
Review

Not peer-reviewed version

Can Melatonin Ameliorate

Smoking-Related Cadmium-

Induced Decreases in Bone

Mineral Density?

Megan Montgomery , Marshall Ritchie , Iain McKinnell 

*

Posted Date: 19 October 2023

doi: 10.20944/preprints202310.1236.v1

Keywords: Cadmium, bone density, cigarette, melatonin, smoking, osteoblast

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/3215004


 

Review 

Can Melatonin Ameliorate Smoking-Related 
Cadmium-Induced Decreases in Bone Mineral 
Density? 

Megan C. Montgomery 1, Marshall W. Ritchie 1 and Iain W. McKinnell 1,* 

1 Department of Biology, Carleton University, 1125 Colonel By Drive, Ottawa, Ontario, Canada K1S 5B6 
* Correspondence: IainMcKinnell@cunet.carleton.ca 

Abstract: Cadmium, an environmental toxin, is associated with a range of adverse health effects due 
to increased Reactive Oxygen Species production, including decreased bone mineral density and 
osteoporosis. Notably, cadmium is found at concentrations 4-5x higher in the blood of smokers 
versus non-smokers. Experiments performed in human cancer cells indicate that melatonin may 
directly protect against cadmium-induced tissue damage via regulation of mitochondrial activity. 
Further, recent evidence has demonstrated that melatonin can improve bone health for individuals 
with osteoporosis and partially protect against cadmium-associated inhibition of bone repair. Here 
we review this data and propose supplementation with melatonin as a strategy to protect against 
the negative impacts of cadmium exposure on bone mineral density within individuals regularly 
exposed to cadmium via cigarette smoking.  
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Introduction 

Longitudinal cohort and cross-sectional studies have established that exposure to cadmium, an 
environmental toxin, is a risk factor for decreased bone mineral density (BMD) and osteoporosis. 
Experimental support for these epidemiological findings has shown that bone health, as measured 
by BMD, is highly sensitive to cadmium exposure even at levels as low as 0.3-10 mg/kg body weight 
(Buha et al., 2019), through both inhibition of the activity of osteoblasts, thus decreasing bone 
deposition; and stimulation of osteoclast differentiation, resulting in increased resorption and pit 
formation within bone (X. Chen et al., 2009, 2013; W. Liu et al., 2020; Ou et al., 2021). Ultimately, this 
results in the characteristic imbalance between bone deposition and resorption typically associated 
with the onset of osteoporosis in later life (X. Chen et al., 2009, 2013; W. Liu et al., 2020; Ou et al., 
2021).  

Literature Review 

Cadmium exposure via cigarette smoking and the effect on bone health  

A 2019 study estimated that there were 1.14 billion cigarette smokers globally, indicating that 
smoking remains a widespread risk factor to human health (GBD 2019 Tobacco Collaborators, 2021). 
Amongst the many negative health consequences associated with smoking, it is a known risk factor 
for osteoporosis and poor bone health, with one meta-analysis estimating the risk of osteoporotic 
fracture being 32% higher in smoking men and women compared to non-smokers (Kanis et al., 2005). 
Multiple mechanisms have been proposed that can potentially mediate this association, including the 
alteration of sex hormones and increased oxidative stress (Al-Bashaireh et al., 2018). Cadmium, an 
environmental toxin known to promote increased production of Reactive Oxygen Species (ROS) and 
mitochondrial dysfunction, is present in tobacco at concentrations ranging from 0.5-1.0 g of cadmium 
per cigarette, and is found at concentrations 4-5x higher in smokers versus non-smokers (Ganguly et 
al., 2018). Cadmium is known to induce osteoblast dysfunction, specifically through oxidative stress, 
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leading to DNA damage, mitochondrial dysfunction, and endoplasmic reticulum stress, ultimately 
resulting in apoptosis of the osteoblasts and consequently a decrease in bone formation (Ma et al., 
2021).  

A study by Li and colleagues (Li et al., 2020) investigated how much the smoking-associated risk 
of osteoporosis was mediated by cadmium. Analysis of retrospective cohort data revealed that each 
10-pack year (packs of cigarettes smoked per day, multiplied by the smoking duration, in years) could 
lead to 1.06 additional hip fractures per 1000 person-years, with 0.67 of this risk due to cadmium from 
tobacco smoke (Li et al., 2020). These results were supported by Elbeialy & Eldosouky (Elbeialy & 
Eldosouky, 2018), who found an inverse relationship between serum and urinary cadmium and bone 
health. Thus, smoking is a known risk factor for poor bone health, with cadmium exposure being a 
relatively well characterized mediator of this risk. Despite this, no treatment or preventative measure 
has been identified that specifically mitigates the effects of cigarette smoking-associated cadmium-
induced decreases in bone health. 

