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A B S T R A C T   

Background: Dementia is a neurological syndrome characterized by severe cognitive impairment 
with functional impact on everyday life. It can be classified as young onset dementia (EOD) in 
case of symptom onset before 65, and late onset dementia (LOD). The purpose of this study is to 
assess the risk of dementia due to light pollution, and specifically outdoor artificial light at night 
(LAN). 
Methods: Using a case-control design, we enrolled dementia patients newly-diagnosed in the 
province of Modena in the period 2017–2019 and a referent population from their caregivers. We 
geo-referenced the address of residence on the date of recruitment, provided it was stable for the 
previous five years. We assessed LAN exposure through 2015 nighttime luminance satellite im-
ages from the Visible Infrared Imaging Radiometer Suite (VIIRS). Using a logistic regression 
model adjusted for age, sex, and education, we calculated the risk of dementia associated with 
increasing LAN exposure, namely using <10 nW/cm2/sr as reference and considering ≥10-<40 
nW/cm2/sr intermediate and ≥40 nW/cm2/sr high exposure, respectively We also implemented 
non-linear assessment using a spline regression model. 
Results: We recruited 58 EOD cases, 34 LOD cases and 54 controls. Average LAN exposure levels 
overlapped for EOD cases and controls, while LOD cases showed higher levels. Compared with the 
lowest exposure, the risk of EOD associated with LAN was higher in the intermediate exposure 
(OR = 1.36, 95% CI 0.54–3.39), but not in the high exposure category (OR = 1.04, 95% CI 
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0.32–3.34). In contrast, the risk of LOD was positively associated with LAN exposure, with ORs of 
2.58 (95% CI 0.26–25.97) and 3.50 (95% CI 0.32–38.87) in the intermediate and high exposure 
categories, respectively. The spline regression analysis showed substantial lack of association 
between LAN and EOD, while almost linear although highly imprecise association emerged for 
LOD. 
Conclusions: Although the precision of the estimates was affected by the limited sample size and 
the study design did not allow us to exclude the presence of residual confounding, these results 
suggest a possible role of LAN in the etiology of dementia, particularly of its late-onset form.   

1. Introduction 

Dementia is a clinical syndrome characterized by cognitive decline that interferes with an individual’s home, social, and work life. 
It is estimated that in 2010 35.6 million people lived with dementia worldwide, and it is expected that the number of prevalent cases 
would double every 20 years [1]; it has also been estimated that the number of people with dementia would increase from 57.4 million 
cases globally in 2019 to 152.8 million cases in 2050 [2]. Despite its incidence increases with aging, dementia is not a pathological 
condition confined to the elderly, but it can also affect younger subjects. The term young onset dementia (EOD) identifies forms of 
cognitive impairment with onset of symptoms before the age of 65 years [3]. The main differences with the late onset (LOD) forms are 
the clinical presentation frequently with atypical syndrome [4,5] and the impact on subjects’ family and working routine [6–8]. Recent 
epidemiological data indicate that 3.9 million people between the ages of 30 and 64 are living with EOD in the world [9]. Also in Italy, 
an increasing trend in EOD incidence has been reported with approximately 13 new cases per 100,000/year [4] and a prevalence 
ranging from 55 to 74 cases/100,000, the most common clinical diagnoses being Alzheimer’s dementia (AD) and frontotemporal 
dementia (FTD) [4,10]. 

Dementia etiology is debated, and may include genetic, socioeconomic, and environmental factors [11–16]. With regard to 
modifiable factors, several nutritional, lifestyle and environmental factors have been investigated, such as dietary habits, exposure to 
chemicals like heavy metals and metalloids with neurotoxic activity [17–21], and traumatic events, especially of the head [17,22]. In 
particular, the role of environmental factors is of increasing interest. A positive association between outdoor air pollutants from 
motorized traffic has also been reported [18,23,24]. More recently, a mediating effect of green space and artificial lighting during night 
hours, also referred as light at night (LAN), have been suggested for such association [25]. Increased LAN exposure has been associated 
with several detrimental effects on human health, including sleep [26,27], some type of cancers [28], cardiovascular and metabolic 
disorders [29,30], and mental disorders [31,32]. In particular, one previous investigation suggested a higher risk of mild cognitive 
impairment in Chinese veterans exposed to excessive outdoor LAN [32]. Similarly, another study suggested a positive relation between 
LAN exposure and all-cause mortality in China, with the strongest effect on neuron system disease, although no specific assessment of 
dementia was reported [33]. 

