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Size at birth is important determinant of birth outcome and perinatal mortality and morbidity.
Being too big at birth puts the newborn at increased risk of various health problems at or after
birth. The aims of this study were to estimate the prevalence of large birth weight and adverse
maternal and infant health conditions related to large birth weight and to determine the effects
of newborn body size measured with birth length and head circumference on these health
conditions in macrosomic (birth weight >4000g) newborn. Various birth outcomes for both
newborn and mother were used. Data for this study was from the National Birth Register
from 2008 to 2010 from Southwestern Finland. Only singleton, live births and term
pregnancies were included to the analysis (n=10006) and fetal anomalies were excluded.
Eighteen percent of the newborns had birth weight over 4000g and thus defined as
macrosomic, 2.6% had birth weight above 4500g. Macrosomia was associated with
prolonged labor, unplanned cesarean section, postpartum hemorrhage, perineal trauma, the
use of medical pain relief, duration of hospital stay, shoulder dystocia, hypoglycemia, low
Apgar score and treatment or monitoring at the hospital. The prevalence of prolonged labor,
caesarean section, hospital stay, shoulder dystocia, hypoglycemia, low Apgar score at 1
minutes and being treated and monitored at the hospital increased as birth length increased.
Increasing head circumference was associated with increasing prevalence of prolonged labor
at 2nd stage, caesarean section, hospital stay of the mother and perinatal asphyxia. In
conclusion birth length and head circumference were associated with many birth outcome
variables in macrosomic infants, usually linked in literature often only with high birth weight.
The result suggests length and head circumference would be valuable additional predictors
with birth weight, when evaluating perinatal morbidity risk.
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1

INTRODUCTION

Human embryo goes through tremendous alteration during pregnancy from tiny zygote to full
developed infant in just nine months. After being born, infants’ size is measured to evaluate
retrospectively growth in prenatal period and intrauterine environment, but size at birth has
also implications for long-time growth and development, mortality and morbidity. Measuring
size at birth is important for monitoring of individuals growth and development and for
public health in efforts to improve neonatal and maternal morbidity and mortality.

Size at birth can be estimated with multiple anthropometric parameters, depending on
measuring equipment available in the situation. Each parameter has different implications to
infants’ health and wellbeing. The most used parameter of size at birth globally is birth
weight, which is easy and precisely measurable, weight scales being available commonly in
health facilities in most parts of the world. Birth length, head circumference are used less
globally, but in most developed countries. Chest circumference, mid-upper arm
circumference (MUAC) and abdominal circumference can be used as substitutes for weight
measuring if scales are not available. Combining anthropometric parameters with information
about gestational age provides more reliable method for evaluating growth and development
of newborn. However, in many developing societies gestational age cannot be accurately
determined.

The average size differs between populations depending upon intricate combination of
genetic and environmental factors and is continuously in transition stage. In better of societies
environmental conditions favor fetal growth and size at birth is on average bigger than in
developing societies. However there has not been historically very large variation in
anthropometric parameters. Average birth weight varies globally between 3200 to 3700
grams; birth length is close to 50 centimeters and head circumference close to 35 centimeters.
Lack of reliable and comprehensive data, especially from developing world hinders the
comparison of size at birth globally.
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Infant attains optimal size at birth if fetal intrinsic or maternal or uteroplacental extrinsic
factors allow fetus to grow according to her/his genetic potential and if space of time spent in
uterus is optimal for the development. Fetuses’ genetic or chromosomal abnormalities or
infections, mothers’ diseases, substance use, parity or inappropriate nutrition or
malfunctioning uterus or placenta may have an impact on fetal growth or gestational age and
thus affect infants’ size at birth. The exact optimal size at birth has not been determined, since
there is always variation in size at birth due to genetic background and environmental
conditions. However many different classification systems are at use to classify infants’ size
as optimal, small or large.

Size at birth has been associated with various health outcomes in short and long term. Small
size at birth, usually measured by birth weight, has been associated with adverse birth
outcome, death and increased risk for later morbidity. Also associations between large size at
birth and morbidity and mortality have been found in many studies. It is not known, whether
size at birth directly causes these adverse health consequences or whether mortality and
morbidity are caused by some other factors that cause also size at birth deviate from optimal.
However, anthropometric measurements provide important information and are well
grounded indicators for health and wellbeing.
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2

THEORETHICAL BACKGROUND

2.1

Measuring the size at birth

Size at birth is an important predictor of health and therefore should be measured as
accurately as possible for planning and implementation of infant care accordingly. Accurate
and reliable monitoring of infant size is especially important for infants at risk for inadequate
growth or other health conditions. Size is estimated also during pregnancy to possibly detect
possible abnormalities in growth, but exact measurements can be obtained just after birth.
There are several anthropometric measurements used to evaluate newborn size at birth; birth
weight, birth length, head circumference, chest circumference, mid-upper arm circumference
(MUAC) and abdominal circumference. Of the above-mentioned, birth weight, length and
head circumference are most commonly used globally and chest circumference, MUAC and
abdominal circumference are used ordinarily as a surrogate measurement, if weight scale or
length board are not available (WHO 1993).

2.1.1

Birth weight

Birth weight is measured with a baby scale where newborn is lying down in the weighting
pan (Salo, Mäki & Dunkel, 2011). Scales used in Finland are nowadays electronic, but in
many countries also mechanical baby scales may be used. Newborn is measured nude to
prevent error caused by clothes in the measurement. Other anthropometric measurements
performed after birth (length and head circumference) are taken meanwhile weight
measurement. Weights of the children were measured to the nearest 0.01 kg. Measurement
can be performed by one person, since baby can lie freely in the weighting pan.
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2.1.2

Birth length

Newborn length should be measured in the recumbent position with calibrated lenghtboard,
which has a fixed headpiece, moveable foot piece and well readable measurement tape on the
surface of board (Salo, Mäki, Dunkel 2011). Newborn length is measured from top of the
head to heels. Infant is positioned straight on his/her back in the center of the board head
touching the headpiece and eyes looking straight up. Both legs should be extended and toes
should be pointing upwards and feet flatly against foot piece. Two persons are needed for
measurement, one holds infants head on a headpiece and the other holds legs straight, moves
the foot piece to touch feet and reads the measurement result. Measurements are done to the
nearest millimeter.

2.1.3

Head circumference

Head circumference must be measured with flexible, non-stretchable measuring tape
(Lönnqvist, Mäki & Salo, 2011). Measurement tape can be made from plastic or metal and it
is needed to be changed every half year. Head circumference or occipital frontal
circumference is measured over the largest circumference of the head, above eyes and ears.
Child is lying down when measured. Measurement tape is positioned just above ears and
eyebrows and around the biggest part of the back of the head. It should be assured that tape is
straight and it is pulled affectionately to compress hair and soft tissues. Measurement is read
to the nearest 0,1cm.

2.1.4

Other measurements

Measurements of chest circumference, MUAC and abdominal circumference are done when
newborn is lying down without clothing. To measure chest circumference measuring tape is
placed under newborn’s chest at the nipple line (Basavanthappa 2006, Walraven et al. 1994).
MUAC is measured from mid-point of left arm, when arm is straightened (LabSpace 2013,
Sauerborn et al. 1990). Tape needs to be positioned to skin with proper tension, without
making any crinkle to the skin, but also not having any crack between skin and tape. MUAC
can be measured with normal measuring tape, or there are special tapes available from
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organizations working with malnutrition designed only to measure MUAC. Abdominal
circumference is measured by placing the measuring tape around infant’s abdomen to a level
of navel (Basavanthappa 2006). Tape is placed around abdomen firmly, but not too tightly.

2.2

Terms and definitions related to size at birth

Most commonly used measurements are based on birth weight and there are concepts related
to weight only or taking gestational age in the consideration. Body mass index (BMI)
commonly used in adults is not used in newborn children. Growth in fetal period has long
been known to be associated with sex of the child, multiplicity and gestational age (Stein and
Susser, 1984). Using definitions based only on anthropometric measurements, mainly weight,
to classify newborn too small or too large may result in misclassification of small or large
newborns for their race, gender and gestational age. Thus population and gender specific
centile charts have been developed in many countries, including Finland, for classifying
infants according to gender as small, normal or large for gestational age. In Finland standards
for intrauterine growth developed by Pihkala and coworkers have been used for classifying
newborns according to their gender and gestational age for over twenty years (Pihkala et al.
1989). New intrauterine growth charts for weight, length and head circumference has been
published in 2013, based on data of 750 000 infants born in Espoo in 1983 - 2009
(Sankilampi et al. 2013).

2.2.1

Low birth weight

Low birth weight (LBW) is defined by the World Health Organization (WHO) as birth
weight less than 2500 grams (UNICEF & WHO, 2004). Very low birth weight (VLBW) is
birth weight less than 1500 grams and extremely low birth weight (ELBW) less than 1000
grams.
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2.2.2

High birth weight and macrosomia

High birth weight (HBW) is defined as birth weight values above 4000 grams and above
4500 grams as exceptionally high birth weight (ICD-10 1999 & 2010). Other term used for
high birth weight is macrosomia, but should the criterion of macrosomia be 4000 grams or
4500 grams, is still debatable and both criterions are used (Chatfield 2001, Teramo 1998). In
a study made in the USA, birth weight exceeding 4000 grams was already associated with
maternal and fetal complications, but in infants with birth weight over 4500 grams morbidity
was significantly more prevalent and it was suggested to be a better indicator of infant
morbidity (Boulet, Alexander, Salihu 2003). Also the high amount of infants with birth
weight over 4000 grams favours using higher criteria level for macrosomia (Teramo 1998).
Body mass index (BMI) used in adults to classify overweight and obesity is not used usually
in newborn.

