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Objectives: Lower respiratory infections are the most significant health threat 
to children under 5 years old, leading to the highest disease burden across all 
age groups. This study aims to provide an up-to-date assessment of the global 
burden of lower respiratory infections in children under 5 years of age.

Methods: This study utilizes data and methodologies from the Global Burden 
of Disease Study 2021 to analyze changes in the burden of lower respiratory 
infections from 1990 to 2021, focusing on incidence, mortality, and disability-
adjusted life years. A jointpoint model is employed to calculate trends and the 
average annual percentage change in the disease burden among children under 
5 years old over the period 1990–2021. Additionally, frontier analysis is used 
to visually depict the potential for burden reduction in each country or region 
based on their level of development.

Results: In 2021, the global burden of lower respiratory infections in children 
under 5 years old included 37,828,159 incidence cases, 501,909.50 deaths, and 
44,779,174.70 disability-adjusted life years. From 1990 to 2021, the global burden 
of LRIs in this age group showed a marked decline. Incidence, mortality, and 
disability-adjusted life years decreased by 54.02, 37.57, and 39.49%, respectively. 
The average annual percent change for age-standardized incidence rate, age-
standardized mortality rate, and age-standardized disability-adjusted life years 
rate were −3.35, −4.53%, and −4.52%, respectively. The disease burden was 
notably higher in children under 1 year old compared to those aged 2–4 years 
and the overall under-5 age group, with significant gender differences observed. 
Additionally, there was a strong negative correlation between the burden of 
lower respiratory infections in children under 5 and the socio-demographic 
index. Frontier analysis indicated that countries or regions with higher socio-
demographic index values showed greater potential for reducing the burden.

Conclusion: The global burden of lower respiratory infections in children 
under 5 years old has declined significantly from 1990 to 2021. However, given 
the substantial disease burden, particularly in low-SDI countries, it is crucial 
to address risk factors and implement more effective interventions to further 
reduce the impact of lower respiratory infections on this vulnerable population.
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Introduction

Lower respiratory infections (LRIs) are caused by various 
bacterial and viral pathogens, including Streptococcus 
pneumoniae, Haemophilus influenzae type B, Staphylococcus 
aureus, the influenza virus, and respiratory syncytial virus. 
Common illnesses resulting from these infections, including 
pneumonia, bronchitis, and bronchopneumonia, are 
predominantly caused by pneumococcal bacteria and represent a 
significant global cause of mortality (1–3). The Global Burden of 
Disease (GBD) study attributes more than 344 million cases and 
over 2.18 million fatalities worldwide to LRIs (4). Alarmingly, 
more than 75% of these deaths occur in low-and middle-income 
countries (4, 5). Children under 5 years of age contribute 
approximately 13.32% of the global death toll, accounting for 
around 12.55% of disability-adjusted life years (DALYs) (6). 
Therefore, addressing LRIs in children under five is crucial for 
reducing the overall global health burden associated with these 
infections (7).

Research utilizing data from the GBD database underscores 
that LRIs remain a substantial global health challenge (8). The 
primary pathogens associated with illness and mortality are 
Streptococcus pneumoniae (4, 9) and respiratory syncytial virus 
(10), while malnutrition among children under five persists as a 
major risk factor for death (11). While increased vaccination 
rates and reduced air pollution have substantially lowered child 
mortality rates (12), low-and middle-income countries (LMICs) 
still bear a disproportionate burden of the LRIs (10). LRIs pose a 
significant threat to young children, particularly in developing 
countries, where they account for 20–40% of pediatric hospital 
visits (13). The inappropriate use of antibiotics has unfortunately 
led to a rise in antibiotic resistance, further complicating 
treatment strategies (14). In LMICs, frequent misuse of 
antibiotics—averaging more than 24 prescriptions per child by 
the age of five—exacerbates the challenges of managing LRIs and 
significantly elevates resistance rates (15).

In response to the global challenge of LRIs, numerous 
international efforts have been spearheaded by organizations 
such as the World Health Organization (WHO) and the United 
Nations Children’s Fund (UNICEF). Among these initiatives, 
notable examples include the Global Action Plan for the 
Prevention and Control of Pneumonia and Diarrhea (GAPPD) 
(16), and the Integrated Management of Childhood Illness 
(IMCI) initiative (17). Beginning in 2020, the COVID-19 
pandemic prompted the widespread implementation of 
non-pharmaceutical interventions, including lockdowns, the 
closure of schools and public spaces, and mandatory mask-
wearing. These measures significantly reduced the incidence of 
respiratory infections during 2020 and 2021 (18–21).

This study aims to utilize data from GBD 2021 to 
comprehensively assess the global burden and trends of LRIs in 
children under 5 years of age, with the goal of raising international 
awareness of this critical issue. The study focuses on an in-depth 
exploration of the epidemiology of LRIs, including comprehensive 
trend analyses at global, regional, and national levels. 
Additionally, it also investigates the relationship between the 
disease burden of LRIs and the socio-demographic index (SDI) 
through a frontier analytical perspective.

Materials and methods

Study data

The GBD 2021 study provided a comprehensive assessment of 
health losses associated with 369 diseases, injuries, and impairments 
and 87 risk factors in 204 countries and territories using the most 
recent epidemiological data and advanced standardized methods, all 
disaggregated by age and sex. Our study utilized data on the burden 
of disease due to LRIs in children under 5 years of age from the GBD 
2021 study, with specific burden of disease indicators including, e.g., 
incidence, mortality, and DALYs (22).

The SDI reflects the socio-economic status of a country and is 
calculated from the geometric mean of three indicators: the average 
educational attainment of the population over 15 years of age, the total 
fertility rate of the population under 25 years of age, and the 
distribution of per capita income (5). According to the SDI, the data 
were categorized into five regions (23), which helped this study 
explore health outcomes in different socioeconomic contexts. 
Meanwhile, the detailed data for 204 countries and territories were 
further categorized into 21 geographic regions (23, 24). LRIs diseases 
and related health problems according to the International Statistical 
Classification, Tenth Revision (ICD-10) were used to classify LRIs into 
specific groups: A48.1, A70, B96.0–B96.1, B97.21, B97.4–B97.6, J09–
J18.2, J18.8–J1 8.9, J19.6–J22.9, J85.1, J91.0, P23–P23.9, U04–U04.9, 
and Z25.1 (25).

