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in each month. Finally, the number of ESRD population 
in month n is equal to the number of populations in the 
previous month (n−1) plus the difference between inci-
dent cases (new cases) and deaths in month n. Deaths 
related to COVID- 19 were retrieved from cause of death 
information in the death registration system and were 
also counted monthly. All statistics were disaggregated by 
sex and the following age groups: 0–19 years, 20–44 years, 
45–64 years, 65–74 years and �t75 years.

We categorised the outbreak patterns into four distinct 
waves namely wave 1 (March–November 2020); wave 2 
(December 2020–March 2021); wave 3 (April–December 
2021); and wave 4 (January 2022–August 2022).

Statistical analysis
We followed the WHO’s manual for estimating excess 
mortality associated with COVID- 19.20 The WHO defines 
excess mortality as “the mortality above what would be 
expected based on the non- crisis mortality rate in the 
population of interest”.21 We modelled monthly all- cause 
mortality based on a negative binomial distribution to 
account for overdispersion of data using general additive 
models with covariates, namely the logarithm of monthly 
ESRD population, sex, age groups and a smooth function 
of time accounting for seasonal fluctuation with a penal-
ised cyclic cubic regression spline (more details in online 
supplemental file box 1).

Excess mortality was estimated using three steps. First, 
we built the model to estimate the number of all- cause 
mortality using data from the pre- pandemic period. 
Second, we used the model to predict the number of 
expected deaths with a 95% CI for the no- outbreak 
scenario from March 2020 to August 2022. Third, we 
subtracted expected deaths during the outbreak period 
from the observed deaths to obtain excess deaths. We 
produced three figures (1) number of all- cause excess 
mortality, (2) excess deaths per 100 000 ESRD patients 
and (3) relative excess death as a per cent of expected 

deaths, as described below where t refers to monthly 
observation.

Excess deathst=observed deathst–expected deathst

Excess deaths per 100 000t=(excess deathst/ESRD 
populationt)×100 000

% relative excess deathst=[(observed deathst–expected 
deathst)/expected deathst]×100

The model was fitted using mgcv package V.1.8- 40 in R 
V.4.2.1.22

RESULTS
Between January 2016 and August 2022, the UCS data-
base recorded a total of 3 886 582 service records by 
352 373 ESRD patients. After excluding 2239 patients 
with missing important data (accounting for 0.63%), 
there were 350 134 ESRD patients in our analysis cohort 
(see figure 1). The number of ESRD patients under the 
UCS ranged between 109 826 and 130 426 during 2016 
and 2021. There were 134 520 ESRD patients at the end 
of August 2022. The median ages ranged between 65 and 
66 years old and there were more females than males 
(females 52.8%–56.0%, males 44.0%–47.2%) throughout 
the observed years. Before the pandemic, over half the 
patients were aged 65 and above. However, once the 
pandemic began in 2020, the percentage of patients in 
this age group dropped below 50%. All- cause mortality 
counts substantially increased from 27 648 in 2016 to 
40 510 in 2021. There were a total of 21 726 deaths among 
ESRD patients in 2022 (recorded until August). Mortality 
rate, as measured by the proportion of ESRD patients who 
died, increased from 25.2% in 2016 to 31.1% in 2021, and 
16.2% in the 8 months of 2022. Females accounted for 
54.1%–55.2% of total deaths in all observed years (see 
table 1).

Figure 1 compares monthly observed deaths (blue line) 
and expected deaths (solid red line with 95% CI in dashed 
red lines) over the coloured background indicating the 

Figure 1 Monthly observed and expected all- cause mortality among end- stage renal disease patients between January 2016 
and August 2022
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pre- pandemic period and the four waves during the 
pandemic. The red lines in the pandemic period go 
downward reflecting a reduced number of ESRD popula-
tion. The graph presents the volume of positive and nega-
tive excess deaths during different waves, highlighting 
large numbers of excess deaths during the third wave 
caused by the Delta strain in the fourth quarter of 2021. 
The blue bar chart represents much lower numbers of 
monthly reported COVID- 19- related deaths, though we 
observed a synchronous trend with all- cause death tolls of 
ESRD patients.

