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Sex ratio at birth has been one of the most studied, yet most
poorly understood demographic phenomena. Numerous
physiological, ecological and demographic factors seem to
influence it although an unequivocal explanation is lacking.
Indeed, some countries have exhibited a trend in the sex
ratio at birth over the years. Their sex ratio at birth time-
-series can be modeled with the non-random stochastic
processes which reflect the interdependency in the
subsequent annual observations. This article examines sex
ratio at birth for the Republic of Croatia during the years
1946 to 2007. The tests for assessing the time-series were
performed, along with the autoregression modeling. The
Croatian time-series is the product of a pure random process
with no observable time trend despite the presence of some
factors known to affect the sex ratio at birth. It is suggested
that the size of the live-birth population is not great enough
to reflect the subtle changes in these factors.
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Sex ratio at birth is defined as the ratio of male live-births to fe-
male live-births. In most human populations this ratio is rela-
tively constant and its value averages around 1.07, which indi-
cates an excess of male live-births (107 male births for every
100 female births), although there are countries that exhibit at
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least some departure from this value (Mathews and Hamil-
ton, 2005; Parazzini et al., 1998). The proportion of male births
is the ratio of male live-births to total number of live-births (u-
sually around 0.515), and is used as a measure of sex ratio at
birth in this study. Both of these measures tend to become e-
qual during the reproductive age due to a higher male morta-
lity (Teitelbaum, 1971).

However, systematic deviations from this ratio were ob-
served in conditions such as war (Graffelman and Hoekstra,
2000; James, 2003a, 2004a; Polasek et al., 2005; Saadat and
Ansari-Lari, 2004; Zorn et al., 2002), natural and economic cat-
astrophes (Catalano, 2003; Fukuda et al., 1998), chronic stress
(Saadat and Ansari-Lari, 2004) etc. It has been observed that
certain demographic categories of people exhibited different
patterns of sex ratio at birth even in the absence of catastro-
phic events or chronic stress, which in turn led to the investi-
gation of factors affecting sex ratio at birth. The demographic
factors associated with sex ratio at birth are ethnicity (Mathews
and Hamilton, 2005), mother's age (James, 1971a, 2001a), fa-
ther's age (Jacobsen, 2001; Nicolich et al., 2000), birth order
(Jacobsen et al., 1999), mother's weight (Cagnacci et al., 2004),
smoking (Mills et al., 2003), certain professions (James, 2005a),
exposure to pollutants (James, 2003a, 2005a; Vartiainen et al.,
1999), seasonality of births (James, 1971b), certain pathological
conditions (James, 2006, 2007) etc. It has been shown by these
studies that older parental age, higher birth order (third and
every subsequent child), extremely low or high mother's weight,
exposure to pollutants and short-termed stress raise the pro-
bability of bearing a female child, thus lowering the sex ratio at
birth.

The impact of the exogenous factors on sex ratio at birth
is mediated through hormonal mechanisms at conception or
during gestation (James, 1987). Certain conditions associated
with different types and levels of sex hormones affect differ-
ential conception by sex. These conditions are a natural vari-
ation of sex hormones (James, 2004b; Gray et al., 1998; Grant,
1996), length of the follicular phase of the cycle (Martin, 1997),
time of insemination (Gray et al., 1998), coital frequency (James,
1997), non-optimal maturation of oocytes (Jongbloet, 2004;
James, 2004c), pathological states (James, 2001b; Crawford et
al., 1987) and nutritional status at conception (Mathews et al.,
2008). Furthermore, the sex ratio at birth can be a function of
differential survival during embryogenesis (Boklage, 2005).
Apart from these proximate determinants of sex ratio at birth,
an ultimate evolutionary explanation has been proposed by Tri-
vers and Willard (1973). They have argued that natural selec-
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tion has favored the individuals with the ability to vary the sex
ratio at birth, depending on the severity of external condi-
tions. Although well corroborated on animal populations their
hypothesis still lacks support when tested on human popula-
tions (Gaulin and Robbins, 1991).

