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Summary

What is already known about this topic?
Meningitis, a life-threatening disease, presents a
significant public health challenge. Its rate of progress
in burden reduction notably lags behind other diseases
that can be prevented through vaccination.

What is added by this report?

This research explored the changes in the mortality rate
of meningitis in China over a span of 35 years. The
study further identified the effects of age, period, and
cohort on the mortality trends.

What are the implications for public health
practice?

In the context of minimal disparities between urban
and rural settings, it is crucial to focus on and
implement targeted prevention programs for meningitis
within the infant population.

Meningitis, a critical infection that impacts the
meninges — protective membranes surrounding the
brain and spinal cord — presents a significant public
health challenge due to its life-threatening nature (7).
Insights from the Global Burden of Disease (GBD)
study exposed an increase of 320,000 worldwide
meningitis cases between 1990 and 2016 (7). Given its
extensive population, China ranks among the top 10
nations globally for meningitis-associated mortalities.
Despite prior research investigating worldwide trends
in meningitis mortality, there remains a paucity of
understanding regarding national trends and the
discrepancies between urban and rural areas. The
current study dissected changing patterns in China’s
meningitis mortality rate from 1987 to 2021 and
spotlighted  age-period-cohort effects  influencing
mortality changes. These revelations will equip the
government with valuable insights into long-term
trends and guide the development of targeted
prevention strategies.

The mortality rates related to meningitis were
extracted from the death registration system managed
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by the National Health Commission in China (2).
This registry amalgamates several sources of data,
including 1) death certificates and population
demographics from the Department of Health, 2)
changes in registered residences from the Department
of Public Security, 3) cremation data from the
Department of Civil Affairs, and 4) termination of
social security information from the Department of
Social = Security. Age-standardized mortality rates
(ASMR) were tabulated employing the direct method
and the World Standard Population as a frame of
reference (3). A joinpoint regression analysis was
performed to detect fluctuations in meningitis
mortality over time (4). Furthermore, an age-period-
cohort model was used to ascertain the independent
influence of age, period, and birth cohort on
meningitis mortality rates in China (5). This research
disclosed a steady decrease in meningitis mortality rates
throughout urban and rural China over the past thirty
years. Importantly, children, specifically those aged
0—4, present the highest risk of meningitis. These
results effectively demonstrate the evolving trends of
meningitis mortality and underscore the critical
demographics for prevention strategies in China,
offering valuable insights for future preventative
measures against meningitis.

Figure 1 depicts the longitudinal trends in crude
mortality rates and ASMR for meningitis among urban
and rural populations in China, stratified by sex, from
1987-2021. Both crude mortality rates and ASMR saw
a significant decrease from 1987 to 2002, and largely
remained stable after 2002, despite some fluctuations
observed between 2010 and 2013. Throughout the
study period, higher ASMRs were typically seen in
males and rural residents when compared to females
and urban dwellers, respectively.

Table 1 details the results of the joinpoint regression
analysis. The ASMR displayed a general decreasing
trend in both urban and rural areas, although the
substage trends were not consistent. The decline in
urban ASMR was marginally steeper compared to the
rural regions. In urban settings, ASMR experienced a
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sex, 1987-2021. (A) Crude mortality rates in urban areas. (B) Crude mortality rates in rural areas. (C) Age-standardized

FIGURE 1. Trends in the crude and age-standardized mortality rates from meningitis in urban and rural areas of China, by
mortality rates in urban areas. (D) Age-standardized mortality rates in rural areas.