Table 2 shows monthly reported COVID- 19 deaths 
among ESRD patients, observed all- cause deaths and 
estimated all- cause excess mortality in this group. Over 
the 30- month observation period, the total observed all- 
cause deaths were 91 879 while total expected deaths were 
86 913. This resulted in total excess deaths of 4966. The 
excess deaths were 3600.9 per 100 000 ESRD patients, 
and the relative excess deaths were 5.7% of the expected 
number (95% CI 1.7%, 10.0%). The number of monthly 

excess deaths was above zero in 17 out of 30 months. At the 
beginning of the pandemic, between March and October 
2020, monthly excess deaths were negative, meaning 
there were fewer deaths than expected. The number of 
excess deaths turned positive between November 2020 
and August 2022, except for the months of February 
2021, February 2022 and June to August 2022. Consis-
tently, relative excess death was negative in 2020 (–8.3%, 
95% CI −11.8, –4.5), it rose to 20.3% of expected deaths 
(95% CI 15.7, 25.2) in 2021, and then reduced to 4.0% 
(95% CI 0.1, 8.2) in 2022. Though the excess deaths per 
100 000 ESRD patients were mostly negative in 2020, it 
increased to between 127.3 and 750.6 deaths per 100 000 
patients in 2021 (except for a negative value in February 
2021). It is worth noting a significant reduction in the 
numbers of monthly ESRD population in 2021; from 
140 785 in January to 130 426 in December. The excess 
deaths fluctuated in 2022.

Excess deaths were disaggregated by sex and age group. 
Out of the total positive excess deaths, 40% were males 

Table 1 Characteristics and all- cause mortality of end- stage renal disease (ESRD) patients (January 2016 to August 2022)

2016 2017 2018 2019 2020 2021 2022*

ESRD 
population, n

109 826 126 783 136 417 141 386 141 185 130 426 134 520

Median age, 
years

65 (56–74) 65 (57–74) 66 (57–74) 66 (57–74) 66 (57–74) 65 (56–73) 65 (56–72)

Age group, n (%)

  0–19 634 (0.6) 770 (0.6) 902 (0.7) 1081 (0.8) 1214 (0.9) 1362 (1.0) 1486 (1.1)

  20–44 8091 (7.4) 9973 (7.9) 11 530 (8.5) 12 810 (9.1) 14 257 (10.1) 15 244 (11.7) 16 222 (12.1)

  45–64 38 763 (35.3) 45 573 (35.9) 50 311 (36.9) 54 031 (38.2) 56 174 (39.8) 54 483 (41.8) 56 514 (42.0)

  65–74 30 961 (28.2) 35 330 (27.9) 37 646 (27.6) 38 545 (27.3) 37 772 (26.8) 33 589 (25.8) 34 530 (25.7)

  75 or more 31 377 (28.6) 35 137 (27.7) 36 028 (26.4) 34 919 (24.7) 31 768 (22.5) 25 748 (19.7) 25 768 (19.2)

Sex, n (%)

  Male 48 283 (44.0) 56 314 (44.4) 61 086 (44.8) 64 010 (45.3) 64 783 (45.9) 60 981 (46.8) 63 469 (47.2)

  Female 61 543 (56.0) 70 469 (55.6) 75 331 (55.2) 77 376 (54.7) 76 402 (54.1) 69 445 (53.2) 71 051 (52.8)

Incident cases, 
n

57 561 47 798 42 053 39 147 35 721 29 751 25 820

Death, n 27 648 30 841 32 419 34 178 35 922 40 510 21 726

Mortality rate 
(% of ESRD 
population)

25.2% 24.3% 23.8% 24.2% 25.4% 31.1% 16.2%

Death by age group, n (%)

  0–19 82 (0.3) 92 (0.3) 74 (0.2) 90 (0.3) 80 (0.2) 77 (0.2) 49 (0.2)

  20–44 1350 (4.9) 1441 (4.7) 1507 (4.6) 1626 (4.8) 1577 (4.4) 1949 (4.8) 1072 (4.9)