Descriptive analysis

In order to get a comprehensive picture of the burden of LRIs in 
children under 5 years of age, descriptive analyses were conducted at 
global, regional and national scales. The number of global cases of 
LRIs, age-standardized rates (ASRs) were visualized for the period of 
1990–2021, which were presented separately. Data on ASRs included 
age-standardized incidence rates (ASIR), age-standardized mortality 
rates (ASMR), and age-standardized disability-adjusted life years 
(ASDR) (26), while 95% uncertainty intervals (UI) were reported for 
all data. The UI is derived from estimates within 1,000 sub-zones for 
each parameter, with the 95% UI representing the range between the 
25th and 975th ranked values among these samples (10). In addition, 
the number of cases of ASIR, ASMR, and ASDR were compared 
between 1990 and 2021 at global, regional and national levels and for 
both sexes in five SDI classes (high, medium-high, medium, 
medium-low and low) (27).

Joinpoint regression analysis

Investigating the temporal trends of diseases is essential for 
guiding epidemiological strategies and refining prevention efforts. The 
objective of this study was to analyze LRIs trends from broad, and 
localized perspectives. Standardization ensures accurate comparisons 
between groups with different age distributions or for assessing 
changes within a specific group’s age structure over time.

We utilized joinpoint regression analysis to uncover local trends in 
the burden of LRIs. This approach, carried out using the Joinpoint Trend 
Analysis software (2022), segments the overall trend into multiple 
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subperiods by identifying inflection points. For each subsegment, the 
magnitude of the epidemiological trend was assessed by calculating the 
annual percentage change (APC) and its corresponding 95% certainty 
intervals (CI) (28, 29). he Monte Carlo permutation method (10), applied 
with 4,499 randomly permuted datasets, was used to estimate the average 
annual percentage change (AAPC) and its 95% CI. To adjust for multiple 
comparisons, the overall significance level was corrected using the 
Bonferroni method. An increasing trend was indicated when both the 
APC/AAPC estimate and the lower bound of the 95% CI exceeded 0. 
Conversely, a decreasing trend was observed if both the APC/AAPC 
estimate and the upper bound of the 95% CI fell below 0. When neither 
of these conditions was met, the trend for that period was considered 
stable (30, 31).

Frontier analysis

A quantitative method known as “frontier analysis” was utilized 
to determine the lowest achievable ASDR for LRIs, taking into account 
the SDI as a measure of socio-economic development for each country 
or region. This method evaluates the relationship between respiratory 
infection rates and socio-economic progress, as described in previous 
studies (32). The concept of “effective differences” represents the gap 
between a country’s or region’s observed ASDR and the frontier; larger 
gaps signify greater potential for reducing LRI-related DALYs. To 
define the frontier for ASDRs based on SDI, a network analysis 
employing the free disposal hull methodology was applied, 
incorporating data from 1990 to 2021. Nonlinear boundaries reflecting 
the association between SDI and ASDRs were established through this 
approach (33).

To address uncertainty, 1,000 iterations of self-sampling, random 
sampling, and replacement were performed across all years and 
countries or regions. For each SDI value, average DALYs were 
calculated from the resampled data. Subsequently, a LOESS regression 
with a local polynomial of degree 1 and a span of 0.2 was applied to 
generate a smooth boundary (34). Using 2021 SDI and ASDR data, 
the effective difference for each country or region was calculated as 
the absolute distance from the frontier. Countries or regions with 
DALYs rates below the frontier were assigned a distance of zero. This 
analysis provides insights into the association between DALYs rates 
and the frontier, age-standardized for the year 2021 (35).

Statistical analysis for this study was conducted using R software 
(version 4.3.3), with a p-value of less than 0.05 considered 
statistically significant.

Results

Incidence, mortality, and DALYs due to LRIs 
in children under 5 years old by global and 
SDI regions in 2021

Even though regions with lower SDIs continue to experience 
disproportionately high rates, overall, the study observed substantial 
reductions in LRIs burden. In 2021, the global burden of LRIs in 
children under 5 years old remained significant. An estimated 37.8 
million new cases were reported (95% UI: 33.5 ~ 43.0 million), 
resulting in approximately 501,910 deaths (95% UI: 407,757 ~ 605,405) 

and 44.8 million DALYs lost (95% UI: 36.4 ~ 54.0 million). Between 
1990 and 2021, substantial progress was made, with reductions of 
54.02% in incidence, 37.57% in mortality, and 39.49% in DALYs for 
this vulnerable age group. The average annual percentage change 
(AAPC) in age-standardized rates showed consistent declines across 
incidence (−3.35, 95% CI: −3.59 to −3.10), mortality (−4.53, 95% CI: 
−4.65 to −4.40), and DALYs (−4.52, 95% CI: −4.65 to −4.40), all 
statistically significant (p < 0.001).

In 2021, the burden of LRIs in children under 5 years of age was 
concentrated in low-middle and low SDI regions, which accounted for 
more than 74% of global cases. These regions have the highest case 
numbers of incidence, mortality, and DALYs, as well as ASIR, ASMR, 
and ASDR. Between 1990 and 2021, significant progress has been 
made in controlling the global burden of disease in LRIs in children 
under 5 years of age, with significant declines in LRI-related indicators 
in all SDI regions. However, the rate and magnitude of improvement 
varied across regions. From 1990 to 2021, all SDI regions experienced 
significant reductions in ASIR, ASMR, and ASDR. The high-middle 
SDI region saw the largest decrease in ASIR at 68.71%, while the high 
SDI region had the largest declines in ASMR and ASDR, at 61.24 and 
66.87%, respectively. Furthermore, the middle SDI region exhibited 
the fastest decline in ASIR, with an AAPC of −4.22% (95% CI: −4.37 
to −4.06). The high-middle SDI region showed the most rapid 
decreases in ASMR and ASDR, with AAPCs of −8.25% (95% CI: 
−8.69 to −7.81) and −8.23% (95% CI: −8.67 to −7.79), respectively 
(all p < 0.001) (see Table 1; Figure 1).

Incidence, mortality, and DALYs due to LRIs 
in children under 5 years old by GBD 
regions in 2021

In 2021, the burden of LRIs among children under 5 years old was 
notably concentrated in South Asia and Western Sub-Saharan Africa. 
South Asia accounted for over 40% of global LRIs cases, while Western 
Sub-Saharan Africa reported the highest mortality and DALYs. 
Substantial progress has been achieved since 1990, with many regions 
experiencing significant reductions in LRI-related indicators, 
particularly East Asia, which showed the fastest rates of decline across 
all metrics. South Asia had the highest incidence of LRIs among 
children under five in 2021, with 15,268,815 cases, representing over 
40% of the global total. The Western Sub-Saharan Africa region 
recorded the highest mortality and DALYs cases, with 171,460 deaths 
and 15,232,283 DALYs, accounting for over 34% of the global burden. 
Regionally, South Asia exhibited the highest ASIR at 9,627.63, while 
Oceania reported the highest ASMR and ASDR at 240.10 and 
1,469.06, respectively.

