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Abstract 

Background  Light at night (LAN) is found to be associated with elevated overweight and obesity in broad popu-
lation. However, evidence for the long-term LAN exposure trajectories and its influence to weight gain remained 
limited, especially to school-aged children who experience critical physical development. We aimed to analyze vari-
ations in body weight among children with different LAN exposure profiles, and how varying levels of LAN exposure 
influenced children’s overweight (including obesity) risk overt time.

Methods  Children who had ≥ 5 school health examinations between 2005 and 2020 in Zhongshan were recruited 
in this population-based longitudinal study. LAN data of each child at each survey year were modeled with group-
based trajectory model and named as sharp rise (reference; 5.5%), mild rise, high stable (69.7%), and decline. Differ-
ences of overweight incidence between groups were analyzed.

Results  Among 218,283 children (1,318,542 measurements; 53.1% boys; baseline mean [SE] age, 9.1 [2.5]), 12,050 
(5.5%) were categorized in the sharp rise group and 152,030 (69.7%) in the stable high group. In the 189,011 par-
ticipants categorized as normal or underweight at baseline, the overall incidence of overweight during follow-up 
was 8.80/1000 person-years (95% CI: 8.69, 8.91). Compared to the sharp rise group, the hazard ratios (HR) for devel-
oping overweight were 1.67 (95% CI: 1.28, 2.18) for boys and 1.56 (95% CI: 1.21, 2.01) for girls in stable high group, 
followed by the mild rise group. The HRs in decline group were non-significant. Overall, the stable high trajectory 
of LAN exposure accounted for 40.24% (range: 22.14, 54.14) of overweight risk in boys and 36.09% (range: 17.79, 50.31) 
in girls, while the mild rise group contributed approximately 23% to the overall risk.

Conclusions  Higher LAN exposure trajectories, especially at early school age, had persistent effect to overweight 
and obesity risk in school-aged children. Interventions to reduce LAN exposure during school age may help reduce 
excessive weight gain in children.
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Background
Overweight and obesity are significant risk factors for 
children’s health and have rapidly evolved over the past 
decades to become one of the most pressing global health 
issues [1, 2]. Between 1985 and 2019, the average weight 
of adolescents worldwide increased much faster than 
their height, with China experiencing a particularly rapid 
increase in body mass index (BMI) among older teenag-
ers [3]. Previous studies have indicated that changes in 
BMI during school age are closely correlated with the 
risk of obesity and other metabolic diseases in adulthood, 
making this a critical period for obesity prevention [4–7]. 
A deeper understanding of the intrinsic and extrinsic fac-
tors that contribute to BMI changes during this time is 
essential for informing effective public health strategies.

The causes of obesity are multifactorial. Alongside diet, 
exercise, genetics, and early life adversity factors that 
are currently being well studied [8, 9], environmental 
factors, particularly light at night (LAN), have recently 
garnered attention due to their direct relationship with 
economic development [10]. A cross-sectional study in 
2016 identified LAN as a statistically significant and posi-
tive predictor of overweight and obesity, explaining 67% 
to 73% of the worldwide prevalence of adult overweight 
and obesity in over 80 countries [11]. As interest in the 
relationship between LAN and obesity has grown, more 
population studies have emerged. For example, a cohort 
study of community-dwelling older adults in the USA 
found that habitual night light exposure was associated 
with a higher prevalence of cardiovascular risk factors, 
including obesity, diabetes, and hypertension [12]. Simi-
larly, another large cohort study of 43,722 women in the 
USA and Puerto Rico reported that exposure to artificial 
light during night sleep was associated with increased 
weight, independent of sleep duration, quality, or other 
sleep-related factors [13]. Smaller studies in younger 
adults and countries outside the USA, as well as several 
systematic reviews, have also reported a relationship 
[14–16]. However, most of these studies captured LAN 
exposure at a single time point. To date, little is known 
about how changes in LAN exposure over time affect 
BMI, particularly during the school-age years when BMI 
undergoes rapid development.

To address these knowledge gaps and uncover the long-
term effects of LAN on children’s BMI, we conducted a 
large-scale longitudinal study of school-aged children 
from Guangdong Province, China. Our research aimed 
to model the trajectories of LAN exposure throughout 

school years and to analyze variations in BMI levels 
among children with different LAN exposure profiles. 
Additionally, we examined the incidence of overweight 
and obesity among children classified as normal weight at 
baseline, evaluating how varying levels of LAN exposure 
influenced their risk of developing these conditions overt 
time.

