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Social inequality in adverse birth outcomes has been demonstrated in several countries.
The present study examined the separate and joint effects of parental education and work
in order to investigate the causal pathways of social class effects on adverse birth outcomes
in Korea. The occurrence of low birth weight, preterm births, and intrauterine growth
retardation was examined among 7,766,065 births in Korea from 1995 to 2008. The effect
of social inequality, as represented by parental education and work, was examined against
adverse birth outcomes using multivariate logistic regression after controlling for other
covariates. Parental education had the most significant and greatest effect on all three
adverse outcomes, followed by parental work and employment, which had lesser effects.
For adverse birth outcomes, the gap between educational levels increased steadily in Korea
from 1995 to 2008. Throughout the analysis, the effect of maternal manual work on

adverse birth outcomes was apparent in the study results. Given this evidence of social
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INTRODUCTION

In Korea, whereas the total birth rate has been decreasing, the
rate of adverse birth outcomes, including low birth weight (LBW)
and preterm birth (PTB), has increased (http://www.kostat.
go.kr). Research on the cause of this increase has focused more
on maternal age and maternal parity (http://www.mw.go.kr)
than on more profound social changes.

Several risk factors for adverse birth outcomes have been re-
ported, including LBW, PTB, and delayed fetal development,
mostly concentrating on maternal conditions, including ciga-
rette smoking, alcohol/drug use, small stature of the mother
(low weight gain, low body mass index, and short stature), pri-
miparity (multiple births), previous history (history of prior PTB
or a history of giving birth to small babies), maternal nutrition,
maternal diseases (e.g., pregnancy-induced hypertension, gen-
itourinary infection, incompetent cervix, abruptio placentae,
pre-eclampsia, metabolic diseases, chronic maternal stress, in-
fection and inflammation, and hypercholesterolemia), other
genetic issues, and work (1-12). However, most of these condi-
tions upon pregnancy could have been the result of previous
social conditions, and conventional risk factors for adverse birth
outcomes could be the mediators of socioeconomic disparities
(1). Thus, an investigation of the causal pathways and mecha-
nisms of social inequalities in adverse birth outcomes would be
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inequality in education and employment, social interventions should aim at more in-depth
and distal determinants of health.
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valuable.

As indices of social inequality in health, adverse birth out-
comes, including LBW (1-3), PTB (1, 2, 4, 12, 13), and intrauter-
ine growth retardation (IUGR) (1, 11, 12), have been examined
in many different parts of the world. In Korea, several studies
have also focused on the effects of parental social class on LBW
(14-16). However, most of these studies have focused on the sep-
arate effect of parental social class such as education on limited
scores of adverse birth outcomes.

The exact mechanism of social inequality in adverse birth
outcomes is unknown. Education and work can be important
social class mediators, and, in particular, parental work and em-
ployment and its interactions with education need to be exam-
ined more closely as risk factors for adverse birth outcomes.
This is especially true in research on the underlying reasons for
the ever-increasing trends in adverse birth outcomes in Korea.
This study investigated the interactive effects of parental educa-
tion and parental work on four adverse birth outcomes (LBW,
PT, PT-LBW, and IUGR) in order to examine the effects of social
inequality on birth outcomes. Parental education was used as a
proxy for social inequality and parental work as an intermediat-
ing factor to identify the causal pathways and mechanisms that
underlie the association between social inequality and increased
risks of adverse birth outcomes.
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MATERIALS AND METHODS

Data

A population of 7,810,689 newborn babies was identified from
the national birth registry of the Korean National Statistics Office
for a fourteen-year period (1995 to 2008). From this population,
the following inadequate cases were excluded. First, 43,934 cas-
es with missing values for birth weight or gestational age were
discarded. Second, according to the WHO definition of live birth,
the records with birth weights of less than 500 g (41 cases) or
gestational ages less than 22 weeks (28 cases) were removed.
Finally, 621 cases that were outliers in terms of the fetal growth
curve were deleted. The remaining 7,766,065 cases, 99.4% of the
total population, were included in the final analysis.

Variables

In Korea, all births are required by law to be registered within one
month either by parents, family members, doctors, midwives,
or maternity nurses who delivered the children, or others at a
community administrative office. Birth certificates should be
completed either by the medical doctors, the person who deliv-
ered the child, or relatives. For hospital delivered cases, about
98% of registrations were completed by medical doctors (http://
kostat.go.kr/portal/korea/kor_nw/2/1/index.board?bmode =
read&aSeq = 65172).

The information registered upon birth includes socio-demo-
graphic profiles of the parents (address, age, marital status, mar-
riage date, marriage duration, education, occupation), mater-
nity-related characteristics (parity of all births, parity of all live
births, deaths of previous children), and demographic and bio-
logical profiles of the infant (gestational age, birth weight, birth
order, birth plurality, birth date, place of birth, year of birth).

Based on this information, birth outcome was classified into
four groups: low birth weight (LBW, < 2,500 g), preterm (PTB,

< 37 weeks), preterm and low birth weight (PT-LBW, < 37 weeks
and < 2,500 g), and intrauterine growth retardation (TUGR, > 37
weeks and < 2,500 g).

As a proxy indicator of social inequality, this study used dif-
ferences in levels of parental education. Education is known to
indicate social class more clearly than any other proxy indicator
(17, 18). Levels of parental education were categorized as: mid-
dle school education or lower (< 9 yr), high school education
(10-12yr), and university education or higher (> 13 yr).

Information about parental work was used as an intermedi-
ating factor of social inequality in adverse birth outcomes. In-
formation about parental work was provided on the birth regis-
tration form by the parents, and coded according to the Korean
Standard Classification of Occupations. Based on regrouping
of parental occupation, the work variable was categorized into
3 groups, non-manual (legislators, senior officials, and manag-
ers, professionals, technicians and associates, professionals
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clerks), manual (service workers, sale workers, skilled agricul-
tural, forestry, and fishery workers, craft and related trade work-
ers, plant and machine operators and assembly workers, labor-
ers), and economically inactive populations (students, the un-
employed, housekeepers, and soldiers). Because education
might determine work and employment, which, in return, would
be mediating factors for social inequality in adverse birth out-
comes, we attempted to combine the education and work vari-
ables.

Other risk factors, including infant sex, parental ages, multi-
ple births, maternal parity, the death of previous children, and
year of birth, were used as covariates. Parental ages were cate-
gorized into the following six groups: 25-29, 30-34, 35-39, 40-45,
and = 45. Multiple births were categorized into two groups: sin-
gle and twins or more. Maternal parity was categorized into fol-
lowing three groups: first, second, and third or higher. History
of death of previous children was dichotomized, yes/no. Ethnic-
ity was not available in the dataset; however, Koreans are gen-
erally considered ethnically homogeneous. Information on mar-
ital status was not used because unmarried childbearing is rare
in Korea.

