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Global burden and predicted trends of diarrheal disease in children under five from 1990

to 2021
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Abstract: Objective To conduct a comprehensive analysis of the global burden of diarrheal diseases in children under 5 years.
Methods The data from the Global Burden of Disease (GBD) 2021 were analyzed to assess the incidence, mortality rates and
average annual percentage changes (AAPC) of diarrhea among children under 5 years across nations(regions) and GBD
regions from 1990 to 2021 using joinpoint regression. Smoothed curve regression was employed to explore the correlation of
diarrheal disease burden with the Social Development Index (SDI) and for analyzing the burden of specific diarrheal
pathogens. The Slope and Concentration Indices quantified disparities across SDI levels and the future trend were projected by
the Bayesian Age-Period-Cohort (BAPC) model. Results From 1990 to 2021, the global incidence (AAPC: -3.65) and mortality
(AAPC: -5.15) rates of diarrheal diseases declined steadily in children below 5 years. In 2021, neonates (<28 days) were the
most affected, with an incidence rate of 138 058.74 per 100 000 and a mortality rate of 251.14 per 100 000. Rotavirus was the
leading cause of death. The incidence rate of diarrheal diseases was negatively correlated with SDI, and the Concentration
Index decreased from -0.293 in 1990 to -0.314 in 2021 without a significant gender difference. The BAPC model suggested that
the global incidence rate of diarrheal diseases tends to decrease progressively from 2022 to 2050, with a predicted rate of 23
448.04 per 100 000 for male and 29 932.59 per 100 000 for female by 2050. Conclusions Despite the reduction in the global
burden of diarrhea and the projection of its further decline, diarrheal diseases disproportionately affect neonates and low-SDI
regions. While rotavirus remains the primary etiological agent worldwide, the predominant pathogens vary by nations
(regions) and GBD regions, and strengthened interventions targeting vulnerable populations are needed.
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Fig.1 Joinpoint regression analysis of the incidence (A) and mortality (B) rates of diarrheal diseases in Children under 5 globally
from 1990 to 2021. AAPC: Average annual percentage change. The joinpoints are labeled, and the corresponding annual percent
change (APC) and P values (P<0.001 indicates a statistically significant difference) are shown in the legend. Different colors
represent different segments.
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Fig.2 Gender and age-specific burden of diarrheal diseases among children under 5 years globally in 1990-2021
(per 100 000). A, B: Bar charts showing the incidence rate and mortality rate of diarrheal diseases among
children under 5 years stratified by sex from 1990 to 2021. C, D: Line charts showing the incidence rate and
mortality rate of diarrheal diseases among children under 5 years stratified by age, from 1990 to 2021.
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Tab.1 Incidence, mortality rate and average annual percentage changes (AAPC) of Diarrhoeal Disease in Children under five in 1990

and 2021
Incidence Mortality
Area Incidence rate, 1990 Incidence rate, 2021 AAPC, 1990-2021 Mortality rate, 1990 Mortality rate, 2021 AAPC, 1990-2021
(per 100 000) (per 100 00) (95% CI), P (per 100 000) (per 100 00) (95% CI), P
Global 190 036.82 59677.27 -3.65 263.95 51.72 -5.15
(161363.74-220431.93) (49246.22-70442.60 )  (-3.69--3.61), P<0.001  (207.34-311.47) (38.13-70.54) (-5.29--5.01), P<0.001
GBD regions

Central Europe
Oceania

East Asia
Central Asia

Southeast Asia

Eastern
Europe

Southern
Latin America

Western Europe

Australasia
High-income
North America

Central Latin
America

High-income
Asia pacific

Caribbean

Tropical
Latin America

North Africa
And Middle East

Andean Latin
America

Central Sub-
Saharan Africa

South Asia

Eastern Sub-
Saharan Africa

Southern Sub-
Saharan Africa

Western sub-
Saharan africa

Nations (regions)
Andorra
Canada
Chad
France

Netherlands

Papua
New Guinea

Sweden

Taiwan,
Province of China

Tokelau

United States
of America

22642.57
(17810.52-28 421.52)

187 663.02
(163 852.48-213 114.60)

104 006.49
(82013.64-131205.90)

142 467.3
(125 857.87-160 469.60)

248 000.47
(212 584.70-281 001.18)

116 613.14
(92 852.91-145267.41)

112707.95
(92207.81-136 429.58)

84540.02
(59 028.64-11 4761.61)

32930.58
(23 674.52-43 552.97)