  45–64 8775 (31.7) 9656 (31.3) 10 082 (31.1) 10 547 (30.9) 11 194 (31.2) 12 912 (31.9) 7139 (32.9)

  65–74 7902 (28.6) 8698 (28.2) 9290 (28.7) 9749 (28.5) 10 378 (28.9) 11 837 (29.2) 6338 (29.2)

  75 or more 9539 (34.5) 10 954 (35.5) 11 466 (35.4) 12 166 (35.6) 12 693 (35.3) 13 735 (33.9) 7128 (32.8)

Death by sex, n (%)

  Male 12 389 (44.8) 13 895 (45.1) 14 815 (45.7) 15 617 (45.7) 16 484 (45.9) 18 572 (45.8) 9890 (45.5)

  Female 15 259 (55.2) 16 946 (54.9) 17 604 (54.3) 18 561 (54.3) 19 438 (54.1) 21 938 (54.2) 11 836 (54.5)

*Data up to 31 August 2022.
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and 60% were females. The oldest age group (75 years 
and over) accounted for the largest proportion (59%), 
followed by the 65 to 74- year group (30%), and the 45 
to 64- year group (11%). Those below 45 years had only 

31 excess deaths (0%). Numbers are reported in online 
supplemental table 1.

We estimated the relative excess deaths as per cent of 
expected deaths, by sex and age group in figures 2 and 3, 

Table 2 Monthly number of deaths caused by COVID- 19, observed all- cause deaths and all- cause excess mortality among 
end- stage renal disease (ESRD) patients between March 2020 and August 2022

ESRD 
patients (n)

Reported
COVID- 19 
deaths (n)

Observed all- 
cause deaths 
(n)

Estimated all- cause mortality

Expected 
deaths (n)

Excess 
deaths (n)

Excess death 
per 100 000 (n)

