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Abstract

The evolution of birth weight (BW), birth length (BL), and gestational age at delivery (GAD)
and their correlation with variousmaternal sociodemographic variables were studied in Chilean
newborns from years 1996 to 2017. A slight decrease in the mean values of these perinatal out-
comes was observed; however, their risk sub-categories increased significantly, especially for
GAD, indicating an important deterioration. GAD was strongly correlated with BW and
BL. In the contingency tables, all sociodemographic variables, with the exemption of sex,
had a higher proportion of early term 37–38-week and late pre-term 34–36-week newborns
in women with a higher socioeconomic level; the strongest positive association was observed
between mother’s years of education and the GAD risk category 37–38 weeks. Different mater-
nal factors, such as a higher frequency of cesarean sections, including either obesity presence or
smoking habit, could be influencing presented results.

Introduction

Neonatal and infant mortality, together with the presence of chronic non-communicable dis-
eases in adulthood or even childhood, have been associated with three perinatal outcomes as
discussed below.1,2 Those outcomes are: birth weight (BW), birth length (BL), and gestational
age at delivery (GAD).

This association has been frequently observed in the case of BW.1–8 Numerous studies indi-
cate that either a reduced or an excessive fetal growth, defined as BW <3000 g or BW ≥4000 g,
respectively, is associated with a higher infant mortality and a higher risk of obesity and other
chronic diseases later in life.

BL has also been associated with risk factors for chronic disease in adult life, including
obesity,9 and with the height of adolescents and adults.10–12 This aspect is relevant because,
regardless of their body mass index, smaller than average adults have a higher risk of obesity,
diabetes, and cardiovascular disease.3,13 Chilean studies in schoolchildren have shown that the
BL category <50 cm concentrates a higher prevalence of high blood pressure, obesity, insulin
resistance, and poor academic performance.14–17 Other international studies also show an asso-
ciation between this BL category and mental diseases in adulthood.18

GAD is the most relevant perinatal outcome, since it precedes BW and BL in the causal chain
of events.12,19 A shorter gestational period implies a reduced time for intrauterine growth and
development, and it is associated with higher perinatal morbidity and mortality than reduced
BWor BL.20 Also, it has been associated with high blood pressure and insulin resistance in child-
hood and adulthood.17,19

The World Health Organization (WHO) has defined pre-term as babies born alive before
37 weeks of pregnancy are completed.20 A recent review of the literature has found that the first
global estimates of pre-term birth from 92 countries were published in 2010 by Beck et al.21 with
a prevalence of 9.6% (95%CI: 9.1–10.1) for the year 2005 and the second global estimates of pre-
term birth from 99 countries were published in the year 2012 by Blencowe et al.21 with a preva-
lence of 11.1% (95% CI: 9.1–13.1) for the year 2010; although their estimation methods differed,
the global estimates are similar. This review also pointed out that Blencowe et al.21 also reported
estimates of pre-term birth rates at the national level, which ranged from approximately 5% in
some European countries to 18% in some African countries. However, is gaining support the
idea of including in this risk category all GAD <39 weeks. In these cases, births with GAD of
37–38 weeks are called “early term” and those with GAD 34–36 are called “late pre-term”.22,23

Neonatal mortality rates and also chronic diseases in adults are significantly higher in both “late
pre-term” and “early term” newborns than the 39–41 weeks GAD category, which constitutes
the ideal and typical duration of pregnancy.22–25

The present study was conducted using data from all cases of live births that took place in
Chile during 1996–2017 with the following aims: 1) to analyze the evolution of three perinatal

https://doi.org/10.1017/S2040174420001117 Published online by Cambridge University Press

https://www.cambridge.org/doh
https://doi.org/10.1017/S2040174420001117
https://doi.org/10.1017/S2040174420001117
mailto:mardones@med.puc.cl
https://orcid.org/0000-0002-0905-9493
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S2040174420001117&domain=pdf
https://doi.org/10.1017/S2040174420001117


outcomes in the period 1996–2017 and 2) to ascertain the corre-
lation, if any, between those perinatal outcomes and various socio-
demographic variables.

Methods

The national live births information recorded by the Chilean
Ministry of Health includes the following variables: BW, BL,
GAD, maternal age, mother’s years of education, maternal employ-
ment, parity (number of children), single/multiple pregnancy, urban/
rural residence and sex.26 Complete annual records for these variables
are available since 1996 until 2017. Non-registered live births, includ-
ing home deliveries, are believed to be an exceptional occurrence.27 In
Chile, all public and private health care centers must issue a delivery
certificate which is filed in an office of the Civil Registry Service, gen-
erally located within the same facility.

Cases with extreme values were sequentially excluded from the
database using the following criteria:

1. Intrauterine growth: For the evaluation of the adequacy of BW
and BL for GAD, the ChileanMinistry of Health uses a standard
for fetal growth between 24 and 42 weeks recommended by
Chilean Society of Neonatology.28

2. BL: Observations outside the range of 25–59 cm were excluded.
Both values had a frequency of live births equivalent to 0.01% of
the sample. The excluded values are estimated to be close to the
extreme values, located in the 1st and 100th percentiles of the
standard.28 Information on BL for year 2010 was excluded since
there was a significant omission of data.

3. BW: Observations outside the 500–5000 g range were excluded.
Both values had a frequency of live births equivalent to 0.01% of
the sample. The excluded values are estimated to be close to the
extreme values, located in the 1st and 100th percentiles of the
standard.28

4. Mother’s age: A normal range was established between 12 and
48 years. All those births whose mothers are outside that range
were excluded from the sample. Both values had a frequency of
live births equivalent to 0.01% of the sample.