Chinese Center for Disease Control and Prevention

CCDC Weekly / Vol. 5/ No. 34

746



—~ o~ o~
N Q@ v T
S <t < o © v
[ N SV N
g Sww N
Y4 O o o - o
N N ™ R
RN - -
P - < <
-~
1S B NN
A
glo 6 ¥ o S o
o ~ —
$< [ B
- - - -
N NN N N
T o o O o O
2 §9% g9
P
© W0 N~ N N
& - = - o o
o o o S O
N N N N
—~ o~
— —~ x o
- N N N S <
o L ~ © <5 <
g S g9
4 ~ o - [Tl
LL L o
o N
-~
SRS
o= < < -
Elo - o o © o
2 % NP
<
(72
© 0 N~ N N
- - o o
T o O O oS O
g §9% §9¢
: @ o O < [ R)
n o o O o [ )]
®© S © o S O
9 N N N - -
@©
T 528 saq
= © N o :
= o (I - <
ol |§| SN o<
[N © N
®© G - - - T
c PR - -
Gl = < < <
ol | ~
- | €|
SIEEl 55k o«
c [&] o o o N ™
ol 8% TOUT b
sl o<
(=] (S B B D D
< S O o > O
c ° oS O © [ )]
3 2 I NN
IS o N~ N~
o © © © ©
o o O O o O
g - o -~
[0}
: —_~ A~ o~
ol sl $53F 83
8. |9 N
oSS S o o Pl
| €| o © © o @ 9P
= . [N - <
= < < -
Tl o
Q| ~
%":.@
g
ELUO x % % *
= a n o ~ ~ ™
1o} < © © © ® ™
N < [ [
o
—
@©
S| =
c|3
g|8| <
HEE
Dl «~| N
O o N O W D N
| @ o © o S -
S| 2 c o o c o
-
»
> =
SR
| ©| ©
4—":\—
c| o o o ™ N~
3| = 0N 1 0 0
ey o o o o o
c
ke)
[
- o
W =
Jd| @ CE%E_E%
[a) Q | ® © © ® O
<M-e}—§LL3}—§
= =] 14

Chinese Center for Disease Control and Prevention

(-3.2,5.1)

2000-2003 -29.6 (-80.3,151.4) 2003-2021 0.9

3.0 (-9.3,3.7)

-3.7* (-13.9,7.7) 1987-2000
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Female
Abbreviation: APC

average annual percent change; C/=confidence interval.

* Significant difference from zero (P<0.05).

T Standardization employed is based on the world standard population from the World Health Organization.

$The time frame considered ranges from 1987 to 2021.
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rapid decrease from 1987-2003, followed by a gradual
rebound from 2003-2016, and a stark decline again
from 2016-2021. Conversely, in rural areas, ASMR
showed a slow reduction from 1987-1999, a rapid
decline from 1999-2002, and a flat rebound from
2002-2021. Notably, a slight disparity was observed
between sexes in meningitis mortality in urban and
rural areas.

Figure 2 illustrates the net and local drifts of
mortality rates due to meningitis. The net drift
indicates the yearly percentage fluctuation in the
predicted age-standardized mortality, as the local drift
signifies the similar change over time. This pattern was
consistently seen in both urban and rural areas of
China. Throughout the study period, there was a
substantial reduction in mortality resulting from
meningitis (urban: -5.22%, 95% CI. -5.66% to
-4.78%; rural: -4.51%, 95% CI: -5.04% to -3.98%).
However, slight variances were observed in the annual
changes between both genders. The decline in overall
meningitis mortality was noticeably sharper in females
compared to males in both urban (-5.49% us.
-4.83%) and rural areas (-5.25% wvs. -3.88%). Also,
the local drift curves for rural and urban locales
displayed a predominantly positive U-shape. The
decline was steepest for the 20-29 age group and
routinely decreased with age in the 0-19 and 20-89
age groups. The curves demonstrated relative
consistency between urban and rural areas, with the
exception of the advanced age group.

Figures 3, 4, and 5 delineate estimates of age,
period, and cohort effects on the mortality rates due to
meningitis. The impact of age on mortality remained
consistent across both genders and geographical
locations, viz., urban and rural regions. Mortality rates
due to meningitis were observed to peak during the
0—4 age range, after which they noticeably plummeted
in the 5-9 age range. Post this decrease, the rates were
largely stable, maintaining a minimal level across the
10-89 age brackets. Period effects demonstrated a
similar consistently diminishing trend from 1987 to
2006 before entering a period of stability post-2007,
irrespective of gender and location. Despite this,
variations were noted in the period effects of urban and
rural mortality rates due to meningitis, with the
disparity between genders being less pronounced in
urban areas in comparison to rural areas. Furthermore,
cohort rate ratios exhibited a similar downward trend
across genders and geographical locations. For cohorts
born post-1952, the mortality rates due to meningitis
have maintained a uniformly low level.
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FIGURE 2. Net and local changes in mortality rates from meningitis and the associated gender disparities observed across
different regions in China, 1987-2021. (A) Net and local drifts in urban areas. (B) Net and local drifts in rural areas.

