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National retrospective cohort study to
identify age-specific fatality risks of
comorbidities among hospitalised
patients with influenza-like illness

in Taiwan

Ting-Chia Weng,” ' Han-Yi Robert Chiu,?® Shey-Ying Chen,** Fuh-Yuan Shih,?

Chwan-Chuen King,* Cheng-Chung Fang

ABSTRACT

Objectives This study aimed to examine comprehensively
the prognostic impact of underlying comorbidities among
hospitalised patients with influenza-like illness (ILI) in
different age groups and provide recommendations
targeting the vulnerable patients.

Setting and participants A retrospective cohort of 83227
hospitalised cases with ILI were identified from Taiwan’s
National Health Insurance Research Database from
January 2005 to December 2010. Cases were stratified
into three different age groups: paediatric (0-17 years),
adult (18-64 years) and elderly (=65 years), and their
age, sex, comorbidity and past healthcare utilisation were
analysed for ILI-associated fatality.

Main outcome measures ORs for ILI-related fatality in
different age groups were performed using multivariable
analyses with generalised estimating equation models and
adjusted by age, sex and underlying comorbidities.
Results Hospitalised ILI-related fatality significantly
increased with comorbidities of cancer with metastasis
(adjusted OR (aOR)=3.49, 95%Cl: 3.16 to0 3.86),
haematological malignancy (aOR=3.02, 95% Cl: 2.43 to
3.74), cancer without metastasis (aOR=1.72, 95% Cl:

1.54 to 1.91), cerebrovascular (a0R=1.24, 95%Cl: 1.15

to 1.33) and heart diseases (aOR=1.19, 95%Cl: 1.11 to
1.27) for all age groups. Adult patients with AIDS; adult and
elderly patients with chronic kidney disease, tuberculosis
and diabetes were significantly associated with elevated
risk of death. Severe liver diseases and hypothyroidism
among elderly, and dementia/epilepsy among elderly and
paediatrics were distinctively associated with likelihood of
ILI-related fatality.

Conclusions Different age-specific comorbidities

were associated with increasing risk of death among
hospitalised ILI patients. These findings may help update
guidelines for influenza vaccination and other prevention
strategies in high-risk groups for minimising worldwide
ILI-related deaths.

| w

Strengths and limitations of this study

» The study used a large database, 83227 hospi-
tal admissions with influenza-like illness (ILI) from
January 2005 to December 2010, providing high
statistical power.

» The nationwide cohort design provides high gener-
alisability with comprehensive analysis of 25 clini-
cally important comorbidities covering all the three
age groups in paediatrics, adults and elderly.

» Multivariable analyses, performed with generalised
estimating equation models and adjusted covariates
including age, sex, comorbidities, influenza periods,
hospital levels and prior healthcare utilisations, pro-
vide independent risk factors of ILI-related death.

» A more complete data on vaccination history, labo-
ratory-confirmed influenza, antiviral treatment, body
mass index measurements and smoking status may
further improve our models.

pandemics.' * As poultry and swine farms
have expanded and thus increased dynamic
changes in influenza viruses via transmis-
sion among different host species, the future
threat of novel influenza viruses leading to
pandemics may be inevitable.” However, accu-
rately diagnosing influenza virus in suspected
patients is a common challenge faced by all
clinicians.” Influenza virus infection may
not be identified in many instances because
influenza virus is only detectable for a short
period of time and/or many people do not
seek medical care until after the first few days
of acute illness. Influenza-like illness (ILI)
became a surrogate indicator for practical use
in the timely surveillance and measurement
of the disease burden of influenza.”* The
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sore throat, headache, musculoskeletal and gastrointes-
tinal symptoms.”” The outcomes from ILI cases are mostly
mild or self-limited, but a small percentage of them can
develop into severe morbidity or mortality.” The severe
cases of ILI typically occur in the very young, the elderly
and patients with chronic illness.** It is essential to iden-
tify, at an early stage, the most vulnerable ILI patients with
higher risk to death' '® and provide clinical recommen-
dations and public health prevention strategies to mini-
mise fatality.

