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Abstract 1 

Background: Acute respiratory infections have been associated with a transient increase in 2 

cardiovascular risk. However, whether such an association persists beyond one month, and the 3 

potential modifying effect of cardiovascular risk factors on such an association is less well 4 

established. 5 

Methods: The China Kadoorie Biobank enrolled 512 726 participants aged 30-79 years from 6 

10 areas across China during 2004-08. By the end of 2017, a total of 5444 participants with 7 

new-onset ischemic heart disease (IHD) and 4846 with ischemic stroke (IS) who also had at 8 

least a record of hospitalization for pneumonia during follow-up were included. We used a 9 

self-controlled case series method and calculated the age- and season-adjusted relative 10 

incidences (RIs) and 95% confidence intervals (CIs) for ischemic cardiovascular disease 11 

(CVD) after pneumonia. 12 

Results: The risk of ischemic CVD increased during days 1-3 after pneumonia 13 

hospitalization, with a RI (95% CI) of 4.24 (2.92-6.15) for IHD and 1.85 (1.02-3.35) for IS. 14 

The risk gradually reduced with longer duration since pneumonia hospitalization but 15 

remained elevated until days 92-365 for IHD (1.23, 1.12-1.35), and days 29-91 for IS (1.25, 16 

1.05-1.48). Pre-existing cardiovascular risk factors amplified the associations between 17 

pneumonia and ischemic CVD risks, such as chronic obstructive pulmonary disease for both 18 

IHD and IS, and diabetes and smoking for IHD (all Pinteraction <0.05). Besides, the risk of 19 

ischemic CVD was also higher among the participants aged ≥70 years (Pinteraction<0.001 for 20 

IHD and =0.033 for IS). 21 

Conclusions: Among middle-aged and older Chinese adults, pneumonia hospitalization was 22 
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associated with both short- and long-term increases in ischemic CVD risk for up to one year. 1 
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Key messages 1 

• Acute respiratory infections have been linked to a substantial but transient increase in the 2 

risk of cardiovascular events, mostly within 30 days after infection. 3 

• Only a few studies have addressed more lasting effects of respiratory infection on 4 

cardiovascular disease risk. Most of the previous studies on the association of acute 5 

respiratory infection with short- or long-term risk of cardiovascular disease were conducted in 6 

Western populations and among older adults. Besides, the potential modifying effect of 7 

cardiovascular risk factors on such association is less well established. 8 

• Among middle-aged and older Chinese adults, pneumonia hospitalization was associated 9 

with both short- and long-term increases in the risk of ischemic cardiovascular disease for up 10 

to one year. Pre-existing cardiovascular risk factors amplified the associations between 11 

pneumonia and ischemic cardiovascular disease risks.  12 
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Introduction 1 

Cardiovascular disease (CVD), chiefly ischemic heart disease (IHD) and ischemic stroke (IS), 2 

remains the leading cause of death worldwide,1 with a rising burden in China.2 Pneumonia 3 

also causes a substantial disease burden globally with an estimate of 6.8 million hospital 4 

admissions with pneumonia among older adults in 2015.3 5 

Acute respiratory infections have been linked to a substantial but transient increase in the 6 

risk of cardiovascular events, mostly within 30 days after infection.4, 5 Also, the systemic 7 

inflammation and prothrombotic states may persist long after the infection has clinically 8 

resolved,6, 7 suggesting a prolonged cardiovascular impact of respiratory infection. A few 9 

studies have addressed more lasting effects of respiratory infection on ischemic CVD risk, but 10 

their results are inconsistent.8-13 11 

Most of the previous studies on the association of acute respiratory infection with short- 12 

or long-term risk of ischemic CVD were conducted in Western populations and among older 13 

adults. Only a few studies, with conflicting findings, have examined whether such an 14 

association holds among middle-aged adults, who are usually neglected by current prevention 15 

and management strategies for respiratory infections.13-15 Also, whether ischemic CVD risk 16 

after respiratory infections varies by pre-existing cardiovascular risk factors16 remains unclear. 17 

