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Background: Exposure to light at night (LAN) is a potent disruptor of the
circadian system. Whether LAN exposure exerts a sex- or age-specific
influence on obesity needs investigation.

Objectives: To estimate the sex- and age-specific associations of exposure to
outdoor LAN and obesity based on a national and cross-sectional survey.

Methods: The study included a nationally representative sample of 98,658 adults
aged > 18 years who had lived in their current residence for > 6 months from 162
study sites across mainland China in 2010. Outdoor LAN exposure was estimated
from satellite imaging data. General obesity was defined as body-mass index
(BMI) > 28 kg/m? and central obesity was defined as waist circumference > 90 cm
in men and > 85 cm in women. Linear and logistic regression models were used
to examine the associations between LAN exposure and prevalent obesity in sex
and age categories.

Results: A monotonically increasing association of outdoor LAN with BMI, waist
circumference was observed in all sex and age categories, except for adults aged
18-39 years. Significant associations of LAN exposure with prevalent obesity
were observed in each sex and age category, especially in men and older people.
Per 1-quintile increase in LAN was associated with 14% increased odds of general
obesity in men (odds ratio, OR=1.14, 95% confidence interval, Cl=1.07-1.23) and
24% in adults aged > 60 years (OR=1.24, 95% Cl=1.14-1.35). Per 1l-quintile
increase in LAN was associated with 19% increased odds of central obesity in
men (OR=1.19, 95% Cl=1.11-1.26) and 26% in adults aged > 60 years (OR=1.26,
95% Cl=1.17-1.35).
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Conclusions: Increased chronic outdoor LAN exposure was associated with
increased prevalence of obesity in sex- and age- specific Chinese populations.
Public health policies on reducing light pollution at night might be considered in

obesity prevention.
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1 Introduction

The endogenous circadian timing system and physiological
functions have developed under a periodicity of approximately
24-hour rhythm adapted to the external light-dark cycle through
the evolution process in humans. Over the past centuries, the
increasing level of urbanization in modern cities has led to the
continuously expanding use of light at night (LAN), especially in the
urban area, which is also recognized as light pollution that poses a
threat to human health and the natural environment (1-4).
Growing evidence has demonstrated the deleterious effects of
LAN exposure on multiple adverse outcomes including obesity,
metabolic disorders, mental disorders, cancer, and cardiovascular
disease (5-8). The potential pathological mechanisms might include
circadian disruption, sleep deprivation, and suppression of
melatonin secretion (9).

Animal studies have revealed that even dim light at night (as
little as 5 Ix) was associated with altered feeding behaviors,
metabolic dysfunction, and increased weight gain (10, 11). In
humans, epidemiologic studies have shown that exposure to LAN
contributed to obesity independent of other confounders, although
mainly in cross-sectional designed studies or in a single middle-
aged or elderly population (5).

During the past decades, obesity has increasingly become a
major health issue in China, posing a substantial burden on societal
health (12). Our previous study showed that compared with people
of other ethnicities, Chinese adults were more likely affected by the
detrimental effects of obesity, and sex difference also played a part
(13). In Asian populations, women are more likely to accumulate
percutaneous adipose tissue while men accumulate visceral adipose
tissue (14). In the Chinese population, sex difference in body
composition such as lean mass and fat mass existed throughout
the lifespan, and age-related changes in body composition
presented differently in men and women (15, 16). Moreover,
melatonin, the critical hormone controlled by the master
circadian pacemaker located in the hypothalamic supra-

Abbreviations: BMI, Body-mass index; CDC, Center for Disease Control and
Prevention; CI, Confidence interval; DMSP, Defense Meteorological Satellite
Program; LAN, Light at night; NGDC, National Geophysical Data Center;
NOAA, National Oceanic and Atmospheric Administration; OLS, Operational
Line-scan System; OR, Odds ratio; PPS, Probability proportional to size; RCS,
Restricted cubic spline; WHtR, Waist-to-height ratio.
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chiasmatic nucleus, was thought to decrease with age (17).
Therefore, whether LAN exposure exerts a sex- or age-specific
influence on obesity prevalence in Chinese adults needs
investigation. Age groups were categorized into young or early
adulthood (18-39 years), middle adulthood (40-59 years), and older
adulthood (60+ years) (18).