34799.33
(23 898.70-48 779.02)

140 741.46
(115 360.75-168 584.09)

67374.35
(47 636.16-91 142.81)

1194153
(101792.96-137 246.08)

168221.48
(134 782.5-204 546.76)

207714.03
(180 852.51-235 848.08)

298341.14
(274 448.62-320 996.02)

284 869.93
(251 509.28-313 343.25)

24533991
(201 409.66-288 523.89)

287099.13
(253 703.12-315 663.24)

276250.38
(238 171.64-307 177.75)

302392.13
(270 575.89-329 265.97)

97552.25
(68 526.03-133 409.29)

46962.03
(32736.15-64 041.77)

305257.24
(264 310.89-340 815.00)

95935.04
(67806.52-127 532.89)

108 779.32
(74 897.84-150 947.26)

218 963.69
(192 077.81-247 609.67)

53 884.31
(37307.85-73 561.93)

75619.51
(57 886.66-97 674.74)

81074.77
(65192.15-100403.10)

33619.05
(22953.74-47 512.04)

9106.30
(7028.84-11 423.00)

128 542.07
(107 231.53-150 654.43)

14742.90
(10 627.07-19 781.98)

18 127.20
(14904.27-21 608.89)

111478.52
(91322.47-135033.26)

26 040.53
(19294.85-33 600.13)

24808.92
(18397.9-32314.12)

73024.26
(52433.84-96 060.38)

11196.47
(8319.09-14 674.7)

3133.27
(2437.97-3988.19)

32084.93
(25506.19~39269.03)

84612.72
(60477.92-112172.01)

38349.64
(31329.31-46 183.04)

33785.22
(25772.38-42 958.65)

52841.49
(43771.71-62 111)

30127.88
(23 855.9-37 159.56)

78226.09
(65314.85-91 468.22)

67464.36
(55874.31-80 365.75)

65906.62
(56 815.54-75948.77)

58170.76
(48 238.4-69 008.00)

87324.99
(73 552.1-102 170.00)

97947.07
(66 646.84-136 040.60)
10708.97
(7654.01-14 186.85)
116 141.55
(99 066.22-134 503.36)
132411.89
(91222.48-179 197.04)
166 208.95
(111 931.07-220 944.04)
142204.85
(118 607.08-167 193.17)
50429.33
(35928.30-67 500.53)
140255.15
(98 579.60-188 169.55)
48840.43
(37,161.45- 63,685.40)
2358.69

(1861.23-2998.47)

-2.89
(-3.08--2.69), P<0.001
-1.23
(-1.29--1.17), P<0.001
-6.10

(-6.22--5.99), P<0.001

-6.43
(-6.55--6.3), P<0.001

-2.52
(-2.71--2.34), P<0.001

-4.61
(-4.93--4.3), P<0.001

-4.76
(-4.96--4.55), P<0.001

-0.48
(-0.58--0.38), P<0.001

-3.44
(-4.11--2.76), P<0.001

-7.47
(-7.86--7.08), P<0.001

-4.64
(-4.85--4.42), P<0.001

0.75
(0.61-0.89), P<0.001

-3.64
(-3.83--3.45), P<0.001

-5.04
(-5.27--4.81), P<0.001

-4.31
(-4.45--4.17), P<0.001

-7.22
(-7.80--6.63), P<0.001

-4.09
(-4.22--3.96), P<0.001

-4.03
(-4.15--3.9), P<0.001

-4.65
(-4.77--4.53), P<0.001

4,90
(-4.99- -4.8), P<0.001

3.93
(-3.99--3.88), P<0.001

0.00
(-0.10-0.10), P=0.98

-4.60
(-4.81--4.40), P<0.001

-3.04
(-3.15--2.94), P<0.001

1.01
(0.83-1.20), P<0.001

(1.08-1.61), P<0.001

-1.40
(-1.48--1.33), P<0.001

-0.20
(-0.28--0.12), P<0.001

2.04
(1.76-2.33), P<0.001

-1.62
(-1.72--1.52), P<0.001

-8.17
(-8.68--7.67), P<0.001

8.46
(7.53-9.51)

191.18
(133.17-280.73)

62.68
(46.37-79.32)

143.58
(129.43-160.05)

292.38
(182-379.88)

8.04
(7.62-8.48)

16.71
(15.34-18.2)

0.73
(0.67-0.80)

0.89
(0.78-1.01)

1.03
(0.97-1.10)

172.73
(159.29-188.61)

1.69
(1.41-2.12)

