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ABSTRACT

Background: Preterm birth is associated with increased infant mortality. However, it is not 
clear whether prematurity is associated with mortality after 1 year of age. There is a lack of 
research on mortality rate and causes of death after infancy in preterm babies in Korea. We 
aimed to analyze the mortality rates and causes of deaths up to 5 years of age in Korea.
Methods: Using the Microdata Integrated Service of Statistics Korea database, this 
retrospective cohort study screened infants born between 2010 and 2012. After applying 
the exclusion criteria, 1,422,913 live births were classified into the following groups by 
gestational age: those born at < 32 weeks' gestation (n = 10,411), those born between 32 and 
36 weeks' gestation (n = 75,657), and those born at ≥ 37 weeks' gestation (n = 1,336,845). The 
association of gestational age with mortality in infancy (< 1 year of age) and childhood (1–5 
years of age) was analyzed, with and without covariates. The major causes of death in infancy 
and childhood were analyzed by gestational age.
Results: Overall, 4,930 (0.3%) children died between birth and 5 years of age, with 19.1% of these 
deaths occurring after infancy. Adjusted hazard ratios (HRs) for infant death were 78.79 (95% 
confidence interval [CI], 71.33–87.04) and 4.62 (95% CI, 4.07–5.24) for the < 32 and 32–36 weeks 
groups, respectively, compared to the full-term group; the adjusted HRs for deaths occurring 
at ages 1–5 years were 9.25 (95% CI, 6.85–12.50) and 2.42 (95% CI, 1.95–3.01), respectively. In 
infancy, conditions originating in the perinatal period were the most common cause of deaths in 
the < 32 and 32–36 weeks groups (88.7% and 41.9%, respectively). Contrarily, in the ≥ 37 weeks 
group, conditions originating in the perinatal period explained 22.7% of infant deaths, with 
congenital malformations primarily accounting for 29.6% of these deaths. The most common 
cause of death in children (after infancy) in the < 32 weeks group was perinatal causes (25.0%); in 
the 32–36 weeks group, congenital malformation and nervous system disease were the common 
causes (21.7% and 19.1%, respectively). In the ≥ 37 weeks group, injury, poisoning, and other 
consequences of external causes explained 26.6% of childhood deaths, followed by neoplasms 
and nervous system disease (15.7% and 14.7%, respectively).
Conclusion: Low gestational age is associated with not only infant mortality but also child 
mortality. The major causes of death differed by gestational age in infancy and childhood. 
For the care of preterm infants, especially those born at < 32 weeks' gestation, particular 
attention and continuous monitoring are needed in consideration of the major causes of 
deaths until 5 years of age.
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INTRODUCTION

Child mortality, an index of the quality of healthcare, mostly occurs in infancy. Infant 
mortality is closely associated with preterm birth.1-3 Nevertheless, it remains unclear 
whether preterm infants, compared to term infants, have higher long-term mortality during 
childhood and adolescence or whether they differ with respect to major causes of death. 
Given that the survival of preterm infants has increased owing to improvements in the quality 
of medical care,4 their long-term prognosis, including mortality and causes of death, has 
become an important issue.

Previous studies reported weak correlations between birth weight and mortality after 1 year 
of age,5 whereas others reported positive correlations between low birth weight and mortality 
at all ages.6 Another study reported decreased long-term survival and reproduction in those 
born preterm,7 and another study reported that low birth weight was associated with mortality 
in infancy, late childhood, and adolescence.8 Although the mortality rate under the age of 5 is 
decreasing worldwide, a study predicted that preterm birth will remain a major cause of child 
mortality, because the mortality from preterm birth has been the slowest to decrease.9

In Korea, the rate of preterm birth has increased with the aging of mothers and the increased 
use of assisted reproductive technology. Survival rates for preterm infants have increased 
because of the technological advances and the efforts of neonatologists. With continued 
decreases in the numbers of births per year,10 research and concern regarding growth and 
development for preterm babies during and after infancy have increased. Nevertheless, 
cohort studies on mortality and causes of death of preterm infants after infancy have been 
lacking in Korea.

Given that the decrease in child mortality of preterm infants has been slow, and 
considering that preterm birth is a major cause of child death, accurate understanding of 
the differences in child mortality and causes of death by gestational age and birth weight 
will be helpful in developing and implementing policies to decrease child mortality. 
Moreover, it will provide useful information to healthcare professionals providing care to 
preterm infants.

Therefore, we divided the infants born in Korea into three groups according to gestational age 
and birth weight and analyzed the mortality rates and causes of death up to 5 years of age.

METHODS

Inclusion criteria
Anonymized data for all live births and deaths up to 5 years of age occurring in Korea between 
1 January 2010 and 31 December 2012 were available. The data included gestational age, 
birth weight, sex, area of birth, parental age, parental educational level, parental occupation, 
multiple birth, parental nationality, age at death, date of death, and the cause of death. The 
causes of death were classified using the Korean Standard Classification of Diseases and 
Causes of Death (KCD-7), as this system reflects an adaptation of the International Statistical 
Classification of Diseases and Related Health Problems, 10th revision to fit the circumstances 
in Korea.11 More specifically, the KCD-7 contains specific codes and rare disease codes that 
reflect the health care environment in Korea.
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Exclusion criteria
Among a total of 1,425,986 infants, those born before 22 weeks of gestation (73 cases), those 
born with a weight of < 0.3 kg (18 cases), those with missing data on gestational age or birth 
weight (2,663 cases), and those with substitution of missing data (319 cases) were excluded. 
The analysis was conducted on 1,422,913 infants.