2 Materials and methods
2.1 Study design and participants

The China Noncommunicable Disease Surveillance 2010 was a
cross-sectional study and conducted based on the National Disease
Surveillance Point System of the Chinese Center for Disease Control
and Prevention (CDC). A nationally representative sample of the
general population aged > 18 years was selected from 162 study sites
covering the major geographic areas of all 31 provinces,
autonomous regions, and municipalities in mainland China.
Details of information on the study population, design, and
protocol have been described previously (19-22). Briefly, a
complex multistage probability sampling design was implemented
at each study site to enroll adults who had lived in their current
residence for at least 6 months. At the first step of sampling, 4
subdistricts at each site were selected with probability proportional
to size (PPS). At the second step, 3 neighborhood communities or
administrative villages were selected with PPS. At the third step, 50
households were randomly selected from the listed households
within each aforementioned neighborhood community or
administrative village. At the final step, one person aged 18 years
or older was selected using a Kish selection table from each
household. A total of 109,023 residents were selected, and 98,658
participated in the investigation. The Ethical Review Committee of
China CDC and other participating institutes approved the study
protocol. All participants provided written informed consent.

2.2 Outdoor LAN exposure

Outdoor light at night is defined as excessive, inappropriate
utilization of artificial outdoor lighting emitted by various sources,
including street lighting, digital screens, residential and commercial
buildings, et al. (4). The light imaging data were captured by sensors
of satellites and further assessed by the US Defense Meteorological
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Satellite Program (DMSP) through the Operational Line-scan
System (OLS). The processed DMSP-OLS imaging data were then
transferred into the US National Oceanic and Atmospheric
Administration (NOAA) National Geophysical Data Center
(NGDC) database. Due to the high gain settings of sensors, in the
original DMSP-OLS nighttime light product, bright sources can’t be
accommodated leading to the over-saturation of recorded light
imaging in urban centers within a limited dynamic range.
Therefore, the most recent Global Radiance Calibrated Nighttime
Lights combined the sparse data acquired at low and high gain
settings to solve the sensor “saturation” problem (23). After
excluding the other environmental light disturbers including sun
and moon luminance, the light imaging data theoretically indicate
the relative intensity of LAN at ground level. The recent high
dynamic range data recorded from January 11, 2010 to December 9,
2010 (data version: ‘F16_20100111-20101209_rad_v4’) was
downloaded from the NOAA website (https://ngdc.noaa.gov/eog/
dmsp/download_radcal.html) for current analysis. LAN exposure
of participants at each study site was assigned the mean nighttime
radiance of the outdoor LAN of the study site, which was either a
district in cities or a county in rural areas. Outdoor LAN data from
satellite images of the NOAA were commonly used in literature as a
proxy measure of the actual LAN exposure (7, 8, 24, 25).

2.3 Data collection

Based on a standard protocol, data collection was conducted by
trained staff at examination centers of local health stations or
community clinics in the participants’ residential areas at each
study site. Information on the demographic characteristics,
socioeconomic status, lifestyle factors, medication history, and
history of chronic diseases was recorded by administering a
comprehensive questionnaire to participants face to face by
trained staff. Current smoking was defined as having smoked 100
cigarettes in one’s lifetime and currently smoking cigarettes.
Current drinking was defined as alcohol intake more than once
per month during the past 12 months. The Global Physical Activity
Questionnaire, which contains questions about the frequency of
moderate and vigorous activities and walking per week, was used to
assess the level of physical activity. At least 150 min/week moderate-
intensity or at least 75 min/week vigorous intensity or at least 150
min/week moderate and vigorous physical activity were defined as
an active level of physical activity. The dietary habits were recorded
using a food frequency questionnaire on the consumption of typical
food items during the previous 12 months. A healthy diet score,
recommended by the American Heart Association (26) and
modified using soy protein to replace fiber intake (22), was used
for analysis in the current study. Blood samples were obtained after
a > 10 h overnight fast, the details of which were previously
described (20). The homeostasis model assessment of insulin
resistance (HOMA-IR) was calculated as levels of fasting serum
insulin (WU/mL) multiplying levels of fasting plasma glucose
(mmol/L) divided by 22.5 (27). Comprehensive quality control
and assurance measures were implemented to ensure data validity
and reliability.
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2.4 Outcome measures

