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Abstract

Obesity is associated with an increased susceptibility to infections. Several studies have reported adverse clinical outcomes of
influenza among obese individuals. Our aim was to examine the association between obesity and the clinical outcomes of
hospitalized adult patients ill with seasonal influenza. Consecutive hospitalized adult patients between 10/2017 and 4/2018 with
laboratory confirmed influenza A and B were divided into an obese group (body mass index (BMI) > 30 kg/m?) and controls. The
primary outcome was a composite endpoint of 30-day all-cause mortality, vasopressor use, mechanical ventilation, ICU admis-
sion, and severe influenza complication (myocarditis and encephalitis). Secondary outcomes encompassed all the components of
the primary outcome, 90-day all-cause mortality, occurrence of pneumonia, length of hospital stay, and 90-day readmission rates.
The study comprised 512 hospitalized adults diagnosed with laboratory-confirmed influenza A (195/512) and B (317/512).
Within this group, 17% (86/512) were classified obese; the remaining 83% (426/512) were controls. Results of the composite
outcome (7/85, 8% vs. 45/422, 11%; p=0.5) and the crude 30-day all-cause mortality rate (5/86, 6% vs. 34/426, 8%, p=0.5) were
similar between the two groups. The multivariate analysis demonstrated that obesity was not a significant risk factor for influenza
adverse events (OR=1.3, CI 95% 0.3-3.3; p=0.5), whereas advanced age, chronic kidney disease, and hypoalbuminemia were
significant risk factors (OR=1.03, OR=2.7, and OR=5.4, respectively). Obesity was not associated with influenza-related mor-
bidity and mortality among the hospitalized adults during the 2017-2018 influenza season. Further studies researching different
influenza seasons are essential.
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Obesity is considered a global epidemic associated with an
increased susceptibility to significant infections such as pneu-
monia and skin and soft tissue infections [1-5]. The mecha-
nism underlying this association is not well established, but
could be related to immune system dysregulation and indirect-
ly to obesity-related co-morbidities. Moreover, it can be relat-
ed to the increased leptin production which enhances the CD4
lymphocyte response towards T helper cell type 1 [6-8].
Scarce data have been reported on the impact of obesity on
the outcome of hospitalized patients ill with infectious dis-
eases. Various studies have found an association between obe-
sity and poor outcome in individuals ill with the pandemic
HINT1 influenza infection [9, 10] in addition to increased mor-
tality among HINI-related community acquired pneumonia
(CAP) patients [11]. On the other hand, other studies have
observed that obesity was independently associated with a
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reduced 30-day mortality from CAP [12, 13]. Kahlon et al.
reported low rates of in-hospital mortality in obese pa-
tients [14], whereas King et al. demonstrated that obe-
sity may have reduced mortality in hospitalized veterans
with pneumonia [15].

Influenza has been linked with increased morbidity and
mortality during annual outbreaks, with a higher mortality rate
during pandemic years [16-20]. Recent studies describing the
changing epidemiology of influenza since the emergence of
HINT1 have reported severe outcomes among obese adults.
This population infected with influenza A/HIN1 was more
likely to require mechanical ventilation, and experience a lon-
ger LOS in an intensive care unit (ICU) and an increased risk
of death [21-23]. Other epidemiological studies have shown
that obesity increases the risk of severe complications and
death from influenza virus infections, especially in the elderly
[24, 25]. Our aim was to examine the association between
obesity (defined as a body mass index (BMI) > 30 kg/m?)
and adverse clinical outcomes in hospitalized adults ill with
laboratory confirmed influenza during the 2017-2018 influ-
enza season in Israel.

Methods

This is a single-center, retrospective study. Electronic records
of all consecutive adult patients (> 18 years) hospitalized be-
tween October 2017 and April 2018, diagnosed with labora-
tory confirmed influenza A/B virus at the Rabin Medical
Center, Beilinson Hospital, Petach Tikvah, Israel (a 1000-
bed tertiary, university-affiliated hospital), were identified
and reviewed. The collected data included baseline demo-
graphics and BMI (kg/m?) (all patients were weighed upon
admission, per internal medicine ward policy). Comorbidities
included the following: age-adjusted Charlson’s comorbidity
score, hypertension, ischemic heart disease, congestive heart
disease, chronic obstructive pulmonary disease, chronic kid-
ney disease, liver disease, malignancies, and organ transplan-
tations. The patient encounter index upon hospital admission
was as follows: vital signs, laboratory results, i.e., white blood
cell count, CRP and glucose levels, chest x-ray/CT scan re-
sults, influenza virus serotypes, vaccination status, antiviral
drug therapy, invasive mechanical ventilation,vasopressors
support, and ICU admission. Severe influenza complications
included myocarditis or encephalitis. Patients were included
once, only after the first episode.

