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Abstract: Thailand has experienced the most prominent COVID-19 outbreak in 2021, resulting in a
new record for COVID-19 cases and deaths. To assess the influence of the COVID-19 outbreak on
mortality, we estimated excess all-cause and pneumonia mortality in Thailand during the COVID-19
outbreak from April to October 2021. We used mortality from the previous 5 years to estimate the
baseline number of deaths using generalized linear mixed models. The models were adjusted for
seasonality and demographics. We found that, during the outbreak in 2021, there was a significant
rise in excess fatalities, especially in the older age groups. The estimated cumulative excess death was
14.3% (95% CI: 8.6–18.8%) higher than the baseline. The results also showed that the excess deaths in
males were higher than in females by approximately 26.3%. The excess deaths directly caused by the
COVID-19 infections accounted for approximately 75.0% of the all-cause excess deaths. Furthermore,
excess pneumonia deaths were also found to be 26.2% (95% CI: 4.8–46.0%) above baseline.

Keywords: excess mortality; pneumonia excess mortality; COVID-19; Thailand

1. Introduction

In late December 2019, the coronavirus disease 2019 (COVID-19), caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), was first identified in Wuhan,
China [1,2]. The disease then spread swiftly across the globe in early 2020. Thailand was
the first country to report a COVID-19-infected person outside of mainland China and has
recently experienced the most prominent COVID-19 outbreak in 2021 [3–5]. To mitigate the
disease transmission, the Thai government implemented social distancing and stringent
lockdown measures throughout the country and imposed international travel restrictions
and nighttime curfews [6]. Even though the interventions have proven to be effective in
slowing down the spread of the disease, during the peak of the epidemic wave, hospitals
in Thailand were running out of beds to accommodate COVID-19 patients and patients
of other diseases [7–9]. Although the Thai government set up the field hospitals [10] for
treating COVID-19 patients, the disease’s toll on mortality was still high [11]. According
to a report by the Department of Disease Control, Ministry of Public Health, Thailand,
there have been 19,111 officially reported COVID-19 deaths as of 31 October 2021. This
number of deaths reflects the significant impact of the COVID-19 outbreaks on mortality
in Thailand.

To assess the impact of the outbreak on mortality, the approach for estimating excess
mortality was utilized to quantify the increased deaths compared with the expected mor-
tality. Excess mortality estimation has previously been used to investigate the effects of

Trop. Med. Infect. Dis. 2022, 7, 116. https://doi.org/10.3390/tropicalmed7070116 https://www.mdpi.com/journal/tropicalmed

https://doi.org/10.3390/tropicalmed7070116
https://doi.org/10.3390/tropicalmed7070116
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/tropicalmed
https://www.mdpi.com
https://orcid.org/0000-0001-6728-187X
https://orcid.org/0000-0002-0739-006X
https://orcid.org/0000-0003-1368-2437
https://doi.org/10.3390/tropicalmed7070116
https://www.mdpi.com/journal/tropicalmed
https://www.mdpi.com/article/10.3390/tropicalmed7070116?type=check_update&version=1


Trop. Med. Infect. Dis. 2022, 7, 116 2 of 13

pollution [12], climate change [13], and epidemics (e.g., influenza [14,15], chikungunya [16],
and HIV [17]). Moreover, previous studies have also applied this approach to COVID-19,
focusing on estimating the mortality burden of the COVID-19 outbreak using statistical
models. In general, statistical models usually incorporate risk factors related to death
(e.g., sex, age group, time, seasonality, and demographic change) as indicator functions
for excess mortality estimation. For instance, Aburto et al. [18] estimated the number of
age- and sex-specific excess deaths adjusted for seasonality using generalized additive
models (GAMs).

Estimating age- and sex-specific mortality is an essential consideration in COVID-19-
related death. Age-specific mortality may vary by age due to a wide variety of factors.
Most fatalities from COVID-19 have been reported to be relatively high in older age groups.
Recent studies revealed that the proportion of elderly deaths has dramatically increased
in many countries [18–21]. Thus, disregarding the age structure of the population may
result in inaccurate estimates of excess mortality. Sex-specific mortality is also important in
estimating excess mortality. Different patterns of COVID-19 mortality have been observed
among males and females in many countries [18,20–22]. Therefore, tracking age- and
sex-specific deaths is an important component of health surveillance.

In this study, we aimed to estimate excess mortality in Thailand from April to October
2021 to assess the impact of the COVID-19 outbreaks on mortality. We estimated the baseline
number of deaths in a typical year (2015–2019) without COVID-19 using a generalized
linear mixed model (GLMM). Our model incorporated several factors such as sex, age
group, time, seasonality, and demographics. We then estimated the all-cause mortality
from April to October 2021 compared to baseline.

