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Abstract

Epidemiologists sometimes use external sources of variation to explore highly-confounded exposure-
outcome relationships or exposures that cannot be randomized. These exogenous sources of variation,
or natural experiments, are sometimes proposed as instrumental variables to examine the effects of @
given exposure(s) on a given outcome(s). Previous epidemiological studies have applied this technique
using famines, earthquakes, weather events, and previous pandemics as exogenous sources ofwariation
for other exposures; interest in applying this technique using the current severe acute=réSpiratory system
coronavirus 2 (SARS-CoV-2) pandemic is already documented. Yet, large-scale events like these
likely have broad and complicated impacts on human health, which almest certainly violates the
exclusion restriction assumption of instrumental variable analyses.. Weyreview the assumptions of
instrumental variable analyses, highlight previous applications of this method with respect to natural
experiments with broad impacts or “shocks”, and disctiss’how these relate to our current observations
of the SARS-CoV-2 pandemic. While we encoutage thorough investigation of the broad impacts of the
SARS-CoV-2 pandemic on human health, We caution against its widespread use as an instrumental
variable to study other exposures of interest:
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Causal inference relies on creating, assuming, or finding random variation. We create random
variation when we randomly assign treatment, as in a clinical trial. We assume random variation when
we propose exchangeability between two groups of people or two periods of time, conditional
on/weighted for imbalances in measured characteristics, as in an observational study. Our only other
option is to find a source of random variation in nature, namely an instrument as part of a natural
experiment or quasi-experiment. Since most exposures are difficult and/or unethical to randomize, and
exchangeability is often implausible in observational studies, use of exogenous soureesof variation as
instrumental variables have been popular among epidemiologists since their introduetion to our

literature.(1-3)

Briefly, a natural experiment or quasi-experiment is a source ofariation that is thought to occur at
random with respect to an outcome of interest, is thoughtto impact or be correlated with an exposure of
interest, and is not thought to impact or be correlated with the outcome of interest through any other
mechanisms. This is useful when the effect'of said exposure on said outcome is often difficult to
identify in observational settings due‘to cencerns about unmeasured confounding. For the purposes of
this commentary, we note that natural.experiments, quasi-experiments, instrumental variables, and
“shocks” are terms that are often used in similar contexts; however, not all natural experiments or
quasi-experiments, meet the assumptions required to be instrumental variables, and “shocks” often refer
to exogenouscevents or special cases of natural experiments or quasi-experiments with broad impacts,
such as pandemics or natural disasters. We additionally note that instrumental variable analyses have
bath coneeptual and statistical similarities to causal mediation analyses (Figure 1) and that nuanced

discussion of causality and the potential outcomes framework is available elsewhere.(4)

Instrumental variables have been illuminating in situations where the impact of an event is narrow in

scope, such as fortuitous timing of a specific policy change. Smith and colleagues’ use of Ontario’s



2007 implementation of a targeted human papillomavirus vaccination program is often cited as an
example of appropriate application of this method.(5) This study investigated the impact of human
papillomavirus vaccination on sexual behavior among adolescent girls in Ontario, Canada. Girls who
were eligible to receive human papillomavirus vaccination were otherwise similar with respect to
causes of the outcome of interest, which was sexual behavior, before and after the program was
implemented. Together with a large sample, the observation that the program increased‘human
papillomavirus vaccination, and the plausible assumption that the program could only-affect sexual
behavior through human papillomavirus vaccination, Smith and colleagues demonstrated that human
papillomavirus vaccination had no effect on sexual behavior among adalescent girls. In addition to this
practical example of appropriate application, we recommend previQus papers, reviews, and a recent
chapter in Modern Epidemiology that detail instrumental variable analyses to epidemiologists

considering its application.(3,6-9)

