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This study of historical trends in the sex ratio at birth is based on 

national vital registration data for eight large populations (Sweden, 

France, England and Wales, U.S. whites, U.S. blacks, Japan, Taiwan and 

Australia). Trends in the sex ratio at birth are examined in the light of 

the changing quality of the birth registration data in each country. For 

four of these populations (Sweden, England and Wales, Japan, Taiwan), 

secular upward trends in the sex ratio at birth are detected. For two 

other populations (France, American blacks), some evidence of trends 

exists. These trends cannot be explained by deficiencies in the 

registration of births. Their causes must then be related to secular 

variation in factors found to determine the sex ratio at birth, such as 

the decline in prenatal mortality and the changing composition of births 

by birth order and parental age. 



JNTRODUCTION 

The sex ratio of live births in human populations usually varies between 

104 and 107 boys per 100 girls. The disparity between the number of male 

births and the number of female births was observed for the first time in 

1662 by John Graunt, and has been the object of scientific curiosity ever 

since. A number of demographic studies of the sex ratio at birth (SRB) are 

available. They have revealed that the apparent homogeneity across 

populations and over time has to be qualified in at least two instances. 

First, while the usual SRB for white populations is estimated to be 

about 106 males per 100 females, the SRB for black populations is 

significantly lower and ranges from 102 to 104 (see, for example, Visaria, 

1967). The second case of departure from the usual levels is the rise in 

the SRB of belligerent countries during and after wars. Marked increases 

(of 1 to 2 percent) were observed in France and England and Wales at the 

time of World War I and World War I1 (see, for example, Houdaille, 1973; 

James, 1987a; Aubenque, 1989). 

A third pattern of variation in the SRB will be the focus of this 

paper. The pattern consists of secular increases, of up to 2 percent, in 

the SRB. Such trends have been previously reported in a few studies. Lampe 

(1954, 1955) finds an increase in consecutive five year values of the SRB 

in the Netherlands between 1900 and 1949. Imaizumi and Murata (1981) 

describe a significant linear increase in the yearly values of the SRB of 

Japan between 1901 and 1977. Schtickzelle (1981a) examined the yearly 

values of the SRB since the beginning of the century in five countries. He 

concludes that statistically significant upward linear trends exist in the 

SRB of Belgium, Sweden, and England and Wales, but finds no trend in the 

SRB of Australia and the US. Ulizzi (1983) and De Bartolo (1985) find an 

increase in the Italian SRB since the 1930s. Lastly, Aubenque (1989) 

describes the declining secular trend in France between the beginning of 

the 19th century and the middle of the 20th century and finds that 

fluctuations in the SRB are more closely associated with variations in the 

male birth rate than in the female birth rate. 



In this paper, historical data on the number of live births by sex 

are described and compared for eight populations. In all cases, national 

vital registration data are used and annual values are calculated. The 

series extend back to the earliest periods for which births were recorded 

by sex. In addition to providing a unique opportunity to compare a variety 

of large populations, this paper focuses on some aspects of the study of 

historical variation in the SRB which have not been developed previously. 

First, this paper discusses some' typical problems in the recording of 

births by sex and the estimation of the SRB. Such problems may lead to 

systematic patterns of distortion and therefore must be examined (Part 1). 

Second, the variation over time in the SRB of each of the eight 

populations is examined in the light of the changing quality of the birth 

registration data (Part 2). Lastly, the contributions to the secular 

increase of the main factors usually believed to determine the SRB are 

discussed (Part 3). 

1. SOURCES OF DATA AND ESTIMATION OF THE SEX RATIO AT BIRTH 

This study is based on national vital registration data. The registration 

of vital events by each country is indeed the major source of data for 

estimating the SRB. Vital registration is also the most reliable source, 

even though the quality of such registration varies from country to 

country. In the case of unsatisfactory registration, the distortions can 

be expected to follow certain patterns which will be briefly reviewed. 

Most patterns of distortion are linked to the prevailing preference for a 

particular sex or sequence of sexes.' 

