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Analysis of the impact of maternal sepsis 2
on pregnancy outcomes: a population-based
retrospective study
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Abstract

Background To investigate the association between maternal sepsis during pregnancy and poor pregnancy
outcome and to identify risk factors for poor birth outcomes and adverse perinatal events.

Methods We linked the Taiwan Birth Cohort Study (TBCS) database and the Taiwanese National Health Insurance
Database (NHID) to conduct this population-based study. We analysed the data of pregnant women who met the
criteria for sepsis-3 during pregnancy between 2005 and 2017 as the maternal sepsis cases and selected pregnant
women without infection as the non-sepsis comparison cohort. Sepsis during pregnancy and fulfilled the sepsis-3
definition proposed in 2016. The primary outcome included low birth weight (LBW, <2500 g) and preterm birth (< 34
weeks), and the secondary outcome was the occurrence of adverse perinatal events.

Results We enrolled 2,732 women who met the criteria for sepsis-3 during pregnancy and 196,333 non-sepsis
controls. We found that the development of maternal sepsis was highly associated with unfavourable pregnancy
outcomes, including LBW (adjOR 9.51, 95% Cl 8.73-10.36), preterm birth < 34 weeks (adjOR 11.69, 95%Cl 10.64—
12.84), and the adverse perinatal events (adjOR 3.09, 95% Cl 2.83-3.36). We also identified that socio-economically
disadvantaged status was slightly associated with an increased risk for low birth weight and preterm birth.

Conclusion We found that the development of maternal sepsis was highly associated with LBW, preterm birth and
adverse perinatal events. Our findings highlight the prolonged impact of maternal sepsis on pregnancy outcomes
and indicate the need for vigilance among pregnant women with sepsis.
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Introduction

Sepsis consists of dysregulated inflammation and life-
threatening organ dysfunction. It may affect pregnant
women with altered physiological and immunological
responses during pregnancy, so-called maternal sepsis
[1-4]. Rudd KE et al., using the Global Burden of Dis-
eases-2017 database that included data from Austria,
Brazil, Canada, Chile, Georgia, Italy, Mexico, New Zea-
land, Philippines and the USA, reported approximately
5.7 million pregnant women presented with maternal
disorders complicated with sepsis [4]. Increasing evi-
dence, including our study, has shown that sepsis may
have a prolonged impact on patients who recovered
from sepsis; however, few studies explored the associa-
tion between maternal sepsis and the birth/perinatal out-
come [5-8]. It is estimated that approximately 20 million
infants are born with low birth weight (LBW) (<2,500 g),
and nearly 14.9 million are born preterm [9]. Notably, the
aforementioned adverse birth outcome predominantly
occurs in low- and middle-income countries [9, 10], and
accumulating evidence, including our study, have shown
that socio-economically disadvantaged status appears
to be associated with incident sepsis [11-14]. Therefore,
there is a crucial need to address the association between
maternal sepsis and adverse birth outcomes and clarify
the role of socioeconomic status. We hypothesised that
sepsis during pregnancy might have a prolonged impact
on the birth outcome and adverse perinatal events. In
the present study, we linked two population-based claim
databases, including the Taiwanese birth cohort and
national health insurance databases, to investigate the
association between maternal sepsis and birth and pre-
natal outcomes and to identify risk factors for the afore-
mentioned adverse pregnancy outcomes.

Materials and methods

Data sources

The present study linked two population-based claim
databases in Taiwan, including the Taiwan Birth Cohort
Study (TBCS) database and the National Health Insur-
ance Database (NHID). TBCS, initiated by the Taiwanese
Health Promotion Administration, has collected birth
outcomes and perinatal data in Taiwan since 2003 [15,
16]. The data regarding maternal sepsis were retrieved
from the NHID in Taiwan. In brief, National Health
Insurance (NHI), issued in 1997, is compulsory popula-
tion-based insurance in Taiwan with comprehensive pop-
ulation coverage (99.96% of Taiwanese residents in 2017.
The NHID has stored the original reimbursement claims
data of NHI in the Health and Welfare Data Center
(HWDC) [17]. Therefore, ambulatory care expenditures
by visits, inpatient expenditures by admissions, expendi-
tures for prescriptions dispensed at contracted pharma-
cies, details of ambulatory care orders, details of inpatient
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orders, details of prescriptions dispensed at contracted
pharmacies, health services utilisation of medical facili-
ties and the other needed information for this study can
be used within HWDC. The medical diagnoses in NHID
are based on the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) and
ICU-10-CM.

Definition of maternal sepsis by sepsis-3

Based on previous studies, including ours, the sepsis-3
definition, which indicates organ dysfunction and the
presence of infection, was used to identify patients with
sepsis in the claims database [13, 18, 19]. In brief, a septic
episode was defined as a diagnosis of infectious disease
and at least one acute organ dysfunction. Organ dysfunc-
tion was diagnosed in accordance with the items in the
sequential organ failure assessment, including dysfunc-
tion in the respiratory, cardiovascular, haematological,
hepatic, renal, and central nervous systems [19, 20].

