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Risk of hospitalization during influenza season among a cohort
of patients with congestive heart failure
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SUMMARY

It is uncertain whether hospitalization among patients with congestive heart failure (CHF)
increases during the influenza season. This retrospective cohort study used influenza surveillance
data from the United States (1986—1987 to 1990-1991), clinical information from the Studies of
Left Ventricular Dysfunction (SOLVD) database, and daily temperature data from the National
Climatic Data Center to assess the effect of influenza season on hospitalizations in this cohort of
patients. The overall hospitalization rate was higher during influenza seasons compared to non-
influenza seasons [relative risk (RR) 1-:08, 95 % confidence interval (CI) 1-:01-1-16]. Multivariable
Cox modelling revealed an adjusted hazard ratio (HR) of 1-11 for hospitalization during the
influenza season (95% CI 1-03—-1-20, P=0-005). Overall death rates were also higher during
influenza seasons than non-influenza seasons (RR 1-09, 95% CI 0-97-1-21), but the
corresponding adjusted HR for death was not significant (HR 1-01, 95% CI 0-98-1-24, P=0-11).
Patients with CHF have a greater risk of hospitalization during the influenza season than in the
non-influenza season, supporting the current belief that patients with CHF should be regarded as
a high-risk group.

INTRODUCTION Higher rates of hospital admissions for CHF have
been reported during influenza epidemic periods
compared to non-epidemic periods [6-8], but the
findings have been inconsistent. Previous studies have
also been limited by use of population-based analyses
without access to patient-level comorbidities. Since
patients with CHF may be hospitalized for other
causes that are related to influenza, but which are not
listed on the discharge certificate as the primary or
secondary cause, the impact of influenza on patients
with CHF has not, to our knowledge, previously been
determined. About five million people in the United
States and 350000 in Canada have CHF [9, 10].
Therefore, obtaining estimates of risk of compli-

Influenza is a major cause of morbidity and mortality
in both the United States and Canada [I, 2]. In-
dividuals with chronic medical conditions, such as
lung or heart disease, are identified as being at higher
risk for complications of influenza [3, 4]. Although
there is evidence to suggest that respiratory infections
lead to worse outcomes in patients with chronic lung
disease [5], less is known about the impact of the in-
fluenza season on excess hospitalization and death in
patients with congestive heart failure (CHF).
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cations associated with influenza season in this popu-
lation is of major public health importance.
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To test the hypothesis that there is increased hos-
pitalization during influenza seasons in adults with
CHF, we conducted a retrospective cohort study from
1986 to 1990 using a large clinical database and US
national influenza surveillance data. This database
allowed us to conduct an analysis that included two
influenza seasons (1987-1988, 1989—1990) that were
remarkable for an increased severity of illness due to
H3N2, the predominant influenza subtype that was
circulating [11]. We conducted a separate analysis to
examine the secondary outcome of all-cause mor-
tality.

METHODS
Overview

All-cause hospitalization and death rates during the
1986—1990 influenza and non-influenza seasons were
compared to provide crude estimates of the overall
risk of hospitalization and death associated with cir-
culating influenza among patients with CHF. Cox
regression models were constructed to assess these
same risks while adjusting for potential confounding
variables.