'see Freedman and Coombs (1974) for a discussion of parental preferences 
about the sex of children in several developed and developing countries. 

'1n addition to the registration of vital events, surveys constitute a 
primary source of data for the estimation of the SRB. Surveys are subject to the 
same types of error and distortions as are vital statistics. In the case of 
retrospective surveys, such errors and distortions may be relatively larger for 
more remote periods. Moreover, in surveys, independently of the accuracy of the 
overall sex ratio, the sex ratios of children of the various birth orders may be 
distorted. For example, a tendency, in some societies, to report the first son 



Differential reporting of live births by sex is one common cause of 

distortions of the SRB. Female births are more likely to be underreported 

than male births. Such underreporting would tend to raise the observed 

SRB. Another source of distortion lies in the underreporting of a live 

birth rapidly followed by the death of the child. Since neonatal mortality 

rates are higher for boys than for girls, it is often believed that such 

underreporting could lead to relatively higher underreporting of male live 

births, which would lower the observed SRB, although the effect would be 

small (Visaria, 1967; Becker and Chowdhury, 1981; Rehan, 1982). However, 

in some societies, it is likely that the underreporting of female babies 

who die soon after birth is higher than that of male babies who die soon 

after birth. Such differential omissions would tend to increase the 

observed SRB. Sex selective infanticide is more likely to affect girls 

than boys and hence to increase the observed SRB through the omission of 

the corresponding births. 

Misclassification of births as either live births or stillbirths may 

also be a source of error in the SRB. Because the sex ratio of stillbirths 

is higher than that of live births, the registration of stillbirths as 

live births would raise the SRB. By contrast, the registration of live 

births as stillbirths is likely to lower the SRB, since such misclassified 

live births would most probably include a relatively high number of boys 

(who have a higher probability of dying in the first days of life than 

girls). Such distortions should however remain small in view of the small 

proportion of stillbirths. 

Lastly, subtle speculations are offered by Goodman (1961), Stern 

(1973), Keyfitz (1977), and Toro (1981) about the effect of family 

planning on the SRB when a particular sex is preferred. If the likelihood 

as older than the first daughter has been observed (Pakrasi and Halder, 1971; 
Kang et al., 1981). It should also be noted that hospital data are subject to 
distortions in countries where only a fraction of the births occur in hospitals. 
Indeed, such births are likely to include a relatively high number of difficult 
births, which generally involve high proportions of boys. Hence the sex ratio of 
hospital births is likely to be higher than the overall SRB of the population 
(James, 1975; Toivanen and Hirvonen, 1970). 



of a male birth is the same for all couples, parents cannot influence the 

proportion of boys in the population by a stopping rule. If the couples 

were heterogeneous in their probability of male births, then the SRB in 

the population could be altered, a preference for boys leading to a lower 

SRB . 

Given the multiplicity of the possible biases in the data on live 

births by sex, it is clear that only in a few countries is the 

registration of vital events of a sufficient quality to permit the study 

of the SRB. An additional difficulty in the estimation of the SRB is the 

size of the random error. Visaria showed that "one needs a surprisingly 

large number of births to obtain an observation of a sex ratio within a 

narrow confidence rangen (1967, p.133). For example, Table 1 shows the 95 

percent confidence limits for a SRB of 106, according to sample size. As 

a consequence of the variation, only national level statistics can be 

considered in this study of trends in the SRB. 

TABLE 1: NINETY-FIVE PERCENT CONFIDENCE LIMITS 
FOR A SEX RATIO AT BIRTH OF 106 

Number of Lower Upper 
observed births limit limit 

Source: Visaria, 1967, p. 133. 

Figures 1 to 8 illustrate the evolution since 1900 of the SRB in 

eight populations or countries: Sweden, France, England and Wales, 

Australia, US (whites), US (blacks), Japan, and Taiwan. These countries 

have had high quality vital statistics for most of the period considered. 



