
Review
The Lancet Regional
Health - Western Pacific
2023;▪: 100795

Published Online XXX

https://doi.org/10.
1016/j.lanwpc.2023.
100795
Impact of COVID-19 on risks and deaths of non-communicable
diseases in the Western Pacific region
Xiaoyue Xu,a,j Zumin Shi,b,j Lihui Zhou,c Jing Lin,c Evan Atlantis,d,e Xinguang Chen,f Akhtar Hussain,g,h Youfa Wang,f ,∗ and Yaogang Wangc,i,∗∗

aSchool of Population Heath, University of New South Wales, Australia
bHuman Nutrition Department, College of Health Sciences, QU Health, Qatar University, Doha, 2713, Qatar
cSchool of Public Health, Tianjin Medical University, Tianjin, People’s Republic of China
dSchool of Health Sciences, Western Sydney University, Penrith, New South Wales, Australia
eDiscipline of Medicine, Nepean Clinical School, Faculty of Medicine and Health, The University of Sydney, Nepean, New South Wales,
Australia
fThe First Affiliated Hospital of Xi’an Jiaotong University Public Health Institute, Global Health Institute, School of Public Health,
International Obesity and Metabolic Disease Research Center, Xi’an Jiaotong University, Xi’an 710061, People’s Republic of China
gFaculty of Health Sciences, Nord University, Bodø, 8049, Norway
hInternational Diabetes Federation, 166 Chaussee de La Hulpe, B-1170, Brussels, Belgium
iNational Institute of Health Data Science at Peking University, Peking University, Beijing, People’s Republic of China

Summary
Countries and areas in the Western Pacific region (WPR) experienced the COVID-19 pandemic and took various
preventive measures, which affected non-communicable diseases (NCDs) risks and mortality. Due to differences in
COVID-19 prevention measures and other characteristics such as culture, religions, political systems, socioeconomic
development, lifestyles, and health care systems, the effects of COVID-19 on NCDs varied greatly among WPR
countries. Most countries had an increased all-cause and NCDs mortality during the pandemic, but some developed
countries, including New Zealand, Singapore and Australia reported decreased mortality. The pandemic and the
preventive measures increased NCD risk factors including unhealthy diet, lack of physical activity and sleep disor-
ders. The effects varied by socioeconomic status and health conditions. COVID-19 related stress, food shortages, and
confined lifestyle had immediate detrimental effects on NCDs, and also affected pregnancy outcomes with long-term
effects on NCDs risks in coming years.

Copyright © 2023 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
The COVID-19 pandemic was announced following the
discovery of the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) at end of 2019 in Wuhan,
China.1 As of 31 December 2022, more than 639 million
confirmed cases and 6.6 million deaths have been re-
ported worldwide, with more than 98 million confirmed
cases and 283,164 deaths in the WHO Western Pacific
region (WPR).2

In the WPR, Non-Communicable Diseases (NCDs)
account for 80% of all deaths, with 50% of premature
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deaths occurring in low-and-middle-income countries.3,4

The urgent need to reduce the burden of NCDs has
been recognised by the United Nations, with Sustain-
able Development Goal 3.4 focused on reducing pre-
mature mortality from NCDs through effective
prevention and treatment by a third by 2030. However,
many countries are unlikely to achieve this goal, in
particular, with the interruption of NCD services by the
COVID-19 pandemic.5,6

The total confirmed cases, deaths, prevalence of
COVID-19 and related mortality across WPR countries
were shown in Fig. 1. Overall, the COVID-19 pan-
demic varies dramatically across WPR countries. By 31
December in 2022, the Republic of Korea had the highest
cumulative confirmed cases (29,059,273), followed by
Japan (29,105,070), Viet Nam (11,524,647), Australia
(11,047,174) and China (10,388,942). Niue (458), Tokelau
(5), and Pitcairn Islands (4) had relatively lower cases.

Aligned with cumulative cases, Brunei Darussalam
had the highest prevalence of COVID-19 (61.2%), fol-
lowed by the Republic of Korea (56.2%). Except Tokelau
had no COVID-19 cases, Cambodia, China, Papua New
1
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Fig. 1: Total confirmed cases, deaths, the prevalence and mortality of COVID-19 across counties in the Western Pacific region. a. Cu-
mulative confirmed cases and deaths; b. prevalence and mortality rate of COVID-19. Data source: World Health Organization—COVID-19 data
dashboard in the Western Pacific Region (https://covid19.who.int/table) (data on 31 December 2022).
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Guinea, and Tokelau were countries had lower preva-
lence, which were 0.8%, 0.7% and 0.5%, respectively
(Fig. 1).

Deaths due to COVID-19 were proportionately
associated with confirmed cases of infection.
Philippines had the highest prevalence of cumulative
deaths (65,309), followed by Japan (56,974) and Viet
Nam (43,184). No COVID-19 related death has been
reported for Tuvalu, Niue, Pitcairn Islands, and Tokelau
countries. Guam had the highest COVID-19 mortality
www.thelancet.com Vol ▪ ▪, 2023
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Review
(0.24%), followed by French Polynesia (0.23%). Nauru
(0.009%), Papua New Guinea (0.007%), Cook Islands
(0.006%), Vanuatu (0.005%) and China (0.002%) had
relatively lower mortality across countries in the WPR
(Fig. 1).