Elderly and young children, as well as patients with
chronic underlying medical conditions, are typically
associated with complications of respiratory infec-
tions.* "' ¥ 1 7 Clinicians and public health deci-
sion-makers are expecting better evidence that requires
careful and thorough examining of the roles that comor-
bidities play in patients of different age groups. The better
evidence aims to assist in the prognosis at the beginning
of the first medical visit for patients presenting ILI'*™>
To date, global guidelines on the prevention and manage-
ment of ILI-related complications are mostly consen-
sus-based; thus, evidence-based guidelines about the risks
of comorbidities have been under investigation.® ' **

Free influenza vaccination programme in Taiwan
started in 1998, for population aged over 65 years. The
target vaccination population expanded year after year
with the consideration of age, comorbidity and occu-
pational exposure. In 2018, all adults over 50 years and
paediatric population from 6 months to 18 years were
recommended for vaccination. In addition, high-risk
occupations in healthcare, livestock workers, live-poultry
market workers and residents in long-term care facili-
ties or prisons and jails were all covered. Furthermore,
patients with obesity and chronic underlying diseases and
pregnant women are recommended to receive vaccina-
tion after physician evaluation.”” In this study, using a
nationwide cohort data, we aimed to conduct a compre-
hensive analysis on the age-specific comorbidities associ-
ated with fatality on hospitalised patients with ILL

We believe that the identification of patients with high-
risk comorbidities can lead to the support of clinical
recommendations and guideline directions for public
health policies, including the timely management of anti-
biotics/antiviral treatments>" and other preventions, such
as influenza and pneumococcal immunisation® *! and
non-pharmaceutical preventive measures through health
education.***

METHODS

We conducted a database analysis using the National
Health Insurance Research Database (NHIRD) containing
records of approximately 1 million patients randomly
selected from the 24 million beneficiaries of the National
Health Insurance in Taiwan. The database collects
encrypted claim records of emergency department
(ED) patient, outpatient and inpatient data for billing
purposes. The nationwide cohort study was conducted

using the diagnostic codes of the International Classifi-
cation of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM).*® Hospitalised ILI patients from January
2005 to December 2010 were included for data analyses.
The definition of ILI was based on Taiwan Emergency
Department-Based Syndromic Surveillance System.*
We added six codes (382.9, 461.9, 465.8, 466.0, 487.1,
780.6) after comparing the code-based syndromic surveil-
lance for ILI from the USA.?” The codes are presented
in online supplementary table 1 . In the instances where
the patient had been re-admitted to the hospital with ILI
within 14 days from a previous discharge of ILI-related
hospitalisation, the two admissions were combined as the
same episode. The flow diagram of the selection process
of the study subjects is shown in figure 1.

Comorbidities included in the study analyses were
selected after a literature review and a group discussion
among physicians specialising in infection and emer-
gency medicine, paediatrics, occupational medicine, and
public health professionals. The comorbidities related to
malignant diseases were defined, based on the records
from the Taiwan Catastrophic Illness Card (TCIC) codes
for malignant diseases both 12 months before and 6
months after the first ILI admission date. We included
pregnant women when the first date of hospitalisation
with ILI occurred up to 3 months before delivery/abor-
tion. We included postpartum women when delivery/
abortion occurred up to 3 months before the first date of
ILI hospitalisation. Data on other type of comorbidities
were collected through diagnoses from reimbursement
records 12 months before the first date of ILI admission.
A comorbidity was confirmed with at least one diagnosis
of hospitalisation claim or through two or more diag-
noses from outpatient and/or ED visits. Grouping of
comorbidity with ICD-9-CM codes was modified from the
Charlson et al,”® Deyo et al”® and Elixhauser et a”’ measure-
ments using the most frequently applied codes. For
autoimmune disease, organ transplantation, congenital
immunodeficiency and malignant, hepatic and mental
diseases, we also confirmed the disease status through the
TCIC information to improve specificity. Definition of
each comorbidity is shown in online supplementary table
2. The ILI-associated fatalities were the main outcome
of interest. Fatality case was defined by discharge infor-
mation recorded in the NHIRD as ‘hospital mortality’
(discharge transfer code ‘4’). Additionally, we also
included cases that discharged under critical conditions
(discharge transfer code ‘A’), who also withdrew from
the National Health Insurance and had not received
any healthcare services in the following 12 months after
hospital discharge. All analyses were performed in the
overall study population, as well as stratified by three age
groups: paediatric patients (0-17 years), adult patients
(18-64 years) and elderly patients (265 years).

In total, 25 clinically important comorbidities were
selected after panel discussion and logistic regression
analyses were used to evaluate the significance of indi-
vidual comorbidity. Furthermore, the outcome measures
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Hospitalised cases with one or more ILI-related ICD-9-CM code(s)
from 2005 to 2010 in the NHIRD (N= 92,376)

Inclusion Criteria:

“catastrophic illness” to include
patients with autoimmune disease,
organ transplantation, congenital

immunodeficiency, and malignant,

hepatic, and mental diseases.

