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Abstract 

Objectives: Nighttime light (NTL) may serve as a proxy for urbanicity and circadian disruption, both of which are relevant to 

cardiovascular disease (CVD). This study aimed to examine the association between province-level NTL intensity and 

province-level CVD admission rates. 

Methods: We conducted a nationwide ecological study of Thai provinces, linking satellite-derived NTL with 2024 inpatient 

CVD admissions for adults aged ≥40 years using a nationwide database from the Ministry of Public Health. Admissions for 

heart failure, acute myocardial infarction (MI), stroke, and atrial fibrillation (AF) were aggregated annually by province. The 

exposure was the intensity-based location quotient of smoothed nighttime light (LQSNL), using data from the Defense 

Meteorological Satellite Program—Operational Linescan System for 2010 and, in sensitivity analyses, data from the Suomi 

National Polar-orbiting Partnership/Visible Infrared Imaging Radiometer Suite for 2023. Associations were assessed with 

Pearson correlation and linear regression adjusted for the hospital bed capacity. 

Results: Provinces with the highest LQSNL quartile had the highest CVD admission rates. LQSNL in 2010 correlated with MI 

(r 0.31, p <0.001), stroke (r 0.24, p 0.035), and AF (r 0.47, p <0.001) admissions. Using the 2023 LQSNL data yielded similar 

patterns. In multivariable models, higher LQSNL remained significantly associated with higher admission rates for all CVD 

outcomes across both exposure years.  

Public Health Recommendations: These findings support the use of satellite-derived NTL as a practical proxy for spatial 

variation in estimating the CVD admission burden, with potential applications in surveillance and resource planning. Given 

the ecological design and potential for residual confounding, future studies should incorporate individual-level exposure and 

additional covariates, including demographic, environmental, and health system variables. 
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Introduction 

Cardiovascular disease (CVD) remains the leading 

global cause of mortality, accounting for 20.5 million 

deaths in 2021, approximately one-third of all deaths,  
 

with more than half occurring in Asia.1 The median age 

of patients with heart failure (HF) in the Asia-Pacific 

region is 67–70 years compared to 70–75 years for 

those in North America and Europe. Coupled with the  
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more rapid rise in the incidence of atrial fibrillation 

(AF) in Asia, this pattern indicates a potentially 

greater future burden of AF–related heart failure in 

the region.2–4 In Thailand, convergent evidence 

indicates increasing trends of CVD hospitalizations 

and projected risk, particularly among adults aged 

above 40 years old.5–8 

Circadian rhythms support cardiovascular 

homeostasis by regulating blood pressure, glucose 

levels, hormone secretion, heart rate, conduction, and 

endothelial function.9 Inappropriate rhythms elevate 

the CVD risk—acutely increasing hypercoagulability, 

heart rate, blood pressure, and inflammation while 

reducing vagal tone, and chronically driving fibrosis, 

hypertrophy, and remodeling that can culminate in 

HF.9,10 Moreover, poor sleep health further fuels 

inflammation and cellular injury, worsening 

cardiovascular health, which in turn aggravates sleep 

problems—a self-reinforcing cycle.11 

It is believed that nighttime light (NTL) exposure 

disrupts circadian rhythms, leading to poor sleep 

health, and potentially increasing the risk of 

developing CVD.12,13 Previous studies have used 

satellite-derived data and found associations between 

higher NTL exposure and an increased risk of CVD, as 

well as obesity, diabetes, and hypertension.9,13,14 A UK 

Biobank study using wrist-worn light sensors found 

NTL exposure to be a significant risk factor for CVD in 

adults aged ≥40 years, demonstrating a dose–response 

relationship.9 

In Thailand, satellite-derived NTL data have been 

available since 1992 via the Defense Meteorological 

Satellite Program. The advent of the Suomi National 

Polar-orbiting Partnership satellite in 2011 

substantially improved spatial resolution and 

radiometric sensitivity, enabling more precise 

detection of artificial light at night.15,16 NTL imagery 

has been utilized in economics to estimate population 

growth and gross provincial product (GPP); however, it 

is rarely applied in healthcare research.16,17 

The Health Data Center (HDC) houses a nationwide 

relational database with a standardized reporting 

system that mostly covers Ministry of Public Health 

(MOPH) affiliated health facilities in Thailand, 

including regional, general, and community 

hospitals; subdistrict health-promoting hospitals; and 

other government-affiliated facilities, covering 

approximately 116 tertiary hospitals, 774 secondary 

hospitals, and 10,174 primary care units, which 

together encompass more than 90% of Thailand’s 

public-sector healthcare facilities.18–20 Given 

Thailand’s CVD burden, we aimed to assess the 

association between NTL intensity from the satellite 

imagery in 2010 and 2023, and the CVD admission 

rate in 2024, defined as the proportion of hospital 

admissions attributable to CVD, as reported in the 

HDC database among patients aged ≥40 years. 

