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Abstract

Background There is a limited body of research specifically examining gender inequality in excess mortality and its
variations across age groups and geographical locations during the COVID-19 pandemic. This study aims to fill this
gap by analyzing the patterns of gender inequality in excess all-cause mortality in Thailand during the COVID-19
pandemic.

Methods Data pertaining to all-cause deaths and population between January 1,2010, and December 31, 2021,
were obtained from Thailand’s Bureau of Registration Administration. A seasonal autoregressive integrated moving
average (SARIMA) technique was used to estimate excess mortality during the pandemic between January 2020 to
December 2021. Gender differential excess mortality was measured as the difference in age-standardized mortality
rates between men and women.

Results Our SARIMA-based estimate of all-cause mortality in Thailand during the COVID-19 pandemic amounted

to 1,032,921 deaths, with COVID-19-related fatalities surpassing official figures by 1.64 times. The analysis revealed
fluctuating patterns of excess and deficit in all-cause mortality rates across different phases of the pandemic, as

well as among various age groups and regions. In 2020, the most pronounced gender disparity in excess all-cause
mortality emerged in April, with 4.28 additional female deaths per 100,000, whereas in 2021, the peak gender gap
transpired in August, with 7.52 more male deaths per 100,000. Individuals in the 80+age group exhibited the largest
gender gap for most of the observed period. Gender differences in excess mortality were uniform across regions and
over the period observed. Bangkok showed the highest gender disparity during the peak of the fourth wave, with
24.18 more male deaths per 100,000.

Conclusion The findings indicate an overall presence of gender inequality in excess mortality during the COVID-
19 pandemic in Thailand, observed across age groups and regions. These findings highlight the need for further
attention to be paid to gender disparities in mortality and call for targeted interventions to address these disparities.
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Introduction

Estimating the true burden of the COVID-19 pandemic
in terms of the number of lives lost is crucial for research-
ers and public health policymakers. Without sufficient
and accurate data, such an endeavor is impossible, and
any efforts to overcome the manifold pandemic-associ-
ated challenges would be implausible. Worldwide, there
is a widespread belief that COVID-19-related deaths are
underreported, with resource-poor countries being com-
monly assumed to have more unreported COVID-19
deaths, largely due to underdeveloped civil registration
and vital statistics systems [1, 2]. However, increasing
evidence suggests that many developed countries, includ-
ing the US and several European nations, are also facing
similar issues of undercounting COVID-19 deaths [3-5],
signaling to other nations that they must pay greater
attention to surveilling their COVID-19-related deaths.

Excess mortality—defined as the difference between
the number of deaths during the pandemic and the num-
ber of deaths expected in normal years—has increas-
ingly gained favor over official death statistics among
epidemiologists and researchers in providing a more
accurate assessment of the impact of COVID-19 on mor-
tality [4—7]. Based on estimations of excess deaths, global
deaths during the COVID-19 pandemic were calculated
to be approximately 17.1-19.6 million between January
1, 2020, and December 31, 2021 [8, 9], about three times
higher than the reported number of 5.9 million deaths.
Additionally, there is emerging evidence for significant
variations in excess mortality across sociodemographic
subgroups, particularly regarding sex and geographical
location [10-13].

More than two years into the pandemic, it has been
well-documented that men have had greater disadvan-
tages in terms of COVID-19 mortality according to sev-
eral death reports and studies [14—17]. While this has
yielded reasonable speculation that the pandemic will
exacerbate existing gender inequalities through higher
male mortality, findings from recent studies have sug-
gested that it may be too early to draw definitive con-
clusions. For example, a study by Krieger et al. [18] has
found no difference in the relative increase in excess
mortality between men and women in the US during the
early phase of COVID-19, even though the mortality rate
was found to be higher for men. Meanwhile, a European-
based study conducted by Nielsen et al. [16] showed that
women had remarkably higher excess mortalities in some
periods compared to men. A more recent study by Akter
[19] revealed a reverse gender gap in mortality in 37
states across the US, shedding light on the geographical
variation in gender inequality in terms of mortality dur-
ing the pandemic.

A vast array of literature on the pandemic regarding its
economic, health, social, and public policy consequences
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has consistently demonstrated that COVID-19 does not
impact people uniformly across countries or even within
the same country. A variety of contextual conditions and
factors, such as population density, geographical features,
land use patterns, demographic structures, urbanization
levels, healthcare systems and their capacities, and pub-
lic policies handling the pandemic, have all been reported
as significant factors influencing COVID-19 deaths [19,
20]. However, evidence for how and to what extent these
factors have affected mortality is mixed and inconclusive.
For example, a study of several European countries found
lower excess mortality in rural areas compared to peri-
urban and urban areas due to lower population density
and industrial land use, and limited social connectiv-
ity [21]. Other studies have reported inconsistent find-
ings [20, 22], offering possible explanations involving the
relatively greater socio-economic disadvantages of rural
residents associated with limited healthcare access and
resources [19, 20, 22]. There is also evidence pointing to
marked gender inequalities during the pandemic with
respect to healthcare access and utilization, with women
often facing a higher mortality risk than men, leading to
smaller or inverse gender gaps in mortality [17].

This study was motivated by the mixed evidence of
gender inequality in mortality during the pandemic, cou-
pled with the fact that very few studies have been con-
ducted to specifically explore gender inequality using a
measure of excess mortality and examine how it varies
across COVID-19 periods, age groups and geographies.
Among the studies available, all have focused on popula-
tions in developed nations. With the exception of Akter
[19], these studies have only offered national-level esti-
mates, neglecting the influence of geographical nuances
on COVID-19 mortality rates.

Thailand, where the current study is based, provides a
compelling setting for this research inquiry. Between Jan-
uary 2020 and December 2021, the official report showed
that 21,700 deaths were assigned to COVID-19 [8].
However, Wang et al. [8] estimated that the provisional
excess death count could be up to 42,200. Despite its rela-
tively small number of deaths compared to other coun-
tries, Thailand was the first country in Southeast Asia to
report a laboratory-confirmed COVID-19 case on Janu-
ary 17, 2020 [23] and among the first nations to impose a
nationwide lockdown followed by curfews in April 2020,
at which time the daily infected cases had peaked at 188,
and the cumulative death toll had only reached 57—a rel-
atively small number compared to other western nations
[24]. As a result, the Thai government was highly praised
by the international community for its effective COVID-
19 response. Nonetheless, the country was hit by the
second wave of COVID-19 during the December 2020-
February 2021 period due to labor trafficking, shortly
followed by the third wave between April and June 2021,
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with the average death tolls rising to 19 per day [25]. The
fourth wave, taking place between July and December
2021, was seen as the worst hit by the pandemic up to
that point, with the daily death toll reaching 312 lives lost
per day [26].