Statistical methods

Multivariate logistic regression was used for the analysis of pa-
rental education effect on adverse birth outcomes, adjusting for
parental ages, infant sex, multiple births, maternal parity, histo-
ry of death of previous children, and year of birth.

Interactions between parental education and work were ex-
amined on the effects on adverse birth outcomes. Statistical as-
sociations were examined by calculating odds ratios for interac-
tions between parental education and work after adjusting for
infant sex, maternal age, parental age, multiple births, maternal
parity, death of previous children, and year of birth. Two-way
interactions between paternal education and maternal educa-
tion, paternal education and paternal work, maternal educa-
tion and maternal work, and paternal work and maternal work
were investigated. Additionally, three-way interactions between
parental education and parental work were investigated through
an interaction test. A likelihood ratio was calculated between
the model with interaction terms and the model without. The
likelihood ratio statistic was used to test the evidence for an in-
teraction between the effects of risk factors.

Time trends in the maternal age-adjusted rates of adverse
birth outcomes from 1995 to 2008 were analyzed using a gener-
al linear model (SAS code: Proc GLM). The widening gap of the
odds ratios’ time trends in adverse birth outcomes between
higher educational level and lower educational level from 1995
to 2008 was also explored, adjusting for parental age, infant sex,
multiple births, maternal parity, and history of death of previ-
ous children. P < 0.05 was considered statistically significant.

http://dx.doi.org/10.3346/jkms.2013.28.1.25
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RESULTS

The rates of adverse birth outcomes adjusted for maternal age
are presented according to parental education, parental work,
birth characteristics, and year of birth in Korea from 1995 to 2008
(Table 1 and Supplemental Table 1). The rates of adverse birth
outcomes were higher for female infants, for older parents, for
multiple births, for maternal parity > 3, and for more than one
death of a previous child. In particular, the rate of adverse birth
outcomes tended to increase from 1995 to 2008 (Table 1).

Effects of education

When we examined the effects of parental education, the ma-
ternal age-adjusted rates of adverse birth outcomes were higher
with decreasing levels of education for both father and mother
(Table 1). After adjusting for infant sex, parental age, maternal
parity, multiple births, history of death of previous children,
and year of birth, the odds ratios for four adverse birth outcomes
among those parents with a middle school education or lower
compared to those with a university education or higher were
as follows for mothers and fathers, respectively: 1.56 (95% con-
fidence interval, 1.54-1.59) and 1.62 (95% ClI, 1.59-1.65) for LBW;
1.28 (95% CI, 1.26-1.3) and 1.32 (95% CI, 1.3-1.35) for PTB; 1.37
(95% CI, 1.34-1.40) and 1.45 (95% CI, 1.42-1.49) for PT-LBW; and
1.68 (95% CI, 1.64-1.71) and 1.70 (95% CI, 1.66-1.74) for [UGR.

Effects of work

Regarding parental work, the rates of adverse birth outcomes
were higher when (comparing manual to non-manual work-
ers) the father was economically inactive, while the rates were
highest when the mother was engaged in manual work rather
than economically inactive (Table 1). When we evaluated the
detailed effects of occupation on adverse birth outcomes, oc-
cupations with the highest adverse birth outcomes differed ac-
cording to four measures of adverse birth outcomes. The high-
est rates of LBW and IUGR were observed with maternal work
in agricultural, forestry, and fishery jobs, while the highest rates
of PTB and PT-LBW were observed when both father and moth-
er were engaged in manual work (Table 2). In particular, physi-
cally demanding work, including laboring, agricultural, forestry,
and fishery jobs, were highly related to LBW and PTB. General-
ly, employment of both fathers and mothers in manual work,
including laborers, craft and related trade work, and plant and
machine operation or assembly in the manufacturing industry
as well as skilled agricultural, forestry, and fishery work in the
agricultural sector were more highly associated with adverse
birth outcomes (Table 2).

Interactions between education and work

In terms of interactive effects, there were also significant inter-
actions between parental education and parental work in their

http://dx.doi.org/10.3346/jkms.2013.28.1.25

associations with adverse birth outcomes (log-likelihood test,
P < 0.001 for all interactions in this study). The intermediating
effects of parental education and parental work on adverse birth
outcomes are presented in Tables 3-5.

When analyzed separately, social inequality in adverse birth
outcomes showed similar patterns between paternal and ma-
ternal educational disparities (Table 2). However, when analyzed
together, the effect of paternal education tended to be greater
than that of maternal education (Table 3).

When one of the parents’ education level was above high
school, the education effect of the spouse on adverse birth out-
comes was significant, while the effect of the spouse’s educa-
tion was not significant when the education level of the other
parent was middle school or lower (Table 3). Moreover, the ef-
fect of maternal education on adverse birth outcomes disap-
peared with the lowest level of paternal education, while the ef-
fect of paternal education remained unchanged regardless of
maternal education (Table 3).

As shown in Table 4, the risk of adverse birth outcomes was
higher among parents with an educational level below middle
school. There was a strong inverse relationship between adverse
birth outcomes and the combination of both parents’ educa-
tional level. The risk of adverse birth outcomes increased as the
combination of both parents’ educational level decreased.

There was also an interaction between parental education and
parental work (Table 3). When paternal education and work
were analyzed together, the risk of adverse birth outcomes was
higher among fathers who had a middle school education or
lower and were economically inactive. In terms of maternal ed-
ucation and work, the risk was higher among mothers who had
a middle school education or lower and were economically in-
active or performing manual work (Table 3).

After stratifying according to paternal and maternal work, the
risk of adverse birth outcomes was higher when the father was
economically inactive and the mother was performing manual
work, as well as when both parents were economically inactive
(Table 3). When we combined parental education and parental
work and organized them in order, the effects of social inequal-
ity became more profound when paternal education was lower,
when parents were less educated and in the manual labor or
economically inactive group, when fathers were economically
inactive with mothers performing manual work, or when both
parents were economically inactive (Table 4).

