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[ Abstract] Objective To analyze the trends in the incidence and mortality of infectious diarrhea
in China from 1990 to 2021 and predict the incidence and mortality rates for 2022 to 2026, providing
evidence for surveillance and prevention strategies. Methods Data on the incidence and mortality of
infectious diarrhea in China from 1990 to 2021 was collected from the 2021 Global Burden of Disease
(GBD 2021) database. The Joinpoint regression model was used to analyze temporal trends in incidence
and mortality. The age-period-cohort model was applied to explore the age, period, and cohort effects on
the risk of incidence and mortality. An autoregressive integrated moving average ( ARIMA) model was
used to predict the incidence and mortality rates of infectious diarrhea in China from 2022 to 2026.
Results Joinpoint regression analysis revealed that from 1990 to 2021, the total, male, and female
incidence rates of infectious diarrhea in China showed a declining trend (all P<0.05), with a slower
decrease before 2000 and a more rapid decline thereafter. Total, male, and female mortality rates also
declined (all P<0.05) , with a faster decrease prior to 2014 and a slower decline after 2014. Age-period-
cohort model analysis revealed that the age effects on incidence and mortality risks for the total, male,
and female first decreased and then increased. The RRs of incidence decreased from high values of 2. 432,
3.364, and 2. 002 in the 0—<5 age group to the lowest values of 0. 478, 0.535, and 0. 451 in the 25-<
30 age group. After that, it rose to peak values of 3. 204, 2. 523, and 3. 774 in the =85 age group, with
all P<0.001. The RRs of mortality decreased from high values of 3. 403, 3. 084, and 4. 312 in the 0-<5
age group to the lowest values of 0. 061, 0.063, and 0. 071 in the 15-<20 age group, and subsequently
increased to peak values of 131. 617, 134.317, and 133. 610 in the =85 age group, with all P<0. 001.
The period effects showed a decline trend, with both incidence and mortality RRs reaching their lowest
values in 2017-2021, at 0.521, 0.582, 0.498 and 0.273, 0.283, 0.265, respectively, with all P<
0.001. The cohort effects initially increased and then decreased. The RRs of incidence rose from the
lowest values of 0.254, 0.312, and 0.214 in 1907-1911 (all P<0.001) to peak values of 1. 868,
1.493, and 2. 142 in 1997-2001 ( P<0. 001 for the total population and females, P=0. 009 for males) ,
and then decreased to low values of 1.212, 0. 873, and 1. 352 in 2017-2021 (all P>0.05). The RRs of
mortality increased from low values of 0. 144, 0. 165, and 0. 143 in 1907-1911 (all P<0.001) to peak
values of 3. 613, 3.265, and 3. 584 in 2002-2006 (all P<0.001), and then decreased to low values of
2.315, 2.054, and 2. 313 in 2017-2021 (P=0.011 for the total population, P=0.027 for males, P=
0. 016 for females). Predictions from the ARIMA model suggested that from 2022 to 2026, the incidence
of infectious diarrhea in China is projected to show an upward trend, while mortality is expected to
continue declining. Conclusions  The incidence and mortality of infectious diarrhea in China are
