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We conducted a scoping review of the epidemiological literature from the past 50 years to document the contribution of influenza
virus infection to extrapulmonary clinical outcomes. We identified 99 publications reporting 243 associations using many study
designs, exposure and outcome definitions, and methods. Laboratory confirmation of influenza was used in only 28 (12%)
estimates, mostly in case-control and self-controlled case series study designs. We identified 50 individual clinical conditions
associated with influenza. The most numerous estimates were of cardiocirculatory diseases, neurological/neuromuscular
diseases, and fetal/newborn disorders, with myocardial infarction the most common individual outcome. Due to heterogeneity,
we could not generate summary estimates of effect size, but of 130 relative effect estimates, 105 (81%) indicated an elevated risk
of extrapulmonary outcome with influenza exposure. The literature is indicative of systemic complications of influenza virus

infection, the requirement for more effective influenza control, and a need for robust confirmatory studies.
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Influenza viruses infect between 5% and 20% of the global pop-
ulation annually [1]. Transmitted by droplets through the respi-
ratory tract, infection results in cough, fever, and other “flu-like”
symptoms, which can develop to primary viral or secondary bac-
terial pneumonia and result in up to 650 000 respiratory deaths
annually [2]. In addition to this respiratory burden, associations
between seasonal influenza peaks and secondary cardiovascular,
renal, and neurological mortality have been observed since al-
most 100 years ago [3]. Observational studies have described re-
lationships between influenza and conditions including heart
disease, exacerbations of lung disease, diabetes, myocarditis, en-
cephalitis, and blood disorders [3-6].

Studies describing these relationships have used different de-
signs (eg, cohort, case-control, time-series), influenza definitions
(influenza-like illness [ILI], laboratory-confirmed influenza, diag-
nosis codes), effect measures (incidence rate ratios, odds ratios,
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incidence rates), outcomes (deaths, morbidity, hospitalizations),
and comparison groups (individuals without influenza, time peri-
ods with less/no influenza circulation). Comparability is therefore
limited, contributing to uncertainty around the magnitude of asso-
ciation between influenza and these conditions. Previous reviews
have focused on qualitative descriptions [6], cardiovascular events
[7], and/or specific study designs [8, 9]. We attempted to illustrate
the full range of extrapulmonary medical outcomes that have been
associated with influenza by conducting a scoping review of the lit-
erature from the past 50 years and discussed important remaining
evidence gaps to be addressed.

A DESCRIPTIVE SYNTHESIS OF OBSERVATIONAL
EVIDENCE

We looked at studies that have reported associations between in-
fluenza, as an exposure, and extrapulmonary medical outcomes
(excluding typical manifestations of influenza such as pneumonia
or broadly defined “respiratory disease”). We applied the PECO
(population, exposure, comparison, and outcome) framework
[10] to guide in developing our search terms. The population in-
cluded any community-dwelling or hospitalized individual, irre-
spective of age. The exposure was influenza, either clinically
diagnosed as influenza or ILI, laboratory confirmed at the indi-
vidual level, or indicated through surveillance data at the popula-
tion level. The comparison group included non-influenza control
populations or control time periods during which influenza was
absent. The outcomes were medical events of the cardiovascular,
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renal, nervous, ophthalmic, musculoskeletal, hepatic, hematolog-
ical, and selected outcomes of the pulmonary or endocrine sys-
tems, identified from a previous review [6], augmented with
any study describing mortality. Of pulmonary outcomes, only
chronic obstructive pulmonary disease (COPD) and asthma ex-
acerbations, which are not typical manifestations of influenza vi-
rus infection, were captured. Study types were limited to
observational studies reporting measures of association between
influenza and outcomes. No geographical limits were applied
but, for reasons of feasibility, only English-language publications
were reviewed. Literature published since 1970 was included to
capture trends on a broad range of exposure and outcome ascer-
tainments associated with different study designs and increased
availability and use of laboratory tests for influenza over time.
We excluded studies reporting results of medical interventions
(eg, those describing vaccines as exposures, including clinical tri-
als), letters, reviews, editorials, case reports, animal studies, and
studies of self-reported medical outcomes. Detailed procedures
for the review can be seen in the Supplementary Materials.