Methods 

Study Design and Subjects 

This ecological study utilized aggregated data on CVD 

admissions in 2024 of patients aged ≥40 years 

following approval from Thailand’s MOPH. We 

included all inpatient encounters, which enumerates 

all admissions. Patients from Bueng Kan Province 

were excluded because the province was established in 

2011, when NTL data were unavailable at that time. A 

total of 401,157 patient admissions were included 

(146,999 for HF; 37,379 for myocardial infarction (MI), 

82,684 for stroke, and 134,095 for AF).  
Data Collection  

CVD cases were identified using International 

Classification of Diseases, 10th Edition (ICD-10) codes. 

We identified I50 admissions with HF, I21 for acute 

MI, I63 for cerebral infarction, and I48 for AF and 

atrial flutter. Unique admissions were defined by 

hospital code, system-generated patient ID, admission 

number, and admission date, then aggregated by 

province. The admission rate was calculated using an 

episode-based approach, specifically, the number of 

CVD admissions divided by the total number of 

admissions within the province, expressed as CVD 

admissions per 1,000 total admissions. Each admission 

was treated as a distinct episode; therefore, repeat 

admissions of the same individual on different days in 

2024 were counted as separate episodes. This 

admission-based metric reflects the relative burden of 

CVD within the hospital system and facilitates 

comparison across provinces with differing healthcare 

utilization patterns. 

We assessed the 2010 Location Quotient of Smoothed 

Nighttime Light (LQSNL) against the 2024 CVD 

admission rate. The 14-year lag period was selected a 

priori to reflect the chronic and cumulative nature of 

CVD development, in which long-term exposure to low-

intensity environmental risk factors may take more 

than a decade to manifest clinically relevant differences 

in disease burden. This choice is supported by 

longitudinal evidence indicating that differences in 

cardiovascular risk factor profiles translate into 

approximately 10–15 years of variation in CVD-free 

survival.21  
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While NTL reflects the unadjusted average brightness, 

LQSNL compares a province’s mean of national light 

to its national mean, informing whether a province is 

“over-lit” or “under-lit”. An LQSNL value of one 

indicates a province with typical lighting relative to 

others; values less than one indicate a darker-than-

average province, and values greater than one indicate 

a brighter-than-average province in terms of NTL. The 

LQSNL values for Thailand in 2010 were taken from 

Kekina derived from the Defense Meteorological 

Satellite Program.17 The 2023 average NTL, derived 

from Google Earth, which uses the Suomi National 

Polar-orbiting Partnership satellite, was also 

extracted and estimated as an LQSNL for sensitivity 

analysis. Each province’s GPP in 2023 was extracted 

from the Office of the National Economic and Social 

Development Council.22 

Statistical Analysis 

Analyses were performed using R (version 4.4.1).23 

Categorical variables were summarized using 

frequency and percentage and continuous variables 

using the mean and standard deviation. The Smoothed 

NTL (SNTL) from Kekina reflects Ordinary Least 

Squares-fitted brightness, adjusted for GPP and year 

(1995–2010) to calibrate brightness across satellite 

systems and observation periods.17 In this framework, 

GPP serves as an external calibration anchor reflecting 

persistent human activity that is strongly correlated 

with true ground-level light emission, while year 

adjustment accounts for systematic sensor- and time-

related variability. This established approach reduces 

measurement error in satellite-derived NTL and yields 

a calibrated index that more accurately represents 

ambient night-time light exposure.  Similarly, the 2023 

SNTL used in this study was adjusted for GPP and  
 

year (2014–2023). We calculated the intensity-based 

location quotient as the ratio of the province’s  

log-transformed mean NTL intensity to the 

contemporaneous national log-transformed mean 

NTL. We assessed bivariate associations with 

scatterplots and Pearson’s correlation (r), and modeled 

relationships with univariable and multivariable 

linear regression. We adjusted for the number of beds 

in hospitals based on available data from the Health 

Administration Division as hospital capacity may 

affect the admission rate.24 Although MOPH hospitals 

exist in Bangkok, province-level bed counts 

corresponding specifically to facilities contributing 

data to the HDC were not available; therefore, the bed 

count for Bangkok was imputed using the mean 

number of beds. Furthermore, a subgroup analysis 

excluding Bangkok was also done. A sensitivity 

analysis was done using the 2023 NTL.  All statistical 

tests were two-sided, and a p-value less than 0.05 was 

considered statistically significant. 