Methods
Study population
We utilized data from the Zhongshan Student Health 
Examination cohort in Zhongshan, Guangdong Province, 
China. This dataset encompasses annual health exami-
nations of children from all the 354 public primary and 
secondary schools (the number of schools fluctuated 
over time) in Zhongshan, forming an ongoing retrospec-
tive dynamic cohort. Additional file  1: Figure S1 illus-
trates the distribution of these schools across Zhongshan 
City, along with the corresponding LAN density for the 
years 2005 and 2020. Detailed descriptions of the data-
set have been previously published [4]. On average, the 
cohort sees approximately 10,000 new students enter-
ing each year, with a similar number exiting. All health 
examinations were administered by Zhongshan Health 
Care Center for Primary and Secondary Schools and con-
ducted by qualified medical professionals.

For the present study, we analyzed data from 218,239 
children who attended primary and secondary schools 
in Zhongshan between 2005 and 2020, and who par-
ticipated in at least five annual health examinations 
Fig.  1. The Zhongshan Health Care Center for Primary 
and Secondary School authorized the use of the data-
set, ensuring all personal information was de-iden-
tified prior to authorization. Therefore, the present 
analysis met the exemption criteria and was approved by 
the Institution Review Board of Peking University (IRB 
B00001052-20011-exempt).

Measures
Children’s sex (boys or girls) and date of birth were 
recorded in the school registry system. Age at each exam-
ination was calculated as (date of examination − date 
of birth)/365.25. Height and weight were measured fol-
lowing standardized procedures in accordance with the 
National Survey on the Constitution and Health of Chi-
nese Students [10]. BMI was calculated as weight (kg)/
height2 (m2) and converted into z scores. Missing BMI 
values were imputed using linear interpolation, with 1806 
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measurements from 1511 participants imputed. Chil-
dren’s weight status at baseline and at each follow-up 
examinations was categorized as underweight, normal, 
overweight, or obese, according to the growth reference 
from the World Health Organization [17].

LAN data were derived from the improved continu-
ous time-series DMSP-OLS-like dataset for the sub-
districts where the schools attended by the participants 
were located from 2005 to 2020. This dataset combines 
calibrated Defense Meteorological Satellite Program’s 
Operational Linescan System (DMSP-OLS) data (before 
2013) and the simulated data (after 2013) from the 
Suomi National Polar-orbiting Partnership Visible Infra-
red Imaging Radiometer Suite (SNPP-VIIRS) [18]. The 
DMSP-OLS data were calibrated using a quadratic model 
with a “pseudo-invariant pixel” method to minimize dis-
continuities and improve accuracy. The SNPP-VIIRS data 
were resampled to a 1 km to 5 km resolution using a ker-
nel density method, followed by a logarithmic transfor-
mation to reduce variance in radiation values. A sigmoid 
model was then applied, based on an “S-curve” relation-
ship between DMSP-OLS and transformed SNPP-VIIRS 
data, with region-specific coefficients to account for 
socio-economic differences across China. The improved 
DMSP-OLS-like dataset demonstrated a strong linear 

correlation with official statistics at the national levels, 
with average R-squared values of 0.931.

The LAN levels for each subdistrict where the par-
ticipants were located annually between 2005 and 2020 
were extracted using the nearest neighbor method, based 
on the latitude and longitude coordinates of the school 
addresses. Students’ LAN exposures were matched to the 
year of their annual health examinations and the corre-
sponding school address where they were enrolled dur-
ing that year. The spatial resolution of the LAN data was 
5 km and could effectively capture detailed lighting pat-
terns of each subdistrict and have been used in previous 
epidemiological studies [19]. The mean LAN values were 
transformed into units of radiance (nW/cm2/sr).

