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ABSTRACT

Objectives To determine whether asthma hospitalisations
of children and adults in the five boroughs of New York City
are correlated with influenza hospitalisations temporally
and spatially.

Design A longitudinal ecological study.

Inclusion criteria We reviewed the Statewide

Planning and Research Cooperative System'’s records of
hospitalisations in Manhattan, Bronx, Queens, Brooklyn
and Staten Island from 2002 to 2012. All hospitalisations
with a primary diagnosis of either asthma or influenza
were identified using the International Classification of
Diseases, Ninth Revision, Clinical Modification diagnosis
codes.

Methods A time-series regression analysis was
performed using aggregate monthly counts of influenza
hospitalisations as predictors of asthma hospitalisations.
Time-series regression models were also applied to
different age groups and boroughs to examine the
magnitude of influenza and asthma correlations across
strata. The per cent excess risk was also calculated across
age groups and boroughs.

Results Time-series analysis of the overall population
revealed a significant positive correlation between
influenza and asthma hospitalisations (p=0.011). When
stratifying by age, there was a significant positive
correlation between asthma and influenza hospitalisations
for individuals 18 and older (p<0.01), and no significant
correlation found for age groups younger than 18.
Percentages of excess risk of influenza-related asthma
hospitalisations also increased with increasing age

with adults 18-44, 45-64 and 65+ having excess

risk percentages of 2.9%, 3.4% and 4%, respectively.
Time-series analysis by location revealed positive
significant correlations between asthma and influenza
hospitalisations in Brooklyn (p=0.03) and Manhattan
(p<0.01). Manhattan and Brooklyn had a 2.5% and 1.6%,
respectively, percentage of excess risk of influenza-related
asthma hospitalisations.

Conclusion Influenza and asthma hospitalisations are
significantly associated at the population level among
adults. These associations vary by age and geographical
location. Influenza prevention strategies targeting adult
populations, particularly individuals living in Manhattan

Strengths and limitations of this study

» This study is a multicentre longitudinal ecological
study using data from an extensive statewide data-
base of hospitalisations.

» Our study points towards population-level patterns
and could not link asthma and influenza hospitalisa-
tions at the individual level.

» Information on influenza vaccinations of the study
population was not available which could potentially
influence our results by underestimating the full po-
tential effect of influenza on asthma.

» We relied on International Classification of Diseases,
Ninth Revision codes to identify asthma cases.
Changes in diagnoses criteria or misdiagnoses of
asthma over the study period would influence our
results.

» We could not account for environmental factors such
as humidity, pollution and temperature, which can
influence influenza transmission as well as asthma
exacerbation.

and Brooklyn, have the potential for meaningful reduction
of influenza-related asthma hospitalisations.

INTRODUCTION

Asthma continues to be a major financial and
public health concern nationally and in the
state of New York. The national prevalence of
asthma has increased from 7.3% in 2001 to
8.4% in 2010, reaching a total of 25.7 million
people with asthma." While national asthma
rates have been rising, the state of New York
has experienced an overall decline in asthma
deaths, hospitalisations and prevalence from
2002 to 20112 However, the financial and
public health burden of asthma remains
significant. As of 2012, there were an esti-
mated 1.4million adult New Yorkers and
315 000 New Yorkers under 18 years of age
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who suffered from asthma with the highest prevalence
rates found in the Bronx and four upstate counties.” In
2012, the New York State Department of Health reported
US$1.3billion annually in direct medical costs and loss
of productivity is due to asthma, with approximately half
(US$660 million) of these costs attributed to asthma
hospitalisations.” The significant financial and health
consequences of asthma coupled with the disparities in
risk highlight the need for further progress in under-
standing the reasons behind recent asthma trends.