Since there are cost-effective measures for CVD prevention, identifying people at high risk of 18 

CVD event associated with pneumonia is critical in tailoring interventions to better prevent 19 

CVD events in the population.17 20 

In this study, we aimed to examine the association between pneumonia hospitalization 21 
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and subsequent one-year ischemic CVD risk using the self-controlled case series (SCCS) 1 

method based on large-scale cohort data from the China Kadoorie Biobank (CKB) study. We 2 

further investigated potential effect modifiers of the association. 3 

Methods 4 

Study population 5 

Details of the design and implementation of CKB have been described previously.18, 19 6 

Briefly, a total of 512 726 participants aged 30 to 79 years were enrolled from five urban and 7 

five rural areas of China during 2004-08 and have been followed up for nearly 15 years by the 8 

end of 2017. All participants completed an interviewer-administered questionnaire and 9 

physical measurements at baseline after signing a written informed consent. The vital status of 10 

the participants was ascertained through the official Disease Surveillance Point death 11 

registries.20 Incident outcome cases were identified by electronic linkage, via a unique 12 

personal identification number, to established registries of major diseases (including cancer, 13 

CVD, and diabetes), and to health insurance (HI) claim database, which was renewed 14 

annually. Participants who failed to be linked to the local HI database were actively followed 15 

annually by local residential administrators. All fatal and nonfatal events were coded to the 16 

10th revision of the International Classification of Diseases (ICD-10) by trained staff blinded 17 

to the baseline information. 18 

Ascertainment of exposure 19 

Hospitalizations that occurred during the follow-up and had a discharge diagnosis of 20 

pneumonia (ICD-10 codes J12-J18) were ascertained from the HI claim data. Complying with 21 
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previous studies, for each participant, records of multiple pneumonia hospitalizations dated 1 

within 28 days of each other were regarded as part of a single episode of infection, with the 2 

admission date taken from the earliest record.13, 14 3 

Ascertainment of outcomes 4 

The primary outcomes were incident IHD (codes I20-I25) and IS (codes I63). We further 5 

classified IHD into major coronary events (MCE; including fatal IHD and nonfatal 6 

myocardial infarction [codes I21 to I23]) and IHD other than MCE. For IS, we classified it 7 

into lacunar infarction (LACI) and non-lacunar infarction (non-LACI). LACI was defined as 8 

stroke with neuroimaging evidence of an infarct <15 mm in diameter on the radiological 9 

reports, while non-LACI was any other type of ischemic stroke other than LACI. Considering 10 

that the occurrence of a cardiovascular event may affect the incidence of subsequent 11 

outcomes, we restricted the analyses to the first event during the follow-up period. The 12 

ongoing outcome adjudication process of IHD and IS cases have been initiated since 2014. 13 

The medical records of incident cases were retrieved, and the diagnosis was confirmed by 14 

cardiovascular specialists blinded to the study assay using standardize verification process. By 15 

October 2018, of 33 515 incident IHD cases and 40 465 IS cases reported since baseline 16 

survey whose medical records have been retrieved, 88% of IHD and 92% of stroke cases were 17 

confirmed for diagnosis. 18 

Assessment of covariates 19 

While time-invariant factors are canceled out of the SCCS model, their potential modification 20 

on the association of pneumonia with ischemic CVD deserves study. Covariate information 21 
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from the baseline questionnaire included sociodemographic characteristics (age, sex, urban or 1 

rural residence, and educational attainment), lifestyle factors (tobacco smoking and alcohol 2 

drinking), medical history and family history of CVD. A family history of CVD was defined 3 

as having at least one first-degree relative (biological father, mother, and siblings) with heart 4 

disease or stroke. Physical measurements taken by trained staff included height and weight 5 