The primary aim of this study was to examine and bet-
ter understand the pattern of gender inequality in mor-
tality during the COVID-19 pandemic in Thailand. To
achieve this overarching aim, our study pursued three
specific objectives. First, considering the possibility of
underreported COVID-19 deaths based on the officially
published data by the government, we intended to esti-
mate the monthly excess all-cause mortality for both men
and women from January 2020 to December 2021. To
accomplish this, we employed the Box-Jenkins seasonal
autoregressive integrated moving average (SARIMA)
technique, a classical time-series model widely used in
epidemiological research to account for temporal and
seasonal changes in time-series data [27, 28].

Our second objective was to examine the differences in
excess all-cause mortality between men and women, spe-
cifically focusing on how these differences varied over the
two consecutive years investigated, as well as across dif-
ferent age groups and regions. As we recognized that fac-
tors such as the mutation of the COVID-19 virus and the
implementation of public health measures could poten-
tially influence the fluctuation of excess mortality pat-
terns over time in conjunction with the existing evidence
on regional disparities in mortality [29, 30], our study
aimed to shed light on the dynamic nature of gender-
related impacts during the COVID-19 pandemic. The
age-disaggregated and region-disaggregated details will
serve as key input for formulating policies and measures
and the corresponding resource allocation for specific
age groups and regions [31].

Finally, we investigated the differences between pat-
terns of gender inequality in excess mortality derived
from our model and those based on the reported
COVID-19 death data by the official surveillance sys-
tem of the Ministry of Public Health. This comparison
emphasizes the significance of independent research in
complementing and validating official sources, as it cor-
roborates and strengthens the evidence pertaining to
gender inequality in excess mortality.

Data and methods

Data

Mortality data We obtained all-cause death counts—
disaggregated by age, sex, province, and month between
January 1, 2010, and December 31, 2021—through a
written request submitted to the Bureau of Registration
Administration (BORA) of Thailand’s Ministry of Inte-
rior (MOI). To adjust for potential delays in reporting
deaths, the date of death and the date the administrative
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office was notified were also requested. Furthermore, the
Department of Disease Control (DDC) in the Ministry of
Public Health provided us with additional data on daily
coronavirus-related deaths by age, sex, and province
occurring between March 1, 2020 (the date of the first
officially identified COVID-19 death in Thailand) and
December 31, 2021.

Population data Monthly population data by age, sex,
and province were retrieved from the official website of
the Population Registration Database, administered by
BORA  (https://stat.bora.dopa.go.th/stat/statnew/stat-
Menu/newStat/home.php).

Methods

Data preparation

The 1991 Civil Registration Law in Thailand stipulates
that a person’s death must be reported to a government
officer within 24 hours [32]. However, our preliminary
review of the all-cause mortality data during a 12-year
observation period revealed that the mode of reporting
time was within 1 day after death, with an average of 2.81
days and a standard deviation (SD) of 37.81 days. The
large SD value was mainly due to the wide distribution of
data, with the maximum delay in reporting death of more
than 4,300 days. Although the number of deaths incurred
but not reported (IBNR) was relatively low, there was a
potential delay of more than one month before these
deaths were officially reported. To account for such
delays, we adopted a chain ladder technique [33], in
which the inflation factors by month and year, separated
for men and women, were calculated and then used to
estimate the total monthly all-cause deaths.

From January 1, 2010, to December 31, 2021, there
were 5,634,224 observed deaths in Thailand. Due to
invalid information on the death date, province, or sex,
3,663 deaths were excluded from the analysis. By adjust-
ing for IBNR deaths, which accounted for approxi-
mately 2,058 deaths, the final number of observed deaths
included in our analysis was 5,632,238.

To create a comparable metric, the daily COVID-19
mortality data from a DDC surveillance system were con-
verted to monthly data. While we recognized the greater
potential for reporting delays among COVID-19 deaths
[34, 35], we were unable to account for such delays due to
missing and invalid information on the date of death for
approximately half of the total deaths. Between March
1, 2020, and December 31, 2021, the observed number
of COVID-19 deaths was 21,698. By removing five cases
without valid information on sex, the final observed
number of COVID-19 deaths was 21,693.

To calculate monthly mortality rates, we needed
to determine the person-months of exposure to
the risk of dying. In this study, the mid-month
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population—calculated by averaging the initial and final
population sizes at month ; and month z+1—was used
as an estimate of person-months at risk. To minimize the
confounding effect of age structure on mortality, which
could lead to misinterpreting the results, particularly
when making comparisons between men and women,
we standardized age-specific monthly mortality rates
using the direct method and population age structure
from 2019. Additionally, to generate regional estimates,
the province-level mortality data were aggregated to the
regional level following the administrative classification
of regions by the MOL.

Statistical analysis

Monthly excess mortality is defined as the difference
between the expected (baseline) number of deaths and
the observed number of deaths taking place in a partic-
ular period of time [8]. The expected number of deaths
by age, region, and gender was estimated based on the
all-cause mortality patterns from 2010 to 2019 using the
Box-Jenkins approach, also known as ARIMA model.
The ARIMA (p, d, q) model is a time-series model com-
monly employed in epidemiological research to capture
the temporal dependence structure of a univariate time-
series [27]. The letters p, d, and g signify the order of
autoregression, degree of difference, and order of mov-
ing average, respectively. The ARIMA model is consid-
ered appropriate when the data pattern is not repeated
within a year. However, if the data pattern is seasonal, the
extended version of ARIMA, called the seasonal ARIMA
(SARIMA), is a more suitable model. The SARIMA
model is specified as (p,d, q) (P, D, Q) [s], in which the
four additional hyper-parameters ((P, D, Q) ][s]) repre-
sent the seasonal components, namely seasonal autore-
gression, seasonal integration, seasonal moving average,

Table 1 Results of the augmented Dickey-Fuller test for men

and women
Men Women
Dickey-Fuller p-value Dickey-Fuller p-value
Total -5.27 0.01 -4.95 0.01
Age group
0-14 -4.04 0.01 -4.72 0.01
15-34 -5.99 0.01 -3.52 0.04
35-59 -4.46 0.01 -3.54 0.04
60-69 -4.17 0.01 -4.21 0.01
70-79 -5.14 0.01 -4.90 0.01
80+ -5.81 0.01 -5.84 0.01
Region
Bangkok -4.50 0.01 -3.92 0.02
Central -4.65 0.01 -4.74 0.01
North -5.61 0.01 -5.61 0.01
South -5.70 0.01 -5.55 0.01
Northeast -542 0.01 -4.96 0.01
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and seasonal period length, respectively. The literature
has shown that SARIMA models have been proven and
validated for capturing and estimating excess mortality
during the COVID-19 pandemic [36-39].

Prior to the model fitting, we first examined the pat-
tern of sex-specific all-cause mortality occurring between
2010 and 2019. The trends, seasonality, and stationary
state of the data in the series were analyzed using time-
series plots and the Augmented Dickey-Fuller (ADF)
unit root test. If the ADF test indicated that the series of
monthly mortality data was a non-stationary sequence
(p=0.05), a transformation into a stationary time series
was performed by taking a suitable difference to stabilize
the variances. Table 1 shows the ADF test results for the
data series for men and women and according to their
ages and regions, indicating that all data series were in a
stationary state with p-values of less than 0.05.