Outcomes

The primary outcome included low birth weight (LBW,
<2500 g) and preterm birth (<34 weeks), and the sec-
ondary outcome was the occurrence of adverse perinatal
events. The adverse perinatal events were composed of
fever, premature rupture of membrane, placental abrup-
tion, placenta previa, major bleeding (500 ml on normal
spontaneous delivery or 1000 ml on Cesarean section),
precipitate labour, malposition, umbilical cord prolapse,
and fetal distress [21].

Covariates

The potential confounders adjusted in the Cox regression
model were age, socioeconomic status, comorbidities,
and gestational risks, including gestational diabetes, his-
tory of preterm delivery, current smoker, cervical insuf-
ficiency and preeclampsia. Comorbidity was defined as
one inpatient visit or more than three ambulatory visits
with a corresponding ICD-9/10-CM code within one year
before the index date. With respect to socioeconomic
data, the urbanisation level of the patient’s residence was
divided by the population density (people/km?), popula-
tion ratio of elderly aged higher than 65 years, population
ratio of agricultural workers, population ratio of those
with educational levels of college or above, and the num-
ber of registered physicians per 100,000 subjects [13]. We
also used payroll-related insured amount, divided by the
median level of enrolled subjects, as a proxy measure of
the patient’s socioeconomic status.

Statistical analysis

Descriptive results were presented as meanststan-
dard deviation for continuous variables or numbers
(percentages) for categorical variables. In addition, we
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determined the risk of preterm birth, low birth weight
and adverse perinatal events by estimating odds ratios
(ORs) with 95% confidence intervals (CIs) via a multi-
variable logistical regression analysis after adjusting for
potential confounders. All data were analysed using SAS
version 9.3 (SAS Institute, Inc., Cary, NC, the USA). A
p-value of <0.05 was considered statistically significant.
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Results

Characteristics of the study population

Figure 1 illustrates the selection of those with mater-
nal sepsis and pregnant women without sepsis (Fig. 1).
We identified 1,998,998 infants born during 2003-2017
in the TBCS and excluded multiparity. To obtain data
regarding maternal comorbidity before pregnancy, we
further excluded the data of infants who were born
before 2005. A total of 1,541,944 independent mother-
child dyads were eligible for analyses. We identified 2,809
patients with sepsis during pregnancy and excluded 77

Infant who was born during 2003-2017 in Taiwan,
(N=1,998.,998)

\4

Multiparity (n=38,573)

Mother-child dyads (N=1,960,425)

A 4

Infant born prior to 2005, n=418,481

Independent mother-child dyads (N=1,541,944)

Mother who met sepsis-3
criterial during pregnancy

Mother without sepsis, defined
by sepsis -3, n=1,539,135

N=2,809

Incomplete urbanization data, n=93,798

Incomplete

Patients without sepsis, defined by
sepsis-3, n=1,445.337

urbanization data,
n=77

Mother who received antibiotic
treatment or had diagnosis of infection
during pregnancy, n=1,249,004

A 4

Mother with sepsis
during pregnancy
N=2,732

Mother without sepsis

during pregnancy
N=196,333

Fig. 1 Flow chart of the subject enrollment
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patients without detailed urbanisation data. To avoid
including those with potential infection in the non-sepsis
pregnant women, we excluded those who received anti-
biotic treatment or were diagnosed with infection during
pregnancy. A total of 196,333 were enrolled as non-sepsis
controls. Table 1 summarises the characteristics of the
sepsis group and the non-sepsis group. Compared with
non-sepsis pregnant women, patients with maternal
sepsis had higher proportions of being older or equal to
35 years (20.1% vs. 15.7%, p<0.01), having a low level of
urbanisation in residence (24.7% vs. 16.3%, p<0.01), and
having a low insured income (62% vs. 50.7%, p<0.01).
Those with maternal sepsis were more likely to have
comorbidities, including hypertension, diabetes, hyper-
lipidemia, depression, hyperthyroidism, chronic liver
disease and connective tissue disease, than those in the
non-sepsis group.

Moreover, those with maternal sepsis also had more
gestational risks, including gestational diabetes, history
of preterm delivery, current smoker, cervical insufficiency
and preeclampsia, compared with those in non-sepsis
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control. Concerning the pregnancy outcome, we found
that those with maternal sepsis were more likely to
have unfavourable birth outcomes, including LBW and
preterm birth, and any one or more perinatal adverse
events than pregnant women without sepsis (Table 2).
Taken together, we found that those with maternal sep-
sis appeared to have a socio-economically disadvantaged
status, more comorbidities, gestational risks, unfavour-
able birth outcomes, and one or more perinatal adverse
events than the non-sepsis group.