influenced by age, period, and cohort effects. While the incidence shows an upward trend, mortality
continues to decline. Children and the elderly remain high-risk populations for both onset and death.
Targeted prevention strategies should be implemented to reduce the disease burden of infectious diarrhea.
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Figure 1 Trends in incidence and mortality rates of infectious diarrhea in China from 1990 to 2021
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Table 1 Age-period-cohort model analysis of infectious diarrhea incidence in China from 1990 to 2021
e S AFE Total population B Male 2P Female
Variable RR {8 value P{H RR {8 value P1{H RR {8 value P{H
(95% CI) value (95% CI) value (95% CI) value
RN/ % Age effect/years
0~<5 2.432(1.762~3.364) <0.001 3.364(2.415~4.696) <0.001 2.002(1.432~2.794) <0.001
5~<10 1.503(1.123~2.014) 0.006 2.056(1.525~2.774) <0.001 1.213(0.904~1.646) 0.209
10~<15 0.924(0.717~1.198) 0.534 1.217(0.938~1.571) 0.155 0.764(0.595~0.996) 0.044
15~<20 0.613(0.494~0.765) <0.001 0.752(0.604~0.943) <0.001 0.547(0.437~0.674) 0.011
20~<25 0.497(0.415~0.584) <0.001 0.563(0.471~0.672) <0.001 0.459(0.373~0.541) <0.001
25~<30 0.478(0.416~0.543) <0.001 0.535(0.463~0.618) <0.001 0.451(0.394~0.513)  <0.001
30~<35 0.512(0.467~0.579) <0.001 0.567(0.502~0.624) <0.001 0.493(0.442~0.545) <0.001
35~<40 0.573(0.536~0.617) <0.001 0.608(0.565~0.649) <0.001 0.556(0.527~0.598) <0.001
40~ <45 0.639(0.617~0.659) <0.001 0.632(0.616~0.658) <0.001 0.631(0.604~0.657) <0.001
45~ <50 0.694(0.677~0.725) <0.001 0.673(0.644~0.698) <0.001 0.713(0.685~0.746) <0.001
50~<55 0.776(0.728~0.823)  <0.001 0.711(0.672~0.763) <0.001 0.812(0.753~0.865)  <0.001
55~<60 0.875(0.792~0.961) 0.007 0.777(0.702~0.863) <0.001 0.943(0.854~1.047) 0.238
60~ <65 1.023(0.897~1.172) 0.779  0.874(0.766~1.005) 0.056  1.136(0.987~1.308) 0.092
65~<70 1.231(1.033~1.462) 0.023 1.016(0.854~1.228) 0.879 1.383(1.155~1.664) <0.001
70~<75 1.484(1.195~1.836) <0.001 1.195(0.952~1.494) 0.123  1.682(1.344~2.105)  <0.001
75~<80 1.802(1.405~2.337) <0.001 1.434(1.102~1.867) 0.008 2.077(1.593~2.698)  <0.001
80~ <85 2.337(1.747~3.128) <0.001 1.844(1.363~2.487) <0.001 2.715(2.016~3.661) <0.001
=85 3.204(2.316~4.427) <0.001 2.523(1.812~3.528) <0.001 3.774(2.705~5.262)  <0.001
I AR /445y Period effect/year
1992 — 1996 2.172(1.945~2.442)  <0.001 1.924(1.703~2.165) <0.001 2.372(2.114~2.676)  <0.001
1997 — 2001 1.658(1.545~1.771) <0.001 1.513(1.407~1.628) <0.001 1.774(1.655~1.907) <0.001
2002 — 2006 1.358(1.305~1.407) <0.001 1.402(1.353~1.467) <0.001 1.282(1.237~1.338)  <0.001
2007 — 2011 0.913(0.896~0.947) <0.001 0.944(0.912~0.968) <0.001 0.893(0.872~0.924)  <0.001
2012 — 2016 0.625(0.586~0.657) <0.001 0.673(0.635~0.718) <0.001 0.583(0.552~0.615) <0.001
2017 — 2021 0.521(0.484~0.573) <0.001 0.582(0.533~0.647) <0.001 0.498(0.442~0.533)  <0.001
AR BABNRE N /A543y Birth cohort effect/year
1907 — 1911 0.254(0.176~0.369)  <0.001 0.312(0.214~0.465) <0.001 0.214(0.141~0.315)  <0.001
1912 — 1916 0.293(0.205~0.433)  <0.001 0.386(0.266~0.563) <0.001 0.257(0.176~0.373)  <0.001
1917 — 1921 0.353(0.245~0.504) <0.001 0.461(0.324~0.668) <0.001 0.305(0.217~0.434) <0.001
1922 — 1926 0.416(0.303~0.572) <0.001 0.542(0.393~0.765) <0.001 0.358(0.264~0.492) <0.001