Between 1990 and 2021, Eastern Europe, East Asia, and Southeast 
Asia experienced the most significant reductions in ASIR, with 
declines exceeding 70%. The largest decreases in ASMR and ASDR 
occurred in Tropical Latin America, Western Europe, and the High-
Income Asia Pacific region. East Asia demonstrated the fastest 
reductions across all metrics, with AAPCs of −5.26% for ASIR, 
−9.44% for ASMR, and −9.43% for ASDR. All changes were 
statistically significant (p < 0.001) (see Table 1; Figure 1).

The burden of disease for LRIs in children under 5 years of age has 
progressed significantly across countries globally since 1990, but 
previous progress across countries has been markedly inconsistent. At 

https://doi.org/10.3389/fpubh.2025.1483179
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


W
an

g
 et al. 

10
.3

3
8

9
/fp

u
b

h
.2

0
2

5.14
8

3
179

Fro
n

tie
rs in

 P
u

b
lic H

e
alth

0
4

fro
n

tie
rsin

.o
rg

TABLE 1 Incidence, mortality, DALYs cases, ASRs, and AAPC values of LRIs under 5 years old in the global, SDI, and GBD regions in 2021.

Characteristic Incidence cases 
(95%UI)

ASIR per 
100,000 (95% 
UI)

Percentage 
change 
(95%CI)

ASIR 
AAPC1990-
2021 (%)

Mortality cases 
(95%UI)

ASMR per 
100,000 (95% 
UI)

Percentage 
change 
(95%CI)

ASMR 
AAPC1990-
2021 (%)

DALYs cases 
(95%UI)

ASDR per 
100,000 (95% 
UI)

Percentage 
change 
(95%CI)

ASDR 
AAPC1990-
2021 (%)

Overall 37,828,159 

(33,469,075.80 ~ 43,025,156.91)

5,747.46 

(5,085.16 ~ 6,537.07)

−54.02 

(−56.6 ~ −51.77)

−3.35 (−3.59 ~ −3.1) 501,909.5 

(407,756.99 ~ 605,404.87)

76.26 (61.95 ~ 91.98) −37.57 

(−43.77 ~ −30.73)

−4.53 (−4.65 ~ −4.4) 44,779,174.7 

(36,403,622.57 ~ 53,964,530.53)

6,803.57 

(5,531.02 ~ 8,199.16)

−39.49 

(−45.45 ~ −32.91)

−4.52 (−4.65 ~ −4.4)

SDI regions
Low SDI 14,041,192.62 

(12,489,335.76 ~ 15,871,801.5)

8,480.25 

(7,543 ~ 9,585.85)

−45.32 

(−48.34 ~ −42.43)

−3.13 (−3.33 ~ −2.94) 253,931.28 

(195,867.89 ~ 316,840.33)

153.36 (118.3 ~ 191.36) −34.76 

(−43.13 ~ −24.36)

−4.62 (−4.71 ~ −4.53) 22,599,130.82 

(17,451,962.5 ~ 28,163,166.91)

13,648.86 

(10,540.2 ~ 17,009.28)

−36.09 

(−44.19 ~ −26.2)

−4.61 (−4.7 ~ −4.53)

Low-middle SDI 14,068,565.58 

(12,385,268.8 ~ 16,009,193.9)

7,343.52 

(6,464.87 ~ 8,356.49)

−50.55 

(−53.98 ~ −47.24)

−3.45 (−3.7 ~ −3.2) 180,097.54 

(148,585.78 ~ 212,833.65)

94.01 (77.56 ~ 111.1) −29.89 

(−37.59 ~ −20.08)

−4.74 (−4.97 ~ −4.51) 16,103,471.78 

(13,288,822.85 ~ 19,026,544.06)

8,405.71 

(6,936.51 ~ 9,931.49)

−32.21 

(−39.9 ~ −22.83)

−4.73 (−4.97 ~ −4.5)

Middle SDI 6,852,145.15 

(5,991,915.65 ~ 7,893,180.74)

3,879.66 

(3,392.6 ~ 4,469.09)

−65.78 

(−67.99 ~ −63.42)

−4.22 (−4.37 ~ −4.06) 60,449.81 

(51,107.66 ~ 70,691.94)

34.23 (28.94 ~ 40.03) −47.93 

(−52.5 ~ −43.39)

−6.34 (−6.58 ~ −6.1) 5,408,861.23 

(4,573,006 ~ 6,324,269.6)

3,062.48 

(2,589.22 ~ 3,580.78)

−51.33 

(−55.71 ~ −46.94)

−6.34 (−6.58 ~ −6.09)

High-middle SDI 2,243,455.18 

(1,881,882.48 ~ 2,616,469.41)

3,202.88 

(2,686.68 ~ 3,735.42)

−68.71 

(−71.84 ~ −65.43)

−4.21 (−4.25 ~ −4.17) 6,005.37 

(5,108.39 ~ 7,043.91)

8.57 (7.29 ~ 10.06) −60.35 

(−67.44 ~ −54.63)

−8.25 (−8.69 ~ −7.81) 539,556.46 

(459,580.58 ~ 632,536.1)

770.3 (656.12 ~ 903.04) −65.78 

(−71.95 ~ −60.44)

−8.23 (−8.67 ~ −7.79)

High SDI 599,829.88 

(512,810.76 ~ 701,571.39)

1,113.97 

(952.36 ~ 1,302.92)

−62.44 

(−64.6 ~ −60.39)

−3.23 (−3.34 ~ −3.12) 997.78 

(892.94 ~ 1,080.26)

1.85 (1.66 ~ 2.01) −61.24 

(−66.65 ~ −57.39)

−6.14 (−6.65 ~ −5.62) 89,928.09 

(80,790.15 ~ 97,272.24)

167.01 (150.04 ~ 180.65) −66.87 

(−71.37 ~ −63.5)

−6.12 (−6.57 ~ −5.67)

GBD regions
Andean Latin America 244,929.76 

(201,588.39 ~ 290,370.74)

3,978.84 

(3,274.77 ~ 4,717.02)

−67.94 

(−72.34 ~ −63.26)

−5.1 (−5.6 ~ −4.6) 2,194.28 

(1,660.69 ~ 2,806.09)

35.65 (26.98 ~ 45.58) −53.44 

(−62.14 ~ −43.75)