2.2.3

Ponderal index

A measure of ponderal index (PI) was developed by Rohrer in 1921 and can be calculated
with following formula (Rosso 1989):
PI = Birth weight x 100 / Length3

PI can be used to evaluate prenatal growth and infant’s body proportionality and it does not
take gestational age in to consideration. PI is low when newborn has low soft tissue mass and
is thin and high in obese newborns. PI has also been used to describe intrauterine growth
retardation (IUGR) or macrosomia (Djelmis et al. 1998, Fay et al. 1991, Vintzileos et al.
1986). Miller and Hassainein published standard curves of PI for gestational age and
according to their study normal (10th – 90th percentile) PI was between 2.3 – 2.85 g/cm3
(Miller & Hassainein 1971). PI used with size of birth for gestational age is a reliable
measure of neonatal and adult morbidity. However, PI is based on slower increase of length
compared to weight if fetus experiences malnutrition, which might not be the case with
chronic malnutrition, when both weight and height are affected (Mehta et al. 1998).
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2.2.4

Gestational age

Gestational age (GA) is the time between the first day of the last menstrual period and the
day of the delivery (AAP 2004). The first day of last period has been widely used in
determining GA and expected date of delivery, because the exact day for conception is
usually unknown. Method is quite reliable as long as menstrual dates are remembered
accurately. However, irregular menstrual cycles or bleeding during conception may hamper
estimations. Assessment of GA can also be done with ultrasound examination performed
before 20th gestational week, ideally at eight to 13 weeks of gestation (Peleg, Kennedy &
Hunter 1998). Later in pregnancy ultrasound is not that reliable and should not be used. GA is
reported as weeks.
Yehuda Malul’s image illustrates different terms and definitions related to birth weight
(Figure 1, Yehuda, 2013). As can be seen from the figure, low birth weight, very low birth
weight and extremely low birth weight are used, when birth weight is lower than set limit
despite of gestational age. Another measure based on only birth weight; high birth weight is
absent from the picture. When definitions of small for gestational age (SGA), appropriate for
gestational age (AGA) and large for gestational age (LGA) are used, also gestational age is
taken into consideration. Different definitions can overlap; for example LBW infant can be at
the same time also defined as AGA or LGA or normal weight infant can be defined as SGA.
In the figure SGA, AGA and LGA newborn are classified based on percentiles, but also
standard deviations can be uses; for example appropriate for gestational age or AGA can be
classified also as -2SD to +2SD for weight (Sankilampi et al. 2013).
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Figure 1. Terms and definitions related to birth weight. LBW = low birth weight, VLBW =
very low birth weight, ELBW = extremely low birth weight, LGA = large for gestational age,
AGA = appropriate for gestational age and SGA = small for gestational age (Yehuda 2013).

2.2.5

Small for gestational age and intrauterine growth restriction

The term small for gestational age (SGA) is used for newborns with estimated weight, length
or weight and length being less than -2SD’s for gestational age (ICD-10 1999). Symmetric
growth failure is defined as both length and weight being abnormal and asymmetric when
weight is less than – 2SDs and length is normal. Also size being less than 10 th percentile in
growth curves is used to classify child as SGA (Olsen et al. 2010). The use of SDs or
percentiles in defining SGA requires accurate estimation on the gestational age and may be
unfeasible in many developing countries due to lack of contemporary obstetrics resources. In
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these countries measures based only on birth weight are used more often to identify abnormal
growth.
SGA children may be preterm, term or post-term and also etiology of growth restriction
differs (Itani, Niedbala & Tsang 2005). SGA children can be divided roughly to three classes
according to origin of the growth restriction (Wennegren 1992, Peleg, Kennedy & Hunter,
1998):
1) Children who are well nourished and healthy, but grow according to their genetic potential
to be smaller than most of the newborns.
2) Children who are SGA because of chromosome disorders or infections during prenatal
period. For example trisomias, Turner’s syndrome or cytomegalovirus, herpes, rubella or
toxoplasmosis infections may cause SGA.
3) Children whose growth has decelerated due to placental malfunction. This can be due to
placental insufficiency because of elevated -fetoprotein levels or preeclampsia or placenta
may be abnormal due to abruption of placenta, placenta previa, infarction or hemangioma.
The last two occurs when fetus does not grow according to her/his growth potential due to
reasons mentioned above and can be called also intrauterine growth restriction (IUGR)
(Dunkel 2010, Peleg, Kennedy & Hunter 1998). Innately small infants have usually
symmetric body and develop normally, but growth-restricted infants can be malnourished or
dysmorphic. IUGR and SGA do not always exist always simultaneously; also growthrestricted infants can have appropriate size for gestational age. In study by Marconi et al.
(2008), 53 percent of growth-restricted infants were also SGA and rest had an appropriate
weight for gestational age. Other study estimated that approximately 30 percent of SGAs
have also had IUGR (Ott 1988).

2.2.6

Large for gestational age

Large for gestational age (LGA) stands for newborns with estimated weight being more than
+2SD’s for gestational age (ICD-10 1999). LGA is also defined as birthweight larger than
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90th percentile for gestational age (Weissmann-Brenner et al. 2012). Also term macrosomia
has sometimes been used about large babies for gestational age. LGA infants differ on their
phenotype and metabolics, which is assumed to be due symmetry of the body (Lepercq et al.
1999). Asymmetric LGA with high weight and low length could be more detrimental than
symmetric LGA and therefore it was suggested that classification would not be based only on
birth weight and gestational age.

2.3

Contemporary size at birth

For monitoring of size at birth it is important to consider, that globally large proportion of
infants are not measured at birth or recorded and even if birth weight is measured, birth
length or head circumference are measured seldom. It has been estimated, that in developing
countries over half (58 percent) of the infants are not weighed, varying from 17 percent in
Latin America and Caribbean to 74 percent in South Asia (UNICEF & WHO 2004).
Defective measuring of size at birth hinders at individual level later monitoring of child’s
growth and estimating standard growth on a population level.

2.3.1

Birth weight

No instance monitors birth weight globally. Good estimates of birth weight from developing
world are received from Demographic and health surveys (DHS) (Measure DHS, 2013). In
the survey respondents are asked, whether there have been live births in the last three years
preceding the survey, if child’s weight has been measured and what has been the birth weight
of the child. Birth weight is recorded in DHS’s as birth weight’s less than 2.5 kg or more than
2.5 kg. Measure DHS has a database STATcompiler, where data on DHS surveys can be
obtained as tables or figures (http://www.statcompiler.com/). Lowest prevalence of normal
birth weight in developing countries is in Sub-Saharan Africa and highest in South America,
South East Asia and Central Asia.

In seven European countries, the modal birth weight varied between 3384 grams in Flanders,
Belgium to 3628 grams in Finland (Graafmans et al. 2002). In Portugal, the average birth
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weight was 3276 grams among Portuguese children and 3284 grams among African children
in 2002 (Harding et al. 2006).
Of all the births in the world, low birth weight babies represent 15.5 percent, of which 95.6
percent of them in the developing world (UNICEF & WHO, 2004). However these figures
are just estimates and the actual proportion of LBW babies is estimated to be larger. Highest
prevalence of low birth weight infants can be found from South-central Asia; 27 percent. In
the USA, prevalence of SGAs was 8.6% (Hediger et al. 1998). In OECD countries the
average prevalence of LBW was 6.5 percent being highest in Turkey (11.3 percent) and
lowest in Iceland (3.5 percent) (OECD 2009). Reliable figures on prevalence of SGA in
developing world are difficult to obtain due to inaccurate determination of gestational age,
but prevalence is estimated to be approximately 30 million newborns per year (de Onis,
Blössner & Villar 1998). In recent Lancet series on maternal and child undernutrition IUGR
was defined as newborns born estimatedly at term with a low birth weight (< 2500 grams)
(Black et al. 2008). Prevalence of these newborns was 10.8 percent in all developing
countries, being lowest (4.9 percent) in South America and highest (19.9 percent) in Southcentral Asia.
Prevalence of macrosomia varies in different countries between 5 to 20 percent (Henriksen
2008). In developing countries prevalence of macrosomia is still low compared to developed
countries. However, prevalence is expected to continue rising due to diabetes and obesity
among women in reproductive age also in the developing world (Koynagi et al. 2013). In the
USA, 10.5 percent of infants were LGA (Hediger et al. 1998).
The average birth weight in Finland was 3515 grams in singleton births, 2494 grams in twin
births and 1616 grams in triplet births in 2009-2010 (Vuori & Gissler 2011). Girls weighed
on average 3427 grams and boys 3540 grams and the average birth weight was largest in
South Ostrobothnia and the smallest in South Carelia, but the areal differences were small.
Four and half percent had birth weight less than 2500 grams, of which 9 percent of infants
had birth weight between 1000 to 1499 grams and 9 percent below 1000 grams. SGA infants
accounted for 2.2 percent of infants. The percentage of Finnish infants, with a birth weight
exceeding 4000 grams was 16.7 and with a birth weight exceeding 4500 grams 2.5 percent in
year 2010. The proportion of infants with birth weight over 4000 grams has decreased in
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twenty years over four percentages, which is suggested to be accounted for improved
monitoring of blood glucose levels of pregnant women and concentrated treatment of
gestational diabetes to university hospitals. Same proportion (2.5 percent) of infants were
LGA, than infants weighting over 4500 grams.

2.3.2

Birth length

Data on birth length are available only from few countries, since it is not measured or
recorded in many countries. In the United States new intrauterine curves for size at birth were
published in 2010 based on data on 391681 infants in years 1998 to 2006 (Olsen et al. 2010).
According to the data the mean birth length of infants born at term (37 to 41 weeks) was 49.9
cm for girls and 50.6 cm for boys. In India mean length of boys at 38 weeks was 49.1 cm for
boys and 48.6 cm for girls (Kandraju et al. 2012). In Brasilian sample of 4452 infants, in 28
percent of the infants birth length was 47 - 48.9 cm and in 38 percent 49 – 50 cm and 19.3
percent were over 51 cm tall (Araújo et al. 2008).
The average length of newborns in Finland was 50.0 cm in 2009-2010 (Vuori and Gissler
2011). Boys were taller (50.4 cm) at birth than girls (49.6 cm). There was slight variation in
birth length between hospital districts from 49.6 cm in West Pohja, Central Ostrobothnia,
South Karelia and North Karelia to 50.1 cm in Uusimaa.

2.3.3

Head circumference

Swedish boys have head circumference of 35.0 cm and girls 34.5 cm at birth when infants
with birth weight less than 2500 grams and infants born outside Sweden were excluded
(Werner & Bodin 2006). In India mean head circumference at 38 weeks was 33.9 cm for boys
and 33.3 cm for girls (Kandraju et al. 2012).
Head circumference was on average 34.9 cm in Finnish infants in 2009-2010 (Vuori and
Gissler 2011). Boys had larger head circumference (35.2 cm) than girls (34.6 cm).
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2.4

Trends in size at birth

Size of birth in different populations changes continually over time and reflects the changes
in environment, economical, societal and living conditions.