5. Parity: In this case, all observations of newborns with mothers
with more than 12 children were eliminated. This limit was
established because parity 12 had a frequency of live births
equivalent to 0.01% of the total study population.

The annual evolution 1996–2017 of the three perinatal out-
comes was analyzed through their mean values and frequencies
of live births in the risk categories of BW and BL. Five categories
for GAD were analyzed: <34 weeks, 34–36 weeks, 37–38 weeks,
39–41 weeks and 42 weeks. The last category of GAD in the
national live births information is presented as 42 weeks because

there are not deliveries with more than 42 weeks in accordance
with the ChileanMinistry of Health obstetric guidelines which pre-
clude a longer duration of pregnancy.29 GAD, BW and BL values
are determined in Chile using methods described elsewhere.27,30

The annual evolution of the following sociodemographic vari-
ables was also studied: maternal age, mother’s years of education,
maternal employment, parity, single/multiple pregnancy, and
urban or rural place of residence.

The possible association between perinatal and sociodemographic
numerical variables was ascertained with a correlation matrix using
the Pearson’s r coefficient. The association between the proportions
in the risk categories of the perinatal outcomes was explored using
contingency tables.

The possible association of GAD with the other two perinatal
outcomes and with the sociodemographic risk factors was also
explored using contingency tables. Chi-squared tests for the
differences in the proportions were carried out in all cases.
Significant p-values were defined as ≤0.01. All analyses were made
using Stata 16.0.31

Results

Table 1 presents the summary of exclusion criteria applied to the
initial sample of live births 1996–2017. The preliminary database of
the study was made up of 6,986,725 live births. The final sample
size was 5,336,148 live births.

Between 1996 and 2017, mean BW decreased 49.66 g in the
whole period. BW <3000 g increased 3.3% and BW ≥4000 g
decreased 1.5% (Table 2).

Mean BL decreased 0.46 cm and its risk category, BL <50 cm,
increased 8.58% (Table 3).

The evolution of GAD is presented in Table 4. Mean GAD val-
ues decreased 0.51 week. With regard to risk categories, category
<39 weeks increased 15.58% and all other sub-categories under
39 weeks had a tendency to increase.

The evolution of the sociodemographic variables is described in
Table 5. Maternal age and mother’s years of education increased
their mean values between 1996 and 2017, while parity decreased.
With regard to the proportion of mothers without education or
only basic education, figures declined to a third, while the propor-
tion of mothers with higher education increased three times its ini-
tial value; the proportion with secondary education had a slight
decrease. Active women working with a current contract more
than doubled their proportion in this period 1996–2017. Births
in rural areas decreased from 13% to almost half, while female
sex remained stable, fluctuating around 49%.

Table 6 shows the correlation matrix with the Pearson’s r val-
ues. The only relevant associations are those of GAD with BW and

Table 1. Excluded live births according to five criteria. Live births from Chile, 1996–2017

Criterion
Initial

observations
Final

observations
Observations
excluded

Observations
excluded (%)

Gestational age at
delivery

7,034,428 7,009,511 24,917 0.3

Maternal age 7,009,511 7,008,346 1165 0.02

Birth length 7,008,346 6,999,973 8373 0.1

Birth weight 6,999,973 6,994,347 5626 0.08

Parity 6,994,347 6,986,725 7622 0.1
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BL, except for the multiple pregnancy factor, which is not relevant
to its annual incidence fluctuating between 1% and 2% (Table 5).

Contingency Tables 7–12 show the associations of five catego-
ries of GAD, with BW, BL, and sociodemographic variables.

Table 7 compares live births proportions in three categories of
BW according to the GAD categories, revealing that 74% of live
births in the category<3000 g were concentrated in the GAD category
<39 weeks, especially in the subcategory early term 37–38 weeks
with 46.38%. Most of live births with BW 3000–3999 g and
≥4000 g were born in the GAD category 39–41 weeks; however,
one-third of those with BW 3000–3999 g was born early term with
37–38 weeks of GAD.

The two categories of BL are compared according to GAD in
Table 8 showing that in live births in the BL category <50 cm,
almost double the cases (44.69%) were born with 37–38 weeks
in comparison with the category ≥50 cm (24.29%).

Table 9 shows the association of 3 years of maternal education
categories with the five categories of GAD. At the basic and
intermediate levels of education, there were similar frequencies
for the five GAD categories, with just over 60% in term deliveries
39–41 weeks and fluctuating around 30% in early term 37–
38 weeks deliveries. However, in the higher education category,
newborns decreased to 50.76% in term deliveries 39–41 weeks
and increased to 41.70% in early term infants 37–38 weeks.

Table 10 presents the live births distribution of two categories of
maternal activity among the five categories of GAD. The two types

of maternal activity had similar frequencies for deliveries with
GAD <37 weeks. However, active mothers have an about 10%
higher frequency in early term births 37–38 weeks and about
10% lower in term births 39–41 weeks. Mothers with GAD
42 weeks had a similar frequency according to activity.

With respect to maternal place of residence and GAD catego-
ries (Table 11), the two types of maternal residence had similar
frequencies for deliveries <37 weeks. However, urban mothers
had a frequency about 4% higher than rural mothers in early
term births 37–38 weeks and about 5% lower in term births
39–41 weeks. Mothers with EGP 42 weeks had a similar fre-
quency according to residence.

