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Determinants of stillbirth mortality in Greece

popif/afzan-Bésed case-control study of the determinants.of sz‘iilbirthS;,
was conducted in Greece from 1989 to 1991. All reported stillbirths after
*28; weaks of pregnancy (N 2, 006) during the three year study pefiod

L ngi‘lC regresszon The aayusted relative risk of stillbirth was s;gnfﬁcant?
Iy hfgher for males compared to females. A statistically significant mono-
| tonic Increase in relative risk was observed with shorter gestational age,
low maternal education, and older maternal age. Birthweight and parity
ho ed a statistically significant U-shaped association with stillbirth risk,
with '_h{gher risk being observed among both low and high birth Weight,
deliveries, as well as among primiparous or multiparous (4+) mothers.
sitive associations of stillbirth with multiple births, out-of-wedlock
- marriage and non-Greek-orthodox maternal religion were noted in
crude analyses but these associations almost disappeared in the logistic
 regression model. Maternal urban or rural residence showed no relation
»risk. Overall, the prospective risk of stillbirth after the 24th week-of
estation in Greece has been estimated to be higher than that in Japan
(a more developed country) with more than 40 % of stillbirths occumng:
eek of pregnancy. o

Perinatal mortality has decreased
markedly in most developed coun-
tries during the recent decades.
According to European and North
American reports, published since
1950, the overall perinatal mor-
tality rate has steadily improved,
decreasing by 65-80% *. Stillbirth
rates in the United States dropped
from 15.8 per thousand livebirths
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in 1968 to 7.6 per thousand in
198923, Despite this decrease,
among pregnancies of at least 20
gestational weeks, approximately
one out of 100 infants is born dead.
The decline in fetal mortality has
not followed the same pattern as
that in neonatal mortality; alt-
hough until the mid-1970s neonatal
mortality rates were higher than
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fetal mortality rates, since that time
the relation has been reversed,
with stillbirth rates exceeding those
of neonatal deaths?. Fetal deaths
are part of a continuum of repro-
ductive casualty, and differ from
neonatal deaths in that death
occurs in utero or during labor and
delivery. Given that reproductive
rates are steadily decreasing in
most European countries, it is
of great. importance to study
factors that influence reproduc-
tive hazards in general and fetal
mortality in particular, in order to
pursue methods to prevent or
minimise adverse pregnancy out-
comes.

Thus, we undertook a population-
based case-control study in order
to investigate the risk factors for
fetal death in the Greek populati-
on, using routinely collected data
from birth and death certificates.
In 1991, approximately 700 late
fetal deaths were recorded in
Greece, giving a late fetal mortality
of 6.9 per thousand liveborn.
Table1 presents the late fetal
mortality in Greece in comparison
to that of other selected European
and North American countries and
Japan. The rates vary greatly
among different countries, but
late fetal mortality in Greece is
among the highest in the European
Union®.
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Table 1. Late fetal mortality * in selected European and North American

countries and Japan.

Materials and Methods

Individual data for the 2,176 still-
births during the 3-year period
1989-1991 in Greece were retriev-
ed from the National Statistical
Service of Greece, through a speci-
al search. Data were collected on
gender, gestational age (in weeks),
birthweight (in gm), type of preg-
nancy (singleton, multiple), parity
(number of full-term pregnancies),
maternal education (in years of
schooling), maternal age, maternal
religion (Greek orthodox or other),
maternal permanent residence
(urban, i.e. cities or towns with
more than 10,000 inhabitants; non
urban) and status of pregnancy (in
our out of wedlock). Stillborn
babies were used as cases in a case
control (case referent) study.
Controls (referent group) were
chosen through random sampling
of 10% of all liveborn babies in
Greece during the same time

period (N =30,769). Stillbirths after
a pregnancy of less than 28 weeks
were excluded from the case con-
trol analysis, because there are
indications that stillbirths are
underreported during that period,
particularly before the 24th gesta-
tional week. Livebirths before the
28th week of pregnancy were also
excluded in order to satisfy the
study’s basic requirements. Thus
the case control analysis was based
on 2,006 stillborn and 30,705 live-
born children.

