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Background: There was lack of data on the burdens and trends of upper and lower respiratory infections 

(URIs and LRIs) over the past three decades in China. 

Methods: We estimated the incidence, mortality, and disability-adjusted life years (DALYs) due to upper 

and lower respiratory infections (URIs and LRIs) and attributable risk factors in China by a systematic 

analysis of the Global Burden of Disease 2019 study. Incidence, mortality, and DALYs were stratified by 

sex, age, and province. Risk factors for respiratory infections were analyzed from exposure data. 

Findings: The age-standardized incidence rates of URIs and LRIs were 179,077 and 3926 per 10 0,0 0 0 

persons in 2019, with a 7 • 52% and 35 • 07% decrease from 1990, respectively. Moreover, 2801 and 185,264 

persons died of URIs and LRIs in 2019, respectively. DALYs for URIs and LRIs also decreased from 1,516,727 

in 1990 to 928,617 in 2019 and from 38,278,504 in 1990 to 4,020,676 in 2019. The burden of URIs and 

LRIs were generally similar in males and females, but relatively higher in the new-borns and the elderly. 

Child malnutrition and low birth weight were the most important cause of age-standardized DALYs of 

LRIs and URIs, respectively. 

Interpretation: Future URI and LRI prevention strategies should focus on the maternal and child health, 

air pollution, and tobacco control, especially in young children and the elderly population. 
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Research in context 

Evidence before this study 

We systematically searched the online databases Med- 
line, Scopus, PsycINFO, ProQuest and Embase database for 
original research articles reporting the disease burden and 

attributable risk factors of respiratory infections using the 
search terms “respiratory infections”, “Global Burden of Dis- 
ease”, “incidence”, “death”, “disability-adjusted life years” or 
“disease burden” with no restrictions on publishing date or 
languages. Previous studies reported that respiratory infec- 
tion has become one of the major global health concerns and 

the leading causes of under-five mortality, but data on the 
burden and risk factors of upper and lower respiratory in- 
fections (URIs and LRIs) over the past 2 decades in China is 
currently lacking. Detailed estimates of URIs and LRIs bur- 
dens are crucial to provide information for prevention and 

resource allocation, and the methods and findings of Global 
Burden of Disease 2019 (GBD 2019) study enable us to con- 
duct a comprehensive assessment of the burden of URIs and 

LRIs. 

Added value of this study 

Based on the methodology used in the GBD 2019, this 
study estimated the sex-, age-, and province-specific inci- 
dence, disability-adjusted life years (DALYs), and mortality of 
URIs and LRIs for 33 provinces in China from 1990 to 2019. 
We found that the total number of incident cases of URIs in 

China increased slightly from 2 • 29 billion in 1990 to 2 • 55 bil- 
lion in 2019, while the number of incident cases of LRIs de- 
creased from 71 • 56 million in 1990 to 55 • 84 million in 2019. 
By contrast, the age-standardized incidence rates of URIs and 

LRIs both decreased during that time. Specifically, a total 
number of 2801 and 185,264 persons died of URIs and LRIs in 

2019, respectively, 81 • 41% and 65 • 94% reductions from 1990. 
URIs and LRIs resulted in 928,617 and 4,020,676 DALYs, which 

were 38 • 77% and 89 • 5% lower than that in 1990. In addition, 
our findings suggested that child malnutrition, air-borne par- 
ticulate matter (PM), and second-hand smoke were the three 
major risk factors for age-standardized DALYs of LRIs, while 
low birth weight, short gestation, and air-bone PM were the 
largest contributors to age-standardized DALYs of URIs. 

Implications of all the available evidence 

Findings from this study suggested that respiratory in- 
fection is a heavy health burden and the leading causes of 
under-five mortality in China, and child malnutrition and low 

birth weight were the most important risk factors for age- 
standardized DALYs of LRIs and URIs, respectively. 

. Introduction 

Respiratory infections (RIs) encompass a series of clinical con- 

itions commonly caused by bacterial or viral infections [ 1 , 2 ]. The

Is can be divided into upper respiratory infections (URIs) and 

ower respiratory infections (LRIs) according to the infection site 

3–5] . URIs usually include nasopharyngitis, rhinosinusitis, tonsil- 

itis, laryngitis, and otitis media, but there are also severe and 

atal URIs, such as croup and epiglottitis [ 1 , 6–9 ]. LRIs includes

ronchitis and pneumonia, especially the bacterial causes of pneu- 

onia which are associated with more severe clinical symptoms 

nd complicates treatment due to increasing antibiotic resistance 

 1 , 6 , 7 ]. RIs are generally located in the upper respiratory air-

ays (i.e., the mouth, nose, throat, larynx), but they may further 
2 
pread to the lower respiratory tract (i.e., the trachea, bronchi, 

nd the respiratory structures within the lungs – the bronchioles 

nd alveoli) and lead to severe problems, such as RSV bronchiolitis 

 4 , 10 , 11 ]. RIs have become one of the major global health concerns

nd the leading causes of under-five mortality [12–14] . 

Evidence-based planning of RI control and prevention requires 

n accurate assessment of the actual disease burden, such as 

ALYs. However, correctly designing and executing population- 

ased epidemiological surveys over a long time period requires 

remendous human, material, and financial resources. To date, no 

uch study has been conducted in China for RIs. 

To estimate disease burden and risk factors, the World Bank 

ommissioned the Global Burden of Disease (GBD) study in 1992, 

hich has continuously accessed the disease burden globally 

 15 , 16 ]. The latest GBD study 2019 reported on factors and burden

or 369 diseases and injuries at global, national, and subnational 

evels [17] . This analysis was based on a wide range of sources, 

uch as health administrative reports, disease surveillance, and vi- 

al registry information [ 18 , 19 ]. 

We thus conducted this study to provide a comprehensive as- 

essment from 1990 to 2019. The results of this study will provide 

ew estimations on the burden and trends of RIs and their risk 

actors at both national and subnational levels, which will help to 

acilitate development of government responses to improve respi- 

atory health of Chinese population. 

. Methods 

The details of the study design and the general methods were 

ased on the GBD 2019 study and have been described previously 

 17 , 20 ]. Briefly, the GBD 2019 study is a systematic analysis that

rovides comprehensive estimations of sex-, age-, and subnational- 

pecific incidence, prevalence, mortality, and DALYs of major med- 

cal conditions for 204 countries and territories from 1990 to 2019. 

his current study builds on the effort s of the GBD and focuses 

n trends of RIs in China. Data on sex-, age-, and province-specific 

isease burden for RIs from 33 province-level units in China, in- 

luding 22 provinces, four cities, five autonomous regions, and two 

pecial Administrative Regions (SAR), were analyzed from 1990 to 

019. These units are all referred to as provinces in our analyses. RI 

ases were defined in accordance with the World Health Organiza- 

ion disease definition and the 10th revision of the International 

lassification of Diseases (ICD-10) and were subdivided to URIs 

J00–J06 • 9, J36–J36 • 0) and LRIs (A48 • 1, A70, B96 • 0–B96 • 1, B97 • 21,

97 • 4–B97 • 6, J09–J18 • 2, J18 • 8–J18 • 9, J19 • 6–J22 • 9, J85 • 1, J91 • 0, P23–

23 • 9, U04–U04 • 9, Z25 • 1). 