Anthropometric measurements including weight and height
were conducted adhering to a standard protocol. BMI was
calculated as body weight in kilograms divided by body height in
meters squared (kg/m?). Waist circumference was measured as the
length of the midway between the lower edge of the costal arch and
the upper edge of the iliac crest while participants were asked to take
a standing position. General obesity was defined as BMI > 28 kg/m*
and central obesity was defined as waist circumference > 90 cm in
men and > 85 cm in women based on the criteria recommended by
the National Health Commission of the People’s Republic of
China (28).

2.5 Statistical analysis

To account for the multistage probability sampling design of the
survey, the appropriate weights and design factors were considered
to represent the overall Chinese adult population aged > 18 years in
all the analyses. Weight coefficients were derived from the 2010
China population census data and the sampling scheme of the
current survey to obtain national estimates. Sex and age were key
stratification factors (in addition to urban/rural areas and
geographical regions) used to calculate weight coefficients. Details
of weighting methods are provided in the Supplementary Appendix.
Data were described as means (95% confidence interval, CI) for
continuous variables and percentages (95% CI) for categorical
variables. The ANOVA statistical method was used for comparing
continuous variables and the chi-square tests for comparing
categorical variables. Splines were well-fitted to capture the linear
or non-linear relationships between exposure and health outcomes
in the epidemiological study. We transformed the linear variable of
outdoor LAN incorporating a restricted cubic spline (RCS) function
of LAN with the reference value of 0.1 nW/cm?/sr. Three knots 5th,
50th, and 95th percentiles were automatically set for the splines, as
commonly used with RCS functions (29). The estimated exposure-
response curve was used to evaluate the effect of outdoor LAN
exposure as a continuous variable on obesity-related parameters
including BMI and waist circumference stratified by sex (men and
women) and age groups (18-39 years, 40-59 years, 60+ years). In
addition, the level of outdoor LAN exposure was categorized into
quintiles and logistic regression analysis was conducted to assess the
association between outdoor LAN exposure in quintiles and
prevalence of general obesity or central obesity. The odds ratios
(ORs) were calculated for quintiles 2-5 vs. the lowest quintile of
LAN exposure or per 1-quintile increase in LAN exposure.
Assumption tests of regression models were conducted and
assumptions were met (Tables S1-3). We selected a priori
potential confounders for adjustment in multivariable models
based on knowledge of their associations with outdoor LAN
exposure and obesity. They included age (in sex strata) or sex (in
age strata), education, smoking status, drinking status, physical
activity, healthy diet score, urban or rural areas, household income,
and HOMA-IR. To test for interaction by sex or age on the
association of outdoor LAN exposure with general obesity and
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central obesity, interaction terms were added to the unadjusted
model and interactions were assessed with a likelihood-ratio test. If
an interaction existed for sex or age, analyses were to be conducted,
and results were to be presented separately in sex and age
subgroups. Because missing values of healthy diet score (n=6128)
exceeded 5%, they were imputed using fully conditional
specification method with the mice package (version 3.13.0) for R
(version 4.1.2), assuming missing at random. We used linear
regression for the imputation and age, sex, education level,
physical activity, urban or rural areas, household income and
light at night were auxiliary variables without missing data.
Distributions of imputed and observed values were compared,
and no significant difference was observed. Missing values for
other variables were not imputed because missingness was 1.4%
for HOMA-IR and < 0.1% for other variables.