Table 5 shows the results of three-way interactions between
parental education and parental work on adverse birth outcomes.
When both the paternal and maternal educational status was
university-level, the effect of work on adverse birth outcomes
did not differ among legislators, senior officials, and managers.
That is, no effect of work was found in mothers and fathers with
a university-level education. In contrast, laborers and those who
were economically inactive had higher risks of adverse birth
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Table 1. Maternal age-adjusted rates of low birth weight, preterm birth, preterm birth and low birth weight, and intrauterine growth retardation according to parental education,
parental work, and birth characteristics in Korea from 1995 to 2008

LBW PTB PT-LBW IUGR
Total number
Parameters of births Number of Age-adjusted ~ Number of Age-adjusted ~ Number of Age-adjusted ~ Number of Age-adjusted
births rate %* births rate %* births rate %* births rate %*
Paternal education
> University 3,955,718 142,351 3.6 155,697 3.9 77,213 1.9 65,138 1.7
High school 3,374,925 130,875 3.9 135,161 44 68,220 2.1 62,655 1.9
< Middle school 406,892 20,500 4.8 18,960 4.4 9,752 2.2 10,748 2.5
Maternal education
> University 3,222,665 117,944 3.6 129,601 4.0 64,323 2.0 53,621 1.7
High school 4,167,425 158,175 3.9 163,934 4.0 82,395 2.0 75,780 1.8
< Middle school 360,477 18,756 4.8 17,456 4.4 9,131 2.3 9,625 2.5
Paternal occupation
Legislators and managers 112,489 4,291 3.6 4,897 41 2,349 2.0 1,942 1.7
Professionals 1,202,099 44,463 3.7 48,169 3.9 23,940 2.0 20,523 1.7
Technicians and clerks 2,857,912 103,614 3.7 110,480 3.9 55,323 2.0 48,291 1.7
Service and sales workers 1,627,632 63,397 3.9 67,702 41 33,898 2.1 29,499 1.8
Agricultural workers 212,967 9,323 4.2 9,133 41 4,530 2.1 4,793 2.2
Crafts 832,217 31,741 3.9 31,135 3.9 15,727 2.0 16,014 2.0
Machine operators and assemblers 306,169 12,087 4.0 12,152 41 6,229 2.1 5,858 1.9
Laborers 141,457 6,513 4.5 6,835 4.7 3,407 2.3 3,106 2.1
Economically inactive 394,678 16,172 41 16,910 4.4 8,598 2.2 7,574 1.9
Maternal occupation
Legislators and managers 16,060 563 3.2 698 4.0 314 1.8 249 1.4
Professionals 415,443 15,685 3.7 17,049 4.0 8,522 2.0 7,163 1.7
Technicians and clerks 589,692 21,649 3.7 23,280 3.9 11,857 2.0 9,792 14
Service and sales workers 204,089 8,094 3.8 9,118 4.2 4,468 2.1 3,626 1.7
Agricultural workers 53,249 2,330 4.2 2,110 3.8 1,048 1.9 1,282 2.3
Crafts 19,995 837 43 848 43 441 2.3 396 2.0
Machine operators and assemblers 3,484 133 4.0 134 4.0 75 2.2 58 1.7
Laborers 8,824 392 43 448 5.0 221 2.4 171 1.9
Economically inactive 6,413,850 244,143 3.8 256,168 4.0 128,333 2.0 115,810 1.8
Paternal work
Non-manual 4,172,500 152,368 3.6 163,546 3.9 81,612 2.0 70,756 1.7
Manual 3,120,442 123,061 3.9 126,957 44 63,791 2.1 59,270 1.9
Economically inactive 394,678 16,172 41 16,910 4.4 8,598 2.2 7,574 19
Maternal work
Non-manual 1,021,195 37,897 3.7 41,027 3.9 20,693 2.0 17,204 1.7
Manual 289,641 11,786 3.9 256,168 4.2 6,253 2.0 616588 1.9
Economically inactive 6,413,850 244,143 3.8 256,168 4.0 128,333 2.0 115,810 1.8
Paternal age
15-24 229,417 9,257 45 8,664 4.5 4,344 2.3 4913 2.2
25-29 2,183,843 72,163 3.8 72,412 3.9 35,383 2.0 36,780 1.8
30-34 3,607,421 129,461 3.7 137,435 3.9 68,441 2.0 61,020 1.8
35-39 1,396,711 64,106 4.2 70,403 4.4 36,258 2.3 27,848 2.0
40-44 272,046 15,588 4.9 17,495 5.1 9,057 2.5 6,531 2.3
> 45 53,638 3,469 5.2 3,729 5.2 1,901 2.4 1,568 2.8
Maternal age*
15-24 995,117 34,879 815 33,089 8% 16,156 1.6 18,723 1.9
25-29 3,741,784 123,567 8.8 126,501 34 61,899 1.7 61,668 1.7
30-34 2,401,871 99,809 4.2 110,033 4.6 55,985 2.8 43,824 1.8
35-39 546,419 31,761 5.8 35,877 6.6 18,949 815 12,812 2.3
40-44 68,314 4,903 7.2 5,527 8.1 2,918 4.3 1,985 2.9
> 45 4,819 342 74 370 7.7 175 3.6 167 815
Multiple births
1 7,621,879 226,924 3.0 254,979 3.4 115,045 15 111,879 15
>2 144,186 68,771 477 56,798 3.9 41,235 28.3 27,536 19.4
Parity (Birth order)
1 3,848,634 144,126 4.0 140,571 4.0 71,384 21 72,742 2.0
2 3,168,762 116,759 3.7 130,996 41 64,905 2.0 51,854 1.7
>3 748,669 34,810 5.0 40,210 5.4 19,991 2.8 14,819 2.2
Deaths of previous children
0 7,715,687 291,780 3.8 307,147 4.0 153,449 2.0 138,331 1.8
>1 50,363 3,914 7.7 4,628 8.9 2,830 5.6 1,084 2.1
Sex of infant
Males 4,053,673 138,711 3.4 172,821 43 80,499 2.0 58212 14
Females 3,712,392 156,984 4.2 138,956 3.8 75,781 2.1 81203 2.2

*All rates are adjusted for maternal age, with the exception of the maternal age categorical variable.
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Table 2. Adjusted odds ratios (95% confidence interval [CI]) of low birth weight (LBW), preterm birth (PTB), preterm birth and low birth weight (PT_LBW), and intrauterine
growth retardation (IJUGR) according to parental education, parental work, and birth characteristics in Korea from 1995 to 2008

Parameters LBW ORs (95% Cls)* PTB ORs (95% Cls)* PT-LBW ORs (95% Cls)* IUGR ORs (95% Cls)*
Paternal education

> University 1.00 1.00 1.00 1.00

High school 1.20 (1.19-1.21) 2(1.12-1.13) 1.18 (1.16-1.19) 1.19 (1.18-1.21)

< Middle school .56 (1.54-1.59) 8 (1.26-1.30) 1.37 (1.34-1.40) 1.68 (1.64-1.71)
Maternal education

> University 1.00 1.00 1.00 1.00

High school 1.18 (1.17-1.19) 111 (1.1-1.12) 6(1.15-1.18) 1.17 (1.16-1.19)

< Middle school 1.62 (1.59-1.65) 1.32 (1.3-1.35) 5 (1.42-1.49) 1.70 (1.66-1.74)
Paternal occupation