Different types of input data were used for the estimation of 

Is burden in the GBD 2019 study [17] . The first is the RIs in-

idence and prevalence data which were derived primarily from 

 systematic literature review, national population-representative 

urveys, the Chinese Center for Disease Control and Prevention 

ause -of -death reporting system, cancer registries, and hospital in- 

atient and outpatient data [20] . A Bayesian meta-regression tool 

DisMod-MR 2 • 1), which included all the above-mentioned data 

nd used different adjustment factors, was applied to derive the 

urden of RIs from 1990 to 2019 [17] . Moreover, all available data 

rom censuses, surveys (including the One -per - Thousand Popu- 

ation Fertility Sample Survey, the Annual Survey on Population 

hange and the Intercensal Survey), surveillance systems (includ- 

ng the Disease Surveillance Point system, the Maternal and Child 

ealth Surveillance system), vital registration systems (including 

he China Cancer Registry, and the Chinese Center for Disease Con- 

rol and Prevention cause -of -death reporting system) and verbal 

utopsy were used to estimate the RIs mortality in the Cause of 

eath Ensemble model (CODEm) platform, which is a Bayesian, 
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ierarchical, ensemble model designed to estimate cause-specific 

ortality by year, area, sex and age [ 17 , 20 , 21 ]. The LRIs CODEm

odels was separately established with different covariates for 

nder-5 years and 5–95 + years due to the different patterns, such 

s childhood stunting, childhood wasting, air pollution, second- 

and smoking, zinc deficiency in under 5 years model, smoking 

revalence, adult underweight, and education years per capita in 

–95 + years model [17] . Compared with the GBD 2017, all of the

ata sources were adjusted in GBD 2019 before modeling using 

 standardized approach. Our study followed the Guidelines for 

ccurate and Transparent Health Estimates Reporting (GATHER) 

22] , and the data sources, code, and results are publicly available 

please see the data sharing statement). 

We calculated several metrics to represent the disease burden, 

ncluding incidence, mortality, and DALYs, and the general meth- 

ds to estimate these metrics have been described in previous re- 

orts [ 19 , 23 ]. Incidence was employed to represent the frequency 

f the disease, which was defined as the number of newly identi- 

ed RI cases (incident cases) per 10 0,0 0 0 population, while mor- 

ality was defined as the actual number of RI-related death cases. 

ALYs and its two components (YLL and YLD) were used to rep- 

esent the burden of RIs, which indicate the number of healthy 

ears lost per year per 10 0,0 0 0 population. The DALYs is the sum

f years of life lost (YLL) due to premature mortality and years 

ived with disability (YLDs) [24] . In addition, YLLs were calculated 

y multiplying the mortality count due to RIs by the standard life 

xpectancy at age of death. YLDs were obtained by multiplying the 

umber of newly identified RI cases by the disability weight and 

ean disability duration associated with RIs [25] . The point esti- 

ates of these measures were calculated from the mean of 10 0 0 

raw values of each model from the posterior distribution sepa- 

ately by year, province, cause of disease, sex, and age, and the 95% 

ncertainty intervals (95% UIs) were calculated with the 2 • 5th (the 

ower bound) and the 97 • 5th percentile (the upper bound) [26] . 

oreover, we reported the estimations of burden of RIs and their 

rends by province, sex, and age group. 

The GBD 2019 study used a comparative risk assessment (CRA) 

ethod to calculate the proportion of RIs attributable to a series of 

isk factors. This method has been employed in GBD studies since 

002 [ 27 , 28 ], and includes the following six steps: (1) inclusion of

isk and outcome pairs; (2) evaluation of relative risk as a exposure 

unction; (3) evaluation of exposures and distributions; (4) deter- 

ination of the theoretical minimum risk exposure level (TMREL) 

nd the counterfactual exposure; (5) estimation of attributable bur- 

en and population attributable faction; and (6) estimation of the 

urden attributable to various combination of risk factors [ 28 , 29 ]. 

ore specific methods can be found in previous reports [28] . In 

his study, we utilized the above methodology to present the pro- 

ortion of DALYs due to URIs and LRIs that were attributable to 

ifferent levels of risk factors. 

This study was approved by the Ethical Review Committee of 

he National Center for Chronic and Non-communicable Disease 

ontrol and Prevention of the Chinese Center for Disease Control 

nd Prevention. No individual identifiable information was used 

nd thus informed consent was waived. 

. Role of the funding source 

The funder of the study had no role in the study design, data 

ollection, data analysis, data interpretation, or writing of the re- 

ort. The corresponding author had full access to all data in the 

tudy and had the final responsibility for the decision to submit 

or publication. 

L

3 
. Results 

.1. Trends of incidence of upper and lower respiratory infections in 

hina from 1990 to 2019 

Fig. 1 and Table 1 indicate a very slightly but steady increas- 

ng trend year by year in the number of cases of URIs from 1990 

o 2019. In 2019, there was an estimated 2 • 55 (95% UI: 2 • 29–

 • 86) billion cases with URIs in China, 2 • 79% higher than that in

010 [2 • 48 (95% UI: 2 • 21–2 • 80) billion], 4 • 87% higher than that in

0 0 0 [2 • 43 (95% UI: 2 • 15–2 • 75) billion], and 11 • 13% higher than

hat in 1990 [2 • 29 (95% UI: 2 • 02–2 • 61) billion]. From 1990 to

019, male and female cases with URIs increased by 9 • 16% (95% 

I: 2 • 92–15 • 23%) and 13 • 37% (95% UI: 6 • 33–20 • 09%), respectively.

oreover, the number of incident cases with LRIs exhibited a de- 

reasing trend from 1990 to 2010, but slightly went up again 

hereafter. Overall, an estimated number of 55 • 84 (95% UI: 51 • 69–

0 • 03) million cases with LRIs were reported in 2019 in China, 

hich was 7 • 66 higher than that in 2010 [51 • 86 (95% UI: 48 • 17–

5 • 51) million], but 10 • 08% lower than that in 20 0 0 [62 • 10 (95% UI:

7 • 86–66 • 94) million], and 21 • 98% lower than that in 1990 [71 • 56

95% UI: 65 • 89–78 • 09) million]. LRI cases decreased significantly 

y 16 • 22% (95% UI: 11 • 36–21 • 54%) and 28 • 00% (95% UI: 23 • 67–

2 • 25%) in males and females from 1990 to 2019. The national 

ge-standardized incidence rate decreased significantly for both 

RIs and LRIs by 7 • 52% (95% UI: 2 • 19–12 • 95%) and 35 • 07% (95%

I: 31 • 47–39 • 07%) from 1990 to 2019, respectively. Furthermore, 

lthough URIs had higher all-age incidence and age-standardized 

ncidence than LRIs, age-standardized incidence of LRIs decreased 

ore than URIs from 1990 to 2019 ( Fig. 1 , Table 1 ). 