Irritants that trigger asthma are multifactorial and
include pollens, air pollutants, stress and respiratory
infections.* > Upper respiratory tract viral infections by
rhinoviruses, influenza and respiratory syncytial virus
have been extensively reported as triggers for exacerba-
tion of asthma in children and adults.* Respiratory viruses
exacerbate asthma by infecting airway epithelial cells and
inducing airway inflammation, mucus hypersecretion
and bronchial hyper-responsiveness.’” In an attempt to
identify the major determinant of asthma exacerbation,
studies have examined the importance of certain respi-
ratory viral infections in asthma exacerbation and found
that rhinoviruses in particular account for 50%-80% of
asthma exacerbations.”®? Though rhinoviruses have been
identified as the most prevalent viruses among adults
and children exhibiting acute asthma exacerbations, the
seasonality of rhinoviruses does not coincide with the
seasonality of asthma in adult populations.”*? Influenza
viruses, however, predominate during the winter'’'' when
the peak asthma hospitalisation rates occur in adults,'
suggesting the potential for influenza as one determi-
nant of asthma hospitalisations in adult populations that
has been overlooked by a literature that has emphasised
rhinoviruses.

The public health implications of influenza-triggered
asthma are also an important justification for additional
research in this area. In comparison to other respiratory
viruses, influenza can be preventable via vaccination and
influenza antiviral treatments can modify the severity
and reduce the duration of illness."* In the 2012-2013
influenza season, paediatric influenza vaccination preva-
lences in New York City (NYC) were 65% for 6-59 months
old, 47% for 5-8years old and 31% for 9-17years old."
These prevalences were below the national goal of 80%
and below the 2012-2013 national influenza vaccina-
tion coverage of 76.9% for 6-23months old, 65.8%
for 2—4years old, 58.6% for 5—12years old and 42.5%
for 13-17years old.” Nationally, vaccine coverage has
generally risen each year among children (6 months to
17 years) and adults (=18) from 2007 to 2012.'% Preva-
lence of influenza vaccination among adults in NYC from
2007 to 2012 shows a similar general rising trend as the
national level."” '® Vaccine coverages for NYC adults in
2012 were 62% for 65+ years old, 43% for 50—64years old
and 82% for 18-49years old."” Therefore, while influenza
infections are less prevalent than rhinoviruses, the poten-
tial for meaningful public health interventions is greater
with the availability of vaccinations. Additionally, much of

influenza-related asthma research has focused primarily
on paediatric populations and studies looking at adults
have been limited to single centres or a few year study
period.* ® ¥ 718 A5 such, understanding of the popula-
tion-level effects of influenza on asthma in children and
adults requires further exploration.

The objective of this research was to determine the
extent to which asthma hospitalisations of children and
adults in the five boroughs of NYC between 2002 and 2012
were associated with influenza hospitalisations, tempo-
rally and spatially. We expected that influenza and asthma
hospitalisations would be correlated significantly in adult
populations and less so among children due to differences
in asthma seasonality that may be related to the school
year. In addition to understanding the temporal associ-
ations between influenza and asthma hospitalisations, a
spatial examination of influenza-related asthma hospital-
isations would identify areas that would benefit the most
from influenza reduction and intervention measures.

METHODS

Data collection

Data were extracted from the Statewide Planning and
Research Cooperative System (SPARCS)," % a compre-
hensive data reporting system that was established in
1979 to collect information on hospital discharges. The
SPARCS database currently collects patient-level data of
demographics, diagnoses and treatments, services, and
charges for all inpatient and outpatient hospitalisations
in the state of New York.

Study population

The SPARCS data used in this study spanned from
January 2002 to December 2012 and were geographically
restricted to the patient place of residence within the five
NYC boroughs: Manhattan, Brooklyn, Queens, the Bronx
and Staten Island. First, all hospitalisations with a primary
diagnosis of either asthma or influenza were identi-
fied using the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) diag-
nosis codes. Observations that had primary/principal
ICD-9-CM codes of 493.0, 493.1, 493.2, 493.8 or 493.9
were classified as asthma-related hospitalisations. Obser-
vations that had primary/principal ICD-9-CM codes of
487, 487.0, 487.1 or 487.8 were classified as influenza-re-
lated hospitalisations. Age, sex, race and ethnicity were
also extracted from the database. A total of 6342 influ-
enza hospitalisations and 273 664 asthma hospitalisations
were identified over the January 2002 to December 2012
time period and used for analysis.

