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Deaths due to COVID-19 

 The number of daily COVID-19 deaths in Thailand (Figure S1) was retrieved from the 

Center for Systems Science and Engineering (CSSE) at Johns Hopkins University [1]. 

Figure S1. Daily confirmed COVID-19 deaths. The red line illustrates the 7-day average of the 

number of COVID-19 deaths starting from January 22, 2020, to October 31, 2021 in Thailand. 

Points show the observed daily mortality data. 

 

Baseline mortality during 2015 – 2021 

 We used mortality data from January 2015 to December 2019 by age and sex to fit the 

models. For Model A, the structure of the model was described in the main text. The observed and 

baseline mortality of Model A stratified by age group in 2015–2021 for men and women are shown 

in Figure S2 and S3, respectively. 
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Figure S2. Men baseline mortality from Model A. Lines illustrate the baseline mortality by six 

age groups (0-14, 15-18, 19-24, 25-34, 35-60, and over 60 years of age). Grey lines show the 

predicted baseline starting from January 2020 to October 2021. Points show the observed mortality 

data. Shaded areas indicate 95% CI. 

 



4 
 

 

Figure S3. Women baseline mortality from Model A. Lines illustrate the baseline mortality by six 

age groups (0-14, 15-18, 19-24, 25-34, 35-60, and over 60 years of age). Grey lines show the 

predicted baseline starting from January 2020 to October 2021. Points show the observed mortality 

data. Shaded areas indicate 95% CI. 

 

The other three models have different structures, as follows. 

Model B:  

𝑌𝑡 ~ 𝛽1 ∗ 𝑡𝑖𝑚𝑒𝑡 ∗ 𝑠𝑒𝑥𝑡 ∗ 𝑎𝑔𝑒𝑔𝑟𝑜𝑢𝑝𝑡 

+𝛽2 ∗ sin (
2𝜋 ∗ (𝑚𝑜𝑛𝑡ℎ/30)

365.25
) ∗ 𝑠𝑒𝑥𝑡 ∗ 𝑎𝑔𝑒𝑔𝑟𝑜𝑢𝑝𝑡 

+𝛽3 ∗ cos (
2𝜋 ∗ (𝑚𝑜𝑛𝑡ℎ/30)

365.25
) ∗ 𝑠𝑒𝑥𝑡 ∗ 𝑎𝑔𝑒𝑔𝑟𝑜𝑢𝑝𝑡 

+𝛽4 ∗ 𝑜𝑓𝑓𝑠𝑒𝑡(log(𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑡)) 
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 +𝜇(1|𝑦𝑒𝑎𝑟) 

The observed and baseline mortality stratified by age group in 2015-2021 for men and 

women, are shown in Figure S4-S5, respectively. 

 

Figure S4. Men baseline mortality from Model B. Lines illustrate the baseline mortality by six 

age groups (0-14, 15-18, 19-24, 25-34, 35-60, and over 60 years of age). Grey lines show the 

predicted baseline starting from January 2020 to October 2021. Points show the observed mortality 

data. Shaded areas indicate 95% CI. 
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Figure S5. Women baseline mortality from Model B. Lines illustrate the baseline mortality by six 

age groups (0-14, 15-18, 19-24, 25-34, 35-60, and over 60 years of age). Grey lines show the 

predicted baseline starting from January 2020 to October 2021. Points show the observed mortality 

data. Shaded areas indicate 95% CI. 

 

Model C:  

𝑌𝑡 ~ 𝛽1 ∗ 𝑡𝑖𝑚𝑒𝑡 ∗ 𝑠𝑒𝑥𝑡 ∗ 𝑎𝑔𝑒𝑔𝑟𝑜𝑢𝑝𝑡 

+𝛽2 ∗ sin (
2𝜋 ∗ (𝑚𝑜𝑛𝑡ℎ/30)

365.25/2
) ∗ 𝑠𝑒𝑥𝑡 ∗ 𝑎𝑔𝑒𝑔𝑟𝑜𝑢𝑝𝑡 

+𝛽3 ∗ cos (
2𝜋 ∗ (𝑚𝑜𝑛𝑡ℎ/30)

365.25/2
) ∗ 𝑠𝑒𝑥𝑡 ∗ 𝑎𝑔𝑒𝑔𝑟𝑜𝑢𝑝𝑡 

+𝛽4 ∗ 𝑜𝑓𝑓𝑠𝑒𝑡(log(𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑡)) 

 +𝜇(1|𝑦𝑒𝑎𝑟) 
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The observed and baseline mortality stratified by age group in 2015-2021 for men and 

women, are shown in Figure S6-S7, respectively. 

Figure S6. Men baseline mortality from Model C. Lines illustrate the baseline mortality by six 

age groups (0-14, 15-18, 19-24, 25-34, 35-60, and over 60 years of age). Grey lines show the 

predicted baseline starting from January 2020 to October 2021. Points show the observed mortality 

data. Shaded areas indicate 95% CI. 
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Figure S7. Women baseline mortality from Model C. Lines illustrate the baseline mortality by six 

age groups (0-14, 15-18, 19-24, 25-34, 35-60, and over 60 years of age). Grey lines show the 

predicted baseline starting from January 2020 to October 2021. Points show the observed mortality 

data. Shaded areas indicate 95% CI. 

