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Abstract

Background Studies conducted during the 2009 influenza A (HIN1) pandemic found that obesity increases the risk of
severe influenza including hospitalization and death. In this study, we examined the relationship of BMI with having
laboratory-confirmed seasonal influenza and influenza-related respiratory hospitalization.

Methods We linked a cohort of 246,494 adults aged >45 years with data on BMI to subsequent laboratory-confirmed
influenza notifications and cause-specific hospitalizations from 2006 to 2015. Cox-proportional hazard models were used to
estimate the risk of incident laboratory-confirmed influenza and influenza-related respiratory hospitalizations according to
BMI, adjusting for age, sex and other covariates.

Results After 1,840,408 person-years of follow-up, 1891 participants had laboratory-confirmed influenza notifications (crude
rate 10.3/10,000 person-years) of whom 623 were hospitalized for a respiratory illness. Compared to those with healthy BMI
(22.5 to <25.0 kg/m?, influenza incidence was respectively 27% (adjusted HR [aHR]: 1.27, 95% CI: 1.10-1.46) and 69%
(aHR: 1.69, 1.24-2.29) greater among obese (BMI: 30 to <40 kg/m? and very obese adults (40 to <50 kg/m”. The equivalent
aHRs for hospitalization were 1.57 (95% CI: 1.22-2.01) and 4.81 (95% CI: 3.23-7.17). For every 5-unit BMI increase above
22.5 kg/mz, there was a 15% (aHR: 1.15, 95% CI: 1.09-1.22) increase in risk of having a diagnosis of influenza and 42%
increase in hospitalization (aHR: 1.42, 95% CI: 1.30-1.60). These trends did not differ between the pandemic year (2009)
and other years.

Conclusions Our results suggest that obese adults have a similar risk of hospitalization for seasonal influenza as adults with
cardiovascular disease and diabetes, and should therefore be equally prioritized for funded interventions such as targeted
immunization programs.

Electronic supplementary material The online version of this article
(https://doi.org/10.1038/s41366-018-0029-x) contains supplementary
material, which is available to authorized users.

Introduction

Influenza causes significant morbidity, mortality, and eco-
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each year [1, 2]. Although moderately effective vaccines are
available to prevent influenza, vaccine coverage is still
suboptimal even in at-risk populations [3, 4].

In 2014, worldwide about 600 million adults were
identified as obese (Body Mass Index (BMI) =30 kg/mz)
[5]. The burden of obesity is even greater in industrialized
countries such as Australia and the United States where
recent studies suggest that, respectively, 30% and 36% of
the adult population is obese [6, 7]. Currently in Australia,
obese adults are strongly recommended for immunization
against influenza, although unlike adults with diabetes, and
pre-existing cardiac and respiratory diseases, they are not
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currently eligible for free vaccination under Australia’s
National Immunization Program if they are under 65 years
of age [8].

Following the 2009 pandemic of Influenza A (HIN1),
several studies found that obesity increases the severity of
influenza caused by the pandemic strain, including hospi-
talization and death [9-13]. However, less is known about
the relationship between obesity and seasonal (non-pan-
demic) influenza. A systematic review examining risk fac-
tors for severe outcomes in patients with seasonal and
pandemic influenza that searched available literature until
March 2011 found only a single study quantifying the
relationship between obesity and seasonal influenza [14].
Several studies conducted thereafter using data from non-
pandemic influenza seasons have suggested that obesity
increases the risk of severe influenza identified by hospi-
talization [15—17], admission to intensive care units (ICU)
[18], and respiratory mortality [19] among influenza
patients, however this has not been consistently reported
[20, 21]. Also there is uncertainty about the relationship
between obesity and the risk of having a diagnosis of
laboratory-confirmed influenza or influenza-like illness
(ILD) in non-pandemic influenza seasons [22-24].

In this study, we used prospective data from 246,000
adults aged 245 years, followed up over 10 influenza sea-
sons (2006-2015) for laboratory-confirmed influenza, and
influenza-related respiratory hospitalizations. Primarily, we
examined the relationship of BMI with the risk of having
laboratory-confirmed seasonal influenza and influenza-
related respiratory hospitalization.