Table 12 describes the frequency of live births classified accord-
ing to their sex in the five GAD categories. Both sexes show similar
frequencies for deliveries in each of the five GAD sub-categories.

p-Values for the differences in the proportions for GAD catego-
ries in the respective tables were statistically significant in all cases
(p-value< 0.01).

Discussion

Present results indicate a small but significant deterioration in
three outcome indicators of fetal growth and perinatal well-being
between 1996 and 2017, particularly associated with a higher fre-
quency of premature deliveries. Moreover, the correlation matrix

Table 2. Birth weight (BW): mean, standard deviation and three categories for
each year (Y). Live births from Chile, 1996–2017

Y/BW N Mean SD
<3000
g (%)

3000–4000
g (%)

≥4000
g (%)

1996 262,476 3345.12 524.50 20.40 70.36 9.24

1997 257,995 3342.92 523.99 20.51 70.35 9.14

1998 255,360 3337.80 530.41 20.93 69.99 9.09

1999 248,669 3338.88 533.41 20.97 69.82 9.22

2000 247,331 3350.23 534.14 20.36 70.05 9.59

2001 244,915 3353.06 534.81 20.14 70.22 9.64

2002 238,030 3348.00 538.38 20.39 70.16 9.45

2003 233,406 3345.28 540.80 20.48 70.13 9.39

2004 229,063 3339.32 539.23 20.88 69.98 9.14

2005 229,890 3326.97 520.94 21.00 71.02 7.99

2006 230,724 3325.65 532.88 21.53 69.78 8.69

2007 239,403 3323.19 528.87 21.67 69.85 8.48

2008 245,387 3320.45 536.75 21.85 69.79 8.36

2009 250,944 3321.46 536.58 21.84 69.76 8.39

2010 249,708 3329.55 533.68 21.67 69.34 8.99

2011 246,601 3328.90 541.23 21.71 69.50 8.79

2012 242,910 3323.30 538.41 21.98 69.48 8.54

2013 241,224 3320.43 540.49 22.20 69.29 8.51

2014 249,758 3321.09 545.17 21.99 69.57 8.43

2015 243,547 3311.67 543.08 22.54 69.51 7.95

2016 230,597 3306.74 540.09 22.99 69.31 7.71

2017 218,210 3295.46 545.08 23.72 68.55 7.73

Table 3. Birth length (BL): mean, standard deviation and two categories for
each year (Y). Live births from Chile, 1996–2017

Y/BL N Mean SD <50 cm (%) ≥50 cm (n)

1996 262,476 49.53 2.47 44.31 116,305

1997 257,995 49.48 2.48 45.25 116,736

1998 255,360 49.48 2.50 45.16 115,330

1999 248,669 49.48 2.51 45.04 111,994

2000 247,331 49.50 2.53 44.45 109,939

2001 244,915 49.50 2.54 44.24 108,349

2002 238,030 49.46 2.57 44.82 106,684

2003 233,406 49.45 2.59 45.09 105,233

2004 229,063 49.44 2.58 45.40 103,995

2005 229,890 49.40 2.59 46.01 105,773

2006 230,724 49.34 2.64 47.07 108,611

2007 239,403 49.34 2.61 47.19 112,964

2008 245,387 49.30 2.37 48.47 118,938

2009 250,944 49.41 2.29 47.47 119,117

2010* – – – – –

2011 246,601 49.38 2.30 45.81 112,962

2012 242,910 49.25 2.32 49.62 120,540

2013 241,224 49.21 2.33 50.32 121,390

2014 249,758 49.16 2.64 50.29 125,600

2015 243,547 49.14 2.62 51.10 124,454

2016 230,597 49.06 2.65 52.46 120,968

2017 218,210 49.07 2.53 52.90 115,423

*Year 2010 was excluded (see Methods).
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did not show significant associations between sociodemographic
variables with BW, BL, and GAD. Thus, GAD was the only factor
associated with the observed negative changes in BW and BL. The
latter results, in turn, are supported by contingency tables that
compare the live births distribution categories of GAD with the
corresponding categories of BW and BL (Tables 7 and 8).

Social variables of the present study indicate that early term and
late pre-term deliveries happened in a higher proportion in groups
of women who are employed, who live in urban areas, and who
have a higher educational level in comparison with other categories
(Tables 9–11). The higher frequency of GAD <39 weeks mostly
reflects an excess of newborns in the early term 37–38 subcategory,
a situation previously unreported in the Chilean population.

Two systematic reviews of the literature have found that pre-
term incidence, among other perinatal outcomes, is negatively
associated with different sociodemographic factors. One of them
was done with studies from sub-Saharan Africa countries which
showed that lower maternal education, maternal unemployment,
and lower household wealth index were the socioeconomic status
factors most commonly associated with adverse birth outcomes
and infant undernutrition32; however, one of the reported studies
in that review showed that pre-term risk was increased with the
presence of maternal education, especially at secondary and
tertiary levels. The latter finding is similar to results presented here
and also pointing to the need of further studies. The other system-
atic review of relevant articles, which were published worldwide

from 1999 to 2007, revealed that socioeconomic disadvantage
was also consistently associated with increased risk across socio-
economic measures, birth outcomes, and countries; many studies
observed racial/ethnic differences in the effect of socioeconomic
measures.23,33

Regarding the first two of the four demographic variables, it was
found that maternal age and parity showed variations over time in
their mean values. Maternal age increased its value, while parity
decreased it. This change is in accordance with previous Chilean
reports indicating the presence of delayed child bearing and a clear
reduction in the number of children34–37; the international litera-
ture has confirmed those observations all around the world.38

Those two factors had the lowest influence on pre-term incidence
in comparison with other outcomes in a recent meta-analysis of 14
cohort studies performed in four continents.39 Multiple pregnan-
cies increased their frequency over time but being a small minority,
no further analysis was performed. The frequency of plural preg-
nancy, 1.55% in 1996, is slightly higher than the British figure for
1974, but with 2.32% in 2017 is nowadays doubling it.40 Besides,
female sex did not vary over time and a test of the association
of the two sexes with GAD showed significant but not relevant
differences between them.

