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Abstract
Background Maternal sepsis and other maternal infections (MSMIs) significantly contribute to maternal morbidity 
and mortality worldwide, posing critical challenges due to their rapid progression and severe outcomes.

Methods Data from the Global Burden of Disease (GBD) 2021 study, covering 204 countries and territories, were 
used to evaluate the incidence, death, and disability-adjusted life years (DALYs) of MSMI. Statistical methods included 
joinpoint regression, age-period-cohort analysis, decomposition analysis, frontier analysis, and ARIMA model 
forecasting.

Results From 1990 to 2021, global MSMI incidence decreased from 22.45 million to 19.05 million, with the age-
standardized rate (ASR) dropping from 764.03 (95% UI: 573.01–970.54) to 494.19 (95% UI: 377.34–623.90) per 
100,000 people. High-SDI regions saw significant reductions, while low-SDI regions experienced increases. Women 
aged 20–24 consistently had the highest incidence, death, and DALYs. Iron deficiency was a significant risk factor, 
especially in lower SDI regions. Decomposition analysis showed that epidemiological changes and population 
growth were major drivers, particularly in low-SDI regions. Age-period-cohort analysis revealed women aged 20–29 
as the most vulnerable, with notable improvements after 2000 and progressively decreasing risks in younger cohorts. 
Frontier analysis revealed that higher-SDI countries had greater improvement potential. ARIMA forecasting suggests 
continued declines in MSMI cases and ASR through 2040.

Conclusions While significant progress has been made globally, challenges persist, including rising incidence in 
low-SDI regions, vulnerability of women aged 20–29, and the impact of iron deficiency. Efforts to address these and 
improve healthcare infrastructure are critical to further reduce MSMI and enhance maternal health outcomes.
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Introduction
Maternal sepsis and other maternal infections (MSMI) 
are significant contributors to maternal morbidity and 
mortality worldwide, presenting critical challenges in 
obstetric care [1]. The WHO described the latest dys-
function caused by maternal sepsis during pregnancy, 
childbirth, postabortion, or the postpartum period, 
which is particularly alarming due to its rapid progres-
sion and potential for severe outcomes [2]. It encom-
passes a spectrum of infections, including those of the 
genital tract, urinary system, and other systemic infec-
tions that may complicate pregnancy [3, 4]. Other mater-
nal infections, such as those caused by bacteria, viruses, 
fungi, or parasites, can also have devastating effects on 
both the mother and the fetus, leading to complications 
such as preterm birth, low birth weight, and neonatal 
infections [5–7].

Pregnant women have a higher susceptibility to infec-
tions than nonpregnant women due to the physiological, 
immunological, and mechanical changes that occur dur-
ing pregnancy. These alterations can also mask the typi-
cal signs and symptoms of infection and sepsis, leading 
to potential delays in recognition and treatment [8, 9]. 
Unlike typical sepsis, the onset of maternal sepsis can be 
insidious, with patients often appearing deceptively well 
before sudden and rapid deterioration into septic shock, 
multiple organ dysfunction syndrome, or even death [10].

Managing MSMI during the perinatal period pres-
ents unique challenges, requiring a balance between the 
mother’s physiological changes and the fetus’s well-being. 
A multidisciplinary approach, involving obstetricians, 
neonatologists, anesthesiologists, and other specialists, 
is often necessary, especially in high-risk pregnancies or 
when complications arise [11]. Understanding the global 
burden of MSMI is crucial for shaping healthcare strat-
egies. Large-scale efforts like the Global Burden of Dis-
ease (GBD) study quantify the impact of these infections, 
identify data gaps, and guide effective interventions.

Methods
Data sources
The data spanning 1990 to 2021 were sourced from the 
GBD 2021 study, which was made available by the Insti-
tute for Health Metrics and Evaluation. The GBD 2021 
study utilized the latest epidemiological data sources and 
enhanced standardized methods to provide comprehen-
sive estimates of disease burden, including incidence, 
death, and disability-adjusted life years (DALYs), for 371 
diseases and injuries in 204 countries and territories.

Case definition
Maternal sepsis is defined as a temperature < 36  °C or 
> 38  °C and clinical signs of shock (systolic blood pres-
sure < 90 mmHg and tachycardia > 120  bpm). Other 

maternal infections are defined as any maternal infection 
excluding HIV, sexually transmitted infection (STI), or 
not related to pregnancy.

Measures of burden and data presentation
The measures of disease burden for MSMI include inci-
dence, death, and DALYs from 1990 to 2021. The inci-
dence refers to the occurrence of first-ever MSMI cases. 
DALYs, common indicators for measuring disease bur-
den, consist of the burden caused by years lived with 
disability (YLDs) and years of life lost (YLLs). YLDs 
were calculated by multiplying the prevalence of MSMI 
by the associated disability weights, whereas YLLs were 
derived by multiplying the number of MSMI-related 
deaths by the remaining standard life expectancy at the 
time of death. The age categories included 10–14, 15–19, 
20–24, 25–29, 30–34, 35–39, 40–44, 45–49, and 50–54 
years. The sociodemographic index (SDI), reflecting 
overall development levels through educational attain-
ment, lagged distributed income, and total fertility rate, 
was split into five levels: high, high-middle, middle, low-
middle, and low. Additionally, the data were categorized 
by GBD region, allowing for regional comparisons and 
insights.

Statistical analysis
We applied several statistical methods to analyze MSMI 
trends and burden from 1990 to 2021. The Estimated 
Average Percentage Change (EAPC) was used to assess 
trends in disease burden over a specific period. Joinpoint 
analysis uses segmented regression to divide longitudinal 
changes into distinct segments and identify statistically 
significant trends within each segment. The natural loga-
rithm of disease burden is regressed over different time 
periods, and the Annual Percent Change (APC) along 
with its 95% confidence interval (CI) is calculated for 
each period. The APC reflects the rate of change within 
each specific segment of the time series, allowing for the 
identification of distinct trends over different periods. 
The Average Annual Percent Change (AAPC) provides 
the overall average trend over the specified period. If 
the 95% CI of the corresponding EAPC, APC, or AAPC 
estimate is greater than 0, the metric is considered to 
be increasing. If the 95% CI is less than 0, it indicates a 
decreasing trend. If the 95% CI includes 0, the trend is 
deemed stable.

To decompose the temporal trends, we employed the 
age-period-cohort model using the Intrinsic Estimator 
(IE) method. This approach allows us to separately esti-
mate the effects of age, period, and cohort on disease 
burden. The IE method provides estimates of the coef-
ficients for age, period, and cohort effects. These coef-
ficients are then exponentiated (exp(coef.) = ecoef.) to 
represent the relative risk (RR) of incidence or mortality 
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for specific ages, periods, or birth cohorts compared to 
their respective averages.

Decomposition analysis quantified factors driving 
changes in MSMI incidence. This approach disentangles 
the changes in the affected population into three key 
determinants at the group level: aging of the population, 
population growth, and epidemiological changes.

Frontier analysis helps determine the minimum attain-
able disease burden for each country or region, given 
their current SDI level. This approach serves as a stan-
dard for ideal performance by identifying the lowest pos-
sible burden that could theoretically be achieved based 
on the current SDI. We computed the ‘effective differ-
ences’ for each area, which indicate the discrepancy 
between the existing disease burden and the lowest pos-
sible burden. These differences provide a quantitative 
measure of how far each country or region is from the 
optimal performance benchmark.

