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Non-linear association of low birthweight
with risk factors including women'’s BMI:
evidence from an international comparison
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Abstract

Background It is widely known that, in addition to physical characteristics such as parents'height and weight, social
attributes such as parents’education, income level, and employment status have a significant impact on birthweight.
However, these results were obtained using data from individual countries, and there were no country-level
comparisons of the factors identified as influencing birthweight. A multi-country analysis is essential to determine
whether these factors are consistently linked to low birthweight across different economic and healthcare systems.

Methods Using panel data on low-birthweight fertility rates for 143 countries over the period of 2000-2015, we used
five factors (women’s body mass index [BMI], real gross domestic product [GDP] per capita, women's employment
status, healthcare level, and adolescent childbearing) in relation to countries’low-birthweight rates to determine

how these factors relate to each country’s low-birthweight rate and estimate a fixed-effects model. Considering

the possibility that these five factors are non-linear rather than linear, we estimated quadratic and cubic functions.

We conducted a detailed analysis of women'’s BMI and real GDP per capita. Furthermore, we considered the 2008
global financial crisis as an exogenous natural experiment for the low-birthweight rate and conducted a difference-
in-differences (DID) analysis to confirm the possibility that the correlation between women’s employment rate and
low-birthweight rate is a causal relationship.

Results All five factors were identified as important risk factors. Of the five, all but adolescent childbearing were
found to have a non-linear rather than a monotonous linear relationship with low birthweight. The low-birthweight
rate improved sharply with improvement in women'’s average BMI below 28. Furthermore, the results of the DID
analysis suggest that women’'s employment plays an important role in the relationship between low-birthweight rates
and GDP.

Conclusions These results provide a useful policy tool for achieving the goal of the 65th World Health Assembly
to“reduce the incidence of low birthweight!In particular, improvements in women's average BMI, real GDP per
capita, and women'’s employment rates in low-income countries may be linked to reductions in the incidence of low
birthweight.
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Background

Birthweight is an indicator of infant health that influ-
ences later life. Barker and Osmond (1986) [1] and Barker
(1990) [2] found that low birthweight was significantly
and negatively associated with adult health. Recent stud-
ies in the social sciences have established that birthweight
has significant negative effects on social attributes, such
as income and occupation, in addition to adult health [3—
5]. Moreover, high birthweight is significantly negatively
associated with adult health [6, 7]. Furthermore, analysis
of Japan, the U.S., and India Yamane and Tsutsui (2022)
[8] showed that low and high birthweight matter to qual-
ity of life. Their study demonstrated that the associations
between birthweight and quality of life are widely diverse
across countries depending on economic status.

The determinants of low birthweight include parental
smoking, alcohol and drug use, employment status, age at
birth, maternal pre-pregnancy emaciation tendency, pre-
term delivery, and psychological stress during pregnancy
[9-12]. Economic studies have reported that parents’
physical characteristics, mothers’ years of education, and
fathers’ socioeconomic status (education, income, occu-
pation, etc.) are risk factors for low birthweight [4].

How well do the factors found in intra-country studies
explain low-birthweight rates in each country? This is the
research question addressed in the present study. In afflu-
ent countries, a fetus has a higher probability of being
born healthy because the mother is likely to be well nour-
ished and the medical system is well equipped to handle
the risks of childbirth. However, the opposite may be true
in poor countries. In May 2012, the 65th World Health
Assembly set a goal of a 30% reduction in the low birth-
weight rate between 2012 and 2025; however, as of 2015,
the goal is far from being achieved.!

Exploring the factors associated with low birthweight
through international comparisons is important to over-
come this situation [13]. This study investigates whether
the critical factors of low birthweight that have been
identified with intra-nation data can also be confirmed
using international data. International comparative stud-
ies are important to identify policy issues that should be
addressed nationally. Despite its importance, to the best
of our knowledge, no international comparative study
has been conducted to examine the determinants of low
birthweight. This study addressed these gaps.

! Comparing 2012 and 2020 using the latest available low birthweight ratio
for 32 countries of OECD data (https://stats.oecd.org/index.aspx?queryid=
30118#), 21 countries have seen a decrease (-10.04% on average), while the
remaining 11 countries have seen an increase (10.76% on average). Overall,
it will be difficult to achieve the 30% reduction goal for these 32 countries.