Descriptive statistics

Age was categorised into five groups (0—4, 5-17, 18-44,
45-64 and 65+), based on clinical diagnosis ages for those
less than 18 years and approximated tertiles of the adult
population. Plots were generated to examine the season-
ality of asthma and influenza hospitalisations by each year,
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with seasons defined as 3-month intervals ranging from
December to February (Winter), March to May (Spring),
June to August (Summer) and September to November
(Fall). Patients’ home addresses were aggregated to the
postal ZIP code level and borough level for analysis.

Seasonal autoregressive integrated moving average modelling
A seasonal autoregressive integrated moving average
(SARIMA) model was used to analyse the data from
January 2002 to December 2011 (online supplementary
method). Asthma and Influenza hospitalisations were
aggregated by month for use in our time-series analysis.
We chose to examine asthma and influenza hospitalisa-
tions at the group level and considered influenza as a
community and environmental exposure that could influ-
ence asthma exacerbation. The year 2012 was withheld
to validate the predictive capabilities of the model. The
Durbin-Watson test was conducted on both influenza and
asthma hospitalisation counts to determine whether the
study was eligible for time-series analysis.”’ The Durbin-
Watson test for autocorrelation for both influenza and
asthma series was significant (p<0.001), confirming that
positive autocorrelation existed in both series and that
ARIMA modelling was appropriate. In order to measure
the similarity between the influenza and asthma time
series, a cross-correlation function (CCF) was computed
between the two series. CCFs measure the degree of
similarity between two time series by using the lags of
both series.? If the input series is autocorrelated, CCFs
can result in misleading indications of the relationship
between an input and response series. To solve this issue,
prewhitening was performed in our analysis prior to
computing the CCF. Using results from the CCF plot, we
fit a transfer function to the model and examined the
residuals before proceeding to determine the autoregres-
sive and moving average orders.”

Asthma served as the response series and influenza
served as the explanatory series in our analysis. The order
of AR or MA terms in the ARIMA model was identified
based on the autocorrelation function (ACF) and partial
ACF (PACF) of the seasonally differenced series (online
supplementary figure 1A,B). In determining our final
model, we examined the Akaike’s information criterion
(AIC)** ® to assess goodness of fit between different
models and examined the ACF and PACF residuals to
ensure that no pattern was left and that there was no
presence of significant white noise probabilities (online
supplementary figure 2A—C). The bestfit model was a
SARIMA (1,1,0) x (0,1,1) ,. This model consists of (1)
a non-seasonal AR(1) polynomial ¢ (B) =1—¢1B, (2)
a seasonal MA(1) polynomial @ (BIQ) =1 +<I>1Bm, (3)
a non-seasonal differencing (1 — B) and (4) a seasonal
differencing (1 — 812). Thus, our SARIMA model can be
written as

(1—¢1B) (1-B) (1—-B2)y=(1+2B2) w,
where (l — Bk) Vi =Vt — Yi—k and (1 — Bk)wt =W¢ — Wi_k

Once the best-fit model was selected, the forecasted
values for the model with and without influenza over the
2002-2012 time period were plotted against the original
data. Validation of the model was performed by using
the SARIMA model with and without influenza as the
explanatory series to generate predicted values of asthma
hospitalisations for 2012. The resulting predictions with
and without influenza for 2012 were compared with the
actual 2012 data to determine whether inclusion of influ-
enza as an explanatory variable improved the predictive
capability of the model. Mean absolute percentage errors
(MAPEs) were also calculated to compare the prediction
accuracy of the model fitted with influenza and without.

