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Abstract

Background: Even though several severe maternal morbidity (SMM) indicators exist globally, indicators that can
serve as international standards are needed. Therefore, this study aimed to compare the SMM risk assessment using
four international indicators and identify the factors underlying the differences among the risk assessments obtained
by the various indicators.

Methods: This study used the National Health Insurance delivery cohort in South Korea from 2003 to 2018. SMM
was estimated using four indicators: the United States Centers for Disease Control and Prevention (US-CDC) SMM
algorithm, the American College of Obstetricians and Gynecologists (ACOG) gold standard guidelines, Zwart et al's
indicators for the Netherlands, and the European Network on Severe Acute Maternal Morbidity (EURONET-SAMM)
index. Generalized estimating equations models were used to identify the relationships between SMM indicators and
risk factors.

Results: The SMM incidence rates in 6,421,091 deliveries, were 2.36%, 3.12%, 0.31%, and 1.36% using the US-CDC,
ACOG, Zwart et al’s, and EURONET SAMM indicators, respectively. In sub indicators, hemorrhage-related codes con-
stituted the highest proportion of all SMM indicators. Advanced maternal age was related to high risk in all four SMM
indicators (US-CDC: 40-44 years, RR 1.67, 95% Cl 1.63-1.71; ACOG's guidelines: 40-44 years, RR 1.52, 95% Cl 1.49-1.56;
Zwart’s indicators: RR 2.72, 95% Cl 2.55-2.90; EURONET-SAMM: RR 2.04, 95% CI 1.97-2.11) compared to those aged
25-29 years. In residential area, women who lived in rural area had approximately 1.2- to 1.5-fold higher risk of SMM
compared to those who lived in Seoul. Additionally, inadequate prenatal care was associated with a 1.1- to 1.4-fold
higher risk of SMM compared to adequate prenatal care.

Conclusions: SMM was associated with maternal age, socioeconomic status, and adverse obstetric factors using
various international SMM indicators. Further studies are needed to further determine risk and preventable factors for
SMM and to identify more specific causes associated with the frequent sub-indicators of SMM.
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Plain language summary

equate prenatal care.

There are several indicators of severe maternal morbidity (SMM) globally, but indicators that can serve as international
standards are not exist yet. This study compared the SMM risk assessment using four international indicators such as
US-CDC's SMM, ACOG's gold standard guidelines, Zwart et al’s SMM, and EURONET-SAMM, and identify the factors
underlying the differences among the risk assessments obtained by the various indicators.

This study extracted women who were aged 15-49 years, those who had childbirth in the healthcare institute during
2003 to 2018 in South Korea using the National Health Insurance database.

Of the 6,421,091 childbirth cases, the incidence of each SMM indicators were as follow: the US-CDC's SMM: 2.4%: the
ACOG's gold standard guidelines: 3.19%; Zwart et al's SMM: 0.3%; the EURONET-SAMM: 1.4% indicators. In addition, the
highest incidence of each sub-indicators was blood transfusion or obstetric hemorrhage which recorded more than
70% of total SMM cases. In particular, the risk factor on SMM were: advanced maternal age; living rural area; inad-

In conclusion, SMM was associated with maternal age, socioeconomic status, and adverse obstetric factors using vari-
ous global SMM indicators. Therefore, further studies are needed to identify more specific causes associated with the
frequent sub-indicators of SMM and to determine risk and preventable factors for SMM.

Background

The fifth goal of the United Nations Millennium Devel-
opment Goals is to reduce the global maternal mortal-
ity ratio (MMR), which is also the first indicator of the
health-related Sustainable Development Goals. Efforts
to reduce the global MMR and promote the improve-
ment of maternal health are ongoing worldwide [1, 2].
However, since delivery-related maternal mortality is a
relatively rare event and given the difficulty in predicting
in which women it will occur in, conducting research in
maternal mortality prevention is particularly challenging
because of the sparsity of events and inadequate relevant
information [3, 4]. Thus, the development of proxy indi-
cators is needed.