R version 4.1.2 (R Foundation for Statistical Computing,
Vienna, Austria) was used for data analyses. A two-sided p value
less than 0.05 was considered as statistical significance.

3 Results

As shown in Figure 1, there were substantial differences in
the outdoor LAN exposure levels among the 162 study sites
across China. The study sites in the eastern region had higher
levels of outdoor LAN, in contrast to those in the western region
with lower levels of outdoor LAN. The frequency distribution of
participants exposed to outdoor LAN is skewed to the left, as well
as for those by sex and age groups (Figure S1). The means and
95% ClIs of outdoor LAN in quintile 1 to quintile 5 were 1.4 (1.1-
1.6), 4.0 (3.6-4.4), 7.1 (6.6-7.7), 17.0 (14.7-19.3), 85.0 (66.1-
104.0) nW/cm?/sr, respectively. Participants exposed to a higher
level of outdoor LAN were more likely to be older, more
educated, less physically active, living in the urban area, having

Quintile 1: 0 ~ 2.7 n\W/cm?/sr
Quintile 2: 2.8 ~ 5.3 nW/cm?/sr
Quintile 3: 5.4 ~ 8.7 nW/cm?/sr
Quintile 4: 8.8 ~ 31.9 nW/cm?/sr
Quintile 5: 32.0 ~ 170.8 nW/cm?/sr

FIGURE 1

10.3389/fendo.2023.1119658

a higher household income and higher levels of HOMA-
IR (Table 1).

Generally, the estimated prevalence of general obesity and
central obesity increased across quintiles of outdoor LAN
exposure in the overall study population and in sex and age
groups (Table S4). Because significant interactions of sex and age
for the association between outdoor LAN exposure and obesity were
observed (all Py eraction < 0.01), subsequent results were presented in
sex and age groups separately.

Figure 2 showed the exposure-response curve for outdoor LAN
exposure levels with BMI and waist circumference by sex and age
groups, respectively. A monotonically increasing dose-dependent
relationship was consistently found between outdoor LAN exposure
with BMI and waist circumference in both men and women after
adjustment (Figures 2A, B). This was also found in participants
aged 40-59 years or = 60 years. However, in participants aged 18-39
years, the increasing trend in changes of BMI or waist
circumference plateaued after LAN > 20 nW/cm?/sr
(Figures 2C, D).

In men, outdoor LAN exposure levels in quintile 3 to quintile 5
were significantly associated with higher probabilities of general
obesity and central obesity compared with the lowest quintile after
adjustment (Figure 3). The per 1-quintile increase in the outdoor
LAN exposure was significantly associated with general obesity
(OR = 1.14, 95% CI = 1.07-1.23) and central obesity (OR = 1.19,
95% CI = 1.11-1.26). In women, the increasing trend in obesity
prevalence associated with outdoor LAN exposure quintiles was
similar, although not as substantial as in men. In age groups, dose-
response relationships were observed for outdoor LAN exposure
quintiles and prevalent general obesity, with the trend more
substantial in higher age groups (Figure 4A). The per 1-quintile
increase in the outdoor LAN exposure was significantly associated
with general obesity in participants aged 18-39 years (OR = 1.12,
95% CI = 1.01-1.23), 40-59 years (OR = 1.16, 95% CI = 1.08-1.25),

Geographical distribution of the 162 study sites in the current study with colors indicating quintiles of outdoor LAN exposure.
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TABLE 1 Baseline characteristics of the participants.