The autoregressive integrated moving average 
(ARIMA) models were applied to forecast future trends 
in MSMI case numbers and age-standardized rates 
(ASR). Optimal model parameters (p, d, q) were selected 
through minimized Akaike information criterion (AIC) 
and Bayesian information criterion (BIC), alongside max-
imized R² values. The finalized model generated projec-
tions from 2021 to 2040, with 95% confidence intervals 
quantifying prediction uncertainty.

All data processing and statistical analyses were per-
formed using the R (version 4.2.1) and joinpoint regres-
sion software (version 4.9.1.0), and were visualized using 
Origin 2024 software. Detailed descriptions of each 
method are provided in the supplementary materials.

Results
Trends in MSML incidence, death and dalys from 1990 to 
2021
From 1990 to 2021, the global burden of MSMI under-
went significant changes. Table  1 offers a detailed com-
parison of incidence, ASR, and relative changes by SDI 
levels and GBD regions over this period, including EAPC 
values. Globally, MSMI cases decreased from 22.45 mil-
lion to 19.05 million, with the ASR dropping from 764.03 
to 494.19 per 100,000 people, representing a reduction of 
35.32%. The EAPC in ASR was − 1.18, indicating an over-
all downward trend.

Performance varied significantly across SDI groups. 
Most SDI categories showed declines, with high-middle 
SDI regions experiencing the largest decrease (-41.24%), 
while low SDI regions saw a 53.87% increase in cases. The 
ASR consistently decreased across all SDI groups, with 
the largest decline in low-middle SDI regions (-48.59%). 
Despite the overall reduction, significant disparities 
remain between SDI regions.
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Among GBD regions, MSMI cases exhibited both 
increases and decreases. Western Sub-Saharan Africa 
had the most notable increase (90.72%), whereas Central 
Europe and East Asia saw the most significant decreases 
(-60.53% and − 59.59%). ASR mostly decreased across 
regions, with South Asia showing the largest decline 
(-53.82%), while Australasia experienced a slight increase 
(3.50%). The EAPC results showed that South Asia 
and North Africa and the Middle East had the great-
est decreases, whereas Eastern Europe and Australasia 
showed a persistent upward trend in ASR.

We used bar charts and line graphs to visualize the 
analysis. Figure  1A illustrates the trends in MSMI inci-
dence from 1990 to 2021, showing a steady decline in 
cases from approximately 22  million in 1990 to 12  mil-
lion in 2021. The ASR similarly decreased from 764 
to 494 per 100,000, reflecting the impact of improved 

healthcare interventions and preventive measures glob-
ally. Figure  1B shows MSMI-related deaths, which rose 
from 20,000 in 1990 to 30,000 in the early 2000s, before 
declining to 10,000 by 2021. This trend suggests an ini-
tial worsening followed by significant improvements in 
MSMI management. The ASR peaked at 1.0 per 100,000 
in the early 2000s, then dropped to 0.5 per 100,000 by 
2021, highlighting advancements in care and the effec-
tiveness of interventions. Figure 1C presents the burden 
of MSMI in DALYs, which increased from 1  million in 
1990 to 2 million in the early 2000s before falling back to 
1 million in 2021. The ASR halved, decreasing from 60 to 
30 per 100,000, indicating significant progress in reduc-
ing long-term health impacts and improving quality of 
life for those affected.

Fig. 1 Global trends for age-standardized rates (per 100,000 people) and absolute numbers of MSMI from 1990 to 2021. (A) Burden of MSMI measured in 
incidence; (B) Burden of MSMI measured in death; (C) Burden of MSMI measured in DALYs. The bar graph represents the number of cases, while the red 
line represents the ASR per 100,000 people. Abbreviations: DALYs disability-adjusted life-years; ASR age-standardized rate
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Burden of MSMI based on age
The analysis of MSMI burden by age group from 1990 to 
2021 revealed that women aged 20–34 consistently expe-
rience high incidence, death, and DALYs, with the highest 
burden observed in the 20–24 age group. The incidence 
of MSMI peaked in this age group, with approximately 
6 million cases and an ASR exceeding 2,000 per 100,000 
(Fig.  2A). Similarly, the number of deaths peaks in the 
20–24 age group, with around 4,000 deaths and an ASR 
exceeding 1.4 per 100,000 (Fig. 2B). The DALYs are also 
highest in this age group, with approximately 300,000 
DALYs and an ASR exceeding 100 per 100,000 (Fig. 2C). 
The results indicate that targeted interventions for 
women in these age groups are crucial.

Joinpoint regression analysis of MSMI
The joinpoint regression analysis indicated significant 
improvements in MSMI incidence, death, and DALYs, 
particularly after 2000 (Table  2). Specifically, MSMI 

incidence showed a significant decline over the study 
period, with an AAPC of -1.40% (95% CI, -1.45 to -1.35). 
The decline was most pronounced from 1990 to 1994 
(APC − 2.50%) and from 2015 to 2021 (APC − 2.07%). 
Death due to MSMI also demonstrated a notable reduc-
tion, with an AAPC of -2.29% (95% CI, -2.50 to -2.08). 
Following a slight increase from 1995 to 2000 (APC 
1.86%), substantial declines were observed, especially 
from 2007 to 2015 (APC − 5.28%). Similarly, DALYs 
decreased significantly, with an AAPC of -2.24% (95% CI, 
-2.44 to -2.04). Although there was a temporary increase 
from 1995 to 2000 (APC 1.80%), the period from 2007 
to 2015 saw the sharpest decline (APC − 5.12%). Overall, 
the data indicate that despite periods of slower progress 
and setbacks, the long-term trends in MSMI incidence, 
death, and DALYs were consistently positive, reflecting 
improvements in healthcare and intervention measures 
globally.

Fig. 2 Global burden of MSMI according to age. (A) Incidence of MSMI by age group. (B) Deaths due to MSMI by age group. (C) DALYs due to MSMI by 
age group. Abbreviations: DALYs disability-adjusted life-years; ASR age-standardized rate
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Analysis of MSMI attributable to iron deficiency as a risk 
factor
Figure  3A and B compare the percentages of death and 
DALYs due to MSMI attributable to iron deficiency 
across different SDI categories between 1990 and 2021, 
respectively. Globally, the percentage of death attribut-
able to iron deficiency in MSMI increased slightly from 
17.39% in 1990 to 18.04% in 2021. High SDI regions 
experienced a notable decrease from 19.72 to 16.79%, 
reflecting effective interventions and improvements in 
healthcare. Conversely, low and low-middle SDI regions 
experienced an increase in iron deficiency, highlighting 
ongoing challenges in addressing iron deficiency. High-
middle and middle SDI regions showed relatively stable 
percentages with only minor increases. For DALYs, the 
global percentage attributable to iron deficiency rose 
from 17.37% in 1990 to 17.99% in 2021. The trends across 
different SDI regions were similar to those observed for 
deaths: high SDI regions experienced significant reduc-
tions, indicating improved quality of life and reduced 
long-term health impacts due to better iron management. 
However, low and low-middle SDI regions experienced 

increases. High-middle and middle SDI regions slightly 
increased, indicating a persistent issue.

The effect of age, period, and cohort on the incidence, 
death, and dalys of MSMI
Age effects
After controlling for period and cohort effects, the age 
effect showed significant variations in the risk of MSMI 
and related outcomes. Incidence and death peaked in the 
20–29 age group, with relative risks (RRs) of up to 9.103 
for incidence and 3.460 for death, identifying these age 
groups as the most vulnerable to MSMI. Risks declined 
significantly for individuals over 30, with the lowest risks 
observed in the 50–54 age group.(Table 3).

