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Background. An association between infections and vascular events has been observed, but the specific effect
of influenza and influenza-like illnesses on triggering acute myocardial infarction (AMI) is unclear.

Methods. Episodes of first AMI from 1 January 2003 through 31 July 2009 were identified using linked ano-
nymized electronic medical records from the Myocardial Ischaemia National Audit Project and the General Prac-
tice Research Database. Self-controlled case series analysis was used to investigate AMI risks after consultation for
acute respiratory infection. Infections were stratified by influenza virus circulation, diagnostic code, and vaccina-
tion status to assess whether influenza was more likely than other infections to trigger AMI.

Results. Of 22 024 patients with acute coronary syndrome, 11 208 met the criterion of having had their first
AMI at the age of ≥40 years, and 3927 had also consulted for acute respiratory infection. AMI risks were signifi-
cantly raised during days 1–3 after acute respiratory infection (incidence ratio, 4.19 [95% confidence interval,
3.18–5.53], with the effect tapering over time. The effect was greatest in those aged ≥80 years (P = .023). Infections
occurring when influenza was circulating and those coded as influenza-like illness were associated with consistent-
ly higher incidence ratios for AMI (P = .012).

Conclusions. Influenza and other acute respiratory infections can act as a trigger for AMI. This effect may be
stronger for influenza than for other infections.

Clinical trials registration. NCT01106196.

Coronary heart disease is the leading cause of death
worldwide and a considerable source of morbidity: it is
estimated that 124 000 people in the United Kingdom

have an acute myocardial infarction (AMI) each year [1].
Accumulating evidence suggests that the short-term
risk of acute cardiovascular events, including AMI, may
be increased following exposure to acute respiratory in-
fections [2]. There is consistent ecological evidence to
support a temporal association between influenza virus
circulation and cardiovascular mortality, after adjust-
ment for potential environmental confounding factors
[3–5]. However, the specific role of influenza virus in-
fection as a trigger of vascular events at the individual
level is less clear. This has important implications for
the use of influenza vaccination and antivirals to
prevent and treat infections in vascular risk groups.

A previous self-controlled case series study in the
General Practice Research Database (GPRD) found an
increased risk of AMI in the first 3 days after
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consultation for a systemic respiratory tract infection [6]. Ac-
curate data on timing of both exposure and outcome are
crucial for self-controlled case series. Primary care data sets
have accurate information on timing of consultations for acute
respiratory infections, but data on timing of illnesses, such as
AMI, that present to secondary care are likely to be less
precise. In the current study, we use a newly established data
linkage between GPRD [7] and the Myocardial Ischaemia Na-
tional Audit Project (MINAP), a cardiac disease registry data-
base capturing detailed information on all acute coronary
syndromes presenting to hospitals in England and Wales [8],
to improve the quality of AMI data. As well as reporting defi-
nite AMIs that fulfill internationally agreed criteria [9],
MINAP allows accurate distinction between ST-elevation myo-
cardial infarction (STEMI) and non-STEMI (NSTEMI), which
may be important when considering potential pathophysiolog-
ical mechanisms. Crucially, AMI events in MINAP are dated
with precision, which removes the risk of retrospective
recording.

We used self-controlled case series analysis to investigate
whether acute respiratory infections likely to be caused by in-
fluenza, assessed on the basis of levels of influenza virus circu-
lation, medical codes used to classify infections, and influenza
vaccination status, were more liable than other infections to
trigger AMI.

METHODS

This study was approved by the Independent Scientific Advi-
sory Group of the GPRD (protocol 09_034), the Cardiovascu-
lar Disease Research Using Linked Bespoke Studies and
Electronic Records (CALIBER) Scientific Oversight Committee
(CALIBER identification 09-08), and the University College
London Research Ethics committee (application 2219/001).

Data Sources
We used linked data from the GPRD and MINAP, brought
together by the CALIBER program [10]. The GPRD contains
anonymized longitudinal primary care records from >5 million
currently active patients registered at approximately 640
primary care practices throughout the United Kingdom [11].
These patients compose a representative sample of around 8%
of the UK population. Data are available on demographic and
lifestyle factors, illness consultations, prescribing patterns, in-
vestigations, and referrals. Quality control and regular auditing
are central to GPRD, and the data set has been extensively
validated [11].