1927 — 1931 0.484(0.374~0.642) <0.001 0.633(0.482~0.847) <0.001 0.426(0.312~0.554) 0.001
1932 — 1936 0.552(0.442~0.695) <0.001 0.716(0.566~0.894) <0.001 0.475(0.373~0.607) <0.001
1937 — 1941 0.612(0.513~0.743)  <0.001 0.762(0.623~0.933) 0.008 0.533(0.442~0.657)  <0.001
1942 — 1946 0.684(0.584~0.803) <0.001 0.827(0.694~0.967) <0.001 0.613(0.542~0.726) 0.015
1947 — 1951 0.776(0.686~0.874) <0.001 0.882(0.783~1.004) 0.046  0.714(0.625~0.802) <0.001
1952 — 1956 0.882(0.813~0.967) 0.002 0.963(0.885~1.056) 0.356  0.846(0.778~0.912)  <0.001
1957 — 1961 1.011(0.973~1.062) 0.614 1.052(1.005~1.104) 0.040 1.002(0.951~1.056) 0.960
1962 — 1966 1.152(1.113~1.184) <0.001 1.141(1.102~1.176) <0.001 1.172(1.134~1.203) <0.001
1967 — 1971 1.284(1.224~1.345) <0.001 1.217(1.167~1.274) <0.001 1.342(1.283~1.406) <0.001
1972 — 1976 1.423(1.314~1.533) <0.001 1.296(1.193~1.407) <0.001 1.527(1.403~1.657)  <0.001
1977 — 1981 1.564(1.388~1.769) <0.001 1.362(1.201~1.548) <0.001 1.724(1.511~1.945) <0.001
1982 — 1986 1.698(1.445~1.982) <0.001 1.434(1.215~1.686) <0.001 1.903(1.614~2.248) <0.001
1987 — 1991 1.795(1.486~2.188) <0.001 1.478(1.213~1.807) <0.001 2.056(1.683~2.501) <0.001
1992 — 1996 1.862(1.487~2.332) <0.001 1.482(1.173~1.889) 0.001 2.137(1.684~2.709)  <0.001
1997 — 2001 1.868(1.424~2.449) <0.001 1.493(1.102~1.928) 0.009 2.142(1.606~2.818) <0.001
2002 — 2006 1.787(1.302~2.454) <0.001 1.374(0.993~1.907) 0.061 2.033(1.462~2.815) <0.001
2007 — 2011 1.648(1.155~2.342) 0.007 1.237(0.854~1.776) 0.270  1.844(1.287~2.669) 0.001
2012 — 2016 1.423(0.975~2.063) 0.071 1.048(0.705~1.537) 0.852  1.591(1.077~2.343) 0.021
2017 — 2021 1.212(0.824~1.786) 0.333  0.873(0.584~1.296) 0.477 1.352(0.914~2.018) 0.139
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Table 2 Age-period-cohort model analysis of infectious diarrhea mortality in China from 1990 to 2021
- BB Total population JH: Male 2o Female
Variable RR {f value P RR (Y value P RR {H value PH
(95% CI) value (95% CI) value (95% CI) value
RN/ B Age effect/ years
0~<5 3.403(1.974~5.876) <0.001 3.084(1.815~5.247) <0.001 4.312(2.433~7.654) <0.001
5~<10 0.262(0.164~0.437) <0.001 0.263(0.164~0.426) <0.001 0.292(0.176~0.498) <0.001
10~<15 0.073(0.048~0.116) <0.001 0.075(0.056~0.118) <0.001 0.078(0.054~0.123) <0.001
15~<20 0.061(0.052~0.098) <0.001 0.063(0.045~0.097) <0.001 0.071(0.057~0.110) <0.001
20~<25 0.095(0.073~0.126) <0.001 0.094(0.076~0.123) <0.001 0.095(0.076~0.132) <0.001
25~<30 0.104(0.082~0.125) <0.001 0.107(0.083~0.138) <0.001 0.098(0.076~0.122) <0.001
30~<35 0.123(0.104~0.146) <0.001 0.134(0.116~0.163) <0.001 0.118(0.098~0.132) <0.001
35~<40 0.207(0.188~0.225) <0.001 0.215(0.192~0.248) <0.001 0.176(0.164~0.208) <0.001
40~ <45 0.334(0.312~0.353) <0.001 0.364(0.346~0.385) <0.001 0.293(0.287~0.317) <0.001
45~<50 0.476(0.445~0.507) <0.001 0.514(0.485~0.548) <0.001 0.412(0.387~0.443) <0.001
50~ <55 0.682(0.607~0.758) <0.001 0.713(0.644~0.796) <0.001 0.603(0.532~0.676) <0.001
55~<60 1.203(1.015~1.426) 0.037 1.215(1.036~1.437) 0.022 1.108(0.921 ~1.322) 0.277
60~ <65 2.296(1.822~2.895) <0.001 2.266(1.813~2.847) <0.001 2.187(1.710~2.787) <0.001
65~<70 4.113(3.065~5.538) <0.001 4.005(3.007~5.345) <0.001 3.987(2.912~5.443) <0.001