In 2011, the World Health Organization (WHO)
identified severe maternal morbidity (SMM) indica-
tors specifically associated with maternal death [5, 6].
Such real-time measurements could be taken during
childbirth but this is often not possible in developing
countries or in rural areas of developed countries lack-
ing human resources and measurement infrastructure
[5, 6]. In 2012, the United States Centers for Disease
Control and Prevention (US-CDC) published a list of
21 SMM indicators, including the corresponding diag-
nostic and procedure codes. As these can be meas-
ured using administrative data, and is not reliant on
real-time measurement, US-CDC SMM indicators are
easier to measure than those proposed by WHO. How-
ever, given that the assessment is based on the pres-
ence or absence of a related diagnosis and procedure,
the severity of maternal morbidity cannot be measured
[7]. More recently, the American College of Obstetri-
cians and Gynecologists (ACOG) announced new gold
standard guidelines for SMM indicators, which include

the length of childbirth hospitalization, intensive care
unit admission, blood transfusion, and readmission
within 30 days of delivery, in addition to the US-CDC
SMM indicators [8]. Additionally, other indicators were
developed in Europe; Zwart et al’s indicators for the
Netherlands, [9] and the European Network Group on
Severe Acute Maternal Morbidity (EURONET-SAMM)
indicators which were developed by researchers and
public health professionals from eight European coun-
tries. The SAMM indicators selected seven princi-
ples and confirmed the classification of diagnostic and
procedure codes for SAMM [10]. Even though several
SMM indicators exist globally, selecting indicators
that can serve as an international standard remains
controversial.

In South Korea the risk of SMM is increasing, in the
face of a rather high MMR among OECD countries,
which was recorded at 11.8 per 100,000 live births, [11]
paralleled by an increasing trend for high-risk pregnan-
cies, such as advanced-age pregnancies [12] and mul-
tiple pregnancies [13]. However, there is limited related
research, and there are few official proxy indicators of
MMR. Against this background, this study aimed to com-
pare SMM incidence in South Korean women using four
different international SMM indicators, i.e., those of the
US-CDC, the ACOG, Zwart et al., and the European Net-
work on Severe Acute Maternal Morbidity [EURONET]),
as proxy indicators of MMR. This study aimed to com-
pare the SMM risk assessment by the use of four interna-
tional indicators and identify the factors underlying the
differences among the risk assessments obtained by the
various indicators. This is the first study to compare the
international indicators for SMM in the population who
delivered in South Korea over the 16-year period.
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Methods

Data source and population

In this population-based cohort study, data were col-
lected on all women of childbearing age (15-49 years)
who had delivered children at medical facilities from
2003 to 2018, using the National Health Insurance
(NHI) database, which consists of health-care utiliza-
tion data, physical checkup data, sociodemographic data,
and mortality data. The NHI, as the only health insurer
in South Korea, stores cohort data collected during the
claims process and includes records of hospitalizations,
outpatient care, and drug prescriptions. This database
also stores information related to health-care utilization,
such as age, sex, residential area, insurance type, income,
diagnostic codes, procedure codes, prescription drugs,
individual medical expenses, and information on the hos-
pitals covered by the NHI. The NHI cohort data can be
used to continuously track the characteristics of patients,
clinical records, and health-care providers; indicate the
epidemiologic causes of disease; and provide information
on the development of health-care policies. These data
are anonymized by assigning unique number codes so
that personal patient information remains unidentifiable
[14]. The study was conducted according to the guide-
lines of the Declaration of Helsinki and approved by the
Institutional Review Board (SMWU-1808-HR-076) of
Sookmyung Women’s University.

An analysis period of at least 310 days (280 days of full-
term pregnancy+ 30 postpartum days) is necessary to
check for maternal comorbidities during pregnancy and
health status during the puerperal period; therefore, only
women who had delivered at hospitals during the period
from January 1, 2003 to December 1, 2018 and who had
hospitalization records were defined as the study popu-
lation. Postpartum women were defined as women who
delivered at a hospital and who had hospitalization
records that included an electronic data interchange
code consisting of a diagnostic code; recorded as a single
vaginal delivery (O80), a single delivery with forceps and
vacuum extraction (O81), a single delivery by cesarean
section (082), a single delivery by any other supportive
device (O83), or multiple births (O84); and a procedural
code, recorded as normal delivery, breech extraction,
cesarean section, or forceps or vacuum extraction. In
total, 6,421,091 mothers who had delivered children from
2003 to 2018 were included in the study analysis.

SMM indicators

With SMM as the dependent variable, the analysis was
performed using the following SMM indicators: (1)
the SMM algorithm, defined by the US-CDC; (2) the
new gold standard guideline for SMM, defined by the
ACOG; (3) Zwart et al’s. established SMM criteria in the
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Netherlands; and (4) the EURONET-severe acute mater-
nal morbidity (EURONET-SAMM) index in eight Euro-
pean countries.