Data from the United States, Western Europe, and other high-
income countries show that in the year 2010, the proportions of
early term 37–38 weeks and late pre-term 34–36 weeks fluctuated
between 15%–31% and 3%–6%, respectively.20 The figures for

Table 4. Gestational age at delivery (GAD): mean, standard deviation and five categories for each year. Live births from Chile, 1996–2017

Y/GAD N Mean SD
<34 weeks

(%)
34–36

weeks (%)
37–38

weeks (%)
39–41

weeks (%)
42 weeks

(%)

1996 262,476 38.87 1.65 1.33 3.88 27.78 66.31 0.71

1997 257,995 38.88 1.65 1.36 3.81 27.51 66.64 0.68

1998 255,360 38.84 1.67 1.43 4.10 28.60 65.27 0.61

1999 248,669 38.82 1.68 1.50 4.23 28.70 65.02 0.55

2000 247,331 38.78 1.68 1.51 4.32 29.77 63.93 0.47

2001 244,915 38.77 1.69 1.52 4.41 29.91 63.70 0.47

2002 238,030 38.75 1.72 1.62 4.57 30.12 63.27 0.41

2003 233,406 38.71 1.73 1.71 4.70 31.22 62.07 0.30

2004 229,063 38.62 1.73 1.74 5.04 33.58 59.47 0.17

2005 229,890 38.62 1.73 1.77 4.97 33.95 59.10 0.21

2006 230,724 38.57 1.77 1.93 5.09 35.06 57.74 0.19

2007 239,403 38.56 1.75 1.88 5.08 35.78 57.09 0.17

2008 245,387 38.51 1.78 1.97 5.39 36.80 55.51 0.33

2009 250,944 38.55 1.78 2.00 5.13 35.98 56.52 0.38

2010 249,708 38.54 1.76 1.93 5.21 36.23 56.50 0.13

2011 246,601 38.52 1.79 2.03 5.22 36.69 55.66 0.40

2012 242,910 38.46 1.78 2.08 5.54 37.88 54.43 0.07

2013 241,224 38.45 1.78 2.13 5.51 38.04 54.20 0.11

2014 249,758 38.43 1.78 2.15 5.67 38.41 53.72 0.05

2015 243,547 38.41 1.78 2.14 5.86 38.86 53.09 0.05

2016 230,597 38.39 1.79 2.21 5.95 39.54 52.25 0.05

2017 218,210 38.36 1.83 2.30 6.20 40.07 51.36 0.08
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Table 5. Ten sociodemographic variables (S-DV). Live births from Chile, years 1996–2017

Y/S-DV
Maternal age:

years (X)
Parity:
n (X)

Maternal
education: years

(X)

Mothers without
education or with

primary education (%)

Mothers with
secondary

education (%)
Mothers with higher

education (%)
Employed

mothers (%)
Mothers living in
rural areas (%)

Female
sex (%)

Multiple
pregnancy

(%)

1996 26.57 2.05 10.38 29.47 57.09 13.44 24.09 13.09 48.77 1.55

1997 26.60 2.04 10.46 28.85 56.73 14.41 24.76 13.01 48.72 1.58

1998 26.64 2.03 10.54 27.95 57.48 14.57 26.04 12.70 48.97 1.58

1999 26.77 2.03 10.65 26.86 57.92 15.22 26.65 12.68 48.85 1.66

2000 26.87 2.03 10.82 25.27 58.96 15.78 27.07 12.20 48.71 1.64

2001 26.95 2.00 10.91 24.40 58.57 17.03 27.53 12.19 49.10 1.76

2002 27.02 2.01 11.02 23.06 58.82 18.12 28.50 10.76 48.98 1.76

2003 27.21 2.02 11.17 21.65 58.58 19.77 29.69 10.61 48.85 1.75

2004 27.24 2.02 11.30 20.54 58.31 21.15 30.54 9.67 49.04 1.73

2005 27.14 1.99 11.40 19.38 58.55 22.07 31.02 11.03 48.66 1.73

2006 27.06 1.95 11.56 17.85 58.71 23.44 33.02 9.79 48.92 1.75

2007 26.97 1.93 11.65 16.60 59.32 24.09 0.00 9.72 48.89 1.79

2008 26.92 1.91 11.79 15.23 59.56 25.20 36.63 8.26 48.99 1.85

2009 26.94 1.96 11.87 14.48 59.61 25.91 37.93 10.13 49.01 1.83

2010 27.07 1.92 12.06 12.79 59.48 27.72 39.01 10.12 49.07 1.89

2011 27.17 1.92 12.14 12.49 58.26 29.25 40.96 9.79 48.85 1.85

2012 27.26 1.89 12.31 11.29 57.43 31.28 43.73 9.95 49.07 1.92

2013 27.45 1.90 12.45 10.84 55.46 33.70 45.74 8.95 49.01 1.95

2014 27.67 1.90 12.59 10.00 54.40 35.60 47.21 8.95 48.95 2.00

2015 27.97 1.89 12.73 9.31 53.31 37.37 49.52 9.07 49.04 2.07

2016 28.32 1.92 12.87 8.81 51.55 39.64 50.26 8.55 49.16 2.12

2017 28.58 1.91 12.98 8.25 50.33 41.42 53.06 7.01 49.04 2.32
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Table 6. Pearson correlation coefficients in the correlation matrix. Live births from Chile, 1996–2017

