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Reduced Ratio of Male to Female Births 
in Several Industrial Countries 
A Sentinel Health Indicator? 
Devra Lee Davis, PhD, MPH; Michelle B. Gottlieb. MES; Julie R. Starnpnitzky 

Context.-The sex ratio of 1.06:1, the ratio of male to female births, has declined 
over the past decades. Recent reports from a number of industrialized countries 
indicate that the proportion of males born has significantly decreased, while some 
mate reproductive tract disorders have increased. 

Objectives-To examine the evidence tor declines In the mate proportion at 
birth and suspected causes for this decline, and to determine whether altered sex 
ratio can be consKtersd a sentinel health event. 

Data Sources.Ã‘Birt records were analyzed (rom national statistical agencies. 
Study Selectlon.Ã‘Publishe analyses of trends In ratio of males to females at 

birth and studlas of sex determinants evaluating epidemiological and endocrine 
logical factors. 

Data Extrtctton.-Proportion of males born: 1950-1 994 in Denmark; 1950-1 994 
in the Netherlands; 1970-1 990 in Canada; and 1970-1 990 in (he United States. 

Data Synthcals.Ã‘Sinc 1950, significant declines in the proportion of males 
born have been reported in Denmark and the Netherlands. Similar declines have 
been repotted for Canada and the United States since 1970 and parallel declines 
also have occurred in Sweden, Germany, Norway, and Finland. In Denmark, the 
proportion of males declined from 0.515 in 1950 to 0.513 in 1994. In the Nether- 
lands, the proportion of males declined from 0.516 in 1950 to 0.513 in 1994. Wi- 
far declines in the proportion of males born in Canada and the United States are 
equivalent to a shift from male to female births of 8600 apd 38000 births, respec- 
tively. Known and hypothesized risk factors for reduced sex ratio at birth cannot fully 
account tor recant trends. 

Conclusion-Ã‘Pattern of reduced sex ratio need to be carefully assessed to 
determine whether they are occurring more generally, whether temporal or spatial 
variations are evident, and whether they constitute a sentinel health event. 
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THE SURVIVAL of the species de- stages of vulnerability for parent* prior 
pende on the ability of males and females toconceptionand birth oftheir offspring. 
to reproduce successfully. Reproduction Few established risk factors have been 
is a complex process, involvingmultiple identified for failures that occur during 

many of these reproductive stages. In 
industriahad countries, about 1 of ev- 

www Ã‡ yÃ§sn.v univar̂ ry. New rork. (MS d e s  to a variety of foreign substances 
Sufnpnnuy) 

Reprints. Ovvti L M  Oavfs. WO. MPH. World Re. 
may pose a +at to thehealth of off- 

souws instwe. I rw Nw Y W ~  AVB NW, Washington, spring- In addition, exposures of males 
oc 2 ~ 0 0  (e-mail. oevra~i t i  erg) and females to foreign substances prior 

to conception can affect both their abil- 
ity to conceive and the health of their 
offspring* Timing of expocure to ouch 
substances may be more critical than the 
total dose rate in determining a broad 
array of outcomes? 

A sentinel health event hw been de- 
fined as an unusual pattern of health in a 
population that signals changes in avoid- 
able factors! Thus, c h a n g ~  in either a 
relatively common health occurrence, 
such as childhood asthma, or a relatively 
rare disease, such as pulmonary hyper- 
tension, can reflect changes in avoidable 
exposures. To assess whether etufta in 
the ratio of males to females born, de- 
fined as the Ã§ ratio, constitute a sen- 
tinel health event, it is necessary to de- 
termine the expected pattern of sex 
ratio in light of known modifying condi- 
tions. I t  is also crucial to determine 
whether known causes of alteration in 
this rate could theoretically account for 
recently reported changes. 

This article renews evidence that the 
ratio of male to female births is declining 
in several indufitrmi countries, discusses 
known and suspected causes of sex de- 
termination and altered sex ratio, spÃ§cu 
late8 about possible environmental f ~ c -  
tors that could be involved, and considers 
whether altered sex ratio is a sentinel 
health event. 

Births of males to females can be re- 
ported in different ways. Sex ratio is 
measured as the ratio of male to female 
births. For instance, for every 100 fe- 
male births, there are believed to be 106 
male births! This yields a sex ratio of 
1.06. Frequently, however, the relation- 
ehp between male and female births 18 
reported as the male proportion, or the 
number of male b i i  divided by total 
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.Country YÃ‘r Proportion hlw 
CWUM 1970-1B90 0.0022 C.001 
UnMdSMw 1B70.1WO 0001 <.W1 
Oinmork 19W-1895 0.002 .O1 
m- l%@lsM o m 3  ,001 

births (106 nude births divided by 206 
total births equals 0.516). This can be 
easily understood as the percentage of 
males born out of all births combined; in 
the above example, 61.6% of the births 
are male. Recent analyses (the logistic 
regression analysis for the United 
States and Canadaand the linear regres- 
sionanalyais for Denmark and the Neth- 
erlands) of trends in male births have 
been reported asmale proportion, which 
we generally employ throughout this ar- 
tide. 