A

1. Patients with comorbidity,
pregnancy or postpartum.
2. Linked with registry of >-»

1. Missing data for gender (N=0).

2. Identity change, abscond, suicide, and
other reasons causing unrecognized
information (N=250).

3. Incomplete recording data (e.g.

hospitalisation without discharge date,
N=1,801).

[ Patients with ILI-related hospitalisation in 2005-2010 (N= 90,325). ]

N

D

Exclusion:

1
1
1
1
Missing data for hospital accreditation |
1
level (N=882). '

1

1

Patients with ILI-related hospitalisation in 2005-2010 with available

information of all the study variables (N= 89,439).

The interval of the indexed two ILI

admissions occurring within14 days

>

N

were regarded as a single ILI
episode (N=6,212).

y

[ ILI-related hospitalisation episodes in 2005-2010 (N= 83,227). ]

Figure 1

Flow diagram of the selection process of the study population. ICD-9-CM, International Classification of Diseases,

Ninth Revision, Clinical Modification; ILI, influenza-like iliness; NHIRD, National Health Insurance Research Database in Taiwan.

were stratified by influenza season months (December
to April) and non-influenza season months®' to compare
and evaluate the fatalities by different comorbidities in
hospitalised ILI patients. Finally, we performed multivari-
able analyses to measure the independent predictability
of death from these comorbidities among the three age
groups. We used stepwise logistic regression analyses
with forward selection method at the entry criteria of
p<0.15to achieve a good model fit.”* * Stepwise logistic
regression analyses selected 16 comorbidities in the ‘all
patients group’, 9 in the ‘paediatric patient group’, 13 in
the ‘adult patient group’ and 17 in the ‘elderly patient
group’. We performed generalised estimating equation

(GEE) models to adjust for the hospital clustering effect
and repeated hospitalisations as patients had two or
more ILIrelated admissions within an ILI episode.”
The variables adjusted in the GEE model included age,
sex and different study periods (from previous year’s
July to next year’s June), patient-admitted hospital levels
(local hospital, regional hospital or medical centre),
and prior frequencies of hospitalisation in the past 12
months (0, 1-2 or >3 admissions). The statistical anal-
yses were performed using SAS V.9.4 (SAS Institute, Cary,
North Carolina, USA). A two-tailed p<0.05 was consid-
ered statistically significant.
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Table 1 Demographic data and proportions of comorbidities in patients hospitalised with influenza-like illness among the

three age groups and all patients in Taiwan, 1 January 2005 to 31 December 2010

Age groups (years) All patients Paediatric (0-17) Adult (18-64) Elderly (>65)

Population, N (% of all) 83227 (100.00) 19847 (23.85) 25988 (31.23) 37392 (44.93)

N (%) of variable N (%) N (%) N (%) N (%) P value*

Gender
Female 33488 (40.24) 8739 (44.03) 11263 (43.34) 13486 (36.07) <0.001
Male 49739 (59.76) 11108 (55.97) 14725 (56.66) 23906 (63.93)