Period effects
Period effects indicate the impact of healthcare improve-
ments and public health interventions. From 1992 to 
2021, the RRs for both incidence and death demonstrated 
a general downward trend, with significant declines espe-
cially after the early 2000s. The incidence RR decreased 
from 1.241 in 1992–1996 to 0.884 in 2017–2021, 

Table 2 The joinpoint regression analysis of MSMI incidence, death, and dalys from 1990–2021
Incidence Death DALYs
Period APC Period APC Period APC
1990–2021
(AAPC)

-1.40* (-1.45 to -1.35) 1990–2021
(AAPC)

-2.29* (-2.50 to -2.08) 1990–2021
(AAPC)

-2.24* (-2.44 to -2.04)

1990–1994 -2.50* (-2.69 to -2.32) 1990–1995 -0.27 (-0.67 to 0.13) 1990–1995 -0.23 (-0.63 to 0.17)
1994–1999 -1.37* (-1.56 to -1.18) 1995–2000 1.86* (1.33 to 2.39) 1995–2000 1.80* (1.27 to 2.34)
1999–2009 -1.05* (-1.1 to -1) 2000–2004 -1.53* (-2.30 to -0.75) 2000–2004 -1.65* (-2.39 to -0.90)
2009–2015 -0.60* (-0.73 to -0.48) 2004–2007 -2.94* (-4.46 to -1.40) 2004–2007 -2.95* (-4.37 to -1.50)
2015–2021 -2.07* (-2.17 to -1.98) 2007–2015 -5.28* (-5.51 to -5.04) 2007–2015 -5.12* (-5.34 to -4.90)

2015–2021 -3.48* (-3.84 to -3.12) 2015–2021 -3.35* (-3.69 to -3.00)
Abbreviations: DALYs disability-adjusted life-years; APC annual percent change; AAPC average annual percent change. * p < 0.05

Fig. 3 Iron deficiency is the leading risk factor contributing to MSMI-related deaths and DALYs worldwide, with its impact across different SDI categories 
between 1990 and 2021. (A) The percentage of death due to MSMI attributable to iron deficiency. (B) The percentage of DALYs due to MSMI attributable 
to iron deficiency. Abbreviations: DALYs disability-adjusted life-years; SDI sociodemographic index
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reflecting the positive influence of enhanced healthcare 
services.

Cohort effects
Cohort effects reveal higher risks for older birth cohorts, 
such as those born between 1938 and 1942, with RRs 
of 1.063 for incidence and 1.288 for death. In contrast, 
younger cohorts, particularly those born after 1980, 
experienced notable risk reductions, with cohorts born 
between 1998 and 2002 showing RRs of 0.89 for inci-
dence and 0.79 for death, reflecting improvements due to 
modern healthcare interventions.

Decomposition analysis of the augmented incidence cases
The decomposition analysis assessed the increase in 
MSMI incidence from 1990 to 2021 by incorporating 
epidemiological changes, population growth, and aging 
(Fig.  4). Globally, epidemiological changes contributed 

the most to the rise in incidence across all SDI quintiles. 
Population growth was a major driver, especially in low 
and low-middle SDI regions, while population aging had 
a notable impact in high and high-middle SDI regions. 
The largest increases were observed in low and low-mid-
dle SDI regions, driven by both population growth and 
epidemiological changes. In high SDI regions, the contri-
butions from all three factors were more balanced, indi-
cating better control over incidence rates. These findings 
emphasize the need for targeted interventions to manage 
rising incidence, particularly in lower SDI regions.

Relationships between the SDI and the disease burden of 
MSMI
The relationship SDI and age-standardized DALYs rate 
(ASDR) for MSMI across various countries and terri-
tories in 2021 demonstrated a significant inverse cor-
relation (r = -0.715, p < 0.001) (Fig.  5A). Countries with 

Table 3 Age-period-cohort analysis of MSMI incidence, death, and dalys from 1990–2021
Factor Incidence Death DALYs

RR 95%CI RR 95%CI RR 95%CI
Age (years)
 10–14 0.057 0.057 to 0.057 0.072 0.068 to 0.077 0.091 0.09 to 0.092
 15–19 3.758 3.753 to 3.763 1.886 1.847 to 1.927 2.329 2.323 to 2.336
 20–24 9.103 9.093 to 9.113 3.46 3.4 to 3.521 4.129 4.119 to 4.138
 25–29 6.343 6.337 to 6.349 3.056 3.006 to 3.106 3.399 3.392 to 3.406
 30–34 3.564 3.561 to 3.568 2.391 2.351 to 2.433 2.456 2.451 to 2.462
 35–39 1.951 1.949 to 1.954 1.938 1.902 to 1.976 1.827 1.823 to 1.832
 40–44 0.895 0.893 to 0.896 1.354 1.323 to 1.385 1.166 1.163 to 1.17
 45–49 0.301 0.3 to 0.302 0.745 0.724 to 0.766 0.584 0.582 to 0.587
 50–54 0.043 0.043 to 0.043 0.148 0.141 to 0.157 0.11 0.109 to 0.111
Period
 1992–1996 1.241 1.24 to 1.243 1.129 1.112 to 1.147 1.17 1.168 to 1.173
 1997–2001 1.089 1.088 to 1.09 1.213 1.198 to 1.229 1.235 1.233 to 1.237
 2002–2006 0.99 0.989 to 0.99 1.194 1.181 to 1.208 1.194 1.192 to 1.196
 2007–2011 0.928 0.927 to 0.928 1.033 1.021 to 1.045 1.021 1.02 to 1.023
 2012–2016 0.912 0.911 to 0.913 0.831 0.82 to 0.843 0.817 0.815 to 0.819
 2017–2021 0.884 0.882 to 0.885 0.712 0.699 to 0.725 0.694 0.693 to 0.696
Cohort
 1938–1942 1.063 1.05 to 1.076 1.288 1.131 to 1.467 1.159 1.136 to 1.183
 1943–1947 1.01 1.004 to 1.015 1.178 1.107 to 1.255 1.084 1.074 to 1.094
 1948–1952 0.888 0.884 to 0.891 1.106 1.056 to 1.159 1.035 1.027 to 1.042
 1953–1957 0.876 0.873 to 0.879 1.094 1.052 to 1.138 1.037 1.031 to 1.043
 1958–1962 0.883 0.88 to 0.885 1.063 1.027 to 1.099 1.021 1.016 to 1.026
 1963–1967 0.952 0.95 to 0.954 1.038 1.007 to 1.069 1.01 1.006 to 1.015
 1968–1972 1.045 1.043 to 1.046 1.068 1.04 to 1.096 1.055 1.052 to 1.059
 1973–1977 1.101 1.1 to 1.103 1.083 1.057 to 1.109 1.087 1.083 to 1.09
 1978–1982 1.14 1.138 to 1.141 1.018 0.994 to 1.042 1.041 1.038 to 1.044
 1983–1987 1.132 1.131 to 1.133 0.91 0.888 to 0.932 0.952 0.949 to 0.954
 1988–1992 1.094 1.093 to 1.095 0.857 0.834 to 0.88 0.913 0.911 to 0.916
 1993–1997 0.991 0.99 to 0.992 0.844 0.818 to 0.87 0.909 0.906 to 0.912
 1998–2002 0.89 0.889 to 0.892 0.79 0.757 to 0.824 0.859 0.855 to 0.864
 2003–2007 0.995 0.986 to 1.005 0.808 0.66 to 0.988 0.887 0.867 to 0.908
Abbreviations: RR Relative Risk
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lower SDI values, such as Somalia, Chad, and the Cen-
tral African Republic, had the highest ASDRs, exceeding 
400 per 100,000 people, reflecting inadequate health-
care infrastructure and poor socio-economic conditions. 
Middle-SDI countries like Afghanistan, Madagascar, and 
Zimbabwe had moderate ASDRs (100–300 per 100,000), 
showing improvements in healthcare and socio-eco-
nomic conditions but still facing significant disease 
burdens. High-SDI countries, such as those in Western 
Europe, North America, and East Asia, had the lowest 
ASDRs (below 50 per 100,000), benefiting from advanced 
healthcare systems and better maternal care.