 

Model D:  

𝑌𝑡 ~ 𝛽1 ∗ 𝑡𝑖𝑚𝑒𝑡 ∗ 𝑠𝑒𝑥𝑡 ∗ 𝑎𝑔𝑒𝑔𝑟𝑜𝑢𝑝𝑡 

+𝛽2 ∗ sin (
2𝜋 ∗ (𝑚𝑜𝑛𝑡ℎ/30)

365.25
) ∗ 𝑠𝑒𝑥𝑡 ∗ 𝑎𝑔𝑒𝑔𝑟𝑜𝑢𝑝𝑡 

+𝛽3 ∗ cos (
2𝜋 ∗ (𝑚𝑜𝑛𝑡ℎ/30)

365.25
) ∗ 𝑠𝑒𝑥𝑡 ∗ 𝑎𝑔𝑒𝑔𝑟𝑜𝑢𝑝𝑡 

+𝛽4 ∗ sin (
2𝜋 ∗ (𝑚𝑜𝑛𝑡ℎ/30)

365.25/2
) ∗ 𝑠𝑒𝑥𝑡 ∗ 𝑎𝑔𝑒𝑔𝑟𝑜𝑢𝑝𝑡 
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+𝛽5 ∗ cos (
2𝜋 ∗ (𝑚𝑜𝑛𝑡ℎ/30)

365.25/2
) ∗ 𝑠𝑒𝑥𝑡 ∗ 𝑎𝑔𝑒𝑔𝑟𝑜𝑢𝑝𝑡 

+𝛽6 ∗ 𝑜𝑓𝑓𝑠𝑒𝑡(log(𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑡)) 

 +𝜇(1|𝑦𝑒𝑎𝑟) 

The observed and baseline mortality stratified by age group in 2015-2021 for men and 

women, are shown in Figure S8-S9, respectively. 

Figure S8. Men baseline mortality from Model D. Lines illustrate the baseline mortality by six 

age groups (0-14, 15-18, 19-24, 25-34, 35-60, and over 60 years of age). Grey lines show the 

predicted baseline starting from January 2020 to October 2021. Points show the observed mortality 

data. Shaded areas indicate 95% CI. 
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Figure S9. Women baseline mortality from Model D. Lines illustrate the baseline mortality by six 

age groups (0-14, 15-18, 19-24, 25-34, 35-60, and over 60 years of age). Grey lines show the 

predicted baseline starting from January 2020 to October 2021. Points show the observed mortality 

data. Shaded areas indicate 95% CI. 

 

A summary of four different models is shown in Table S1. We used AIC to estimate the 

quality of each model. 

Table S1. Model comparison. 

 

Model AIC Number parameters Number coefficients 

Model A 8095.2 8 72 

Model B 8108.1 6 48 

Model C 8170.7 6 48 

Model D 8123.5 8 72 
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Life expectancy 

 We used life expectancy at birth as a summary indicator of population health in Thailand. 

We estimated the life expectancy at birth in Thailand for the periods 2015–2021 using a life table. 

The life expectancy at birth of the population in Thailand is shown in Figure S10. 

 

Figure S10. Life expectancy at birth. Lines illustrate the life expectancy at birth estimates for the 

periods 2015–2021. The blue line shows the estimated life expectancy at birth of men. The orange 

line shows the estimated life expectancy at birth of women in Thailand. 

 

Pneumonia excess mortality 

We used the pneumonia mortality data from January 2015 to December 2019 to estimate 

the baseline pneumonia mortality in the absence of COVID-19. The monthly pneumonia mortality 

data in Thailand was obtained from the Bureau of Epidemiology, Department of Disease Control, 

MoPH, Thailand [2]. The mortality data was fitted by generalized linear mixed models (GLMMs) 

as follows:  
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𝑌𝑡 ~ 𝛽1 ∗ 𝑡𝑖𝑚𝑒𝑡 

+𝛽2 ∗ sin (
2𝜋 ∗ (𝑚𝑜𝑛𝑡ℎ/30)

365.25
) 

+𝛽3 ∗ cos (
2𝜋 ∗ (𝑚𝑜𝑛𝑡ℎ/30)

365.25
) 

+𝛽4 ∗ 𝑜𝑓𝑓𝑠𝑒𝑡(log(𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑡)) 

 +𝜇(1|𝑦𝑒𝑎𝑟). 

We then projected the pneumonia baseline mortality forward from January 2020 to October 

2021. The observed and baseline mortality of pneumonia in Thailand is illustrated in Figure S11. 

The pneumonia excess mortality was then calculated from the number of pneumonia deaths minus 

the baseline prediction. 

Figure S11. Pneumonia baseline mortality. Line illustrates the pneumonia baseline mortality in 

Thailand starting from January 2015 to October 2021. The red line shows the predicted pneumonia 

baseline mortality starting from January 2020 to October 2021. Points show the observed 

pneumonia mortality data. The shaded area indicates 95% CI. 

  



13 
 

Traffic accident mortality data  

Figure S12 shows the traffic accident mortality deaths from January 2017 to October 2021 

and the mobility trends in Thailand. Data on traffic accident-related deaths was acquired from the 

Road Accidents Data Center for Road Safety Culture of Thailand (Thai RSC) [3]. The accident 

mortality data were also stratified by age group and gender (Figure S13). The number of people 

dying from traffic accidents was categorized into six age groups (0-14, 15-18, 19-24, 25-34, 35-

60, and over 60 years of age). The data suggested that after the Thai government implemented 

social distancing and stringent lockdown measures, the number of traffic accident deaths decreased 

by approximately 20% compared with the average traffic accident deaths of the previous year. 

Moreover, we used the mobility in Thailand reported by Apple [4] as a representative of the 

mobility in Thailand during the lockdown. Driving and walking mobility tend to decrease 

compared with baseline. 
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Figure S12. Traffic accident mortality data and mobility trends data. (A) Traffic accident mortality 

data from January 2017 to October 2021. (B) The mobility in Thailand reported by Apple. 
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Figure S13. Traffic accident deaths by gender and age groups. Bars show the monthly traffic 

accident deaths by gender and age groups starting from April to October 2021. 
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