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ABSTRACT

Objectives The sex ratio at birth (proportion of boys to
girls) generally shows slight male preponderance but
may decrease in response to societal stressors. Discrete
adverse events such as terrorist attacks and disasters
typically lead to a temporary decline in the sex ratio 3-5
months later, followed by resolution over around 5 months
thereafter. We hypothesised that the unexpected outcome
of the 2016 US presidential election may have been

a societal stressor for liberal-leaning populations and
thereby precipitated such an effect on the sex ratio in
Canada.

Design Ecological study.

Setting Administrative data for Ontario (Canada’s most
populous province).

Participants All births in Ontario from April 2010 to Oct
2017 inclusive (n=1079758).

Primary and secondary outcome measures We
determined the sex ratio at birth in Ontario for each
month from April 2010 to October 2017 and performed
segmented regression analysis to evaluate the seasonally
adjusted sex ratio for the following three time periods:
before the November 2016 election; after the election to
before the anticipated impact; and from anticipated impact
to 5months thereafter.

Results In the 12months following the election, the
lowest sex ratio occurred in March 2017 (4 months post
election). Compared with the preceding months, the

sex ratio was lower in the 5months from March to July
2017 (p=0.02) during which time it was rising (p=0.01),
reflecting recovery from the nadir. Both effects were

seen in liberal-leaning regions of Ontario (lower sex ratio
(p=0.006) and recovery (p=0.002) in March—July 2017)
but not in conservative-leaning areas (p=0.12and p=0.49,
respectively).

Conclusion The 2016 US presidential election preceded
a temporary reduction in the sex ratio at birth in Canada,
with the time course of changes therein matching the
characteristic pattern of a discrete societal stressor.

INTRODUCTION

The human sex ratio at birth (ie, propor-
tion of boys to girls) typically shows a slight
male preponderance.'™ Although its phys-
iological determinants are not well under-
stood,” * it is recognised that this ratio can

Strengths and limitations of this study

» This population-based study evaluated all births in
Canada’s most populous province for each month
from April 2010 to October 2017, thereby enabling
comprehensive assessment of the pattern of chang-
es in the sex ratio in this population.

» The ecological study design enabled evaluation of
this population outcome (sex ratio) and its precise
monthly pattern in the year following the 2016 US
presidential election, while accounting for seasonal
changes therein.

» The ecological design with population-level data
provides limited capacity for inference to the level of
the individual and hence causality cannot be defini-
tively ascertained.

» This population-based analysis cannot ascertain an
individual woman'’s political preferences or whether
her perception of the election outcome contributed
to fetal loss and thereby impacted the sex ratio.

be modified by adverse societal conditions.
As there is no conclusive evidence of vari-
ability in the sex ratio at conception,' such
variation in the analogous ratio at birth is
believed to reflect sex-specific differences in
the likelihood of fetal demise at various times
during pregnancy.” ® Indeed, adverse soci-
etal stressors such as natural and man-made
disasters,HO economic downturn,11 social
unrest,10 12 and terrorist attacks'® *'7 have
all been reported to decrease the propor-
tion of boys at birth, likely reflecting greater
spontaneous loss of male fetuses in response
to these conditions.” ® Notably, discrete
events, such as terrorist attacks, have typi-
cally resulted in a temporary decline in the
sex ratio 3—5 months after the event, followed
by recovery over around 5 months there-
after.'” "*'7 This pattern has been seen after
a range of events, including the September
11, 2001 attacks,'*"* the 2004 Madrid bomb-
ings,'”!” the 2005 London bombings," ' the
2011 Norway attacks,'® and the 2012 Sandy

BM)

Retnakaran R, Ye C. BMJ Open 2020;10:€031208. doi:10.1136/bmjopen-2019-031208 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0003-1989-027X
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2019-031208&domain=pdf&date_stamp=2020-01-22

Hook Elementary School shooting.'® Moreover, this char-
acteristic pattern of the sex ratio in the months thereafter
has been confirmed in a meta-analysis assessing the effect
of these events on the sex ratio at birth."”

The outcome of the 2016 United States (US) presi-
dential election on 8 November 2016 was perceived by
most observers as a completely unexpected and stunning
event, with unclear domestic and international ramifica-
tions that raised widespread societal concerns about the
future. Given its global implications, we hypothesised that
the unanticipated election of the nationalist right-leaning
Republican nominee would be perceived by left-leaning
populations outside the US as an adverse societal event
and could thereby have affected the sex ratio in such
countries. With its historically liberal society coupled with
close geographical, economic, and socio-political ties to
the US, Canada provides the prototypical example of such
a country. Thus, in this context, we hypothesised that the
outcome of the US presidential election on 8 November
2016 may have precipitated a temporary decline in the
sex ratio at birth in Canada’s most populous province
(Ontario) 3-5 months later, and that this effect may relate
to the political preferences of the population.

