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Determinants of COVID-19 vaccination status 
and hesitancy among older adults in China

Gewei Wang1,5, Yao Yao2,5, Yafeng Wang1,5, Jinquan Gong1, Qinqin Meng1, 
Hui Wang3, Wenjin Wang3, Xinxin Chen    1  & Yaohui Zhao    3,4 

Vaccination is the primary defense against severe acute respiratory syndrome 
coronavirus 2, especially among older adults and those with chronic 
conditions. Using a nationally representative sample of 12,900 participants 
from the fifth wave (2021–2022) of the China Health and Retirement 
Longitudinal Study (CHARLS), we examined the coronavirus disease 2019 
(COVID-19) vaccination status and the determinants of vaccination hesitancy 
in Chinese adults aged 52 and older. By July/August 2022, 92.3% of the Chinese 
population aged 60 years and older had received at least one COVID-19 
vaccination, 88.6% had completed the primary series and 72.4% had received a 
booster. Those aged 80 years and older had lower vaccination rates, with 71.9% 
and 46.7% completing the primary series and booster shots, respectively. 
These statistics represent the situation before China ended the Zero-COVID 
policy in November 2022 because vaccination stagnated between July/August 
and November 2022. Multivariate regression analysis revealed that belonging 
to the oldest age groups (individuals aged 70 years and older and especially 
those aged 80 years and older) as well as being female and unmarried, residing 
in urban areas, being functionally dependent and having chronic conditions 
meant that these individuals were less likely to receive COVID-19 vaccines. 
Our regression analysis results were corroborated by self-reported reasons 
for nonvaccination. Vaccination hesitancy probably contributed to excessive 
mortality among vulnerable populations after China ceased its Zero-COVID 
policy. Our study provides important lessons on how to balance containment 
efforts with vaccination and treatment measures, as well as highlighting the 
need to clarify the side effects and contraindications of vaccines early on.

The coronavirus disease 2019 (COVID-19) pandemic has resulted  
in over 6.6 million deaths worldwide to date, most of these recorded 
among older adults (≥60 years old)1,2. Vaccination is the primary  
defense against severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) and studies have demonstrated that vaccines  
effectively reduce critical conditions and fatalities3. However,  

even after vaccines became freely available, a substantial proportion  
of older people from various countries and regions, including  
mainland China and Hong Kong, were reluctant to be vaccinated4,5. 
Therefore, it is of critical importance to vaccinate high-risk  
populations, including older individuals and those with certain comor-
bidities6,7.
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conditions such as diabetes, heart disease, stroke, kidney disease and 
cancer14. The definition of ‘contraindication’ was broad and ambigu-
ous and resulted in public distrust of vaccines. In the third quarter of  
2021, as the Delta variant spread rapidly through India, China intro-
duced booster vaccines for younger adults and started to promote 
vaccination in children15. As Omicron became the dominant vari-
ant in late 2021, efforts were made to vaccinate as many people as  
possible. These measures included financial incentives, material gifts, 
coercion in some places (some local governments required workers  
in key industries, such as public security, transportation and mail 
delivery, to receive a primary vaccine series before returning to  
work) and vaccination vans driven directly to communities to  
increase accessibility16. Free insurance against adverse reactions 
to vaccines was also provided. However, vaccinators continued to 
exclude people they suspected of having contraindications. Finally, 
on 29 November 2022, after an abrupt COVID-19 policy change,  
a new guideline was released. This emphasized the importance of 
completing primary series and boosters in older populations17.  
The various stages of vaccination and vaccination rates among older 
people in China are shown in Fig. 1.

Developing immediate and efficient vaccination programs 
requires an understanding of determinants, such as the concerns and 
motivations that influence the decision-making of older people to be 
vaccinated or not. The aforementioned vaccination policies suggest 
that China’s delay in vaccinating older people and those with chronic 
illnesses was not due to age discrimination; rather, it was influenced by 
ill-placed paternalism centered around the fear of side effects.

Vaccination hesitancy is common among older people in some 
countries including China2,18–21. However, actual vaccination rates 
are higher among older Europeans or Americans (≥65 years old); the 
opposite is true for China2,22. The difference between China and West-
ern countries suggests that the role of health authorities deserves 

China has the highest number of older individuals globally8. Fear-
ing a catastrophe for the older population under a less developed 
medical infrastructure, China adhered to a Zero-COVID strategy for 
nearly 3 years until November 2022, effectively shielding the popula-
tion against COVID-19. However, the highly infectious Omicron variant 
severely challenged this strategy by raising the economic and social 
costs of containment. As infections skyrocketed in November 2022  
(ref. 9), the public and the government were pushed to the brink of 
collapse, both psychologically and financially. The Chinese govern-
ment finally ended the Zero-COVID policy. As of 11 December 2022, 
most cities stopped requiring SARS-CoV-2 testing in public places and 
those with SARS-CoV-2 infection are no longer subject to mandatory 
quarantines, practices that China had adhered to for nearly 3 years10.

Official statistics have consistently shown lower vaccination rates 
among older Chinese individuals than in their younger counterparts, 
contrary to the pattern observed in the United States and China’s 
neighboring countries; this had been the reason behind adopting and 
adhering to a Zero-COVID policy, despite China being the last country 
with a large population to relax restrictions8,11. Answers to why China 
lagged in vaccinating its older population could inform what China 
can and should do to reverse this situation in preparation for the next 
COVID-19 wave.

When China-made vaccines (including Vero Cell, CoronaVac and 
CanSinoBIO) first became available in January 2021 (refs. 12,13), the 
government excluded older populations (those aged 60 or older) 
from its early vaccination guidance. Older people were encouraged 
to be vaccinated starting on 31 March 2021. Even then, before the end 
of the Zero-COVID policy, vaccinators routinely turned away people 
they suspected might be in danger of experiencing side effects. In 
particular, anyone older than 60 would first receive a blood pressure 
test and was disqualified if their diastolic blood pressure was greater 
than 160 mmHg. Vaccinators also refused those with preexisting 
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immunized for 6 months and at high risk of 
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Vaccination rate among older people in China, Jan–Nov 2022

Fig. 1 | Vaccination campaign and vaccination rates among older adults  
(60 years and over) in China, from March 2021 to November 2022. The vacci-
nation dosages per month for whole population in China were presented above 
the timeline, from March 2021 to November 2022. The major government-led 

vaccination campaigns were presented below the timeline. The vaccination 
information in 2021 and 2022 was presented in blue and orange, respectively. 
The vaccination rate among older Chinese was only available at 2022 and was 
presented in the upper right.
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special attention, especially in how they approach vaccine side 
effects. Research is lacking in this area. A few studies have reported 
vaccine uptake in Hong Kong or parts of China, but none has examined  
the role of health issues and none has focused on a nationwide 
community-dwelling older population in China23–25.