303.39
(248.83-360.48)

184.75
(157.68-212.97)

176.43
(132.04-226.29)

149.07
(124.59-178.45)

583.73
(406.19- 736.64)

390.69
(311.63-469.33)

566.66
(357.13-776.49)

316.37
(273.2-364.18)

810.81
(566.21-1007.66)

0.16
(0.09-0.25)

0.37
(0.31-0.43)
1211.62
(781.92-1660.14)

142
(1.24-1.62)

0.47
(0.41-0.53)

253.96
(170.92-377.39)

0.06
(0.055-0.070)

3.69
(3.27-4.10)

49.77
(26.42-86.83)

1.1
(1.03-1.17)

331
(2.7-3.9)

91.31
(55.02-142.36)

0.99
(0.75-1.36)

17.17
(12.41-23.07)

24.34
(18.27-31.88)

0.90
(0.80-1.00)

2.07
(1.63-2.64)

0.63
(0.53-0.73)

0.33
(0.27-0.41)

0.57
(0.49-0.65)

14.45
(10.5-19.28)

0.66
(0.58-0.75)

102.75
(68.75-142.91)

435
(3.4-5.5)

18.77
(13.22-28.93)

9.16
(5.99-12.99)

63.63
(39.01-98.54)

3541
(21.76-51.39)

104.5
(72.49-151.08)

100.89
(74.14-134.47)

197.35
(132.88-287.8)

0.04
(0.02-0.06)

0.93
(0.72-1.16)

560.45
(373.77-952.59)

0.82
(0.65-1.00)

0.68
(0.55-0.81)

107.35
(63.94-169.66)

0.40
(0.324-0.483)

0.37
(0.29-0.46)

88.89
(52.45-143.75)

0.53
(0.46-0.61)

2.
(-3.45--2.17), P<0.001

2.38
(-2.81--1.95), P<0.001

-12.51
(-12.86--12.15), P<0.001

-6.61
(-6.96--6.26), P<0.001

-7.74
(-7.86--7.62), P<0.001

-6.
(-8.08--5.28), P<0.001

-6.49
(-8.03--4.93), P<0.001

-0.66
(-1.73-0.42), P=0.23

2.93
(-3.77--2.07), P<0.001

2.01
(-3.11--0.9), P<0.001

-7.68
(-8.13--7.23), P<0.001

2.82
(-3.64--1.99), P<0.001

34
(-4.83--1.95), P<0.001

-11.49
(-12.08--10.89), P<0.001

-6.99
(-7.38--6.6), P<0.001

-8.82
(-9.28--8.35), P<0.001

-6.86
(-7.24- -6.47), P<0.001

-7.54
(-7.87--7.21), P<0.001

5.
(-5.52--5.05), P<0.001

3.
(-4.1--3.15), P<0.001

-4.54
(-4.77--4.3), P<0.001

-4.69
(-5.64--3.73), P<0.001

32
(2.17-4.24), P<0.001

2.44
(-2.58--2.30), P<0.001

-1.62
(-4.17-1.01), P=0.22

(0.02-2.38), P<0.05

-2.78
(-3.24--2.31), P<0.001

6.22
(3.60-8.91), P<0.001

-7.25
(-8.37--6.11), P<0.001

2.68
(0.02-5.42), P<0.05

-2.50
(-3.40--1.59), P<0.001




http://www.j-smu.com

J South Med Univ, 2025, 45(10): 2171-2181

© 2175 ¢

TEE S (HIX) 21,2021 4E,5 % LU R LSS &
I R I e A FEL (M IX) Ry fr 24 (166 208.95/10 1) , ik
g UL A 5T JL P T (142 204.85/10 1) Flrb [ A 154
(140255.15/10 7). A, KR E AR EZ (HLX ) h
F[(2358.69/10 77 ) o (HAHERINAE, 1990~2021 4F[H],
[ 5 T TS A T WA B 75 619.51/10
Ji FHZ 140 255.15/10 71 , AAPC=2.04,95% CI:1.76~
2.33; Homfar 2 AL E (R 1),

2021 4%, /EAS 5 2 LU R LB IR SE T R fc iy, 18
560.45/10 77 ; LT H i fIRIM A 22 TE IR AR 0.04/10 7
1990~2021 4F- (8], By LG Y5 FET -3 g fe K, 1 0.06/10
7 EFFZE 0.40/10 75 (AAPC=6.22,95% CI:3.60~8.91) ;

