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Abstract
Background: Previous studies of the relationship between severe maternal morbidity (SMM) and risk factors used
only a single indicator for SMM and did not compare the various SMM indicators and the incidence differences
with each. This study aimed to identify risk factors for SMM by reviewing four international SMM indicators and
ascertaining the differences in SMM incidence in South Korea with each indicator.

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
constituted 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% CI 1.63-1.71; ACOG’s guidelines: 40-44 years, RR 1.52, 95% CI
1.49-1.56; Zwart’s indicators: RR 2.72, 95% CI 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 speci�c causes associated with the frequent sub-indicators of SMM. 

Background
The �fth goal of the United Nations Millennium Development Goals is to reduce the global maternal mortality ratio
(MMR), which is also the �rst indicator of the health-related Sustainable Development Goals. Efforts to reduce the
global MMR and promote the improvement of maternal health are ongoing worldwide. [1, 2] However, due to
challenges in predicting when prenatal care will be needed and who will be involved, and given the rarity of
maternal mortality in such circumstances, conducting research on preventing maternal mortality is particularly
challenging, [3, 4] and the development of proxy indicators is needed.

In 2011, the World Health Organization (WHO) identi�ed severe maternal morbidity (SMM) indicators typical of
maternal mortality. [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 lacking 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 diagnostic and procedure codes. As these can
be measured using administrative data, and is not reliant on real-time measurement, US-CDC SMM indicators are
easier to measure than those proposed by WHO. However, given that the assessment is based on the presence or
absence of a related diagnosis and procedure, the severity of maternal morbidity cannot be measured. [7] More
recently, the American College of Obstetricians and Gynecologists (ACOG) announced new gold standard guidelines
for SMM indicators, which include the length of childbirth hospitalization, intensive care unit admission, blood
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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 countries. The SAMM indicators selected seven
principles and con�rmed the classi�cation 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 high MMR, which was recorded at 9.9 per 100,000 live
births in 2019, [11] and the increasing trend for high-risk pregnancies, such as advanced-age pregnancies [12] and
multiple pregnancies. [13] However, there is limited related research, and there are few o�cial proxy indicators of
MMR. Against this background, this study aimed to compare 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 Network
on Severe Acute Maternal Morbidity [EURONET]), as proxy indicators of MMR. This study also aimed to ascertain
the association between SMM risk and socioeconomic, clinical, and health-care provider risk factors. This is the
�rst study to compare the international indicators for SMM in the population who delivered in South Korea over the
16-year period.

Methods

Data source and population
In this population-based cohort study, data were collected 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 utilization 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 hospitals 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 unidenti�able. [14] The study was conducted according to the guidelines 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 de�ned as the study population. Postpartum women were de�ned 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 (O82), 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.
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SMM indicators
With SMM as the dependent variable, the analysis was performed using the following SMM indicators: (i) the SMM
algorithm, de�ned by the US-CDC; (ii) the new gold standard guideline for SMM, de�ned by the ACOG; (iii) Zwart et
al’s. established SMM criteria in the Netherlands; and (iv) the EURONET-severe acute maternal morbidity (EURONET-
SAMM) index in eight European countries. The US-CDC’s SMM algorithm de�ned SMM as the occurrence of at least
one of a possible total of 21 indicators, consisting of 16 diagnostic codes and six procedural codes during the
postnatal hospital stay.[7, 15] SMM criteria, as de�ned by the ACOG, are as follows: (i) the occurrence of at least
one of 21 SMM indicators, as de�ned in the US-CDC’s SMM algorithm; (ii) prolonged length of postnatal hospital
stay; (iii) intensive care unit (ICU) admission; (iv) transfusion of ≥4 units of packed red blood cells; and (v) 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 systems. In the US, postnatal hospital lengths of stay > 
3 days and ≥6 days are classi�ed 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
cesarean 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 criteria, in agreement with the Dutch Maternal Mortality Committee of the Dutch Society of
Obstetrics and Gynaecology, as the occurrence of one or more of the following postpartum events: (i) admission to
the ICU, (ii) uterine rupture, (iii) eclampsia, (iv) transfusion of ≥4 units of packed red blood cells, and (v) 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, Finland, France, Italy, Portugal, Switzerland, England, Scotland, and Wales, using
their respective national hospital discharge records and determining the �nal codes, which consisted of diagnostic
and procedural codes. Patients with any one of �ve SAMM indicators (eclampsia, septicemia during pregnancy,
pregnancy-related hysterectomy, hysterectomy associated with a diagnosis of obstetric hemorrhage, and red blood
cell transfusion associated with a diagnosis of obstetric hemorrhage) are classi�ed as having SAMM.[10] Of the
international indicators identi�ed through this literature review, those recognizable as claims data were preselected
as diagnostic and procedural codes, and the �nal SMM codes were established with the involvement of
obstetrician-gynecologists, medical record administrators, 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 quartiles: Q1 [low]), Q2,
Q3, and Q4 [high]), health insurance type (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). Obstetric factors included prenatal care (Kessner’s adequate prenatal care index for
obstetric factors), [16] delivery mode (vaginal delivery, instrumental delivery, and caesarean section), parity
(primiparous and multiparous), multiple births (single and multiple embryos), preterm births (≥ 37 weeks [full term]
and < 37 weeks), and maternal comorbidities (criteria according to Howell’s de�nition). [17] Provider factors
included the type of healthcare facility (tertiary referral, general, hospital, clinic, and maternity center in a public
community medical center in a small town) and location (Seoul, metropolitan city, small city, and county).

