
Does Protracted Radon Exposure Play a Role in the 
Development of Dementia?

Yijia Zhanga,b, Liping Lua,b, Cheng Chena,b, R. William Fieldc, Mary D’Altona, Ka Kahea,b,*

aDepartment of Obstetrics and Gynecology, Columbia University Irving Medical Center, New York, 
NY 10032, USA.

bDepartment of Epidemiology, Columbia University Irving Medical Center, New York, NY 10032, 
USA.

cDepartment of Occupational and Environmental Health and Department of Epidemiology, 
College of Public Health, University of Iowa, Iowa City, IA 52242, USA.

Abstract

Radon is a ubiquitous radioactive gas that decays into a series of solid radioactive decay products. 

Radon, and its decay products, enter the human body primarily through inhalation and can be 

delivered to various tissues including the brain through systemic circulation. It can also reach 

the brain by neuronal pathways via the olfactory system. While ionizing radiation has been 

suggested as a risk factor of dementia for decades, studies exploring the possible role of radon 

exposure in the development of Alzheimer’s Diseases (AD) and other dementias are sparse. 

We systematically reviewed the literature and found several lines of evidence suggesting that 

radon decay products (RDPs) disproportionally deposit in the brain of AD patients with selective 

accumulation within the protein fractions. Ecologic study findings also indicate a significant 

positive correlation between geographic-level radon distribution and AD mortality in the US. 

Additionally, pathologic studies of radon shed light on the potential pathways of radon decay 

product induced proinflammation and oxidative stress that may result in the development of 

dementia. In summary, there are plausible underlying biological mechanisms linking radon 

exposure to the risk of dementia. Since randomized clinical trials on radon exposure are not 

feasible, well-designed individual-level epidemiologic studies are urgently needed to elucidate the 

possible association between radon (i.e., RDPs) exposure and the onset of dementia.
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1. Introduction

Dementia is abnormal aging of the brain characterized by impaired cognitive function 

including reasoning, remembering, and thinking (Emmady and Tadi, 2021) that affects 

approximately 47 million people globally and the prevalence is on an alarmingly upward 

trend (Arvanitakis et al., 2019). Dementia is among the leading causes of morbidity and 

mortality, and imposes a huge economic burden on the society (Wolters and Ikram, 2018). 

Although the etiology and pathology of dementia is not yet fully understood, ionizing 

radiation exposure to the brain has been hypothesized to play a role in the development of 

dementia (Begum et al., 2012; Kempf et al., 2016; Lowe et al., 2009).

Radon (radon-222), a naturally occurring radioactive gas released during the radioactive 

decay of radium-226, is found in varying concentrations in rocks, soil, and groundwater 

(Ting, 2010). Radon enters a home, or other buildings, through cracks or other penetrations 

in the building’s foundation. Radon is also released in homes through the off gassing (e.g., 

shower, dishwasher, etc.) of radon in groundwater (Field, 2011; Field, 2020). Radon, with a 

3.8-day radioactive half-life, decays into a series of solid radioactive decay products (RDPs) 

that emit alpha particles, beta-particles, and gamma-radiation. RDPs exist in the air either 

as unattached particles or attached to the surface of aerosol particles (Porstendörfer et al., 

2005).

Radon, and RDPs, enter the human body primarily through inhalation and can be delivered 

to various tissues including the brain through systemic circulation or by neuronal pathways 

via the olfactory system (Elder et al., 2006; Garcia et al., 2015; Oberdörster et al., 2004). 

Two of the RDPs, polonium-218 and polonium-214, deliver the majority of radiation dose 

to the lung (i.e., respiratory epithelium) via alpha particle emission when inhaled. For the 

average individual in the United States, RDPs exposure is responsible for nearly 70% of our 

background radiation dose each year (NCRP, 2009). A causal relationship between radon 

exposure and lung cancer risk has been established for decades. Recently, the impact of 

radon exposure on other health endpoints has drawn researcher’s attention. Notably, positive 

associations of radon exposure with overall CVD mortality (Johnson and Duport, 2004; 

Villeneuve and Morrison, 1997; Zablotska et al., 2018), stroke (Kim et al., 2020), and 

gestational hypertension (Papatheodorou et al., 2021) have been reported.

Particulate matter (PM) and smoking are well-documented risk factors for dementia 

(Peters et al., 2019; Peters et al., 2008), and the potential pathways may involve 

increased risk of hypertension and increased inflammation triggered by oxidative stress 

and anti-oxidant depletion (Durazzo et al., 2014). RDPs also induce oxidative stress 

by transmitting or generating reactive oxygen species (Nie et al., 2012). The molecular 

pathogenesis similarities are not surprising, especially for cigarette smoking, since the solid 

RDP, polonium-210, contained in and on the tobacco leaves, is one of the most potent 

carcinogenic constituents of tobacco smoke (Zagà et al., 2011).