2.4.1

Prehistoric of size at birth

Based on archeological findings of adult skeletons researchers have estimated birth weights
in different periods of time. In Palaeolithic period birth weight was estimated to have been
about 3300 grams, then declining to 2700 to 2900 grams in Neolithic (Wells 2009). Since
origin of the agriculture, birth weight was fairly staple, showing only minor increase, no
change or modest decline in different populations until beginning of industrialization when
birth weight started increase sharply.

2.4.2

From 18th century to the Second World War

Systematic measurements of infants started much more recently, there are some records of
birth weight measurements from 18th century, but collecting of anthropometric data on
newborns began in bigger extent just after the Second World War (Steckel 1998). Among
women involved in domestic or unskilled labour in Edinburgh between 1847 to 1920 birth
weight of their infants was on average about 3300 grams, but there was considerable
fluctuation in birth weight decreasing about 400 grams in late nineteenth century and
increasing slightly again in the beginning of twentieth century. In Vienna between 1865 to
1930 birth weight of infants was around 3100 grams, being quite stable until the First World
War, decreasing during the war and increasing to almost 3300 grams in 1920’s. The
proportion of low birth weight infants increased in both cities over the monitoring period.

2.4.3

1950’s to beginning of 2000’s in developed world

According to study made in the United States from 1950’s to 1990’s birth weight increased
within families 33 grams in black male infants and 74 grams in white female infants (Chike-
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Obi 1996). The proportion of very low birth weight infants increased 56 percent in black
population, but in white population decreased by 6 percent. In another study examining low
birth weight prevalence in whole population in United States it was found, that low birth
weight prevalence increased from 1950’s to late 1960’s, decreased until 1980’s and started to
increase again steadily (Brosco et al. 2010). In Japanese infants birth weight, birth length and
head circumference increased from the 1960’s to 1970’s, but between 1970’s and 1980’s
birth weight and birth length remained stable and head circumference decreased (Oishi et al.
2004). In Finland head circumference increased from 1950’s to end of 20th century and
beginning of 2000’s (Karvonen et al. 2012). Similar trend was seen with birth weight and
length; mean birth weight and length was in 1950’s to 1970’s 3413 grams and 49.8 cm for
boys and 3284 grams and 48.9 cm for girls and has increased to 3540 grams and 50.4 cm for
boys and 3427 grams and 49.6 cm for girls in 2010 (Pihkala et al. 1989, Vuori and Gissler
2011).

2.4.4

Trends in developing world

From developing world trend data on birth weight is not available from over long time of
period. In Iran the birth weight has decreased from 3222 grams to 3152 grams from 1970’s to
2000’s, but there has been no significant change in birth length (Mirmiran et al. 2013). In
Vietnam there was a significant increase of birth weight and length from 1980’s to 2000’s
(Hop le 2003). According to longitudinal DHS data on birth weight from 20 countries,
prevalence of LBW has remained quite constant from 1990’s to 2000 (24 percent and 23
percent) (UNICEF & WHO, 2004). Situation in South Asia and sub-Saharan Africa has
shown no improvement or situation has even worsened (Measure DHS 2013).

2.4.5

Recent trends

In developed world increase of size at birth seems to have turned to opposite direction in past
few decades. In Finland the average birth weight has decreased from 3548 grams in 1987 to
3483 grams in 2010 and birth length from 50.2 cm to 50.0 cm (Vuori and Gissler 2011). The
prevalence of low birth weight has increased in most European countries, especially in
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Greece, Malta, Portugal and Spain (OECD, 2013). However, in Poland and Hungary there
has been opposite trend and in Nordic countries prevalence has remained stable.
Although the average birth weight and length have decreased in past few decades in many
countries, in some countries proportion of macrosomic and LGA infants has increased. In
China the prevalence of macrosomia rose from 6 percent in 1994 to 7.8 percent in 2005 (Lu
et al. 2011). Also incidence of LGA increased, from 14 percent to 18 percentin the same
period. Similar trend was seen in New South Wales, where LGA babies increased by 18
percent for boys and 21 percent for girls, with the average birth weight increasing
simultaneously by 23 grams and 25 grams, respectively (Hadfield et al. 2009). Even bigger
increase of LGA by 23 percent was seen in Sweden from 1992 to 2001 (Surkan et al. 2004).

2.5

Factors affecting size at birth

Many different factors affect infant size at birth. These factors can be related to the infant,
mother or the environment where mother and fetus live. Understanding which factors affect
size at birth is important, since it may provide us possibilities to impact these factors and
thus improve size at birth to optimal. Factors affecting growth in fetal period may be genetic
or environmental, but distinguishing these two is very difficult. It seems that genetics has the
largest effect on size at birth, but also environmental modifiable factors correlate significantly
with newborn size (De Stavola et al. 2011).

2.5.1

Genetics

Both fetal and maternal genes may affect size at birth. There is a complex interaction between
parental and fetal genetic and environmental factors. Genes passed from both mother and
father to the fetus influence fetal growth and size at birth (Yaghootkar & Freathy 2012).
Maternal genes have also indirect effect to size at birth through intrauterine environment and
external environment acts via intrauterine environment and genes to size of birth. Maternal
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genes contribute to infants’ size at birth through intrauterine environment even though child
is biological to the mother (Rice & Thapar 2010). Fathers have also been shown to influence
size at birth of their children (Klebanoff et al. 1998, Knight et al. 2005), but the effect is fairly
small and maternal characteristics and intrauterine environment may inhibit largely this
association (Rice & Thapar 2010).
Heritability of size at birth has been studied mostly with twin studies by comparing
resemblance of monozygotic and dizygotic twin pairs. According to twin studies heritability
of birth weight varies between 29 to 40 percent (Clausson, Lichtenstein & Cnattingius 2000,
Moon-Kanamori et al. 2012). In other twin study genetic factors explained totally 70 percent
of variation in birth weight, of which major part (over 50 percent) was caused by fetal genes
and the rest (under 20 percent) by maternal genes (Magnus 1984).
Also intergenerational studies have been used in estimating heritability of fetal growth and
size of birth. Lunde et al. (2012) estimated that both fetal and maternal genes explain 53
percent of the variation in birth weight, 50 percent in birth length and 46 percent in head
circumference, the effect of fetal genetic factors being larger than maternal genetic factors
(Lunde et al. 2012). In another intergenerational study, heritability estimate for birth weight
was 26 percent in singletons (Mook-Kanamori et al. 2012).
Genetic factors may also affect gestational age, which in turn impacts size at birth (Lunde et
al. 2012). Maternal genetic factors were more important in explaining gestational age (14
percent of the variation) than fetal genetic factors (11 percent of the variation). The effect of
genetic factors on size at birth is not stable throughout pregnancy. Mook-Kanamori et al.
(2012) estimated heritability for fetal weight to increase from 17 percent to 27 percent during
second to third trimester. In contrast, Gielen et al. (2008) found heritability to decrease during
gestation from over half (52 percent) at 25 gestational weeks to 30 percent at 42 gestational
weeks in first born twins with separate placentas. If a mother has been SGA herself, she has
2.5 times greater risk of giving birth to a SGA child or 10 times greater risk if mother has
earlier given birth to a SGA child (Dunkel 2010).
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2.5.2

Environmental factors

2.5.2.1 Anthropometry of mothers
Maternal weight and height are associated to infant’s size at birth. Often measured maternal
anthropometric indices include pre-pregnancy weight, height and weight gain during
pregnancy. Correlation between maternal shoe size and infant’s birth weight has also been
analysed, but no such association was found (Stephens et al. 2006).
If mother’s weight is high before pregnancy, it is more likely that her child is heavier than
those of normal or underweight mothers. Every 1 kg increase in pre-pregnancy weight was
associated with increase in birth weight of 260 g (Nahar, Mascie-Taylor & Begum 2007).
Also maternal BMI has linear positive association with birth weight (Friedlander et al. 2009,
Stamnes Koepp et al. 2012). Maternal weight has been associated also with fetal size; in
study by Thame, Osmond & Trotman (2012), larger maternal weight was associated with
increased abdominal circumference and femoral length at 25 weeks and larger abdominal and
head circumference and longer femur ten weeks later. Mother’s own or grandparents’ birth
weights may be also associated with infant’s size at birth. Maternal birth weight had strong
effect on fetal growth and size at birth (Klebanoff & Yip 1987) and in other study it was
concluded that every 100 gram increase in maternal birth weight was associated with 25 gram
increase in birth weight (Stein and Lumey 2000). When comparing grandparent’s and
grandchildren’s size at birth, results showed stronger correlation between grandchildren and
maternal grandparents than paternal grandparents (De Stavola, Leon & Koupil 2011).
However shared environmental factors, such as sociodemographic and behavioral factors,
contributed to these associations.
Maternal height has also been associated with size at birth, both weight and length. Witter
and Luke found infants of taller women to be significantly taller and heavier than children of
shorter women, but the association was seen only from 35 weeks onward (Witter & Luke
1991). However, in a more recent study it was found that maternal height is associated with
femoral length and head circumference already at 25 weeks (Thame, Osmond & Trotman
2012). There might be ethnic differences in association between maternal height and size at
birth, in Hispanic mother-child pairs no such association were found (Pickett, Abrams &
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Selvin 2000). Maternal short height also increases risk of low birth weight (Elshibly &
Schmalisch 2008).
Maternal weight gain during pregnancy consists of fetus (3-4kg), amniotic fluid (0.5-1kg),
placenta (0.5-0.6kg), increase in blood volume (1.2kg) and fat accumulating to mother’s body
(Rasmussen and Yaktine 2009). Also edema is common in prenatal period and might affect
weight gain. Most of the weight gain occurs in third trimester. Actual prenatal or target
weight gain is individual and depends on maternal BMI before pregnancy. For underweight
mother recommended weight gain is 12.5 – 18 kg, for normal weight mother 11.5 – 16 kg, for
overweight 7 – 11.5 kg and for obese mother 5– 9 kg. Weight gain deviating from
recommendations has been associated to adverse birth outcomes, such as Caesarean section,
birth weight < 2500 grams or > 4000 grams, LGA, SGA, gestational hypertension or
augmentation of labor (Crane et al. 2009, Rode et al. 2007, Park et al. 2011). Low maternal
weight gain has been associated with the risk of SGA (Bamfo & Obido 2011). There is
conflicting results about weight gain rate in different periods of pregnancy; a study suggests
weight gain in second trimester would influence the most birth weight (Sekiya et al. 2007), in
the other study first trimester weight gain predicted newborn size more strongly than the
weight gain in second or third trimester (Brown et al. 2002) and also there are studies
highlighting the importance of third trimester for infants size at birth (Abrams & Selvin 1995,
Strauss & Dietz 1999).