Legislators and managers 1.00 1.00 1.00 1.00

Professionals 1.03 (0.99-1.06) 0.98 (0.95-1.01) 1.02 (0.98-1.07) 1.03 (0.98-1.08)

Technicians and clerks 1.04 (1.00-1.07) 0.98 (0.95-1.01) 1.03 (0.99-1.08) 1.04 (0.99-1.09)

Service and sales workers 1.12 (1.08-1.16) 1.04 (1.01-1.07) 1.11 (1.06-1.16) 1.11 (1.06-1.16)

Agricultural workers 1.28 (1.23-1.33) 1.07 (1.03-1.11) 1.14 (1.08-1.20) 1.38 (1.31-1.46)

Crafts 1.22 (1.18-1.27) 1.07 (1.04-1.11) 1.18 (1.12-1.23) 1.24 (1.18-1.30)

Machine operators and assemblers 1.22 (1.18-1.27) 1.08 (1.04-1.12) 1.20 (1.14-1.26) 1.21 (1.15-1.28)

Laborers 1.34 (1.29-1.40) 1.19(1.14-1.24) 1.28 (1.21-1.35) 1.36 (1.28-1.44)

Economically inactive 1.18 (1.14-1.23) 1.09 (1.06-1.13) 1.20 (1.14-1.26) 1.16 (1.10-1.22)
Maternal occupation

Legislators and managers 1.00 1.00 1.00 1.00

Professionals 1.09 (0.99-1.19) 0.96 (0.88-1.04) 1.06 (0.94-1.19) 1.11 (0.97-1.26)

Technicians and clerks 1.08 (0.98-1.18) 0.93 (0.86-1.01) 1.06 (0.94-1.19) 1.09 (0.95-1.24)

Service and sales workers 1.16 (1.05-1.27) 1.03 (0.95-1.12) 1.13(1.00-1.27) 1.16 (1.01-1.32)

Agricultural workers 1.33 (1.20-1.47) 0.92 (0.84-1.01) 1.04 (0.92-1.19) 1.60 (1.39-1.84)

Crafts 1.27 (1.13-1.42) 1.03(0.92-1.14) 1.20 (1.03-1.40) 1.29 (1.09-1.52)

Machine operators and assemblers 1.13(0.92-1.38) 0.88 (0.72-1.07) 1.13 (0.87-1.47) 1.11 (0.83-1.49)

Laborers 1.27 (1.10-1.47) 1.20 (1.05-1.36) 1.34 (1.11-1.61) 1.19 (0.97-1.47)

Economically inactive 1.19 (1.08-1.30) 1.00 (0.92-1.08) 1.13 (1.01-1.27) 1.21 (1.07-1.38)
Paternal work

Non-manual 1.00 1.00 1.00 1.00

Manual (1.13-1.15 9 (1.08-1.09 1.11 (1.10-1.12) 1.14 (1.13-1.16)

Economically inactive 5(1.13-1.17 2(1.10-1.14 1.16 (1.14-1.19) 1.12 (1.09-1.15)
Maternal work

Non-manual 1.00 1.00 1.00 1.00

Manual 1.11 (1.09-1.14) 1.08 (1.06-1.10) 1.07 (1.04-1.10) 1.14 (1.11-1.18)

Economically inactive 1.10 (1.08-1.11) 1.06 (1.05-1.07) 1.07 (1.06-1.09) 1.11 (1.09-1.13)
Paternal age (yr)

15-24 1.00 1.00 1.00 1.00

25-29 0.88 (0.85-0.90) 0.88 (0.86-0.90) 0.87 (0.84-0.90) 0.89 (0.86-0.92)

30-34 0.89 (0.87-0.91) 0.88 (0.86-0.90) 0.87 (0.84-0.91) 0.91 (0.88-0.94)

35-39 0.95 (0.92-0.97) 0.93 (0.91-0.96) 0.93 (0.89-0.96) 0.96 (0.93-1.00)

40-44 0.99 (0.96-1.02) 0.99 (0.96-1.03) 0.96 (0.92-1.01) 0.99 (0.95-1.04)

> 45 1.02 (0.98-1.07) 1.01 (0.96-1.06) 0.95(0.89-1.02) 1.09 (1.02-1.16)
Maternal age (yr)

15-24 1.00 1.00 1.00 1.00

25-29 1.01 (0.99-1.02) 1.02 (1.01-1.04) 1.05 (1.03-1.07) 0.97 (0.96-0.99)

30-34 1.19 (1.17-1.20) 1.24 (1.22-1.26) 1.30 (1.27-1.33) 1.05 (1.03-1.08)

35-39 1.53 (1.50-1.56) 1.64 (1.61-1.67) 1.75 (1.71-1.80) 1.21 (1.17-1.24)

40-44 1.91 (1.84-1.98) 2.06 (1.99-2.13) 2.25(2.14-2.36) 1.43 (1.35-1.51)

> 45 1.46 (1.29-1.66) 1.59 (1.41-1.79) 1.43 (1.20-1.70) 1.39 (1.17-1.65)
Multiple births

1 1.00 1.00 1.00 1.00

>2 31.01 (30.65-31.37) 18.16 (17.95-18.37) 25.60 (25.26-25.95) 17.10 (16.85-17.36)
Parity (Birth order)

1 1.00 1.00 1.00 1.00

2 0.79 (0.78-0.80) 0.97 (0.96-0.98) 0.88 (0.87-0.89) 0.73(0.72-0.74)

>3 0.69 (0.68-0.70) 0.90 (0.89-0.91) 0.76 (0.74-0.77) 0.68 (0.67-0.69)
Deaths of previous children

0 1.00 1.00 1.00 1.00

>1 2.01 (1.94-2.09) 2.11(2.04-2.18) 2.63 (2.52-2.75) 1.08 (1.01-1.15)
Sex of infant

Males 1.00 1.00 1.00 1.00

Females 1.26 (1.25-1.27) 0.86 (0.85-0.86) 1.01 (1.00-1.02) 1.54 (1.52-1.56)

*The odds ratios (OR) for parental education, occupation, and work were calculated from each logistic regression model fitted after adjusting for infant sex, maternal age, pa-
rental age, multiple births, parity, death of previous children, and year of birth. In addition, the odds ratios for paternal age, maternal age, multiple births, parity (birth order),
deaths of previous children, and sex of infant were calculated from each logistic regression model fitted after adjusting for infant sex, maternal age, parental age, multiple
births, parity, death of previous children, and year of birth, parental education, occupation, and work.
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Table 3. Adjusted odds ratios (95% confidence interval [CI]) of low birth weight (LBW), preterm birth (PTB), preterm birth and low birth weight (PT_LBW), and intrauterine growth

retardation (IUGR) by two-way interactions of parental education and parental work in Korea from 1995 to 2008