Statistical analysis
We employed group-based trajectory models to iden-
tify distinct patterns of LAN exposure during school age 
among all participants [20, 21]. The trajectories were 
modeled using a censored normal distribution, follow-
ing established procedures outlined in previous studies 
[22, 23]. Firstly, we conducted a one-trajectory model 
and use the Bayesian information criteria (BIC) to eval-
uate whether the LAN exposure trajectory was linear, 
quadratic, or cubic. We then incrementally increased 

Fig. 1  Diagram of participant recruitment
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the number of trajectory groups, repeating the process 
until the best-fit model was identified. Model selection 
was primarily guided by the absolute value of BIC, sup-
plemented by the following criteria: a mean posterior 
probability greater than 0.7 for each group; odds of cor-
rect classification based on the posterior probabilities of 
group membership exceeding 5; and a minimum group 
size of 5% of total participants to ensure a relatively bal-
anced group representation. The best-fit model identified 
four cubic trajectories with four groups, which exhibited 
the lowest BIC values and adequate sample size in each 
group. Parameters for modeling process were displayed 
in Additional file  1: Table  S1. Based on the trajectory 
trends, we labeled the groups as sharp rise, mild rise, 
stable high, and decline. Given our hypothesis that LAN 
exposure is associated with an increased risk of over-
weight and obesity, and considering that the sharp rise 
group had the lowest level of LAN exposure at baseline, 
we selected the sharp rise group as the reference group 
for all subsequent analyses.

Characteristics of participants were summarized using 
means (with standard deviation, SD) or frequencies (%) 
by LAN exposure trajectory groups. We employed lin-
ear regression models to assess the differences in BMI 
z scores across LAN exposure trajectory groups at both 
baseline and the endpoint. Additionally, we used random 
effects population-averaged linear model to examine dif-
ferences throughout the entire follow-up period. The 
unique identity number was included as a random effect 
to account for repeated BMI measurements of the same 
participants over the follow-up period. To estimate the 
incidence risks of overweight (including obesity) among 
the four LAN exposure trajectory groups in children who 
were not overweight or obese at baseline, we utilized Cox 
parametric survival regression models. Hazard ratios 
(HR) and 95% confidence intervals (CI) were reported. 
All analyses were conducted using two-level regression 
models to account for the hierarchical structure of par-
ticipants at the school level. Living residence (urban or 
rural) was adjusted in all models.

We conducted five sensitivity analyses to confirm the 
robustness of our findings. First, we excluded children 
classified as underweight at baseline to assess the inci-
dence of overweight and obese among the four LAN tra-
jectory groups during the follow-up period. Second, we 
analyzed the incidence of obesity alone during follow-up, 
excluding children who were obese at baseline. Third, 
we excluded participants with imputed BMI measure-
ments and duplicated the above analysis. Fourth, to fur-
ther account for all stable, unobserved, district-level 
confounding factors, we leveraged within-district varia-
tion over time to more convincingly isolate the potential 
effect of LAN exposure. Accordingly, district-fixed effects 

were included in the model. Finally, to evaluate whether 
the influence of LAN exposure trajectories on overweight 
and obese persists, we assessed the relationship between 
LAN exposure trajectory groups and the prevalence of 
overweight and obesity at the endpoint using logistic 
regression models for participants classified as normal 
weight or underweight at baseline. Additionally, we con-
ducted a cross-lagged panel model to examine the influ-
ence of baseline LAN exposure on the risk of overweight 
at the endpoint.

Analyses were conducted using Stata version 16.0 
(Stata Corp LP, College Station, TX) between February 
and August 2024.

Results
A total of 218,283 children (1,318,542 measurements; 
53.1% boys), with baseline age of 9.1 (SD: 2.5) years, were 
included in this analysis. The average follow-up time was 
6.8 (SD: 1.8) years. The trajectories of children’s residen-
tial LAN exposure are shown in Fig. 2. Among the par-
ticipants, 20,952 (9.6%) were categorized in the sharp 
rise group, 41,318 (18.9%) in the mild rise group, 135,595 
(62.1%) in the stable high group, and 20,418 (9.4%) in the 
decline group.

At baseline, the prevalence of overweight and obese 
was 10.1%, 13.7%, 13.2%, and 13.2% in sharp rise, 
mild rise, stable high, and decline groups, respectively 
(P < 0.001). At the endpoint, the average age of partici-
pants was 16.0 (SD: 2.0) years and slightly differed across 
the LAN exposure trajectory groups. In the 189,011 par-
ticipants categorized as normal weight or underweight at 
baseline, the overall incidence of overweight and obesity 
during follow-up was 8.80 per 1000 person-years (95% 
CI: 8.69, 8.91). The incidence of overweight and obesity 
was lowest in the sharp rise group, at 6.10 per 1000 per-
son-years (95% CI: 5.84, 6.39), and highest in the stable 
high group, at 9.95 per 1000 person-years (95% CI: 9.80, 
10.10) (Table 1). Changes in weight status from baseline 
to the endpoint across different LAN trajectory groups 
are displayed in Additional file 1: Fig. S2.