The “auto.arima( )” command provided in the “Fore-
cast” package in R program (version 4.0.3) was then used
to generate the autocorrelation function (ACF) and par-
tial autocorrelation function (PACF) diagrams, and later
to identify the best-fitted SARIMA models. The ACF and
PACEF plots based on the original data series were visually
and supplementarily examined to confirm the stationary
state and suggest possible orders of the autoregressive
and moving average components of the SARIMA mod-
els. Figure 1 exhibits the examples of the ACF and PACF
plots, with 95% significance boundaries shown in dot-
ted lines, for the original data series for men and women
(d=0, D=0). The plots for the original data series by age
groups and regions for men and women can be found in
supplementary information.

In the process of building the SARIMA model, the
“auto.arima” function performs an iterative procedure to
estimate several SARIMA models with different orders of
SARIMA(p,d,q)(PD,Q)[s], and automatically chose the
optimal model based on the Akaike information crite-
rion (AIC) [40]. To validate the predictability of the fit-
ted model, as suggested by previous studies [41, 42], the
Ljung-Box Q statistics were performed again for lags 1,
5, and 20 to ensure that the residuals exhibited no auto-
correlation for a fixed number of lags and that the fitted
model captured all trends in the data series [43—-45]. All
SARIMA models obtained by the auto.arima command
were confirmed by the Ljung-Box Q statistics, except
for the women residing in the Southern region. For this
particular data series, the originally identified model was
SARIMA (0,1,2)(2,0,0) [12], with a Ljung-Box Q value of
38.52 and a corresponding p-value of 0.01. As such, the
model was manually adjusted by using a seasonal dif-
ferencing order D of 1 to SARIMA (0,1,2)(2,1,0) [12] to
improve the fit, which yielded a Ljung-Box Q value of
20.75 and a corresponding p-value of 0.44.
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Fig. 1 The ACF and PACF plots for the data series for men and women (d=0, D=0)

All data analyses were performed using STATA (ver-
sion 17) and were separated by sex, age group (i.e., 0-14,
15-34, 35-59, 60-69, 70-79, and 80 years or over), and
five regions (Bangkok, Central, North, South, and North-
east). The number of excess deaths was reported in both
absolute and relative (to 100,000 population) terms. The
predicted numbers of deaths and death rates were pre-
sented with 95% confidence intervals (CIs). For death
counts, the 95% Cls were calculated asN; & 1.96*SE;
with N; and SE, representing the monthly death count
and the standard error, respectively, in which SE; was
calculated using a Poisson distribution as /N, [46, 47].
For age-standardized death rates, the 95% Cls were cal-
culated asN, + 1.96*SE,, with N, and SE, representing
the monthly age-standardized death rate and standard
error, respectively, in which SE, was calculated based on
a binomial proportion as Ny/+/Nj, taking into account
the variability in death counts and rates, as described by
Keyfitz [48].

Results

This section is structured as follows. First, we introduce
the observed monthly all-cause mortality between 2010
and 2019 by gender, age, and region. Next, we present the
results from fitting these data into the SARIMA models

to derive the expected all-cause mortality during the
COVID-19 pandemic for men and women, overall and by
age and region. Based on the modeling results, we then
examine the gender differences in excess mortality dur-
ing the COVID-19 pandemic for the overall population
and with respect to age groups and regions. Finally, we
compare the results from the analyses of gender differ-
ences in excess all-cause mortality, including the over-
all differences and the variations by age and region, to
those derived from the official COVID-19 death counts
reported by the Thai government.

Trends in observed monthly mortality between 2010 and
2019

There were 4,573,706 observed all-cause deaths between
January 1, 2010, and December 31, 2019, of which 56.93%
were men and 43.07% were women. The average monthly
number of deaths for the total, male, and female popula-
tions during these years were 38,031, 21,650, and 16,381,
respectively. The time-series data, as displayed in Fig. 2,
Panel A, Column 1, exhibits a clear upward trend in over-
all mortality, reflecting the rapid population aging tak-
ing place in Thailand recently, with the share of the Thai
population aged 60 years and older substantially increas-
ing from 12.94% to 19.22% between 2010 and 2020 [49].
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Fig. 2 Observed death counts and age-standardized mortality rates (per 100,000 person-months), January 2010-December 2019, Thailand
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A similar trend was also observed for both the male and
female populations. Furthermore, the results indicate a
gender gap in mortality, primarily advantaging women,
overall and across age groups and regions. In all age
groups except for those over 80 years old, the mortality
counts were higher for men than for women. The gender
gap was largest in the 35-59-year-old group and small-
est in the 0-14-year-old group (Fig. 2, Panel B, Column
1). These gender differences in mortality also varied by
region, with the Northeast region exhibiting not only the
highest mortality levels in both sexes but also the larg-
est gender difference compared to other regions (Fig. 2,
Panel C, Column 1).

In terms of age-standardized mortality rates, the aver-
age monthly death rates from 2010 to 2019 were 62.34
per 100,000 for the overall population, 74.27 per 100,000
for men, and 51.42 per 100,000 for women. In contrast
to our previous observation in absolute terms, the results
in relative terms demonstrate inconsistent patterns
between men and women. The mortality rates for men
varied narrowly between 70 and 80 per 100,000 over the
period covered, while a sharp rise in mortality rates was
observed for women in early 2014, after which the rates
remained relatively stable (Fig. 2, Panel A, Column 2).
Combined with the absence of an increasing trend in the
mortality rates for men, this resulted in notably smaller
gender differences between 2014 and 2019.

Gender differences in mortality rates over this period
were further examined regarding age groups and regions.
In terms of age group, mortality rates were generally
lower for women across all age groups except for the
80+group (Fig. 2, Panel B, Column 2). In the population
aged 60 years and older, two distinguished patterns were
observed between 2014 and 2019: a smaller gender gap,
which was prevalent among the population aged 60-79
years, and a reverse gender gap with a higher level of
mortality among women in the 80+age group.

Unlike age groups, the pattern of gender differences
in mortality rates over time varied only slightly across
regions. An increasing level of mortality over time was
observed only in men living in Bangkok, while similar
patterns were prevalent among women in all regions.
This resulted in relatively smaller gender differences for
all regions compared to Bangkok.

Model fitting and expected monthly mortality between
2010 and 2019

Table 2 presents the parameters of the fitted SARIMA
models based on the observed monthly mortality time-
series data between January 2010 to December 2019. For
all the fitted models, the p-values in the Ljung-Box Q test
for residuals were greater than 0.05, indicating that the
fitted SARIMA models contained all the trends in the
data series reasonably well. These models could thus be
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used to forecast the expected all-cause mortality rates
between January 2020 and December 2021.