Parameters of parents LBW ORs (95% Cls)* PTB ORs (95% Cls)* PT-LBW ORs (95% Cls)*  IUGR ORs (95% Cls)*
Paternal education Maternal education
> University > University 1.00 1.00 1.00 1.00
High school 1.09 (1.08-1.11) 1.04 (1.03-1.06) 1.08 (1.06-1.10) 1.09 (1.07-1.11)
< Middle school 1.53 (1.40-1.68) 1.30 (1.19-1.42) 1.40 (1.24-1.58) 1.60 (1.41-1.81)
High school > University 1.00 1.00 1.00 1.00
High school 1.11 (1.09-1.13) 1.08 (1.06-1.10) 1.11 (1.08-1.14) 1.08 (1.06-1.11)
< Middle school 1.40 (1.36-1.44) 1.26 (1.22-1.30) 1.34 (1.28-1.39) 1.40 (1.35-1.46)
< Middle school > University 1.00 1.00 1.00 1.00
High school 0.95(0.88-1.02) 0.97 (0.91-1.05) 0.97 (0.88-1.08) 0.92 (0.84-1.02)

Maternal education

< Middle school
Paternal education

1.09 (1.02-1.18)

> University > University 1.00
High school 1.12(1.10-1.14)
< Middle school 1.62 (1.51-1.74)
High school > University 1.00
High school 1.14 (1.12-1.15)
< Middle school 1.38 (1.35-1.42)
< Middle school > University 1.00
High school 1.06 (0.97-1.16)

Paternal education

< Middle school
Paternal work

1.17(1.07-1.28)

> University Non-manual 1.00
Manual 1.05 (1.03-1.06)
Inactive 1.02 (0.99-1.05)

High school Non-manual 1.00
Manual 1.05 (1.04-1.06)
Inactive 1.17 (1.14-1.20)

< Middle school Non-manual 1.00
Manual 1.05(1.01-1.10)
Inactive 1.25(1.18-1.34)

Maternal education Maternal work

> University Non-manual 1.00
Manual 1.00 (0.96-1.03)
Inactive 1.00 (0.99-1.02)

High school Non-manual 1.00
Manual 1.09 (1.05-1.13)
Inactive 1.08 (1.06-1.11)

< Middle school Non-manual 1.00
Manual 1.15(0.93-1.42)
Inactive 1.17 (0.95-1.43)

Paternal work Maternal work

Non-manual Non-manual 1.00
Manual 1.03(0.98-1.07)
Inactive 1.05 (1.04-1.07)

Manual Non-manual 1.00
Manual 1.06 (1.02-1.10)
Inactive 1.09 (1.06-1.13)

Inactive Non-manual 1.00
Manual 1.24 (1.12-1.39)
Inactive 1.14(1.07-1.21)

1.09 (1.01-1.17)

1.00

1.08 (1.06-1.10)

1.34 (1.24-1.43)
1.00

1.09 (1.08-1.10)

1.20 (1.17-1.29)
1.00

1.05 (0.96-1.15)

1.09 (0.99-1.19)

1.00

1.04 (1.03-1.06)

1.04 (1.01-1.07)
1.00

1.04 (1.03-1.05)

114 (1.11-1.17)
1.00

1.02 (0.98-1.07)

117 (1.10-1.25)

1.00

1.02 (0.98-1.05)

1.00 (0.98-1.01)
1.00

1.08 (1.05-1.12)

1.05 (1.03-1.07)
1.00

0.95 (0.78-1.17)

1.04 (0.85-1.27)

1.00

1.05 (1.01-1.09)

1.03 (1.01-1.04)
1.00

1.02 (0.99-1.06)

1.051.02-1.08)
1.00

1.23 (1.11-1.36)

110 (1.04-1.17)

1.12 (1.01-1.24)

1.00

1.10 (1.08-1.13)

1.40 (1.27-1.55)
1.00

112 (1.10-1.14)

1.23 (1.19-1.28)
1.00

1.07 (0.95-1.21)

1.12 (0.98-1.26)

1.00

1.05 (1.03-1.07)

1.04 (1.00-1.07)
1.00

1.04 (1.02-1.06)

1.19 (1.15-1.29)
1.00

1.05 (0.99-1.12)

1.28 (1.17-1.40)

1.00

0.98 (0.93-1.02)

0.99 (0.97-1.01)
1.00

1.06 (1.01-1.11)

1.05 (1.01-1.08)
1.00

1.05 (0.78-1.40)

1.13 (0.85-1.50)

1.00

1.04 (0.98-1.10)

1.03 (1.02-1.05)
1.00

0.98 (0.93-1.03)

1.04 (1.00-1.08)
1.00

1.40 (1.22-1.61)

1.16 (1.07-1.26)

1.06 (0.96-1.17)

1.00

112 (1.10-1.15)

1.78 (1.62-1.96)
1.00

113 (1.11-1.15)

1.48 (1.43-153)
1.00

1.04 (0.92-1.18)

1.21(1.06-1.37)

1.00

1.04 (1.02-1.06)

1.00 (0.96-1.03)
1.00

1.05 (1.03-1.07)

112 (1.08-1.16)
1.00

1.04 (0.98-1.10)

1.20 (1.10-1.31)

1.00

1.02 (0.97-1.07)

1.02 (0.99-1.04)
1.00

1.11 (1.05-1.16)

1.10 (1.07-1.14)
1.00

1.23 (0.92-1.65)

1.18 (0.89-1.57)

1.00
1.01 (0.95-1.07)
1.06 (1.04-1.08)
1.00
1.15(1.09-1.21)
1.15(1.10-1.19)
1.00
1.04 (0.88-1.22)
1.09 (1.00-1.19)

*0Rs: Adjusted for infant sex, maternal age, parental age, multiple births, parity, death of previous children, and year of birth.

outcomes when the paternal and maternal educational level
was high school, middle school, or lower. This result is similar
to those seen for mothers (Table 5).

Time trends

The maternal age-adjusted rates of LBW, PTB, and PT-LBW in-
creased each year (P < 0.001 for LBW, PTB, and PT-LBW), while
the rate of IUGR remained constant (P = 0.051) (Fig. 1). The in-
creases in the rates of LBW, PTB, and PT-LBW remained signifi-
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cant after adjusting for infant sex, maternal age, parental age,
multiple births, parity, and death of previous children; however,
the rates of [IUGR decreased each year after adjustment (Sup-
plemental Table 2).