Similarly, the SDI-ASR relationship from 1990 to 2021 
also showed a significant inverse correlation (r = -0.744, 
p < 0.001), except for regions like Central and South-
ern Sub-Saharan Africa, which experienced fluctuations 
(Fig. 5B). Low-SDI countries, particularly in Central and 
Sub-Saharan Africa, had the highest ASRs, exceeding 300 
per 100,000, while middle-SDI countries, including those 
in South Asia and Latin America, had moderate ASRs 
(100–300 per 100,000). High-SDI countries, including 
those in Western Europe, North America, and East Asia, 
exhibited the lowest ASRs, often below 50 per 100,000.

Frontier analysis involving the SDI and MSMI burden
Figure  6A illustrates the ASR for MSMI across vari-
ous countries from 1990 to 2021, plotted against SDI. 
The frontier line represents the expected ASR based on 
SDI, serving as a benchmark for comparison. As SDI 
increases, the ASR generally decreases and becomes 
more stable, with the frontier trend stabilizing once SDI 

exceeds 0.5, indicating more consistent ASR values in 
countries above this threshold.

Figure  6B highlights disparities in ASR among coun-
tries with similar SDI levels in 2021. For instance, Albania 
(SDI 0.71) had an ASR of 1.75, much lower than Ameri-
can Samoa (SDI 0.72, ASR 14.58). Similarly, the Central 
African Republic (SDI 0.31, ASR 337.35) had a much 
higher ASR than Mozambique (SDI 0.32, ASR 50.38). 
The top five countries with the largest effective differ-
ence (EF) from the frontier, ranging from 138.91 to 66.72, 
were Chad, the Central African Republic, the Democratic 
Republic of the Congo, Eritrea, and Mali, indicating 
urgent need for health interventions. Notably, only five 
countries—Australia, Niue, American Samoa, Kiribati, 
and the Marshall Islands—saw an increase in ASR. Aus-
tralia, with an EF of 0.99, showed the smallest deviation 
between observed and expected ASR, suggesting rela-
tively effective healthcare interventions. The other four 
countries had higher EF values (ranging from 10.96 to 
98.25), reflecting significant public health challenges.

ARIMA forecasting of MSMI to 2040
The analysis of the provided data revealed significant 
epidemiological trends. In Fig.  7A, the number of cases 
starts at approximately 20 million in 1990 and fluctuates 
until 2021. After 2021, the forecasted number of cases 
has shown a downward trend, reaching approximately 
15  million by 2040. This decrease suggests a reduction 
in the burden of the condition, likely influenced by effec-
tive public health measures and improvements in disease 
management. Moreover, Fig.  7B shows the ASR, which 
begins at approximately 600 per 100,000 people in 1990 

Fig. 4 Decomposition analysis of MSMI incidence cases across different SDI categories in 2021. Alterations in MSMI-related incidence cases based on 
population-level determinants of epidemiological changes, population growth, and population aging from 1990 to 2021 at the global level and by the 
SDI quintile. The black square represents the overall alteration induced by all three components. Positive values indicate an increase in incidence cases 
associated with the respective component, while negative values indicate a reduction. The purple, green, and orange bars represent changes due to 
epidemiological factors, population growth, and population aging, respectively. The global trend demonstrates significant impacts from epidemiological 
changes and population growth, with varying contributions from population aging across different SDI quintiles. Abbreviations: SDI sociodemographic 
index; DALYs disability-adjusted life-years
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Fig. 5 Relationships between the SDI and disease burden of MSMI. (A) SDI and ASDR across various countries and territories. The grey shaded area rep-
resents the 95% UI. (B) SDI and ASR across different SDI and GBD regions. For each region, points from left to right depict estimates from each year from 
1990 to 2021. The bold solid line represents general inverse relationship between SDI and ASR for MSMI. Abbreviations: SDI sociodemographic index; 
DALYs disability-adjusted life-years; ASR age-standardized rate
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Fig. 6 Frontier analysis involving the SDI and MSMI burden. (A) Frontier analysis of global trends for ASR of MSMI with ASR from 1990 to 2021. The color 
gradient indicates the year of the data, with darker colors representing more recent years. (B) Frontier analysis of MSMI with ASR in 2021. The frontier is 
marked in solid black, and countries and territories are presented as dots. The 15 leading countries with the most effective differences (the highest ASR of 
MSMI gap from frontier) are marked in black. Red dots represent a reduction in MSMI burden between 1990 and 2021. The blue dots represent an increase 
in MSMI burden during the same duration, and those countries are marked in green. Abbreviations: SDI sociodemographic index; ASR age-standardized 
rate
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and steadily declines to approximately 494 per 100,000 
people by 2021. The forecasting data after 2021 continue 
to show a downward trend, with the ASR decreasing to 
approximately 200 per 100,000 by 2040. This declining 
ASR indicates that when adjusting for the age structure 
of the population, the risk of developing the disease is 
decreasing, which suggests effective public health inter-
ventions and improvements in disease management.

Discussion
Based on the latest GBD data, we conducted a com-
prehensive analysis of MSMI from 1990 to 2021, using 
advanced statistical methods to explore trends across SDI 
regions, countries, and age groups, and provided fore-
casts for trends up to 2040. Significant disparities per-
sist among SDI regions, consistent with previous studies 
[12–14]. Moreover, our analysis identified several novel 
insights.

The observed and forecasted trends indicate a decrease 
in both the absolute number of cases and ASR, demon-
strating the effectiveness of current public health mea-
sures. Although fewer resources may be required as case 
numbers decline, continuous monitoring and efficient 
resource allocation remain essential to sustaining prog-
ress. The declining ASR underscores the importance of 
maintaining preventive measures and enhancing treat-
ments to further reduce disease incidence. This compre-
hensive approach ensures that public health strategies 
remain effective and resources are utilized optimally.

Age-period-cohort analysis further indicated that 
MSMI burden peaks among women aged 20–29, pri-
marily due to increased exposure during pregnancy and 

childbirth [15]. However, these rates have declined in 
recent decades, particularly among younger cohorts. The 
possible causes of this situation include the impact of 
global health initiatives, particularly the United Nations 
Millennium Development Goals (MDGs) of 2000, which 
emphasized reducing global maternal mortality and the 
Surviving Sepsis Campaign [16–18]. During this period, 
the widespread promotion of preventive antibiotic use 
and the standardization of infection management also 
played crucial roles, significantly reducing perinatal 
infections and related severe complications [19].