Methods
Setting, participants, and data sources

We used a cohort of 265,951 adults aged 245 years, living
in New South Wales, Australia, and recruited into the Sax
Institute’s 45 and Up Study between 2006 and 2009. The
cohort profile has been published elsewhere [25]. In brief,
adults 245 years were randomly sampled from the National
health insurance enrolment database (formerly known as
Medicare Australia), and invited to participate. Those who
agreed completed a baseline questionnaire at recruitment,
providing information on socio-demographics, health, life-
style, and self-reported height and body-weight. Participants
consented for long-term follow-up and record linkage of
their information to a wide range of healthcare-related
administrative databases [25].

Cohort data from the baseline were linked to the Noti-
fiable Conditions Information Management System
(NCIMS), the NSW Admitted Patient Data Collection

(APDC), and the NSW Registry of Births, Deaths and
Marriages (RBDM). The NSW Centre for Health Record
Linkage (CHeReL) conducted the linkages to the NCIMS,
APDC, and RBDM using a probabilistic matching method
[26].

Under the NSW Public Health Act 2010, laboratories are
required to notify confirmed influenza. These notifications
are compiled by NSW Health into the NCIMS [27]. Data
compiled in the NCIMS include the condition notified,
estimated date of onset, details of laboratory confirmation,
and type of specimen [27]. For influenza, the date of onset is
usually estimated by the date the specimen was taken from
the patient. The APDC database records all hospitalizations
occurring in NSW and includes data on the date of admis-
sion and discharge, the primary diagnosis for hospitaliza-
tion, and up to 49 secondary diagnoses that affected the
treatment or length of stay. Diagnoses are coded using the
International Classification of Disease 10th revision, Aus-
tralian Modification (ICD-10-AM) [28]. The RBDM
records the date of all births, deaths and marriages of NSW
residents. For this study, the NCIMS, APDC, and RBDM
databases were complete up to 31 December 2015.

Study variables

The primary outcome was laboratory-confirmed influenza
diagnosis recorded in the NCIMS that linked to the 45 and
Up Study participants. The secondary outcome was
influenza-related respiratory hospitalization, which was
ascertained when a participant had an influenza notification
and a linked respiratory disease-coded hospitalization
(ICD10 J-codes) in the APDC records that occurred within
a week before and up to 2 weeks after the onset of influenza.

BMI was calculated using self-reported body weight and
height at the time of enrolment, as a ratio of weight in
kilograms to square of height in metres. BMI was cate-
gorized using the following cut-points (corresponding
WHO BMI classification shown in brackets): 15.0 to <18.5
(underweight), 18.5 to <22.5 (normal weight), 22.5 to <25.0
(normal weight), 25.0 to <30.0 (overweight), 30.0 to <40.0
(obese class I and II), 40.0 to <50.0 (obese class III) [29].

Covariates

The information on covariates used in the analyses was
obtained from data provided in the baseline questionnaire.
The covariates included age, sex, annual household income
(<$AUD70,000/year, >$AUD70,000/year), area of resi-
dence (major city, inner regional, outer regional/remote/
very-remote) [30], education (no formal education, school/
diploma, university), private health insurance (yes, no),
alcohol consumption (<1 drink/day, >1 drink/day), smoking
(never, current, past).
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Statistical methods

Participants with extreme levels of BMI (<15.0 and >50.0
kg/m?) and where BMI could not be calculated due to
missing information were excluded from the analyses.
Follow-up time was estimated from the date of recruitment
to the date of first influenza event, date of death or last date
for which we had follow-up records (31 December 2015),
whichever came first. We calculated laboratory-confirmed
influenza notification rates for each BMI category. We then
modelled the relationship between BMI and influenza using
Cox proportional hazard models adjusting for important
covariates with BMI 22.5 to <25.0 kg/m” as the reference
category. Age at baseline was the underlying time variable;
sex, area of residence, income and smoking were selected a
priori to be included in the model. Education, alcohol
consumption, and private health insurance were added to
the model if their inclusion changed the point estimate of
the relationship between BMI and influenza by at least 10%.
Missing values for each covariate were assigned as a
separate category in analyses. Further, we tested for trend of
notified influenza and respiratory hospitalization per 5-unit
increase in BMI in adults with BMI > 22.5 kg/mz. Test for
trend was performed by modelling the median BMI value in
each BMI category as a continuous variable. We then
stratified the trend analyses according to various socio-
demographic, lifestyle factors, and co-morbidity status. Co-
morbidity was defined as the presence of at least one of the
following conditions: self-reported diabetes, heart disease
hospitalization (ICD 10 codes: 120-125) in the 5 years prior
to enrolment, self-reported asthma, and respiratory hospi-
talization for chronic respiratory disease (ICD10 codes: J40-
J45) in the 5 years prior to enrolment. We also examined
risks for notified influenza that occurred in the year of the
last pandemic (2009), and all other years excluding 2009.
Similar analyses were conducted to examine the relation-
ship between BMI and influenza-related respiratory
hospitalization.