−7.52 (−8.17 ~ −6.86) 196,075.73 

(148,554.98 ~ 250,440.97)

3,185.22 

(2,413.25 ~ 4,068.37)

−56.57 

(−64.93 ~ −47.7)

−7.51 (−8.15 ~ −6.86)

Australasia 8,809.33 (7,392.29 ~ 10,561.28) 485.08 (407.05 ~ 581.55) −66.83 

(−69.57 ~ −63.9)

−3.79 (−4.21 ~ −3.36) 19.39 (16.1 ~ 22.87) 1.07 (0.89 ~ 1.26) −56 (−62.28 ~ −49.66) −6.2 (−8.31 ~ −4.04) 1,747.77 (1,454.74 ~ 2,060.09) 96.24 (80.1 ~ 113.44) −64.03 (−69.5 ~ −58.5) −6.18 (−8.28 ~ −4.04)

Caribbean 154,022.46 

(134,855.55 ~ 174,276.35)

3,981.78 

(3,486.28 ~ 4,505.38)

−58.92 

(−61.57 ~ −56.24)

−3.2 (−3.29 ~ −3.11) 2,914.42 

(2,041.42 ~ 3,855.32)

75.34 (52.77 ~ 99.67) −35.35 

(−50.68 ~ −16.42)

−3.23 (−3.53 ~ −2.92) 260,572.6 

(182,508.57 ~ 344,860.12)

6,736.31 

(4,718.2 ~ 8,915.31)

−36.74 

(−51.62 ~ −18.52)

−3.22 (−3.53 ~ −2.92)

Central Asia 329,289.24 

(298,311.61 ~ 368,137.9)

3,293.87 

(2,984 ~ 3,682.47)

−66.02 

(−68.47 ~ −63.02)

−4.31 (−4.51 ~ −4.11) 9,894.41 

(8,195.06 ~ 12,018.37)

98.97 (81.97 ~ 120.22) −45.59 

(−51.54 ~ −40.3)

−4.91 (−5.19 ~ −4.63) 884,372.79 

(732,758.11 ~ 1,073,959.58)

8,846.36 

(7,329.76 ~ 10,742.79)

−48.28 

(−54.08 ~ −43.16)

−4.91 (−5.19 ~ −4.62)

Central Europe 116,216.69 

(102,088.39 ~ 132,680.49)

2,080.62 

(1,827.68 ~ 2,375.37)

−65.6 (−68.34 ~ −62.9) −3.45 (−3.75 ~ −3.16) 438.94 (371.72 ~ 508.27) 7.86 (6.65 ~ 9.1) −56.05 

(−60.87 ~ −51.87)

−6.99 (−7.95 ~ −6.01) 39,398.66 

(33,439.18 ~ 45,568.74)

705.35 (598.66 ~ 815.81) −63.74 

(−68.22 ~ −59.56)

−6.98 (−7.94 ~ −6.01)

Central Latin America 486,979.29 

(421,551.72 ~ 562,282.67)

2,423.94 

(2,098.27 ~ 2,798.76)

−68.18 

(−70.87 ~ −65.71)

−4.19 (−4.27 ~ −4.12) 5,154.89 

(3,931.92 ~ 6,696.57)

25.66 (19.57 ~ 33.33) −46.29 

(−50.21 ~ −42.81)

−5.64 (−6.22 ~ −5.04) 461,181.9 

(351,965.54 ~ 598,739.55)

2,295.53 

(1,751.91 ~ 2,980.23)

−49.33 

(−53.92 ~ −45.5)

−5.63 (−6.22 ~ −5.04)

Central Sub-Saharan 

Africa

1,184,774.35 

(1,020,922.91 ~ 1,374,232.90)

5,623.97 

(4,846.19 ~ 6,523.31)

−55.62 (−60 ~ −50.14) −3.71 (−3.77 ~ −3.65) 17,420.39 

(12,590.6 ~ 23,557.75)

82.69 (59.77 ~ 111.83) −50.11 

(−59.24 ~ −38.31)

−5.96 (−6.04 ~ −5.89) 1,553,341.09 

(1,124,046.8 ~ 2,097,465.67)

7,373.51 

(5,335.71 ~ 9,956.4)

−51.19 

(−60.12 ~ −39.97)

−5.96 (−6.03 ~ −5.88)

East Asia 2,488,692.62 

(2,075,859.19 ~ 2,940,477.91)

3,108 

(2,592.44 ~ 3,672.22)

−74.89 

(−78.24 ~ −71.65)

−5.26 (−5.35 ~ −5.17) 10,504.62 

(8,258.93 ~ 13,010.75)

13.12 (10.31 ~ 16.25) −53.78 

(−64.85 ~ −45.03)

−9.44 (−9.91 ~ −8.97) 942,677.7 

(741,333.49 ~ 1,166,294.06)

1,177.26 

(925.81 ~ 1,456.53)

−60.03 

(−69.7 ~ −52.21)

−9.43 (−9.89 ~ −8.95)

Eastern Europe 161,871.8 

(134,048.97 ~ 190,744.88)

1,599.69 

(1,324.74 ~ 1,885.03)

−75.04 

(−77.94 ~ −71.63)

−4.69 (−4.84 ~ −4.55) 707.13 (640.47 ~ 773.41) 6.99 (6.33 ~ 7.64) −54.58 

(−58.14 ~ −51.95)

−6.17 (−6.94 ~ −5.39) 63,460.95 

(57,517.78 ~ 69,356.02)

627.15 (568.42 ~ 685.41) −60.79 

(−64.25 ~ −57.86)

−6.17 (−6.94 ~ −5.39)

Eastern Sub-Saharan 

Africa

4,805,902.16 

(4,239,811.28 ~ 5,475,722.44)

7,533.19 

(6,645.85 ~ 8,583.12)

−46.93 

(−50.56 ~ −43.24)

−3.5 (−3.83 ~ −3.17) 64,447.17 

(49,146.21 ~ 80,239.54)

101.02 (77.04 ~ 125.77) −42.07 

(−50.32 ~ −31.34)

−5.57 (−5.86 ~ −5.28) 5,742,577.21 

(4,385,989.28 ~ 7,144,385.48)

9,001.42 

(6,874.98 ~ 11,198.73)

−43.42 

(−51.55 ~ −33.29)

−5.56 (−5.85 ~ −5.28)

High-income Asia 

Pacific

103,039.15 

(86,211.82 ~ 122,375.67)

1,596.97 

(1,336.17 ~ 1,896.66)