Based on the findings from the decomposition analysis, 
substantial investments in healthcare infrastructure and 
improved access to services are needed in low and low-
middle SDI regions. In regions where healthcare systems 
are particularly strained, managing population growth 
through family planning and enhancing reproductive 
health services can be effective [20–22]. Middle and high 
SDI regions should focus on age-specific maternal health 
services and managing chronic conditions, as population 
aging in these areas increases the risk of MSMI [23, 24].

Frontier analysis highlights inefficiencies in healthcare 
delivery, identifying regions or providers needing inter-
ventions and guiding better resource allocation. Findings 
align with previous research, indicating that regions with 
higher SDI tend to achieve more stable and lower ASR 
for MSMI, underscoring the importance of socio-eco-
nomic development in improving health outcomes [25]. 
However, significant differences remain between coun-
tries with similar SDI levels, highlighting that health-
care effectiveness, policy implementation, and resource 

Fig. 7 ARIMA forecasting of MSMI burden from 1990 to 2040. The vertical line separates the data into true values (1990–2021) and predicted values 
(2020–2040). (A) Observed and predicted number of cases of MSMI from 1990 to 2040. The bars represent the number of cases each year, and the lines 
on top of the bars from 2021 to 2040 indicate the upper limits of the 95% UI range of the predictions. (B) Observed and forecasting ASR of cases of MSMI 
from 1990 to 2040. The solid lines represent the observed data, while the dashed lines indicate the predicted data. The light-green shaded area represents 
the 95% UI of the predicted values
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availability are also key factors in determining health out-
comes [26–29].

Our findings indicate that iron deficiency plays a 
critical role, particularly in low-SDI regions. Previous 
research links iron deficiency to an increased risk of 
sepsis, as it impairs hemoglobin synthesis and immune 
function, both crucial for sepsis patients [30–34]. Preg-
nant women have a significantly increased demand for 
iron due to increased blood volume and fetal growth, 
often finding it challenging to supplement adequate iron 
through their diet [35]. Addressing iron deficiency can 
therefore be a critical component of MSMI treatment. 
Iron deficiency is the most common cause of anemia 
during pregnancy [36]. As the end stage of the iron-
deficiency process, iron deficiency anemia (IDA) affects 
a large number of pregnant women worldwide, espe-
cially in developing countries with lower SDI [37, 38]. 
The adverse effects of maternal iron deficiency reported 
in previous studies have focused primarily on the next 
generation, including fetal growth restriction, preterm 
birth, low birth weight, fetal brain development, and neu-
rodevelopmental sequelae in infancy and toddlerhood 
[39–41]. However, there is a paucity of research on iron 
deficiency and MSMI, highlighting the need for further 
studies to understand and address this gap in maternal 
health research. This disparity between different SDI 
regions highlights the need for tailored public health 
interventions. In low and low-middle SDI regions, efforts 
should focus on improving iron intake through fortified 
foods and supplements, and enhancing prenatal care to 
monitor and manage iron levels. Public health policies 
should also prioritize education on iron intake during 
pregnancy and develop infrastructure to support supple-
mentation programs.

Addressing the challenges in screening and diagnos-
ing MSMI, as well as refining the understanding and 
management of maternal sepsis, is crucial for improving 
outcomes. Current screening tools for MSMI are inad-
equate, with no optimal tool available, making early iden-
tification challenging [42]. Maternal sepsis often presents 
with vague symptoms, complicating timely diagnosis and 
risk stratification [43]. While systems like MEOWS have 
been developed, their global adoption remains limited, 
reducing early intervention opportunities [44]. Physi-
ological changes during pregnancy can mimic sepsis, 
delaying recognition and management. Additionally, lab-
oratory reference values differ for obstetric patients, and 
many sepsis criteria used in the general population have 
not been fully validated for pregnancy [45, 46]. As the 
concept of sepsis evolves with updates to its definitions 
and guidelines, similar advancements should be applied 
to MSMI [47–49]. Burden estimates empower stakehold-
ers to identify gaps, assess unmet needs, and implement 
targeted interventions effectively [50].

The study has several strengths. First, it uses the lat-
est GBD 2021 data, ensuring accurate and reliable find-
ings. Second, by applying multiple advanced statistical 
methods, we provide a comprehensive and actionable 
understanding of MSMI across various demographics 
and regions, aiding public health decision-making. Third, 
the study emphasizes iron deficiency as a key risk factor 
for MSMI, guiding targeted interventions, particularly 
in low and low-middle SDI regions. However, the study 
has limitations. It does not differentiate between specific 
infection sources, focusing on the clinical state of MSMI, 
which may obscure variations in etiology and outcomes. 
Additionally, results are interpreted at the population 
level, potentially leading to ecological fallacies. Large 
cohort studies are needed to determine relative risks for 
specific locations and time periods.

Conclusion
Overall, the global burden of MSMI has significantly 
declined from 1990 to 2021, with marked improve-
ments in high SDI regions, whereas low SDI regions 
experienced an increase in cases, highlighting ongoing 
disparities. Women aged 20–24 are the most affected, 
emphasizing the need for targeted healthcare interven-
tions. Iron deficiency is a critical factor, underscoring the 
importance of nutritional interventions and enhanced 
prenatal care. While epidemiological improvements have 
reduced MSMI incidence, population growth has offset 
these gains in low SDI regions, and population aging has 
notably impacted middle and high SDI regions. Forecasts 
suggest continued improvements in MSMI incidence and 
ASR through 2040, but sustained investment in health-
care infrastructure and public health strategies is essen-
tial to further reduce the MSMI burden and improve 
maternal health outcomes globally.

Abbreviations
MSMI  Maternal sepsis and other maternal infections
GBD  Global Burden of Disease
SDI  Sociodemographic index
YLDs  Years lived with disability
YLLs  Years of life lost
AAPC  Average annual percent change
APC  Annual percent change
EAPC  Estimated annual percentage change
DALYs  Disability-adjusted life years
RR  Relative risk
DEA  Data envelopment analysis
ASR  Age-standardized rate
ASDR  Age-standardized disability-adjusted life years rate
UI  Uncertainty interval
CI  Confidence interval
EF  Effective difference
ARIMA  Autoregressive integrated moving average

Supplementary Information
The online version contains supplementary material available at  h t t p  s : /  / d o i  . o  r 
g /  1 0 .  1 1 8 6  / s  1 2 8 8 4 - 0 2 5 - 0 7 4 0 9 - 2  .

https://doi.org/10.1186/s12884-025-07409-2
https://doi.org/10.1186/s12884-025-07409-2


Page 14 of 15Hu et al. BMC Pregnancy and Childbirth          (2025) 25:285 

Supplementary Material 1

Acknowledgements
We acknowledge the outstanding contributions of the Global Burden of 
Diseases, Injuries, and Risk Factors Study (GBD) 2021 collaborators.

Author contributions
QH: Conceptualization, Data curation, Formal analysis, Methodology, Writing–
original draft. LW: Methodology, Formal analysis. QC: Data curation, Formal 
analysis, Software. ZW: Funding acquisition, Project administration, Writing–
review & editing. All authors contributed to the article and approved the 
submitted version.

Funding
This study was supported by the National Natural Science Foundation 
of China (No. 82270059), the Jiangsu Natural Science Foundation (No. 
BK20221222), and the Jiangsu Provincial Medical Innovation Center (No. 
CXZX202211SZXK076).

Data availability
The datasets generated and analysed during the current study are available in 
the GBD repository,  h t t p  s : /  / w w w  . h  e a l  t h d  a t a .  o r  g / r  e s e  a r c h  - a  n a l y s i s / g b d.

