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symptoms among the Viethamese
general population: a national
evaluation

Bach Tran2*, Minh Ngoc Le Vu?, Huong Thi Le?, Tu Huu Nguyen*, Laurent Boyer?,
Guillaume Fond?, Pascal Auquier?, Carl A. Latkin®, Roger C. M. Ho®’, Cyrus S. H. Ho® &
Melvyn W. B. Zhang?®

Post-COVID-19 symptoms have become a significant global health concern. This study focused on
assessing the prevalence, severity, and care preference of post-COVID-19 symptoms, as well as
identifying determinants to inform evidence-based policy on post-COVID-19 in Vietnam. A national
cross-sectional study was conducted in May 2022 among 12,361 recovered COVID-19 patients,
providing the largest dataset on health status after COVID-19 in Vietnam. The study utilized ordered
logistic, Poisson regression, Multilevel linear random-effects models, and Multilevel random

effects ordered logistic model to identify factors associated with various aspects of post-COVID-19
conditions. Results showed that the average number of post-COVID-19 symptoms was approximately
3, with fatigue and headache being the most common symptoms. The number of post-COVID-19
symptoms varied by province, decreased with age, and was significantly correlated with the duration
of infection. Age, infection period, underlying conditions, telehealth utilization, and geographical
location were identified as significant determinants of post-COVID-19 symptoms. The study concluded
that improving resource allocation and health-seeking behavior in underserved areas could help
address differences in health outcomes and improve post-COVID-19 control in Vietnam.

Following nearly three years of unprecedented global spread, the COVID-19 pandemic has now entered its post-
peak period. At the start of June, global data reported 225,120 new cases daily and a 99% recovery rate, compared
to the peak in November 2021, which saw 514,914 new cases daily and a 90.14% recovery rate!?. In Vietnam,
due to rapid response strategies and a comprehensive national vaccination program, the country has been able
to considerably control the course of the pandemic™. As of June 2022, Vietnam recorded an average of only 910
new cases daily, and there were four deaths in six consecutive weeks®. However, the slowing of the spread does
not signify the end of the pandemic but rather the beginning of a new era in the fight against COVID-19. The
aftermath of the virus includes economic losses, environmental degradation, increased social inequality, disrup-
tion to lifestyles, and, most significantly, long-term or even permanent health consequences®®.

The World Health Organization (WHO) has defined post-COVID-19 condition as a collection of long-term
symptoms that can persist after being infected by COVID-19, either from the initial illness or after recovery. These
symptoms may be less severe than those experienced during the initial infection, but they can affect multiple
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organs simultaneously, including the respiratory, cardiovascular, gastrointestinal, and neurological systems®~'!.
Research suggests that approximately 68% of COVID-19 survivors experience post-COVID-19 symptoms, and
the duration of these symptoms can range from days to several months or even years!%. However, investigating
post-COVID-19 symptoms is challenging because of the lack of a standardized protocol, confirmed risk factors,
and endpoints, which limits the body of evidence on this condition'*!*. Despite several proposed guidelines for
the diagnosis and management of post-COVID-19 symptoms, interventions remain in the early stages, with
emergency recommendations being more common than evidence-based approaches. Moreover, high operational
costs and exhausted workforces after a prolonged period of overwork make these interventions hardly feasible
in the long term'®"". Existing frameworks for post-COVID-19 intervention also have limitations, with a lack of
contextual domains for resource-scarce regions in low- and middle-income countries being a common barrier.

The Ministry of Health in Vietnam has identified more than 200 post-COVID-19 symptoms that have an
extended impact on national health, safety, and socioeconomic growth®. Nevertheless, there is still a dearth of
comprehensive data on the prevalence and impact of post-COVID-19 symptoms on the Vietnamese population,
which impedes the creation of a national strategy and exacerbates the health disparity between regions in Viet-
nam. Our study represents one of the largest and earliest efforts to investigate the residual effects of COVID-19
on the Vietnamese population. Our objective was to determine the frequency and severity of post-COVID-19
symptoms in Vietnam, and to analyze the patterns and factors that contribute to a post-COVID-19 symptom
timeline. Our findings will not only add to the growing corpus of research on post-COVID-19 symptoms but
also facilitate the development of evidence-based interventions in Vietnam in the near future.

Results
Table 1 presented the individual characteristics of the participants. The majority of respondents were male
(65.1%), and the median age was 18 (IQR=17-27). More than one-third of respondents resided in Northern
Midlands and Mountains (34.7%), and 22.1% resided in the Mekong Delta regions. Only 4.9% of respondents
were smokers, while 19.7% consumed alcohol. A large proportion of respondents (70.8%) exercised after recovery,
and 63.1% had a normal BMI Index. Only a minor proportion (3.1%) had comorbidities.

Table 2 showed that more than two-thirds of respondents were infected with COVID-19 in the recent 1 to
4 months. Participants infected with COVID-19 for less than 7 days had the highest proportion (49.8%), fol-
lowed by 7 to 14 days (48.1%). In terms of the severity of COVID-19 at the onset, respondents who had mild
symptoms had the highest percentage of 79.8%, and 10.8% of respondents were asymptomatic. The prevalence
of cases in the region (per 100,000 population) and COVID-19 case fatality rate were calculated as 13,695.5

Characteristics ‘ n ‘ %
Gender
Male 8035 65.1
Female 4305 34.9
Provinces
Southeast region 549 4.8
Northern midlands and mountains 3985 34.7
Red river delta 1131 9.9
North central region 493 43
South central coast 1839 16.0
Central highlands 935 8.2
Mekong delta regions 2540 22.1
Smoking 594 4.9
Alcohol use 2415 19.7
Exercising after recovering from COVID-19 | 8693 70.8
BMI index
Underweight 3382 282
Normal 7578 63.1
Overweight/Obese 1047 8.7
Comorbidities 378 3.1
Diabetes 28 0.2
Cardiovascular disease 208 1.6
Chronic lung disease 88 0.6
Neurological disease 59 0.4
Cancer 39 0.3
Median | IQR
Age (range 16-35) 18 17-27

Table 1. Individual characteristics of participants.
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Northern

Southeast midlands and North central South central Central Mekong delta

region mountains Red river delta | region coast highland regi Total
Characteristics | n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) p-value
Time since COVID-19 onset
1 month 78 (14.3) 704 (17.9) 129 (11.4) 98 (20) 210(11.5) 189 (20.5) 314 (12.5) 1722 (15.1) <0.001
1-4 months 374 (68.4) 2773 (70.4) 870 (77.2) 351 (71.5) 1386 (75.6) 674 (72.9) 1590 (63.2) 8018 (70.5)
4-6 months 59 (10.8) 159 (4) 75 (6.7) 20 (4.1) 124 (6.8) 34 (3.7) 394 (15.7) 865 (7.6)
Above 6 months | 36 (6.6) 305 (7.7) 53 (4.7) 22 (4.5) 113 (6.2) 27(2.9) 218 (8.7) 774 (6.8)
COVID-19 infection period
Less than 7 days | 279 (50.9) 2147 (54.3) 541 (48.1) 215 (43.8) 897 (48.9) 393 (42.6) 1209 (47.8) 5681 (49.8) <0.001
7-14 days 259 (47.3) 1736 (43.9) 552 (49.1) 269 (54.8) 897 (48.9) 511 (55.4) 1264 (50) 5488 (48.1)
I;ﬁoézyt:’a“ 10 (1.8) 70 (1.8) 32(2.8) 7 (1.4) 41 (22) 19 (2.1) 54 (2.1) 233 (2)
Severity of COVID-19 at the onset
Asymptomatic | 57 (10.4) 408 (10.2) 148 (13.1) 38 (7.7) 209 (11.4) 90 (9.6) 288 (11.3) 1238 (10.8) <0.001
Mild 456 (83.1) 3145 (78.9) 890 (78.7) 396 (80.3) 1491 (81.1) 741 (79.3) 2030 (79.9) 9149 (79.8)
Moderate 30 (5.5) 403 (10.1) 85 (7.5) 52(10.5) 129 (7) 99 (10.6) 207 (8.1) 1005 (8.8)
Severe 6(1.1) 29 (0.7) 8(0.7) 7(1.4) 10 (0.5) 5(0.5) 15 (0.6) 80 (0.7)

Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR) | Median (IQR) Median (IQR) | p-value
acimon (1SS [mes bess e s Y e e
;%ifuiggfr?)o 11,%65..;7) 17,§36‘é) 19,(,)55.%) 13,69é.5) (3851.8-8315.2) 11,175.7) (2808.2-7527.9) 17,935.5) ’
gg}i/gyDr_altz (coa/:)e 0.67 (0.19-0.67) | 0.01 (0.01-0.01) | 0.08 (0.058-0.08) | 0.06 (0.06-0.10) | 0.31 (0.27-0.32) | 0.06 (0.06-0.17) | 1.84 (1.24-2.22) | 0.08 (0.01-0.46) | <0.001

Table 2. Characteristics of participants when infected with COVID-19 by province.

(IQR=4437.2-17,936.5) and 0.08% (IQR=0.01%-0.46%) in our sampled region. There were statistically sig-
nificant differences between regions (p <0.001).

From Fig. 1, fatigue was the most common symptom of participants (37.7%), followed by headache (33.1%).
Moreover, symptoms such as difficulty thinking or concentrating, cough, dyspnea, and somnipathy had a high
percentage of 30.8%, 30.5%, 29.5%, and 26.4%, respectively.

Table 3 revealed that neurological symptoms were the most frequent symptoms of post-COVID-19 across all
regions, followed by respiratory and heart symptoms. In general, approximately one-third (31.1%) of participants

4660 (37.7%)

Fatiguc |

Headache N 4090 (33.1%)

Difficulty thinking or concentrating GGG 3810 (30.8%)
Cough I 3765 (30.5%)
Dyspnea IE— 3641 (29.5%)
Somnipathy I 3265 (26.4%)
Myalgia I (825 (14.8%)
Changes in menstrual cycles IIEEEGEGEGEGNNGNNGN—_G—_—_N 1803 (14.6%)
Anxicty I 716 (13.9%)
Fast-beating I 1505 (12.2%)
Chest pain NG 1442 (11.7%)
Abdominal pain G 099 (8.9%)

Change in smell or tastc I 796 (6.4%)

Diarrhoeca I 728 (5.9%)
Rash W 636 (5.2%)
0% 5% 10% 15%  20%  25% 30% 35%  40%
Figure 1. Prevalence of post-COVID-19 symptoms.
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Northern
midlands and North central South central Central Mekong delta

Southeast region | mountains Red river delta | region coast highlands regions Total
Characteristics | n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) p-value
Neurological 373 (67.9) 2673 (67.1) 568 (50.2) 356 (72.2) 1225 (66.6) 660 (70.6) 1579 (62.2) 7434 (64.8) | <0.001
symptoms
gﬁm"e SYMP~ 1 64 (11.7) 800 (20.1) 125 (11.1) 74 (15.0) 265 (14.4) 162 (17.3) 316 (12.4) 1806 (15.7) | <0.001
Respiratory and
heart symptoms 311 (56.6) 2107 (52.9) 483 (42.7) 246 (49.9) 899 (48.9) 482 (51.6) 1309 (51.5) 5837 (50.9) | <0.001
Other symptoms | 151 (27.5) 1250 (31.4) 248 (21.9) 136 (27.6) 486 (26.4) 280 (29.9) 632 (24.9) 3183 (27.7) | <0.001
Number of post-COVID-19 symptoms
Asymptomatic 89 (16.2) 800 (20.1) 378 (33.4) 69 (14.0) 337 (18.3) 157 (16.8) 537 (21.1) 2367 (20.6) | <0.001
One symptom 125 (22.8) 748 (18.8) 230 (20.3) 116 (23.5) 430 (23.4) 185 (19.8) 549 (21.6) 2383 (20.8)
Two symptoms 86 (15.7) 529 (13.3) 169 (14.9) 79 (16.0) 303 (16.5) 158 (16.9) 441 (17.4) 1765 (15.4)
Three symptoms | 84 (15.3) 471 (11.8) 121 (10.7) 74 (15.0) 215 (11.7) 135 (14.4) 284 (11.2) 1384 (12.1)
Four or more
than four symp- | 165 (30.1) 1437 (36.1) 233 (20.6) 155 (31.4) 554 (30.1) 300 (32.1) 729 (28.7) 3573 (31.1)
toms

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) | p-value
Number of neuro-
logical symptoms | 1.44 (1.40) 1.54 (1.49) 1.04 (1.36) 1.61 (1.43) 1.49 (1.48) 1.54 (1.41) 1.30 (1.39) 1.43 (1.45) <0.001
(range 0-5)
Number of diges-
tive symptoms 0.15 (0.48) 0.27 (0.60) 0.15 (0.46) 0.20 (0.52) 0.20 (0.53) 0.23 (0.56) 0.16 (0.48) 0.21 (0.54) <0.001
(0-3)
Number of
respiratory and
heart symptoms 0.88 (0.98) 0.92 (1.10) 0.65 (0.92) 0.81 (1.05) 0.81 (1.05) 0.8 (0.97) 0.84 (1.02) 0.84 (1.04) <0.001
(range 0-4)
Number of other
symptoms (range | 0.33 (0.58) 0.40 (0.66) 0.25 (0.52) 0.34 (0.62) 0.33 (0.60) 0.38 (0.64) 0.31 (0.58) 0.35 (0.62) <0.001
0-3)
Number of post
COVID-19 2.8 (2.58) 3.13 (3.01) 2.09 (2.52) 2.96 (2.65) 2.82 (2.80) 2.95 (2.74) 2.61 (2.60) 2.82 (2.80) <0.001
symptoms (range T : : . : : : : : : : : : : : !
0-15)

Table 3. Characteristics of post-COVID-19 symptoms by province.

had four or more four symptoms, while in the red river delta region, the highest proportion (33.4%) of par-
ticipants were asymptomatic. The mean number of neurological symptoms, digestive symptoms, respiratory
and heart symptoms, and other symptoms were 1.43 (SD =1.45), 0.21 (SD=0.54), 0.84 (SD =1.04), and 0.35
(SD=0.62), respectively. The average of post-COVID-19 symptoms was 2.82 (SD =2.80). Residents in North-
ern Midlands and Mountains had the highest number of both four types of symptoms (neurological, digestive,
respiratory and heat, and others), there were statistically significant differences between regions (p <0.001).

Table 4 revealed the brief model to identify factors associated with the number of four main types of post-
COVID-19 symptoms (the full model was presented in Appendix 4). Compared to male participants, the female
was likely to have a lower number of neurological symptoms, a lower number of other symptoms, but they had
a higher number of digestive symptoms. Compared to people living in the Southeast region, people living in
the Red River Delta were likely to have a lower number of neurological and respiratory, and heart symptoms,
people living in North Central Region and South Central Coast also had a lower number of respiratory and heart
symptoms, people who lived in South Central Coast and Mekong Delta Region was likely to have a higher num-
ber of digestive symptoms. Smoking and Drinking alcohol were the positive factors that increased the number
of other symptoms and neurological symptoms, respectively. Overweight/obese people had a lower number
of neurological symptoms but had a higher number of respiratory and heart symptoms and other symptoms.