−65.54 

(−68.74 ~ −62.3)

−3.39 (−3.44 ~ −3.34) 67.45 (60.67 ~ 73.82) 1.05 (0.94 ~ 1.14) −59.6 (−63.5 ~ −55.6) −7 (−7.8 ~ −6.18) 6,156.09 (5,559.46 ~ 6,706.37) 95.41 (86.16 ~ 103.94) −71.26 

(−74.94 ~ −67.83)

−6.95 (−7.74 ~ −6.15)

High-income North 

America

189,499.05 

(164,582.91 ~ 217,309.14)

924.45 

(802.9 ~ 1,060.12)

−50.58 

(−54.2 ~ −46.31)

−2.42 (−2.68 ~ −2.16) 334.14 (291.55 ~ 381.09) 1.63 (1.42 ~ 1.86) −51.39 

(−56.89 ~ −46.5)

−4.28 (−5.79 ~ −2.74) 30,080.14 

(26,260.12 ~ 34,262.58)

146.74 (128.11 ~ 167.15) −55.75 

(−61.25 ~ −50.95)

−4.27 (−5.77 ~ −2.75)

North Africa and 

Middle East

1,665,999.23 

(1,427,458.96 ~ 1,957,640.69)

2,725.02 

(2,334.85 ~ 3,202.05)

−65.21 

(−68.22 ~ −61.8)

−4.4 (−4.55 ~ −4.26) 20,252.43 

(16,721.27 ~ 24,498.27)

33.13 (27.35 ~ 40.07) −46.95 

(−56.73 ~ −37.97)

−6.53 (−6.68 ~ −6.39) 1,810,545.41 

(1,495,519.9 ~ 2,189,375.71)

2,961.45 

(2,446.17 ~ 3,581.09)

−50.19 

(−59.39 ~ −41.85)

−6.53 (−6.68 ~ −6.38)

Oceania 156,279.47 

(136,471.39 ~ 178,495.67)

8,078.75 

(7,054.79 ~ 9,227.2)

−46.77 

(−52.43 ~ −38.51)

−2.43 (−2.53 ~ −2.33) 4,644.69 

(3,611.13 ~ 5,961.47)

240.1 (186.67 ~ 308.17) −22.25 

(−35.42 ~ −6.74)

−2.04 (−2.39 ~ −1.68) 415,308.48 

(322,939.91 ~ 533,148.6)

21,469.06 

(16,694.14 ~ 27,560.72)

−23.12 

(−36.01 ~ −8.01)

−2.04 (−2.39 ~ −1.68)

South Asia 15,268,815.47 

(13,377,569.26 ~ 17,657,690.79)

9,627.63 

(8,435.12 ~ 11,133.91)

−38.94 

(−44.09 ~ −33.68)

−3.01 (−3.11 ~ −2.9) 154,298.94 

(125,520.06 ~ 189,368.07)

97.29 (79.15 ~ 119.4) −21.39 

(−32.99 ~ −6.44)

−4.6 (−4.93 ~ −4.27) 13,817,654.63 

(11,246,228.25 ~ 16,948,155.41)

8,712.61 

(7,091.22 ~ 10,686.52)

−24.7 

(−36.12 ~ −10.92)

−4.54 (−4.87 ~ −4.21)

Southeast Asia 2,235,455.34 

(1,959,402.07 ~ 2,549,064.94)

3,971.7 

(3,481.24 ~ 4,528.89)

−70.12 

(−71.72 ~ −68.24)

−4.45 (−4.64 ~ −4.26) 26,524.66 

(21,513.98 ~ 32,717.15)

47.13 (38.22 ~ 58.13) −41.23 

(−49.72 ~ −32.22)

−5.59 (−5.71 ~ −5.47) 2,370,653.38 

(1,922,730.71 ~ 2,922,979.46)

4,211.91 

(3,416.09 ~ 5,193.22)

−44 (−52.28 ~ −35.4) −5.58 (−5.7 ~ −5.46)

Southern Latin 

America

84,900.72 

(70,598.05 ~ 102,300.64)

1,984.37 

(1,650.08 ~ 2,391.06)

−57.1 

(−61.65 ~ −52.12)

−3.33 (−3.84 ~ −2.82) 252.34 (205.79 ~ 306.66) 5.9 (4.81 ~ 7.17) −54.2 

(−59.15 ~ −49.71)

−6.61 

(−10.14 ~ −2.93)

22,641.09 (18,475.3 ~ 27,520.4) 529.19 (431.82 ~ 643.23) −59.14 

(−63.21 ~ −55.06)

−6.61 (−10.14 ~ −2.93)

Southern Sub-Saharan 

Africa

550,672.97 

(485,069.56 ~ 633,250.15)

6,858.45 

(6,041.38 ~ 7,886.93)

−36.38 

(−40.92 ~ −31.14)

−2.53 (−2.85 ~ −2.2) 8,279.06 

(6,704.42 ~ 9,964.55)

103.11 (83.5 ~ 124.11) −28.37 

(−38.36 ~ −18.49)

−3.11 (−3.52 ~ −2.7) 739,861.2 

(599,622.08 ~ 889,845.94)

9,214.73 

(7,468.1 ~ 11,082.74)

−29.53 

(−39.39 ~ −19.93)

−3.13 (−3.53 ~ −2.74)

Tropical Latin America 799,029.38 

(678,742.04 ~ 941,244.21)

4,643.47 

(3,944.43 ~ 5,469.93)

−61.79 

(−65.55 ~ −57.31)

−3.53 (−4.04 ~ −3.02) 1,918.34 

(1,441.6 ~ 2,429.06)

11.15 (8.38 ~ 14.12) −69.54 

(−73.95 ~ −64.35)

−8.24 (−8.69 ~ −7.79) 172,164.94 

(129,592.67 ~ 217,879.11)

1,000.52 

(753.11 ~ 1,266.18)

−72.34 

(−76.84 ~ −67.54)

−8.23 (−8.68 ~ −7.78)

Western Europe 123,687.6 

(102,887.58 ~ 149,171.23)

582.63 (484.65 ~ 702.67) −55.57 

(−58.51 ~ −52.6)

−2.57 (−2.69 ~ −2.44) 181.95 (162.17 ~ 200.25) 0.86 (0.76 ~ 0.94) −60.4 

(−63.03 ~ −57.82)

−6.12 (−7.56 ~ −4.65) 16,420.25 

(14,635.2 ~ 18,029.15)

77.35 (68.94 ~ 84.93) −67.04 

(−69.64 ~ −64.4)

−6.09 (−7.54 ~ −4.63)