In this study, we considered that women’s BMI may
be an important factor in low birth weight. We hypoth-
esize that the probability of having a low-birthweight
infant is lower in countries with higher BMI levels and
that poorer countries have a higher percentage of low-
birthweight infants because of their poor sanitation and
healthcare systems. Maternal obesity is primarily associ-
ated with macrosomia (large-for-gestational-age infants)
rather than with low birthweight in general. However,
if the average BMI of women in a country becomes too
high, the percentage of infants with low birthweight may
increase due to pregnancy complications, such as pre-
eclampsia and placental dysfunction [14]. Thus, BMI is
indirectly associated with low birth weight through these
complications. In addition, when the level of medical
care becomes very high, it helps ensure that low-weight
fetuses are born safely. If this is the case, the low-birth-
weight rate will have a U-shaped relationship with BMI
and income level. Furthermore, this study considers
employment status and average mother’s age at child-
birth as important factors for low birthweight.

To test these hypotheses, this study used data col-
lected from 143 countries, spanning 2000-2015, which
Blencowe et al. [13] collected. We estimated fixed-effects
models to control for unobservable variables, such as race
and cultural background. To derive policy implications
through international comparisons, the results should
suggest causes rather than associations. In this case, esti-
mating fixed-effects models using panel data has certain
merit compared to cross-sectional analysis because it
reveals the rule of within-individual time variation. In
addition, we conducted a difference-in-differences (DID)
analysis using the 2008 global financial crisis as an exog-
enous natural experiment. To the best of our knowledge,
there are no studies on low birthweight using DID analy-
sis, although the impact of the global financial crisis on
fertility, health, and healthcare systems has been studied
[15, 16]. Furthermore, whereas most of these studies are
country-by-country comparisons of European countries,
this study analyzed 143 countries, both developing and
developed.?

The remainder of this paper is organized as follows:
Sect. 2 proposes the hypotheses, presents the definitions

2 Matysiak et al. [15] showed how changes in labor market conditions and
economic growth affected fertility rates before and after the Great Reces-
sion in Europe by using data from 251 regions in 28 European Union mem-
ber countries. Hessel et al. [16] showed how the financial crisis has affected
subjective health status in Greece and Ireland. In addition to these studies,
numerous other studies have examined the impact of the global financial
crisis on healthcare systems in European regions [25, 26].
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of the variables used in this study, and explains the meth-
ods of analysis. Section 3 presents the empirical results.
Section 4 discusses the results and concludes the paper.

Methods

Hypotheses

According to [17], having a BMI either lower or higher
than the standard, which ranges from 18.5 to 24.99,
is undesirable for health. Thus, we hypothesized that
women with a standard BMI would have a lower prob-
ability of delivering low-birthweight infants. In particular,
thin women are more likely to give birth to underweight
infants due to undernutrition and other reasons [18].
Thus, we hypothesized the following:

Hypothesis 1 The low-birthweight rate decreases,
though diminishingly, as women’s average BMI for
the respective country increases and may have a
U-shaped curve with respect to the average BMI of
women.

As countries with a low real GDP per capita have poor
nutritional status and healthcare systems, they are more
likely to fall ill when their health deteriorates [19]. Thus,
the low-birthweight rate is expected to be higher in
poorer countries. This situation improves as countries
become richer but to a diminishing degree. Therefore, we
propose the following hypothesis:

Hypothesis 2 The low-birthweight rate is higher in
countries with lower real GDP per capita. However,
the degree of the decline diminishes.

Many other factors may be involved in the probability
of low birthweight [10, 11, 13, 20]. This study addresses
women’s employment status, level of medical care, and
mother’s age at birth.

Regarding employment status, we use women’s
employment rate and vulnerable employment rate, refers
to women’s work in their family-operated small business-
es.> Vulnerable employment is more prevalent in poorer
countries, and as societies mature, women shift to regu-
lar businesses. Though we imagine that harder work
generally raises the low-birthweight rate, it is difficult to
ascertain the effect of the shift from “vulnerable employ-
ment” to “employment” Therefore, this study does not

3 We distinguish the status in women’s employment between two variables
of total employed: (a) wage and salaried workers, self-employed workers,
and self-employed workers with employees and (b) self-employed workers
with no employees, members of producers’ cooperatives, and contribut-
ing family workers. We define (a) as employment rate and (b) vulnerable
employment rate. Women's employment rate is defined here by excluding
vulnerable employment.
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have a priori expectations but examines the data to ascer-
tain the reality.

All else being equal, a society with a well-developed
healthcare system keeps mothers in good health and
reduces the prevalence of low-birthweight infants. How-
ever, as medical technology becomes more highly devel-
oped, more lives will be saved, but the probability of
low-birthweight infants is likely to increase. Therefore,
we propose the following hypothesis:

Hypothesis 3.1 Countries with higher levels of medi-
cal care have lower rates of low-birthweight babies
because they can maintain maternal health. How-
ever, in countries with more advanced medical
technology, the decline in the incidence of low birth-
weight is progressively diminishing because babies
that would have otherwise been stillborn are saved.