RECENT PATTERNS IN SEX RATIO 
Recent reports from several industrial 

countries, including the Netherlands' 
Denmark,' Canada, and the United 
States,' indicate that the proportion of 
males has declined significantly in the 
past 3 decades (Table). As with most com- 
plex biological phenomena, explanations 
for this decline are likely to be multifile- 
torid The male proportion among new- 
born in Denmark and the Netherlands 
have both declined in a parallel manner 
from the 1950s to the 1990s. In Denmark, 
the proportion of males declined from 
0.515in 1950to0.513in 1994(FJgurel). In 
the Netherlands, the proportion of males 
declined from0.616in 1960to0.618in 1994 
(Figure 1). Figure Zshown eimilar trends 
in Canada and the United States for the 
period 1970 to 1990. 

In Canada, the proportion of males has 
decreased significantly from 1970 to 1990, 
following a west-east gradient in 4 main 
regions. For Canada during thia period, 
there wasadecliiungtxend, with a cumu- 
lative lose of 2.2 male birtha per 1000 live 
births. Between 1970 and 1990, the de- 
cline was greatest in the Canadian Atlan- 
tic region, where average socioeconomic 
status is lowest, reaching 5.6 fewer male 
births per 1000 live births. In the United 
States, the declines were also significant 
overall and individually in 4 of the 9 re- 
giona (East-North Central, West-North 
Cantral, South Atlantic,andPacific). The 
overall change in the United States 
throughout the 20 yaars represented a 
cumulative decrease of 1.0 male births 
per 1000 live births. I t  has been observed 
that in some Latin American countries 
the male proportion* has also declined 
since the 19708, from 0.513 to 0.512. Simi- 
lar trends have recently been reported in 
other Nordic countries." 
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Figure 1.Ã‘Proponlof of male Fnhs In Denmark and the Netherlands, 1950-1994. Daf are from van dw 
Pol-lie Bruin Ã aP and Mollu. 

Years 

b u m  2.Ã‘Mtf pfoportJon of newborns in Canada, 1970-1990. Date from Allan el al.' 

ESTIMATED IMPACT OF 
ALTERED SEX AT BIRTH 

In  all ofthe analyses of changesin male 
proportion throughout tirnein industrial 
countries, reported variation occurs in 
fractions of percentage points. Such 
small changes, however, cw have pro- 
found implications for large populations. 

where hundreds of thousands or millions 
of births occur each year. For example, 
the reported statistically significant dc- 
crease of 2.2 males per 1000 births in a 
country the size of Canada with an an- 
nual average of 333 169 birthtt repre- 
sent? a cumulative decline of about 8600 
male births since 1970. During the same 
period, the Usdecline of 1 male birth per 
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1000 corresponds to approximately 
38000 male births." 

Sex AT BIRTH: KNOWN AND 
HYPOTHESIZED CAUSES 
OF ALTERATIONS 

Both timing of exposure to hormones, 
or to toxicante that affect hormones, as 
well as dose of exposure to these materi- 
al~,  appear to be critical determinants of 
a wide range of outcomes that are deter- 
mined d y  in embryogenesis, including 
sexual and terminal cell differentiations. 
These outcomes range from cryptorchi- 
dism. hv~o6muh.s to testicular cancer, 
and possibly,early onset ofbreast cancer. 
The link between disorders of the repro- 
ductive tract, sexual differentiation,and 
malignancy is well established." Events 
that cause somatic mutation in the SRY, 
the sex determining gene on the Y chro- 
mosome, might also lead to female aex 
predominance of offspring, as would 
events that damage or impair Y chrome- 
some-bearing sperm celb."' 

Susceptibility toany toxicantieafunc- 
tion of the rate of cell division and the 
timing and extent of exposures Rapidly 
dividing cells have a greater potential to 
incorporate and replicate errors than do 
those that grow more slowly. Fetal go- 
nadal tissue, which is among the most 
rapidly growing of all, is especially vul- 
nerable to exposures that may result in 
abnormalities,including those that could 
affect sex determination. 

Prenatal sexual development involves 
a complex process. Absent some form of 
androgen stimulation, all embryos appear 
t o  be female." Insufficient androgens can 
produce a feminized male that appears to 
be a normal female." Sexual differentia- 
tion takes places between weeks 6 and 9 
of human life, during which time Sertoli 
cells of the testis or follicular ceils of the 
ovary become active." At this point, the 
embryo has a unisex pair of gonads and 2 
sets ofducts that are referred to as wolff- 
ianand mttUerianducta(mesonephric and 

mesonephric ducte). In an XY em- 
ryo, the g&q will specialize into te8- r 

tes. The testa will then produce male 
hormones such as testosterone, which 
drives the farther masculine develop- 
ment of the fetus. Testosterone cues the 
development ofthe wolffianductsinto the 
ductus deferens and the descent of the 
testes into the scrota1 sac. The mullerian 
inhibitory hormone that is induced by the 
Sertoli calls triggers the disappearance 
of the mUllerian ducts. In the female, the 
wolffian ducts disappear absent any hor- 
monal instructions, and the miillerian 
ducts develop into the oviducts. Normal 
differentiation of the testes depends on 
the Sertoli cells not being disrupted a t  
the critical stage. Thus, disruptions dur- 
ing this critical period of eexual differen- 

tiation could affect the phenotypic deter- 
mination of sex as well as subsequent de- 
velopment of offspring." 