Western Sub-Saharan 

Africa

6,669,292.92 

(5,933,232.5 ~ 7,462,945.63)

8,340.98 

(7,420.43 ~ 9,333.57)

−35.74 

(−39.76 ~ −31.49)

−2.67 (−2.87 ~ −2.48) 171,459.88 

(123,879.2 ~ 223,431.66)

214.44 

(154.93 ~ 279.44)

−28.72 

(−41.11 ~ −15.78)

−3.95 (−4.16 ~ −3.73) 15,232,282.64 

(11,037,624.11 ~ 19,824,814.1)

19,050.33 

(13,804.26 ~ 24,794)

−29.82 

(−41.96 ~ −17.32)

−3.94 (−4.16 ~ −3.73)

DALYs, Disability-Adjusted Life Years; ASRs, Age-Standardized Rates; AAPC, Average Annual Percentage Change; LRIs, Lower Respiratory Infections; SDI, Socio-Economic Index; GBD, Global Burden of Disease.
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the national level, India accounted for over 20% of the global burden 
of LRIs among children under five, leading in incidence, mortality, 
and DALYs, with 10,384,348 cases, 1,026 deaths, and 9,396,066 
DALYs, representing more than 20% of the global total in 2021. 
Pakistan recorded the highest ASIR, while Chad exhibited the highest 
ASMR and ASDR. Between 1990 and 2021, the largest relative declines 
in ASIR, ASDR, and ASMR occurred in Bulgaria, Chile, and the 
Republic of Korea, with reductions exceeding 80%. Turkey exhibited 
the fastest decrease in ASIR, with an AAPC of −5.94%. The Islamic 
Republic of Iran demonstrated the most rapid reductions in ASMR 
and ASDR, with AAPCs of −10.82% and −10.81%, respectively (see 
Supplementary Table S1; Figure 2).

Age group trends in incidence, mortality, 
and DALYs due to LRIs in children under 
5 years old (1990–2021)

From 1990 to 2021, the global burden of LRIs in children under 
1 year of age and 2–4 years of age has declined significantly, with 
children in the under 1 year age group consistently experiencing the 
highest burden of disease in terms of the rates of incidence, mortality, 
and DALYs. These trends are reflected in all five SDI regions, with 
specific patterns varying over time. Globally, between 1990 and 2021, 
incidence, mortality, and DALYs due to LRIs declined by 48 and 
55.62%, 40.48 and 31.07%, and 40.9 and 39.84%, respectively, for 

FIGURE 1

Global and regional changes trends in ASIR (A) and ASMR (B) of LRIs in children under 5: AAPC by sex, 1990–2019. ASIR, Age-Standardized Incidence 
Rate; ASMR, Age-Standardized Mortality Rate; AAPC, Average Annual Percentage Change; LRIs, Lower Respiratory Infections.
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FIGURE 2

Global distribution and temporal changes in LRIs: ASIR (A), ASDR (B), and AAPC (C,D) in children under 5, 1990–2021. LRIs, Lower Respiratory 
Infections; ASIR, Age-Standardized Incidence Rate; ASMR, Age-Standardized Mortality Rate; AAPC, Average Annual Percentage Change.
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children under 1 and 2–4 years of age. In 2021, the burden of LRIs for 
the under-1 age group remained the highest, with a incidence rate of 
10096.63 (95% UI: 9088.13–11303.85), a mortality rate of 282.67 (95% 
UI: 237.82–331.97), and DALYs of 25,385.43 (95% UI: 
21,363.14–29,806.57).

Across the five SDI regions, trends in the burden of LRIs for 
children under 1, 2–4, and under 5 years of age mirrored global 
patterns. However, the middle and high SDI regions showed a unique 
variation: prior to 2014, the highest prevalence was among children 
under 1 year of age, but beginning in 2014, the prevalence among 
children 2–4 years of age exceeded the combined prevalence among 
children under 1 year of age and children under 5 years of age (see 
Figure 3; Supplementary Figures S1, S2).

In 21 GBD regions, gender differences in LRIs in children under 
1 year, 2–4 years, and under 5 years of age were striking. In all 3 age 
groups, males generally had higher incidence rate than females, with 
notable exceptions in South Asia and sub-Saharan Africa, where 
females had higher mortality and DALYs rates. For children under 
1 year old, the global incidence rate of LRIs was higher in males at 
10,688.80 compared to females at 9,463.63 per 100,000. Similar 
patterns were observed in the 2–4 years age group, with males 
recording an incidence rate of 4,737.85 compared to females at 
4,380.43 per 100,000. Among children under 5 years old, the incidence 
rate for males was 6,001.45, consistently higher than that of females. 
Gender disparities extended to mortality and DALYs rates for children 
under 1 year old, where males generally had higher rates globally. 
However, in South Asia and Southern Sub-Saharan Africa, females 
experienced higher mortality and DALYs rates than males (see 
Figure 4; see Supplementary Figures S3, S4).

Relationship of ASRs with SDI

The burden of LRIs in children under 5 years of age was 
significantly and linearly related to the SDI both globally and in the 21 
GBD regions. The ASIR, ASMR, and ASDR of LRIs in children under 
5 years of age tended to increase significantly with decreasing 
SDI. South Asia and Sub-Saharan Africa had the highest burden, 
while Australasia and Western Europe had the lowest. This association 
highlights the disparity between the disease burden of LRIs and 
socioeconomic development in children under 5 years of age.

Globally, a significant negative correlation was observed between 
SDI and ASIR (ρ = −0.8703, p < 0.001). South Asia recorded the highest 
ASIR at 24,450.88 per 100,000, with an SDI of 0.320, while the lowest 
ASIR was in Australasia at 485.08 per 100,000, where the SDI was 0.846. 
In 2021, six regions exceeded the global average ASIR, including South 
Asia, Western Sub-Saharan Africa, Oceania, Eastern Sub-Saharan 
Africa, and Southern Sub-Saharan Africa (see Figure 5). Similarly, linear 
associations were evident between SDI and both ASMR and ASDR 
globally and across regions (see Supplementary Figures S5, S6). Western 
Sub-Saharan Africa had the highest ASMR (737.36 per 100,000) and 
ASDR (65,396.63 per 100,000) with an SDI of 0.274. In contrast, the 
lowest ASMR (0.86 per 100,000) and ASDR (77.35 per 100,000) were 
observed in Western Europe, where the SDI was 0.849. Seven regions 
exceeded the global averages for ASMR and ASDR in 2021, including 
Central Sub-Saharan Africa, South Asia, Central Asia, Eastern 
Sub-Saharan Africa, Southern Sub-Saharan Africa, Western 
Sub-Saharan Africa, and Oceania (see Supplementary Figures S7, S8).