All analyses were conducted in STATA 14 software. The
conduct of the 45 and Up Study was approved by the
University of New South Wales Human Research Ethics
Committee (HREC). This specific study was approved by
the NSW Population Health Research Ethics Committee,
and the University of New South Wales Human Research
Ethics Committee (2010/12/292).

Results
Of the 265,951 participants, we included 246,494 (92.7%)
in the main analysis who had valid BMI data. The mean age

of the participants at baseline was 62.6 years (standard
deviation (SD)—11.1 years) and 53% were female. Detailed
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distribution of characteristics according to BMI categories is
shown in Table 1. In brief, 21.8% of participants were
obese, 39.6% were overweight, 36.9% were healthy weight,
and 1.3% were underweight. The average age of healthy
weight and obese participant was 63.1 years (SD: 11.9) and
61.1 years (SD: 9.8), respectively. The proportion of current
smokers among obese participants (BMI: 30.0 to <50.0 kg/
m?) was 6.8% compared to 7.9% in healthy weight parti-
cipants (BMI: 18.5 to <25.0 kg/m?).

The 246,494 participants were followed up for 1,840,408
person-years and 1919 laboratory-confirmed notifications of
influenza were recorded in 1891 participants; 185 in 2009
and 1706 in other years. All subsequent analyses included
only the first influenza notification.

The crude influenza notification rate was 10.3/10,000
person-years (95% CI: 9.8-10.7). When adjusted for cov-
ariates in the final model (age, sex, income, area of resi-
dence, and smoking) compared to BMI 22.5 to <25.0 kg/m?,
the risk of notified influenza was 27% (adjusted Hazard
Ratio (aHR): 1.27 (95% CI: (1.10-1.46)) and 69% (aHR:
1.69 (95% CI: 1.24-2.29) higher in those with BMI 30.0 to
<40.0 kg/m? and 40.0 to <50.0 kg/m?, respectively (Fig. 1
and Appendix I).

Figure 2 shows the trend in the hazard ratio of having
notified influenza per 5-unit increase in BMI among people
with BMI >22.5kg/m? overall and stratified by age, sex,
lifestyle factors, and co-morbidity, adjusted for all other
covariates. Overall, we observed a 15% increase in the risk
of having notified influenza per 5-unit increase in BMI
(aHR: 1.15, 95% CI: 1.09-1.22) (p <0.001). This risk did
not differ significantly when examined in subgroups of age
(45-64 or 265 years), sex, smoking status, or other socio-
demographic and health-related factors. It was also similar
for influenza diagnosed in 2009 as it was for influenza
diagnosed in other years (Fig. 2).

Of those participants with laboratory-confirmed influ-
enza, 36% (682/1891) had at least one hospitalization event
within a week prior and up to 2 weeks after the date of
influenza notification (total of 950 hospital separations in
682 participants). Of the 950 hospital separations, 38.1%
(N =1362/950) had a primary diagnosis specifically coded as
influenza or pneumonia (ICD-10 J09-J18), a further 26.5%
(n = 252) were coded as another respiratory illness (ICD-10
J-codes other than J09-J18) and the remaining 35.4% (n =
336) had non-respiratory-related primary diagnosis codes
(see Appendices II and III). Of those hospital separations
without a primary diagnosis of a respiratory illness, 29.2%
(98/336) had at least one secondary diagnosis code for
influenza or pneumonia, and 10.4% (35/336) had at least
one secondary diagnosis code for a respiratory illness other
than influenza or pneumonia. Overall 32.9% of participants
with an influenza notification (623/1891) had a hospitali-
zation where either the primary or secondary diagnosis
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Table 1 Baseline characteristics by body mass index (BMI) group