Results 

Descriptive Analysis of CVD Outcomes and 

LQSNL 

There were 2,858,192 admissions in 2024. As shown in 

Table 1, the admission rates for HF, MI, stroke, and 

AF were 51.43, 13.08, 28.93, and 46.92 per 1,000 

admissions, respectively. The highest admission rate 

across all CVD outcomes was observed in the 4th 

quartile of provinces with the highest LQSNL. Figure 1 

shows the geographic distribution of average NTL 

exported from Google Earth and LQSNL. Higher 

nighttime brightness was concentrated in the central 

region and in densely populated areas of Thailand, 

such as Nakhon Ratchasima and Chiang Mai. 

Table 1. Cardiovascular admission rates (per 1,000 admissions) by quartile of location quotient of smoothed nighttime light 

(LQSNL). 

LQSNL Heart failure Myocardial infarction Stroke Atrial fibrillation 

Overall 51.43 13.08 28.93 46.92 

Quartile     

1 (0.280–0.718) 53.82 (15.39) 13.17 (7.12) 27.91 (10.65) 44.59 (8.75) 

2 (0.718–0.950) 56.64 (21.38) 14.69 (8.39) 30.20 (10.00) 40.92 (8.92) 

3 (0.950–1.340) 52.95 (11.78) 12.98 (4.86) 29.83 (6.75) 47.06 (6.90) 

4 (1.340–2.680) 59.93 (8.04) 18.48 (5.12) 33.51 (7.37) 54.37 (8.53) 

Numbers in brackets are standard deviations. LQSNL is a relative measure across provinces. LQSNL quartiles are defined by dividing 

provinces into four strata, with 19 provinces equally in each quartile. 
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Figure 1. Geographic distribution of (A) location quotient smoothed nighttime light (LQSNL) and (B) average nighttime light in 

2010 extracted from Google Earth, in which the white shaded area indicates a bright nighttime light of above 21 Digital 

Numbers (DNs). 

 

Relationship between LQSNL in 2010 and CVD 

Admission Rates in 2024 

Figure 2 shows scatterplots of LQSNL and admission 

rates for the four studies CVD stratified by 

geographical region. There were positive correlations 

between LQSNL values from 2010 and admission rates 

in 2024 for MI (r 0.31, p <0.001), stroke (r 0.24, p 0.035), 

and AF (r 0.47, p <0.001). A sensitivity analysis using 

LQSNL values from 2023 yielded similar patterns 

(Figure 3), including a significant correlation with 

heart failure admission rate (r 0.27, p 0.017). Table 2 

presents the results of the univariable and 

multivariable linear regression models of LQSNL  

 

values in 2010 and 2023 on the four studies CVD 

admission rates. After adjusting for the number of 

hospital beds, higher LQSNL values were 

significantly associated with higher admission rates 

across all CVDs. In 2023, a 1-unit increase in LQSNL 

was associated with higher admission rates 

(estimate, 95% confidence interval) for heart failure 

(5.02, 0.85–9.19), myocardial infarction (3.32, 1.50–

5.14), stroke (3.27, 0.73–5.80), and atrial fibrillation 

(6.13, 3.70–8.56). In 2010, the adjusted associations 

were statistically significant for all outcomes. A 

subgroup analysis excluding Bangkok revealed a 

similar pattern using both the 2010 and 2023 LQSNL 

data (Table 3). 
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Figure 2. Scatterplots of the 2010 location quotient of smoothed nighttime light versus cardiovascular admission rates: (A) 

heart failure (HF), (B) myocardial infarction (MI), (C) stroke, and (D) atrial fibrillation (AF). 

 

Figure 3. Scatterplots of the 2023 location quotient of smoothed nighttime light versus cardiovascular admission rates: (A) 

heart failure (HF), (B) myocardial infarction (MI), (C) stroke, and (D) atrial fibrillation (AF). 
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Table 2. Univariable and multivariable linear regression analysis of the location quotient of smoothed nighttime light and 

various cardiovascular disease admission rates. 