To address these gaps in knowledge, we included questions  
about vaccination in the fifth wave of the China Health and Retire-
ment Longitudinal Study (CHARLS) in July/August 2021 and 2022, with  
vaccine status updated for all respondents in July/August 2022. Given 
that the vaccination rate in this population did not increase between 
July/August and November 2022 (Fig. 1), our data reflect the vaccina-
tion status of older adults when China ended the Zero-COVID policy.  
Using regression and textual analysis of narrative reasons, we investi-
gated what drove older people to refuse vaccination or to be hesitant 
about vaccines.

Results
Study participants
A total of 12,900 participants from the fifth wave of CHARLS (Fig. 2) 
were included in the analysis of vaccine status as of July/August 2022. 
The mean age of participants was 65.2 ± 9.5 years (range: 52–101 years); 
53% were female. Most participants were married (82.6%), had Han 
ethnicity (93.0%) and lived in rural households (81.4%). A total of 13.2% 
had functional dependency, 44.9% had doctor-diagnosed hypertension 
and 21.9% had doctor-diagnosed diabetes. The unweighted nonvaccina-
tion rate of participants was 6.1% and ranged from 3.7% in the 52–59 age 
range to 17.9% in those aged 80 years and older. A detailed summary 
of the characteristics of the study participants is presented in Table 1.

The weighted vaccination rate (that is, individuals having received 
at least one dose) for older people (aged 60 years and older) was 92.3%; 
for those who received the first dose, the completion rates of the  
primary series and booster doses were 88.6% and 72.4%, respectively 
(Fig. 3). Vaccination rates declined with age. Among the oldest age 
group (aged 80 years and older), the weighted rates for first-dose, 
primary series and booster vaccinations were 80.5%, 71.9% and 46.7%, 
respectively. A negative age gradient of vaccination was found within 

subgroups according to sex, rural or urban residence, or education 
(Extended Data Table 1).

Vaccination rates based on the CHARLS data are roughly similar 
to official statistics released by China’s National Health Committee; 
both were calculated around July/August 2022. Both sources reported 
similar rates for those aged 60–79 years. There was a slight increase  
in CHARLS vaccination rates in the oldest group, that is, those aged  
80 years and older (Extended Data Fig. 1).

Determinants of nonvaccination in the older age groups
The logistic regressions reporting the associations between different 
determinants of vaccination status are shown in Table 2. In column 1, 
we focused on comparing those who received at least one vaccine dose 
with those who were unvaccinated. Being older, female, unmarried 
and residing in urban areas (defined by household registration status 
when first enrolled in the study) were associated with lower vaccination 
rates (P < 0.05). Among the age groups, the oldest group (80 years and 
older) was least likely to be vaccinated (odds ratio (OR) = 0.37, 95% CI 
(0.28–0.49), P < 0.001) compared to those aged 52–59 years. Those 
who were functionally dependent were less likely to be vaccinated  
than those who were independent in their activities of daily living  
(ADLs) (OR = 0.29 (0.24–0.35), P < 0.001). A similar pattern was 
observed in individuals with chronic conditions that are often  
mistakenly perceived as vaccine contraindications, including hyper-
tension (OR = 0.84 (0.72–0.99), P = 0.037), heart disease (OR = 0.61 
(0.51–0.74), P < 0.001), stroke (OR = 0.75 (0.58–0.96), P = 0.023), 
diabetes (OR = 0.79 (0.65–0.98), P = 0.029), lung disease (OR = 0.71 
(0.57–0.88), P = 0.002) and cancer (OR = 0.25 (0.18–0.34), P < 0.001). 
However, kidney disease, liver disease (cancer excluded) and dyslipi-
demia did not have statistically significant effects on vaccination, 
presumably because they were not perceived as contraindications. 
Individuals with arthritis were more likely to be vaccinated.

When primary series and booster vaccinations were used as the 
outcomes in columns 2 and 3 of Table 2, the directions of the associa-
tions, particularly regarding older age, functional dependency and 
chronic diseases, were the same. Although no difference was found 
in vaccination odds between the non-Han and Han Chinese groups 
(P = 0.599), non-Han ethnicity was strongly associated with delayed 
vaccination in the primary series (OR = 0.67 (0.52–0.88), P = 0.004) 
and booster doses (OR = 0.65 (0.54–0.78), P < 0.001). There were no 
significant differences in vaccination status according to educational 
attainment. Digestive disease was also positively associated with  
vaccination. Its association was marginally significant in individuals 
who received the first dose; however, the associations were stronger 
in individuals who received the primary series doses or boosters.

Next, we conducted a separate analysis by excluding unvaccinated 
individuals and examined the decision to complete the primary series 
doses in individuals who had previously received at least one vaccine 
shot (column 4). Additionally, we excluded those who had not com-
pleted the primary series doses and examined the decision to receive a 
booster shot among those who completed the primary series (column 
5). In columns 4 and 5, the ORs were similar to those in columns 2 and 3 
for variables such as older age, non-Han ethnicity, functional depend-
ency, stroke and cancer. However, the associations between commonly 
perceived contraindications, such as heart disease, diabetes and lung 
disease, and completing the primary series doses or receiving a booster 
were statistically nonsignificant. This suggests that past experiences 
of vaccination may have helped build confidence in vaccine safety and 
changed people’s perception of vaccine contraindications.

Our data have some limitations. For respondents who missed the 
2021 interview but were interviewed in 2022, all variables pertained to 
their vaccination status in 2022. However, in respondents who com-
pleted their interviews in 2021, although their vaccination status was 
updated to 2022, the rest of the questionnaire was not. Therefore, 
there is a 1-year timing mismatch for a subset of respondents; that is, 

Representative sample in
2021–2022

n = 19,010

Respondent sample in
2021–2022 

n = 15,293

Excluded: nonrespondents, n = 3,087

Sample in 2021–2022 for
the main analysis

(Tables 1 and 2 and Fig. 2)
n = 12,900

Excluded: aged <52 years, n = 595

Observed in both years 
for the vaccination timing 
analysis (Table 3)

n = 9,890

Excluded: observed in 2022 only,
n = 3,010

Excluded: COVID-19 module
nonrespondents in 2022, n = 1,798

COVID-19 respondent
sample in 2021–2022

n = 13,495

Fig. 2 | Flow chart of the study selection process. The flow chart exhibits the 
inclusion and exclusion criteria for the study sample derived from the fifth wave 
of CHARLS.
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while vaccination status refers to that recorded in 2022, health-related 
variables were from 2021. This may not be a major concern because 
chronic conditions rarely change in 1 year. Nevertheless, we conducted 
a sensitivity analysis using the health conditions derived from the 2018 
wave for all respondents and the results were consistent (Extended 
Data Table 2).