Deaths 5282 (6.35) 37 (0.19) 984 (3.79) 4261 (11.40) <0.001

Comorbidities
Heart disease 21776 (26.16) 101 (0.51) 3945 (15.18) 17730 (47.42) <0.001
PVD 1689 (2.03) 5 (0.03) 292 (1.12) 1392 (3.72) <0.001
Hypertension 30663 (36.84) 28 (0.14) 6726 (25.88) 23909 (63.94) <0.001
Hyperlipidaemia 7171 (8.62) 25 (0.13) 2924 (11.25) 4222 (11.29) <0.001
CVA 16935 (20.35) 33 (0.17) 2843 (10.94) 14059 (37.60) <0.001
Dementia/Epilepsy 8443 (10.14) 471 (2.37) 1214 (4.67) 6758 (18.07) <0.001
COPD/Asthma 32646 (39.23) 4564 (23.00) 5830 (22.43) 22252 (59.51) <0.001
Allergic rhinitis 10713 (12.87) 4894 (24.66) 3307 (12.73) 2512 (6.72) <0.001
Autoimmune disease 635 (0.76) 29 (0.15) 336 (1.29) 270 (0.72) <0.001
Severe liver disease 289 (0.35) 0 (0.00) 206 (0.79) 83 (0.22) <0.001
Peptic ulcer disease 14514 (17.44) 119 (0.60) 4150 (15.97) 10245 (27.40) <0.001
Diabetes 16416 (19.72) 35 (0.18) 4298 (16.54) 12083 (32.31) <0.001
Gout 4673 (5.61) 12 (0.06) 1385 (5.33) 3276 (8.76) <0.001
Hyperthyroidism 542 (0.65) 5 (0.03) 297 (1.14) 240 (0.64) <0.001
Hypothyroidism 558 (0.67) 31 (0.16) 174 (0.67) 353 (0.94) <0.001
CKD 6617 (7.95) 70 (0.35) 1400 (5.39) 5147 (13.76) <0.001
Cancer without metastasis 4113 (4.94) 60 (0.30) 1217 (4.68) 2836 (7.58) <0.001
Metastatic cancer 4264 (5.12) 34 (0.17) 1863 (7.17) 2367 (6.33) <0.001
Haematological malignancy 922 (1.11) 147 (0.74) 333 (1.28) 442 (1.18) <0.001
Congenital immunodeficiency 30 (0.04) 23 (0.12) 7 (0.03) 0 (0.00) <0.001
Organ transplantation 123 (0.15) 4 (0.02) 100 (0.38) 19 (0.05) <0.001
AIDS 63 (0.08) 3(0.02) 57 (0.22) 3 (0.01) <0.001
Tuberculosis 3083 (3.70) 34 (0.17) 713 (2.74) 2336 (6.25) <0.001
Mental illness 1821 (2.19) 39 (0.20) 1211 (4.66) 571 (1.53) <0.001
Pregnancy/Post partum 334 (0.40) 3(0.02) 331 (1.27) 0 (0.00) <0.001

*X? test to evaluate whether there would be a significant difference among the three age groups.
CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; PVD, peripheral vascular

disease.

Patient and public involvement statement

This study was conducted by using a National Health
Insurance claims database. All records were de-iden-
tified and there were no patients’ identifiable
information.

RESULTS

In total, 83227 events of ILI-related hospitalisation from
1 January 2005 to 31 December 2010 were included for
analysis. The demographic data are shown in table 1.

There were significantly more male than female ILI
cases with a ratio of 1.49 (p<0.001). The majority of
ILI-related admissions were elderly patients (44.93%),
followed by adult patients (31.23%), then paediatric
patients (23.85%). We identified 5282 deaths (6.35%) in
our study population, where the case fatality rate of these
hospitalised ILI cases was significantly higher among
elderly patients (11.40%) than among adult (3.79%) and
paediatric patients (0.19%) (p<0.001). Among the overall
comorbidities, chronic obstructive pulmonary disease
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(COPD) /asthma (39.23%) was the top prevalent comor-
bidity, followed by hypertension (36.84%), heart disease
(26.16%), cerebrovascular accident (CVA) (20.35%) and
diabetes (19.72%).

Logistic regression analyses were used to evaluate the
significance of the 25 comorbidities relating to ILI-as-
sociated fatality in patients of different age groups. The
case fatality rate and univariate OR of each comorbidity
are summarised in table 2. Ten comorbidities showed
small difference in proportions between influenza and
non-influenza seasons among hospitalised ILI cases
with statistical differences in table 3. Among them,
three comorbidities (cardiovascular diseases, dementia/
epilepsy and tuberculosis) demonstrated slightly higher
case fatality rates during influenza seasons than those in
non-influenza seasons with statistical significance.

The results of the multivariable analysis by GEE models
are shown in figure 2. In all patients, the highest adjusted
OR (aOR) of ILI-associated fatality was in those patients
with AIDS (aOR 6.53, 95% CI: 2.89 to 14.76), followed
by those with metastatic cancer (aOR 3.49, 95% CI: 3.16
to 3.86), haematological malignancy (aOR 3.02, 95% CI:
2.43 to 3.74) and solid organ cancer without metastasis
(aOR 1.72, 95% CI: 1.54 to 1.91). Other high-risk under-
lying medical conditions with statistical significance
included chronic kidney disease (CKD) (aOR 1.57,
95%CI: 1.44 to 1.71), tuberculosis (aOR 1.37, 95% CI:
1.22 to 1.54), hypothyroidism (aOR 1.37, 95% CI: 1.04 to
1.79), CVA (aOR 1.24, 95% CI: 1.15 to 1.33), peripheral
vascular disease (PVD) (aOR 1.22, 95% CI: 1.05 to 1.42),
diabetes (aOR 1.22, 95% CI: 1.13 to 1.30), heart diseases
(aOR 1.19, 95% CI: 1.11 to 1.27) and dementia/epilepsy
(aOR 1.12, 95% CI: 1.03 to 1.22). However, hypertension
(aOR 0.75, 95% CI: 0.70 to 0.81), hyperlipidaemia (aOR
0.69, 95% CI: 0.62 to 0.76) and allergic rhinitis (aOR 0.61,
95% CI: 0.54 to 0.70) showed decreased risk of ILI-related
deaths.