The association between maternal sepsis and birth
outcomes, including low birth weight and preterm birth
(<34 weeks)

We then explored the association between maternal sep-
sis and LBW (Table 3 and Supplemental Table 1). We
found that sepsis was highly associated with the LBW
(adjOR 9.51, 95% CI 8.73-10.36). Notably, we also found
that a low urbanisation level (adjOR 1.16, 95% CI 1.10-
1.23) and a low insured income (adjOR 1.20, 95% 1.15—
1.26) were slightly associated with LBW. Furthermore, we

Table 1 Maternal characteristics and gestational risks of the mother-child dyads with and without sepsis

Maternal Sepsis (+) Maternal Sepsis (-) p-value
N=2,732 N=196,333
Maternal age 309+54 30.8+4.9 0.135
<35 years 2,183 (79.9) 165,446 (84.3) <0.001
>35 years 549 (20.1) 30,887 (15.7)
Gestational age (weeks) 359443 383£25 <0.001
Socioeconomic status
Urbanisation level <0.001
Urban 2,057 (75.3) 164,406 (83.7)
Rural 675 (24.7) 31,927 (16.3)
Low insured income® 1,694 (62) 99,582 (50.7) <0.001
Sepsis timing
Sepsis within Tst trimester 85 (3.1) N/A
Sepsis after 1st trimester 2,647 (96.9) N/A
Comorbidities
Hypertension 43(1.6) 316 (0.2) <0.001
Diabetes mellitus 66 (2.4) 312(0.2) <0.001
Hyperlipidemia 29(1.1) 406 (0.2) <0.001
Malignancy 10(04) 411(0.2) 0.077
Depression 29(1.1) 782 (04) <0.001
Hyperthyroidism 23(0.8) 1,116 (0.6) 0.06
Chronic liver diseases 18(0.7) 550 (0.3) <0.001
Connective tissue disease 14 (0.5) 278(0.1) <0.001
Gestational risks
Gestational diabetes 70 (2.6) 2,513 (1.3) <0.001
History of preterm delivery 26 (1.0) 144 (0.1) <0.001
Current smoker 16 (0.6) 180 (0.1) <0.001
Cervical insufficiency 22(0.8) 87 (0.04) <0.001
Preeclampsia 75(2.7) 1,107 (0.6) <0.001

?Insured income lower than median income (24,000 New Taiwan dollars)

PHigher than 500 ml on normal spontaneous delivery or 1000 ml on Cesarean section.

Abbreviation: N/A: Not Applicable.
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Table 2 Birth outcomes and perinatal adverse events among enrolled mother-child dyads with and without sepsis

Maternal Sepsis (+) Maternal Sepsis (-) p-value
N=2,732 N=196,333
Birth outcomes
Birth weight (g) 2555.9+869.1 3035.0£523.1 <0.001
Low birth weight (<2500 g) 923 (33.8) 8917 (4.5) <0.001
Preterm birth (< 34 weeks) 716 (26.2) 5,008 (2.6) <0.001
Preterm birth (<37 weeks) 1,230 (45.0) 15,001 (7.6) <0.001
Stillbirth 3,273(1.7) 47(1.7) 0.829
Perinatal adverse events, any 769 (28.1) 21,036 (10.7) <0.001
Fever 73(2.7) 1,303 (0.7) <0.001
Premature rupture of membrane 237 (8.7) 4377 (2.2) <0.001
Placental abruption 69 (2.5) 712 (04) <0.001
Placenta previa 56 (2.0) 1,340 (0.7) <0.001
Major bleedingb 28(1.0) 818 (04) <0.001
Precipitate labor 64 (2.3) 3,537 (1.8) 0.035
Malposition 250(9.2) 7,084 (3.6) <0.001
Umbilical cord prolapse 9(0.3) 307 (0.2) 0.024
Fetal distress 190 (7.0) 2,961 (1.5) <0.001

2Insured income lower than median income (24,000 New Taiwan dollars)

PHigher than 500 ml on normal spontaneous delivery or 1000 ml on Cesarean section.

Table 3 Crude and adjusted odds ratios for the association between variables and low birth weight (< 2500 g)

Crude OR p value Adjusted OR p value
(95% CI) (95% ClI)

Sepsis 10.72 (9.88-11.64) <0.001 9.51(8.73-10.36) <0.001
Maternal age > 35 years 1.59 (1.51-1.66) <0.001 1.50 (1.43-1.58) <0.001
Urbanisation

Urban Ref Ref

Rural 1.25(1.19-1.32) <0.001 1.16 (1.10-1.23) <0.001
Low insured income?® 1.25(1.20-1.30) <0.001 1.20(1.15-1.26) <0.001
Comorbidities

Hypertension 7.93(6.31-9.97) <0.001 3.39(2.56-4.49) <0.001

Hyperlipidemia 3.84(2.98-4.94) <0.001 1.70(1.23-2.35) 0.001

Diabetes mellitus 440 (3.39-5.71) <0.001 1.07 (0.76-1.49) 0.714

Malignancy 1.69 (1.19-2.40) 0.003 1(1.05-2.17) 0.028

Depression 2.03 (1.60-2.56) <0.001 1.69 (1.32-2.16) <0.001

Hyperthyroidism 1.09 (0.84-1.41) 0.520 0.94 (0.71-1.23) 0.643

Chronic liver diseases 1.82(1.36-2.44) <0.001 147 (1.07-2.00) 0.016

Connective tissue disease 2.72(1.92-3.86) <0.001 1.88 (1.28-2.76) 0.001
Gestational risks