Along with the research on factors associated with the
sex ratio at birth, the investigations of longitudinal data for
certain countries were undertaken. The characteristics of the
sex ratio at birth time-series were first described by Gini (1955,
cited in James, 2000) who found that sex ratio at birth moves in
a non-random manner across time, implying some sort of ho-
meostatic control (James, 1995). In addition, research by Graffel-
man and Hoekstra (2000), states that the common model for
the sex ratio data for most European countries is an integra-
ted moving average model (ARIMA (0,1,1)), which implies
the dependence between successive sex ratio observations. It
is hypothesized that similar factors affect the sex ratio at birth
and that these factors change only gradually across time. It
should be noted that all these investigations were conducted on
large populations with a high annual number of live-births.

Other investigators focused on long-term changes and
trends in sex ratio, especially during the second half of the
twentieth century (Ulizzi and Zonta, 1994, 1995; Mathews and
Hamilton, 2005; Lee Davis et al., 2007; Parazzini et al., 1998;
Allan et al., 1997, Marcus et al., 1998). The studies showed a
decrease in sex ratio at birth in Northern and Eastern Euro-
pean countries, North America and Mexico, and an increase
in sex ratio at birth in Mediterranean countries. However, some
countries' sex ratio at birth remained stable over time. There
is no clear explanation for this data and it is assumed that cau-
ses of these trends may be multifactorial.

Sex ratio at birth is one of the most important demogra-
phic phenomena with a direct impact on fertility. Higher sex
ratio at birth, especially if preserved to the reproductive age,
lowers the net reproduction rate and the rate of reproductive
growth, just as it lengthens the population's doubling-time
(Teitelbaum, 1972). Despite its general importance, the analy-
sis of the sex ratio at birth, to my knowledge, has never been
done systematically for the Croatian data. It was briefly men-
tioned by Pokos (2007), but without an application of any sta-
tistical tests. Polasek et al. (2005) and Polasek (2006) analyzed
data for the Croatian Homeland War period (1991-1995), as
well as for the other ex-Yugoslav countries, trying to establish
the relationship between war and sex ratio. They found no sig-
nificant change in sex ratio at birth during wartime in Croatia,
at both the country and county levels.
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The aim of this article is to analyze the data on sex ratio
at birth for the Republic of Croatia from 1946 to 2007 by using
a time series analysis. This will reveal the type of stochastic
process which describes the series, since it has shown that for
the large populations this process is non-random. Also, this
study will show whether a trend exists in sex ratio at birth, as
previously recorded for numerous countries across the world.

MATERIALS AND METHODS

154

For purposes of the following analysis, data on sex ratio at
birth was collected from the vital statistics reports issued by
the Central Bureau of Statistics of the Republic of Croatia for
years 1946 to 2007. The Republic of Croatia has only existed as
an independent country since 1990 and was formerly known
as the Socialist Republic of Croatia, which was established in
1945, and was a constituent part of the Socialist Federal Re-
public of Yugoslavia. However, the borders of today's Repu-
blic of Croatia remain the same as those of the Socialist Repu-
blic of Croatia, so this data can be used without any additional
manipulation. During the Homeland War, from 1991 to 1995,
the authorities of the Republic of Croatia did not control the
entire territory of the country, part of which was occupied by
the rebellious Serbian forces. At this time, more than ten per-
cent of the Croatian population were refugees (Zivi¢, 1999), so
the data from these years is surely not representative, but is
the only available. Also, the immigration in Croatia from the
neighboring belligerent countries during wartime affected
the usability of the data (Gelo, 1999).

