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A B S T R A C T   

Recent research has suggested that the social distancing mandates introduced in the United States during the 
main waves of the 1918–20 influenza pandemic caused an increase in suicide rates. However, that finding relies 
on poor-quality, temporally mismatched data and has signs of omitted variable bias. Similarly, a long-standing 
finding that American suicide rates in 1918–20 were also boosted by the influenza mortality of the time has gone 
unquestioned in the literature, despite the original research admitting its risk of ecological fallacy. Using higher- 
powered mortality data, I cast doubt on both findings by analyzing the experiences of the pandemic in 43 of the 
largest American cities of the time. In line with some populations’ experiences of COVID-19, I report tentative 
evidence that social distancing mandates during the 1918–20 pandemic may have been associated with 
decreased suicide rates. Larger, cross-national investigations of the effects of historical pandemics and social 
distancing mandates on mental health and suicide are needed.   

1. Introduction 

As during previous major outbreaks of infectious disease (Markel 
et al., 2007; Tognotti 2013), the need to save lives from the ongoing 
COVID-19 pandemic has led to the intermittent introduction of social 
distancing and quarantine requirements in most global populations. 
These restrictions tend to contribute to loneliness and decreased social 
integration, so they have prompted concerns since the beginning of the 
pandemic that they would contribute to suicide (e.g. Gunnell et al., 
2020). Worsening mental health has been observed throughout the 
pandemic, likely due to the combined effects of the pandemic’s death 
toll, the implemented social restrictions, and the socioeconomic conse-
quences of both. However, the bulk of the available evidence suggests 
that the pandemic and its total effects have not been associated with an 
increase in suicide rates (Aknin et al., 2021; Meyerowitz-Katz et al., 
2021; Pirkis et al., 2021). 

Stack and Rockett (2021) challenge this literature somewhat by 
concluding that the social distancing requirements introduced in the 
United States in late 1918 and early 1919 in the face of the influenza 
pandemic of the time were associated with an increase in suicide rates. 
They correlate the number of days for which restrictions were intro-
duced in 1918–19 with the 1918 rate of deaths attributed to suicide in 
43 large cities. Controlling for the 1918 rate of deaths attributed to 
influenza, they found that a ten-day increase in the length of social 

distancing mandates was associated with an additional 0.43 annual 
suicides per 100,000 population (two-tailed p = 0.032; 95% CI: 0.05, 
0.81). In the authors’ sample, the mean rate of deaths attributed to 
suicide in the baseline year of 1917 was 17.0 per 100,000 population 
and the mean length of social distancing in 1918 was 65.8 days. 
Therefore, the authors’ finding equates to suggesting that the social 
distancing mandates in late 1918 increased the 1918 suicide rate in large 
American cities by an average of 16.6% relative to 1917 (95% CI: 1.9%, 
31.4%). 

In this article, I replicate the work of Stack and Rockett (2021) and 
test whether their findings are robust to the use of higher-quality data 
and controlling for baseline suicide rates. I also take the chance to 
re-evaluate Wasserman’s (1992) suggestion that the pandemic’s mor-
tality itself was associated with higher suicide rates in the United States. 

I note that the analysis used by Stack and Rockett (2021), in 
particular, can be improved in three important ways. First, their mea-
sure of mortality due to the pandemic itself can be improved. The au-
thors utilize the annual rates of deaths attributed to influenza in 1918 
(Bureau of the Census, 1923) as a control variable, but this is a poor 
measure of the mortality attributable to the pandemic. Excess mortality 
calculations are the gold-standard method for estimating pandemic 
death tolls (Beaney et al., 2020), estimates of the 1918–20 influenza 
pandemic’s mortality based on annual rates are known to face a sig-
nificant risk of bias (Andreasen & Simonsen, 2011; Chandra & 
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Christensen, 2019), and a large proportion of the 1918–20 pandemic 
deaths in the United States were attributed to pneumonia, not influenza 
(Crosby, 1989). In light of these facts, it is not surprising that I find that 
the authors’ pandemic mortality data is only moderately associated with 
the excess influenza and pneumonia mortality estimates published by 
Markel et al. (2007) for the 43 cities in the authors’ sample (R2 = 0.42). 