Gestational diabetes 1.15(0.97-1.36) 0.114 1(0.67-0.97) 0.021

History of preterm delivery 13.22(9.73-17.97) <0.001 41 (5.96-11.88) <0.001

Current smoker 480 (3.38-6.82) <0.001 3.27 (2.21 —4‘84) <0.001

Cervical insufficiency 16.38 (11.23-23.88) <0.001 11.07 (7.29-16.83) <0.001

Preeclampsia 14.38 (12.79-16.17) <0.001 1257 (11.11-14.23) <0.001

2Insured income lower than median income (17,280 New Taiwan dollars)
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also noted that current smoking was modestly associated
with LBW (adjOR 3.27, 95% CI 2.21-4.84). As expected,
a history of preterm birth, cervical insufficiency and pre-
eclampsia were strong predictors for LBW. Similar with
the data in LBW, we found that maternal sepsis was also
a robust predictor for preterm birth (<34 weeks) (adjOR
11.69, 95%CI 10.64—12.84) (Table 4 and Supplemental
Table 2). In line with the data in LBW, socio-economi-
cally disadvantaged status was slightly associated with
preterm birth.

The association between maternal sepsis and adverse
perinatal outcomes

Regarding the perinatal outcome, we found that women
with sepsis during pregnancy were modestly associated
with the development of one or more adverse outcomes
(adjOR 3.09, 95% CI 2.83-3.36) (Table 5 and Supple-
mental Table 3). In contrast with the data regarding the
birth outcome, a socio-economically disadvantaged sta-
tus tended to be associated with a lower risk for one or
more adverse perinatal outcomes. We also noted that
the comorbidity-associated risk for unfavourable birther
outcomes tended to be slightly decreased in one or more
adverse perinatal outcomes. Still, the gestational risks
had a consistent impact on the adverse perinatal event.
Therefore, maternal sepsis and gestational risks were
essential for the adverse perinatal outcome.
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Discussion
Maternal sepsis is an essential global health issue, partic-
ularly among pregnant women who were socio-econom-
ically disadvantaged. We linked two population-based
claim databases in Taiwan to address maternal sepsis’s
birth and perinatal impacts. We found that maternal
sepsis was highly associated with preterm birth, LBW
and adverse perinatal events. Furthermore, we identi-
fied that socioeconomic status, including income and
urbanisation, was an independent risk for poor birth out-
comes. Our findings demonstrate the prolonged impact
of maternal sepsis, and the identified risk factors can be
used in the risk stratification for pregnancy outcomes.
Few studies have explored the impact of maternal
sepsis. Blauvelt et al. recently conducted a single centre
study with 59 individuals who had antepartum admis-
sion for infection and 14,506 comparable control subjects
and reported that antepartum sepsis correlated with a
nearly 2-fold increase in odds of placental dysfunction-
relevant complications, mainly hypertensive disease of
pregnancy [8]. We postulate that the strengthened asso-
ciation between maternal sepsis and pregnancy outcome
in this study may attributed by not only population-based
study but also using sepsis-3, a stringent definition of
sepsis restricted to septic patients with organ dysfunc-
tion. In line with our data, Blauvelt et al. also found that
those with antepartum sepsis tended to have a higher
proportion of preterm birth (<34 weeks, 5.1% vs. 3.9%),
although was relatively underpowered due to the small

Table 4 Crude and adjusted odds ratios for the association between variables and preterm birth (< 34 weeks)

OR (95% ClI) p value aOR (95% CI) p value

Sepsis 13.57 (12.40-14.84) <0.001 11.69 (10.64-12.84) <0.001
Maternal age > 35 years 1.81(1.70-1.93) <0.001 1.73 (1.63-1.85) <0.001
Urbanisation

Urban Ref Ref

Rural 1.27 (1.19-1.36) <0.001 1.14(1.07-1.22) <0.001
Low insured income?® 1.35(1.28-142) <0.001 1.30(1.23-1.37) <0.001
Comorbidities

Hypertension 842 (6.49-10.93) <0.001 2.92 (2.11-4.05) <0.001

Hyperlipidemia 432 (3.20-5.82) <0.001 1.64 (1.12-2.40) 0.011

Diabetes mellitus 592 (4.46-7.88) <0.001 1.35(0.93-1.96) 0.110

Malignancy 1.78 (1.15-2.76) 0.010 1.55 (0.99-2.44) 0.057

Depression 1.53 (1.09-2.14) 0.015 1.16 (0.81-1.65) 0413

Hyperthyroidism 1.26 (0.92-1.73) 0.143 1.07 (0.77-1.50) 0.676

Chronic liver diseases 1.96 (1.36-2.81) <0.001 1.51(1.03-2.22) 0.037

Connective tissue disease 2.50(1.59-3.93) <0.001 161 (0.98-2.64) 0.062
Gestational risks