Variables
GAD
(w) BW (g)

BL
(cm)

Maternal
age (y)

Parity
(n)

Maternal
education

(y)

Mothers without
education or with
primary education

(%)

Mothers with
secondary

education (%)

Mothers with
higher

education
(%)

Employed
mothers

(%)

Mothers
living in
rural area

(%)
Female
sex (%)

Multiple
pregnancy

(%)

GAD 1.00 0.67 0.64 –0.09 –0.06 –0.08 0.05 0.03 –0.08 –0.07 0.03 0.01 –0.26

BW 0.67 1.00 0.82 –0.01 0.00 –0.03 0.01 0.03 –0.04 –0.03 0.00 –0.13 –0.24

BL 0.64 0.82 1.00 0.03 0.05 –0.04 0.02 0.03 –0.05 –0.03 0.01 –0.09 –0.25

Maternal age –0.09 –0.01 0.03 1.00 0.51 0.20 –0.03 –0.17 0.23 0.29 –0.03 0.00 0.04

Parity –0.06 0.00 0.05 0.51 1.00 –0.21 0.21 –0.06 –0.12 –0.09 0.04 0.00 0.10

Maternal education –0.08 –0.03 –0.04 0.20 –0.21 1.00 –0.72 –0.08 0.74 0.46 –0.21 0.00 0.02

Mothers without
education or with
primary education

0.05 0.01 0.02 –0.03 0.21 –0.72 1.00 –0.54 –0.27 –0.26 0.22 0.00 –0.01

Mothers with secon-
dary education

0.03 0.03 0.03 –0.17 –0.06 –0.08 –0.54 1.00 –0.66 –0.15 –0.07 0.00 –0.02

Mothers with higher
education

–0.08 –0.04 –0.05 0.23 –0.12 0.74 –0.27 –0.66 1.00 0.40 –0.11 0.00 0.03

Employed mothers –0.07 –0.03 –0.03 0.29 –0.09 0.46 –0.26 –0.15 0.40 1.00 –0.13 0.00 0.02

Mothers living in
rural areas

0.03 0.00 0.01 –0.03 0.04 –0.21 0.22 –0.07 –0.11 –0.13 1.00 0.00 0.00

Female sex 0.01 –0.13 –0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.01

Multiple pregnancy –0.26 –0.24 –0.25 0.04 0.10 0.02 –0.01 –0.02 0.03 0.02 0.00 0.01 1.00
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these categories in Chile 2017 were 40.07% and 6.20%, respectively,
thus, higher than the rates of developed countries, especially in
cases of GAD 37–38 weeks. These differences deserve attention.
First, because the proportion of infant deaths in these categories
of pre-term in the United States and Europe is 22% and 26%,
respectively.20 Therefore, its reduction would help to decrease
infant mortality in countries, such as Chile, that have a greater pro-
portion of these births. Second, recent data suggest that infants
born both at early term and late pre-term categories have a higher
long-term risk of chronic diseases and early mortality (<45 years)
than full-term babies.21 Furthermore, those pre-term infants had
less education, occupational level, and income than term infants
in these studies.

Socioeconomic status is among those most frequently impli-
cated as a contributor to the disparities in health and in the case
of the United States could explain about 80% of premature mortal-
ity.41,42 The elimination of health disparities requires an under-
standing of the specific impact and manner in which various
factors influence differences in health among population groups.
Two basic approaches to the study of the influence of SES on health
are described by Kaplan: the compositional approach and the con-
textual approach. Compositional measures of socioeconomic sta-
tus refer to characteristics of the individual, while contextual
measures of socioeconomic status refer to characteristics of the
individual’s environment.43 In this paper, it was not possible to
go beyond attributing well-documented variations in socioeco-
nomic status, as measured by education or occupation to examin-
ing more proximal ways in which socioeconomic status influences
health status and health outcomes. However, using the information

Table 7. Birth weight (BW) by gestational age at delivery (GAD). Live births from
Chile, 1996–2017

GAD/BW <3000 g (%) 3000–3999 g (%) ≥4000 g (%)

<34 weeks 8.36 0.04 0.01

34–36 weeks 19.21 1.21 0.19

37–38 weeks 46.38 32.58 15.35

39–41weeks 25.97 65.90 83.32

42 weeks 0.08 0.27 1.13

Total 100 100 100

Total N 1,143,310 3,725,466 467,372

Table 12. Sex of the newborn by gestational age at delivery (GAD). Live births
from Chile, 1996–2017

GAD\Sex Male (%) Female (%)

<34 weeks 1.98 1.66

34–36 weeks 5.27 4.67

37–38 weeks 33.86 34.20

39–41 weeks 58.56 59.19

42 weeks 0.33 0.28

Total 100 100

Total N 2,724,749 2,611,312

Table 8. Birth length (BL) by gestational age at delivery (GAD). Live births from
Chile, 1996–2017

GAD/BL <50 cm (%) ≥50 cm (%)

<34 weeks 3.82 0.02

34–36 weeks 9.84 0.61

37–38 weeks 44.69 24.29

39–41 weeks 41.54 74.58

42 weeks 0.11 0.50

Total 100 100

Total N 2,401,305 2,685,135

Table 9. Maternal education by gestational age at delivery (GAD). Live births
from Chile, 1996–2017

GAD\MEC
Basic or without
education (%)

Secondary
education (%)

University or
technical

education (%)

<34 weeks 1.78 1.78 1.93

34–36 weeks 4.80 4.80 5.51

37–38 weeks 28.09 32.60 41.70

39–41 weeks 64.80 60.49 50.76

42 weeks 0.53 0.33 0.10

Total 100 100 100

Total N 965,579 3,052,935 1,315,235

MEC, Mother’s employment condition.