Second, Stack and Rockett’s (2021) suicide and pandemic mortality 
data can be made more temporally specific. The authors utilize annual 
rates of deaths attributed to suicide and influenza that cover January 1, 
1918 to December 31, 1918 (Bureau of the Census, 1923), but they 
correlate them with social distancing mandate durations that spanned 
from September 18, 1918 to March 23, 1919 (Markel et al., 2007). This 
temporal mismatch is not monumentally worrying because most cities in 
the sample ceased mandating social distancing by the end of 1918; 75% 
of the total days of mandates in the sample occurred before January 1, 
1919. However, the mismatch is still concerning because, using the 
attributed cause-of-death data from the Bureau of the Census, I find that 
the annual suicide rates in 1918 for the 43 cities in the sample have an 
imperfect correlation with the suicide rates from September 1918 to 
March 1919 (R2 = 0.82). 

Third, the robustness of Stack and Rockett’s (2021) findings can be 
greatly improved by controlling for baseline suicide rates. In fact, doing 
so seems warranted based on one observation made by the authors 
themselves. The authors demonstrate that the duration of social 
distancing mandates in late 1918 and early 1919 was associated with 
suicide rates in 1918, but they also mention that suicide rates in 1917 
and 1918 were highly correlated with each other. This suggests that 
suicide rates in 1917 were also associated with the length of social 
distancing mandates in 1918–19. In turn, this indicates that confounding 
alone may drive the authors’ reported association between 1918 suicide 
rates and the length of social distancing. 

Indeed, Fig. 1 suggests that education or a related aspect of human 
development is a key confounder within Stack and Rockett’s (2021) 
work. Excluding the outlier of San Francisco, Fig. 1a displays the asso-
ciation between the duration of 1918–19 social distancing mandates and 
the 1918 suicide rate (p < 0.001; standardized coefficient: +0.526) and 
Fig. 1b displays the association between the literacy rate among people 
aged 10 and older at the 1920 census (Bureau of the Census, 1922) and 

the 1918 suicide rate (p < 0.001; standardized coefficient: +0.611). The 
similarity of the direction and strength of the associations displayed 
suggests that education—for which literacy is a proxy—or some closely 
correlated aspect of human development is a confounding variable that 
explains the relationship that Stack and Rockett (2021) observe. In the 
period of pandemic, American cities with higher levels of education 
could have simply both had higher suicide rates and been prone to enact 
longer social distancing mandates. Therefore, I also test whether con-
trolling for baseline suicide rates—which should capture most effects of 
education and other omitted variables—changes the observed associa-
tion between social distancing mandates and suicide. 

I find that Stack and Rockett’s (2021) model of suicide rates is 
reproducible but that it is rendered statistically insignificant either by 
using higher-quality suicide and pandemic mortality estimates or by 
controlling for the available estimates of the baseline suicide rates of the 
period. Also, in all high-quality model specifications I find no evidence 
for pandemic mortality increasing suicides (cf. Wasserman, 1992), and 
in one model specification I find evidence for 1918–19 social distancing 
mandates actually being associated with reduced suicide rates. 

2. Methods 

I attempt to reproduce the model of American suicide rates in 1918 
published by Stack and Rockett (2021) by following the methodology 
they describe in their article. I perform ordinary least-squares regression 
using the data on the duration of social distancing requirements in 
American cities published by Markel et al. (2007) and the annual 1918 
rates of deaths attributed to suicide and influenza, respectively, pub-
lished by the Bureau of the Census (1923). It has been suggested that the 
social distancing duration data published by Markel et al. (2007) was 
flawed in the cases of New York and Chicago (Barry, 2007), but I note 
that these concerns seem to be overblown (see Aimone, 2010). 

However, I do test the effect of removing one outlier from the au-
thors’ sample. In 1918, San Francisco had a rate of deaths attributed to 
suicide that was 67% higher than the city with the next highest rate, and 
it saw similarly high suicide rates in the surrounding years. Additionally, 
the city had a relatively short period of social distancing requirements 
(50th percentile) given its influenza mortality in 1918 (86th percentile). 

