cause to effect/impact, and extracting those effects 

mentioned multiple times. 

 The lowest-level sub-categories are not orthogonal; there is some partial 

overlap and redundancy.  Much of this is due to the different less-than-precise 

language of the article authors themselves.  For example, some authors may use 

neurotoxicity to refer to neural damage, others may use neuro-degeneration or 

neuronal death or .....  

 The value of incorporating the members of the above table in the final 

results is that it conveys (to the research community, the medical clinician 

community, and the consumer community) how the research is linked either  

 1) directly to AD, or  indirectly to AD through  

 2) strong disease precursors of AD (e.g., diabetes), or  

 3) strong behavioral precursors of AD (e.g., cognitive decline), or  

 4) strong biomarker precursors of AD (e.g., increase tau 

hyperphosphorylation), or  

 5) strong cellular precursors of AD (e.g., increase neuronal death).   

Why is this important? 

 Consider two potential foundational causes of AD identified in the present 

study, high-fat diets and wireless radiation.  High-fat-diets have been studied for a 

long time, and there appears to be good evidence that such diets are strong 

contributors to AD.  The long-term data are sufficient to conclude there is a direct 

link between high-fat diets and AD. 

 Wireless radiation at cell phone radiofrequencies or WiFi frequencies has 

been in commercial/military use for perhaps thirty years, and in wide-scale use for 

perhaps ten+ years.  It might take 50-60 years to identify impacts of this segment 

of the radiation spectrum on the development of AD.  We have a choice.  We can 

wait many decades for the types of conclusive evidence that would satisfy the 

statisticians, or we can start to take precautions based on the impact of wireless 

radiation on surrogate endpoints/biomarkers/AD characteristics already 

demonstrated.  This is the Precautionary Principle, and the results contained in 

Table 2-7C provide a starting point for implementation of the Precautionary 

Principle for prevention and reversal of AD. 
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2-7C. Specific Foundational Causes of AD 

  

 Table 2-7C shows the AD potential foundational causes in this detailed 

taxonomic structure.  There are four columns listed.  The first column on the left 

(CAT) is the foundational cause category as shown in Table 2-7A.  The next 

column is the foundational cause.  To keep the volume of results manageable, in 

some cases only the cause in aggregate was shown, rather than listing all the 

members (e.g., vegetables).  The third column is the effect(s) produced by the 

foundational cause, and the entry tags are those listed in Table 2-7B.  The fourth 

column contains relevant references that confirm the foundational cause. 

 In most cases, there were multiple papers linking each foundational cause 

listed either directly to AD or indirectly to one or more surrogate endpoints.  

Referencing every single relevant paper for every detailed foundational cause 

would have produced an overly voluminous unreadable table and write-up.  In 

order to balance comprehensiveness with readability, multiple compromises were 

made. 

 First, one or two representative papers for each foundational cause were 

selected and referenced.  Second, foundational causes that had relatively minor 

differences were aggregated.  Some were listed separately under a categorical 

heading, and others were subsumed within the heading.  Third, the effects/impacts 

of the foundational causes were extracted from at least the papers referenced, and 

sometimes from other relevant papers that were not selected for referencing.  Thus, 

the effects/impacts shown for any potential cause should be viewed as a "floor" of 

all potential effects, not a "ceiling".   

 It should also be noted that all the effects/impacts were derived from papers 

whose central theme was AD/dementia, because of the criteria used to extract these 

records from Medline.  So, a foundational cause that, e.g., "damaged 

mitochondria" (A6) did so within the overall context of relating to AD or dementia.  

If the four different levels shown, and the items contained in each level, are viewed 

as potential "pathways" to AD, then conventional wisdom implies that the more 

pathways impacted by a potential contributing factor, the greater likelihood that 

factor would be an important "cause" of AD.  However, not only are the numbers 

of pathways impacted important, but the strength of the contributing factor's 

impact on each pathway is important.  This strength of impact is not shown in the 

table, reflecting its ambiguity in the literature. 
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The foundational causes identified are at different levels of importance to AD, and 

are at different levels of verification/validation. In the Medline literature examined, 

some foundational causes were identified through:  

 

 1) in vitro cell or tissue tests;  

 2) animal experiments;  

 3) epidemiological studies;  

 4) individual case studies; and,  

 5) trials with large numbers of subjects.  

 

Conventional wisdom implies that those foundational causes associated with large 

numbers of papers published and large numbers of test subjects would have greater 

credibility. However, as shown in [2-3], there may be (many) important 

foundational causes being withheld from the literature deliberately, so numbers of 

papers is not a definitive metric for credibility. 
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Table 2-7C - Foundational Causes of AD 

(adapted from reference [56]) 

CAT CAUSE EFFECTS REF 

I  

 

LIFESTYLE   

I-A  DIET   

I-A1 EXCESSES   

 High Fat Diet 

-saturated fat 

-dairy fat 

-trans-unsaturated fat 

-hydrogenated fat 

-omega-6 PUFAs 

-n-6/n-3 ratio 

-maternal high fat diet 

A2, B1, B2, 

C1, C3, D1, 

D4, D5 

[3-12] 

 Diabetogenic diet B2 [13] 

 High calorie diet A1, B1, B12, 

C3, D1, D5 

[14-16] 

 High salt diet B2, C3, D1 [17] 

 High carbohydrate diet 

-refined carbohydrates 

-sugars (fructose/sucrose/glucose/D-

galactose) 

-gluten 

-high glycemic index diet 

A1, A3, A4, 

A7, B2, B4, 

B11, B12, 

B13, C1, C3, 

D1, D2 

[18-25] 

 High advanced glycation end products diet 

-high temperature food heating  

-food irradiation 

-high glucose 

-high nutrient-bound AGEs 

-animal foods high in fat and protein 

A6, A7, B1, 

B2, B3, C1, 

C3, D1, D2  

[26-31] 

 

 High cholesterol diet A1, A4 [32] 

 High iron diet 

-high red meat 

-high processed meat 

A1, C3, D1 [33-35] 

 High meat diet D1 [36] 

 High arachidonic acid B1 [37] 

 High methionine diet A1, A2, A7, 

B1, B8, B2, 

[38-40] 
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C1, C3 

 High copper diet C3, D1 [35, 

41] 

 High zinc A3, A7, B1, 

B2 

[42-43] 

 High pickle diet D1 [44] 

 High unfermented soy D1 [45] 

I-A2 DEFICIENCIES   

 Vitamin B deficiency 

-myriad B-Vitamin deficiency 

-B2/B6/B12 deficiency 

-folate/folic acid deficiency 

-thiamine deficiency 

A3, A4, A6, 

A7, B1, B2, 

C1, C3 

[46-49] 

 Vitamin C deficiency A7, C2 [50] 

 Vitamin D deficiency A1, A4, A6, 

B1, B2, B5, 

B8, C3, D1 

[51-52] 

 Vitamin E deficiency D1 [53] 

 Vitamin K deficiency 

-fluindone 

C3 [54] 

 Potassium deficiency A1, A3, A7, 

B1, B2, C3 

[55-56] 

 Iron deficiency C3 [57] 

 Zinc deficiency A3, C3, D1 [58] 

 Magnesium deficiency C3 [59] 

 Calcium deficiency A3, A7 [60] 

 Selenium deficiency B2 [61] 

 Starvation B2 [62] 

 Dehydration B5, D1, D2, 

D5 

[63] 

 Malnutrition D1 [64] 

 Early life nutrient restriction B2, D1 [65] 

 Glucose deprivation A3, B1, B2 [66] 

 Glutathione depletion A1, A2, A4 [67] 

 Linoleic acid deficiency A4, D1 [68] 

 Low docosahexaenoic acid A3 [53] 

 Low tryptophan diet B2 [69] 

 Nondrinkers C3, D1 [70] 
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 Low cocoa A1, A7, C3 [71] 

 Low coffee C3, D1 [72] 

 Low flavonoids/flavanols: 

acacetin, aminogenistein, apigenin,  

kaempferol, 7,8-Dihydroxyflavone, 

anthocyanins, atriplex laciniata L, 

blueberries, Curcumin, cyanidin, datiscetin, 

delphinidin, EGCG, epicatechin, Epimedium 

brevicornum, fisetin, genistein, Ginkgo, 

glycitein, icariin,  isoscutellarein 7-O-[6'''-O-

acetyl-beta-D-allopyranosyl-(12)]-beta-D-

glucopyranoside, isovitexin, morin, 

myricetin, Nobiletin, pelargonidin, 

phloridzin, rutin, salvigenin, Scutellaria 

baicalensis Georgi, Sideritis flavonoids, 

vitexin, xanthomicrol, luteolin, morin, 

PD98059, quercetin,  taxifolin, β-

naphthoflavone   

A1, A7, B2, 

C3, D1 

[71, 

73-74] 

 

 Low fruit: 

low: blackberries, blueberries, strawberries, 

raspberries, cherries, oranges, plums, prunes, 

red grapes, pomegranates, date palm fruits 

A7, B2, B3, 

B13, C1, C3, 

D1  

[21, 

75-76] 

 Low vegetables 

-cruciferous 

-dark and green leafy 

A7, B13, C3, 

D1  

[8] 

 Low fatty fish B2, C3, D1 [77] 

I-A3 FOOD ADDITIVES/POLLUTANTS   

 Industrialized/preserved food D1 [78] 

 Monosodium glutamate A2, A3, B2, 

B9 

[79] 

 Menadione A3, A7 [80] 

 Cysteine A7 [81] 

 Diacetyl A2, B2 [82] 