As COVID-19 affects individuals and populations
differently depending on factors such as health condi-
tions, lifestyle, and prevention measures, its effects on
NCDs as well as mortality varied greatly by countries.
WPR countries have a diverse population structure with
substantial differences in socioeconomic status, bur-
dens of NCDs, health services as well as COVID-19
prevention measures. To the best of our knowledge,
no study has comprehensively examined the influence
of COVID-19 on NCDs in WPR countries.

This study aimed to fill in this knowledge gap and
aimed to comprehensively examine the impact of the
COVID-19 pandemic on NCDs risks and deaths, and
compare the differences across studies among WPR
countries. It comprehensively assessed the existing
literature to understand the impact of the COVID-19
pandemic on NCDs in hospital and population mortal-
ity, and on NCDs risk factors.
Impact of COVID-19 on NCDs and excess
mortality of all causes in the WPR
COVID-19 has both direct and indirect impact on
NCDs. In terms of direct effects, COVID-19 has a high
susceptibility among people with NCDs, and vice versa.
That is, pre-existing NCDs as a risk factor for becoming
infected by a severe form of COVID-19, leading to death
in most causes; whereas COVID-19 effects on NCD
outcomes and complications. In China, a meta-analysis
suggested that comorbid diabetes increased the severity
or mortality of COVID-19 with a pooled relative risk of
2.96 (95% CI 2.31–3.79).7 The interaction between
Panel 1: Search strategies and analyses of the association
between COVID-19 excess mortality and NCDs.

The Web of Science and PubMed database was searched for
studies published between 1 January 2019 and 25 Oct 2022.
The searching strategies included in the search are shown in
Supplementary Table S1–S5. The following search terms and
their combinations were used: “coronavirus”, “COVID-19”,
“NCD”, “non-communicable diseases”, “CVD”,
“cardiovascular diseases”, “diabetes”, “respiratory diseases”,
“COPD”, “chronic obstructive pulmonary disease”, “cancer”,
“neoplasms”, “mental health”, “psychiatry”, “prevalence”,
“incidence”, “death”, “mortality”, “morbidity”, “detection”,
“health service”, “dietary pattern”, “dietary behaviour
change”, “Western Pacific region”, and names of all 37
countries and areas in the WPR.
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COVID-19 and NCDs may further increase the global
burden of disease.8

Indirect effects of COVID-19 on NCDs are varying,
with one of the important aspects is that COVID-19 has
substantially disrupted the provision of essential health
services for NCD.9 According to WHO PULSE survey,
77% of all countries have experienced partially or
completely health service disruptions during the
COVID-19 pandemic: 49% of diabetes treatment, 43%
of cancer treatment, and 31% of cardiovascular emer-
gency responses were disrupted.10 No doubt that these
health service disruptions may lead to delayed NCDs
diagnosis, faster disease progression, and ultimately,
higher rates of mortality.

Excess mortality, defined as the increase of the all-
cause mortality above the expected mortality based on
historical trends, has been widely used to estimate the
death toll of COVID-19 pandemic. A total of 18.2 million
people died because of the COVID-19 pandemic during
the period of January 2020–December 2021, with excess
mortality rate exceeded 300 deaths per 100,000 of pop-
ulation in 21 countries worldwide.6 In Singapore for
instance, based on the data from the Ministry of Health,
a higher than usual number of deaths during COVID-19
pandemic was reported with the excess mortality linked
to COVID-19 infection between January 2020 and
January 202211 In other words, COVID-19 aggravated
existing illnesses, resulting in further mortalities.

COVID-19 Excess Mortality Collaborators6 evaluated
the excess mortality during COVID-19 pandemic
worldwide. In WPR, of a total of 18 countries’ data were
available, 15 countries had excess mortality due to
COVID-19 pandemic, with Guam had the highest
excess mortality (107 per 100,000), while China has the
lowest excess mortality (1 per 100,000). Interestingly,
three countries in the WPR: New Zealand, Singapore,
and Australia reported decreased mortality during
COVID-19 pandemic (between January 1, 2020 and
December 31, 2021), which were 9.3, 15.8 and 37.6 per
100,000, respectively.6 However, it is worth noting that
excess mortality often represented all-cause mortality
during the COVID-19 pandemic.6 That is, excess mor-
tality may be resulted from either COVID-19 infection
or NCD, or a combination of the two.
COVID-19 effects on NCDs mortality
COVID-19 affected NCDs mortality differently by
countries and regions. All-cause excess mortality during
COVID-19 pandemic has been reported around the
world, with NCDs being listed as the major underlying
cause of death.1 Data on the effect of COVID-19 on NCD
mortality are limited in the WPR, thus we performed a
narrative review to assess associations across WPR
countries. Details of key words (Panel 1) and searching
strategies in Web of Science (Supplementary Table S1)
3
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and PubMed (Supplementary Table S2) were presented
in Supplementary files.