Study population

Data collected for the Studies of Left Ventricular
Dysfunction (SOLVD) trials were used as the clinical
database. SOLVD consisted of two double-blind,
placebo-controlled randomized trials that examined
the effect of the angiotensin-converting-enzyme
(ACE) inhibitor enalapril on morbidity and mortal-
ity in moderately severe CHF patients [12, 13].
Participants with CHF and left ventricular ejection
fractions <35% who were already taking drugs other
than an ACE inhibitor were eligible. Participants were
ineligible if they were aged >80 years or if they had
any of the following: haemodynamically serious val-
vular disease requiring surgery, unstable angina,
angina thought to be serious enough to require
revascularization procedures, myocardial infarction
in the previous month, severe pulmonary disease,
serum creatinine > 177 umol/l, or any other disease
that might substantially shorten survival or impede
participation in a long-term trial. Asymptomatic
CHF patients, defined as those with no clinical
symptoms of CHF, were enrolled in the SOLVD
Prevention trial, while symptomatic CHF patients
were enrolled in the SOLVD Treatment trial.
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Participants were followed prospectively from 1986 to
1991. During this period, 39 924 patients with ejection
fractions <35% were identified. Of these 6-4%
(n=2569) were enrolled in the Treatment trial and
7-4% (n=4228) were enrolled in the Prevention trial.
The reasons for exclusion included the following: use
of an ACE inhibitor (28 %), cardiovascular problems
(12 %), contraindications to use of an ACE inhibitor
(11 %), lack of consent (11 %), administrative reasons
(21 %), cancer or other life-threatening disease (12 %),
other reasons (5%). There were 24 study sites of
which 21 were located throughout the continental
United States, two in Canada, and one in Belgium
[14]. Each was comprised of 1-8 hospitals [14]. Only
participants from the 21 US sites were included in our
analysis, since weekly influenza isolate data were
available. A small number (<1 %) of the participants
were excluded because the exact date of their first
hospitalization post-randomization could not be de-
termined, leaving 5448 people in the study popu-
lation. Individual-level longitudinal clinical and
medical data, including demographics, medication
history, comorbidities, and records of hospitalizations
and deaths, were ascertained. To control for co-
morbidity, we used the Charlson Index to calculate a
comorbidity score for each participant [15].

The influenza season

National influenza surveillance data from 19861987
to 1990-1991 were obtained from the Influenza
Branch of the Centers for Disease Control and
Prevention. The weekly number of isolates submitted
for testing each year and the weekly number of posi-
tive tests obtained during each year (by virus type and
subtype) were used to calculate 3-week moving
averages of positive influenza isolates. Study years
were defined to begin on 1 July and end on the fol-
lowing 30 June. The start of the influenza season was
defined as the first week in which the moving average
of positive influenza isolates was at least 5% of all
respiratory isolates submitted, and the end of the
season was defined as the last week in which it was at
least 5%. Two additional weeks were added to the
end of each influenza season to capture cases as-
sociated with any lagged effect of influenza [16, 17].
Isolate data and SOLVD study sites were classified
into four regions: Central, Northeast, West, and
South. The influenza season for each study year was
used as a proxy for exposure to circulating influenza
at that time. These seasons were specific to each
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region. All events that occurred during an influenza
season for a given study year were considered as in-
fluenza-season events. All weeks not included in the
influenza season for a particular study year were de-
fined as the non-influenza season.

Study outcomes

The primary outcome of interest was first-time hos-
pitalization during the entire study period. For this
analysis, each SOLVD participant was considered to
be at risk of an event until his/her first hospitalization
occurred. If a patient died, was lost to follow-up, or if
the study follow-up period ended, the last SOLVD
follow-up visit was taken as that person’s last day at
risk. All patient-days at risk during the influenza
season and non-influenza seasons for each year and
for all-years combined were calculated based on date
of randomization, dates of the beginning and end of
each influenza season, and the date of hospitalization,
death or last SOLVD visit.

A separate analysis examined the secondary out-
come of all-cause mortality. In this case, each SOLVD
participant was defined to be at risk until the date of
death or until the end of the study follow-up period.
State and national records were consulted to confirm
all reports of death [14]. If a patient was lost to follow-
up or the study ended, the last SOLVD follow-up visit
was taken as the last day at risk of death for that
individual.