A 16 A Age effects, Urban

12 4 —— Urban total
~ —— Urban male
s —— Urban female

4 4

O 4

0 10 20 30 40 50 60 70 80 90
Age

B 16 A Age effects, Rural
12 A —— Rural total
~ —— Rural male
s —— Rural female
£ 87
4 4
0 - 3 o

0 10 20 30 40 50 60 70 80 90
Age

FIGURE 3. Parameter estimates of the effect of age on mortality rates due to meningitis in China from 1987 to 2021. (A) Age

effects in urban areas. (B) Age effects in rural areas.
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FIGURE 4. Estimates of the period effect on meningitis mortality rates in China from 1987 to 2021. (A) Period effects in

urban areas. (B) Period effects in rural areas.

DISCUSSION

The present investigation offers the first exhaustive

of longitudinal trends associated with

review
meningitis mortality rates in China from 1987 to

748 CCDC Weekly / Vol. 5/ No. 34

2021, emphasizing the unique trends and age-period-
cohort effects among rural and urban regions. The
outcomes underscore a consistent decrease in the
meningitis mortality rates within China, thus proving
the efficacy of the preventive strategies related to
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FIGURE 5. Estimated parameters of the cohort effect on the mortality rate from meningitis in China, 1987-2021. (A) Cohort

effects in urban areas. (B) Cohort effects in rural areas.

meningitis implemented during the preceding three
decades. Notable divergences were found among
variables such as age, sex, and regional disparities in
several patterns pertaining to meningitis mortality
rates. Infants within the age bracket of 0—4 years are at
the highest risk of acquiring meningitis. Negligible sex-
based discrepancies were noted among age, period, and
cohort effects associated with meningitis mortality,
with the main rural-urban disparity being evident in
the period effects. The identified high-risk groups
necessitate immediate consideration and specialized
preventative measures against meningitis.

Previous research has identified a variety of factors
that contribute to meningitis, including infectious
agents such as bacteria, mycobacteria, viruses, fungi,
and parasites, as well as autoimmunity, cancer, and
medicine reactions (7). Malnutrition, household
overcrowding, HIV infection, lack of immunization,
indoor air pollution, and sickle cell disease have been
identified as risk factors that predispose individuals to
meningitis and potential epidemics. In China, the
decline in meningitis mortality rate surpasses the global
average significantly (7). This decrease can be
attributed to enhanced surveillance and diagnostic
assessment, improved access to healthcare services,
advancements in treatment and caregiving, and a
reduction in individual treatment costs, particularly
through the widespread administration of meningitis
vaccinations for prevention (7,6-7). In 1984, China
introduced a comprehensive prevention strategy
primarily involving the widespread use of the group A
meningococcal polysaccharide vaccine as a means to
prevent epidemic cerebrospinal meningitis. This
further expanded in
resulting in continued declines in

vaccination initiative was

1985-1986,
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incidence rates and the prevention of nationwide
epidemics (6). In 2007, the national immunization
program  incorporated both  the group A
meningococcal polysaccharide vaccine and the group A
and C meningococcal polysaccharide vaccine, with age-
appropriate children receiving immunizations. Despite
these advancements, China’s absolute number of
meningitis deaths remains comparable to nations like
Nigeria and Ethiopia situated in the meningitis belt —
positioning it amongst the highest globally (7). As
such, there is an ongoing need for the persistent
implementation  of  comprehensive  meningitis
prevention strategies.