Children’s BMI z scores differed significantly between 
LAN trajectory groups both at baseline and throughout 
the follow-up periods. The age and sex specific BMI z 
scores of each group are presented in Additional file  1: 
Table S2. At baseline, compared to the sharp rise group, 
BMI z scores were higher by 0.19 (95% CI: 0.06, 0.31), 
0.17 (95% CI: 0.09, 0.26), and 0.18 (95% CI: 0.09, 0.27) 
in the mild rise, stable high, and decline groups, respec-
tively, for boys. In girls, the differences were 0.10 (95% 
CI: 0.005, 0.19), 0.09 (95% CI: 0.02, 0.15), and 0.10 (95% 
CI: 0.03, 0.17) for the same groups. At the endpoint, the 
differences in BMI z scores were no longer significant for 
the decline group. Compared to sharp rise group, BMI z 



Page 5 of 10Wang et al. BMC Medicine          (2025) 23:423 	

Fig. 2  Trajectories of residential night light exposure during childhood (age 5 to 18)

Table 1  Characteristics of participants at baseline and during follow-up, by residential night light exposure groups

Weight status was defined by body mass index z scores according to the 2007 version of growth reference by World Health Organization

*Only in participants who were at normal weight or thinness at baseline

Characteristics Total Distinct resident night light trajectory groups P for difference

Sharp rise Mild rise Stable high Decline

Sample size 218,283 20,952 (9.6) 41,318 (18.9) 135,595 (62.1) 20,418 (9.4)

Number (%) of boys 115,871 (53.1) 10,724 (51.2) 22,129 (53.6) 72,606 (53.6) 10,412 (51.0)  < 0.001

Baseline age, mean (SD) 9.1 (2.5) 10.4 (2.7) 9.5 (2.4) 8.7 (2.3) 10.1 (2.6)  < 0.001

BMI z score at baseline, mean (SD)  − 0.37 (1.17)  − 0.45 (1.10)  − 0.30 (1.17)  − 0.32 (1.19)  − 0.30 (1.16)  < 0.001

Baseline weight status, number (%)  < 0.001

 Normal 175,520 (80.4) 17,432 (83.2) 33,295 (80.6) 108,335 (79.9) 16,458 (80.6)

 Thinness 13,491 (6.2) 1402 (6.7) 2394 (5.8) 8431 (6.2) 1264 (6.2)

 Overweight 19,160 (8.8) 1460 (7.0) 3707 (9.0) 12,094 (8.2) 1899 (9.3)

 Obese 10,112 (4.6) 658 (3.1) 1922 (4.7) 6735 (5.0) 797 (3.9)

Age at endpoint, mean (SD) 16.0 (2.0) 16.6 (1.8) 16.2 (1.8) 15.7 (2.0) 16.8 (1.6)  < 0.001

Follow-up year, mean (SD) 6.8 (1.8) 6.2 (1.9) 6.7 (1.7) 7.0 (1.8) 6.7 (1.9)  < 0.001

BMI z score at endpoint, mean (SD)  − 0.36 (1.09)  − 0.47 (1.05)  − 0.38 (1.08)  − 0.32 (1.11)  − 0.47 (1.02)  < 0.001

Weight status at endpoint, number (%)  < 0.001

 Normal 179,932 (82.4) 17,763 (82.9) 34,266 (82.9) 110,359 (81.4) 17,544 (85.9)

 Thinness 12,032 (5.5) 1228 (5.9) 2268 (5.5) 7387 (5.5) 1149 (5.6)

 Overweight 19,195 (8.8) 1423 (6.8) 3474 (8.4) 12,981 (9.6) 1318 (6.5)

 Obese 7124 (3.3) 538 (2.6) 1311 (3.2) 4868 (3.6) 407 (2.0)

Overweight and obesity incidence, 
per 1000 person-year*

8.80 (8.69, 8.91) 6.10 (5.84, 6.39) 8.04 (7.80, 8.27) 9.95 (9.80, 10.1) 6.15 (5.87, 6.45)  < 0.001
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scores in stable high group were higher by 0.20 (95% CI: 
0.11, 0.30) for boys and 0.11 (95% CI: 0.06, 0.16) for girls. 
These scores were also significantly higher than that of 
mild rise and decline groups (Fig. 3).

