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Highlights of the Study

o This is due to spontaneous abortion of frailer male fetuses.
o No such losses occurred following 2 US shootings in 2019.

customed to such shootings.

o Violent events may decrease the sex ratio at birth 3-5 months later.

o This may be due to a smaller effect as these were local events or due to US populations becoming ac-
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Abstract

Objective: In humans, males are born slightly in excess of
females. Many factors have been shown to affect this ratio,
including stressful events such as terrorist attacks. Two
shootings occurred in early August 2019 in the Oregon Dis-
trict in Dayton, Montgomery County, Ohio, and in El Paso
County, Texas, in the USA. This study was carried out in order
to identify whether there were any effects on sex ratio at
birth at the state or county level 3-5 months later. Subject
and Methods: Births by sex, month of birth (2015-2019), and
county were obtained for Ohio and Texas from the website
of the Centers for Disease Control and Prevention. Ordinary
linear logistic regression was used to assess the time trend
in the probability of boys and to investigate changes in the
trend functions. Poisson regression (SAS GENMOD) and lin-
ear logistic regression using SAS procedure LOGISTIC was
applied. Results: This study analyzed 2,623,714 live births,

1,939,938 in Texas (sex odds [SO] 1.044) and 683,776 in Ohio
(SO 1.045). The only significant effect noted was seasonality
(month) at the state level. Conclusion: It has been postulat-
ed that male fetal loss in pregnant women during stressful
periods may occur in accordance with the Trivers-Willard hy-
pothesis. Several studies have found significant effects after
terrorist attacks in the USA (as well as in other countries), but
this study did not reveal such effects. This may be due to sev-
eral reasons including underpowered datasets and the pos-
sibility that populations may be becoming relatively im-

mured to these events. ©2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

In humans, males are born slightly in excess of females
[1]. However, many factors have been implicated as influ-
encing this ratio [2-4]. For example, stress has been shown
to acutely and transiently result in a drop in this ratio, in-
cluding after terrorist attacks. This was shown after sev-
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eral events including, for example, in the USA after the
September 11 attacks [5]. These changes in sex ratio may
be due to stress-induced maternal hormonal variations
(such as arise in follicular testosterone) with a loss of male
fetuses as these are more vulnerable [6, 7]. This has been
noted classically, for example, after short wars or disasters
with fewer males than usual being born 6 months later,
while at the end of a long war, more males are born [6].

Several other violent events have since been shown to
result in similar effects, as evidenced by a meta-analysis
that pooled the 2011 Anders Breivik Norway attacks, the
2012 Sandy Hook Elementary School shooting, the Sep-
tember 11, 2001, attacks, and the 2004 Madrid and 2005
London bombings [8]. It has been shown that such events
may result in a transient decline in the sex ratio at birth
3-5 months later, due to an excess of male losses in ongo-
ing pregnancies [9].

Two shootings occurred in early August 2019 in the
USA. On August 4, a lone shooter killed 9 people and in-
jured 17 others in the Oregon District of Dayton, Mont-
gomery County, Ohio. On August 3, another lone shoot-
er killed 23 people and injured 23 others in El Paso Coun-
ty, Texas. The only extant meta-analysis on this subject
noted that lone wolf events were likelier to generate sig-
nificant effects on the sex ratio. The current study was
carried out in order to identify whether there were any sex
ratio effects at birth at the state or countylevel 3-5 months
after these 2 events, i.e., October-December 2019.

Subjects and Methods

Births by sex, month of birth (for the years 2015-2019), and
county were obtained for Ohio and Texas from the website of the
Centers for Disease Control and Prevention (CDC Wonder:
https://wonder.cdc.gov/natality.html). Ordinary linear logistic re-
gression was used to assess the time trend in the probability of boys
among live births (m+f) and to investigate whether there were sig-
nificant changes (drops or jumps) in the trend functions. This in-
volved considering the male proportion (pm) among all male (m)
and female (f) births: pm = m/(m-+f). Pertinent parameters in this
context are the sex odds (SO) = pm/(1 — pm) = m/f and the sex
odds ratio (SOR), which is the ratio of 2 sex odds of interest, e.g.,
the sex odds in exposed populations divided by the sex odds in
nonexposed populations. The required binomial distributional as-
sumption, possible heterogeneity, and autocorrelation issues have
been previously considered in detail [10, 11]. For trend analyses of
birth counts and sex odds, Poisson regression (SAS GENMOD)
and linear logistic regression using SAS procedure LOGISTIC was
applied. Figures were produced with SAS procedure SGPLOT.
Software employed was MS-Excel-365 (2016), R 3.5.1, Wolfram
MATHEMATICA 11.3, and mostly SAS/STAT software 9.4 (SAS
Institute Inc.: SAS/STAT User’s Guide, Cary NC: SAS Institute
Inc., 2014).
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Results

This study analyzed 2,623,714 live births, 1,939,938 in
Texas (SO 1.044) and 683,776 in Ohio (SO 1.045). Totals
and SO are shown in Table 1. Testing for SO fluctuations
in October-December 2019 adjusted for time trend, sea-
sonality (month), location (state or county), and location
by dip interaction was carried out employing Wald x>
tests within the framework of logistic regression. The
main parameters tested were the hypothetical sex ratio
level shifts in October-December 2019. The logistic re-
gression models for performing these tests were adjusted
for time, seasonality (month), location (state or county),
period, and location x period interactions. A typical sam-
ple model equation in symbolic SAS notation for these
purposes employing dummy variables defined in the class
statement is as follows:

Proc logistic ~ Data = data
Class Month location dip
Model Male/(male + female) = time month location|dip/

scale=d

The vertical bar (|) between 2 variables denotes the in-
clusion of both their main effects and their interaction.
Results are shown in Table 2. The only significant effect
is seasonality (month) at the state level. Figure 1 shows
insignificant dips in October-December 2019 at the state
level and statistically even weaker fluctuations at the
county level, with and without adjusting for month. Pois-
son regression was not applied in this context as it was
considered inappropriate as no analysis was considered
or evaluated for trends in the absolute sex-specific counts.

