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A B S T R A C T

According to the male disadvantage hypothesis male foetuses react more sensitive to maternal stress factors during

gestation. In the present study the gender typical impact of maternal prepregnancy overweight and obesity as well as ges-

tational weight gain on newborn somatometrics was tested on basis of births records of 7565 births, which took place in

Vienna Austria. Maternal weight status was determined at the beginning of pregnancy according to the WHO recommen-

dations. Newborns were measured immediately after birth. With increasing maternal prepregnancy weight status and

increasing gestational weight gain birth weight, birth length and head circumference increased too. Among male new-

borns however the increase was lower than among female ones. With increasing maternal weight status the prevalence of

macrosome newborns increased significantly. Among girls however this increase was significantly higher. Male foetuses

seem to react more sensitive to a higher maternal weight status in comparison to girls. These results can be interpreted in

sense of the so called male disadvantage hypothesis.
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Introduction

Obesity is increasing worldwide at an alarming rate
and represents the fasted growing health problem in de-
veloped countries1. Today more than 1.1 billion adults
worldwide are classified as overweight, 312 million of
them as obese2. This tendency is a matter of concern be-
cause obesity results not only in social stigmatisation
and deleterious social and economic consequences3, obe-
sity increases also risks for many morbid conditions such
as hypertension, diabetes mellitus dyslipidemia, coro-
nary disease and some cancers such as breast cancer or
colon cancer4,5.

A special problem represents obesity among women of
childbearing age6,7. In this age group obesity rates have
increased dramatically during the last twenty years8,9

with marked consequences for female reproduction. Ex-
isting research supports a link between excessive obesity
and conditions which may have adverse effects on the
probability of successful conception7. Obese women may
suffer from PCOS, insulin resistance, hyperinsulinaemia,
hyperandrogenemia, increased peripheral aromatization

from androgens to estrogens, altered gonadotropin secre-
tion, decreased SHBG levels, increased leptin levels and
altered neuroregulation of the hypothalamic-pituitary-
-gonadal axis10. In this case female obesity is related posi-
tively with infertility or subfertility. Furthermore obesity
is associated with unfavourable IVF/ICSI cycle outcomes
as evidenced by lower pregnancy rates11. But even if con-
ception takes place maternal obesity is known to be a
risk factor of several serious complications such as in-
creased maternal morbidity, including gestational diabe-
tes, infectious morbidity, preclampsia postpartum haem-
orrhage or delivery of large for date or macrosome
babies7,12,13. Additional several studies reported an in-
creased rate of caesarean deliveries among obese moth-
ers14–16. Some studies have also shown an elevated risk
for heart defects but also neurotubal effects such as spina
bifida17. Furthermore long term effects of maternal obe-
sity have been described: maternal obesity at conception
leads to fetal programming of offspring, which could re-
sult in obesity of the offspring in later life18. From these
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observations mentioned above we can conclude, that
prepregnancy obesity represents an important stress fac-
tor for mother and child. Since more than 40 years it is
well known that prenatal stress affects male and female
foetuses in a different manner19. Male foetuses react
more sensitive to stress factors, resulting in a higher
male prevalence among abortions and stillbirths20. These
observations resulted in the formulation of the so called
»male disadvantage hypothesis«21–23. As mentioned above
prepregnancy obesity is mentioned as a stress factor for
mother and child. But do male and female foetuses react
different on maternal prepregnancy obesity? In the pres-
ent paper the effects of maternal weight status, espe-
cially the effects of overweight and obesity on newborn
somatometric characteristics are analysed, with respect
to gender differences.