Fig. 1. The correlations of 1918–19 social distancing mandate duration and literacy with suicide rates in major American cities.  
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As such, testing its removal both seems appropriate and makes it more 
likely that Stack and Rockett’s (2021) hypothesis will be validated. 

For the reasons described in the introduction, I also re-run Stack and 
Rockett’s (2021) analysis using higher-quality data than originally used 
and re-run it using 1917 baseline suicide rates as a control variable. I 
source higher-quality pandemic mortality data from the local excess 
pneumonia and influenza mortality estimates produced by Markel et al. 
(2007) for the period of September 8, 1918 to February 22, 1919. I 
calculate higher-quality suicide rates for the period of social distancing 
mandates by dividing the total number of deaths attributed to suicide in 
the cities in the sample between the months of September 1918 and 
March 1919 (Bureau of the Census, 1920, 1921) by an exponential 
interpolation of the respective annual populations in each city based on 
the 1910 and 1920 census data reported by Gibson (1998). I calculate 
baseline suicide rates in the same manner, using annual suicide counts 
from 1917 (Bureau of the Census, 1919). Using an interpolated de-
nominator may mean that suicide rates are slightly underestimated for 
the period of World War I solider mobilization, but the extent of pro-
portional underestimation should not vary greatly between the cities in 
the sample, meaning that the underestimation does not have a signifi-
cantly biasing effect on my regression results. 

My quantitative analysis can be replicated in full using the provided 
R and data files. The data from the Bureau of the Census and Gibson 
(1998) is in the public domain and the data from Markel et al. (2007) is 
used and distributed in a limited way as fair use. 

In my results, I report standardized regression coefficients to enable 
comparisons of the relative effect sizes of explanatory variables. This 
means that the regression coefficients are scaled to reflect how many 
standard deviations of change in the dependent variable is associated 
with a one standard deviation change in the independent variable. 
Additionally, I report adjusted R2 values and two-tailed tests of statis-
tical significance, except where stated otherwise. Stack and Rockett 
(2021) report unadjusted R2 values and one-tailed tests without justi-
fying those choices that otherwise inflate the apparent significance of 
their results. I consider it inappropriate to use a one-tailed test when 
examining the authors’ hypothesis because it is plausible that social 
distancing in 1918 could have curbed suicide rates to some extent, as I 
discuss below. 

3. Results 

Table 1, Column 1 displays my close reconstruction of the authors’ 
model. Controlling for the rate of deaths attributed to influenza in 1918, 
I find that the duration of social distancing requirements during the 
canonical ‘second’ and ‘third’ waves of the 1918–20 pandemic is asso-
ciated with higher rates of deaths attributed to suicide in 1918 (p =
0.024). I report this result with a slightly larger standardized effect size 
and a slightly smaller p-value than the original authors do; this is likely 

due to slight discrepancies in data transcription. 
This finding, i.e. that of Stack and Rockett (2021), is not robust to 

controlling for baseline suicide rates nor using higher-quality data. 
Table 1, Column 2 shows that the duration of social distancing mandates 
is not associated with 1918 suicide rates if one controls for 1917 suicide 
rates (p = 0.725). Table 1, Column 3 shows that the duration of social 
distancing mandates is not associated with 1918 suicide rates if one uses 
higher-quality suicide and pandemic mortality data than originally used 
by the authors (p = 0.277). Table 1, Column 4 shows if one uses the 
available higher-quality data and controls for 1917 suicide rates, longer 
1918–19 social distancing mandates in 43 large American cities were 
actually modestly associated with lower suicide rates over the period of 
September 1918 to March 1919 (p = 0.031). 

Table 2 re-runs the models presented in Table 1 after excluding the 
outlier of San Francisco, and it generally replicates the findings just 
described. Table 2, Column 2 shows that the duration of social 
distancing mandates is not associated with 1918 suicide rates if one 
controls for 1917 suicide rates (p = 0.096). This result can be reported as 
significant if one uses one-tailed tests, as the original authors do, but I 
maintain that doing so is not appropriate given the plausibility of an 
effect in the opposite direction and the tentative evidence for such an 
effect reported in Table 1, Column 4. Table 2, Column 4 does not 
replicate the negative association between social distancing and suicide 
reported in Table 1, Column 4 (p = 0.118). However, it does reaffirm my 
finding that Stack and Rockett’s (2021) reported positive association 
between social distancing and suicide is rendered insignificant by using 
higher-quality data and controlling for baseline rates (one-tailed p =
0.941). 