Regarding the impact of the COVID-19 pandemic on
NCDs in-hospital mortality and NCDs mortality at the
population level, there were 2007 studies from Web of
Science and 2058 studies from PubMed that resulted
initially, of which 46 were identified, 13 studies were
included as relevant based on a review of the title and
abstract and then a full-text review. Studies that reported
mortality before and during COVID-19 pandemic period
in WPR countries were included. A total of 10 studies on
NCDs in-hospital or after-hospital mortality and 3
studies on NCDs mortality at the population level were
extracted for details.

Studies reported in-hospital mortality were found
across four countries in the WPR, including China,
Philippines, Japan and Singapore (Table 1). Of a total of
10 included studies, eight studies reported on cardio-
vascular mortality,12–21 one on cancer mortality20 and one
on mental health mortality.21 Six studies reported
increased mortality,12,13,16,19–21 whereas four studies re-
ported decreased in-hospital or after-hospital
mortality.14,15,17,18

Among six studies that reported increased NCDs
mortality, four were conducted in China, with the range
of increase between 6.6 and 26% 12,16,19,21; one study re-
ported in Philippines that increased by 6% compared to
pre-COVID period13; one study reported in Japan that
increased by 27% compared to pre-COVID period.20

Among four studies that reported decreased mortality,
with the range of decrease between 1.6% and
11.9%14,15,17,18; two studies reported in China,17,18 one
study reported in Japan15 and one was in Singapore.14

Five population-mortality studies compared the
mortality during the pandemic to either pre-COVID
period or predicted post-COVID period (Table 2).
Among these studies,22–24 two reported cardiovascular
mortality,22,23 two reported cancer mortality23,24 and one
reported respiratory disease mortality.23 Of these
studies, four were conducted in Japan22,23 and one in
Australia.24 Four of five studies reported increased
mortality,22,23 and one predicted the increased mortality
by gender with 36.4% (95% Uncertainty Interval [UI]
15.3–63.9) increase for males, 36.6% (95% UI
15.8–64.1) increase for females between 2020 and
2044.24

Four studies conducted in Japan reported increases
in all-cause mortality between 3.7 and 19.4%.23,24 Inter-
estingly, one study in Japan reported decreased mor-
tality on temperature-sensitive disease, which mainly
included cardiovascular disease and respiratory
diseases.22

In summary, regarding in-hospital mortality, six of
ten studies reported an increase, while four studies re-
ported a decrease in mortality in WPR countries. In
terms of mortality at population level, four of five
studies reported increased all-cause mortality and
cancer mortality, whereas one study reported decreased
mortality in cardiovascular and respiratory diseases.
Although the effects of COVID-19 pandemic on NCD
mortality across WPR countries were different, the
majority of studies found an increased NCD mortality
in-hospital and at population level.

It is noteworthy that from the existing studies, the
actual cause of death seems unclear. It is hard to
distinguish if NCDs increased susceptibility to con-
tracting COVID-19, or worsened its course, versus if
COVID-19 precipitated a NCD event that was part of the
pre-existing NCD (e.g., diabetes).
COVID-19 effects on risk for NCDs and risk
factors
Some studies have assessed the effects of COVID-19 on
the burden of NCDs. Evidence from 11 cohort studies
(mainly in the USA and Europe) suggests that COVID-
19 infection increases the risk of incident diabetes by
64% (type 2 diabetes increased by 78%, and type 1 dia-
betes increased by 42%).25

Most types of NCDs often share common modifiable
risk factors, with main focus on unhealthy lifestyles,
such as unhealthy diets and lack of physical activity.26

COVID-19 mitigation strategies in many countries,
such as lockdown, physical distancing and self-isolation,
further increase the behavioural risk of NCDs.

To further understand the impact of the COVID-19
pandemic on NCDs burden (e.g., increased or
decreased prevalence of NCDs) and its risk factors (e.g.,
poor diet and low physical activity) in WPR, we per-
formed a review of all systematic reviews conducted in
the region. The searching terms included in this search
are shown in Panel 1 and Supplementary Table S3.
There were 2853 studies that resulted initially, of which
27 were identified, 10 studies were further included
based on a review of the title and abstract and then a
full-text review (Table 3).