Just over half of GPRD practices are linked to MINAP. In
2011, the MINAP data set contained records on 873 000 pa-
tients [12] from all hospitals in England and Wales that admit
acute coronary syndrome patients. Records include information
on medical history, date and time of symptom onset, diagnosis

on admission and discharge, investigations, and treatments.
Quality is monitored continuously through assessment of the
completeness of 20 key data entry fields (currently 99%
complete nationally) and an annual data validation study [12].

Study Participants and Follow-up
Patients registered with a GPRD practice during the study
period, from 1 January 2003 through 31 July 2009, who expe-
rienced AMI at age ≥40 years were potentially eligible to par-
ticipate. Patients entered the study at the latest of the
following events: their GP registration date, the practice “up-
to-standard” date (defined as the date when a practice is con-
sidered to have data of sufficiently high quality for research),
or 1 January 2003. Patients left the study at the earliest of the
following events: their date of death, their date of leaving the
practice, or 31 July 2009.

Outcome
The primary outcome was a first AMI (STEMI or NSTEMI)
recorded in MINAP during the study period. We defined
STEMI and NSTEMI on the basis of troponin and electrocar-
diography findings, following the Joint European Society of
Cardiology/American College of Cardiology Foundation/
American Heart Association/World Heart Federation Task
Force definition of myocardial infarction [9]. MINAP records
relating to subsequent AMIs were excluded. We also excluded
records in which a previous history of AMI was noted in the
MINAP record and confirmed in the linked GPRD record.
When no symptom onset date was recorded (31.5% of
records), we substituted the date of call for help (11.6%),
arrival of help (0.2%), arrival of services (0.8%), admission
(16.1%), reperfusion (0.06%), cardiac arrest (0.05%), referral
for investigation (0.6%), local angiogram (0.2%), or first local
intervention (0.03%). The median number of days from
symptom onset to hospital discharge was used to estimate
symptom onset date for a small number of records (1.5%) in
which only discharge date was entered. Records with no dates
attached (0.4%) were excluded.

Exposure
We extracted data on primary care consultations for acute re-
spiratory infections during the study period that were coded
using 4 Read codelists compiled with methods described by
Dave and Petersen [13]. The main codelist (codelist 1) con-
tained codes describing acute respiratory infections with a sys-
temic component (eg, “acute bronchitis,” “tracheitis,” and
“pneumonia”) to capture more severe acute respiratory infec-
tions presenting to general practice. Any organism-specific
codes that did not relate to influenza (eg, staphylococcal pneu-
monia) were then excluded to define a subset of codes in
which influenza was a plausible diagnosis (codelist 2). Codel-
ists 3 (specific influenza-like illness [ILI] codes only) and 4
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(all other codes for comparison) were subsets of codelist
1. Lists are available on request. Any consultations for acute
respiratory infection occurring within 28 days of a previous
consultation were excluded because they were considered to be
likely related to the same illness.

We considered that the probability of a respiratory illness
being caused by influenza would vary according to (1) circulat-
ing levels of influenza virus, (2) medical codes used to classify
respiratory illness, and (3) influenza vaccination status. There-
fore, to identify episodes of acute respiratory infection likely to
be caused by influenza, we first identified the peak week of in-
fluenza virus circulation for each influenza season, using weekly
proportions of nose and throat specimens testing positive for
influenza virus by reverse-transcription polymerase chain reac-
tion. These specimens were taken from patients with ILI attend-
ing about 85 sentinel general practices in England, under the
Health Protection Agency/RCGP swabbing scheme. In separate
analyses, we labeled 2, 3, and 4 weeks on either side of this
peak week as influenza virus circulation weeks. Effects were
compared between weeks of circulations and noncirculation of
influenza virus by use of episodes of acute respiratory infection
that were extracted using codelist 2. Second, we compared the
effect of episodes coded with an ILI code with the effects of
episodes coded with another acute respiratory infection code
(codelist 3 vs codelist 4).