Preventing loss of bone mineral density 

Widely used treatments for decreased BMD include anti-resorptive drugs and hormone 
replacement therapies (HRT). However, both these treatments have significant limitations. For 
example, anti-resorptive drugs can have significant side effects for the patient including osteonecrosis 
of the jaw and harsh repression of bone turnover (Brown, 2017; Kennel & Drake, 2009). Furthermore, 
HRT is used to balance estrogen levels within peri- and post-menopausal women to prevent the rapid 
bone loss common in post-menopause (Gambacciani & Levancini, 2014). Thus, HRT is not a viable 
treatment option for men or women pre-menopause. Cigarette smokers are present across the 
lifespan, found within both sexes, and are often chronic users/consumers. Thus, the existing 
treatments to improve BMD are insufficient to address the needs of this large and varied population 
of individuals.  

Importantly however, recent data has indicated that melatonin can protect against cadmium-
induced oxidative stress and may attenuate the negative effects of cadmium exposure on bone repair 
(Hyun et al., 2023; Luo et al., 2021). However, the efficacy of melatonin use in cigarette smokers to 
preserve bone mineral density has not yet been characterized. Given this information, we propose 
that supplementation with melatonin is an appropriate strategy for the prevention of bone density 
loss in individuals who are regularly exposed to cadmium by limiting oxidative stress and 
mitochondrial impairment.  

Melatonin & bone health 

Melatonin is a hormone synthesized and produced by the pineal gland (Cipolla-Neto & Amaral, 
2018). The primary function of melatonin is in regulating the sleep-wake cycle and the modulation of 
circadian rhythms, and hence is a widely accessible pharmaceutical used to treat sleep-wake 
disturbances (Geoffroy et al., 2015; Tordjman et al., 2017; Xie et al., 2017).  

Recent studies have found that melatonin also  positively affects  bone homeostasis and has 
been proposed as a potential treatment for osteoporosis/osteopenia (Amstrup et al., 2015; Wang et 
al., 2019). Melatonin is known to have strong antioxidant properties, which may in part explain its 
protective effects on bone (X. Liu et al., 2013; Lu et al., 2021; Tordjman et al., 2017). Melatonin’s 
antioxidant capacities are exerted directly through its ability to scavenge free radicals and indirectly 
through activating antioxidative enzymes, inhibiting pro-oxidative enzymes, and tempering DNA 
repair pathways (Galano et al., 2018; Majidinia et al., 2017; Reiter et al., 2010). These mechanisms 
allow for melatonin to protect against free-radical-associated DNA damage (Galano et al., 2018). 
Furthermore, melatonin is thought to preserve the antioxidant capacity and bone-formation potential 
of bone-marrow-derived mesenchymal stem cells (BMMSCs) (W. Chen et al., 2020), in addition to 
having broader effects on bone, including promotion of osteoblast cell differentiation and type I 
collagen synthesis, thereby stimulating bone proliferation, and inhibition of bone resorption through 
the downregulation of RANKL-mediated osteoclast formation and activation (Koyama et al., 2002; 
Lu et al., 2021; Nakade et al., 1999; Xu et al., 2018). Within human populations, randomized control 
trials have found that melatonin supplementation is both well-tolerated and effective at improving 
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physical symptoms in perimenopausal women with osteoporosis (Kotlarczyk et al., 2012); and was 
able to increase bone mineral density at the femoral neck in a well-tolerated dose-dependent manner 
(Amstrup et al., 2015). Melatonin is also thought to be effectively non-toxic and is capable of 
improving circadian rhythm sleep disorders and poor sleep quality (Amstrup et al., 2015; Zisapel, 
2018). Thus, melatonin is a safe, potential therapeutic for osteoporosis that is advantageous over other 
drugs, such as hormone replacement therapy and anti-resorptive drugs that often have significant 
side effects.  