Among children classified as normal weight or under-
weight at baseline, the risk of developing overweight and 
obesity varied significantly during follow-up across LAN 
exposure trajectory groups. The age specific incidence of 
overweight and obesity is presented in Additional file 1: 
Table  S2. Notably, the sharp rise group exhibited both 
the earliest onset and the highest peak incidence of over-
weight. Compared to the sharp rise group, children in the 
stable high group had the greatest HRs, with an HR of 
1.67 (95% CI: 1.28, 2.18) for boys and 1.56 (95% CI: 1.21, 
2.01) for girls. This was followed by the mild rise group, 
with an HR of 1.29 (95% CI: 0.99, 1.70) for boys and 1.30 
(95% CI: 0.98, 1.74) for girls. Children in the decline 
group had similar risk of overweight and obesity as the 
reference group. Compared to the sharp rise group, the 
stable high trajectory of LAN exposure accounted for 
40.24% (range: 22.14, 54.14) of the risk for overweight 
and obesity in boys and 36.09% (range: 17.79, 50.31) in 
girls. The mild rise groups contributed approximately 
23% to the overall risk (Table  2). Results from sensitiv-
ity analyses (Additional file 1: Tables S3, S4, and S5) were 

consistent with the main results. When the district of 
school was set as fixed effect in the model, the children 
with persist high night light exposure still had significant 
greater risk of overweight and obesity during follow-up 
(Additional file  1: Table  S6). Furthermore, at the end-
point, the risk of overweight and obesity remained high-
est in the stable high group, with HRs of 1.50 (95% CI: 
1.33, 1.69) for boys and 1.56 (95% CI: 1.33, 1.83) for girls, 
followed by the mild rise group. Children in the decline 
group exhibited similar to those in the sharp rise group 
(Additional file 1: Table S7).

Discussion
In this longitudinal study involving over 200,000 chil-
dren and 1.2 million person-years of data, we discovered 
that the majority of children were exposed to high levels 
of night light from a young age. Our findings indicate 
that, compared to children with sharp rise LAN expo-
sure trajectories, which begun with a relatively low LAN 
exposure, the children with higher LAN exposure faced 
a greater risk of developing overweight and obesity, par-
ticularly during the early school years. Throughout the 
follow-up, persistent exposure to elevated LAN trajec-
tories was associated with a higher prevalence and inci-
dence of overweight and obesity, with effects lasting into 

Fig. 3  Differences of BMI z scores among boys and girls across residential night light exposure trajectory groups during childhood. Note: A 
Differences of BMI z scores at baseline; B differences of BMI z scores during follow-up; C differences of BMI z scores at endpoint. Model were 
adjusted for living residence (urban or rural); level 1, individual; level 2, school district. BMI, body mass index. ***P < 0.001; *P < 0.05

Table 2  Results of two-level Cox regression model on incidence of overweight and obesity during childhood among children from 
distinct resident night light exposure trajectory groups

PAR, population attributable rate. Model were adjusted for living residence (urban or rural) and baseline body mass index; level 1, individual; level 2, school district

Night light trajectory Boys Girls

Hazard ratio (95% CI) P value PAR (min–max) Hazard ratio (95% CI) P value PAR (min–max)

Sharp rise 1 (reference) 1 (reference)

Mild rise 1.29 (0.99, 1.70) 0.064 22.60 (− 1.84, 41.17) 1.30 (0.98, 1.74) 0.066 22.79 (− 2.66, 42.45)

Stable high 1.67 (1.28, 2.18)  < 0.001 40.24 (22.14, 54.14) 1.56 (1.21, 2.01)  < 0.001 36.09 (17.79, 50.31)

Decline 1.02 (0.78, 1.35) 0.720 2.37 (− 28.38, 25.76) 0.94 (0.72, 1.24) 0.667  − 6.21 (− 39.66, 19.23)

Mark Pettus
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the teenage years. These results were consistent when 
we analyzed the risk of obesity alone, rather than the 
combined risk of overweight and obesity. To the best of 
our knowledge, this is the first study to identify trajec-
tory subgroups of long-term childhood LAN exposure 
through extensive follow-up and report their association 
with the risk of developing overweight and obesity during 
school age. The study incorporated data from nearly all 
primary and secondary school students in Zhongshan, a 
city covering approximately 1780 km2 with a population 
of 4.4 million residents, between 2005 and 2020, thereby 
ensured high population representativeness.