At the national level, a clear relationship was observed between 
the SDI and the burden of LRIs in 2021. Higher SDI values were 

FIGURE 3

Global and regional incidence of LRIs in 3 age groups in 2021: insights from global and five SDI regions. LRIs, Lower Respiratory Infections; SDI, Socio-
Economic Index.
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strongly associated with lower ASIR, ASMR, and ASDR. This negative 
correlation highlights significant disparities across countries, with 
lower-SDI regions facing a disproportionately higher burden of LRIs. 
A strong negative correlation was identified between ASIR and SDI 
values (ρ = −0.8515, p < 0.001), as illustrated in Figure 6. Among the 
204 countries and territories analyzed, Pakistan, with an SDI of 0.504, 
recorded the highest ASIR at 12,185.93 per 100,000, while the 
Netherlands, with an SDI of 0.888, reported the lowest ASIR at 413.01 
per 100,000. Similarly, ASMR and ASDR were significantly negatively 
correlated with SDI. Chad, with an SDI of 0.240, exhibited the highest 
ASMR at 358.31 per 100,000 and the highest ASDR at 31,793.76 per 
100,000. Conversely, Andorra, with an SDI of 0.869, recorded the 
lowest ASMR at 0.338 per 100,000 and the lowest ASDR at 30.66 
per 100,000. These relationships are further detailed in 
Supplementary Figures S7, S8.

Frontier analysis

A frontier analysis was conducted to explore the relationship 
between the ASDR for LRIs and the SDI in children under 5 years of 
age across countries from 1990 to 2021. This method identifies best-
performing nations based on their SDI, highlighting disparities that 
can be addressed to reduce the burden of LRIs. While most countries 
show minimal variation in effective differences relative to their SDI, 
significant gaps persist in specific nations, underscoring opportunities 
for targeted interventions. The frontier lines derived from the analysis 
represent countries and regions with the lowest DALYs rates, 
indicating optimal performance relative to their SDIs (see Figure 7) 
Effective differences, defined as the gap between actual DALYs and 
potentially achievable DALYs, reveal disparities that could 

be minimized with appropriate social and population resources (see 
Figure 8).

In general, these effective differences are relatively small for a 
given SDI and exhibit limited variation as SDI increases. However, the 
10 countries with the largest effective differences—ranging from 
12,876.41 to 21,087.19—are Tokelau, Nigeria, Niue, 
Papua New Guinea, Lesotho, Tajikistan, the Central African Republic, 
Chad, South Sudan, and Guinea. These countries have significantly 
higher DALY rates for LRIs compared to peers with similar SDI levels, 
highlighting the need for focused efforts to improve LRIs outcomes. 
Conversely, the 10 countries with the lowest DALYs rates—ranging 
from 30.66 to 57.27—are Andorra, Cyprus, San  Marino, Norway, 
Austria, Israel, Sweden, Germany, Spain, and Switzerland. These 
nations demonstrate superior performance in managing LRI-related 
health burdens, serving as benchmarks for others to emulate.

This figure provides a comprehensive frontier analysis of the SDI 
and ASDR for LRIs in children under five in 2021. The analysis 
identifies notable disparities across countries and regions, highlighting 
the largest gaps in effective differences and trends over time. Key 
findings emphasize the relationship between socio-economic 
development and LRIs burden, with color-coded markers illustrating 
trends and rankings. The color-coding further illustrates trends over 
time: a red point signifies an increase in the ASDR for LRIs in children 
under five from 1990 to 2021, whereas a blue point indicates a decrease 
over the same period. This visualization underscores the varied 
trajectories of LRIs burden in relation to socio-economic development. 
The analysis identifies the 15 countries with the highest effective 
differences in DALYs for LRIs, ranked from the smallest to the largest 
gap. These countries, such as Tokelau, Niue, Nigeria, Turkmenistan, 
and Azerbaijan, are marked in black on the figure. Countries with low 
SDIs (below 0.5) but minimal effective differences, such as Gambia, 

FIGURE 4

Age-specific and gender-based incidence rates of LRIs globally and regionally in children under 5 in 2021. LRIs, Lower Respiratory Infections.
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Liberia, Burundi, Mali, and Somalia, are indicated in blue. In contrast, 
high-SDI countries (above 0.85) with relatively high effective 
differences, including Monaco, the United States, Singapore, Taiwan 
(province of China), and Lithuania, are marked in red.

Discussion

This study provides a comprehensive evaluation of the global 
burden and trends of LRIs in children under 5 years of age. The 
findings reveal a significant global decline in the burden of LRIs in 
this age group from 1990 to 2021, including a 54.02% reduction in 
incidence, a 37.57% reduction in mortality, and a 39.49% reduction 
in DALYs. However, the data also reveal notable gender disparities 
in the burden of LRIs, both globally and across the 21 GBD regions. 
Specifically, males under five consistently exhibit a higher incidence 
of LRIs compared to females. Despite the overall decline, the pace 
of progress in reducing LRI-related mortality has varied significantly 
across countries. Over the past 32 years, mortality and DALY rates 
due to LRIs in children under five have increased in certain 
countries, such as Niue, Tokelau, and Dominica (36). LRIs remain 
the leading infectious cause of death in this age group. In contrast, 
countries like Iran, Turkey, Saudi Arabia, and North Macedonia 
have experienced the largest relative decreases in the disease burden 

of LRIs, with the AAPC in both mortality and DALYs 
exceeding 10%.

The factors influencing changes in LRIs mortality rates vary 
significantly across countries and regions. Children under 5 years of 
age are widely regarded as a critical demographic for assessing the 
overall health and well-being of a population (37). Policymakers have 
long considered the mortality rate of children under five to be a key 
indicator of global health progress, with the reduction of child 
mortality as a central objective for global investment in children’s 
health. This study emphasizes the need for continued efforts to address 
disparities in the burden of LRIs and to improve global health 
outcomes for children (36). The risk of morbidity and mortality is 
significantly higher in children under five compared to other age 
groups. This age group is particularly susceptible to air pollutants due 
to the unique characteristics of their respiratory and immune systems 
(38). Elevated concentrations of various air pollutants, including 
indoor pollutants, are strongly associated with increased morbidity 
and mortality from LRIs (39).