Table 3 presents the expected death counts for 2020
and 2021 individually and in both years combined. In the
year January 1, 2020, and December 31, 2020, the total
expected death counts were 514,261 (95% CI: 469,953—
558,568), with 56.81% being men and 43.19% women.
For 2021, the total expected deaths were 518,660 (95%
CI: 467,135-570,185), of which 56.58% were men and
43.42% were women. Combining the two years resulted
in a total expected death count of 1,032,921 (95% CI:
937,089-1,128,753), the male-to-female ratio for the two
years combined was 1.31:1.

Excess all-cause mortality during the COVID-19 pandemic
Figure 3 illustrates the plots of the expected all-cause
mortality over time for men and women against the
observed all-cause mortality on a monthly basis. The
solid lines denote the expected death counts, while
the shaded areas represent the associated 95% Cls. The
dashed lines depict the corresponding observed death
counts. Excess (or deficit) mortality is represented by a
gap between the dashed and the solid lines.

The results show variations in excess (i.e., expected
deaths<observed deaths) and deficit (i.e., expected
deaths>observed deaths) mortality in both men and
women during the pandemic, with the pattern varying
substantially over the observed period. In 2020, mortal-
ity deficits largely manifested in the first three quarters of
the year, while the mortality excesses emerged in an obvi-
ous way in the final quarter, which was apparent for both
men and women. As shown in Table 3, the estimated all-
cause excess death counts were negative at —6,596 (95%
CIL: —-6,755 to —6,437) for men, —6,214 (95% CI: —6,369
to —6,059) for women, and —12,810 (95% CI: —13,032 to
—12,588) for both sexes combined. The male-to-female
ratio for all-cause deficit deaths in 2020 was 0.94:1.

In stark contrast, mortality deficits in 2021 appeared
sporadically in the first half of the year from February to
May, followed by the predominance of mortality excesses
throughout the rest of the year. This pattern was simi-
lar for both sexes. For 2021, the all-cause excess deaths
estimated for men, women, and both sexes combined
were 28,937 (95% CI: 28,604-29,270), 19,483 (95% CL:
19,209-19,757), and 48,420 (95% CI: 47,989-48,851),
respectively. The corresponding male-to-female ratio was
1.49:1.

The results also demonstrate that the variation of mor-
tality excesses and deficits over time in relative terms
was, by and large, consistent with that measured in abso-
lute terms for both men and women. However, there
was a decreasing trend in death rates for women that
occurred between September 2020 and January 2021.
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Table 2 Parameters of the fitted Seasonal Autoregressive Integrated Moving Average (SARIMA) models ((p, d, ) (P D, Q) [s]) and
selection criteria values for the time-series data from January 2010 to December 2019 for men and women and by age and region

SARIMA Model fit Ljung-Box Q
statistics

Degree of freedom=1 Degree of freedom=5 Degree of
freedom=20

(p, d, q)(P, D, Q)Is] AIC Statistics p-value Statistics p-value Statistics p-value
Men
Total SARIMA (1,00)(2,1,0) 121 1,751 0.20 0.65 5.76 033 2255 0.31
Age group
0-14 SARIMA (0,1,1)(0,02) [12] 1,173 227 0.13 599 031 19.81 047
15-34 SARIMA (0,02)(1,1,1) (121 1,193 0.08 0.78 1.28 094 17.35 063
35-59 SARIMA (2,02)(2,1,0)[12] 1,452 0.03 0.86 313 0.68 20.38 043
60-69 SARIMA (1,0,002,1,0) [12] 1,380 038 0.54 7.79 017 2359 0.26
70-79 SARIMA (1,1,1)(2,00) [12] 1,629 0.15 0.70 7.81 017 2145 037
80+ SARIMA (2,1,1)2,0,0) [12] 1,708 0.07 0.79 1.60 0.90 943 0.98
Region
Bangkok SARIMA (1,1,1)(2,0,0) [12] 1,396 0.21 0.65 575 0.33 17.14 0.64
Central SARIMA (1,1,1)(2,0,0) [12] 1,669 0.92 0.34 6.25 0.28 17.39 0.63
North SARIMA (1,00)(2,1,0) [12] 1,488 0.07 0.79 0.89 097 8.88 098
South SARIMA (1,0,0)(0,1,1) [12] 1,279 0.06 0.81 0.73 0.98 10.37 0.96
Northeast SARIMA (1,0,0)2,1,0) [12] 1,563 0.09 0.76 1.92 0.86 2358 0.26
Women
Total SARIMA (1,1,1)2,0,0) [12] 1,937 0.27 0.60 4.72 045 15.59 0.74
Age group
0-14 SARIMA (2,1,1)(2,00) [12] 1,136 0.03 0.87 0.76 0.98 15.39 0.75
15-34 SARIMA (0,1,1)(2,0,0) [12] 1,155 0.03 0.86 6.56 0.26 17.30 063
35-59 SARIMA (1,00)(2,1,0) [12]1 1,302 0.06 0.80 230 0.81 15.21 0.76
60-69 SARIMA (1,1,1)(0,0,2) [12] 1,492 0.16 0.69 1.87 0.87 17.77 0.60
70-79 SARIMA (1,00)2,0,0) [12] 1,614 0.34 0.56 2.78 0.73 12.32 0.90
80+ SARIMA (2,1,1)(2,0,0) [12] 1,793 0.09 0.76 134 0.93 1042 0.96
Region
Bangkok SARIMA (5,1,1)(2,0,0) [12] 1,400 0.11 0.75 0.76 098 10.92 095
Central SARIMA (1,1,1)(2,0,0) [12] 1,654 0.01 0.94 4.30 0.51 13.19 0.87
North SARIMA (1,1,1)(2,00) [12] 1,659 033 0.57 3.26 0.66 10.17 097
South SARIMA (0,1,2)(2,1,0) [12]1 1,243 0.00 0.99 0.63 0.99 20.75 041
Northeast SARIMA (1,1,1)(2,0,0) [12] 1,716 0.16 0.69 1.92 0.86 9.45 0.98

Note: The letter p represents the order of autoregression, d represents the degree of differencing, and g represents the order of moving average. The letters £, D,
and Qrepresent the parameters for seasonal autoregression, seasonal integration, and seasonal moving average, respectively. The letter s denotes the length of the
seasonal period. AIC stands for Akaike information criterion.

Table 3 All-cause excess mortality counts, Thailand, 2020-2021

Observed deaths Expected deaths Excess deaths
Estimated counts 95% ClI Estimated counts 95% Cl

Total 1,068,531 1,032,921 (937,089-1,128,753) 35,610 (35,240-35,980)
2020

All 501,451 514,261 (469,953-558,568) -12,810 (-13,032t0 —12,588)

Men 285,536 292,132 (270,984-313,279) -6,596 (-6,755 to —6,437)

Women 215915 222,129 (198,970-245,289) —6,214 (-6,369 to —6,059)
2021

All 567,080 518,660 (467,135-570,185) 48,420 (47,989-48,851)

Men 322,404 293,467 (270,097-316,836) 28,937 (28,604-29,270)

Women 244,676 225,193 (197,038-253,349) 19,483 (19,209-19,757)

Note: 95% Cl stands for 95% confidence interval.
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2021) waves of the COVID-19 pandemic, respectively.