Model Year Estimate 95% CI Adjusted estimate* 95% CI R2 

Heart failure      
1 2010 4.43 –3.13, 11.99 8.96 1.10, 16.82 0.12 

2 2023 5.22 0.97, 9.48 5.02 0.85, 9.19 0.13 

Myocardial infarction      

3 2010 4.60 1.32, 7.88 6.85 3.50, 10.20 0.22 

4 2023 3.40 1.56, 5.24 3.32 1.50, 5.14 0.19 

Stroke      

5 2010 4.73 0.33, 9.13 6.25 1.51, 11.00 0.09 

6 2023 3.29 0.78, 5.81 3.27 0.73, 5.80 0.09 

Atrial fibrillation      

7 2010 9.87 5.61, 14.13 11.02 6.39, 15.64 0.24 

8 2023 6.07 3.65, 8.50 6.13 3.70, 8.56 0.26 

*Adjusted for number of hospital beds. CI: confidence interval. R2: coefficient of determination 

 

Table 3. Subgroup analysis of univariable and multivariable linear regression analysis of the location quotient of smoothed 

nighttime light (LQSNL) and various cardiovascular disease admission rates, excluding Bangkok. 

Model Year Estimate 95% CI Adjusted estimate* 95% CI 

Heart failure     
1 2010 4.86 –3.51, 13.23 10.69 1.85, 19.53 

2 2023 5.58 1.08, 10.07 5.35 0.95, 9.76 

Myocardial infarction     

3 2010 4.88 1.25, 8.51 7.79 4.03, 11.55 

4 2023 3.48 1.54, 5.43 3.40 1.48, 5.33 

Stroke     

5 2010 5.68 0.83, 10.52 7.82 2.52, 13.13 

6 2023 3.62 0.97, 6.27 3.59 0.92, 6.26 

Atrial fibrillation     

7 2010 9.33 4.62, 14.04 10.65 5.42, 15.88 

8 2023 5.69 3.14, 8.24 5.75 3.19, 8.30 

*Adjusted for the number of hospital beds. CI: confidence interval.  

 

Discussion 

This ecological study, to our knowledge, is the first in 

Thailand to examine the association between NTL 

intensity and CVD admission rates. We observed 

positive correlations across all study outcomes using 

both 2010 and 2023 NTL data. These findings suggest 

that satellite-derived NTL may serve as a useful proxy 

for estimating the burden of CVD admissions. 

NTL data has been used as a proxy to estimate 

population density and urbanicity in other 

studies.16,17,25,26 The positive association between NTL 

and CVD admissions likely reflects urbanicity. Studies 

have shown that urban areas exhibit higher CVD 

hospitalizations due to greater air pollution, limited 

green space, and adverse lifestyle patterns.27,28  

 

Geospatial analyses consistently identify hospitalization 

hot spots in dense districts, often with older populations 

and elevated pollution, where CVD mortality and 

admissions increase with urban density and built-

environment complexity.27,28 Moreover, hospitals in 

urban areas typically have more advanced services and 

specialist capacity. Therefore, as CVDs require 

specialty care, referrals concentrate these cases in 

urban facilities, resulting in higher observed caseloads 

than in non-urban settings. 

Beyond its role as a proxy for urbanicity, emerging 

evidence suggests that NTL exposure may also act as 

an independent risk factor for CVD through biological 

pathways.9,13,14 Experimental and epidemiologic studies 

indicate that exposure to artificial light at night can 
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disrupt circadian rhythms, suppress melatonin 

