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Abstract

The present study aims at exploring and quantifying effects of the socio-demographic
characteristics of the mother across the distribution of birth weight in Greece. For the
purposes of the analysis nationwide vital registration data at individual level, provided
by the Hellenic Statistical Authority upon request, are used. The data include 103,266
single live births registered in 2006 to women aged 20 or higher. The response
variable is birth weight, recorded in grams. The method involves application of
quantile regression models. Births occurring before the 37" week of gestation
(preterm) are examined separately from those occurring at term as they form distinct
and independent distributions while they are also influenced by different risk factors.
The effects of the explanatory variables are estimated at 6 different quantiles of the
response variable (0.05, 0.10, 0.25, 0.50, 0.75 and 0.90). Estimates are then compared
with results based on OLS models. The results reconfirm that preterm and term births
form distinct birth weight distributions. Moreover, effects of most factors differentiate
across the distributions in both instances. More specifically, for most predictors the
effect is greater at the lower tail, i.e. among low birth weight babies. For instance,
illegitimate live births at full term have lower weight by 130 grams at the 0.05
quantile compared to legitimate babies while the difference is only 60 grams at the
0.90 quantile. By contrast, the OLS indicates a difference of 82 grams. Hence, the
method has an advantage over OLS, which assumes a constant effect. The findings
indicate that female sex, primiparity, illegitimacy status, age of the mother over 35,
past history of stillbirths and deceased children, living in big metropolitan areas, and
being a Greek citizen are associated with a lower birth weight while tertiary education
has a protective effect. Among preterm births usual place of residence, citizenship and
legitimacy are not very significant but parity, prior stillbirth and deceased child and

education have a more pronounced effect.

Keywords

Birth weight distribution, preterm, full term, quantile regression



Extended abstract

Background

Low birth weight (LBW), a term referring to births weighting less than 2,500 grams,
has been a major concern for public health policy since there is an extensive body of
research showing strong links with neonatal and post neonatal mortality in addition to
morbidity in infancy, childhood and adulthood (McCormick, 1985; Kramer, 1987,
WHO, 2004; Barker, 1994; 1998; Strauss, 2000; Huxley et al., 2000). A significant
correlate of birth weight is gestational age; births occurring before the 37™ week of
gestation, termed preterm, have a higher chance of being LBW than births occurring
later (full term). LBW preterm babies in particular represent the most compromised
pregnancy outcome facing the highest mortality risks, especially if birth weight is
very low (i.e. below 1500 grams) or extremely low (i.e. below 1000 grams). There is
ample evidence indicating different risks of mortality and morbidity for preterm and
term LBW babies in addition to different aetiology; hence, a vast amount of research
has been carried out considering these adverse pregnancy outcomes separately
(Kramer, 1987; 1990; Kramer et al., 2000; Kramer, 2003; Meggiolaro, 2009; Tsimbos
& Verropoulou, 2011). In addition, it has been suggested that term and preterm births
constitute different birth weight distributions (Wilcox, 2001)

Regarding maternal characteristics, teenage mothers and those aged 35 or more have
higher chances of giving birth to a LBW baby (Astolfi & Zonta, 1999; Machado,
2006). Maternal lifestyle during pregnancy is an important factor; unhealthy habits
such as excessive alcohol consumption, smoking, drug abuse and poor nutritional
intake have been linked to adverse pregnancy outcomes (Rodriguez et al., 1995;
Windham et al. 2000; Kesmodel et al., 2002). Socio-economic status of the mother
also plays a part, acting as mediator; material deprivation, lone motherhood,
housewife status, unemployment, low educational attainment and psychosocial stress
seem to affect unfavourably birth weight (Rodriguez et al., 1995; Pattenden et al.,
1999; Reime et al., 2006; Cheung & Yip, 2001; Meggiolaro, 2009; Mulder et al.,
2002).



Research attempting to quantify effects of these factors on the birth weight
distribution usually is based on two approaches: either OLS regression models are
employed or adverse outcomes are considered in comparison to normal weight births
occurring after the 36™ week of gestation in a logistic or multinomial logistic
regression context (Abrevaya, 2001). The first approach, OLS regression, has the
disadvantage that effects are estimated on the mean of the birth weight distribution
while, in the second case, the outcome variable is categorical and information related
to the rest of the distribution is lost. Some more recent analysis, however, has been
based on a different approach which allows for the effects of the various factors to
differentiate across the quantiles of the birth weight distribution. Nevertheless, such
analysis is scarce and does not make any distinction for gestational age. It is in that
aspect of the birth weight analysis that this paper attempts to fill in a gap, quantifying
effects of factors associated with adverse pregnancy outcomes using quantile
regression techniques while considering preterm and normal term deliveries
separately since they are related to different risk factors and exhibit different birth

weight distributions.