2. Materials and Methods
2.1. Estimating the Excess Mortality

In order to estimate the excess mortality, we started our analysis by investigating the
distribution of the observed sex-specific death counts from 2015 to 2019. We then used
mortality data from January 2015 to December 2019 to estimate the baseline mortality in the
absence of COVID-19. The mortality data were fitted by generalized linear mixed models
(GLMMs) with a negative binomial link function. The models included linear mortality
trends by gender, age, and seasonality. The structure of the models was as follows:

Yt ∼ β1 × FirstMontho f Year× sext × agegroupt (1)

+ β2 × LastMontho f Year× sext × agegroupt (2)

+ β3 × timet × sext × agegroupt (3)

+ β4 × sin
(

2π × (month/30)
365.25

)
× sext × agegroupt (4)

+ β5 × cos
(

2π × (month/30)
365.25

)
× sext × agegroupt (5)

+ β6 × o f f set(log(exposuret)) (6)

+ µ(1|year), (7)

where Yt is the expected number of deaths at month t, sext and agegroupt represent the
gender and age group at month t, FirstMontho f Year and LastMontho f Year are indicator
variables (1: yes; 0: no), and timet indicates the month starting from January 2015 to
December 2019. Furthermore, the featuring trigonometric terms represent the seasonal
effect, and all the terms fully interact with gender and age group. month indicates the
month of the year. This model also captures a yearly trend of changing population structure.
The monthly average population by age group and gender at month t (exposuret) was used
as an offset in the modeling. Here, year is a random effect in the model. The baseline was
then created by averaging the death counts observed in each month starting from January
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2015 to December 2019. We also compared our model with other GLMMs. We investigated
how adjustments for seasonality might affect the baseline estimation. We constructed four
models with two patterns of seasonality, including a full year period and a half-year period
of seasonality(for full details, see the Supplementary Materials).

We then projected the baseline mortality forward until October 2021. The excess
mortality in each month was defined as the number of reported deaths minus the baseline
prediction. We subsequently summed the excess mortality estimates across all months,
starting from April 2021 to October 2021, yielding the cumulative estimate of the excess
mortality in Thailand.

All the analyses were implemented in R statistical software version 3.6.3. To calculate
the 95% predictive intervals (PIs), we sampled death counts from a negative binomial
distribution, following an approach developed by Aburto et al. [18].

2.2. Data

We collected the monthly all-cause mortality data in Thailand from the Official Statis-
tics Registration Systems in the human mortality database [23]. The database compiles
mortality statistics from Thailand’s Bureau of Registration Administration. The information
was presented in the form of tables with age and gender categories. The mortality data from
2015 to 2019 were utilized to estimate the baseline mortality in the absence of COVID-19
in 2020–2021. Furthermore, data on traffic accident-related deaths were acquired from the
Road Accidents Data Center for Road Safety Culture of Thailand (Thai RSC) [24]. The
accident mortality data were also stratified by age group and gender. 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 numbers of daily COVID-19 cases and deaths in Thailand were retrieved from the
Center for Systems Science and Engineering (CSSE) at Johns Hopkins University [25]. Daily
COVID-19 mortality data were summarized into monthly data for consistency with the
monthly all-cause mortality. According to the COVID-19 mortality data, the number of con-
firmed deaths started to increase rapidly in early April 2021 (see Supplementary Figure S1).
We, therefore, focused our attention on estimating the excess deaths from April to October
2021, a period in which the cumulative number of COVID-19 deaths exceeded 100.

The monthly pneumonia mortality data were obtained from the Bureau of Epidemi-
ology, Department of Disease Control, Ministry of Public Health, Thailand [26]. The data
were country-level without age and sex stratification, as that information was not avail-
able. We used the pneumonia mortality data from 2015 to 2019 to estimate the pneumonia
baseline mortality in the absence of COVID-19 in 2020–2021.

We also obtained yearly population estimates from the Population Pyramids of the
World from 2015 to 2021 [27]. The single-year population counts were aggregated to match
the gender and age group of the mortality data. We employed the standard interpolation
approach [18] to estimate the monthly population by gender and age group. The monthly
population counts were used as an offset in the modeling strategy to calculate the baseline
mortality in Thailand.