Figures 1 to 8 present the observed annual values of the SRB. Note that 

the scales are identical and that Figures 1 to 8 are thus directly 

comparable. The magnitude of the annual fluctuations in the SRB is due, in 

part, to the random factor. Data for the three European countries are 

also available for earlier periods and are presented in Figure 9. Ten- 

year averages (Sweden, 1750 - 1900; England and Wales, 1841 - 1900) or 

five-year averages are used in Figure 9. 

2 .  SECULAR TRENDS IN THE SEX RATIO AT BIRTH 

Figures 1 - 9 reveal several instances of secular trends in the SRB. For 
each country or population, the quality of the data has to be assessed in 

order to distinguish any real trends in the SRB from patterns of 

distortion due to the long-term variation in the quality of the vital 

registration statistics. 

In Sweden, the registration of births was regulated by law in 1686. 

Regular and systematic population statistics have been kept since 1749 

(Larsson, 1965; Sweden. Statistiska Centralbyran, 1969). The Swedish data 

are of a very high quality, and it is likely that the upward trend 

observed between 1750 and the beginning of the 20th century is real and 

not an artifact of the data collection. No trend is detected in the 20th 

century. 

In France, the tradition of birth registration was already 

established when the Napoleonic administration organized the official 

registration of vital events (van de Walle, 1969, 1974). The annual 

values of the SRB in France are available since 1820 and are presented in 

Figure 10. The long decline throughout the 19th century is remarkable. 

Evidence gathered by van de Walle (1974) seems to indicate that 

misreporting or underregistration of infants deaths, stillbirths, and 

female births are likely to explain the downward trend. In fact, a 

'~ll data are given in Appendix. 



specific problem characterizes the birth registration data in France. It 

lies in the fact that an unknown, variable proportion of the children born 

alive but deceased before the registration of their birth were recorded as 

stillbirths, in conformity with the Napoleonic Code's provisions in 

matters of inheritance (van de Walle, 1974, p. 48). van de Walle estimates 

the resulting underestimation of the number of live births to be of the 

order of only 1 percent. The expected effect of a misclassification of 

live births as stillbirths is an underestimation of the SRB, because of 

the boys' higher probability of dying in the first days of life. However, 

in the case of France, such misclassification may have been systematically 

linked to sex and birth order, with unpredictable effects on the SRB. It 

is likely that such potentially distorting effects have diminished over 

time, and become negligible since the end of World War 11. Although no 

trend is evident in the SRB of France in the 20th century, it appears that 

the average level after World War I1 is higher than that before World War 

11. The high level of the SRB after World War I1 may or may not be 

explained by the improvement in the registration of live births. The rise 

in the SRB during and after World War I and World War 11 appears clearly. 

In England and Wales, birth registration was established in 1836. 

Registration was deficient, but decreasingly so, until the decade from 

1871 to 1880, when it is estimated to have been essentially complete 

(Teitelbaum, 1974). It has probably remained complete since then. The 

marked decline observed in the SRB prior to 1870 may be related, at least 

in part, to the increasing completeness of birth registration (as is the 

case for France). There is a notable increase in the SRB of England and 

Wales between the two world wars. This increase does not seem to be due to 

any known deficiencies of the birth registration. As in France, the SRB 

increased markedly during and after the two world wars. Since the early 

1970s, the SRB seems to have declined slightly. 

In the US, the completeness of the birth registration varies by 

race. For American whites, birth registration was estimated to be 95 

percent complete by 1942 (US Department of Health and Human Services, 

1984, Vol. 1, p. 45). No marked trend appears in the SRB of American 

6 



whites between 1915 and 1979, except for a slight decrease during the 

years of the baby boom. It is unlikely that such a decline could be due to 

changes in the quality of the birth registration (essentially complete 

during that period). A slight decline is also observed since the mid- 

1970s. 

The quality of the birth registration for American blacks is 

questionable for the earlier years since it was only in 1947 that the 

estimated completeness reached 90 percent and in 1953 that it reached 95 

percent (US Department of Health and Human Services, 1984, Vol. 1, p. 45). 