Age is a critical demographic factor in the prevalence
of meningitis, with existing research emphasizing a
heightened incidence of the disease during the neonatal
stage and the most elevated mortality rates in children
below five years of age (/,8). This is attributed
primarily to two factors: one, infants and children’s
immature immune system, which reduces their ability
to battle infections, such as meningococcal and
pneumococcal infections, which constitute significant
causes of meningitis mortality (7). Second, the
diagnosis of meningitis is particularly challenging in
children and specifically, neonates (9). The symptoms
of neonatal meningitis often mimic those encountered
in neonates with sepsis or other infections, and their
limited ability to verbally express their distress may
lead to underreporting or a possible delay in the
diagnosis. Vaccination has demonstrated effectiveness
in preventing meningitis in infants (7,/0). Thus, the
creation and promotion of more specific vaccines are
critical in the fight against this disease.

Previous research has illustrated high levels of
meningitis in resource-limited environments due to a

CCDC Weekly / Vol. 5/ No. 34 749
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combination of factors inclining these regions to
infection, epidemics, and poor health outcomes (7).
The disparities between urban and rural areas were
primarily observable in the overall reduction in
meningitis mortality, the division of sub-stages, and
variations in the effect of gender over time. The more
rapid decline in urban regions can likely be credited to
effective screening, diagnosis, and treatment of
meningitis (/). The differing sub-stage trends we
identified between rural and urban areas may be a
result of China’s urbanization process, which has seen a
significant migration of rural inhabitants into cities,
further intensifying healthcare disparities. Overall, the
differences between wurban and rural effects on
meningitis mortality, regarding age, period, and
cohort, were slight in China. This could be indicative
of a narrowing gap over the past 30 years in terms of
meningitis  screening,  diagnosis, and
distribution between the two types of regions.
However, considerable uncertainty surrounds the
causal factors and risks associated with meningitis.
Based on the unique urban-rural dynamic in China, it
was crucial to implement active disease-specific
meningitis surveillance, promote meningitis vaccines,
and continually enhance diagnosis and treatment
strategies to reduce the nation’s meningitis mortality
rate. Furthermore, gender disparities were apparent not
only over time in urban and rural regions but also in
the decreasing rates of meningitis mortality. Females
exhibited a more rapid decline in mortality than males,
potentially due to their higher propensity to seek
medical health
standards, resulting in fewer infection opportunities
and prompt care following infection. This gender gap
seems to have grown more pronounced in rural regions
in recent years, hence the observed gender disparities
over time in urban and rural areas.

This study is subject to some limitations. First, the
absence of detailed data on specific forms of
meningitis, such as bacterial or viral meningitis,
constrains the potential development of more targeted
prevention strategies. Second, advances in the quality
of meningitis mortality rate data might introduce a
temporal bias into our analysis. Unfortunately,
assessment reports on such improvements are absent,
and noteworthy enhancements in data quality within
extensive healthcare systems may require substantial
time. As such, we presume that the mortality rate data
utilized in this study holds consistent quality. Third,
akin to other age-period-cohort analyses, a potential
ecological fallacy could arise. Such a phenomenon

vaccine

attention and greater personal
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implies that interpretations derived from population-
level findings may not necessarily stand relevant at an
individual level.

Funding: Supported by the National Key Research
and Development Program (SQ2022YFC3600291)
and the Population and Aging Health Science Program
(WH10022023035).

doi: 10.46234/ccdcw2023.142

# Corresponding authors: Chao Guo, chaoguo@pku.edu.cn; Luzhao
Feng, fengluzhao@cams.cn.

" Department of Population Health and Aging Science, School of
Population Medicine and Public Health, Chinese Academy of Medical
Sciences/Peking Union Medical College, Beijing, China; > APEC
Health Science Academy (HeSAY), Peking University, Beijing, China;
? Institute of Population Research, Peking University, Beijing, China;
* Department of Infectious Diseases, School of Population Medicine
and Public Health, Chinese Academy of Medical Sciences/Peking
Union Medical College, Beijing, China.

& Joint first authors.

Submitted: May 24, 2023; Accepted: August 23, 2023

REFERENCES

1. GBD 2016 Meningitis Collaborators. Global, regional, and national
burden of meningitis, 1990-2016: a systematic analysis for the global
burden of disease study 2016. Lancet Neurol 2018;17(12):1061 - 82.
htep://dx.doi.org/10.1016/S1474-4422(18)30387-9.

