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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 

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.1 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 1.4 million adult New Yorkers and 
315 000 New Yorkers under 18 years of age 

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.
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who suffered from asthma with the highest prevalence 
rates found in the Bronx and four upstate counties.2 In 
2012, the New York State Department of Health reported 
US$1.3 billion 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.3 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.4 5 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.4 Respiratory viruses 
exacerbate asthma by infecting airway epithelial cells and 
inducing airway inflammation, mucus hypersecretion 
and bronchial hyper-responsiveness.6 7 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.5 8 9 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.5 8 9 Influenza 
viruses, however, predominate during the winter10 11 when 
the peak asthma hospitalisation rates occur in adults,12 13 
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.14 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 5–8 years old and 31% for 9–17 years old.15 
These prevalences were below the national goal of 80% 
and below the 2012–2013 national influenza vaccina-
tion coverage of 76.9% for 6–23 months old, 65.8% 
for 2–4 years old, 58.6% for 5–12 years old and 42.5% 
for 13–17 years old.15 Nationally, vaccine coverage has 
generally risen each year among children (6 months to 
17 years) and adults (≥18) from 2007 to 2012.16 Preva-
lence of influenza vaccination among adults in NYC from 
2007 to 2012 shows a similar general rising trend as the 
national level.15 16 Vaccine coverages for NYC adults in 
2012 were 62% for 65+ years old, 43% for 50–64 years old 
and 32% for 18–49 years old.15 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.4 5 8 17 18 As 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),19 20 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.21 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.22 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.23

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)24 25 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 best-fit model was a 
SARIMA (1,1,0) x (0,1,1)12. This model consists of (1) 
a non-seasonal AR(1) polynomial  φ

(
B
)

= 1 − φ1B  , (2) 
a seasonal MA(1) polynomial  Φ

(
B12) = 1 + Φ1B12

 , (3) 
a non-seasonal differencing  

(
1 − B

)
  and (4) a seasonal 

differencing  
(
1 − B12)

 . Thus, our SARIMA model can be 
written as

  
(
1 − φ1B

) (
1 − B

) (
1 − B12) yt =

(
1 + Φ1B12)wt   

  where
(
1 − Bk) yt = yt − yt−k and (1 − Bk)wt = wt − wt−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.26

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 12 months 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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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 H1N1 
influenza strain, which resulted in an uncharacteristic 

peak of influenza activity in June.27 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 ~900 more 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)12 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 MAPEs 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).

Table 1 Summary of influenza and asthma hospitalisations 
in New York City from January 2002 to December 2012

Characteristic

Diagnosis*

Influenza
(n=6342)†

Asthma
(n=273 664)†

Age (years)

  0–4 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=1 missing)

  Female 49.7 58.5

  Male 50.3 41.5

  Missing

Ethnicity (n=97 missing) (n=8478 missing)

   Hispanic 32.5 35.1

   Non-Hispanic 67.6 64.9

Race (n=645 missing) (n=29 035 missing)

   White 32.7 21.2

   Black 28.9 41.9

   Asian 4.9 2.5

   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.
†Percentages may not sum to 100% due to rounding.
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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.

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.28

The combination of time-series analysis by age group 
and calculation of per cent excess risk revealed a 

Figure 1 Monthly hospital admissions of asthma and influenza spanning from January 2002 to December 2012 in New York 
City.

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)12 model. 
AR(1), autoregressive component of order 1.
SMA(1), seasonal moving average component of order 1.
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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 patients despite 
what previous research has concluded.17 29 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 

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.26 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.13 Evidence that fall asthma exacerbations 
are attributed to respiratory infections coinciding with 
children returning to school have been noted in other 
studies.5 30 31 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.32 

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 5–8 years old and 31% for 9–17 years old.15 
Due to these recommendations, children may have 
high rates of influenza vaccination that would result in 
reduced counts of influenza-related asthma hospital-
isations.33 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 

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).