The US-CDC’s SMM algorithm defined SMM as the
occurrence of at least one of a possible total of 21 indica-
tors, consisting of 16 diagnostic codes and six procedural
codes during the postnatal hospital stay [7, 15].

SMM criteria, as defined by the ACOG, are as fol-
lows: (1) the occurrence of at least one of 21 SMM indi-
cators, as defined in the US-CDC’s SMM algorithm; (2)
prolonged length of postnatal hospital stay; (3) intensive
care unit (ICU) admission; (4) transfusion of >4 units
of packed red blood cells; and (5) hospital readmission
within 30 days of discharge [8]. In this study, all ACOG’s
gold standard guidelines were adopted for analysis
except the indicator on length of postnatal hospital stay
because of the different criteria for postnatal hospital
stays in the US and South Korean medical delivery sys-
tems. In the US, postnatal hospital lengths of stay > 3 days
and>6 days are classified as SMM events for vaginal
delivery and cesarean section, respectively, while the
median length of postnatal hospital stays in South Korea
is 3—4 days for vaginal delivery and 6-7 days for cesar-
ean section. Therefore, application of the US standard
to Korean cases would classify>50% of all deliveries as
SMM cases. Applying US standards to Korean women
might be overestimated; accordingly, among the ACOG
criteria, the length of hospital stay was excluded from the
scope of analysis of this study.

In the Netherlands, Zwart et al. established SMM cri-
teria, in agreement with the Dutch Maternal Mortal-
ity Committee of the Dutch Society of Obstetrics and
Gynaecology, as the occurrence of one or more of the fol-
lowing postpartum events: (1) admission to the ICU, (2)
uterine rupture, (3) eclampsia, (4) transfusion of >4 units
of packed red blood cells, and (5) other SMM, according
to the opinion of the treating obstetrician [9].

Another European standard is the EURONET-severe
acute maternal morbidity (EURONET-SAMM) index,
established through extracting and comparing the
SAMM data of eight European countries, namely, Fin-
land, France, Italy, Portugal, Switzerland, England, Scot-
land, and Wales, using their respective national hospital
discharge records and determining the final codes, which
consisted of diagnostic and procedural codes. Patients
with any one of five SAMM indicators (eclampsia, sep-
ticemia during pregnancy, pregnancy-related hyster-
ectomy, hysterectomy associated with a diagnosis of
obstetric hemorrhage, and red blood cell transfusion
associated with a diagnosis of obstetric hemorrhage) are
classified as having SAMM [10].

Of the international indicators identified through this
literature review, those recognizable as claims data were
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preselected as diagnostic and procedural codes, and the
final SMM codes were established with the involvement
of obstetrician-gynecologist, medical record administra-
tors, and data scientists.

Covariates

Personal, obstetric, and provider factors were set as
covariates. Personal factors included maternal age
(range: 15-19, 20-24, 25-29, 30-34, 35-39, 40-44,
and > 45 years), household income (divided into quar-
tiles: Q1 [low]), Q2, Q3, and Q4 [high]), type of health
insurance (coverage according to region for those who
were self-employed; coverage according to workplace for
employees; and medical aid), and residential area (Seoul,
metropolitan cities, small cities, and rural areas). Obstet-
ric factors included mode of delivery (vaginal delivery,
instrumental delivery, and caesarean section), preterm
births [No (>37 weeks’” gestation) and Yes (<37 weeks’
gestation)], parity (primiparous and multiparous), and
multiple births (single and multiple embryos). Prenatal
care was estimated using Kessner’s adequate prenatal
care index [16]. Prenatal care was rated adequate when
a woman began prenatal care in the first trimester and
had nine prenatal care visits for a normal-length preg-
nancy [16]. Prenatal care was determined inadequate if a
woman began prenatal care after the third trimester and
had less than four prenatal care visits. All the other situa-
tions in between were classified as intermediate prenatal
care [16]. Maternal comorbidities were defined accord-
ing to Howell’s criteria, [17] thus including cardiac dis-
ease, renal disease, musculoskeletal disease, digestive
disorder, blood disease, mental disorders, CNS disease,
rheumatic heart disease, placentation disorder, chronic
hypertension, pregnancy hypertension, lupus, collagen
vascular disorder, rheumatoid arthritis, diabetes, diabe-
tes complicating pregnancy, obesity, and asthma/chronic
bronchitis. Provider factors included the type of hospital
according to number of beds (>500 beds, 100—499 beds,
30-99 beds, and < 30 beds) and hospital location (Seoul,
metropolitan city, small city, and county).