Of 10 studies, seven reviews reported NCDs preva-
lence during the COVID-19 pandemic, three reported
on cancer prevalence27–29 and four reported on mental
disorders.30–32 Within countries in WPR, China was
included in six of seven reviews, with the range of
pooled prevalence for cancer being between 1.7 and
20.0%, for mental disorders being between 26.3 and
37.1%. One study highlighted significant high mortality
among cancer patients during the COVID-19
pandemic.27 Apart from China, Vietnam is the only
county in the WPR included in one review that reported
the prevalence of depression (14.6%) during the
COVID-19 pandemic.32

In terms of NCD risk factors, sleep and environment
were discussed in the three reviews.33–35 China33–35 and
South Korea35 were countries in WPR that were
included in the reviews. The range of sleep disorder
prevalence during the COVID-19 pandemic was
www.thelancet.com Vol ▪ ▪, 2023

www.thelancet.com/digital-health


Study settings Comparisons Outcome measures Effects

1.CVD

China12 Pre-COVID (2019) vs post-COVID (2020) period In-hospital mortality Increased by 18.0% in patients with cerebrovascular disease

Philippines13 Pre-COVID (Feb 2019–Jan 2020) vs COVID period
(Feb 2020–Jan 2021)

Proportion of death Increased from 7% pre-pandemic to 13% during the pandemic in stroke patients

Singapore14 Pre-COVID (Dec 2019–Feb 2020) vs COVID period
(Feb–Mar 2020)

In-hospital mortality Decreased by 1.6% but no significant difference in cardiac-related mortality

Japan15 Pre-COVID (before Apr 2020) vs COVID period
(after Apr 2020)

In-hospital mortality 7% lower risk but no significant difference in patients with acute coronary syndrome

China16 Pre-COVID (2019) vs COVID period (2020) In-hospital mortality Increased by 6.6% in patients with stroke

China17 Pre-COVID (Jan–Apr 2019) vs COVID period
(Jan–Apr 2020)

In-hospital mortality Decreased by 11.9% in cardiac intensive care units

China18 Pre-COVID (2010–2019) vs COVID period (2020) In-hospital mortality Mortality from first-ever stroke in 2020 was not significantly different from that in
2019, but it was noticeably lower than that for the previous 5 and 10 years

China19 Pre-COVID (2019) vs COVID period (2020) In-hospital mortality Increased from 1.1 pre-COVID to 4.2% during the pandemic

Cancer

Japan20 Pre-COVID (Apr 2019–Mar 2020) vs COVID
period (Apr 2020–Mar 2021)

In-hospital mortality Increased from 9.0% pre-COVID period to 32.0% during COVID period

2.Mental health

Hong Kong, China21 Pre-COVID (Jan–Nov 2019) vs during COVID (Jan–
Nov 2020)

In-hospital mortality Increased by 26.0% in patients with mental disorders

Table 1: Summary of studies on the impact of the COVID-19 pandemic on NCDs in-hospital mortality in the Western Pacific region.

Review
between 37 and 45.1%. The COVID-19 pandemic affects
the environment factor is interesting that PM2.5 (i.e.,
particulate matter less than 2.5 μm in diameter) during
the period of COVID-19-induced lockdown decreased by
44% in China35 and 54% in Republic of Korea.35

COVID-19 effects on the changes of dietary
behaviour
Although sleep and environment are the only factors
included in the systemic reviews in the WPR, diet is one
of the most important risk factors for NCDs, with di-
etary changes during the COVID-19 pandemic have
been widely discussed in the literature.36 Therefore, we
further performed a review to understand dietary
behaviour changes in the WPR during the COVID-19
Study settings Comparisons

1.CVD

Japan22 Pre-pandemic (2010–19) vs pandemic period
(Mar–Dec 2020)

Japan23 Pre-pandemic (2012–2019) vs pandemic period
(Jan 2020–May 2021)

2.Cancer

Japan23 Pre-pandemic (2012–2019) vs pandemic period
(Jan 2020–May 2021)

Australia24 2017–2019 vs predicted (2020–2044)

3.Respiratory disease

Japan23 Pre-pandemic (2012–2019) vs pandemic period
(Jan 2020–May 2021)

Table 2: Summary of studies on the impact of the COVID-19 pandemic on N

www.thelancet.com Vol ▪ ▪, 2023
pandemic. The searching strategies are shown in
Panel 1, Supplementary Tables S4 and S5.

Of a total of 258 studies that resulted initially, 148
studies were included as relevant based on a review of
the title and abstract and then a full-text review. A total
of 13 studies that included national data were extracted
for details (Table 4). Of a total of 13 studies, 6 studies
were performed in China,37–42 2 in Vietnam,43,44 2 in
Japan,45,46 1 in South Korea,47 1 in Malaysia48 and 1 in
New Zealand.49

All studies reported changes in dietary behaviours
due to the COVID-19 pandemic. Either positive or
negative changes in dietary behaviour during the
COVID-19 pandemic were reported across studies.
Although it is hard to observe the consistent changes
Outcome measures Effects

Death on temperature-sensitive disease
(including cardiovascular disease and respiratory
diseases)

Decreased by 8%–56%

Largest excess death percentage Increased by 5.0–14.4%

Largest excess death percentage Increased by 3.7–6.5%

Cancer death Increased by 36.4% (95% uncertainty interval [UI]
15.3–63.9) for males, 36.6% (95% UI 15.8–64.1)
for females

Largest excess death percentage Increased by 6.2–19.4%

CDs mortality at population level in the Western Pacific region.