2.5.2.2 Placenta
Placenta is connecting organ between fetus and uterine wall, allowing transport of nutrients
and oxygen from mother to fetus and waste products from fetus to mother. Placenta has
essential role ensuring optimal fetus development and growth and disturbances in placental
functional capacity may result overgrowth or growth restriction of fetus (Roland et al. 2012).
Increasing size of the placenta increases its functional capacity; nutrient and oxygen transport
to fetus and has been linked with increased size at birth. One gram increase in placenta
weight increases birth weight almost two grams, but the relation was nonlinear (Sanin et al.
2001). In normal infant, size of placenta is expected to be certain for the certain birth weight.
Thus proportion of placental weight to birth weight could be used as an indicator for growth

23

restriction of fetus (Hemachandra et al. 2006). High or low ratio of placental weight to birth
weight has been found to correlate also with other adverse perinatal outcomes, such as
admission to intensive care, Apgar scores and Caesarean section or death (Haavaldsen,
Samuelsen & Eskild 2013, Shehata et al. 2011). Ratio of placental weight for birth weight
could be used as an indicator for nutritional status when information of birth length or head
circumference is not available (Williams, Gore & O’Brien 2000). In addition to size of
placenta, also placental thickness and area affect placental function. Large placental area and
increased thickness have been associated with larger birth weight (Salafia et al. 2007).

2.5.2.3 Parity
Parity, the number of times mother has given birth, is a significant determinant for size at
birth. In general first children are smaller than subsequent children and this is suspected to be
due to changes in maternal metabolism or changes in uterus blood flow in subsequent
pregnancies (Camilleri & Cremona 1970, Hafner et al. 2000). First children are about 200
grams lighter than second children and first born children are at greater risk of LBW and
SGA (Ong et al. 2002, Shah 2010). Similar tendency can be seen also in Finnish children, but
to a smaller extent (Vuori & Gissler 2011). In addition, although lighter at birth, being born
first is associated with faster growth, elevated adiposity and increased risk for metabolic
disorders later in life (Siervo et al. 2010). There is a greatest increase in birth weight between
first and second children and similar, but smaller tendency exists also with subsequent
children (Swamy et al. 2012). Most of the studies evaluating association between size at birth
and parity have mainly focused on birth weight. Only one study was found about other
measures taken at birth; birth length and head circumference, and parity, but they found only
association between birth weight and parity (Feleke & Enquosalassie 1999).

2.5.2.4 Smoking
In Finland, about 15 percent of pregnant women smoke during pregnancy (Tiitinen 2012).
Tobacco contains thousands of hazardous chemicals, of which many penetrate through
placenta to the fetus increasing infant growth-restriction, morbidity and mortality. The exact
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mechanism behind the effects of smoking to fetus has not been proven, but it is suggested to
consist of multiple different factors. For example nicotine and carbon monoxide in tobacco
deteriorates uterus and placental blood flow causing decreased oxygen uptake by fetus. Fetus
exposure to tobacco impairs fetal growth and may also shorten gestational length, causing
preterm births (Abel 1980, Rogers 2008, Tiitinen 2012). Smoking reduces both birth weight
and length although birth weight is more strongly associated than birth length with maternal
smoking (Schell & Hodges 1985). Estimates, on how large is the decrement of birth weight
varies between 150 to 377 grams, depending on the number of cigarettes smoked per day
(Meyer & Comstock 1972, Wang, Zuckerman & Pearson 2002). Mothers are advised to quit
smoking already before pregnancy, which is the best solution, but also reduction or quitting at
later stage of pregnancy has been shown to be beneficial for the pregnancy outcome
(Bernstein et al. 2005). Although mothers don’t smoke, fetus might be exposed to passive
smoking, which also affects size at birth, although in smaller extent than maternal smoking.
A systematic review and meta-analysis found that passive smoking reduces birth weight more
than 33 grams, increases risk of LBW, but has no effect on gestational age or risk of SGA
(Leonardi-Bee et al. 2008). In a study made in Saudi Arabia, passive smoking was associated
with both 35 g lower birth weight and 0.26 cm shorter birth length (Wahabi et al. 2013).
Smoking might affect birth weight even by tobacco use of previous generations during
maternal prenatal period (Misra, Astone & Lynch 2005).

2.5.2.5 Socioeconomic factors
Socioeconomic factors, such as family income, parental education, occupation and access to
health care and other resources are associated with human health and wellbeing and affect
also birth outcome. These social determinants may be individual or area based, but the
outcome to infant’s size is similar (Weightman et al. 2012). Average size of birth is smaller
and LWB and SGA more prevalent in developing countries compared with economically
better off countries (Black et al. 2008, de Onis, Blössner & Villar 1998). Also inside
countries socioeconomically more advantageous areas show lower prevalence of LBW than
in disadvantage areas (Spencer et al. 1999) and the risk for SGA is greater in mothers with
low socioeconomic status (Bamfo and Obido 2011). When studying the trends of size at birth
in Russia, U-shaped curve was seen in birth weight and length, values being lowest in 1990’s

25

when economic transition was starting (Mironov 2007). No single sole reason has been found
behind the adverse effects of socioeconomic factors, although multiple issues such as high
prevalence of teenage pregnancies, maternal stress or lack of health care services in the area
have been suggested to cause decreased size at birth (Weightman et al. 2012).

2.5.2.6 Altitude
Altitude of habitat has been shown to affect size at birth. Living in high altitude is associated
with smaller birth weight, length and may also affect gestational length (Haas et al. 1982,
Hartinger et al 2006, Wenhby, Castilla & Lopez-Camelo 2010). Mechanism for this effect is
suggested to be mediated by low oxygen level available for the fetus due to lower air pressure
at high altitudes. The negative effect may not be seen in all ethnic groups, in Papua New
Guinea altitude did not have growth-retarding effect (Primhak & MacGregor 1991), or the
effect may be smaller in populations’ resided long time in high altitudes compared to more
recently migrated populations (Moore 2000). Why some populations are more prone to
negative effects of altitude is not known thoroughly, but this is suggested to be due to genetic
factors or population specific metabolic features which have developed over long period of
time (Julian et al. 2011). It may take more than three generations living in high altitudes
before protecting effect could be detected.

The effect of altitude depends also on the

gestational age at birth; according to Hartinger et al. (2006), altitude has greatest effect on
infants born after 36 weeks.

2.6

Consequences of abnormal size at birth

Both too large and too small size at birth has been associated with ill health and risk of death
in many studies.
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2.6.1

Small size at birth

It has been estimated, that low birth weight increases infants’ risk of dying during the first
year 20-fold compared to normal weight babies (UNICEF & WHO, 2004(Pulver et al.,
2009)). Low birth weight contributes also to other health outcomes and is an important
indicator of both infant and mothers wellbeing. Infant’s survival was 96 percent in infants
weighing 1251 to 1500 grams and 55 percent in infants weighing 501-750 grams in the first
120 days of life in the United States (Fanaroff et al. 2007). Sex had an impact on the risk of
death; mortality was more prevalent among low birth weight boys than girls. A Finnish study
has also shown small size at birth to be a predictor of increased mortality in adulthood
(Kajantie, Osmond & Barker 2005). Low birth weight and short length were associated with
increased all-cause mortality among women and cardiovascular mortality among men.
SGA is also associated with increased morbidity and mortality. SGA infants are at greater
risk for subnormal growth and smaller size for all weight, height and head circumference,
neurodevelopmental delays or dysfuctions, cardiovascular disease, type 2 diabetes and renal
disease (Hack et al. 2003, Hediger et al. 1998, Noeker 2003, Saenger et al. 2007). However
risk of mortality and morbidity depend much on the etiology of SGA; children with IUGR
have a bigger risk for complications than innately SGAs (Bamfo and Obido 2011, Marconi et
al. 2008).
Low weight to length; low PI with SGA has been associated with asphyxia, acidosis,
hypoglycemia, hypothermia and hyperviscosity (Walther & Ramaekers 1982). Low weight to
length ratio has also been correlated with increased mortality, even in children who are not
SGA (Williams & O’Brien 1997). Small head circumference has been associated with poorer
cognitive ability and lower IQ later in childhood (Broekman et al. 2009, Veena et al. 2010).

2.6.2

Large size at birth

Large size at birth has been associated with maternal and fetal complications both in short
and long term. Neonatal complications include shoulder dystocia and associated brachial
plexus injury, perinatal asphyxia, meconium aspiration, hypoglycaemia and death (Boulet et
al., 2003; Henriksen 2008; Linder et al.; 2014; Raio et al., 2003; Rossi et al., 2013). In a study
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by Baker, Olsen and Sorensen (2008) infants with high birth weight (4251-5500 g) had 7
percent higher all-cause mortality than normal birth weight infants. In a long term, high birth
weight has been associated with increased risk of developing obesity, diabetes, cancer and
cardiovascular disease (Baird et al., 2005; Hediger et al., 1998; Ross, 2006). Also higher risks
for caesarean delivery and maternal complications, such as chorioamniotis, fourth-degree
perineal lacerations, postpartum hemorrhage and prolonged hospital stay have been
associated with large birth weight (Stotland et al., 2004). Macrosomia can be divided to two
different types; proportionate and disproportionate macrosomia, the latter refers to a high
weight/ length ratio and is suggested to be associated with increased risk of complications
compared to proportionate macrosomia (Djelmis et al. 1998). Thus birth weight is not the
only determinant of macrosomia related complications and also information on body
proportions, composition and metabolic characteristics should be taken into consideration in
risk estimations.
LGA infants grow to be later in life taller, heavier and have larger head circumference than
SGA infants (Hediger et al. 1998). LGA is associated with both maternal and neonatal
complications. Maternal complications include increased risk of cesarean section, perineal
lacerations, postpartum hemorrhage and prolonged hospital stay (Stoland et al. 2004,
Weissmann-Brenner et al. 2012). Shoulder dystocia, neonatal hypoglycemia and longer
hospitalization are common neonatal complications. Health risks for both mother and child
increases with increasing weight. LGA may also be associated with long term health risks
such as diabetes, hypertension, asthma or cancer (Baker, Olsen & Sorensen 2008, Kajantie et
al. 2005, Ng et al. 2010).
High ratio of weight to length at birth and high PI has been associated with the risk of being
overweight in adulthood (Pietiläinen et al., 2001; Tuvemo, Cnattingius & Jonsson, 1999).
Risk of cancer death is higher in males with high birth weight or high PI, but not in females
(Kajantie et al., 2005).
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2.7

Causality; morbidity, mortality and size at birth

There is sound evidence of birth weight being a strong predictor of adverse health
consequences or death, but the debate remains about causality of size of birth to increased
mortality or morbidity (Wilcox 2001). The categories used to classify size at birth are also
criticized for being uninformative and inappropriate for the current use as an indicator and
target of infant survival and health.