Another way to address the timing mismatch is to restrict  
our analysis to the subset of respondents who were interviewed in  
2021 and reinterviewed in 2022, so that all included health variables 

for the regression came from 2021. The results (Extended Data Table 3)  
were unchanged, suggesting that nonresponse in the 2021 interview 
was not correlated with a person’s vaccination status in 2022.

Finally, we performed an analysis of comorbidity to substitute 
the ten main conditions with a measure counting the incidence of 
these conditions (Extended Data Table 4). Consistent with our baseline 
analysis, which used the full set of disease indicators, comorbidity as 
a composite measure was a strong predictor of vaccination hesitancy 
(OR = 0.82 (0.79–0.86), P < 0.001).

Table 1 | Characteristics of the study participants in the CHARLS study according to age group

Characteristic Total sample n = 12,900 52–59 n = 3,536 60–69 n = 4,587 70–79 n = 3,578 ≥80 n = 1,199

Sex

 Female 6,858 (53.2%) 1,919 (54.3%) 2,429 (53.0%) 1,858 (51.9%) 652 (54.4%)

 Male 6,042 (46.8%) 1,617 (45.7%) 2,158 (47.0%) 1,720 (48.1%) 547 (45.6%)

Marital status

 Married 10,635 (82.6%) 3,290 (93.2%) 4,047 (88.4%) 2,701 (75.5%) 597 (49.9%)

 Unmarried or widowed 2,245 (17.4%) 241 (6.8%) 529 (11.6%) 875 (24.5%) 600 (50.1%)

Vaccination status

 Unvaccinated 791 (6.1%) 130 (3.7%) 199 (4.3%) 247 (6.9%) 215 (17.9%)

 Only one dose 337 (2.6%) 43 (1.2%) 85 (1.9%) 115 (3.2%) 94 (7.8%)

 Primary series completed 1,805 (14.0%) 379 (10.7%) 587 (12.8%) 560 (15.7%) 279 (23.3%)

 Booster 9,967 (77.3%) 2,984 (84.4%) 3,716 (81.0%) 2,656 (74.2%) 611 (51.0%)

Ethnicity

 Han 11,929 (93.0%) 3,231 (92.1%) 4,230 (93.0%) 3,342 (93.7%) 1,126 (94.1%)

 Non-Han (minority) 892 (7.0%) 276 (7.9%) 320 (7.0%) 225 (6.3%) 71 (5.9%)

Education

 Illiterate 3,716 (28.8%) 539 (15.2%) 1,310 (28.6%) 1,291 (36.1%) 576 (48.0%)

 Primary (includes literate) 4,899 (38.0%) 1,392 (39.4%) 1,456 (31.7%) 1,621 (45.3%) 430 (35.9%)

 Middle and high school or higher 4,281 (33.2%) 1,604 (45.4%) 1,820 (39.7%) 664 (18.6%) 193 (16.1%)

Residence (Hukou)

 Rural residence 10,500 (81.4%) 2,963 (83.8%) 3,773 (82.3%) 2,841 (79.4%) 923 (77.0%)

 Urban residence 2,398 (18.6%) 572 (16.2%) 814 (17.7%) 736 (20.6%) 276 (23.0%)

Region

 East 4,448 (34.5%) 1,215 (34.4%) 1,705 (37.2%) 1,116 (31.2%) 412 (34.4%)

 Central 3,836 (29.7%) 1,034 (29.2%) 1,301 (28.4%) 1,134 (31.7%) 367 (30.6%)

 West 3,719 (28.8%) 1,050 (29.7%) 1,218 (26.6%) 1,096 (30.6%) 355 (29.6%)

 Northeast 897 (7.0%) 237 (6.7%) 363 (7.9%) 232 (6.5%) 65 (5.4%)

Functional dependency 1,699 (13.2%) 226 (6.4%) 464 (10.2%) 601 (16.8%) 408 (34.2%)

Chronic conditions

 Hypertension 5,773 (44.9%) 1,198 (34.0%) 2,013 (44.0%) 1,937 (54.2%) 625 (52.4%)

 Heart disease 2,814 (21.9%) 522 (14.8%) 979 (21.4%) 999 (28.0%) 314 (26.3%)

 Stroke 809 (6.3%) 122 (3.5%) 248 (5.4%) 329 (9.2%) 110 (9.2%)

 Diabetes 1,980 (15.4%) 442 (12.5%) 757 (16.6%) 629 (17.6%) 152 (12.8%)

 Lung disease 1,975 (15.4%) 381 (10.8%) 684 (15.0%) 671 (18.8%) 239 (20.1%)

 Cancer 331 (2.6%) 78 (2.2%) 127 (2.8%) 105 (2.9%) 21 (1.8%)

 Dyslipidemia 3,428 (26.7%) 865 (24.5%) 1,270 (27.8%) 1,051 (29.4%) 242 (20.3%)

 Liver disease 862 (6.7%) 224 (6.4%) 319 (7.0%) 260 (7.3%) 59 (4.9%)

 Kidney disease 1,128 (8.8%) 238 (6.8%) 409 (8.9%) 371 (10.4%) 110 (9.2%)

 Asthma 789 (6.1%) 116 (3.3%) 276 (6.0%) 302 (8.5%) 95 (8.0%)

 Arthritis/rheumatism 4,817 (37.5%) 1,126 (31.9%) 1,745 (38.2%) 1,499 (42.0%) 447 (37.5%)

 Digestive disease 3,718 (28.9%) 1,038 (29.4%) 1,339 (29.3%) 1,042 (29.2%) 299 (25.1%)
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Changes in vaccine status due to government-driven 
vaccination campaigns
Using a multinomial logit regression (Table 3), we examined the  
determinants of vaccination timing: individuals vaccinated before July/
August 2021 (thereafter referred to as phase 1); individuals vaccinated 
between the two summers ( July/August) of 2021 and 2022 (phase 2); 
and individuals not vaccinated by July/August 2022. Nonvaccination 
was used as the baseline outcome in columns 1 and 2. The two phases 
correspond to the early and late vaccination campaigns. During phase 1, 
that is, in the 6 months since COVID-19 vaccines became available, being 
female, older (70 years and older, especially 80 years and older), unmar-
ried or widowed, having non-Han ethnicity, residing in an urban loca-
tion, or being functionally dependent or chronically ill reduced the odds 
of receiving vaccinations (P value for relative risk ratio (RRR) < 0.01). 
Phase 2 showed significantly higher odds of vaccination in high-risk 
populations, especially for older age groups, individuals with functional 
dependency and individuals with major chronic diseases typically con-
sidered contraindications to vaccination, reflecting the government’s 
efforts to close the vaccination gap. The results remained when we 
relaced disease data from 2021 to 2018 (Extended Data Table 5).