Gender differences in excess all-cause mortality

To examine gender differences in excess mortality for the
overall population, as well as for age groups and regions,
we focused on age-standardized mortality rates to mini-
mize the potential confounding effects of age structure.
The difference between the expected and observed mor-
tality rates is presented in Fig. 4, with a positive value
indicating excess mortality and a negative value repre-
senting deficit mortality. We computed the magnitude of
these gender differences, presented in Fig. 5, by deduct-
ing the excess mortality rate for men from that of women,
with a positive value showing a higher excess mortality
rate.

As illustrated in Fig. 4, the results reveal that the excess
mortality in men and women did not substantially differ
overall. However, the two periods witnessed remarkable
gender differences in excess mortality. The first period
was April 2020, which coincided with the peak of the
first wave of the COVID-19 outbreak. Notably, the excess
mortality rates were negative for both men and women,
with negative excess mortality rates being distinctively
higher in men than women. The corresponding difference
in excess mortality rates, as shown in Fig. 5, was 4.28 per
100,000 (= —4.86 per 100,000 — —9.13 per 100,000), sug-
gesting that there were approximately four fewer excess
deaths per 100,000 men than women. Another notewor-
thy phenomenon was observed in August 2021, which
corresponded with the fourth wave of COVID-19. Men
had a markedly higher excess mortality rate compared to
women at —7.52 per 100,000 (=14.77 per 100,000 —22.29
per 100,000), indicating that there were approximately
eight more excess male deaths per 100,000.

Gender differences in excess all-cause mortality by age
groups

Figures 4 and 5 further show that gender differences in
excess mortality increased with age, particularly for
older age groups. In 2020, in the young and middle-aged
populations, there were virtually no gender differences
in excess mortality, even during the previously identi-
fied peak period in April. A somewhat similar trend is
observed for 2021, with the exception of the middle-aged
group aged 35-59 years during the second peak period in
August 2021, where men exhibited higher excess mortal-
ity than women.

However, in the older age groups, gender differences in
excess mortality were clearly observed and had contrast-
ing patterns. In the 60—69 age group, gender differences
in excess mortality were relatively modest compared to
those in the 70-79 and 80+age groups, with male show-
ing higher excess mortality rates during most of the
COVID-19 pandemic period. The corresponding gen-
der differences in excess mortality, as shown in Fig. 5,
ranged from —22.76 per 100,000 to 2.83 per 100,000, with
a remarkably higher male excess mortality of 22.76 per
100,000 during the fourth wave of COVID-19 in 2021.

Conversely, the middle-old and oldest-old age groups
exhibited significantly wider gender differences in excess
mortality, especially for the oldest old group. In the
70-79 age group, a noticeable difference from the young-
est age group was observed: females experienced greater
excess mortality than males for most of the COVID-19
pandemic period before the second peak in August 2021.
Afterward, the pattern reversed, with the largest gender
gap observed in the year 2021. The 80+age group dis-
played the most diverse patterns of gender differences in
excess mortality rates throughout the COVID-19 period,
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Note:W1,W2, W3, and W4 denote the first (March-April 2020), second (December 2020-February 2021), third (April-May 2021), and fourth (July-December

2021) waves of the COVID-19 pandemic, respectively.

with the largest gender gap in excess mortality observed
for the two years at 56.75 more deaths per 100,000.

Gender differences in excess all-cause mortality by regions
In terms of region, Figs. 4 and 5 demonstrate mod-
est variations in gender differences in excess mortal-
ity over time across regions. In 2020, all regions shared
similar patterns of gender differences over time, with a
slight variation in the range between —4.68 and 100,000
and 5.85 per 100,000. However, these trends differed in
2021 where Bangkok experienced the largest gender dif-
ferences in excess mortality (at —24.18 per 100,000) dur-
ing the peak of the fourth wave, followed by the Central
region (at —6.73 per 100,000). After this peak, men in the
Southern and Northeastern regions showed higher excess
mortality than women, while the opposite occurred in
Bangkok and the Central region.

Comparison of gender differences between predicted

excess all-cause mortality and official COVID-19 death data
Finally, we further investigated the gender differences in
COVID-19 deaths that were registered in the official sur-
veillance system of the Ministry of Public Health. Here,
we sought to understand whether the gender differences
in excess mortality we observed aligned with those that
were officially reported. Figure 6 reveals the large dis-
crepancy in the gender differences between registered
COVID-19 deaths and estimated excess deaths, particu-
larly in 2021, when the gap widened substantially over a
few months. Upon closer examination of the data accord-
ing to age group, a more intricate pattern of variation in
these discrepancies over time emerged, with fewer excess
deaths observed in comparison to registered COVID-19
deaths among older age groups, while the opposite trend
was observed among the young and middle-aged groups.
We also observed geographical variations, with most
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regions generally showing smaller gender differences in
excess mortality over time compared to the registered
COVID-19 deaths, except for Bangkok. In Bangkok, the
gender differences in excess mortality over time were
generally higher prior to the fourth wave of COVID-19,
after which the gap between the gender differences in
excess mortality and officially reported deaths decreased
and then reversed towards the end of 2021.

Discussion

Our study adds to the body of literature concerning the
impact of the COVID-19 pandemic in terms of excess
mortality and the associated gender differences over time
in the developing context. Based on a ten-year historical
mortality dataset, the all-cause mortality count carried
out in Thailand between January 1, 2020, and December
31, 2021, was reported as 1,032,921 (95% CIL: 937,089—
1,128,753). Using the SARIMA model, our analysis sug-
gests that 35,610 (95% CI: 35,240-35,980) people died

due to COVID-19 in Thailand within the same period,
which is 1.64 times higher than the official statistics.
While this ratio provides evidence that COVID-19 deaths
have been undercounted in Thailand, its magnitude is
relatively small compared to that of other developing
countries in the region and beyond [8].

Our study covered a period of two consecutive years
during the COVID-19 pandemic and allowed us to ana-
lyze its impacts, which were driven by multiple factors,
including mutations of the COVID-19 virus, sociodemo-
graphic status, and public health and social measures.
The results of our study reveal mixed patterns of excesses
and deficits in all-cause mortality throughout this period.
During the first wave of the COVID-19 outbreak between
March and April 2020, Thailand experienced deficits in
mortality, which remained apparent until October 2020,
prior to the second wave of the pandemic. After Octo-
ber, labor trafficking from neighboring countries [24, 50]
resulted in a significant increase in excess mortality until
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Note:W1,W2, W3, and W4 denote the first (March-April 2020), second (December 2020-February 2021), third (April-May 2021), and fourth (July-December

2021) waves of the COVID-19 pandemic, respectively.