Statistical analysis
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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
hospitalization, based on the established codes. The frequencies 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% con�dence intervals (CIs) were calculated using a generalized estimating equations model at a
signi�cance 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. The SMM rates during the analysis period (2003–2018) were 2.36% (n = 
151,533) of a total of 6,421,091 deliveries when estimated using the US-CDC’s SMM algorithm; 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 = 87,452) 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 US-CDC’s SMM algorithm (75.7%) of SMM cases; when using Zwart et
al.’s indicators it was ICU admission (50%) and obstetric hemorrhage (34%); and when using the EURONET-SAMM
indicators it was obstetric hemorrhage (72.3%).
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Table 2
The incidence of severe maternal morbidity using the four indicators

  US-CDC's SMM Gold standard
guideline for
SMMa

Zwart et al.'s
SMM

EURONET-
SAMM

  (n = 151,533) (n = 200,090) (n = 20,084) (n = 87,452)

  N % N % N % N %

Acute myocardial infarction 645 0.4            

Aneurysm 66 0            

Acute renal failure 2310 1.5            

Adult respiratory distress syndrome 610 0.4            

Amniotic �uid embolism 233 0.2            

Cardiac arrest/ ventricular �brillation 293 0.2            

Conversion of cardiac rhythm 744 0.5            

Disseminated intravascular
coagulation

15,131 10            

Eclampsia 4912 3.2            

Heart failure/arrest during procedure
or surgery

5 0            

Puerperal cerebrovascular disorders 1330 0.9            

Pulmonary edema/ acute heart
failure

5283 3.5            

Severe anesthesia complications 140 0.1            

Sepsis 12,016 7.9            

Shock 7798 5.2            

Sickle cell anemia with crisis 5 0            

Air and thrombotic embolism 1821 1.2            

Blood product transfusion 117,076 77.3            

Hysterectomy 7251 4.8            

Temporary tracheostomy 84 0.1            

Ventilation 3233 2.1            

*Excluded in the indicators

Abbreviations: 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
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  US-CDC's SMM Gold standard
guideline for
SMMa

Zwart et al.'s
SMM

EURONET-
SAMM

US-CDC’s SMM     151,533 75.7        

Prolonged postpartum length of
stay*

    - -        

Maternal intensive care unit
admission

    10,188 5.1        

Administration of blood products (≥ 
4 units)

    636 0.3        

30 days readmission     50,265 25.1        

ICU admission         10,188 50.7    

Uterine rupture         637 3.2    

Eclampsia/HELLP syndrome         5406 26.9    

Major obstetric hemorrhage (≥ 4
units of blood cells; embolization or
hysterectomy for MOH)

        6837 34.0    

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 8.3

Hysterectomy associated with
obstetric hemorrhage

            5839 6.7

Red blood cell transfusion
associated with OH

            63,213 72.3

*Excluded in the indicators

Abbreviations: 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

Table 3 shows the relationships between the risk factors and the risk of SMM. All four SMM indicators showed that
advanced maternal age signi�cantly 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). 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
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1.10, 95% CI 1.03–1.17). 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).



Page 9/16

Table 3
The relationship between risk factors and the four indicators of severe maternal morbidity

    US-CDC's SMM Gold standard
guideline for SMM

Zwart's SMM EURONET-SAMM

    RR 95% CI RR 95% CI RR 95% CI RR 95% CI

Individual factors                        

Maternal age (y)                        