Material and Methods

Data set

The present study is based on a data set of 22189 sin-
gleton births which took place at the University Hospital
for Gynaecology and Obstetrics in Vienna, Austria be-
tween 1985 and 2000. The Viennese University Hospital
for Gynaecology and Obstetrics is one of the largest
births clinics in Vienna. During the early seventies Aus-
tria had developed a highly sophisticated system of pre-
and postnatal care, which included seven check-ups dur-
ing pregnancy starting at the 8th week of gestation, and
eight postnatal check ups of the child until the forth year
of life, free of charge. This system helped to reduce the
neonatal and child mortality rate in Austria dramatical-
ly24. Prenatal check ups were performed in the consult-
ing rooms of gynaecologists or at the clinic where birth
was scheduled to take place. All data were documented at
the hospital and in the so called »mother-child-passport«
which belongs to the mother. During the prenatal check
ups, maternal somatometric factors are also documented
as well as characteristics of the foetus. In our study we
included the data of 7565 non smoking primiparae wo-
men ageing between 19 and 39 years (X=26.1±5.2 yrs) at
the time of giving first birth. The following inclusion cri-
teria were used: term births (between 38 and 41 week of
gestation), all prenatal check ups of the mother-child
passport were completed, the delivery of single infants
without congenital malformations, no registered mater-
nal diseases before and during pregnancy, no hyperten-
sion (BP<150/90 mmHg), no protein or glucose in the
urine, no pregnancy related immunisation. Furthermore
coincident medical diseases such as diabetes mellitus or
nephropathy, nicotine consumption, drug or alcohol ab-
use and twin birth or IVF were strict exclusion criteri-
ons. Gestational age was calculated in terms of the num-
ber of weeks from the beginning of the last menstrual
bleeding to the date of delivery (=duration of amenor-
rhoea) and by two consecutive ultrasound examinations
performed before the 12th week of gestation. All pro-
bands belonged predominantly to the urban middle class.
All women had finished school, or were at school (espe-

cially the adolescent mothers in the sample) at the time
of pregnancy. The study was carried out in compliance
with »Ethical principles for medical research involving
human subjects« of Helsinki Declaration and approved
by bioethics committee. The study is only a small part of
a large project concerning pregnancy outcome in associa-
tion with maternal biomedical parameters. All mothers
who had given birth during the study period (1985–2000)
were informed about the objectives of the study and had
the right to withdraw.

Maternal characteristics

Beside the documentation of menarcheal age, and
chronological age at the time of delivery, the gynaecologi-
cal age was calculated (Chronological age minus menar-
cheal age). Furthermore the following somatometric data
of all women were documented:

Stature, prepregnancy weight (PPW), weight at the
end of pregnancy (EPW), weight gain during pregnancy
(PWG), and the pelvic measures Distantia spinarum
(DSP) and Distantia christarum (DCR)25,26. Prepregnan-
cy weight was estimated by means of the retrospective
method and the first weight determination, which was
carried out at the first prenatal visit (8th week of gesta-
tion). In order to determine prepregnancy weight the
mean value of the retrospective estimated weight and the
weight at the 8th week of gestation was calculated.

Maternal weight status

Weight status was estimated by means of Body mass
index (kg/cm2). Weight status was classified according to
the BMI categories recommended for adults by the WHO27:

BMI<16.00: severe underweight
BMI 16.00–16.99: underweight
BMI 17.00–18.49: slight underweight
BMI 18.50– 24.99: normal weight
BMI 25.00–29.99: overweight
BMI 30.00–39.99: obese
BMI >40.00 morbid obese

Newborn characteristics

One and five minute APGAR Scores28,29 for evalua-
tion of the newborn were determined and all newborns
were measured immediately after birth. The following
parameters were taken directly from the newborn26:

Birth weight, birth length, head circumference, Di-
ameter frontooccipitalis. Birth weight status was defined
according to the recommendations of the WHO30: a low
birth weight as defined as <2500 g, a normal birth
weight as 2500–4000 g and a macrosomia as a birth
weight >4000 g.

Statistical analysis

Statistical analyses were performed by means of SPSS
for Windows Program Version 16.0 (Microsoft corp.). Af-
ter calculation of descriptive statistics (X, SDs) group dif-
ferences were tested regarding their statistical signifi-
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cance using student t-tests, ANOVAS and Duncan post
hoc tests. Crosstabs (c2) were calculated to test fre-
quency differences with respect to their statistical signif-
icance. Furthermore linear regression analyses were cal-
culated to test the association between maternal weight
status as well as gestational weight gain and newborn
size.