Statistical analysis

Based on the customized datasets obtained from the NHI
system, all women who delivered children from 2003
to 2018 were analyzed. Pearson’s Chi-square tests were
performed to ascertain differences in sociodemographic
characteristics and their distribution between SMM cases
and the study population, during labor and delivery hos-
pitalization, based on the established codes. The frequen-
cies and fractions of sub-indicators from each of the four
SMM indicators were calculated and compared using
basic statistics. Finally, the adjusted relative risk (RR) and
95% confidence intervals (Cls) were calculated using a
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generalized estimating equations model at a significance
level of P<0.05 to estimate the relationships between
each SMM indicator and the demographic, obstetric, and
provider factors. Data analysis was performed using SAS
9.4 software (SAS Institute, Inc., Cary, NC, USA).

Results

Table 1 shows the incidence of SMM calculated using the
four SMM indicators and the distribution of the study
population’s general characteristics (see Additional file 1
for more information on the results of chis-square test).
The SMM rates during the analysis period (2003-2018)
were 2.36% (n=151,533) of a total of 6,421,091 deliv-
eries when estimated using the US-CDC’s SMM algo-
rithm; 3.12% (n=200,090) when estimated using the
ACOG’s gold standard guidelines; 0.31% (n=20,084)
when estimated using Zwart et al’s SMM criteria; and
1.36% (n=287,452) when estimated using the EURONET-
SAMM indicators.

Table 2 outlines the frequency and fractions of the sub-
indicators constituting each of the SMM indicators. The
highest incidence estimated using the US-CDC’s SMM
algorithm was blood transfusion (77.3%); when using the
ACOG’s gold standard guidelines, it was the SMM cases
including blood transfusion (75.7%); when using Zwart
et al’s indicators it was ICU admission (50%) and obstet-
ric hemorrhage (34%); and when using the EURONET-
SAMM indicators it was obstetric hemorrhage (72.3%).

Table 3 shows the relationships between the risk
factors and the risk of SMM. All four SMM indica-
tors showed that advanced maternal age significantly
increased the risk of SMM compared to the reference
group (US-CDC, age 40-44 years: RR 1.67, 95% CI
1.63-1.71; age>45 years: RR 1.85, 95% CI 1.67-2.04;
ACOG gold standard guideline, age 40—44 years: RR
1.52, 95% CI 1.49-1.56; age >45 years: RR 1.70, 95%
CI 1.54-1.87; Zwart’s indicators, 40-44 years: RR
2.72, 95% CI 2.55-2.90, age > 45 year: RR 3.19, 95% CI
2.56-3.97; EURONET indicators, 40—44 years: RR 2.04,
95% CI 1.97-2.11, age > 45 year: RR 2.49; 95% CI 2.17-
2.86). Moreover, there was a J-shaped curve relation
between maternal age and risk of SMM in the US-CDC
and ACOG SMM indicators. Women who received
inadequate prenatal care had a higher risk of SMM
than those who received adequate prenatal care (US-
CDC: RR 1.39, 95% CI 1.33-1.45; ACOG gold standard
guideline: RR 1.26, 95% CI 1.2-1.31; Zwart et al.: RR
1.38, 95% CI 1.23-1.54; EURONET: RR 1.10, 95% CI
1.03-1.17). In addition, women who had intermediate
prenatal care had 5-25% higher risk of SMM compared
with those who received adequate prenatal care with
all indicators except EURONET SMM (US-CDC: RR
1.13, 95% CI 1.12-1.15; ACOG gold standard guideline:
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Table 2 The incidence of severe maternal morbidity using the four indicators
US-CDC’s SMM Gold standard Zwart et al's SMM EURONET-SAMM
guideline for SMM?
(n=151,533) (n=200,090) (n=20,084) (n=87,452)
N % N % N % N %
Acute myocardial infarction 645 04
Aneurysm 66 0
Acute renal failure 2310 1.5
Adult respiratory distress syndrome 610 04
Amniotic fluid embolism 233 0.2
Cardiac arrest/ ventricular fibrillation 293 0.2
Conversion of cardiac rhythm 744 0.5
Disseminated intravascular coagulation 15,131 10
Eclampsia 4912 32
Heart failure/arrest during procedure or surgery 5 0
Puerperal cerebrovascular disorders 1330 0.9
Pulmonary edema/ acute heart failure 5283 35
Severe anesthesia complications 140 0.1
Sepsis 12,016 79
Shock 7798 52
Sickle cell anemia with crisis 5 0
Air and thrombotic embolism 1821 1.2
Blood product transfusion 117,076 773
Hysterectomy 7251 4.8
Temporary tracheostomy 84 0.1
Ventilation 3233 2.1
US-CDC's SMM 151,533 757
Prolonged postpartum length of stay* - -
Maternal intensive care unit admission 10,188 5.1
Administration of blood products (>4 units) 636 03
30 days readmission 50,265 25.1
ICU admission 10,188 50.7
Uterine rupture 637 32
Eclampsia/HELLP syndrome 5406 269
Major obstetric hemorrhage (>4 units of blood cells; 6837 34.0
embolization or hysterectomy for MOH)
Miscellaneous (opinion of the treating obstetrician) * - -
Eclampsia 7302 8.4
Septicemia during pregnancy or labor 15,672 17.9
Hysterectomy in the context of pregnancy 7251 83
Hysterectomy associated with obstetric hemorrhage 5839 6.7
Red blood cell transfusion associated with OH 63,213 723