Gestational diabetes 0.98 (0.78-1.24) 0.881 0.65(0.51-0.84) 0.001

History of preterm delivery 1340 (9.59-18.74) <0.001 7.00 (4.71-1041) <0.001

Current smoker 5.19(3.43-7.84) <0.001 3.11(1.94-4.99) <0.001

Cervical insufficiency 28.87(19.79-42.12) <0.001 19.65 (12.86-30.05) <0.001

Preeclampsia 1045 (9.10-12.00) <0.001 8.33(7.17-9.68) <0.001

4Insured income lower than median income (17,280 New Taiwan dollars)
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Table 5 Crude and adjusted odds ratios for the association between variables and perinatal adverse event
OR (95% Cl) p value aOR (95% Cl) p value

Sepsis 3.27 (3.00-3.55) <0.001 3.09 (2.83-3.36) <0.001
Maternal age > 35 years 1.51 (1.46-1.56) <0.001 1.44 (1.39-1.50) <0.001
Urbanisation

Urban Ref Ref

Rural 0.92 (0.89-0.96) <0.001 0.94 (0.91-0.98) 0.004
Low insured income® 0.86 (0.84-0.88) <0.001 0.87 (0.84-0.89) <0.001
Comorbidities

Hypertension 1.77 (1.35-2.32) <0.001 04 (0.78-1.39) 0.791

Hyperlipidemia 1.54(1.19-1.99) 0.001 0.99 (O 74-1.31) 0.934

Diabetes mellitus 2.15(1.68-2. 76) <0.001 7(1.04-1.81) 0.025

Malignancy 143 (1.10-1.87) 0.009 (O 98-1.68) 0.071

Depression 1.00 (0.80-1.25) 1.000 0.93(0.74-1.16) 0.502

Hyperthyroidism 1.28 (1.08-1.52) 0.004 8(0.99-141) 0.054

Chronic liver diseases 1.66 (1.33- 206) <0.001 48 (1.18-1.85) 0.001

Connective tissue disease 1.85(1.37-248) <0.001 62 (1.20-2.19) 0.002
Gestational risks

Gestational diabetes 235(2.14-2.58) <0.001 2.07(1.88-2.27) <0.001

History of preterm delivery 431 (3.14-5.92) <0.001 1(2.23-4.34) <0.001

Current smoker 4.74 (3.54-6.33) <0.001 4.49 (3.33-6.05) <0.001

Cervical insufficiency 354 (235-5.32) <0.001 49 (1.62-3.84) <0.001

Preeclampsia 2.63(2.30-3.01) <0.001 7 (1.90-2.50) <0.001

4Insured income lower than median income (17,280 New Taiwan dollars)

sample size. Similarly, Blauvelt et al. reported that infants
of patients with antepartum sepsis tended to be small for
gestational age, defined by birthweight<10th percentile
for gestational age (11.9% vs. 9.9%, p=0.66). We think the
high number of patients with maternal sepsis enables us
to address the impact of maternal sepsis on preterm birth
and LBW. We found that the majority of maternal sepsis
occurred after the fir* trimester, and only 3.1% (85/2,732)
of sepsis developed within the first trimester of preg-
nancy, and this finding was in line with the study showing
that the average gestational age at infection was 24.6+9.0
weeks among 59 individuals with maternal sepsis at an
academic referral centre in the United States [8]. Intrigu-
ingly, Blauvelt et al. found that hypertension tended to be
a protective factor for poor birth outcomes in those with
maternal sepsis. Our data and other data in the general
population have shown that hypertension appears to be a
risk factor for poor birth outcomes; therefore, more stud-
ies focusing on patients with maternal sepsis are war-
ranted [22].

The reported prevalence of maternal sepsis varied
widely with reported regions and definitions for sepsis [2,
3]. We used the sepsis-3 definition in the present study,
and the sepsis-3 definition is relatively stringent and was
highly associated with mortality in patients with sepsis.
However, the application of sepsis-3 may underestimate
some infectious patients without organ dysfunction [23].
Therefore, we used sepsis-3 in the present study given
that our goal of the study is to identify critical and action-
able factors of maternal sepsis. Additionally, the applied

code to identify those with sepsis in claim data has been
validated in previous studies, including our studies [19,
20].

Growing evidence, including our studies, has shown
the previous underexplored long-term impact of sepsis
[5, 7]. Sepsis during pregnancy may continue to affect
the pregnancy through several post-sepsis multisystem
pathophysiological alterations, so-called chronic criti-
cal illness, including muscular weakness, mental illness,
and altered gastrointestinal function, including dyspha-
gia, anorexia, diarrhoea, as well as altered microbiota [24,
25]. Our previous studies also found that culture positiv-
ity during admission may affect the long-term outcome,
particularly 3—6 months after admission to the intensive
care unit, in critically ill patients [26, 27]. Therefore, sep-
sis during pregnancy might affect the birth and perinatal
outcome.

Sepsis-3 is characterised by organ dysfunction result-
ing from deregulated inflammation; however, few stud-
ies have addressed the potential placental dysfunction in
those with maternal sepsis. Recent studies for endothe-
lial biomarkers in sepsis have found that the activation
of the angiopoietin-2/Tie-2 pathway appears to reflect
the severity of organ dysfunction in sepsis [28]. Nota-
bly, both the ovine model and human studies found that
the angiopoietin-2/Tie-2 pathway plays a fundament
role in the development of the placenta, and an altered
angiopoietin-2/Tie-2 pathway may lead to intrauterine
growth restriction [29, 30]. This evidence highlights that
the altered endothelial function in sepsis may affect the
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development of the placenta; therefore, sepsis during
pregnancy may lead to dysfunction of the placenta and
affect the birth and perinatal outcome.