Declarations

Ethics approval and consent to participate
This study did not require ethical approval as it utilized publicly available data. 
The research was conducted in accordance with the Guidelines for Accurate 
and Transparent Health Estimates Reporting for cross-sectional studies.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 8 January 2025 / Accepted: 3 March 2025

References
1. Say L, Chou D, Gemmill A, et al. Global causes of maternal death: a WHO 

systematic analysis. Lancet Glob Health. 2014;2(6):e323–33.  h t t p  s : /  / d o i  . o  r g /  1 0 
.  1 0 1 6  / S  2 2 1 4 - 1 0 9 X ( 1 4 ) 7 0 2 2 7 - X.

2. Statement on maternal sepsis. Accessed August 3. 2024.  h t t p  s : /  / i r i  s .  w h o  . i n  t / b 
i  t s  t r e  a m /  h a n d  l e  / 1 0  6 6 5  / 2 5 4  6 0  8 / W  H O -  R H R -  1 7  . 0 2 - e n g . p d f

3. Morgan M. Challenging infections in pregnancy. Obstet Gynaecol Reprod 
Med. 2020;30(9):289–97.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . o g r m . 2 0 2 0 . 0 6 . 0 0 5.

4. Nicoll A, Chien PFW, Mahmood T. Community-acquired genital tract infection 
and pregnancy. Obstet Gynaecol Reprod Med. 2012;22(9):248–53.  h t t p  s : /  / d o i  . 
o  r g /  1 0 .  1 0 1 6  / j  . o g r m . 2 0 1 2 . 0 6 . 0 0 5.

5. Werter DE, Schneeberger C, Mol BWJ, et al. The risk of preterm birth in 
low risk pregnant women with urinary tract infections. Am J Perinatol. 
2021;40:1558–66.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 5 5  / s  - 0 0 4 1 - 1 7 3 9 2 8 9.

6. Lin H, Lin H, Chen S. Increased risk of low birthweight and small for ges-
tational age infants among women with tuberculosis. BJOG Int J Obstet 
Gynaecol. 2010;117(5):585–90.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 1 1  / j  . 1 4  7 1 -  0 5 2 8  . 2  0 1 0 . 0 2 5 0 
4 . x.

7. Chan GJ, Lee AC, Baqui AH, Tan J, Black RE. Risk of Early-Onset neonatal infec-
tion with maternal infection or colonization: A global systematic review and 
Meta-Analysis. PLoS Med. 2013;10(8):e1001502.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 3 7 1  / j  o u r  n 
a l  . p m e  d .  1 0 0 1 5 0 2.

8. Escobar MF, Echavarría MP, Zambrano MA, Ramos I, Kusanovic JP. Maternal 
sepsis. Am J Obstet Gynecol MFM. 2020;2(3):100149.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  
. a j  o g m  f . 2 0  2 0  . 1 0 0 1 4 9.

9. Robinson DP, Klein SL. Pregnancy and pregnancy-associated hormones alter 
immune responses and disease pathogenesis. Horm Behav. 2012;62(3):263–
71.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . y h  b e h  . 2 0 1  2 .  0 2 . 0 2 3.

10. Barton JR, Sibai BM. Severe Sepsis and septic shock in pregnancy. Obstet 
Gynecol. 2012;120(3):689–706.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 9 7  / A  O G .  0 b 0  1 3 e 3  1 8  2 6 3 a 
5 2 d.

11. Greer O, Shah NM, Johnson MR. Maternal sepsis update: current manage-
ment and controversies. Obstet Gynaecol. 2020;22(1):45–55.  h t t p  s : /  / d o i  . o  r g /  1 
0 .  1 1 1 1  / t  o g . 1 2 6 2 3.

12. Bonet M, Brizuela V, Abalos E, et al. Frequency and management of maternal 
infection in health facilities in 52 countries (GLOSS): a 1-week inception 
cohort study. Lancet Glob Health. 2020;8(5):e661–71.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / 
S  2 2 1 4 - 1 0 9 X ( 2 0 ) 3 0 1 0 9 - 1.

13. Woodd SL, Montoya A, Barreix M et al. Incidence of maternal peripartum 
infection: A systematic review and meta-analysis. Smith GC, ed. PLOS Med. 
2019;16(12):e1002984.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 3 7 1  / j  o u r  n a l  . p m e  d .  1 0 0 2 9 8 4

14. Brizuela V, Cuesta C, Bartolelli G, et al. Availability of facility resources and ser-
vices and infection-related maternal outcomes in the WHO global maternal 
Sepsis study: a cross-sectional study. Lancet Glob Health. 2021;9(9):e1252–61.  
h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / S  2 2 1 4 - 1 0 9 X ( 2 1 ) 0 0 2 4 8 - 5.

15. Murray CJL, Callender CSKH, Kulikoff XR, et al. Population and fertility by age 
and sex for 195 countries and territories, 1950–2017: a systematic analysis for 
the global burden of disease study 2017. Lancet. 2018;392(10159):1995–2051.  
h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / S  0 1 4 0 - 6 7 3 6 ( 1 8 ) 3 2 2 7 8 - 5.

16. Vogel JP, Pileggi-Castro C, Chandra-Mouli V, et al. Millennium development 
goal 5 and adolescents: looking back, moving forward. Arch Dis Child. 
2015;100(Suppl 1):S43–7.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 3 6  / a  r c h  d i s  c h i l  d -  2 0 1 3 - 3 0 5 5 1 4.

17. Dellinger RP. The surviving Sepsis campaign: where have we been and where 
are we going? Cleve Clin J Med. 2015;82(4):237–44.  h t t p  s : /  / d o i  . o  r g /  1 0 .  3 9 4 9  / c  
c j m . 8 2 g r . 1 5 0 0 1.

18. Levy MM, Dellinger RP, Townsend SR, et al. The surviving Sepsis campaign: 
results of an international guideline-based performance improvement 
program targeting severe sepsis*. Crit Care Med. 2010;38(2):367–74.  h t t p  s : /  / d 
o i  . o  r g /  1 0 .  1 0 9 7  / C  C M .  0 b 0  1 3 e 3  1 8  1 c b 0 c d c.

19. Ledger W, Blaser M. Are we using too many antibiotics during pregnancy? 
BJOG Int J Obstet Gynaecol. 2013;120(12):1450–2.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 1 1  / 1  4 
7 1 - 0 5 2 8 . 1 2 3 7 1.

20. Halperin DT. Scaling up of family planning in low-income countries: lessons 
from Ethiopia. Lancet. 2014;383(9924):1264–7.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / S  0 1 4 
0 - 6 7 3 6 ( 1 3 ) 6 2 0 3 2 - 2.

21. Canning D, Schultz TP. The economic consequences of reproductive health 
and family planning. Lancet. 2012;380(9837):165–71.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / 
S  0 1 4 0 - 6 7 3 6 ( 1 2 ) 6 0 8 2 7 - 7.

22. Ahmed S, Li Q, Liu L, Tsui AO. Maternal deaths averted by contraceptive use: 
an analysis of 172 countries. Lancet. 2012;380(9837):111–25.  h t t p  s : /  / d o i  . o  r g /  1 
0 .  1 0 1 6  / S  0 1 4 0 - 6 7 3 6 ( 1 2 ) 6 0 4 7 8 - 4.