Fig. 2 shows the odds ratios of adverse birth outcomes, after
adjustment for infant sex, maternal age, parental age, multiple
birth, parity, death of previous children, and year of birth, in
Korea from 1995 to 2008. The annual changes in the adjusted
odds ratios of parents with a lower educational level (e.g., high

http://dx.doi.org/10.3346/jkms.2013.28.1.25
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Table 4. Adjusted odds ratios (95% confidence interval [CI]) of low birth weight (LBW), preterm birth (PTB), preterm birth and low birth weight (PT_LBW), and intrauterine

growth retardation (IUGR), considering the combined effects of paternal education and parental work in Korea from 1995 to 2008

Parameters of parents LBW ORs (95% Cls)* PTB ORs (95% Cls)* PT-LBW ORs (95% Cls)*  IUGR ORs (95% Cls)*
Paternal education Maternal education
> University > University 1.00 1.00 1.00 1.00
High school 1.09 (1.08-1.11) 1.06 (1.04-1.07) 1.09 (1.07-1.11) 1.09 (1.07-1.10)
< Middle school 1.52 (1.39-1.66) 1.31 (1.20-1.43) 1.40 (1.24-1.58) 1.57 (1.39-1.77)
High school > University 1.12 (1.10-1.14) 1.08 (1.06-1.10) 1.11(1.08-1.13) 1.12 (1.10-1.15)
High school 1.24 (1.23-1.25) 1.15(1.14-1.16) 1.22 (1.20-1.23) 1.23 (1.21-1.24)
< Middle school 1.59 (1.55-1.63) 1.35(1.31-1.38) 1.48 (1.43-1.53) 1.62 (1.56-1.68)
< Middle school > University 1.61 (1.50-1.73) 1.34 (1.25-1.43) 1.40 (1.27-1.54) 1.75 (1.60-1.92)
High school 1.52 (1.48-1.55) 1.27 (1.24-1.30) 1.35(1.30-1.39) 1.62 (1.57-1.67)
< Middle school 1.74 (1.70-1.78) 1.36 (1.33-1.39) 1.50 (1.45-1.55) 1.88 (1.82-1.93)
Paternal education Paternal work
> University Non-manual 1.00 1.00 1.00 1.00
Manual 1.05 (1.03-1.06) 1.04 (1.03-1.05) 1.05 (1.03-1.07) 1.04 (1.02-1.06)
Inactive 1.03 (1.00-1.06) 1.05 (1.02-1.07) 1.04 (1.00-1.08) 1.02 (0.98-1.05)
High school Non-manual 1.17 (1.16-1.18) 1.11 (1.09-1.12) 1.15(1.14-1.17) 1.16 (1.14-1.18)
Manual 1.23 (1.22-1.24) 1.14 (1.13-1.16) 1.20 (1.18-1.22) 1.22 (1.21-1.24)
Inactive 1.36 (1.33-1.40) 1.26 (1.23-1.29) 1.37 (1.32-1.42) 1.30 (1.25-1.35)
< Middle school Non-manual 1.49 (1.43-1.55) 1.27 (1.22-1.32) 1.32 (1.24-1.39) 1.62 (1.53-1.71)
Manual 1.57 (1.54-1.60) 1.27 (1.25-1.30) 1.37 (1.34-1.41) 1.69 (1.65-1.74)
Inactive 1.87 (1.77-1.97) 1.51 (1.44-1.60) 1.71 (1.59-1.84) 1.91 (1.78-2.05)
Maternal education Maternal work
> University Non-manual 1.00 1.00 1.00 1.00
Manual 0.99 (0.96-1.03) 1.01(0.98-1.05) 0.97 (0.93-1.02) 1.02 (0.97-1.07)
Inactive 1.01(0.99-1.02) 1.01(1.00-1.02) 1.00 (0.98-1.02) 1.01(0.99-1.03)
High school Non-manual 1.11(1.08-1.14) 1.08 (1.05-1.10) 1.11(1.08-1.15) 1.08 (1.04-1.12)
Manual 1.22 (1.18-1.26) 1.18 (1.14-1.21) 1.19(1.14-1.23) 1.21 (1.16-1.26)
Inactive 1.20 (1.18-1.21) 1.12(1.11-1.14) 1.16 (1.14-1.18) 1.19(1.17-1.22)
< Middle school Non-manual 1.39(1.13-1.72) 1.32 (1.09-1.61) 1.30 (0.98-1.74) 1.43(1.07-1.90)
Manual 1.57 (1.49-1.67) 1.18 (1.11-1.26) 1.30 (1.19-1.41) 1.80 (1.67-1.95)
Inactive 1.64 (1.60-1.67) 1.35(1.32-1.38) 1.47 (1.43-1.51) 1.72 (1.67-1.77)
Paternal work Maternal work
Non-manual Non-manual 1.00 1.00 1.00 1.00
Manual 1.02 (0.98-1.07) 1.05 (1.01-1.09) 1.04 (0.98-1.10) 1.01 (0.95-1.07)
Inactive 1.05 (1.04-1.06) 1.03 (1.02-1.04) 1.04 (1.02-1.06) 1.05 (1.03-1.07)
Manual Non-manual 1.08 (1.05-1.11) 1.07 (1.04-1.10) 1.11 (1.07-1.15) 1.04 (0.99-1.08)
Manual 1.16 (1.13-1.19) 1.09 (1.07-1.12) 1.09 (1.05-1.13) 1.21 (1.17-1.26)
Inactive 1.19(1.17-1.21) 1.12 (1.10-1.13) 1.15(1.13-1.17) 1.20 (1.18-1.23)
Inactive Non-manual 1.04 (0.98-1.10) 1.04 (0.99-1.10) 1.02 (0.95-1.11) 1.05(0.97-1.14)
Manual 1.34 (1.22-1.48) 1.30 (1.20-1.42) 1.49 (1.33-1.68) 1.13(0.98-1.30)
Inactive 1.21 (1.19-1.24) 1.16 (1.14-1.19) 1.21 (1.17-1.24) 1.19(1.15-1.22)

*ORs: Adjusted for infant sex, maternal age, parental age, multiple birth, parity, death of previous children, and year of birth.

school and middle school or lower) compared to those with a
university-level education showed significantly increasing trends
for PTB (P < 0.001) and PT-LBW (P < 0.05). For LBW, there were
no increasing trends for lower educational level among fathers,
whereas significant increases for LBW were found among moth-
ers with less than a middle school education (P = 0.008). How-
ever, no significantly decreasing trend for IUGR was identified
for lower paternal educational levels (Fig. 2).

One interesting finding is that the gaps in the odds ratios for
PTB and PT-LBW between university and middle school or lower
(P < 0.001) and between university and high school (P < 0.05)
broadened over time, but not between university and high school
among fathers (P = 0.149), while no widening gaps in the odds
ratios for LBW between different educational levels were found.
However, the gaps in the odds ratios for [UGR among different
parental educational levels were unchanged over time, and even

http://dx.doi.org/10.3346/jkms.2013.28.1.25

decreased between university and middle school or lower among
fathers (P = 0.040) (Fig. 2).