The sex- and age-specific incidence of both URIs and LRIs ap- 

eared to have similar patterns from 1990 to 2019 ( Fig. 2 ), and in-

idence rates for both were higher in the male population. For ex- 

mple, the age-standardized incidence rate of URIs was the largest 

n people younger than 1 years [2 • 75 (95% UI: 2 • 14–3 • 45) and 2 • 45

95% UI: 1 • 91–3 • 08) for male and female per 10 0,0 0 0 in 1990;

 • 74 (95% UI: 2 • 13–3 • 45) and 2 • 58 (95% UI: 2 • 01–3 • 27) for male

nd female per 10 0,0 0 0 in 2019], then subsequently decreased 

or the lowest estimates in people aged 85–89 years [1 • 09 (95% 

I: 0 • 78–1 • 46) and 1 • 01 (95% UI: 0 • 72–1 • 35) for male and female

er 10 0,0 0 0 in 1990; 1 • 09 (95% UI: 0 • 78–1 • 44) and 1 • 03 (95% UI:

 • 73–1 • 38) for male and female per 10 0,0 0 0 in 2019]. These rates

hen increased slightly until the group of people aged 95 years 

nd above. Moreover, a U-shaped curve was observed in the age- 

tandardized incidence rates of LRIs with increases in age in 1990, 

hich suggested that both new-borns [0 • 22 (95% UI: 0 • 19–0 • 27)

nd 0 • 25 (95% UI: 0 • 21–0 • 30) per 10 0,0 0 0 for male and female

ounger than one year] and the elderly [0 • 60 (95% UI: 0 • 51–0 • 71)

nd 0 • 72 (95% UI: 0 • 61–0 • 85) per 10 0,0 0 0 for male and female

ged 95 years and above] had higher age-standardized incidence 

ates of LRIs in 1990. In 2019, although the age-standardized inci- 

ence rates of LRIs in older people [0 • 94 (95% UI: 0 • 79–1 • 09) and

 • 49 (95% UI: 0 • 42–0 • 58) per 10 0,0 0 0 for male and female aged 95

ears and above] were still high, incidence in new-borns have seen 

reat deceases [0 • 05 (95% UI: 0 • 04–0 • 06) and 0 • 04 (95% UI: 0 • 03–

. 06) per 10 0,0 0 0 for male and female younger than one year]. 

According to our province-specific results, all provinces showed 

ecreasing trends in the age-standardized incidence rate of both 

RIs and LRIs from 1990 to 2019 ( Fig. 3 ). Specifically, Heilongjiang 

rovince had the highest decrease rate of 0 • 12% (95% UI: 0 • 03–

 • 19%) for URIs, followed by Jilin Province [0 • 11% (95% UI: 0 • 03–

 • 18%)] and the Inner Mongolia Autonomous region [0 • 10% (95% 

I: 0 • 02–0 • 18%)]. The Tibet Autonomous Region showed the least 

ecrease in incidence rates [0 • 03% (95% UI: −0 • 03–0 • 09%)]. For

RIs, the Tibet Autonomous Region, Yunnan and Guizhou Provinces 
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Table 1 

All-age incidence of upper and lower respiratory infections and the percentage changes by sex, 1990–2019. 

Subcategories 

All-age incidence (95% UI), No. × 10 6 Age-standardized incidence rate (95% UI), per 10 0,0 0 0 

1990 2019 Change (%) 1990 2019 Change (%) 

Upper respiratory infections 

Male 1222 • 31 (1077 • 35–1391 • 08) 1334 • 33 (1199 • 22–1500 • 80) 9 • 16 (2 • 92–15 • 23) 200317 • 37 (176560 • 54–227976 • 33) 184090 • 64 (165449 • 92–207057 • 99) −8 • 10 ( −13 • 36–−3 • 00) 

Female 1069 • 78 (943 • 73–1222 • 36) 1212 • 78 (1089 • 77–1360 • 08) 13 • 37 (6 • 33–20 • 09) 186536 • 25 (164558 • 50–213142 • 04) 173867 • 76 (156232 • 80–194985 • 28) −6 • 79 ( −12 • 58–−1 • 26) 

Total 2292 • 09 (2022 • 85–2610 • 71) 2547 • 11 (2288 • 74–2856 • 37) 11 • 13 (4 • 60–17 • 54) 193640 • 40 (170894 • 71–220558 • 42) 179077 • 28 (160912 • 73–200820 • 31) −7 • 52 ( −12 • 95–−2 • 19) 

Lower respiratory infections 

Male 36 • 59 (33 • 72–39 • 99) 30 • 66 (28 • 35–33 • 02) −16 • 22 ( −21 • 54–−11 • 36) 5997 • 18 (5526 • 24–6554 • 46) 4229 • 80 (3911 • 39–4555 • 22) −29 • 47 ( −33 • 95–−25 • 38) 

Female 34 • 97 (32 • 27–38 • 04) 25 • 18 (23 • 19–27 • 23) −28 • 00 ( −32 • 25–−23 • 67) 6097 • 35 (5626 • 85–6633 • 14) 3609 • 51 (3325 • 27–3903 • 57) −40 • 80 ( −44 • 30–−37 • 24) 

Total 71 • 56 (65 • 89–78 • 09) 55 • 84 (51 • 69–60 • 03) −21 • 98 ( −26 • 78–−17 • 66) 6045 • 71 (5566 • 70–6597 • 52) 3925 • 61 (3634 • 41–4220 • 31) −35 • 07 ( −39 • 07–−31 • 47) 

4
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Fig. 1. Trends of incidence of upper and lower respiratory infections in China from 1990 to 2019. 
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xhibited the greatest decreases in rates of 0 • 55% (95% UI: 0 • 51–

 • 58%), 0 • 48% (95% UI: 0 • 43–0 • 52%) and 0 • 47% (95% UI: 0 • 42–

 • 51%), respectively. By contrast, Hong Kong showed a slight in- 

rease of 0 • 19% (95% UI: 0 • 11–0 • 29%) in age-standardized inci-

ence. 