The data was ordered in the time-series, and standard
tests for evaluation of the time series were performed. The
procedure for the univariate time-series analysis, defined by
Cromwell et al. (1994), was followed. The first thing provided
were the descriptive statistics. To assess the stationarity of the
series — i.e. whether it possesses a constant mean, and whe-
ther it needs differencing in order to establish which stochas-
tic process produced the series — the augmented Dickey-Ful-
ler (ADF) test was performed. The normality of distribution
of data was tested by the Shapiro-Wilk test. A Ljung-Box test
was performed to evaluate the independence of the series,
i.e. to establish whether the underlying process is random or
not. In addition, an autoregression was performed, thereby
regressing the sex ratio data over time variable to evaluate the
possibility of a trend in the series. Only one predictor (TIME)
was used to assess whether the time alone could account for
the possible regularity and trend in the data. In the regression
analysis Yule-Walker estimates were used.
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The total number of live-births in Croatia during the 1946 to
2007 period is 4,034,144, from which 2,078,319 are male live-
-births and 1,955,825 are female live-births. One should note
that from the late 1940s there is a pronounced decline in the
total number of live-births, with some fluctuations, ranging
from 96,407 live-births in 1949 to an average of 41,000 live-
-births in mid 2000s (Figure 1).
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As for the sex ratio at birth data for the Republic of Cro-
atia for the years 1946 to 2007 (also shown in Figure 1), the mean
of the series is 0.515067 with a standard deviation of 0.0022698
(binomial distribution). The highest sex ratio is in the year 1947
(0.52), while the lowest is in 1994 (0.51). These ratios have z-scores
of 2.222 and -2.67 respectively, which are both significant at
p=0.05 level.

Test performed

Stationarity test Augmented
Dickey-Fuller test Tau Pr<Tau
Single mean -7.96 0.0001
Trend -8.27 <.0001
Independence test Ljung-Box test Q p-value
Lag1 0.1955 0.6583
Lag 2 0.2142 0.8984
Normality test Shapiro-Wilk test w Pr<W
0.987037 0.7578
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O TABLE 2

Results for the auto-
regression analysis of
the Croatian sex ratio
at birth data for the
years 1946-2007

The results of the time-series tests are shown in Table 1.
The results of the ADF test suggest that the series is station-
ary and needs no differencing in order to evaluate the series
model. It also implies that the series exhibits a constant mean
and variance over time and a lack of any type of determinis-
tic trend. The Ljung-Box test shows that the series is indepen-
dent, with no autocorrelation for lags 1 and 2. The values and
residuals of the series are normally distributed, as suggested
by the result of the Shapiro-Wilk test. All these results indicate
that the time-series for sex ratio at birth in Croatia from 1946
to 2007 is a result of a pure random process centered around
the mean of 0.515. This series can be expressed with the equa-
tion model:

Y(t) = 0.515 + e(t),

where e(t) is random, normally distributed error term.

Autoregression
Variable DF Estimate  Standard Error t value App. Pr>t
Intercept 1 0.5734 0.0294 19.52 <.0001
Time 1 -0.000029  0.0000149 -1.98 0.0521
Total R-square 0.062
Durbin-Watson 1.9919

The results of the linear regression model for the variable
sex ratio at birth over time, shown in Table 2, indicate that the
time (variable TIME) is not a statistically significant predictor
of sex ratio at birth. The Durbin-Watson test implies no auto-
correlation in the data. These results additionally confirm that
the series is the product of a random process with no obser-
vable trend.

DISCUSSION AND CONCLUSION
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The mean value of the sex ratio at birth in Croatia from 1946
to 2007 is similar to the mean value of other countries, espe-
cially the European ones (Parazzini et al., 1998). There are two
values that significantly differ from this mean, namely sex ra-
tio for the years 1947 and 1994. It is a well documented fact
that after the Second World War there has been an increase in
the sex ratio at birth (Graffelman and Hoekstra, 2000), so the
value for year 1947 could be the reflection of the post-war ef-
fect on sex ratio at birth. However, given the number of obser-
vations, this result can also be due to a chance.