Characteristics 15.0 to <18.5 kg/m2 18.5 to <22.5kg/ 22.5 to <25.0 25.0 to < 30.0kg/  30.0 to <40.0 40.0 to <50.0
(underweight) m? (normal kg/m2 (normal  m? (overweight) kg/m2 (obese kg/m2 (obese
weight) weight) class I and II) class III)
Number of participants 3107 (1.3) 37,181 (15.1) 53,654 (21.8) 97,562 (39.6) 50,529 (20.0) 4461 (1.8)
(%)
Age, mean years (standard 66.7 (13.7) 62.9 (12.4) 63.3 (11.6) 62.8 (10.8) 61.3 (9.9) 58.8 (8.7)
deviation)
Age 265 years (%) 1564 (50.3) 14,259 (38.3) 21,815 (40.7) 38,363 (39.3) 16,805 (33.3) 1023 (22.9)
Male sex (%) 772 (24.8) 11,237 (30.2) 24,415 (45.5) 54,502 (55.9) 23,609 (46.7) 1302 (29.2)
Annual household income (%)
<$70,000 1866 (60.1) 19,888 (53.5) 28,962 (54.0) 53,038 (54.4) 28,797 (57.0) 2683 (60.1)
>$70,000 391 (12.6) 8627 (23.2) 13,539 (25.2) 25,056 (25.7) 11,228 (22.2) 819 (18.4)
Missing 850 (27.3) 86,666 (23.3) 11,153 (20.8) 19,468 (19.9) 10,504 (20.8) 959 (21.5)
Education
No formal education 430 (13.8) 3589 (9.6) 5108 (9.5) 10,698 (11.0) 7258 (14.4) 786 (17.6)
High school/diploma 1961 (63.1) 22,687 (61.0) 33,338 (62.2) 62,702 (64.3) 33,301 (65.9) 2889 (64.8)
University degree 639 (20.6) 10,352 (27.8) 14,444 (26.9) 22,848 (23.4) 9199 (18.2) 717 (16.1)
Missing 77 (2.5) 553 (1.5) 764 (1.4) 1314 (1.3) 771 (1.5) 69 (1.5)
Area of residence
Major city 1714 (55.2) 20,488 (55.1) 29,023 (54.0) 50,467 (51.7) 25,075 (49.6) 2226 (49.9)
Inner regional 1021 (32.8) 12,227 (32.9) 18,171 (33.9) 34,415 (35.3) 18,279 (36.2) 1522 (34.1)
Outer regional/remote/ 316 (10.2) 3757 (10.1) 5512 (10.3) 10,809 (11.1) 6311 (12.5) 606 (13.6)
very remote
Missing 56 (1.8) 709 (1.9) 948 (1.8) 1871 (1.9) 864 (1.7) 107 2.4)
Private health insurance
Yes 1664 (53.6) 23,633 (63.6) 35,223 (65.6) 64,049 (65.6) 30,611 (60.6) 2294 (51.4)
Smoking
Never 1800 (57.9) 22,984 (61.8) 31,980 (59.6) 54,413 (55.8) 26,688 (52.8) 2403 (53.8)
Current 507 (16.3) 3443 (9.2) 3778 (7.0) 6045 (6.2) 3436 (6.8) 329 (7.4)
Past 778 (25.1) 10,546 (28.4) 17,626 (32.8) 36,616 (37.5) 20,149 (39.9) 1708 (38.3)
Missing 22 (0.7) 208 (0.6) 270 (0.5) 488 (0.5) 256 (0.5) 21 (0.5)
Alcohol consumption
None 1362 (43.8) 12,517 (33.7) 15,838 (29.5) 27,906 (28.6) 18,694 (37.0) 2402 (53.8)
<1 drink/day 936 (30.1) 13,706 (36.9) 19,352 (36.1) 33,469 (34.3) 15977 (31.6) 1192 (26.7)
>1 drink/day 710 (22.8) 10,161 (27.3) 17,444 (32.5) 34,465 (35.3) 14,832 (29.4) 751 (16.8)
Missing 99 (3.2) 797 (2.1) 1020 (1.9) 1722 (1.8) 1026 (2.0) 116 (2.6)
Co-morbidities
Recent heart disease hospitalization*
Yes 97 3.1) 931 (2.2) 1567 (2.9) 3330 (3.4) 1790 (3.5) 150 (3.4)
Self-reported asthma or recent respiratory hospitalization*
Yes 351 (11.3) 3520 (9.5) 4914 (9.2) 9421 (9.7) 6457 (12.8) 878 (19.7)
Self-reported diabetes
Yes 142 (4.6) 1485 (4.0) 2937 (5.5) 8140 (8.3) 7880 (15.6) 1184 (26.5)

*Please see methods section for details

codes indicated a respiratory disease and were included as
cases in analyses of influenza-related respiratory
hospitalizations.