(further derived as body mass index, BMI), blood pressure, and lung function. Immediate on-6 

site testing for random plasma glucose was conducted. Prevalent hypertension, diabetes, and 7 

chronic obstructive pulmonary disease (COPD) at baseline were defined based on self-8 

reported physician’s diagnosis and baseline measurements. The disease status of hypertension, 9 

diabetes, and COPD used in the present analyses were updated until the outcome of interest 10 

occurred, integrating information from both at baseline and during the follow-up. 11 

Statistical analysis 12 

The present analysis included CKB participants who had both records of ischemic CVD and 13 

hospitalization for pneumonia during the follow-up. Within-person comparison was 14 

performed using the SCCS design, which can account for multiple hospitalization episodes 15 

for pneumonia and automatically control for measured and unmeasured time-invariant 16 

confounders such as genetic factors and underlying state of health over suitable time scales.21, 17 

22 In the analysis of IHD, participants who reported a history of physician-diagnosed heart 18 

disease at baseline were excluded (n=1046). In the analysis of IS, participants who reported a 19 

prior diagnosis of stroke at baseline were excluded (n=455). We further excluded participants 20 

who had an overlapping admission date for pneumonia and the first incidence of ischemic 21 

CVD due to their unknown temporal relationship (n=1014 for IHD and n=305 for IS). We 22 
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also exclude records of pneumonia with missing admission date (n=35) or implausible length 1 

of hospital stay (n=2). 2 

The schematic of the present SCCS design is shown in Supplementary figure S1. The 3 

observation period for each participant began from the date of baseline enrollment to the date 4 

of death, loss to follow-up, or December 31, 2017, whichever came first. Because the dates of 5 

infection and symptom onset were not available, the admission date for pneumonia served as 6 

the index date for the exposure. We divided the risk period into days 1-3, 4-7, 8-28, 29-91, 7 

and 92-365 following the index date. Each participant could have multiple risk periods if they 8 

experienced more than one pneumonia hospitalization during the observation period. The 9 

baseline period was the time of the observation period other than the risk periods. 10 

We calculated relative incidences (RIs) and 95% confidence intervals (CIs) for the first 11 

incidence of IHD or IS occurring in risk periods compared with the baseline period using a 12 

conditional Poisson regression model. An additional adjustment was made for time-varying 13 

confounders of age in 5-year groups and season in 3-month blocks (i.e., March-May, June-14 

August, September-November, and December-February). Sensitivity analyses were performed 15 

to check the robustness of the results, including adjusting for age in 1-year bands and calendar 16 

month, excluding cases that have died within 30 days of the ischemic CVD event. We 17 

included unexposed cases, that is, ischemic CVD cases who were not hospitalized for 18 

pneumonia in the observation period in the analysis to correct for potential confounding by 19 

age. Considering that the occurrence of a CVD event may affect the subsequent risk of 20 

pneumonia hospitalization (i.e., an episode of hospital-acquired pneumonia after CVD), we 21 

applied a different length of pre-exposure period and excluded this time from the baseline 22 
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period.14, 21 We further examined the impacts of pneumonia on subtypes of IHD and IS, 1 

separately. Allowing for smaller sample sizes in some subgroups, we merged the groups of 2 

risk period into 1-28, 29-91, and 92-365 days after the index date.  3 

Also, we conducted subgroup analyses to explore whether the association between 4 

pneumonia hospitalization and ischemic CVD was consistent across subpopulations defined 5 

by: age at CVD event (<60, 60-69, or ≥70 years), sex (male or female), region (rural or 6 

urban), educational attainment (illiterate or primary school, or middle school or higher), 7 

smoking (current or noncurrent smoker), alcohol drinking (weekly or non-weekly drinker), 8 

BMI (18.5-24.9 kg/m2; or both <18.5 and ≥25.0 kg/m2), waist circumference (male: <85 or 9 

≥85 cm; female: <80 or ≥80 cm), and family history of CVD (presence or absence). Subgroup 10 

analyses, according to the disease status updated until the outcome of interest occurred, were 11 

also performed: diabetes, COPD, and hypertension (presence or absence). The tests for 12 

interaction were examined using likelihood ratio tests, which involved comparing models 13 

with and without interaction terms between hospitalization for pneumonia and the selected 14 

variables. We used the SCCS package in R software (version 3.5.3) for analyses. 15 