Results

Maternal and newborn characteristics

Maternal and newborn characteristics are listed in
Tables1 and 2. More than 80% of the mothers were clas-
sified as normal-weight before pregnancy, less than 15%
of the mothers were classified as overweight, 3.6% as
obese. Only 0.3% of the mothers corresponded to the def-
initions of morbid obesity. The majority of women (45.4%)

gained between 10 and 15 kg during pregnancy. About
25% gained less than 10 kg, while nearly 30% experi-
enced a weight gain of more than 15 kg. Female and male
newborns differed significantly in birth weight, birth
length, head circumference, diameter frontooccipitalis
and in the Apgar scores 1 and 5 minutes after birth.
While boys always surpassed the girls in somatometric
parameters, girls showed higher APGAR score values.
Newborn girls and boys differed also significantly re-
garding weight status. Low birth weight (<2500 g) was
significantly more often found among newborn girls,
while macrosomia (>4000 g) was significantly more fre-
quent among newborn boys (Tables 1 and 2).

Gestational weight gain and new born

characteristics

With increasing pregnancy weight gain birth weight,
birth length and head circumference increased signifi-
cantly. This was true of both genders, however among
girls birth weight increased significantly higher than
among boys (p<0.01). Among girls the difference be-
tween the lowest mean birth weight and the highest
mean birth weight was 236.6 g, among boys birth in-
creased only 205.2 g. A significantly higher benefit of in-
creased gestational weight gain among girls was also
found for birth length and head circumference (Table 3).
Gender differences in birth weight, birth length and
head circumference decrease with increasing pregnancy
weight gain (Table 3). As to be seen in Table 4 gestational
weight gain was significantly positively related with new-
born somatometric characteristics. With increasing
weight gain newborns are heavier, longer and had a
higher head circumference. This was true of both gen-
ders. The APGAR scores did neither differ significantly
between the tow genders, nor increase with increasing
weight gain. In contrast APGAR scores decreased with
increasing gestational weight gain in both genders.

Maternal prepregnancy weight status and

newborn characteristics

With increasing prepregnancy weight status birth
weight, birth length and head circumference increased
significantly. This was true of girls as well as of boys. The
benefit of higher prepregnancy weight status for new-
born somatometrics however was significantly higher
among girls. The difference between mothers of the low-
est prepregnancy weight status category and those of the
highest perpregnancy weight ofstatus category was 252.5
g among girls, but only 192.1 g among boys. A similar
trend was observed for birth length. Regarding head cir-
cumference gender differences increase with increasing
pepregnancy weight status (Table 3). As to be seen in Ta-
ble 4 prepregnancy weight status was significantly posi-
tively related with newborn somatometric characteris-
tics. This was true of both genders. Concerning the
APGAR score no marked differences between newborn
girls and boys could be observed. With increasing pre-
pregnancy weight however, the APGAR scores of boys
and girls decreased.
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TABLE 1
PRESENTATION OF MATERNAL CHARACTERISTICS (X, SD, %)

Maternal characteristics % X (SD)

Age (yr) 26.1 (5.2)

Stature height (cm) 163.3 (6.5)

Prepregnancy weight (PPW) 59.8 (10.3)

Prepregnancy weight status (BMI) 22.36 (3.61)

Normal weight BMI 18.50–24.99 81.8%

Overweight BMI 25.00–29.99 14.4%

Obese BMI 30.00–30.99 3.6%

Morbid obese >40.00 0.3%

End of pregnancy weight (EPW) 73.4 (12.3)

Pregnancy weight gain 12.9 (5.5)

<10 kg 25.1%

10–15 kg 45.4%

>15 kg 29.5%

TABLE 2
PRESENTATION OF NEWBORN CHARACTERISTICS ACCORDING

TO NEWBORN SEX (X, SD, p, Student t-tests)

female male
Sig (p)

X (SD) X (SD)

Birth weight 3297.5
(425.4)

3441.4
(430.1)