secretion, alter sleep architecture, and affect metabolic 

and autonomic regulation, all of which are implicated 

in cardiovascular pathophysiology.9,11 Moreover, recent 

individual-level studies that adjusted for demographic 

factors, health behaviors, shift-work status, sleep 

quality, and polygenic risk scores have reported 

associations between higher NTL exposure and an 

increased risk of incident CVD, supporting the 

plausibility of a direct effect independent of urbanicity-

related factors.9,14 

Satellite-derived NTL in Thailand has previously been 

shown to serve as an indicator and to efficiently predict 

future GPP and municipal tap-water use.16,17 Moreover, 

NTL could also be used to estimate infectious disease 

mortality, as it may reflect denser populations and 

increased human activity.25,26 However, predicting 

non-communicable disease admission rates may require 

combining it with demographic, environmental, and 

health-related covariates. Because patterns vary over 

time and space (e.g., treatments, policy shifts), models 

must be calibrated to the specific period and locale.25,29 

A study from the United Kingdom (UK) used 

individual NTL data from a wrist-worn light sensors 

and found associations between higher NTL exposure 

and an increased risk of CVD.9 Although smartwatches 

and other wearables are increasingly adopted in 

Thailand, only a few Thai studies have utilized them 

to assess health-related outcomes, and most were 

single-center studies.30–32 Thailand conducts several 

large national surveys; however, data from wearable 

devices, measuring for example steps, light exposure, 

and heart rate variability, are not yet routinely 

collected.33,34 Device-based monitoring of individual 

data looms an opportunity for Thailand to catch up 

with other countries; for example, in the UK, the UK 

Biobank study mailed participants a wrist-worn 

activity tracker for a one-week period.9 Another option 

is to use satellite imagery to assign household-level 

NTL intensity to individuals; however, this still does 

not accurately capture true personal light exposure.14 

Contemporary health research is increasingly data-rich, 

leveraging satellite-derived metrics to assess population 

risk.35–37 Beyond NTL, sources such as mobility data, 

land-surface temperature, air quality, and vegetation 

indices provide fine-grained proxies of environmental 

and behavioral determinants, which have been widely 

applied during the COVID-19 pandemic to quantify 

movement and policy effects.37 Integrating these 

streams with clinical records may enable more precise 

surveillance and targeted interventions. 

Limitations 

This study has several limitations. First, it is ecological 

in nature; associations between province-level NTL 

intensity and CVD admission rates cannot be assumed 

to apply at the individual level. Second, NTL at the 

provincial level serves as a proxy for urbanicity and 

socioeconomic activity; consequently, observed 

associations may reflect residual confounding by 

healthcare access, diagnostic intensity, and service 

availability, which are typically more prevalent in 

provinces with higher degrees of urbanicity. 

Nevertheless, we adjusted for the number of hospital 

beds by province, which revealed similar results. 

Furthermore, admission-based outcomes reflect a 

system-level burden rather than true population-level 

incidence, which may limit direct interpretation of 

disease occurrence across provinces. Third, SNTL 

represents a calibrated NTL index rather than raw 

satellite radiance. Accordingly, it should be interpreted 

as a relative measure of ambient NTL exposure across 

provinces, enabling valid spatial and temporal 

comparisons rather than as an absolute physical light 

unit. Although the calibration procedure—using GPP 

as an adjustment variable—reduces sensor- and time-

related measurement error, some residual 

misclassification of environmental light exposure 

independent of economic activity may persist, 

potentially reflecting intrinsic province-specific 

characteristics such as cultural practices, 

transportation patterns, and geographic variation. 

Fourth, residential addresses in the administrative 

database may be outdated or inaccurate, leading to 

exposure misclassification. Finally, measurement 

error in satellite-derived light (e.g., sensor, 

atmospheric, or compositing artifacts) and potential 

temporal mismatch between exposure year and 

outcome year could further attenuate or distort effect 

estimates. However, several statistical adjustments 

were made to account for GPP and temporal mismatch. 

We did not evaluate the true incidence of admission; 

future prospective cohort studies that follow 

individuals from a pre-CVD baseline to incident CVD 

would be highly informative. 

Public Health Recommendations 

This study provides preliminary evidence, using 

nationwide publicly available data, of a positive 

association between NTL and various CVD admission 

rates, paving the way for future work that utilizes 

individual-level NTL data and includes exogenous 

variables in Thailand, as well as extending to other 

diseases.
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Conclusion 

This study, to our knowledge, is the first in Thailand 

to reveal that higher NTL intensity is consistently 

associated with higher provincial admission rates for 

major cardiovascular conditions, using both historical 

(2010) and contemporary (2023) NTL data. The 

findings support the use of satellite-derived NTL as a 

practical proxy for population density, urbanicity, and 

healthcare demand, with potential applications in 

surveillance and resource planning. Given the study’s 

ecological design and potential residual confounding, 

future work should incorporate individual-level 

exposures (e.g., wearable light data) and additional 

demographic, environmental, and health system 

covariates to refine risk estimates and assess causality. 

Acknowledgements  

The authors thank all staff members of the Ministry of 

Public Health, Nonthaburi, Thailand, for their support 

in completing the current study. 

Authors Contributions  

Sethapong Lertsakulbunlue: Conceptualization, 

data curation, formal analysis, methodology, writing—

original draft, writing—review & editing, project 

administration, resources, validation, visualization. 

Rapeepong Suphanchaimat: Conceptualization, 

supervision, methodology, writing—review & editing, 

validation. Pitiphon Promduangsi: Supervision, 

writing—review & editing, validation. 

Ethical Approval 

As part of the Department of Disease Control’s 

situation assessment (Ministry of Public Health, 

Thailand), this study utilized publicly accessible 

Google Earth data and approved, anonymized records 

from the HDC. Ethics approval was not required. 