METHODS

The Better Outcomes Registry & Network (BORN)
collects comprehensive data on pregnancies and births
in the province of Ontario. Through BORN, we obtained
data on all births in Ontario from April 2010 to Oct 2017
(n=1079 758 births). Specifically, we received the number
of births (total and live births) and sex breakdown thereof
(numbers of boys and girls, respectively) for each of the
91 months between April 2010 and Oct 2017 inclusive. As
Ontario has 14 geographically distinct Local Health Inte-
gration Networks (LHINs) through which healthcare is
delivered across the province, we obtained the same data
stratified by LHIN of maternal residence. This study was
approved by the Mount Sinai Hospital Research Ethics
Board. All analyses were conducted using SAS 9.4 (SAS
Institute, Cary, NC). The sex ratio at delivery was calcu-
lated as the ratio of males to females in each month from
April 2010 to Oct 2017 inclusive. The time series of sex
ratio thus comprised 91 timepoints. The analysis plan
consisted of the following two steps: seasonal adjustment
and segmented regression.

Step 1: seasonal adjustment of sex ratio

It is known that the sex ratio is subject to seasonality,
therefore we used box plots of the time series of sex ratio
by month to examine a possible seasonal pattern. An
autoregressive integrated moving average (ARIMA)
model-based seasonal adjustment method Tramo (time
series regression with ARIMA noise, missing values and
outliers)' * was implemented with PROC X12 in SAS
to remove the seasonal component from the time series.
ARIMA model is a generalisation of an autoregressive
moving average (ARMA) model, which is a combination
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Table 1 Crude (unadjusted) and seasonally adjusted sex
ratio for all births in Ontario in each of the 12 months from

November 2016 to October 2017

Seasonally-

Crude sex adjusted

No of births ratio sex ratio

Month (M:F) (M:F)

Nov 2016 11309 1.027792720  1.043159510
Dec 2016 11089 1.057710150 1.053889585
Jan 2017 11534 1.082701336  1.085020254
Feb 2017 10672 1.055865922 1.060867388
Mar 2017 11782 1.028232054  1.027164337
Apr 2017 11482 1.043787825 1.046988171
May 2017 12243 1.069822485 1.056590659
Jun 2017 12166 1.078592175 1.068903879
Jul 2017 12410 1.076987448  1.074560743
Aug 2017 12532 1.059152153 1.057795259
Sep 2017 12284 1.042227764  1.048025503
Oct 2017 11983 1.053641817 1.053431063

of the AR (autoregressive) and MA (moving average)

models. The approach consists of three stages: model

identification, model estimation, and model diagnosis.

1. Model identification: we used Akaike’s information cri-
teria (AIC) to determine whether log transformation
should be applied for the outcomes (sex ratios), and
whether the corresponding additive mode or multi-
plicative model should be applied to decompose the
seasonal component. Furthermore, the procedure
identified the order for the unseasonal and seasonal
autoregressive and moving average terms. A series of
combinations of orders were generated and ranked
in the order of Bayesian information criterion, so that
the procedure determined a best-fitting ARIMA model
(0,1,1) (0,1,1) for our sex ratio series.

2. Model estimation: maximum likelihood method was
used to estimate the seasonal component in the best-
fitting ARIMA model so that the seasonal component
could be removed from the time series and thereby
enable determination of the seasonally adjusted time
series.

3. Model diagnosis: residual analyses were conducted to
check whether the identified model was appropriate,
and Freidman and Kruskal-Wallis tests were performed
to assess the presence of seasonality in the seasonally
adjusted time series. Based on the seasonally adjust-
ed time series of sex ratio, we determined when the
lowest monthly sex ratio occurred in the year after the
November 2016 election (table 1).