The design of the study allows the
calculation of either the odds ratio
or the risk ratio linking stillbirth to
a particular exposure. character-
istic. Statistical procedures for the
odds ratio are much more flexible
compared to those focusing on the
risk ratio*S. Furthermore, when
the risk of the outcome under in-
vestigation is small, as in this
instance, the odds ratio is a good
approximation to the risk ratio.

The statistical analysis was done
initially through univariate fre-
quency distributions, allowing the
calculation of crude odds ratios,

and through multiple logistic
regression that allows the calculati-
on of mutually adjusted odds ratios
and 95% confidence intervals. It
should be noted that in this in-
stance crude odds ratios are useful
descriptors of associations, fre-
quently reported in the demogra-
phic literature and used in clinical
practice. In the logistic regression,
most polytomous variables were
used categorically (split into cate-
gories), since many of the relations
are not log linear as postulated by
the logistic model and some are not
even monotonic. Additionally, we
also used the data by gestational
age of all stillborn and liveborn
children in Greece in 1989 to 1991
after a gestation period of more
than 24 weeks in order to calculate
the prospective risk of stillbirth at
any particular gestational week
subsequent to the 24th. Prospective
risk of stillbirth is a newly-pro-
posed statistic, calculated as the
number of stillbirths at or beyond
a particular gestational week divid-
ed by the total number of births
at or beyond this week, ex-
pressed per thousand’. This sta-
tistic represents in essence the
changing risk of a stillbirth as the
pregnancy progresses.

Results

Figure 1 shows the prospective risk
of stillbirth from the 24th until the
40th gestational week in Greece
during the 3-year period 1989 to
1991. For comparative purposes,
published data for Japan are also
presented’. The Figure also shows
the cumulative percentage of still-
births by gestational age in Greece.
The Greek curve of prospective
risk of stillbirth is systematically
higher than that for Japan, but the
difference is particularly striking
between 26 and 34 weeks, whereas
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Figure 1. Prospective risk of stillbirth by gestational age in Greece (X) com-
pared to Japan (k) calculated from all births reported during 1989-1991,
and cumulative percentage of stillbirths (0) by gestational age in Greece
calculated from stillbirths after 24 weeks of pregnancy during the same

time period.

it is less evident before the 26th
week and after the 34th week. The
cumulative percentage of stillbirths
indicates that more than 40% of
stillbirths in Greece occur after the
36th week of pregnancy, even
though the individual risk is lower
during this period than in earlier
intrauterine life.

Tables 2-5 present data based on
all stillbirths after 28 weeks of
pregnancy, and a 10% random
sample of all liveborn babies in the
same country during the 3-year
period 1989-1991. Tables 2 and 3
show univariate distributions by
pregnancy characteristics and
maternal demographic variables,
whereas Tables4 and 5 present
mutually adjusted odds ratios as
relative risk estimates (and 95%
confidence intervals) of a stillbirth
rather than a livebirth, by pregnan-
cy or maternal characteristics. In
Tables 2 and 3, confidence inter-
vals of odds ratios are not present-
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ed, because these are not directly
interpretable on account of mutual
confounding. Point estimates of
odds ratios are also confounded,
but their presentation serves a use-
ful purpose, since they reflect the
perceptions derived from clinical
experience, such as the increased
risk of stillbirth in multiple preg-
nancies and premature or low
birthweight births.

Gender: the crude risk of stillbirth
is 8% higher among male embryos
in comparison to female ones.
After adjustment for confounding
— mostly by birth weight — the
relative risk increases to a highly
significant 1.26.

Gestational age: gestational age
and birth weight are both indepen-
dently and strongly related to still-
birth risk, but they are also strong-
ly correlated. Therefore, low birth-
weight confounds the effect of

short gestational age. Controlling
for birthweight reduces the effect
of prematurity, but the latter
remains a powerful predictor of
stillbirth. Indeed, the almost nine-
fold relative risk of stillbirth until
the 31st week is only slightly
reduced during the subsequent
four weeks of pregnancy, although
some underreporting during the
earlier period may be responsible
for the lack of a stronger trend.
Even after controlling for birth-
weight the risk of stillbirth is
approximately 70% higher in
children born during the gesta-
tional period from 36 -39 weeks.