Third, we examined patients’ influenza vaccination status,
to categorize episodes of acute respiratory infection as occur-
ring in individuals who were vaccinated against influenza, in
individuals who had residual protection against influenza, or
in individuals who were unvaccinated against influenza (the
group in which ARI was most likely to be caused by influen-
za). For “vaccinated” episodes, influenza vaccination had been
received at least 14 days before the illness in the same year
(defined as 1 September through 31 August, to encompass the
start of the influenza vaccination season). For episodes of “re-
sidual protection,” a patient had received influenza vaccination
1–5 years before. For “unvaccinated” episodes, the patient had
not received influenza vaccine in the past 5 years. For this
analysis, codelist 2 was used to extract episodes of acute respi-
ratory infection, to maximize sensitivity. Finally, we examined
the effect of illness episodes with increasing numbers of the
following indicators of influenza: illness during influenza virus
circulation weeks, ILI code, and unvaccinated status.

Self-Controlled Case Series Analysis
Patients included in self-controlled case series analysis had
records of both AMI and consultation for acute respiratory in-
fection. We examined the incidence of AMI in exposed
periods (defined as periods following consultation for acute re-
spiratory infection) as compared to baseline or “unexposed”
periods (defined as all other periods during follow-up) for
each person. This method was chosen because it uses within-

person comparisons, thereby implicitly controlling for fixed
confounders [14], a major advantage when using routinely
collected data. The exposure period (during which an acute
inflammatory stimulus such as influenza virus infection could
plausibly provoke a systemic effect) was divided into 1–3, 4–7,
8–14, 15–28, and 29–91 days following an acute respiratory
consultation. We excluded from baseline the period from the
day of consultation up to 14 days before because an AMI oc-
curring in this time window may affect the subsequent likeli-
hood of attending the GP (and because self-controlled case
series analysis requires that the probability of exposure is not
affected by the occurrence of an outcome event) [14].
Incidence ratios were calculated for AMIs occurring in each
exposure period, compared with baseline periods, using condi-
tional Poisson regression. We adjusted for age in 5-year age
bands and for season in 3-month blocks (ie, January–March,
April–June, July–September, and October–December) because
these are time-varying confounders associated with AMI and
risk of respiratory infection.

Our initial analysis examined the risk of AMI occurring
after any acute respiratory infection classified using codelist 1,
compared with other periods. We stratified by age, sex, type of
AMI (STEMI vs NSTEMI), and history of previous vascular
disease (defined by a history of angina, percutaneous coronary
intervention, coronary artery bypass graft, peripheral vascular
disease, or cerebrovascular disease recorded in MINAP) and
tested for heterogeneity, using the Cochran Q statistic. Subse-
quent analyses examined AMI risks occurring after episodes
of respiratory illness most likely to be caused by influenza, to
explore whether any triggering effect was specific to influenza.
Again, heterogeneity in incidence ratios for respiratory infec-
tions judged more and less likely to be influenza was investi-
gated using the Cochran Q statistic. We performed several
sensitivity analyses, including adjustment for age in 1-year age
bands, excluding records involving patients who died during
hospitalization, excluding records for which the symptom
onset date was inferred from the discharge date, and including
records with missing discharge diagnoses. All analyses were
done using Stata, release 11 (StataCorp, College Station, TX).

RESULTS

A total of 25 129 potential myocardial infarction records were
identified in the MINAP database for 22 024 persons. Of
these, 13 921 records were dropped (Figure 1).

Of the remaining 11 208 AMI records, corresponding to
11 208 persons, 3927 (35.0%) were for individuals who had
also consulted for an acute respiratory infection and were in-
cluded in analyses. These individuals had 8204 episodes of
acute respiratory infection (mean, 2.1 episodes per person).
Their median age was 73.1 years (interquartile range, 62.5–
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81.4 years), and 60% were male. Characteristics of study par-
ticipants are shown in Table 1.

The risk of AMI was substantially higher during the initial
days following acute respiratory infection (adjusted incidence
ratio for days 1–3, 4.19 [95% confidence interval {CI}, 3.18–
5.53]), with the effect tapering over time. The effect was most
marked in the oldest age groups, with the adjusted incidence
ratio rising to 5.94 (95% CI, 3.90–9.04) for days 1–3 after
acute respiratory infection among individuals aged ≥80 years
(P = .023). There was no evidence of interaction by sex
(P = .82), type of AMI (P = .53), or history of vascular disease
(P = .73). Table 2 shows adjusted incidence ratios for AMI
after acute respiratory infection, stratified by age group, sex,
type of infarction, and history of vascular disease.