Step 2: segmented regression analysis

Segmented regression analysis was performed to esti-
mate the potential impact of the US election on the sex
ratio in Ontario in the months thereafter. This method is
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Figure 1 Time series of seasonally adjusted sex ratio by month from April 2010 to October 2017. The predicted regression line
for the sex ratio is shown for the following three intervals: before election (from April 2010 to October 2016); period from election
to before the anticipated effect (from November 2016 to February 2017); and the period from the anticipated effect to 5 months

thereafter (from March to July 2017).

powerful in that it can control the trend effect of sex ratio
(ie, to rule out the possibility that the observed decline
in March 2017 was due to a downward trend over time);
reduce measurement bias by ensuring concordance with
population ratios rather than ratios at the LHIN/health
region level; and allow stratification analysis to evaluate
the potential differential impact of the event between
different groups.21

The time series were divided into three segments:
before the election (consisting of 79 months or time-
points from April 2010 to October 2016); the period from
the election to before the anticipated effect (consisting of
four timepoints from November 2016 to February 2017);
and the period from the anticipated effect to the months
thereafter (consisting of eight timepoints from March
2017 onwards). We constructed the segmented regression
model in the form below, assuming linearity of the trend
lines within each segment. We tested autocorrelation of
residuals using the Durbin Watson statistic to confirm that
the time series have no serious autocorrelations. Figure 1
presents the time series of the seasonally adjusted sex
ratio by month from April 2010 to October 2017, with
the predicted segmented regression line shown for the
three segments. Since the decline in the sex ratio after
a discrete adverse societal event is a transient phenom-
enon, we anticipated its presence for 5 months, as this was
the time interval over which the sex ratio recovered from
its nadir after the September 11, 2001 attacks'® and the
April 1992 Los Angeles riots.'” For this reason, the third
interval in the segmented regression analyses ran from
March 2017 to July 2017.

The segmented regression model was constructed as
follows:

Seasonally — adjusted sex ratio = 30 + 81 * time + 32 * event + 3%

time after event + 34 * effect+

35 * time after effect + error term,

where time is a continuous variable indicating time in
months from the start of the observation period; event
is an indicator taking a value of 0 before the election
and 1 after the election; time after event is a continuous
variable counting the number of months after the elec-
tion, taking a value of 0 before the election and (time-80)
after the election (which occurred at month 80); effect
is an indicator taking a value of 0 before the anticipated
effect occurred and 1 after the effect; time after effect
is a continuous variable counting the number of months
after the anticipated effect, taking a value of 0 before the
effect and (time-83) after the effect, which occurred at
month 84; B0 estimates the level of the sex ratio before
election (baseline level), which is the level at the begin-
ning of the pre-election period; B1 estimates the change
in sex ratio before the election, which is the slope of
the trend before the election; B0+B2 estimates the level
of the sex ratio after the election but before the antici-
pated effect occurred; B1+P3 estimates the change in sex
ratio after the election but before the effect occurred;
B0+P2+P4 estimates the level of the sex ratio after the
effect occurred; and B1+B3+B5 estimates the change in
sex ratio after the effect occurred.

In addition, we conducted stratification analyses using
the same segmented regression model for the respec-
tive liberal-leaning and conservative-leaning areas of the
province. To do so, we first classified each LHIN as either
liberal leaning or conservative leaning based on the
political party holding its constituent federal parliamen-
tary ridings at the time of the US election in November
2016. Ridings were classified as liberal leaning if held by
either the Liberal Party or the New Democratic Party.
Ridings were classified as conservative leaning if held by
the Progressive Conservative Party. Based on the polit-
ical parties holding the respective federal parliamen-
tary ridings comprising the geographical area of each
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LHIN, there were 11 liberal-leaning LHINs and three
conservative-leaning LHINs in Ontario. Considering the
unbalanced population of boys and girls at birth in each
LHIN, we pooled the births across the three conservative-
leaning LHINs and the 11 liberal-leaning LHINS, respec-
tively, and then calculated the sex ratio for each of these
two groups for each month. We repeated the ARIMA
approach to obtain seasonally adjusted male and female
series, and then calculated seasonally adjusted sex ratio
series for both groups.

Finally, considering the limited data to fit the second
line segment, we did two sensitivity analyses: with the
exclusion of the second segment (by removing the data
from December 2016 to February 2017); and with the
aggregation of the first and second line segments, for the
whole population and the respective liberal-leaning and
conservative-leaning areas. The segmented regression
model was then re-constructed as follows:

Seasonally — adjusted sex ratio = 36 + 87 x time + 38 * effect + 59%

time after effect + error term,

where time, effect and time after effect are defined as
in the first model ; B6 estimates the level of the sex ratio
before the anticipated effect occurred (baseline level); 7
estimates the change in sex ratio before the anticipated
effect occurred; P6+p8 estimates the level of the sex ratio
after the effect occurred; and B7+p9 estimates the change
in sex ratio after the effect occurred.

Patient and public involvement

Patients were not involved in development of the research
question and outcome measures, study design or conduct
of this study.