Characteristics

Quintile 1
(0~27)

10.3389/fendo.2023.1119658

Outdoor light at night exposure (nW/cm?/sr)

Quintile 2
(2.8 ~5.3)

Quintile 3
(54 ~8.7)

Quintile 4
(8.8 ~31.9)

Quintile 5
(32.0 ~ 170.8)

Number of participants
Women (%)

Age (year)

24151
48.5 (47.3 - 49.7)

39.9 (38.6 - 41.2)

14392
49.1 (47.7 - 50.6)

43.5 (41.6 - 45.5)

15028
49.0 (47.3 - 50.7)

43.6 (42.1 - 45.1)

23773
479 (46.5 - 49.2)

42.2 (41.0 - 43.4)

21314
51.3 (49.2 - 53.4)

44.0 (424 - 45.6)

Age category (%)

18-39 years

53.6 (49.7 - 57.5)

42.8 (37.3 - 48.4)

44.3 (404 - 48.2)

45.9 (42.4 - 49.5)

43.1 (37.9 - 48.3)

40-59 years
> 60 years
Senior middle school or higher (%)

Higher level of physical activity (%)

33.9 (30.9 - 36.9)
12,5 (11.2 - 13.9)
16.1 (12.0 - 20.2)

87.8 (84.4 - 91.3)

41.1 (37.4 - 44.8)
16.1 (12.9 - 19.2)
20.4 (17.2 - 23.6)

83.3 (80.4 - 86.3)

36.4 (34.2 - 38.5)
19.3 (165 - 22.1)
18.2 (14.1 - 22.3)

82.3 (782 - 86.4)

39.7 (37.1 - 42.2)
14.4 (12.6 - 16.2)
27.5 (215 - 33.5)

75.4 (70.5 - 80.4)

39.0 (35.3 - 42.7)
17.9 (154 - 20.3)
485 (41.7 - 55.2)

81.5 (78.4 - 84.6)

Healthy diet score > 3 (%)

8.6 (5.8 - 11.3)

17.2 (12.6 - 21.8)

14.9 (10.0 - 19.8)

17.4 (13.1 - 21.6)

31.8 (25.9 - 37.6)

Current smoking (%) iy

302 (26.9 - 33.5)

28.4 (25.9 - 30.9)

27.9 (255 - 30.3)

28.6 (26.6 - 30.5)

26.4 (24.0 - 28.8)

Current drinking (%) i
Household income (10000 Chinese Yuan)
Living in urban area (%)

HOMA-IR *

29.6 (24.7 - 34.5)
1.9 (1.7 - 2.2)
203 (5.5 - 35.0)

1.7 (1.5 - 1.8)

29.7 (26.0 - 33.3)
22 (1.7 - 2.6)
29.6 (7.8 - 51.4)

1.6 (1.5 - 1.7)

29.0 (25.5 - 32.5)
2.3 (1.8 - 2.9)
319 (11.2 - 52.5)

1.6 (1.5 -1.7)

29.0 (26.2 - 31.8)
2.8 (25 - 3.0)
66.5 (48.3 - 84.7)

1.8 (1.7 - 1.9)

302 (27.8 - 32.7)
41 (3.8 - 4.4)
88.6 (72.6 - 100.0)

2.0 (19 -2.1)

BMI (kgm?) ¥

23.1(22.8 - 23.4)

23.3(23.0 - 23.6)

23.7 (23.3 - 24.0)

24.1 (23.8 - 24.5)

24.2 (23.8 - 24.6)

Waist circumference (cm) ©

78.1 (76.8 - 79.3)

78.9 (77.9 - 80.0)

80.1 (78.9 - 81.3)

81.9 (80.9 - 82.8)

82.1 (80.9 - 83.2)

WHtR *
General obesity (%) *

Central obesity (%) *

0.49 (0.48 - 0.50)
9.2 (7.6 - 10.8)

18.0 (14.8 - 21.3)

0.49 (0.49 - 0.50)
9.5 (7.8 - 11.2)

19.7 (16.5 - 22.8)

0.50 (0.49 - 0.50)
11.7 (99 - 13.6)

24.0 (20.1 - 27.9)

0.50 (0.50 - 0.51)
142 (12.1 - 16.3)

28.7 (25.5 - 31.9)

0.50 (0.50 - 0.51)
15.0 (12.6 - 17.5)

30.8 (27.1 - 34.5)

Data are shown as means or percentages with 95% confidence intervals, unless indicated otherwise.