Table 10. Mother’s employment condition (MEC) by gestational age at delivery
(GAD). Live births from Chile, 1996–2017

GAD\MEC Inactive/layoff (%) Employed (%)

<34 weeks 1.75 1.96

34–36 weeks 4.81 5.30

37–38 weeks 31.11 39.69

39–41 weeks 61.96 52.88

42 weeks 0.37 0.17

Total 100 100

Total N 3,511,218 1,812,908

Table 11. Mother’s residence (MR) by gestational age at delivery (GAD). Live
births from Chile, 1996–2017

GAD\MR Urban (%) Rural (%)

<34 weeks 1.85 1.60

34–36 weeks 5.04 4.40

37–38 weeks 34.45 30.38

39–41 weeks 58.36 63.29

42 weeks 0.30 0.33

Total 100 100

Total N 4,780,073 555,912
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from this study in a rather speculative manner, three ways are pro-
posed below by which socioeconomic status may influence health.
Those are maternal obesity, smoking and cesarean sections. After
further studies, those suggestions may inform social policy and
program design to effectively reduce health disparities.41

BW risk categories showed a low percentage variation: <3000 g
increased by 3% and ≥4000 g decreased by almost 2%. As a recent
work indicates, this rather small change might be explained by the
antagonistic effects on BW of smoking versus pre-conceptional
overweight.44 Thus, BW alone would be an unreliable health indi-
cator when both risk factors are simultaneously present. More than
30% of Chilean women are obese, and 30% reports smoking during
pregnancy.45,46

Regarding obesity, it is well known that a higher than normal
index of pre-pregnancy body weight/height increases several folds
the risk of pre-term delivery and cesarean section.47 Moreover,
their babies are more likely to have BW ≥4000 g. Maternal under-
weight can also be an important factor associated with perinatal
outcomes, especially BW <3000 g.48 Maternal nutrition plays a
crucial role in influencing fetal growth and birth outcomes, and
it is a modifiable risk factor of public health importance in the
effort to prevent adverse birth outcomes, particularly among
developing/low-income populations.49 Obesity and underweight
should be reduced, ideally before pregnancy, to prevent their neg-
ative effects. The focus on women’s pre-conception health and
nutrition for long-term benefits has been recently stressed in an
international initiative.8 Weight gain should also be guided during
pregnancy with a specific curve to improve fetal growth reducing
live births with BW <3000 g and live births with BW ≥4000 g.48

Its diagnostic ability has been favorably compared in various
studies.50–52 The use of this curve has been recommended for devel-
oping countries.7,8

Smoking during pregnancy has been associated with lower
GAD and reduced fetal growth, therefore affecting BW and
BL.53 The tobacco epidemic has been addressed with individual
and collective strategies, including increasing the prices of tobacco
products by way of increased taxation.54 In Chile, such a strategy
led to a significant – but far from desirable – reduction in cigarette
smoking in the female population, from 36.5% to 29.1% in less than
a decade.55 Obviously, complementary initiatives, such as compre-
hensive smoking cessation programs in primary health care, are
needed.56

National information indicates that 76% of deliveries in the pri-
vate health system are cesarean sections; meanwhile, its rate is
40.5% in the public system.57 As previously commented, social var-
iables of the present study indicate that early term and late pre-
term deliveries happened more frequently in groups of women
who were employed, who lived in urban areas, and who had a
higher educational level in comparison with other categories; those
women have higher incomes and can affordmedical care in private
clinics.58

The unnecessary use of labor induction and cesarean sections is
a problem with ethical components. A recent study reported that
between 2001 and 2014, the percentage of deliveries by cesarean
section performed in Chile increased from 26% to 45%, while
the average cesarean section rate in the Organization for
Economic Cooperation and Development (OECD) countries
increased from 20% to 27%.57 The authors speculated that financial
incentives for health personnel and private hospitals may be play-
ing a role becauseWHO considers that between 10% and 15% of all
deliveries will require a cesarean section.57 Furthermore, the
International Federation of Gynecologists and Obstetricians has

declared its support for a greater role of midwives in normal deliv-
eries, thus limiting medical intervention to complicated and high-
risk cases.59 A prestigious medical journal and theWHO have sup-
ported these motions.60,61 Chile is in urgent need of educational
programs aimed at the general population, health personnel and
health administration to improve in this aspect. Midwives should
play an important role. Their role in reducing maternal and infant
mortality has been recognized.62–64 Over the last five decades, the
increase in the number of schools of midwifery has made possible
to increase the number of professionally assisted deliveries from
around 60% in the mid-sixties to the current universal cover-
age.63,65 They could be a key factor in reducing cesarean sections
in both the public and private sectors.57
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Universidad Católica de Chile. This research received no specific grant from
any funding agency, commercial or not-profit sectors.

Conflicts of Interest. None.