In this study, we aim at investigating the role of LAN exposure as a possible risk factor for dementia, including both the EOD and the 
LOD forms, in an Italian population. 

2. Materials and methods 

2.1. Study population 

Following approval by the Modena Ethics Committee (no. 186/2016), we performed a case-control study in the province of 
Modena, Northern Italy. We recruited newly-diagnosed EOD and LOD cases according the age of symptom onset (<65 or ≥65 years) 
from Modena Hospital - Neurology clinics as previously described [17,34]. Each participant was evaluated by a neurologist of the 
Memory Center of Modena Neurology Clinic to have any dementia subtype, including Alzheimer’s dementia [35], dementia with Lewy 
bodies [36], and frontotemporal dementia [37,38]. Exclusion criteria included coexisting diagnoses of pervasive developmental 
disorders, major psychiatric disorders, or cognitive impairment in the context of other neurological disorders characterized by 
noncognitive symptoms, e.g., multiple sclerosis or cerebrovascular disease with severe motor disability [17]. The controls were 
recruited from the caregivers of these patients. All participants signed a written consent form. The recruitment period lasted from 2017 
to May 2019. 

2.2. Exposure assessment 

Through a questionnaire administered by one neurologist of the team of Memory Center, we collected the residential history. In 
case of difficulties to answer the questions, the caregivers were consulted to help in the completion. Then, we geocoded the address of 
residence at the date of recruitment for cases and for controls through the use of Google Earth Pro and OpenStreetMap. If there was a 
change in residence in the previous 5 years, the first address was considered. 

LAN exposure was assessed through satellite imagery from the Visible Infrared Imaging Radiometer Suite (VIIRS), an instruments 
onboard the Suomi National Polar-Orbiting Partnership (Suomi NPP) spacecraft, launched on October 28, 2011 [39]. Global Nighttime 
light maps were provided by the Earth Observation Group (EOG) of the Colorado School of Mine’s Payne Institute. For this study we 
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used annual nighttime radiance maps from the Annual VNL (VIIRS Nighttime Light) V2 dataset [40,41]. The latter consists in a time 
series of annual global VIIRS nighttime lights produced from monthly cloud-free average radiance grids spanning from 2012 to 2020 
with a spatial resolution of 15 arc second (RS WGS 84 lat/lon). As an indicator of average exposure for nighttime imagery during the 
2012–2020 period, we extracted the median values of radiance (in nanowatt per steradian per square centimeter, nW/cm2/sr) at 
subjects’ residence in 2015, through a spatial overlay in a Geographical Information System environment. 

2.3. Statistical analysis 

We used a multivariate unconditional logistic regression model to calculate odds ratios (ORs) and 95% confidence intervals (95% 
CI) of EOD and LOD according to increased exposure to LAN. We included in the model the following adjustment variables: sex, age (in 
years) and level of education (in years of study). The OR was computed considering the lowest exposure as reference in different 
exposure categories: above the median value, in the intermediate and upper tertiles based on the distribution on the control popu-
lation, according to fixed exposure categories (<10; ≥10 and < 40; ≥40 nW/cm2/sr), and finally for continuous 1-unit linear increase 
of LAN exposure. We also explored the nonlinear relation between LAN and dementia risk using a cubic spline regression model with 
three knots at the fixed cutpoints (10th, 50th and 90th percentiles), and using either the median or the null value as reference points. 
We finally carried out subgroup analysis according to the most frequent dementia diagnosis, namely Alzheimer’s dementia and 
frontotemporal dementia. For data analysis, we used the ‘logit’, ’mkspline’ and ’xblc’ routines of the program Stata-17.0 (Stata Corp., 
College Station, TX, USA, 2021) for data analysis. 