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

Variable
Influenza 
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)12 model) 
was applied to stratified age groups and boroughs to determine 
correlation between influenza and asthma by each stratum.
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proportional relationship.34–36 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.37 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.13 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.38 Influen-
za-related hospitalisations have been known to dispro-
portionately affect elderly populations compared with 
those <65 years of age.38 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.39

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.40 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.41 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.41 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.42 43 A 2002 study conducted by Green et al44 
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.10 45 46 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.

Author affiliations
1Department of Epidemiology of Microbial Diseases, Yale School of Public Health, 
New Haven, Connecticut, USA
2Department of Biostatistics, Yale School of Public Health, New Haven, Connecticut, 
USA
3Department of Social and Behavioral Sciences, Yale School of Public Health, New 
Haven, Connecticut, USA
4Department of Epidemiology, University of Minnesota, Minneapolis, Minnesota, USA
5Department of Environmental Health Sciences, Columbia University, New York City, 
New York, USA
6Department of Epidemiology, Drexel University, Philadelphia, Pennsylvania, USA

Contributors PT was involved in writing and editing the manuscript as well as 
performing the statistical analyses. THJ was involved in editing the manuscript and 
performing statistical analyses. DK was involved in editing and conceptualisation 
of the manuscript. RTD was involved in editing of the manuscript and interpretation 
of the data. MP was involved in revising the manuscript. GL was involved in 
conceptualisation, design, interpretation and revision of the manuscript.

Funding This work was sponsored (in whole or in part) by University of Washington 
Biostatistics, Epidemiologic and Bioinformatic Training in Environmental Health, 
Grant #: NIEHS 5T32ES015459-08. 

Competing interests None declared.

Patient consent Not required.

ethics approval This study was approved by the Institutional Review Boards of 
Yale University and Columbia University. 

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement Data are available through the Statewide Planning and 
Research Cooperative System. Any further inquiries regarding statistical code and 
data specific to the study should be directed towards the corresponding author. 

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 

and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

reFerenCes
 1. Akinbami LJ, Moorman JE, Bailey C, et al. Trends in asthma 

prevalence, health care use, and mortality in the United States, 2001-
2010. NCHS Data Brief 2012;94:1–8.

 2. The prevalence and cost of asthma in New York State. 2014 https://
www. osc. state. ny. us/ reports/ economic/ asthma_ 2014. pdf (cited 3 
Apr 2018).

 3. York State Department of Health N. New York State Medicaid 
Redesign Team (MRT) waiver amendment. https://www. health. 
ny. gov/ health_ care/ medicaid/ redesign/ docs/ 2012- 08- 06_ waiver_ 
amendment_ request. pdf (cited 3 Apr 2018).

 4. Jackson DJ, Sykes A, Mallia P, et al. Asthma exacerbations: origin, 
effect, and prevention. J Allergy Clin Immunol 2011;128:1165–74.

 5. Johnston SL, Pattemore PK, Sanderson G, et al. The relationship 
between upper respiratory infections and hospital admissions for 
asthma: a time-trend analysis. Am J Respir Crit Care Med 1996;154(3 
Pt 1):654–60.

 6. Yamaya M. Virus infection-induced bronchial asthma exacerbation. 
Pulm Med 2012;2012:1–14.

 7. Papadopoulos NG, Xepapadaki P, Mallia P, et al. Mechanisms of 
virus-induced asthma exacerbations: state-of-the-art. A GA2LEN and 
InterAirways document. Allergy 2007;62:457–70.

 8. Nicholson KG, Kent J, Ireland DC. Respiratory viruses and 
exacerbations of asthma in adults. BMJ 1993;307:982–6.

 9. Khetsuriani N, Kazerouni NN, Erdman DD, et al. Prevalence of viral 
respiratory tract infections in children with asthma. J Allergy Clin 
Immunol 2007;119:314–21.

 10. Shaman J, Kohn M. Absolute humidity modulates influenza 
survival, transmission, and seasonality. Proc Natl Acad Sci U S A 
2009;106:3243–8.