In populations having high prevalence of low birth weight, also the risk of death among
infants is higher (UNICEF & WHO, 2004). However in populations where both low birth
weight and infant mortality are common, proportionally less low birth weight babies die than
in better-off populations (Wilcox 2001, Wilcox et al. 1995). This is called a paradox of low
birth weight and it holds true in many groups of infants having high mortality rates, such as
infants born to smoking mothers (Hernàndez-Díaz, Schisterman & Hernàn 2006). According
to the Wilcox-Russel hypothesis size at birth is associated with health and risk of death, but is
not the causal path to morbidity or mortality (Wilcox 2001). There may be some other
confounding factors affecting both size and mortality or morbidity, and size of birth can
change without affecting mortality or morbidity. The hypothesis is based on the normal
distribution of size at birth with specific mortality or morbidity curve shifting simultaneously.
This can be in response of some covariate or covariate may have direct effect on mortality at
all birth weights. Hypothesis has been proven for maternal age (Gage et al. 2009).

This kind of hypothesis is important to consider when exploring for the best indicators for
infant health and survival. Even if size of birth would not be a causal link to morbidity and
mortality, using it as an indicator is favored by the facts that it is easy to measure, widely
used in different populations and correlates with many adverse health outcomes. However,
infant size measures, birth weight, length and head circumference should not be used as
endpoints in public health efforts to improve health and decrease risk of death.
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3

AIMS

Using categorization based only on birth weight leaves unacknowledged other infant size
measures, which may be important for infant and maternal morbidity. The objective is to
study whether anthropometric measures; birth length and head circumference in addition to
birth weight taken during childbirth are associated to health risks and conditions related in
literature to macrosomia or LGA using data from Birth Register from 1 January 2008 to 31
March 2010 from Southwestern Finland. The specific aims are:
1. To estimate the prevalence of macrosomia (>4000g) and LGA and adverse maternal
and infant health conditions related to large birth weight.
2. To determine the effects of newborn body size measured with birth length and head
circumference on these health conditions.
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4

SUBJECTS AND METHODS

4.1

Study population

Data on all births and newborns are gathered in the Medical Birth Register by the Finnish
National Institute for Health and Welfare (THL). Register contains data on all live births and
on stillbirths of fetuses with a birth weight of at least 500 g or with a gestational age of at
least 22+0 weeks. Register contains data on characteristics of the mother, antenatal care,
delivery and perinatal outcomes. Data on mother include age, weight and height, profession,
marital status, chronic illnesses and parity and mother’s health conditions during pregnancy
and place and mode of delivery. Data on newborn include anthropometric measures; weight,
length and head circumference, sex, plurality, gestational age based on the maternal report on
last menstrual period and ultrasound assessment, hospitalization, morbidity and mortality.
The register covers nearly all births and data has been found to correspond well or
satisfactorily with the hospital records in several quality analyses (Gissler and Shelley, 2002;
Gissler et al., 1995; Teperi, 1993). For this study, we used the Birth Register data from 1
January 2008 to 31 March 2010 from Southwestern Finland. Only singleton, live births and
term (>37 gestational weeks) pregnancies were included to the analysis (n=10006) and fetal
anomalies were excluded. Our study population consists of the STEPS study, which aims to
search for the precursors and causes of problems in child health and well-being by using a
multidisciplinary approach (Lagström et al., 2013). The STEPS study protocol was approved
by the Ethics Committee of the Hospital District of South-West Finland in 2008 and
permission to use the register data were obtained from the National Institute for Health and
Welfare (THL). Informed consent of the individuals was not asked and individuals were not
contacted since data was analyzed anonymously.

4.2

Variables and definitions

Variables used in this study can be found from Table 1. The weight, crown-heel length and
head circumference observations were checked for possible outlier values and two outliers of
length and three of head circumference were found and removed from the data. In addition
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two size measures; ponderal index (PI) and brain - body weight ratio (BBR) were calculated.
Ponderal index (PI) was used as an indicator of newborn thinnes / fattness and brain - body
weight ratio (BBR) as an indicator of head to body proportionality derived from the National
Institute of Neurological and Communicative Disorders and Stroke’s Collaborative Perinatal
Project (McLennan JE, Gilles FH, Neff RK 1983). PI was calculated as [weight in g / (crownheel length in cm)3 ]*100 and BBR 100 x (0,037 x head circumference in cm2,57)/birth weight
in g. The higher the PI is, the fatter and shorter newborn is and the lower the PI, the thinner
and longer newborn is. As for BBR, a higher value means larger proportion of the weight
residing in the brain and lower value lower proportion of weight residing in the brain.
Outcome variables were chosen based on previous studies. Birth outcomes for both newborn
and mother included: perinatal asphyxia, shoulder dystocia, hypoglycemia, Apgar scores 1
min and 5 min, treatment and monitoring at IUC, unplanned cesarean section, prolonged
labor 1st and 2nd stage, hospital stay of the mother, postpartum hemorrhage, perineal trauma,
any medical pain relief during delivery. Also mortality, brachial plexus injury, meconium
aspiration, transient tachypnea, hyperthermia, hypocalcemia and polycythemia has been
associated with high birth weight, but were not included in the analysis because of exiguity or
non-existence of the cases. The Medical Birth Register data contains diagnoses with ICD-10
codes and also check-box questions and both of these were used depending on the variable.
Data on perinatal asphyxia, cesarean section, Apgar scores, treatment at or monitoring at the
ICU, hospital stay of the mother and the use of medical pain relief were received from checkbox questions.

Macrosomia was defined as birth weight over and 4000g. The new Finnish population-based
references were used to determine sex- and gestational age standard deviation scores (SDs)
for birth weight, length and head circumference (Sankilampi et al., 2013). Macrosomic
newborns were grouped into three almost equal classes of birth length and head
circumference. PI and BBR were used as continuous variables. Outcome variables; asphyxia,
treatment at or monitoring at the ICU and the use any medical pain relief during delivery
were used as dichotomous variables, yes and no. Those who had had unplanned cesarean
section were compared with cases of normal vaginal deliveries, Apgar scores 1 and 5 minutes
were classified as low (< 6) or normal (>6), and hospital stay divided into above or below the
mean (3 days in TYKS, Vuori and Gissler, 2011). Dichotomous variables, no and yes, were
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also formed with ICD-10 codes (Table 1) from shoulder dystocia, hypoglycemia, infection of
amniotic sac and membranes, prolonged labour 1st stage, prolonged labour 2nd stage,
postpartum hemorrhage and third degree and fourth degree perineal trauma.

Table 1. Variables included in this study
Predictor variables

Definition

Macrosomia

Birth weight (BW) > 4000g

Standard deviation scores (SDs)

Calculated for birth weight (BW), birth length
(BL) and head circumference (HC) a

Ponderal index (PI)

Measure of thinnes / fatness
Birth weight in grams/(length in cm)³x100

Brain - body weight ratio (BBR)

Measure of head to body proportionality
100 x (0,037 x head circumference in
cm2,57)/birth weight in g

Outcome variables

Definition
st

Prolonged labor 1 stage

ICD-code O63.0

Prolonged labour 2nd stage

ICD-code O63.1

Caesarean section, unplanned

Caesarean section, not including elective CS

Hospital stay mother

Mean hospital stay 3 days in TYKS 2010b
< 3days and > 3days

Postpartum hemorrhage

Composite outcome from ICD-code O72.1 and
ICD-code O72.2

Perineal trauma, 3 or 4- degree

Composite outcome from ICD-code O70.2 and
ICD-code O70.3

Medical pain relief

The use of any medical pain relief as composite
outcome
Yes / no

Perinatal asphyxia

Yes / no

Shoulder dystocia

Obstructed labour due to shoulder dystocia
(Impacted shoulders), ICD-code O66.0
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Hypoglycemia

Plasma glucose < 2.6mmol/l, P70.4

Chorioamnionitis

Infection of amniotic sac and membranes
(Amnionitis, Chorioamnionitis, Membranitis
and Placentitis), O41.1

Apgar score 1min

Normal > 6, low < 6

Apgar score 5min

Normal > 6, low < 6

Treatment or monitoring at the

Treatment or monitoring at ICU or other

hospital

hospital ward

a

Sankilampi et al. 2013

b

Vuori and Gissler, 2011

4.3

Statistical analysis

Statistical differences in the prevalence of maternal and infant health outcomes of newborns
with BW of 1)

and > 4000g, 2)

4000g, > 4000g to 4500g and < 4500g and 3) AGA and

LGA newborns were evaluated by

2

test and Fisher’s exact test. The test the association

between crown heel birth length and head circumference in macrosomic newborns and birth
outcomes was also studied with

2

test and Fisher’s exact test. Logistic regression analyses

were used to assess probability of each significant birth outcome with newborn BL and HC in
macrosomic newborn (BW > 4000g), reporting odds ratios and 95 percent confidence
intervals. Three classes of BL or HC were used in logistic analysis as dummy variables,
smallest BL / HC class as reference category. In addition PI and BBR were used in logistic
analysis as continuous predictor variables. The data were analyzed with SPSS statistical
software package (version 21.0; SPSS Inc., Chicago, IL, USA). Statistical level of
significance was set to 0.05 in all analyses.
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5

RESULTS

The study population included 10006 term singleton births, of which three newborns died
during or after birth. Mean maternal age at birth was 30.2 years (SD 5.1) and 44.1% of the
mothers were primiparous. Most of the mothers were either married or cohabiting (94.2%)
and had Finnish citizenship (93.1%). Mothers mean weight before pregnancy was 67.4kg (SD
14.1) and height 166.1 cm (SD 6.1). Gestational age at birth varied from 37+0 to 43+4 weeks
and only 13 babies were born outside elsewhere than in hospital or in the way to hospital.
Majority of babies were born by spontaneous vaginal delivery (78.6%), 9% with assisted
vaginal delivery (vacuum, breech or forceps) and 12.2% with cesarean section, either planned
or unplanned.