The study cohort was divided into two groups: obesity and
non-obesity. Obesity was defined as a BMI > 30 kg/m>.
Clinical outcomes were compared between the two groups.
The primary outcome was a composite of influenza-related
adverse events (IRAE) including the following: 30-day all-
cause mortality, vasopressor support, ICU admission, me-
chanical ventilation, and severe influenza complications such
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as myocarditis or encephalitis. Secondary outcomes included
the individual components of the primary outcomes, 90-day
all-cause mortality, and LOS for patients discharged alive. Re-
hospitalization rates were measured within 90 days of the
encounter index point. The study was approved by the
Rabin Medical Center’s Ethics Committee.

Microbiology methods

The detection method was the Simplexa™ Flu A/B & RSV
assay (https://www.focusdx.com/product/MOL2600), a real-
time polymerase chain reaction (RTPCR) amplification and
detection system utilizing a bi-functional fluorescent probe
primer for the detection and differentiation of human influen-
za A virus RNA, human influenza B virus RNA, and RSV
RNA on nasopharyngeal swabs performed at the Clinical
Microbiology Laboratory at the Rabin Medical Center,
Beilinson Hospital, Israel. The assay encompassed two main
stages: (1) the extraction of RNA from patient specimens and
(2) the use of a bi-functional fluorescent probe primer together
with a reverse primer to amplify a specific target (for each
analyte and for RNA internal control). The assay yielded three
results: conserved regions of influenza A viruses (matrix
gene), influenza B viruses (matrixgene), and RSV (M gene).

Definitions

Pneumonia was defined as the presence of pulmonary infil-
trates observed on chest imaging, not contributable to other
causes. Encephalitis was defined as a positive polymerase
chain reaction (PCR) test for influenza in cerebrospinal fluid;
myocarditis was defined as a positive endomyocardial biopsy
for finding influenza by PCR: an influenza-like illness.
Influenza-like illness (ILI) was described as a low-grade fever
(=37.5°) accompanied by at least one of the following symp-
toms: cough, sore throat, rhinorrhea, or myalgia. Immune de-
ficiency was defined as a solid organ transplant, active che-
motherapy for malignancy, and high-dose steroids/other im-
munosuppressive drugs. Hypoalbuminemia was defined as
serum albumin levels < 3 mg/dL.

Statistical analysis

The analysis was performed by the IBMSPSS statistics 24
software program. Statistical significance was set at a two-
tailed comparison with p < 0.05. Normality distribution was
assessed by the Kolmogorov-Smirnov normality and Q-Q plot
test. Categorical variables were tested by the chi-square test or
Fisher’s exact test, as appropriate. Continuous variables were
examined using Student’s ¢ test if normally distributed or the
Mann-Whitney U test, if not. The Hosmer-Lemeshow test was
used for goodness of fit. To identify individual variables as-
sociated with the composite primary outcome and a 30-day
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all-cause mortality, a univariable analysis was performed.
Variables that were significantly associated with IRAE and
mortality, and not highly correlated were entered into the mul-
tivariable logistic regression model. Adjusted odds ratios
(ORs), 95% confidence intervals (Cls) for IRAE, and
a 30-day mortality were calculated. A subgroup analysis
for the primary outcome and mortality based on BMI
categories was performed: obese—BMI 30-35 kg/m?;
severely obese—BMI 35-40 kg/m?; and morbidly
obese—BMI > 40 kg/m>.