Statistical analysis
The infants were categorized into the following three groups according to gestational age: 
those born before 32 weeks' gestation (< 32 weeks), those born between 32 and 36 weeks' 
gestation (32–36 weeks), and those born at ≥ 37 weeks' gestation (≥ 37 weeks). They were 
also divided into the following three groups according to birth weight: those born weighing 
< 1.5 kg, those born weighing ≥ 1.5 kg but < 2.5 kg, and those born weighing ≥ 2.5 kg. Infant 
mortality until 1 year of age and child mortality after infancy up to 5 years of age (child 
mortality) were analyzed according to gestational age and birth weight, and between-group 
differences were analyzed using an analysis of variance.

The categorical variables used for the analysis were as follows: singleton vs. multiple; born 
in Seoul, Gyeonggi-do, and Incheon (Seoul metropolitan area) vs. born in other areas; 
parental age of 20–39 years, ≤ 19 years, or ≥ 40 years; parental educational level of high 
school and below vs. college and above; group 1 occupations (manager, expert or related 
worker, office worker, service worker, salesman, functional personnel, machine operator, or 
assembler) vs. group 2 occupations (manual laborer expert in farming, student, housewife, 
unemployed); and Korean nationals vs. non-Koreans (foreign nationals and naturalized 
foreigners). To determine whether these variables and the sex variables have significant 
correlations with infant and child mortality, χ2 tests were conducted. To determine whether 
mortality differed by gestational age and birth weight, even after correcting for factors 
that were found to influence mortality through the abovementioned analysis, a Cox 
proportional hazard regression model was conducted, and 95% confidence intervals (CIs) 
and adjusted hazard ratios (HRs) were calculated.

To investigate the survival rate under 5 years of age by gestational age and birth weight, 
Kaplan-Meier survival curves were constructed and compared using log-rank tests. Using 
KCD-7 codes, the major causes of deaths in all children were analyzed, and the major causes 
of infant and child deaths were analyzed by gestational age and birth weight.

A P value of < 0.05 was considered statistically significant. All analyses were performed using 
the software package Stata version 14.0 (StataCorp., College Station, TX, USA).

Ethics statement
The data used for this study were obtained from a cohort-linked database of mortality before 
5 years of age in 1,425,986 infants born between 1 January 2010 and 31 December 2012, 
provided by the Microdata Integrated Service (MDIS) of Statistics Korea.12 The Statistics 
Korea collects not only microdata of self-produced statistics, but also microdata of other 
statistical agencies and research institutes in one place, and provides statistical data through 
the MDIS.12 The study data did not contain personal information. Institutional Review 
Board of Konyang University Hospital approval was obtained prior to conducting the study 
(approval No. 2018-06-019).

3/14https://jkms.org https://doi.org/10.3346/jkms.2020.35.e340

Under-five Mortality by Gestational Age

https://jkms.org


RESULTS

The demographic characteristics of the participants analyzed in this study are as follows. 
Among the total of 1,422,913 infants, 4,930 died at the age of < 5 years; of these, 3,987 died in 
infancy (0.3%) and 943 (0.1%) died in childhood (Table 1).

4/14https://jkms.org https://doi.org/10.3346/jkms.2020.35.e340

Under-five Mortality by Gestational Age

Table 1. Demographic characteristics of the study participants (n = 1,422,913)
Group Values
Sex

Male 732,092 (51.5)
Female 690,821 (48.5)

Gestational age, wk
< 32 10,411 (0.7)
32–36 75,657 (5.3)
≥ 37 1,336,845 (94)

Birth weight, kg
< 1.5 8,565 (0.6)
1.5–2.49 65,162 (4.6)
≥ 2.5 1,349,186 (94.8)

Area of birth
Seoul metropolitan area 725,308 (51.0)
Other areas 697,605 (49.0)

Mother's age, yr
20–39 1,382,349 (97.1)
< 20 or ≥ 40 39,584 (2.8)
Missing value 980 (0.1)

Father's age, yr
20–39 1,269,862 (89.2)
< 20 or ≥ 40 139,826 (9.8)
Missing value 13,225 (0.9)

Mother's educational level
High school graduate or below 437,889 (30.8)
College level or higher 980,129 (68.9)
Missing value 4,895 (0.3)

Father's educational level
High school graduate or below 413,475 (29.1)
College level or higher 994,332 (69.9)
Missing value 15,106 (1.1)

Mother's occupation
Group 1a 442,773 (31.1)
Group 2b 968,290 (68.0)
Missing value 11,850 (0.8)

Father's occupation
Group 1a 1,267,477 (89.1)
Group 2b 108,788 (7.6)
Missing value 46,648 (3.3)

Multiple birth
Singleton 1,379,994 (97.0)
Twin or more 42,251 (3.0)
Missing value 668 (0.0)

Mother's nationality
Korean 1,362,817 (95.8)
Non-Koreanc 57,127 (4.0)
Missing value 2,969 (0.2)

Father's nationality
Korean 1,400,275 (98.4)
Non-Koreanc 10,192 (0.7)
Missing value 12,446 (0.9)

Values are presented as number (%).
aGroup 1: manager, expert or related worker, office worker, service worker, salesman, functional personnel, 
machine operator or assembler; bGroup 2: manual laborer, expert in farming, students, housewife, unemployed; 
cNon-Korean: foreigner or naturalized foreigner.
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The overall mortality rate for children under 5 years of age was 3.46/1,000, with the infant 
mortality being 2.80/1,000 and child mortality being 0.66/1,000. Among the deaths in children 
under 5 years of age, the proportions of infants who died before 1 year, between 1 and 2 years, 
between 2 and 3 years, between 3 and 4 years, and between 4 and 5 years of age were 80.9%, 8.4%, 
4.9%, 2.9%, and 2.9%, respectively. Thus, mortality tended to decrease with an increase in age.