Figure 3 shows the relationship between BMI and
influenza-related respiratory hospitalizations. Compared to

those with BMI 22.5 to <25.0kg/m? the aHR for an
influenza-related respiratory hospitalization was 1.57 (95%
CI: 1.22-2.01) for those with BMI 30.0 to <40.0 kg/m* and
4.81 (95% CI: 3.23-7.17) for those with BMI 40.0 to <50.0
kg/m®. It was also significantly higher for underweight
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Fig. 1 Association between body mass index (BMI) and all notified
influenza infection. Adjusted for: age, sex, income, area of residence,
smoking (the squares represent the point estimates, and the vertical
lines represent the 95% CI. Size of squares are proportional to the
number of events. The HR are plotted at median BMI values for
categories: 15.0 to <18.5, 18.5 to <22.5, 22.5 to <25.0, 25.0 to <30.0,
30.0 to <40.0, 40.0 to <50.0 kg/m?)

Adjusted Hazard Ratio (aHR)

15 20 25 30 35 40 45
BMI (kg/m?)
——=——  Diagnosed influenza with influenza-related respiratory hospitalisation
Diagnosed influenza without influenza-related respiratory hospitalisation

Fig. 3 Association between body mass index (BMI) and notified
influenza infection according to influenza-related respiratory hospita-
lization. Adjusted for age, sex, income, area of residence, and smoking
(the squares represent the point estimates, and the vertical lines
represent the 95% CI. The HRs of two groups are plotted at the same
median values of BMI categories: 15.0 to <18.5, 18.5 to <22.5,22.5 to
<25.0, 25.0 to <30.0, 30.0 to <40.0, 40.0 to <50.0 kg/m?, but for the
purpose of clear visualization one is slightly shifted to the right)

. .. Adjusted Adjusted
Fig. 2 Trend in influenza Sub-group Cases/Population  HR (95% Cl) HR (95% Cl)
notification per 5-unit increase
in body mass index (BMI) Overall 1558/206335 1.15 (1.09-1.22) -
according to sociodemographic, Age
and life-style factors and co- 45-64 years 867/128280 1.16 (1.08-1.25) —_—
morbidities in those with BMI > ései years 691/78055 1.13(1.03-1.25) _’_
22.5 kg/m?. Co-morbidities Men 7141103884 109 (0.98-120) et
include self-reported diabetes, Women 844/102451 1.19 (1.11-1.28) —
self-reported asthma or Smoking
respiratory hospita]ization Current 120/13601 1.19 (0.97-1.44) T—
within 5 years prior to Past 589/76140 1.15 (1.04-1.26) —

T Never 841/115559 1.15 (1.07-1.25) —_——
enrolment, and hospitalization A . I
. e nnual household income :
for heart disease within 5 years <$70K 858/113549 1.14 (1.06-1.23) —_—
prior to enrolment (see >$70K 315/50674 1.06 (0.93-1.23) ——0—-—
Methods). Participants (N = Alcohol consumption H
40161) with BMI < 22.5 kg/m> <1 drink/day 503/70040 1.12 (1.01-1.25) —ei—
were excluded from the >1 drink/day 427/67530 1.16 (1.03-1.32) —_—

. . . Area of residence :
analyses. The solid vertical line Major city 962/106873 1.12 (1.04-1.21) —
represents the null, and vertical Inner regional 446/72420 1.16 (1.05-1.29) —
dotted line represents the overall Outer regional, remote, very remote  130/23249 1.26 (1.05-1.51) —_
HR per 5-unit increase in BMI Co-morbidity

None 1059/162177 1.11 (1.03-1.20) —_——
At least one 499/44158 1.07 (0.98-1.17) 1t
Year of diagnosis :
2009 148/206335 1.22 (1.03-1.45) —o—
Other than 2009 1410/206335 1.14 (1.07-1.22) —
T Irrrrrrrrn
9 1 111213141516

participants (aHR: 2.23, 95% CI: 1.37-3.64) (Appen-
dix IV). The overall trend for an increase in risk of
influenza-related respiratory hospitalization in those with
BMI >22.5 kg/m? was substantially greater than that for
notified influenza (aHR: 1.42, 95% CI: 1.30-1.60 per 5-unit
increase in BMI). The trend for increase in risk of influenza-
related respiratory hospitalization per 5-unit increase in
BMI during the pandemic influenza year (2009) did not
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differ from other seasonal influenza years (aHR: 1.67, 95%
CI: 1.28-2.17, and aHR :1.40, 95% CI: 1.26-1.54).