Birthweight: as indicated, gesta-
tional age and birthweight are
strongly correlated and the crude
association of low birth weight with
risk of stillbirth is strongly con-
founded by prematurity. Never-
theless, birthweight, which is more
amenable to exogenous influences,
is in itself a powerful predictor of
stillbirth. The odds ratio for a still-
birth declines substantially for
birthweights in excess of 2,500 gm
(from 11.46 to 2.97) and the risk
is minimised in the birthweight
bracket 3,500-3,999 gm. The risk
increases again for heavier
embryos, and those over 5,000 gm
have a risk of stillbirth as high as
those weighing 2,000-2,499 gm at
birth.

Multiple births: the risk of stillbirth
is almost five times higher in mul-
tiple births compared to singleton
pregnancies. The excess risk is
accounted for by the low birth-
weight, frequent prematurity and
high maternal age of multiple
pregnancies. Controlling for these
factors through multiple logistic
regression wholly explains the
elevated risk of stillbirth for
embryos in multiple pregnancies.

Parity: the crude data on parity
indicate a higher risk of stillbirth in
primiparae, that is reduced in
women in their second pregnancy



Variable

Gender

Table 2. Univariate frequency distributions, in percentages, of all stillborn
after 28 pregnancy weeks (N =2,006) and a 10% random sample of all live-
born (N=30,705) in Greece in 19891991, by pregnancy characteristics,

with corresponding crude odds ratios.

and increases by 50% in women
with four or more pregnancies
after controlling for confounding.
Primiparity is associated with
young maternal age, which could
be expected to introduce some
negative confounding, whereas
multiparity is associated with old
maternal age, which would be ex-
pected to introduce positive con-
founding. Indeed, after adjustment
for maternal age and other vari-
ables, the odds ratio of stillbirth for
babies of primiparous mothers
increases slightly from 1.39 to 1.47,
whereas the odds ratio for multi-
parity (4 +) is reduced from 2.06 to
1.51. Even after adjustment, the
excess risk of stillbirth among
children of both primiparae and
multiparae remains significantly

higher than the corresponding risk
among children born after a second
or third pregnancy.

Maternal education: maternal edu-
cation is weakly associated with
stillbirth risk. However, after con-
trolling for mutual confounding
influences, women with less than
seven years of schooling had a sig-
nificant elevation of stillbirth risk.

Maternal age: after adjustment,
there appears to be a monotonic
relation of stillbirth risk with
maternal age. Among women less
than 20 years old the adjusted risk
of stillbirth is relatively low, al-
though the frequent correlation of
young maternal age with primipari-
ty elevates the crude risk to base-

line levels in the crude analysis.
Statistically significant and modest
elevations of stillbirth risk are
noted among women 30-39 years
old, whereas a more than two-fold
elevation is found in the small
group of women who give birth
after the age of 40.

Maternal religion: less than 3% of
children are born to women whose
religion is not Greek orthodox. In
this group, the risk of stillbirth is
elevated, although the elevation is
modest and of marginal statistical
significance.

Maternal residence: there is no sig-
nificant difference with respect to
stillbirth risk between urban and
non-urban areas. It is worth noting
that the inverse crude association
becomes positive after adjustment
— a more plausible result.

Legal status: about 3% of children
are born out of wedlock, and
among these pregnancies the crude
risk of stillbirth is 64 % higher. The
excess risk is accounted for by
maternal education, parity, gesta-
tional age and birthweight.

Discussion

In the present all study all cases in
the primary base were ascertain-
ed from death certificates from
1989-1991 and controls were ran-
domly chosen from live birth certi-
ficates of the population that satis-
fied the study base principle®. The
study explored maternal and fetal
correlates of stillbirth, since the
odds ratios for individual risk fac-
tors represent relative increases in
the risk of fetal death. Use of
routinely collected data limited the
possibility of exploring the role of
other environmental factors such
as maternal nutritional intake,
coffee and alcohol consumption as
well as smoking habits. Never-
theless, the analysis of routinely
ascertained sociodemographic and
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Stillborn Liveborn Crude Odds .
(%) (%) Ratios ‘
39.1 32.3 1.25