5
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Study settings Comparisons or summary Outcomes Effects

1. COVID-19 affects the risk for NCDs

Cancer

China (10 out of a total of 31 included
studies)27

Cancer patients vs non-cancer patients
during
COVID-19 pandemic

Cancer mortality Pooled Odds Ratio (OR) = 6.62, 95% CI
2.68–16.34

China (82 out of a total of 110 included
studies)28

Reported on cancer prevalence during
COVID-19 pandemic

Cancer prevalence in hospitalised patients
with COVID-19

Pooled prevalence = 1.7%, 95% CI 1.3%–2.3%

China (8 out of a total of 15 included
studies)29

Reported on cancer prevalence during
COVID-19 pandemic

Cancer prevalence in hospitalised patients
with COVID-19

Pooled prevalence = 20.0%, 95% CI 14.5%–
26.2%

Mental disorders

China (a total of 66 included studies)30 Reported prevalence of psychological status
during COVID-19 pandemic

Prevalence of different psychological
symptoms

Anxiety: 28.6%, depression: 30.6%, sleep
disorder: 26.3%, acute stress: 36.5%, somatic
symptoms: 17.0%, fear: 36.8%, obsessive-
compulsive symptoms: 37.1%,
comprehensive psychological symptoms
26.7%

China (8 out of a total of 15 included
studies)31

Reported on anxiety prevalence of in
pregnant
women during COVID-19 pandemic

Anxiety prevalence in hospitalised patients
with COVID-19

Pooled prevalence = 34%, 95% CI 26%–43%

China (11 out of a total of 15 included
studies)31

Reported on depression prevalence of in
pregnant women during COVID-19
pandemic

Depression prevalence in hospitalised
patients with COVID-19

Pooled prevalence = 30%, 95% CI 23%–37%

Vietnam (a total of 13 included studies)32 Reported on depression prevalence of during
COVID-19 pandemic

Depression prevalence in hospitalised
patients with COVID-19

Pooled prevalence = 14.6%, 95% CI 11.5%–
18.1%

2. COVID-19 affects NCD risk factors

Sleep

China (a total of 98 included studies)33 Reported insomnia symptom during the
early and
late stages of COVID-19 in China

Prevalence of insomnia The range of the pooled prevalence of
insomnia symptoms were 37.0% (95% CI
34.1–39.9%) and 41.8% (95% CI
33.6–50.0%)

China (a total of 17 included studies)34 Reported sleep disturbances and sleep
quality during COVID-19 pandemic

Prevalence of sleep disturbances Pooled prevalence = 45.1%, 95% CI 37.2%–
53.1%

Environment

Republic of Korea35 PM2.5 levelsa during the period of COVID-
19-induced lockdown compared to 2019

Reduction percentage of PM2.5 levels Decreased by 54%

China35 PM2.5 levelsa during the period of COVID-
19-induced lockdown compared to 2019

Reduction percentage of PM2.5 levels Decreased by 44%

aPM2.5 levels means particulate matter less than 2.5 μm in diameter.

Table 3: Summary of systematic reviews on how COVID-19 pandemic affected the risk for NCDs and NCDs risk factors in the Western Pacific region.

Review
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in healthy or unhealthy food items during or after
COVID-19 across studies in the WPR, five studies in
the WPR clearly indicated an overall change towards a
healthy diet (healthier change > unhealthier change
based on fruit and vegetable consumption or perceived
change) during or after COVID-19. Specifically, a na-
tional study conducted in China (N = 2289) reported
that 23% of adults reported changing their diets to be
healthier.39 In a study in Vietnam that included 7616
nursing and medical students, 42.8% reported a
change towards a healthier eating behaviour during the
COVID-19 pandemic.44 Two national studies in Japan
found healthier dietary behaviour, with increased
consumption of vegetables, beans, meats and dairy
products during the COVID-19 pandemic.45,46 A na-
tional study in Malaysia found 45.3% of 1045 young
adults (aged ≤30 years) consumed more fruits and
60.2% had higher plain water intake during the
COVID-19 pandemic.48 Interestingly, some positive
effect of dietary consumption, such as alcohol and
unhealthy snacks, due to COVID-19 has also been
observed. Results from two national studies in China
indicated a decrease in salty snacks and alcoholic
beverages during the COVID-19 lockdown.41,42 A na-
tional study in Japan including 5929 participants found
a decrease in alcohol consumption during the COVID-
19 pandemic.45

Four studies indicated the changes in dietary
behaviour towards being ‘unhealthy’. Results from a
national study in China that include 10,082 participants
who completed Food Frequency Questionnaire found
that COVID-19 led to decreases in healthy food con-
sumption (e.g., fresh fruit, vegetable, soybean and dairy
products).50 A national study in South Korea that include
229,269 participants found more individuals reported an
increase in the unhealthy diet than a decrease in
www.thelancet.com Vol ▪ ▪, 2023
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Study
settings

Region Sample
size

Tools of dietary
assessment

Survey method Comparisons Effects

China37 Nationwide NA Summary data from
China Statistical
Yearbook

Aggregated data on
dietary consumption

Pre-COVID (2015–2019)
vs post-COVID (2020)

Increased consumption of grain, poultry, eggs, and dairy.
Decreased red meat consumption. Changes varied by region, age
and illiteracy rate.