<0.001

Birth length 49.4 (1.9) 50.3 (1.8) <0.001

Head circumference 34.1 (1.3) 34.6 (1.4) <0.001

Diameter frontooccipitalis 11.2 (0.7) 11.4 (0.8) <0.001

Apgar score 1 minute 8.7 (1.2) 8.6 (1.3) <0.007

Apgar score 5 minutes 9.8 (0.7) 9.7 (0.7) <0.007

Weight status

Low birth weight<2500 g 2.4% 1.2% <0.001

Normal weight 2500–4000 g 92.1% 88.1%

Macrosomia >4000 g 5.5% 10.7%
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TABLE 3
GENDER DIFFERENCES IN NEWBORN FEATURES ACCORDING TO MATERNAL PREPREGNANCY WEIGHT STATUS AND PREGNANCY

WEIGHT GAIN

Birth weight
(in g)

Birth length
(in cm)

Head circumference
(in cm)

APGAR 1 APGAR 5

Female Male Female Male Female Male Female Male Female Male

X (SD) X (SD) Diff X (SD) X (SD) Diff X (SD) X (SD) Diff X (SD) X (SD) Diff X (SD) X (SD) Diff

Pregnancy weight gain (PWG)

<10 kg
3195.3
(413.0)

3347.2
(433.1)

151.9
48.9
(1.9)

49.9
(1.9)

1.1
33.9
(1.4)

34.5
(1.4)

0.6
8.8

(1.1)
8.7

(1.2)
–0.1

9.8
(0.6)

9.8
(0.6)

–0.05

10–15kg
3314.5
(422.6)

3443.8
(414.3)

129.3
49.4
(1.9)

50.3
(1.8)

0.9
34.1
(1.3)

34.6
(1.4)

0.5
8.6

(1.2)
8.6

(1.3)
–0.01

9.7
(0.7)

9.7
(0.9)

–0.01

>15kg 3431.9
(427.7)

3552.4
(440.3)

120.4
49.8
(1.7)

50.7
(1.7)

0.9
34.4
(1.4)

34.8
(1.4)

0.4
8.6

(1.2)
8.5

(1.3)
–0.15

9.7
(0.7)

9.6
(0.8)

–0.08

Sig (p) <0.001 <0.01 n.s. n.s. n.s.

Maternal prepregnancy weight status (BMI)

18.50–24.99
3277.5
(414.0)

3424.6
(420.6)

147.1
49.3
(1.9)

50.3
(1.9)

0.9
34.1
(1.3)

34.6
(1.4)

0.5
8.7

(1.2)
8.6

(1.2)
–0.05

9.8
(0.7)

9.8
(0.7)

–0.01

25.00–29.99
3395.2
(445.9)

3547.8
(447.1)

152.5
49.6
(1.0)

50.6
(1.8)

0.9
34.3
(1.4)

34.9
(1.4)

0.6
8.6

(1.4)
8.6

(1.4)
–0.05

9.7
(0.9)

9.7
(0.7)

–0.02

30–39.99
3491.7
(420.6)

3598.6
(467.4)

106.9
49.9
(1.8)

50.9
(1.8)

1.0
34.4
(1.3)

35.0
(1.4)

0.6
8.6

(1.3)
8.3

(1.9)
–0.27

9.8
(0.5)

9.6
(1.4)

–0.22

>40.00
3530.0
(692.3)

3516.7
(422.3)

13.3
50.1
(1.7)

50.4
(0.9)

0.3
34.8
(1.7)

35.6
(1.5)

0.8
0.87
(0.9)

8.0
(1.5)

–0.67
9.8

(0.5)
9.5

(0.7)
–0.25

Sig (p) <0.01 <0.01 <0.05 n.s. n.s.

TABLE 4
IMPACT OF GESTATIONAL WEIGHT GAIN, PREPREGNANCY WEIGHT AND PREPREGNANCY WEIGHT STATUS ON NEWBORN

SOMATOMETRICS, MULTIPLE REGRESSION ANALYSES

Dependent variable: Birthweight R2 Coefficient Sig 95% confidence interval

Female
Prepregnancy weight status 0.10 25.64 0.000 20.84–30.44

Weight gain 19.46 0.000 16.01–22.92

Male
Prepregnancy weight status 0.10 26.44 0.000 21.65–31.27

Weight gain 17.21 0.000 13.86–20.62

Dependent variable: Birth length R2 Coefficient Sig 95% confidence interval

Female
Prepregnancy weight status 0.05 0.08 0.000 0.06–0.09

Weight gain 0.06 0.000 0.05–0.08

Male
Prepregnancy weight status 0.06 0.09 0.000 0.07–0.11

Weight gain 0.06 0.000 0.04–0.07

Dependent variable: head circumference R2 Coefficient Sig 95% confidence interval