In the US, births that occur in hospitals are almost completely 

registered, while home deliveries are much less fully recorded. The 

increase, for the black population, in the proportion of hospital births 

may have contributed to the decline observed in the SRB between the early 

1920s and the early 1950s. Hence, as is the case for France and England 

and Wales, this decline could be related to the increasing completeness of 

birth registration and may not indicate a real trend in the SRB. Since the 

early 1960s, the SRB of American blacks appears to have been increasing, 

but no systematic variation in the registration of births was noted for 

the same period. 

In Japan, the family registration system was established in 1872. 

Major improvements were made in the 1920s and birth registration has been 

virtually complete since the late 1940s (International Institute for Vital 

Registration and Statistics, 1979) .' The systematic short-term 

' The Japanese birth registration data present a remarkable peculiarity. 
According to traditional belief in Japan, the year of birth influences the future 
character and life of the child. Such influences may differ by sex. The Japanese 
calendar consists of series of five cycles of twelve years each. Each year 
corresponds to one of twelve symbolic animals which are repeated in the same 
sequence. Hence the superstitions associated with the date of birth may be 
expected to reappear every twelve years, or every sixty years. The Japanese sex 
ratio at birth reveals two striking patterns of distortion. First, particularly 
high peaks preceded and followed by low points are observed in 1906 and 1966. 
These two years correspond to the symbolic Fire Horse. A strong traditional 
belief in Japan, is that girls born in the year of the Fire Horse tend to kill 
their husbands and become widows. This belief apparently motivated many parents 
of girls born in 1906 and 1966 to misreport the date of birth and to attribute 



distortions that are due to the influence of certain traditional beliefs 

do not mask a marked increase in the SRB between the 1920s and the end of 

the 1960s. The exceptionally high values observed in the years 1968 to 

1970 may have been brought about by coding errors due to the introduction 

of computerized data analysis in 1968 (Imaizurni and Murata, 1981, p. 78). 

Hovever, a decline seems to have occurred between the mid-1970s and the 

late 1980s. 

In Taiwan, reliable birth registration data are available between 

1910 and 1940, and since 1949. The high values observed in the SRB before 

1910 and between 1940 and 1943 are due to the lower quality of the birth 

registration for those periods. The distortions can most probably be 

attributed to the relatively higher underreporting of girls, in this 

country where a preference for boys prevails. A marked increase in the SRB 

is observed since the early 1950s. No systematic distortion in the birth 

registration data over the same period seems to explain this trend in 

Taiwan. 

In Australia, a tradition of registration of vital events initiated 

in the 19th century (Australia. Bureau of Statistics, 1977) contributed to 

the high quality of birth registration data. No marked secular trend is 

observed in the 20th century SRB. 

To sum up, secular upward trends, which cannot be explained by 

deficiencies in the data, seem to exist in the SRB of four out of eight 

populations (Sweden, England and Wales, Japan, Taiwan). In Sweden the 

it either to the preceding or to the following year. It should be added that the 
demographic consequences of the belief associated with the Fire Horse include 
significant drops in fertility and significant increases in the number of 
abortions during those years (Japan. Ministry of Health and Welfare, 1982, Vol. 
1, p. 45). The other pattern of distortion is also linked to a negative 
superstition. According to traditional belief, girls born in the year of the 
Tiger tend to be to aggressive. Although this superstition is weaker than that 
associated with the Fire Horse, it has also brought about high values in the SRB 
of the Tiger years (1914, 1926, 1938, 1950, 1962, 1974 and 1986). The magnitude 
of these peaks decreases with time, probably as the strength of the superstition 
fades . 



upward trend in the SRB was most marked in the 19th century. In England 

and Wales, it was particularly marked between the two world wars. In 

Japan, the upward trend started in the 1920s, and lasted until the late 

1960s. In Taiwan, the same trend has been observed since World War 11. 

Some evidence of similar trends appears in two other populations. In 

France, the average levels of the SRB are higher after than before World 

War 11. The SRB of American blacks appears to have been increasing since 

the 1960s. No particular trend appears in the evolution of the SRB of 

Australians. Downward trends are observed in 19th-century France and 

England and Wales, as well as in the black population of the US between 

1920 and 1950. These downward trends correspond to periods of incomplete 

but improving birth registration and are unlikely to reflect actual 

changes in the SRB. A relatively short and unexplained downward trend is 

observed for the American white population during the years of the baby 

boom. Since the early 1970s, three instances of declines are observed 

(England and Wales, US whites and Japan). 