I-B ACTIVITY   

I-B1 SEDENTARY LIFESTYLE   

 Physical inactivity/low daily gardening, 

walking 

A6, A7, D1 [83-84] 

 Chronic immobilization stress A4, B1, B2, 

B9, C3 

[85] 
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 Cognitive inactivity D1 [86] 

 Lack of exercise D1, D2 [23] 

 Low cardiovascular fitness D1 [87] 

I-B2 SLEEP   

 Sleep deprivation C3, D1 [20, 

88] 

 Circadian disruption C1, C3 [89-90] 

I-C SUBSTANCE ABUSE   

I-C1 RECREATIONAL DRUGS   

 Amphetamine C3 [91] 

 3,4-Methylenedioxyamphetamine; MDMA; 

Ecstacy 

A2, A7, B1, 

C1, C3 

[92] 

 Cocaine/opiates A2, A4  [93-94] 

 Phencyclidine C3 [95] 

I-C2 SMOKING   

 Tobacco smoke A4 [96] 

 Ethanol/excess alcohol A7, B9, C1, 

C3, D1 

[97] 

II IATROGENIC   

II-A DRUGS   

II-A1 ANTI-NEOPLASTIC AGENTS   

 Chemotherapy A2, A4, B9 [98] 

 Chemical castration C3 [99] 

 Camptothecin A2, A3 [100] 

 Epoxomicin A3, A6 [101] 

 Staurosporine/Etoposide A3, A4 [102-

103] 

 Methylmethane sulfonate A5 [104] 

 Paclitaxel/Doxorubicin A3, A4, B1 [105] 

 Doxycyclin B2 [106] 

 Cyclophosphamide/cytophosphane A2, A7 [107] 

 Letrozole B9, C1 [108] 

 Methotrexate B9, C1, C3 [109] 

 Choline mustard Az/Nitrogen mustard B9, C1 [110] 

 Anastrozole B2, B9 [111] 

 d,l-buthionine-S,R-sulfoximine/BSO A3, A6, A7, 

B14 

[112] 

 Fostriecin/Fos B1 [113] 
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 carbobenzoxy-Leu-Leu-leucinal/MG132 A2, A4 [114] 

 Streptozocin B14, D1 [115] 

II-A2 ANTI-INFECTIVE AGENTS   

 Chloroquine(CQ); CQ; lysosomotropic agent B2 [116] 

 Ionomycin A6, B2 [117] 

II-A3 ANTI-INFLAMMATORY AGENTS   

 colchicine A1, A4, C1, 

D1 

[118] 

II-A4 CARDIOVASCULAR AGENTS   

 isoproterenol B1, C1 [119] 

 atropine B2 [120] 

 D-ribose A3, B1, B3 [121] 

 Muscarinic receptor antagonists C1, C3 [122] 

II-A5 CENTRAL NERVOUS SYSTEM AGENTS   

II-

A5a 

Analgesics and Pain Relievers   

 Anesthetics/Opiods 

-acetaminophen 

-barbital 

-barbitone 

-desflurane 

-dexmedetomidine 

-diethylbarbituric acid 

-diethylmalonyl urea 

-enflurane 

-halothane 

-isoflurane 

-ketamine 

-medinal 

-morphine 

-nitrous oxide 

-pentobarbital 

-propofol 

-psychotropic drugs 

-sevoflurane 

-sodium diethylbarbiturate 

-veronal 

 

A2, A3, A4, 

A6, B1, B2, 

B9, C1, C3, 

D1 

[123-

129] 
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II-

A5b 

Movement Stabilizers   

 Anticholinergic medications 

-doxepin 

-chlorpheniramine 

-oxybutynin 

-trihexyphenidyl 

-propiverine 

-L-DOPA/dopamine 

A3, A7, B1, 

C3, D1 

[130-

132] 

II-

A5C 

Depressants/Anti-Depressants and Stimulants   

 selective serotonin re-uptake inhibitors D1 [133] 

 benzodiazepine D1 [134] 

 dizocilpine C1, C3 [135] 

 3-quinuclidinyl benzilate C3 [136] 

II-

A5d 

Mood Stabilizers   

 -clozapine 

-methyllycaconitine 

-dihydro-beta-erythrodine 

 

C1, C3 [137] 

 anisomycin A7, B2 [138] 

II-A6 IMMUNE SYSTEM AGENTS   

II-

A6a 

Immunosuppressive Agents/ 

Immunosuppression 

  

 Cyclosporin B1, C1 [139] 

II-

A6b 

Immunostimulation Agents   

 polyinosinic:polycytidylic acid B2, C3 [140] 

II-A7 Hematologic Agents   

II-

A7b 

Anti-Coagulants   

 Sulfated glycosaminoglycans 

-heparin/heparan sulfate  

-dextran sulfate 

-pentosan polysulfate 

-chondroitin sulfate 

-dermatan sulfate 

B1 [141] 

II- Other   
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A7c 

 mitochondrial toxins 

-1-methyl-4-phenyl-1,2,3,6-

tetrahydropyridine/MPTP 

A1, A3, A6, 

A7 

[142] 

II-A8 Steroids/Hormones   

 Corticosteroids 

-methylprednisolone 

-dexamethasone 

A1, A3, A4, 

B1, B5 

[143-

145] 

 Anabolic androgenic steroids 

-nandrolone 

-stanozolol 

B8, B9, C1, 

C3 

[146] 

 Corticosterone B1, B2, C3 [147] 

 Wortmannin A7, B1 [148] 

 17beta-trenbolone A3, A4, B2 [149] 

 Salmon calcitonin B2 [150] 

 Human chorionic gonadotropin B2 [151-

152] 

 Corticotrophin releasing factor B2 [153] 

 Sex steroid hormones 

-transient testosterone treatment 

-flutamide 

B2 [154] 

 U18666A A3, A7, B2 [155] 

 Allopregnanolone B9, C1, C3 [156] 

 Medroxy-progesterone acetate C3, D1 [157] 

 Androgen deprivation therapy D1 [158] 

 Postmenopausal hormone therapy C3 [159] 

 Testosterone depletion A1, D1, D2 [160] 

 Leptin deficiency B1 [161] 

 Prenatal sex hormone exposure D1 [162] 

II-A9 ANTI-HYPERTENSIVE AGENTS   

 ACE inhibitor D1 [163] 

 ICI 118,551/Selective beta2AR antagonist B1, B2, C3 [164] 

 Telmisartan/Olmesartan B2 [165] 

 Mecamylamine C3 [166] 

II-

A10 

GASTROINTESTINAL AGENTS   

 Thiorphan/Phosphoramidon B2 [167] 

 Proton pump inhibitors B2, D1 [168-
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-omeprazole 

-pantoprazole 

-lansoprazole 

-esomeprazole 

-rabeprazole 

169] 

II-

A13 

ANTI-BONE-LOSS AGENTS   

 PGE2 B2 [170] 

II-

A14 

ANTI-DIABETIC AGENTS   

 Intralipid and insulin B2 [171] 

 Metformin B2 [172] 

II-

A16 

ANTI-ALLERGIC AGENTS   

 Anticholinergics 

-first-generation antihistamines  

-tricyclic antidepressants 

-bladder antimuscarinics 

D1 [173] 

II-

A18 

ANTI-THYROID AGENTS   

 Propythiouracyl A1, B1, B2, 

B5, B8, C1 

[174] 

II-

A19 

Other   

 Carbachol B8, B14 [175] 

 MDL72974/Mofegiline A3, A7 [176] 

 Pilocarpine A3, B1, B2 [177] 

 Clenbuterol hydrochloride B2 [178] 

 Semagacestat C3 [179] 

II-B RADIOTHERAPY   

 Head radiotherapy C3, D1 [180-

181] 

II-C SURGERY/ INVASIVE TREATMENTS   

II-C1 TRANSPLANTATION   

 Liver transplant B2, C3 [182] 

II-C2 CARDIOVASCULAR   

 Cardiac surgery/bypass A1, B1, B2, 

C3 

[183-

185] 
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II-C5 KIDNEY/UROLOGIC   

 Dialysis C1, C3 [186-

187] 

 Gonadectomy B2 [188]  

II-C7 DENTAL/ORAL/NOSE/EAR   

 Olfactory bulbectomy A4, A6, A7, 

B2, C1 

[189-

190] 

 Occlusal disharmony B2 [191] 

II-C8 GYNECOLOGIC   

 Hysterectomy/oophorectomy C3 [192] 

 Premature surgical menopause/Premature 

ovarian failure 

C3 [193] 

II-

C17 

OTHER   

 Axotomy A3, A7 [194] 

 Cerebral artery occlusion A3, A4, A7, 

B8, C1, C3 

[195-

198] 

 Intermittent hypoxia/ischemia A3, A4, A7, 

B2, B12, C1, 

C3 

[199-

202] 

 Brain embolism A4, B1, B2, 

C1, C3 

[203-

204] 

 Aortic coarctation A1, B2 [205] 

 Forebrain lesions C1, C3 [206-

207] 

 Adrenalectomy B2 [208] 

 Pituitary hormone injections with Abeta B2 [209] 

 Abdominal surgery B2, C3 [210] 

III BIOTOXIC AGENTS   

III-A MYCOTOXINS   

 Mycotoxins 

-ochratoxin A/OTA 

-Fumonisin B1/FB1 

-macrocyclic trichothecenes 

A2, A3, A4, 

A7, B1, C1, 

C3, D1 

[211-

214] 

 3-nitropropionic acid A6 [215] 