Statistical analysis

Incidence rates of first-time hospitalization during
each of the five study years (1986—-1987, 1987-1988,
1988-1989, 1989-1990, 1990-1991) and all-years
combined were determined by dividing the number of
events during a given time period by the total days at
risk for eligible individuals during the same period.
Days at risk were calculated from the date of enrol-
ment into the study until the date of the first hospi-
talization or, if no hospitalization occurred, until the
date of the final follow-up visit. We calculated the rate
ratio [relative risk (RR)] and 95% confidence inter-
vals (CI) for hospitalization and mortality during the
combined influenza seasons compared to combined
non-influenza seasons. Subgroup analyses were per-
formed to determine the effect of influenza on hospi-
talization and death for the following groups, which
were specified a priori: trial, age group, geographic
region, and study drug.
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A Cox regression model with time-dependent ef-
fects [18] was used to estimate the effect of influenza
season on hospitalization when adjusted for the fol-
lowing variables: symptomatic CHF (i.e. trial), age,
Charlson Comorbidity Index score, New York Heart
Association (NYHA) CHF classification [19], ejection
fraction, therapy with enalapril, study site, and
maximum daily temperature. The influenza season
for each individual was defined as a time-dependent
variable [20] based on the randomization date and
follow-up time of each participant and the dates of the
influenza season of his/her region during each study
year. The cumulative risk of hospitalization over the
entire study period was calculated based on the num-
ber of days that each person contributed to the five
influenza seasons under study. The cumulative risk of
hospitalization during the non-influenza season was
also determined similarly. Given that winter has been
associated with increased cardiovascular morbidity
and mortality, we adjusted the analysis for ambient
temperature [21-25]. We obtained temperature read-
ings for each day of the 5 years of the study from the
National Climatic Data Center, for each of the study
sites. We defined days as ‘cold’ if the maximum daily
temperature was <5 °C [21]; this variable was used as
a time-dependent factor in the Cox model, referring to
the temperature on the day of the event being con-
sidered.

The adjusted hazard ratio (HR) associated with the
influenza season compared to the non-influenza
season and a 95% CI was calculated. A similar
analysis was adopted with death as the outcome. The
effect of changing the lag period for cold temperature
was done for hospitalization and death analyses.

RESULTS

A total of 5448 patients were followed until first-time
hospitalization, death, or loss to follow-up over a
median time of 485 days. The mean follow-up times of
patients who were asymptomatic for CHF (i.e. in the
Prevention trial) and symptomatic for CHF (i.e. in the
Treatment trial) were significantly different (617 days
and 506 days respectively, P<0-001). Sixty-two per
cent of the study population was hospitalized during
the study period. Patients were followed until death
(or loss to follow-up) for a median time of 961 days.
In the mortality analysis, the mean follow-up times
for the patients in the two trials were also significantly
different (951 days and 927 days respectively,
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Table 1. Overall incidence of hospitalization among patients with congestive heart failure during the influenza
season vs. non-influenza season and their relative risk, 1986—1987 to 1990—1991

Influenza Non-influenza
Group Subgroup season® season™ RR (95% CI)
Entire population (n=15448) 1139 1052 1-08 (1-01-1-16)
By trial Prevention (n=3322) 94-0 87-4 1-07 (0-97-1-18)
Treatment (n=2126) 155-3 137-6 1-13 (1-01-1-25)F
By age group (yr) <50 (n=905) 91-4 854 1-07 (0-87-1-27)
50-64 (n=2847) 1112 101-0 1-10 (0-99-1-21)
>65 (n=1686) 130-7 1227 1-07 (0-96-1-18)
By geographic region Central (n=1358) 114-7 100-1 1-15(0-98-1-31)
Northeast (n=2395) 108-8 106-2 1-02 (0-92-1-13)
West (n=475) 1057 932 1-13 (0-82-1-45)
South (n=1220) 125-3 116:0 1-08 (0-93-1-24)
By treatment arm Placebo (n=2719) 137-4 112-2 1-22 (1-11-1-34)7
Enalapril (n=2729) 105-9 98-7 1-07 (0-96-1-18)

RR, Relative risk ; CI, confidence interval.
* Ratesare per 100000 patient-days.
1 Statistically significant at 95 % confidence level.

P=0-03). Twenty-four per cent of the population died
during the study; <3 % were lost to follow-up.

Risk of hospitalization during the influenza season
compared to the non-influenza season

Overall hospitalization rates during the influenza and
non-influenza seasons and the relative risk for the
entire population and subgroups are summarized
in Table 1. The hospitalization rate during the
combined influenza season was significantly higher
than the combined non-influenza season (113-9 and
105-2 hospitalizations per 100000 patient-days re-
spectively; RR 108, 95% CI 1-01-1-16). In the sub-
group analyses, significant season effects were seen
among the Treatment trial patients and in patients
on placebo (Table 1). No significant season effects
were seen in any of the other subgroups. Patients with
overt CHF symptoms, patients on placebo, and
patients aged >65 years had the highest hospitaliz-
ation rates during the combined influenza season
(1553, 137-4 and 1307 per 100000 patient-days
respectively).