70~<75 7.993(5.564~11.497)  <0.001 7.386(5.186~10.520)  <0.001 8.143(5.554~11.943) <0.001
75~<80 19.225(12.516~29.535)  <0.001  16.724(11.006~25.427) 0.008 21.054(13.398~33.107)  <0.001
80~<85 51.164(31.365~83.466) <0.001  45.745(28.384~73.706)  <0.001 56.396(33.687~94.416)  <0.001
=85 131.617(76.348~226.913) <0.001 134.317(78.983~228.406) <0.001  133.610(75.304~237.087) <0.001
ISFHHZEONE/ ARy Period effect/ year
1992 — 1996 3.485(3.073~3.955) <0.001 3.344(2.955~3.786) <0.001 3.576(3.132~4.087) <0.001
1997 — 2001 3.043(2.714~3.418) <0.001 2.922(2.612~3.276) <0.001 3.121(2.765~3.523) <0.001
2002 — 2006 1.113(1.075~1.518) <0.001 1.104(1.065~1.143) <0.001 1.124(1.087~1.176) <0.001
2007 — 2011 0.542(0.513~0.576) <0.001 0.554(0.521~0.587) <0.001 0.543(0.519~0.576) <0.001
2012 — 2016 0.394(0.366~0.439) <0.001 0.410(0.376~0.454) <0.001 0.387(0.354~0.424) <0.001
2017 — 2021 0.273(0.235~0.317) <0.001 0.283(0.243~0.332) <0.001 0.265(0.221~0.305) <0.001
A= BAFSON/ 4E00) Birth cohort effect/ year
1907 — 1911 0.144(0.083~0.276) <0.001 0.165(0.098~0.310) <0.001 0.143(0.076~0.287) <0.001
1912 — 1916 0.186(0.103~0.348) <0.001 0.212(0.119~0.387) <0.001 0.187(0.095~0.354) <0.001
1917 — 1921 0.225(0.122~0.407) <0.001 0.254(0.145~0.456) <0.001 0.222(0.121~0.413) <0.001
1922 — 1926 0.277(0.162~0.454) <0.001 0.303(0.187~0.504) <0.001 0.265(0.154~0.465) <0.001
1927 — 1931 0.311(0.203~0.508) <0.001 0.343(0.223~0.543) <0.001 0.316(0.198~0.504) <0.001
1932 — 1936 0.373(0.254~0.557) <0.001 0.406(0.276~0.587) <0.001 0.376(0.254~0.563) <0.001
1937 — 1941 0.444(0.322~0.627) <0.001 0.465(0.343~0.644) <0.001 0.454(0.321~0.643) <0.001
1942 — 1946 0.533(0.403~0.696) <0.001 0.554(0.421~0.712) <0.001 0.547(0.418~0.722) <0.001
1947 — 1951 0.622(0.513~0.765) <0.001 0.643(0.523~0.784) <0.001 0.643(0.514~0.798) <0.001
1952 — 1956 0.731(0.633~0.836) <0.001 0.745(0.654~0.843) <0.001 0.743(0.643~0.865) <0.001
1957 — 1961 0.856(0.793~0.925) <0.001 0.866(0.802~0.929) <0.001 0.876(0.802~0.943) <0.001
1962 — 1966 1.026(0.974~1.078) 0.394 1.021(0.976~1.065) 0477 1.032(0.983~1.097) 0.209
1967 — 1971 1.235(1.144~1.337) <0.001 1.221(1.132~1.310) <0.001 1.232(1.142~1.345) <0.001
1972 — 1976 1.485(1.297~1.698) <0.001 1.465(1.287~1.676) <0.001 1.463(1.265~1.687) <0.001
1977 — 1981 1.767(1.434~2.158) <0.001 1.721(1.410~2.106) <0.001 1.721(1.394~2.132) <0.001
1982 — 1986 2.075(1.583~2.717) <0.001 2.003(1.543~2.602) <0.001 2.034(1.532~2.705) <0.001
1987 — 1991 2.464(1.785~3.416) <0.001 2.332(1.703~3.201) <0.001 2.443(1.732~3.443) <0.001
1992 — 1996 2.932(1.997~4.314) <0.001 2.723(1.874~3.955) <0.001 2.934(1.956~4.398) <0.001
1997 — 2001 3.384(2.143~5.346) <0.001 3.098(1.987~4.821) <0.001 3.383(2.096~5.476) <0.001
2002 — 2006 3.613(2.114~6.167) <0.001 3.265(1.943~5.504) <0.001 3.584(2.043~6.302) <0.001
2007 — 2011 3.444(1.893~6.277) <0.001 3.106(1.732~5.567) <0.001 3.404(1.815~6.398) <0.001
2012 — 2016 2.888(1.535~5.457) 0.071 2.584(1.395~4.807) 0.003 2.866(1.467~5.593) 0.002
2017 — 2021 2.315(1.212~4.428) 0.011 2.054(1.092~3.856) 0.027 2.313(1.174~4.587) 0.016
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Figure 3 RR analysis of infectious diarrhea mortality in China from 1990 to 2021