III-B EXOTOXINS   

 Excitotoxins 

-kainic acid/ kainate 

A1, A2, A3, 

A4, B9, C1, 

[216-

220] 
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-quisqualic acid 

-ibotenic acid 

-domoic acid 

-quinolinic acid/quinolinate 

C2, C3,  

 Phosphatase inhibitor 

-okadaic acid  

B1 [221] 

 Excitatory amino acids D1 [222] 

 Malonate B9 [223] 

 Annonaceaeous acetogenins A2, D1 [224] 

 Cyanobacteria 

-beta-N-methylamino-L-alanine/BMAA 

-saxitoxin 

-anatoxin-a 

-blue-green algae 

-microcystin 

A2, B1, B2, 

B14 

[225-

228] 

 Diphtheria toxin B2 [229] 

 Pseudomonas aeruginosa exotoxin Y B1, B12 [230] 

 Saporin 

-192 IgG-saporin 

-p75-saporin 

B1, B2, B13, 

C3 

[231-

233] 

 Cycad plant 

-cycasin/methylazoxymethanol 

A2, A4, A5 [234] 

 Glutamate/Glutamine synthetase A2, A3, A4, 

A6, B2 

[235-

237] 

 Mitochondrial inhibitors 

-rotenone 

-3-NPA 

-antimycin 

-KCN 

-oligomycin 

A6 [238] 

III-C BACTERIA/FUNGI/PARASITES   

 Bacteria/bacterial infections 

-bacterial endotoxins 

-bacterial lipopolysaccharide 

-gram-negative bacterium 

-spirochetes 

-Chlamydophyla pneumoniae 

-Helicobacter pylori 

-Escherichia coli 

A1, A4, A7, 

B1, B2, B3, 

C3, D1  

[239-

253] 
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-Treponema pallidum 

-Tannerella forsythia 

-Treponema denticola 

-T. socranskii 

-T. pectinovorum 

-T. medium 

-T. amylovorum 

-T. maltophilum 

-Fusobacterium nucleatum 

-Prevotella intermedia 

-Chlamydia pneumoniae 

-Porphyromonas gingivalis 

-propionibacterium acnes 

-Treponemas 

-T. lecithinolyticum 

-Borrelia burgdorferi 

Fungi/fungal infection 

-Cryptococcus 

-Coccidioides 

-Aspergillus 

-Histoplasma 

-Blastomyces 

-C. famata 

-C. parapsilosis 

-C. glabrata 

-C. krusei 

-Candida albicans 

-Candida ortholopsis 

-Candida tropicalis 

-Cladosporium 

-Malassezia globosa 

-Malassezia restricta 

-Neosartorya hiratsukae 

-Phoma 

-Sacharomyces cerevisae 

-Sclerotinia borealis 

Parasites 

-Trypanosoma brucei rhodesiense 

-Trypanosoma brucei gambiense 
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-Acanthamoeba 

-Balamuthia mandrillaris 

-Toxoplasma gondii 

-Taenia solium 

-Toxocara canis 

-T. cati 

-Toxocara ova 

-Leishmania amazonensis 

III-D VIRUSES   

 Viruses/Viral infections/Virulence factors 

Bornaviridae  

-Mammalian 1 bornavirus  

Bunyaviridae  

-Hantavirus  

-La Crosse encephalitis virus  

Coronaviridae  

-Human coronavirus OC43  

-Murine hepatitis virus  

Flaviviridae  

-Hepatitis C virus  

-Japanese encephalitis virus 

-Murray Valley encephalitis virus  

-St. Louis encephalitis virus  

-West Nile virus  

Hepadnaviridae  

-Hepatitis B virus  

Herpesviridae  

-Cytomegalovirus  

-Epstein-Barr virus  

-Herpes simplex virus 1  

-Human herpesvirus 6  

Orthomyxoviridae  

-Influenza A virus (H1N1)  

-Influenza A virus (H3N2)  

-Influenza A virus (H5N1)  

Paramyxoviridae  

-Hendra virus  

-Measles virus  

Picornaviridae  

A1, A3, A4, 

B1, B2, C3, 

D1  

[254-

260] 
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-Enterovirus 71  

-Theiler's murine encephalomyelitis virus  

Polyomaviridae  

-Simian 40 virus large T antigen  

Retroviridae  

-Human immunodeficiency virus 1  

-Human T-cell leukemia virus  

-Moloney murine leukemia virus  

Rhabdoviridae  

-Chandipura virus  

Togaviridae  

-Chikungunya virus  

-Eastern equine encephalitis virus  

-Venezuelan equine encephalitis virus 

III-E OTHER   

 Abeta 

-amyloid precursor protein 

-C31 

-CT105 

-Curli fibrils 

A1, A2, A3, 

A4, A6, B2, 

B8, B14, C1, 

C3 

[261-

271] 

 Homocysteine/3-Mercaptopropionic Acid B8, B12, C1 [272-

273] 

 Lipopolysaccharide A7, B3, C1 [274] 

 Prions/Prion protein fragment A2, A3, B14 [275-

277] 

 Cytokines 

-CXCL10 

-IL-1 beta 

-IL-10 

-interferon-alpha 

-interferon-gamma 

-interleukin-6 

-interleukin-18 

-interleukin-8 

-TNF-alpha 

A1, A2, A3, 

A4, B1, B2, 

B9, C1, C3 

[278-

288] 

 Lipoperoxydation proteins 

-advanced lipoperoxydation products 

-oxidized low density lipoprotein 

A1, A2, A3 [289-

290] 

 Trophic factor withdrawal A3, A4, B2 [291-
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293] 

 Amylin A1, A2, A4, 

A6, A7 

[294] 

 Lysophosphatidic acid B2 [295] 

 S100B A1, B1, B2 [296] 

 3-hydroxykynurenine/3-hydroxyanthranilic 

acid 

A4, A7, B2 [297] 

 Abscisic acid A1 [298] 

 Phorbol myristate acetate A1 [298] 

 Acid phosphatase D1 [299] 

 2-deoxy-D-glucose B2 [300] 

 3-methylindole/Skatole B10 [301] 

 alpha-amino-3-hydrozy-5-methyl-4-

isoxazole propionic acid/AMPA 

A2 [302] 

 Asymmetric dimethylarginine A2, A7, B2, 

C3 

[303-

304] 

 Dolichyl phosphate B12 [305] 

 N-(2-chloroethyl)-N-ethyl-bromo-

benzylamine/dsp4 

A1, A3, A4, 

B2, B13, C1 

[306] 

 Galanin C1, C3 [307] 

 GW4869/hydrochloride hydrate B2 [308] 

 Cottonseed B1, B2 [309] 

 Homocysteic acid/Homocysteate A3, A7 [310] 

 Isoprostane B2 [311] 

 Lysophosphatidylcholine A2, A3, A7, 

B2 

[312] 

 Saturated non-esterified fatty acids B2 [313] 

 Palmitic acid A3, C3 [314] 

 Oncostatin M A2, B11 [315] 

 S100A9 A1, B2, C3 [316] 

 Salsolinol A2, A3 [317] 

 Sulfatide A3 [318] 

 Brefeldin A A3, A6, A7 [319] 

 Thapsigargin A3, A6, A7 [319] 

 GF-109203X B1 [320] 

 Isopropyl-1-beta-D-thiogalactopyranoside A3, A6, B1 [321] 

 C2-ceramide A3, A7 [322] 

 dl-threo-1-phenyl-2-decanoylamino-3- B2 [323] 
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morpholino-1-propanol/PDMP 

 (1S,2R-d-erythro-2-N-myristoylamino)-1-

phenyl-1-propanol/DMAPP 

B2 [323] 

 alpha7 nAChR subunit alpha7(1-208) A1, B2, C3 [324] 

 Adenosine triphosphate/ATP B1 [325] 

 Recombinant BiP/GRP78 B2 [326] 

 Bradykinin B1, B14 [327] 

 CD40/CD40L B2 [328] 

 Collagen B2 [329] 

 Cyclic dipeptides A3 [330] 

 D-serine A7 [331] 

 Elastase A7, B1 [332] 

 4-Hydroxyhexenal/HHE A3, B11, B13 [333] 

 High-mobility group box-1/HMGB1 C3 [334] 

 Exogenous amyloidogenic proteins 

-casein 

-fibroin 

-sericin 

-actin 

-islet amyloid polypeptide 

B2 [335] 

 Leukotrienes 

-Leukotriene B4/LTB4 

-Leukotriene D4/LTD4 

A1, B2, C1 [336-

337] 

 Myostatin precursor protein B2 [338] 

 N-acetylcholinesterase A3, B1 [339] 

 Secreted phospholipase A2-IIA/sPLA2-IIA A1 [340] 

 Spermine A2 [341] 

 Xanthine oxidase A3, A7 [342] 

 3-hydroxykynurenine/3-HK A2, A3, A6 [343] 

 Mitochondrial lysates A1 [344] 

 Phytohemagglutinin A3, B14 [345] 

 Angiotensin II B1, B2, C3 [346] 

 3beta-hydroxy-5-oxo-5,6-secocholestan-6-al/ 

ChSeco 

A2, A3, A7, 

B2 

[347] 

 Cholesterol oxidation products/oxysterols 

-27-hydroxycholesterol/27-OHC  

-24-OH 

-7beta-hydroxycholesterol 

A1, A2, A7 [348-

349] 
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-7-ketocholesterol 

-5,6-alpha cholesterol epoxide 

-5,6-beta cholesterol epoxide 

-cholesterol triol 

-lathosterol 

-beta cholesterol epoxide 

-cholesterol triol 

 Calyculin A A2, A7, B1 [350] 