.2. Trends of death numbers attributable to upper and lower 

espiratory infections and the mortality rate in China from 1990 to 

019 

The estimated number of all-age deaths due to URIs decreased 

rom 15068 • 60 (95% UI: 3941 • 3–26195 • 89) in 1990 to 10,203 • 71

95% UI: 4379 • 47–16027 • 95) in 20 0 0, 3223 • 17 (95% UI: 1327 • 66–

118 • 68) in 2010 and 2801 • 30 (95% UI: -226 • 86–5829 • 47) in 2019,

ith 32 • 28%, 78 • 61% and 81 • 41% decreases, respectively. Mortal-

ty rates in males and females decreased by 79 • 72% (95% UI: 

111 • 66–92 • 53%) and 82 • 94% (95% UI: −154 • 73–94 • 82%), respec-

ively ( Fig. 4 and Table 2 ). The overall number of deaths due to

RIs decreased from 543900 • 99 (95% UI: 476789 • 88–611012 • 10)

n 1990 to 303377 • 64 (95% UI: 280654 • 47–326100 • 81) in 20 0 0,

86498 • 95 (95% UI: 168411 • 08–204586 • 82) in 2010, and 185264 • 33

95% UI: 157651 • 46–212877 • 21) in 2019, with 44 • 22%, 65 • 71% and

5 • 94% decreases, respectively. The number of deaths due to LRIs 

mong male and female populations decreased by 63 • 21% (95% UI: 

9 • 50–69 • 89%) and 68 • 81% (95% UI: 57 • 16–75 • 01%) from 1990 to

019, respectively. Similarly, the national age-standardized mortal- 

ty rate shrunk by 84 • 53% (95% UI: −92 • 24–94 • 61%) and 71 • 65%

95% UI: 62 • 72–76 • 13%) for URIs and LRIs from 1990 to 2019 ( Fig. 4 ,

able 2 ). 

The age-specific mortality rate of both URIs and LRIs generally 

howed U-shaped trends from 1990 to 2019 ( Fig. 5 ), indicating that 
5 
oth the children and old people were more vulnerable to these 

wo types of diseases than young adults. The elderly aged 95 years 

nd above had the highest age-standardized mortality rates [URIs: 

69 • 35 (95% UI: 47 • 27–291 • 43) and 213 • 98 (95% UI: 41 • 63–386 • 33)

or male and female in 1990 and 23 • 97 (95% UI: -1 • 92–49 • 86)

nd 25 • 88 (95% UI: -8 • 06–59 • 83) for male and female in 2019;

RIs: 2850 • 45 (95% UI: 2364 • 62–3336 • 29) and 2382 • 67 (95% UI:

966 • 51–2798 • 83) for male and female in 1990 and 2509 • 95 (95%

I: 2006 • 20–3013 • 69) and 1395 • 85 (95% UI: 10 60 • 0 6–1731 • 64) for

ale and female in 2019]. 

In the province-specific analyses ( Fig. 6 ), all provinces showed 

ecreasing trends in the age-standardized mortality of URIs from 

990 to 2019. For example, Ningxia and Hainan Province had the 

ighest decreases of 0 • 91% (95% UI: −0 • 70–0 • 97%) and 0 • 91% (95%

I: −0 • 79–0 • 96%), while Hong Kong, Macao and Shanghai had the 

east decrease in rates of 0 • 27% (95% UI: −2 • 74–0 • 74%), 0 • 39% (95%

I: −0 • 71–0 • 76%), 0 • 69% (95% UI: −0 • 57–0 • 95%), respectively. For

RIs, Shaanxi Province had the highest decrease in mortality rates 

0 • 86% (95% UI: 0 • 74–0 • 90%)], followed by Ningxia Province [0 • 85%

95% UI: 0 • 79–0 • 89%)] and Henan Province [0 • 84% (95% UI: 0 • 66–

 • 89%)], but the age-standardized mortality rate of LRIs from 1990 

o 2019 in Hong Kong SAR increased by 1 • 35% (95% UI: 0 • 80–

 • 97%). 

.3. Trends of disability-adjusted life years of upper and lower 

espiratory infections in China from 1990 to 2019 

We also observed substantial reductions in the absolute bur- 

ens of both upper and lower RIs from 1990 to 2019 ( Fig. 7 ,

able 3 ). For example, the all-age DALYs attributable to URIs 

ropped from 1516 • 73 (95% UI: 731 • 73–2252 • 32) thousand years 
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Fig. 2. The age-specific incidence of upper and lower respiratory infections in 1990 and 2019. 
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Fig. 3. The change of province-specific incidence of upper and lower respiratory infections from 1990 to 2019. 

Fig. 4. Trends of death numbers attributable to upper and lower respiratory infections and the mortality rate in China from 1990 to 2019. 
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Table 2 

All-age death numbers and age-standardized mortality rate of upper and lower respiratory infections and the percentage changes by sex, 1990–2019. 

Subcategories 

All-age deaths, (95% UI) Age-standardized mortality rate (95% UI), per 10 0,0 0 0 

1990 2019 Change (%) 1990 2019 Change (%) 

Upper respiratory infections 

Male 7172 • 88 (2070 • 46–12275 • 30) 1454 • 53 (5 • 05–2904.00) −79 • 72 ( −92 • 53–111 • 66) 1 • 18 (0 • 34–2 • 01) 0 • 20 (0.01–0 • 40) −82 • 93 ( −93 • 71–78 • 18) 

Female 7895 • 72 (1727 • 56–14063 • 87) 1346 • 78 (-248.41–2941.96) −82 • 94 ( −94 • 82–154 • 73) 1 • 38 (0 • 30–2 • 45) 0 • 19 (-0 • 04–0 • 42) −85 • 98 ( −95 • 74–109 • 44) 

Total 15068 • 60 (3941 • 30–26195 • 89) 2801 • 30 (-226.86–5829.47) −81 • 41 ( −93 • 53–131 • 00) 1 • 27 (0 • 33–2 • 21) 0 • 20 (-0 • 02–0 • 41) −84 • 53 ( −94 • 61–92 • 24) 

Lower respiratory infections 

Male 278796 • 68 (242116 • 82–315476 • 55) 102570 • 35 (84930 • 16–120210 • 54) −63 • 21 ( −69 • 89–−49 • 50) 45 • 69 (39 • 68–51 • 70) 14 • 15 (11 • 72–16 • 58) −69 • 03 ( −74 • 65–−57 • 49) 

Female 265104 • 31 (231555 • 04–298653 • 59) 82693 • 98 (64032 • 15–101355 • 81) −68 • 81 ( −75 • 01–−57 • 16) 46 • 23 (40 • 38–52 • 08) 11 • 86 (9 • 18–14 • 53) −74 • 35 ( −79 • 45–−64 • 78) 

Total 543900 • 99 (476789 • 88–611012 • 10) 185264 • 33 (157651 • 46–212877 • 21) −65 • 94 ( −71 • 32–−55 • 20) 45 • 95 (40 • 28–51 • 62) 13 • 03 (11 • 08–14 • 97) −71 • 65 ( −76 • 13–−62 • 72) 

8
 



Z. Ruan, J. Qi, Z. Qian et al. The Lancet Regional Health - Western Pacific 11 (2021) 100153 

Fig. 5. The age-specific death numbers and mortality rates of upper and lower respiratory infections in 1990 and 2019. 
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Fig. 6. The change of province-specific death numbers and mortality rates of upper and lower respiratory infections from 1990 to 2019. 