RESULTS

Table 1 shows the sex ratio at delivery for all births
in Ontario for each of the 12 months from the elec-
tion onwards (from November 2016 to October 2017).
During this time, the lowest seasonally adjusted sex ratio
occurred in March 2017, which was 4 months after the
election and thus precisely within the anticipated 3-b
months post-event interval. Figure 1 presents a time series
of the seasonally adjusted sex ratio by month from April
2010 to October 2017, with predicted segmented regres-
sion lines shown for the following three intervals: before
the election (from April 2010 to October 2016); from the
election to before the anticipated effect (from November
2016 to February 2017); and from the anticipated effect to
5 months thereafter (from March 2017 to July 2017). This
plot shows that the fall in the sex ratio in March 2017 was
followed by a recovery in the 5 months thereafter, exhib-
iting the anticipated transient nature and time course of
the predicted effect. Indeed, segmented regression anal-
ysis (table 2) confirmed that, compared with the period
from the election to before the anticipated effect (from
November 2016 to February 2017), the sex ratio was lower
in the months from March 2017 to July 2017 (B4=-0.0448,

p=0.02). Moreover, the change in the sex ratio differed
significantly in the period from March 2017 to July 2017
(B5=0.0133, p=0.01), reflecting a rising slope in the latter
interval (ie, recovery of the ratio). In contrast, neither
the sex ratio nor the change therein differed significantly
between pre-election and the post-election period before
the anticipated effect (from November 2016 to February
2017). Thus, taken together, these data are indicative of a
transient fall in the sex ratio 4 months after the election,
with recovery in the 5 months thereafter.

To address the hypothesis that political preferences of
the population may have affected the degree to which
the unexpected outcome of the election was perceived
as an adverse societal event and thereby contributed to
the observed changes in the sex ratio, we classified each
LHIN in Ontario as either liberal leaning or conservative
leaning, based on the political party holding its constit-
uent federal parliamentary ridings at the time of the US
election. As shown in figure 2, the patterns of changes
in the sex ratio differed markedly between liberal-
leaning and conservative-leaning regions. Indeed, in
the liberal-leaning regions, the findings matched those
observed in the entire population (table 2). Specifically,
compared with the period from the election to before
the anticipated effect, the posteffect interval from
March 2017 to July 2017 showed a significantly lower sex
ratio (f4=-0.0539, p=0.006), coupled with a rising slope
(B5=0.0173, p=0.002). In contrast, in the conservative-
leaning regions (table 2), the analogous comparisons
showed no significant differences in either the sex ratio
(B4=0.0823, p=0.12) or the change therein (B5=—-0.0103,
p=0.49). The same findings were observed when the anal-
yses were limited to live births only (online supplemen-
tary table 1).

We also performed sensitivity analyses with two segments
(before the anticipated effect and the post-effect interval)
in two ways: by excluding the 3 months from December
2016 to February 2017, and by including these 3 months
in the pre-effect segment (online supplementary table
2). With both approaches, the post-effect interval in the
liberal-leaning regions showed a significantly lower sex
ratio with a rising slope, while the conservative-leaning
regions showed neither.

DISCUSSION

In this study, we demonstrate two main findings. First,
Canada’s most populous province experienced a decline
in the sex ratio at birth 4 months after the 2016 US presi-
dential election, with subsequent recovery in the 5 months
thereafter. This time course of changes in the sex ratio
matches that which has been previously described after
adverse societal events, such as terrorist attacks. Second,
the transient decline in the overall proportion of boys to
girls born in Ontario in March 2017 was observed in polit-
ically liberal-leaning jurisdictions but not in conservative-
leaning regions of the province. Taken together, these
data suggest that the unanticipated outcome of the 2016
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Figure 2 Time series of seasonally adjusted sex ratio by month from November 2016 (election) to October 2017 in (A)
liberal-leaning regions and (B) conservative-leaning regions. Each panel shows the predicted regression line for the sex ratio
for the period from the election to before the anticipated effect (from November 2016 to February 2017), and the period from
anticipated effect to 5 months thereafter (from March 2017 to July 2017).

US presidential election was associated with a temporary
reduction in the sex ratio at birth in Canada that may
have related to its perception as an adverse societal event
by the politically liberal-leaning population.