Whether RDPs can induce cognitive dysfunction alone or perhaps in a synergistic manner 

with PM or tobacco smoke is understudied. To this end, the primary objective of this short 

review is to describe the state of the science in relation to RDPs exposure and dementia. In 
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addition, we highlighted several potential mechanisms linking RDPs exposure to dementia 

risk.

2. Existing literature

2.1 Literature search

We systematically searched PubMed, Embase, PsychINFO, and Web of Science for 

literature published until September 15, 2021. Detailed search strategies are presented in 

Supplementary Table 1. In brief, we used a combination of key words including “radon,” 
“RDP,” “cognit*,”, “Alzheimer’s disease,” “AD,” and “dementia”. We imported the search 

results from all four databases into Covidence to screen for eligibility. After removing 69 

duplicates, the total publications entered phase I screening (title and abstract screening) was 

427.

Inclusion and exclusion criteria were adapted from the PECOS framework (Supplementary 

Table 2). In brief, studies were included if: 1) radon or RDPs is one of the study exposures; 

2) cognitive impairment/decline, Alzheimer’s disease (AD) or dementia is one of the study 

outcomes. There was no restriction on the study design. Based on the eligibility criteria, 408 

studies were excluded in phase I due to irrelevancy (e.g., exposure not related to radon or 

RDPs). Among 19 studies that entered phase II full-text review, five primary studies and 

one narrative review were eligible. Also, the reference lists of the identified articles were 

screened for any relevant studies. However, no additional studies were identified, resulting in 

a total of five studies in the final database.

Two researchers (YZ and LL) independently reviewed the literature during both screening 

phases and discrepancies were resolved by jointly reviewing the published paper to form 

a consensus. The detailed literature screening process was summarized in Supplementary 

Figure 1.

2.2 Summary of the existing human studies

To date, research on the association between radon exposure and dementia is limited and 

preliminary. A review article of radon exposure and neurodegenerative disease pointed to the 

possible association between radon exposure and AD (Gómez-Anca and Barros-Dios, 2020), 

although the cited evidence was based only on an early case-control study (Momcilović 

et al., 1999) and an ecological study (Lehrer et al., 2017) (we described hereunder). 

Additionally, a summary of the findings from the original studies is presented in Table 

1.

In a small case-control study conducted in the laboratory setting, the investigators examined 

the radon level and its distribution in 29 brain samples from 4 groups of human subjects 

(those were diagnosed with AD, those were diagnosed with Parkinson’s disease, smokers 

and non-smoking controls) (Momcilović et al., 2001; Momcilović et al., 1999). They 

showed a 10-fold increase of RDPs radioactivity in the cortical gray and subcortical white 

matter of individuals with AD compared to the non-smoking controls (Momcilović et 

al., 2001; Momcilović et al., 1999). The RDPs accumulation was predominantly in the 

protein fractions of cortical grey and subcortical white matters (Momcilović et al., 2001; 
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Momcilović et al., 1999) although a small, yet non-significant increase was also observed 

in the lipid fraction. The investigators postulated that RDPs may disrupt the protein-built 

channels in the brain cell membrane of AD patients (Momcilović et al., 2001; Momcilović 

et al., 1999). Of note, a similar change pattern of radioactivity was observed in the brain 

samples of smokers (Momcilović et al., 2001; Momcilović et al., 1999).

Later, a case report further explored the distribution of RDPs in the postmortem brain of an 

86-year-old woman with AD. It was discovered that RDPs disproportionally accumulated in 

certain regions such as hippocampus and Nucleus amygdale (Momcilovic and Lykken, 2003; 

Momčilović et al., 2006), where the process of emotion, memory, and learning are highly 

involved (Raber et al., 2011).

In addition, Lehrer et al. conducted an ecological study of the association between 

background radon and AD mortality (per 100,000) in the US (Lehrer et al., 2017) that 

reported a statistically significant correlation (r=0.467, p=0.001) with the significance 

persisting after controlling for some known risk factors such as age, hypertension, and 

diabetes (Lehrer et al., 2017).

In summary, current evidence in human studies was mostly generated from small-scale 

laboratory research. The capacity of radon to infest the brain was inferred as they observed 

an increase in RDPs radioactivity in the protein fractions of brains of AD individuals. 

The credibility of the findings were strengthened by their research practice, i.e., multiple 

replicates of the samples and two radio-analytical methods. These studies consitently 

showed that RDPs is an important factor in AD/dementia risk. However, whether RDPs-

induced damage is on the etiology pathways of AD/dementia development remains unknown 

and requires further well-designed large-scale population studies. The ecological study of 

the association between radon and AD mortality at the state level provided additional 

evidence to support the hypothesis. Nevertheless, the design of ecological study is only 

set up for early exploration of the association and limitations such as ecological fallacy 

preclude researchers from any definitive conclusion on radon exposure and AD/dementia 

development.