The sex ratio at birth for the year 1994, although signifi-
cantly different from the mean, cannot be considered as a
proof for the existence of the genuine effect. Based on the z-scores
and the significance level of p=0.05, in order to be significant,
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the sex ratio value has to differ from the mean of 0.515 at least
0.0044 in either direction. The total number of live-births for a
single year has to be at least 79,000 in order for the test to de-
tect the difference of that magnitude, given the significance
level of 0.05 and power of 0.8. Since the total number of live-
-births in 1994 is 48,584, the significant value of the sex ratio at
birth for that year cannot be the reflection of the genuine ef-
fect. For that matter, every number of live-births after 1959 is
not big enough to detect the effect if it really exists.

The shown robustness and the randomness of the sex ra-
tio at birth in Croatia over the studied period seem like re-
markable features, since more than a dozen factors affecting
the sex ratio at birth have been identified. Unfortunately, the
significant change in factors mentioned by the investigators,
analyzing the sex ratio at birth in other countries, is not pre-
sent in the Croatian data. The most important of these factors
is the birth order which was often invoked as the best predic-
tor of the sex ratio at birth, with higher birth order resulting
in a lower sex ratio at birth (Ruder, 1985; Mathews and Hamil-
ton, 2005; Ulizzi and Zonta, 1995). For example, at least from
1968 onwards, the data on birth order obtained from Croatian
Central Bureau of Statistics show no significant change in birth
order in Croatia, especially in the category of first-borns. If
the birth order is indeed the major predictor of the sex ratio
at birth, this could explain the lack of a trend in the Croatian
data.

What strikes one the most is the robustness of the sex ra-
tio at birth over time in relation to some of the proposed pre-
dictors of the sex ratio at birth, which themselves did change
in Croatia during the past sixty years. The mean age of a
mother for her first birth increased from 22.6 years in 1971 to
25.7 years in 2001 and the still-birth rate slightly decreased o-
ver the studied period. However, there was no observable ef-
fect on sex ratio at birth.

Even more puzzling are the possible societal and econo-
mic explanations of the changing sex ratio. During the stu-
died period, the Croatian social picture underwent a change
from the post Second World War crisis to the establishment of
the communist social and economic system (which lasted for-
ty five years, not itself without perturbations), and finally to
the Homeland War period and the establishment of the inde-
pendent state with a market-oriented economy. The sixty years
studied were characterized by the rapid industrialization, ur-
banization and significant improvements in health care and
education. These circumstances produced demographic effects,
commonly named the demographic transition, which includ-
ed lower mortality and fertility (Total fertility rate 2.9 in 1950,
1.67 in 1996), fewer children per woman (3.3 children in 1950s,
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1.96 children in 1991) and a higher life expectancy (59.05 years
for men and 63.2 years for women in 1953, 71.1 years for men
and 78.1 years for women in 2001) (Mrden and Friganovi¢,
1998).

Also due to mostly economic reasons the emigration of
Croatian population was pronounced, especially during the
1960s and 1970s, but also after that period. It is estimated that
by 1991 there were 286,088 emigrants from Croatia, reaching
the number of 415,386 in 1998 (Gelo 1999). Furthermore, the
live-births from the emigrant population were often reported
as occurring in Croatia, and the percentages of those falsely re-
ported live-births were 7.2, 3.3 and 7.9 for the periods 1971-1981,
1981-1991 and 1991-1997 respectively (Akrap, 1999).

The Croatian Homeland War period brought additional
population changes in Croatia. Apart from the Croatian refu-
gee population, there has been a significant Serbian emigra-
tion from the Republic of Croatia, and the number of those
people was 280,230 in 1998 (Gelo, 1999). The refugee popula-
tion from Bosnia and Herzegovina was significant for years
1992-1996, averaging around 200,000 people. However, most
of these people (Muslims and Croats) did not stay for a long
period of time in Croatia. Nevertheless, 150,000 people from
Bosnia and Herzegovina and Federal Republic of Yugoslavia
(mostly Croats) found their residence in Croatia (data for 1998,
Gelo, 1999). Despite all of these social, economic and migra-
tion changes, sex ratio at birth remained constant and unaf-
fected for the studied period.