Mean birth weight was 3582g (SD 466), birth length 50.9cm (SD 2.0) and head
circumference 35.1cm (SD 1.4) and 50.6% of the babies were boys and 49.4% girls. Eighteen
percent of the newborns had birth weight over 4000g and were thus defined as macrosomic,
2.6% had BW above 4500g and 2.2% were classed as LGA by weight, 4.2% had birth length
and 2.8% head circumference over 2SDs.

The mean PI was 2.7cm/g3, with the range

extending from 1.74 to 4.12 cm/g3. The mean BBR was 9.8, with the range from 6.9 to 15.1.

5.1

Relation between birth weight and health outcomes

The results from the analysis of the association between macrosomia and complications of
birth, maternal and newborn outcomes are presented in Table 2. There were more cases of
prolonged labor at first and second stage with macrosomic newborns than newborns with
normal weight. Also unplanned cesarean section was the mode of birth more often for
macrosomic than normal weight newborns. Postpartum hemorrhage, third or fourth degree
perineal trauma and the use of medical pain relief during birth were more common among
macrosomic than normal weight newborns. However, hospital stay of the mothers who had
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macrosomic newborn was shorter than for mothers having normal weight newborn. Of
neonatal complications, shoulder dystocia, hypoglycemia, low Apgar score at 1 min and
treatment or monitoring at ICU were more common among macrosomic, than normal weight
newborns, but perinatal asphyxia was found to be more common among normal weight than
macrosomic newborns. We did not find hypoglycemia, chorioamnionitis or Apgar score at
5min to be associated with macrosomia.

Table 2. Number and prevalence of birth outcome indicators in macrosomic or normal weight
newborns analysed with

2

test and Fisher’s exact test.
Normal
BW < 4000g
(n=8237)

Complications of birth
st

Prolonged labor 1 stage
Prolonged labor 2nd stage
Caesarean section, unplanned
Maternal birth outcomes
Hospital stay, > 3 days
Postpartum hemorrhage
Perineal trauma, 3rd or 4th degree
Using medical pain relief
Neonatal birth outcomes
Perinatal asphyxia
Shoulder dystocia
Hypoglycemia
Chorioamnionitis
Low Apgar score 1min ( 6)
Low Apgar score 5min ( 6)
Treatment or monitoring at hospital

Macrosomic
BW > 4000g
(n=1796)

n

%

n

%

p

93
239
540

1,1
2,9
7,7

66
72
150

3,7
4,1
9,8

< 0,001
0,01
0,007

4392
476
80
6468

54,8
5,8
1,0
78,5

843
172
29
1458

49,0
9,7
1,6
79,4

< 0,001
< 0,001
0,014
< 0,001

589
6
72
12
472
125
559

7,4
0,1
0,9
0,1
5,7
1,5
6,8

103
8
19
3
146
28
159

5,8
0,4
1,1
0,2
8,3
1,6
9,0

0,046
< 0,001
0,422
0,738
< 0,001
0,839
0,001

We also divided macrosomic newborn into two categories to study, whether increasing
weight increased adverse outcomes at birth (Table 3). Incidence of prolonged labor at first
stage, unplanned caesarean section, maternal postpartum hemorrhage, neonatal shoulder
dystocia and treatment and monitoring at the hospital ward was greater in the newborn having
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birth weight larger than 4500g than in normal weight newborns. Also hypoglycemia, for
which we did not observe association with birth weight above 4000g, was occurring
significantly more often with newborn with birth weight above 4500g, than in newborn with
normal weight or weight between 4000 to 4500g. Prolonged labor at second stage of labor,
maternal perineal trauma, the use of medical pain relief during labor and low Apgar score
were most prevalent in newborn having birth weight between 4000 to 4500g. Groups did not
differ significantly in prevalence of neonatal asphyxia, chorioamnionitis or Apgar score at
5min.
Table 3. Number and prevalence of birth outcome indicators in normal weight newborns and
macrosomic newborns with birth weight of 4001 to 4500g or over 4500g, analysed with

2

test and Fisher’s exact test.
Normal

Macrosomic

BW < 4000g
(n=8237)
Complications of birth

BW = 40014500g
(n=1508)

BW > 4500g
(n=261)

n

%

n

%

n

%

p

93

1,1

55

3,6

11

4,2

< 0,001

Prolonged labor 2 stage

239

2,9

62

4,1

10

3,8

0,036

Caesarean section, unplanned

540

7,7

126

9,6

24

10,7

0,023

4392

54,8

712

48,6

131

51,4

< 0,001

476

5,8

132

8,8

40

15,3

< 0,001

80

1,0

27

1,8

2

0,8

0,017

6468

78,5

1254

83,2

204

78,2

< 0,001

Perinatal asphyxia

589

7,2

91

6,0

12

4,6

0,095

Shoulder dystocia

9

0,1

10

0,7

5

1,9

< 0,001

Hypoglycemia

72

0,9

12

0,8

7

2,7

0,009

Chorioamnionitis

12

0,1

3

0,2

0

0

0,810

Low Apgar score 1min ( 6)

472

5,7

125

8,3

21

8,0

< 0,001

Low Apgar score 5min ( 6)

125

1,5

25

1,7

3

1,1

0,839

Treatment or monitoring at
hospital

559

6,8

125

8,3

34

13,0

0,001

Prolonged labor 1st stage
nd

Maternal birth outcomes
Hospital stay, > 3 days
Postpartum hemorrhage
rd

th

Perineal trauma, 3 or 4 degree
Using medical pain relief
Neonatal birth outcomes
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As macrosomia, also birth weight for gestational age, classified as appropriate for gestational
age (AGA) and large for gestational age (LGA) was associated with many complications of
birth, maternal outcomes and newborn outcomes. The results are presented in Table 4. All
complications of birth; prolonged 1st stage of labor, 2nd stage of labor and unplanned cesarean
section were more common among LGA newborns than AGA newborns. Of maternal
outcomes only postpartum hemorrhage and of neonatal outcomes shoulder dystocia,
hypoglycemia and treatment and monitoring at ICU were significantly associated with birth
weight for gestational age. We did not find maternal perineal trauma, the use of medical pain
relief, asphyxia, chorioamnionitis or Apgar scores at 1 or 5 min to be associated with birth
weight for gestational age. Although not significant association was not found with perinatal
asphyxia and birth weight categories, there were a tendency of smaller prevalence in highest
weight group.

Table 4. Number and prevalence of birth outcome indicators in AGA and LGA newborns
analysed with

2

test and Fisher’s exact test.
AGA
(n=9528)

Complications of birth
Prolonged labor 1st stage
Prolonged labor 2nd stage
Caesarean section, unplanned
Maternal birth outcomes
Hospital stay, > 3 days
Postpartum hemorrhage
Perineal trauma, 3rd or 4th degree
Using medical pain relief
Neonatal birth outcomes
Perinatal asphyxia
Shoulder dystocia
Hypoglycemia
Chorioamnionitis
Low Apgar score 1min ( 6)

LGA
(n=225)

n
149
838
614

%
1,6
13,4
7,5

n
9
26
56

%
4,0
22,4
16,6

p
0,011
0,001
< 0,001

4945
601
104
6322

53,3
6,4
1,1
83,9

144
35
4
126

67,0
15,6
1,8
83,4

< 0,001
< 0,001
0,318
0,874

637
11
66
14
583

6,7
0,1
0,7
0,1
6,1

11
3
8
1
16

6,6
1,4
3,6
0,4
6,1

0.285
< 0,001
<0,001
0,296
0,540
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Low Apgar score 5min ( 6)

143

1,5

3

1,3

0,564

Treatment or monitoring at
hospital

625

6,6

36

16,0

< 0,001

5.2

Relation between birth length and health outcomes

When using

2

and Fisher’s exact test, macrosomic newborns were grouped into three equal

sized groups by birth length;

51cm, 52-53cm and 54cm, to compare variation in adverse

birth outcomes with each of these birth length classes (Table 5). Since in previous analysis
birth weight as such, seemed to be best predictors of birth outcomes studied, only
macrosomic newborn with BW above 4000g were chosen for these analysis. Newborn with
BW above 4500g were not used in analysis as a separate category, since they did not differ
greatly from newborn with birth weight from 4000g to 4500g and also number of newborn in
this category would have been too small for analysis. Chorioamniotitis, Apgar score at 5
minute were left out from the outcome variables, since they were not significantly associated
with birth weight in any of the previous analysis.

Table 5. Number and prevalence of birth outcome indicators in macrosomic newborns in
three birth length (BL) classes analysed with

2

test and Fisher’s exact test.
BW > 4000g

BL 51cm
(n=270)
Complications of birth
Prolonged labor, 1st stage
Prolonged labor, 2nd stage
Caesarean section,unplanned
Maternal birth outcomes
Hospital stay, > 3 days
Postpartum hemorrhage

BL =
52-53cm
(n=776)

BL 54cm
(n=693)

n
5
6
18

%
1,9
2,2
7,3

n
25
22
54

%
3,2
2,8
7,9

n
35
41
77

%
5,1
5,9
13,1

p
0,038
0,003
0,003

131
28

50,6
10,4

334
62

44,0
8,0

360
80

53,3
11,5

0,002
0,068
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Perineal trauma, 3rd or 4th
degree
Using medical pain relief
Neonatal birth outcomes
Perinatal asphyxia
Shoulder dystocia
Hypoglycemia
Low Apgar score 1min ( 6)
Treatment or monitoring at
hospital

4

1,5

9

1,2

14

2,0

197

73,0

657

84,7

581

83,8

<0,001

8
1
2
14
22

3,0
0,4
0,7
5,2
8,1

44
0,3
4
51
50

5,7
0,3
0,5
6,6
6,4

48
11
13
66
71

6,9
1,6
1,9
9,5
10,2

0,059
0,012
0,036
0,029
0,030

0,410

Birth length was associated significantly with all complications of birth, maternal hospital
stay duration, the use of medical pain relief during labor, neonatal birth outcomes; shoulder
dystocia, hypoglycemia, Apgar score at 1 minute and treatment and monitoring at the
hospital. Macrosomic newborn with large birth length had highest prevalence of all outcome
variables, except the use of medical pain relief during labor.