People who were infected with COVID-19 for 7-14 days or more than 14 days were likely to have a higher
number of neurological symptoms, respiratory and heart symptoms, and other symptoms, but those who were
infected with COVID-19 from 7 to 14 days had a lower number of digestive symptoms than those who infected
with COVID-19 less than 7 days. People who recovered from COVID-19 for 1-4 months were likely to have a
higher number of neurological symptoms, have a lower number of digestive and respiratory, and heart symptoms,
but those who recovered from COVID-19 from 4 to 6 months had a higher number of neurological symptoms
and a lower number of other symptoms. Compare to asymptomatic COVID-19 at the onset, people had mild
severity had a higher number of neurological and respiratory, and heart symptoms. Moreover, people had mod-
erate severity had a higher number of both of the four main symptoms. An increase in any one type of symptom
was likely to increase the number of other symptoms.
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Neurological Digestive Respiratory and

symp symp heart symp Other symp
Factors Coef | p-value | Coef | p-value | Coef |p-value | Coef | p-value
Socio-economic
Gender (Female vs Male -ref) -0.35 | <0.001 |0.06 <0.001 -0.19 | <0.001
Age (unit: age) -0.002 | 0.005
Provinces (Southeast region -ref)
Red River Delta -0.28 |0.023 -0.16 |0.019
North Central Region -0.15 |0.029
South Central Coast 0.06 0.005 -0.11 |0.023
Mekong Delta Region 0.07 0.001
Smoking (Yes vs No -ref) 0.06 0.002
Alcohol (Yes vs No -ref) 0.13 <0.001
BMI Index (vs Underweight -ref)
Normal 0.06 0.007
Overweight/Obese -0.13 | <0.001 0.08 0.018 0.03 0.041
Comorbidities (Yes vs No -ref) 0.24 <0.001

COVID-19 infection characteristics
COVID-19 infection period (vs Less than 7 days -ref)

7-14 days 0.12 <0.001 |-0.01 0.048 0.06 0.002 0.03 0.011
More than 14 days 0.20 0.011 0.06 0.03 0.15 0.003 0.09 0.001
Time since COVID-19 onset (vs 1 month -ref)

1-4 months 0.12 0.001 -0.04 0.001 —-0.06 |0.007

4-6 months 0.13 0.023 -0.04 |0.033
Severity of COVID-19 at the onset (vs asymptomatic -ref)

Mild 0.26 <0.001 0.17 <0.001

Moderate 0.56 <0.001 |0.07 0.004 0.40 <0.001 |0.10 <0.001
Severe 0.39 0.001

Prevalence of case in region (vs Low -ref)
Medium ‘ ‘ (003 [o03s | ‘ ‘ ‘
Post-COVID-19 symptoms

Neurological symptoms - - 0.07 <0.001 |0.25 <0.001 |0.12 <0.001
Digestive symptoms 0.40 <0.001 |- - 0.38 <0.001 [0.20 <0.001
Respiratory and heart symptoms | 0.43 <0.001 |0.12 <0.001 |- - 0.07 <0.001
Other symptoms 0.55 <0.001 |0.16 <0.001 |0.18 <0.001 |- -

Table 4. Brief Multilevel linear random-effects models to identify factors associated with neurological,
digestive, respiratory, heart, and other symptoms.

Table 5 presented that female participants tended to experience lower negative impacts of COVID-19 such
as lower severity of COVID-19 at the onset, lower level of post-COVID-19 symptoms, and less number of post-
COVID-19. These characteristics also correlated with age, as younger people had a lower level of severity of
COVID-19 at the onset, and fewer post-COVID-19 symptoms. Smoking, drinking alcohol, and having comor-
bidities were risk factors that were highly associated with the increase in the level of post-COVID-19 symptoms
and the number of post-COVID-19 symptoms.

In this study, the Southeast region was chosen as the reference factor. Southeast Region included Ho Chi
Minh, Ba Ria—Vung Tau, Binh Duong, Binh Phuoc, Dong Nai, and Tay Ninh, which were heavily affected by
COVID-19. Especially, Ho Chi Minh City and Binh Duong are the two epicenters of the country’s outbreak of
the COVID-19 pandemic with the highest number of cases and deaths?'. The Vietnamese government has many
policies to help reduce the damage of COVID-19 such as establishing a mobile medical station, and mobilizing
a large force of health workers, the army, and the police to participate in epidemic prevention and control®.
Therefore, choosing the Southeast region as a reference helps to objectively compare the severity of COVID-
19 at the onset and post-COVID-19 symptoms and provides more information for readers and policymakers.
Compared to participants living in the Southeast Region, people who resided in the Red River Delta had a lower
level of severity of COVID-19 at the onset, lower level of post-COVID-19 symptoms, and less number of post-
COVID-19 symptoms.

Longer infection time of COVID-19 and higher severity of COVID-19 at the onset were associated with an
increase in both levels of post-COVID-19 symptoms and the number of post-COVID-19 symptoms. People who
lived in the region with a high prevalence of case was likely to have a higher severity of COVID-19 at the onset
and more number post-COVID-19 symptoms.
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Post COVID-19 symptom
Severity of COVID-19 at the (From 0 “Asymptomatic”

onset (From 1”Asymptomatic” | to 4 “4 or more than 4 Number of Post COVID-19

to 4"Severe” symptoms”) symptoms
Factors OR 95%CI p-value | OR | 95%CI p-value | Coef | 95%CI p-value
Socio-economic
Gender (Female vs Male -ref) 0.53 |0.47;0.61 <0.001 |0.41 |0.39;0.44 <0.001 | -1.14 | -1.25;-1.03 | <0.001
Age (unit: age) 0.99 |0.98;1.00 0.025 0.99 | 0.98;1.00 0.169 | =0.03 | -0.04; —0.01 <0.001
Provinces (Southeast region -ref)
Northern Midlands and Mountains 1.21 |0.68;2.16 0.519 0.73 | 0.51;1.05 0.092 | -0.20 | -0.63;0.23 0.370
Red River Delta 0.55 |0.30;0.98 0.043 0.34 | 0.16;0.72 0.005 | -1.15 | -1.64; -0.65 | <0.001
North Central Region 1.46 |0.89;2.40 0.134 0.81 | 0.60;1.08 0.155 | -0.10 | —0.46;0.27 0.613
South Central Coast 1.08 | 0.70; 1.66 0.744 0.84 | 0.68;1.04 0.103 | 0.04 —-0.24; 0.33 0.763
Central Highlands 1.28 | 0.80;2.05 0.308 0.78 |0.47;1.31 0.355 | 0.02 -0.35;0.39 0.903
Mekong Delta Region 1.41 |0.97;2.04 0.069 0.84 |0.70;1.02 0.074 | -0.03 | -0.27;0.21 0.814
Smoking (Yes vs No -ref) 0.73 |0.57;0.92 0.007 1.20 | 1.02;1.42 0.029 | 0.23 0.00; 0.45 0.046
Alcohol (Yes vs No -ref) 1.21 | 1.05;1.39 0.007 1.43 | 1.32;1.55 <0.001 | 0.44 0.34; 0.54 <0.001
E’g{gg‘_‘f;?;ersrjg?\‘]’sr_ir‘;gf)from 091 079,106 |0217 |083 |07%095 | 0008 [-0.15 |-034004 |0.115
BMI Index (vs Underweight -ref)
Normal 1.06 |0.95;1.18 0.320 1.01 |0.93;1.09 0.879 | 0.03 —-0.09; 0.15 0.671
Overweight/Obese 0.82 |0.66;1.03 0.088 1.05 |0.89;1.24 0.572 1 0.03 -0.13; 0.18 0.716
Comorbidities (Yes vs No -ref) 1.95 |1.32;2.89 0.001 1.92 | 1.54;2.40 <0.001 | 1.04 0.68; 1.40 <0.001