There is an appropriate age for giving birth; adolescent
childbearing, which is more common in poor countries,
is considered too early, whereas childbearing for those
over 40 years old, which is more common in rich coun-
tries, is considered too late [21-23].* Because only ado-
lescent fertility rates are available, we posit the following
hypothesis:

Hypothesis 3.2 Countries with a higher percentage
of adolescent (teenage) births have a higher inci-
dence of low birthweight.

Method of estimation
Definitions of all variables used in this study are given in
Table 1.

To test these hypotheses, we estimated the quadratic
and cubic equations with respect to BMI and GDP.

Rppwi = a1BMIy + aaBMI?*; + a3BMI%; + B1GDP;
4 8,GDP?, + B3GDPy + nEMPLOYEE;
2 WEAK _LABOR,, + v;Mediciney, + vYOUNG_MOTHER; (1)

2015
5 PARE L u ten f— .
0 OWDY EARE +ui +eq, t=2000, ..., 2015

Where u; is the fixed effect of the ith country, DY EARY
is the year ks dummy variable, and ¢;; is the disturbance
term. In the estimation of the quadratic function, where
as and 3 are assumed to be 0, if the estimate of oy is
significantly negative and the estimate of o is signifi-
cantly positive, then R_LBW is a U-shaped function of
BMLI, consistent with Hypothesis 1. Similarly, if 3 ; is sig-
nificantly negative and [ , is significantly positive, then
R_LBW is a U-shaped function of GDP, consistent with
Hypothesis 2. To determine the curve estimated by the

* The number of adolescent births per 1,000 girls aged 15-19 is 229 in the
Central African Republic and 210 in Niger, more than 20% of the total num-
ber of births [27].
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Table 1 Variable definitions and sources

Variable Definition Source

R_LBW Number of newborns weighing less than 2,500 g divided by the total number of live births (%) WB

UNICEF

BMI Mean of the body mass index (BMI) of women (kg/mz) WHO

GDP Real GDP per capita (USS) PWT

EMPLOYEE Number of female wage and salaried workers, self-employed workers, and self-employed workers with WB
employees divided by female working-age population (%)

WEAK_LABOR Number of female own-account workers and contributing family workers divided by total female employ-  WB
ment (%)

BIRTH_STAFF Births attended by skilled health staff divided by total births (%) WB

YOUNG_MOTHER Proportion of births among adolescent mothers aged 15-19 (%) WB

WB stands for the World Bank Open Data (https://data.worldbank.org), and PWT for the Penn World Table (https://www.rug.nl/ggdc/productivity/pwt/?lang=e
n). We used age-adjusted mean BMI data available from the WHO Data Bank (https://www.who.int/data/gho/data/themes/topics/topic-details/GHO/body-mass-i
ndex). The differences in sample sizes across variables are due to data availability constraints in the original sources, as some countries did not consistently report

certain indicators

cubic function, we draw a curve of the fitted value of R_
LBW using the quadratic and cubic functions and exam-
ine whether its shape is consistent with Hypotheses 1 and
2. If ~; ad 3 are significantly negative and 2 and 4
are significantly positive, then Hypotheses 3 1 and 3 2 are
supported, respectively.

All analyses were conducted using Stata. For the fixed-
effects model, we accounted for within-country cor-
relation over time by clustering standard errors at the
country level.

This study reports the results using a fixed-effects
model with the advantage of controlling for unobservable
and fixed factors during the observation period, includ-
ing racial, ethnic, and cultural backgrounds unique to
each country. Another important merit is that it reveals
within-country rules, and its estimation results may
reflect a causal relationship.”

In addition, this study applies a DID analysis to fur-
ther confirm the causal relationships for policy impli-
cations [24]. An important exogenous event in the
low-birthweight rate worldwide was the 2008 financial
crisis. Therefore, this study uses 2008—2009 as the event
period and tests whether changes in the low-birthweight
rate from before to after the event significantly differed
among countries that experienced a large decline in real
GDP during this period (treatment group) and those that
did not (control group).® Therefore, we estimated Eq. (2).

R_LBW;, = §,GROUP; + 6, AFTER,; + 65(GROUP; x AFTER;)
+A1 EMPLOY EE; + \sWEAK _LABOR; (2)
+A\3 BIRTH_STAFF;, + A\, YOUNG_MOTHER;; + u; +¢;

% In contrast, the between-country effect model is unlikely to reflect any
causal relationship because it only shows differences between two countries.