Results

During the study period, 512 consecutive patients were hos-
pitalized with laboratory-confirmed influenza A (195/512)
and B (317/512). Baseline characteristics and admission data
of the patients are presented in Table 1. Obese adults were

significantly younger (median age 69 (IQR 62-79) vs.76
(IQR 63-84), p=0.013), and less likely to need assistance
when performing activities of daily living (ADL) compared
with the control group (10/83, 12% vs. 115/417, 28%,
p=0.003). Comorbidities were similarly distributed between
the two groups. The age-adjusted Charlson’s score was similar
between groups (median 5 (IQR 3-6) vs. 5 (IQR 3-7); p
=0.2). Over half of the patients in both groups were infected
with the influenza B virus (51/86, 60% vs. 266/426, 62%,
p=0.8), and over half of the patients in both groups had re-
ceived empirical antiviral therapy on admission pending mi-
crobiological confirmation (52/86, 61% vs. 300/426, 70%,
p=0.07), per hospital policy.

Primary outcome

Results are presented in Table 2. The crude rate of the com-
posite outcome was 10% (52/507), similar between the two

Table 1 Baseline characteristics of hospitalized patients with laboratory confirmed influenza A or B infection divided into two groups (obesity

group—BMI > 30 and non-obesity group BMI < 30)

Obesity BMI > 30 (n=86)  Non-obesity BMI < 30 (n=426)  p value

Variable Entire cohort (n=512)
Age, median (IQR) 74 (62-83)
Female gender, n (%) 259 (51%)
Assistance in ADL, n (%) 125/500 (25%)
Home residency, n (%) 133/499 (28%)
Influenza virus type B, n (%) 317 (62%)
Influenza vaccine, n (%) 83/163 (51%)
Active smoking, n (%) 42 (8%)
Age-adjusted Charlson’s score 53-7)
Hypertension, n (%) 236 (46%)
Diabetes mellitus, n (%) 166 (32%)
Ischemic heart disease, n (%) 97 (19%)
Congestive heart failure, n (%) 61 (12%)
Chronic obstructive pulmonary disease, n (%) 56 (11%)
Chronic kidney disease, 1 (%) 43 (8%)
Active malignancy, n (%) 44 (9%)
Dementia, n (%) 28 (6%)

Liver disease, n (%) 6 (1.2%)
Organ transplant, n (%) 22 (4%)

Prior statin therapy, n (%) 183 (36%)

Temperature (Celsius) median, IQR
Systolic blood pressure (mmHg), median (IQR)

37.5 (36.9-38.3)
119 (107-135)

Saturation (%), median (IQR) 95 (92-97)
Pulse (beat/min), median (IQR) 96 (85-109)
CRP level (mg/dL), median (IQR) 5.7 (2.5-13)

Glucose level (mg/dL), median (IQR)
WBC level (cells/cc®), median (IQR)
Tamiflu therapy, n (%)

137 (109-181)
8.34 (5.8-11.5)
352 (69%)

69 (62-79) 76 (63-84) 0.01
42 (49%) 217 (51%) 0.7
10/83 (12%) 115/417 (28%) 0.003
19/499 (27%) 114/417 (27%) 0.4
51 (59%) 266 (62%) 0.6
20/36 (56%) 63/127 (50%) 0.5
10 (12%) 32 (8%) 0.2
5(3-6) 53-7) 0.2
48 (56%) 188 (44%) 0.05
31 (36%) 135 (32%) 04
22 (26%) 75 (18%) 0.08
12 (14%) 49 (12%) 0.5
14 (16%) 42 (10%) 0.08
8 (9%) 35 (8%) 0.7

4 (5%) 40 (9%) 0.2

5 (6%) 23 (5%) 0.9

3 (4%) 3(0.7%) 0.06
3 (4%) 19 (3%) 1

39 (45%) 144 (34%) 0.04
37.3 (36.8-38) 37.5 (36.9-38.3) 0.4
122 (115-138) 118 (106-135) 0.06
94 (90-97) 95 (92-97) 0.07
97 (84-109) 96 (85-109) 0.9
32 (1.2-6.6) 6.1 (2.7-13.2) 0.005
145 (118-192) 138 (108-180) 0.2
7.1 (5.8-10.4) 8.4 (5.8-11.9) 0.4
52 (61%) 300 (70%) 0.07

ADL activity of daily living, /OR interquartile range, CRP C-reactive protein, WBC white blood cells
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Table 2 Primary and secondary
clinical outcomes in the two
groups—obesity and non-obesity

Variable Entire cohort ~ Obesity BMI>30  Non-obesity p value
(n=512) (n=86) BMI < 30 (n=426)