China38 Nationwide (67.9%
in Guangdong
province)

2723 FFQa Online survey During the lockdown
(after Jan 2020) vs pre-
COVID-19 period (Oct
2019)

Prevalence of increased or decreased intake:
Fruit: 23.3%, 17.9%. Vegetable: 25.3%, 11.7%. Snacks: 38.2%,
13.6%

China39 Nationwide 2289 FFQ Online survey Under vs before home
isolation (Survey period:
23 Mar to 26 Apr 2020)

23% of adults reported changed their diets to be healthier and
30% reported consuming more vegetables, fruits, and milk
products under home isolation

China40 Nationwide 10,082 FFQ Online questionnaire Pre-COVID vs COVID
period (May 2020)

Decreases in the frequency of intake of rice, meat, poultry, fresh
vegetables, fresh fruit, soybean products, and dairy products;
increase in the consumption of wheat products, other staple
foods, and preserved vegetables

China41 Nationwide 441 The Corona Cooking
Survey (CCS)
questionnaire

Online questionnaire Pre-COVID vs during
COVID period (April–June
2020)

No changes in healthy food consumption. Salty snack decreased
3.3%. Alcohol decreased 2.8%

China42 Nationwide 652 The Corona Cooking
Survey (CCS)
questionnaire

Online questionnaire Pre-COVID vs during
COVID period (April–June
2020)

Decreased intake of salty snacks and alcoholic beverages during the
lockdown; increase in the frequency of family members
recommending diets.

Vietnam43 Nationwide (eleven
hospitals across
Vietnam)

4348 One question on
perceived dietary
change

The online and
printed versions of
the questionnaire
assisted
by researchers

During lockdown (Apr
2022) vs after lockdown
(Apr–May 2020)

Patients under lockdown were less likely to have “unchanged or
healthier” eating behaviour (OR 0.38, 0.29–0.51)

Vietnam44 Nationwide (10
universities)

7616
nursing
and
medical
students

One question on
perceived dietary
change

Online survey Pre-COVID vs during
COVID period (April–May
2020)

Towards to a healthier eating behaviour: 42.8%. Unchanged or less
healthy: 57.2%

Japan45 Nationwide (users
of the CALO
mama health app)

5929 Users record items
of every meal in the
app

Online survey Pre-COVID (Jan–May
2020) and during COVID
period (Apr–May 2020)

Increase in the frequency of intake of vegetables, beans, seaweeds,
fish, meats, dairy products, and snacks; decrease in alcohol intake
during COVID.

Japan46 Nationwide
(registered in a
research company,
MyVoice)

6000 One question on
perceived dietary
change

Online survey Pre-COVID (Nov 2019) vs
during COVID (Nov 2020)

Towards to a healthier (20.3%), unhealthier (8.2%) and unchanged
(71.6%) diet during COVID.

South
Korea47

Nationwide 229,269 Question on changes
in diet behaviours

Computer-assisted
personal interviews

Pre-COVID vs during
COVID

17% increased unhealthy diet. 8.4% decreased unhealthy diet.
Having NCDs were more likely to decrease unhealthy diet.

Malaysia48 Nationwide 1045
young
adults
(≤30
years)

Dietary diversity
questionnaire

Online survey During COVID (June 2021)
vs pre-pandemic

45.3% consumed more fruits and 60.2% had higher plain water
intake during the pandemic. 41.0%–66.8% of the young adults
changed their dietary intake patterns during the pandemic.

New
Zealand49

Nationwide 3028 7-point frequency
response scale

Online questionnaire Pre-COVID vs during
COVID lockdown (April–
May 2020)

Towards unhealthy dietary pattern: an increased consumption of
sweet snacks (41%), salty snacks (33%), alcohol (33%), and sugary
drinks (20%).

aFFQ: Food frequency questionnaire.

Table 4: Summary of studies on dietary behaviour change pre-post the COVID-19 pandemic in the Western Pacific region.

Review
unhealthy diet (17% vs 8.4%) during the pandemic.47 A
national study in New Zealand including 3028 partici-
pants conclude dietary behaviour towards an unhealthy
dietary pattern, with increased consumption of sweet
and salty snacks, alcohol and sugary drinks.49 In a study
of 4348 patients in Vietnam, participants under lock-
down were found to be less likely to have “unchanged or
healthier” eating behaviour (OR 0.38 95% CI
0.29–0.51).43

The changes in dietary behaviour were affected by
various factors such as age, region and socioeconomic
www.thelancet.com Vol ▪ ▪, 2023
status. In China, Zheng X et al. analysed provincial
level food consumption data between 2015 and 2020
and found that rural residents and those living in the
eastern region were more likely to adopt a healthier
diet due to the COVID-19 pandemic.37 In Japan,
perceived threat of COVID-19 has been found to be
positively associated with both healthier and
unhealthier dietary changes with odds ratios (OR) of
1.06 (95% CI 1.04–1.07) and 1.02 (1.00–1.04), respec-
tively.46 Surprisingly, decrease in household income
also affected dietary change in both directions with
7

www.thelancet.com/digital-health


Review

8

ORs of 1.42 (1.18–1.70) and 1.53 (1.20–1.95) for
healthier change and unhealthy change.

