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Abstract

Background

Male births occur in excess of female births. Téterof male:female births is
commonly referred to as M/F and is expected to@pprate 0.515. Stress has been
shown to decrease M/F due to an increased ratalef spontaneous abortions. Since
Japan’s economy declined after the mid-1970s stiidy was carried out in order to
ascertain whether there was any relationship betw#€& and annual change in
percentage gross domestic product (GDP) in Japan.

Methods

Annual male and female live births were obtainednfia World Health Organisation
Mortality database. GDP data was downloaded asxaal Eheet from the website of
the World Bank. Data for both variables was avaddor the period 1961-2009.
Results

This study analysed 71878631 total live births.r€heas an overall and abrupt
decline in M/F which commenced in 1975 (0.5149fr@.5155 in 1974), one year
after the decline in percentage annual GDP growticlwfell from 8.0% to -1.22 from
1973 to 1974. M/F correlated with percentage an@idP growth (r=0.4, p=0.005).
Conclusion

M/F is increasing overall in Asia, but decreasindapan, as is the trend in
developing countries. This country exhibits a ims&DP change along with M/F in
boom years, followed by a progressive fall in bedfues, which occurs almost in
parallel, especially after 1980. To the author'swledge, this is the first time that
M/F has been linked with percentage annual GDP.

The Japanese decline in the secondary sex ratio correlates with annual
per centage change in gross domestic product growth.

Introduction

Male births occur in excess of female births.[1gThtio of male to female live births
is generally expressed as the ratio of male livéhbidivided by the total live births.
This would be more accurately abbreviated as M/M#M/T (male divided by total
births), but it is widely (and technically incortlg abbreviated as M/F. The latter
will be used throughout. For humans, M/F is antitiial to approximate 0.515.[2]

The reason for this discrepancy is uncertain. Megeaa plethora of factors have been
shown to influence M/F.[2] For example, long dusativarfare increases M/F[2]

while stress lowers it.[3] It has also been showat stress in the form of economic
shock may abruptly lower M/F. For example, in Eastmany, M/F was at its lowest



in 1991, the year after reunification when econocoiaditions in this region were at
their worst.[3]

The Japanese period of economic growth up to ti@dBas been called the Japanese
post-war economic miracle. Growth averaged 7.5%apaum in the 1960s and
1970s.[4) However, Japan faced severe economitedals after the global oil crisis

in 1973 since the country was almost totally depenhdn imported petroleum. This

led to the first post-war decline in percentageuahgross domestic product (GDP)
growth. The eventual recovery was followed by thpahese asset price bubble from
1986 to 1991, with high inflation rates in realagstand stock prices. Growth
averaged less than 3% per annum. This bubble iut®91-2, leading to many
difficulties in several Japanese financial instdns. The 1990s in particular are

known as the “Lost Decade” following the countrgionomic collapse.[4]

In Asia, it has been shown overall the M/F is imasiag.[5] In Japan, M/F has been
shown to be declining since the 1970s,[6-8] andvéeh 1950-2009. This overall
trend was statistically highly significant (chi fsend 15.6, p<0.0001).[5]

A country’s economic growth is measured by chamge®ods produced and services
provided with time. It is conventionally cited d&etannual percentage rate of
increase/decrease in real gross domestic prodid®)Gvhich is adjusted for
inflation.

This study was carried out in order to ascertaietivér there is any relationship
between M/F and annual change in percentage GD&pan. In this context, the latter
is used as a measure for economic hardship or @edtwithin the populace.

Methods

Data about annual male and female live births wbtained from a World Health
Organisation Mortality database. This was impoitgd Microsoft Excel, which was
then used for collation and analysis. GDP datadeagnloaded as an Excel sheet
from the website of the World Bank.[9] Data for hatariables was available for the
period 1961-2009.

The quadratic equations of Fleiss were used fottecadculation of 95% confidence
intervals for ratios.[10] Chi tests were appliethgshe Bio-Med-Stat Excel add-in
for contingency tables. Spearman correlation wasethout using SPSS.

The null hypothesis was that annual change in péage GDP was unrelated to M/F.
A p value< 0.05 was taken to represent a statistically sicpmt result.

Results

This study analysed 71878631 total live births @8aB6971799, females: 34906832).
Annual M/F and percentage annual GDP growth aresshio Figure 1. 5-yearly
averages are shown in Figure 2.



There is an overall and abrupt decline in M/F whioimmenced in 1975 (0.5149,
from 0.5155 in 1974), one year after the declinparcentage annual GDP growth
which fell from 8.0% to -1.22% from 1973 to 1974.

M/F correlated significantly with percentage ann@&lP growth (r=0.4, p=0.005).