Relative excess death, % of 
expected

% 95% CI

March 2020 141 301 0 2944 3441 −497 −351.7 −14.4 −10.8 to 18.1

April 2020 141 030 2 2635 3411 −776 −550.2 −22.7 −18.8 to 26.8

May 2020 140 909 0 2767 3294 −527 −374.0 −16.0 −12.0 to 20.0

June 2020 141 151 0 2733 3178 −445 −315.3 −14.0 −10.0 to 17.9

July 2020 141 169 0 2882 3111 −229 −162.2 −7.4 −3.3 to 11.4

August 2020 141 173 0 3006 3130 −124 −87.8 −4.0 −0.1 to 7.9

September 
2020

141 336 0 2794 3189 −395 −279.5 −12.4 −8.3 to 16.4

October 2020 141 660 0 3134 3225 −91 −64.2 −2.8 1.1 to 6.8

November 2020 141 662 0 3211 3208 3 2.1 0.1 4.0 to 3.8

December 2020 141 185 0 3537 3147 390 276.2 12.4 16.4 to 8.4

March–
December 
2020

141 243 2 29 643 32 334 −2691 −1905.2 −8.3 −11.8 to 4.6

January 2021 140 785 0 3704 3082 622 441.8 20.2 24.0 to 16.3

February 2021 140 603 0 2937 2988 −51 −36.3 −1.7 2.3 to 5.7

March 2021 140 639 1 3035 2856 179 127.3 6.3 10.2 to 2.3

April 2021 139 842 5 2944 2740 204 145.9 7.4 11.4 to 3.5

May 2021 139 069 26 3154 2696 458 329.3 17.0 21.0 to 12.9

June 2021 138 396 41 3072 2719 353 255.1 13.0 16.9 to 9.1

July 2021 137 014 307 3600 2759 841 613.8 30.5 34.5 to 26.5

August 2021 135 601 545 3729 2789 940 693.2 33.7 37.6 to 29.8

September 
2021

134 423 328 3622 2791 831 618.2 29.8 33.7 to 25.8

October 2021 133 230 202 3559 2767 792 594.5 28.6 32.6 to 24.7

November 2021 132 053 143 3432 2753 679 514.2 24.7 28.5 to 20.8

December 2021 130 426 72 3722 2743 979 750.6 35.7 39.7 to 31.7

January–
December 
2021

135 606 1670 40 510 33 683 6827 5034.4 20.3 15.7 to 25.2

January 2022 130 827 34 3116 2768 348 266.0 12.6 16.4 to 8.7

February 2022 131 597 87 2392 2736 −344 −261.4 −12.6 −8.7 to 16.5

March 2022 132 276 285 2934 2630 304 229.8 11.6 15.5 to 7.6

April 2022 132 105 423 3319 2511 808 611.6 32.2 36.0 to 28.3

May 2022 132 673 212 2875 2467 408 307.5 16.5 20.6 to 12.5

June 2022 133 637 80 2294 2517 −223 −166.9 −8.9 −5.0 to 12.7

July 2022 134 160 98 2472 2601 −129 −96.2 −5.0 −1.0 to 8.9

August 2022 134 520 113 2324 2666 −342 −254.2 −12.8 −8.9 to 16.7

January–
August 2022

132 674 1332 21 726 20 896 830 625.7 4.0 0.1 to 8.2

March 2020–
August 2022

137 911 3004 91 879 86 913 4966 3600.9 5.7 1.7 to 10.0
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respectively. In 2020, there were erratic patterns of nega-
tive relative excess death in males and females. However, 
after January 2021, a clear pattern emerged showing the 
relative excess deaths in female patients were higher than 
that of male patients in all months, except August 2021. 
The gap between sex varied considerably by month in 
2021 and 2022, ranging from a difference of almost zero 
in January 2021 to a 20- fold difference in July 2022. The 
relative excess deaths for males and females generally 
followed the same direction (either positive or negative 
values) in most months, except for November 2020 (male 
0.5%, female −0.2%) and February 2021 (male −8.4%, 
female 4.2%).

More details on monthly excess deaths, excess deaths 
per 100 000 patients and relative excess death as per cent 
of expected deaths disaggregated by sex and age group 
are available in online supplemental tables 2 and 3a–3c.

DISCUSSION
This study finds a total of 4966 excess deaths during the 
30- month observation period. We observed negative 
excess death among ESRD patients at the beginning of 
the pandemic in 2020, followed by a significant surge 
in excess deaths during waves 2–4. We hypothesise that 
the negative excess deaths in wave 1 were a result of the 
country’s stringent lockdown measures, detection and 
isolation of confirmed cases and closure of international 
borders.4 This might result in very few overall COVID- 19 
cases, with only two COVID- 19 deaths reported among 
the approximately 141 000 ESRD patients in 2020. Excess 
mortality increased in wave 2, reaching peak levels in wave 
3 when the Delta strain was more transmissible and the 
surge cases overwhelmed healthcare facilities, disrupting 
the provision of essential health services for patients with 
chronic diseases, including ESRD patients who required 
three HD sessions per week. Additionally, Thailand’s 
COVID- 19 vaccine rollout in May 2021 faced significant 

supply limitations until the end of the year.23 This might 
have hampered access to vaccines for ESRD patients and 
contributed to the highest number of excess mortalities 
between July and December 2021 (679–979 deaths per 
month). In wave 4, the number of observed deaths began 
to taper off resulting in low to negative excess deaths. 
This was likely due to the less severe Omicron variant, 
increased vaccine coverage, health services resuming 
normal function and more relaxed travel restrictions. It 
should be noted that a downward trend line of expected 
deaths during the pandemic period was not because of 
a lower mortality rate but rather a reduction in newly 
diagnosed ESRD patients, likely stemming from service 
disruptions and travel restrictions.

In this study, the total number of all- cause excess 
deaths was much higher than the deaths from laboratory- 
confirmed COVID- 19 cases in ESRD patients as reported 
by the civil registry. We speculate that several factors 
beyond COVID- 19 infection might contribute to the 
observed all- cause excess mortalities, including over-
whelmed healthcare services which disrupted HD and PD, 
patients’ self- imposed restrictions on travelling to dialysis 
centres due to the fear of contracting COVID- 19 infec-
tion, individual’s intention to not put additional burden 
on health workers at the peak of managing COVID- 19 
patients, reduced public transport facilities, and stay- at- 
home policies. These circumstances might collectively 
lead to reduced access to essential services required by 
ESRD patients. Additionally, the under- reporting of 
COVID- 19 confirmed deaths in the death registry could 
be another reason. It is unknown whether social stigma-
tisation hampered the reporting of COVID- 19 deaths 
that occurred outside of hospitals, as observed in other 
studies.24 25