To examine the associations between influenza and
asthma in different age groups and boroughs, we applied
the SARIMA model structure used in the city-wide analysis
to each of the age groups (0-4, 5-18, 19-59 and 60+) and
boroughs (Bronx, Brooklyn, Manhattan, Queens, Staten
Island). We additionally performed a sensitivity analysis
excluding the spring pollen season of March to May for
each year knowing that spring pollen peaks are associated
with asthma exacerbations.

Calculation of per cent excess risk

The per cent excess risk was calculated for each of the
age groups and boroughs in order to assess the excess risk
of asthma hospitalisations due to influenza. This measure
was formed by first identifying the peak month of influ-
enza between January and December of each year, from
2002 to 2012. Once the peak month was identified, the
average counts of asthma hospitalisations were calcu-
lated for the 11 non-peak months and the complete 12
months, including the peak. The difference in average
asthma hospitalisations between the 11 non-peak months
and the full year was defined as the excess risk. The per
cent excess risk was defined as the ratio between the
excess risk and the total 12months average of asthma
hospitalisations. The per cent excess risk represents the
percentage of asthma hospitalisations that could poten-
tially be reduced if influenza hospitalisations during the
peak month were controlled to the yearly average of influ-
enza hospitalisations.

All statistical analysis was performed using SAS V.8.4.

Patient and public involvement

No patients were involved in the development of the
research question, outcome measures, design or imple-
mentation of the study. No patients were involved in the
analysis or write up of the study. There are no plans to
disseminate our results to the study participants.

RESULTS

There were a total of 6342 influenza hospitalisations

compared with 273 664 asthma hospitalisations (table 1).
Females comprised 58.5% of asthma hospitalisations in

our study sample, but this percentage varied across age

groups: 39% of children (<18 years old) hospitalised for
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Table 1 Summary of influenza and asthma hospitalisations
in New York City from January 2002 to December 2012

Diagnosis*
Influenza Asthma
Characteristic (n=6342)} (n=273664)t
Age (years)
04 40.5 19.3
5-17 9.0 17.2
18-44 13.5 18.4
45-64 15.1 26.3
65+ 22.0 18.8
Sex (n=1missing)
Female 49.7 58.5
Male 50.3 41.5
Missing
Ethnicity (n=97 missing) (n=8478 missing)
Hispanic 325 35.1
Non-Hispanic 67.6 64.9
Race (n=645missing) (n=29 035 missing)
White 32.7 21.2
Black 28.9 41.9
Asian 4.9 25
Other 33.5 34.4
Boroughs
Bronx 27.0 31.0
Brooklyn 23.0 33.0
Manhattan 21.8 16.0
Queens 24.6 16.7
Staten Island 3.7 3.4

*Table values are column % for categorical variables.
TPercentages may not sum to 100% due to rounding.

asthma were female and 70% of adults. The youngest and
oldest age groups comprised the majority of influenza
hospitalisations cases.

A plot of asthma and influenza hospitalisations from
2002 to 2012 is displayed in figure 1. Visual examina-
tion of the plot revealed a seasonal pattern for asthma
and influenza, with peaks occurring in the winter months
for influenza and fall/winter for asthma. A comparison
of asthma and influenza hospitalisations by each year
confirms these seasonal patterns (online supplementary
figure 3). Asthma hospitalisations also appeared to be
decreasing gradually over time (figure 1).

Asthma hospitalisations in children presented a strong
peak in fall that did not coincide with the winter peak
of child influenza hospitalisations (online supplemen-
tary figure 4A,B). Adult asthma hospitalisations, however,
displayed a winter peak in asthma hospitalisations that
matched the winter peak in influenza hospitalisations.