When analyzing the data according to gestational age at the time of birth, infant mortality 
was 165.59/1,000 in the < 32 weeks group, 7.6/1,000 in the 32–36 weeks group, and 1.26/1,000 
in the ≥ 37 weeks group. The child mortality (1–5 years of age) was 5.99/1,000 in the < 32 
weeks group, 1.53/1,000 in the 32–36 weeks group, and 0.58/1,000 in the ≥ 37 weeks group. 
Differences according to gestational age were greater for infant mortality than for child 
mortality, although the child mortality was still higher in those born at an earlier gestational 
age. A similar pattern was observed when the mortality was compared according to birth 
weight (Supplementary Table 1). The differences were all statistically significant (Table 2).

When the 5-year survival was analyzed using the survival curves for each gestational age and 
birth weight group, significant differences in survival were observed among the groups (Fig. 1).

We conducted a univariate analysis to investigate factors associated with mortality. 
Gestational age, birth weight, sex, multiple birth, area of birth, parental age, parental 
educational level, and parental occupation had statistically significant correlations with 
infant and child mortality.

Infant and child mortality were higher for children with lower gestational age, those with 
lower birth weight, and those who were male. Those born in multiple births (twin or more) 
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Table 2. Mortality compared by gestational age
Age of death, yr Gestational age, wk Total

< 32 32–36 ≥ 37
0–1* 165.59 7.60 1.26 2.80
1–5* 5.99 1.53 0.58 0.66

1–2* 3.34 0.63 0.25 0.29
2–3* 1.27 0.43 0.15 0.17
3–4* 1.04 0.25 0.09 0.10
4–5* 0.35 0.23 0.09 0.10

0–5* 170.59 9.12 1.84 3.46
Mortality rate: per 1,000 births.

*P < 0.05.
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Fig. 1. Kaplan-Meier survival curves under 5 years of age (A) Survival curves by gestational age (B) survival curves by birth weight.
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had higher mortality rates than those born as singletons, and the mortality rate was higher 
for those born in areas other than the Seoul metropolitan area. The mortality rate was also 
higher when the parental age was < 20 or > 40 years than when the parental age was between 
20 and 39 years. The mortality rate was higher in infants with parents whose educational level 
was high school or below than in those with parents whose educational level was college or 
above. The mortality rate was higher when the parental occupation was in group 2 than when 
the occupation was in group 1.

Although the child mortality was significantly higher when the mother was non-Korean than 
when the mother was Korean, no significant differences in infant mortality was observed. By 
contrast, the father's nationality did not yield any significant difference in terms of infant and 
child mortality (Table 3).

In the multivariate analysis of factors that were significant in the univariate analysis, 
gestational age showed the highest HR for infant mortality (78.79 and 4.62 for the < 32 
weeks and 32–36 weeks groups, respectively, versus the full-term group). Sex, area of birth, 
mother's age, parental educational level, parental occupation, and multiple birth were found 
to influence infant mortality rates. In the Cox proportional hazards regressions, the analysis 
was conducted in 1,370,652 infants, excluding 52,261 missing cases (3.7% of total cases).

Gestational age also showed the highest HR for child mortality (adjusted HR of 9.25 and 2.42 
for the < 32 weeks and 32–36 weeks groups, respectively, versus the full-term group). Sex, area 
of birth, parental age, father's educational level, and maternal occupation had significant 
correlations with child mortality (Table 3). In the Cox proportional hazards regressions, the 
analysis was conducted in 1,368,412 children, excluding 50,514 missing cases (3.6%), out of 
1,418,926 cases, excluding cases of infant deaths.

When the causes of death of the 4,930 children were confirmed, the analysis yielded the 
following results. Conditions originating in the perinatal period were the most common 
causes of death (44.1%); 59% of these were respiratory distress of newborn (19.43%) and 
other respiratory disorders specific to the perinatal period (6.67%). The second most 
common cause of death was congenital malformations, deformations, and chromosomal 
abnormalities (18.48%), 40% of which were cardiac congenital malformations. The third 
most common cause of death was unknown (9.63%), followed by injury, poisoning, and 
other consequences of external causes (8.66%), and diseases of the nervous system (4.52%) 
(Table 4).

All causes of death were classified into infant and child deaths (1–5 years of age) and analyzed 
according to gestational age, as shown in Tables 5 and 6. Fifty-one cases of child deaths were 
excluded due to missing data.