Compared with the general population in Thailand, 
excess deaths per 100 000 population for ESRD patients 
are much higher. The estimated all- cause excess deaths 

Figure 2 The relative excess mortality of end- stage renal disease patients by sex between March 2020 and August 2022
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for the general population in Thailand between 1 January 
2020 and 31 December 2021 was 35 200 (95% CI 26 600, 
42 200), equal to 24.9 deaths (95% CI 18.7, 29.8) per 
100 000 Thai population between 2020 and 2021.16 This is 
equivalent to one excess death per 100 000 Thai popula-
tion per month. Our study found an average of 120 excess 
deaths per 100 000 ESRD patients per month (3600 per 

100 000 patients in 30 months), indicating ESRD excess 
deaths as 120- fold (120/1) higher than the general popu-
lation, notwithstanding the different study timeframe. 
Previous evidence also supported that COVID- 19 affected 
ESRD patients more than the general population.14 The 
result of another study on excess death in the general 
Thai population between April and October 2021 was 

Figure 3 The relative excess death of end- stage renal disease patients by age group between March 2020 and August 2022
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25 486 (95% CI 13 913, 36 862), the relative excess death 
was 14.3% of expected deaths (95% CI 8.6%, 18.8%).26 
Compared with our estimates for ESRD patients during 
the same period (data not presented here), the relative 
excess death of ESRD patients in our study was approx-
imately 1.6 (22.9/14.3) times that of the general Thai 
population.

There is no existing study estimating excess deaths 
among ESRD patients in Thailand. A study in the USA 
estimated 6953–10 316 excess deaths among 798 611 
ESRD patients during February–August 2020, equivalent 
to 870.6–1291.7 per 100 000 ESRD patients.18 Our results 
on excess deaths in the same period were lower.

Our findings, which indicate that excess deaths were 
concentrated among older age groups and female ESRD 
patients, align with other studies presenting a correla-
tion between older age and increased mortality in ESRD 
patients,27 28 and female CKD patients experiencing 
more excess deaths than males.29 Higher excess deaths 
among older ESRD patients is also consistent with the 
pattern found in the general population which reported 
that people older than 60 years accounted for 78.4% of 
total excess deaths. However, the same study reported 
that males accounted for 56% of total excess deaths 
(14 223/25 486),26 which is in contrast to our study in 
ESRD patients where males comprised only 26% of the 
total excess deaths (1284/4966). Pre- COVID- 19 statistics 
of ESRD patients in Thailand also supported that more 
females than males experienced mortality in this popula-
tion. Age structure by sex may help explain this finding as 
females in our cohort were older than males.

Several policies were introduced during the pandemic, 
such as mobilising surge capacity from within and outside 
health systems to contain the spread of infection, prevent 
health systems from getting overwhelmed, and sustain 
the provision of essential services, especially dialysis—a 
life- saving service for ESRD patients. ESRD was one out 
of seven chronic conditions prioritised for COVID- 19 
vaccination.

Our findings on excess deaths may be similar to what 
would be observed among other chronic disease patients 
who need essential healthcare services and close moni-
toring by healthcare practitioners during public health 
emergencies. Further research may explore excess 
mortality between PD and HD patients, and the status of 
COVID- 19 vaccination. A regression analysis exploring 
factors affecting mortality among ESRD patients can shed 
light on mortality risk factors and further inform policies 
to reduce deaths.

Strengths and weaknesses of this study
The key strength of our study is the use of a national- 
level claims database which ensures completeness of 
the UCS population and their mortality outcome, thus 
minimising the risks of sampling bias. Additionally, 
the high coverage of death registration in Thailand 
(99.3% of total deaths), ensures confidence in the 
accuracy of the mortality outcome.