The relationship between LAN exposure and excessive 
body weight has been well-documented, though primar-
ily in cross-sectional studies [13, 24]. Longitudinal stud-
ies examining the potential causal relationship between 
LAN exposure and obesity incidence are relatively scarce. 
One large cohort study from the USA with over 200,000 
participants reported that LAN exposure in middle to 
elder age was associated with a greater obesity risk in 
later life [25], although it did not account for changes in 
LAN exposure trajectories over time, which may contrib-
ute to varying risks of overweight and obesity. Another 
cohort study involving about 1000 elderly individuals in 
Japan found that increased LAN exposure was indepen-
dently associated with a 10.0% rise in BMI over a dec-
ade of follow-up [26]. In contrast, our analyses focused 
on school-aged children, a critical period for growth and 
BMI changes. The general population exhibited a consist-
ent rise-and-fall pattern in overweight/obesity incidence 
across the studied age range [4]; we additionally identi-
fied distinct temporal disparities among LAN exposure 
groups. Specifically, children with higher LAN exposure 
during early school-age years experienced an earlier 
onset and peak in overweight incidence. The overweight 
incidence peak for the reference (sharp rise) group 
closely aligned with the age at which LAN exposure lev-
els began to escalate, suggesting that the impact of LAN 
on weight gain could occur within relatively short time-
frames. This underscores the critical need for heightened 
public awareness and proactive measures to minimize 
night light exposure in daily environments.

In addition to confirming earlier findings that higher 
LAN exposure is linked to an increased risk of over-
weight and obesity, we found that individuals with low 
LAN exposure at childhood, even if exposed to higher 
levels later on, still had a lower risk of overweight and 
obese compared to those with consistently high expo-
sure. Moreover, as the LAN exposure decreased over 
time, the risk of obesity declined accordingly. This sug-
gests that interventions targeting LAN exposure reduce 
the risk of developing overweight and obesity. Schools 
and parents can help create a better sleep environment 

by adjusting indoor lighting sources, limiting the use of 
electronic screens an hour before bedtime, using black-
out curtains in the bedroom, reducing excessive lighting, 
and promoting habits such as sleeping in complete dark-
ness [27]. Critically, the robustness of our district-fixed 
effects models—which rigorously control for unobserved, 
time-invariant differences between districts—provides 
strong evidence that interventions reducing LAN expo-
sure can be effectively implemented with confidence at 
the district level to lower obesity risk.

Evidence from cross-sectional study also suggested that 
sufficient physical activity may alleviate negative effects 
of bedroom LAN exposure on cardiometabolic risks 
among young adults [28], while more cautious and lon-
gitudinal intervention studies are needed to determine 
whether this holds true for young school-aged children. 
Among the different exposure trajectories identified, we 
found that children in the sharp rise group (the group 
that started out low and then gradually increased) had 
the lowest risk of overweight and obesity in later life. The 
main difference between this group and the other groups 
occurred during the early years of schooling, which is the 
earliest period that could be tracked in this study. In line 
with evidence from previous study suggesting that early 
school age is a critical period for differentiation of BMI 
trajectories [29], we infer that exposure to nighttime 
lights may play a more important role in the development 
of overweight and obesity at an earlier age than during 
adolescence. Further data from studies covering an ear-
lier period of life are needed to explore this association.