 Chromogranin A A1 [351] 

 Forskolin B1 [352] 

 N-methyl-D-aspartate A3, B9 [353] 

 PGJ2 A1, A3, B1 [354-

355] 

 Quisqualate A3, B9, C2 [356] 

 Tunicamycin A3, B14 [357] 

 2-chloro-2'-deoxyadenosine/2-CDA/ 

cladribine 

B2, C3 [358] 

 N-acetylglucosamine A2, B8, B9 [359] 

 Cholinesterase 

-acetylcholinesterase  

-butyrylcholinesterase 

B2 [360] 

 Glycogen synthase kinase 3-beta/GSK3beta B1 [361] 

 HMG-CoA reductase D1 [362] 

 Pam(3)CSK(4) A1 [363] 

 Superoxide dismutase deficiency A1, A7, B1, 

B2, B3, C1 

[364] 

IV OCCUPATIONAL/ENVIRONMENTAL 

EXPOSURES 

  

IV-A CHEMICALS/MATERIALS   

IV-

A1 

INDUSTRIAL/HOUSEHOLD 

CHEMICALS/MATERIALS 

  

IV-

A1a 

Hydrocarbons   

 20-methylcholanthrene/methylcholanthrene A1 [365] 

IV-

A1b 

Solvents   

 Petroleum-based solvents 

-Mineral turpentine 

D1 [366] 
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-Diesel fuel 

-Fuel oil 

-Kerosene 

 Chlorinated solvents 

-Trichloroethylene 

-Perchlorethylene 

-Trichloroethane 

-Dichloromethane 

-Benzene 

C3 [367] 

 Dimethyl sulfoxide/DMSO B1 [368] 

 Organic solvents 

-Benzene 

-Toluene 

-Phenols 

-Alcohols 

-Ketones 

-Methylmethacrylate 

D1 [369-

370] 

IV-

A1c 

Chemical Compounds   

 Neurotoxins 

-6-hydroxydopamine/6-OHDA 

-5,6-dihydroxytryptamine/5,6-DHT  

-5,7-dihydroxytryptamine/5,7-DHT 

A3, A7 [371-

372] 

 Type-2 Alkenes/Reactive aldehydes 

-Acrolein 

-4-Hydroxynonenal/HNE 

-Acrylamide 

-Methyl glyoxal 

A2, A3, A4, 

A7, B1, B2, 

B3, B8 

[373-

378] 

 Nitrosamine/N-nitrosodiethylamine A3, A4, B4, 

C3 

[379] 

 Adenosine, 3', 5'-cyclic monophosphate/ 

cAMP 

B2 [380] 

 Carbon tetrachloride A1, A4, A7, 

B4, B13 

[381] 

 Chemical warfare agents/nerve agents 

-organophosphates 

-soman 

-sarin 

-ethyl S-2-di-isopropylaminoethyl-

C1, C3 [382] 
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phosphonothiolate 

-VX 

-tabun 

 Cyanide 

-Potassium cyanide 

-Sodium cyanide 

A3, A7 [383-

385] 

 Formaldehyde B1, C1 [386] 

 Hydrogen Peroxide/H2O2 A2, A3, A6, 

A7 

[387] 

 Lipophilic chemicals 

-persistent organic pollutants 

-bisphenol A 

-phthalates 

-low molecular weight hydrocarbons 

-polynuclear aromatic hydrocarbons 

-endocrine disruptors 

C3, D1 [388] 

 Sulfur dioxide/ SO2 A2, B8, C3 [389] 

 Phthalates 

-Di-(2-ethylhexyl)-phthalate/DEHP 

-mono-2-ethylhexyl phthalate/MEHP 

-DEHP metabolites  

B1, B4, B14, 

C3 

[390] 

 Brominated flame retardants 

-hexabromocyclo-dodecane/HBCD  

-tetrabromobisphenol-Al/TBBPA  

-decabromodiphenyl ether/DBDE  

-polybrominated diphenyl ethers/PBDEs 

A2, A3, A6, 

A7, B2 

[391-

392] 

 Ammonia A1, B2, B8 [393-

394] 

 Hypochlorous acid/HOCl A2, A6, B13 [395-

396] 

 Methanol A3, B1, C1 [397] 

 Peroxynitrite B1 [398] 

 Sodium azide A3, B1, B2 [399] 

 Acetaldehyde A3, A7 [400] 

 3-Bromopyruvate B13, C3 [401] 

 Vehicular emission oxides 

-nitrogen dioxide/NO2  

-carbon monoxide/CO 

C3, D1 [402] 

 Sodium fluoride C1, C3 [403 
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 Membrane-mimicking detergents 

-sodium dodecyl sulfate  

-lithium dodecyl sulfate 

B2 [404-

405] 

 Nitric oxide donors 

-sodium nitroprusside 

-DETA NONOate 

B1 [406-

407] 

 Amorphous aluminosilicates B2 [408] 

 Sodium nitrite A3, A4, B1, 

B2, B9, B11, 

C1 

[409] 

 Tert-butyl hydroperoxide/t-BHP A3, A7 [410] 

 Alloxan B1, B2 [411] 

 Ammonium chloride A4, A6 [412] 

 Anionic dyes 

-Congo Red 

-Thiazine Red 

-Thioflavin S 

B1 [413] 

 Aroclor 1254 A3 [414] 

 Cobalt chloride A2, A3, A6, 

A7, C1, C3 

[415] 

 Magnesium chloride B2 [416] 

 2,2'-azobis(2-methylpropionamidine) 

dihydrochloride/AAPH 

A7 [417] 

 Methylglyoxal/Glyoxal A1, A2, A7, 

B12 

[378, 

418] 

 Disuccinimidyl suberate B2 [419] 

 Naphthazarin/5,8-dihydroxy-1,4-

naphthoquinone/5,8-dihydroxy-1,4-

naphthalenedione 

A7 [420] 

 Pyrithiamine B1, B2, C1 [421] 

 Pyrogallol A3, A7 [422] 

 Glyceraldehyde-3-phosphate/GAPDH A3, A6, B2 [423] 

IV-

A1d 

Other   

 Ethylcholine mustard aziridinium ion/ 

AF64A 

B8, C1 [424] 

 1-methyl-4-phenylpyridinium ion A2, A3, A6, 

A7 

[425] 

 2,2'-dithiodipyridine B14 [426] 
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 Aftin-4 A7, B2, B8, 

C3 

[427] 

 Kaolin B2 [428] 

 Ozone A3, A7, C1, 

C3 

[429] 

 2;3;7;8-tetrachlorodibenzo-p-dioxin A2, D1 [430-

431] 

IV-

A2 

AGRICULTURAL CHEMICALS   

 Pesticides/Insecticides/Herbicides/Fungicides 

-Organochlorine Pesticides 

-Organophosphate Pesticides 

-2,4,5-trichlorophenoxyacetic acid 

-2,4-Dichlorophenoxyacetic Acid 

-Agent Orange 

-Aldrin 

-Alkylphenolpolyethoxylates 

-APEOs 

-Arsenic 

-Beta-hexachlorocyclohexane/beta-HCH 

-Bipyridyles 

-Carbamates 

-Carbofuran 

-Chlorfenvinphos 

-Chlorpyrifos/CPF 

-Cycloheximide 

-Cypermethrin 

-Deltamethrin 

-Dichlorodiphenyldichloroethylene/DDE 

-Dichlorodiphenyltrichloroethane/DDT 

-Dichlorodiphenyldichloroethane/DDD 

-Dieldrin 

-Dimethyl parathion 

-Endosulfan 

-Famoxadone 

-Fenamidone 

-Glyphosate 

-Hexachlorobenzene 

-Hexachlorocyclohexane/HCH 

A1, A2, A3, 

A5, A6, A7, 

B1, B2, B11, 

B14, C1, C3, 

D1,  

[391, 

431-

443] 
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-Imidacloprid 

-Lindane 

-Maneb 

-Methamidophos 

-Methyl parathion 

-Neonicotinoids 

-Nonylphenol 

-Octylphenol 

-Paraquat 

-Parathion 

-Pyraclostrobin 

-Pyrethroids 

-Trans-nonachlor 

-Trichlorfon/TCF 

-Trifloxystrobin 

IV-

A3 

MATERIALS   

IV-

A3a 

Heavy Metals   

 Heavy Metals 

-aluminum 

-arsenic 

-cadmium 

-calcium/Ca2/CaCl 

-calcium ionophore/A-23187/calcimycin  

-cobalt 

-copper 

-iron 

-lead 

-manganese 

-mercury  

-methylmercury 

-selenium 

-tin 

-zinc 

A1, A2, A3, 

A4, A6, A7, 

B1, B2, B14, 

D1 

[391, 

444-

455]  

 

 

IV-

A3b 

Particulates   

 Air pollution 

-fine/ultrafine particles 

A1, A4, A7, 

B1, B2, D1 

[456-

458] 
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-inhalable dust 

-surgical smoke 

IV-

A3c 

Nanotechnology   

 Nanoparticles 

-iron 

-titanium dioxide 

-CdSe quantum dots 

-diesel exhaust 

-alumina 

-manganese oxide 

-copper 

-silica/silicon dioxide 

-zinc oxide 

-silver 

-nickel 

A1, A2, A3, 

A4, A7, B2, 

B8, B12; B14 

[459-

462] 

IV-B Physical/Mechanical   

IV-

B1 

Electromagnetic Radiation   

IV-

B1a 

Ionizing   

 Gamma radiation 

-dental X-ray 

-gamma rays 

A3, B1 [463-

464] 