© [26] and [16] also used DID to compare people’s health in Greece and
Ireland before and after the global financial crisis with other countries [28].
used DID to examine whether the impact of the global financial crisis on
income inequality differs between developed and emerging economies
across 70 countries.

where AFTER is a dummy variable coded as 1 for 2009
and later, and 0 for 2007 and earlier. GROUP is a dummy
variable coded as 1 when the sum of real GDP growth
in 2008 and 2009 is in the bottom 50% (treatment) and
0 when it is in the top 50% (control). The coefficient d3
of GROUPxAFTER = CROSS indicates the impact of the
financial crisis.

For the DID analysis, we implemented an interaction-
based approach, ensuring that standard errors were also
clustered at the country level for robustness.

&*R_LBW;
d GROUP,0 AFTER,

o3 (3)

If ¢ 5 is significantly positive, it supports the interpreta-
tion that the negative association between GDP and LBW
suggests a causal relationship.

We further estimate Eq. (4) to test whether the global
financial crisis affected the low- birthweight rate through
the employment rate.

R_LBW; = 6,GROUP; + 6,AFTER,
+6,EMPLOYEE;, x GROUP,
+05AFTER, x EMPLOYEE;; +67EJ\IPL()YEE;2L x GROUP;
+0sAFTER, x EMPLOYEE;;
+ (03 + 06EMPLOY EEyy + 60EMPLOY EE%) x (GROUP; x AFTER;)

++ M\ EMPLOYEE; + sWEAK _LABOR;, + \s BIRTH_STAFF,
+M\ YOUNG_MOTHERy +u; + 4

In this case,

0’R_LBW;

P et 5 y S Y 2
TGROUD.H AFTER, 83 +6EMPLOY EE;, + 60 EMPLOYEE},  (5)

where J3 represents the impact of the financial crisis on
R_LBW through channels other than EMPLOYEE
, and 6EMPLOYEE,, + 59EMPLOYEE?t repre-
sents the impact through changes in EM PLOY EE.

Results

Our dataset consists of a maximum of 2,145 country-year
observations from 143 countries for the period 2000—
2015 (see Table S1 in the Supplementary Material for the
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Table 2 Descriptive statistics of the variables

Page 5 of 13

Low-income countries

Middle-income countries

High-income countries

n median IQR n median IQR n median IQR
R_LBW 42 14.44 6.28 55 8.68 5.65 46 7.16 3.04
BMI 42 2340 2.70 55 26.1 1.50 46 258 140
GDP 42 2405 2181 55 10,361 6721 42 35,203 17,963
EMPLOYEE 42 9.55 12.66 54 2644 12.23 44 4414 12.75
WEAK_LABOR 42 8144 25.87 54 30.04 2948 44 6.87 5.96
BIRTH_STAFF 42 70.65 387 55 98.8 4.80 42 99.5 1.20
YOUNG_MOTHER 42 9.35 6.01 55 431 4.89 45 132 1.36

Low-income countries were defined as those with a mean GDP of $5893 or less, middle-income countries as those with a mean GDP between $5893 and $18,411,and
high-income countries as those with a mean GDP of $18,411 or more. The differences in sample sizes across variables are due to data availability constraints in the

original sources, as some countries did not consistently report certain indicators

Table 3 Correlation coefficients between Low-birthweight rate
and the key variables

R_LBW

Low-income  Middle-income  High-income

countries countries countries
BMI -0.48*** 0.03 0.39***
GDP -0.23*** -0.17%** 0.12%**
EMPLOYEE -0.46*** -0.29%** -0.47%**
WEAK_LABOR 0.43*** 0.17%** 0.27%**
BIRTH_STAFF -0.79%** -0.37*** -0.30%**
YOUNG_MOTHER ~ 0.29*** 0.44%** 0.59%**

Refer to the Table 2 footnote. *** p<0.01, ** p<0.05, * p<0.1

list of countries). However, the number of observations
varies by variable owing to data availability constraints,
with the minimum number of observations being 1,304.

Descriptive statistics

Table 2 presents the descriptive statistics for the variables
used in the estimation. First, we defined “low-income
countries” as the bottom 30%, “middle-income coun-
tries” as the mid- 40%, and “high-income countries” as
the top 40% based on the average GDP for 2000-2015.
The median rate of low birthweight decreased as GDP
increased. The median BMI was lowest in low-income
countries but did not differ between middle- and high-
income countries.