January 2021. This phenomenon of mortality deficits fol-
lowed by excesses during the first and second waves of
the pandemic has been similarly reported in Central and
Eastern European countries [51]. In 2021, the situation
changed, with a marginal mortality deficit in the first two
quarters followed by a mortality excess that remained
throughout the year due to the outbreaks of the Alpha
and Delta variants of the virus.

Our findings show that variations in excess mortal-
ity over the period examined were similar for both men
and women and that there were no significant differ-
ences between genders. While previous studies have
shown that men were more likely to die during the
COVID-19 pandemic [14-17], our findings reveal that
this was not necessarily the case in Thailand. During
the first wave of the pandemic in April 2020, Thai men
exhibited a remarkably greater deficit in excess mor-
tality than women. A possible explanation could be the
strict enforcement of and public obedience to the Thai

government’s measures in response to the country’s first
encounters with COVID-19. These measures, including
lockdowns, social distancing, and travel restrictions, low-
ered transport mobility and, thus, the risk of road acci-
dents, which are more likely to involve men than women
[51, 52]. Prior to the outbreak of COVID-19, an average
of 20,000 Thai people died from road accidents each year
[53], with the highest fatalities taking place in April and
during the new year holidays. Owing to the government’s
measures during the first wave, road accidents claimed
770 lives in April, according to Road Accidental Statis-
tics in Thailand [54], which is half of the corresponding
figure from 2019 according to Statistics of Deaths and
Injuries in Thailand [55]. After the first wave of COVID-
19, however, the previously strict public safety measures
were gradually lifted due to their negative impacts on
economic activities and people’s lives. As a result, excess
mortality among men increased once again during the
fourth wave of the pandemic.
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Our results confirm that gender differences in excess
mortality were positively associated with age, aligning
with the existing literature [12, 56]. In line with Akter’s
study [19], we found that gender differences in excess
mortality were more prominent in older age groups com-
pared with younger ones. Within the older age groups,
our study further demonstrates that the pattern and
extent of gender differences over time varied substan-
tially by age. Gender differences in excess mortality were
largest among those in the 80+age group during the first
wave of COVID-19, with women exhibiting higher rates
of excess mortality than men.

Gender differences in excess mortality during COVID-
19 were also found to be geographically uneven, which is
consistent with previous studies [19, 20, 22]. Our results
further showed varying patterns of gender differences
in excess mortality over time across different regions in
Thailand. The largest gender difference in excess mortal-
ity was observed in Bangkok during the peak of the fourth
wave. While population density and other contextual fac-
tors, such as the demographic structure and community
contagion level, which was influenced by people’s daily
movements, might explain why Bangkok had the highest
number of infectious cases and level of mortality [57-59],
it remains unclear how these factors superseded other
relieving factors, such as health capacity and resources,
which are most readily available in Bangkok. One pos-
sible explanation is that the demand for COVID-19 treat-
ments overwhelmed the supply of Bangkok’s healthcare
systems, thereby limiting access to healthcare. Notably,
what caused the gender difference in excess mortality to
vary across regions is still not fully understood and war-
rants further causal studies.

There were several limitations to this study that are
worth mentioning. First, it excluded the underlying gen-
der difference in all-cause mortality, which could affect
the gender gap in excess mortality. Therefore, the results
should be interpreted with caution. Second, although it
is widely believed that a significant portion of the excess
mortality during the pandemic can be attributed to
COVID-19, we lacked sufficient empirical evidence to
draw a definitive conclusion. We suggest that future stud-
ies examine other possible factors that may contribute to
or impede excess mortality.

Conclusion

Based on a ten-year historical mortality dataset, our study
reveals several key findings regarding gender inequality
in excess all-cause mortality during the COVID-19 pan-
demic in Thailand. First, there was a notable difference
in excess mortality between Thai men and women. In the
initial period of the pandemic, men experienced a greater
deficit in excess all-cause mortality compared to women.
However, in subsequent periods, men exhibited a larger

Page 13 of 15

excess in all-cause mortality. These differences could be
attributed to the stronger enforcement of government
measures and higher public compliance at the beginning
of the pandemic. Second, we found that gender differ-
ences in excess mortality, expressed as differences in stan-
dardized age-specific mortality rates, increased with age,
with more pronounced differences in the older age group.
Finally, we observed variations in the gender-differen-
tial excess mortality over time across different regions.
These findings contribute to the existing literature on the
impact of the COVID-19 pandemic, specifically in terms
of gender-differential excess mortality, within the context
of a developing country. Moreover, they emphasize the
importance of conducting further studies to investigate
gender disparities in mortality and call for targeted inter-
ventions to address these disparities.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512889-023-16828-9.

[ Supplementary Material 1 J

Acknowledgements
Not applicable.

Authors’ contributions

WP, OP, and KP conceptualized a research topic, and research methodology.
OP, JA, and KP prepared data for analysis, OP conducted analysis and prepared
all tables and figures, and WP supervised analyses and, wrote and revised the
manuscript.

Funding

This study was supported by Thailand Science Research and Innovation Fund
Chulalongkorn University (Grant number: SOC66510013). The funder had no
role in the design and execution of the study, in the collection, analysis, and
interpretation of the data, or in the preparation, review, and approval of the
manuscript.

Data Availability

The data used to support the findings of this study were obtained from

the Bureau of Registration Administration (BORA) under Thailand’s Ministry

of Interior (MOI) and the Department of Disease Control (DDC) under the
Ministry of Public Health (MOH). These data were obtained with permission
for use only in the current study and are not publicly available. If you have any
further inquiries, please contact Dr. Orawan Prasitsiriphon at orawan.pr@chula.
acth.

Declarations

Ethics approval and consent to participate

This study was conducted in accordance with the ethical principles outlined
in the Declaration of Helsinki and utilized anonymized administrative data.
The population data used in this study are routinely collected by the Bureau
of Registration Administration (BORA) of the Ministry of Interior (MOI), while
data on daily coronavirus-related deaths are collected by the Department of
Disease Control (DDC) of the Ministry of Public Health (MOH). Permission to
access the raw data was obtained from these agencies, and ethical approval
was granted by the institutional review board of Chulalongkorn University
(COA No. 193/65).

Consent for publication
Not applicable.


https://doi.org/10.1186/s12889-023-16828-9
https://doi.org/10.1186/s12889-023-16828-9

Pothisiri et al. BMC Public Health

(2023) 23:1900

Competing interests
The authors declare no competing interests.

Received: 3 February 2023 / Accepted: 24 September 2023
Published online: 02 October 2023

References

1.

20.

Whittaker C, Walker PGT, Alhaffar M, Hamlet A, Djaafara BA, Ghani A, Ferguson
N, Dahab M, Checchi F, Watson OJ. Under-reporting of deaths limits our
understanding of true burden of Covid-19. BMJ (Clinical Research ed).
2021;375:n2239.