Fig. 7. Trends of disability-adjusted life years of upper and lower respiratory infections in China from 1990 to 2019. 
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Table 3 

All-age disability-adjusted life-years (DALYs) of upper and lower respiratory infections and the percentage changes by sex, 1990–2019. 

Subcategories 

All-age DALYs (95% UI), no. in thousands Age-standardized DALY rate (95% UI), per 10 0,0 0 0 

1990 2019 Change (%) 1990 2019 Change (%) 

Upper respiratory infections 

Male 790 • 40 (401 • 20–1150 • 60) 492 • 72 (304 • 89–760 • 55) −37 • 66 ( −60 • 11–11 • 32) 129 • 53 (65 • 75–188 • 56) 67 • 98 (42 • 06–104 • 93) −47 • 52 ( −66 • 42–−6 • 29) 

Female 726 • 33 (336 • 70–1096 • 26) 435 • 90 (269 • 62–679 • 08) −39 • 99 ( −63 • 95–16 • 14) 126 • 65 (58 • 71–191 • 15) 62 • 49 (38 • 65–97 • 36) −50 • 66 ( −70 • 36–−4 • 51) 

Total 1516 • 73 (731 • 73–2252 • 32) 928 • 62 (573 • 83–1440 • 47) −38 • 77 ( −62 • 03–13 • 18) 128 • 14 (61 • 82–190 • 28) 65 • 29 (40 • 34–101 • 27) −49 • 05 ( −68 • 40–−5 • 81) 

Lower respiratory infections 

Male 20069 • 10 (17034 • 10–23092 • 18) 2404 • 38 (2083 • 38–2767 • 03) −88 • 02 ( −90 • 31–−84 • 05) 3289 • 01 (2791 • 62–3784 • 44) 331 • 72 (287 • 43–381 • 75) −89 • 91 ( −91 • 84–−86 • 58) 

Female 18209 • 40 (15640 • 88–20775 • 64) 1616 • 29 (1399 • 08–1923 • 35) −91 • 12 ( −92 • 84–−88 • 34) 3175 • 16 (2727 • 29–3622 • 64) 231 • 72 (200 • 58–275 • 74) −92 • 70 ( −94 • 11–−90 • 41) 

Total 38278 • 50 (32813 • 98–43962 • 34) 4020 • 68 (3555 • 79–4589 • 77) −89 • 50 ( −91 • 31–−86 • 38) 3233 • 85 (2772 • 20–3714 • 03) 282 • 68 (249 • 99–322 • 69) −91 • 26 ( −92 • 77–−88 • 67) 
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n 1990 to 1179 • 75 (95% UI: 709 • 83–1713 • 64) thousand years in

0 0 0, 931 • 39 (95% UI: 582 • 19–1431 • 48) thousand years in 2010

nd 928 • 62 (95% UI: 573 • 83–1440 • 47) thousand years in 2019, with

ecreases of 22 • 22%, 38 • 59% and 38 • 77%, respectively. Moreover, 

n comparing with reductions of 37 • 66% (95% UI: −11 • 32–60 • 11%)

nd 39 • 99% (95% UI: −16 • 14–63 • 95%) were observed in male and

emale populations from 1990 to 2019, respectively. Meanwhile, 

n comparing with the total DALYs from LRIs of 38287 • 50 (95% 

I: 32813 • 98–43962 • 34) thousand years in 1990, and we observed 

reater reductions of 58 • 21% in 20 0 0 [15995 • 1 (95% UI: 14538 • 95–

7366 • 2) thousand years], 85 • 35% in 2010 [5605 • 95 (95% UI:

244 • 93–6055 • 58) thousand years], and 89 • 50% in 2019 [4020 • 68

95% UI: 3555 • 79–4589 • 77) thousand years]. Furthermore, the to- 

al DALYs from LRIs had notable decreases of 88 • 02% (95% UI: 

4 • 05–90 • 31%) and 91 • 12% (95% UI: 88 • 34–92 • 84%) for male and

emale populations, respectively. In addition, declines in the age- 

tandardized DALY rates from 1990 to 2019 were also observed, 

hich were 49 • 05% (95% UI: 5 • 81–68 • 40%) for URIs and 91 • 26%

95% UI: 88 • 67–92 • 77%) for LRIs. These results generally remained 

imilar when we divided the all-age DALYs into YLDs and YLLs, ex- 

ept that the YLDs from URIs were much less than that from LRIs, 

ut YLLs from URIs and LRIs were roughly equal (Supplementary 

igs. 1 and 2, Supplementary Tables 1 and 2). 

The age-specific DALYs rate is similar to the mortality rate, 

hich displayed U-shaped trends for both URIs and LRIs with in- 

reases in age in both 1990 and 2019 ( Fig. 8 ). Children younger

han 1 year had the highest estimate of age-standardized DALYs 

ates [URIs: 1508 • 45 (95% UI: 210 • 19–2685 • 60) and 1595 • 60 (95%

I: 188 • 27–2977 • 81) for male and female in 1990162 • 93 (95% UI:

7 • 92–290 • 78) and 139 • 72 (95% UI: 80 • 73–259 • 25) for male and

emale in 2019; LRIs: 1 • 21 (95% UI: 1 • 02–1 • 41) and 1 • 20 (95% UI:

 • 02–1 • 38) per 10 0,0 0 0 for male and female in 1990, 0 • 08 (95% UI:

 • 07–0 • 10) and 0 • 07 (95% UI: 0 • 06–0 • 08) per 10 0,0 0 0 for male and

emale in 2019], then the estimates decreased sharply, and grad- 

ally increased in the elderly population. Similar patterns can be 

ound in the age-specific YLDs and YLLs rates (Supplementary Figs. 

 and 4). 