There was a higher incidence ratio for AMI after acute re-
spiratory infections occurring during peak weeks of influenza
virus circulation as compared to nonpeak weeks (P values
varied from .006 to .091, depending on the definition of “peak
week”). Although the point estimate for episodes coded as ILI
was nearly double that of episodes coded as general acute re-
spiratory infection (incidence ratios, 7.31 [95% CI, 2.72–
19.64] vs 4.03 [95% CI, 3.02–5.38] for days 1–3 after infec-
tion), this difference was not statistically significant (P = .26).
Unvaccinated episodes (thought most likely to represent

influenza virus infections) were associated with incidence
ratios similar to those for episodes in which there was residual
protection (P = .94) and for vaccinated episodes (P = .91).
Overall, comparison of acute respiratory infections with at
least 1 indicator of influenza to those with no indicators sug-
gested a significantly greater effect on AMI during days 1–3
after infection (incidence ratios, 5.39 [95% CI, 3.89–7.45] vs
2.38 [95% CI, 1.37–4.11]; P = .012). Full details of results strat-
ified by the presence or absence of indicators of influenza are
shown in Table 3.

Results of sensitivity analyses are shown in Supplementary
Table 1. Effect sizes did not change markedly between differ-
ent analyses, including those restricted to AMI events in
which the patient did not die during hospitalization (incidence
ratio, 3.56 [95% CI, 2.59–4.90] for days 1–3 after infection).

DISCUSSION

This study, one of the first to use the new GPRD-MINAP data
linkage [15], showed a short-term increased risk of AMI in the
days following acute respiratory infection, confirming previous

Figure 1. Selection of records on initial acute myocardial infarctions
(AMIs) from the Myocardial Ischaemia National Audit Project (MINAP)
database on acute coronary syndrome (ACS).

Table 1. Characteristics of Study Participants

Characteristic No. (%)

Sex

Men 2360 (60.1)
Women 1567 (39.9)

Age, y

40–49 212 (5.4)
50–59 565 (14.4)

60–69 873 (22.2)

70–79 1122 (28.6)
80–89 945 (24.1)

≥90 210 (5.3)

History of vascular diseasea

Angina 839 (25.9)

PCI 130 (4.1)

CABG 124 (3.9)
Peripheral vascular disease 144 (4.7)

Cerebrovascular disease 282 (9.1)

Type of myocardial infarction
STEMI 1604 (40.8)

NSTEMI 2323 (59.2)

Died in hospitala

Yes 250 (6.6)

No 3548 (93.4)

Data are for 3927 participants, unless otherwise indicated.

Abbreviations: CABG, coronary artery bypass graft; NSTEMI, non–ST-
elevation myocardial infarction; PCI, percutaneous coronary intervention;
STEMI, ST-elevation myocardial infarction.
a Denominator used to calculate the percentage excludes participants with
missing data.
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findings that were based on GPRD data alone [6]. The effect was
greatest for people aged ≥80 years and for acute respiratory epi-
sodes judged most likely to be due to influenza virus infection.

A major strength of this study was the use of novel data
linkage to improve the accuracy and timing of data on AMI.
Previous validation studies of AMI in the GPRD have found
that, although AMI diagnoses have a generally high positive
predictive value [16], less is known about the accuracy of re-
cording of timing [17]. In one study, 15% of confirmed cases
had a date of AMI recorded in GPRD that differed from that
provided by the GP [18]. For self-controlled case series analy-
sis using short risk periods, even a small proportion of AMI
records with inaccurate dates or false-positive records could
introduce considerable bias. Therefore, we used MINAP
data [8], which has the advantage of multiple data entry fields
for information on timing of AMI, to allow internal validation
of the AMI date, as well as improved diagnostic precision.
While an AMI can potentially affect the length of the observa-
tion period, which goes against assumptions on which the
case series method is based [19], exclusion of AMI events in
which the patient died during hospitalization did not signifi-
cantly alter results.