There are some limitations in the studies described
above. Firstly, almost all the studies were conducted via
online survey due to various reasons including lock-
down. Secondly, the participants were generally young
adults or with high socioeconomic status. It is unlikely
that they are representative of the general population. It
is unknown whether individuals with NCDs experi-
enced a different dietary change during the pandemic.
Only one study in Korea reported that individuals with
NCDs were more likely to decrease the consumption of
unhealthy diets during the pandemic with an OR of 1.15
(1.04–1.27) for those with diabetes.47 Thirdly, food con-
sumption data are often self-reported which may have
measurement bias. Lastly, as different definitions were
used to describe dietary pattern across WPR regions, we
were not able to reliably synthesize the evidence of
changes on dietary pattern in the included studies.

In summary, the changes in dietary behaviour dur-
ing the COVID-19 pandemic across WPR countries are
inconsistent. The bidirectional influence of the COVID-
19 pandemic on dietary behaviour is observed in the
WPR, with studies indicating either positive or negative
changes in dietary behaviour that may have a significant
impact on future NCD burden in the WPR.
Lessons learned from the COVID-19 pandemic
and future policy direction
Countries with low mortality during COVID-19
pandemic: stringent prevention measures work
Some countries, such as China, had relatively higher
total number of COVID-19 cases, while had a lower
number of deaths or mortality rate. This may be due to
its strict COVID control policies over an extended
period, relative to other countries, during the pandemic.
China maintained its “Dynamic zero-COVID” strategy
since pandemic began till December 7, 2022, which
means to reduce virus transmission and implement
effective control strategies. China has done this by
stamping out outbreaks with mass testing and issuing
lockdowns to achieve zero cases since the COVID-19
pandemic begins at late 2019.51 However, with the
relaxing of its “dynamic zero-COVID” strategy, China
saw another surge of the cases since early December
2022. By early February 2023, the surge of COVID-19
cases was under control. Its consequences are yet to
be studied in-depth.

Countries with decreased mortality during the
COVID-19 pandemic: telemedicine saves life
In WPR, most countries had increased excess mortality,
while three countries including New Zealand,
Singapore, and Australia had decreased mortality during
the COVID-19 pandemic. The main reason may be due
to the high-level of health service in these high-income
countries. In Australia for instance, the overall health
system ranks among the best in the world, with one of
the highest life expectancies (82.5 years) globally.52 The
COVID-19 pandemic brings extreme challenge to
healthcare service, from prevention to rehabilitation. In
addition, the COVID-19 pandemic also has significant
impact on special health service such as pre-hospital
emergency care. Pre-hospital emergency care is the
community-oriented system that responds to the medi-
cal needs of patents with emergency illness outside of
health care facilities until they are transferred to a
medical facility,53 thereby plays a vital role in sustaining
people’s life during COVID-19 pandemic.

To ensure the continuity care for patients during the
COVID-19 pandemic, telemedicine has been proposed
and implemented across the globe, in particular in high-
income countries, including New Zealand, Singapore,
and Australia. The importance of implementing tele-
medicine for health care delivery in developing counties
may have more profound impact than developed coun-
tries. However, some challenges remain in applying this
technology in developing countries, mainly including
affordability, accessibility and availability.54 This digital
technology has also been recognised in playing a critical
role across all aspects of health within the WPR that
including both developing and developed countries,
which has the potential to promote health and well-
being in achieving sustainable development goals.55

Continuous efforts are needed by working together
with policy makers, administrators, and researcher to
best place telemedicine in achieving high quality of care
globally.

COVID-19 pandemic on NCDs mortality: health care
system makes difference beyond the economic
development level
The impact of the COVID-19 pandemic on NCDs
mortality is substantial, with increased NCD mortality
during the COVID-19 pandemic being common world-
wide. An excess acute cardiovascular mortality of 8%
was observed in England and Wales,56 17%–164% of
cardiovascular events and deaths were markable
increased in the United States during the COVID-19
pandemic.57 The main reason may be due to health-
care system factors given the resources have been
pushed to be adapted and reallocated in coping with the
burden of COVID-19. Patients with NCDs are often
delayed in accessing medications prescriptions or semi-
elective procedures (e.g., transcatheter aortic valve
replacement for cardiovascular procedure) that lead to a
higher risk of deaths. In China, a population-based
survey found that 30.1% of the participants reported
drug shortage during the COVID-19 pandemic.58 In the
WPR, most studies have also reported increased NCDs
mortality, whereas a study conducted in Japan estimated
substantial decreases in the burden of cardiovascular
and respiratory disease.22 This is explained by the
www.thelancet.com Vol ▪ ▪, 2023
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behavioural modifications during COVID-19, that is,
COVID-19 related policies inhibit people’s behaviour
and outdoor mobility causing decreased mortality. An
efficient surveillance and health care service in Japan is
likely to be an important contributor to the prevention of
excess mortality during the COVID-19 pandemic.59