3. Results 

We recruited 146 subjects including 92 dementia cases (58 with EOD and 34 with LOD) and 54 controls. The characteristics of study 
participants are shown in Table 1. Most participants were females (57.4%). Mean age at recruitment was 63.8, 65.6 and 80.8 years for 
controls, EOD and LOD, respectively. LOD cases showed a lower educational attainment compared to both EOD and particularly 
controls. 

The most frequent type of dementia was Alzheimer’s dementia for both EOD (n = 32) and LOD cases (n = 25), followed by FTD (19 
with EOD; 2 with LOD) (Table 2). 

Annual average LAN exposure in the study area is presented in Fig. 1, namely Fig. 1A reports the map of light at night in the Emilia- 
Romagna region and Fig. 1B in the municipality of Modena. Controls were exposed to an average of 25.3 nW/cm2/sr (standard 
deviation− SD: 16.8) with median 25.8 nW/cm2/sr (interquartile range-IQR: 7.0–38.1). The EOD cases showed similar values with an 
average of 25.2 nW/cm2/sr (SD: 15.6) and median 25.8 nW/cm2/sr (IQR: 9.7–38.1). On the contrary, LOD cases exhibited a higher 
exposure, with an average of 31.5 nW/cm2/sr (SD: 13.9) and median 35.6 nW/cm2/sr (IQR: 26.8–41.7). 

ORs of dementia according to LAN exposure are reported in (Table 3). For 1-unit continuous LAN increase, we found a small 
increased of both EOD and LOD, particularly for the latter. In the analysis using the median value (25.8 nW/cm2/sr) as cutpoint, we 
found a high though very imprecise excess risk for LOD in the highest exposure category (OR = 3.2, 95% CI 0.6–17.8) but not for EOD 
(OR = 1.1, 95% CI 0.5–2.4). Dementia risk by increasing categories of exposure, either tertiles or based on fixed cutpoints, showed an 

Table 1 
Sociodemographic characteristics of controls and early-onset (EOD) and late-onset (LOD) dementia cases included in the study.  

Characteristics Controls 
N (%) 

EOD Cases 
N (%) 

LOD Cases 
N (%) 

Total population 54 (100) 58 (100) 34 (100) 
Age at completion of the questionnaire 
Mean (DS) 63.8 (9.6) 65.6 (5.2) 80.8 (6.3) 
<65 years 28 (51.9) 22 (37.9) – 
≥65 years 26 (48.2) 36 (62.1) 34 (100) 
Age at diagnosis of disease 
Mean (DS) – 59.3 (4.7) 73.8 (5.4) 
Sex    
Men 23 (42.6) 25 (43.1) 15 (44.1) 
Women 31 (57.4) 33 (56.9) 19 (55.9) 
Educational attainment 
Primary or less 11 (20.4) 16 (27.6) 15 (44.1) 
Middle school 11 (20.4) 20 (34.5) 10 (29.4) 
High school 21 (38.9) 19 (32.8) 6 (17.7) 
College or more 11 (20.4) 3 (5.2) 3 (8.8) 
Marital status 
Married 48 (88.9) 48 (82.8) 25 (73.5) 
Unmarried 3 (5.6) 1 (1.7) – 
Separated/divorced 2 (3.7) 3 (5.2) – 
Widowed 1 (1.8) 6 (10.3) 9 (26.5) 
Smoking habit 
Ever smokers 30 (57.7) 35 (62.5) 15 (44.1) 
Never smokers 22 (42.3) 21 (37.5) 18 (52.9)  
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increased EOD risk particularly in the intermediate exposure category. Conversely, the risk of LOD smoothly increased with LAN 
exposure in both the intermediate and higher exposure categories, although the estimates were very imprecise. With regard to 
nonlinear risk analysis using the spline regressions, we found no change in EOD risk with increasing LAN exposure, while the increase 
in LOD risk was almost linear (Fig. 2). 