3. Results

Thailand has been plagued by competition between Alpha and Delta variants since
April 2021 [3,4], resulting in Thailand’s most ever severe epidemic wave. The number of
COVID-19 deaths has increased across the country (Figure S1). Until August 2021, daily
deaths reached their peak with an average of 235 deaths per day [28]. Following that, the
death toll continued to decrease, with an average of 99 deaths per day in October [29].
During April to late August, there were more than 10,000 officially COVID-19 confirmed
deaths in Thailand.

This study estimated excess mortality in Thailand during the COVID-19 outbreak
using GLMM. To do so, we first evaluated the ability of different models to retrospectively
explain the mortality data from 2015 to 2019. The baseline mortality estimated using
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different models described in Section 2 is shown in Supplementary Figures S2–S9. A
comparison of the models showed that GLMMs with a full year of seasonality were more
consistent with the data. We found that the GLMM with age- and sex-specific effects for
special months (i.e., the first and last months of a year) yielded the best result based on the
Akaike information criterion (AIC) (Supplementary Table S1). The observed number of
deaths is indicated by the points, and the expected number of deaths is illustrated by the
solid line along with its 95% CI. Overall, the trends of monthly deaths generated from the
model agree with the reported data. We also predicted the baseline mortality in 2020–2021
on the basis of the 2015–2019 mortality data. We found that the predicted baseline in
2020–2021 during the COVID-19 outbreak was higher than the reported mortality data in
the younger age group (0–14) of men, whereas the predicted baseline in other age groups
agreed with the mortality data.

3.1. All-Cause Mortality during 2015–2021 in Thailand

All-cause deaths by age group and sex from 2015 to 2021 in Thailand are illustrated
in Figures 1 and 2. To compare all-cause mortality trends in each age group, the number
of reported total all-cause deaths was divided by the population in each age group. We
observed some annual seasonal patterns of all-cause deaths, with higher death rates in
the first and last months of a year for both men and women. The changes in mortality
rate that occurred during the COVID-19 outbreak varied by age group. Death rates in
younger people tended to be higher among younger age groups (0–14) in 2016, in which the
highest accident fatality rate was also highest in this period [30]. In 2021, the mortality rate
continually declined in the younger age group (0–24) for both men and women. However,
in age groups older than 25 years, the mortality was characteristic, in which an unusual
mortality peak was observed. The mortality rate rapidly increased from June to August,
with the mortality rate among men being higher than women. In the age group 36–60, the
mortality rate was approximately twofold higher among men than women, and 1.5-fold
higher in the age group over 60 years of age.
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Figure 1. All-cause mortality in men. Lines illustrate the mortality by six age groups (0–14, 15–18,
19–24, 25–34, 35–60, and over 60 years of age) starting from January 2015 to October 2021.
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Figure 2. All-cause mortality in women. Lines illustrate the mortality by six age groups (0–14, 15–18,
19–24, 25–34, 35–60, and over 60 years of age) starting from January 2015 to October 2021.

3.2. Cumulative Excess Mortality

The estimated cumulative excess deaths from April to October 2021 for men and
women are shown in Figure 3. The expected number of all-cause excess deaths up to
31 October 2021 was 25,486 (95% CI: 13,913–36,862). We found that the cumulative death
counts had risen by 14.3% (95% CI: 8.6–18.8%) above the baseline. The results showed
that male excess deaths accounted for 55.8% (14,223) of total excess deaths, while female
excess deaths accounted for 44.2% (11,263). These excess deaths included deaths caused by
COVID-19 and other causes. Up to 31 October 2021, there were 19,111 officially reported
COVID-19 deaths. After classifying the deaths caused by COVID-19, we found that the
deaths attributed to COVID-19 accounted for 75.0% of the excess deaths throughout the
study period, with the remaining 25.0% (6375) being indirectly attributed to COVID-19.

According to the time series of all-cause excess deaths, the number of excess deaths
began to rise above the baseline in July 2021 (Figure 3), which was the first month that the
daily number of COVID-19 deaths exceeded a hundred. For both men and women, excess
deaths were obviously observed in age groups older than 25 years, whereas excess in age
groups 15–18 and 19–24 were below the baseline with −18.1% and −12.0%, respectively
(Figure 4). For children aged 0–14, the excess deaths decreased −19.6% compared with
the expected level. The increases in mortality were observed in people aged 25–34 and
35–60 years, with 5.9% and 8.4% more deaths than expected. Among the six age groups,
the oldest age groups (>60 years of age) were most affected by the COVID-19 outbreak.
People in the age group of more than 60 years were exposed to death at an 11.6% higher
level than baseline, with men and women having a roughly similar trend. Furthermore,
life expectancy by sex was also estimated using the life table (Supplementary Figure S10).
We found that both male and female life expectancy at birth decreased in the year 2021.
Female life expectancy at birth decreased from 78.3 to 76.1 years compared to the previous
year. Similarly, male life expectancy at birth decreased from 71.6 years to 71.2 years in the
same period.
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3.3. Correlation of Excess Deaths and COVID-19