CHARACTERIZING THE LITERATURE

Studies, Populations, and Chronology

We identified 4136 articles from Embase, 1116 from PubMed, and
147 from reference lists of review articles, resulting in 4172 non-
duplicate publications. After title/abstract review, 3975 were ex-
cluded, leaving 197 articles for full-text review, from which we
identified 99 eligible manuscripts reporting 243 associations be-
tween influenza and secondary medical outcomes (see study flow-
chart in Supplementary Figure 1). The first identified publication
was from 1972, with papers increasing in frequency over time,
peaking in 2012. Among estimates reported during this period,
207 (85%) were published after 2004 (Table 1). All age groups
were included, with 76 estimates (31%) from adults aged >18
years; 30 (12%) from children <18 years old, and 44 (18%) describ-
ing associations between maternal influenza exposure and fetal dis-
orders. Of the 243 estimates, 96 (40%) were generated from North
America (76 from the United States and 20 from Canada), 96 (40%)
from Europe (32 of which were from the United Kingdom), and 51
(21%) from Asian countries. We identified no studies from Africa
or the Middle East. The general quality of the studies was assessed
based on criteria modified from the Critical Appraisal Skills
Programme checklists for cohort and case control studies [11] de-
tailed in Supplementary Table 1. Despite most studies having a clear
research question, other aspects such as statistical methods, expo-
sure measurement, or considerations regarding confounders and
biases were not as well characterized (Figure 1).

Influenza Definitions and Study Types

There was considerable heterogeneity in the definition of influ-
enza applied in the 243 estimates included in this review, gen-
erally reflecting poor ascertainment of influenza as an exposure

(Table 1, Figure 2). Influenza positivity rate from surveillance
data was the most common, applied in 105 of 243 (43%) stud-
ies, which almost exclusively (102/105) used time-series/excess
modeling methods. Clinical diagnosis of influenza captured
through International Classification of Diseases (ICD) or other
codes accounted for 95 (39%) effect estimates. Laboratory con-
firmation (polymerase chain reaction [PCR], serology, rapid
tests, culture or other) was applied for only 28 (12%) estimates,
never before 2004, and most commonly in case-control (15/35
case-control estimates [43%]) and self-controlled case series
(8/14 [57%]) studies. While laboratory confirmation is the
gold standard for defining influenza exposure, clinical diagnos-
es may in some contexts represent a good proxy: In Australia
and Canada, for example, ICD-10 codes for influenza have
shown a positive predictive value for laboratory confirmation
of 84%-94% [12, 13], although coding practices are likely to
vary by country, hospitals, and over time, and validation may
be warranted. As severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) and influenza viruses begin to cocirculate,
laboratory confirmation of respiratory pathogens could be-
come routine care, enabling studies using specific case
definitions.

The types of effect measure reported varied by study design.
Self-controlled case series studies report incidence rate ratios
and case-control studies normally report odds ratios. But there
was considerable heterogeneity in effects reported from excess
models/time series studies which included incidence/mortality
rates, rate/risk ratios, percentage differences, and number of
events (differences). These values masked additional heteroge-
neity in terms of exposure ascertainment. For example, case-
control studies defined influenza exposure using laboratory
confirmation or diagnosis codes, and considered an exposure
time window that could vary from days [14] to several years
[15]. A matched case-control study in the United Kingdom
looked at clinician-diagnosed influenza among patients with
and without epilepsy, allowing for a look-back period of over
2 years [15]. Time series studies also used various definitions
for influenza exposure including the number of hospitaliza-
tions per unit increase in influenza incidence rate per 100 000
population to elucidate any association to asthma exacerbation
[16]; fluctuation in influenza virus circulation to assess short-
term variation in population-level rates of preterm birth, still-
birth, and perinatal death in Ontario [17]; and the association
of monthly COPD admissions with influenza admission inci-
dence [18]. Studies, even using the same design and with sim-
ilar outcomes, were therefore seldom comparable.