Stratified analysis by dementia diagnosis are presented in Table 4 (AD) and 5 (FTD). Considering continuous exposure, we found a 
positive association between LAN and both EO-AD and LO-AD, though higher for this latter form. Such positive relation was confirmed 
in the analysis using the median values as cutpoints. In the analyses assessing AD risk according to increasing exposure categories 

Table 2 
Clinical diagnosis of early-onset (EOD) and late-onset (LOD) dementia cases.  

Diagnosis EOD 
N (%) 

LOD 
N (%) 

Total cases 58 (100) 34 (100) 
Alzheimer’s dementia 32 (55.2) 25 (73.5) 
Spectrum of frontotemporal dementias 19 (32.8) 2 (5.9) 
Frontotemporal dementia 17 (29.3) 2 (5.9) 
Progressive Supranuclear Palsy 2 (3.4) – 
Vascular dementia 5 (8.6) 1 (2.9) 
Cerebral Amyloid Angiopathy 1 (1.7) 1 (2.9) 
Lewy’s body dementia 1 (1.7) 3 (8.8) 
Parkinson disease with dementia – 1 (2.9) 
Normal-pressure hydrocephalus – 1 (2.9)  

Fig. 1. Map of light at night in the Emilia-Romagna region (A) and the municipality of Modena (B) obtained using satellites from the JPSS 
constellation in 2015. The points OSSGEO and DIEF indicate respectively the meteorological station of the University of Modena and Reggio Emilia, 
the Geophysical Observatory of Modena and the Department of Engineering “Enzo Ferrari”. Pixel size is 500 m × 500 m. 
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Table 3 
Odds Ratio (OR) for early-onset dementia (EOD) and late-onset dementia (LOD) based on median (50th), tertiles, and fixed categories of nighttime 
luminance exposure (LAN) in nW/cm2/sr.  

LAN (nW/cm2/sr) 50th EOD LOD 

Cases/controls OR (95% CI) Cases/controls OR (95% CI) 

Linear trend (1-unit increase)   1.01 (0.98–1.03)  1.04 (0.98–1.09) 
Linear trend (10-unit increase)   1.05 (0.82–1.35)  1.41 (0.84–2.37) 
LAN-Median 
Below the median 6.7 28/26 1.00 – 8/26 1.00 – 
Above the median 37.8 30/28 1.10 (0.50–2.40) 26/28 3.20 (0.57–17.80) 
LAN-Tertiles 
1st tertile 5.2 19/18 1.00 – 6/18 1.00 – 
2nd tertile 25.1 21/18 1.25 (0.49–3.20) 11/18 1.32 (0.14–12.10) 
3rd tertile 42.1 18/18 1.10 (0.42–2.90) 17/18 3.31 (0.43–25.15) 
LAN-Fixed categories 
<10 4.6 15/15 1.00 – 5/15 1.00 – 
≥10; <40 26.8 32/27 1.36 (0.54–3.39) 18/27 2.58 (0.26–25.97) 
≥40 47.1 11/12 1.04 (0.32–3.34) 11/12 3.50 (0.32–38.87)  

Fig. 2. Spline regression analysis of the risk of early-onset dementia (EOD) and late-onset dementia (LOD) by exposure to light at night (nW/cm2/sr) 
using as reference the median value of exposure (25.8 nW/cm2/sr, panels A and B for EOD and LOD, respectively) and the null value (0 nW/cm2/sr, 
panels C and D for EOD and LOD, respectively). OR: odds ratio. Solid line indicates the risk estimate and shaded area the 95% confidence interval. 
Vertical ticks on reference line indicates individual level of LAN exposure. 
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(based either on percentile or on fixed cutpoints), LAN exposure was positively associated with both EO-AD and LO-AD. Estimates for 
LO-AD the estimates were generally higher than for EO-AD, although they showed high statistical imprecision due to the low number 
of subjects. In nonlinear analysis, we observed a progressive increase in risk with increasing levels of LAN for both EO-AD and LO-AD, 
though somewhat steeper for the latter (Fig. 3). 