For the risk of age-specific comorbidity, we further
stratified our study population into three age groups. In
paediatric patients, hypertension (aOR 23.82, 95% CI:
6.84 to 82.97) and dementia/epilepsy (aOR 4.87, 95% CI:
1.83 to 13.01) were distinctively associated with increased
risk of ILI-associated deaths (p<0.05) (figure 2). In adult
patients, AIDS (aOR 9.34, 95% CI: 4.18 to 20.91), CKD
(aOR 1.85, 95% CI: 1.44 to 2.36), tuberculosis (aOR 1.89,
95% CI: 1.41 to 2.55) and diabetes (aOR 1.50,95% CI: 1.26
to 1.80) displayed significantly increased risk of ILI-associ-
ated deaths (p<0.001), whereas hyperlipidaemia showed
decreased risk (figure 2). In elderly patients, hypothy-
roidism (aOR 1.48, 95% CI: 1.11 to 1.98) and severe liver
disease (aOR 1.94, 95% CI: 1.13 to 3.30) showed signifi-
cantly increased risk of ILI-associated deaths (p<0.05)
(figure 2).

DISCUSSION
This study, using a large national cohort dataset
with simultaneously adjusted clinically important

comorbidities and several epidemiological covariates, is
the first to demonstrate the independent effect of certain
age-specific comorbidities on fatality risk among hospital-
ised ILI patients. Identifying high-risk patients with ILI
or influenza to support evidence-based preventive strat-
egies has been advocated in many high-income coun-
tries.” ¥ Although meta-analyses have highlighted the
important effect of comorbidities on influenza, most of
these observational studies have either lacked power or
inadequately adjusted for important covariates and thus
provided limited evidence.® ' ' Moreover, most of the
published guidelines regarding ILI preventive strategies
have targeted elderly populations or those over 50 years
of age, thus limiting the applicability of these guidelines
to other age groups.”*® Furthermore, previous studies
found that several comorbidities were associated with the
increased fatality of ILI patients® '*; however, their anal-
yses did not fully control for important covariates (e.g.,
age, sex and relevant comorbidities). Our results showed
that the contribution of a comorbidity to fatality risk
among hospitalised ILI patients was age-specific.

Host defence responses, targeting viral entry, transcrip-
tion, translation, replication and extracellular release,
can limit the disease severity and spread of influenza virus
infection.”” We found that malignant diseases were asso-
ciated with increased fatality rate among hospitalised ILI
patients across all three age groups. The trends of aORs
were also consistent in all three groups, with the highest
trend being cancer with metastasis, followed by haema-
tological malignancy and cancer without metastasis.
Because cancer patients tend to have more depressed
immunity directly from malignancy or indirectly from
anticancer therapy-related immunodeficiency, our study
again highlights the important role of malignant diseases,
particularly cancer with metastasis, in contributing to
increased fatality risk among hospitalised patients with
ILI. Furthermore, heart disease and CVA were another
two risky comorbidities across the three age groups.
Patients with cardiovascular diseases were associated with
increased risk of mortality during influenza epidemics,
possibly due to the exacerbation of limited cardiovascular
reserve from silent or fulminant viral myocarditis or the
induction of acute myocardial infarction in patients with
pre-existing coronary artery disease.”® * The three comor-
bidities of cancer, heart disease and CVA with higher
prevalence rates in all age groups provide evidence-based
recommendations for clinical management as well as
public health planning.

However, age-specific differences were presentin several
comorbidities associated with ILI-related fatality. AIDS was
an independent predictor for death only in hospitalised
adult ILI patients. Other chronic diseases, such as tuber-
culosis, diabetes and CKD, predicted hospital fatality in
both adult and elderly patients and showed similar trends
in increasing ILI-associated fatality. In fact, ILI patients
with co-infection of HIV are associated with a higher
risk of superimposed bacterial infections and increased
severity of influenza.**™** Patients with tuberculosis have
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Table 3 Proportions of comorbidity and case fatality rates (CFRs) of comorbidity in patients hospitalised due to influenza-like

illness in Taiwan, 1 January 2005 to 31 December 2010

Proportion of comorbidity

CFR of comorbidity

Non-influenza Influenza Non-influenza
Population, N (% of Influenza seasont season seasont season
all) 36197 (43.49) 47030 (56.51) 36197 (43.49) 47030 (56.51)