YokoboriY, Obara H, Sugiura Y, Kitamura T. Gaps in the civil registration and
vital statistics systems of low- and middle-income countries and the health
sector’s role in improving the situation. Glob Health Med. 2021;3(4):243-5.
Stokes AC, Lundberg DJ, Bor J, Elo IT, Hempstead K, Preston SH. Association
of health care factors with excess deaths not assigned to COVID-19 in the US.
JAMA Netw Open. 2021,4(9).€2125287.

Kupek E. How many more? Under-reporting of the COVID-19 deaths in Brazil
in 2020. Trop Med Int Health: TM IH. 2021;26(9):1019-28.

Anand A, Sandefur J, Arvind. Subramanian: Three new estimates of India’s
all-cause excess mortality during the COVID-19 pandemic. In: 2021; 2021.
Woolf SH, Chapman DA, Sabo RT, Weinberger DM, Hill L, Taylor DDH.

Excess deaths from COVID-19 and other causes, March-July 2020. JAMA.
2020;324(15):1562-4.

Rossen LM, Branum AM, Ahmad FB, Sutton P, Anderson RN. Excess deaths
associated with COVID-19, by age and race and ethnicity - United States, Jan-
uary 26-October 3, 2020. MMWR Morb Mortal Wkly Rep. 2020,69(42):1522-7.
Wang H, Paulson KR, Pease SA, Watson S, Comfort H, Zheng P, Aravkin AY,
Bisignano C, Barber RM, Alam T, et al. Estimating excess mortality due to the
COVID-19 pandemic: a systematic analysis of COVID-19-related mortality,
2020-21.The Lancet. 2022;399(10334):1513-36.

14.9 million excess deaths associated with the COVID-19 pandemic in 2020.
and 2021 [https://www.who.int/news/item/05-05-2022-14.9-million-excess-
deaths-were-associated-with-the-covid-19-pandemic-in-2020-and-20211.
Safavi-Naini SAA, Farsi Y, Alali WQ, Solhpour A, Pourhoseingholi MA. Excess
all-cause mortality and COVID-19 reported fatality in Iran (April 2013-Septem-
ber 2021): age and sex disaggregated time series analysis. BMC Res Notes.
2022;15(1):130.

Henry NJ, Elagali A, Nguyen M, Chipeta MG, Moore CE. Variation in excess
all-cause mortality by age, sex, and province during the first wave of the
COVID-19 pandemic in Italy. Sci Rep. 2022;12(1):1077-7.

Peretz C, Rotem N, Keinan-Boker L, Furshpan A, Green M, Bitan M, Steinberg
DM. Excess mortality in Israel associated with COVID-19 in 2020-2021 by age
group and with estimates based on daily mortality patterns in 2000-2019. Int
J Epidemiol. 2022;51(3):727-36.

Shiels MS, Haque AT, Haozous EA, Albert PS, Aimeida JS, Garcia-Closas M,
Napoles AM, Pérez-Stable EJ, Freedman ND. Berrington de Gonzélez A: racial
and ethnic disparities in excess deaths during the COVID-19 pandemic,
March to December 2020. Ann Intern Med. 2021;174(12):1693-9.

Peckham H, de Gruijter NM, Raine C, Radziszewska A, Ciurtin C, Wedderburn
LR, Rosser EC, Webb K, Deakin CT. Male sex identified by global COVID-19
meta-analysis as a risk factor for death and ITU admission. Nat Commun.
2020;11(1):6317.

Pradhan A, Olsson PE. Sex differences in severity and mortality from COVID-
19: are males more vulnerable? Biology of sex Differences. 2020;11(1):53.
Nielsen J, Nergaard SK, Lanzieri G, Vestergaard LS, Moelbak K. Sex-differences
in COVID-19 associated excess mortality is not exceptional for the COVID-19
pandemic. Sci Rep. 2021;11(1):20815.

Bambra C, AlbaniV, Franklin P.COVID-19 and the gender health paradox.
Scand J Public Health. 2021:49(1):17-26.

Krieger N, Chen JT, Waterman PD. Excess mortality in men and women in
Massachusetts during the COVID-19 pandemic. Lancet (London England).
2020;395(10240):1829-9.

Akter S.The gender gap in COVID-19 mortality in the United States. Fem
Econ. 2021;27(1-2):30-47.

Hawkins RB, Charles EJ, Mehaffey JH. Socio-economic status and COVID-
19-related cases and fatalities. Public Health. 2020;189:129-34.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.
47.

48.

Page 14 of 15

Joél H, Brunner FS, Sigurdsson. Lars Svennebye, Volker Taube: COVID-19:
Excess mortality in selected European countries. In: EFTA Statistical Office
2020.

Radhakrishnan V, Singaravelu N. Data | Lower COVID-19 fatality rate in rural
areas not necessarily due to lower share of co-morbidities among rural
population. In., September 19, 2020 edn: The Hindu; 2021.

Dechsupa S, Assawakosri S, Phakham S, Honsawek S. Positive impact

of lockdown on COVID-19 outbreak in Thailand. Travel Med Infect Dis.
2020;36:101802.

Rajatanavin N, Tuangratananon T, Suphanchaimat R, Tangcharoensathien V.
Responding to the COVID-19 second wave in Thailand by diversifying and
adapting lessons from the first wave. BMJ Glob Health 2021, 6(7).

WHO Thailand. WHO Thailand weekly situation update no. 205. In.: World
Health Organization Country Office for Thailand; 2021.

COVID-19 data explorer. [https://github.com/owid/covid-19-data/tree/
master/public/data].

Fang L, Wang D, Pan G. Analysis and estimation of COVID-19 spreading in
Russia based on ARIMA model. SN Compr Clin Med. 2020,2(12):2521-7.

Box GEP, Jenkins GM, Reinsel GC. Seasonal Models. In: Time Series Analysis
edn,; 2008:353-411.

Aungkulanon S, Tangcharoensathien V, Shibuya K, Bundhamcharoen K,
Chongsuvivatwong V. Post universal health coverage trend and geographical
inequalities of mortality in Thailand. Int J Equity Health. 2016;15(1):190.
Odton P, Bundhamcharoen K, Ueranantasun A. District-level variations in the
quality of mortality data in thailand. Asia-Pac Popul J. 2010;25:79-90.

Ackley CA, Lundberg DJ, Ma L, Elo IT, Preston SH, Stokes AC. County-level
estimates of excess mortality associated with COVID-19 in the United States.
SSM - Population Health. 2022;17:101021.

Pannarunothai S, Kijsanayotin B, Mills S. Thai civil registration and vital statis-
tics and unique identification number systems for universal health coverage.
A case study; 2019.

Schmidt KD. Chain ladder method (Basics). In: Handbook on loss reserving edn.
Edited by Radtke M, Schmidt KD, Schnaus A. Cham: Springer International
Publishing; 2016: 53-59.

Akhmetzhanov AR. Estimation of delay-adjusted all-cause excess mortality in
the USA: March-December 2020. Epidemiol Infect. 2021;149:e156.