Results 16 

Participant characteristics 17 

The primary analysis included 5444 cases with first IHD and 4846 cases with first IS 18 

(Supplementary figure S2), with a mean age (SD) of 68.6 (9.5) years and 69.3 (8.9) years on 19 

the date the CVD newly developed, respectively (Table 1). The median duration of the 20 

observation period (interquartile range) was 11.0 (9.9-12.1) years for IHD and 11.0 (10.0-21 
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12.1) years for IS, during which 1432 (26.3%) IHD cases and 1145 (23.6%) IS cases had 1 

died, and the median time to death was 3.7 (1.5- 6.5) years for IHD and 3.8 (1.7- 6.5) for IS. 2 

IHD cases had records of 7337 separate episodes of pneumonia hospitalizations during the 3 

observation period, with mean 1.3 (±0.8) episodes per person. The corresponding figures for 4 

IS cases were 6436 episodes, with mean 1.3 (±0.9) episodes per person. 5 

Pneumonia hospitalization and subsequent risk of ischemic CVD 6 

The risk of new-onset IHD increased markedly for the first 1-3 days after pneumonia 7 

hospitalization, with age- and season-adjusted RI (95% CI) of 4.24 (2.92-6.15) (Table 2). The 8 

risk gradually reduced afterward but remained elevated until day 92-365, with a RI (95% CI) 9 

of 1.23 (1.12-1.35). For IS, the risk after pneumonia increased but to a lesser degree than that 10 

for IHD, with a RI (95% CI) of 1.85 (1.02-3.35) for days 1-3 and 3.44 (2.36-5.03) for days 4-11 

7. The increased risk of IS remained until days 29-91 after pneumonia hospitalization. 12 

The patterns of the association of pneumonia hospitalization with subsequent risk of IHD 13 

or IS across the 1-year risk period were robust in the sensitivity analyses (Supplementary 14 

Table S1). Exclusion of cases who died within 30 days after the CVD event led to a moderate 15 

reduction in the RIs for IHD and IS, but the association pattern was unchanged. 16 

Separate analysis for subtypes of IHD and IS 17 

Pneumonia hospitalization was associated with higher RIs for MCE than other IHD 18 

(Pinteraction<0.001) (Figure 1). The adjusted RIs (95% CIs) for MCE associated with pneumonia 19 

were 12.94 (9.91-16.89) for days 1-28, 4.14 (2.98-5.75) for days 29-91, and 2.64 (2.06-3.36) 20 

for days 92-365. The effect estimates were similar for both IS subtypes (Pinteraction=0.160) 21 
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(Figure 2), despite wider confidence intervals for LACI due to the small number of cases. 1 

Subgroup analyses 2 

The risk for both IHD and IS within one year after pneumonia hospitalization was generally 3 

higher, or an increased risk in part of the risk period was seen only among participants aged 4 

≥70 years at the date of the cardiovascular event (Pinteraction<0.001 for IHD and =0.033 for IS), 5 

and COPD patients (Pinteraction=0.012 for IHD and <0.001 for IS) (Figure 1 and 2). 6 

Also, participants with diabetes (Pinteraction<0.001), current smokers (Pinteraction=0.015), and 7 

those who were men (Pinteraction=0.005), lived in rural areas (Pinteraction=0.001), or who had low 8 

levels of education (Pinteraction=0.007) showed a higher risk of developing IHD after 9 

pneumonia hospitalization compared to their counterparts (Figure 1, Supplementary Table 10 

S2). With regard to other characteristics including hypertension, alcohol drinking, BMI, waist 11 

circumference, and family history of CVD, the association of pneumonia hospitalization with 12 

IHD or IS was consistent across different sub-populations (all Pinteraction>0.05) (Figure 1 and 2, 13 