 Particle radiation 

-56Fe-particle radiation 

-cosmic radiation 

-HZE particle radiation 

B2, B8, B9, 

B12, C3 

[465-

466] 

 Radionuclide pollutants 

-uranium 

-cesium 

-cobalt 

-radon 

A7, C1, C3, 

D1 

[467-

468] 

IV-

B1b 

Non-Ionizing   

IV-

B1b1 

Non-Visible   

 Electromagnetic fields 

-extremely low frequency/ELF-EMF 

B1, B2, B8, 

B9, C1, C3, 

469-

473] 



Safer Exposure Limits                             Copyright © 2019                                Ronald N. Kostoff 

 

 Page 61 
 

-900 MHz/RFEMR 

-electromagnetic pulse/EMP 

-electroconvulsive shock/ECS 

-UV irradiation 

D1 

IV-

B1b2 

Visible   

 photolysis of 1-(2-nitrophenyl)ethyl sulfate B2 [474] 

IV-

B2 

SOUND   

 Noise 

-chronic noise exposure 

-short-lasting impulse noise 

-ultrasound sonication 

A1, A4, B2, 

B3, D1 

[475-

477] 

IV-

B3 

TEMPERATURE; HEAT/COLD   

 Heat stress 

-heat shock 

-heating 

-hyperthermia 

A6, A7, B1, 

B2 

[478-

481] 

 Cold stress 

-cold water stress 

-cold water hypothermia 

A3, B1, B2, 

C1, C3 

[482] 

IV-

B4 

Force/ Pressure/ Physical Trauma   

 Traumatic brain injury A4, B2, B9, 

C1, C3, D1 

[483-

486] 

 Head trauma 

-history of head trauma 

-closed head injury 

-axonal injury 

 

A1, B1, B8, 

B9, C1, C3, 

D1 

[487-

490] 

 Spinal cord injury A1, A4, C3 [491] 

 Mechanical stress 

-Valsalva maneuver 

-repetitive heavy lifting 

-repetitive strong cough 

-accumulated mechanical stress 

A1, A3, B1, 

B2, D1 

[492-

493] 

IV-C OTHER   

 Oxygen alterations A1, A3, A4, [494-
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-hyperoxia 

-hypoxia 

A7, B2, C3 495] 

V PSYCHOSOCIAL/SOCIOECONOMIC   

V-A PSYCHOLOGICAL   

 Chronic stress 

-repeated stress 

-chronic mild stress 

-chronic psychological stress 

-multiple chronic stresses 

-behavioral stress 

-childhood trauma 

-bereavement 

-chronic restraint stress 

-high job stress 

-low level of job control 

 

A4, A6, A7, 

B1, B2, B9, 

C1, C3, D1 

[496-

503] 

 Low mental activity 

-low cognitively engaging activity 

-low purposeful activities 

-low leisure activities/low hobbies 

--low music/drawing/meditation/reading/arts/ 

crafts 

B5, C3, D1 [504-

507] 

V-B SOCIOLOGICAL   

 Social isolation 

-isolation 

-loneliness 

-living alone 

-unmarried 

-maternal separation 

-low social activity index 

-low social support at work 

-constricted life space 

 

A3, B1, B2, 

B8, C1, C3, 

D1 

[508-

513] 

 Low education 

-illiteracy 

D1 [514-

516] 

V-C ECONOMIC   

 Early life socioeconomic circumstances C3 [517] 
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2-7C1.  Analysis of Results in Table 2-7C 

(adapted from reference [56]) 

 

 The findings in the Lifestyle, Iatrogenic, Biotoxic Agents, Occupational/ 

Environmental Exposures, and Psychosocial/Socioeconomic categories will now 

be examined by sub-category.  The sub-category alphanumerical headings 

correspond to those in Table 2-7C. 

 

I.  Lifestyle 

 Lifestyle includes choices mainly under individual control, and is divided 

arbitrarily into Diet, Activity, Substance Abuse, Other. 

I-A.  Diet 

 Poor diet reflects the adverse effects of excesses and deficiencies of dietary 

components.  It has been used to induce myriad diseases in test animals, and it was 

a critical disease factor from many epidemiological and case studies.   

I-A1. Dietary Excesses 

 Dietary excesses include: high-fat; diabetogenic diet; high-calorie; high-salt; 

high-carbohydrate; high advanced glycation end products (AGEs); high-

cholesterol; high-iron; high-meat; high arachidonic acid; high methionine; high 

copper; high zinc; high pickle diet; high unfermented soy; and high-temperature 

cooking that results in harmful products (e.g., AGEs, nitrosamines, polycyclic 

aromatic hydrocarbons, and acrylamides). 

 As Table 2-7C shows, high-fat diet (from the specific types of fat listed in 

the table) had impacts at the cellular, biomarker, performance, and disease 

categories listed in Table 2-7B.  These high-fat diets were 1) directly related to 

AD, 2) indirectly related to AD through their direct impact on other diseases 

directly related to AD (e.g., metabolic syndrome, diabetes), and 3) indirectly 

related to AD through their direct impact on the pre-disease surrogate endpoints 

directly related to AD.  High-fats were also a key component of the diabetogenic 

diet listed in the table. 

 High-calorie and high-salt diets had both direct and indirect relationships to 

AD.  High-carbohydrate diet, especially refined carbohydrates/sugars, also had full 

spectrum impacts.  They also contributed to the diabetogenic diet. 

 High-AGEs, high-cholesterol, high-iron, and high-meat diets are 

intertwined, to a large extent.  Meat tends to be high-cholesterol, high-iron, and, 

especially when cooked at high temperatures, associated with production of high 

AGEs.  Most of the articles related to meat consumption and AD emphasized 

adverse effects. Unfortunately, in most of these meat studies, especially 

epidemiological studies on humans, there was no separation of confounding 

effects. 
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 Most meat available to the American public comes from CAFO (confined 

animal feeding operations). These animals are raised confined in very close 

quarters. To reduce infections from such close confinement, animals are given 

antibiotics, and to increase growth more rapidly, animals are given synthetic 

growth hormones. Their feed is grain-based, not the grass they would have if 

pasture-raised.  Would the  dementia-related diseases associated with meat 

consumption in the articles be as copious and serious for pasture/grass-fed animals 

not raised under confined conditions, and not given antibiotics and synthetic 

growth hormones? 

 Most meat eaten is cooked, much of it at high temperatures, usually in the 

presence of endogenous and exogenous additional fats. High-temperature cooking, 

especially of animal foods that are high in protein and fat, results in substantial 

production of AGEs and other harmful substances (e.g., nitrosamines, polycyclic 

aromatic hydrocarbons, and acrylamides).  How are the harmful effects of the 

cooking separated from the harmful effects of the meat?  Separation was not 

evident in any papers examined.  The bulk of the biomedical literature has not 

demonstrated that meat from 'organic' pasture-raised grass-fed animals not fed 

antibiotics and growth hormones and not cooked at high temperatures is equally 

harmful to CAFO meat consumed by the vast majority of the American public, and 

there is some evidence that a moderate amount of high-quality meat may be 

beneficial. 

 Finally, diets high in arachidonic acid, methionine, copper, zinc, pickles, and 

unfermented soy contribute directly or indirectly to the development of AD. 

1A2. Dietary Deficiencies 

 Many deficiencies listed in the literature may be symptoms of metabolic 

problems, not foundational causes in the present sense.  Thus, a Vitamin A 

deficiency may be caused by 1) insufficient Vitamin A intake (foundational cause), 

or 2) some metabolic problem that results in reduced Vitamin A levels (symptom).  

 Dietary deficiencies include low: vitamins, especially Vitamins B (B2, B6, 

B12, folate/folic acid, thiamine), C, D, E; minerals, especially potassium, iron, 

zinc, magnesium, calcium, selenium; calories (starvation, malnutrition, early life 

nutrient restriction); water (dehydration); glucose; glutathione; linoleic acid; 

docosahexaenoic acid; tryptophan; alcohol (nondrinkers); flavonoids/flavanols 

(cocoa, coffee, acacetin, aminogenistein, apigenin,  kaempferol, 7,8-

Dihydroxyflavone, anthocyanins, atriplex laciniata L, curcumin, cyanidin, 

datiscetin, delphinidin, EGCG, epicatechin, Epimedium brevicornum, fisetin, 

genistein, ginkgo, glycitein, icariin,  isoscutellarein 7-O-[6'''-O-acetyl-beta-D-

allopyranosyl-(12)]-beta-D-glucopyranoside, isovitexin, morin, myricetin, 

nobiletin, pelargonidin, phloridzin, rutin, salvigenin, Scutellaria baicalensis Georgi, 

Sideritis flavonoids, vitexin, xanthomicrol, luteolin, morin, PD98059, quercetin,  
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taxifolin, β-naphthoflavone); fruit (blackberries, blueberries, strawberries, 

raspberries, cherries, oranges, plums, prunes, red grapes, pomegranates, date palm 

fruits); vegetables, especially cruciferous, dark and green leafy; fatty fish. 

 A very clear message about the dietary contribution to AD can be extracted 

from the above picture of dietary excesses and deficiencies.  From the macro 

perspective, the amounts of fat, salt, sugar, refined carbohydrates, calories, and 

meat need to be reduced strongly, along with high temperature cooking, and the 

amounts of vitamin and mineral-laden fruits, vegetables, and fatty fish need to be 

increased substantially to reduce the risk of AD and perhaps contribute to reversal 

of AD. 