*Excluded in the indicators

EURONET-SAMM European Network on Severe Acute Maternal Morbidity, GSG gold standard guidelines (American College of Obstetricians and Gynecologists) for
SMM, HELLP hemolysis, elevated liver enzymes and low platelet syndrome, ICU intensive care unit, MOH major obstetric hemorrhage, OH obstetric hemorrhage, SMM
severe maternal morbidity, US-CDC United States Centers for Disease Control and Prevention

RR 1.05, 95% CI 1.04-1.06; Zwart et al.: RR 1.10, 95%
CI 1.06-1.14). Women who lived in rural areas had a
higher risk of SMM than those who lived in Seoul (US-
CDC: RR 1.21, 95% CI 1.18-1.24; ACOG gold standard

guideline: RR 1.17 95% CI 1.14-1.20, Zwart et al.: RR
1.49, 95% CI 1.39-1.60; and EURONET: RR 1.39, 95%
CI 1.34-1.44).
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Table 3 The relationship between risk factors and the four indicators of severe maternal morbidity

US-CDC’s SMM P-value Gold standard P-value Zwart’s SMM P-value EURONET-SAMM P-value
guideline for
SMM
RR 95%Cl RR  95%ClI RR 95%Cl RR  95%ClI
Individual factors
Maternal age (y)
15-19 135 125 145 <0001 127 119 136 <.0001 085 064 113 0277 105 095 1.17 03392
20-24 109 106 112 <0001 109 106 111 <0001 088 081 095 00024 098 095 102 02914
25-29 1.00 1.00 1.00 1.00
30-34 110 1.08 111  <.0001 105 104 107 <.0001 117 112 121 <.0001 114 112 116 <.0001
35-39 134 132 136 <.0001 124 123 126 <.0001 176 169 184 <.0001 147 144 150 <.0001
40-44 167 163 171 <.0001 152 149 156 <0001 272 255 290 <.0001 204 197 211 <.0001
>45 185 167 204 <0001 170 154 187 <0001 319 256 397 <0001 249 217 286 <.0001
Household Income level
1Q (Low) 117 115 119 <.0001 114 112 116 <.0001 130 124 136 <.0001 113 110 115 <.0001
2Q 114 113 116 <.0001 112 110 113 <.0001 124 118 129 <.0001 1.09 107 112 <.0001
3Q 107 106 109 <0001 106 105 108 <0001 111 107 116 <0001 104 102 106 <.0001
4Q (High) 1.00 1.00 1.00 1.00
Type of health insurance
Self-employed 114 113 116 <.0001 112111 113 <.0001 121 117 125  <.0001 114 112 115 <.0001
Employees 1.00 1.00 1.00 1.00
Medical aid 180 171 189 <.0001 170 163 178 <.0001 158 137 181 <.0001 157 146 168 <.0001
Residential areas
Seoul 1.00 1.00 1.00 1.00
Metropolitans 105 103 108 <.0001 104 101 106 0001 100 093 106 09168 105 102 108 0.0038
Small cities 115 113 118 <.0001 112 110 114 <.0001 122 115 128 <.0001 115 112 118  <.0001
Rural 121 118 124  <.0001 117 114 120  <.0001 149 139 160 <.0001 139 134 144 <.0001