Regarding the causes of infant death, perinatal conditions were the most common 
cause in the < 32 weeks group, accounting for 88.7% of deaths in this group. Congenital 
malformations, deformations, and chromosomal abnormalities followed at 7.0%. In the 
32–36 weeks group, conditions originating in the perinatal period accounted for 41.9% 
of infant deaths, followed by congenital malformation at 31.7%. In the ≥ 37 weeks group, 
congenital malformations accounted for 29.6% of infant death, followed by perinatal causes 
at 22.7% (Table 5).
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In the < 32 weeks group, conditions originating in the perinatal period accounted for 
25.0% of child deaths occurring after 1 year of age and before 5 years of age, followed by 
diseases of the nervous system, accounting for 19.2% and diseases of the circulatory system 
and respiratory system, each accounting for 9.6% of deaths. In the 32–36 weeks group, 
congenital malformations accounted for 21.7% of child deaths, diseases of the nervous 
system accounted for 19.1%, and injury, poisoning, and other consequences of external 
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Table 3. Univariate analysis of variables and multivariate cox proportional hazards model for risk factors associated with infant and child mortality
Variables Infant survival,  

No. (%)
Infant death,  

No. (%)
Infant death, 

adjusted HR (95% CI)
Child survival,  

No. (%)
Child death,  

No. (%)
Child death, 

adjusted HR (95% CI)
Gestational age, wka,b 1,418,926 (99.7) 3,987 (0.3) 1,417,983 (99.9) 943 (0.1)

< 32 8,687 (83.44) 1,724 (16.56) 78.79 (71.33–87.04)* 8,635 (99.40) 52 (0.6) 9.25 (6.85–12.50)*
32–36 75,082 (99.24) 575 (0.76) 4.62 (4.07–5.24)* 74,967 (99.85) 115 (0.15) 2.42 (1.95–3.01)*
≥ 37 1,335,157 (99.87) 1,688 (0.13) 1,334,381 (99.94) 776 (0.06)

Birth weight, kga,b

< 1.5 6,860 (80.09) 1,705 (19.91) 6,817 (99.37) 43 (0.63)
1.5–2.49 64,607 (99.15) 555 (0.85) 64,480 (99.80) 127 (0.20)
≥ 2.5 1,347,459 (99.87) 1,727 (0.13) 1,346,686 (99.94) 773 (0.06)

Sexa,b

Male 729,825 (99.69) 2,267 (0.31) 729,297 (99.93) 528 (0.07)
Female 689,101 (99.75) 1,720 (0.25) 0.86 (0.79–0.93)* 688,686 (99.94) 415 (0.06) 0.83 (0.73–0.95)*

Area of birtha,b

Seoul metropolitan 
area

723,472 (99.75) 1,836 (0.25) 723,042 (99.94) 430 (0.06)

Other areas 695,454 (99.69) 2,151 (0.31) 1.11 (1.02–1.21)** 694,941 (99.93) 513 (0.07) 1.18 (1.03–1.34)**
Mother's age, yra,b

20–39 1,378,616 (99.73) 3,733 (0.27) 1,377,730 (99.94) 886 (0.06)
< 20 or ≥ 40 39,339 (99.38) 245 (0.62) 1.28 (1.04–1.57)** 39,282 (99.86) 57 (0.14) 1.45 (1.05–1.99)**

Father's age, yra,b

20–39 1,267,892 (99.84) 1,970 (0.16) 1,267,110 (99.94) 782 (0.06)
< 20 or ≥ 40 139,483 (99.75) 343 (0.25) 1.07 (0.94–1.22) 139,344 (99.90) 139 (0.10) 1.23 (1.01–1.50)**

Mother's educational 
levela,b

≤ High school 436,566 (99.70) 1,323 (0.30) 436,167 (99.91) 399 (0.09)
≥ College level 978,380 (99.82) 1,749 (0.18) 0.79 (0.71–0.87)* 977,838 (99.94) 542 (0.06) 0.87 (0.74–1.02)

Father's educational 
levela,b

≤ High school 412,490 (99.76) 985 (0.24) 412,102 (99.91) 388 (0.09)
≥ College 993,010 (99.87) 1,322 (0.13) 0.76 (0.68–0.84)* 992,477 (99.95) 533 (0.05) 0.69 (0.59–0.81)*

Mother's occupationa,b

Group 1c 442,019 (99.83) 754 (0.17) 441,800 (99.95) 219 (0.05)
Group 2d 965,895 (99.75) 2,395 (0.25) 1.16 (1.05–1.29)* 965,174 (99.93) 721 (0.07) 1.23 (1.04–1.44)**

Father's occupationa,b

Group 1c 1,265,522 (99.85) 1,955 (0.15) 1,264,727 (99.94) 795 (0.06)
Group 2d 108,480 (99.72) 308 (0.28) 1.35 (1.19–1.53)* 108,371 (99.90) 109 (0.10) 1.22 (0.99–1.50)

Multiple birtha,b

Singleton 1,377,162 (99.79) 2,832 (0.21) 1,376,273 (99.94) 889 (0.06)
Twin or more 41,741 (98.79) 510 (1.21) 1.15 (1.01–1.31)** 41,687 (99.87) 54 (0.13) 1.07 (0.79–1.45)

Mother's nationalityb

Korean 1,360,542 (99.83) 2,275 (0.17) 1,359,661 (99.94) 881 (0.06)
Non-Koreane 57,025 (99.82) 102 (0.18) 56,964 (99.89) 61 (0.11)

Father's nationality
Korean 1,397,967 (99.84) 2,308 (0.16) 1,397,054 (99.93) 913 (0.07)
Non-Koreane 10,180 (99.88) 12 (0.12) 10,170 (99.90) 10 (0.10)