Changes in government priorities are evident in column 3, 
where the RRRs between late and early vaccinations are shown. We 
found a substantial increase in vaccine uptake among older adults 
from minority ethnic groups (RRR = 2.39 (1.92–2.97), P < 0.001), aged 
60–69 years (RRR = 2.20 (1.85–2.61), P < 0.001), those aged 70–79 
years (RRR = 3.35 (2.78–4.03), P < 0.001) and particularly those aged 
80 and older (RRR = 8.44 (6.65–10.72), P < 0.001). Similarly, significant 
increases in vaccine uptake were noted in those with functional depend-
ency (RRR = 2.41 (2.08–2.79), P < 0.001) and major chronic conditions, 
including hypertension (RRR = 1.30 (1.16–1.45), P < 0.001), stroke 
(RRR = 1.53 (1.25–1.87), P < 0.001), diabetes (RRR = 1.21 (1.04–1.42), 
P < 0.001) and cancer (RRR = 2.20 (1.60–3.03), P < 0.001).

Sex differences did not change between the two vaccination  
campaigns (RRR = 1.03 (0.93–1.13), P = 0.605), suggesting that  
vaccination for women continued to lag behind. The vaccination rates 
of married older adults were closer to their counterparts in phase 2 
(RRR = 0.84 (0.72–0.97), P = 0.02), but this effect was small. Vaccina-
tion for urban older adults fell even further behind during phase 2 
(RRR = 0.70 (0.59–0.84), P < 0.001).

Because vaccine uptake for the oldest age group, especially  
those with severe health conditions, lagged behind in vaccination 
uptake in phase 1 (RRR = 0.19 (0.14–0.26), P < 0.001), a significant  
acceleration in vaccinations during phase 2 did not help the  
government to achieve the same coverage for this population as  
for the other age groups. By July/August 2022, they were still 
undervaccinated.

Self-reported reasons for vaccine hesitancy
Extended Data Table 6 shows the reasons for vaccine hesitancy by the 
end of each of the two vaccination campaign phases. In July/August 
2022, the top five reasons were having contraindications (48%), 
being old, frail or having a chronic disease (21%), poor accessibility to  
vaccination due to barriers such as travel, mobility and short supply  
of vaccine (18%), concerns about side effects or efficacy (9%) and  
having never heard of COVID-19 vaccines (6%). In the oldest age group, 
lack of knowledge about vaccines was an important factor. On the other 
hand, concerns regarding contraindications were more pronounced 
among the youngest older adults (Extended Data Table 7). More  
concerns on health-related factors were raised in phase 2. We observed 
an increase in reasons attributed to contraindications, from 30%  
in July/August 2021 to 48% in July/August 2022. Reasons for lack of  
vaccine uptake that decreased in frequency included accessibility  
(from 22% in 2021 to 18% in 2022) and unawareness of COVID-19  
vaccines (from 8% in 2021 to 6% in 2022).
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Fig. 3 | Vaccination rates among older Chinese individuals. Top, subset of the 
main sample (n = 9,872) who also participated in the 2021 survey and were older 
than 52 years in 2021. Bottom, main sample of this study (n = 12,900). The 95% 

confidence intervals (CIs) are shown as capped horizontal spikes. The length of 
each horizontal bar, that is, the position of each spike’s center, is indicated by the 
number to the right.
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Discussion
During China’s Zero-COVID policy era, despite the government’s efforts 
in vaccinating the population, efforts were insufficient, with vaccina-
tion rates among older people remaining lower than those of their 
younger counterparts. In our study, only 71.9% of the oldest age group 
(80 years and older) had completed their primary series and 46.7% had 
received booster doses as of July/August 2022; little progress was made 
from that time until China dropped the Zero-COVID policy in November  
2022. This left those population groups at substantial risk as the  
COVID-19 pandemic continued to sweep through China in December 
2022 and January 2023.

Combined with mask wearing, physical distancing, sanitation 
and ventilation, vaccines contribute to the control of the COVID-19 
pandemic and have saved millions of lives, especially among older 
people26. However, even after vaccines became freely available, a 
substantial proportion of older people from several countries and 

regions, including mainland China and Hong Kong, were reluctant  
to take them4,5. Using both quantitative and qualitative analyses, 
we found that women, the oldest age groups (older than 70 but  
especially those older than 80), unmarried or widowed individuals, 
urban individuals, and functionally dependent individuals, and those 
with chronic diseases were less likely to be vaccinated against COVID-19. 
Many of these results are in agreement with the existing literature on 
vaccine uptake. For example, studies from China and France observed 
higher vaccination hesitancy in women5,27,28. Regarding the difference 
between age groups, early in 2022 Hong Kong experienced an Omicron 
variant outbreak and reported the highest number of COVID-19-related 
deaths per capita in the world; 90% of COVID-19-related deaths in older 
adults were in individuals who had not received the full vaccination 
course4. By contrast, countries with much lower COVID-19-related 
mortality, such as Singapore and Japan, adequately vaccinated their 
older citizens (vaccination rate above 95%)29.

Table 3 | Determinants of early, late and nonvaccination status among older adults

Multinomial logit regressiona (1) Phase 1 vaccination (Jan 2021–Jul/Aug 
2021) versus nonvaccination

(2) Phase 2 vaccination (Jul/Aug 2021–Jul/Aug 
2022) versus nonvaccination

(3) Phase 2 versus phase 1 
vaccination

n = 9,890 n = 9,890 n = 9,890

RRR (95% CI) P RRR (95% CI) P RRR (95% CI) P

Female 0.80 (0.67–0.95) 0.010 0.82 (0.68–0.99) 0.035 1.03 (0.93–1.13) 0.605

Married 1.65 (1.35–2.01) 0.000 1.38 (1.12–1.71) 0.003 0.84 (0.72–0.97) 0.020

Minority ethnicity 0.58 (0.40–0.84) 0.004 1.38 (0.97–1.96) 0.075 2.39 (1.92–2.97) 0.000

Urban residence 0.59 (0.47–0.73) 0.000 0.41 (0.32–0.52) 0.000 0.70 (0.59–0.84) 0.000

Age group (reference: 52–59)