12.1 143 0:88

36.5 406 083

12.3 12.8 baseline -~
6.7 7.6 1.01 ‘
27.9 32.0 baseline
30.2 33.8 102

228 18.7 140 -

9.4 6.3 169
3.0 1.6 235

96.5 97.7 baseline

35 2.3 151

65.9 63.2 baseline o
‘341 36.8 0.89

95.5 97.2 baseling =
4.5 2.8 1.64

Table 3. Univariate frequency distributions, in percentages, of all stillborn
after 28 pregnancy weeks (N =2,006) and a 10 % random sample of all live-
born (N=30,705) in Greece in 1989-1991, by demographic characteristics
of the mother with corresponding crude odds ratios.

pregnancy characteristics of still-
birth provides useful information
for the formulation of public health
policies. It should also be noted
that though there is a theoretical
potential for selection or informa-
tion biases, there is no evidence
that any actually operated in the
present study.

Some fraction of any cohort of
fetuses alive at a given gestational
age will ultimately die before birth
in any country. However, Greece
ranks very high with respect to still-
birth rate among other European
countries. Additionally, the pro-
spective risk of stillbirth as a func-
tion of gestational age was system-
atically higher in Greece than in
Japan. Observed differences could
be attributed, to a certain extent, to
different national practices in
reporting perinatal deaths, which
could bias the comparisons of fetal
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mortality rates®; this may partly
explain the relatively small dif-
ference noted between the Greek
and Japanese curves of prospective
stillbirth risk during the 24-25th
week of pregnancy. Thereafter,
during the 26-34th week of
pregnancy a widening relative dif-
ference in prospective risks is
noted. This probably reflects dif-
ferences in the quality of provided
obstetric and prenatal care®. The
high cumulative percentage of still-
births in Greece after the 36th
week of pregnancy may reflect
under-ascertainment of early fetal
deaths, but it is worrisome, and is in
agreement with previous investiga-
tions in Greece on perinatal mor-
tality risk factors?0,

The results of the present study
indicate that most previously
established sociodemographic and
gestational risk factors for stillbirth

also operate in the Greek popula-
tion, but some noteworthy differ-
ences do exist. The role of gesta-
tional age and of birthweight have
been repeatedly examined in rela-
tion to stillbirth risk. Gestational
age is a powerful predictor of fetal
survival, with perinatal mortality
being particularly high among pre-
term births'®1112. Birthweight, as
the end result of the length of time
the fetus remains in utero and the
velocity of fetal growth, is highly
correlated with gestational age.
Low birhtweight has been related
to an increased risk of stillbirth %12,
even after the effects of gestational
age had been controlled for, birth-
weight retained a strong associa-
tion with survival*>'. In this study,
prematurity remained a powerful
predictor of stillbirth, after con-
trolling for birthweight. However,
the adjusted odds for stillbirth were
significantly elevated not only for
very low birthweight embryos but
for heavier embryos as well. The
finding that more than 40 % of still-
births occur after the 36th gesta-
tional week, namely when the
embryo is big and well developed, is
a warning sign showing that further
improvement of pregnancy moni-
toring and of the quality of obstet-
ric care is needed in our country.

Gender, parity and muitiple preg-
nancy have less frequently been
investigated as correlates of still-
birth risk. Male embryos are consis-
tently found to be at higher risk of
stillbirth, but the underlying biolog-
ical mechanisms have not been
adequately explored ™16, Parity has
also been associated with perinatal
mortality. The lowest mortality
is reported among second-born
children, whereas the first-born
and later than second-born chil-
dren are found to be at higher risk
of fetal death'. After adjustment
for the possible confounding effect
of maternal age, the U-shaped asso-
ciation of parity with stillbirth risk
also remained unaltered in the
present study. Multiple births
showed no significant association
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Gender
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Table 4. Multiple logistic regression derived odds ratios (OR) and 95%
Confidence Intervals (Cl) of a stillbirth {vs. livebirth) by selected biological

characteristics of the pregnancy.