EXTRAPULMONARY MEDICAL OUTCOMES
ASSOCIATED WITH INFLUENZA

We segregated estimates of influenza on extrapulmonary out-
comes into 6 clinical outcome groups following medical review
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Table 1. Characteristics of Included Effect Estimates

Cancer  Cardiocirculatory  Fetal/Newborn Infections  Neurological/Neuromuscular ~ Other Outcomes Total
Characteristic (n=16) (n=90) (n=29) (n=14) (n=239) (n =55) (N =243)
Publication year (tertiles)
1970-1987 3(19) 10 (11) 0(0) 01(0) 0(0) 0(0) 13 (5)
1988-2003 2(13) 4 (4) 4 (14) 1(7) 10 (26) 2 (4) 23 (9)
2004-2019 11 (69) 76 (84) 25 (86) 13 (93) 29 (74) 53 (96) 207 (85)
Influenza definition
Laboratory confirmed 1(6) 12 (13) 3(10) 3(21) 7(18) 2 (4) 28(12)
PCR 0(0) 0 (0) 3(10) 1(7) 2 (5) 1(2) 7 @)
Other® 1(6) 12 (13) 0(0) 2 (14) 5(13) 1(2) 21(9)
ILI/SARI/ICD code 9 (56) 28 (31) 18 (62) 1(7) 22 (56) 17 (31) 95 (39)
Positivity rate 3(19) 46 (51) 6 (21) 10 (71) 6 (15) 34 (62) 105 (43)
Combination/other 3(19) 4 (4) 2(7) 0(0) 4(10) 2 (4) 15 (6)
Age group
Maternal exposure and fetal 0(0) 01(0) 29 (100) 0 (0) 11(28) 4(7) 44 (18)
disorder
Children (<18y) 5 (31) 0(0) 01(0) 9 (64) 8(21) 8(15) 30 (12)
Adults (>18y) 5 (31) 44 (49) 0(0) 4 (29) 3(8) 20 (36) 76 (31)
Mixed/unspecified 6 (38) 46 (51) 01(0) 1(7) 17 (44) 23 (42) 93 (38)
Study design
Case-control 7 (44) 4 (4) 9(31) 2(14) 12 (31) 1(2) 35 (14)
Cohort 3(19) 10 (11) 11 (38) 2 (14) 4(10) 6(11) 36 (15)
Excess model/time series 6 (38) 68 (76) 9 (31) 10 (71) 17 (44) 48 (87) 158 (65)
Self-controlled case series 0 (0) 8(9) 0(0) 0 (0) 6 (15) 0 (0) 14 (6)
Effect measure
Odds ratio 7 (44) 12 (13) 20 (69) 1(7) 16 (41) 0 (0) 56 (23)
Rate ratio 2 (13) 24.(27) 1(3) 01(0) 7 (18) 3(5) 37 (15)
Risk ratio 4 (25) 8(9) 8(28) 3(21) 10 (26) 3(5) 36 (15)
Hazard ratio 01(0) 0(0) 01(0) 01(0) 01(0) 1(2) 1(0)
Incidence rate 1(6) 26 (29) 0(0) 9 (64) 3(8) 20 (36) 59 (24)
Mortality rate 2 (13) 6(7) 0(0) 0 (0) 2 (5) 6(11) 16 (7)
Percentage 0(0) 10 (11) 0(0) 1(7) 0(0) 14 (25) 25(10)
Number 0(0) 4(4) 01(0) 01(0) 1(3) 8(15) 13 ()

Table shows No. (%) of effect estimates, stratified by clinical outcome group.

Abbreviations: ICD, International Classification of Diseases; ILI, influenza-like illness; PCR, polymerase chain reaction; SARI, severe acute respiratory illness.

Laboratory-confirmed “Other” includes serology, rapid tests, viral culture, direct fluorescent antibody staining, and unspecified laboratory-confirmed methods.

(S.S. C.and T. B.-S.): (1) Cardiocirculatory events including
atrial fibrillation, heart failure, myocarditis, and other health
events involved 90 of 243 estimates of effect (37% of all es-
timates); (2) neurological/neuromuscular diseases including
Guillain-Barré syndrome, dementia, and epilepsy represent-
ed 39 of 243 estimates (16%); (3) fetal/newborn disorders in-
cluded cleft lip or palate, congenital abnormalities, and
mental retardation with 29 of 243 estimates (12%); (4) can-
cer included a variety of blood and other cancers with 16 of
243 estimates (7%); (5) a category for infections (other than
influenza) where associations were reported with bacterial
meningitis, invasive pulmonary aspergillosis, otitis media,
and others represented 14 of 243 estimates (6%); and finally,
(6) a miscellaneous group comprised outcomes such as asth-
ma and COPD exacerbations, chronic fatigue syndrome, and
other occurrences such as natality decline and hip fracture
(Table 1).