DISCUSSION

Social inequality was observed in all four adverse birth outcomes
examined: LBW, PTB, PT-LBW, and IUGR. In particular, signifi-
cant differences in IUGR, which have been addressed in only a
few studies, were observed (1).

The risk factors for adverse birth outcomes were shown to be
different for different socioeconomic groups. Kramer et al. (1)
reviewed the mediators of socioeconomic disparities in IUGR,
including cigarette smoking, low gestational weight gain and
short stature, alcohol and drug abuse, and maternal work and
physical activity, as well as the mediators of socioeconomic dis-
parities in PTB, including socioeconomic gradients in bacterial
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Table 5. Adjusted odds ratios (95% confidence interval [CI]) of low birth weight (LBW), preterm birth (PTB), preterm birth and low birth weight (PT_LBW), and intrauterine growth
retardation (UGR) by three-way interactions of parental education and parental work in Korea from 1995 to 2008

Parental education Parental occupation = A0S PIFLEL) U LBl Cle
(95% Cls)* (95% Cls)* (95% Cls)* (95% Cls)*

Paternal education ~ Maternal education ~ Paternal occupation

> University > University Legislators and managers 1.00 1.00 1.00 1.00
Professionals 1.01 (0.97-1.06) 0.96 (0.92-1.00) 1.02 (0.96-1.08) 1.01 (0.94-1.08)
Technicians and clerks 1.02 (0.97-1.06) 0.95(0.91-0.99) 1.02 (0.96-1.08) 1.01(0.94-1.08)
Service and sales workers 1.04 (0.99-1.10) 0.99 (0.95-1.04) 1.06 (0.99-1.13) 1.02 (0.95-1.09)
Agricultural workers 0.98 (0.89-1.08) 0.93(0.85- 1.02) 0.90 (0.79-1.03) 1.06 (0.93-1.21)
Crafts 1.05(0.99-1.12) 0.98 (0.92-1.04) 1.03(0.95-1.12) 1.06 (0.97-1.16)
Machine operators and assemblers 1.07 (0.98-1.17) 1.04 (0.96-1.12) 1.13(1.00-1.26) 1.00 (0.88-1.13)
Laborers 1.02 (0.90-1.16) 1.03 (0.92-1.16) 0.96 (0.80-1.15) 1.09 (0.91-1.30)
Economically inactive 1.02 (0.96-1.07) 0.99 (0.94-1.05) 1.05(0.97-1.13) 0.98 (0.90-1.06)

< High school < High school Legislators and managers 1.00 1.00 1.00 1.00
Professionals 1.07 (0.99-1.14) 1.01 (0.95-1.08) 1.11 (1.01-1.22) 1.01 (0.92-1.11)
Technicians and clerks 1.05(0.98-1.12) 1.00 (0.93-1.06) 1.10 (1.00-1.20) 1.00 (0.91-1.09)
Service and sales workers 1.08 (1.01-1.15) 1.03 (0.97-1.10) 1.13 (1.03-1.24) 1.02 (0.93-1.12)
Agricultural workers 1.20 (1.12-1.29) 1.04 (0.97-1.11) 1.14 (1.03-1.25) 1.24 (1.13-1.36)
Crafts 1.14 (1.07-1.22) 1.05 (0.98-1.12) 1.16 (1.06-1.27) 1.10 (1.00-1.20)
Machine operators and assemblers ~ 1.14 (1.06-1.22) 1.05(0.98-1.12) 1.17 (1.07-1.29) 1.09 (0.99-1.19)
Laborers 1.27 (1.18-1.36) 1.15 (1.08-1.23) 1.28 (1.16-1.41) 1.22 (1.11-1.34)
Economically inactive 1.29 (1.20-1.38) 1.17 (1.10-1.25) 1.36 (1.24-1.49) 1.18 (1.07-1.29)

> University > University Maternal Occupation
Legislators and managers 1.00 1.00 1.00 1.00
Professionals 1.10 (0.99-1.22) 0.97 (0.89-1.07) 1.08 (0.94-1.24) 1.11 (0.95-1.29)
Technicians and clerks 1.05 (0.95-1.17) 0.93(0.85-1.02) 1.05 (0.91-1.20) 1.05 (0.90-1.22)
Service and sales workers 1.04 (0.93-1.16) 0.96 (0.87-1.06) 1.02 (0.88-1.18) 1.06 (0.90-1.24)
Agricultural workers 1.20 (0.97-1.49) 0.97 (0.80-1.18) 1.06 (0.80-1.41) 1.33 (1.00-1.78)
Crafts 1.21 (1.01-1.46) 0.93(0.78-1.11) 1.13(0.89-1.44) 1.28 (0.99-1.65)
Machine operators and assemblers 0.97 (0.62-1.51) 0.89 (0.59-1.34) 1.21 (0.72-2.05) 0.71 (0.34-1.46)
Laborers 1.21(0.91-1.61) 1.30 (1.02-1.67) 1.30 (0.91-1.87) 1.07 (0.70-1.62)
Economically inactive 1.07 (0.96-1.19) 0.95 (0.86-1.04) 1.05 (0.91-1.20) 1.08 (0.93-1.25)

< High school < High school Legislators and managers 1.00 1.00 1.00 1.00
Professionals 1.29 (0.97-1.72) 0.89(0.70-1.13) 1.21 (0.82-1.78) 1.34 (0.89-2.02)
Technicians and clerks 1.22 (0.92-1.61) 0.84 (0.66-1.05) 1.17 (0.81-1.70) 1.24 (0.83-1.85)
Service and sales workers 1.31 (0.99-1.74) 0.96 (0.77-1.21) 1.27 (0.88-1.85) 1.31 (0.88-1.96)
Agricultural workers 1.38 (1.04-1.82) 0.79 (0.63-0.99) 1.05 (0.72-1.53) 1.70 (1.14-2.54)
Crafts 1 35 (1.00-1.81) 0.90 (0.71-1.16) 1.29 (0.87-1.91) 1.36 (0.90-2.08)
Machine operators and assemblers .17 (0.82-1.69) 0.70 (0.50-0.97) 1.11 (0.68-1.80) 1.25(0.74-2.11)
Laborers 1 43 (1.05-1.95) 1.03 (0.79-1.34) 1.45 (0.96-2.18) 1.34 (0.86-2.09)
Economically inactive 1.34 (1.02-1.77) 0.90(0.71-1.12) 1.24 (0.86-1.80) 1.40 (0.94-2.09)

*0Rs: Adjusted for infant sex, maternal age, parental age, multiple birth, parity, death of previous children, and year of birth.
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Fig. 1. Maternal age adjusted rates of low birth weight (LBW), preterm birth (PTB), pre-
term birth and low birth weight (PT_LBW), and intrauterine growth retardation (IUGR

in Korea from 1995 to 2008. *Test for trend: P < 0.001 for LBW, PTB, PT-LBW, P =
0.051 for IUGR.
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vaginosis and cigarette smoking, cocaine use, and prolonged
standing or other adverse working conditions (1). Our study re-
sults confirm that a lower education level, manual work, and
insecure employment, which are the socioeconomic hallmarks
of material deprivation, should have been reflected by fetal un-
dernutrition, resulting in disproportionate fetal growth as a path-
way of social inequality.