with mortality in the logistic re-
gression model after adjustment
for birthweight and gestational age.
The five-fold excess risk observed
in the crude analysis was accounted
for by the low birth weight, small
gestational age and high maternal
age usually accompanying multiple
pregnancies. Rather inconsistent
findings have been reported in
the literature regarding multiple
births, which might be explained by
lack of control for possible con-
founders, or the inclusion of dif-
ferent confounders, in the limited
number of existing studies!’-%0,

Maternal and family characteristics
have been associated with fetal
mortality in several studies, and
a significant protective effect of
young maternal age is well estab-
lished 182, A monotonic increase

in risk with increasing maternal age
was also observed in our study. The
socioeconomic status of the family
has been established as a strong
predictor of stillbirth rate®. Ma-
ternal education and occupation
are considered as important com-
ponents of socioeconomic status?,
and families of professionals have
been characterized by lower still-
birth rates compared to families of
unskilled workers?*?. In Greece,
we used maternal education as the
best indicator of socioeconomic
status and we found an elevated
risk for stillbirths among women
with less than secondary education.
Although the elevation is relatively
small (26%), it is nevertheless of
some public health significance,
because one third of children in
Greece are born to women with no

secondary school education. Status
of parental cohabitation did not
indicate an independent associa-
tion with risk of stillbirth after
controlling for possible confound-
ing factors. Non-Greek-Orthodox
maternal religion showed a modest
and marginally significant associa-
tion with risk of fetal death in the
multivariate models. More signifi-
cantly, the crude risk of stillbirth
was 64% higher among out-of-
wedlock pregnancies, however, this
association disappears after con-
trolling for confounding factors
such as maternal education, parity,
gestational age and birthweight.
Nevertheless, from the public
health point of view, an out-of-
wedlock pregnancy is always a sig-
nal of a high-risk pregnancy on
account of its association with
several sociodemographic factors
that increase the risk. A recent
Swedish study has shown no diffe-
rence in mortality of the newborn
in or out of wedlock?, but this may
be due to the high quality services
universally delivered by the
Swedish State to -all pregnant
women. It is worth noting that 50 %
of Swedish children are born out of
wedlock, whereas by contrast, in
Greece the corresponding per-
centage is around 3%. Lastly, the
geographical distribution of still-
births by maternal residence has
also been examined, but no urban-
rural difference was found®. It
appears that massive improve-
ments in communication and
transportation during the recent
decades have greatly facilitated
identification and follow-up of high
risk pregnancies, and may have
contributed to the elimination of
urban-rural disparities in stillbirth
rates.

Stillbirths and perinatal and infant
mortality rates have been used for
many years as powerful heaith and
socioeconomic indicators. These
rates have extensively been used
for cross-country and time-trend
comparisons as well as for the iden-
tification of those groups towards
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Category or unit

£6yyear
7~9

Greek orthodox
. qther

urban
non-urban

OR 95% Cl
1.26 104154
1.07 0.85-1.34
0.94 0.79-1.13
baseline

0.81 0.64-1.03
baseline

1.04 0.89-1.20
1.21 1.02-1.43
1.32 1.05~1.65
2.15 1.51-3.06
baseline

1.43 1.03-1.98
baseline

1.07 0.95=1.21
baseline

1.03 0.77=1.37

Table 5. Multiple logistic regression derived odds ratios (OR) and 95%
Confidence Intervals (Cl) of a stillbirth (vs. livebirth) by selected demo-

graphic characteristics of the mother.

which public health policies should
be directed. As infant mortality
rates rapidly drop, and perinatal
survival steadily improves in most
developed countries, the stillbirth
rate becomes a valuable and sensi-
tive index in assessing the quality
of health services to mothers and
children. Analysis of routinely
collected data provides useful
information on risk factors. The in-
formation can be further enriched
by improvements in specific fetal
diagnosis. Chromosomal anoma-
lies, congenital malformations and
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congenital infections are currently
the most important causes of peri-
natal mortality®. Complementary
information provided by ad hoc
studies on environmental and
other factors in association with
specific causes of death could con-
tribute to a better understanding of
stillbirth etiology. Nevertheless,
studies such as the present one,
utilizing routinely collected data,
allow the rationalization of public
health priorities with respect to
fetal survival.
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