 60–69 0.93 (0.73–1.18) 0.530 2.03 (1.54–2.69) 0.000 2.20 (1.85–2.61) 0.000

 70–79 0.66 (0.51–0.85) 0.001 2.21 (1.66–2.95) 0.000 3.35 (2.78–4.03) 0.000

 80+ 0.19 (0.14–0.26) 0.000 1.63 (1.18–2.25) 0.003 8.44 (6.65–10.72) 0.000

Education (reference: illiterate)

 Primary school (literate) 1.00 (0.82–1.23) 0.969 0.99 (0.80–1.22) 0.900 0.98 (0.86–1.12) 0.792

 Middle, high school and higher 1.12 (0.87–1.44) 0.388 0.87 (0.66–1.14) 0.311 0.78 (0.66–0.92) 0.003

Region (reference: East)

 Central 0.88 (0.71–1.09) 0.231 0.97 (0.77–1.22) 0.802 1.11 (0.95–1.29) 0.207

 West 1.38 (1.10–1.74) 0.006 1.59 (1.25–2.02) 0.000 1.15 (0.99–1.35) 0.070

 Northeast 1.06 (0.75–1.49) 0.742 2.03 (1.41–2.92) 0.000 1.91 (1.51–2.43) 0.000

Functionally dependent 0.20 (0.17–0.24) 0.000 0.48 (0.40–0.59) 0.000 2.41 (2.08–2.79) 0.000

Chronic conditions

 Hypertension 0.78 (0.66–0.92) 0.004 1.01 (0.85–1.21) 0.874 1.30 (1.16–1.45) 0.000

 Heart disease 0.57 (0.47–0.70) 0.000 0.65 (0.53–0.80) 0.000 1.14 (0.99–1.31) 0.064

 Stroke 0.59 (0.45–0.77) 0.000 0.91 (0.69–1.19) 0.475 1.53 (1.25–1.87) 0.000

 Diabetes 0.74 (0.59–0.92) 0.008 0.90 (0.71–1.13) 0.372 1.21 (1.04–1.42) 0.014

 Lung disease 0.73 (0.58–0.92) 0.007 0.73 (0.58–0.93) 0.012 1.00 (0.85–1.18) 0.982

 Cancer 0.20 (0.14–0.28) 0.000 0.44 (0.31–0.63) 0.000 2.20 (1.60–3.03) 0.000

 Dyslipidemia 1.25 (1.02–1.52) 0.029 1.12 (0.90–1.38) 0.316 0.89 (0.78–1.03) 0.111

 Liver disease 0.91 (0.65–1.28) 0.585 0.93 (0.65–1.33) 0.681 1.02 (0.81–1.28) 0.867

 Kidney disease 0.72 (0.55–0.94) 0.018 0.71 (0.53–0.95) 0.021 0.99 (0.81–1.20) 0.910

 Asthma 0.90 (0.65–1.24) 0.513 1.00 (0.72–1.39) 0.997 1.11 (0.88–1.42) 0.381

 Arthritis/rheumatism 1.54 (1.29–1.86) 0.000 1.23 (1.01–1.49) 0.038 0.79 (0.71–0.89) 0.000

 Digestive disease 1.22 (1.01–1.47) 0.042 1.05 (0.85–1.29) 0.651 0.86 (0.76–0.97) 0.018
aThe dependent variable has three discrete outcomes, each compared to the one used as the baseline outcome. All results are from one multinomial logit regression and each column shows 
the results from an outcome pair. In column 3, only the baseline outcome changed, so the RRRs are the quotients between those from columns 2 and 1. Standard errors are clustered at the 
household level. The phase 1 vaccination campaign ran from January 2021 to July/August 2021 and represents the early period when vaccines had not been available for more than 6 months; 
the phase 2 vaccination campaign ran from July/August 2021 to July/August 2022 and represents the later period. The 95% CI was calculated based on a Wald test.
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Unmarried or widowed older individuals had lower vaccination 
rates, possibly because of limited access to information or lacking 
social support30–32. In many other countries, people with functional 
disabilities are likely to receive vaccinations; therefore, policies  
often target this group by providing at-home vaccinations33. A 
study from Shanghai (China) found that people older than 60 with  
diabetes had lower booster vaccination rates than those younger than 
60 (ref. 11). Older urban residents have lower vaccination rates than  
their rural counterparts. The urban–rural difference among older 
people can be explained by much higher employment rates in older 
rural residents due to early labor market exits by urban workers34. 
Even if we only look at non-agricultural work, older rural residents 
also work at much higher rates than their urban counterparts. Because 
non-agricultural jobs (employed or self-employed) often require  
vaccination, rural people tend to vaccinate more. Additionally, rural 
residents are more responsive to financial incentives due to lower 
income levels and rural leaders are more likely to use coercive measures 
to enforce vaccination16.

China stands out for the negative perceptions about vaccination 
among older age groups and those with chronic illnesses. Given China’s 
paternalistic tradition, the way health authorities handled informa-
tion about vaccine side effects had a role. In particular, vaccine clinics 
refused to vaccinate older people with potentially life-threatening 
conditions14. In addition, both the public and local vaccinators often 
misunderstand COVID-19-related contraindications. Older people 
have often been denied vaccination because of hypertension or dia-
betes, which are mistakenly considered as vaccine contraindications14. 
Although on the decline, this incorrect perception continued until late 
2022, when the government ended its Zero-COVID policy35. The lack of 
clear guidelines and public education with transparent data on vaccine 
safety has, in turn, undermined public trust in vaccines.

A strength of this study is the relatively precise estimation of 
vaccination rates among older people right before China ended its 
Zero-COVID policy by taking advantage of data from a nationally repre-
sentative cohort of older adults in China. We reported the uptake rates 
of individuals who had received at least one dose, individuals who had 
received primary series vaccination and individuals who had received 
booster doses as of July/August 2022; after this period and up until the 
end of the Zero-COVID policy, vaccination rates in China remained 
stagnant. Another strength of this study is the successive surveys of the 
study sample in July/August 2021 and 2022, which enabled us to track the 
dynamics of vaccination among diverse subpopulations and identify the 
roles health authorities had in this process. Furthermore, by combining 
qualitative and quantitative analyses, we examined the determinants 
of vaccine hesitancy among older adults; this allowed us to formulate 
pragmatic recommendations for future vaccination campaigns.

Our study has several limitations. The data presented in this 
study describe the situation before China’s discontinuation of  
the Zero-COVID policy. Some of this hesitancy probably reflected a 
misplaced complacency resulting from low perceived risk of infec-
tion due to the Zero-COVID policy that lasted nearly 3 years. Because 
of data limitations, we did not study the effect of the perceived risk of 
infection in this study.