When the outcome was defined as notified influenza not
requiring hospitalization, we did not observe any significant
association with obesity or underweight (Fig. 3 and
Appendix V). The overall trend of increase in risk of noti-
fied but not hospitalized influenza per 5-unit increase in
BMI was aHR: 1.02 (95% CI: 0.95-1.10).
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Discussion

In this study, we observed an increased risk of laboratory-
confirmed notified influenza and influenza-related respira-
tory hospitalizations in obese middle-aged and older adults.
In those with BMI > 22.5 kg/m?, for every 5 kg/m?® increase
in BMI, the risk of notified influenza increased by 15%, and
the risk of influenza-related hospitalization by 42%. We
found the risk of influenza in relation to BMI was similar
for 2009 (Influenza A (HIN1) pandemic year) as for other
seasonal influenza years. It was also similar comparing
adults of different ages (45-64 and >65 years), and between
smokers and non-smokers. Our results add to the growing
evidence of a role of BMI in increasing the risk of diag-
nosed influenza and respiratory hospitalization not only in
the pandemic year but also in seasonal influenza years,
particularly after 2009. To our knowledge, this is also the
first prospective study to examine and report the association
of laboratory-confirmed seasonal influenza in relation to
BML

There is increasing evidence regarding the immuno-
pathological relationship between higher BMI and influ-
enza. Obesity impairs the immunological response to
influenza infection as well as influenza vaccination by
altering the normal cellular immune system [31]. Several
immunopathological mechanisms related to obesity such as
defects in CD4+ and CD8+ T-cells, delay in expression of
proinflammatory cytokines in humans [32-35] or other
immune responses that may increase the risk of severe
disease due to infection with Influenza A (HIN1) have been
described in mice models [34, 36]. A recent study also
suggests that the risk of having a diagnosis of influenza or
ILI is twice in immunized obese adults compared to
immunized healthy weight adults despite comparable ser-
ological response to the immunization [24].

The relationship between obesity and influenza gained
prominence with the 2009 pandemic of Influenza A (HIN1)
with initial reports suggesting a higher risk of hospitalization,
intensive care admission and death in obese adults [9, 12, 13,
37, 38]. A systematic review found that among individuals
hospitalized for influenza, the risk of intensive care unit
(ICU) admission or death due to Influenza A (HIN1) was
two times greater in severely obese (BMI>40.0kg/m?)
compared to healthy weight individuals [12]. Also, studies of
community-based adults have reported that the risk of hos-
pitalization due to Influenza A (HIN1) is greater in obese
compared to healthy weight individuals [9, 37].

There have been fewer studies examining the association
between obesity and laboratory-confirmed influenza or
influenza-like illness in non-pandemic seasons [22-24]. A
study conducted between 2007 and 2009 with laboratory-
confirmed influenza cases (n = 705) and test negative con-
trols (with non-influenza respiratory illness) found no

significant association between obesity and the risk of
medically attended laboratory diagnosed influenza in a
community dwelling US population for Influenza A (HIN1)
as well as infection due to other strains [23]. Another
case—control study suggested a modest but significant
association between obesity (BMI: 230.0kg/m?) and
influenza-like illness in outpatients both in 2009 and the
years 2004-2005, but the same study also reported no
significant association between obesity and hospitalized
influenza-like illness [22]. A recent study also suggested an
increased risk of influenza and influenza-like illness in
vaccinated obese adults compared to vaccinated healthy
weight adults, but this difference may be due to the relative
inefficacy of vaccine to protect the obese adults [24]. Rea-
sons for the lack of agreement between studies may be
smaller sample sizes leading to non-significant results [22],
and the use of test-negative controls that had non-influenza-
related respiratory illnesses (as obese people may also be at
higher risk of respiratory infections other than influenza)
[23, 39].