3. POSSIBLE CAUSES OF SECUIAR INCREASES IN THE SEX RATIO AT BIRTH 

The determinants of the SRB have been studied extensively since the first 

observation of a disparity between the number of male and female births. 

Physiological characteristics of the reproductive tract seem to influence 

the SRB through their effects on the sex ratio at conception, and may 

explain the racial variation. A behavioral factor, coital frequency, is 

also thought to determine the SRB, through the relationship between the 

timing of intercourse during the menstrual cycle and the probability of a 

male conception. In addition, research has revealed that some individual 

characteristics such as age of parents and parity may also affect the 

probability of a male birth. Finally, socioeconomic conditions have been 

thought to affect the SRB through their influence on prenatal mortality. 

The causes of the secular trends detected in the SRB of several 

populations must be related, at least in part, to some of the determinants 

that have been identified to date. Have some of these factors undergone 



secular changes parallel to those observed in the SRB, which could explain 

the trends? A rapid examination of the changes over time in the presumed 

determinants of the SRB reveals that no definite answer can be given to 

this question, in part due to the lack of documentation, but that some 

interesting insights may be gained. 

Studies of the physiology of the sperm and research on the chemical 

balance of the female genital tract have produced some evidence that these 

factors could influence the probability of a male conception. In fact, 

differences in the levels of maternal gonadotrophin have been thought to 

explain the racial differentials in the SRB, lower levels implying a 

higher SRB (James, 1984a, 1984b). The likelihood of secular changes in 

some populations' physiological characteristics is difficult to assess. 

The populations under study here being fairly homogeneous with respect to 

their racial composition and having remained so over the period of 

interest, racial composition can safely be ruled out as a possible cause 

of the secular trends. It seems possible, however, that the physiological 

factors likely to affect the SRB could be related to other individual 

characteristics such as parental age or parity. Long-term changes in the 

age or parity composition of the reproductive population could then 

produce long-term changes in the SRB. 

High coital frequency has been invoked to explain the rising SRB 

during and after wars. James (1983, 1987b) suggests that the chance of a 

male conception is higher early and late in the menstrual cycle because of 

rapid variation in maternal hormone levels. Women exposed to high coital 

rates conceive, on the average, earlier in their menstrual cycle than 

other women, and thus have a higher chance of having boys, according to 

James. The likelihood of secular increases in coital frequency in the 

populations for which secular increases in the SRB are observed is 

unknown. Since coital frequency may be related to individual 

characteristics such as age, for example, it could be argued that a 

secular variation in the age composition of the parents' population could 

produce a secular variation in the SRB of the children. It should be 

noted, however, that changes in the composition of births by parental age 



and parity fail to explain fully the rise observed in the SRB of 

belligerent countries during war time (MacMahon and Pugh, 1953, 1954). 

- Parental age and parity have often been thought to affect the SRB, 

even though the causal mechanisms (such as, possibly, hormonal or 

behavioral changes) of such effects have rarely been discussed. A large 

number of statistical studies of the relationships between parental age 

and parity, on the one hand, and' the SRB , on the other, are available. 

Such studies are generally based on samples of millions of births taken 

from the national vital statistics of countries with high quality 

registration. A review of their findings reveals that parity and paternal 

age appear to be negatively correlated with the SRB. Births to younger 

fathers and births of lower orders seem to have a higher chance of being 

male. These effects seem difficult to quantify, but appear to remain very 

small (Chahnazarian, 1988). The fertility transition of western countries 

has been characterized by changes in the average age at childbearing as 

well as by changes in the distribution of families by size. The female 

mean age at childbearing varies from country to country but a general and 

significant decline has been observed since the beginning of the fertility 

transition. The proportions of large families have decreased significantly 

over the same period (see, for example, Festy, 1984). With the presumed 

increase in the proportion of births to younger fathers, and the increase 

in the proportion of children of lower birth orders, the expected effect 

on the long-term trend in the SRB of western countries would indeed be an 

increase. The question of whether the changes in the age and parity 

composition of the population of parents could be sufficient to explain 

the observed increases in the SRB of some countries remains open. As an 

illustration of the magnitude of some of those compositional changes, 

Figures 11 and 12 present the annual values of the SRB and the annual 

proportion of first births in the U.S (whites) and Japan, respectively. 