Primary outcomes

Composite outcome, n (%) 52/507 (10%)  7/85 (8%) 45/422 (11%) 0.5
30-day mortality, n (%) 39 (8%) 5 (6%) 34 (8%) 0.5
Vasopressors, 7 (%) 17 (3%) 4 (5%) 13 3%) 0.5
Myocarditis, n (%) 1(0.2%) 1(1.2%) 2 (0.4%) 0.3
Encephalitis, n (%) 2 (0.5%) 0 (0%) 2 (0.4%) 1
Mechanical ventilation, n (%) 19 (4%) 3 (4%) 16 (4%) 1
ICU admission, n (%) 20 (4%) 4 (5%) 16 (4%) 0.8

Secondary outcomes

Length of hospital stay, median (IQR) 4 (2-6) 3.5(2-5) 4 (2-7) 0.5
Readmission 90-day, n (%) 123 (24%) 22 (26%) 101 (24%) 0.7
90-day mortality, n (%) 57 (11%) 6 (7%) 51 (12%) 0.2
Pneumonia, n (%) 48/492 (10%)  8/85 (9%) 40/407 (10%) 0.7

ICU intensive care unit, /QR interquartile range.

groups (7/85, 8% vs. 45/422, 11%; p=0.5). The all-cause 30-
day mortality rates (5/86, 6% vs. 34/426, 8% p=0.5) and the
90-day mortality rates (6/86, 7% vs. 51/426, 12% p=0.2) were
similar in both. Complications of myocarditis and encephalitis
were rare and did not differ between groups (1/86, 1.2% vs.
2/426, 0.4%; p=0.3 and 0/86, 0% vs. 2/426, 0.4%; p=1.0,
respectively). Vasopressor use/mechanical ventilation and
ICU admission were similar in both groups (4/86, 5% vs.
13/426, 3%; p=0.5 and 3/86, 4% vs. 16/426, 4%; p=1 4/86,
5% vs. 16/426, 4%; p=0.8, respectively). Subgroup analysis
based on BMI categories revealed that the rates of the primary
outcome were similar between the obese, severely obese, and
morbidly obese patients (6.6% (4/60) vs. 10% (2/20) vs.
16.6% (1/6), p=0.7, respectively). Results for 30- and 90-
day mortality were similar between the subgroups (6.6%
(4/60) vs. 5% (1/20) vs. 0% (0/6) and 6.6% (4/60) vs. 5%
(1/20) vs. 16.6% (1/6), p=0.83 and p=0.48, respectively).

Secondary outcomes

LOS for patients who were discharged alive (median 3.5 days,
IQR 2-5 vs. 4 days, IQR 2-7; p=0.4) and readmission rates at
90 days (22/86, 26% vs. 101/426, 24%; p = 0.7) were also
similar between the two groups. No significant difference in
the occurrence of pneumonia was observed between the
groups (8/85, 9% vs. 40/407, 10%; p=0.7). Other results are
presented in Table 2.

After performing a univariable analysis, the composite out-
come was found associated with increased age, low presenta-
tion systolic blood pressure/room-air saturation, hypoalbu-
minemia, previous stroke, chronic renal failure, and mechan-
ical ventilation/vasopressor support/ICU admission. A
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multivariable model for risk factors for the primary outcome
is presented in Table 3. Advanced age, chronic kidney disease,
and hypoalbuminemia, not obesity, were significantly associ-
ated with the primary outcome (OR=1.03, CI 95% (1.002—
1.05); OR=2.7, CI 95% (1.1-6.7); OR=5.4, CI 95% (3—-11);
OR=1.3, CI 95% 0.3-3.3; p=0.5, respectively).