The effects of educational level were stronger for fathers than
for mothers, possibly reflecting the bias of Korean society, which
is male-dominated, with paternal education operating as a stron-
ger social class determinant for a family. Upon closer examina-
tion of the interactive effects of paternal and maternal educa-
tion, when one of the parents’ education was lower than middle
school, the effect of the other parent’s education on adverse
birth outcomes was not different, implying that a lower level of
education for either parent is a crucial and dominant risk factor
for adverse birth outcomes regardless of the other parent’s edu-
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Fig. 2. Adjusted odds ratios of low birth weight (LBW), preterm birth (PTB), preterm birth and low birth weight (PT_LBW), and intrauterine growth retardation (IUGR), adjusting
for infant sex, maternal age, parental age, multiple births, parity, death of previous children, and year of birth in Korea from 1995 to 2008.

cation status.

In this study, we also found significant interactions between
parental education and work. For parents with higher educa-
tional backgrounds, the effect of their work and employment
status on adverse birth outcomes was minimal. However, for
parents with lower educational backgrounds, parents in an ec-
onomically inactive state had the highest rates of adverse birth
outcomes, followed by parents in manual work, and finally those
doing non-manual work. This result suggests that some parents
in the highly educated group could live without doing work or
economic activity, possibly with aid from family members (e.g.,
an inheritance). The most vulnerable population for adverse
birth outcomes was those engaged in manual work or in an ec-
onomically inactive state with an educational level of less than
middle school, and probably with no inheritance or other social
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safety net.

Our data suggest that maternal manual work was associated
with a higher risk of adverse birth outcomes. Maternal work and
physical activity are mediating factors of socioeconomic dispar-
ities in adverse birth outcomes such as IUGR (1). Strenuous
work and physical activity during pregnancy is associated with
arisk of PTB (1). Pregnant women whose jobs require manual
work;, including prolonged standing, walking, or other physical-
ly demanding tasks, tend to be of lower socioeconomic status
than women in more sedentary jobs (19-24).

Regarding the changes over time, our data suggest that the
rates of LBW, PTB, and PT-LBW increased over the period stud-
ied, and that social inequalities in LBW, PTB, and PT-LBW rose
concomitantly. However, IUGR showed no such trend. The gap
between those with a high or middle school education or lower
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and those with a university education became wider for PTB,
LBW, and PT-LBW in terms of the outcome rates (Fig. 2 and Sup-
plemental Tables 1 and 2).

Maternal age and multiparity have been cited as risk factors
for increased rates of LBW and PTB (25-28). The Korean govern-
ment also regards maternal age and multiple births as major
reasons for the increased rate of adverse birth outcomes (http:
//momplus.mw.go.kr). However, even after controlling for ma-
ternal age and multiparity, the rates of adverse birth outcomes
increased significantly among parents in the less educated groups
and those performing manual work as well as those in econom-
ically inactive states. Moreover, the expansion in social inequal-
ity could have contributed to the increased rates of adverse birth
outcomes. In particular, the downgrading of employed women
of lower social classes to unskilled and manual work with very
low wages, and of those who were “driven out of the house” and
forced to participate in the labor market because of the rapidly
increased risk of unemployment or wage reductions for their
husbands since the economic crisis of 1997 (17, 22, 27, 29-31),
may have contributed to the increased risk of adverse birth out-
comes. Additionally, the increasing trend in manual work among
lesser educated women could increase social inequality in terms
of birth outcomes (18). Furthermore, the resulting increase in
social polarization may have contributed to the increasing so-
cial inequality in adverse birth outcomes. Since Korea experi-
enced an economic crisis at the end of 1997, (32) unemploy-
ment (33), absolute poverty (34), and the number of contingent
and casual workers has increased. The Gini coefficient increased
from 0.283 in 1997 to 0.337 in 2006, indicating aggravated socio-
economic polarization in Korean society (35).

In conclusion, this study shows that social inequalities in ad-
verse birth outcomes in terms of LBW, PTB, PTB-LBW, and IUGR
exist in Korea, and that the gap in adverse birth outcomes be-
tween educational levels increased over time in Korea from 1995
to 2008. This study indicates that the most vulnerable popula-
tion in terms of adverse birth outcomes was those doing manual
work or in an economically inactive state with a middle school
education or lower. Tackling social inequality in terms of edu-
cation and work should reduce the risk of adverse birth out-
comes in Korea.

A major strength of our study is that it used Korean national
birth registry data from 1995 to 2008. Thus, our data represent a
comprehensive picture of social inequalities in adverse birth
outcomes for the entire birth cohort in Korea from 1995 to 2008.
Our study has several limitations. First, the national birth regis-
tration data might have omitted some cases of neonatal death
(i.e., those who were born alive but not registered) because par-
ents might be reluctant to report such cases. Such omitted re-
ports may be related to adverse birth outcomes, which would
result in underestimation of the actual rates. Second, misclassi-
fication of education due to information bias in national birth
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registration data might cause non-differential or differential mis-
classification, which could cause bias in either direction. Third,
we were unable to take into account any changes in education-
al level from 1995 to 2008; the educational status of the partici-
pants may have changed during this period. Further investiga-
tion of the detailed mechanisms and processes linking class re-
lationships and health is needed, using both detailed longitudi-
nal studies as well as life course studies.

In this study, we demonstrated social inequalities in the rates
of LBW, PTB, PTB-LBW, and IUGR between 1995 and 2008 in
Korea. Interestingly, the annual changes in LBW, PTB, and PTB-
LBW, but not IUGR, increased with widening social inequality.
The social inequality in adverse birth outcomes increased as
Korea experienced an economic crisis at the end of 1997. Our
findings indicate that the most vulnerable population for ad-
verse birth outcomes was engaged in manual work or in an ec-
onomically inactive state with a less than a middle school edu-
cation. Maternal manual employment was associated with the
highest risk of adverse birth outcomes.
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