The vaccine hesitancy we have documented in this article has 
domestic policy implications. China experienced a surge in infections 
within a short period since the end of the Zero-COVID policy. One  
study reported that infections in Beijing would reach 92.3% by the 
end of January 2023 (ref. 36). High infection rates, especially within a 
short time, probably caused excessive mortality in China. Because 
vaccination is effective in reducing disease severity and deaths, those 
who have been vaccinated are likely to have a higher probability  
of surviving the pandemic. It is unfortunate that those who need  
protection the most, that is, older people with chronic conditions, 
are less vaccinated in China. Looking ahead, COVID-19 is not over  
and the virus is conti nuing to evolve. China should learn this lesson  

and devote more efforts toward vaccinating the whole population 
before the next wave strikes.

China’s experience also has implications for global responses to 
future pandemics. In particular, attention should be paid to coordinate 
and balance efforts in containment, vaccination and treatment. In the 
early stage of an outbreak, when vaccination is not available, contain-
ment probably has the larger returns. After vaccines are available, 
priority should be shifted to vaccination and building up treatment 
capacity. During vaccination campaigns, it is important to set a clear 
timeline for relaxing containment measures and make this known to 
the public. This information can preempt any unrealistic expectations 
of the perpetual protection containment policies may or may not offer. 
Additionally, we demonstrated that misconceptions of contraindica-
tions and concerns about vaccine side effects are often the leading 
determinants of vaccine hesitancy; thus, vaccine development should 
prioritize research to clarify these side effects and contraindications.

Online content
Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information, 
acknowledgements, peer review information; details of author con-
tributions and competing interests; and statements of data and code 
availability are available at https://doi.org/10.1038/s41591-023-02241-7.
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Methods
Sampling strategy of the CHARLS survey
CHARLS, which follows the design of the Health and Retirement Study, 
the English Longitudinal Study of Ageing, the Survey of Health, Ageing 
and Retirement in Europe and other aging surveys, collects a nation-
ally representative sample of Chinese residents aged 45 and older  
to inform scientific research on older individuals and assess their  
health trends. Its baseline survey included 450 villages and commu-
nities across the country, with a sample size of 17,708 individuals in  
10,257 households37. CHARLS uses multistage systematic random  
sampling to select respondents. First, district and county units are 
stratified by region, rural or urban areas and gross domestic product 
per capita. Based on probability proportional to population size, 150 
counties or districts were randomly chosen and three village or com-
munity units (primary sampling units (PSUs)) were further randomly 
selected within each county or district unit. The team developed a 
customized mapping software to help draw a sample frame of all 
households in each PSU. Within each household selected from the 
mapping frame, one resident aged 45 and older was randomly chosen 
to be the main respondent; this person’s spouse was automatically 
included in the sample. To avoid human error and manipulation, each 
sampling stage was computerized and all interviews were conducted 
using computer-aided personal interview technology. Thanks to the 
strict quality control implemented in the sampling and survey process, 
the CHARLS sample is representative of the population of older adults 
in the country.

Study design and participants
A total of 17,708 CHARLS respondents were interviewed at baseline in 
2011. These respondents have since been reinterviewed in 2013, 2015, 
2018, 2020 and 2021–2022. In these follow-up surveys, some individuals 
were lost due to deaths and new representative samples were added 
for the following reasons: (1) those who did not respond in the baseline 
survey were interviewed in a follow-up wave; (2) refresher samples were 
added; (3) new spouses of incumbent respondents were added. Some 
baseline respondents were replaced when later waves highlighted 
previous sample errors. The current intended sample size is 19,010 
individuals for the fifth wave of the CHARLS survey, which includes all 
currently living representative respondents who have appeared in at 
least one previous wave.

Figure 2 shows the study selection process based on this target  
sample of 19,010 individuals. The fifth wave of CHARLS, including 
a module on COVID-19, was originally planned for July and August  
2021; however, the fieldwork was disrupted in many locations due 
to COVID-19 outbreaks. Thus, 11,647 individuals were successfully  
interviewed in July and August 2021. Once the survey resumed in the 
summer of 2022 ( July and August), CHARLS attempted to update the 
vaccination status of all individuals in the sample, eventually complet-
ing 15,293 interviews; 1,798 individuals did not respond to the COVID-19 
module. The size of the COVID-19 respondent sample is thus 13,495 
individuals.

To adjust for sample attrition, CHARLS constructed a probit 
model to account for attrition and multiplied the inverse of the pre-
dicted response probability with the original sampling weights inher-
ited to obtain the updated sampling weight. We further obtained 
weights after stratification to align the sample with the age and 
sex composition in the national population statistics. Because no  
refreshment samples were added after the 2015 wave, 595 respond-
ents were younger than 52 in 2021 and 2022; they were too few to be 
assigned weights after stratification, so the sample size for our main 
analysis was reduced to 12,900. In this main sample, a total of 3,010 
respondents missed the COVID-19 interview in 2021. For our analysis 
of vaccination timing, that is, whether the first dose was received in 
phase 1 or 2 of the vaccination campaign, we used a balanced sample 
size of 9,890.

Ethics statement
All participants or their legal representatives signed written informed 
consent forms to participate in the baseline and follow-up surveys. 
Informed consent was obtained from the study participants before 
completing the study questionnaire. The study was approved by  
the biomedical ethics committee of Peking University, Beijing, China 
(no. IRB00001052–11015).

Procedures
Vaccination-related questions in the COVID-19 module asked about 
the number of doses the respondents had received, the number 
of required doses to complete the primary series vaccination and  
reasons why an individual was still unvaccinated. The COVID-19  
vaccination rate is defined as the share of those individuals who 
received at least one dose of COVID-19 vaccine by the time of their 
interview in July and/or August 2022. Depending on whether the  
number of doses received was less than, equal to or more than the  
dose requirement of the primary series vaccination, we further  
divided vaccinated individuals into three groups: incomplete vaxers; 
primary series vaxers; and booster vaxers.

The CHARLS data included basic sociodemographics, includ-
ing age, sex, marital status, ethnic origins, education, Hukou resi-
dence in the rural or urban household registry and regional residence.  
We divided the sample into four age groups: 52–59; 60–69; 70–79;  
and older than 80. Marital status was classified as married and unmar-
ried (single or widowed). Ethnicity consisted of Han and other minor-
ity ethnic groups referred to as non-Han. Educational attainment  
was divided into three groups: illiterate; literate or primary school 
graduates; and those educated to middle school level or higher.  
Urban residents were defined by their non-agricultural resident  
status when they first entered the study. Regional residence followed 
the official definition of four mega-regions: northeast; east; central; 
and west.