Discussion

Several significant risk factors for influenza-related adverse
events were found, i.e., advanced age, chronic renal failure,
and hypoalbuminemia, but not obesity. Identifying patients
who are at a higher risk for influenza complications is essen-
tial, with the intention of starting early antiviral therapy and
ICU admissions rather than a later transfer from a general
ward. Our aim was to explore whether obesity poses a signif-
icant risk factor for adverse results, concurrently with seasonal
influenza. We found that obesity exhibited no significant as-
sociation with complications or mortality in adult patients

Table 3  Risk factors for composite outcome (n=488)

Variable Multivariate OR (95% CI) p value
Age (years) 1.03 (1.002-1.05) 0.03
BMI > 30 kg/m? 1.3 (0.5-3.3) 0.5
Chronic kidney disease 2.7 (1.1-6.7) 0.03
Flu like symptoms at presentation 0.5 (0.3-0.9) 0.03
Prior statin therapy 0.7 (0.3-1.4) 0.3
Albumin level < 3 mg/dL 54 (3-11) 0.001

BMI body mass index
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hospitalized in internal medicine wards due to the seasonal
influenza. In addition, obesity was not associated with other
clinical outcomes such as increased pneumonia rates,
prolonged LOS, and increased readmission rates.

Contrary to the strong association between obesity and
influenza-related morbidity and mortality reported in world-
wide studies based on the 2009 HIN1 pandemic data, our
study suggests that obesity was not associated with adverse
clinical outcomes in hospitalized adults with laboratory-
confirmed influenza A or B during the 2017-2018 influenza
season. Our findings are consistent with other studies that did
not find similar associations between obesity and influenza
infection. In a retrospective study of > 1 million adult patients
investigated during 7 influenza seasons (2000-2007) in
England, > 250,000 obese patients experienced a decreased
pneumonia rate (incidence rate ratio = 0.77 [CI 95% 0.68—
0.86]) [26]. Among the risk factors for adverse events, hypo-
albuminemia and chronic kidney diseases were found as risk
factors for influenza-related adverse events. These findings
are consistent with the findings of other studies. Studies have
found that hypoalbuminemia [27, 28] and chronic kidney dis-
eases [29] are associated with increased morbidity and mor-
tality in patients with influenza.

There are several plausible explanations for our results.
Firstly, the obesity group patients were younger than the controls
and less likely to need assistance in ADL or reside in long-term
care facilities; thus, complications and mortality might be re-
duced in that population. Secondly, the obesity group was more
likely to use statins compared with the non-obesity group. Statin
use might indirectly indicate a “healthy user effect” denoting that
statin users tend to live at home, adhere to chronic medications,
and engage in other positive health behaviors including adher-
ence to an annual influenza vaccination schedule. However, the
true effect of the vaccine on clinical outcomes was inestimable
since data on the current influenza vaccine were unavailable for a
significant number of patients. Although we were unable to ob-
tain electronic data from the outpatient clinics, we did obtain data
based on medical history alone, on the patient’s current vaccina-
tion status. Thirdly, data pertaining to the time from admission to
the start of antiviral therapy was sparsely reported which may
have altered our results. Fourthly, the number of partic-
ipating patients was not as large as planned, thus, fur-
ther limiting the results. Finally, influenza B was the
major circulating strain during the 2017-2018 season
which might indicate a milder disease severity compared
with the more severe disease from influenza A.

Our study has several advantages and strengths. This is the
first study examining the association between obesity and out-
comes of seasonal influenza since the last decade. Most pre-
vious studies had examined the general ambulatory popula-
tion suffering from uncomplicated influenza, whereas we fo-
cused on hospitalized patients with significant comorbidities
and a high rate of influenza-related adverse events.

Our study has several limitations. Firstly, this is a single-
center experience occurring over a single influenza season;
thus, the results may not be applicable at different seasons.
Secondly, a further analysis of the influenza serotype was not
performed. During 2017-2018, the influenza A HINI1
(pdm09) and H3N2 strains together with the influenza B strain
of'the Victoria lineage (~16%, 14%, and 70% of all confirmed
infections, respectively) were the most common strains circu-
lating in the community [16]. Thirdly, due to the lack of elec-
tronic data, data relating to the current influenza vaccine were
unavailable to determine the significant percentage of the pa-
tients. Instead, medical histories, including a vaccination his-
tory documenting the patient’s medical records, were the only
data source for vaccination status. Thus, the true effect of the
vaccine on the clinical outcomes was inestimable. Finally, the
time frame for the Tamiflu therapy was unavailable; hence, we
could not determine whether early vs. late administration of
Tamiflu impacted the outcomes of influenza in obese patients.

In conclusion, we suggest that obesity was not associated
with influenza-related morbidity and mortality in hospitalized
adults during the 2017-2018 influenza season. Further studies
researching different influenza seasons are essential.
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