Discussion

M/F is increasing overall in Asia.[11] This is iomtrast with developed countries
where M/F is in decline.[11] The drop has been lgldran the increasing chemical
contamination of the environment, and indeed, MdE been mooted as a possible
sentinel health indicator.[12] For example, Japale'slining M/F has been possibly
attributed to environmental dioxin, but it mustrmged that these hypotheses are
speculative.[6]

However, the M/F decline clearly parallels Japatsnomic collapse, in accordance
with the economic stress hypothesis.[3] This idipalarly evident when five year
averages are examined in Figure 2, which showseanmiGDP change along with M/F
in boom years, followed by a progressive fall inhbealues. This descent occurs
almost in parallel, especially after 1980.

Adverse environmental conditions encourage strefesadles to spontaneously abort
male fetuses in excess of female fetuses.[14] Biegieconomies have also been
associated with an elevated incidence of very loth lveights (<1500 g) in Sweden
and Norway, but this data for Japan was not aveail&ly analysis.[15]

Other phenomena have also stressed the Japanesatop For example, the
January 1995 Great Hanshin (Kobe) Earthquake wasrskto have reduced sperm
motility[16] as well as fertility (by 6%) in the Hygo Prefecture.[17] This was
accompanied by a significant decline in M/F in tt@gion.[17] However, no effect
was noted on Japan’s overall M/F (Figure 1). Thistast is interesting as it was
observed that after the terrorist attacks of Sepe&rtil, M/F fell not only in New
York[18] but also in California[19] and in the rasftthe United States.[20]

All of this in accordance with the Trivers-Willahypothesis which proposes that a
male who reaches reproductive age in good condsiexpected to out-reproduce a
sister in similar condition. Conversely, if botlean poor condition, a female is
expected to out-reproduce a brother. This is becawgeak son would compete
poorly with stronger males for the same cohoreofdles, thus producing fewer
offspring than a weak female daughter would.[21]

This theory implies that natural selection has taed females who, when pregnant
and subjected to environmental stressors, mang@Mat by culling male fetuses that
are least likely to eventually sire grandchildristales are specifically selected for
abortion as a male in poor condition is likelierdie before reaching reproductive age
than a female in similar condition, despite rea&jva greater maternal
investment.[21]



Male vulnerability is manifest in premature birtlas, well as in term babies, with
higher morbidity and mortality rates that persevete early childhood. It has
therefore been suggested that postnatally, maliautrinteracting with infection, is a
precipitant for male loss. Furthermore, becaugaisfinnate male vulnerability,
despite advances in medical care, male loss aleryseds female loss.[22]

Partial support for this theory is provided by ttse in M/F that occurred with
improvement in living conditions, education, androaluctive hygiene in the
developed world around and after the turn of tH& @ntury. These factors would
tend to reduce conceptopathology, thereby theaittimcreasing the survival rate of
male foetuses.[23]

The Trivers-Willard hypothesis is further reinfoddey the finding that M/F and
caloric availability per capita in over two hundrealintries were positively correlated.
The same study demonstrated that increases orasdesren caloric availability were
associated with corresponding changes in countdiés:[24]

Besides stress, it has been theorised that natitiodeprived mothers are likelier to
produce daughters since these are less costlytfremutritional point of view and are
therefore less likely to be frail and likelier torgive a harsh environment.[25] Indeed,
under such circumstances, increased male foetgicattin pregnancy may be
inevitable since women who gestate a male embiyoirea 10% higher daily energy
intake than women who gestate a female embryo ucoimg on average 8% more
protein, 9.2% more carbohydrates, 10.9% lipidsninal origin and 14.9% lipids of
vegetable origin. Male embryos may therefore beensaisceptible to energy
restriction and thus more likely to be aborted $aoaously.[26]

This study is naturally limited by potential confalers since the data available only
included male and female live births by year. Bareple, monthly M/F data has been
shown to exhibit seasonality as evidenced by ante€hinese study which showed
that summer and winter pregnancies had a lowertNdR those occurring in
spring.[27] Seasonality and changes therein cootda taken into account due to the
nature of the available data.

Furthermore, a very recent Japanse study haslasesthat climate change along
with its inherent abnormal temperature fluctuatieiinked with a lower M/F due to
increased male foetal losses.[28]

Conclusion

To the author's knowledge, this is the first tirhattM/F has been linked with
percentage annual GDP. It would be interestingokeove whether GDP is related to
M/F in other countries that have experienced rapwmhomic changes.

References
1. Campbell RB. John Graunt, John Arbuthnott, anchilmaan sex ratio. Hum Biol.
2001;73:605-10.