Female
Prepregnancy weight status 0.04 0.05 0.000 0.04–0.07

Weight gain 0.04 0.000 0.03–0.05

Male
Prepregnancy weight status 0.05 0.06 0.000 0.05–0.08

Weight gain 0.02 0.000 0.01–0.04



Prevalence of macrosome and low weight newborn

As to be seen in Figures 1 and 2 the prevalence of
marcosomia (>4000 g) increased significantly (p<0.000)
with increasing gestational weight as well as with in-
creasing prepregnancy weight status. This was true of
both genders however the prevalence of marcosomia in-
creased relatively more among girls. The prevalence of
low weight newborns (<2500 g) however decreased sig-
nificantly (p<0.000) with increasing gestational weight
gain as well as maternal prepregnancy weight status.
This was also true of both genders (Figures 3 and 4).

Discussion

More than 40 years ago the so called »male disadvan-
tage hypothesis« was introduced by Richard Naeye in or-
der to explain the increased risk of perinatal morbidity
and morbidity in boys in comparison with girls19. Today
the newborn male disadvantage is a well established fact.
There is not only a 30% predominance of male foetuses
among early spontaneous, chromosomally normal abor-
tions described20, boys have also a slightly increased risk
to be affected by congenital malformations, show a high-
er mortality and more postnatal complications as a result
of low birth weight, show more often depressed Apgar
scores and had a higher frequency of respiratory distress
syndrome or lung related injuries and disabilities31,32. In
comparison to girls, boys are more often born prema-
turely and were generally less stable after birth mainly
due to pulmonary morbidity but also due to intracranial
haemorrhage and urinary tract infections22,33. But also
after prenatal and perinatal period the increased risks
for boys seem to continue. Sudden infant death syn-
drome, for instance, is more often found among boys
than among girls, and during childhood boys suffer more
often from respiratory disease, asthma, gastroenteritis,
behaviour disorders, intellectual disability and accidents
than girls31. Although the male disadvantage hypothesis
was proved by many different studies22, little is known
about possible mechanisms contributing to the increased
morbidity and mortality in newborn boys. Mainly physio-
logical differences in cerebral blood flow, neonatal stress
2, gender related differences in CSG Levels of IL-8 and
antioxidants34 and gender differences in leptin levels35

have been discussed as reasons for increased morbidity
and mortality in boys. Male fetuses seem to be more vul-
nerable to an adverse intrauterine environment than fe-
male fetuses. Although male newborns are more vulnera-
ble, several studies indicate that male newborns are
heavier and longer and exhibit larger head circumfer-
ences than their female counterparts36–38. According to
the male disadvantage hypothesis however we may hy-
pothesize that maternal stress factors during pregnancy
may have an increased adverse effect on fetal growth in
males in comparison to females. In the present study we
focused on maternal obesity as an important stress fac-
tor. As pointed out in the introduction section maternal
obesity is associated with an adverse pregnancy outcome
such as increased maternal morbidity, including gesta-
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tional diabetes, infectious morbidity, preclampsia post-
partum haemorrhage or delivery of large for date or
macrosome babies6,7,12,13,17. We hypothesized that mater-
nal obesity before and during gestation reduce somato-
metric gender differences in newborns. The results of the
present study corroborate this idea. Although birth-
weight, birth length and head circumference increased
with increasing maternal weight status and gestational
weight gain, the surplus among male newborns is signifi-
cantly lower than that of newborn girls. Another obser-
vation corroborates this result. With increasing gesta-
tional weight gain as well as with increasing maternal
prepregnancy weight status the prevalence of marco-
some newborns increase significantly. Although this was
true of both genders, the increase among girls was signif-
icantly higher. While for instance the prevalence of mar-
cosomia between the group with the lowest gestational
weight gain and the group with the highest gestational
weight gain doubled among boys it trebled among girls.
Concerning prepregnancy weight status the prevalence
of marcosome girls was 8 times higher among morbid
obese mothers in comparison to normal- weight mothers.
Among boys in contrast only a 3 times higher prevalence
among morbid obese mothers could be observed.