Supplementary Table S2 and S3). 14 

Discussion 15 

Our study showed that pneumonia hospitalization was associated with an increased 16 

subsequent risk of new-onset IHD and IS in Chinese adults. The ischemic CVD risk was 17 

highest in the first month after pneumonia hospitalization, and gradually reduced with longer 18 

duration since pneumonia hospitalization but remained elevated until one year for IHD and 19 

three months for IS. Furthermore, pneumonia hospitalization was associated with higher RIs 20 

for MCE than other IHD. Pre-existing cardiovascular risk factors amplified the associations 21 
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between pneumonia and ischemic CVD risks, such as COPD for both IHD and IS, and 1 

diabetes and smoking for IHD. Besides, participants aged ≥70 years were at higher risk of 2 

developing ischemic CVD associated with pneumonia. 3 

Comparison with other studies 4 

The short-term impacts of acute respiratory infections in triggering acute cardiovascular 5 

events have been well documented in previous studies.4, 5 Similar to our findings, two UK 6 

studies, also based on SCCS design, found a four to five times higher risk of acute myocardial 7 

infarction (MI) within the first three days after an acute respiratory infection, with a tapering 8 

effect during the following weeks but an increased risk until 28 days after infection.12, 13 9 

Another two SCCS studies, conducted in Ontario15 and Scottish populations14 respectively, 10 

found a more transient elevated risk of MI within seven days after Streptococcus pneumoniae 11 

or respiratory virus infection. For IS, we and the previous two UK studies consistently 12 

observed an increased risk persisting to 28 days after an acute respiratory infection.12, 14 13 

However, Warren-Gash et al. reported a higher estimates of stroke risk, with day 1-3 adjusted 14 

RIs of 12.3 (95% CI: 5.48-27.7) and 6.79 (95% CI: 1.67-27.5) for Streptococcus pneumoniae 15 

or respiratory virus infection, respectively; the stroke risk remained four times as high as that 16 

during the baseline period to 28 days.14 17 

In our study, the increased risks of IHD and IS after pneumonia hospitalization persisted 18 

to one year and three months, respectively. Only two relevant UK studies using SCCS design 19 

extended the risk period up to 91 days after an acute respiratory infection.12, 13 Smeeth et al. 20 

found that the elevated risk associated with respiratory infection remained until three months, 21 
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with day 29-91 RIs of 1.40 (1.33-1.48) for MI and 1.33 (1.26-1.40) for stroke.12 However, 1 

Warren-Gash et al. did not report an association between influenza infection and MI during 2 

days 29-91 after infection.13 Another matched-cohort study nested within two population-3 

based cohorts showed that the risk of a composite endpoint of CVD events was highest (4-4 

fold) in the first 30 days after hospitalization for pneumonia, and progressively declined but 5 

remained over day 91-1 year after infection (2-fold).8 6 

The mechanisms underlying the role of acute respiratory infection in triggering a 7 

cardiovascular event include both generalized inflammatory and thrombogenic changes, and 8 

local effects on coronary arteries and atherosclerotic lesions.5 The persistence of 9 

inflammation,7 prothrombotic state,6 and organ dysfunction after hospital discharge also 10 

suggests a potential mechanism for the link between infection and long-term cardiovascular 11 

risk. Two previous cohort studies showed that the elevated risk of CVD associated with 12 

hospitalization for pneumonia extended to up to 10 years.8, 9 Further studies are warranted to 13 

elucidate the mechanisms by which acute infection affects the risk of CVD and identify 14 

appropriate preventive measures. 15 

The modifying effect of age on the risk of CVD following respiratory infection was less 16 

clear, as the results were inconsistent.13-15, 23, 24 Findings of UK patients showed that the effect 17 

of acute respiratory infection on MI was most marked in the oldest age group. The RI (95% 18 

CI) for the first three days after infection was 5.94 (3.90-9.04) for adults aged ≥80 years and 19 