Infected with COVID-19 characteristic
COVID-19 infection period (vs Less than 7 days -ref)

7-14 days 3.15 |2.87;3.45 <0.001 |1.42 |1.31;1.53 <0.001 | 0.50 0.40; 0.60 <0.001
More than 14 days 14.04 |10.27;19.19 | <0.001 |2.04 |1.452.87 <0.001 | 1.37 0.91;1.83 <0.001
Time since COVID-19 onset (vs 1 month -ref)

1-4 months 0.90 |0.82;0.98 0.019 0.99 |0.91;1.08 0.837 | -0.04 |-0.2;10.12 0.619
4-6 months 0.58 |0.50;0.68 <0.001 |1.10 |0.89;1.37 0.359 | 0.15 -0.10; 0.39 0.240
Above 6 months 0.28 |0.22;0.38 <0.001 |0.84 |0.73;0.96 0.013 | -0.19 | -0.42;0.04 0.105
Severity of COVID-19 at the onset (vs asymptomatic -ref)

Mild - - - 2.51 |2.18;2.89 <0.001 |1.01 0.76; 1.26 <0.001
Moderate - - - 7.30 |5.91;9.02 <0.001 |2.91 2.62;3.19 <0.001
Severe - - - 3.89 |2.36;6.43 <0.001 |2.39 1.54;3.24 <0.001

Prevalence of case in region (vs Low -ref)

Medium 1.23 10.95; 1.60 0.113 094 |0.77;1.15 0.544 | 0.10 -0.05; 0.25 0.187
High 2.29 | 1.43;3.66 0.001 1.48 |0.87;2.51 0.144 | 0.60 0.19; 1.02 0.004
COVID-19 case fatality rate in region (vs Low -ref)

Medium 0.89 10.58;1.37 0.596 0.79 10.49;1.25 0.311 | -0.28 | -0.640.09 0.135
High 0.81 |0.48;1.36 0.420 0.68 |0.41;1.13 0.137 | -0.48 | -0.91;-0.05 |0.028

Table 5. Factors associated with severity of COVID-19 at the onset and post-COVID-19 symptoms.

Appendix 1, Appendix 2, and Appendix 3 revealed post-COVID-19 symptoms and the number of post-
COVID-19 symptoms by COVID-19 characteristics.

Figure 2 presents the preference of post-COVID-19 care among respondents. The most favorable means
of care delivery among respondents was directly at hospitals (36.3%) or through mobile apps (33%). Medical
consultation through telephone received the lowest preference level 12.1%).

Discussion

Our results suggested a high frequency and severity level of post-COVID-19 symptoms among Vietnamese
and identified age, infection duration, daily health behavior, and comorbidities as factors associated with the
prevalence and severity of post-COVID-19 symptoms. Multilevel implications were proposed, including clinical
development as well as adjustments to health policies and government management strategy.

Correlations were found between demographic, behavioral factors, and post-infection symptoms. Our data
indicated a strong association between gender and post-COVID-19 symptoms, in which females tended to expe-
rience less severe chronic COVID-19 syndromes than males. This may result from sex differences in immune
response”. While some existing studies recorded similar results, others found an opposite pattern of gender
severity, such as the longitudinal cohort study in Germany or a cross-sectional study of healthcare workers in
Northwest England, where females experienced more severe post-COVID-19 manifestations**~%°. Therefore,
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Call the doctor, consult by phone _ 1894 (12.1%)

Direct medical examination at free examination programs _ 3237 (20.6%)

Get health care materials at home _ 3866 (24.8%)

Medical examination and consultation via phone App _ 5189 (33.0%)

Medicalexaminaton at the hospital - S | (6.3
0% 5% 10% 15% 20% 25% 30% 35% 40%

Figure 2. Preference of post-COVID-19 care among respondents.

although findings suggest that gender may not be a significant determinant of post-COVID-19 conditions,
more empirical evidence should be collected to determine this correlation. Interestingly, the number of post-
COVID-19 conditions decreased with age, meaning older participants recorded fewer symptoms than young par-
ticipants. Although no previous study has focused on age as a determinant, this finding may underline the need
to encourage post-COVID-19 care among the younger population. Overweight and comorbidities were found to
correlate with a heightened likelihood of developing post-COVID-19 symptoms in neurological and respiratory
systems. Indeed, problems with nutrition levels are determinants of cardiovascular disease and cancer, the two
most common comorbidities among patients with severe infection and longer post-infection syndromes in our
results”’ >, As these dynamics have been observed in the majority of existing literature, this study reaffirms the
importance of practicing regular healthy activities as well as highlights a novel risk of alcohol and smoking®*-*2.

Longer infection duration and severity were correlated with substantially higher severity and several post-
COVID-19 symptoms. Our findings demonstrated that infection duration of more than 14 days and moderate
severity were most correlated with a higher number of symptoms as well as higher severity. While this trend is
neither refuted nor contrasted in any existing studies, the strength of such association varies: from substantial
in our findings, briefly discussed in Hall’s et al. to insignificant or not mentioned at all in many>"***. The gap
in data may be attributed to disparities between the healthcare system and the socioeconomic background of
each sample. A more reasonable explanation lies in the difference between assessment scales and definitions
of post-infection symptoms between studies. Baig et al. proposed that symptoms prolonging beyond 3 weeks
be classified as chronic COVID-19 symptoms, while another study proposed the categorization for different
post-infection durations: post-acute COVID-19 for symptoms beyond 3 weeks and long post-COVID-19 for
symptoms beyond 12 weeks*>.

Our findings and previous meta-analysis worldwide pointed out that the most frequent post-infection symp-
toms were related to the neurological and respiratory systems, such as dizziness, headache, cough, or shortness
of breath. The multivariate random effect models demonstrated an important pattern that post-COVID-19
symptoms tended to co-exist across systems. The presence of either one of three symptom groups: neurological,
digestive, and respiratory, was significantly associated with the presence of the other two. To date, the approach
of pharmaceutical treatments for post-COVID-19 symptoms tends to focus on each symptom at a time instead
of finding a solution for the multisystem manifestation of post-COVID-19. If clinically possible, interventions
for post-COVID-19 symptoms should be developed to resolve multisystem problems instead of focusing on one
single symptom. Furthermore, although these manifestations can cause great inconveniences to daily functioning
and result in lower quality of life for recovered patients, they are generally mild and rarely develop into severe
complications*~*°. However, such symptoms are also indicators of many serious, even fatal, health conditions.
For example, chronic migraines suggest the possible onset of a cerebrovascular accident or a brain tumor, while
constant coughs can indicate early stages of gastroesophageal reflux disease or pulmonary tuberculosis**-+.
The misperception of these mild conditions as post-COVID-19 symptoms prevents individuals from having an
early diagnosis and ultimately leads to poor treatment outcomes. Therefore, besides developing pharmaceutical
treatments for chronic COVID-19, recovered patients should be reminded of potential misunderstandings and
be informed about how to distinguish post-COVID-19 symptoms from early manifestations of other serious
health conditions.