  15–19 1.35 1.25 1.45 1.27 1.19 1.36 0.85 0.64 1.13 1.05 0.95 1.17

  20–24 1.09 1.06 1.12 1.09 1.06 1.11 0.88 0.81 0.95 0.98 0.95 1.02

  25–29 1.00     1.00     1.00     1.00    

  30–34 1.10 1.08 1.11 1.05 1.04 1.07 1.17 1.12 1.21 1.14 1.12 1.16

  35–39 1.34 1.32 1.36 1.24 1.23 1.26 1.76 1.69 1.84 1.47 1.44 1.50

  40–44 1.67 1.63 1.71 1.52 1.49 1.56 2.72 2.55 2.90 2.04 1.97 2.11

  ≥ 45 1.85 1.67 2.04 1.70 1.54 1.87 3.19 2.56 3.97 2.49 2.17 2.86

Household Income level                      

  1Q (Low) 1.17 1.15 1.19 1.14 1.12 1.16 1.30 1.24 1.36 1.13 1.10 1.15

  2Q 1.14 1.13 1.16 1.12 1.10 1.13 1.24 1.18 1.29 1.09 1.07 1.12

  3Q 1.07 1.06 1.09 1.06 1.05 1.08 1.11 1.07 1.16 1.04 1.02 1.06

  4Q (High) 1.00     1.00     1.00     1.00    

Type of insurance                        

  Self-
employed

1.14 1.13 1.16 1.12 1.11 1.13 1.21 1.17 1.25 1.14 1.12 1.15

  Employees 1.00     1.00     1.00     1.00    

  Medical aid 1.80 1.71 1.89 1.70 1.63 1.78 1.58 1.37 1.81 1.57 1.46 1.68

Residential areas                        

  Seoul 1.00     1.00     1.00     1.00    

  Metropolitans 1.05 1.03 1.08 1.04 1.01 1.06 1.00 0.93 1.06 1.05 1.02 1.08

  Small cities 1.15 1.13 1.18 1.12 1.10 1.14 1.22 1.15 1.28 1.15 1.12 1.18

  Rural 1.21 1.18 1.24 1.17 1.14 1.20 1.49 1.39 1.60 1.39 1.34 1.44

Adjusted for maternal age, household income, type of insurance, residential area, working status, mode of
delivery, preterm birth, parity, multiple birth, prenatal care, maternal comorbidities, type of hospital, region of
hospital, and year.

Abbreviations: EURONET-SAMM, European Network on Severe Acute Maternal Morbidity; US-CDC, United States
Centers for Disease Control and Prevention; CI, con�dence interval; GSG, gold standard guidelines; RR, relative
risk, SMM, severe maternal morbidity
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    US-CDC's SMM Gold standard
guideline for SMM

Zwart's SMM EURONET-SAMM

Obstetric factors                        

Mode of delivery                        

  Vaginal
delivery

1.00     1.00     1.00     1.00    

  Instrument
delivery

1.53 1.51 1.56 1.38 1.36 1.40 1.37 1.30 1.43 1.49 1.46 1.52

  Cesarean
section

2.28 2.25 2.32 1.84 1.82 1.86 2.51 2.41 2.61 1.41 1.39 1.44

Preterm birth                      

  No 1.00     1.00     1.00     1.00    

  Yes 1.39 1.36 1.42 1.36 1.34 1.39 1.61 1.53 1.70 1.53 1.49 1.58

Parity                      

  0 1.25 1.24 1.27 1.27 1.26 1.28 1.15 1.12 1.19 1.39 1.37 1.41

  1+ 1.00     1.00     1.00     1.00    

Multiple birth                        

  No 1.00     1.00     1.00     1.00    

  Yes 1.64 1.60 1.67 1.59 1.56 1.62 1.37 1.29 1.46 1.37 1.32 1.42

Prenatal care                        

  Adequate 1.00     1.00     1.00     1.00    

  Intermediate 1.13 1.12 1.15 1.05 1.04 1.06 1.10 1.06 1.14 0.97 0.95 0.99

  Inadequate 1.39 1.33 1.45 1.26 1.21 1.31 1.38 1.23 1.54 1.10 1.03 1.17

Maternal comorbidities                      

  0 1.00     1.00     1.00     1.00    

  ≥ 1 1.51 1.50 1.53 1.42 1.41 1.43 2.32 2.25 2.39 1.33 1.31 1.35

Provision factors                        

Type of hospital                        

  ≥ 500 beds 5.54 5.45 5.62 4.47 4.40 4.53 3.29 3.15 3.44 2.53 2.48 2.59

Adjusted for maternal age, household income, type of insurance, residential area, working status, mode of
delivery, preterm birth, parity, multiple birth, prenatal care, maternal comorbidities, type of hospital, region of
hospital, and year.