1.46 (0.47-4.55) for adults aged <60 years (Pheterogeneity=0.023).13 In contrast, findings of the 20 

Scottish population found that adults aged <65 years tended to have higher adjusted RIs for 21 

MI and stroke after a respiratory infection, although the confidence intervals of effect 22 
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estimates were wide and overlapped between age groups.14 Our results showed that 1 

participants aged ≥70 years had a higher risk of both IHD and IS after pneumonia 2 

hospitalization, which persisted to one year for both outcomes. However, even for adults aged 3 

<60 years, we also observed an increased risk of IHD in the first month after pneumonia 4 

hospitalization. 5 

Only three prior studies have examined the effect modification by pre-existing 6 

cardiovascular risk factors, and the conclusions were inconsistent, partly because of the 7 

limited number of cases.10, 23, 24 Findings of UK studies showed that the risk of MI after 8 

respiratory infection did not vary with prior cardiovascular risk factors, including smoking, 9 

BMI, and history of asthma.23, 24 However, the impact of respiratory infection on stroke was 10 

less in those with more cardiovascular risk factors.23 Another study of American older adults 11 

aged ≥65 years found that the risk of IS after infection did not vary by diabetes.10 However, in 12 

the present study, the impact of pneumonia on ischemic CVD was amplified in adults with 13 

pre-existing cardiovascular risk factors, such as COPD for both IHD and IS, and diabetes and 14 

smoking for IHD. Previous studies have indicated that a low-grade chronic inflammatory state 15 

is present in patients with diabetes or COPD.25-27 An acute lung infection may induce 16 

activation of inflammatory cells and further increases the inflammatory response, 17 

exacerbating the risk of developing cardiovascular events in patients with diabetes or COPD. 18 

Unlike previous studies that did not find sex heterogeneity in the association between 19 

acute respiratory infection and MI,13, 15, 23, 24 our findings suggested that men had a higher 20 

pneumonia-associated IHD risk than women, especially in the first three months after 21 

infection. Likewise, the effect estimates were greater in current smokers than their 22 
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counterparts during the first trimester of the risk period. Such sex heterogeneity in our study 1 

might relate to the fact that the smoking prevalence in Chinese men is much higher than that 2 

in women.28, 29 We also found that patients who lived in rural areas or had lower education 3 

showed a higher risk of developing IHD after pneumonia hospitalization than their 4 

counterparts, which is not reported by previous studies. As surrogates for socioeconomic 5 

status, rural residence and low educational attainment are long being recognized as risk 6 

factors for developing infectious diseases and IHD.30, 31 Some researchers also found that 7 

timely diagnosis and prompt treatment improve the prognosis of patients with pneumonia.32, 33 8 

For rural residents or those with lower education, lack of access to quality care and a delay in 9 

seeking health care may be associated with a more severe and persistent inflammatory 10 

response, which in turn may promote the development of IHD. 11 

Strengths and limitations 12 

The present study, nested in a large-scale population-based cohort, provides solid evidence 13 

that pneumonia could not only trigger new-onset IHD or IS in the first month after 14 

hospitalization, but also contribute to a longer-term increase in the CVD risk up to one year 15 

among Chinese adults. The inclusion of a large number of cases from diverse populations and 16 

the collection of extensive information on potential risk factors for CVD allow us to examine 17 

whether the pneumonia-associated risks were consistent across sub-populations. The SCCS 18 

design and the inclusion of a large number of cases enable us to quantify the RIs of multiple 19 

exposure risk periods within one year after pneumonia hospitalization. 20 

Several limitations also merit consideration. First, we only included pneumonia that 21 
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required inpatient admission. Episodes of pneumonia not requiring hospitalization were not 1 

included, so its association with the subsequent risk of CVD cannot be investigated. Second, 2 

we did not have information on infectious agents. However, previous studies suggested that 3 

the association between acute respiratory infection and cardiovascular risk was not limited to 4 

specific infectious agents, although the RIs are slightly different.14, 15 Third, our study was 5 

unable to distinguish community-acquired pneumonia from hospital-acquired pneumonia. 6 