Discussion

It has been postulated that male fetal loss in pregnant
women during stressful periods may occur in accordance
with the Trivers-Willard hypothesis. This avers that under
good conditions, parents have more male offspring, and
when conditions are poor, parents have less male offspring.
This confers an evolutionary advantage in that in polygy-
nous species (such as humans), males have greater mating
opportunities and a higher chance of passing on their genes
than females who are constrained by gestation and lacta-
tion. In poor conditions, male fetuses may not survive to
term, and if they do, males born in poor conditions will not
be able to compete well with more robust males. Pregnant
females may therefore have developed the ability to spon-
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Table 1. Births in Ohio and Texas 2015-2019 by sex

State Year Male Female Total SO
Ohio 2015 71,286 67,978 139,264 1.049
Ohio 2016 70,636 67,449 138,085 1.047
Ohio 2017 69,975 66,857 136,832 1.047
Ohio 2018 68,933 66,201 135,134 1.041
Ohio 2019 68,608 65,853 134,461 1.042
Total 349,438 334,338 683,776 1.045
Texas 2015 206,066 197,552 403,618 1.043
Texas 2016 203,339 194,708 398,047 1.044
Texas 2017 194,958 187,092 382,050 1.042
Texas 2018 193,321 185,303 378,624 1.043
Texas 2019 192,987 184,612 377,599 1.045
Total 990,671 949,267 1,939,938 1.044
County (state) Year Male Female Total SO
Montgomery (OH) 2015 3,439 3,220 6,659 1.068
Montgomery (OH) 2016 3,365 3,266 6,631 1.030
Montgomery (OH) 2017 3,475 3,255 6,730 1.068
Montgomery (OH) 2018 3,380 3,100 6,480 1.090
Montgomery (OH) 2019 3,228 3,167 6,395 1.019
Total 16,887 16,008 32,895 1.055
El Paso (TX) 2015 6,860 6,661 13,521 1.030
El Paso (TX) 2016 6,716 6,357 13,073 1.056
El Paso (TX) 2017 6,118 5,895 12,013 1.038
El Paso (TX) 2018 5,952 5,769 11,721 1.032
El Paso (TX) 2019 5,877 5,760 11,637 1.020
Total 31,523 30,442 61,965 1.036
SO, sex odds.
taneously abort male fetuses in poor conditions which af-  Table 2. Tests for sex ratio dips
fords them the possibility to become pregnant again: if a
female ensues, she can still become pregnant while ifa male ~ Effect DF Waldx®  Pr>x?
ensues and cond'ltlons have 1rpproved, this once againpro- | .. ¢ model parameters
vides better mating opportunities [12]. State level
This is supported by several studies including the find- Month* 11 2449  0.0108
ing of increased spontaneous abortion following trau- Dip Oct-Dec 2019 1 0.26 0.6078
matic events, presumably of frailer male fetuses, who also State 1 0.41 0.5196
S . . « » State*dip Oct-Dec 2019 1 0.46 0.4988
have diminished life expectancy having not been “culled” = ty level
in utero [9, 13-15]. Furthermore, many types of traumat- Month 1 781 0.7300
ic events have been shown to reduce the sex ratio at birth Dip Oct-Dec 2019 1 0.63 0.4283
including famine [16], natural events such as volcanic County 1 0.98 0.3221
County dip Oct-Dec 2019 1 1.30 0.2540

eruptions [17], political turmoil [18], tragic deaths of im-
portant personages [19], and recessions [20, 21].

This study did not find any significant effects of these
2 violent events on the birth sex ratio, and this is not the

No Birth Sex Ratio Changes following 2
US Shootings

* Denotes p < 0.05.
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Fig. 1. Sex odds in Oct-Dec 2019 at the state level (top) and county level (bottom).

first negative study of this kind [22]. It has been postu-
lated that a lack of effect could be due to several factors
including the perceived magnitude of the event and that
such studies may have been relatively underpowered [23,
24]. It has also been suggested that a more detailed analy-
sis might find such an effect, such as the disaggregated
data (e.g., by county) [21]. This study failed to find effects
even at the county level; however, when data are disag-
gregated to this level, statistical power naturally declines.

In the USA, state-wide effects have been noted follow-
ing not only the September 11 attacks [3] but also the Los
Angeles Riots (the Rodney King affair) of 1992 and the
Sandy Hook shootings of 2012 which affected the states
of California and Connecticut, respectively [22]. These
findings were not replicated in our study, and while it is
possible that earlier studies yielded a decline in the sex
ratio at birth as a result of false-positive findings, this is
unlikely as many of these studies were highly powered
and some involved millions of births.
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Conclusion

The lack of effect noted in this study may be due to
several reasons including not only underpowered datas-
ets but also due to populations becoming relatively im-
mured to these events.
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