Data and methods

Data

This study makes use of information collected by the vital registration system of
Greece. The analysis is based on nationwide micro data on single livebirths recorded
in 2006 to mothers aged 20 or higher. Thus, the analysis focuses on 103,266 records
of single live births to native and foreign origin women aged 20 or higher living in
Greece. Birth registration in Greece is complete and since practically all births
(99.9%) occur in maternity wards and hospitals the information collected is

considered reliable.

Measures

In the analysis the response variable is represented by the birth weight measured in
grams; all the predictors are indicators introduced in binary form. Female births (=1)
are compared to male births (=0). The variable expressing parity distinguishes

between first births (=1) and those of birth order 2 or higher (=0), while illegitimate



(extra marital) births (=1) are distinguished from legitimate births (=0). With respect
to maternal age, women are categorized in two broad age groups; women aged 35 or
higher (=1) are compared to those under age 35 (=0). A dichotomous variable is
introduced as proxy of past adverse maternity and birth history, denoting whether a
woman reported that she has had at least one prior stillbirth or deceased child (=1) or
she has had no such past experience (=0). Maternal socioeconomic status is
represented by education; the dichotomous variable used denotes whether the mother
has obtained tertiary educational qualifications (=1) or she has completed at the most
upper secondary education (=0). A dummy is also used indicating whether a woman
lives in big metropolitan areas, i.e. the capital of Greece, Athens, or the second largest
city, Salonica (=1) or she lives in other less urbanized areas (=0). Finally, an indicator
of whether the mother is a Greek citizen (=1) or an immigrant (=0) is included in the

models.

Models

As already stated the aim of this work is to estimate the impact of a number of
maternal socio-demographic characteristics on the birth weight of newborn infants in
Greece. This research task is fulfilled by the application of two models, the standard
OLS regression and the Quantile regression model (Koenker & Basset, 1978; Koenker
& Hallock, 2001). Application of the latter method is justified on the basis that the
different factors’ effects differ in magnitude and nature across the quantiles (or
percentiles) of birth weight. In other words, it is likely that the OLS estimates do not
portray adequately the impact of the regressors throughout the distribution of the
response variable, particularly at the tails of it. Quantile regressions have been
estimated at seven different percentiles (0.05, 0.10, 0.25, 0.50, 0.75, 0.90 and 0.95).
The models were estimated separately for two subsets of the sample, preterm and full
term babies on the basis that they constitute distinct birth weight distributions

(Wilcox, 2001).

Results

Most births in the sample, 94.6 per cent, occurred at full-term (the 37" week of
gestation or later); the proportion of preterm births is quite low, only 5.4%. Mean
weight for the babies in the sample is 3210 grams; it is somewhat higher among births

occurring at term but substantially lower (2487 grams) among preterm births.



Apart from mother’s citizenship, which seems to have a constant effect across the
birth weight distribution, for all other predictors effects differentiate. For most
variables, associations are more pronounced at the lower tail of the distribution; the
only exceptions are sex of the baby and usual place of residence of the mother, for
which the effect is greater at the upper tail. Associations for most predictors are
significant at the 1% level. Females are born lighter than males; the difference is
about 100 grams at the 0.05 quantile (which corresponds to LBW births) while it
reaches 160 grams at the 0.90 quantile. First born children are lighter by about 50
grams at the 0.05 quantile; the difference decreases to 17 grams at the 0.75 quantile.
Births occurring to mothers outside marriage are significantly lighter than those
occurring within marriage, the difference ranging from 130 for LBW babies to 60
grams. Age of mother over 35 have a negative association though rather small while
prior history of stillbirths and infant death has a more substantial negative impact.
Tertiary education seems to have a protective effect, especially among LBW infants.
Living in big metropolitan areas for the mother has a slight, negative association.

Greek mothers have on average lighter babies by about 100 grams.