Preliminary analysis

Table 3 presents the correlation coefficients between
R _LBW and key variables. In the low-income countries,
R_LBW and BMI were negatively correlated at the 1%
level, whereas in the high-income countries, they were
significantly positively correlated. Similarly, R LBW and
GDP are significantly negative at the 1% level for the low-
and middle-income countries but significantly positive
at the 1% level for the high-income countries. Regardless
of country affluence, R_LBW correlates negatively with
the female employment rate (EMPLOYEE) and BIRTH._
STAFF but positively with vulnerable employment
(WEAK_LABOR) and YOUNG_MOTHER (adolescent

fertility rate). Simple correlations were consistent with
our hypotheses.

Figure 1 shows the means of R_LBW and BMI for the
entire world as well as for low-income, middle-income,
and high-income countries. In the low-income coun-
tries, R_LBW declined substantially, by 2% in the 16 years
examined, whereas it declined only slightly in the middle-
income countries, and it even rose, though not signifi-
cantly, in the high-income countries. In aggregate, it has
declined slightly worldwide. Moreover, BMI increased
significantly not only in low-income countries but also in
middle- and high-income countries. An increase in BMI
in low-income countries is regarded as an improvement
in --health, whereas in middle- and high-income coun-
tries, it may indicate the opposite.

Main result

Table 4 presents the estimation results for Eq. (1). Col-
umn (1) shows the estimates of the quadratic function
of BMI and GDP. The estimate of BMI was significantly
negative, and that of the squared term was significantly
positive, indicating a U-shaped curve. However, the
bottom of the U-curve was 28.83, indicating that most
observations were in the decreasing domain. In contrast,
the estimates on GDP and GDP* were insignificant. The
estimates of EMPLOYEE and EMPLOYEE? were signifi-
cantly positive and negative, respectively, indicating an
inverse U-shape with a peak at 41%, which is close to
the median of EMPLOYEE for high-income countries
(Table 2). WEAK_LABOR and its squared values were
not significant. BIRTH_STAFF and its square were sig-
nificantly negative and positive, respectively, indicating a
U-shape with a bottom at 74.7%. YOUNG_MOTHER was
significantly positive. These results support our hypoth-
eses, with the exception of Hypothesis 2.

To examine whether Hypothesis 2 is valid, columns
(2) and (3) present the results in the case that the BMI
and GDP variables are included separately. In column
(3), the estimates of GDP and GDP? become significantly
negative and positive, respectively, which is consistent
with Hypothesis 2. Column (4) presents the estimates
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Fig. 1 Worldwide changes in low birthweight and BMI from 2000 to 2015. Error bars indicate the standard error of the mean (SEM)

of the cubic function of BMI and GDP. The estimates
are qualitatively the same as those in column (1), except
that BIRTH_STAFF and BIRTH STAFF? become insig-
nificant. The estimate of BMI® was significantly negative.
Figure 2 shows the predicted values of R_LBW calculated
from the estimates in columns (1) and (4) of Table 4,
which are overlaid on the scatter plots of R_LBW and
BMI. The curve of the quadratic function is U-shaped,
whereas the curve of the cubic function reveals that R_
LBW decreases strongly until the inflection point at 26.7
and then decreases gradually thereafter. However, the
two curves are fairly similar; the only qualitative differ-
ence is that the quadratic function predicts an increase
in R_LBW after the bottom, that is, BMI=28.8, and the
cubic function predicts a decrease.’

To further evaluate the model’s predictive performance,
Supplementary Figure S1 compares the actual and pre-
dicted low-birthweight rates. The correlation between
them is 0.63, significant at the 1% level.

Examination of causality: DID analysis

We first checked whether the parallel trend assumption
holds true. Figure 3a presents the average R_LBW values
for the treatment and control groups, which show that
there was no extreme difference in the movements of the
two groups before the onset of the 2008 financial crisis.
Figure 3b and c illustrate the groups separately to enlarge

7 Though this discrepancy occurred in a small domain, it might become
important in the future when BMI will be even higher.

the figure and show the movement more clearly. How-
ever, the R_LBW of the control group was not affected
by the crisis (Fig. 3b). The R_LBW of the treatment group
increased during the crisis for a period of time. These
figures reveal that the financial crisis was an exogenous
event to R_LBW, affecting only the treatment countries,
and that the assumption of a parallel trend was satisfied.

To further confirm the plausibility of the DID approach,
we examined employment rate trends for treatment and
control groups (Fig. 4). The observed patterns indicate
that employment rates followed similar trends before
2008, supporting the assumption that any post-crisis
divergence is attributable to the financial shock rather
than pre-existing differences.