Socioeconomic status plays a contributory role in the
development of sepsis, and recent studies, including
our studies, have shown the key role of socioeconomic
status in patients with sepsis [9, 10]. Our recently pub-
lished studies focusing on immunocompromised patients
have shown that socioeconomic status plays an essential
role in the development of sepsis [13, 14]. The present
study further identifies that socioeconomic status is an
independent risk factor for preterm delivery, LBW, and
adverse perinatal events. Furthermore, several studies
have suggested that the correlation between socio-eco-
nomically disadvantaged status and increased infection
may be attributed to the lack of insurance, increased
environmental exposure to pathogens, lack of vaccina-
tion, or unhealthy behaviours, including smoking [11,
31]. In line with our finding that smoking was an inde-
pendent risk factor for poor birth outcomes in pregnant
women, Soneji et al. investigated the association between
maternal smoking and the risk of preterm birth among
25,233,503 expectant mothers in the United States during
2011-2017 [32]. They found that smoking was associated
with the risk of preterm birth [32]. Soneji et al. further
demonstrated that smoking quit early in pregnancy cor-
related with a reduced risk of preterm birth; therefore, we
think maternal smoking quit should be a modifiable fac-
tor in those with maternal sepsis. Maternal sepsis, socio-
economically disadvantaged status and smoking should
be attributed as crucial factors of risk stratification for
pregnancy outcome.

In line with previous studies, we also found that those
with depression and connective tissue disease had a
slightly increased risk for adverse birth outcomes [33,
34]. As expected, a history of preterm delivery, cervical
insufficiency and preeclampsia were highly associated
with the development of adverse birth outcomes [35-37].
Intriguingly, gestational diabetes appeared to be a risk
for preterm birth but was no longer statistically signifi-
cant in multivariable analysis (Supplemental Table 4). We
postulate that the adjustment of maternal hypertension
and hyperlipidemia, proven risks for gestational diabe-
tes, may lead to the discrepancy in gestational diabetes
between univariable and multivariable analyses [22, 38].

Maternal sepsis is one of the substantial global health
issues among pregnant women; however, the association
between maternal sepsis and pregnant outcome, includ-
ing birth and perinatal outcome, remains a research
niche. Through linking two population-based claims, we
found that maternal sepsis robustly correlated with pre-
term birth, LBW and perinatal adverse events. We also
identified risk factors for the adverse pregnancy outcome,
including socio-economically disadvantaged status.
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These findings should be crucial for risk stratification
among pregnant women, and more studies are warranted
to elucidate underlying mechanisms and explore preven-
tive measures in pregnant women with sepsis.

The strengths of this study include the minimisation
of selection bias using a population-based dataset and a
large number of patients with maternal sepsis. However,
there are limitations in this study. First, due to the nature
of the observational study design, we could not draw a
causal inference. Second, the claim database could not
assess the laboratory data, microbiological findings, and
body mass index. However, morbid obesity was relatively
uncommon in Taiwan, and one Taiwanese population-
based study using data from the Nutrition and Health
Survey in Taiwan (NAHSIT) reported that the preva-
lence rate of morbid obesity was merely 1.4% in 2013
[39]. Third, variables regarding placental dysfunction, a
key factor in linking maternal and pregnant outcomes,
cannot be assessed in this study. Fourth, the number of
stillbirths was small in this study, given that TBCS only
enrolled those with pregnancy for longer than 20 weeks;
therefore, we could not ascertain the impact of maternal
sepsis on the stillbirth (Supplemental Table 5).

Conclusions

The observational study revealed that maternal sepsis
during pregnancy was highly associated with LBW, pre-
term birth and adverse perinatal events. Our findings
highlight the prolonged impact of maternal sepsis on
pregnancy outcomes and indicate the need for vigilance
among pregnant women with sepsis.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512884-024-06607-8.

[ Supplementary Material 1 J

Author contributions

Hsin-Hua Chen: Conceptualization; Data curation; Formal analysis;

Funding acquisition; Resources; Writing — original draft. Chieh-Liang Wu:
Conceptualization; Funding acquisition; Resources. Wen-Cheng Chao:
Conceptualization; Data curation; Formal analysis; Funding acquisition; Writing
- original draft.

Funding

This study was supported by grants from Taichung Veterans General Hospital
(TCVGH-1114401D, 1124401D, and 1123001D). The funders had no role in the
study design, data collection and analysis, decision to publish, or manuscript
preparation.