Obstetric factors
Mode of delivery
Vaginal delivery 1.00 1.00 1.00 1.00
Instrument delivery 153 151 156 <.0001 138 136 140 <.0001 137 130 143 <0001 149 146 152 <.0001
Cesarean section 228 225 232 <.0001 184 182 186 <0001 251 241 261 <0001 141 139 144 <.0001
Preterm birth

No 1.00 1.00 1.00 1.00

Yes 139 136 142 <.0001 136 134 139 <0001 161 153 170 <0001 153 149 158 <.0001
Parity

0 125 124 127 <.0001 127 126 128 <.0001 115 112 119 <.0001 139 137 141 <.0001
14 1.00 1.00 1.00 1.00

Multiple birth

No 1.00 1.00 1.00 1.00

Yes 164 160 167 <.0001 159 156 162 <.0001 137 129 146 <.0001 137 132 142 <.0001
Prenatal care’

Adequate 1.00 1.00 1.00 1.00

Intermediate 113 112 115 <.0001 105 104 106 <.0001 1.0 1.06 114 <0001 097 095 099 0.0032
Inadequate 139 133 145 <.0001 126 121 131 <.0001 138 123 154 <.0001 110 103 1.17 0.0066
Maternal comorbidities’

0 1.00 1.00 1.00 1.00

> 151 150 153 <.0001 142 141 143 <0001 232 225 239 <0001 133 131 135 <.0001

Provision factors
Type of hospital
> 500 beds 554 545 562 <0001 447 440 453 <0001 329 315 344 <0001 253 248 259 <.0001
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Table 3 (continued)
US-CDC’s SMM P-value Gold standard P-value Zwart’s SMM P-value EURONET-SAMM P-value
guideline for
SMM
RR  95%Cl RR 95%Cl RR  95%Cl RR 95%Cl
100-499 beds 294 289 299 <0001 254 250 257 <0001 261 250 271 <0001 135 132 138 <.0001
30-99 beds 1.00 1.00 1.00 1.00
<30 beds 104 103 106 <.0001 104 103 106 <.0001 069 066 072 <.0001 081 080 083 <.0001
Region of hospital
Seoul 1.00 1.00 1.00 1.00
Metropolitan 135 132 138 <0001 132 130 135 <0001 160 151 169 <0001 152 147 157 <.0001
Small cities 123 121 125 <.0001 122 120 124 <0001 1.02 097 1.07 04545 112 109 115 <.0001
Rural 117 110 124 <00001 119 113 126 <0001 047 038 060 <.0001 092 084 101 00704

Adjusted for maternal age, household income level, type of health insurance, residential area, mode of delivery, preterm birth, parity, multiple birth, prenatal care,

maternal comorbidities, type of hospital, region of hospital, and year

EURONET-SAMM European Network on Severe Acute Maternal Morbidity, US-CDC United States Centers for Disease Control and Prevention, C/ confidence interval, GSG

gold standard guidelines, RR relative risk, SMM severe maternal morbidity

*Prenatal care is estimated using Kessner’s adequate prenatal care index

 Maternal comorbidities included are: cardiac disease, renal disease, musculoskeletal disease, digestive disorder, blood disease, mental disorders, CNS disease,
rheumatic heart disease, placentation disorder, chronic hypertension, pregnancy hypertension, lupus, collagen vascular disorder, rheumatoid arthritis, diabetes,