Use of a self-controlled case series eliminated any fixed
between-person confounding [20, 21] that may have affected

similar analyses that involved case-control or cohort designs.
Use of within-person comparisons also reduced the risk of re-
sidual bias due to difficulties choosing appropriate controls;
this was particularly important in our study, as there may be
systematic differences between patients who present to the GP
with acute respiratory infection and those who do not. Our
results thus apply to infections that were severe enough to
cause someone to consult. A final advantage of the self-
controlled case series design was the ability to use multiple
risk periods [14], which allowed us to identify a gradient of
risk for AMI after acute respiratory infection. We did not
know the onset date of infections but instead used the date of
diagnosis. Because the date of attending the GP is likely to be
some time after respiratory symptom onset [22, 23], the true
effect on AMI may be even higher than that observed. Con-
versely, though, it is not possible to establish whether symp-
toms in any patients for whom acute respiratory infection was
diagnosed were actually due to myocardial loss evolving over
1–2 days. Incidence ratios would be artificially inflated by any
such misclassification.

Identification of influenza virus infections in primary care
data is challenging because cases rarely have microbiological
confirmation. While some studies have based influenza diag-
nosis on codes used by GPs to classify respiratory illnesses

Table 2. Age- and Season-Adjusted Incidence Ratios for Acute Myocardial Infarction (AMI) Occurring After Acute Respiratory Infec-
tion (ARI) Overall and by Sex, Age, Infarction Type, and History of Vascular Disease

Model

Adjusted Incidence Ratio (95% Confidence Interval), by Period of Infection Risk in Daysa

1–3 (n = 52) Pb 4–7 (n = 44) 8–14 (n = 48) 15–28 (n = 80) 29–91 (n = 262)
Baseline
(n = 3441)

Overall 4.19 (3.18–5.53) 2.69 (1.99–3.63) 1.66 (1.24–2.23) 1.41 (1.12–1.77) 1.05 (.92–1.21) 1.00

Sex
Men 4.32 (3.02–6.19) .82 2.01 (1.28–3.16) 1.28 (.83–1.97) 1.39 (1.03–1.89) 0.99 (.82–1.19) 1.00

Women 4.05 (2.62–6.27) 3.66 (2.45–5.46) 2.22 (1.50–3.29) 1.44 (1.01–2.06) 1.16 (.94–1.43) 1.00

Age, y
<60 y 1.46 (.47–4.55) 1.46 (.54–3.91) 1.88 (.97–3.65) 1.50 (.88–2.56) 0.84 (.59–1.21) 1.00

60–69 y 3.93 (2.15–7.18) .13c 1.89 (.89–4.00) 1.09 (.51–2.30) 0.96 (.54–1.71) 1.03 (.77–1.38) 1.00

70–79 y 4.14 (2.47–6.95) .1c 3.55 (2.18–5.78) 2.31 (1.45–3.66) 1.81 (1.23–2.65) 0.96 (.73–1.26) 1.00
≥80 y 5.94 (3.90–9.04) .023c 3.18 (1.93–5.25) 1.40 (.79–2.48) 1.35 (.88–2.07) 1.31 (1.04–1.66) 1.00

Infarction type

STEMI 4.66 (3.04–7.15) .53 1.76 (.97–3.21) 1.77 (1.12–2.80) 1.13 (.74–1.71) 0.98 (.78–1.23) 1.00
NSTEMI 3.89 (2.71–5.60) 3.25 (2.30–4.60) 1.60 (1.10–2.33) 1.58 (1.20–2.09) 1.10 (.93–1.31) 1.00

History of vascular disease

No 4.32 (3.10–6.02) .73 3.00 (2.12–4.25) 1.68 (1.18–2.39) 1.37 (1.03–1.82) 0.99 (.83–1.17) 1.00
Yes 3.89 (2.35–6.42) 2.03 (1.11–3.69) 1.62 (.97–2.72) 1.49 (1.00–2.21) 1.19 (.95–1.51) 1.00

Data are for 8204 ARIs.