However, the prevalence of hospital-acquired pneumonia among inpatient was less than 2% in 7 

China and thus should have little impact on our results.34, 35 Furthermore, participants who 8 

had an overlapping admission date for pneumonia and ischemic CVD have been excluded 9 

from our analysis, further minimizing the potential of hospital-acquired cases. Fourth, 10 

pneumonia hospitalization events were collected through electronic linkage with HI claim 11 

database, and we did not perform adjudication as what we did for vascular events. However, 12 

pneumonia events diagnosed in an outpatient setting were not included, which may reduce the 13 

potential bias coming from misclassification to some extent.  14 

Conclusion 15 

Based on a large-scale SCCS study of the Chinese population, we found that pneumonia 16 

hospitalization was associated with an elevated risk of new-onset IHD and IS for up to one 17 

year. The risk was highest during the initial days following pneumonia, but remained elevated 18 

for one year and three months for IHD and IS, respectively. Pre-existing cardiovascular risk 19 

factors may amplify the association between pneumonia and CVD. Recognition of such an 20 

association calls for more intensive efforts to identify people at high risk of pneumonia and 21 

CVD events associated with pneumonia, and to avoid respiratory infection through 22 
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vaccination and other hygiene measures. The use of preventive medications for those at high 1 

risk of CVD after an acute infection could be one such strategies,36, 37 once the biological 2 

pathways underlying the association between acute infection and CVD are elucidated. Also, 3 

our findings add to previous reports pertaining to cardiovascular considerations related to 4 

coronavirus disease 2019 (COVID-19)38 by raising the concern of the long-term CVD health 5 

for survivors who recovered from COVID-19. 6 

  7 
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Table 1 Characteristics of participants who had both records of new-onset ischemic 1 

cardiovascular disease and pneumonia hospitalization during the observation period 2 

 Ischemic heart disease Ischemic stroke 

No. of participants 5444 4846 

Age at baseline, years (SD) 62.1 (9.2) 62.8 (8.9) 

Age groups at baseline   

<60 years 2047 (37.6) 1715 (35.4) 

60-69 years 2147 (39.4) 1916 (39.5) 

≥70 years 1250 (23.0) 1215 (25.1) 

Age at CVD event, years (SD) 68.6 (9.5) 69.3 (8.9) 

Age groups at CVD event   

<60 years 1037 (19.1) 781 (16.1) 

60-69 years 1668 (30.6) 1496 (30.9) 

≥70 years 2739 (50.3) 2569 (53.0) 

Male 2357 (43.3) 2266 (46.8) 

Urban resident 2384 (43.8) 2795 (57.7) 

Middle school or higher 1912 (35.1) 2013 (41.5) 

Current smokera   

Male 1597 (67.8) 1436 (63.4) 

Female 251 (8.1) 218 (8.5) 

Regular alcohol drinkerb   

Male 658 (27.9) 685 (30.2) 
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 Ischemic heart disease Ischemic stroke 

Female 92 (2.98) 65 (2.5) 

BMI   

<18.5 kg/m2 421 (7.7) 270 (5.6) 

18.5-24.9 kg/m2 3034 (55.7) 2722 (56.2) 

25.0-29.9 kg/m2 1678 (30.8) 1572 (32.4) 

≥30.0 kg/m2 311 (5.7) 282 (5.8) 

Waist circumference   

Male<85 cm, female<80 cm 2718 (49.9) 2377 (49.1) 

Male≥85 cm, female≥80 cm 2726 (50.1) 2469 (50.9) 

Having disease before CVD eventc   

Diabetes 850 (15.6) 879 (18.1) 

COPD 1447 (26.6) 1030 (21.3) 

Hypertension 3092 (56.8) 2991 (61.7) 

Family history of CVDd 1161 (21.3) 1175 (24.2) 

Abbreviations: BMI, body mass index; CVD, cardiovascular disease; COPD, chronic obstructive pulmonary disease. 1 