References

1. Victora CG, Adair L, Fall C, et al.Maternal and child undernutrition: con-
sequences for adult health and human capital. Lancet. 2008; 371(9609),
340–357.

2. Ngandu CB, Momberg D, Magan A, et al. The association between house-
hold socioeconomic status, maternal sociodemographic characteristics, and
adverse birth and infant growth outcomes in sub-Saharan Africa: a system-
atic review. J Dev Origins Health Dis. 2020; 11(4), 317–334.

3. Diet, nutrition and the prevention of chronic diseases. Report of the joint
WHO/FAO expert consultation. In WHO Technical Report Series No. 916
(TRS 916), 2003. Retrieved June 15, 2020 from: https://www.who.int/
dietphysicalactivity/publications/trs916/en/.

4. Barker DJP. Past obstacles and future promises. In Developmental Origins
of health and Disease (eds. Gluckman P, Hanson M), 2006; pp. 481–495,
Cambridge University Press, Cambridge.

5. Roseboom T, de Rooij S, Painter R. The Dutch famine and its long-term
consequences for adult health. Early Hum Dev. 2006; 82, 485–491.

6. Prentice A. Impact of early nutrition on later chronic disease outcomes epi-
demiological studies. In The Influence of Maternal, Foetal and Child
Nutrition on the Development of Chronic Disease in Later Life (ed. A
Prentice), 2011; pp. 57–59. Stationery Office Limited, London.

7. Gluckman P, Hanson M, Seng CY, Bardsley A. Pre-conception maternal
body composition and gestational weight gain. In Nutrition & Lifestyle
for Pregnancy and Breastfeeding (eds. Gluckman P, Hanson M, Seng CY,
Bardsley A), 2014; pp. 216–220. Oxford University Press, Oxford.

8. Hanson MA, Bardsley A, De-Regil L-M, et al. International federation of
gynecology and obstetrics (FIGO) recommendations on adolescent, pre-
conception, and maternal nutrition: “Think Nutrition First”. Int J
Gynecol Obst. 2015; 131(S4), S213–S225.

9. Eriksson JG, Forsen T, Toilets J, Osmond C, Barker DJP. Early growth and
coronary heart disease in later life: longitudinal study. Br Med J. 2001;
322 (7292), 949–953.

10. Araujo CL, Hallal PC, Nader GA, Menezes AMB, Victora CG. Size at birth
and height in early adolescence: a prospective birth cohort study. Eur J Clin
Notre. 2009; 63 (5), 634–639.

11. Sørensen HT, Sabroe S, Rothman KJ, et al. Birth weight and length as pre-
dictors for adult height. Am J Epidemiol. 1999; 149(8), 726–729.

12. Eide MG, Øyen N, Skjœrven R, et al. Size at birth and gestational age as
predictors of adult height and weight. Epidemiology. 2005; 16, 175–181.

Journal of Developmental Origins of Health and Disease 795

https://doi.org/10.1017/S2040174420001117 Published online by Cambridge University Press

https://www.who.int/dietphysicalactivity/publications/trs916/en/
https://www.who.int/dietphysicalactivity/publications/trs916/en/
https://doi.org/10.1017/S2040174420001117


13. Bosy-Westphal A, Plachta-Danielzik S, Dorhofer RP,MullerMJ. Short stat-
ure and obesity: positive association in adults but inverse association in
children and adolescents. Br J Nutr. 2009; 102(3), 453–461.

14. Mardones F, Villarroel L, Karzulovic L, et al. Association of perinatal fac-
tors and obesity in 6–8 years old Chilean children. Int J Epidemiol. 2008; 37,
902–910.

15. Mardones F, Villarroel L, Arnaiz P, et al. Prenatal growth and metabolic
syndrome components among Chilean children. J Dev Orig Health Dis.
2012; (3), 237–244.

16. Villarroel L, Karzulovic L,Manzi J, Eriksson JG,Mardones F. Association of
perinatal factors and school performance in primary school in Chilean chil-
dren. J Dev Orig Health Dis. 2013; 4, 232–238.

17. Mardones F, Arnaiz P, Pacheco P, et al. Associations of prenatal growth
with metabolic syndrome, insulin resistance and nutritional status in
Chilean children. BioMed Res Int. 2014: 82–91. doi: 10.1155/2014/472017.

18. Mittendorfer-Rutz E, Rasmussen F, Wasserman D. Restricted fetal growth
and adverse maternal psychosocial and socioeconomic conditions as risk
factors for suicidal behaviour of offspring: a cohort study. Lancet. 2004;
364, 1135–1140.

19. Dalziel SR, Parag V, Rodgers A, Harding JE. Cardiovascular risk factors at
age 30 following pre-term birth. Int J Epidemiol. 2007; 36(4), 907–915.

20. World Health Organization & International Conference for the Ninth
Revision of the International Classification of Diseases (1975). In:
Manual of the international statistical classification of diseases, inju-
ries, and causes of death: based on the recommendations of the ninth
revision conference, 1975, and adopted by the Twenty-ninth World
Health Assembly, 1975 revision, 1977. World Health Organization,
Geneva. Retrieved June 20, 2020 from: https://apps.who.int/iris/
handle/10665/40492

21. Vogel JP, Chawanpaiboon S, Moller A-B, et al. The global epidemiology of
preterm birth. Best Pract Res Clin Obstet Gynaecol. 2018; 52, 3–12.

22. Raju TNK,Higgins RD, Stark AR, LevenoKJ. Optimizing care and outcome
for late-preterm (near-term) infants: a summary of the workshop spon-
sored by the National Institute of Child Health and Human
Development. Pediatrics. 2006; 118(3), 1207–1214.