Most provinces were found to have decreasing trends in the 

ge-standardized DALY rate of both URIs and LRIs from 1990 to 

019 ( Fig. 9 , Supplementary Figs. 5 and 6). For URIs, the Tibet

utonomous Region had the highest decrease in age-standardized 

ALY rate [0 • 69% (95% UI: 0 • 02–0 • 88%)], Heilongjiang Province had

he highest decrease for age-standardized YLD rate [0 • 13% (95% 

I: 0 • 04–0 • 21%)], and the Ningxia province had the highest de- 

rease for age-standardized YLL rate [0 • 97% (95% UI: 0 • 06–0 • 99%)],

hile the Shanghai Municipality, Tibet Autonomous Region and 

acao SAR had the lowest decrease rates for age-standardized 

ALYs [0 • 15% (95% UI: 0 • 05–0 • 23%)], YLDs [0 • 03% (95% UI: −0 • 04–

 • 10%)] and YLLs [0 • 68% (95% UI: 0 • 03–0 • 87%)] rates, respectively.

or LRIs, the Shaanxi Province had the highest decrease rates for 

ge-standardized DALY and YLL rates [both of them are 0 • 96% 

95% UI: 0 • 93–0 • 97%)], and Tibet Autonomous Region had the high-

st decrease in age-standardized YLD rate [0 • 56% (95% UI: 0 • 51–

 • 62%)], while Hong Kong SAR had slight increase rates for age- 

tandardized DALY, YLD, and YLL rates [0 • 19% (95% UI: −0 • 53–

 • 14%), 0 • 15% (95% UI: 0 • 03–0 • 28%) and 0 • 19% (95% UI: −0 • 53–

 • 14%), respectively]. 

.4. Risk factors attributable to disability-adjusted life years due to 

pper and lower respiratory infections in China, 2019 

As revealed in Table 4 , all risk factors considered in the GBD 

019 study for both sexes account for 0 • 15% (95% UI: 0 • 08%, 0 • 36%)

nd 72 • 50% (95% UI: 67 • 45%, 77 • 23%) of the total age-standardized

ALYs due to URIs and LRIs, respectively. Of all risk factors, 

 • 05% (95% UI: 0 • 03%, 0 • 10%) and 0 • 12% (95% UI: 0 • 05%, 0 • 31%) of
12 
he URIs DALYs could be attributed to environmental/occupational 

nd behavioral risks, while 38 • 74% (95% UI: 31 • 32%, 46 • 34%) and

5 • 52% (95% UI: 49 • 33%, 60 • 96%) of the LRI DALYs were caused

y these two major groups of risks. The three leading risk fac- 

ors in 2019 for age-standardized DALYs of LRIs included child 

alnutrition (21 • 62%, 95% UI: 11 • 83–28 • 47%), ambient PM pol- 

ution (19 • 66%, 95% UI: 13 • 79–26 • 24%), and second-hand smoke 

16 • 48%, 95% UI: 10 • 78–22 • 21%). The three largest contributors to

ge-standardized DALYs of URIs were low birth weight (0 • 10%, 95% 

I: 0 • 04–0 • 26%), short gestation (0 • 08%, 95% UI: 0 • 03–0 • 20%), and

mbient particulate matter pollution (0 • 04%, 95% UI: 0 • 02–0 • 08%). 

n addition, the risk factors attributable to DALYs due to URIs and 

RIs were similar in different sex groups, except for the smoking 

nd alcohol use, which were associated with greater DALYs in the 

ale population ( Table 4 ). 

. Discussion 

We presented an up-to-date overview of the spatial and tem- 

oral distribution of disease burden of URIs and LRIs in China 

ased on GBD 2019. The results indicated that, although the dis- 

ase burden in both the young children and the elderly remained 

igh in 2019, substantial progress has been made in China during 

he past decades, especially for the LRIs, which dropped from be- 

ng the top cause of DALYs in 1990 to the 24th highest cause in 

019 [17] . However, such declines did not occur equally in different 

rovinces, and incident cases and the total YLDs for URIs remained 

igh in 2019. 

Our results suggest that the disease burden of URIs and LRIs 

enerally decreased year by year from 1990 to 2019. These find- 

ngs can be partially explained by the rapid and sustained socio- 

conomic development in China, which ushered in a series of gov- 

rnment policies to improve healthcare, medical treatment, nu- 

rition, educational attainment, and the observable reductions in 

isease burden [ 30 , 31 ]. For example, the Chinese government re- 

eased the Healthy China 2030 blueprint to promote population 

ealth via the adoption of the most pertinent strategies such as 

educing risk factors, improving nutrition and encouraging health- 

er lifestyles [32] . Such interventions aimed at improving childhood 

utrition were reported to be effective in protecting children from 

ying from respiratory infections [33] . Moreover, an essential goal 

f the integrated Global Action Plan for the Prevention and Con- 

rol of Pneumonia and Diarrhea (GAPPD) was to provide universal 

ccess to disease management for RI patients [34] . Furthermore, 

he decrease in RIs might also attribute to the so-called nutritional 

ransition, i.e., the shift in dietary consumption from traditional di- 

ts rich in fiber to Western diets rich in sugars and fat that cor- 

esponds with demographic and economic changes [35] . Unfortu- 

ately, the current study did not include detailed dietary infor- 

ation. In addition, government-sponsored health -care reform in 

ural regions, early detection of RIs, and programs to reduce air 

ollution were also the potential drivers of this reduction [ 36 , 37 ].

nother possible explanation is the optimized use of antibiotics, 

hich has already been found to be an efficient intervention in 

atients with RIs [38] ; however, the universal use of antibiotics for 

reating RIs is a double-edged sword because of the increased pos- 

ibility of antimicrobial resistance [39] . 

We observed that the mortality from URIs and LRIs decreased 

aster than incidence over the study period, indicating an advance- 

ent in decreasing the risk of infection than in protecting against 

ortality, which is in accordance with the global estimates [36] . 

his may be attributable to improvements in health services that 

ccurred in conjunction with the economic development during 

he past three decades. As such, those who had RIs could receive 

ore effective clinical treatment and health care that lead to a 

etter prognosis. Moreover, our analysis estimated that the deaths 
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Fig. 8. The age-specific disability-adjusted life years of upper and lower respiratory infections in 1990 and 2019. 
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Table 4 

Risk factors attributable to disability-adjusted life years due to upper and lower respiratory infections by sex in China, 2019. 