2. James WH. The human sex ratio. Part 1: A revietheliterature. Hum Biol
1987;59:721-752.

3. Catalano RA. Sex ratios in the two Germanies: iagiethe economic stress
hypothesis. Hum Reprod. 2003;18:1972-5.

4. Ryan L. The "Asian economic miracle" unmasked: pbktical economy of the
reality. Int J. Social Economics 2000;27: 802-815.

5. Grech V. Secular trends and latitude gradientgxratio at birth in Asia during
the past 60 years. Pediatr Int. 2013;55:219-22.

6. Imaizumi Y, Murata M. The changing sex ratio indapJap J Hum Genet
1981;26:71-81.

7. Minakami H, Sato I. Change in male proportion ofvhern infants in Japan. Am
J Obstet Gynecol. 1998;178:624.

8. Ohmi H, Hirooka K, Mochizuki Y. Reduced ratio of ledo female births in
Japan. Int J Epidemiol. 1999;28:597.

9. The World Bank [Internet]. Data — Japan. Availatoten:
http://data.worldbank.org/country/japan.

10.Fleiss JL. Statistical methods for rates and priogas. New York: John Wiley
and Sons, 1981:14-15 (2nd edition).

11.Grech V, Vassallo-Agius P, Savona-Ventura C. Sedtgads in sex ratios at birth
in North America and Europe over the second hathef20th century. J
Epidemiol Community Health. 2003;57:612-5.

12.Davis DL, Gottlieb MB, Stampnitzky JR. Reducedoaif male to female births
in several industrial countries: a sentinel headthicator? JAMA. 1998;279:1018-
23.

13.Catalano RA. Sex ratios in the two Germanies: aethe economic stress
hypothesis. Hum Reprod. 2003;18:1972-5.

14.Byrne J, Warburton D. Male excess among anatorgicalimal fetuses in
spontaneous abortions. Am J Med Genet. 1987;261605-

15.Catalano R, Hansen HT, Hartig T. The ecologicaafbf unemployment on the
incidence of very low birthweight in Norway and Slea. J Health Soc Behav.
1999;40:422-8.

16. Fukuda M, Fukuda K, Shimizu T, Yomura W, Shimizuk8be earthquake and
reduced sperm motility. Hum Reprod. 1996;11:1244-6.

17.Fukuda M, Fukuda K, Shimizu T, Mgller H. Declinesex ratio at birth after
Kobe earthquake. Hum Reprod. 1998;13:2321-2.

18.Catalano R, Bruckner T, Marks AR, Eskenazi B. Exmges shocks to the human
sex ratio: the case of September 11, 2001 in Newk €aty. Hum Reprod.
2006;21:3127-31.

19.Catalano R, Bruckner T, Gould J, Eskenazi B, Anglefs. Sex ratios in
California following the terrorist attacks of Semieer 11, 2001. Hum Reprod.
2005;20:1221-7.

20.Bruckner TA, Catalano R, Ahern J. Male fetal lasshie U.S. following the
terrorist attacks of September 11, 2001. BMC Puhéalth. 2010;10:273.

21.Trivers RL, Willard DE. Natural selection of parah&bility to vary the sex ratio
of offspring. Science. 1973;179:90-2.

22.Wells JC. Natural selection and sex differencemanbidity and mortality in early
life. J Theor Biol. 2000;202:65-76.



23.Jongbloet PH. Siberian live birth sex ratios arel$iPrOO hypothesis. J
Epidemiol Community Health. 2004;58:528.

24.Williams RJ, Gloster SP. Human sex-ratio as ittesddo caloric availability. Soc
Biol. 1992;39,285-291.

25.Myers JH. Sex ratio adjustment under food stresscimization of quality or
numbers of offspring? Am Naturalist 1978;112:38B-38

26.Tamimi RM, Lagiou P, Mucci LA, Hsieh CC, Adami HOrichopoulos D.
Average energy intake among pregnant women cargyimgy compared with a
girl. BMJ. 2003;326:1245-6.

27.Xu T, Lin D, Liang H, Chen M, Tong W, Mu Y, Feng Ci%ao Y, Zheng Y, Sun
W. The association between season of pregnanchiethesex among Chinese. Int
J Environ Res Public Health. 2014;11:8166-74.

28.Fukuda M, Fukuda K, Shimizu T, Nobunaga M, Mams8&n Y.ding Andersen C.
Climate change is associated with male:femalesatfdetal deaths and newborn
infants in Japan. Fertil Steril. 2014 pii: S00138B2201840-8.



Figure 1: Annual M/F and per centage annual GDP growth
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Figure 2: 5-yearly M/F and per centage annual GDP growth
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