" There were 4 missing values for current smoking, 9 for current drinking, 1381 for HOMA-IR, 85 for BMI, 75 for waist circumference and 85 for WHIR.

¥ General obesity was defined as BMI > 28 kg/m”. Central obesity was defined as waist circumference > 90 cm in men and waist circumference > 85 cm in women.
HOMA-IR, homeostasis model of insulin resistance; BMI, body-mass index; WHIR, waist-to-height ratio.

and > 60 years (OR = 1.24, 95% CI = 1.14-1.35). Similar findings
were observed for central obesity as general obesity in age groups
(Figure 4B). Using alternative measures of central obesity such as
waist-to-height ratio (WHtR) (30) revealed similar findings
(Figures S2, 3).

4 Discussion

Using data from a nationally representative survey of 98,658
Chinese adults from 162 study sites covering 31 provinces across
mainland China, we demonstrated that the chronic outdoor LAN
exposure exerted significant sex- and age-specific and positive
associations on the prevalence of general obesity and central
obesity after multivariable adjustment including socioeconomic
status. The per 1-quintile increase in the levels of outdoor LAN
exposure was associated with a monotonically 10%-30% higher

Frontiers in Endocrinology

probability of prevalent obesity in each sex- and age- category. Our
findings provide epidemiological evidence supporting the adverse
effects of LAN on obesity.

Previous population-based studies reported a positive
association between LAN and obesity. In a study conducted
among Japanese elderly individuals (mean age, 72.8 years),
exposure to indoor LAN > 3 Ix in an uncontrolled home setting
while sleeping was associated with higher ORs for obesity compared
with a dim exposure (average < 3 Ix) (31). Another epidemiological
study investigated over 100,000 women aged 16 years or older in the
United Kingdom and used self-reported questionnaires to assess the
indoor LAN exposure. They found that BMI, waist to hip ratio, and
waist to height ratio increased along with the elevated lightness of
LAN in the sleeping room (32). Another study of 43,722 women
aged 35 to 74 years in the US also illustrated that exposure to LAN
while sleeping might be a risk factor for obesity (33). Studies that
used satellite images to assess the level of outdoor LAN exposure
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FIGURE 2

Associations of outdoor LAN exposure with BMI (A, C) and waist circumference (B, D) categorized by sex and age. Light at night was fitted as a
smooth term using a restricted cubic spline with 3 knots. The reference outdoor LAN exposure was 0.1 nW/cm?/sr. Shading indicates 95%
confidence interval. Participants within the top right 10% of outdoor LAN exposure were trimmed for the spline model. The model was adjusted for
age (for sex strata), sex (for age strata), education, smoking status, drinking status, physical activity, healthy diet score, urban or rural areas,
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FIGURE 3

Odds ratios and 95% confidence intervals of the associations between outdoor LAN exposure with general obesity (A) and central obesity (B) by sex.
The model was adjusted for age, education, physical activity, healthy diet score, smoking status, drinking status, urban or rural areas, household
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FIGURE 4

Odds ratios and 95% confidence intervals of the associations between outdoor LAN exposure with general obesity (A) and central obesity (B) by age
groups. The model was adjusted for sex, education, physical activity, healthy diet score, smoking status, drinking status, urban or rural areas,
household income, and HOMA-IR. HOMA-IR, homeostasis model of insulin resistance .

had obtained similar findings (24, 34, 35) and one study
investigating the association between LAN and obesity using
country-level data reported that outdoor LAN contributed to the
explanation of 70% of overweight and obesity prevalence (35).
However, the level of outdoor LAN differs nation by nation.
While > 99% of the US and European populations live under light-
polluted skies (36), China, a developing country with significant
differences in economic development at different geographical
regions and between rural and urban areas, is exposed to a wide
range of outdoor LAN. In addition, few studies have investigated
the sex and age differences in the associations of outdoor LAN with
obesity. Findings from the current study revealed a monotonically
increasing trend in the associations between chronic outdoor LAN
exposure and obesity-related parameters including BMI and waist
circumference in both sexes. Men seemed to be more susceptible to
obesity in response to increased outdoor LAN exposure levels and
the sex difference in sleep patterns, behaviors, et al. may play a role.
Studies have shown that the visual system in men was more