Opverall, the outcome groups encompassed 50 categories of
diseases, several of which were overlapping due to definitions
applied in underlying studies (eg, “heart failure” and “cardio-
vascular disease”) (Figure 3; Supplementary Table 2).
Myocardial infarction was reported most frequently (25 of
243 effect measures [10%]), followed by asthma exacerbations
(23 estimates [9%]), heart failure, and perinatal conditions/
death (12 estimates [5%] each). Potential mechanisms for
some of these more common outcomes have been previously
discussed including stimulation of inflammatory pathways,
atherosclerotic-plaque disruption, exertion of excessive meta-
bolic demands, antigenic cross-reactivity between influenza
and proinflammatory plaque antigens, and the development
of cardiac lesions and associated myocardial disruption
[19, 20]. But we also observed conditions such as psychosis,
neurological complications, mental retardation, or liver disease
whose potential biological associations are less clear but for
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Figure 1. Assessment of study quality. The study quality assessment tool is shown in Supplementary Table 1.

which possible pathways have been discussed [6]. Nonetheless,
it is important to stress that some conditions previously de-
scribed as associated with influenza may have been missed ei-
ther because we excluded case series or case reports, or
because our search terms were not exhaustive. For example,
there are studies exploring the association of influenza and in-
terstitial lung disease exacerbations [21] that were not identi-
fied in our search but highlight the complex downstream
consequences of influenza virus infection, particularly in high-
risk population groups. Also, until recently, the associations be-
tween influenza and thrombotic events have been mostly lim-
ited to case series, especially published in association with the
2009 influenza pandemic, and more recent studies fell out of
our investigation period [22].

The breadth of observed outcomes was defined by some un-
derlying patterns. The high number of neurological/neuromus-
cular conditions resulted from 10 estimates on schizophrenia
from maternal influenza exposure derived from 1994 to 2004
and 8 pediatric febrile seizure studies from 2004 to 2017. We
chose not to exclude influenza pandemic periods, and a total
of 41 (17%) estimates were derived from the 1918 (HIN1),
1957-1958 (H2N2), 1968 (H3N2), or 2009 (H1N1pdm09) pan-
demic periods in which study designs tended to be more eco-
logical—for example, comparing outcomes in pandemic vs
nonpandemic birth cohorts. Twenty-eight estimates were de-
rived from the 2009 pandemic, the majority describing fetal
medical events (such as preterm birth, perinatal conditions,

and small size for gestational age). These designs often used
nonspecific influenza exposure definitions and may be suscep-
tible to ecological fallacy and other biases; observed
population-level effects in this context may not equate to
individual-level risk following influenza infection [23].

QUANTITATIVE ASSESSMENT OF RELATIONSHIPS

A total of 130 effect estimates were reported using relative
measures (hazard, rate, risk, or odds ratios) that we consid-
ered broadly comparable and therefore suitable for quanti-
tative description. Of note, 27 of 130 (21%) of these
estimates were based on laboratory-confirmed influenza
mostly involving cardiocirculatory or neurological/muscu-
lar disorders. Only 3 clinical groups (congenital abnormal-
ities, seizures, and blood cancers) had >3 relative estimates
and these were extracted from different age groups and dis-
parate study types. This heterogeneity precluded any mean-
ingful meta-analysis as illustrated by the hazard, rate, risk
or odds ratio point estimates presented in Figure 2, and
we did not generate summary effect estimates for any clin-
ical group.

Observed relative effect sizes of influenza on the various clin-
ical outcomes varied from 0.19 to 116.7 with a median of 1.16
(interquartile range, 0.56-18.6). Many more studies reported
statistically significant (P <.05) positive results (76 estimates
with effect size >1) than significantly negative (4 estimates
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Figure 2. Reported sizes of relative effect measures from identified studies. *Positivity rate as determined from public health surveillance data.

<1), with a marked clustering around 1: 52% of point estimates
(67/130) fell between 0.8 and 1.2 indicating small effect sizes,
almost half of which (30 [45%]) were significant at the 95% lev-
el. Of the 130 relative effect estimates, 105 (81%) were >1, in-
dicating an elevated risk of extrapulmonary outcomes with
influenza exposure (Figure 2). The lowest effect estimate was
a risk ratio generated from a case-control study of influenza
and serious bacterial infection in children [24], and the highest
from a self-controlled case series study associating influenza di-
agnosis with febrile seizures [25].