Multivariate analysis was performed on significant factors (gestational age, sex, area of birth, parental age, parental education level, parental occupation, 
multiple birth) in the univariate analysis.
HR = hazard ratio, CI = confidence interval.
aStatistically associated variables with infant mortality in the univariate analysis (χ2, P<0.05); bStatistically associated variables with child mortality in the 
univariate analysis (χ2, P < 0.05); cGroup 1: manager, expert or related worker, office worker, service worker, salesman, functional personnel, machine operator or 
assembler; dGroup 2: manual laborer, expert in farming, students, housewife, unemployed; eNon-Korean: foreigner or naturalized foreigner.
*P < 0.01; **P < 0.05.
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causes accounted for 15.7%. In the ≥ 37 weeks group, injury, poisoning, and other certain 
consequences of external causes accounted for 26.6% of child deaths, neoplasms accounted 
for 15.7%, and diseases of the nervous system accounted for 14.7% (Table 6).

Differences in the causes of death according to birth weight were confirmed for infant and 
child deaths, and the results were similar to those obtained for gestational age (for the 
causes of death by birth weight, please refer to Supplementary Tables 2 and 3). The other less 
common causes of death are presented in Supplementary Tables 4 and 5.

DISCUSSION

We assessed the effects of gestational age and birth weight on mortality rates for children 
under 5 years of age as well as causes of death. Of all cases of under-five year deaths, 80.9% 
occurred in those aged < 1 year and 19.1% in those aged > 1 year. Both infant and child 
mortality were higher in the low gestational age and birth weight groups than in the high 
gestational age and birth weight groups. The adjusted HR for infant death adjusted for the 
effects of other variables was 4.62 in the 32–36 weeks group and was very high at 78.79 in 
the < 32 weeks group, when compared to the ≥ 37 weeks group; this finding was similar 
to the results of a previous study.13 The adjusted HR for child death was 2.42 in the 32–36 
weeks group and 9.25 in the < 32 weeks group, when compared to the ≥ 37 weeks group, still 
showing great differences in the HR depending on gestational age. Compared to the risk 
from other factors that affect mortality, these risks were very much higher.

Moreover, although not shown in the results, we compared the mortality rates based on 
the corrected and chronological ages. Based on the corrected age, the infant mortality rate 
slightly increased while the child mortality rate decreased in lower gestational age groups. 
However, differences in mortality rates between the gestational age groups were still 
significant.
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Table 4. Top 10 causes of death in children under 5 years of age
No. Cause of death Values
1st Certain conditions originating in the perinatal period 2,174 (44.10)

Respiratory distress of newborn 958 (19.43)
Other respiratory disorders specific to the perinatal period 329 (6.67)
Bacterial sepsis of newborn 176 (3.57)
Digestive system disorders of fetus and newborn 170 (3.45)

2nd Congenital malformations, deformations, and chromosomal abnormalities 911 (18.48)
Cardiac congenital malformations 364 (7.38)
Congenital malformations of the great arteries 121 (2.45)

3rd Ill-defined and unknown causes of mortality 475 (9.63)
4th Injury, poisoning, and other certain consequences of external causes 427 (8.66)

Other accidental threats to breathinga 127 (2.58)
Transport accidents 107 (2.17)

5th Diseases of the nervous system 223 (4.52)
6th Neoplasms 185 (3.75)
7th Diseases of the circulatory system 113 (2.29)
8th Diseases of the respiratory system 111 (2.25)
9th Certain infectious and parasitic diseases 90 (1.85)
10th Diseases of the blood and blood-forming organs and certain disorders involving the 

immune mechanism
42 (0.85)

Values are presented as number (%).
aOther accidental threats to breathing are associated with the presence of foreign bodies in the airway and 
suffocation.

https://jkms.org
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A previous study reported a significant correlation between low birth weight and mortality 
until the age of 4 years, but no similar relationship was observed after this age.14 Similarly, 
in our study, the differences in mortality according to gestational age and birth weight 
decreased with increasing age. However, another recent study reported that low birth weight 
was related to mortality in infancy and adolescence8; in the present study, the mortality rate 
for children under 5 years of age was also higher for those born preterm than for those born 
at term. Future studies will need to follow these infants until adolescence.

In our study, variables, other than gestational age and birth weight, that influenced infant 
death were maternal age, parental educational level, parental occupation, multiple birth, 
sex, and area of birth. Other variables associated with increased child mortality were parental 
age, father’s educational level, mother's occupation, sex, and area of birth. These variables 
serve as additional interventional targets to reduce the mortality risk of preterm infants. 
Mother's occupation was a factor affecting both infant and child mortality, with a higher 
mortality rate observed in children whose parental occupation was classified in group 2 than 
in those children whose parental occupation was categorized in group 1. The high mortality 
rate observed in children whose parental occupation was classified in group 2 that includes 
housewives, which still account for a large proportion of the Korean mothers' occupation, 
can be considered as a result of the relatively higher socioeconomic status in group 1 than in 
group 2. However, there is a limitation that the parent’s data is based on the time of birth and 
doesn’t reflect the situation afterwards.

The causes of death also varied depending on gestational age and birth weight. In terms 
of the causes of infant death, certain conditions originating in the perinatal period were 
the most common cause, accounting for 88.7% and 41.9% of infant deaths in the < 32 and 
32–36 weeks groups, respectively. In contrast, in the ≥ 37 weeks group, certain conditions 
originating in the perinatal period accounted for 22.7% of infant deaths, following congenital 
malformation (29.6%); in other words, the order of causes changed, and perinatal conditions 
accounted for significantly less deaths compared to the pattern observed in preterm infants. 
These results demonstrate that most cases of infant deaths are more closely associated with 
perinatal causes in those born at a younger gestational age.