Association between birth length and birth outcomes was further studied with logistic
regression analysis using BL categories as dummy variables and the lowest length category
as reference length (Table 6). Higher birth length as compared to the shortest category in
macrosomic newborn was associated with an increasing relative risk for prolonged labor at
first stage, maternal postpartum hemorrhage and the use of medical pain relief during labor,
expressed as odds ratio (OR). For prolonged labor at second stage, unplanned caesarean
section, maternal perineal trauma, neonatal shoulder dystocia and hypoglycemia, low Apgar
score at 1 minutes and treatment or monitoring at the hospital, risk was significantly higher
only in longest infants, having birth length over or equal to 54 cm. Whereas risk for longer
than average hospital stay of mother was smaller for average size newborn, compared to short
newborn in the reference category.
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Table 6. Odds ratios, confidence intervals and p-values for outcome variables by three birth
length (BL) categories in macrosomic (>4000g) newborns. Smallest BL category is used as
reference length.
Outcome variable

Birth length
category

OR

Prolonged labor 1st
stage

51cm
= 52-53cm
54cm
51cm
= 52-53cm
54cm
51cm
= 52-53cm
54cm
51cm
= 52-53cm
54cm
51cm
= 52-53cm
54cm
51cm
= 52-53cm
54cm
51cm
= 52-53cm
54cm
51cm
= 52-53cm
54cm
51cm
= 52-53cm
54cm
51cm
= 52-53cm
54cm
51cm

1,0
2,837
4,534
1,0
0,975
2,102
1,0
1,029
1,809
1,0
0,652
0,948
1,0
1,378
2,071
1,0
1,153
2,026
1,0
1,526
1,434
1,0
0,795
0,919
1,0
2,003
12,501
1,0
0,593
2,186
1,0

Prolonged labor
2nd stage
Caesarean section,
unplanned
Maternal hospital
stay
Postpartum
hemorrhage
Perineal trauma,
3th or 4th degree
Medical pain relief

Perinatal asphyxia

Shoulder dystocia

Hypoglycemia

Low Apgar score

CI 95%

p

1,818 - 4,428
3,059 - 6,720

<0,001
<0,001

0,627 – 1,518
1,496 – 2,953

0,911
<0,001

0,769 – 1,377
1,402 – 2,333

0,846
<0,001

0,561 – 0,757
0,810 – 1,109

<0,001
0,502

1,047 – 1,814
1,614 – 2,659

0,022
< 0,001

0,578 – 2,300
1,146 – 3,584

0,686
0,015

1,247 – 1,868
1,164 – 1,767

< 0,001
0,001

0,580 – 1,090
0,726 – 1,335

0,154
0,919

0,443 – 9,053
5,400 – 28,940

0,367
< 0,001

0,216 – 1,625
1,206 – 3,962

0,309
0,010
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1min ( 6)
Treatment or
monitoring ICU

= 52-53cm
54cm
51cm
= 52-53cm
54cm

1,128
1,688
1,0
0,916
1,518

0,838 – 1,520
1,290 – 2,210

0,427
< 0,001

0,680 – 1,234
1,171 – 1,967

0,564
0,002

To further study the association between birth length or body proportionality by weight and
length and birth outcomes with logistic regression, new composite variable ponderal index
(PI) was combined from weight and length. Since birth weight and length correlated strongly
with each other (R=0,752, p<0,001), weight and length could not be used as individual
predictor variables. The results are presented in Table 7.

Table 7. Logistic regression analyses of prevalence of outcome variables in relation to
ponderal index (PI). Odds ratios (OR), confidence intervals (CI 95%) and p-values.
OR

CI 95%

p

Prolonged labor 1st stage

0,542

0,280-1,048

0,068

Prolonged labour 2nd stage

0,434

0,268-0,704

0,001

Caesarean section, unplanned

0,320

0,228-0,450

<0,001

Hospital stay mother

0,505

0,427-0,596

<0,001

Postpartum hemorrhage

1,299

0,938-1,798

0,115

Perineal trauma, 3 or 4- degree

0,403

0,178-0,913

0,030

Medical pain relief

0,497

0,408-0,605

<0,001

Perinatal asphyxia

0,123

0,087-0,175

<0,001

Shoulder dystocia

8,293

1,552-44,30

0,013

Hypoglycemia

0,481

0,201-1,154

0,101

Chorioamniotitis

0,892

0,105-7,603

0,917

Low Apgar score 1min ( 6)

0,285

0,196-0,415

<0,001

Low Apgar score 5min ( 6)

0,104

0,043-0,254

<0,001

Treatment or monitoring at hospital 0,448

0,316-0,635

<0,001
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PI was statistically significantly associated with prolonged labor in the 2 nd stage, caesarean
section, hospital stay of the mother, perineal trauma, the use of medical pain relief, perinatal
asphyxia, shoulder dystocia, Apgar scores at 1 and 5 minutes and treatment and monitoring at
the hospital. For most of the variables tested the risk of complications decreased with
increasing PI. Thin newborn were thus at risk of having more complications than fat
newborn. Only for shoulder dystocia the association was the divergent and having high PI,
being short and fat, increased the risk of having shoulder dystocia at birth.

5.3

Relation between head circumference and health outcomes

When using

2

and Fisher’s exact test, macrosomic newborns were grouped into three equal

groups by head circumference; < 36cm, 36 - 36,9cm and 37cm, to compare variation in
adverse birth outcomes with each of these head circumference categories (Table 8). As in
analysis of birth length and outcome variables, only macrosomic newborns with BW above
4000g were chosen for these analyses. Chorioamnionitis, low Apgar score at 5 minute were
left out from the outcome variables.

Of complications of birth, prolonged labor at second stage and unplanned caesarean section
were significantly more common among macrosomic newborn having large head
circumference than small head circumference. Only longer maternal hospital stay was
associated with head circumference and different categories of head circumference differed
statistically only for prevalence of perinatal asphyxia of newborn birth outcomes.

Table 8. Number and prevalence of birth outcome indicators in macrosomic newborns in
three head circumference (HC) categories analysed with

2

test and Fisher’s exact test.

BW > 4000g

Complications of birth
Prolonged labor, 1st stage

HC 36,7cm
(n=395)

HC 36,8 37,4cm
(n=586)

HC 37,5cm
(n=491)

n
20

n
17

n
17

%
5,1

%
2,9

%
3,5

p
0,201
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Prolonged labor, 2nd stage
Caesarean section,unplanned
Maternal birth outcomes
Hospital stay, > 3 days
Postpartum hemorrhage
Perineal trauma, 3rd or 4th
degree
Using medical pain relief
Neonatal birth outcomes
Perinatal asphyxia
Shoulder dystocia
Hypoglycemia
Chorioamnionitis
Low Apgar score 1min ( 6)
Low Apgar score 5min ( 6)
Treatment or monitoring at
hospital

11
37

2,8
10,2

19
39

3,2
7,3

29
49

5,9
12,5

0,030
0,029

181
37
8

44,5
9,4
2,0

284
53
12

44,2
9,0
2,0

348
40
5

55,1
8,1
1,0

<0,001
0,795
0,360

336

85,1

492

84,0

395

80,4

0,146

21
2
2
0
26
6
32

5,3
0,5
0,5
0
6,6
1,5
8,1

24
1
6
1
38
5
37

4,1
0,2
1,0
0,2
6,5
0,9
6,3

42
5
3
2
42
4
36

8,6
1,0
0,6
0,4
8,6
0,8
7,3

0,007
0,168
0,693
0,627
0,364
0,511
0,554

Association between birth length and birth outcomes was further studied with logistic
regression analysis (Table 9). Increasing head circumference (HC) above smallest, reference
category was associated with increasing the relative risk for prolonged labor at first stage and
maternal postpartum hemorrhage. Whereas having HC in the highest category was associated
with increased risk of prolonged labor at second stage, unplanned caesarean section, neonatal
shoulder dystocia and low Apgar score at 1 minutes. Risk of longer maternal hospital stay
and perinatal asphyxia was smaller and that of perineal trauma and the use of medical pain
relief during labor bigger in newborn having head circumference in middle category
compared with reference category. Head circumference had no significant association with
the risk of hypoglycemia and treatment and monitoring at the hospital.
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Table 9. Odds ratios, confidence intervals and p-values for outcome variables by three head
circumference (HC) categories in macrosomic (>4000g) newborns. Smallest HC category is
used as reference length.
Outcome variable

Head circumference
category

Prolonged labor 1st
stage

< 36cm
36 – 36,9cm
37cm
< 36cm
36 – 36,9cm
37cm
< 36cm
36 – 36,9cm
37cm
< 36cm
36 – 36,9cm
37cm
< 36cm
36 – 36,9cm
37cm
< 36cm
36 – 36,9cm
37cm
< 36cm
36 – 36,9cm
37cm
< 36cm
36 – 36,9cm
37cm
< 36cm
36 – 36,9cm
37cm
< 36cm
36 – 36,9cm
37cm
< 36cm

Prolonged labor
2nd stage
Caesarean section,
unplanned
Maternal hospital
stay
Postpartum
hemorrhage
Perineal trauma,
3th or 4th degree
Medical pain relief

Perinatal asphyxia

Shoulder dystocia

Hypoglycemia

Low Apgar score

OR
1,0
2,361
2,820
1,0
1,102
1,856
1,0
1,005
1,593
1,0
0,666
1,028
1,0
1,778
1,698
1,0
1,924
0,723
1,0
1,431
1,023
1,0
0,524
1,125
1,0
1,669
4,984
1,0
1,428
1,412
1,0

CI 95%

p

1,459 – 3,822
1,803 – 4,410

< 0,001
< 0,001

0,701 – 1,731
1,292 – 2,668

0,675
0,001

0,737 – 1,370
1,208 – 2,100

0,974
0,001

0,566 – 0,782
0,874 – 1,210

< 0,001
0,736

1,358 – 2,328
1,293 – 2,230

< 0,001
< 0,001

1,070 – 3,458
0,293 – 1,785

0,029
0,482

1,152 – 1,777
0,841 – 1,243

0,001
0,821

0,348 – 0,788
0,838 – 1,511

0,002
0,432

0,383 – 7,275
1,944 – 12,780

0,495
0,001

0,686 – 2,973

0,341
0,356

0,678 – 2,941
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1min ( 6)

36 – 36,9cm

1,053

0,758 – 1,462

0,759

1,457
1,0
1,015
1,143

1,093 – 1,943

0,010

Treatment or
monitoring ICU

37cm
< 36cm
36 – 36,9cm
37cm

0,746 – 1,381
0,853 – 1,531

0,923
0,370

Relation between head circumference and complications of birth and maternal and neonatal
birth outcomes were further examined by creating a new composite variable body-brain ratio
(BBR) to be analyzed with logistic regression analysis. As weight and length, also birth
weight and head circumference correlates strongly with each other (R=0,648, p<0,001) and
could not be used as individual variables in the analysis.