Informed Consent 

Patient informed consent was waived because this 

study used secondary data from the HDC, in which all 

records were anonymized prior to analysis. The 

research involved no direct contact with participants 

and posed minimal risk. Obtaining individual informed 

consent was not feasible given the large number of 

records and the retrospective nature of the data. 

Data Availability 

Data cannot be shared publicly because the data 

belongs to the HDC, MOPH. Data are available from 

the MOPH in Nonthaburi, Thailand, for researchers 

who meet the criteria to access confidential data. 

Conflicts of Interest 

The author declares that they no conflicts of interests. 

Funding Support 

The authors declare that they received no funding 

support. 

Declaration of Generative-AI and AI-

assisted Technologies in the Writing Process 

We utilized ChatGPT-5.0 to assist with correcting the 

grammar in the manuscript. The authors remain fully 

responsible for the accuracy and integrity of the 

content. 

References 

1. Lindstrom M, DeCleene N, Dorsey H, Fuster V, 

Johnson CO, LeGrand KE, et al. Global burden 

of cardiovascular diseases and risks collaboration, 

1990-2021. J Am Coll Cardiol. 2022 Dec 20;80 

(25):2372–425. doi:10.1016/j.jacc.2022.11.001. 

2. Tromp J, Ouwerkerk W, van Veldhuisen DJ, 

Hillege HL, Richa rds AM, van der Meer P, et 

al. A Systematic review and network meta-

analysis of pharmacological treatment of heart 

failure with reduced ejection fraction. JACC 

Heart Fail. 2022 Feb;10(2):73–84. doi:10.10 

16/j.jchf.2021.09.004. 

3. Krittayaphong R, Yingchoncharoen T, 

Puwanant S, Boonyapiphat T, Charoenyos N, 

Wongtheptien W, et al. Reassessing heart 

failure therapy in Thailand: patient insights 

and treatment outcomes from the Thai heart 

failure registry. Int J Cardiol 2024;410: 

132235. doi:10.1016/j.ijcard.2024.132235. 

4. Mentz RJ, Roessig L, Greenberg BH, Sato N, 

Shinagawa K, Yeo D, et al. Heart failure 

clinical trials in East and Southeast Asia: 

understanding the importance and defining 

the next steps. JACC Heart Fail 2016;4(6): 

419–27. doi:10.1016/j.jchf.2016.01.013. 

5. Janwanishstaporn S, Karaketklang K, 

Krittayaphong R. National trend in heart 

failure hospitalization and outcome under 

public health insurance system in Thailand 

2008–2013. BMC Cardiovasc Disord. 2022;22 

(1):203. doi:10.1186/s12872-022-02629-2. 

6. World Health Organization. Global health 

estimates: leading causes of death [Internet]. 

Geneva: World Health Organization; [cited 

2025 Nov 4]. <https://www.who.int/data/gho/ 



OSIR March 2026, Volume 19, Issue 1, Article no. 278867 

https://doi.org/10.59096/osir.v19i1.278867 |9 of 10 

Original article 

data/themes/mortality-and-global-health-estim 

ates/ghe-leading-causes-of-death> 

7. Lertsakulbunlue S, Mungthin M, Rangsin R, 

Kantiwong A, Sakboonyarat B. Trends in 

predicted 10-year risk for cardiovascular 

diseases among patients with type 2 diabetes 

in Thailand, from 2014 to 2018. BMC 

Cardiovasc Disord. 2023; 23(1):183. 

doi:10.1186/s12872-023-03217-8. 

8. Sakboonyarat B, Poovieng J, Jongcherdchootrakul 

K, Srisawat P, Hatthachote P, Mungthin M, et 

al. Rising trends in obesity prevalence among 

Royal Thai Army personnel from 2017 to 2021. 

Sci Rep 2022;12(1):7726. doi:10.1038/s41598-

022-11913-2. 

9. Windred DP, Burns AC, Rutter MK, Lane JM, 

Saxena R, Scheer FAJL, et al. Light exposure 

at night and cardiovascular disease incidence. 

JAMA Netw Open 2025;8(10): e2539031. 

doi:10.1001/jamanetworkopen.2025.39031. 

10. Xu C, Weng Z, Liang J, Liu Q, Zhang X, Xu J, 

et al. Shift work, genetic factors, and the risk 

of heart failure. Mayo Clin Proc. 2022;97(6): 

1134–44. doi:10.1016/j.mayocp.2021.12.003. 