As already mentioned, some reports suggest that the sex
ratio at birth can be affected by the exogenous pollutants and
pesticides, smoking, some congenital diseases, and profession
of the parents or their life habits. It is difficult to assess whe-
ther these factors had an impact on the Croatian population
due to a lack of reliable data and research. It has also been sug-
gested that these factors could not have affected the whole
population, and the prospective research should compare the
sex ratio of the affected subpopulations with the control group.

The results of this preliminary study indicate that the sex
ratio — when it comes to the Croatian population from 1946 to
2007 —is most likely a robust measure, unaffected by the envi-
ronment and other exogenous shocks. Furthermore, they show,
along with other research (Maconchie and Roman, 1997), that
the variations in the sex ratio at birth are completely due to
chance. Although much has been written about physiological
mechanisms as the causes of deviation from the usual sex ratio
at birth, it seems that these mechanisms cannot produce a sig-
nificantly altered sex ratio at birth at the population level, espe-
cially if the size of the population is not of great magnitude.
In line with this reasoning, there have been warnings that
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changes in sex ratio at birth are subtle and that large popula-
tions are needed for the tests to be powerful enough to record
these changes (James, 1987).

When it comes to the Republic of Croatia, the annual
number of births never exceeded 90,000 during the studied
period, so it seems that the magnitude of the population is in-
deed the prerequisite for the factors affecting the sex ratio at
birth to drive the series in a specific direction. As it has been
shown above, the number of live-births for the most part of
the Croatian data is not big enough for the test to detect a sig-
nificant and meaningful change in sex ratio at birth. When
the population size and the number of births are not of great
magnitude, one should expect a complete randomness in the
series. This finding is of great importance since it can identify
the populations that are unlikely to exhibit this trend or some
sort of dependence in the sex ratio at birth data.

However, this does not mean that the investigation of sex
ratio at birth on small populations per se is superfluous. The
phenomenon of sex ratio at birth can be investigated on a
smaller population but different methodology has to be uti-
lized. Indeed, small-scale research on the effect of the differ-
ent environmental pressures on the sex ratio at birth have been
undertaken with success, as already mentioned. Also, the cli-
nical studies of sex ratio at birth are by definition very restrict-
ed in the number of participants. All of these studies yielded
their results by the use of regression analysis or non-para-
metrical statistical tests.

In this report, to say that the population is not great e-
nough means that this type of long-term time-series analysis
requires bigger population, so the relevant factors which have
a small, but important effect on sex ratio at birth can be dis-
cernable in the time-series model. If this is not the case, we ar-
gue that the series will exhibit the randomness.

Some of the shortcomings of this study have already been
mentioned in the discussion of the results, most notably the
insufficient number of live-births for each year. Also, this stu-
dy aimed to give a general overview of the sex ratio changes
in Croatia, but failed to pinpoint the exact factors and mecha-
nisms involved in sex ratio adjustment at population level.

One limitation of this article is the number of years con-
sidered for the time-series analysis. While appropriate from
the statistical and methodological point, it can be argued that
the sixty-two-year period is not long enough to reflect all the
changes, seasonal variations and random shocks that can
help in elucidating the long term pattern of the sex ratio at
birth. The problem exists, however, with the availability of the
historical data and the endeavor of acquiring those data would
go far beyond this type of study.
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It can be argued that the linear regression model which
failed to reach significance, is generally not the best model for
assessing the Croatian sex ratio at birth data, since it account-
ed only for 6% of the variance. The higher order polynomial
functions could explain more variance, thus providing a bet-
ter understanding of the process in place. While it is certain-
ly true that the higher order polynomials (namely the quartic
function) and even the spline functions can explain more va-
riance than the simple linear model, the interpretation of the
trend in the data in this case becomes very difficult if not im-
possible. The choice of the linear model was a trade-off be-
tween the amount of variance explained and the easily obser-
vable potential trend, the latter being the focus of this article.