2. Cai Y, Cui X, Su BB, Wu SY. Changes in mortality rates of major
chronic diseases among populations aged over 60 years and their
contributions to life expectancy increase — China, 2005-2020. China
CDC Wkly 2022;4(39):866 - 70. http://dx.doi.org/10.46234/ccdew
2022.179.

3. Ahmad OB, Bosci-Pinto C, Lopez AD, Murray JLC, Lozano R, Inoue
M. Age standardization of rates: a new WHO standard. 2001. https://
crvssystems.ca/age-standardization-rates-new-who-standard. [2023-8-6].

4. National Cancer Institute. Joinpoint trend analysis software (Version
4.9.1.0. 2022). https://surveillance.cancer.gov/joinpoint/. [2023-8-6].

5. Zou ZY, Cini K, Dong B, Ma YH, Ma ], Burgner DP, et al. Time
trends in cardiovascular disease mortality across the BRICS: an age-
period-cohort analysis of key nations with emerging economies using
the global burden of disease study 2017. Circulation 2020;141(10):790
- 9. http://dx.doi.org/10.1161/CIRCULATIONAHA.119.042864.

6. Xu YH, Li YA, Wang SS, Li MG, Xu M, Ye Q. Meningococcal vaccines
in China. Hum Vaccin Immunother 2021;17(7):2197 - 204. htep://dx.
doi.org/10.1080/21645515.2020.1857201.

7. Mount HR, Boyle SD. Aseptic and bacterial meningitis: evaluation,
treatment, and prevention. Am Fam Physician 2017;96(5):314-22.
https://pubmed.ncbi.nlm.nih.gov/28925647/.

8. Golding N, Burstein R, Longbottom ], Browne AJ, Fullman N,
Osgood-Zimmerman A, et al. Mapping under-5 and neonatal mortality
in Africa, 2000-15: a baseline analysis for the Sustainable Development
Goals. Lancet 2017;390(10108):2171 - 82. http://dx.doi.org/10.1016/
S0140-6736(17)31758-0.

9. Pong A, Bradley JS. Bacterial meningitis and the newborn infant. Infect
Dis Clin North Am 1999;13(3):711 - 33. http://dx.doi.org/10.1016/
s0891-5520(05)70102-1.

10. Wenger JD. Epidemiology of Haemophilus influenzae type b disease and
impact of Haemophilus influenzae type b conjugate vaccines in the
United States and Canada. Pediatr Infect Dis ] 1998;17(9 Suppl):S132-
6. http://dx.doi.org/10.1097/00006454-199809001-00008.

Chinese Center for Disease Control and Prevention


https://doi.org/10.46234/ccdcw2023.142
https://doi.org/10.1016/S1474-4422(18)30387-9
https://doi.org/10.1016/S1474-4422(18)30387-9
https://doi.org/10.46234/ccdcw2022.179
https://doi.org/10.46234/ccdcw2022.179
https://doi.org/10.46234/ccdcw2022.179
https://doi.org/10.46234/ccdcw2022.179
https://crvssystems.ca/age-standardization-rates-new-who-standard
https://crvssystems.ca/age-standardization-rates-new-who-standard
https://surveillance.cancer.gov/joinpoint/
https://doi.org/10.1161/CIRCULATIONAHA.119.042864
https://doi.org/10.1161/CIRCULATIONAHA.119.042864
https://doi.org/10.1080/21645515.2020.1857201
https://doi.org/10.1080/21645515.2020.1857201
https://doi.org/10.1080/21645515.2020.1857201
https://pubmed.ncbi.nlm.nih.gov/28925647/
https://doi.org/10.1016/S0140-6736(17)31758-0
https://doi.org/10.1016/S0140-6736(17)31758-0
https://doi.org/10.1016/S0140-6736(17)31758-0
https://doi.org/10.1016/s0891-5520(05)70102-1
https://doi.org/10.1016/s0891-5520(05)70102-1
https://doi.org/10.1016/s0891-5520(05)70102-1
https://doi.org/10.1016/s0891-5520(05)70102-1
http://dx.doi.org/10.1097/00006454-199809001-00008

	DISCUSSION
	REFERENCES