We identified certain limitations. First, we esti-
mated monthly newly diagnosed ESRD patients by 
relying on historical service utilisation profile from 
2015 until the previous month, which might not be 
completely accurate. Second, we expect that some 
ERSD patients may be underdiagnosed, especially 
during the second and third waves of the pandemic, 
which almost overwhelmed health delivery systems. 
This was reflected by the reduced number of patients 
diagnosed with ESRD in 2021–2022 compared with 
2020, which can be explained by RRT service disrup-
tion. Third, confirmed COVID- 19 deaths are likely 
under- reported, especially in 2020 due to over-
whelmed COVID- 19 testing capacities using RT- PCR, 
cases where COVID- 19 patients passed away without a 
formal diagnosis, or discrepancies in clinicians certi-
fying the cause of death when COVID- 19 patients 
had multiple underlying diseases. Fourth, the data 
quality of all variables used in the regression model 
can affect the precision of estimating excess mortality 
and the robustness of the predictive model. Though 
we applied WHO’s standard method of cyclic cubic 
regression spline models as the basis for modelling 
the expected deaths, the cubic splines interpolation 
algorithm does not work well for interpolation of 
highly fluctuated data and when there is a large time 
difference between the period fed into the predictive 
model and the estimated period.

CONCLUSION
We demonstrate the impact of the COVID- 19 pandemic 
on all- cause excess mortality in ESRD patients. Older 
patients had higher all- cause excess mortality than 
the younger age groups. The SARS- CoV- 2 virus strains 
with different infectivity and severity in different 
waves, and the health systems capacity to contain 
the pandemic and sustain the provision of essential 
health services to general patients including ESRD 
patients may have influenced variations in excess 
all- cause mortality. The all- cause mortality among 
ESRD patients in this study is far greater than that 
in the general population. Policies to minimise 
excess deaths should focus on sustaining provisions 
of essential services and rapid rollout of vaccination, 
especially in the older age group. We suggest further 
studies to investigate excess mortality between PD and 
HD patients, and the status of COVID- 19 vaccination.

Acknowledgements We sincerely thank Waritta Wangbanjongkun for 
administrative assistance and Poonchana Wareechai from NHSO who provided 
excellent support during data acquisition.

Contributors SJ: methodology, data analysis, writing first draft; WW: data 
acquisition, writing first draft; KK: methodology, reviewing draft; DL: writing first 
draft; RS: methodology, reviewing draft; VT: conceptualisation, reviewing draft, 
supervision, guarantor.

Funding This study received no research grant. Health Policy and System 
Research Fellowship, International Health Policy Program Foundation, sponsored the 
fees for Ethical Review and open- access publication (award/grant number: N/A).

 on N
ovem

ber 9, 2024 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2023-081383 on 25 January 2024. D
ow

nloaded from
 

http://bmjopen.bmj.com/


9Jirapanakorn S, et al. BMJ Open 2024;14:e081383. doi:10.1136/bmjopen-2023-081383

Open access

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data may be obtained from a third party and are 
not publicly available. We only received permission to use this dataset for specific 
research objectives. We are not allowed to distribute patient dataset outside of the 
research team or use it for other purposes beyond the original agreed objectives. 
Researchers who are interested in using NHSO dataset can request access directly 
from the NHSO.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Sutham Jirapanakorn http://orcid.org/0009-0008-5936-7268

REFERENCES
 1 Kurowski C, Kumar A, Mieses Ramirez JC, et al. Health financing in 

a time of global shocks: strong advance, early retreat [online]. 2023]. 
In: Health Financing in a Time of Global Shocks: Strong Advance, 
Early Retreat. 1 May 2023. 

 2 World Health Organization. Responding to the COVID- 19 pandemic: 
WHO’s action in countries, territories and areas, 2020. Geneva: World 
Health Organization, 2021.

 3 Kunno J, Supawattanabodee B, Sumanasrethakul C, et al. 
Comparison of different Waves during the COVID- 19 pandemic: 
retrospective descriptive study in Thailand. Adv Prev Med 
2021;2021:5807056. 

 4 Rajatanavin N, Tuangratananon T, Suphanchaimat R, et al. 
Responding to the COVID- 19 second wave in Thailand by 
diversifying and adapting lessons from the first wave. BMJ Glob 
Health 2021;6:e006178. 