Melatonin & cadmium 

Interestingly, previous observational and experimental studies have noted that cigarette 
smoking and third-hand smoke is associated with lower serum melatonin levels (Jiang et al., 2021; 
Ursing et al., 2005). Third-hand smoke is defined as the environmental hazard created via 
accumulation of second-hand smoke toxins on indoor objects (Jiang et al., 2021). Evidence indicates 
that polycyclic aromatic hydrocarbons (PAHs) in cigarette smoke can increase the activity of 
cytochrome P450(CYP)1A2 (Ursing et al., 2005). CYP1A2 is associated with the breakdown of 
melatonin by the liver, which may explain the observed association between smoking and 
abnormally decreased serum melatonin (Ursing et al., 2005). However, other studies have found 
higher circulating daytime levels of melatonin in smokers (Tarquini et al., 1994). Thus, the association 
between smoking and melatonin levels remains to be clarified.  

Notably, a recent study by Hyun and colleagues [5] has revealed that melatonin directly 
counteracts the effect of cadmium on ROS levels. This is because melatonin enhanced the expression 
of mitochondrially-localized signal transducer and activator of transcription 3 (mitoSTAT3) that is 
reduced by cadmium exposure (Hyun et al., 2023). MitoSTAT3 is thought to play an important role 
in the modulation of the electron transport chain, ROS homeostasis, transcription of mitochondrial 
DNA , ATP production, and apoptosis (Hyun et al., 2023). Thus, regulating the levels of mitoSTAT3 
with melatonin could attenuate ROS damage and mitochondrial dysfunction caused by cadmium 
(Hyun et al., 2023). In support, Luo et al (Luo et al., 2021) determined that pre-treatment with 
melatonin helped to maintain the integrity of the mitochondrial structure of BMMSCs and decrease 
DNA damage caused by cadmium within these cells, thereby protecting them against apoptosis. The 
authors conclude that melatonin may help to prevent cadmium-associated premature aging and 
apoptosis of BMMSCs (Luo et al., 2021). BMMSCs can differentiate into osteoblasts, meaning that if 
melatonin can prevent cadmium-associated apoptosis of these cells, an increase in osteoblast 
numbers may result (Hu et al., 2018). These findings suggest that increasing or maintaining the 
number of functional osteoblasts through preventative melatonin supplementation may help to 
rebalance bone deposition and resorption, thereby suppressing cadmium-associated loss of bone 
mineral density.  

Thus, the prevention of cadmium-associated damage may be a mechanism by which melatonin 
can improve bone mineral density and osteoporosis outcomes within populations regularly exposed 
to cadmium, including smokers. However, the clinical relevance of melatonin supplementation in 
this population has yet to be explored. Given melatonin supplementation’s well-tolerated nature and 
its potential to protect against cadmium-related exposure, examining this link may provide a new 
avenue for treating and preventing bone-mineral loss disorders such as osteoporosis within 
individuals who are exposed to cadmium. 

Testing the strategy 

This strategy could be tested within randomized control trials that compare the effect of 
melatonin supplementation on bone mineral density, and fracture rate, across cigarette smokers of 
all ages. Additional consideration may be given to matched case-control trials that consider inclusion 
criteria such as age, number of cigarettes smoked per week, serum cadmium levels, or basal 
melatonin levels, given that endogenous melatonin levels can differ widely between individuals 
(Burgess & Fogg, 2008). As melatonin has been shown to help prevent age-related osteoporosis, these 
results could also be compared to the effectiveness of melatonin in preventing bone mineral density 
loss in age-matched non-smoking individuals.  
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According to our hypothesis, the loss of BMD over time within cigarette smokers supplemented 
with melatonin should be less pronounced than that of smokers who did not supplement for 
melatonin.  

Conclusion 

Cadmium, an environmental toxin known to cause decreased bone mineral density, is 
introduced into the body through cigarette smoking among other methods. To improve health 
outcomes for cigarette smokers, the authors propose the use of melatonin as a supplement. Melatonin 
is a widely used and well-tolerated over-the-counter pharmaceutical commonly utilized in the 
modulation of sleep-wake disorders. Importantly, new research has revealed that melatonin may be 
capable of attenuating ROS damage and mitochondrial dysfunction associated with cadmium 
exposure, as well as preventing apoptosis of BMMSC’s. Importantly, melatonin supplementation 
would be a cost-effective and widely accessible treatment to prevent bone loss in smokers. Evidence 
supporting this strategy would present an option to improve health outcomes for millions of cigarette 
smokers globally and may overall reduce the burden of fractures related to loss of bone-mineral 
density. Thus, the proposal that supplementation with melatonin will prevent bone density loss in 
individuals who are regularly exposed to cadmium is one that should be considered for further 
clinical research.  
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