Health measures included 12 diagnosed chronic disorders 
reported by the interviewees. We used self-reported disorders because 
the decision to be vaccinated would be based on the information  
known to the respondent. We selected six basic ADLs and five 
instrumental activities of daily living (IADLs) to define a variable of  
‘ADL/IADL dependency’ as needing help to perform at least one of  
these activities38. This variable of functional dependency indicates a 
severe health condition and poor accessibility to vaccine clinics. For 
each of the chronic conditions, we constructed a binary indicator  
of incidence, that is, 1 for having the disorder and 0 for not having  
the disorder.

Unvaccinated interviewees offered highly detailed reasons for 
their decision. Aside from selecting one or more among the ten preset 
choices, respondents were allowed to provide further explanations or 
give any reasons not listed in the questionnaire. All open-ended answers 
were typed into the computer-aided personal interview immediately by 
the interviewers. A total of 3,436 in 2021 and 856 in 2022 unvaccinated 
respondents answered the question regarding their reasons for not 
being vaccinated. We conducted a textual analysis of these open-ended 
answers by searching for keywords related to each reason. The search 
order was determined by the reliability of a reason to be identified using 
its related keyword(s). Overall, we identified ten different reasons not 
listed as preset choices and further classified a total of 20 reasons into 
nine categories.

Statistical analysis
We calculated vaccination rates at the national level, and in the different  
demographic groups; we also provided statistics for primary series  
vaxers and booster vaxers. We calculated the share of each self- 
reported reason among those unvaccinated.

To examine the vaccination factors, we fitted a logistic regression 
to model the vaccination decision:
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Pr(yi = 1|xij, j = 1… k) =
exp (β0 +∑k

j=1 βjxij)

1 + exp (β0 +∑k
j=1 βjxij)

(1)

where yi is a binary indicator of whether an older adult i received at 
least one dose as of July/August 2022, xij is the j explanatory variable  
in the regression representing the sociodemographic factors  
and health measures. We estimated standard errors by clustering  
the sample at the household level to account for within-household  
correlations. The same model was applied when studying the out comes 
of primary series vaccination and booster shots.

To maintain the same sample between the descriptive and regres-
sion analyses, we imputed a few tens of missing sociodemographic 
factors, chronic disease incidence and ADL dependencies (Extended 
Data Table 8).

We examined the dynamics of vaccinations by analyzing the  
vaccination status of individuals interviewed twice (collected in  
2021 and 2022). There were two waves of vaccine campaigns initi-
ated by the Chinese government. The first was in the middle of 2021 
and was aimed at the entire adult population. The second wave 
started in October 2021, lasted for another 6 months and focused on 
older adults. These two waves coincided with the two phases of the  
fifth wave of CHARLS (2021–2022), so we constructed a multino-
mial logit regression model to study whether a person’s first-dose  
vaccination occurred in phase 1, phase 2 or in neither phase. Com-
paring vaccination outcomes between the two phases can shed light  
on the effectiveness of the government’s vaccination policy.

The regression framework of the multinomial logit regression 
model is as follows:

Pr (yi = n|xij, j = 1… k) =

exp(β(n)0 +∑k
j=1 β

(n)
j xij)

1+exp(β(2)0 +∑k
j=1 β

(2)
j xij)+exp(β(3)0 +∑k

j=1 β
(3)
j xij)

(2)

where β(1) = 0. We specified three outcomes: unvaccinated (yi = 1);  
vaccinated at phase 2 (yi = 2); or vaccinated at phase 1 (yi = 3). The 
explanatory variables are the same as in the logistic model for binary 
choice. The value of this multinomial model lies in the comparison of 
associations with late (phase 2) vaccination relative to early (phase 1) 
vaccination.

All statistical analyses were performed with Stata v.17.0.

Reporting summary
Further information on research design is available in the Nature  
Portfolio Reporting Summary linked to this article.

Data availability
The fifth wave of the CHARLS data is scheduled to be released within  
2 years after the fieldwork is completed. The public release files will 
be available for download from its official website: https://charls.pku.
edu.cn/en/.

Code availability
The code for this study is available on GitHub at https://github.com/
econwang/covid19-vax.
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Extended Data Fig. 1 | A comparison of vaccination rates between the sources of CHARLS and China’s National Health Committee (NHC). NHC statistics were 
obtained from its press release on 22 July 2022 (in Chinese: http://www.nhc.gov.cn/xwzb/webcontroller.do?titleSeq=11464&gecstype=1).
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Extended Data Table 1 | Vaccination rate according to age group, sex, rural or urban residence and education group
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Extended Data Table 2 | Determinants of vaccination status among older adults: separate analysis using individual health 
measures in 2018
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Extended Data Table 3 | Determinants of vaccination status among older adults: separate analysis using the sample 
observed in both phases
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Extended Data Table 4 | Determinants of vaccination status among older adults: analysis using a comorbidity measure to 
count the number of major conditions
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Extended Data Table 5 | Determinants of early, late and nonvaccination: separate analysis using individual health measures 
in 2018
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Extended Data Table 6 | Reasons for nonvaccination among participants who did not receive the COVID-19 vaccine

*‘Access problems’ consisted of the following reasons: vaccine sites were far from home (long journey) or could not be located; individual mobility; local communities did not arrange 
vaccinations; short supply of vaccine; vaccination was not free. #‘Other’ consisted of the following reasons: fear of injection; being busy or absent from home; vaccination had been scheduled 
at the interview time. The reason why categories were aggregated from 20 more detailed types. The sum of shares can be greater than 100% because the interviewees may have answered 
more than one category of reasons. The indicator ‘comorbid’ represents having more than one of ten major conditions, including hypertension, heart disease, stroke, diabetes, lung disease, 
cancer, dyslipidemia, liver disease, kidney disease and asthma. Summer is the survey season of CHARLS, generally spanning from July to August.
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Extended Data Table 7 | More detailed reasons for nonvaccination according to the respondent age group

Top, the ten reasons preset in the questionnaire. Bottom, the ten reasons categorized from the open-ended answers provided by respondents. The sum of shares can be greater than 100% 
because interviewees may answer more than one category of reasons.
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Extended Data Table 8 | Number of missing values for the explanatory variables in the regression

http://www.nature.com/naturemedicine


1

nature portfolio  |  reporting sum
m

ary
M

arch 2021

Corresponding author(s): Yaohui Zhao, Xinxin Chen

Last updated by author(s): Jan 27, 2023

Reporting Summary
Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency 
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a Confirmed
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A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly
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A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons
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Software and code
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Data collection CHARLS, following the design of the Health and Retirement Study (HRS), the English Longitudinal Study of Ageing (ELSA), the Survey of Health, 
Ageing and Retirement in Europe (SHARE), and other renowned ageing surveys, collects a nationally representative sample of Chinese 
residents aged 45 and over to inform scientific research on the elderly and assess their health trends. Its baseline survey covered 450 villages 
and communities across the country, with a sample size of 17,708 individuals in 10,257 households. CHARLS uses a strategy of multi-stage 
systematic random sampling to select respondents. First, district and county units are implicitly stratified by region, rural or urban areas, and 
GDP per capita. Based on PPS (Probability Proportional to population Size), 150 counties or districts were randomly chosen, and three village 
or community units (psus) were further randomly selected within each county or district unit. The team developed a special mapping software 
to help draw a sample frame of all households in each psu. Within each household selected from the mapping frame, one resident 45 and 
over was randomly chosen to be the main respondent, and this person's spouse was automatically included in the sample. To avoid human 
error and manipulation, each sampling stage was computerized, and all interviews were conducted using computer-aided personal interview 
(CAPI) technology. Thanks to the strict quality control implemented in the sampling and survey process, the CHARLS sample is representative 
of the population of older adults in the country.