 11. Lipsitch M, Viboud C. Influenza seasonality: lifting the fog. Proc Natl 
Acad Sci U S A 2009;106:3645–6.

 12. Fleming DM, Cross KW, Sunderland R, et al. Comparison of the 
seasonal patterns of asthma identified in general practitioner 
episodes, hospital admissions, and deaths. Thorax 2000;55:662–5.

 13. Sears MR. Epidemiology of asthma exacerbations. J Allergy Clin 
Immunol 2008;122:662–8.

 14. Vaccine effectiveness - how well does the flu vaccine work? | 
Seasonal Influenza (Flu) | CDC [Internet]. https://www. cdc. gov/ flu/ 
about/ qa/ vaccineeffect. htm (cited 8 Sep 2016).

 15. Crowe K, Zucker JR, Khawja A, et al. Epi data brief: influenza in New 
York City. MMWR 2010;595962(5RR07):1057–621.

 16. Surveillance of Influenza Vaccination Coverage — United States, 
2007–08 Through 2011–12 Influenza Seasons [Internet]. https://www. 
cdc. gov/ mmwr/ preview/ mmwrhtml/ ss6204a1. htm (cited 4 Apr 2018).

 17. Miller EK, Griffin MR, Edwards KM, et al. Influenza burden for 
children with asthma. Pediatrics 2008;121:1–8.

 18. Iikura M, Hojo M, Koketsu R, et al. The importance of bacterial and 
viral infections associated with adult asthma exacerbations in clinical 
practice. PLoS One 2015;10:e0123584.

 19. SPARCS Operations Guide. SPARCS operations guide version 1.2. 
2016 https://www. health. ny. gov/ statistics/ sparcs/ training/ docs/ 
sparcs_ operations_ guide. pdf (cited 4 Apr 2018).

 20. Bureau of Health Informatics. SPARCS data governance policy and 
procedure manual statewide planning and research cooperative 
system (SPARCS) data governance policy and procedure manual. 
2014 https://www. health. ny. gov/ statistics/ sparcs/ training/ docs/ 
sparcs_ dgc_ manual. pdf (cited 4 Apr 2018).

 21. Ali MM. Durbin Watson and generalized Durbin-Watson tests for 
autocorrelations and randomness. J Bus Econ Stat 1987;5:195.

 22. Gep B, Jenkins GM, Reinsel GC. Time series analysis. Hoboken, NJ: 
John Wiley & Sons, Inc, 2008.

 23. Liu L-M. Identification of seasonal arima models using a filtering 
method. Commun Stat Theory Methods 1989;18:2279–88.

 24. Akaike H. Akaike’s Information Criterion. International encyclopedia 
of statistical science. Berlin, Heidelberg: Springer Berlin Heidelberg, 
2011:25.

 25. Yamaoka K, Nakagawa T, Uno T. Application of Akaike's information 
criterion (AIC) in the evaluation of linear pharmacokinetic equations. J 
Pharmacokinet Biopharm 1978;6:165–75.

 26. Ito K, Weinberger KR, Robinson GS, et al. The associations between 
daily spring pollen counts, over-the-counter allergy medication sales, 
and asthma syndrome emergency department visits in New York 
City, 2002-2012. Environ Health 2015;14:71.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-020362 on 28 S