Our study demonstrated that the excess mortality across the country increased as
a consequence of the COVID-19 epidemic. The results revealed that the excess deaths
substantially increased over the course of the outbreak (Figure 5). Our model predicted
that the excess mortality counts began to rise after the outbreak in April 2021. The disease
spread to many provinces, with a maximum of 23,021 newly confirmed cases per day on
13 August 2021 [29]. We found that the trend of all-cause excess mortality agreed with
the COVID-19 confirmed cases observed by the surveillance system. Quantitatively, the
Pearson correlation coefficient between the cumulative cases and cumulative excess deaths
was found to be 0.9912 (95% CI: 0.9392–0.9987). This correlation suggests that the COVID-19
outbreaks had an impact on excess mortality.
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3.4. Pneumonia Excess Mortality

In this study, we also estimated the pneumonia excess mortality during the COVID-19
outbreak (for full details, see the Supplementary Materials). We found that the trend of
pneumonia deaths continually decreased from 2015 to 2020 (Supplementary Figure S11).
However, we observed unexpected pneumonia deaths in May 2021. Using the GLMMs, we
estimated pneumonia excess deaths between April and October 2021. The pneumonia ex-
cess deaths are illustrated in Figure 6. The results suggested that the number of pneumonia
excess deaths exceeded the baseline by 26.2% (95% CI: 4.8–46.0%) as of 31 October 2021. The
cumulative pneumonia excess deaths were found to be 34 (95% CI: 6–58). Furthermore, the
results showed that pneumonia excess deaths began to rise rapidly in April 2021, the same
time period that COVID-19 began to spread in Thailand, and decreased slowly afterward.
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4. Discussion

In this study, we investigated the impact of COVID-19 outbreaks on excess mortality
in Thailand. We estimated all-cause excess mortality in 2021 on the basis of historical
mortality data from 2015 to 2019. We then analyzed the age- and sex-specific mortality
during 2020–2021.

Using our best model, we estimated the excess mortality in Thailand from April to
October 2021. Our results highlighted that the mortality burden was increased during this
period, which would be a major challenge to the healthcare system. However, Thailand
implemented social distancing and stringent lockdown measures, which comprised a
national lockdown, border closure, restricting travel, and imposing nighttime curfews. The
rapid rise in the number of confirmed cases resulted in the subsequent surge in the number
of deaths. Our analysis suggested that death counts directly caused by the COVID-19
infection accounted for approximately 75.0% of the excess deaths. The remaining excess
deaths might have been indirectly caused by COVID-19. People, who are ill with other
diseases, may struggle to find treatment due to the impact of disruptions to the healthcare
system during the COVID-19 outbreak [31,32]. There have been reports of inadequate
intensive care unit (ICU) beds and ventilators in Thailand [9]. A shortage of ICU resources
may lead to an increased risk of death for critically ill patients. Some hospitals also lacked
blood supplies due to a dramatic decrease in blood donations, resulting in blood shortages
throughout the country [33,34].

Our analysis shows that the excess mortality drastically increased with increasing
age, which is broadly consistent with the estimates in other studies [18,20]. The excess
mortality was observed mostly in the age group above 60 years of age, accounting for 78.4%
of the total excess mortality. These demographic characteristics of mortality agree with
the risk of mortality due to the COVID-19 outbreak [35–37]. Furthermore, recent clinical
studies [38,39] found that COVID-19 has a major impact on the elderly. Therefore, targeting
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primarily the elderly age group (via, e.g., vaccination) may reduce hospitalization and
mortality rates.

In contrast, the COVID-19 outbreak seemed to have less of an impact on the younger
age group (0–24 years). All-cause mortality in the younger age group may have decreased
partly due to the reduction in traffic accident mortality. A recent study also pointed out that
the reduction in deaths among the younger age groups may have been due to fewer car
accidents and work-related accidents during the lockdown period [21]. According to the
WHO Global Status Report on Road Safety [40], Thailand ranked ninth in the world and
first in Southeast Asia for road traffic deaths, with an estimated road traffic death rate of
33 deaths per 100,000 people in 2018 [41]. Moreover, traffic accidents were the third leading
cause of death in Thailand in 2020 [42]. However, the data in 2021 suggest that traffic
accident fatalities decreased substantially during the course of the COVID-19 outbreak
(Supplementary Figure S12). The mobility data reported by Apple [43] also suggested that
driving and walking mobility tended to decrease during this period. The number of deaths
caused by traffic accidents decreased markedly in the male population (Supplementary
Figure S13). Specifically, the average number of deaths caused by traffic accidents decreased
approximately 20% compared to the previous year. Therefore, our findings might reflect
reduced all-cause mortality in the younger age group of men, partly due to the reduction
in traffic accident mortality as a result of lockdown measures.

