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This study aimed to compare SMM incidence in South Korean women using four different international

SMM indicators 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.

OBJECTIVES

MATERIALS AND METHODS

Study Design

Population-based cohort study

Study Subjects

Data were extracted from the Korean National Health Insurance Delivery Cohort for 2,113,615 cases

of delivery which delivered during 2003–2018. This study defined childbirth using diagnosis and

procedure codes for pregnancies with maternal age between ages 15 and 49 who had a delivery

hospitalization. The study population was included for at least 280 days before childbirth through 6

weeks following childbirth between January 1, 2003, and November 19, 2018.

Measurements

Following variables were evaluated:

Outcome variable: Using the following SMM indicators: (i) the SMM algorithm, defined by the US-

CDC; (ii) the new gold standard guideline for SMM, defined 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.

Covariates: Maternal age, household income, health insurance type, residential area, prenatal care

using Kessner’s adequate prenatal care index, delivery mode, parity, multiple births, preterm births,

and maternal comorbidities using criteria according to Howell’s definition, and the type of healthcare

facility and its location.

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% confidence intervals (CIs) were calculated using a 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..

•The severe maternal morbidity (SMM) could indicators replaceable maternal mortality which occurs

during labor, childbirth and the postpartum period, and it can be proxy indicators of maternal mortality.

•There are several indicators of SMM, such as WHO’s SMM, US-CDC’s SMM, EURONET’s SAMM,

etc. since 2010's. Even though several severe maternal morbidity 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 maternal mortality ratio (MMR)

among OECD countries, which was recorded at 9.9 per 100,000 live births in 2019 and the increasing

trend for high-risk pregnancies, such as advanced-age pregnancies and multiple pregnancies.

However, there is limited related research, and there are few official proxy indicators of MMR.

RESULTS

This study confirmed that the risk of SMM was associated with maternal low socioeconomic status,

and adequate prenatal care could be an independent factor in preventing SMM in various international

SMM indicators, which was the highlights predictable factors for SMM. Future studies are needed to

further determine the risk of or preventable factors more concerning using various international SMM

indicators. Furthermore, it is needed to explore specific causes on the risk of sub-indicators of SMM.
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CONCLUSIONS

INTRODUCTION

Table 1. General characteristics of study population according to maternal age. 

Table 2. The incidence of severe maternal morbidity using the four indicators

*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. The relationship between risk factors and the four indicators of severe maternal morbidity

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, 

confidence interval; GSG, gold 

standard guidelines; RR, relative 

risk, SMM, severe maternal 

morbidity

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.