R 3 2022 — 2026 4 E
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Table 3 Predicted incidence and mortality rates of infectious diarrhea in China from 2022 to 2026

A

IR Incidence rate/100 0007 (95% CT)

BET# Mortality rate/100 0007'(95% CI)

Year

BB Total population

B Male

Ltk Female

BB Total population

F I Male

L1k Female

2022
2023
2024
2025
2026

4.922(3 300~7 343)
5041(2 870~8 854)
5 168(2 602~ 10 264)
5300(2 416~ 11 626)
5421(2 297~12 787)

5 113(3 522~7 424)
5218(3 034~8 830)
5363(2 560~8 166)
5499(2 696~8 302)
5623(2 819~8 426)

4759(3 375~6 810)
4/903(3 060~8 075)
5035(2 904~9 066)
5 157(2 818~9 831)

5 268(2 768~ 10 561)

8.290(8.070~8.520)
2.780(2.560 ~3.010)
1.190(0.967 ~ 1.420)
0.538(0.312~0.764)
0.225(0~0.450)

9.680(9.460~9.890)
3.030(2.810~3.250)
1.280( 1.060~ 1.500)
0.585(0.366~0.804)
0.257(0.038~0.476)

7.460(7.230~7.700)
2.600(2.370~2.840)
1.110(0.881~ 1.350)
0.488(0.255~0.721)
0.185(0~0.418)
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