Risk of death during the influenza season compared
to the non-influenza season

The corresponding analyses of overall death rates are
summarized in Table 2. Mortality during the influ-
enza season was higher than during the non-influenza
season, but the difference was not statistically
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significant (27-1 and 24-9 deaths per 100000 patient-
days respectively; RR 1:09, 95% CI 0-97-1-21).
However, among Treatment trial patients (i.e. those
who had overt heart failure), the difference was
statistically significant (RR 1-19, 95% CI 1-:02—1-36).

Adjusted risk of hospitalization and death during
influenza season

The multivariable Cox model revealed a higher risk of
hospitalization during the influenza season than the
non-influenza season (adjusted HR 1-11, 95% CI
1-03-1-20, P=0-005, when adjusted for trial, age
group, Charlson Comorbidity Index score, NYHA
CHEF class, ejection fraction, enalapril, cold tempera-
ture, and study site). The HRs for each independent
predictor in the model for hospitalization are shown
in Table 3. Factors associated with an increased risk
of hospitalization included: participation in the
Treatment trial, age >50, Charlson score >2, and
NYHA CHF class >1. The adjusted risk of death
associated with the influenza season was 1-:01 (95%
CI 0-98-1-24, P=0-11, when adjusted for trial, age
group, Charlson Comorbidity Index score, NYHA
CHEF class, ejection fraction, enalapril, cold tempera-
ture, and study site). The HRs obtained for each in-
dependent predictor in the model for death are shown
in Table 4. The same factors associated with an
increased risk of hospitalization were significantly
associated with death. Analyses run with cold tem-
perature 1, 7, and 14 days prior to hospitalization or
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Table 2. Overall incidence of death among patients with congestive heart failure during the influenza season
vs. non-influenza season and their relative risk, 1986-87 to 1990-91

Influenza Non-influenza
Group Subgroup season* season* RR (95% CI)
Entire population (n=5448) 271 24-9 1-09 (0-97-1-21)
By trial Prevention (n=3322) 16:6 157 1-06 (0-87-1-25)
Treatment (n=2126) 46-1 38-8 1-19 (1-02-1-36)F
By age group (yr) <50 (n=905) 19-7 16-9 1-17 (0-79-1-54)
50—-64 (n=2847) 27-0 24-1 1-12 (0-94-1-30)
=65 (n=1686) 313 30-1 1-04 (0-85-1-72)
By geographic region Central (n=1358) 28-1 22:2 1-26 (1-01-1-52)F
Northeast (n=2395) 29-0 269 1-08 (0-91-1-25)
West (n=475) 20-0 20-1 1-00 (0-49—-1-50)
South (n=1220) 24-1 264 091 (0-69—-1-13)
By treatment arm Placebo (n=2719) 28-1 26-8 1-05 (0-88-1-21)
Enalapril (n=2729) 262 23-0 1-14 (0-95-1-32)

RR, Relative risk ; CI, confidence interval.
* Rates are per 100000 patient-days.
+ Statistically significant at 95% confidence level.

Table 3. Hazard ratios for all cause hospitalization in patients with congestive heart failure associated with
each risk factor adjusted for the other variables in the table, 1986—1987 to 1990—1991

Adjusted HR*

Variable Levels (95% CI) P
Influenza season Non-influenza season 1-00

Influenza season 1-11 (1-03-1-20) 0-005
Temperature (daily max.) =>50°C 1-00

<50°C 0-957 (0-86—1-06) 0-40
Trial Prevention 1-00

Treatment 1-14 (1-03-1-26) 0-01
Age (yr) <50 1-00

50-64 1-13 (1-02-1-25) 0-02

=65 1-33 (1:19-1-48) <0-0001
Charlson Comorbidity 1-2 1-00

Index score 3-5 1-14 (1-:04-1-25) 0-004

NYHA CHEF classification I 1-00

IT 1-28 (1-17-1-39) <0-:0001

IIT or IV 178 (1-57-2-02) <0-0001
ACE inhibitor therapy Placebo 1-00

Enalapril 0-862 (0-805-0-922) <0-:0001
Ejection fraction 1% change 0-992 (0-986—-0-997) 0-003

HR, Hazard ratio; CI, confidence interval; NYHA, New York Heart Association; CHF, congestive heart failure; ACE,
angiotensin-converting enzyme.