In 2009, the USA experienced an outbreak of the HIN1
influenza strain, which resulted in an uncharacteristic

8

peak of influenza activity in June.?” This peak was mirrored
in asthma hospitalisations for adults in the year 2009, but
not for children. The average number of adult asthma
hospitalisations for the summer season between 2002
and 2012 period, excluding the pandemic year was 2813.
In 2009, there were 3745 adult asthma hospitalisations
in the summer season totalling to ~900more cases of
asthma hospitalisations than the average. The year 2009
also had the largest number of adult asthma hospitalisa-
tions during the summer compared with the summer
season of any other year between 2002 and 2012. This
irregular summer peak can be seen in seasonal plots of
influenza and asthma hospitalisations in adults (online
supplementary figure 4C,D) with the year 2009 plotted
in pink.

Time-series analysis was performed on January 2002 to
December 2011 time frame and the resulting SARIMA
model was used to forecast asthma hospitalisations for
2012. Based on the cross-correlation coefficient plot
generated in the prewhitening process, both variables
appeared to evolve concurrently, with no variable leading
or lagging the other (online supplementary figure 5).
The final SARIMA (1,1,0)x(0,1,1),, model parameters
are shown in table 2.

Based on our influenza model estimate of 0.027+0.011
(p=0.011), hospitalisations of influenza are positively
correlated with hospitalisations of asthma (table 2). Addi-
tionally, the AIC for the model decreased from -137.4 to
-141.7 when influenza was incorporated into the model,
suggesting that the model inclusion of influenza as a
predictor series provided a better fitting model. Results
from our sensitivity analysis excluding the spring pollen
season of March to May for each year did not change
our results and in fact strengthened our findings with
a influenza model estimate of strengthened 0.066+0.02
(p=0.0018) (online supplementary table 1).

The results were consistent when using MAPE:s to eval-
uate model forecasting accuracy between the model with
and without influenza as a predictor. The model fitted
with influenza had a better forecasting error of 9.6%
compared with a forecasting error of 9.9% in the model
excluding influenza. To visualise the fit of the model,
the predicted values of asthma hospitalisations with
influenza as an explanatory variable were plotted with
the actual asthma hospitalisations for the study period
(online supplementary figure 6). Visual inspection of
the predicted series including influenza with the actual
asthma hospitalisations confirmed the model’s close
adherence to the actual hospitalisations.

The per cent excess risk was calculated to examine the
magnitude that asthma hospitalisations were associated
with the influenza. Figure 2 displays per cent increase in
excess risks calculated by age and borough. Analysing the
per cent excess risks by age groups revealed an increase
in per cent excess risks with increasing age (figure 2).
When examining the per cent excess risks by boroughs,
Manhattan and the Bronx had the highest risk followed
by Queens, Brooklyn, then Staten Island (figure 2).

Trinh P, et al. BMJ Open 2018;8:6020362. doi:10.1136/bmjopen-2017-020362

"ybuAdoo Aq parosroid 1sanb Aq zz0oz ‘2 yareln uo jwod g uadolwgy/:dny woly papeojumod ‘8102 loquiardas 8z Uo 29£020-2T0Z-uadolwa/oeTT 0T Se payslgnd 1sii :uado CING


https://dx.doi.org/10.1136/bmjopen-2017-020362
https://dx.doi.org/10.1136/bmjopen-2017-020362
https://dx.doi.org/10.1136/bmjopen-2017-020362
https://dx.doi.org/10.1136/bmjopen-2017-020362
https://dx.doi.org/10.1136/bmjopen-2017-020362
https://dx.doi.org/10.1136/bmjopen-2017-020362
https://dx.doi.org/10.1136/bmjopen-2017-020362
https://dx.doi.org/10.1136/bmjopen-2017-020362
http://bmjopen.bmj.com/

Open access

Influenza and Asthma Hospitalisations 2002-2012
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Time-series analysis by age and borough was conducted
to assess the significance of the correlation between influ-
enza and asthma by each stratum (table 3).