Data analysis We calculated vaccination rates at the national level and among demographic groups, and also provided statistics for primary series vaxers 
and booster vaxers. We calculated the share of each self-reported reasons among those unvaccinated.  
To maintain the same sample between the descriptive and regression analysis, we imputed a few tens of missing sociodemographic factors, 
chronic disease incidence, and ADL dependencies (EDI Table A8, p9).  
We examined the dynamics of vaccinations by analysing the twice-interviewed personal vaccination status collected in  2021 and 2022. As 
Panel 1 shows, there were two waves of vaccine campaigns initiated by the government. The first was in the middle of 2021, aiming at the 
entire adult population. The second wave started in October 2021 and lasted for another six months, focusing more on older adults. These 
two waves coincided with the two phases of the CHARLS 5th (2021/22) wave, so we constructed a multinomial logit regression model to study 
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whether a person’s first-dose vaccination occurred in phase 1, phase 2, or neither. The comparison of vaccination outcomes between the two 
phases can shed light on the effectiveness of government vaccination policy. 
All statistical analyses were performed with Stata version 17.0. 
The code for this study is available on GitHub. The GitHub address is https://github.com/econwang/covid19-vax.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and 
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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The fifth wave of CHARLS data is scheduled to be released within two years after fieldwork is finished. The public release files will be available for download from its 
official website: https://charls.pku.edu.cn/en/.

Human research participants
Policy information about studies involving human research participants and Sex and Gender in Research. 

Reporting on sex and gender CHARLS is a longitudinal study that surveys a nationally representative sample of middle-aged and older Chinese, who were 
selected from a scheme of multi-stage stratified random sampling. Sex is determined based on self-report and the findings of 
this study does not apply to only one sex. We reported sample composition by sex. In regression models, we included sex as 
an independent variable and explained sex differences.

Population characteristics A total of 12,900 participants were included in the analysis of vaccine status as of the summer of 2022. The mean age of the 
participants was 65.2±9.5 years old [range from 52 to 101], with 53% being female. The majority of the participants were 
married (82.6%), Han (93.0%), and rural (81.4%). 13.2% of the total had functional dependency (13.2%), 44.9% had doctor-
diagnosed hypertension, and 21.9% had doctor-diagnosed diabetes. The unweighted non-vaccination rate of the participants 
was 6.1%, varied from 3.7% in the 52-59 age group to 17.9% in the oldest-old group aged 80 and over. 

Recruitment CHARLS, following the design of the Health and Retirement Study (HRS), the English Longitudinal Study of Ageing (ELSA), the 
Survey of Health, Ageing and Retirement in Europe (SHARE), and other renowned ageing surveys, collects a nationally 
representative sample of Chinese residents aged 45 and over to inform scientific research on the elderly and assess their 
health trends. Its baseline survey covered 450 villages and communities across the country, with a sample size of 17,708 
individuals in 10,257 households.[1] CHARLS uses a strategy of multi-stage systematic random sampling to select 
respondents. First, district and county units are implicitly stratified by region, rural or urban areas, and GDP per capita. Based 
on PPS (Probability Proportional to population Size), 150 counties or districts were randomly chosen, and three village or 
community units (psus) were further randomly selected within each county or district unit. The team developed a special 
mapping software to help draw a sample frame of all households in each psu. Within each household selected from the 
mapping frame, one resident 45 and over was randomly chosen to be the main respondent, and this person's spouse was 
automatically included in the sample. To avoid human error and manipulation, each sampling stage was computerized, and 
all interviews were conducted using computer-aided personal interview (CAPI) technology. Thanks to the strict quality control 
implemented in the sampling and survey process, the CHARLS sample is representative of the population of older adults in 
the country.

Ethics oversight The study was approved by the Biomedical Ethics Committee of Peking University, Beijing, China (IRB00001052–11015).

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Research sample CHARLS is a longitudinal study that surveys a nationally representative sample of middle-aged and older Chinese. The baseline survey 

in 2011 covered 150 counties or districts and 450 villages or communities by multistage stratified random sampling and interviewed 
a total of 17708 individuals from 10257 households. 
A total of 12,900 participants were included in the analysis of vaccine status as of July-August of 2022. The mean age of the 
participants was 65.2±9.5 years old [range from 52 to 101], with 53% being female. The majority of the participants were married 
(82.6%), Han ethnicity (93.0%), and rural households (81.4%). 13.2% of the total had functional dependency (13.2%), 44.9% had 
doctor-diagnosed hypertension, and 21.9% had doctor-diagnosed diabetes. The unweighted non-vaccination rate of the participants 
was 6.1%, from 3.7% in the 52-59 age group to 17.9% in those aged 80 and over. 

Sampling strategy CHARLS uses a strategy of multi-stage systematic random sampling to select respondents. First, district and county units are implicitly 
stratified by region, rural or urban areas, and GDP per capita. Based on PPS (Probability Proportional to population Size), 150 counties 
or districts were randomly chosen, and three village or community units (psus) were further randomly selected within each county or 
district unit. The team developed a special mapping software to help draw a sample frame of all households in each psu. Within each 
household selected from the mapping frame, one resident 45 and over was randomly chosen to be the main respondent, and this 
person's spouse was automatically included in the sample. Details of sampling strategy are reported in Methods section.

Data collection Face to face interview. To avoid human error and manipulation, each sampling stage was computerized, and all interviews were 
conducted using computer-aided personal interview (CAPI) technology. Thanks to the strict quality control implemented in the 
sampling and survey process, the CHARLS sample is representative of the population of older adults in the country.

Timing Summers (from July 1 to August 30) of 2021 and 2022.

Data exclusions 3010. Details of sample exclusion is described in the diagram of Figure 1.

Non-participation n/a.

Randomization Not available.

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 
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