In this study, we observed a higher risk of seasonal
influenza-related hospitalization in obese adults. Consistent
with our findings, some earlier studies have also described a
higher risk of hospitalization and other severe outcomes due
to seasonal influenza among obese individuals [15-19]. For
example, Kwong et al. [17] reported increased odds ratios
for respiratory hospitalization of 1.45 and 2.12 for indivi-
duals with BMI 30.0 to <40.0 kg/m* and BMI 40.0 to <50.0
kg/m* compared to healthy weight people in the influenza
seasons of 1996/97 through to 2007/08 in Ontario, Canada.
Whereas, Charland et al. [16] reported a 12% increase in
influenza-related hospitalization per 5% increase in pre-
valence of obesity in the years 2002-2008 in the United
States.

We also observed an increased risk of seasonal influenza-
related respiratory hospitalization in underweight partici-
pants (aHR =2.23) compared to healthy weight partici-
pants. A recent systematic review also concluded that there
is a higher risk of influenza-related pneumonia in under-
weight participants [40], and the authors argue that such a
relationship may be due to malnutrition and undiagnosed
comorbid conditions that may increase the risk of infection
[40].

The results of our study should be interpreted carefully.
We used influenza notifications to identify those infected.
As up to 80% of those with influenza may not visit a
healthcare facility, and only a fraction of those who do are
likely to be tested, our rates of influenza notifications will
underestimate the true rates [41, 42]. It is possible that if
clinical presentation and testing for influenza differs
according to BMI then our hazard ratio estimates may be
biased although this type of ascertainment bias is less likely
to occur with hospitalizations. We also lacked information
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on annual influenza vaccination and could not adjust for this
in our analyses. However, when we examined the risks by
subgroups known to have significantly higher vaccination
uptake such as those>65 years and those with co-
morbidities [43], we found our results were generally con-
sistent. We also know from a separate survey on a subset of
our cohort conducted between 2012-2015 that overweight/
obese people are more likely to have received influenza
vaccination [3]. Therefore, it is likely our inability to adjust
for influenza vaccination status would lead to an under-
estimation of the effect of obesity on influenza risk. Data on
BMI were based on self-reported height and weight data
collected at study entry but evidence indicates that self-
reported data for BMI show excellent validity [44], and the
change in BMI in older adults is not great over the 7-year
average follow-up period for this analysis [45]. While we
found obesity effects were similar in 2009 as in other years,
we had relatively few cases of influenza in 2009 compared
to all other years and, as only 30% of influenza notifications
were subtyped, we were unable to examine the effects of
BMI on different influenza types. Given that national sur-
veillance data for the years 2010-2015 report 23.6% of total
laboratory-confirmed influenza in Australian influenza sur-
veillance sites were influenza A (HIN1) [46], and the
majority of our influenza notifications and hospitalizations
occurred in the years following 2009, it is possible that the
increase in risk in relation to BMI that we observed in
seasons other than 2009 may be due to circulating Influenza
A (HIN1) in the years following 2009.

Current immunization guidelines in Australia recognize
the elevated risk of influenza associated with obesity and
strongly recommend influenza vaccine for obese adults but
unlike people with cardiac disease and diabetes, influenza
vaccination for obese people aged <65 years is not funded
under the National Immunisation Program [8]. This means
obese adults without the other risk factors need to pay for
the vaccine. However, the risk ratios for hospitalization for
seasonal influenza in obese adults that we observed were
comparable to or higher than that reported for adults with
cardiovascular diseases and diabetes in other studies [14,
17, 47].

In conclusion, we observed that during both the pan-
demic (2009) and recent seasonal influenza years, obesity
was independently associated with having laboratory-
confirmed influenza but the association was primarily dri-
ven by severe influenza requiring hospitalization with about
a 40% increase for every 5kg/m? increase in BMI above
22.5kg/m> This increase in risk is comparable to that
reported among adults with cardiac disease and diabetes
[14, 17, 47], suggesting that obese adults should be equally
prioritized for funding for targeted immunization programs
to prevent severe influenza.
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Data availability

The Sax Institute’s 45 and Up study baseline data linked
with MBS and PBS data were obtained from the Sax
Institute and are available upon request to the Sax Institute
(Level 13, Building 10, 235 Jones Street, Ultimo NSW
2007, Auwustralia (+61) 02 9188 9500; 45andUp.
research@saxinstitute.org.au). Linked NCIMS, APDC,
EDDC, and RBDM data were obtained from the NSW
Ministry of Health and are available upon request to the
Centre for Health Record Linkage (CHeReL) (Level 7, 73
Miller Street, North Sydney NSW 2015, Australia; cherel.
mail@moh.health.nsw.gov.au).
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