The causes of child deaths were more varied compared to the causes of infant deaths. In the 
< 32 weeks group, in contrast to the other groups, conditions originating in the perinatal 
period were the most common cause of death (25.0%). This suggests that infants born at a 
younger gestational age are influenced by perinatal factors even after infancy, similar to the 
results reported by Watkins et al.8 The specific perinatal causes of death after 1 year of age in 
the < 32 weeks group included chronic respiratory disease originating in the perinatal period 
and respiratory distress of the newborn; most of these involved respiratory complications, 
and all of the infants died before the age of 3 years. By contrast, in the 32–36 and ≥ 37 weeks 
groups, most cases of child deaths from conditions originating in the perinatal period involved 
neurological complications, including neonatal cerebral leukomalacia and hypoxic ischemic 
encephalopathy of the newborn (Supplementary Table 6). Such differences in perinatal causes 
according to gestational age suggest that immature lungs are a major cause of death in preterm 
infants. Of note, only a small number of cases of child deaths from conditions originating in 
the perinatal period were available (13 in the < 32 weeks group, 1 in the 32–36 weeks group, and 
7 in the ≥ 37 weeks group), warranting the necessity of further research. Moreover, the number 
of deaths resulting from diseases of the circulatory (9.6%) and respiratory systems (9.6%) was 
higher in the < 32 weeks group than in the other gestational age groups. This may be due to 
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the fact that the pulmonary hypertension is associated with poor cardiopulmonary outcome 
in preterm infants.15-17 The results also support previous research findings demonstrating 
that pulmonary dysplasia and the complications of immature lungs continue to affect children 
beyond infancy and are associated with poor lung function.18,19 Previous studies have reported 
the association between preterm birth and long-term respiratory diseases, hypertension, and 
metabolic diseases in adulthood, and others have reported continued respiratory impairment 
even in preterm infants that were not diagnosed with bronchopulmonary dysplasia.18-26 In the 
present study, mortality rates from respiratory and circulatory diseases were relatively high 
among child deaths in preterm infants. These findings suggest that future studies are needed 
to assess the mortality and prevalence of long-term respiratory, cardiovascular, and metabolic 
diseases in preterm infants.

The most common cause of child deaths in the 32–36 weeks group was congenital 
malformation (21.7%), including cardiac malformation, followed by nervous system disease 
(19.1%) and injury, poisoning, and other certain consequences of external causes (15.7%). 
The most common cause in the ≥ 37 weeks group was injury, poisoning, and other certain 
consequences of external causes (26.6%), followed by neoplasms (15.7%) and nervous system 
diseases (14.7%). These findings suggest that the main causes of child death varied among 
the different gestational age groups.

This study has few limitations. First, given that the study data were limited to those aged 
younger than 5 years, differences in mortality rates into adolescence could not be analyzed. 
Second, to evaluate the long-term complications and prognosis of preterm birth, additional 
research and analysis of mortality as well as clinical information regarding prevalence 
and treatment status of common diseases is required. Third, given that our data only 
included socioeconomic factors and death, socioeconomic factors (environmental factors) 
associated with child mortality could be confirmed, and an analysis of clinical information 
could not be performed, limiting the extent of regression analysis on factors that might 
influence infant and child mortality.

Despite these limitations, using what we believe to be the largest and most recent 
population-based cohort that has been used to survey Korea, the present study 
investigated mortality rates and causes of death under 5 years of age in children born in 
Korea, demonstrating that gestational age and birth weight are clearly associated with 
infant and child mortality.

We identified varying trends in death depending on gestational age; the major causes of 
infant death in the < 32 weeks group were related to perinatal causes that were important 
even in childhood, especially respiratory complications. Circulatory and respiratory diseases 
were common causes of child death in this group, compared to other groups. In the 32–36 
and ≥ 37 weeks groups, congenital malformations, in addition to perinatal causes, were 
major causes of infant deaths. Perinatal causes accounted for a very small number of cases 
of death after 1 year of age. In the 32–36 weeks group, congenital malformation, nervous 
system disease, and injury and poisoning were major causes of child deaths, whereas injury 
and poisoning, neoplasms, and nervous system diseases were major causes of child deaths 
in the ≥ 37 weeks group.

For the care of preterm infants, especially those born at < 32 weeks' gestation, particular 
attention and continuous monitoring are needed in consideration of the major causes of 
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deaths (such as certain conditions originating in the perinatal period) not only in infancy 
but also in childhood. Proactive national healthcare policies that address the major causes 
of death should be implemented to further improve the survival rates, with the ultimate 
aim of improving the quality of health of children.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Mortality compared by birth weight

Click here to view

Supplementary Table 2
Causes of infant death by birth weight

Click here to view

Supplementary Table 3
Causes of death in children under 5 years of age by birth weight (except infant death)

Click here to view

Supplementary Table 4
Causes of infant death by GA

Click here to view

Supplementary Table 5
Causes of death in children under 5 years of age by GA (except infant death)

Click here to view

Supplementary Table 6
Cases of childhood (after 1 year of age) death from certain conditions originating in the 
perinatal period by GA