Abbreviations: NSTEMI, non–ST-elevation myocardial infarction; STEMI, ST-elevation myocardial infarction.
a n values denote the no. of AMI events.
b By the Cochran Q test for heterogeneity between the 2 strata, unless otherwise indicated, during days 1–3.
c Compared with <60 y.
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[24, 25], this method alone would fail to identify influenza
virus infections classified using nonspecific respiratory illness
codes. In our study, relatively few illnesses were classified with
specific ILI codes, and there was no significant difference
between illnesses classed as ILI and those classified as non-ILI.
A more powerful method to identify illnesses likely to be
caused by influenza was to use linked influenza surveillance
data. This showed a greater effect in peak weeks of influenza
virus circulation than in nonpeak weeks, strongly suggesting
that influenza virus infections are more likely than other respi-
ratory infections to trigger AMI. Varying numbers of weeks
included in the “peak” and “nonpeak” periods resulted in
similar magnitudes of effect. We also used influenza vaccina-
tion data to compare illness among vaccinated individuals
with that among unvaccinated individuals but did not see a
difference in effect on AMI. This does not mean that influenza
vaccination is ineffective at preventing influenza-associated
AMI; rather, acute respiratory infections occurring after

influenza vaccination are likely to have a different etiology. It
is also possible that vaccination status was misclassified for
some illnesses: we did not have data on vaccinations occurring
in other settings, such as the workplace; influenza vaccine ef-
fectiveness is around 70% in healthy adults and lower in frail
elderly populations [26]. Our results suggest that acute respi-
ratory infections other than influenza can also be associated
with increased AMI risk. However, combining these methods,
we found significantly higher incidence ratios for illnesses
with at least 1 influenza indicator, compared with those with
no indicators of influenza.

Previous large primary care database studies that used
either case-control or case-only designs have shown an associ-
ation between GP attendance with acute respiratory infection
and subsequent AMI [6, 27, 28]. Our incidence ratio for AMI
in days 1–3 after acute respiratory infection (4.19 [95% CI,
3.18–5.53]) was compatible with although somewhat lower
than that of an earlier comparable self-controlled case series

Table 3. Age- and Season-Adjusted Incidence Ratios for Acute Myocardial Infarction (AMI) Occurring After Acute Respiratory Infections
(ARIs) With and Without Indicators of Influenza

Adjusted Incidence Ratio (95% Confidence Interval), by Period of Infection Risk in Days

Variable ARIs, No. 1–3 Pb 4–7 8–14 15–28 29–91 Baseline

ARI onset within 2 weeks of peaka

Yes 1278 7.79 (4.71–12.90) .006 1.86 (.77–4.51) 0.87 (.33–2.34) 1.69 (1.01–2.82) 0.89 (.62–1.27) 1.00

No 6847 3.32 (2.37–4.65) 2.80 (2.04–3.86) 1.79 (1.32–2.42) 1.35 (1.05–1.74) 1.08 (.93–1.25) 1.00

ARI onset within 3 weeks of peaka

Yes 1733 5.95 (3.60–9.81) .091 3.68 (2.12–6.40) 0.99 (.44–2.23) 1.54 (.96–2.47) 1.02 (.76–1.36) 1.00

No 6392 3.54 (2.53–4.95) 2.37 (1.66–3.39) 1.82 (1.33–2.48) 1.37 (1.06–1.78) 1.09 (.94–1.26) 1.00

ARI onset within 4 weeks of peaka

Yes 2226 6.34 (4.13–9.72) .016 3.07 (1.80–5.22) 0.89 (.42–1.88) 1.32 (.85–2.07) 1.06 (.82–1.36) 1.00

No 5899 3.16 (2.19–4.57) 2.48 (1.73–3.56) 1.92 (1.40–2.63) 1.43 (1.10–1.86) 1.05 (.90–1.23) 1.00

Code
ILI 410 7.31 (2.72–19.64) .26 1.37 (.19–9.74) 1.56 (.39–6.28) 0.79 (.20–3.16) 1.17 (.67–2.05) 1.00

General ARI 7796 4.03 (3.02–5.38) 2.61 (1.91–3.57) 1.66 (1.24–2.24) 1.43 (1.13–1.81) 1.06 (.92–1.23) 1.00