Columns (1) and (2) of Table 5 present the esti-
mation results of Eq. (2). When R_LBW is regressed
on the three variables AFTER, GROUP, and CROSS
(=GROUPXAFTER), CROSS is significantly positive at
the 1% level, indicating that countries hit harder by the
financial crisis have a lower low-birthweight rate than
those that were not (column 1). In column (2), when
EMPLOYEE and EMPLOYEE? were added, CROSS was
significantly positive at the 5% level.

Columns (3) and (4) present the estimation results
of Eq. (4). Column (3) presents the results when only
EMPLOYEE and EMPLOYEE? were included in CON-
TROL. Column (4) presents the results of the full
specification of the control variable as in column (1) of
Table 4. The coefficients of CROSSxEMPLOYEE and
CROSSXxEMPLOYEE? are significantly positive and
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Table 4 Estimation results of Eq. (1)
VARIABLES (1) (2) (3) (4)
BMI -5.299%** -5.909*** -48.13%**
(1.745) (1.853) (14.87)
BMF 0.0919*** 0.102%** 1.795%**
(0.0320) (0.0341) (0.576)
BMP -0.0224%%%
(0.00742)
InGDP =231 -4.734** -2442
(1.762) (1.998) (7.990)
InGDP? 0111 0.235%* 0.148
(0.0960) (0.107) (0.892)
InGDP? -0.00221
(0.0331)
EMPLOYEE 0.0820* 0.0860** 0.0914** 0.0922**
(0.0431) (0.0426) (0.0407) (0.0376)
EMPLOYEE2 -0.00130%* -0.00132** -0.00130%* -0.00127%%*
(0.000566) (0.000573) (0.000500) (0.000452)
WEAK_LABOR -0.00678 -0.00828 -0.0167 0.0156
(0.0255) (0.0243) (0.0260) (0.0242)
WEAK_LABOR? 0.000269 0.000337 0.000482 0.000131
(0.000364) (0.000341) (0.000361) (0.000319)
BIRHT_STAFF -0.0523** -0.0534** -0.0863** -0.0211
(0.0211) (0.0214) (0.0355) (0.0193)
BIRTH_STAFF’ 0.000350%** 0.000336** 0.000537** 0.000136
(0.000163) (0.000159) (0.000264) (0.000143)
YOUNG_MOTHER 0.2785%** 0.2288*** 0.3318*** 0.2235%**
(0.0735) (0.0720) (0.0729) (0.0706)
D_year2000 -0.771%%* -0.671%** -0.386** -0.740***
(0.242) (0.208) (0.186) (0.231)
D_year2001 -0.725%** -0.618*** -0411** -0.694***
(0.210) (0.181) (0.159) (0.202)
D_year2002 -0.661*** -0.561*** -0.399*** -0.643**
(0.200) (0.170) (0.151) (0.190)
D_year2003 -0.639*** -0.554%** -0.386** -0.619***
(0.188) (0.162) (0.149) (0.180)
D_year2004 -0.536*** -0.466*** -0.337%** -0.520***
(0.168) (0.145) (0.128) (0.159)
D_year2005 -0.513*** -0.462*** -0.342%** -0.495***
(0.155) 0.137) (0.120) (0.149)
D_year2006 -0.434%** -0.394*** -0.274%** -0.427%**
(0.135) (0.120) (0.102) (0.132)
D_year2007 -0.357%%* -0.330*** -0.231** -0.354%**
(0.120) (0.109) (0.0886) (0.119)
D_year2008 -0.322%** -0.299*** -0.214%** -0.3271%**
(0.108) (0.0998) (0.0792) (0.107)
D_year2009 -0.290*** -0.263*** -0.209*** -0.295***
(0.104) (0.0912) (0.0795) (0.101)
D_year2010 -0.251%** -0.234*** -0.196*** -0.246***
(0.0901) (0.0827) (0.0710) (0.0883)
D_year2011 -0.202%** -0.196*** -0.157%** -0.189**
(0.0743) (0.0725) (0.0589) (0.0737)
D_year2012 -0.125%* -0.1271%* -0.0991** -0.132**
(0.0614) 0.0611) (0.0496) (0.0613)
D_year2013 -0.114** -0.117** -0.116** -0.120**
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Table 4 (continued)
VARIABLES (1) (2) (3) (4)
(0.0456) (0.0466) (0.0465) (0.0477)
D_year2014 -0.0490 -0.0488 -0.0767* -0.0401
(0.0359) (0.0355) (0.0416) (0.0374)
Constant 94.94%** 92.38%** 32.62%** 450.2%%%
(25.43) (25.40) (9.990) (123.0)
Observations 1,388 1423 1,394 1,388
R-squared 0467 0453 0.387 0.528
Number of countries 133 136 134 133