23. Lisonkova S, Potts J, Muraca GM et al. Maternal age and severe maternal 
morbidity: A population-based retrospective cohort study. Myers JE, ed. PLOS 
Med. 2017;14(5):e1002307.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 3 7 1  / j  o u r  n a l  . p m e  d .  1 0 0 2 3 0 7

24. Attali E, Yogev Y. The impact of advanced maternal age on pregnancy out-
come. Best Pract Res Clin Obstet Gynaecol. 2021;70:2–9.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 
1 6  / j  . b p  o b g  y n . 2  0 2  0 . 0 6 . 0 0 6.

25. Van Dillen J, Zwart J, Schutte J, Van Roosmalen J. Maternal sepsis: epidemiol-
ogy, etiology and outcome. Curr Opin Infect Dis. 2010;23(3):249–54.  h t t p  s : /  / d 
o i  . o  r g /  1 0 .  1 0 9 7  / Q  C O .  0 b 0  1 3 e 3  2 8  3 3 9 2 5 7 c.

26. Allen P, Pilar M, Walsh-Bailey C, et al. Quantitative measures of health policy 
implementation determinants and outcomes: a systematic review. Imple-
ment Sci IS. 2020;15:47.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 8 6  / s  1 3 0 1 2 - 0 2 0 - 0 1 0 0 7 - w.

27. Valaitis R, MacDonald M, Kothari A, et al. Moving towards a new vision: 
implementation of a public health policy intervention. BMC Public Health. 
2016;16:412.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 8 6  / s  1 2 8 8 9 - 0 1 6 - 3 0 5 6 - 3.

28. Hosseini Jebeli SS, Hadian M, Souresrafil A. Study of health resource and 
health outcomes: organization of economic corporation and development 
panel data analysis. J Educ Health Promot. 2019;8:70.  h t t p  s : /  / d o i  . o  r g /  1 0 .  4 1 0 3  / 
j  e h p . j e h p _ 1 0 1 _ 1 8.

29. Haakenstad A, Irvine CMS, Knight M, et al. Measuring the availability of 
human resources for health and its relationship to universal health coverage 
for 204 countries and territories from 1990 to 2019: a systematic analysis for 
the global burden of disease study 2019. Lancet. 2022;399(10341):2129–54.  h 
t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / S  0 1 4 0 - 6 7 3 6 ( 2 2 ) 0 0 5 3 2 - 3.

30. Ganz T, Nemeth E. Iron sequestration and anemia of inflammation. Semin 
Hematol. 2009;46(4):387–93.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 5 3  / j  . s e  m i n  h e m a  t o  l . 2 0 0 9 . 0 6 . 
0 0 1.

https://www.healthdata.org/research-analysis/gbd
https://doi.org/10.1016/S2214-109X(14)70227-X
https://doi.org/10.1016/S2214-109X(14)70227-X
https://iris.who.int/bitstream/handle/10665/254608/WHO-RHR-17.02-eng.pdf
https://iris.who.int/bitstream/handle/10665/254608/WHO-RHR-17.02-eng.pdf
https://doi.org/10.1016/j.ogrm.2020.06.005
https://doi.org/10.1016/j.ogrm.2012.06.005
https://doi.org/10.1016/j.ogrm.2012.06.005
https://doi.org/10.1055/s-0041-1739289
https://doi.org/10.1111/j.1471-0528.2010.02504.x
https://doi.org/10.1111/j.1471-0528.2010.02504.x
https://doi.org/10.1371/journal.pmed.1001502
https://doi.org/10.1371/journal.pmed.1001502
https://doi.org/10.1016/j.ajogmf.2020.100149
https://doi.org/10.1016/j.ajogmf.2020.100149
https://doi.org/10.1016/j.yhbeh.2012.02.023
https://doi.org/10.1097/AOG.0b013e318263a52d
https://doi.org/10.1097/AOG.0b013e318263a52d
https://doi.org/10.1111/tog.12623
https://doi.org/10.1111/tog.12623
https://doi.org/10.1016/S2214-109X(20)30109-1
https://doi.org/10.1016/S2214-109X(20)30109-1
https://doi.org/10.1371/journal.pmed.1002984
https://doi.org/10.1016/S2214-109X(21)00248-5
https://doi.org/10.1016/S2214-109X(21)00248-5
https://doi.org/10.1016/S0140-6736(18)32278-5
https://doi.org/10.1016/S0140-6736(18)32278-5
https://doi.org/10.1136/archdischild-2013-305514
https://doi.org/10.3949/ccjm.82gr.15001
https://doi.org/10.3949/ccjm.82gr.15001
https://doi.org/10.1097/CCM.0b013e3181cb0cdc
https://doi.org/10.1097/CCM.0b013e3181cb0cdc
https://doi.org/10.1111/1471-0528.12371
https://doi.org/10.1111/1471-0528.12371
https://doi.org/10.1016/S0140-6736(13)62032-2
https://doi.org/10.1016/S0140-6736(13)62032-2
https://doi.org/10.1016/S0140-6736(12)60827-7
https://doi.org/10.1016/S0140-6736(12)60827-7
https://doi.org/10.1016/S0140-6736(12)60478-4
https://doi.org/10.1016/S0140-6736(12)60478-4
https://doi.org/10.1371/journal.pmed.1002307
https://doi.org/10.1016/j.bpobgyn.2020.06.006
https://doi.org/10.1016/j.bpobgyn.2020.06.006
https://doi.org/10.1097/QCO.0b013e328339257c
https://doi.org/10.1097/QCO.0b013e328339257c
https://doi.org/10.1186/s13012-020-01007-w
https://doi.org/10.1186/s12889-016-3056-3
https://doi.org/10.4103/jehp.jehp_101_18
https://doi.org/10.4103/jehp.jehp_101_18
https://doi.org/10.1016/S0140-6736(22)00532-3
https://doi.org/10.1016/S0140-6736(22)00532-3
https://doi.org/10.1053/j.seminhematol.2009.06.001
https://doi.org/10.1053/j.seminhematol.2009.06.001


Page 15 of 15Hu et al. BMC Pregnancy and Childbirth          (2025) 25:285 

31. Petzer V, Theurl I, Weiss G. Established and emerging concepts to treat 
imbalances of Iron homeostasis in inflammatory diseases. Pharmaceuticals. 
2018;11(4):135.  h t t p  s : /  / d o i  . o  r g /  1 0 .  3 3 9 0  / p  h 1 1 0 4 0 1 3 5.

32. Dallman PR. Iron deficiency and the immune response. Am J Clin Nutr. 
1987;46(2):329–34.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 9 3  / a  j c n / 4 6 . 2 . 3 2 9.

33. Shao WM, Ye LW, Zhang L, ming, et al. Relationship between the magnitude 
of haemoglobin changes and long-term mortality in patients with sepsis: a 
retrospective cohort study. BMC Infect Dis. 2024;24(1):577.  h t t p  s : /  / d o i  . o  r g /  1 0 .  
1 1 8 6  / s  1 2 8 7 9 - 0 2 4 - 0 9 4 7 6 - w.

34. Delano MJ, Ward PA. The immune system’s role in Sepsis progression, resolu-
tion and Long-Term outcome. Immunol Rev. 2016;274(1):330–53.  h t t p  s : /  / d o i  . 
o  r g /  1 0 .  1 1 1 1  / i  m r . 1 2 4 9 9.

35. Georgieff MK. Iron deficiency in pregnancy. Am J Obstet Gynecol. 
2020;223(4):516–24.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . a j o g . 2 0 2 0 . 0 3 . 0 0 6.