Also, I note that all models presented in Tables 1 and 2 report a null 
association between influenza (and pneumonia) mortality and suicide 
rates at the time of the pandemic. 

4. Discussion 

Tables 1 and 2 suggest that Stack and Rockett’s (2021) reported 
positive association between social distancing and suicide is due to a 
combination of confounding and random error. Table 1, Column 2 
shows that controlling for baseline suicide rates makes the authors’ 
finding insignificant; this suggests that Stack and Rockett’s (2021) re-
ported association is due to omitted variable bias. Table 1, Column 3 
shows that using higher-quality data makes the authors’ finding insig-
nificant; this suggests that the poor-quality data used contained enough 
random error that the authors’ hypothesis was statistically significantly 
validated by chance. Table 2 shows that these findings are robust to the 
exclusion of the one outlier in the sample, San Francisco. 

There is a theoretical reason that Stack and Rockett (2021) may have 
refrained from controlling for baseline suicide rates. As they discuss, the 
1910s was a time of significantly improving quality and coverage of 

Table 1 
Regression table of the effects of 1918–19 social distancing mandate duration on 
suicide rates, including San Francisco.   

(1) (2) (3) (4) 

Mandate 
duration 

0.356* 
(0.151) 

0.032 (0.090) 0.183 
(0.166) 

− 0.228* 
(0.102) 

Pandemic 
mortality 

0.179 
(0.151) 

0.150 (0.084) 0.029 
(0.166) 

− 0.099 
(0.093) 

1917 suicide rate  0.844*** 
(0.088)  

0.909*** 
(0.095)      

Observations 43 43 43 43 
Adjusted R2 0.086 0.721 − 0.018 0.686 
Better-quality 

data 
No No Yes Yes 

Note: Regression coefficients are standardized, standardized standard errors are 
provided in parentheses, and two-tailed p-values are indicated as follows: p <
0.05 (*), p < 0.01 (**), p < 0.001 (***). 

Table 2 
Regression table of the effects of 1918–19 social distancing mandate duration on 
suicide rates, excluding San Francisco.   

(1) (2) (3) (4) 

Mandate 
duration 

0.534*** 
(0.140) 

0.192 
(0.112) 

0.235 
(0.163) 

− 0.202 
(0.126) 

Pandemic 
mortality 

0.105 
(0.140) 

0.146 
(0.099) 

− 0.110 
(0.163) 

− 0.151 
(0.110) 

1917 suicide 
rate  

0.707*** 
(0.111)  

0.832*** 
(0.120)      

Observations 42 42 42 42 
Adjusted R2 0.234 0.619 0.038 0.566 
Better-quality 

data 
No No Yes Yes 

Note: Regression coefficients are standardized, standardized standard errors are 
provided in parentheses, and two-tailed p-values are indicated as follows: p <
0.05 (*), p < 0.01 (**), p < 0.001 (***). 
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death registration in the United States. As such, they may have viewed 
the suicide rates in 1917 or earlier as insufficiently high-quality control 
variables. I would suggest that this is too theoretical of a concern 
compared to the imperative to execute proper time-series modeling 
techniques. Specifically, when using time-series data, the dependent 
variable’s previous year value should be included as an independent 
control variable to control for autocorrelation and sharpen explanatory 
variable estimates. 

However, in Appendix Table A1, I also show that controlling for 
literacy rates at the 1920 census, instead of 1917 baseline suicide rates, 
yields similar results to those in Tables 1 and 2. Unsurprisingly, the 
models presented have less explanatory power than those in Tables 1 
and 2 that include baseline suicide rates, but they do reaffirm my 
conclusion that Stack and Rockett’s (2021) finding is largely due to 
confounding. Moreover, they suggest that Stack and Rockett’s (2021) 
conclusion may be due to confounding in the hypothetical manner that I 
proposed in the introduction: cities with more human development at 
the time of the pandemic may have simply been predisposed to both 
suffer higher suicide rates and impose longer lockdowns. 