3. Potential mechanisms

The primary route of radon exposure to the lung is through inhalation. After inhalation, 

radon gas is absorbed into the bloodstream and transported via systemic circulation to 

the tissues and organs, including the brain, where it reaches a steady state or equilibrium 

(i.e., radon concentration per milliliter of tissue/radon concentration per milliliter of air) 

within one hour (Marsh and Bailey, 2013; Nussbaum and Hursh, 1957). The lipid-soluble 

characteristic of radon gas allows it to pass through the blood-brain-barrier (BBB), but as 

the gas continues to undergo radioactive decay within the brain, the lipid-insoluble solid 

radioactive decay products are less mobile resulting in protracted radiation exposure to the 

brain (Momčilović et al., 2006).

The radioactive decay of radon gas produces charged solid RDPs that can bind to PM or 

remain unattached (Papastefanou and Bondietti, 1988; Steck et al., 2019). There is evidence 
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that inhaled unattached RDPs and ultrafine particle (UFPs; < 100 nm) attached RDPs can 

be translocated to other parts of the body, including the brain, through systemic circulation 

(Genc et al., 2012). However, a more direct route of RDPs central nervous system exposure 

is deposition of RDPs, unattached or attached to UFPs, on the olfactory mucosa with axonal 

transport to the olfactory bulb and other areas of the brain (Elder et al., 2006; Garcia et al., 

2015; Oberdörster et al., 2004). This route of exposure is supported by research on PM and 

cognitive function in which ambient particles less than 100 nm were detected in olfactory 

bulb of the brain (Oberdörster et al., 2004; Santos et al., 2020).

Pathologic studies of radon shed light on the possible pathways that link radon exposure and 

dementia. We summarized the potential mechanisms in Figure 1.

3.1 Vascular mechanisms

AD and vascular dementia are the two leading causes of dementia (Emmady and Tadi, 

2021). The signature change of brain structure associated with AD is the abnormal 

deposition of protein fragments called beta-amyloid plaques and neurofibrillary tangles 

(Hardy and Higgins, 1992). There is growing evidence suggesting the role of vascular 

dysfunction in the onset of these plaques and tangles. Therefore, vascular dementia and AD 

may not be mutually exclusive.

Several vascular risk factors have been implicated in cognitive impairment. Ionizing 

radiation, e.g., alpha-emission from radon, can cause various changes to the vascular system 

such as low-density lipoprotein (LDL) oxidation, endothelial vascular injury, and fibrous 

lesion formation, resulting in atherosclerosis (Johnson and Duport, 2004). Additionally, 

RDPs attached particles have been shown to increase inflammation manifested as elevated 

level of intercellular adhesion molecule-1,vascular cell adhesion molecule-1, and C-reactive 

protein (Blomberg et al., 2020), leading to vascular endothelial dysfunction. Previous 

research indicated the role of neurovascular dysfunction in vascular dementia (Shabir et 

al., 2018).

Also, the central role of cerebral hypoperfusion was proposed (Kelleher and Soiza, 2013). 

Animal study showed that cerebral hypoperfusion secondary to ischemic stroke may disrupt 

amyloid clearance and increase neuroinflammation, and consequently, the development of 

dementia (Back et al., 2017). Epidemiologic evidence also demonstrated that stroke is 

associated with the development and deterioration of cognitive decline during late adulthood 

(Kaffashian et al., 2013; Li et al., 2011).

In addition, exposure to RDPs have been suggested to associate with increased blood 

pressure independent of PM (Nyhan Marguerite et al.). Higher residential radon exposure 

was also linked to increased risk of hypertension in pregnant women (Papatheodorou et al., 

2021). Research has pointed to the link between hypertension and dementia (de la Torre, 

2012; Pires et al., 2013; Walker et al., 2019). Elevated blood pressure may increase the risk 

for dementia by inducing cerebral small vessel disease and white-matter lesions, disrupting 

BBB, and production of free radicals (Berry et al., 2001; Skoog et al., 1996).
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Moreover, prolonged exposure, e.g., 18–30 years to the radiation may lead to various 

downstream circulatory diseases including ischemic heart disease, cerebrovascular disease, 

and peripheral vascular disease (Johnson and Duport, 2004; Kim et al., 2020). A systematic 

review and meta-analysis suggested the potential association between low-dose ionizing 

radiation and circulatory disease mortality in the occupational population (Little et al., 

2012). Since cardiovascular diseases are highly related to dementia (Newman et al., 2005), it 

is presumable that radon may play a role in the development of dementia by modification of 

vascular function.