Vaccination status
Unvaccinated 1590 4.15 (2.20–7.83) 1.90 (.85–4.29) 1.87 (.99–3.51) 1.91 (1.21–3.03) 1.08 (.79–1.46) 1.00

Residual protection 1466 4.30 (2.29–8.07) .94c 2.61 (1.29–5.26) 2.26 (1.27–4.03) 0.58 (.26–1.31) 1.15 (.86–1.55) 1.00

Vaccinated 5069 3.99 (2.79–5.70) .91c 2.92 (2.03–4.20) 1.41 (.95–2.09) 1.50 (1.13–1.98) 1.05 (.88–1.25) 1.00
No. of indicatorsd

0 3433 2.38 (1.37–4.11) 2.49 (1.56–3.97) 1.67 (1.08–2.58) 1.61 (1.17–2.23) 1.07 (.88–1.31) 1.00

1 3771 5.53 (3.88–7.88) .011e 2.76 (1.79–4.26) 1.61 (1.04–2.48) 1.12 (.77–1.63) 1.03 (.85–1.26) 1.00
2 or 3f 921 4.31 (1.92–9.68) .23e 2.73 (1.13–6.60) 1.58 (.65–3.82) 1.64 (.87–3.07) 1.08 (.73–1.59) 1.00

≥1 4692 5.39 (3.89–7.45) .012e 2.80 (1.89–4.13) 1.63 (1.10–2.40) 1.21 (.87–1.68) 1.05 (.88–1.26) 1.00

Abbreviation: ILI, influenza-like illness.
a Intervals denote ARI onset during the specified no. of weeks before or after the peak week of influenza virus circulation.
b By the Cochran Q test for heterogeneity between the 2 strata, unless otherwise indicated, during days 1–3.
c Compared with unvaccinated status.
d Indicators are defined as ARI within 4 weeks of the peak week of influenza virus circulation, presence of an ILI code, and unvaccinated status.
e Compared with 0 indicators.
f Data are pooled because of small numbers.
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study in GPRD (4.95 [95% CI, 4.43–5.53]) [6]. We adjusted
for season as a proxy for environmental factors, which would
tend to lead to a more conservative effect size. Other studies
have focused on serological measures of influenza. While one
Chinese study in an unvaccinated population showed signifi-
cantly higher levels of influenza A and B virus immunoglobu-
lin G in a single serum sample in AMI patients as compared
to controls [29], such studies tend to be underpowered to
detect any association [30–32]. Another approach is to
explore, ideally in trial settings, whether influenza vaccination
protects against cardiovascular events. From our previous
review [2], pooled analysis of 2 relatively small randomized
controlled trials in populations with existing cardiovascular
disease [33, 34] suggested a protective although nonsignificant
effect of influenza vaccination against cardiovascular-related
death (relative risk, 0.51 [95% CI, .15–1.76]). A more recent
trial of influenza vaccination as secondary prevention showed
a significant reduction in major adverse cardiovascular events
(unadjusted hazard ratio, 0.70 [95% CI, .57–.86]) [35]. Several
recent observational studies have suggested reductions in AMI
following influenza vaccination [36–38], although it may be
difficult to disentangle the effect of healthy-user bias in obser-
vational vaccine studies.

Influenza vaccine uptake is often poor, especially in high-risk
groups, such as those with existing cardiac disease [39]. This
study adds to the evidence to support increased efforts to maxi-
mize uptake of influenza vaccination in these groups to protect
against cardiovascular complications of influenza. Our analysis
was restricted to first AMI events. People who had these would
not necessarily fall under the vaccination guidelines as people
with established cardiac disease. This is a potential argument for
lowering the age limit for routine influenza vaccination (current-
ly 65 years in the United Kingdom) to cover those at risk of
cardiovascular disease. However, because the triggering effect
was greatest in older adults, such a strategy may not be cost-
effective. As previously suggested [36], further trial evidence is
needed on the use of influenza vaccine for primary prevention
of cardiovascular events.

In conclusion, in this self-controlled case series analysis that
used a novel data linkage system, we found a consistent associ-
ation between acute respiratory infections, especially those oc-
curring at times of peak influenza virus circulation, and AMI,
after adjustment for age and season.
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