diabetes complicating pregnancy, obesity, and asthma/chronic bronchitis

Discussion

This study compared the SMM risk assessment in a
South Korean population estimated by using each of the
four international indicators and identified the factors
underlying the differences among the risk assessments
obtained by the various indicators. The SMM rate during
16 years in South Korea differed depending on the sub-
indicator composition of each indicator. There are several
factors that explain why different SMM risk estimates
can be obtained, though in the very same population, by
using different indicators. First, differences in the SMM
rate may be due to varying sub-indicator severity levels.
In the US, for example, the scope of SMM is broader,
since it includes past near-miss events. Conversely, the
EURONET-SAMM indicators adopted by European
countries mainly include acute-phase or high-severity
SMM events [9, 10]. Second, this study verified the differ-
ences in SMM rate between South Korea and other coun-
tries using the same SMM indicators. When the US-CDC
SMM algorithm was applied, a similar incidence rate to
that of Howell et al. (2.5% and 2.4%) was found [17, 18].
However, the application of the ACOG gold standard
guidelines [19] resulted in an incidence rate of 2%, and
when using Zwart et al’s indicators, [9] the incidence rate
was 1.7%, indicating significant differences. These differ-
ences may be due to the length of the postnatal hospital
stay sub-indicator from the ACOG indicators, which was
excluded from this study when adapting the indicator to
the South Korean situation, given that>50% of deliver-
ies in this study’s population would have been classified
as SMM events had the US cut-off point been applied

(Additional file 1). Moreover, one of Zwart et al’s sub-
indicators was that any postnatal condition deemed to
be severe by an obstetrics and gynecology specialist was
classified as SMM, in addition to their other listed sub-
indicators. This sub-indicator was also excluded from
the analysis in this study because there were no clear-cut
criteria for decision-making. This may also have contrib-
uted to differences in the SMM rate estimations. Third,
ethnocultural differences between Caucasians and Kore-
ans and the representativeness of data may also have
contributed to differences in the SMM incidence rates.
Moreover, when tracking the deliveries of South Korean
women over a 16-year period using the US-CDC SMM
algorithm, some indicators were associated with diag-
nostic codes in<100 cases or those with four procedure
codes, especially those associated with <10 cases in total.
For example, sickle cell anemia, which occurred in five of
a total of 6.4 million deliveries over a 16-year period, is
known to be a disease that frequently occurs in people of
African ethnicity. This example highlights the need for
further in-depth studies concerning the adequacy of such
indicators with little relevance to the domestic popula-
tion as an indicator of maternal health risk in a largely
single-ethnic Asian country, such as South Korea.
Furthermore, the greater the difference between the
frequency of the SMM incidence according to each indi-
cator and that of the sum of its sub-indicators, the higher
the likelihood of overlapping sub-indicators, which
indicates the presence of prenatal complication cases.
Considering the high frequency of SMM due to obstet-
ric hemorrhage or the blood transfusions needed for
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treatment, further research is needed to investigate the
conditions that lead to blood transfusions.

The differences in maternal age and patterns of SMM
risk among individual SMM indicators were also ana-
lyzed. Using US-CDC and ACOG SMM indicators, the
risk of SMM increased as maternal age decreased or
increased in relation to the reference age group (25—
29 years), following a J-shaped curve. In particular, the
risk of SMM was significantly higher in the>35-year
age group than in the<35-year age group. In a previ-
ous study in which 403,116 deliveries in New York State
hospitals were analyzed using the US-CDC SMM indi-
cators, women in their teens, 30 s, and 40 s had a 1.28-,
1.09-, and 1.48-fold risk of SMM, respectively, compared
with SMM risk in those in their 20 s, forming an age-
dependent J-shaped curve. A high risk of SMM has been
reported, showing a J-shaped curve according to age [20].
In the Zwart et al’s and EURONET indicators, there was
no statistically significant association between the 15-24-
year age group and the risk of SMM. Furthermore, the
35-39-year age group had approximately a 1.8-fold risk
of SMM, that is, only a slightly increased risk compared
to that of the 30-34-year age group. The 40—45-year age
group had a twofold risk of SMM compared with the ref-
erence group. Using Zwart et al’s indicators, the > 45-year
age group, in particular, had a>threefold risk of SMM
compared with the reference group. This result might be
influenced by the composition of the four different SMM
indicators. For example, Zwart et al’s indicator consists of
more acute and severe descriptors of SMM, such as ICU
admission or cases of transfusion of >4 units of blood,
[9] compared to other SMM indicators, thus yielding
a higher risk of SMM with an advanced maternal age,
which is a risk factor for maternal health when compared
with a younger maternal age. There may be differences
in the significance of the age effect (for teens, in particu-
lar) on SMM depending on the indicator; however, in the
case of an advanced-age pregnancy, the risk increased in
all four SMM indicators, as shown in this study.