The proportion of first births varies from levels close to 25 percent of 

all births (around 1920 and 1960 in the U.S. and around 1950 in Japan) to 

See Chahnazarian (1988) for a discussion of various hypotheses regarding 
the rise in the SRB during and after wars. 



over 40 percent (since the mid-1970s in the U.S. and since the mid-1960s , 

in Japan). The expected relationship between the proportion of first 

births and the SRB is positive. While there are some indications of 

concomitance in the trends of the two variables, it is clear from these 

figures that multivariate modelling is needed to explain the levels 

observed in the SRB. 

Because of the higher male,mortality during most of the gestation 

period, factors affecting prenatal mortality rates and patterns can be 

expected to affect the sex ratio of surviving fetuses eventually to be 

born alive. Since better socioeconomic conditions and medical care have 

been associated with lower rates of prenatal mortality, it is easy to 

speculate that improving socioeconomic conditions and medical care could 

have produced a secular increase in the sex ratio at birth. The decline in 

the stillbirth rates of western countries has been considerable. For 

example, the ratio of stillbirths to live births dropped from the 

estimated levels of 30 to 40 per thousand in the second half of the 19th 

century in Sweden and Belgium to values closer to 10 per thousand in the 

1970s (Schtickzelle, 1981b). Simultaneously, the sex ratio of stillbirths 

has been decreasing, dropping from values as high as 130 in Sweden and 

Belgium at the beginning of the century to levels closer to 110 in the 

1970s (Teitelbaum, 1971; Schtickzelle, 1981b, Ulizzi, 1983). The effect, 

on the SRB, of changes in the stillbirth rate and in the proportion male 

among stillbirths was examined for various countries by Schtickzelle 

(1981b). Imaizumi and Hurata (1981), and Chahnazarian (1986), using 

different methods. All results indicate that the change in the rate and 

sex ratio of stillbirths has contributed to the secular increase in the 

sex ratio of live births, but fails to fully explain the trends. Because 

of the scarcity of data, the impact on the SRB of the variation over time 

in early prenatal mortality remains unknown. 



This study of historical trends in the SRB is based on national vital 

registration data for eight populations with a long tradition of high 

quality birth registration. For four of these populations (Sweden, England 

and Wales, Japan, Taiwan), secular upward trends in the SRB are detected. 

For two other populations (France, American blacks), some evidence of 

trends exist. These trends canno't be explained by deficiencies in the 

registration of births. Their causes must then be related to secular 

variation in factors found to determine the SRB. 

Clearly, improvements over time in socioeconomic conditions and 

medical care have caused a marked decline in prenatalmortality. In turn, 

such a decline seems to have contributed to the long-term increase in the 

SRB. Another source of secular variation may lie in the characteristics 

of the fertility transition of western countries. Significant declines in 

the mean age at childbearing and in the proportion of large families were 

observed during the transition. Such changes could have contributed to 

the secular increase in the SRB. The association between changes in the 

composition of births by birth order and by age of the parents needs to be 

fully modelled. Yet, it would not be surprising to discover that a model 

taking full account of the two factors most strongly related to the SRB 

fails to explain a large part of the variation observed. Indeed, the 

mechanisms through which parental age and parity operate on the 

probability of having a boy or a girl are unknown. The relationship 

between parental age and parity, on the one hand, and the unknown 

intermediate variables, on the other, may also change over time, in ways 

that may or may not be related to the prevailing composition by age and 

parity of the population of parents. This vould be particularly true if 

such intermediate variables were essentially behavioral, as would be the 

case if coital frequency was among them. 
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