Risk 

factors 

Percentage (%) of disability-adjusted life years (95% UI) 

Upper respiratory infections Lower respiratory infections 

Both sexes Males Females Both sexes Males Females 

All risk factors 0 • 15 (0 • 08, 0 • 36) 0 • 15 (0 • 08, 0 • 35) 0 • 15 (0 • 07, 0 • 37) 72 • 50 (67 • 45, 77 • 23) 73 • 75 (68 • 90, 78 • 38) 70 • 43 (64 • 74, 75 • 64) 

Environmental/occupational risks 0 • 05 (0 • 03, 0 • 10) 0 • 05 (0 • 03, 0 • 10) 0 • 05 (0 • 03, 0 • 10) 38 • 74 (31 • 32, 46 • 34) 38 • 18 (30 • 79, 45 • 76) 39 • 07 (31 • 63, 46 • 63) 

Unsafe water, sanitation, and handwashing 0 (0, 0) 0 (0, 0) 0 (0, 0) 4 • 10 (1 • 65, 6 • 69) 4 • 05 (1 • 63, 6 • 61) 4 • 12 (1 • 67, 6 • 69) 

No access to handwashing facility 0 (0, 0) 0 (0, 0) 0 (0, 0) 4 • 10 (1 • 65, 6 • 69) 4 • 05 (1 • 63, 6 • 61) 4 • 12 (1 • 67, 6 • 69) 

Air pollution 0 • 05 (0 • 03, 0 • 10) 0 • 05 (0 • 03, 0 • 10) 0 • 05 (0 • 03, 0 • 10) 26 • 55 (18 • 69, 35 • 20) 26 (18 • 30, 34 • 64) 26 • 96 (19 • 08, 35 • 73) 

Particulate matter 0 • 05 (0 • 03, 0 • 10) 0 • 05 (0 • 03, 0 • 10) 0 • 05 (0 • 03, 0 • 10) 26 • 55 (18 • 69, 35 • 20) 26 (18 • 30, 34 • 64) 26 • 96 (19 • 08, 35 • 73) 

Ambient particulate matter 0 • 04 (0 • 02, 0 • 08) 0 • 04 (0 • 02, 0 • 08) 0 • 04 (0 • 02, 0 • 08) 19 • 66 (13 • 79, 26 • 24) 19 • 88 (13 • 85, 26 • 62) 19 • 35 (13 • 63, 25 • 74) 

Household pollution from solid fuels 0 • 01 (0 • 01, 0 • 03) 0 • 01 (0 • 01, 0 • 03) 0 • 01 (0 • 01, 0 • 03) 6 • 89 (3 • 15, 12 • 29) 6 • 12 (2 • 74, 11 • 06) 7 • 61 (3 • 57, 13 • 77) 

Non-optimal temperature 0 (0, 0) 0 (0, 0) 0 (0, 0) 13 • 32 (8 • 76, 17 • 67) 13 • 24 (8 • 72, 17 • 62) 13 • 28 (8 • 70, 17 • 56) 

High temperature 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 • 67 (0 • 06, 1 • 19) 0 • 71 (0 • 07, 1 • 28) 0 • 66 (0 • 06, 1 • 17) 

Low temperature 0 (0, 0) 0 (0, 0) 0 (0, 0) 12 • 69 (7 • 93, 16 • 99) 12 • 58 (7 • 90, 16 • 81) 12 • 66 (8 • 00 16 • 87) 

Behavioural risks 0 • 12 (0 • 05, 0 • 31) 0 • 12 (0 • 05, 0 • 31) 0 • 11 (0 • 04, 0 • 31) 55 • 52 (49 • 33, 60 • 96) 58 • 02 (52 • 16, 63 • 24) 51 • 93 (44 • 77, 58 • 03) 

Child and maternal malnutrition 0 • 12 (0 • 05, 0 • 31) 0 • 12 (0 • 05, 0 • 31) 0 • 11 (0 • 04, 0 • 31) 34 • 58 (27 • 07, 40 • 71) 29 • 98 (23 • 30, 36 • 15) 38 • 73 (30 • 36, 45 • 68) 

Suboptimal breastfeeding 0 (0, 0) 0 (0, 0) 0 (0, 0) 4 • 59 (3 • 12, 6 • 13) 4 • 00 (2 • 67, 5 • 38) 5 • 11 (3 • 44, 6 • 86) 

Non-exclusive breastfeeding 0 (0, 0) 0 (0, 0) 0 (0, 0) 4 • 59 (3 • 12, 6 • 13) 4 • 00 (2 • 67, 5 • 38) 5 • 11 (3 • 44, 6 • 86) 

Child growth failure 0 (0, 0) 0 (0, 0) 0 (0, 0) 23 • 56 (16 • 56, 29 • 20) 20 • 35 (13 • 96, 25 • 92) 26 • 53 (18 • 42, 32 • 83) 

Child underweight 0 (0, 0) 0 (0, 0) 0 (0, 0) 1 • 62 (0 • 77, 3 • 57) 1 • 36 (0 • 65, 2 • 96) 1 • 88 (0 • 93, 3 • 99) 

Child malnutrition 0 (0, 0) 0 (0, 0) 0 (0, 0) 21 • 62 (11 • 83, 28 • 47) 18 • 66 (10 • 01, 25 • 19) 24 • 37 (13 • 62, 31 • 99) 

Child stunting 0 (0, 0) 0 (0, 0) 0 (0, 0) 3 • 02 (0 • 05, 9 • 79) 2 • 55 (0 • 04, 8 • 48) 3 • 51 (0 • 05, 11 • 19) 

Low birth weight and short gestation 0 • 12 (0 • 05, 0 • 31) 0 • 12 (0 • 05, 0 • 31) 0 • 11 (0 • 04, 0 • 31) 9 • 43 (8 • 28, 10 • 54) 8 • 22 (6 • 86, 9 • 45) 10 • 49 (9 • 05, 11 • 88) 

Short gestation 0 • 08 (0 • 03, 0 • 20) 0 • 08 (0 • 03, 0 • 19) 0 • 07 (0 • 03, 0 • 21) 6 • 05 (5 • 27, 6 • 79) 5 • 12 (4 • 27, 5 • 95) 7 • 01 (6 • 03, 7 • 97) 

Low birth weight 0 • 10 (0 • 04, 0 • 26) 0 • 10 (0 • 04, 0 • 25) 0 • 10 (0 • 04, 0 • 28) 7 • 99 (7 • 00, 8 • 95) 6 • 87 (5 • 77, 7 • 91) 9 • 05 (7 • 84, 10 • 28) 

Tobacco 0 (0, 0) 0 (0, 0) 0 (0, 0) 26 • 13 (20 • 44, 31 • 83) 31 • 11 (25 • 65, 36 • 60) 20 • 45 (14 • 18, 26 • 68) 

Smoking 0 (0, 0) 0 (0, 0) 0 (0, 0) 10 • 73 (8 • 25, 13 • 44) 18 • 44 (14 • 50, 22 • 67) 2 • 14 (1 • 37, 3 • 10) 

Second-hand smoke 0 (0, 0) 0 (0, 0) 0 (0, 0) 16 • 48 (10 • 78, 22 • 21) 14 • 41 (9 • 42, 19 • 55) 18 • 66 (12 • 28, 24 • 96) 