Fatality (N) Fatality (N)

Comorbidity N (%) N (%) P valuet CFR (%) CFR (%) P valuet
Heart disease 9339 (25.80) 12437 (26.44) 0.036* 1064 (11.39) 1336 (10.74) 0.129
PVD 716 (1.98) 973 (2.07) 0.357 95 (13.27) 130 (13.36) 0.956
Hypertension 12897 (35.63) 17766 (37.78) <0.0001* 1246 (9.66) 1673 (9.42) 0.472
Hyperlipidaemia 2988 (8.25) 4183 (8.89) 0.001* 197 (6.59) 247 (5.90) 0.233
CVA 6996 (19.33) 9939 (21.13)  <0.0001* 869 (12.42) 1102 (11.09) 0.008*
Dementia/Epilepsy 3481 (9.62) 4962 (10.55) <0.0001* 452 (12.98) 571 (11.51) 0.041*
COPD/Asthma 14198 (39.22) 18448 (39.23) 0.996 1124 (7.92) 1397 (7.57) 0.248
Allergic rhinitis 4686 (12.95) 6027 (12.82) 0.577 110 (2.35) 133 (2.21) 0.628
Autoimmune disease 275 (0.76) 360 (0.77) 0.925 8 (6.55) 31 (8.61) 0.334
Severe liver disease 123 (0.34) 166 (0.35) 0.749 4 (11.38) 3(7.83) 0.305
Peptic ulcer disease 6153 (17.00) 8361 (17.78) 0.003* 645 (10.48) 821 (9.82) 0.190
Diabetes 6930 (19.15) 9486 (20.17) <0.0001* 756 (10.91) 977 (10.30) 0.209
Gout 1980 (5.47) 2693 (5.73) 0.112 194 (9.80) 225 (8.35) 0.088
Hyperthyroidism 230 (0.64) 312 (0.66) 0.619 6 (6.96) 25 (8.01) 0.646
Hypothyroidism 225 (0.62) 333 (0.71) 0.130 32 (14.22) 41 (12.31) 0.512
CKD 2829 (7.82) 3788 (8.05) 0.207 419 (14.81) 508 (13.41) 0.105
Cancer without 1640 (4.53) 2473 (5.26) <0.0001* 204 (12.44) 325 (13.14) 0.510
metastasis
Metastatic cancer 1722 (4.76) 2542 (5.41) <0.0001* 347 (20.15) 503 (19.79) 0.771
Haematological 372 (1.03) 550 (1.17) 0.053 58 (15.59) 79 (14.36) 0.607
malignancy
Congenital 13 (0.04) 17 (0.04) 0.986 1(7.69) 0 (0.00) 0.245
immunodeficiency
Organ transplantation 58 (0.16) 65 (0.14) 0.412 3(5.17) 2 (3.08) 0.557
AIDS 26 (0.07) 37 (0.08) 0.722 3 (11.54) 6 (16.22) 0.601
Tuberculosis 1264 (3.49) 1819 (3.87) 0.004* 188 (14.87) 220 (12.09) 0.025*
Mental illness 774 (2.14) 1047 (2.23) 0.390 57 (7.36) 68 (6.49) 0.468
Pregnancy/ 150 (0.41) 184 (0.39) 0.600 0 (0.00) 0 (0.00) -
Post partum
*P<0.05.

TInfluenza season was defined as the patients hospitalised on index date from 1 December to 30 April of next year; non-influenza season was
defined as the patients admitted on the date other than influenza season months.
1X? test between influenza seasons and non-influenza seasons.

also proven to be associated with increased influenza

deaths in both the 1918 pandemic*
Lost immune homeostasis of patients with CKD

enza.44

and seasonal influ-

during the 2009 pandemic influenza.

6 All these data illus-

trate the importance of considering preventive measures

for age-specific immunocompromised patients to prevent

during influenza infection may result in further renal cell
damage,” eventually leading to kidney failure and subse-
quent fatality. In hospitalised ILI adult patients, metabolic
diseases have more impact on deaths. A previous study
found that diabetes tripled the risk of hospitalisation
and quadrupled the risk of intensive care unit admission

subsequent ILI fatality.