eptem
ber 2018. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
https://www.osc.state.ny.us/reports/economic/asthma_2014.pdf
https://www.osc.state.ny.us/reports/economic/asthma_2014.pdf
https://www.health.ny.gov/health_care/medicaid/redesign/docs/2012-08-06_waiver_amendment_request.pdf
https://www.health.ny.gov/health_care/medicaid/redesign/docs/2012-08-06_waiver_amendment_request.pdf
https://www.health.ny.gov/health_care/medicaid/redesign/docs/2012-08-06_waiver_amendment_request.pdf
http://dx.doi.org/10.1016/j.jaci.2011.10.024
http://dx.doi.org/10.1164/ajrccm.154.3.8810601
http://dx.doi.org/10.1155/2012/834826
http://dx.doi.org/10.1111/j.1398-9995.2007.01341.x
http://dx.doi.org/10.1136/bmj.307.6910.982
http://dx.doi.org/10.1016/j.jaci.2006.08.041
http://dx.doi.org/10.1016/j.jaci.2006.08.041
http://dx.doi.org/10.1073/pnas.0806852106
http://dx.doi.org/10.1073/pnas.0900933106
http://dx.doi.org/10.1073/pnas.0900933106
http://dx.doi.org/10.1136/thorax.55.8.662
http://dx.doi.org/10.1016/j.jaci.2008.08.003
http://dx.doi.org/10.1016/j.jaci.2008.08.003
https://www.cdc.gov/flu/about/qa/vaccineeffect.htm
https://www.cdc.gov/flu/about/qa/vaccineeffect.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/ss6204a1.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/ss6204a1.htm
http://dx.doi.org/10.1542/peds.2007-1053
http://dx.doi.org/10.1371/journal.pone.0123584
https://www.health.ny.gov/statistics/sparcs/training/docs/sparcs_operations_guide.pdf
https://www.health.ny.gov/statistics/sparcs/training/docs/sparcs_operations_guide.pdf
https://www.health.ny.gov/statistics/sparcs/training/docs/sparcs_dgc_manual.pdf
https://www.health.ny.gov/statistics/sparcs/training/docs/sparcs_dgc_manual.pdf
http://dx.doi.org/10.1080/03610928908830035
http://dx.doi.org/10.1007/BF01117450
http://dx.doi.org/10.1007/BF01117450
http://dx.doi.org/10.1186/s12940-015-0057-0
http://bmjopen.bmj.com/


9Trinh P, et al. BMJ Open 2018;8:e020362. doi:10.1136/bmjopen-2017-020362

Open access

 27. CDC Novel H1N1 Flu. The 2009 H1N1 pandemic: summary 
highlights. 2010 https://www. cdc. gov/ h1n1flu/ cdcresponse. htm 
(cited 8 Sep 2016).

 28. Gerke AK, Yang M, Tang F, et al. Association of hospitalizations 
for asthma with seasonal and pandemic influenza. Respirology 
2014;19:116–21.

 29. Kramarz P, Destefano F, Gargiullo PM, et al. Does influenza 
vaccination prevent asthma exacerbations in children? J Pediatr 
2001;138:306–10.

 30. Busse WW, Lemanske RF, Gern JE. Role of viral respiratory infections 
in asthma and asthma exacerbations. Lancet 2010;376:826–34.

 31. Sears MR, Johnston NW. Understanding the September asthma 
epidemic. J Allergy Clin Immunol 2007;120:526–9.

 32. Johnston NW, Sears MR. Asthma exacerbations. 1: epidemiology. 
Thorax 2006;61:722–8.

 33. CDC. Flu and people with asthma | Seasonal Influenza (Flu). https://
www. cdc. gov/ flu/ asthma/ index. htm (cited 2016 Apr 3).

 34. Christy C, Aligne CA, Auinger P, et al. Effectiveness of influenza 
vaccine for the prevention of asthma exacerbations. Arch Dis Child 
2004;89:734–5.

 35. Cates CJ, Jefferson T, Rowe BH. Vaccines for preventing influenza 
in people with asthma. Cates CJ, ed. Cochrane database of 
systematic reviews [Internet]. Chichester, UK: John Wiley & Sons, 
Ltd, 2008:CD000364.

 36. Bueving HJ, Bernsen RM, de Jongste JC, et al. Does influenza 
vaccination exacerbate asthma in children? Vaccine 2004;23:91–6.

 37. Johnston SL, Pattemore PK, Sanderson G, et al. Community study 
of role of viral infections in exacerbations of asthma in 9-11 year old 
children. BMJ 1995;310:1225–9.

 38. Simonsen L, Fukuda K, Schonberger LB, et al. The impact 
of influenza epidemics on hospitalizations. J Infect Dis 
2000;181:831–7.