Frontiers in Endocrinology

sensitive to light, leading to more significant changes in sleep
patterns and that a higher level of LAN exposure was associated
with a more substantial possibility of shorter sleep duration in men
than women, which conferred a significantly higher risk of future
obesity (37-40). Recent experimental studies have shown that
circadian misalignment, the potential pathological mechanism of
LAN exposure, could lead to higher cravings for energy-dense foods
but no changes in energy expenditure in men than women in shift
workers (41). Concerning age, although significant associations
were found between outdoor LAN and obesity prevalence in all
age categories, older adults were more prone to the detrimental
effects of LAN exposure on obesity. Studies have elucidated that the
prevalence of obesity increased with age but declined slightly in later
adulthood (12, 42). Melatonin, the potential regulatory hormone
between LAN and obesity, decreases with age. It was reported that
older people have lower amounts of brown adipose tissue which
could result in more fat accumulation. The presence of brown
adipose tissue was positively correlated with night length (43) and

07 frontiersin.org


https://doi.org/10.3389/fendo.2023.1119658
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Zhang et al.

prolonged LAN exposure may ‘shorten’ the night length thus might
suppress the activity of brown adipose tissue, further synergistically
resulting in an imbalance of energy homeostasis and increased fat
accumulation (44, 45). In addition, previous studies have found a
negative association between outdoor temperature and the activity
of brown adipose tissue, indicating that the increase in annual
outdoor temperature might lead to higher risks of obesity (46, 47).
Therefore, outdoor temperature in the studied areas may also play a
part in the association between light at night and prevalent obesity,
which warrants further investigation. More studies are needed to
illustrate the sex- and age- specific differences and the potential
mechanisms in the association between chronic outdoor LAN
exposure and obesity.

The major strengths of the current study included the wide
coverage of geographical areas across mainland China with a wide
range of outdoor LAN exposure levels and the extensive study
sample for sex- and age- specific evaluations. The study had several
limitations. First, satellite-derived LAN exposure is more likely to
represent outdoor lighting levels than indoor LAN exposure at an
individual level, leading to misclassification bias. Second, DMSP
imaging was not able to provide the specific essence of light
including spectrum or wavelength, failing to demonstrate the
adverse effect of particular light spectrum. A previous study
found that shorter wavelengths of light were more effective than
longer wavelengths in suppressing nocturnal melatonin (48).
Therefore, more concrete information on LAN could, to a certain
extent, promote a better understanding of the relationship between
LAN exposure and obesity. Third, data on sleep-related parameters,
the timing of food intake, melatonin excretion, psychological status,
indoor LAN exposure, outdoor temperature, and alternative
measures of central adiposity such as waist-hip ratio were not
available. Accordingly, further studies are needed to investigate
whether or how sleep patterns, the timing of food intake, melatonin
excretion, psychological status, indoor LAN exposure, and outdoor
temperature might modify the relationship between LAN and
obesity. Fourth, outdoor LAN exposure with multiple years of
data leading to the outcome should have been used. However,
information of participants’ residence 6 months before the survey
or earlier was not recorded, thus LAN exposure before 2010 cannot
be determined. Fifth, the cross-sectional design of this study cannot
infer causality. Although socioeconomic variables such as
education, rural or urban residence, and the household income
were adjusted in statistical models, residual confounding cannot be
avoided. Finally, the study population included only Chinese.
Therefore, findings derived from the current study may have
limited generalizability to other populations.

5 Conclusion

In conclusion, findings from our study support the role of
outdoor LAN exposure in obesity in sex- and age-specific
population categories, among which men and older people might
be more prone to the deleterious effects of LAN exposure.
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Prospective studies are warranted to confirm the association and
intervention studies might be needed to investigate whether
reducing light pollution could be an effective public health
strategy for obesity prevention.
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