 5 Department of Disease Control. Corona virus disease (COVID- 19). 
Available: https://ddc.moph.go.th/viralpneumonia/eng/situation_ 
more.php [Accessed 28 Sep 2023].

 6 Puenpa J, Rattanakomol P, Saengdao N, et al. Molecular 
characterisation and tracking of severe acute respiratory syndrome 
coronavirus 2 in Thailand, 2020- 2022. Arch Virol 2023;168:26. 

 7 Huang YZ, Kuan CC. Vaccination to reduce severe COVID- 19 and 
mortality in COVID- 19 patients: a systematic review and meta- 
analysis. Eur Rev Med Pharmacol Sci 2022;26:28248:1770–6.:. 

 8 Hashmi MF, Benjamin O, Lappin SL. End- stage renal disease. 
StatPearls Publishing; 2023.

 9 The Nephrology society of Thailand. Thailand renal replacement 
therapy: year 2020; 2020. Bangkok.

 10 Changsirikulchai S, Sriprach S, Thokanit NS, et al. Survival analysis 
and associated factors in thai patients on peritoneal dialysis under 
the PD- first policy. Perit Dial Int 2018;38:172–8. 

 11 Kanjanabuch T, Pongpirul K. Peritoneal dialysis care during 
the COVID- 19 pandemic, Thailand. Bull World Health Organ 
2022;100:155–60. 

 12 Yavuz D, Karagöz Özen DS, Demirağ MD. COVID- 19: mortality rates 
of patients on hemodialysis and peritoneal dialysis. Int Urol Nephrol 
2022;54:2713–8. 

 13 Munoz Mendoza J, Aponte- Becerra L, Torres C, et al. One- year 
all- cause mortality in hospitalized patients with COVID- 19 and 
end- stage renal disease undergoing hemodialysis. Clin Nephrol 
2023;99:51–7. 

 14 Nopsopon T, Kittrakulrat J, Takkavatakarn K, et al. Covid- 19 in 
end- stage renal disease patients with renal replacement therapies: 
a systematic review and meta- analysis. PLoS Negl Trop Dis 
2021;15:e0009156. 

 15 Scortichini M, Schneider Dos Santos R, De’ Donato F, et al. Excess 
mortality during the COVID- 19 outbreak in Italy: a two- stage 
interrupted time- series analysis. Int J Epidemiol 2021;49:1909–17. 

 16 Wang H, Paulson KR, Pease SA. Estimating excess mortality due to 
the COVID- 19 pandemic: a systematic analysis of COVID- 19- related 
mortality, 2020- 21. Lancet 2022;399:1513–36. 

 17 Msemburi W, Karlinsky A, Knutson V, et al. The WHO estimates of 
excess mortality associated with the COVID- 19 pandemic. Nature 
2023;613:130–7. 

 18 Ziemba R, Campbell KN, Yang T- H, et al. Excess death estimates 
in patients with end- stage renal disease - United States, February- 
August 2020. Am J Transplant 2021;21:2900–4. 

 19 National health security office. Nonthaburi National Health Security 
Office; 2021.

 20 World health organization. Methods for estimating the excess 
mortality associated with the COVID- 19 pandemic. 2023. Available: 
https://cdn.who.int/media/docs/default-source/world-health-data- 
platform/covid-19-excessmortality/who_methods_for_estimating_ 
the_excess_mortality_associated_with_the_covid-19_pandemic.pdf? 
sfvrsn=5a05fa76_2&download=true [Accessed 28 Sep 2023].

 21 Leon DA, Shkolnikov VM, Smeeth L, et al. COVID- 19: a need for real- 
time monitoring of weekly excess deaths. Lancet 2020;395. 

 22 Wood SN. Fast stable restricted maximum likelihood and marginal 
likelihood estimation of semiparametric generalized linear models. J 
R Stat Soc Series B Stat Methodol 2011;73:3–36. 

 23 Tangcharoensathien V, Vandelaer J, Brown R, et al. Learning from 
pandemic responses: informing a resilient and equitable health 
system recovery in Thailand. Front Public Health 2023;11:1065883. 