 39. CDC. People at high risk of developing flu–related complications | 
Seasonal Influenza (Flu). https://www. cdc. gov/ flu/ about/ disease/ 
high_ risk. htm (cited 3 Apr 2016).

 40. Kheirbek I, Wheeler K, Walters S, et al. Air pollution and the health of 
new yorkers: the impact of fine particles and ozone. https:// www1. 
nyc. gov/ assets/ doh/ downloads/ pdf/ eode/ eode- air- quality- impact. 
pdf (cited 3 Apr 2018).

 41. The New York City community air survey. 2008 https:// www1. nyc. 
gov/ assets/ doh/ downloads/ pdf/ environmental/ comm- air- survey- 08- 
10. pdf (cited 3 Apr 2018).

 42. Thach T-Q, Wong C-M, Chan K-P, et al. Air pollutants and health 
outcomes: assessment of confounding by influenza. Atmos Environ 
2010;44:1437–42.

 43. Wong CM, Yang L, Thach TQ, et al. Modification by influenza on 
health effects of air pollution in Hong Kong. Environ Health Perspect 
2009;117:248–53.

 44. Green RM, Custovic A, Sanderson G, et al. Synergism between 
allergens and viruses and risk of hospital admission with asthma: 
case-control study. BMJ 2002;324:763.

 45. Lowen AC, Mubareka S, Steel J, et al. Influenza virus transmission 
is dependent on relative humidity and temperature. PLoS Pathog 
2007;3:e151.

 46. He D, Dushoff J, Eftimie R, et al. Patterns of spread of influenza A 
in Canada. Proceedings of the Royal Society B: Biological Sciences 
2013;280:20131174.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-020362 on 28 S

eptem
ber 2018. D

ow
nloaded from

 

https://www.cdc.gov/h1n1flu/cdcresponse.htm
http://dx.doi.org/10.1111/resp.12165
http://dx.doi.org/10.1067/mpd.2001.112168
http://dx.doi.org/10.1016/S0140-6736(10)61380-3
http://dx.doi.org/10.1016/j.jaci.2007.05.047
http://dx.doi.org/10.1136/thx.2005.045161
https://www.cdc.gov/flu/asthma/index.htm
https://www.cdc.gov/flu/asthma/index.htm
http://dx.doi.org/10.1136/adc.2003.030999
http://dx.doi.org/10.1016/j.vaccine.2004.03.067
http://dx.doi.org/10.1136/bmj.310.6989.1225
http://dx.doi.org/10.1086/315320
https://www.cdc.gov/flu/about/disease/high_risk.htm
https://www.cdc.gov/flu/about/disease/high_risk.htm
https://www1.nyc.gov/assets/doh/downloads/pdf/eode/eode-air-quality-impact.pdf
https://www1.nyc.gov/assets/doh/downloads/pdf/eode/eode-air-quality-impact.pdf
https://www1.nyc.gov/assets/doh/downloads/pdf/eode/eode-air-quality-impact.pdf
https://www1.nyc.gov/assets/doh/downloads/pdf/environmental/comm-air-survey-08-10.pdf
https://www1.nyc.gov/assets/doh/downloads/pdf/environmental/comm-air-survey-08-10.pdf
https://www1.nyc.gov/assets/doh/downloads/pdf/environmental/comm-air-survey-08-10.pdf
http://dx.doi.org/10.1016/j.atmosenv.2010.01.036
http://dx.doi.org/10.1289/ehp.11605
http://dx.doi.org/10.1136/bmj.324.7340.763
http://dx.doi.org/10.1371/journal.ppat.0030151
http://dx.doi.org/10.1098/rspb.2013.1174
http://bmjopen.bmj.com/

	Temporal and spatial associations between influenza and asthma hospitalisations in New York City from 2002 to 2012: a longitudinal ecological 
study
	Abstract 
	Introduction
	Methods
	Data collection
	Study population
	Descriptive statistics
	Seasonal autoregressive integrated moving average modelling
	Calculation of per cent excess risk
	Patient and public involvement

	Results
	Discussion
	Limitations
	Conclusion
	References