I-A3. Food Additives 

 Many food additives are accompanied by adverse effects, and these effects 

may be under-diagnosed and under-researched.  Many of the excesses and 

deficiencies mentioned above are the result of substances being added to, or 

removed from, the fresh whole food.   

 Additives include preservatives, monosodium glutamate, menadione, 

cysteine, diacetylcysteine, and diacetyl.  Depending on how one defines "food 

additives", those additives with the widest impacts tend to include the major items 

listed under excesses above, such as fat, sugar, and salt.  These components are 

typically added to foods for taste enhancement, not nutritional improvement.  The 

effects of these additives appear to be at the cellular and biomarker levels. 

I-B.  Activity 

 The main sub-categories of Activity are exercise, sedentary lifestyle, and 

sleep.   

I-B1. Sedentary Lifestyle/Lack of Exercise 

 The sedentary lifestyle, including low exercise, low physical activity, low 

daily gardening, low walking, and chronic immobilization, was mentioned quite 

often, and cognitive inactivity also received some mention. The resultant low 

cardiovascular fitness was also emphasized. 

Sleep 

 Circadian disruption and poor sleep/sleep deprivation were also mentioned, 

although the main foundational components of poor sleep would be 1) choosing to 

sleep less or 2) not practicing good sleep-preparation habits.  Other contributing 

factors to poor sleep, such as excessive pain, anxiety, etc, may be less under one's 

control, and are not regarded as foundational under the definition in the present 

monograph. 

I-C.  Substance Abuse 

 Substance abuse includes "recreational" drugs of all types (cocaine, 

methamphetamine, etc), other substances such as laxatives, common household 

products not usually identified as recreational drugs (such as mothballs), and 
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especially excessive cigarette smoking and alcohol. The main substance abuse 

contributing factors to AD for the present study were 1) recreational drugs 

(especially cocaine, amphetamines/3,4-Methylenedioxyamphetamine (MDMA - 

Ecstacy), phencyclidine, opioids) and 2) excessive smoking and alcohol.  The bulk 

of the studies showed the recreational drugs' contributions to AD surrogate 

endpoints, such as neurodegeneration markers and cognitive dysfunction. 

Potential Synergies 

 The individual AD foundational causes identified with Lifestyle are usually 

studied in isolation, and synergistic effects are typically not identified.  Given the 

number of Lifestyle component combinations that could potentially be synergistic, 

and adding in  

1) the foundational causes from the remaining categories (identified in Table 2-7C) 

to the potential combinations, and  

2) potential foundational causes that surface only when operating in synergy but 

which have not yet been identified in Table 2-7C as individual foundational causes, 

it is clear that only the tip of AD foundational causes iceberg is being identified in 

this study. 

 

II.  Iatrogenic 

 Iatrogenic reflects diseases, symptoms, and injuries resulting from medical 

treatment, and is divided into four sub-categories: Drugs; Radiotherapy; Surgeries/ 

Invasive Procedures; Diagnostic Agents/Procedures.  Iatrogenic is a substantial 

category, due mainly to the large numbers of drugs and surgeries that have side-

effects and complications.  The main categories, along with detailed drugs and 

surgeries, are presented in Table 2-7C.   

II-A. Drugs 

 While the drug categories have some overlap, each drug is listed in one 

category only in Table 2-7C for purposes of brevity when generating the drug 

categories.  The more frequently a drug is used, or the more frequently surgery or 

invasive treatments are employed, the more opportunity for side-effects and 

complications, and the more opportunity for publications describing these side-

effects and complications.  This study does not provide an indication of how often 

such side-effects and complications would occur as a percentage of use. 

 There were eighteen major drug categories identified in Table 2-7C, but only 

those with substantial entries will be discussed in this narrative.  These include 

anti-neoplastic agents, cardiovascular agents, the massive category of central 

nervous system agents, hematologic agents, steroids/hormones, antihypertensive 

agents, and gastrointestinal agents. 

 What the table does not show is the effect of drug-drug combinations, or 

drug-other agent combinations.  The effects of these combinations could be 
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important, but might not surface in some types of studies.  A study on drug-drug 

combinations concluded that, of approximately 11,000 drug products on the US 

market, trillions of clinical trials would be required to provide an evidentiary basis 

of safety for all combinations of ten drugs [518].  Even for all combinations of 

three drugs, the number of clinical trials required to evaluate safety, or lack 

thereof, would be astronomical. 

 Thus, there are many ways that 1) a drug that has been shown to contribute 

to AD in isolation, when combined with two other drugs that have not been shown 

to contribute to AD in isolation, could in aggregate have a much stronger 

contribution to AD, and/or 2) three drugs that have been shown to have a modest 

contribution to AD in isolation, when combined, could in aggregate have a much 

stronger contribution to AD, and/or 3) three drugs that have been shown to have 

negligible contribution to AD in isolation, when combined, could in aggregate 

have a strong contribution to AD.  Even if there are small numbers for any one 

combination of three drugs, when they are aggregated over the total number of 

potential combinations, this could add up to a large number of strong contributions.  

This effect might not surface in any epidemiological study because 1) it would fall 

beneath the statistical radar screen, 2) temporal variation in the combinations 

would be difficult to assess, and 3) the numbers of clinical trials required to assess 

the impact of drug combinations are astronomical and would be impractical.  For 

combinations of drugs larger than three, which increase for people as they age 

[518], the numbers of combinations and clinical trials to demonstrate safety 

increase rapidly. 

II-A1. Antineoplastic Agents 

 This is a powerful class of drugs, and they tend to exert toxic/destructive 

effects on cancer cells.  It is therefore unsurprising that these drugs would result in 

surrogate endpoint effects such as neurotoxicity/neurodegeneration/apoptoses on 

some healthy cells as well.  The types of impacts in Table 2-7C bear this out.  

Neurotoxic-type effects are seen for many of the agents, as well as the 

accompanying memory degradation, but direct links to AD are not reported as 

frequently.  The old dictum "absence of evidence is not evidence of absence" 

should be a warning flag on drawing hard conclusions about direct links. 

II-A4. Cardiovascular Agents 

 The impacts of the four agents/agent classes (isoproterenol, atropine, D-

ribose, muscarinic receptor antagonists) presented in Table 2-7C concentrate on the 

surrogate endpoints, with emphasis on the biomarkers (increase tau, Abeta) and 

performance (decrease memory, cognition). 

II-A5. Central Nervous System Agents 

 This was by far the largest category of potential contributors to AD.  This 

should not be surprising, since the members of this category act on the central 
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nervous system (and some on the peripheral nervous system as well), and the brain 

is an integral part of the central nervous system.  The impacts of the myriad 

contributing factors in this category differ somewhat by sub-category. 

 The analgesics and pain relievers (anesthetics/opiods) sub-category, 

consisting of acetaminophen, barbital, barbitone, desflurane, dexmedetomidine, 

diethylbarbituric acid, diethylmalonyl urea, enflurane, halothane, isoflurane, 

ketamine, medinal, morphine, nitrous oxide, pentobarbital, propofol, psychotropic 

drugs, sevoflurane, sodium diethylbarbiturate, veronal, affected all four impact 

areas.  There was a substantial literature on the AD-related impacts of these sub-

category members.  One analytic problem deriving from this observation is that the 

relationship between the types of surgery to AD is conflated with the relationship 

between the anesthetic to AD, and it is difficult to separate the two, since 

anesthetics are used almost universally in surgery, especially major surgery. 

 The movement stabilizer sub-category, consisting of the anticholinergic 

medications doxepin, chlorpheniramine, oxybutynin, trihexyphenidyl, propiverine, 

L-DOPA/dopamine, was less numerous in terms of publications than the anesthetic 

sub-category, but covered the four impact classes as well. 

 The depressant/antidepressant sub-category, consisting of selective serotonin 

re-uptake inhibitors, benzodiazepine, dizocilpine, and 3-quinuclidinyl benzilate, 

had impact on performance and AD in the references shown.  The absence of 

impact at the cellular and biomarker levels could mean that these classes of 

impacts were not the objectives of the research that was conducted, or they were 

reported in other papers not presented here. 

 The mood stabilizer sub-category, consisting of clozapine, 

methyllycaconitine, dihydro-beta-erythrodine, and anisomycin, impacted across the 

surrogate endpoints. 

II-A7. Hematologic Agents 

 The main component of this category is the anti-coagulant sub-category, 

consisting mainly of the sulfated glycosaminoglycans heparin/heparan sulfate, 

dextran sulfate, pentosan polysulfate, chondroitin sulfate, dermatan sulfate, and 

fluindione. 

II-A8. Steroids/Hormones 

 The substances in this category include corticosteroids (methylprednisolone, 

dexamethasone), anabolic androgenic steroids (nandrolone, stanozolol), 

corticosterone, Wortmannin, 17beta-trenbolone, salmon calcitonin, human 

chorionic gonadotropin, corticotrophin releasing factor, sex steroid hormones 

(transient testosterone treatment, flutamide), U18666A, allopregnanolone, 

medroxy-progesterone acetate, androgen deprivation therapy, postmenopausal 

hormone therapy, testosterone depletion, human chorionic gonadotropin, prenatal 

sex hormone exposure, and the deficiency of leptin.  This class of pharmaceuticals 
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(especially the corticosteroids) is used for a wide spectrum of medical conditions, 

and the broad scope of potential impacts is concerning.  While some of the drugs in 

the larger Iatrogenic category have rather narrow applications, the long-term 

effects on neurodegenerative diseases of widely used drugs such as anesthetics and 

steroids should be cause for serious concern. 