Our results showed higher excess deaths in males than in females. Although the trend
of sex-specific deaths in 2021 compared to the previous four years showed a similar trend
for men and women, the magnitude of excess mortality was higher for men, specifically
in three age groups (25–34, 35–60, and over 60 years of age). There was a noticeable sex
difference in excess mortality in age groups older than 25 years. These demographics
of excess mortality were also found in other countries such as England and Wales [18],
Sweden [20], Italy [44], and Brazil [45]. These studies revealed that the majority of excess
deaths were attributable to COVID-19. Moreover, other studies have suggested that the
risk of COVID-related death in males may be related to susceptibility to severe SARS-
CoV-2 infections and male hormones [46–48]. Therefore, gender could be a risk factor for
COVID-related mortality.

The increase in all-cause mortality in Thailand was mainly affected by the COVID-19
outbreak. Furthermore, during the same COVID-19 outbreak period, Thailand experienced
excess pneumonia mortality (Figure 6). Our results showed that pneumonia mortality
increased from April to October 2021, corresponding to the period of the COVID-19 out-
break. In this study, we analyzed pneumonia mortality because pneumonia could be a
complication of COVID-19 and has symptoms or signs similar to those of COVID-19 [49,50].
Moreover, among COVID-19 patients, pneumonia was the leading cause of death [51,52].
According to the pneumonia mortality data, the trend of pneumonia deaths continually
decreased from 2015 to 2020 (Supplementary Figure S11). However, the mortality rate
caused by pneumonia increased unexpectedly during the COVID-19 outbreak in April
2021 [26]. Furthermore, while the prevalence of influenza during the COVID-19 outbreak
in Thailand tended to decrease [53], pneumonia mortality still increased. It is possible that
the increase in pneumonia deaths could be attributed to COVID-19 or misclassified deaths.
If the increase in excess pneumonia deaths is a misclassification of COVID-19 deaths, this
would indicate that the true number of COVID-19 deaths might have been underestimated.
This is a possible explanation for the increase in pneumonia deaths during the COVID-19
outbreak in 2021. However, because there appears to be insufficient evidence and a lack of
data during the study period, we were unable to quantify the death toll of misclassified
COVID-19 deaths. Moreover, we used life expectancy at birth as an indicator of population
health in Thailand during the COVID-19 outbreak. The average number of years a newborn
is expected to live might reflect the impact on mortality due to the COVID-19 outbreak.
According to WHO and the World Bank data [54,55], the life expectancy at birth of the Thai
population in 2020 tended to increase over time for both men and women. However, our
estimations show that life expectancy dropped, with a reduction of 0.4 and 2.2 years for
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men and women, respectively, compared to the previous year. The results illustrate that
life expectancy losses might have been due to the abrupt increase in mortality in both men
and women during the COVID-19 outbreak. Interestingly, although COVID-19 tended to
impact higher mortality among males than females, it contributed to higher life-expectancy
losses in females than in males. However, the estimation of life expectancy was a crude
estimate due to the limitation of data. Future studies should deal with this issue, which
will need to be investigated.

Our study, however, had some limitations. In this work, we did not consider other
influential factors of death, such as influenza and respiratory syncytial virus infection, due
to the lack of data. The empirical findings from Suntronwong et al. [53] revealed that the
advent of COVID-19 may have changed human behavior, such as wearing face masks
and social distancing, resulting in a decreased transmission of influenza in Thailand. In
addition, we did not consider other factors such as effects of heatwaves and ambient air
pollution that may correlate with mortality [56,57] due to the limitation of data. Future
work may investigate these factors when the data become available.

5. Conclusions

In summary, our findings showed that the COVID-19 outbreak in Thailand had a huge
impact on mortality. During the outbreak in 2021, there was a significant rise in excess
fatalities, especially in the older age groups. The increase in mortality was found to be
higher in men than in women. It is worth stressing that up-to-date and reliable mortality
data are essential to assess the impact of the COVID-19 pandemic. Our modeling results
could potentially provide insights into the COVID-19 outbreaks and provide a guide for
outbreak control and intervention.
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baseline mortality from Model D; Figure S10: Life expectancy at birth; Figure S11: Pneumonia baseline
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