Age groups under 18 years old did not have signifi-
cant correlation between influenza and asthma hospi-
talisations. Relating this significance to the excess risk
percentages would suggest that influenza and asthma
are significantly correlated in age groups greater than 18
years old, and that at increasing age, temporal patterns
in influenza hospitalisations increasingly accounted for
asthma risk. Furthermore, controlling influenza hospital-
isations to the yearly average could result in a reduction
of as many as 4% of asthma hospitalisations among 65+
years old.

Table 2 Summary of the time-series regression model
for asthma hospitalisations, New York, January 2002 to
December 2012

Component Estimate SE P values
AR(1) —-0.421 0.092 <0.001
SMA(1) -0.703 0.075 <0.001
Influenza 0.027 0.011 0.011

The time-series model structure used was a seasonal ARIMA
(1,1,0)x(0,1,1),, model.

AR(1), autoregressive component of order 1.

SMA(1), seasonal moving average component of order 1.

Monthly hospital admissions of asthma and influenza spanning from January 2002 to December 2012 in New York

Influenza hospitalisations were significantly correlated
to asthma hospitalisations in Manhattan and Brooklyn
(table 3). Manhattan had one of the highest percent-
ages of asthma hospitalisations due to peak influenza
activity, with roughly 2.5% of asthma hospitalisations in
the area that could be avoided if influenza activity in the
peak month were controlled to the average across the
other 11 non-peak months (figure 2). Brooklyn had a
1.6% increase in excess risk of influenza-related asthma
hospitalisations.

DISCUSSION
The results from time-series analysis indicate that
influenza and asthma hospitalisations are significantly
correlated. In addition to the positive temporal associ-
ations between influenza and asthma hospitalisations,
there is a spatial difference in the per cent of excess risk
of asthma related to influenza across the five boroughs
with the Bronx and Manhattan displaying the highest
excess risk percentages followed by Queens, Brooklyn,
then Staten Island. The results from the study support
previous research suggesting that improvement of
surveillance, prevention and transmission of influenza
may lead to reduction of asthma hospitalisations.*®

The combination of time-series analysis by age group
and calculation of per cent excess risk revealed a
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Figure 2 Percentage of asthma hospitalisations attributable
to excess peak Influenza activity. Excess risk percentages
were calculated by age and borough. The excess risk
represents the percentage of asthma hospitalisations that
would be reduced if influenza hospitalisations during the
peak month were controlled to the yearly average of influenza
hospitalisations. Analysing excess risk by age group reveals
an increase in risk with increasing age (A). Analysis by
borough exposes the highest excess risk to be in Bronx and
Manhattan followed by Queens, Brooklyn and Staten Island

(B).

directly proportional relationship between increasing
asthma risk due to influenza and increasing age.
However, the correlation between influenza and asthma
was only significant among age groups 18 and older.
Individuals less than 18 years of age displayed excess
risk percentages close to zero and non-significant influ-
enza to asthma correlations. Such findings suggest that
the temporal patterns of influenza hospitalisations
are not correlated with asthma hospitalisations and
that influenza may not be a significant contributor to
asthma hospitalisations in paediatric ;)atients despite
what previous research has concluded.'”® These results
are less surprising as asthma exacerbations in children
lacked peak seasonal coincidence between asthma and
influenza (online supplementary figure 4A-D).

When examining seasonal asthma hospitalisations
trends between 2002 and 2012 by children and adults,
there are clear seasonal peaks during the spring and fall
among children and in the winter among adults (online
supplementary figure 4A-D). One potential explana-
tion for the spring peaks observed is due to the increase

Table 3 Summary of time-series regression model for
influenza parameter estimates that reflect the effects of
influenza on asthma hospitalisations by age and borough,
New York, January 2002 to December 2012

Influenza

Variable estimate SE P values
Age (years)
0-4 -0.034 0.02 0.06
5-17 —-0.038 0.02 0.11
18-44 0.053 0.01 <0.01
45-64 0.068 0.01 <0.01
65+ 0.061 0.01 <0.01
Borough
Bronx 0.020 0.012 0.10
Brooklyn 0.023 0.011 0.03
Manhattan 0.043 0.013 <0.01
Queens 0.001 0.011 0.93
Staten Island 0.022 0.021 0.20