3.2 Cellular damage

Human brain cells can be classified into neurons and glial cells. While neurons are key 

cells for signal transduction, glial cells are proliferating cells, playing an important role 

in defense and regeneration of CNS (Rodríguez-Arellano et al., 2016). They also supply 

neurons with essential proteins for memory formation (Momcilović et al., 1999). Astrocyte 

is one special type of glial cells and is vital in the control of BBB. Research showed that 

glial cells, e.g., astrocytes, are more radiation-sensitive than neurons (Kudo et al., 2014). 

The energy produced by ionizing radiation may directly cause DNA damage in the cells 

or indirectly via the production of reactive oxygen species. Glial cells have been shown 

to undergo mitotic cell death subsequent to radiation (Kudo et al., 2014), potentially due 

to DNA damage. Delayed development of astrocytes was also observed due to low-dose 

irradiation. Additionally, animal models have demonstrated that stress, such as ionizing 

radiation, may induce astrocyte senescence via the epigenetic pathways (Turnquist et al., 

2019).

Damaged glial cells, especially astrocytes, may contribute to the development of 

dementia/AD (Rodríguez-Arellano et al., 2016). Abnormal astrocytes may secrete variant 

of apolipoprotein E (ApoE) that can foster the formation of neurofibrillary tangles 

(Momcilović et al., 1999). Additionally, although cellular senescence is considered a normal 

process of aging, astrocytes senescence has been postulated in the pathologic process of 

AD (Han et al., 2020). In vitro studies showed that when astrocytes undergo senescence, 

they lost the normal physiological function, which may contribute to the amyloid deposition 

related to AD (Han et al., 2020).

3.3 Mitochondria dysfunction

Mitochondria are key player in the process of cell apoptosis (Li et al., 2012) and brain 

is the organ most reliant on mitochondrial energy balance for normal activity (Coskun et 

al., 2012). In vitro studies demonstrated that radon exposure could induce mitochondrial 

dysfunction and malignant cell transformation (Li et al., 2012; Xu et al., 2019). Oxidative 

stress induced by radon exposure could also contribute to mitochondria dysfunction and 

mitochondria DNA mutations (Stuart and Brown, 2006).

Mitochondrial dysfunction has been implicated in the pathogenesis of neurodegenerative 

disease including AD. Specifically, mitochondria DNA copy number (mtDNAcn), a novel 

biomarker for cognitive decline, has been shown to be lower in the postmortem brains 

of cognitive impaired patients compared to the control individuals (Coskun et al., 2004; 

Zhang et al. Page 6

Environ Res. Author manuscript; available in PMC 2023 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Coskun et al., 2010; Silzer et al., 2019; Wei et al., 2017). However, future human studies that 

directly linked radon exposure to mitochondrial function such as mtDNAcn are warranted.

4. Implications for future studies

Currently, research of the association between protracted radon exposure and cognitive 

impairment is still at the early stage. Although laboratory studies have provided reliable 

results suggesting the accumulation of RDPs radioactivity in the brains of individuals with 

AD, few epidemiologic studies have been carried out to confirm the potential association. 

Research that examined county-level radon in relation to some other health outcomes (e.g., 

cerebrovascular disease) has shed light on the investigation of radon as a risk factor for 

dementia.

However, the information of within-county variations is missing when utilizing the county-

level radon data. While concerns about the health impact of radon exposure are increased, 

measuring radon exposure at the individual household level has become crucial for 

any definitive conclusion. The easy access of indoor radon test procedure makes large 

epidemiological study feasible nowadays. Also, some important ancillary factors such as 

tobacco use, air pollution as well as climate factors (e.g., humidity and temperature) should 

be considered during data collection and analysis. For example, research suggests that the 

physiological pathways of radon may be overlapped with those of toxins from cigarette 

smoke or air polluting particles. Thus, possible synergistic effects of these environmental 

factors merit researcher’s attention in addition to controlling for other factors when studying 

the health impact of radon exposure. Additionally, future studies should strive for consistent 

outcome definition among individuals, as dementia could be a result of multiple mechanisms 

of cognitive decline. In order to reduce bias of misclassification, physician diagnosis or 

validated questionnaires should be implemented in data collection.

5. Conclusions

In this review, we performed a systematic search to identify all available literature related 

to radon (including RDPs) and cognitive impairment/dementia. However, the direct evidence 

linking radon/RDPs exposure to dementia is scarce. The included studies were case report, 

small-scale case-control study, and ecological study. Therefore, the existing studies of 

dementia in relation to radon/RDPs exposure is not sufficient yet, though there are plausible 

underlying biological mechanisms. Because of the large population at risk from protracted 

radon exposure and randomized clinical trial is not practically feasible, rigorous population-

based studies are urgently needed to better understand the potential causal association 

between protracted radon (i.e., RDPs) exposure and dementia.
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Figure 1. 
Potential mechanisms linking radon exposure and dementia (created with BioRender.com).
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