11. Jaspan VN, Greenberg GS, Parihar S, Park 

CM, Somers VK, Shapiro MD, et al. The role of 

sleep in cardiovascular disease. Curr Atheroscler 

Rep 2024;26(7):249–62. doi:10.1007/s11883-

024-01207-5. 

12. Vetter C. Circadian disruption: what do we 

actually mean? Eur J Neurosci. 2020 

Jan;51(1):531–50. doi:10.1111/ejn.14255. 

13. Sun S, Cao W, Ge Y, Ran J, Sun F, Zeng Q, et 

al. Outdoor light at night and risk of coronary 

heart disease among older adults: a 

prospective cohort study. Eur Heart J. 2021; 

42(8):822–30. doi:10.1093/eurheartj/ehaa846. 

14. Hu X, Wang L-B, Jalaludin B, Knibbs LD, Yim 

SHL, Lao XQ, et al. Outdoor artificial light at 

night and incident cardiovascular disease in 

adults: A national cohort study across China. 

Sci Total Environ. 2024 Mar 25:918:170685. 

doi:10.1016/j.scitotenv.2024.170685. 

15. Geo-Informatics and Space Technology 

Development Agency (TH). Nighttime light from 

space [Internet]. Bangkok: Geo-Informatics 

and Space Technology Development Agency; 

2024 Aug 16 [cited 2025 Nov 4]. <https://gist 

da.or.th/ewtadmin/ewt/gistda_web/news_view.

php?n_id=8036&lang=TH>. Thai. 

16. Krainara J. Using nighttime light satellite 

imagery to predict tap water usage in Thailand. 

In: Civil Engineering and Eastern Economic 

Corridor for Sustainable Development 

[Internet]. 25th National Convention on Civil 

Engineering; 2020 Jul 15–17; Chonburi, 

Thailand. Bangkok: Civil Engineering 

Commission of Thailand; 2020 Jul 8 [cited 2025 

Nov 4]. 7 p. <https://conference.thaince.org/ 

index.php/ncce25/article/view/224>. Thai. 

17. Kekina Y. An application of nighttime light 

satellite images for the analysis of urban 

growth in Thailand [Master’s thesis on the 

Internet]. Bangkok: Chulalongkorn University; 

2016 [cited 2025 Nov 4]. 196 p. <https:// 

doi.org/10.58837/CHULA.THE.2016.217> 

18. Pisitpayat N, Wongsanuphat S, Apakupakul J. 

Representativeness of D506 compared to the 

National Health Database (43-file) in Thailand 

during the early phase of D506 

implementation. Weekly Epidemiological 

Surveillance Report. 2024;55(10):e3165. 

doi:10.59096/wesr.v55i10.3165. 

19. Office of Health Research and Policy 

Observatory (TH). Health workforce in tertiary 

care [Internet]. Bangkok: Office of Health 

Research and Policy Observatory; 2024 [cited 

2026 Jan 29]. 9 p. <https://hrpo.info/wp-

content/uploads/2024/10/Factsheet-5-%E0%B 

8%81%E0%B8%B3%E0%B8%A5%E0%B8%B

1%E0%B8%87%E0%B8%84%E0%B8%99%E0

%B8%95%E0%B8%95%E0%B8%B4%E0%B8

%A2%E0%B8%A0%E0%B8%B9%E0%B8%A1

%E0%B8%B4.pdf>. Thai. 

20. Strategy and Planning Division, Permanent 

Secretary Offices, Ministry of Public Health 

(TH). Report on Health Resources 2021 

[Internet]. Nonthaburi: Ministry of Public 

Health; 2022 [cited 2026 Jan 30]. 364 p. 

<https://spd.MOPH.go.th/wp-content/upload 

s/2022/12/Report-Health-Resource-64.pdf>. 

Thai. 

21. Wilkins JT, Ning H, Berry J, Zhao L, Dyer AR, 

Lloyd-Jones DM. Lifetime Risk and Years 

Lived Free of Total Cardiovascular Disease. 

JAMA. 2012;308(17):1795–801. doi:10.1001/ja 

ma.2012.14312. 



OSIR March 2026, Volume 19, Issue 1, Article no. 278867 

https://doi.org/10.59096/osir.v19i1.278867 |10 of 10 

Original article 

22. Office of the National Economic and Social 

Development Council (TH). Gross Regional 

and Provincial Product (GPP) [Internet]. 