The time-series model (seasonal ARIMA (1,1,0)x(0,1,1),, model)
was applied to stratified age groups and boroughs to determine
correlation between influenza and asthma by each stratum.

in pollen during the spring. The relationship between
pollen counts and asthma emergency department visits
from 2002 to 2012 in NYC was well characterised by Ito
et al®® They found that pollen counts peaked consis-
tently during the spring in NYC over the 2002-2012
period and that these mid-spring peaks had substan-
tive impact on asthma exacerbations. The seasonality
of asthma hospitalisations during the autumn months
has been observed in other settings among children
as well, but triggers for the autumnal asthma peaks in
children may have more to do with respiratory viruses
than pollen."” Evidence that fall asthma exacerbations
are attributed to respiratory infections coinciding with
children returning to school have been noted in other
studies.” ™ *' While pollen peaks are indeed associated
with asthma exacerbations, the fall asthma exacerba-
tion peak observed is more likely due to respiratory
viral infections. Pollen, however, may act synergistically
with respiratory viral infection to trigger fall exacerba-
tions of asthma.”

Current vaccination guidelines recommending influ-
enza vaccinations for any asthmatic child 6 months and
older may also contribute to the lack of association
between peak asthma and influenza hospitalisations. In
2012, NYC vaccine coverage was 65% for 6-59 months
old, 47% for 5-8years old and 31% for 9-17years old."”
Due to these recommendations, children may have
high rates of influenza vaccination that would result in
reduced counts of influenza-related asthma hospital-
isations.®® However, even with high vaccination rates,
several studies examining the effectiveness of influenza
vaccination in reducing asthma exacerbations in chil-
dren have presented null findings or even an inversely
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proportional relationship.”*® Other respiratory viruses
such as rhinoviruses are more likely to be the major
contributors to asthma exacerbations in children as
they have accounted for two-thirds of viruses detected
in upper respiratory viral infections.”” The lack of
significant correlation between temporal patterns of
influenza hospitalisations and asthma hospitalisations
in our findings advocates for additional analysis of the
temporal correlations between rhinoviruses and asthma
hospitalisations, particularly among children.

Asthma exacerbations in adults, however, would
appear to benefit from influenza prevention strategies.
The temporal correlation between asthma and influ-
enza hospitalisations in adults is further supported when
considering that peak asthma hospital admissions rates
for adults occur in the winter months of December and
January." Additionally, during the pandemic year of
2009 where influenza hospitalisations experienced an
uncharacteristic peak in summer months, there was a
detectable shift in asthma hospitalisations among adults
during those summer months. This resulted in the
largest number of adult asthma hospitalisations during
the summer of 2009 compared with the summer season
of any other year between 2002 and 2012.

Interpretation of the CCF plot suggested that associa-
tions between asthma and influenza occur concurrently
with no variable leading or lagging. The peak months
of asthma hospital admissions in adults would there-
fore coincide with the seasonal peaks observed in our
time-series plot of influenza and interactions between
asthma and influenza would arise concurrently (online
supplementary figure 4A-D). The fact that elderly popu-
lations have higher excess risk percentages provides
support for findings from studies that have examined
the impact of influenza on hospitalisations.”® Influen-
za-related hospitalisations have been known to dispro-
portionately affect elderly populations compared with
those <65 years of age.”™ As such, the current guidelines
for influenza vaccinations recommends vaccines for
adults 65 years of age and older, as well as, for anyone
adult with asthma.”