There were significant sex differences in the impact of 
LAN exposure trajectories on the risk of overweight and 
obesity. Previous studies have indicated that LAN expo-
sure may have a greater effect on fat mass, visceral fat 
area, waist circumferences, and body fat percentage in 
males compared to females [30–32]. The present study 
supports these findings, showing that the effects of LAN 
on overweight and obesity were more persistent in boys 
than in girls. Boys who were consistently exposed to high 
levels of LAN faced a continued risk of overweight and 
obesity into late teenage years. This sex difference may be 
related to the distinct ways males and females respond 
to stimuli affecting circadian rhythms, which could be 
delayed due to ALN exposure and could cause decreased 
melatonin secretion [33]. The impact on circadian phase 
was more pronounced in males than in females [34]. Ani-
mal studies also suggest significant physiological changes 
in males’ cardiovascular system associated to LAN expo-
sure [35]. Additionally, the interactions between sex 
hormones and melatonin may play a role in these sex dif-
ferences, although evidences remains ambiguous [36, 37]. 
Differences in behavioral patterns between sexes, such 
as longer screen time in boys, may also contribute to the 
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different risk of weight gain under similar exposure of 
LAN [38, 39]. Taken together, however, most of the cur-
rent research focuses on middle-aged and older adults, 
and there is a lack of high-quality causal and mechanism-
related studies on children.

To date, the mechanisms by which LAN exposure con-
tributes to obesity remain unclear. One plausible pathway 
involves the disruption of the circadian rhythm, leading 
to alterations in cortisol and melatonin secretion [40]. 
Suppressed melatonin levels, in particular, can impair 
metabolic regulation and energy balance, while disrupted 
cortisol level can alter serum levels of ghrelin, mela-
tonin, and serum leptin [35, 41]. Recent findings suggest 
that prolonged exposure to artificial light may directly 
increase body fat mass by reducing the activity of brown 
adipose tissue, which plays a crucial role in thermogen-
esis and energy expenditure [42]. Social factors, such 
as the economic development of resident, also appear 
to modify the relationship between LAN exposure and 
childhood overweight and obesity, with stronger asso-
ciations observed in less economically advantaged areas 
[43]. Though it is evident that exposure to LAN has been 
linked to other health risks, including diabetes, cancer, 
and depression [44, 45]. Consequently, scientists are 
advocating for reducing nighttime light exposure, espe-
cially in urban environments, to enhance human health 
and societal well-being [27]. More comprehensive and 
individualized measurements of light exposure, along 
with continuous tracking of health outcomes, are essen-
tial for developing more targeted and effective health 
promotion strategies for this purpose.

Limitations
There are several limitations. First, the LAN data were 
extracted based on school addresses, which may not 
accurately represent individual-level exposure. However, 
since most school-aged children attend schools near their 
residences, school-based LAN levels are likely a reason-
able proxy for residential LAN exposure. Additionally, 
the use of certain types of curtains in classrooms and 
bedrooms could confound the observed associations. 
It is also worth noting that individual-level LAN expo-
sure, particularly indoors, may be more susceptible to 
reverse causation and is challenging to address through 
general health promotion strategies [46]. Studies focus-
ing on average residential LAN exposure may provide 
relevant evidence for broader obesity prevention initia-
tives. Second, we were unable to account for important 
confounders, such as diet, physical activity, sleep health, 
and mental health well-being, which are directly linked 
to obesity risk, although sensitivity analyses supported 
the robustness of our findings, particularly among boys 
and those with higher early exposure levels. We aim to 

include these variables in future studies to provide a 
more comprehensive understanding of the relationship 
between light exposure profiles and obesity risk. Addi-
tionally, we lacked data on pubertal development, such as 
Tanner staging, which could influence BMI due to varia-
tions in the timing of pubertal growth rates among indi-
viduals. Consequently, we were unable to control for the 
potential confounding effects of pubertal development on 
the association between LAN exposure and overweight 
or obesity. Future research should incorporate measures 
of pubertal development to better address these indi-
vidual differences and enhance the understanding of the 
observed associations. Finally, while our study included 
all school-aged children in one southeastern Chinese city 
from 2005 to 2020, the results may not fully capture the 
broader influence of LAN exposure on children’s over-
weight and obesity risks.

Conclusions
In this longitudinal study involving over 200,000 children 
and 1.2 million person-years of data, we found that a sub-
stantial proportion of children were exposed to high lev-
els of LAN from an early age. Our findings indicate that 
children with higher LAN exposure trajectories face an 
increased risk of overweight and obesity, especially dur-
ing their early school years. Moreover, continuous expo-
sure to elevated LAN levels was associated with a higher 
prevalence and incidence of these conditions, with effects 
persisting into the teenage years. These findings under-
score the need for targeted interventions to reduce LAN 
exposure in school-aged children, as a strategy to miti-
gate obesity risk.
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