Bangkok: Office of the National Economic and 

Social Development Council; [cited 2025 Nov 

4]. <https://www.nesdc.go.th/en/info/gross-regi 

onal-and-provincial-product-gpp/> 

23. R Core Team. R: A language and environment 

for statistical computing [Internet]. Version 

4.4.1. Vienna (AT): R Foundation for Statistical 

Computing; [cited 2026 Feb 12]. 

<https://www.R-project.org/> 

24. Health Administration Division, Ministry of 

Public Health. CMI@MOPH reports—by 

facility [Internet]. Nonthaburi (TH): Ministry 

of Public Health; [cited 2025 Nov 5]. 

<https://cmi.MOPH.go.th/report/micro/index?

menu_id=6>. Thai. 

25. Mellander C, Lobo J, Stolarick K, Matheson Z. 

Night-time light data: A good proxy measure 

for economic activity? PLoS One. 2015 Oct 23; 

10(10):e0139779. doi:10.1371/journal.pone.01 

39779. 

26. Yoneoka D, Eguchi A, Nomura S, Kawashima 

T, Tanoue Y, Hashizume M, et al. Indirect and 

direct effects of nighttime light on COVID-19 

mortality using satellite image mapping 

approach. Sci Rep. 2024;14(1):25063. 

doi:10.1038/s41598-024-75484-0. 

27. Wang B, Gu K, Dong D, Fang Y, Tang L. 

Analysis of Spatial Distribution of CVD and 

Multiple Environmental Factors in Urban 

Residents. Comput Intell Neurosci. 2022 Mar 

16;2022:9799054. doi:10.1155/2022/9799054. 

28. MohammadEbrahimi S, Dehghan M, Kiani B. 

Cardiovascular health in perspective: a 

comprehensive five-year geodatabase of 

hospitalizations and environmental factors in 

Mashhad, Iran. BMC Res Notes. 2025;18(1):12. 

doi:10.1186/s13104-025-07087-5. 

29. Quan X, Song X, Miao J, Huang C, Gao F, Li J, 

et al. Study on the substitutability of nighttime 

light data for SDG indicators: a case study of 

Yunnan Province. Front Environ Sci. 2023;11: 
1309547. doi:10.3389/fenvs.2023.1309547. 

30. Chankong N, Boonyagul S, Thongpance N, 

Mekkaew C, Wongkamhang A. Factors 

affecting the adoption of smartwatch for 

tracking health. International Journal of 

Membrane Science and Technology [Internet]. 

2023 [cited 2025 Nov 5];10(1):1715–29. 

<https://www.cosmosscholars.com/phms/index

.php/ijmst/article/view/3093> 

31. Narkprasit C. Utilizing mobile technology 

devices to enhance health and quality of life for 

senior citizens in Bangkok. Sports Science & 

Health Advances. 2024;2(2):299–304. 

doi:10.60081/SSHA.2.2.2024.299-304. 

32. Jianramas N, Semphuet T. The validity of a 

low-cost smartwatch for measuring physical 

activity. Thai Journal of Public Health. 

2021;51(2):140–8. 

33. Aekplakorn W, Chariyalertsak S, Bumrerraj S, 

Assanangkornchai S, Taneepanichskul S, 

Neelapaichit N, et al. Diabetes trends and 

determinants among Thai adults from 2004 to 

2020. Sci Rep. 2025;15(1):31620. doi:10.1038/ 

s41598-025-17619-5. 

34. Vathesatogkit P, Woodward M, Tanomsup S, 

Ratanachaiwong W, Vanavanan S, Yamwong 

S, et al. Cohort Profile: The electricity generating 

authority of Thailand study. Int J Epidemiol. 

2012;41(2):359–365. doi:10.1093/ije/dyq218. 

35. Diriba D, Karuppannan S, Regasa T, Kasahun 

M. Spatial analysis and mapping of malaria 

risk areas using geospatial technology in the 

case of Nekemte City, western Ethiopia. Int J 

Health Geogr. 2024;23(1):27. doi: 10.1186/s129 

42-024-00386-3. 

36. Holloway T, Miller D, Anenberg S, Diao M, 

Duncan B, Fiore AM, et al. Satellite Monitoring 

for Air Quality and Health. Annu Rev Biomed 

Data Sci. 2021;4:417–47. doi:10.1146/annurev-

biodatasci-110920-093120. 

37. Kostandova N, Schluth C, Arambepola R, 

Atuhaire F, Berube S, Chin T, et al. A 

systematic review of using population-level 

human mobility data to understand SARS-

CoV-2 transmission. Nat Commun. 2024;15(1): 

10504. doi:10.1038/s41467-024-54895-7. 

 