Otherwise, the analysis presented in this article makes a few other 
contributions to the literature on the 1918–20 influenza pandemic and 
suicide. Perhaps most importantly, it responds to a research call that 
seems to have gone largely unanswered for three decades. Previously, 
Wasserman (1992) found that crude national monthly death rates in the 
United States were positively associated with monthly suicide rates over 
the period of 1910–1920, inclusive, controlling for autocorrelation and 
variables including annual alcohol consumption estimates, monthly 
economic indicators, and the number of nationally publicized suicide 
stories per month. Given that crude national monthly death rates in that 
period were dominated by the 1918–20 influenza pandemic, Wasserman 
(1992) suggested that the mortality of the pandemic likely affected the 
American population such that suicide rates rose. However, the author 
also cautioned that his hypothesis would have to be re-examined using 
more disaggregated data, due to the potential for ecological bias 
affecting his analysis. 

This article and that of Stack and Rockett (2021) seem to be the first 
published papers that have heeded Wasserman’s (1992) research call, 
and they do not support his findings. The models in Tables 1 and 2 of this 
article and the model presented by Stack and Rockett (2021) in their 
Table 1 find no evidence that the local severity of the influenza 
pandemic was associated with increased suicide rates in 43 of the largest 
American cities of the time. This suggests that Wasserman’s (1992) 
conclusion may have been due to confounding or other sources of bias. 

Moreover, Stack and Rockett (2021) and I seem to present the first 
analyses of the 1918–20 influenza pandemic and contemporary suicide 
rates that make use of sub-national data from anywhere in the world. In 
doing so, we bolster a growing literature that has found little connection 
between the two on the national level. Bastiampillai, Allison, Brailey, 
et al. (2021) observe that suicide rates in the United States were notably 
lower during the period of the pandemic (1918–20) than in the sur-
rounding years, and Bastiampillai, Allison, Smith, et al. (2021) make the 
same finding in New Zealand. In a more robust fashion, Rück et al. 
(2021) find that there was no relationship between suicide rates in 
Sweden and any of the three 20th-century influenza pandemics. Chang 
et al. (2020) contribute a high-quality analysis of the pandemic in 
Taiwan, but they only find evidence for 33 excess suicides (95% CI: 3, 
56) during a pandemic that caused an estimated 50,000 excess deaths in 
total in Taiwan (Hayami, 2009; Hsieh, 2009). 

Finally, the full models presented in Tables 1 and 2 do suggest a new 
hypothesis within the field. Table 1, Column 4 suggests that American 
cities with longer social distancing mandates in late 1918 and early 1919 
had lower suicide rates over that period, controlling for pandemic 
mortality in that period and 1917 baseline suicide rates. Table 2, Col-
umn 4 shows that the statistical significance of that finding depends on 
the inclusion of San Francisco, but even excluding San Francisco, the 
data suggest that a one standard deviation increase in the duration of 

social distancing requirements (SD = 46.9 days) was associated with a 
mean 0.202 standard deviation decrease in suicide rates between 
September 1918 and March 1919, or a mean decline in the contempo-
rary suicide rate of 9% (p = 0.118; 95% CI: − 2%, 20%). 

This is not a conclusive finding, but it does warrant more explora-
tion. The imposition of social distancing mandates early in the COVID- 
19 pandemic was temporally correlated with a moderate reduction in 
suicide rates in several global populations, including Chile, Ecuador, 
Japan, South Korea, and New Zealand (Pirkis et al., 2021). The current 
evidence does not yet indicate whether that decline in suicide was due to 
the general experience of the pandemic or partly due to an effect of 
lockdown itself. However, such a latter effect is plausible. Durkheimian 
hypotheses of how social changes impact social integration and there-
fore suicide risk can often be contradictory (see Wasserman, 1992). 
Social distancing mandates undoubtedly limited individuals’ social in-
teractions outside of the home, but they could have intensified some 
people’s sense of the severity of pandemic and thereby increased their 
social solidarity in the face of the crisis. This was observed to have 
happened during the first global wave of the COVID-19 pandemic (see 
Collins, 2020; Morrow, 2020). Lockdowns could have also limited in-
dividuals’ exposure to certain social stressors, and the introduction of 
longer and more severe social distancing mandates could have assuaged 
some individuals’ fears of what consequences the pandemic would have 
for them and their significant others, thereby giving them more exis-
tential security. 