There was no obvious influence of study design on effect size,
and the high effect sizes observed in some studies were difficult
to explain. Of the 3 studies reporting odds/rate ratios >20, 2 de-
scribed relationships between influenza and febrile seizures
[25, 26] and 1 on myocardial infarction [27], conducted using
different designs and in different countries. A self-controlled
case series estimated an incidence rate ratio for febrile seizures
of 116.7 (95% confidence interval, 62.8-216.9) on the same
day as diagnosis with pandemic HINI1(pdm09) influenza
in Norway in children aged <45 months, a transient, brief eleva-
tion in risk which declined sharply within 1 week [25]. A case-
control study identified a 79.4-fold (95% CI: 10.6-10 164) elevat-
ed odds of PCR-confirmed influenza virus infection—generated
from <30 influenza cases—in febrile seizure patients aged <6
years compared with healthy controls [26]. Febrile seizures are
a known complication of influenza A/HIN1(pdmO09) virus, sea-
sonal influenza, and other viral infections, and elevated risks
concurrent with infection are reflective of very low background
rates of febrile seizures in healthy children [28, 29]. Another
case-control study identified an odds ratio of 25.5 (95% CI:
8.3-78.3) of influenza B infection in patients with newly

diagnosed myocardial infarction of compared with randomly
sampled outpatients in Harbin, China [27]. Influenza was de-
fined using a cross-sectional serological threshold, cases were
more likely to be male and aged >60 than controls, and while
these confounders were included in multivariable analysis, re-
maining unmeasured confounding may have contributed to
the large observed effect. Some of these estimates were imprecise
and may have arisen by chance, emphasizing the importance of
appropriately powered studies, and replication, to confirm esti-
mates which may be derived from specific exposure events
that are not reflective of wider population-level risk.

WHAT CAN WE ACTUALLY SAY ABOUT THE IMPACT
OF INFLUENZA ON EXTRAPULMONARY MEDICAL
OUTCOMES? INSIGHTS AND GAPS TO BE
ADDRESSED

Our scoping review intended to understand the evidence sup-
porting different extrapulmonary complications that have been
associated with influenza virus infection to inform public health
decision making and generate hypotheses for future studies. We
planned a sensitive search and, accordingly, identified a broad
range of studies using a wide variety of exposure and case defini-
tions, age groups, control populations, statistical methods, and
time periods. We could not conduct a meta-analysis of observed
effect sizes due to this heterogeneity and lack of comparability
between even similar study designs. Influenza definitions were
especially variable. Nonspecific exposure definitions, such as
“time when influenza was circulating,” risk being confounded
by other contributors to medical outcomes like co-circulating
pathogens and environmental (eg, cold weather) and behavioral
factors, which were not always fully accounted for statistical
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disease; Gl, gastrointestinal.

analyses and could give to rise to type I errors, whereby associa-
tions that are not real are detected.

Although underlying study quality was generally assessed as
good, the ecological characteristics of some studies and lack of
pathophysiological mechanisms supporting observed effects
reduced confidence in some associations. For instance, 1 study

published in 2011 looked at monthly birth rates from 1911
through 1930 in Scandinavian countries and the United
States and associated observed birth rate depressions with mis-
carriages during the first trimester of pregnancy and exposure
to the 1918 pandemic influenza [30]. Another study from 2005
found a positive association between severe anophthalmos/
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microphthalmos prevalence and seasonal influenza (rate ratio,
1.41 [95% CI: 1.08-1.84]), suggestive of a teratogenic role of in-
fluenza infection during pregnancy [31]. In a nested case-
control study, a large US birth cohort (1959-1966) was fol-
lowed up for psychiatric disorders 30-38 years later to associate
influenza antibody in maternal serum during pregnancy with
subsequent development of schizophrenia in offspring. The
risk of schizophrenia was increased 7-fold for influenza expo-
sure during the first trimester, representing the first serologic
evidence that prenatal influenza could play a role in schizo-
phrenia [32]. Such claims could have significance in prioritiza-
tion of public health interventions to prevent influenza at the
community level and to reinforce the benefits of maternal influ-
enza vaccination. Yet, the lack of robust studies and consistent
findings undermine the use of these data for policy making.