Infants and young children with pre-existing condi-
tions, particularly neurological disorders, are over-repre-
sented among influenza-associated paediatric deaths.”” **
However, previous studies were mostly conducted with
univariable analysis without using multivariable analysis
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Comorbidity? All Patients aOR (95%CI) Paediatric Patients aOR (95%CI) Adult Patients aOR (95%CI) Elderly Patients aOR (95%CT)
AIDS F—+— 6.53 (2.89-14.76) i [ | 9.34 (4.18-20.91)
Metastatic Cancer ! ol 3.49 (3.16-3.86) —e——1 12.89 (1.25-132.46) | ol 6.16 (5.05-7.53) b 2.60(2.31-2.94)
Haematological Malignancy ' agl 3.02 (2.43-3.74) " 8.66 (2.04-36.66) — 5.56 (3.90-7.94) f—— 2.14 (1.64-2.79)
Cancer without Metastasis Lo 1.72 (1.54-1.91)  —e— 21.61 (4.53-103.12) e 2.52(1.97-3.22) e 1.55 (1.38-1.74)
CKD L 1.57 (1.44-1.71) ol 1.85 (1.44-2.36) o 1.47 (1.34-1.61)
Tuberculosis e 137 (1.22-1.54) e 1.89 (1.41-2.55) e 1.36 (1.20-1.54)
Hypothyroidism g 1.37 (1.04-1.79) ; [ 1.48 (1.11-1.98)
CVA L] 1.24 (1.15-1.33) i 7.30 (1.74-30.69) el 1.83 (1.51-2.23) 1o 1.16 (1.08-1.25)
PVD [ad] 1.22 (1.05-1.42) ' gl 1.55 (0.98-2.48) [aal 1.16 (0.99-1.36)
Diabetes L 1.22 (1.13-1.30) L] 1.50 (1.26-1.80) I+ 1.12 (1.04-1.21)
Heart Disease W 119 (1.11-1.27) e 32,68 (11.71-91.17) fol 1.30 (1.08-1.56) lof 1.18 (1.10-1.27)
Dementia/Epilepsy fol 1.12(1.03-1.22) iag! 4.87 (1.83-13.01) ' gl 1.09 (1.00-1.20)
Hypertension LB 0.75 (0.70-0.81) | e 23.82(6.84-82.97) ' o 0.72 (0.67-0.78)
Hyperlipidaemia Il 0.69 (0.62-0.76) ' I 0.59 (0.46-0.75) o 0.69 (0.62-0.78)
Allergic Rhinitis fo 0.61 (0.54-0.70) |  F—=— ! 0.07(0.01-0.52) | F+f ! 0.39 (0.27-0.55) sl 0.79 (0.68-0.92)
Peptic Ulcer Disease | 0.97 (0.91-1.04) ! el 0.99 (0.92-1.07)
Mental Iliness ' p——q 5.69 (0.64-50.65) '
Congenital Immunodeficiency ' | f————15.13 (1.61-142.38) )
Severe Liver Disease 3 F—e—  1.94(1.13-3.30)
COPD/Asthma I lof 0.68 (0.63-0.72)
1 235710 001 0.1 1 10 100 1 10 100 05 1 152 3 4

Figure 2 Adjusted OR (aOR) of death in admitted patients with influenza-like illness among the three age groups and all
patients in Taiwan, 1 January 2005 to 31 December 2010. CKD, chronic kidney disease; COPD, chronic obstructive pulmonary
disease; CVA, cerebrovascular accident; PVD, peripheral vascular disease.

to adjust for other comorbidities; hence the level of
evidence was low.* "' Our study showed that epilepsy was
a specific risk for paediatric patients. However, epilepsy
was not documented as a risk in a previous meta-analysis.”
In addition, hypertension was another significant comor-
bidity risk only in paediatric ILI cases. The identification
of 2 deaths among the 28 paediatric hypertension cases
led to a high fatality rate. However, these two fatal cases
also showed other comorbidities—one had leukaemia,
while the other had moyamoya disease. Certainly, there
was not enough evidence to derive any conclusions
on hypertension in the paediatric group. Conversely,
epilepsy/dementia and hypothyroidism were the specific
high-risk comorbidities for elders in this study. A previous
meta-analysis showed increased risk of epilepsy/dementia
in seasonal and pandemic influenza patients and also
indicated that endocrinological disease documented
increased risk of death in seasonal influenza patients.”
However, this meta-analysis did not specify which endo-
crinological disease. By contrast, we addressed hypothy-
roidism to be the most probable disease predisposing
fatality among the endocrinological diseases.