Less convincing are published examples that,used instrumental variables with broad impacts on health
outcomes. Often, these examples leverage, “shocks” such as famines, earthquakes, hurricanes, and
pandemics. Such studies have investigated the effects of paternal malnutrition on education and
education on cognition using the Chinese famine of 1959-1961(10,11); the effect of food security on
HIV using the Malawi famine of 2001-2003(12); the effect of early hunger on long-term outcomes
using famines mare broadly(13); the effects of socioeconomic status on tooth loss and housing
damage/loss of friends and family on dementia using the Japanese earthquake of 2011(14,15); the
effects ofmaternal stress on birth outcomes using the Chilean earthquake of 2010 (16); the effect of
gentrification on health outcomes using Hurricane Katrina of 2005 (17); the effect of poverty on mental
health using weather (18); and the effects of fetal development on long-term outcomes using the
influenza pandemic of 1918 (19-21). For example, one study that investigated the impact of birth

during the influenza pandemic of 1918 on health-, education-, and income-related outcomes in



adulthood attributed much of the observed effects to fetal development, particularly in the context of
maternal influenza infection. This study did not explore broad social and economic consequences of
the pandemic, and their concurrent impact on these long-term outcomes.(21) We are already aware of
two papers recommending use of the severe acute respiratory system coronavirus 2 (SARS-CoV-2)
pandemic as an instrumental variable to examine causes of preterm birth (22) and the effects of

socioeconomic exposures, such as social interaction, education, and physical activity. (23)

Notably, these studies leverage “shocks” to make inferences about “soft” or difficult'to measure
exposures; however, each exposure listed above is only one of the many-potential health-adjacent
consequences of each corresponding “shock”. Interpreting instrumentalyvariable analyses in this
manner is equivalent to presuming the effect of each “shock™ iS\completely mediated by each study’s

exposure of interest.

Epidemiologists are often far removed fromithese natural experiments in space and/or time. However,
for the first time in modern history, virtuallyall epidemiologists are experiencing a “shock” at the same
time — namely, the SARS-CoV-2 pandemic. We use the ongoing SARS-CoV-2 pandemic as a didactic
example to unpack the identifiability assumptions of instrumental variable analyses. We specifically
highlight its complex impacts on population and public health to demonstrate that using the SARS-
CoV-2 pandemic.as an instrumental variable likely violates a key assumption of these analyses, and to

dissuade widespread use of the SARS-CoV-2 pandemic as an instrumental variable in future studies.

Tojestimate upper and lower thresholds of an average causal effect, assumptions of instrumental
variable analyses are: (1) the instrumental variable is associated with the exposure of interest; (2) there
are no common causes (i.e. confounders) of the instrumental variable and outcome of interest; and (3)

the instrumental variable affects said outcome only through said exposure.(6) To further generate a



point estimate, additional assumptions are absence of additive effect modification of the
exposure/outcome relationship by the instrumental variable among both exposed and unexposed groups
(to estimate the average treatment effect) or among the exposed group only (to estimate the average
treatment effect on the treated/exposed), and monotonicity of the instrumental variable/exposure

relationship (to estimate the local average treatment effect).(6-9)

When we use “shocks” as instruments, we generally consider the first two assumptions plausible.
Specifically, authors often present compelling evidence that a “shock’ affects an exposure of interest,
and the natural experiments we’ve described herein are generally considered te occur at random with
respect to the outcome(s) of interest. However, the third criterions.calledthe exclusion restriction
assumption, is almost certainly implausible in the case of SARS-CoV-2 and other “shocks” In the case
of the SARS-CoV-2 pandemic, the pathways by whichithe proposed instrument operates are several,
and we discover new effects of the virus itself and of the “shock” almost daily. For this reason, we
highlight the exclusion restriction assumption in particular, and demonstrate its likely violation when

using SARS-CoV-2 as an instrumental variable.

For emphasis, we anecdgtally catalogue potential effects of the SARS-CoV-2 pandemic in our setting:

e SARS-CaV-2 infection and subsequent coronavirus disease 2019 or COVID-19 itself appears to
cause a broad range of symptoms and severe complications, including death, particularly among
older persons or those with preexisting health conditions.(24,25)

e School has been administered remotely/in online settings, which may impact education and

socialization among children and young adults.(26)



Some work has been conducted remotely/in online settings, while other work has become more
onerous (i.e. with additional materials/responsibilities for infection control) and/or hazardous,
which may impact physical and mental health among adults.(27)

Unemployment and economic hardship may impact physical and mental health through a
variety of mechanisms, including through food security and housing.(28)

Government programs may mitigate effects of unemployment or precarious employment (29); it
is possible that such programs may also increase economic stability among‘thoseexperiencing
pre-pandemic financial hardship.