 24 Kumari S. Understanding of stigmatization and death amid 
COVID- 19 in India: a sociological exploration. Omega (Westport) 
2023;86:1432–48. 

 25 Bhanot D, Singh T, Verma SK, et al. Stigma and discrimination during 
COVID- 19 pandemic. Front Public Health 2020;8:577018. 

 26 Wilasang C, Modchang C, Lincharoen T, et al. Estimation of excess 
all- cause mortality due to COVID- 19 in Thailand. Trop Med Infect Dis 
2022;7:116. 

 27 Anutrakulchai S, Mairiang P, Pongskul C, et al. Mortality and 
treatment costs of hospitalized chronic kidney disease patients 
between the three major health insurance schemes in Thailand. BMC 
Health Serv Res 2016;16:528. 

 28 Chongthanakorn K. Survival rate of renal replacement therapy 
patients in charoenkrung pracharak hospital. Vajira Med J 
2018;62:9–20.

 29 De La Mata NL, Rosales B, MacLeod G, et al. Sex differences 
in mortality among binational cohort of people with chronic 
kidney disease: population based data linkage study. BMJ 
2021;375:e068247. 

 on N
ovem

ber 9, 2024 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2023-081383 on 25 January 2024. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0009-0008-5936-7268
http://dx.doi.org/10.1596/39864
http://dx.doi.org/10.1596/39864
http://dx.doi.org/10.1155/2021/5807056
http://dx.doi.org/10.1136/bmjgh-2021-006178
http://dx.doi.org/10.1136/bmjgh-2021-006178
https://ddc.moph.go.th/viralpneumonia/eng/situation_more.php
https://ddc.moph.go.th/viralpneumonia/eng/situation_more.php
http://dx.doi.org/10.1007/s00705-022-05666-6
http://dx.doi.org/10.26355/eurrev_202203_28248
http://dx.doi.org/10.3747/pdi.2017.00127
http://dx.doi.org/10.2471/BLT.21.286792
http://dx.doi.org/10.1007/s11255-022-03193-6
http://dx.doi.org/10.5414/CN110823
http://dx.doi.org/10.1371/journal.pntd.0009156
http://dx.doi.org/10.1093/ije/dyaa169
http://dx.doi.org/10.1016/S0140-6736(21)02796-3
http://dx.doi.org/10.1038/s41586-022-05522-2
http://dx.doi.org/10.1111/ajt.16041
https://cdn.who.int/media/docs/default-source/world-health-data-platform/covid-19-excessmortality/who_methods_for_estimating_the_excess_mortality_associated_with_the_covid-19_pandemic.pdf?sfvrsn=5a05fa76_2&download=true
https://cdn.who.int/media/docs/default-source/world-health-data-platform/covid-19-excessmortality/who_methods_for_estimating_the_excess_mortality_associated_with_the_covid-19_pandemic.pdf?sfvrsn=5a05fa76_2&download=true
https://cdn.who.int/media/docs/default-source/world-health-data-platform/covid-19-excessmortality/who_methods_for_estimating_the_excess_mortality_associated_with_the_covid-19_pandemic.pdf?sfvrsn=5a05fa76_2&download=true
https://cdn.who.int/media/docs/default-source/world-health-data-platform/covid-19-excessmortality/who_methods_for_estimating_the_excess_mortality_associated_with_the_covid-19_pandemic.pdf?sfvrsn=5a05fa76_2&download=true
http://dx.doi.org/10.1016/S0140-6736(20)30933-8
http://dx.doi.org/10.1111/j.1467-9868.2010.00749.x
http://dx.doi.org/10.1111/j.1467-9868.2010.00749.x
http://dx.doi.org/10.3389/fpubh.2023.1065883
http://dx.doi.org/10.1177/00302228211008753
http://dx.doi.org/10.3389/fpubh.2020.577018
http://dx.doi.org/10.3390/tropicalmed7070116
http://dx.doi.org/10.1186/s12913-016-1792-9
http://dx.doi.org/10.1186/s12913-016-1792-9
http://dx.doi.org/10.1136/BMJ-2021-068247
http://bmjopen.bmj.com/