Considering LO-FTD, no results about dementia risk could be computed in categorical analysis due to low number of cases (n = 2), 
while the statistically unstable estimates yielded by the analysis based on continuous 1-unit LAN increase showed a positive associ-
ation, substantially similar to that computed for the whole population of LOD cases (Table 5). For EO-FTD cases, we found substantial 
similar association with exposure to LAN than in the whole population, showing an increased risk the intermediate exposure category, 
not confirmed in the highest exposure category (Table 5). Due to the low sample size, it was not possible to perform a spline analysis for 
FTD. 

4. Discussion 

The results of this study suggest an association between exposure to LAN and dementia risk, especially for the late onset form of the 
disease and for Alzheimer’s dementia. 

The relation between outdoor light at night with human health has been investigated in previous studies, since artificial lighting is 
widespread and increasing all over the world, especially but not only in developed countries [42]. Light impacts on the suprachias-
matic nucleus, which is influenced by the alternation of light and dark. Light is the most powerful regulator of the circadian rhythm and 
the synthesis of melatonin in the pineal gland occurs in general during the night hours in the absence of light, not only during the hours 
of sleep. Therefore, prolonged hours of artificial light induce a general deficiency of melatonin. Both experimental studies on animal 
models and epidemiological studies on humans have shown an association between circadian rhythm dysregulation and nocturnal 
inhibition of melatonin synthesis [43,44]. 

Some detrimental effects of LAN on humans are now well known: the reduction of melatonin production in a manner dependent on 
wavelength and intensity of light, the alteration of the circadian rhythm, the worsening of sleep quality [25,45,46]. Exposure to LAN 

Table 4 
Odds Ratio (OR) for early-onset Alzheimer’s dementia (EOD) and late-onset Alzheimer’s dementia (LOD) based on linear trend, median (50th), 
tertiles, and fixed categories of exposure to light at night (LAN) in nW/cm2/sr.  

LAN (nW/cm2/sr) 50th EOD LOD 

Cases/controls OR (95% CI) Cases/Controls OR (95% CI) 

Linear trend (1-unit increase)   1.02 (0.99–1.05)  1.08 (1.00–1.19) 
Linear trend (10-unit increase)   1.22 (0.91–1.65)  2.18 (1.02–4.69) 
LAN-Median 
Below the median 6.7 14/26 1.00 – 3/26 1.00 – 
Above the median 37.8 18/28 1.30 (0.52–3.29) 22/28 5.87 (0.59–58.14) 
LAN-Tertiles 
1st tertile 5.2 9/18 1.00 – 2/18 1.00 – 
2nd tertile 25.1 11/18 1.43 (0.46–4.52) 8/18 2.47 (0.06–99.70) 
3rd tertile 42.1 12/18 1.69 (0.52–5.43) 15/18 22.26 (0.59–841.51) 
LAN-Fixed categories 
<10 4.6 7/15 1.00 – 2/15 1.00 – 
≥10; <40 26.8 17/27 1.60 (0.51–4.99) 12/27 3.70 (0.11–125.07) 
≥40 47.1 8/12 1.89 (0.47–7.54) 11/12 16.61 (0.42-650.57)  

Table 5 
Odds Ratio (OR) for early-onset frontotemporal dementia (EOD) and late-onset frontotemporal dementia (LOD) based on linear trend, median (50th), 
tertiles, and fixed categories of exposure to light at night (LAN) in nW/cm2/sr.  