Abbreviations: EURONET-SAMM, European Network on Severe Acute Maternal Morbidity; US-CDC, United States
Centers for Disease Control and Prevention; CI, con�dence interval; GSG, gold standard guidelines; RR, relative
risk, SMM, severe maternal morbidity
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    US-CDC's SMM Gold standard
guideline for SMM

Zwart's SMM EURONET-SAMM

  100–499
beds

2.94 2.89 2.99 2.54 2.50 2.57 2.61 2.50 2.71 1.35 1.32 1.38

  30–99 beds 1.00     1.00     1.00     1.00    

  < 30 beds 1.04 1.03 1.06 1.04 1.03 1.06 0.69 0.66 0.72 0.81 0.80 0.83

Region of hospital                      

  Seoul 1.00     1.00     1.00     1.00    

  Metropolitan 1.35 1.32 1.38 1.32 1.30 1.35 1.60 1.51 1.69 1.52 1.47 1.57

  Small cities 1.23 1.21 1.25 1.22 1.20 1.24 1.02 0.97 1.07 1.12 1.09 1.15

  Rural 1.17 1.10 1.24 1.19 1.13 1.26 0.47 0.38 0.60 0.92 0.84 1.01

Adjusted for maternal age, household income, type of insurance, residential area, working status, mode of
delivery, preterm birth, parity, multiple birth, prenatal care, maternal comorbidities, type of hospital, region of
hospital, and year.

Abbreviations: EURONET-SAMM, European Network on Severe Acute Maternal Morbidity; US-CDC, United States
Centers for Disease Control and Prevention; CI, con�dence interval; GSG, gold standard guidelines; RR, relative
risk, SMM, severe maternal morbidity

Discussion
This study identi�ed the relationship between various international SMM indicators and the related risk factors. The
SMM rate during 16 years in South Korea differed depending on the sub-indicator composition of each indicator.
Regarding the differences in the SMM rate among these individual indicators, three factors need to be considered.
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, analysis
using the same indicator veri�ed differences in the SMM rate between South Korea and other countries. 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 signi�cant differences. These
differences 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
deliveries in this study’s population would have been classi�ed as SMM events had the US cut-off point been
applied (Supplementary �le 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 classi�ed 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 contributed to differences in the SMM rate estimations.
Third, ethnocultural differences between Caucasians and Koreans 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 diagnostic
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 �ve of a total of 6.4 million deliveries over a 16-year period, is known



Page 12/16

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 population 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 indicator
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 obstetric hemorrhage or
the blood transfusions needed for 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 analyzed.
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, in those aged > 35 years,
accelerated growth in the SMM rate was observed. In a previous study in which 403,116 deliveries in New York
State hospitals were analyzed using the US-CDC SMM indicators, women in their teens, 30s, and 40s had a 1.28-,
1.09-, and 1.48-fold risk of SMM, respectively, compared with SMM risk in those in their 20s, forming an age-
dependent J-shaped curve. A high risk of SMM has been reported, showing a J-shaped curve according to age. [20]
When applying Zwart et al.’s and EURONET indicators, no correlation was found between the age range of 15–24
years and risk of SMM. Furthermore, 35 years was found to be a critical age, with the risk of SMM increasing with
increase in age, with a particularly sharp increase when compared with other indicators. The 40–45-year age group
had a 2-fold risk of SMM compared with the reference group. Using Zwart et al.’s indicators, the ≥ 45-year age
group, in particular, had a > 3-fold risk of SMM compared with the reference group. This may be attributable to the
difference in the level of risk set for SMM. For example, one of Zwart et al.’s indicators includes cases of
transfusion of ≥ 4 units of blood, i.e., highly acute cases among SMM events, requiring transfusion for high-
severity hemorrhage or ICU admission, [9] resulting in a higher SMM rate at 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
signi�cance of the age effect (for teens, in particular) 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 signi�cant 1.1–1.4-times higher risk of SMM compared with those
who had adequate prenatal care. Similarly, pregnant mothers who received an insu�cient 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 strategic
programs to ensure adequate prenatal management.

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 �nding, that socio-economic factors were closely correlated with
the risk of SMM, is consistent with that of a previous 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 bene�ciaries, 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
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less chance of accessing the nearest hospital with a maternity unit within a 30-minute 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 outside
NHI coverage, which might have led to an underestimation 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 corresponding
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 classi�cation of > 
50% of deliveries of South Korean women as SMM events. Furthermore, Zwart et al.’s indicator that other SMMs
could be classi�ed 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 prenatal 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 meaningful despite this limitation, because it con�rms the importance of prenatal management.

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 delivery
data from a large-scale childbirth cohort. Second, this study is the �rst to have compared the risk of SMM using
various international SMM indicators. Moreover, the study �ndings provide epidemiological, clinical, and policy-
related basic data to investigate maternal health indicators tailored to the South Korean situation. Third, not only
was the SMM incidence identi�ed, 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 factor 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-speci�c 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 maternal age, socioeconomic status and obstetric factors using
four international SMM indicators. In particular, blood transfusions were signi�cantly 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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