23. Delnord M, Zeitlin J. Epidemiology of late preterm and early term births –
An international perspective. Semin Fetal Neonatal Med. 2019; 24, 3–10.

24. Kajantie E, Strang-Karlsson S, Evensen KAI, Haaramo P. Adult outcomes
of being late preterm or early term – What do we know? Semin Fetal
Neonatal Med. 2019; 24, 66–83.

25. Pan American Health Organization. In AIEPI Neonatal Interventions
Based on Evidence, 2nd ed.) 2010. Pan American Health Organization,
Washington, DC. Retrieved March 26, 2020 from: http://www.
manuelosses.cl/BNN/AIEPI-Neonatal_intbasevid.pdf

26. Ministry of Health, Chile. Live births databases, year 2017. Retrieved
January 14, 2020 from: http://deis.cl/bases-de-datos-nacimientos/.

27. Mardones F, Marshall G, Viviani V, et al. Interactive effect of birth weight
and gestational age on the individual probability of neonatal mortality.
J Health Popul Nutr. 2008; 26(1), 54–63.

28. Milad M, Novoa JM, Fabres J, Samamé M, Aspillaga C. Recomendación
sobre curvas de crecimiento intrauterino (Recomendations on intrauterine
growth curves). Rev Chil Pediatr. 2010; 81(3), 264–274.

29. Ministry of Health, Chile. Guía perinatal 2015 (Perinatal guide 2015).
Retrieved May 19, 2020 from: https://cedipcloud.wixsite.com/minsal-
2015/cesrea.

30. Mardones F, García-Huidobro T, Ralph C, et al. Influencia combinada del
índice de masa corporal pregestacional y de la ganancia de peso en el
embarazo sobre el crecimiento fetal (Combined influence of pregestational
body mass index and weight gain during pregnancy on fetal growth).
Rev Med Chile. 2011; 139, 710–716.

31. StataCorp. Stata Statistical Software: Release 16, 2019. StataCorp LLC,
College Station, TX.

32. Ndirangu J, Newell ML, Bland RM, Thorne C. Maternal HIV infection
associated with small-for-gestational age infants but not preterm births:
evidence from rural South Africa. Hum Reprod. 2012; 27(6), 1846–1856.

33. Blumenshine P, Egerter S, Barclay CJ, et al. Socioeconomic disparities in
adverse birth outcomes: a systematic review. Am J Prev Med. 2010;
39(3), 263–272.

34. Mardones F. Algunos factores condicionantes del bajo peso de nacimiento
[Some factors related to low birth weight (author’s transl)]. Rev Med Chile.
1980; 108(9), 830–854.

35. Taucher E, Jofré I. Mortalidad infantil en Chile: el gran descenso [Infant
mortality in Chile: the great descent]. Rev Med Chile. 1997; 125(10),
1225–1235.

36. Cabrera R. Relaciones de la mortalidad infantil con la edad de la madre y
número de orden del parto. Chile, 1969–1974 - 1979 [Relation of infant
mortality to maternal age and birth order. Chile, 1969–1974 - 1979]. Rev
Chil Obstet Ginecol. 1982; 47(5), 334–349.

37. Fuentes A, Sequeira K, Tapia A. Niveles socioeconómicos bajo ymedio bajo
comienzan a postergar la maternidad en Santiago de Chile [Delayed child
bearing in a Chilean public hospital]. RevMed Chile. 2019; 147(2), 168–172.
doi: 10.4067/s0034-98872019000200168.

38. Potential impact of later childbearing on future population: United
Nations. Department of Economic and Social Affairs. Population facts.
2019; No. 2019/5. Retrieved September 20, 2020 from: –https://www.
un.org/en/development/desa/population//publications/pdf/popfacts/
PopFacts_2019–5.pdf.

39. Kozuki N, Lee AC, Silveira MF, et al. The associations of parity and mater-
nal age with small-for-gestational-age, preterm, and neonatal and infant
mortality: a meta-analysis. BMC Public Health. 2013; 13(Suppl 3), S2.
doi: 10.1186/1471-2458-13-S3-S2.

40. Nylander PPS. The phenomenon of twinning. In Obstetrical Epidemiology
(eds. Barron SL, Thomson AM), 1983; pp. 143–165. Academic Press,
London.

41. Shaver’s VL. Measurement of socioeconomic status in health disparities
research. J Natl Med Assoc. 2007; 99(9), 1013–1023.

42. Adler NE, Newman K. Socioeconomic disparities in health: pathways and
policies. Health Aff. 2002; 21, 60–76. 6.

43. Fraser D, Abu-Saad K. Maternal nutrition and birth outcomes. Epidemiol
Rev. 2010; 32(1), 5–25.

44. Chattrapiban T, Smit HA, Wijga AH, et al. The joint effect of maternal
smoking during pregnancy and maternal prepregnancy overweight on
infant’s term birth weight. BMC Pregnancy and Childbirth. 2020; 20, 132.

45. Ministry of Health, Chile. Encuesta Nacional de Salud (2016–2017)
(National Health Survey). 2018. Retrieved May 7, 2020 from: https://
www.minsal.cl/wp-content/uploads/2018/01/2-Resultados-ENS_MINSAL_
31_01_2018.pdf

46. Mallol J, Brandenburg D, Madrid R, et al. Prevalencia de tabaquismo
durante el embarazo en mujeres chilenas de bajo nivel socioeconómico
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