R_LBW is the dependent variable. The estimation method used was a fixed effects model. YEAR dummies are included in the estimation but are not shown here to
save space. Robust standard errors are indicated in parentheses. All analyses were conducted using Stata, and standard errors were clustered at the country level to

account for within-country correlation over time. *** p <0.01, ** p<0.05, * p<0.1
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negative, respectively, indicating that the impact of the
financial crisis via EMPLOYEE significantly increased the
low-birthweight rate but diminishingly.

Discussion

We posited four hypotheses on the relationship between
the rate of low birthweight and the supposed risk fac-
tors. Data analysis supported the relationship, indicating
the significance of our risk factors. However, two prob-
lems remained concerning Hypotheses 1 and 2. First, the
shape of the function in regions of large BMI was not

sufficiently clear. Although the estimation of the qua-
dratic function revealed a U-shaped curve, the bottom
of the U-shaped curve was located near the right edge
of the observed value, suggesting that the association
was decreasing but diminishing in most of the domains.
It is not yet clear how the increased BMI will affect the
incidence of low birthweight if BMI is further increased
in the future. Second, GDP, which was found to be an
important risk factor, was insignificant when BMI was
added, suggesting that GDP is associated with R_LBW
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through many paths, including BMI. Examining this
complex relationship remains a task for future studies.
This study found that the association of the rate of
women’s employment and that of low birthweight had
an inverse U-shaped curve, with its peak being around
41%. This suggests that an increase in women’s employ-
ment rate during the period of 2000-2015 was asso-
ciated with a decline in the rate of low birthweight in
low- and middle-income countries and improved the rate
of low birthweight in high-income countries on average.
WEAK_LABOR was not significant. Relation between
BIRTH_STAFF and low-birthweight rate is a U-shaped
curve, with its bottom being approximately 75%. Adoles-
cent birth rate is significantly and positively associated
with low-birthweight rate; specifically, a decrease in the
adolescent birth rate decreases the low-birthweight rate.
The results can address how to achieve the goal of the
65th World Health Assembly to “reduce the incidence
rate of low birth weight” Table 6 presents the contribu-
tions of each individual variable to the reduction in the
rate of low-birthweight infants during the period of

2000-2015, which was calculated from the change in
the magnitude and estimates of the coefficients shown
in Column 1 of Table 4. Regarding the 1.3% decrease in
fitted value of R_LBW in 16 years, although the increase
in BMI contributed 54% of this reduction, the decrease
in YOUNG_MOTHER contributed 30%, the increase in
GDP contributed 13%, the increase in BIRTH STAFF
contributed 5%, and the increase in employment rate
deteriorated rate of low birthweight slightly.®

Which is the most promising political instrument for
the future? To answer this question, we must investigate
the change in each variable by income-group countries.
Over the 16 years examined, R_LBW improved from 16.1
to 10.2% in low-income countries, whereas it deterio-
rated slightly from 7.2 to 7.8% in high-income countries.
These values suggest that low-income countries have
room to reduce low birthweight rates. The variables in

8 The estimated contributions in Table 6 should be interpreted with caution,
as they are based on a limited set of variables. Other unmeasured factors
may also influence changes in low-birthweight rates, and their effects are
not captured in this analysis.
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Table 6 may continue to be policy instruments, but their
effectiveness will be weakened because the situations
have already been improved even in the low-income
countries over the 16 years examined: BMI 22.7 to 25.6,
BIRTH_STAFF 50-86%, YOUNG_MOTHER from 9.5
to 7.6 births per 100 females. However, the GDP and
employment rate of low-income countries were still sub-
stantially lower compared with high-income countries,
that is, GDP US$ 4020 vs. US$ 41,728 and EMPLOYEE
17% vs. 46%. While improvements in standard of living
and employment are expected to reduce low-birthweight
rates, the most effective policy interventions will vary by
country and require tailored approaches.

Although this study identifies key determinants of low
birthweight, implementing effective policies requires
adaptation to each country’s unique economic, health-
care, and social conditions. For example, in low-income
countries, improving maternal nutrition and access to
healthcare may be the most effective strategy, whereas in
high-income countries, addressing obesity-related preg-
nancy complications may be a greater priority.