Data availability
The data generated and analysed in this study are available from the
corresponding author upon reasonable request.


https://doi.org/10.1186/s12884-024-06607-8
https://doi.org/10.1186/s12884-024-06607-8

Chen et al. BMC Pregnancy and Childbirth

(2024) 24:518

Declarations

Ethical statements

This study was approved by the institutional review board of Taichung
Veterans General Hospital (IRB number: CE20295A). The study was conducted
in accordance with the Declaration of Helsink, and the informed consent
was waived by the Institutional Review Board of Taichung Veterans General
Hospital because all data were anonymised.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 19 August 2023 / Accepted: 26 May 2024
Published online: 01 August 2024

References

1.

Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer
M, et al. The Third International Consensus definitions for Sepsis and septic
shock (Sepsis-3). JAMA. 2016;315(8):801-10.

Bonet M, Nogueira PileggiV, Rijken MJ, Coomarasamy A, Lissauer D, Souza JP,
et al. Towards a consensus definition of maternal sepsis: results of a system-
atic review and expert consultation. Reprod Health. 2017;14(1):67.

Group WHOGMSSR. 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.

Rudd KE, Johnson SC, Agesa KM, Shackelford KA, Tsoi D, Kievlan DR,

et al. Global, regional, and national sepsis incidence and mortality,
1990-2017: analysis for the global burden of Disease Study. Lancet.
2020;395(10219):200-11.

Shankar-Hari M, Rubenfeld GD. Understanding long-term outcomes follow-
ing Sepsis: implications and challenges. Curr Infect Dis Rep. 2016;18(11):37.
Prescott HC, Angus DC. Enhancing recovery from Sepsis: a review. JAMA.
2018;319(1):62-75.

Wang TJ, Pai KC, Huang CT, Wong LT, Wang MS, Lai CM, et al. A positive fluid
balance in the First Week was Associated with increased long-term mortality
in critically ill patients: a retrospective cohort study. Front Med (Lausanne).
2022,9:727103.

Blauvelt CA, Nguyen KC, Cassidy AG, Gaw SL. Perinatal outcomes

among patients with Sepsis during pregnancy. JAMA Netw Open.
2021;4(9):2124109.

Lee AC, Katz J, Blencowe H, Cousens S, Kozuki N, Vogel JP, et al. National and
regional estimates of term and preterm babies born small for gestational
age in 138 low-income and middle-income countries in 2010. Lancet Glob
Health. 2013;1(1):e26-36.

Blencowe H, Cousens S, Oestergaard MZ, Chou D, Moller AB, Narwal R, et al.
National, regional, and worldwide estimates of preterm birth rates in the year
2010 with time trends since 1990 for selected countries: a systematic analysis
and implications. Lancet. 2012;379(9832):2162-72.

Baker MG, Barnard LT, Kvalsvig A, Verrall A, Zhang J, Keall M, et al. Increasing
incidence of serious infectious diseases and inequalities in New Zealand: a
national epidemiological study. Lancet. 2012;379(9821):1112-9.

Alividza V, Mariano V, Ahmad R, Charani E, Rawson TM, Holmes AH, et al.
Investigating the impact of poverty on colonization and infection with
drug-resistant organisms in humans: a systematic review. Infect Dis Poverty.
2018;7(1):76.

Chao WC, Wang CY, Hsu BC, Lin CH, Huang WN, Chen YH, et al. Factors associ-
ated with sepsis risk in immune-mediated inflammatory diseases receiving
tumor necrosis factor inhibitors: a nationwide study. Ther Adv Musculoskelet
Dis. 2020;12:1759720X20929208.

Chen HH, Lin CH, Wang CY, Chao WC. Association of hospitalised infection
with socioeconomic status in patients with rheumatoid arthritis receiving
biologics or Tofacitinib: a Population-based Cohort Study. Front Med (Laus-
anne). 2021,8:696167.

Chen LY, Ho C. Incense burning during pregnancy and Birth Weight and
Head circumference among term births: the Taiwan Birth Cohort Study.
Environ Health Perspect. 2016;124(9):1487-92.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

Page 9 of 10

Lin CH, Wang JL, Chen HH, Hsu JY, Chao WC. Shared prenatal impacts among
childhood asthma, allergic rhinitis and atopic dermatitis: a population-based
study. Allergy Asthma Clin Immunol. 2019;15:52.

Hsieh CY, Su CC, Shao SC, Sung SF, Lin SJ, Kao Yang YH, et al. Taiwan's National
Health Insurance Research Database: past and future. Clin Epidemiol.
2019;11:349-58.

Donnelly JP, Safford MM, Shapiro NI, Baddley JW, Wang HE. Application

of the Third International Consensus definitions for Sepsis (Sepsis-3) clas-
sification: a retrospective population-based cohort study. Lancet Infect Dis.
2017;17(6):661-70.

Chen HH, Lin CH, Wu CL, Chao WC. Incidence and risk factors of mental
illness among the spouses of patients with sepsis: a population-based cohort
study. Intensive Care Med. 2022,48(3):369-71.

Fleischmann-Struzek C, Mellhammar L, Rose N, Cassini A, Rudd KE, Schlatt-
mann P, et al. Incidence and mortality of hospital- and ICU-treated sepsis:
results from an updated and expanded systematic review and meta-analysis.
Intensive Care Med. 2020;46(8):1552-62.