The prospective study of the sex ratio at birth in Croatia
will assess the predictors of sex ratio at birth at the population
level by regression analysis, and if these predictors turn out
to be significant, to then evaluate whether their magnitude is
big enough to change the sex ratio at birth in the future. Also,
it will focus on the Croatian subpopulations with respect to
their regional, economic and demographic characteristics in
order to establish whether there exist different patterns of sex
ratio at birth. Furthermore, the next step in the research will
be the time-series analysis of the data for countries with a si-
milar annual number of births as Croatia's, in order to estab-
lish whether the randomness of the sex ratio at birth is a uni-
versal feature.
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Analiza omjera spolova novorodencadi

u Hrvatskoj od 1946. do 2007.

Dario PAVIC
Hrvatski studiji, Zagreb

Omijer spolova novorodenéadi jest demografska kategorija
koju se ponaivide istrazivalo, no koju se jo§ nedovoljno
razumije. Cini se da mnogi fizioloski, ekoloski i demografski
&imbenici utie¢u na taj omijer, iacko nema jednoznaénog
objadnjenja ovoga fenomena. Isto tako, mnoge zemlje iskazuju
postojanje trenda kod omijera spolova novorodenéadi tijekom
godina, a ta se serija moze modelirati kao nenasumiéni
stohasti¢ki proces koji odrazava meduovisnost pojedinih
godidnijih opservacijo. Ovaj ¢lanak istraZuje omijer spolova
novorodencadi u Republici Hrvatskoj od 1946. do 2007.
godine. Proveli smo testove za utvrdivanie tipa vremenske
serije, kao i autoregresijski model. Vremenska serija omjera
spolova novorodenéadi u Republici Hrvatskoj proizvod je
&istoga nasumi¢nog procesa bez utvrdenoga trenda, iako su
prisutni neki od &imbenika koji utjie¢u na taj omijer. Cini se da
veli¢ina populacije zivorodenih nije dovolino velika da bi
odrazavala suptilne promjene u navedenim &imbenicima.

Kljuéne rijei: omjer spolova novorodenéadi, Hrvatska,
analiza vremenskih serija, autoregresija

Eine Analyse zur Geschlechterverteilung
unter den Neugeborenen in Kroatien

von 1946 bis 2007

Dario PAVIC
Kroatische Studien, Zagreb

Die Geschlechterverteilung unter Neugeborenen gehért zu
den am meisten untersuchten, aber immer noch
unzureichend verstandenen Kategorien. Offensichtlich wird
das Zahlenverhéltnis zwischen Mé&dchen und Jungen durch
viele physiologische, umweltbedingte und demografische
Faktoren beeinflusst; eine eindeutige Erklérung des
Phénomens gibt es jedoch nicht. Ebenso bestatigen viele
Lander das Bestehen eines gewissen Trends in der
Geschlechterverteilung, der sich Gber mehrere Jahre halten
kann. Eine solche Geburtenserie kann sich als nicht zufélliger
stochastischer Prozess ausprégen, der die Wechselwirkung
zwischen einzelnen Jahresbeobachtungen reflektiert. In
diesem Artikel wird die Geschlechterverteilung unter
Neugeborenen in Kroatien zwischen 1946 und 2007
untersucht. Angewandt wurden Tests zur Ermittlung jeweiliger
zeitlicher Geburtenserien sowie ein Autoregressionsmodell.
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Eine ermittelte zeitliche Geburtenserie mit Daten zur
Geschlechterverteilung ist das Ergebnis eines reinen
Zufallsprozesses ohne ermittelten Trend, trotz bestimmter
bestehender Faktoren, die das Zahlenverhdaltnis zwischen
mannlichen und weiblichen Neugeburten beeinflussen
kénnen. Es entsteht der Eindruck, dass der Geburtenzuwachs
nicht umfangreich genug ist, um subtile Verdnderungen in
den genannten Faktoren sichtbar zu machen.

Schlisselbegriffe: Geschlechterverteilung unter
Neugeborenen, Kroatien, Analyse bestimmter zeitlicher
Geburtenserien, Autoregression