Carvalho CA, Carvalho VA, Campos MAG, Oliveira B, Diniz EM, Santos

AMD, Souza BF, Silva A. Delay in death reporting affects timely monitoring
and modeling of the COVID-19 pandemic. Cadernos de Saude Publica.
2021,37(7):€00292320.

Habibdoust A, Tatar M, Wilson FA. Estimating excess deaths by Race/Ethnic-
ity in the state of California during the COVID-19 pandemic. J Racial Ethnic
Health Disparities 2022.

Cevallos-Valdiviezo H, Vergara-Montesdeoca A, Zambrano-Zambrano G. Mea-
suring the impact of the COVID-19 outbreak in Ecuador using preliminary
estimates of excess mortality, March 17-October 22, 2020. Int J Infect Dis.
2021;104:297-9.

Vieira A, Peixoto VR, Aguiar P, Abrantes A. Rapid Estimation of excess mortal-
ity during the COVID-19 pandemic in Portugal -Beyond reported deaths. J
Epidemiol Glob Health. 2020;10(3):209-13.

Borrego-Morell JA, Huertas EJ, Torrado N. On the effect of COVID-19 pan-
demic in the excess of human mortality. The case of Brazil and Spain. PLoS
ONE. 2021;16(9):20255909.

Hyndman RJ, Khandakar Y. Automatic Time Series forecasting: the forecast
Package for R. J Stat Softw. 2008,27(3):1-22.

Dabral PP Murry MZ. Modelling and forecasting of Rainfall Time Series using
SARIMA. Environ Processes. 2017;4(2):399-419.

Tadesse KB, Dinka MO, Alamirew T, Moges SA. Evaluation of Seasonal Autore-
gressive Integrated moving average models for River Flow forecasting. Am J
Environ Sci 2017, 13(5).

Hassani H, Yeganegi MR. Selecting optimal lag order in Ljung—-Box test.
Physica A. 2020;541:123700.

Box GEP, Jenkins GM, Reinsel GC. Model Diagnostic Checking. In: Time Series
Analysis edn.; 2008: 333-352.

Tsay RS. Linear Time Series Analysis and Its Applications. In: Analysis of
Financial Time Series edn. Edited by W.A. Shewhart, S.S. Wilks, R.S. Tsay; 2010:
29-108.

Pezzullo JC. Biostatistics for dummies. In. Hoboken: Wiley; 2013.

Dr D. On Biostatistics and Clinical Trials. In: Computing Confidence Interval for
Poisson Mean vol. 2023. Chapel Hill, NC, United States; 2014.

Keyfitz N. Sampling variance of age standardised mortality rates. Hum Biol.
1966;38:309-17.


https://www.who.int/news/item/05-05-2022-14.9-million-excess-deaths-were-associated-with-the-covid-19-pandemic-in-2020-and-2021
https://www.who.int/news/item/05-05-2022-14.9-million-excess-deaths-were-associated-with-the-covid-19-pandemic-in-2020-and-2021
https://github.com/owid/covid-19-data/tree/master/public/data
https://github.com/owid/covid-19-data/tree/master/public/data

Pothisiri et al. BMC Public Health

49.

50.

52.

53.

54.
55.

(2023) 23:1900

United Nations, Department of Economic and Social Affairs, Population Divi-
sion. : World population prospects 2019: Volume I: Comprehensive tables. In,;
2019.

Buckley P, Pietropaoli L, Rosada A, Harguth B, Broom J. How has COVID-19
affected migrant workers vulnerability to human trafficking for forced labour
in Southeast Asia?—A narrative review. J Public Health Emerg 2022, 6.

Bogos K, Kiss Z, Kerpel Fronius A, Temesi G, Jend E, Madurka |, Cselkd Z, Csanyi
P Abonyi-Téth Z, Rokszin MDG et al. Different trends in excess mortality in a
central european country compared to main european regions in the year of
the COVID-19 pandemic (2020): a hungarian analysis. Pathol Oncol Res 2021,
27.

de Palma A, Vosough S, Liao F. An overview of effects of COVID-19 on mobil-
ity and lifestyle: 18 months since the outbreak. Transp Res Part A: Policy Pract.
2022;159:372-97.

Sukruay J. Road accidents biggest health crisis. TDRI Insight,. Thailand Devel-
opment Research Institute (TDRI),; 2020.

Road. accidental statistics [https://www.thairsc.com/].

Statistics of deaths and injuries. [https://www.ddd.or.th/Statistic-
sOfDeathAndlInjuries/index/2019/page:8/sort:StatisticsOfDeathAndinjurie.
stat_date/direction:desc].

56.

57.

58.

59.

Page 15 of 15

O'Driscoll M, Ribeiro Dos Santos G, Wang L, Cummings DAT, Azman AS,
Paireau J, Fontanet A, Cauchemez S, Salje H. Age-specific mortality and
immunity patterns of SARS-CoV-2. Nature. 2021;590(7844):140-5.
Martins-Filho PR. Relationship between population density and COVID-19
incidence and mortality estimates: a county-level analysis. J Infect Public
Health. 2021;14(8):1087-8.

Ruksakulpiwat S, Zhou W, Chiaranai C, Vonck J. Human travelling and COVID-
19 pandemic. Siriraj Med J 2021.

Brown CM, Vostok J, Johnson H, Burns M, Gharpure R, Sami S, Sabo RT, Hall N,
Foreman A, Schubert PL et al. Outbreak of SARS-CoV-2 infections, including
COVID-19 vaccine breakthrough infections, associated with large public
gatherings — Barnstable county, Massachusetts, July 2021. MMWR Morb
Mortal Wkly Rep 70(31):1059-1062 2021, 70(31).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://www.thairsc.com/
https://www.ddd.or.th/StatisticsOfDeathAndInjuries/index/2019/page:8/sort:StatisticsOfDeathAndInjurie.stat_date/direction:desc
https://www.ddd.or.th/StatisticsOfDeathAndInjuries/index/2019/page:8/sort:StatisticsOfDeathAndInjurie.stat_date/direction:desc
https://www.ddd.or.th/StatisticsOfDeathAndInjuries/index/2019/page:8/sort:StatisticsOfDeathAndInjurie.stat_date/direction:desc

	﻿Gender differences in estimated excess mortality during the COVID-19 pandemic in Thailand
	﻿Abstract
	﻿Introduction
	﻿Data and methods
	﻿Data
	﻿Methods
	﻿Data preparation


	﻿Statistical analysis
	﻿Results
	﻿Trends in observed monthly mortality between 2010 and 2019
	﻿Model fitting and expected monthly mortality between 2010 and 2019
	﻿Excess all-cause mortality during the COVID-19 pandemic
	﻿Gender differences in excess all-cause mortality
	﻿Gender differences in excess all-cause mortality by age groups
	﻿Gender differences in excess all-cause mortality by regions
	﻿Comparison of gender differences between predicted excess all-cause mortality and official COVID-19 death data

	﻿Discussion
	﻿Conclusion
	﻿References