Women who had inadequate prenatal care had a sig-
nificant 1.1-1.4-times higher risk of SMM compared
with those who had adequate prenatal care. Similarly,
pregnant mothers who received an insufficient level of
prenatal care, if not inadequate care, also had a higher
risk of SMM (range 5-25%) compared with those who
received adequate prenatal care. Although not analyzed
in this study, considering that underlying disease is a very
high-risk factor for SMM and can be a determinant of the
delivery mode, appropriate prenatal management is likely
to be a contributing factor for prevention of SMM. In this
context, there is a need for continuous support for strate-
gic programs to ensure adequate prenatal management.
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Interestingly, considering socioeconomic status, the
SMM risk of mothers living in rural areas was 1.2- to 1.5-
fold higher than that of mothers living in Seoul. This find-
ing, that socio-economic factors were closely correlated
with the risk of SMM, is consistent with that of a previ-
ous study [20, 21] in which the reason for a higher risk of
SMM in women of African-American ethnicity compared
with those of European ethnicity was due to differences
in health-care service quality between hospitals located
in their respective regions, whereby the higher the patient
fraction of non-Europeans and the higher the fraction of
medical beneficiaries, the higher the risk of SMM [20]. As
another underlying mechanism for this difference; it has
been reported that rural areas have more limited access to
health care. The number of doctors practicing in rural areas
is lower than that in urban areas, [20] and rural residents
have less chance of accessing the nearest hospital with a
maternity unit within a 30-min driving distance [21]. The
disparity of health-care resources between regions in South
Korea may be a contributing factor to the higher risk of
SMM in pregnant women living in rural areas.

This study had some limitations. First, we used claims
data; therefore, it was not possible to identify those out-
side NHI coverage, which might have led to an under-
estimation of the outcomes. Despite this limitation, our
results can be considered reliable because we analyzed
the entire target population through a population-based
large-scale cohort study with long-term follow-up of all
pregnant mothers in South Korea. Furthermore, some
sub-indicators were excluded when selecting the codes
of each indicator, which might have led to correspond-
ing underestimations. For example, the ACOG indicator
regarding the postnatal hospital stay was excluded from
the analysis of this study because estimations according
to the US indicators would have resulted in classifica-
tion of >50% of deliveries of South Korean women as
SMM events. Furthermore, Zwart et al’s indicator that
other SMMs could be classified as SMM, according to
the opinion of the consulting obstetrician, could not be
considered in this study due to a lack of reference for
the related decision-making. Second, due to the limited
availability of data, we could not correct for important
risk factors affecting the development of SMM (e.g.,
education level, gestational age, and number of weeks
for preterm births). Moreover, the accuracy of the pre-
natal care adequacy check may have been impaired due
to the calculation method. However, it was the only
method that could be used to ascertain the prevention
effect of adequate prenatal care based on the available
data, and the results obtained can be considered mean-
ingful despite this limitation, because it confirms the
importance of prenatal management.
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The strengths of this study are as follows. First, the
results are representative, because an entire population
was analyzed, i.e., South Korean women of reproductive
age for a follow-up period spanning 16 years using deliv-
ery data from a large-scale childbirth cohort. Second, this
study is the first to have compared the risk of SMM using
various international SMM indicators. Moreover, the
study findings provide epidemiological, clinical, and pol-
icy-related basic data to investigate maternal health indi-
cators tailored to the South Korean situation. Third, not
only was the SMM incidence identified, but it was also
shown to be affected by socio-demographic factors, such
as age, income, and residential area; obstetric factors,
such as preterm birth and multiple births; and provider
factors. Thus, the results of this study provide a basis for
policy development aimed to prevent SMM in the future.
Particularly, adequate prenatal care as a preventable fac-
tor highlights the need to further investigate preventable
or predictable factors in the future. Finally, while it may
be useful to assess the quality of maternal health using
high-quality indicators developed in other countries,
this study shows the importance of developing maternal
health quality indicators sensitive to country-specific
ethnocultural characteristics. In this respect, the results
of this study are likely to serve as a useful basis for further
research aimed at promoting maternal health.

Conclusions

This study found that SMM was associated with mater-
nal age, socioeconomic status and obstetric factors using
four international SMM indicators. In particular, blood
transfusions were significantly involved in the SMM
events; therefore, more studies are needed to identify the
conditions leading to blood transfusions, as well as other
SMM-prevention factors.
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