POSSIBLE MEDICAL 
DETERMINANTS OF SEX AT BIRTH 

General medical factors and condi- 
tions documented to reduce the male 
proportion of offspring include older age 
of fathers, in vitro fertilization, non- 
Hodgkin lymphoma, hepatitis, and use 
of fertility drugs, such ae clomiphene." 
In addition, the sex ratio for children of 
men and women with multiple sclerosis 
could belinked tothepuento'stresslev- 
ela, giving birth to more female andmale 
babies, respectively .uHistorically, rates 
of stillbirths declined with improve- 
ments in obstetrical care from the begin- 
ning of this century until the 1960s. As 
stillbirths tend to occur more in male ba- 
biee, reductions in stillbirths have been 
deduced to account for the increasing 
trend of sex ratio that occurred during 
the first half of this century."" 

Other factors that have been hypoth- 
esized to affect the BOX of offspring in- 
clude stress, which increases pituitary 
secretion of corticotropin (adrenocorti- 
cotropic hormone). In men and women, 
elevated levels of corticotropin produce 
paradoxical effects on gonadotropin, 
which is consistent with this hypothesis. 
In men, increased corticotropm levels 
lower the endogenous levels of testos- 
terone and increase the relative propor- 
tion of estrogen, which, in turn, leads to 
the production of more female offspring. 
In women, increased corticotropin lev- 
ela activate the adrenal cortex, yielding 
relatively elevated levels of testoster- 
one, and create a hormonal milieu that 
yields more male offspring.* High ma- 
t e d  goaadotropin levels are associ- 
ated with the production of females. 
Dosing with testosterone prior to con- 
ception has been shown to increase the 
male offspring in humans as well as in 
experimental animals." In one study, 
men who were given methyltestwter- 
one therapy sired 45 boys and 17 girls." 

Parental age has also been hypoth- 
esized to affect sex at birth, although 
findings appear inconsistent. Male pro- 
portion has been observed to decline 
with increases in paternale and mater- 
nal age." One recent study of births in 
301 families found that the difference in 
age between parents was a significant 
predictor of the sex of the first child." 
The age of either one of the parents had 
only a weak effect on the sex of the off- 
spring, while parents with a greater dif- 
ference between their ages gave birth to 
an excess of boys. In contrast, a small 
age difference between huebands and 
wives was associated with more female 
births. 
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DETERMINANTS OF SEX AT BIRTH 

Several studies have identified occu- 
pational and environmental exposures 
that influence  ex a t  birth. In one study 
of workers who apply the nematocide 
dibromochloropropane, exposed men 
were found to have diminished sperm 
counts." Although testosterone levels 
remained normal, gonadotropin levels 
wereelevated. Ofimportance, those who 
were able to have children produced 3 
times as many daughtersas expected. Of 
the 12 births that occurred in wives of 
exposed men who had been oligosper- 
mic, 10 were female, for a male propor- 
tion of 0.167. Further analysis of this to- 
hort provided additional evidence that 
male births were reduced. The propor- 
tion of male infants conceived prior to 
exposures of these same men to dibro- 
mochloropropane was 0.529, in contract 
to 0252 for those conceived during the 
periods when their fathers were work- 
ing with this compound. When the con- 
ception rate was calculated only for the 
exposed amoapennic and oligoapennic 
groups, an even lower proportion of 
0.162 male infants was evident." Fur- 
ther evidence is provided in this study 
for the gonadotropin hypothesis in that 
elevated levels were reported in those 
who fathered disproportionately more 
female babies. 

Other Occupational Exposures 
Under some unusual workplace con- 

ditions, male proportion has been found 
to be radically altered. One analysis from 
the state of Washington found that fa- 
thers who worked in the aluminum in- 
dustry from 1980 to 1990 aa carbon set- 
ters, anode setters, or carbon changers 
had 53 male and 86 female births, for a 
proportion of male births of 0.381 
(P=.003).mOtherfactors that have been 
reported to reduce male proportion sig- 
nificantly include workplace exposures 
to organochlorine pesticides" and waste 
anesthetic gases.a One study in the 
Netherlandaof offspring born from 1978 
to 1990 revealed a remarkable shift to- 
ward more daughters, and a male pro- 
portion of 0248, in children conceived by 
men who had received workplace expo- 
sure to pesticides. This report also found 
that time toconception wassignificantly 
longer for fathers who were estimated 
to have incurred greater cxposures, as 
measured in terms of the number of days 
of pesticide spraying. Other workplace 
exposures have also been linked to low- 
ered male proportion, including other 
types of pesticides, inorganic boru&s.̂  
alcohol, lead, and solvents." 
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