Conclusions

This study identified the risk factors for low-birthweight
births using data from 143 countries for 2000-2015.
Although many risk factors have been identified using

individual data in a country [4, 9, 12], international com-
parisons of low birthweight problems have not been ade-
quately performed. A multi-county analysis is essential to
determine whether these factors are systematically asso-
ciated with low birthweight across diverse economic and
healthcare systems. By comparing multiple countries,
this study provides insights into both universal and coun-
try-specific determinants of low birthweight, helping to
fill this gap in the literature.

In this study, we focused on five risk factors: wom-
en’s BMI, per capita GDP, women’s employment sta-
tus, level of healthcare, and adolescent childbearing.
We employed the quadratic and cubic functions in the
estimation because the association between the rate of
low-birthweight births and these variables is supposed
to be non-linear. For policy applicability, this study used
a fixed-effects model in which the estimates represent
correlations between time-varying variations within a
country. Furthermore, using the 2008 financial crisis as a
natural experiment, the DID analysis provides evidence
suggesting a relationship between GDP and low birth-
weight rate, where female employment rates play and
important role. Thus, the results of this study represent a
step toward policy use.

This study has several limitations. Among these, data
availability may be the most significant. Variables such as
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Table 5 The estimates of Egs. (2) and (4): DID analysis

VARIABLES (1) V)] (3) (4)
CROSS 0.627%** 0.575%** -0453 -1.136%%*
(0.138) (0.139) (0.407) (0.407)
AFTER -0.699%** -0.653%* 14145 -0.313%
0.116) (0.126) 0.217) (0.176)
EMPLOYEE -0.103** -0.0476 0.108%**
(0.0417) (0.0351) (0.0387)
EMPLOYEE? 0.00165%** 0.000179 -0.00146%**
(0.000574) (0.000689) (0.000438)
CROSS_EMPLOYEE 0.0546** 0.0732%%*
(0.0228) (0.0224)
CROSS_EMPLOYEF? -0.00106*** -0001071%%*
(0.000284) (0.000290)
AFTER_EMPLOYEE 0.0398%** 0.0134%*
(0.00947) (0.00659)
GROUP_EMPLOYEE 0.00276 -0.0036
(0.0373) (0.0217)
BMI -48 80%**
(14.94)
BMP 1.851%%x
(0.580)
BMP -0.0235%**
(0.00748)
InGDP -0.0864
(8.288)
InGDP? -0.0572
(0.926)
InGDP? 0.0043
(0.0343)
WEAK_LABOR 00119
(0.0228)
WEAK_LABOR? 0.000157
(0.000296)
BIRTH_STAFF -0.0305
(0.0184)
BIRTH_STAFF’ 0.000214
(0.00014)
YOUNG_MOTHER 0.0988
(0.065)
Constant 10.43%** 11.66%** 11.50%** 439 .7%**
(0.031) (0.634) (0672) (119.700)
Observations 2,145 2,100 2,100 1,304
R-squared 0.196 0.227 0.352 0.541
Number of countries 143 140 140 133

Dependent variable is R_LBW. The estimation method used was a fixed effects model. GROUP was omitted because of collinearity, as it was
a constant variable throughout time. CROSS is GROUP multiplied by AFTER. Robust standard errors are indicated in the parentheses. In all the
columns, LABORisQiﬁt X GROUP;iand AFTER; ; x LABORsQi,twere not included to obtain significant results. All analyses were
conducted using Stata, and standard errors were clustered at the country level to account for within-country correlation over time. *** p<0.01, ** p<0.05, * p< 0.1
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Table 6 Contributions of individual variables to the reduction
in the rate of low-birthweight babies during the period of
2000-2015

Mean Contribution

Variable 2000 2015 AR_LBW_HAT %
BMI 249 26.1 -0.7 54.2
InGDP 838 9.3 -0.2 133
EMPLOYEE 22.5 259 0.0 -2.6
BIRTH_STAFF 77.3 933 -0.1 49
YOUNG_MOTHER 6.4 5.0 -04 30.1
R_LBW_HAT (Total) 103 9.0 -13 100

R_LBW_HAT is the fitted value of R_LBW using the estimates in Column (1) of
Table 4. A R_LBW_HAT was calculated from the change in the magnitude of the
variables and the estimates of the coefficients between 2000 and 2015

the rate of high-birthweight infants, distribution of BMI,
and rate of births by mothers aged over 40 years were not
available. Obtaining more detailed data and using a more
flexible functional form will be tasks for future studies.
DID analysis should to be performed more carefully, con-
sidering the influence of unmeasured confounders.
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