Kishi R, Zhang JJ, Ha EH, Chen PC, Tian Y, Xia Y, et al. Birth Cohort Consor-
tium of Asia: current and future perspectives. Epidemiology. 2017;28(Suppl
1):519-34.

Browne JL, Vissers KM, Antwi E, Srofenyoh EK, Van der Linden EL, Agyepong
IA, et al. Perinatal outcomes after hypertensive disorders in pregnancy in a
low resource setting. Trop Med Int Health. 2015;20(12):1778-86.

Seymour CW, Liu VX, lwashyna TJ, Brunkhorst FM, Rea TD, Scherag A, et

al. Assessment of Clinical Criteria for Sepsis: for the Third International
Consensus definitions for Sepsis and septic shock (Sepsis-3). JAMA.
2016;315(8):762-74.

Gardner AK, Ghita GL, Wang Z, Ozrazgat-Baslanti T, Raymond SL, Mankowski
RT, et al. The development of chronic critical iliness determines physical func-
tion, quality of life, and long-term survival among early survivors of Sepsis in
Surgical ICUs. Crit Care Med. 2019;47(4):566-73.

Dickson RP. The microbiome and critical illness. Lancet Respir Med.
2016;4(1):59-72.

Ou WF, Wong LT, Wu CL, Chao WC. Culture positivity may correlate with long-
term mortality in critically ill patients. BMC Infect Dis. 2021;21(1):1188.

Wu YC, Wong LT, Wu CL, Chao WC. The association between culture positivity
and long-term mortality in critically ill surgical patients. J Intensive Care.
2021,9(1):66.

Yu WK, McNeil JB, Wickersham NE, Shaver CM, Bastarache JA, Ware LB. Angio-
poietin-2 outperforms other endothelial biomarkers associated with severe
acute kidney injury in patients with severe sepsis and respiratory failure. Crit
Care. 2021;25(1):48.

Hagen AS, Orbus RJ, Wilkening RB, Regnault TR, Anthony RV. Placental expres-
sion of angiopoietin-1, angiopoietin-2 and tie-2 during placental develop-
ment in an ovine model of placental insufficiency-fetal growth restriction.
Pediatr Res. 2005;58(6):1228-32.

Kappou D, Sifakis S, Androutsopoulos V, Konstantinidou A, Spandidos DA,
Papantoniou N. Placental mRNA expression of angiopoietins (Ang)-1, Ang-2
and their receptor Tie-2 is altered in pregnancies complicated by preeclamp-
sia. Placenta. 2014;35(9):718-23.

Rush B, Wiskar K, Celi LA, Walley KR, Russell JA, McDermid RC, et al. Associa-
tion of Household Income Level and In-Hospital mortality in patients with
Sepsis: a Nationwide Retrospective Cohort Analysis. J Intensive Care Med.
2018;33(10):551-6.

Soneji S, Beltran-Sanchez H. Association of Maternal Cigarette Smoking and
Smoking Cessation with Preterm Birth. JAMA Netw Open. 2019;2(4):.e192514.
Venkatesh KK, Ferguson KK, Smith NA, Cantonwine DE, McElrath TF. Associa-
tion of Antenatal Depression with Clinical subtypes of Preterm Birth. Am J
Perinatol. 2019;36(6):567-73.

Marder W, Littlejohn EA, Somers EC. Pregnancy and autoimmune connective
tissue diseases. Best Pract Res Clin Rheumatol. 2016;30(1):63-80.

Mahande MJ, Daltveit AK, Obure J, Mmbaga BT, Masenga G, Manongi R, et
al. Recurrence of preterm birth and perinatal mortality in northern Tanzania:
registry-based cohort study. Trop Med Int Health. 2013;18(8):962-7.

Vink J, Feltovich H. Cervical etiology of spontaneous preterm birth. Semin
Fetal Neonatal Med. 2016;21(2):106-12.

Chappell LC, Cluver CA, Kingdom J, Tong S. Pre-eclampsia. Lancet.
2021,398(10297):341-54.

Nasioudis D, Doulaveris G, Kanninen TT. Dyslipidemia in pregnancy and
maternal-fetal outcome. Minerva Ginecol. 2019;71(2):155-62.



Chen et al. BMC Pregnancy and Childbirth (2024) 24:518

39, Chang HC, Yang HC, Chang HY, Yeh CJ, Chen HH, Huang KC, et al. Morbid
obesity in Taiwan: prevalence, trends, associated social demographics, and
lifestyle factors. PLoS ONE. 2017;12(2):e0169577.

Publisher’s Note

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

Page 10 of 10



	﻿Analysis of the impact of maternal sepsis on pregnancy outcomes: a population-based retrospective study
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Data sources
	﻿Definition of maternal sepsis by sepsis-3
	﻿Outcomes
	﻿Covariates
	﻿Statistical analysis

	﻿Results
	﻿Characteristics of the study population
	﻿The association between maternal sepsis and birth outcomes, including low birth weight and preterm birth (< 34 weeks)
	﻿The association between maternal sepsis and adverse perinatal outcomes

	﻿Discussion
	﻿Conclusions
	﻿References