In humans, despite relative balance in the propor-
tion of spermatozoa carrying a Y-chromosome to those
carrying an X-chromosome,” there is typically a slight
preponderance of boys at delivery. This imbalance at birth
has been attributed to sex-specific differences in fetal
vulnerability during specific time periods in pregnancy.”
Indeed, after initial balance at conception, the sex ratio
in humans varies at different timepoints across gestation,
with total female mortality in utero ultimately exceeding

male mortality (thereby yielding the slight excess of boys
at delivery).”” Thus, changes in the sex ratio at birth can
reflect the impact of sex-specific differences in fetal loss
during pregnancy.

In this context, enhanced loss of male fetuses has been
proposed as the mechanistic basis by which adverse soci-
etal stressors (such as disasters, terrorism and economic
collapse) maylead toareduction in the sex ratio at birth.*”°
From the perspective of evolutionary biology, it has been
suggested that, under adverse conditions, the loss of frail
male fetuses may be beneficial to the species by yielding
a ‘culled cohort’ of healthier males that are better able to
reproduce and hence increase the likelihood of survival

6

Retnakaran R, Ye C. BMJ Open 2020;10:e031208. doi:10.1136/bmjopen-2019-031208



of the population.” ®** Among such societal stressors in
humans, discrete events such as terrorist attacks have
typically induced a characteristic pattern consisting of a
transient decline in the sex ratio 3-5 months later that is
believed to reflect comparatively greater male fetal loss
during a vulnerable window in mid-pregnancy at around
20-25 weeks' gestation.'”'” In other words, the greater
loss of male fetuses who are within this vulnerable window
at the time of the event results in a depression of the sex
ratio 3-5 months later when these babies would otherwise
have been born. For example, after the terrorist attacks
of September 11, 2001, the sex ratio fell 3-5 months later
in New York,13 California'* and the entire US,15 accom-
panied by greater male fetal deaths in the intervening
months.”” Indeed, this post-event loss of male babies
has emerged as an under-recognised contributor to the
overall casualty toll after terrorist attacks such as 9/11, the
2011 Norway attacks, and the 2012 Sandy Hook Elemen-
tary School shooting.'”

Against this background, we hypothesised that the
unexpected victory of the nationalist, rightleaning
Republican nominee in the 2016 US election and its
resultant uncertain global implications could have been
perceived as a societal stressor in left-leaning nations and
thereby affected the sex ratio in a country such as Canada.
Although we cannot definitively ascertain causality with
the current study design, three lines of evidence arising
from these data support this hypothesis. First, the hypoth-
esised pattern of a transient decline in the sex ratio at
birth followed by recovery thereafter was indeed observed
in Ontario. Second, although other unrecognised soci-
etal factors may also affect the sex ratio, the anticipated
decline occurred precisely within the predicted window
of 3-5 months following the election, as did the recovery
in the 5 months thereafter. Third, this effect was observed
in liberal-leaning regions where the population may have
perceived the outcome of the election as an adverse soci-
etal stressor, but not in conservative-leaning jurisdictions
(where it may not have been perceived in this way). It
is notable that the pattern of change in the sex ratio in
the liberal regions precisely matched that which would
occur after a discrete adverse event, with both the nadir
4months post-election and continuous rise (recovery)
over the 5months that followed (figure 2A and table 2).
In contrast, the sex ratio pattern in conservative regions
showed neither of these characteristic features (figure 2B
and table 2).

We recognise that a limitation of this study is that
population-level data provide limited capacity for infer-
ence to the level of the individual. Nevertheless, the
ecological study design is appropriate for evaluating the
impact of a societal stressor on a population outcome
such as the sex ratio.”” Moreover, a strength of this
study is its evaluation of all births in Ontario, such that
the apparent differential post-election sex ratio pattern
in the three conservative-leaning LHINs (in contrast
to the 11 liberal-leaning LHINs) is not a reflection of
limited power but instead indicative of some difference

between the respective populations (though neither indi-
vidual political preference nor the perception of stress
in response to the election can be ascertained). Thus,
limitations notwithstanding, we believe that the current
data are collectively supportive of the hypothesis in ques-
tion, owing to the precision of the predicted effect in
both pattern and timing in both the entire provincial and
politically stratified populations.

In summary, there was a decline in the proportion of
boys to girls born in Canada’s most populous province 4
months after the 2016 US presidential election followed
by recovery in the 5 months thereafter, reflecting the
characteristic pattern of changes observed after an
adverse societal event. Moreover, this effect was observed
in liberal-leaning jurisdictions of Ontario, but not in
conservative-leaning regions. It thus emerges that the
unanticipated outcome of the 2016 US presidential elec-
tion may have held unrecognised implications for the
populations of other countries, where its perception as a
societal stressor may have impacted the sex ratio at birth
in the months thereafter.
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