Click here to view

REFERENCES

 1. Fanaroff AA, Stoll BJ, Wright LL, Carlo WA, Ehrenkranz RA, Stark AR, et al. Trends in neonatal morbidity 
and mortality for very low birthweight infants. Am J Obstet Gynecol 2007;196(2):147.e1-147.e8. 
PUBMED | CROSSREF

 2. Callaghan WM, MacDorman MF, Rasmussen SA, Qin C, Lackritz EM. The contribution of preterm birth 
to infant mortality rates in the United States. Pediatrics 2006;118(4):1566-73. 
PUBMED | CROSSREF

 3. Kramer MS, Demissie K, Yang H, Platt RW, Sauvé R, Liston R, et al. The contribution of mild and 
moderate preterm birth to infant mortality. JAMA 2000;284(7):843-9. 
PUBMED | CROSSREF

12/14https://jkms.org https://doi.org/10.3346/jkms.2020.35.e340

Under-five Mortality by Gestational Age

https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2020.35.e340&fn=jkms-35-e340-s001.doc
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2020.35.e340&fn=jkms-35-e340-s002.doc
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2020.35.e340&fn=jkms-35-e340-s003.doc
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2020.35.e340&fn=jkms-35-e340-s004.doc
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2020.35.e340&fn=jkms-35-e340-s005.doc
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2020.35.e340&fn=jkms-35-e340-s006.doc
http://www.ncbi.nlm.nih.gov/pubmed/17306659
https://doi.org/10.1016/j.ajog.2006.09.014
http://www.ncbi.nlm.nih.gov/pubmed/17015548
https://doi.org/10.1542/peds.2006-0860
http://www.ncbi.nlm.nih.gov/pubmed/10938173
https://doi.org/10.1001/jama.284.7.843
https://jkms.org


 4. Doyle LW, Roberts G, Anderson PJVictorian Infant Collaborative Study Group. Changing long-term 
outcomes for infants 500–999 g birth weight in Victoria, 1979–2005. Arch Dis Child Fetal Neonatal Ed 
2011;96(6):F443-7. 
PUBMED | CROSSREF

 5. Power C, Li L. Cohort study of birthweight, mortality, and disability. BMJ 2000;320(7238):840-1. 
PUBMED | CROSSREF

 6. Kajantie E, Osmond C, Barker DJ, Forsén T, Phillips DIW, Eriksson JG. Size at birth as a predictor of 
mortality in adulthood: a follow-up of 350 000 person-years. Int J Epidemiol 2005;34(3):655-63. 
PUBMED | CROSSREF

 7. Swamy GK, Ostbye T, Skjaerven R. Association of preterm birth with long-term survival, reproduction, 
and next-generation preterm birth. JAMA 2008;299(12):1429-36. 
PUBMED | CROSSREF

 8. Watkins WJ, Kotecha SJ, Kotecha S. All-cause mortality of low birthweight infants in infancy, childhood, 
and adolescence: population study of England and Wales. PLoS Med 2016;13(5):e1002018. 
PUBMED | CROSSREF

 9. Liu L, Oza S, Hogan D, Chu Y, Perin J, Zhu J, et al. Global, regional, and national causes of under-5 
mortality in 2000–15: an updated systematic analysis with implications for the sustainable development 
goals. Lancet 2016;388(10063):3027-35. 
PUBMED | CROSSREF

 10. Korean Statistical Information Service. Birth statistics. http://www.kosis.kr. Updated 2018. Accessed May 
21, 2018.

 11. Statistics Korea. Korean Standard Classification of Diseases. http://kssc.kostat.go.kr/ksscNew_web/
index.jsp#. Updated 2016. Accessed January 5, 2019.

 12. Statistics Korea. Microdata Integrated Service. https://mdis.kostat.go.kr. Updated 2019. Accessed January 
5, 2019.

 13. García-Basteiro AL, Quintó L, Macete E, Bardají A, González R, Nhacolo A, et al. Infant mortality and 
morbidity associated with preterm and small-for-gestational-age births in Southern Mozambique: a 
retrospective cohort study. PLoS One 2017;12(2):e0172533. 
PUBMED | CROSSREF

 14. Horta BL, Gigante DP, Candiota JS, Barros FC, Victora CG. Monitoring mortality in Pelotas birth cohort 
from 1982 to 2006, Southern Brazil. Rev Saude Publica 2008;42 Suppl 2:108-14. 
PUBMED | CROSSREF

 15. Mourani PM, Sontag MK, Younoszai A, Miller JI, Kinsella JP, Baker CD, et al. Early pulmonary vascular 
disease in preterm infants at risk for bronchopulmonary dysplasia. Am J Respir Crit Care Med 2015;191(1):87-95. 
PUBMED | CROSSREF

 16. Mirza H, Ziegler J, Ford S, Padbury J, Tucker R, Laptook A. Pulmonary hypertension in preterm infants: 
prevalence and association with bronchopulmonary dysplasia. J Pediatr 2014;165(5):909-914.e1. 
PUBMED | CROSSREF

 17. Berenz A, Vergales JE, Swanson JR, Sinkin RA. Evidence of early pulmonary hypertension is associated 
with increased mortality in very low birth weight infants. Am J Perinatol 2017;34(8):801-7. 
PUBMED | CROSSREF

 18. Gibson AM, Reddington C, McBride L, Callanan C, Robertson C, Doyle LW. Lung function in adult 
survivors of very low birth weight, with and without bronchopulmonary dysplasia. Pediatr Pulmonol 
2015;50(10):987-94. 
PUBMED | CROSSREF