All outcome variables, except chorioamnionitis, prolonged labor at second stage and low
Apgar score at 1 minute, were associated with body-brain proportionality (Table 10). The
higher the BBR; larger proportion of the weight residing in the brain, the higher was the risk
of experiencing perinatal asphyxia, hypoglycemia and caesarean section, having low Apgar
score at 5 minute, ending up to treatment or monitoring at the hospital or longer hospital stay
of the mother. Whereas for newborn having small BBR; small head for the other body, the
risk of having shoulder dystocia, experiencing prolonged 2nd stage of labor, or mother
experiencing complications, including hemorrhage, perineal trauma and using medical pain
relief was larger than in newborn having larger head for the body.

Table 10. Logistic regression analyses of prevalence of outcome variables in relation to brainbody ratio (BBR), odds ratios (OR), confidence intervals (CI 95%) and p-values.
OR

CI 95%

p

Perinatal asphyxia

1,465

1,359-1,579

<0,001

Shoulder dystocia

0,315

0,169-0,586

<0,001

Prolonged labor 1st stage

0,765

0,643-0,911

0,003

Prolonged labour 2nd stage

1,029

0,915-1,157

0,635

Caesarean section, unplanned

1,536

1,422-1,660

<0,001

Hospital stay mother

1,357

1,299-1,417

<0,001

Postpartum hemorrhage

0,771

0,706-0,841

<0,001

46

Perineal trauma, 3 or 4- degree

0,658

0,528-0,819

<0,001

Medical pain relief

0,792

0,755-0,832

<0,001

Hypoglycemia

1,560

1,291-1,886

<0,001

Chorioamniotitis

0,929

0,528-1,633

0,797

Apgar score 1min

1,070

0,978-1,170

0,142

Apgar score 5min

1,389

1,142-1,689

0,001

Treatment or monitoring ICU

1,095

1,006-1,192

0,036

47

6

DISCUSSION

The aim of this epidemiological study was to elucidate, whether obstetric and perinatal
outcomes identified in earlier studies were associated with large birth weight also in data
from Southwestern Finland. The objective was also to identify the role of other
anthropometric parameters; birth length and head circumference for these adverse outcomes
for the mother and newborn. This study was based on data from the Finnish Medical Birth
Register from Southwestern Finland during the period 2008 – 2010.

The prevalence of macrosomia, defined as BW > 4000g was found to be 18%. In nationwide
data from year 2010, the percentage of macrosomic newborn was 16,7% and there has been
steady decline in the rate of newborn macrosomia over the last two decades (Vuori and
Gissler, 2011). There has been debate about appropriate weight limit for macrosomia, since in
earlier studies the risk of adverse birth outcome has been found to increase sharply with
newborn weight above 4500g and this has been suggested to be a better predictor of
morbidity (Bjorstad et al., 2010; Boulet et al., 2003; Das et al., 2009). Also in our data, the
rate of many birth outcome indicators increased by increasing weight above 4500g. However
differences in the rates of indicators were not substantial and the small amount of newborn
with BW above 4500g (n=261) prevented more detailed analysis. On the other hand, increase
in birth weight related morbidity has been shown to start already at 3500g and continue to
increase as birth weight increases (Stotland et al., 2004). Thus examining morbidity
associated with macrosomia across different birth weight thresholds could have resulted in
different results.

The proportion of adverse outcomes attributable to macrosomia ranged from 62.5% of all
cases of shoulder dystocia to 14.9% of all cases of perinatal asphyxia. Prolonged labor cannot
be defined as adverse outcome of birth itself, but a contributor for maternal birth
complications and thus was selected as an indicator for our study. Prolonged second stage of
labor has been shown to occur more often with macrosomic than with normal weight
newborn (Boulet et al., 2003; Karimu et al., 2003), which is consistent also with our data and
we found also prolonged labor at first stage to be associated with macrosomia. Similarly, the
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use of pharmacological methods for a pain relief during the labor cannot be defined as
adverse outcome of the birth, although some adverse effects of using pharmacological pain
relief has been reported (Jones et al., 2012). Macrosomia was found to be associated with
prolonged labor at first and second stage of labor, unplanned caesarean section, postpartum
hemorrhage, the use of medical pain relief during labor, perinatal asphyxia, shoulder
dystocia, Apgar score at 1 minutes and admission to treatment of monitoring at ICU or
another hospital ward, as in previous studies (Bjorstad et al., 2010; Ju et al., 2009; Linder et
al., 2014; Weissmann-Brenner et al., 2012). Linder et al. (2014) found also higher rates of
hypoglycemia among macrosomic newborn than normal weight newborn, but in our data
significant difference in hypoglycemia rates was only found between AGA and LGA
newborns (0,7% vs. 3.6%, p<0,001), not by comparing macrosomic and normal weight
newborns. This may be due to differences in the definition of hypoglycemia or differences in
management of maternal diabetes, since it is in most cases the underlying cause for neonatal
hypoglycemia. Also chorioamnionitis (Stotland et al., 2004) and Apgar score at 5 minutes
(Boulet et al., 2003) has been linked with macrosomia, but we found no such association.

It was discovered that birth length is associated with higher prevalence and risk for
macrosomia related morbidity. To our knowledge no previous study has reported this
phenomenon. Previously, birth length has been found to have an independent effect on
perinatal mortality, however morbidity was not reported in this study (Melve et al., 2000). In
this study, there was only few neonatal deaths in the data and the association found by Melve
et al. (2000), could not be confirmed. Birth length and head circumference has been used
previously in indices, such as weight to length ratio, PI or midarm circumference to head
circumference ratio, when studying the association between newborn body proportionality
and birth outcome (Bertagnon et al., 2003; Patterson and Pouliot, 1987; Persson et al., 2012),
but with conflicting results. In some of the previous studies PI, weight for length or body
proportionality measured by PI percentiles ratio has been associated with perinatal morbidity
(Bertagnon et al., 2003; Bollepalli et al., 2010; Patterson and Pouliot, 1987), but in more
recent study by Persson et al. (2012) there was no difference in risk for morbidity between
proportionate and disproportionate LGA newborn. In study by Bollepalli et al. (2010)
symmetric LGA newborn with high PI were at higher risk for hypoglycemia,
hyperbilirubinemia, acidosis and composite morbidity. High PI stands for fatter and shorter
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babies and thus these findings were not consistent with this study, since we found rate of
morbidity to increase by increasing height and the risk for morbidity indicators, except for
shoulder dystocia risk to decrease by increasing PI. This could be due to differences in study
design and outcome variables studied. However more studies are needed on the subject to
confirm, which of the anthropometric measurements are important determinants for birth
outcomes.

The association between head circumference and birth outcome has been studied sparsely.
Usefulness of composite indices of mid-arm circumference / head circumference ratio has
been studied in the 80’s and 90’s at some extent and one study found it to be more sensitive
than birth weight in distinguishing symptomatic LGA newborn from asymptomatic newborn
born to diabetic mothers (Georgieff et al., 1986). Head circumference as a single measure has
been associated with labor complications, such as cesarean section, vacuum-assisted and
forceps-assisted vaginal delivery and maternal and fetal distress (Elvander et al., 2012;
Kennelly et al., 2003; Mujugira et al., 2013). Results of this study support these findings,
since we also found all labor complications to be associated with head circumference in
macrosomic newborn and the risk for labor complications increased with increasing head
circumference. Interestingly new finding in this study was that also some maternal and
newborn birth outcome indicators were associated with head circumference. The risks for
postpartum hemorrhage, shoulder dystocia and low Apgar score at 1 minute were increased
with increasing head circumference, whereas risks for longer maternal hospital stay and
perinatal asphyxia were smallest in the average group of head circumference.

Birth length and head circumference are associated with short-term birth outcomes for both
mother and newborn. In our study birth length and head circumference was measured after
birth, in retrospect to birth complications. However our results enhance our understanding on
the association between newborn anthropometric measures and the birth outcome and may
help to develop new methods to diagnose and manage macrosomia already in fetal period.

This study has certain limitations as well as some strength. Regarding the latter, the data in
our study was from nationwide register, which has been proven for its reliability and
accuracy (Gissler and Shelley, 2002; Gissler et al., 1995). We had also data from all children
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from two years period from one of the largest regions in the country, improving
generalization of the results for the whole country. In this study, association of size of birth
with many different birth outcome indicators was studied, which can be considered also
strength of this study. However relatively low number of cases in our data can be considered
also a limitation, since there were only limited amount of macrosomic newborn in the data,
which impacted the selection of data analysis methods. The register data was also limited to
the time, newborn and mothers stayed in the hospital and thus long term effects of size of
birth could not be studied.

7

CONCLUSION

In conclusion birth length and head circumference were associated with many birth outcome
variables in macrosomic infants, usually linked in literature often only with high birth weight.
The results suggest length and head circumference would be valuable additional predictors
with birth weight, when evaluating perinatal morbidity risk.
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