II-A9. Antihypertensive Agents 

 These agents include ACE inhibitors, ICI 118,551/Selective beta2AR 

antagonists, telmisartan/olmesartan, and Mecamylamine.  Some of the anti-

hypertensive agents listed are widely used because of the prevalence of 

hypertension, and their long-term effects need to be examined more closely.  The 

main impacts listed are those on the surrogate endpoints, although the ACE 

inhibitors are linked to AD.  The referenced papers don't report impacts at the 

cellular level, although, again, that does not imply the absence of such impacts. 

II-A10. Gastrointestinal Agents 

 These agents include thiorphan/phosphoramidon, and the large class of 

proton pump inhibitors (omeprazole, pantoprazole, lansoprazole, esomeprazole, 

and rabeprazole).  Again, this is disturbing for the long-term, because of the almost 

common-place used of this family of drugs for digestive problems. 

II-B. Radiotherapy 

 Radiotherapy that involves the head region impacts cognition and AD. 

II-C. Surgery/Invasive Treatments 

 The following categorization is not unique.  Some procedures could be 

assigned to multiple categories.  Surgeries/invasive procedures that contribute to 

AD tend to involve vessel occlusion, cerebral ischemia, broader cardiac surgery, 

estrogen depletion, and myriad forms of dialysis.   

 One interesting observation is that the surgery impacts are all on AD 

surrogate endpoints, not on AD directly, for the references selected.  This may be 

due to personal choice of the authors.  Some authors identified a number of 

surrogate endpoints that were impacted, and referred to the aggregate as 

Alzheimer's-like.  Other authors would refer to the aggregate as Alzheimer's 

Disease.  Since inhalation anesthesia seems to be a strong contributing factor, 

almost any major surgery employing this type of anesthesia would have to involve 

some potential risk for AD, either through the surrogate endpoints, or directly.  

 

III.  Biotoxic Agents 

 Biotoxic Agents reflect mainly the biological substances to which we are 

exposed naturally, but sometimes accidentally, and sometimes by design.  This 

category is divided into five sub-categories: Mycotoxins; Exotoxins; Bacteria/ 

Fungi/ Parasites; Viruses; Other.  Biotoxins contributing to AD include some 

mycotoxins, but mainly exotoxins, bacteria, and viruses. 
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III-A. Mycotoxins 

 Only a few mycotoxins were identified, including ochratoxin A, fumonisin 

B1, and macrocyclic trichothecenes.  Their impacts cover all four levels. 

III-B. Exotoxins 

 Many exotoxins were identified, including excitotoxins (kainic acid/kainate, 

quisqualic acid, ibotenic acid, domoic acid, quinolinic acid/quinolinate), 

phosphatase inhibitors (okadaic acid), excitatory amino acids, malonate, 

annonaceaeous  acetogenins, cyanobacteria (beta-N-methylamino-L-

alanine/BMAA, saxitoxin, anatoxin-a, blue-green algae, microcystin), diphtheria 

toxin, pseudomonas aeruginosa exotoxin Y, saporins (192 IgG-saporin, p75-

saporin), cycad plant (cycasin/methylazoxymethanol), glutamate/glutamine 

synthetase, mitochondrial inhibitors (rotenone, 3-NPA, antimycin, KCN, 

oligomycin).  Some substances in the Other category could have been assigned to 

the Exotoxin category.  The impacts were heavily weighted toward the cellular and 

biomarker levels, less so toward the performance level, and even less toward the 

disease level. 

III-C. Bacteria/Fungi/Parasites 

 Myriad bacteria, fungi, and parasites (shown in Table 8-3) are dominant in 

sub-category III-C.  The bacteria/bacterial infections include bacterial endotoxins, 

bacterial lipopolysaccharide, gram-negative bacterium, spirochetes, 

Chlamydophyla pneumoniae, Helicobacter pylori, Escherichia coli, Treponema 

pallidum, Tannerella forsythia, Treponema denticola, T. socranskii, T. 

pectinovorum, T. medium, T. amylovorum, T. maltophilum, Fusobacterium 

nucleatum, Prevotella intermedia, Chlamydia pneumoniae, Porphyromonas 

gingivalis, propionibacterium acnes, Treponemas, T. lecithinolyticum, and Borrelia 

burgdorferi.  Bacteria are somewhat ubiquitous, so the flexibility of cause removal 

for items in this sub-category is much less than for items in the Lifestyle and 

Iatrogenic categories.   

 The fungi/fungal infections include Cryptococcus, Coccidioides, 

Aspergillus, Histoplasma, Blastomyces, C. famata, C. parapsilosis, C. glabrata, C. 

krusei, Candida albicans, Candida ortholopsis, Candida tropicalis, Cladosporium, 

Malassezia globosa, Malassezia restricta, Neosartorya hiratsukae, Phoma, 

Sacharomyces cerevisae, and Sclerotinia borealis.   

 The parasites include Trypanosoma brucei rhodesiense, Trypanosoma brucei 

gambiense, Acanthamoeba, Balamuthia mandrillaris, Toxoplasma gondii, Taenia 

solium, Toxocara canis, T. cati, Toxocara ova, and Leishmania amazonensis. 

III-D. Viruses 

 Myriad viruses (shown in Table 2-7C) are dominant in sub-category III-D.  

These viruses include Bornaviridae (Mammalian 1 bornavirus), Bunyaviridae 

(Hantavirus, La Crosse encephalitis virus), Coronaviridae (Human coronavirus 
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OC43, Murine hepatitis virus), Flaviviridae (Hepatitis C virus, Japanese 

encephalitis virus, Murray Valley encephalitis virus, St. Louis encephalitis virus, 

West Nile virus), Hepadnaviridae (Hepatitis B virus), Herpesviridae 

(Cytomegalovirus, Epstein-Barr virus, Herpes simplex virus 1, Human herpesvirus 

6), Orthomyxoviridae (Influenza A virus (H1N1), Influenza A virus (H3N2), 

Influenza A virus (H5N1)), Paramyxoviridae (Hendra virus, Measles virus), 

Picornaviridae (Enterovirus 71, Theiler's murine encephalomyelitis virus), 

Polyomaviridae (Simian 40 virus large T antigen), Retroviridae (Human 

immunodeficiency virus 1, Human T-cell leukemia virus, Moloney murine 

leukemia virus), Rhabdoviridae (Chandipura virus), Togaviridae (Chikungunya 

virus, Eastern equine encephalitis virus, Venezuelan equine encephalitis virus). 

 Based on the volume of records examined in the bacteria/fungi/viruses 

categories, linkages to tau and Abeta pathologies were mentioned often, as were 

direct linkages to AD.  Neuroinflammation induced by bacterial and viral 

infections appeared to be responsible for some of the tau pathology.  

III-E. Other 

 The category named Other contains myriad substances, which are listed in 

Table 2-7C.  It includes some plant-based contributing factors (e.g., 12-myristate 

13-acetate, Forskolin, arecoline hydrobromide, quisqualate, etc), and a very 

substantial number of endogenous substances that were administered exogenously 

(e.g., 27-hydroxycholesterol, acetylcholinesterase, Bradykinin, CD40, etc). 

   Ordinarily, endogenous substances are not foundational causes, but 

intermediate causes, since their harmful effects typically are driven by other 

foundational causes.  However, for consistency, if an endogenous substance was 

administered exogenously for purposes of experimentation or trial, it was 

considered as an exotoxin or other foundational cause for the purposes of this 

monograph.  Thus, amyloid beta, an endogenous substance, could be viewed as an 

endotoxin when internal processes are being discussed, but also as an exotoxin 

when administered in laboratory experiments.   

 Because of the heterogeneity of the myriad substances in this class, specific 

impact statements need to be tailored to the specific members of this class.  

However, from an overall perspective, the majority of impacts are at the cellular 

and biomarker levels, much fewer impacts at the performance level, and very few 

impacts at the disease level.  It should be cautioned again that the absence of 

impacts reported should not be interpreted as their non-existence.  They may not 

exist, they may exist and were not an objective of the research, or they may exist 

and were not reported.  

 

IV.  Occupational/Environmental Exposures 

IV-A. Chemicals/Materials 
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IV-A1. Industrial and Household Chemicals/Materials 

 This sub-category is very broad.  There is overlap among the next level  

taxonomy elements; for example, some of the solvents are hydrocarbons and some 

of the chemical compounds are hydrocarbons.   

 This sub-category includes hydrocarbons, solvents, chemical compounds, 

and Other. 

 The hydrocarbons sub-category includes, e.g., methylcholanthrene, 

polycyclic aromatic hydrocarbons, diesel fuel, kerosene, etc. 

 The solvents sub-category includes, e.g., petroleum-based solvents (mineral 

turpentine, diesel fuel, fuel oil, kerosene, etc), chlorinated solvents 

(trichloroethylene, perchlorethylene, trichloroethane, dichloromethane, benzene), 

organic solvents (benzene, toluene, phenols, alcohols, ketones, 

methylmethacrylate), dimethyl sulfoxide/ DMSO, etc.  The impacts from the 

members of this sub-category, as reported in the references selected, tended to 

focus on performance and disease.  This was due to a number of epidemiology 

studies of occupational impacts, which tend to focus on higher level impacts. 