(Table 1 about here)

Regarding preterm babies, usual place of residence, extra marital status of a birth and
citizenship of the mother are not significant predictors of birth weight in this instance.
All other variables show significant associations which differentiate across the birth
weight distribution. Female sex, births of first order, age of mother over 35 and prior
history of stillbirths and deceased children have negative associations with birth
weight; the coefficients indicate, for all variables except sex, a greater impact among
preterm than among full term babies. Prior history of adverse pregnancy outcomes
seems the most significant predictor in this instance and has a particularly pronounced

effect at the lower tail of the distribution.

(Table 2 about here)



Conclusion

The findings indicate that female sex of the baby, primiparity, illegitimacy status, age
of the mother over 35, past history of stillbirths and deceased children, living in big
metropolitan areas, and being a Greek citizen are all factors that tend to reduce birth
weight of term babies while education has a protective effect. Among preterm births,
on the other hand, usual place of residence of the mother, citizenship and legitimacy
are not very significant while effects of parity, prior stillbirth and deceased child and
education are more pronounced than among term newborns. These findings are more
or less in line with previous analyses carried out on the same dataset based on
multinomial regression models, though citizenship there had come up as significant
only among LBW preterm births and illegitimacy status was important for all LBW
babies (Tsimbos & Verropoulou, 2011). The very pronounced effect of past adverse
maternity history among preterm births is in accordance with other relevant research

(Kramer, 1987; Reime et al., 2006; Tsimbos & Verropoulou, 2011).

The results of the study reconfirm that the birth weight distribution of term and
preterm babies differ and that they should be analysed separately. The analysis
provides evidence that effects of most factors differentiate across the birth weight
distribution and coefficients based on OLS regression are a poor representation of
these variations. Finally since this is one of the very few quantile regression analysis
of birth weight considering socio-demographic characteristics, it provides a guide
regarding factors which seem to differentiate across the outcome distribution and

whether impact seems more pronounced in the lower or upper tail.
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Table 1 Coefficients based on Quantile Regression (births occurring at the 37" week

of gestation or later)

Explanatory Variables

Coefficients

5%

10%

25%

50%

75%

90%

OLS

Sex
Male (ref cat)
Female -100%**
Parity
One -50%%*
2" or higher (ref cat)
Legitimacy
Legitimate (ref cat)
Illegitimate -130%**
Age of mother
20-34 (ref cat)
35 or higher -50%**
Prior stillbirth or
deceased child
At least one -100%**
No such history (ref
cat)
Educational attainment
of mother
Below tertiary (ref cat)
Tertiary 50%**
Usual place of residence
Big metropolitan areas =~ -20%**
Less urbanised areas
(ref cat)
Citizenship
Greek -100***
Immigrant (ref cat)

115

4Rk

_120***

_5Q®**

_130***

35***

D 5kk

_90***

S125%

DG Hk

_RO***

_3QFk*

_100***

25***

D 5kk

_95***

S145%x

DOFH*

_ROF**

DG Hk

250

25***

D 5kk

_100***

-150%*

J]7EE®

Nykil

J]7EEE

_63**

n.s.

WREE

_107***

160+

_3QFk*

60 F**

n.s.

_80**

10**

_50%**

S110%**

(137

_3QFk*

QD HHk

DGEE*

T4 Ek

23***

_35%%k

_99***

w54 p0.01, ** p<0.05, *p<0.10
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Table 2 Coefficients based on Quantile Regression (preterm births occurring before
the 37" week of gestation)

Explanatory Variables

Coefficients

10%

25%

50%

75%

90%

OLS

Sex
Male (ref cat)
Female
Parity
One
2™ or higher (ref cat)
Legitimacy
Legitimate (ref cat)
Illegitimate
Age of mother
20-34 (ref cat)
35 or higher
Prior stillbirth or
deceased child
At least one
No such history (ref
cat)
Educational attainment
of mother
Below tertiary (ref cat)
Tertiary
Usual place of residence
Big metropolitan areas
Less urbanised areas
(ref cat)
Citizenship
Greek
Immigrant (ref cat)

-75%

2260% %

-120%**

2950

135%%*

-100*

175***

_110***

250%x

-150%*

8204

130%%*

S120%%

-185%

70%*

_95***

-355%*

70***

_125***

S125ww

_75***

-250%*

S126%%

647

-194%%

~102%%

-169%**

-68*

_90***

468 %

63***

% p<0.01, ** p<0.05, *p<0.10
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