 19. Gough A, Spence D, Linden M, Halliday HL, McGarvey LPA. General and respiratory health outcomes in 
adult survivors of bronchopulmonary dysplasia: a systematic review. Chest 2012;141(6):1554-67. 
PUBMED | CROSSREF

 20. Greenough A. Does low birth weight confer a lifelong respiratory disadvantage? Am J Respir Crit Care Med 
2009;180(2):107-8. 
PUBMED | CROSSREF

 21. Pilgaard K, Færch K, Carstensen B, Poulsen P, Pisinger C, Pedersen O, et al. Low birthweight and 
premature birth are both associated with type 2 diabetes in a random sample of middle-aged Danes. 
Diabetologia 2010;53(12):2526-30. 
PUBMED | CROSSREF

 22. Hack M, Schluchter M, Cartar L, Rahman M. Blood pressure among very low birth weight (<1.5 kg) young 
adults. Pediatr Res 2005;58(4):677-84. 
PUBMED | CROSSREF

13/14https://jkms.org https://doi.org/10.3346/jkms.2020.35.e340

Under-five Mortality by Gestational Age

http://www.ncbi.nlm.nih.gov/pubmed/21393312
https://doi.org/10.1136/adc.2010.200576
http://www.ncbi.nlm.nih.gov/pubmed/10731178
https://doi.org/10.1136/bmj.320.7238.840
http://www.ncbi.nlm.nih.gov/pubmed/15764690
https://doi.org/10.1093/ije/dyi048
http://www.ncbi.nlm.nih.gov/pubmed/18364485
https://doi.org/10.1001/jama.299.12.1429
http://www.ncbi.nlm.nih.gov/pubmed/27163787
https://doi.org/10.1371/journal.pmed.1002018
http://www.ncbi.nlm.nih.gov/pubmed/27839855
https://doi.org/10.1016/S0140-6736(16)31593-8
http://www.ncbi.nlm.nih.gov/pubmed/28212393
https://doi.org/10.1371/journal.pone.0172533
http://www.ncbi.nlm.nih.gov/pubmed/19142352
https://doi.org/10.1590/S0034-89102008000900015
http://www.ncbi.nlm.nih.gov/pubmed/25389562
https://doi.org/10.1164/rccm.201409-1594OC
http://www.ncbi.nlm.nih.gov/pubmed/25189821
https://doi.org/10.1016/j.jpeds.2014.07.040
http://www.ncbi.nlm.nih.gov/pubmed/28201824
https://doi.org/10.1055/s-0037-1598246
http://www.ncbi.nlm.nih.gov/pubmed/25195792
https://doi.org/10.1002/ppul.23093
http://www.ncbi.nlm.nih.gov/pubmed/22116801
https://doi.org/10.1378/chest.11-1306
http://www.ncbi.nlm.nih.gov/pubmed/19578139
https://doi.org/10.1164/rccm.200904-0643ED
http://www.ncbi.nlm.nih.gov/pubmed/20859612
https://doi.org/10.1007/s00125-010-1917-3
http://www.ncbi.nlm.nih.gov/pubmed/16192252
https://doi.org/10.1203/01.PDR.0000180551.93470.56
https://jkms.org


 23. Saigal S, Doyle LW. An overview of mortality and sequelae of preterm birth from infancy to adulthood. 
Lancet 2008;371(9608):261-9. 
PUBMED | CROSSREF

 24. Gross SJ, Iannuzzi DM, Kveselis DA, Anbar RD. Effect of preterm birth on pulmonary function at school 
age: a prospective controlled study. J Pediatr 1998;133(2):188-92. 
PUBMED | CROSSREF

 25. Doyle LW, Adams AM, Robertson C, Ranganathan S, Davis NM, Lee KJ, et al. Increasing airway 
obstruction from 8 to 18 years in extremely preterm/low-birthweight survivors born in the surfactant era. 
Thorax 2017;72(8):712-9. 
PUBMED | CROSSREF

 26. Simpson SJ, Logie KM, O'Dea CA, Banton GL, Murray C, Wilson AC, et al. Altered lung structure and 
function in mid-childhood survivors of very preterm birth. Thorax 2017;72(8):702-11. 
PUBMED | CROSSREF

14/14https://jkms.org https://doi.org/10.3346/jkms.2020.35.e340

Under-five Mortality by Gestational Age

http://www.ncbi.nlm.nih.gov/pubmed/18207020
https://doi.org/10.1016/S0140-6736(08)60136-1
http://www.ncbi.nlm.nih.gov/pubmed/9709704
https://doi.org/10.1016/S0022-3476(98)70219-7
http://www.ncbi.nlm.nih.gov/pubmed/27601432
https://doi.org/10.1136/thoraxjnl-2016-208524
http://www.ncbi.nlm.nih.gov/pubmed/28119488
https://doi.org/10.1136/thoraxjnl-2016-208985
https://jkms.org

	Mortality Rate and Major Causes of Death by Gestational Age in Korean Children under 5 Years of Age
	INTRODUCTION
	METHODS
	Exclusion criteria
	Statistical analysis
	Ethics statement

	RESULTS
	DISCUSSION
	SUPPLEMENTARY MATERIALS
	Supplementary Table 1
	Supplementary Table 2
	Supplementary Table 3
	Supplementary Table 4
	Supplementary Table 5
	Supplementary Table 6

	REFERENCES