Most notably, the proportion of post-COVID-19 symptoms varies across regions and is attributable to differ-
ences in socioeconomic characteristics, health delivery, and level of adaptation to response strategy. The severity
of post-COVID-19 symptoms nearly doubled in regions with a high prevalence of cases compared to those with
low prevalence. In Vietnam, the most notable differences can be observed in the Red River Delta (RRD) and the
Northern Midlands and Mountains (NMM). Residents in RRD recorded lower numbers and severity of post-
COVID-19 conditions than all other regions. Moreover, while the largest proportion of participants in other
regions had 4 or more post-COVID-19 symptoms, most participants from RRD were asymptomatic (33.4%) or
had one symptom (20.3%). On the other hand, residents from NMM had both the highest number and highest
severity of post-COVID-19 symptoms than the remaining provinces. The pattern observed in RRD and NMM
can be attributed to gaps in healthcare quality and the health literacy of residents. The RRD is the region with
the highest population density in Vietnam (1,450 people/km?, the population is 21,848,913 people), is the driver
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of Vietnam’s industrial growth as one of the most developed, populated regions of Vietnam and consists of the
capital Hanoi***>. RRD accounts for 29.4% of Vietnam’s GDP and the monthly average income per capita in 2020
in RRD was 5.005 million VND (~ $210)%47, Understandably, most resources are directed toward this region,
resulting in a highly trained healthcare workforce, better health access, and consequently better awareness of
post-COVID-19 conditions among residents*®. By contrast, NMM is among the most sparsely populated and
underinvested regions of Vietnam. NNM is a region with a GDP equal to 1/3 of RRD (8.54% of Vienam’s GDP)*,
monthly average income per capita in 2020 was 2745 million VND (~ $115)*, and received the least healthcare
attention during COVID-19°%*!. Vietnam has a serious shortage of healthcare workers, which becomes more
serious when the COVID-19 pandemic occurs. Specifically, to influence the impact of the COVID-19 epidemic,
there were 9,680 health workers who resigned or quit™, leading to NNM being heavily affected. To now, only
19.9% of residents in Son La received the 3™ dose of the COVID-19 vaccine®.

The case of RRD and NMM suggested that COVID-19 awareness and care-seeking intention play a crucial role
in reducing post-COVID-19 conditions. The adaptability to national response also contributes to the inconsist-
ency of COVID-19 outcomes across regions. During the peak of the pandemic, NMM recorded a relatively lower
prevalence of cases compared to RDD and other metropolitan areas®!. However, low infection rates in NMM were
primarily due to secluded locations, rather than successful pandemic control and compliance of residents. On the
other hand, while being the center of coronavirus spread and suffering the most devastating damages in terms of
human, financial capacity and health workforce, RDD is among regions with the highest levels of adaptability to
national guidelines such as social distancing, masking, and m-health utilization. As post-COVID-19 symptoms
are long-term and rarely fatal, the distinguishing factor is adaptability to the national response. Differences in
levels of awareness and compliance to guidelines between RDD and NMM demonstrate a clear correlation to
post-COVID-19 outcomes. In this post-COVID-19 era, it is important that we consider levels of adaptation to
previous strategies as the key indicator instead of the number of cases or deaths in a population.

Regarding post-COVID-19 care, 33% of patients chose mobile applications as their preferred healthcare
platform compared to 36.3% who preferred traditional hospital appointments. This number showed substantial
progress in the transformation of healthcare delivery in Vietnam from traditional to online platforms. Before
COVID-19, online healthcare models were not popular nor encouraged in Vietnam due to inconsistencies in care
quality between national, public facilities, and online services at the current time. In 2020, social restrictions due
to COVID-19 have not only served as an incentive for citizens to utilize telehealth services, but also promoted
the improvement of care among providers to cater to the increasing needs of the population, such as the national
hotline to resolve inquiries about COVID-19 at home, Zalo COVID-19 consultation chatbot or televised and
online art therapy sessions by non-profit organizations to name a few>*~". After 2 years of COVID-19, it is clear
that Vietnamese are adapting to the telehealth model, and telehealth promotion has also identified as one of
Vietnam’s digital transformation goals from 2020 to 2025 under project 2628/QDBYT. Therefore, it is important
that this favorable trend continues even after COVID-19 restrictions are lifted.

Several implications can be drawn from the above findings. First, a global framework should be provided,
including non-COVID variables such as age, daily health behavior, and comorbidities. In this study, these terms
were used as one under the term “post-COVID-19 symptoms” and defined as symptoms presenting for more
than 4 weeks. Various terms for post-COVID-19 symptoms such as “long-COVID”, “chronic COVID” or “post-
acute COVID-19” should be distinguished with specific time periods. More data on post-COVID-19 conditions
should be collected from resource-scarce settings and in LMICs to inform evidence-based interventions and
identify multidimensional determinants such as social, financial, and cultural characteristics of each population.
Secondly, validated information should be provided more extensively to raise awareness of post-COVID-19
symptoms and avoid potential confusion between post-COVID-19 conditions and symptoms of other diseases.
When developing and applying a national strategy for post-COVID-19 conditions, contextual and behavioral
characteristics of different settings such as health system capacity, resident behavior, and level of adaptation to
guidelines must be considered. At the managerial level, healthcare resources should be distributed more evenly
to ensure health access and adequate information in underserved regions, such as the Northern Midlands and
Mountains. As these regions are scarce in resources, instead of large-scale events, province leaders can utilize
television and social media as effective means of information delivery to improve health literacy, and address
hesitancy toward care-seeking practices among residents. In terms of rehabilitation, it is important that post-
COVID-19 care be provided regularly for a length of time due to the long-term nature of this condition. We
suggest that existing resources be mobilized and managed by regions or communities instead of the government
to ensure a rapid response. As discussed, adaptability to national strategy varies across regions, and thus it may
be more effective for authorities to decide on best practices for their populations. Finally, policymakers should
strengthen digital safety and privacy of healthcare consulting through technology platforms as well as empower
youth-led digital healthcare startups in delivering health services to relieve the burden of the national frontline.

Our study’s sample size is a strength, as it was drawn from one of the largest post-COVID-19 care initiatives
in Vietnam, providing a national reference dataset. However, there are several limitations to our findings. Firstly,
because this was a cross-sectional study, we cannot infer causation. Secondly, our data may be under-reported
due to the recruitment of participants only from health facilities, which excludes those who did not seek medical
attention despite experiencing post-COVID-19 symptoms. This exclusion disproportionately affects older adults.
Additionally, our study focused on the young workforce, recognizing their importance in national development,
and as a result, the majority of responses were obtained from this age group. Thirdly, it is essential to note that
COVID-19 grading criteria were self-reported, which could be subject to recall bias. Therefore, we combined
medical records with participants’ responses to minimize this potential bias. Fourthly, there may be selection
biases resulting from the online survey platform, which relied on volunteers to guide eligible participants through
the questionnaire. Lastly, our study only examined the 15 most common post-COVID-19 symptoms, and other
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less common symptoms were not included. Nonetheless, our findings identified concerning trends in post-
COVID-19 symptoms and have significant implications for policymakers, clinicians, and the general public.