These results plead for a gender typical effect of ma-
ternal weight status and gestational weight gain on new-
born somatometrics because the stress factor maternal
obesity seems to have a higher impact on male than on
female foetuses. There is no doubt that newborn girls
and boys differ significantly in somatometric dimen-
sions31,36–38. These gender differences in newborn dimen-
sions are not only found among human newborns, non-
-human primates exhibit also gender differences in new-
born somatometrics39,40. In general newborn boys are

heavier and longer, and exhibit a higher head circumfer-
ence than newborn girls, although girls in contrast ex-
hibit a higher amount of subcutaneous fat distribution41.
Especially birth weight was affected by maternal stress
factors.

The effects of maternal prepregnancy weight status
and pregnancy weight gain on newborn size in general
are well known42, the gender typical differences of the
impact of maternal weight status and gestational weight
gain on newborn somatometrics however, corroborates
the male disadvantage hypothesis. From a physiological
point of view these results may be explained by a sex-bi-
ased environmental sensitivity caused by gender typical
differences in leptin levels and general hormonal func-
tion43. Boys grow faster and have a higher metabolic rate
than girls during gestation, however when oxygen is lim-
ited they might deplete available resources more rapid-
ly44. From an evolutionary point of view gender differ-
ences in early vulnerability may be attributed to the nat-
ural selection of optimal maternal strategies to maximize
life time reproductive success45–48. Wells tried to explain
the increased male sensitivity to adverse environmental
conditions by means of the Trivers-Willard hypothesis of
differential parental investment49. Trivers and Willard
assumed that in vertebrates nearly all females mate suc-
cessfully, while male reproductive success is only ensured
under favourable environmental conditions. Therefore
parents, especially mothers, manipulate the sex ratio of
their offspring dependent on environmental conditions.
Natural selection is therefore predicted to favour in-
creased male vulnerability to general factors such as in-
fectious diseases or malnutrition because of its role on
optimizing maternal reproductive fitness45,50.
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UTJECAJ MAJ^INE PRETILOSTI NA SOMATOMETRIJU NOVORO\EN^ADI I VITALNIH
PARAMETARA U ODNOSU NA SPOL DIJETETA – DOKAZ ZA HIPOTEZU MU[KOG
NEPOVOLJNOG POLO@AJA?

S A @ E T A K

Prema hipotezi mu{kog nepovoljnog polo`aja, mu{ki fetusi reagiraju osjetljivije na maj~ine stresne ~imbenike tije-
kom trudno}e. U ovom istra`ivanju utjecaj maj~ine predtrudni~ke prekomjerne te`ine i pretilost, kao i gestacijska te-
`ina na somatometriju novoro|en~adi, testiran je na temelju evidencije 7565 ro|enih, u Be~u, Austrija. Status maj~ine
te`ine odre|en je na po~etku trudno}e prema preporukama SZO. Novoro|en~ad je izmjerena odmah nakon ro|enja. Uz
pove}anje statusa pretrudni~ke te`ine majke i pove}anje gestacijske te`ine, pove}ana je i poro|ajna te`ina, poro|ajna
du`ina i opseg glave. Me|u mu{kom novoro|en~adi, porast je bio manji nego kod one `enske. S pove}anjem statusa
maj~ine te`ine, prevalencija ve}e novoro|en~adi zna~ajno je porasla. No, me|u `enskom novoro|en~adi to pove}anje je
znatno ve}e. Mu{ki fetusi ~ini se da reagiraju osjetljivije na vi{i status maj~ine te`ine u odnosu na `enske fetuse. Ovi
rezultati se mogu tuma~iti u smislu tako zvane hipoteze mu{kog nepovoljnog polo`aja.
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