LAN (nW/cm2/sr) 50th EOD LOD 

Cases/controls OR (95% CI) Cases/Controls OR (95% CI) 

Linear trend (1-unit increase)   1.00 (0.96–1.03)  1.03 (0.92–1.15) 
Linear trend (10-unit increase)   0.98 (0.68–1.40)  1.34 (0.45–3.98) 
LAN-Median 
Below the median 6.7 9/26 1.00 – 0/26 1.00 – 
Above the median 37.8 10/28 1.07 (0.35–3.28) 2/28 –  
LAN-Tertiles 
1st tertile 5.2 6/18 1.00 – 0/18 –  
2nd tertile 25.1 7/18 1.20 (0.32–4.52) 2/18 –  
3rd tertile 42.1 6/18 0.95 (0.23–3.83) 0/18 –  
LAN-Fixed categories 
<10 4.6 4/15 1.00 – 0/15 –  
≥10; <40 26.8 12/27 1.58 (0.41–6.10) 2/27 –  
≥40 47.1 3/12 0.77 (0.13–4.69) 0/12 –   
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induces variations in melatonin secretion, that leads to insomnia and other sleep disturbances, thus contributing to the onset of chronic 
diseases [47]. LAN exposure may also alter immune function since melatonin showed immune-dampening effects, reducing 
pro-inflammatory cytokine levels in animal models of high- or medium-grade inflammation [44,46]. Studies conducted in mice have 
shown that nighttime light stimulates biological pathways causing depressive-like behavior [48] and neuroimmune activation [49]. 

Interestingly, melatonin showed also neuroprotective effects in animal studies through stimulation of neuroplasticity [50]. A study 
conducted in a mouse model (Swiss albino mice) evaluated a consecutive exposure for three weeks to a light intensity of 5 lux, and 
reported alteration of cognitive functions and behavior [51]. In the neuronal cells, an increase in oxidative stress was observed, with 
increased of lipid peroxidation and reduced activity of superoxide dismutase and catalase. Specifically in the hippocampus, a reduction 
in brain neutrophic factor levels (namely synapsin II and doublecortin) was observed [51]. Another study carried out in mice showed 
that dim blue light (dLAN-BL) up regulates plasma corticosterone level and activates hippocampal microglia, causing neuro-
inflammation and oxidative stress thus leading to memory impairment [52]. 

Some studies carried out on Drosophila melanogaster investigated the mechanism underlying the correlation between circadian 
rhythm and neurodegeneration. A correlation between circadian rhythm, cell death pathways and toxicity induced by tau protein 
accumulation with the remodeling of neurons in the occipital lobe has been observed [53]. A study investigating the effect of dim light 
exposure with 3 lux intensity during the night cycle demonstrated a circadian disruption with accumulation of hTau in the fly brain, 
negatively affecting their lifespan [45]. Similarly, the dysregulation of the circadian clock alters the function of heat shock proteins in 
Drosophyla fly, thus impacting the regulatory mechanisms of huntingtin (a protein involved in another neurodegenerative disease, 
Huntington disease) aggregation [54]. 

In an experimental study carried out on zebra finches, neuronal cell proliferation and neuronal recruitment were quantified after 3 
weeks of exposure to 1.5 or 5 lux of LAN in one group and 5 lux in the other. The study showed more resilience in males in the first 
group, since the cellular proliferation was higher in females due to higher suppression of their melatonin levels compared to males. In 

Fig. 3. Spline regression analysis of the risk of early-onset Alzheimer’s dementia (EOD) and late-onset Alzheimer’s dementia (LOD) by exposure to 
luminance at night (light at night nW/cm2/sr) using as reference the median value of exposure (25.8 nW/cm2/sr, panels A and B for EOD and LOD, 
respectively) and the null value (0 nW/cm2/sr, panels C and D for EOD and LOD, respectively). OR: odds ratio. Solid line indicates the risk estimate 
and shaded area the 95% confidence interval. Vertical ticks on reference line indicates individual level of LAN exposure. 
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the second group both sexes had an increase of cellular proliferation around the ventricular zone [55]. A study conducted on Indian 
house crows showed that dim light (6 lux) at night negatively influences hippocampal expression of genes associated with depressive 
emotions, thus leading to alteration of bird daily activity, with sleep reduction and depressive responses [56]. 