Besides, it is important to acknowledge that our sample might be affected by a potential selection bias and
decreased representativeness given that two-thirds of respondents were male and the median age was 18. Pre-
vious studies have shown sex differences in sex outcomes, thus, our findings might not fully representative of
the whole Vietnamese population from an epidemiological view. However, from an evidence-informed policy
making perspective, we would emphasize that this is the largest and most optimal sample we could recruit in the
Vietnamese population, in a timely manner. First, because of the confidentiality of the information regarding
COVID-19 patients, it is impossible to construct a nationally representative sample frame and sample. Secondly,
for resource-scare settings, the implementation of free-of-charge health check-ups on this large scale is unique,
especially during the COVID-19 pandemic. Last but not least, the timing of evidence ready to inform policy
development in Vietnam that this study has provided is a good example of knowledge translation, and could
serve as a reference for global health policy practice.

Conclusion

Our study investigates the prevalence of post-COVID-19 symptoms among recovered patients in Vietnam. A gap
in definitions should be addressed before developing a timeframe and response strategy for chronic COVID-19.
We were able to identify several determinants, including age, infection period, and underlying conditions as
well as an important trend in telehealth utilization. Disproportionate distribution of resources and inconsistent
post-COVID-19 patterns were found across regions, which suggested a shift in strategy implementation from
national to province-based. In the upcoming phase in the fight against COVID-19, it is important that post-
COVID-19 symptoms are monitored closely and tackled by a combination of pharmaceutical, psychological,
and public health interventions.

Methods

Study design and sampling methods. On May 2022, a cross-sectional study was conducted on par-
ticipants who registered for post-COVID-19 medical examination during the Post-COVID-19 Care Program
in accordance with Plan No. 52-KH/TWH of the Central Committee of the Vietnam Youth Union. This gov-
ernment program focused on post-COVID-19 health care for the Vietnamese population. Those who come to
examination include people who had COVID-19 and were experiencing post-COVID-19 symptoms as listed by
the Ministry of Health.

The research team developed a survey questionnaire consisting of 4 parts and 20 questions online. When
people participate in Post-COVID-19 Care Program, volunteers have guided participants by scanning the QR
code which allowed people access directly to the questionnaire. Volunteers were issued around hospitals and
health examination points to guide participants in completing the questionnaire. The severity of COVID-19 at
the onset of participants was collected by volunteers from medical records for patients with COVID-19.

Participants. All people infected with COVID-19 and who had medical records for patients with COVID-
19 were invited to participate in the study. There were 49,496 patients are examined and consulted in the Post-
COVID-19 Care Program, 17,093 individuals returned to this survey, and 12,361 completed the survey. The
completion rate was 72.3%.

The criteria for selecting the subjects were as follows:

(1) Aged from 16 to 35 years old

(2) Agree to participate in the study

(3) Took part in medical examination during the Post COVID-19 Care Program
(4) Currently living in Vietnam

Exclusion criteria:

(1)  Suffered from serious cognitive impairment or were unable to answer questions
(2) Were unable internet access, survey link, and reach out and complete surveys

Measurements. A structured questionnaire was developed consisting of three main components: (1) Indi-
vidual characteristics; (2) Characteristics of participants when infected with COVID-19, and (3) Post-COVID-19
symptoms characteristics. The questionnaire was first uploaded to the online survey platform SurveyMonkey
(surveymonkey.com), a convenient and cost-effective survey design platform that enables quick, efficient data
collection, especially in times of social distancing. This approach may exclude certain population groups in
Vietnam who do not have access to smart devices, but smartphone usage in Vietnam ranked top 10 globally®®.
By March 2022, the total number of smartphone subscribers was 93.5 million, reaching 73.5% of the country’s
adults®. Hence, it is reasonable to use this approach in the COVID-19 context in Vietnam.
The structured questionnaire was then finalized with the following main sections:

Variables

Outcome variables. Post-COVID-19 symptoms and the number of post-COVID-19 symptoms. We de-
signed 15 items corresponding to 15 common symptoms during COVID-19 recovery, including rash, diarrhea,
change in smell or taste, abdominal pain, chest pain, fast beating, anxiety, changes in menstrual cycles, myalgia,
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somnipathy, dyspnea, cough, difficulty thinking or concentrating, headache, and fatigue. Participants were then
divided into 5 groups, including 0 “Asymptomatic”; 1 “1 symptom™; 2 “2 symptoms”; 3 “3 symptoms”; and 4 “4
or more than 4 symptoms”. We also calculated the number of post-COVID-19 symptoms of participants and
categorized them as neurological symptoms, digestive symptoms, respiratory and heart symptoms, or other
symptoms through 15 common symptoms of patients. It is vital to note that not only is symptom presence re-
quired but so are symptom duration and intensity®’. Hence, we used the number of post-COVID-19 symptoms
as a variable to measure the severity of post-COVID-19 symptoms.

Neurological symptoms: fatigue, difficulty thinking or concentrating, headache, somnipathy, and anxiety. The
number of neurological symptoms ranged from 0 to 5.

Digestive symptoms: change in smell or taste, diarrhea, and abdominal pain. The number of digestive symp-
toms ranged from 0 to 3.

Respiratory and heart symptoms: dyspnea, cough, chest pain, fast beating. The number of respiratory and
heart symptoms ranged from 0 to 4.

Other symptoms: rash, myalgia, and changes in menstrual cycles. The number of other symptoms ranged
from 0 to 3.

Covariate. Individual characteristics. Respondents reported their socio-demographic information, includ-
ing age, gender (male/female), BMI index, and the city they lived in, which were divided into seven economic
zones of Vietnam: Southeast Region, Northern Midlands and Mountains, Red River Delta, North Central Re-
gion, South Central Coast, Central Highlands, and Mekong Delta Region. Map of 63 provinces in Vietnam was
presented in Appendix 6.

Behaviors.  Participants self-reported their current status of smoking, alcohol usage, and exercise after recover-
ing from COVID-19.

Co-morbidities. Participants reported their comorbidities which were diagnosed by doctors. There were some
common comorbidities such as diabetes, cardiovascular disease, chronic lung disease, neurological disease, and
cancer.

Characteristics of COVID-19 infection. We used three questions to measure the characteristics of
COVID-19 infection among participants, including:

Time since COVID-19 onset. 1 month, 1-4 months, 4-6 months, and above 6 months. Time since COVID-19
onset as a period between the date when COVID-19 patients were confirmed negative for COVID-19 using PCR
tests to the time they entered this study.

COVID-19 infection period. Less than 7 days, 7-14 days, and more than 14 days. COVID-19 infection period
was defined as a period between when people were confirmed positive for COVID-19 and when they were con-
firmed negative for COVID-19 using the PCR test.

The Severity of COVID-19 at the onset. Asymptomatic, mild, moderate, and severe®:

- Asymptomatic testing positive for COVID-19 but having no symptoms that are consistent with COVID-19
infection.

- Mild having any of the following signs and symptoms of COVID-19. fever, cough, sore throat, malaise, head-
ache, muscle pain, nausea, vomiting, diarrhea, loss of taste and smell; but not having shortness of breath,
dyspnea, or abnormal chest imaging.

- Moderate experiencing lower respiratory disease during clinical assessment or imaging and having SpO2
above 94% on room air at sea level.

- Severe having SpO2 below 94% on room air at sea level, PaO2/FiO2 < 300 mm Hg, respiratory rate above 30
breaths/min, or lung infiltrates above 50%.

The severity of COVID-19 at the onset of the participant was diagnosed by the doctor and divided into four
levels: asymptomatic, mild, moderate, and severe.

Prevalence of COVID-19 cases by region. The total number of COVID-19 was taken from official data
of the Ministry of Health as of June 14, 2022%%. We measured the prevalence of COVID-19 cases per 100,000
population and the case fatality rate due to COVID-19 using the following formula:

Prevalence of COVID — 19 cases per 100, 000 population in a region

= (Number of COVID — 19 cases in a region) /(Number of population in a region) x 100, 000.