Other extrapulmonary associations are described more con-
sistently in the literature. For instance, the association of influ-
enza and cardiovascular diseases such as acute myocardial
infarction and stroke have been documented through ecologi-
cal and population-level observational study designs for many
decades [3, 33]. More recent self-controlled case series using
laboratory-confirmed influenza as a specific exposure have pro-
vided increasingly confirmatory evidence that influenza virus
infection can trigger these events, identifying an approximately
6-fold increased rate of myocardial infarction and approxi-
mately 3- to 10-fold higher rates of stroke in the week following
influenza infection [5, 34, 35]. If influenza virus infection caus-
es cardiovascular events, influenza vaccines should prevent
them. A meta-analysis of randomized influenza vaccine studies
identified a significant and substantial reduction in cardiovas-
cular events of 46% in influenza vaccine recipients [36]. This
was followed by a randomized controlled trial in high-risk pop-
ulations that found, after early termination due to coronavirus
disease 2019 (COVID-19), influenza vaccine recipients experi-
enced 28% lower risk of a composite endpoint of all-cause
death, myocardial infarction, or stent thrombosis than placebo
recipients [37]. These trials provide a high level of evidence that
influenza is an important trigger of cardiovascular events.
However, the size of protective effect could imply
pathogen-independent biological pathways, which require fur-
ther investigation through mechanistic and additional clinical
studies [20].

A similar range of extrapulmonary manifestations has been
documented during the COVID-19 pandemic as associated
with SARS-CoV-2. The fast-emerging literature on COVID-19
cases suggest dissemination and replication of SARS-CoV-2 out-
side the lungs or an effect of the immune response as a sequalae
of the disease involving hematologic, cardiovascular, renal, gas-
trointestinal and hepatobiliary, endocrinologic, neurologic, oph-
thalmologic, and dermatologic systems [38]. In contrast to
influenza, where despite annual epidemics and previous pan-
demics from which to learn, we have conflicting study results

and limited capacity to understand the full array of complica-
tions, the COVID-19 data are robust and of unprecedented vol-
ume, alluding to the modest understanding we have of
respiratory viruses in general and the broader extent of their re-
lated disease burden implications.

Influenza has not been widely circulating in many countries
during the COVID-19 pandemic, and vaccine coverage rates in
some settings have been declining, perhaps as a consequence of
perceived reduced severity of influenza in comparison to
COVID-19 [39]. The lack of natural or vaccine-derived immu-
nity will result in a more susceptible population and the possi-
bility of severe influenza epidemics when COVID-19 social
distancing measures are relaxed and influenza circulation resu-
mes. The uncertain breadth and magnitude of influenza’s ex-
trapulmonary complications is problematic because it
contributes to underestimation of the full benefit of influenza
vaccines, which could prevent these events in addition to the
respiratory events for which they are primarily indicated.
Confirmatory studies would be helpful to understand the
strength of association between influenza and extrapulmonary
complications, including the use of sensitivity analyses and/or
designs that reduce or eliminate ecological confounders ob-
served in earlier studies [40]. The self-controlled case series de-
sign—documented only during the latter period of our review
—measures the change in outcome rate associated with a tran-
sient exposure, accounts for confounding factors that remain
constant over the observation period, and when using
laboratory-confirmed influenza as a specific exposure, provides
a convincing level of evidence of influenza’s contribution to
subsequent medical events [34, 41]. Moreover, as most observa-
tional studies rely on administratively assigned diagnostic co-
des, attention needs to be given to improve ascertainment
and validation of definitions for study outcomes. Additional
mechanistic studies to explain unexpected associations are
needed; and comparison of the rates of outcomes from ran-
domized vaccine studies can provide further confidence in hy-
pothesized causal pathways [37].

CONCLUSIONS

This scoping review identified an extremely broad range of ex-
trapulmonary medical outcomes associated with influenza, in-
dicative of systemic complications, and the requirement for
more effective influenza control. To support policy recommen-
dations and adherence to influenza vaccination, more clinical
and epidemiological studies should be done to document the
spectrum of complications associated with influenza and the
full extension of associated burden.
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