Alcohol use 0 (0, 0) 0 (0, 0) 0 (0, 0) 2 • 81 (1 • 32, 4 • 19) 4 • 95 (2 • 44, 7 • 33) 0 • 49 (0 • 13, 0 • 92) 

Abbreviation: UI, uncertainty interval. 
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Fig. 9. The change of province-specific disability-adjusted life years of upper and lower respiratory infections from 1990 to 2019. 
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ue to URI significantly decreased from 15,069 in 1990 to 2801 in 

019. Though significant progress has been made in the effective 

ntibiotics, there were still some deaths due to URI, which might 

e attributable to severe and fatal URIs stemming from croup and 

piglottitis [ 8 , 9 ]. This is particularly the case for vulnerable sub-

opulations, such as the elderly and the children, which was sup- 

orted by our age-specific mortality ( Fig. 5 ), showing that the 

eaths due to URIs in 2019 mainly occurred in these vulnerable 

ubpopulations. Therefore, it is urgent that actions are taken to 

liminate preventable deaths in these susceptible persons from RIs 

40] . 

We observed no statistical changes or even slight increases in 

he age-standardized incidence, mortality rate, or DALY, YLD, and 

LL rates of RIs in Hong Kong, which was different from other re- 

ions in China. This might be due to the fact that population health 

s closely tied to economic development. Since Hong Kong has 

eached a high level of economic prosperity in the 1990s, people 

n Hong Kong might have reached a ceiling effects whereby fewer 

elative gains in health status can be achieved. Other provinces 

n China lagged in their transition from poverty to prosperity, but 

ave gained substantially over the last three decades as enhance- 

ents to medical care have gone hand-in-hand with a booming 

conomy. 

To the best of our knowledge, previous reports related to the 

isease burden of RIs mainly focused on the LRIs. The results sug- 

est tremendous progress has been made in the control and pre- 

ention of LRIs during the past three decades. For example, the LRI 

eath rates were much lower than global estimates in 2016 for all 

ge groups combined (13 • 0 vs. 32 • 2 per 10 0,0 0 0 people), including

hildren younger than 5 years (86 • 8 vs. 103 • 3 per 10 0,0 0 0 peo-

le) [21] . Moreover, we also observed that the rate of DALYs, YLDs 

nd YLLs per 10 0,0 0 0 population in China was lower than that 

n the Eastern Mediterranean Region (282 • 7 vs. 1712, 5 • 1 vs. 9 • 7
nd 277 • 6 vs. 1702, respectively) [41] . Despite these gains, there 

s still rooms for improvement as we can observe that the inci- 

ence of and mortality rates attributable to LRIs among children 

ounger than 5 years is lower in North America and Western Eu- 

ope [36] . Greater efforts are needed in coping with child malnu- 
15 
rition or childhood wasting, because these are leading risk factors 

or age-standardized DALYs of LRIs in both China and the world. 

Another important finding from the present work is that the 

hange patterns in incidence, mortality and DALYs in different 

rovinces are not equal, and the great variations in degree of re- 

uction in URIs and LRIs across different provinces in China re- 

ains a challenge. Although the policies to equalize inequalities 

n different areas has been a government priority in China for a 

ong time, equity at the province level can only be accomplished 

hen sufficient and detailed information is analyzed to guide in- 

estments [20] . However, previous reports have also pointed out a 

ack of such data, and province-specific strategy development and 

nterventions are needed in some provinces to lessen major risk 

actors to improve health equity in the future [20] . While we did 

ot examine the reasons for the difference in province-specific dis- 

ase burden and these trends in China, our results can still provide 

mportant evidence on guiding the priority setting and resource al- 

ocation at the province level. 

According to the present study, child malnutrition, PM, and 

econd-hand smoke were the three leading risk factors for age- 

tandardized DALYs of LRIs, while low birth weight, short gestation, 

nd PM were the largest contributors to age-standardized DALYs 

f URIs. Thus, public health prevention strategies targeting mater- 

al nutrition, air pollution, and tobacco control should be a top 

riority for the control of URIs and LRIs in China. Furthermore, 

easures that focus on the behavioral risk factors, such as diet 

nd tobacco control, have been proven to be cost-effective [42–44] . 

oreover, as a result of more environmentally-conscious construc- 

ion in China, fundamental progress in air quality improvements 

as been achieved in recent years [45] , which would further con- 

ribute to the reduction of URIs and LRIs in China. Previously, stud- 

es have reported on the interaction between economic develop- 

ent and air pollution, which often occurs in rapidly urbanizing 

ountries, and further research on health impact of carbon-based 

nergy production would be useful in guiding policies to reduce 

he use of fossil fuels [ 30 , 36 , 46 ]. 

Several limitations should be addressed in the GBD 2019 study 

ertaining to URIs and LRIs in China. First, there is a lack of studies 
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n the disease duration of both URIs and LRIs in China. Although 

BD collaborators put great effort into the collection of all avail- 

ble data to estimate disease burden, the quality and quantity of 

ata on URIs and LRIs are still limited. Moreover, the great method- 

logical heterogeneity in previous published and unpublished stud- 

es might also affect the accuracy of the estimation. However, the 

hort supply of data and heterogeneity in methodology can be 

valuated and addressed by DisMod-MR 2 • 1, which had been vali- 

ated in previous studies [19] . Moreover, this work only focused on 

he disparities of disease burden from URIs and LRIs by sex, age, 

nd province; however, previous publications have also revealed 

hat other common factors, such as living in urban or rural areas, 

ight be associated with different type of RIs [47] . Furthermore, 

he uncertainty interval of DALYs in the GBD study might be un- 

erestimated because the independence of YLLs from YLDs was as- 

umed. Additionally, there was a lack of robust mortality data from 

ome remote and poorer regions in China, which may also affect 

he precision of our assessment. Therefore, further epidemiological 

urveys are needed to provide more detailed information on dis- 

ase burden of URIs and LRIs. 

In conclusion, this study demonstrates that URIs and LRIs still 

epresent an immense health burden in China, although the inci- 

ence, mortality, and DALYs due for these two diseases have gen- 

rally declined over the past three decades. This study includes 

urden estimates of URIs and LRIs for different age groups and 

3 Chinese provinces, which can help health authorities monitor 

ncidence trends as well as help determine appropriate priorities 

nd goals in health policy. More importantly, this study highlights 

he need for developing more targeted strategies, especially for 

oung children and the elderly in order to reduce the burden of 

RIs and LRIs throughout China. In addition, there is an opportu- 

ity for further epidemiological studies that include more detailed 

nformation on the burden of these two diseases and other pos- 

ible risk factors, including dietary changes, as well as investigate 

he reasons behind the heterogeneity observed between different 

rovinces in China in this study. 
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