Case fatality rate = (Number of deaths due to COVID — 19 in a
region) /(Number of COVID — 19 cases in a region) x 100.
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After that, we divided the prevalence of COVID-19 cases per 100,000 population and the case fatality rate
due to COVID-19 into three groups low, medium, and high prevalence.

Data on the number of COVID-19 cases, the number of deaths due to COVID-19, the prevalence of COVID-
19 cases, and the case fatality rate due to COVID-19 was presented in Appendix 1.

Preference of post-COVID-19 care. Participants self-reported their preference for health care and con-
sult after recovering from COVID-19, including medical examination at the hospital, medical examination, and
consultation via phone App, getting health care materials at home, direct medical examination at free examina-
tion programs, calling the doctor, and consulting by phone.

Data analysis. We analyzed data using STATA version 16 (Stata Corp. LB, College Station, United States of
America). With missing data, we used the Listwise Deletion method to clean data before analyzing. Continuous
variables were presented as mean and standard deviation (SD), while categorical variables were presented as
frequencies with percentages. We used the Chi-squared and Kruskal-Wallis tests to test the difference between
each group. We used the “xtile” function to separate the prevalence of COVID-19 cases and the case fatality rate
due to COVID-19 into 3 groups: low, medium, and high prevalence.

A multi-level modeling approach with mixed effect model was used for determining associated factors of
post-COVID-19 severity at the regional level while adjusting for differences in provincial policies and regulations
on COVID-19 control and preparedness which were treated as random effects.

Potential covariates for full models of four main types of post-COVID-19 symptoms, COVID-19 at the onset,
level of post-COVID-19 symptoms, and the number of post-COVID-19 symptoms included individual char-
acteristics, clinical manifestations when the got infected with COVID-19, the prevalence of COVID-19 cases,
and case-fatality rate due to COVID-19. We used multilevel linear random-effects models to identify the factor
associated with the number of post-COVID-19 symptoms. Multi-level random effects ordered logistic model
was used to identify the factors related to the severity of COVID-19 at the onset and the level of post-COVID-19
symptoms. In this study, we used location which includes 63 provinces in Vietnam as a cluster variable. A p-value
(P) of <0.05 was considered statistically significant.

Ethical approval. Ethical approval is granted by Hanoi Medical University and Youth Research Institute;
the research protocol was reviewed by the Vietnam Young Physician Association and the Institute of Health Eco-
nomics and Technology’s scientific committee. All participants had provided informed consent, and the survey
did not have any impact on their medical examination and consultation process. Study data were de-identified
for analysis. All procedures performed in studies involving human participants were in accordance with the
ethical standards of the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.
Patients invited to participate in the study have fully explained the content, purpose, and benefits when par-
ticipating in the study. The collected information is kept confidential and the information is only for research
purposes, not for other purposes, the data is encrypted to ensure confidentiality of the information. Participants
can refuse to participate in the study at any time. During the participation process, they can still withdraw from
the study if the research they feel uncomfortable.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on
reasonable request.

Received: 14 December 2022; Accepted: 1 March 2023
Published online: 17 March 2023

References

. Worldometers. COVID Live: Weekly trends.) (2022).

. Organization WH. Weekly epidemiological update on COVID-19 - 23 November 2021.) (2021).

. Van Tan, L. COVID-19 control in Vietnam. Nat. Immunol. 22, 261-261 (2021).

. Nguyen, T. V. et al. In the interest of public safety: Rapid response to the COVID-19 epidemic in Vietnam. BM] Glob. Health 6,
004100 (2021).

5. VN TT. COVID-19 Report 8th June Vietnam.) (2022).

6. Heitzman, J. Impact of COVID-19 pandemic on mental health. Psychiatr. Pol. 54, 187-198 (2020).

7

8

=N

. Pizam, A. The aftermath of the corona virus pandemic. Int. . Hosp. Manag. 95, 102909-102909 (2021).
. Verma, A. K. & Prakash, S. Impact of covid-19 on environment and society. J. Glob. Biosci. 9, 7352-7363 (2020).
9. Mahase E. Covid-19: What do we know about “long covid”? BMJ 370, (2020).
10. Michelen, M. et al. Characterising long COVID: A living systematic review. BM] Glob. Health 6, €005427 (2021).
11. Excellence TNIfHaC. COVID-19 rapid guideline: managing the long-term effects of COVID-19.) (2022).
12. Soriano, J.B., Murthy, S., Marshall, ].C., Relan, P.,, Diaz, ].V., Group WCCDW. A clinical case definition of post-COVID-19 condi-
tion by a Delphi consensus. Lancet Infect. Dis. (2021).
13. Association AM. Long COVID: Over 200 symptoms, and a search for guidance.). AMA (2022).
14. Sis6-Almirall, A. et al. Long Covid-19: proposed primary care clinical guidelines for diagnosis and disease management. Int. J.
Environ. Res. Public Health 18, 4350 (2021).
15. Sivan, M., Taylor, S. NICE guideline on long covid). British Medical Journal Publishing Group (2020).
16. Afulani, P. A. et al. Job satisfaction among healthcare workers in Ghana and Kenya during the COVID-19 pandemic: Role of
perceived preparedness, stress, and burnout. PLOS Glob. Public Health 1, €0000022 (2021).
17. Uphoff, E. P. et al. Mental health among healthcare workers and other vulnerable groups during the COVID-19 pandemic and
other coronavirus outbreaks: A rapid systematic review. PLoS ONE 16, e0254821 (2021).
18. Galvin, G. Nearly 1 in 5 health care workers have quit their jobs during the pandemic. Morning Consult 4, (2021).

Scientific Reports |

(2023) 13:4460 | https://doi.org/10.1038/s41598-023-30790-x nature portfolio



www.nature.com/scientificreports/

19. Le, C. Vietnam lacks 24,000 preventive healthcare workers). VnExpress International (2022).

20. Vietnam MoH. Up to 203 post-COVID-19 symptoms, Ministry of Health guides medical examination and treatment for recovered
patients) (2022).

21. September 8: An additional 12,680 cases of COVID-19, Ho Chi Minh City and Binh Duong nearly 10,500 cases). Ministry of
Health (2021).

22. COVID-19: Strategic decisions for people’s lives and health). Ministry of Health (2021).

23. Takahashi, T. et al. Sex differences in immune responses that underlie COVID-19 disease outcomes. Nature 588, 315-320 (2020).

24. Gaber, T.A.-Z.K,, Ashish, A., Unsworth, A. Persistent post-covid symptoms in healthcare workers. Occup. Med. 71, 144-146 (2021).

25. Augustin, M. et al. Post-COVID syndrome in non-hospitalised patients with COVID-19: A longitudinal prospective cohort study.
Lancet Reg. Health - Eur. 6, 100122 (2021).

26. Huang, L. et al. 1-year outcomes in hospital survivors with COVID-19: A longitudinal cohort study. Lancet 398, 747-758 (2021).

27. La Vecchia, C., Giordano, S. H., Hortobagyi, G. N. & Chabner, B. Overweight, obesity, diabetes, and risk of breast cancer: Inter-
locking pieces of the puzzle. Oncologist 16, 726-729 (2011).

28. Garfinkel, L. Overweight and cancer. Ann. Intern. Med. 103, 1034-1036 (1985).

29. Powell-Wiley, T. M. et al. Obesity and cardiovascular disease: A scientific statement from the American Heart Association. Circula-
tion 143, €984-e1010 (2021).