When influenza and asthma associations were exam-
ined by borough, correlations between both variables
were significantly correlated in only Brooklyn and
Manhattan. Based on our per cent excess risk calcu-
lations, roughly 2.5% and 1.6% of asthma hospitalisa-
tions in Manhattan and Brooklyn, respectively, could be
avoided if influenza in the peak month were controlled
to the average of the other 11 non-peak months. Inves-
tigation of the three-way associations between asthma
or influenza, borough and sex, age, race or ethnicity
did not reveal any patterns of distribution that matched
borough excess risk percentage patterns. Addition-
ally, the association between influenza and asthma
hospitalisations in Staten Island was not significant
despite having one of the highest ARIMA beta coeffi-
cients. Considering that Staten Island has a smaller
population than the other boroughs and thereby less

hospitalisations, the null finding in Staten Island could
be influenced by the low statistical power of our data.

Socioeconomic status may reflect issues between
poverty and health outcomes that we were not able to
account for in our analysis. Exploring whether socio-
economic status is a potential effect modifier of the
relationship between influenza and asthma would be
valuable in future studies. In addition to low socioeco-
nomic status related factors, air quality and pollutants
have been linked to as potential influencers of asthma
hospitalisation rates.*” A study conducted by the New
York City Department of Health and Hygiene identified
areas with the highest ozone attributable rates of ER
visits for asthma among children and adults. The highest
risk areas were concentrated in the Bronx, Northern
Manhattan, Central Brooklyn and parts of Eastern
Queens.*! Additionally, air pollutant data on particulate
matter, nitrogen dioxide, nitric oxide and sulfur dioxide
concentrations from the New York City Community Air
Survey 2008-2010 identified Manhattan and the Bronx
as the areas with the highest densities of pollutants due
to the traffic density in those boroughs.” The overlap
of air pollutant spatial data with the borough strati-
fied excess risk percentages from our study suggests
the potential for interaction between influenza and
air pollution in determining asthma outcomes. Recent
studies examining the potential effect modification of
influenza on air pollution and health outcomes have
yet to understand the association between the two
factors.* ¥ A 2002 study conducted by Green et al**
examined the importance of exposure to allergens and
viral infection on precipitating acute asthma and found
that allergens and viruses may interact synergistically to
increase asthma hospitalisation risk. Further research
is necessary to understand whether the potential for
influenza to trigger asthma exacerbations is even more
pronounced in settings with high levels of particulate
air pollution.

LIMITATIONS

Our study had several limitations. First, the data do
not provide asthma severity information, so those
who are hospitalised for asthma likely represent the
most severe cases. We were therefore unable to study
influenza-related asthma cases that did not result in a
hospitalisation. Also, some individuals who have more
severe asthma may already be vaccinated against influ-
enza, in which case our results would not reflect the
full potential effect of influenza on asthma. We also
lacked environmental data such as humidity, pollu-
tion and temperature, which are factors that influence
influenza transmission as well as asthma exacerbation,
but could not be accounted for in our study.'’ * ** Our
study is also a time-series study so the findings of this
hypothesis-generating study cannot necessarily be used
to draw causal inferences at the individual level as we
did not know if the same people who had asthma also
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previously had influenza. The ecological nature of
our data can, however, point towards population-level
patterns and areas for further investigation. Yet, the
population-level patterns observed in NYC may not be
generalisable to other settings. Finally, our work relied
on diagnostic codes available in the hospitalisation data
provided to New York state. There could be variability in
the diagnostic criteria of influenza and asthma by clini-
cian, institution and time that would alter the pattern
observed in our study.

CONCLUSION

Our study findings indicate that influenza hospitalisa-
tions are significantly correlated with asthma hospi-
talisations at the population level among adults (>18
years old). Based on our results, influenza prevention
strategies merit attention as part of a strategy to reduce
asthma hospitalisations, particularly in Manhattan
and Brooklyn. Additionally, our study highlights the
need for further research examining the relationship
between influenza and environmental pollutants on
asthma outcomes to improve on our understanding
of the risk factors behind asthma exacerbations. The
relationship between influenza and environmental risk
factors on health outcomes such as asthma is not well
understood and warrants more investigation to under-
stand pathways of manifestation.
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