Social interaction has changed in both type and quality across age>groups. Some report less
face-to-face interaction with friends and family. Others répert more meaningful interaction in
the form of overdue telephone/online conversations:(30,31)

Social isolation may also result in increased domestic/intimate partner violence.(32)
Deleterious changes in diet and exercise patterns have been reported.(33)

Changes in daily routine may haye negative consequences for mental health (34), yet have also
been credited in part with increasedattention to the Black Lives Matter movement, facilitating
important conversations about racism and social justice.(35,36)

Environmental effects)may be observed among lower commuting and air travel.(37)

Infection contrgl measures may result in less transmission of other infectious diseases, notably
duringithe 2020/2021 influenza season.(38) Physicians have also cautioned against lower rates
of.childhood vaccinations due to missed routine visits.(26)

Inequalities in effects of the SARS-CoV-2 pandemic have been observed, particularly by race

and socioeconomic status.(28,39)



A study that leveraged the SARS-CoV-2 pandemic in an instrumental variable analysis to examine the
health effects of one such exposure would be ignoring its broad effects. For example, a theoretical
study of the impact of online schooling on child health outcomes that used the SARS-CoV-2 pandemic
as an instrumental variable would effectively ignore concordant changes in the type and quality of
children’s social interactions; caregivers’ employment and economic situations; domestic/intimate
partner violence within children’s households; children’s diet and exercise; children’s exposureto and
experience of conversations about racism and social justice; environmental determinantsyof health;
infection with SARS-CoV-2 itself, and their effects on these same child health-outeemes. While there
may be situations in which the effect of the SARS-CoV-2 pandemic on‘an.outeome if interest is
plausibly mediated by a single exposure of interest (for example,avhere,SARS-CoV-2 infection is the
exposure and COVID-19 hospitalization is the outcome of interest), we expect few exceptions to what
we anticipate to be a limited application of this framewerK. jThe list above is not exhaustive; many
current and future health-related impacts of the SARS=€oV-2 pandemic may emerge in the coming

weeks, months, and years.

While we focus on exclusion-restriction as a necessary assumption of instrumental variable analyses,
we also note that the monotonicity assumption is likely violated for many exposures that use the SARS-
CoV-2 pandemic as aninstrumental variable. Unlike the example we cited above, where a human
papillomavirys vaccination program is expected to increase the likelihood of vaccination, it is plausible
the pandemic'ynay change many of the above exposures in the opposite direction than expected for a

subgrouprof individuals.

It is important to study the broad health effects of the SARS-CoV-2 pandemic, including its impact on
several exposures and outcomes of public health interest, which will likely yield valuable and

potentially hypothesis-generating information. Yet, it seems implausible to consider the SARS-CoV-2
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pandemic as an instrument for only one of these exposures given the broad range of mechanisms with

which it has affected society. Consider a natural experiment that assumed the SARS-CoV-2 pandemic

impacted health only through one of the aforementioned pathways; would you be convinced by its

conclusions? If the answer to this question seems obvious, consider the “shocks” cited above; were

they likely to have occurred solely through the exposure of interest? We hope our collective lived

experience amidst the SARS-CoV-2 pandemic will encourage epidemiologists to apply instrumental

variable analyses more judiciously and interpret both past and future results with caution,
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Figure 1. Directed acyclic graph for a typical instrumental variable analysis. | = instrumental variable,
E = exposure, Y = outcome, X = exposure-outcome confounder, C = instrument-outcome confounder,
M = mediator. Assumptions for instrumental variable analyses include: (1) instrument causes exposure
(presence of arrow I to E) or is associated with exposure; (2) no instrument-outcome confounding
(absence of C); and (3) no other causal pathways between exposure and outcome (absence of M), Solid

arrows indicate presence while dashed arrows indicate absence of relationship between yariables.

13



14