Long-term effects of COVID-19 related
psychological and behaviour changes deserve
attention
Individual risk factor of NCDs, such as dietary risk and
physical inactivity, that impacted by COVID-19 in the
WPR are often studied.60 Due to grocery shopping re-
striction, stockpiling food are common during COVID-
19 pandemic. This resulted in reduced fresh food (e.g.,
fruits and vegetables) and increased highly processed
or unhealthy food consumption (e.g., snacks and junk
foods). Food shortage is a great concern during
COVID-19 pandemic, especially among people with
NCDs. An online survey conducted in China found
that 26.9% reported food shortage during the COVID-
19 pandemic, with a substantial difference was high-
lighted among people with or without diabetes (59.5%
vs 25.0%).58 The issue of food insecurity and insuffi-
cient accessibility due to disruptions on market supply
chain has also been proposed,61 which brings new
challenge in food inequality across the world. As a
result of the COVID-19 pandemic, early healthy food
intervention for NCDs prevention may become diffi-
cult. Based on Barker’s foetal origin hypothesis,
nutrition in early stage of life can affect the risk of
NCDs in adulthood.62 Lessons learned from natural
disasters including famine tell us that early life devel-
opment issues have an important role in the contem-
porary high burden of NCDs. In addition, dietary
behaviour changes may be related to prevention pol-
icies during different time period of the epidemic
across WPR countries. Such information needs to be
further explored in order to better place appropriate
prevention policies in promoting healthy eating across
WPR countries in the future.

Stress, fear, food shortages, and confined lifestyle
during the COVID-19 pandemic may have detrimental
effects on pregnancy outcomes. The effect on COVID-
19 infection on the pregnancy outcome has been re-
ported in various countries.63 In China, a study from
Wuhan City (where COVID-19 outbreak was reported)
suggested that COVID-19 during later pregnancy was
associated with an over 3 times increased risks of
preterm birth (OR 3.34, 95% CI 1.60–7.00) and
caesarean section delivery (OR 3.63, 95% CI
1.95–6.76).64 In the Republic of Korea, the prevalence
of preterm birth was 38.5% among pregnant women
infected with COVID-19.65 The long-term inter-
generational effects of the COVID-19 pandemic on
NCDs are of concerns and need to be monitored in the
future.
www.thelancet.com Vol ▪ ▪, 2023
Although the factors discussed above are common
that impacted by COVID-19, sleep and environment are
only factors that included in the systemic reviews in the
WPR (Table 3). COVID-19 has significantly increased
the risk for sleep disorder, but its effect on environment
is beneficial due to decreases in mobility.35 Accumu-
lating studies reported COVID-19 itself is the risk factor
for NCDs, but existing data have often failed to incor-
porate this risk factor in exploring its link to NCDs,
indicating further research is needed.

Long COVID-19 and NCDs as future research
direction
Different variants of COVID-19 affect mortality and
NCD burdens differently. Delta wave increases pro-
gressively in-hospital mortality, followed by Omicron
BA.1/BA.2 and Omicron BA.4/BA.5 wave in South Af-
rica.66 Post-COVID symptom, including fatigue, cough,
heart palpitations, shortness of breath and anxiety/
depression were similar between Omicron (B.1.1.529)
and Delta (B.1.617.2), while Omicron had less muscu-
loskeletal pain than Delta.67

Long-term effects of COVID-19 (long COVID) or a
post-COVID-19 syndrome, is known to impact nega-
tively multiple organ systems.68 The adverse health ef-
fects range from ‘invisible symptoms’ (e.g., fatigue and
difficulty concentrating) to various cardiopulmonary,
neuromuscular, haematological, and gastrointestinal
sequelae.68–70 Evidence from severe COVID-19 survivors
in Wuhan China suggested about half of the individuals
had symptoms of depression 18 months after
discharge.71 As a result, long COVID substantially in-
creases the needs for NCD care, further direct-medical
costs and the healthcare services utilization.72 Reposi-
tion health system, including planning, budgeting and
resource allocation, for long COVID and its implications
are recommended by NCD Alliance.73
Conclusions
The impact of the COVID-19 pandemic on NCDs
burden in the WPR was substantial. COVID-19 led to
both health and economic consequences not only at
individual level, also at country and global level. Given
the diverse populations in the WPR, policies and
guidelines should be developed to mitigate the conse-
quence of COVID-19 pandemic in health system and
address specific needs in WPR countries through in-
ternational collaboration.
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