 The chemical compounds/Other sub-categories include a full spectrum of 

chemical compounds, especially chlorine, bromine, nitrogen, sodium, sulfur, and 

carbon compounds.  Members of these sub-categories include, e.g., Neurotoxins 

(6-hydroxydopamine/6-OHDA, 5,6-dihydroxytryptamine/ 5,6-DHT, -5,7-

dihydroxytryptamine/5,7-DHT, Type-2 Alkenes/Reactive aldehydes (Acrolein, 4-

Hydroxynonenal/HNE, Acrylamide, Methyl glyoxal), Nitrosamine/ N-

nitrosodiethylamine, Adenosine, 3', 5'-cyclic monophosphate/cAMP, Carbon 

tetrachloride, Chemical warfare agents/ nerve agents (organophosphates, soman, 

sarin, ethyl S-2-di-isopropylaminoethyl-phosphonothiolate, VX, tabun), Cyanide 

(Potassium cyanide, Sodium cyanide), Formaldehyde, Hydrogen Peroxide/H2O2, 

Lipophilic chemicals (persistent organic pollutants, bisphenol A, phthalates, low 

molecular weight hydrocarbons, polynuclear aromatic hydrocarbons, endocrine 

disruptors), Sulfur dioxide/SO2, Phthalates (Di-(2-ethylhexyl)-phthalate/DEHP, 

mono-2-ethylhexyl phthalate/MEHP, DEHP metabolites), Brominated flame 

retardants (hexabromocyclo-dodecane/HBCD, tetrabromobisphenol-Al/TBBPA, 

decabromodiphenyl ether/DBDE, polybrominated diphenyl ethers/PBDEs), 

Ammonia, Hypochlorous acid/HOCl, Methanol, Peroxynitrite, Sodium azide, 

Acetaldehyde, 3-Bromopyruvate, Vehicular emission oxides (nitrogen 

dioxide/NO2, carbon monoxide/CO), Sodium fluoride, Membrane-mimicking 

detergents (sodium dodecyl sulfate, lithium dodecyl sulfate), Nitric oxide donors 

(sodium nitroprusside, DETA NONOate), Amorphous aluminosilicates, Sodium 

nitrite, Tert-butyl hydroperoxide/t-BHP, Alloxan, Ammonium chloride, Anionic 

dyes (Congo Red, Thiazine Red, Thioflavin S), Aroclor 1254, Cobalt chloride, 

Magnesium chloride, 2,2'-azobis(2-methylpropionamidine) 
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dihydrochloride/AAPH, Methylglyoxal/ Glyoxal, Disuccinimidyl suberate, 

Naphthazarin/5,8-dihydroxy-1,4-naphthoquinone/ 5,8-dihydroxy-1,4-

naphthalenedione, Pyrithiamine, Pyrogallol, Glyceraldehyde-3-phosphate/GAPDH, 

Ethylcholine mustard aziridinium ion/AF64A, 1-methyl-4-phenylpyridinium ion, 

2,2'-dithiodipyridine, Aftin-4, Kaolin, Ozone, 2;3;7;8-tetrachlorodibenzo-p-dioxin. 

 The largest sub-category, by far, is the chemical compounds.  This sub-

category is associated with roughly even impacts at the cellular, biomarker, and 

performance levels.  There is much less reported direct association at the disease 

level, for the selected references.  

IV-A2. Agricultural Chemicals 

 This sub-category emphasizes pesticides, herbicides, insecticides, and 

fungicides, and includes, e.g., Organochlorine pesticides, Organophosphate 

pesticides, 2,4,5-trichlorophenoxyacetic acid, 2,4-dichlorophenoxyacetic acid, 

Agent Orange, Aldrin, Alkylphenolpolyethoxylates, APEOs, Arsenic, Beta-

hexachlorocyclohexane/beta-HCH, Bipyridyles, Carbamates, Carbofuran, 

Chlorfenvinphos, Chlorpyrifos/ CPF, Cycloheximide, Cypermethrin, Deltamethrin, 

Dichlorodiphenyldichloroethylene/DDE, Dichlorodiphenyltrichloroethane/DDT, 

Dichlorodiphenyldichloroethane/DDD, Dieldrin, Dimethyl parathion, Endosulfan, 

Famoxadone, Fenamidone, Glyphosate, Hexachlorobenzene, 

Hexachlorocyclohexane/HCH, Imidacloprid, Lindane, Maneb, Methamidophos, 

Methyl parathion, Neonicotinoids, Nonylphenol, Octylphenol, Paraquat, Parathion, 

Pyraclostrobin, Pyrethroids, Trans-nonachlor, Trichlorfon/TCF, Trifloxystrobin, 

etc. 

 Adverse impacts span the cellular, biomarker, performance, and disease 

levels.  These chemicals impact the larger population through the food supply, and 

have devastating effects on the agricultural workforce.  Given the ubiquitous 

nature of agricultural chemicals and industrial/household chemicals in daily life, 

eliminating them will be challenging. 

IV-A3. Materials 

 The materials/particulates that constitute this category are broadly-based, 

and in many cases have become part of the average lifestyle.  Some examples 

include: 

-heavy metals (e.g., aluminum, arsenic, cadmium, calcium/Ca2/CaCl, calcium 

ionophore/A-23187/calcimycin , cobalt, copper, iron, lead, manganese, mercury , 

methylmercury, selenium, tin, zinc, etc) 

-particulates (e.g., air pollution, surgical smoke, dust, etc) 

-nanoparticles (e.g., iron nanoparticles, titanium dioxide nanoparticles, CdSe 

quantum dots, diesel exhaust nanoparticles, alumina nanoparticles, manganese 

oxide nanoparticles, copper nanoparticles, silicon dioxide nanoparticles, zinc oxide 

nanoparticles, silver nanoparticles, nickel nanoparticles, etc) 
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 Impacts of these materials through diverse ingestion pathways cover the full 

spectrum of levels.  Both metals and small sized particles have adverse effects.  

When the two are combined, the synergy becomes problematical.  Metallic 

particles within the nanoparticle range (<100 nm) are able to cross many internal 

protective barriers, including the blood-brain-barrier (BBB), and cause myriad 

problems.  While penetration of the BBB by nanoparticles is sometimes used for 

drug delivery, unwanted penetration (as reflected in the present study's references) 

can be quite harmful. 

IV-B. Physical/Mechanical 

 This sub-category includes ionizing radiation, non-ionizing non-visible 

radiation, non-ionizing visible radiation, sound radiation, temperature fields, and 

force fields.   

 The ionizing radiation component includes, e.g., gamma radiation (dental X-

rays, gamma rays, etc), particle radiation (56Fe-particle radiation, cosmic 

radiation, HZE particle radiation), radionuclide pollutants (uranium, cesium, 

cobalt, radon).  The main impacts focus on the biomarker and performance levels, 

with some at the cellular levels and much less at the disease level. 

 The non-ionizing non-visible radiation component includes, e.g.,  

electromagnetic fields at myriad frequencies, such as extremely low 

frequency/ELF-EMF, 900 MHz radiofrequency (RF), electromagnetic pulse/EMP, 

electroconvulsive shock/ECS, UV irradiation, etc.  The references selected 

emphasize biomarker level impact, then performance level impacts, and some links 

to AD. 

 The non-ionizing visible radiation component includes e.g., UV irradiation, 

photolysis of 1-(2-nitrophenyl)ethyl sulfate, with impacts emphasizing Abeta 

production. 

 The sound radiation component includes, e.g., short-lasting impulse noise, 

chronic noise exposure, night-time aircraft noise, ultrasound sonication, etc.  While 

impacts are identified at the cellular, biomarker, and disease levels, Abeta 

generation and exacerbation are emphasized. 

 The thermal component includes, e.g., cold water hypothermia, cold water 

stress, heat shock, heat stress, heating, hyperthermia, etc, and impacts the cellular, 

biomarker, and performance levels.   

 The physical force component includes, e.g., blasts, blast traumatic brain 

injury, hippocampal injury, accumulated mechanical stress, spinal cord injury, 

frequent strong Valsalva maneuvers, long hours of repetitive heavy lifting, 

sequences of blows during the playing of a wind instrument, forceful and repetitive 

cough, bearing-down efforts during parturition, history of head trauma, etc.  The 

impacts cover all four levels, with perhaps added emphasis on AD.  
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 The main components of this sub-category, the different types of physical 

fields with which we interact (electromagnetic, sound, temperature, pressure, 

force) are ubiquitous.  Avoiding exposure to these emissions/interactions would 

require a major change in lifestyle (and probably location) for most people.  The 

'Other' category is small, and contains adverse effects from over- and under-

exposure to oxygen. 

 

V.  Psychosocial/Socioeconomic 

 Psychosocial/Socioeconomic are those foundational causes that reflect 

personal problems, social interactions, larger societal interactions, and economic 

relationships.  Psychological and sociological stress were major causative factors; 

economic types of stress seemed to play less of a direct role.   

V-A. Psychological 

 This sub-category includes, e.g., chronic stress (repeated stress, chronic mild 

stress, chronic psychological stress, multiple chronic stresses, behavioral stress, 

childhood trauma, bereavement, chronic restraint stress, high job stress), low 

mental activity (low cognitively engaging activity, low purposeful activities, low 

leisure activities/low hobbies, low music/drawing/meditation/reading/arts/crafts), 

etc.  Impacts seemed to spread out over all four levels. 

V-B. Sociological 

 This sub-category includes, e.g., social isolation (isolation, loneliness, living 

alone, unmarried, maternal separation, low social activity index, low social support 

at work, constricted life space), low education (illiteracy), etc.  Impacts cover all 

four levels, with emphasis on the biomarker, performance, and disease levels. 

V-C. Economic 

 This sub-category includes, e.g., economic stress (childhood socioeconomic 

circumstance), etc.  In this small sub-category, impact focused on cognitive 

deficits. 
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