36. James AH. Iron deficiency Anemia in pregnancy. Obstet Gynecol. 
2021;138(4):663.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 9 7  / A  O G .  0 0 0  0 0 0 0  0 0  0 0 0 4 5 5 9.

37. Gupta A, Gadipudi A. Iron deficiency anaemia in pregnancy: developed ver-
sus developing countries. EMJ hematol. Published Online August. 2018;2:101–
9.  h t t p  s : /  / d o i  . o  r g /  1 0 .  3 3 5 9  0 /  e m j  h e m  a t o l  / 1  0 3 1 4 9 1 1.

38. Allen LH. Anemia and iron deficiency: effects on pregnancy outcome. Am J 
Clin Nutr. 2000;71(5):S1280–4.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 9 3  / a  j c n / 7 1 . 5 . 1 2 8 0 s.

39. Kemppinen L, Mattila M, Ekholm E, et al. Gestational iron deficiency anemia is 
associated with preterm birth, fetal growth restriction, and postpartum infec-
tions. J Perinat Med. 2021;49(4):431–8.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 5 1 5  / j  p m - 2 0 2 0 - 0 3 7 
9.

40. Monk C, Georgieff MK, Xu D, et al. Maternal prenatal iron status and tissue 
organization in the neonatal brain. Pediatr Res. 2016;79(3):482–8.  h t t p  s : /  / d o i  . 
o  r g /  1 0 .  1 0 3 8  / p  r . 2 0 1 5 . 2 4 8.

41. Lukowski AF, Koss M, Burden MJ, et al. Iron deficiency in infancy and neuro-
cognitive functioning at 19 years: evidence of long-term deficits in executive 
function and recognition memory. Nutr neurosci. Published Online April. 
2010;1.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 7 9  / 1  4 7 6  8 3 0  1 0 X 1  2 6  1 1 4 6 0 7 6 3 6 8 9.

42. Foeller ME, Gibbs RS. Maternal sepsis: new concepts, new practices. Curr Opin 
Obstet Gynecol. 2019;31(2):90–6.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 9 7  / G  C O .  0 0 0  0 0 0 0  0 0  0 0 0 
0 5 2 3.

43. Burlinson CEG, Sirounis D, Walley KR, Chau A. Sepsis in pregnancy and the 
puerperium. Int J Obstet Anesth. 2018;36:96–107.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . i j o 
a . 2 0 1 8 . 0 4 . 0 1 0.

44. Edwards W, Dore S, Van Schalkwyk J, Armson BA. Prioritizing maternal sepsis: 
National adoption of an obstetric early warning system to prevent morbidity 
and mortality. J Obstet Gynaecol Can. 2020;42(5):640–3.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 
1 6  / j  . j o g c . 2 0 1 9 . 1 1 . 0 7 2.

45. Naoum EE, Bauer ME. Maternal sepsis: recognition, treatment, and escalation 
of care. Curr Anesthesiol Rep. 2019;9(1):55–9.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 0 7  / s  4 0 1 4 
0 - 0 1 9 - 0 0 3 1 0 - 7.

46. Albright CM, Mehta ND, Rouse DJ, Hughes BL. Sepsis in pregnancy: identifica-
tion and management. J Perinat Neonatal Nurs. 2016;30(2):95.  h t t p  s : /  / d o i  . o  r g 
/  1 0 .  1 0 9 7  / J  P N .  0 0 0  0 0 0 0  0 0  0 0 0 0 1 5 9.

47. Vincent JL, Opal SM, Marshall JC, Tracey KJ. Sepsis definitions: time for 
change. Lancet. 2013;381(9868):774–5.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / S  0 1 4 0 - 6 7 3 6 ( 1 
2 ) 6 1 8 1 5 - 7.

48. Singer M, Deutschman CS, Seymour CW, et al. The third international consen-
sus definitions for Sepsis and septic shock (Sepsis-3). JAMA. 2016;315(8):801–
10.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 0 1  / j  a m a . 2 0 1 6 . 0 2 8 7.

49. Engoren M, Seelhammer T, Freundlich RE, Maile MD, Sigakis MJG, Schwann 
TA. A comparison of Sepsis-2 (Systemic inflammatory response syndrome 
Based) to Sepsis-3 (Sequential organ failure assessment Based) Definitions–A 
multicenter retrospective study. Crit Care Med. 2020;48(9):1258–64.  h t t p  s : /  / d 
o i  . o  r g /  1 0 .  1 0 9 7  / C  C M .  0 0 0  0 0 0 0  0 0  0 0 0 4 4 4 9.

50. Murray CJL, Lopez AD. Measuring global health: motivation and evolution of 
the global burden of disease study. Lancet. 2017;390(10100):1460–4.  h t t p s :   /  / 
d o  i .  o r  g  /  1 0  . 1 0   1 6  / S 0  1 4 0 - 6 7 3 6 ( 1 7 ) 3 2 3 6 7 - X.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.3390/ph11040135
https://doi.org/10.1093/ajcn/46.2.329
https://doi.org/10.1186/s12879-024-09476-w
https://doi.org/10.1186/s12879-024-09476-w
https://doi.org/10.1111/imr.12499
https://doi.org/10.1111/imr.12499
https://doi.org/10.1016/j.ajog.2020.03.006
https://doi.org/10.1097/AOG.0000000000004559
https://doi.org/10.33590/emjhematol/10314911
https://doi.org/10.1093/ajcn/71.5.1280s
https://doi.org/10.1515/jpm-2020-0379
https://doi.org/10.1515/jpm-2020-0379
https://doi.org/10.1038/pr.2015.248
https://doi.org/10.1038/pr.2015.248
https://doi.org/10.1179/147683010X12611460763689
https://doi.org/10.1097/GCO.0000000000000523
https://doi.org/10.1097/GCO.0000000000000523
https://doi.org/10.1016/j.ijoa.2018.04.010
https://doi.org/10.1016/j.ijoa.2018.04.010
https://doi.org/10.1016/j.jogc.2019.11.072
https://doi.org/10.1016/j.jogc.2019.11.072
https://doi.org/10.1007/s40140-019-00310-7
https://doi.org/10.1007/s40140-019-00310-7
https://doi.org/10.1097/JPN.0000000000000159
https://doi.org/10.1097/JPN.0000000000000159
https://doi.org/10.1016/S0140-6736(12)61815-7
https://doi.org/10.1016/S0140-6736(12)61815-7
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1097/CCM.0000000000004449
https://doi.org/10.1097/CCM.0000000000004449
https://doi.org/10.1016/S0140-6736(17)32367-X
https://doi.org/10.1016/S0140-6736(17)32367-X

	The global, regional, and national burdens of maternal sepsis and other maternal infections and trends from 1990 to 2021 and future trend predictions: results from the Global Burden of Disease study 2021
	Abstract
	Introduction
	Methods
	Data sources
	Case definition
	Measures of burden and data presentation
	Statistical analysis

	Results
	Trends in MSML incidence, death and dalys from 1990 to 2021
	Burden of MSMI based on age
	Joinpoint regression analysis of MSMI
	Analysis of MSMI attributable to iron deficiency as a risk factor
	The effect of age, period, and cohort on the incidence, death, and dalys of MSMI
	Age effects
	Period effects
	Cohort effects


	Decomposition analysis of the augmented incidence cases
	Relationships between the SDI and the disease burden of MSMI
	Frontier analysis involving the SDI and MSMI burden
	ARIMA forecasting of MSMI to 2040
	Discussion
	Conclusion
	References