30. Sagarra-Romero, L. & Vifas-Barros, A. COVID-19: Short and long-term effects of hospitalization on muscular weakness in the
elderly. Int. J. Environ. Res. Public Health 17, 8715 (2020).

31. Han, Q, Zheng, B., Daines, L. & Sheikh, A. Long-Term sequelae of COVID-19: A systematic review and meta-analysis of one-year
follow-up studies on post-COVID symptoms. Pathogens 11, 269 (2022).

32. Hussein, A.A.M. et al. Post-COVID-19 functional status: Relation to age, smoking, hospitalization and comorbidities. MedRxiv,
(2020).

33. Hall,]. et al. Identifying patients at risk of post-discharge complications related to COVID-19 infection. Thorax 76, 408-411 (2021).

34. Fernadndez-de-Las-Pefias, C. et al. Prevalence of post-COVID-19 symptoms in hospitalized and non-hospitalized COVID-19
survivors: A systematic review and meta-analysis. Eur. J. Intern. Med. 92, 55-70 (2021).

35. Baig, A.M. Chronic COVID syndrome: Need for an appropriate medical terminology for long-COVID and COVID long-haulers.
J. Med. Virol. (2020).

36. Halpin, S., O’Connor, R., Sivan, M. Long COVID and chronic COVID syndromes. J. Med. Virol. (2021).

37. Cavallini, A., Micieli, G., Bussone, G., Rossi, E, Nappi, G. Headache and quality of life. Headache: ]. Head Face Pain 35, 29-35
(1995).

38. Hsu, L.-c et al. Quality of life in elderly patients with dizziness: Analysis of the Short-Form Health Survey in 197 patients. Acta
Otolaryngol. 125, 55-59 (2005).

39. Bryson, W. ]. Long-term health-related quality of life concerns related to the COVID-19 pandemic: A call to action. Qual. Life Res.
30, 643-645 (2021).

40. Prevention CfDCa. Stroke Signs and Symptoms).

41. Service UKNH. Brain tumours).

42. Katz, P.O., Gerson, L.B., Vela, M.E Guidelines for the diagnosis and management of gastroesophageal reflux disease. Off. J. Am.
College of Gastroenterol. | ACG 108, 308-328 (2013).

43. Leung, A. N. Pulmonary tuberculosis: The essentials. Radiology 210, 307-322 (1999).

44. Associates DS. Regional Spotlight: Red River Delta (Hanoi)). Vietnam Briefing (2013).

45. Wikipedia. Red River Delta) (2022).

46. Preliminary results: Popular life survey in 2020). General statistics (2021).

47. Van, H. The Red River Delta must lead the process of restructuring the economy and transforming the growth model of the whole
country.). Socialist Republic of Vietnam (12/02/2023).

48. Vietnam MoH. Local curative care & consultation (including CHS) indicators by province, 2019) (2021).

49. Truong, D. Green, sustainable and comprehensive development of the Northern Midlands and Mountains). Vietnam+ (22/02/2023).

50. Wikiwand. List of Vietnamese subdivisions by GDP) (2019).

51. Vietnam MoH. Vietnam COVID Report 6th November) (2021).

52. In 18 months, 9,680 health workers resigned and quit: The Ministry of Health pointed out 4 main reasons). Ministry of Health
(19/09/2022).

53. International V. Vaccination data) (2022).

54. Health Mo. Hanoi announces the 2022 call center for health consultation related to the COVID-19 epidemic) (2021).

55. Online S. Chatbot updating citizens on Covid-19 information daily) (2020).

56. Agency VN. Online exhibition - Safe way to enjoy art amid pandemic) (2020).

57. Today DN. Befriending emotions with art therapy) (2021).

58. Vietnam smartphone use in top 10 globally). Ministry of Information and Communications of the Socialist Republic of Vietnam
(2023).

59. Vietnam targets 85% smartphone usage by end of 2022). Ministry of Information and Communications of the Socialist Republic
of Vietnam (2022).

60. Munblit, D. et al. Studying the post-COVID-19 condition: Research challenges, strategies, and importance of Core Outcome Set
development. BMC Med. 20, 50 (2022).

61. National Institute of Health. Clinical Spectrum of SARS-CoV-2 Infection) (2022). https://www.covid19treatmentguidelines.nih.
gov/.

62. Ministry of Health. COVID-19 epidemic bulletin at noon on June 14: 100 more cases of COVID-19 in 4 provinces and cities;
Vietnam has 10,730 patients) (2022).

Acknowledgements

The authors would like to thank all collaborators and supporters, as well as Provincial Young Physicians Associa-
tions for their assistance throughout the implementation of this study.

Author contributions

Conceptualization: B.T., TH.N., H.T.L,; Data curation: B.T., M.N.L.V,, T.H.N., H.T.L.; Formal analysis: B.T.,
M.N.L.V,, TH.N,; Investigation: B.T., T.H.N.; Methodology: B.T.; Project administration: B.T., T.H.N.; Supervi-
sion: B.T., TH.N., H.T.L., C.A.L; Validation: B.T., L.B., G.E, PA,, C.A.L., RCM.H,, CS.H.H., M.WB.Z,; Visu-
alization: B.T., M.N.L.V,, TH.N,,L.B., G.E,PA,H.TL.,, CA.L,R.C.M.H,, C.S.H.H., M.\W.B.Z,; Writing - original
draft: B.T., M.N.L.V;; Writing - review & editing: B.T., M.N.L.V,, L.B,, G.F, PA,, CA.L,R.CMH, CSHH,
M.W.B.Z. All authors contributed to the article and approved the submitted version.

Scientific Reports |

(2023) 13:4460 | https://doi.org/10.1038/s41598-023-30790-x nature portfolio


https://www.covid19treatmentguidelines.nih.gov/
https://www.covid19treatmentguidelines.nih.gov/

www.nature.com/scientificreports/

Fundin

Dr. Nguyegn Huu Tu was funded for implementing this project under the Vietnam Young Physicians Association.
Prof. Le Thi Huong was funded by Vingroup Joint Stock Company (Vingroup JSC), Vingroup, and supported
by Vingroup Innovation Foundation (VINIF) under project code VINIE.2020.COVID-19.DA03. Prof. Roger
Ho and Cyrus Ho were supported through the NUS Department of Psychological Medicine (R-177-000-100-
001/R-177-000-003-001/ R177000702733) and NUS iHeathtech Other Operating Expenses (R-722-000-004-731).
The technical resources were provided by the Institute for Health Economics and Technology (iHEAT).

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-023-30790-x.

Correspondence and requests for materials should be addressed to B.T.
Reprints and permissions information is available at www.nature.com/reprints.

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

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |

(2023) 13:4460 | https://doi.org/10.1038/s41598-023-30790-x nature portfolio


https://doi.org/10.1038/s41598-023-30790-x
https://doi.org/10.1038/s41598-023-30790-x
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Severity and geographical disparities of post-COVID-19 symptoms among the Vietnamese general population: a national evaluation
	Results
	Discussion
	Conclusion
	Methods
	Study design and sampling methods. 
	Participants. 
	Measurements. 

	Variables
	Outcome variables. 
	Post-COVID-19 symptoms and the number of post-COVID-19 symptoms. 

	Covariate. 
	Individual characteristics. 
	Behaviors. 
	Co-morbidities. 

	Characteristics of COVID-19 infection. 
	Time since COVID-19 onset. 
	COVID-19 infection period. 
	The Severity of COVID-19 at the onset. 

	Prevalence of COVID-19 cases by region. 
	Preference of post-COVID-19 care. 
	Data analysis. 
	Ethical approval. 

	References
	Acknowledgements