In humans, low-level of light pollution can affect circadian rhythm and sleep-wake rhythm in healthy individuals and especially in 
those affected by neurodegenerative diseases, with symptom worsening [57]. It has been reported that there are two main areas that 
are involved in response to light at night: alertness-related subcortical areas (such as hypothalamus, brainstem and thalamus) and 
limbic areas (amygdala and hippocampus). This impacts on attention, executive functions and memory. Light is a stimulant for 
alertness and cognition and affects cognitive performance through its synchronizing and phase-shifting effects on the circadian clock, 
depending on the wavelength of the light [58]. In this regard, a cross-over design study has been conducted on a group of 16 young 
participants who were asked to perform tasks while continuously exposed to the same test light. Light of a wavelength between 461 nm 
and 589 nm increased executive responses in prefrontal areas and in the pulvinar. This study suggests a possible role of melanopsin in 
the cognitive function, due to the possible presence of a “photic memory” [59]. Another study conducted on university students in 
China and Japan has measured the amount of light exposure and its relation with bedtime and sleep onset. It was found that the 
blue-enriched white lighting has a greater impact on arousal level and melatonin suppression [60]. 

Growing evidence from the epidemiological studies has suggested that risk of dementia is associated with sleep disturbances, 
including insomnia, sleep-disordered breathing, disrupted circadian rhythms, and sleep-related movement disorders [61]. It has been 
shown that sleep problems in Alzheimer’s disease are associated with cognitive impairment and behavioral problems [62]. However, 
other studies have also shown that dim light stimulation can benefit people already suffering from Alzheimer’s disease. Bright light 
treatment should stabilize wake-sleep rhythms [63,64]. Another 9-week experimental study comparing bright light at 2500 lux in the 
treatment group and 114–307 lux in the control group showed an improvement in cognitive scores in the high-exposure group [65]. 

The only other human study investigating the relation between LAN exposure and cognition was carried out in Chinese veterans 
reported a positive association between excessive outdoor LAN exposure and risk of mild cognitive impairment [32]. 

Among the limitations of our study, there is the limited sample size, which severely affected the precision of the estimates 
particularly in subgroup analyses, and in addition precluded some stratified analyses. In particular, we had only 2 LOD cases diagnosed 
with FTD, and therefore it was not possible to assess such relation. Another limitation relates to the observational design of the study, 
not allowing to rule out residual, uncontrolled confounding. In particular, we could not take into account levels of air pollution, a likely 
risk factor for dementia and AD in particular, which tends to be associated with light pollution [25]. Similarly, we could not take into 
account other environmental factors, like the residential availability of green space and noise [18,66–68]. We took into account light 
intensity, but we were unable to consider also its wavelength [69] although we implemented the LAN assessment with the highest 
spatial resolution available through the use of VIIRS data [70]. In addition, the methodology we used for control selection could have 
led to some overmatching, being composed by the caregivers of dementia cases. However, this should have decreased the effect, thus 
further supporting the associations between LAN and dementia risk that we identified. 

With reference to the strengths of this study, the use of a Geographic Information System allowed performing an objective 
assessment of exposure to LAN, not based on a self-assessment of the subjects neither allowing for selection bias due to lack of 
participation of eligible subjects. Another strength is the ascertainment of the historical residence of participants without limiting the 
analysis to the current residence at diagnosis, and based on a stable residence for a few years. Finally, the comparison between LOD and 
EOD revealed a possible difference in risk for the two forms of dementia in relation to LAN as well as when AD and FTD are considered, 
although in this latter group the very limited number of cases suggests caution in the interpretation of the results. 

5. Conclusions 

This investigation suggests a possible contributing role of artificial light at night in the etiology of dementia, particularly for late- 
onset dementia and more specifically for AD. However, given the methodological limitations of the study and the small sample size, the 
results of this study should be evaluated with caution. 
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