A 3et05

2e+05

Incidence

1e+05

B 0e+00

0.4 0.6
SDI

600

Mortality

HIO IR Es5 (R 1),
24 HAAATRHEERBELRmERT T RAGMEE
SHT

PR 1T SDI 5 15 e B 4 22 [ 19 ¢ & (&
3A.B). BRI ,SDIS 5% IR LB NETE &k R 5
TAICICER , B SDIK- P8k MRS A Ik, BRI,
FEWRIRT PG AT A 3 A b DX S50 X 3k, R A
SDI$EF-B BL 8 B o), H %2 — B b Jt, B % SDIik
Fl)—E WA 5 , SDI 5T AR Z [ A S8 W A
MR M2 T RIET RIS SDIKF-f4
FRRE ARG R

location
(O High-income Asia Pacific
yAN High-income North America > North Africa and Middle East

Central Asia

Jr Western Europe " South Asia

X Australasia I Southeast Asia
<> Andean Latin America @ EastAsia

v Tropical Latin America Oceania

X Central Latin America Western Sub-Saharan Africa
)K Southern Latin America
é& Caribbean

(D Central Europe

Eastern Sub-Saharan Africa
Central Sub-Saharan Africa
Southern Sub-Saharan Africa
:j Eastern Europe

0.8

ocation

(O High-income Asia Pacific

/. High-income North America "
|- Western Europe

Central Asia

North Africa and Middle East
South Asia

> Australasia M Southeast Asia

® EastAsia

Oceania

Western Sub-Saharan Africa
Eastern Sub-Saharan Africa

>} Southern Latin America
<[> caribbean
I Central Europe

Central Sub-Saharan Africa
Southern Sub-Saharan Africa
"/ Eastern Europe

0.8

B3 2021 ££Ek21 4 GBD X155 5 WU TJLEEBHRHIEZRRFALTRRE 1990~2021 F B HEEEK

GBD X WEERE K Sita NOFHEE (SDI) HHEX &

Fig.3 Incidence and mortality rates (per 100 000) of diarrheal diseases among children under 5 in 21 GBD
regions in 2021 and the trends and their correlation with the socio-demographic index (SDI) across GBD
regions worldwide from 1990 to 2021. A: Trends of the incidence rates and SDI. B: Trends of the mortality
rates and SDI by GBD regions. The black line represents the expected rate based solely on SDI.
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Tab.2 Mortality rate and average annual percentage changes (AAPC) of diarrheal disease in children under 5 years stratified

by different pathogens worldwide

Global Mortality rate, 1990 (per 100 000) Mortality rate, 2021 (per 100 000)  AAPC, 1990-2021 (95% CI)
Adenovirus 56.78 (32.70 to 90.28) 12.32 (6.82t0 20.21) -4.82 (-4.99 to -4.65)
Aeromonas 8.31 (3.62 to 15.15) 1.63 (0.73 to 3.07) -5.17 (-5.27 to -5.07)
Campylobacter 22.98 (10.17 to 42.40) 3.84 (1.56to 7.41) -5.63 (-5.77 to -5.49)
Cholera 17.76 (14.75 to 21.43) 3.92 (2.81 t0 5.31) -4.83 (-5.12 to -4.53)

Clostridium difficile

Cryptosporidium

Enterotoxigenic £ coli

Enteropathogenic E coli

Entamoeba

Non-typhoidal salmonella

0.02 (0.01 to 0.03)
38.32 (23.65 to 59.95)
29.72 (17.32 to 47.09)
26.83 (15.46 t0 42.14)
12.28 (5.88 to 23.03)

8.16 (1.20 to 17.77)

0.02 (0.01 to 0.03)
10.4 (5.91 to 16.65)
6.96 (3.83 to 11.72)
7.04 (3.95 to 11.59)
2.44 (1.07 to 4.91)
1.8 (0.24 to 4.17)

4.49 (1.47 to 8.36)

-0.01 (-0.22 t0 0.19)
4.2 (-4.34 10 -4.07)
-4.62 (-4.73 to -4.52)
-4.31 (-4.39 to -4.23)
-5.11 (-5.28 t0 -4.95)
-4.8 (-5.12 to -4.48)

-5.09 (-5.24 to -4.94)

Norovirus 22.35 (7.64 to 40.06)
Rotavirus 100.31 (74.21 to 127.24)
Shigella 48.35 (29.24 to 78.08)

18.21 (12.63 to 25.74) -5.41 (-5.51 to -5.31)

12.42 (7.28 to 20.96) -4.34 (-4.51 to -4.18)
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