On the other hand, several comorbidities were associ-
ated with a reduced case fatality rate of ILI either for all age
groups (allergic rhinitis) or in a specific age group (e.g.,
COPD/asthma in the elderly group). ILI patients with
allergic rhinitis and COPD/asthma may be more likely to
be hospitalised when they presented more prominent respi-
ratory manifestations.” * Conversely, the non-infectious
airway symptoms caused by allergic rhinitis and asthma/
COPD could also mimic ILI, resulting in increased ILI-re-
lated hospitalisation. Our study showed a lower mortality
risk for COPD/asthma in the study population of hospital-
ised ILI patients in Taiwan. We should carefully interpret
the results since that risk was different from outpatient
setting. The hospitalised patients in our study was 39.23%
with COPD/asthma (table 1). However, the prevalence
of COPD was about 6%,”" and the prevalence of asthma

was about 11% among general population in Taiwan.
Certainly, it is important to consider probable mitigation
efforts, including vaccination and antiviral medication to
alleviate disease burden.” ** Adult and elderly ILI patients
with hyperlipidaemia associated with lower case fatality rates
could be explained by the use of statin to treat hyperlipi-
daemia. Pre-admission statin use has been shown to reduce
30-day mortality of less severe sepsis patients.”* Therefore,
the use of statin in hyperlipidaemia patients may benefit the
outcome of ILI. As hypertension is a common comorbidity
in adult and elderly populations, our results adjusted for
covariates and other comorbidities, thereby demonstrating
that hypertension had no influence on adult ILI case fatality
and decreased elderly ILI-related fatality. These findings are
different from those of a previous meta-analysis showing
that hypertension increased all-cause mortality in pandemic
influenza patients.® Certainly, adjusting for other comorbid-
ities should be important in generating final conclusions for
patients with multiple comorbidities.

This study had several limitations. First, our study popu-
lation involved ILI cases (rather than laboratory-confirmed
influenza cases) that have more variations in terms of viru-
lence, vaccination and antibacterial/antifungal/antiviral
treatment to influenza and other respiratory pathogens. The
fatality risk assessment of ILI in our study was not equal to
influenza. It is difficult to obtain laboratory confirmation for
every case of influenza in clinical settings due to virological
identifications for influenza are time-consuming, expen-
sive and impractical to cover all suspected cases with mild
outcomes. Therefore, studying patients with ILI provided
more clinically relevant scenarios for physicians to identify
vulnerable patients. Second, the severity of comorbidity,
compliance of medical treatment and possible mitigation
efforts of vaccination, early admission and antiviral treat-
ment could not be evaluated in this study. The coding-associ-
ated diagnostic error” may also have limited the accuracy of
our disease/comorbidity diagnosis. Third, the comorbidities
that we selected here according to the literature review and
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subsequent group discussion may still have had limitations,
such as being unstudied or lower prevalent comorbidities.
Obesity is associated with increased risk of mortality following
influenza infections.”*™® However, obesity, immunisation
and tobacco use were seldom coded in the National Health
Insurance system. Fourth, the aetiology of ILI with/without
co-infections of other microbial agents and environmental
factors may also have influenced the ILI prognoses.”
Lastly, infants aged under 1 year have distinctive physiology
and immunology responses to infections. The prognosis in
this age group may be different from other young children,
but subgroup analysis could not be done for limited cases.

The prevalence of comorbidities and environmental
factors varied across the globe, with variations on national
guidelines.” > ® The current vaccination guideline in
Taiwan suggested patients with chronic underlying diseases,
obesity and pregnant women to be evaluated for influenza
vaccination, but the level of evidence for high-risk comorbid-
ities was low.” Our study analysed a national dataset in Taiwan
with good representativeness and well-adjusted covariates.
The results could support a reference of vulnerable groups
to target, which may reduce the burden and prevent the ILI
fatalities caused by influenza and other respiratory infectious
disease agents.”” ** Since early antiviral treatment may be
beneficial for patients with severe influenza,” " our findings
may assist policy makers in amending guidelines to promptly
prescribe antiviral medications for high-risk individuals
during the influenza season or pandemic outbreak. There-
fore, we offer the following recommendations: first, higher
priority should be given to patients with malignancy, heart
disease, CVA and AIDS. Second, adult and elderly patients
with tuberculosis, diabetes and CKD should also receive
more attention. Third, paediatric patients with epilepsy and
elderly patients with dementia and hypothyroidism should
also be treated with more attention.

In conclusion, our study confirmed that age-specific
chronic medical conditions were associated with increased
fatalities in hospitalised ILI patients. In the era of person-
alised medicine and an increasingly ageing population
involving various comorbidities, we suggest future studies
to calculate the combined risks of comorbidities in an indi-
vidual patient for better prediction and case management.
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