To effectively mitigate the health impact of LRIs, strategies must 
be tailored to the unique policy environments of each country. The 
primary factors contributing to the decline in LRIs burden among 
children under five are likely associated with targeted policy 
interventions. For instance, Iran’s first national family planning 
program, launched in 1967, incorporated comprehensive maternal and 

FIGURE 5

Global and regional correlations between ASIR of LRIs and SDI in children under 5, 1990–2021. ASIR, Age-Standardized Incidence Rate; LRIs, Lower 
Respiratory Infections; SDI, Socio-Economic Index.
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FIGURE 6

Country-level correlations between ASIR of LRIs and SDI in children under 5 in 2021. ASIR, Age-Standardized Incidence Rate; LRIs, Lower Respiratory 
Infections; SDI, Socio-Demographic Index.

FIGURE 7

Frontier analysis of SDI and ASDR trends in LRIs in children under 5, 1990–2021. SDI, Socio-Demographic Index; ASDR, Age-Standardized DALYs Rate; 
LRIs, Lower Respiratory Infections.
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child health care initiatives aimed at reducing maternal mortality, 
decreasing under-five mortality, preventing malnutrition, and fostering 
an environment conducive to child growth and development. Although 
the program faced temporary disruptions, it ultimately achieved 
nationwide coverage, benefiting more than 75% of the population. This 
initiative is widely regarded as one of the most successful globally, 
significantly improving the health outcomes of women and children (40, 
41). Further strengthening these efforts, the “2021 Family Law” in Iran 
underscores the importance of protecting the health and rights of 
pregnant women and children. Along with structural economic changes 
and social reforms, compulsory education was established, and new 
family laws were introduced to enhance the legal status of women. These 
developments have led to improved health and living conditions, 
broader vaccine coverage, increased access to clean water, enhanced 
education for women, and ongoing improvements in healthcare 
systems. In rural areas, improvements in basic infrastructure and 
essential health services have resulted in rapid reductions in the under-
five mortality rate (42). These successes underscore the critical role of 
well-designed and context-specific policies in reducing the LRIs burden 
and improving child health outcomes globally.

Turkey, one of the largest countries in both Europe and the Middle 
East, launched the Health Transformation Program (HTP) in 2005. 
The HTP rapidly expanded health insurance coverage, improved 
access to maternal and child health services, reduced health disparities 
related to poverty and socioeconomic inequality, advanced child 
healthcare and immunization, and significantly decreased mortality 
rates among children under five, infants, and newborns from 
infectious diseases, including LRIs (43–45).

LRIs are classified as poverty-related diseases (46). The Sustainable 
Development Goals (SDGs) emphasize the potential for preventing 
and eradicating LRIs in children under the age of five. Over 90% of 
countries possess the capacity to achieve these goals by optimizing 

their existing health systems (47). Since 1990, the global health 
community has made significant strides in reducing under-five 
mortality through interventions such as expanded immunization, 
improved nutrition and access to micronutrients, skilled birth 
attendants during delivery and postnatal care, and enhanced access to 
safe water and sanitation. Despite these advancements, a considerable 
number of children continue to die, and the burden of pediatric LRIs 
remains disproportionately distributed across geographic regions and 
income levels (36).

The relationship between the SDI and health outcomes of LRIs in 
children under five is strongly inverse, highlighting the beneficial 
effect of a higher SDI in reducing the disease burden within this age 
group. This phenomenon can be attributed to factors such as limited 
health resources, underdeveloped health infrastructure, low education 
levels, and high poverty rates in low-SDI countries (48). Despite 
improvements in global health, low-SDI countries continue to bear a 
disproportionate health burden (49). Through investments in 
resources, technological advancements, and effective health 
management strategies, high-SDI countries have significantly reduced 
disease burden, providing valuable models for others to emulate (50, 
51). International health cooperation and support have been pivotal 
in addressing global health inequities. Organizations such as the 
WHO, GAVI, and the Global Fund have assisted low-SDI countries in 
reducing morbidity and mortality from infectious diseases, 
progressively narrowing global health disparities by providing 
vaccines, medicines, and technical support (52, 53). However, despite 
these advances, deeply ingrained structural challenges persist. 
Strengthening both international cooperation and local efforts, 
particularly in improving health systems in low-SDI countries, is 
essential. This includes enhancing health infrastructure, expanding 
vaccine coverage, and strengthening health worker training. Through 
sustained global cooperation, health outcomes in low-SDI countries 

FIGURE 8

Frontier analysis of SDI and ASDR of LRIs in children under 5 in 2021. SDI, Socio-Demographic Index; ASDR, Age-Standardized DALYs Rate; LRIs, Lower 
Respiratory Infections.
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can be markedly improved. Such progress is crucial for achieving the 
SDGs, particularly the goal of good health and well-being (54).

Frontier analysis using SDI and DALYs in children under five 
provides valuable insights into the global burden of LRIs from 1990 to 
2021. Generally, as SDI increases, DALYs for children under five tend 
to decrease. However, a closer examination of the 2021 data reveals 
nuanced variations in DALYs across different countries. Notably, 
countries such as Turkmenistan, Azerbaijan, and Uzbekistan have made 
significant strides in reducing the burden of LRIs in children under five, 
bringing them closer to the optimal frontier. In contrast, countries such 
as Somalia, Mali, and Burundi, which face considerable social and 
political challenges, exhibit better-than-expected DALYs for LRIs in 
children under five, relative to their lower SDIs, approaching the optimal 
benchmark of the frontier. This variation highlights the diversity of 
healthcare outcomes across regions (55). While SDI is a critical factor 
influencing the burden of LRIs in children, other elements—such as 
environmental conditions, genetics, and the quality of healthcare 
systems—also play significant roles in shaping these outcomes (32).

Despite our efforts to provide a comprehensive analysis, the 
accuracy and consistency of the data across regions may vary, potentially 
introducing biases or inaccuracies into the results. Furthermore, as our 
study spans from 1990 to 2021, it may be  influenced by evolving 
diagnostic standards and advancements in medical technology. 
Consequently, while our study offers valuable insights into global trends 
regarding the disease burden of LRIs in children under five, it is essential 
to interpret the findings with caution, acknowledging the potential 
biases that may arise in a broader context.

Conclusion

The global burden of LRIs in children under 5 years old has 
declined significantly from 1990 to 2021. Additionally, there is a 
strong negative correlation between the burden of LRIs and the 
SDI at the national level. Given the high disease burden of LRIs in 
this age group, it is essential to address the risk factors associated 
with LRIs, enhance community health education, and improve 
vaccine coverage for vaccine-preventable diseases. These measures 
are crucial for further reducing the disease burden linked to LRIs 
in young children.
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