If longer 1918–19 social distancing mandates were found to be 
robustly related to lower suicide rates, that would not be the first finding 
that associates lockdowns with societal benefits that are distinct from 
the reductions in pandemic mortality that they most directly foster. That 
finding would join the observation by Wagner et al. (2020) that Amer-
ican cities with longer 1918–19 mandates saw their post-pandemic 
fertility rates rise to pre-pandemic levels the fastest. It would also join 
the findings that some lockdowns early in the COVID-19 pandemic were 
associated with reduced air pollution attributable mortality (Chossière 
et al., 2021) and fewer violent deaths (see Calderon-Anyosa & Kaufman, 
2021). 

5. Conclusions 

Globally, there has been little work on the effects of the 1918–20 
influenza pandemic on mental health. As discussed above, the previ-
ously reported associations between the pandemic and contemporary 
suicide rates have been weak or null. Otherwise, one limited study re-
ported no effect of the pandemic on acute compulsory psychiatric ad-
missions in Amsterdam (van der Heide & Coutinho, 2006). Two recent 
systematic reviews on the experience of mental health during epidemics 
found no other literature relating to the 1918–20 influenza pandemic 
(Neelam et al., 2021; Rogers et al., 2021)—although the search strate-
gies of the reviews may have been too narrow. Additionally, I am aware 
that two research teams have reported no connection between the 
pandemic and psychiatric admissions in Croatia (Milovan Delić and 
Plavšić, 2020; Vukojević et al., 2021) and that Dimka and Mamelund 
(2020) report on the high case-fatality of medically institutionalized 
individuals, including psychiatric patients, in Norway. 

Other work suggests a longer-term link between the 1918–20 influ-
enza pandemic and poor mental health. Some studies of later influenza 
epidemics have reported that in utero exposure to influenza is a risk 
factor for developing psychiatric conditions (Kępińska et al., 2020; 
Turner et al., 2021). Several studies of the 1918–20 influenza have also 
reported that in utero exposure to the pandemic was associated with 
various life outcomes that could have been a risk factor for poor mental 
health, e.g. higher rates of physical disability (Almond, 2006), higher 
rates of chronic disease and hospitalization (Acquah et al., 2017; Lin & 
Liu, 2014), and lower levels of education (González et al., 2021; Lin & 
Liu, 2014; Percoco, 2016). However, it is also established that estimates 
of the effects of in utero exposure to 1918–20 pandemic can be both 
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highly inconsistent (Cohen et al., 2010; Vollmer & Wójcik, 2017, p. 92) 
and systematically biased (Beach et al., 2018; Brown & Thomas, 2018). 
Much more work must be done to produce a better understanding of the 
1918–20 influenza pandemic’s immediate and long-term impacts on 
mental health, or lack thereof. This article contributes a few small steps 
in that direction. 

To my knowledge, this article and that of Stack and Rockett (2021) 
present the first studies that correlate local severity in mental health 
outcomes with the local severity of the pandemic, and in opposition to 
Wasserman (1992), both teams agree that large American cities that 
were more severely struck by the pandemic in 1918 did not see higher 
rates of deaths attributed to suicide in 1918. In this article, I contend that 
the duration of social distancing in those cities was also not positively 
associated with suicide rates, in opposition to Stack and Rockett (2021). 
In fact, I point to limited evidence that social distancing duration may 
have actually been negatively associated with suicide rates. 

The effects of the 1918–20 influenza pandemic and the ongoing 
COVID-19 pandemic on mental health are an active area of research, and 
one that will hopefully become more active. I only caution that re-
searchers who seek to understand historical pandemics, especially for 
the sake of understanding modern pandemics, should learn from some of 
the previous mistakes of the literature. Like the COVID-19 pandemic, the 
1918–20 influenza pandemic was complex, heterogeneous, and some-
times counterintuitive. Attempts to reduce it to uncomplicated models 
often do not reproduce (see e.g. Andreasen & Simonsen, 2011; Chandra 
& Christensen, 2019; Nishimura & Ohkusa, 2016). 
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