Data are presented as n or n (%), and all variables were measured at baseline unless indicated otherwise. 2 

a Participant who quit smoking because of illness was classified as a current smoker. 3 

b Regular alcohol drinkers were those who drank alcohol at least weekly. 4 

c The disease status of diabetes, COPD, and hypertension were updated until the occurrence of the study outcome. 5 

d A family history of CVD was defined as having at least one first-degree relative (biological father, mother, and siblings) with 6 

heart disease or stroke.  7 
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Table 2 Age- and season-adjusted RIs (95% CIs) for new-onset ischemic cardiovascular disease in risk 1 

periods after pneumonia hospitalization compared with the baseline period 2 

Time period after 

the index date 

Ischemic heart disease 
 

Ischemic stroke 

PYs Cases RIs (95% CIs) 
 

PYs Cases RIs (95% CIs) 

Baseline period 52 296.4  4479  1.00  
 

47 112.6  4193 1.00  

1-3 days 60.0  28  4.24 (2.92, 6.15) 
 

52.6  11 1.85 (1.02, 3.35) 

4-7 days 79.5  32  3.66 (2.59, 5.19) 
 

69.6  27 3.44 (2.36, 5.03) 

8-28 days 409.9  138  3.08 (2.59, 3.65) 
 

358.7  64 1.59 (1.24, 2.04) 

29-91 days 1152.1  218  1.74 (1.52, 2.00) 
 

1002.2  139 1.25 (1.05, 1.48) 

92-365 days 4190.5  549  1.23 (1.12, 1.35)   3611.5  412 1.04 (0.94, 1.15) 

Abbreviations: PY, person-year; RI, relative incidence; CI, confidence interval. 3 
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Figure 1 Subgroup analyses for association between pneumonia hospitalization and ischemic heart 1 

disease 2 

 3 

Abbreviations: RI, relative incidence; CI, confidence interval; IHD, ischemic heart disease; MCE, major 4 

coronary events; COPD, chronic obstructive pulmonary disease. 5 

The model was adjusted for age and season. The disease status of diabetes, COPD, and hypertension were 6 

updated until the occurrence of the study outcome. We tested multiplicative interaction by using a likelihood 7 

ratio test comparing models with and without a cross-product term. 8 
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Figure 2 Subgroup analyses for association between pneumonia hospitalization and ischemic stroke 1 

 2 

Abbreviations: RI, relative incidence; CI, confidence interval; IS, ischemic stroke; LACI, lacunar infarction; 3 

COPD, chronic obstructive pulmonary disease. 4 

The model was adjusted for age and season. The disease status of diabetes, COPD, and hypertension were 5 

updated until the occurrence of the study outcome. We tested multiplicative interaction by using a likelihood 6 

ratio test comparing models with and without a cross-product term. 7 

 8 


	Pneumonia hospitalizations and the subsequent risk of incident ischemic cardiovascular disease in Chinese adults
	Abstract
	Key messages
	Introduction
	Methods
	Study population
	Ascertainment of exposure
	Ascertainment of outcomes
	Assessment of covariates
	Statistical analysis

	Results
	Participant characteristics
	Pneumonia hospitalization and subsequent risk of ischemic CVD
	Separate analysis for subtypes of IHD and IS
	Subgroup analyses

	Discussion
	Comparison with other studies
	Strengths and limitations

	Conclusion
	Ethics approval
	Funding
	Acknowledgments
	Conflict of interest
	Data sharing
	References
	Table 1 Characteristics of participants who had both records of new-onset ischemic cardiovascular disease and pneumonia hospitalization during the observation period
	Table 2 Age- and season-adjusted RIs (95% CIs) for new-onset ischemic cardiovascular disease in risk periods after pneumonia hospitalization compared with the baseline period
	Figure 1 Subgroup analyses for association between pneumonia hospitalization and ischemic heart disease
	Figure 2 Subgroup analyses for association between pneumonia hospitalization and ischemic stroke