* Adjusted for influenza season, trial, age, Charlson Comorbidity Index score, NYHA class, enalapril therapy, ejection
fraction, and study site.

death yielded results similar to those presented above  was similar to forcing cold temperature into the
(data not shown). model (HR 1-11, 95% CI 1:04-1-19, P=0-003). In

The adjusted HR for hospitalization during the in-  contrast, the adjusted HR for death during the influ-
fluenza season without cold temperature in the model enza season without cold temperature in the model
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Table 4. Hazard ratios for all cause death in patients with congestive heart failure associated with each risk
factor adjusted for the other variables in the table, 1986—1987 to 1990—1991

Adjusted HR*

Variable Levels 95% CI) P
Influenza season Non-influenza season 1

Influenza season 1-01 (0-98-1-24) 0-11
Temperature (daily max.) >50°C 1

<50°C 107 (0-90-1-26) 0-39
Trial Prevention 1

Treatment 1-61(1-:37-1-89) <0-0001
Age (yr) <50 1

50-64 1-32 (1-10-1-57) 0-02

=65 1-66 (1-38-1-99) <0-:0001
Charlson Comorbidity 1-2 1

Index score 3-5 1-21 (1-06—-1-38) 0-006

NYHA CHEF classification 1 1

11 1-24 (1-07-1-43) 0-0004

III or IV 175 (1-45-2-11) <0-0001
ACE inhibitor therapy Placebo 1

Enalapril 0-865 (0-776-0-964) 0-0009
Ejection fraction 1% change 0-963 (0-955-0-971) <0-0001

HR, Hazard ratio; CI, confidence interval; NYHA, New York Heart Association; CHF, congestive heart failure; ACE,

angiotensin-converting enzyme.

* Adjusted for influenza season, trial, age, Charlson Comorbidity Index score, NYHA class, enalapril therapy, ejection

fraction, and study site.

showed a substantial effect and was highly significant
(HR 1-16, 95% CI 1-04-1-29, P=0-009).

DISCUSSION

We found an increased risk of overall hospitalization
among patients with CHF, rather than an increase in
risk of CHF admissions during the influenza season as
in some previous studies [6, 7]. Our study adds to
previous work by assessing all-cause hospitalization
in a well-defined cohort. Using a random sample of
5% of elderly hospitalized Medicare recipients,
McBean and colleagues showed that the risk of hos-
pitalizations for CHF during a circulating influenza A
period was higher than during the non-circulating
period (RR 1:20, 95% CI 1-18-1-22) [6]. Barker
examined national hospital discharge data and found
a slight excess in hospitalization due to CHF during
epidemic periods among older adults [7]. Upshur et al.
performed a time-series analysis using national dis-
charge data and reported an inconsistent relationship
between hospital admissions (including for CHF) and
circulating influenza viruses among older people in
Ontario [8]. An important strength of our study is that
patient-level covariates were included. Since there is
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evidence that hospital admissions and deaths due
to cardiac-related causes are higher during winter
months compared to summer months [22-26], we
adjusted for cold temperature.

Our data reveal that patients with more comor-
bidity, less functional ability, overt symptoms for
CHF, and greater age had higher risk of hospitaliza-
tion during the influenza season. These latter findings
were not unexpected given the known increased
morbidity with older people during influenza
epidemics [3]. Other investigations have indicated that
people aged >80 years may be at greatest risk for
complications due to influenza [17, 20].

Although the risk of death associated with influ-
enza season was increased when we did not adjust for
the effect of temperature, after adjustment we could
not demonstrate an effect independent of temperature
(HR 1-01, 95% CI 0-98—1-24). It is possible that there
were too few deaths in our dataset to be able to detect
an effect. However, the upper limit of the confidence
limit does not rule out the possibility of an important
effect. A recent report provides strong support for
influenza as the cause of increase risk of winter mor-
tality [27].

The diagnosis of influenza virus infection is usually
not confirmed in the laboratory, and influenza
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Table 5. Regional distribution of predominant influenza type and subtype in the United States*, 1986—1987 to

1990-1991
Study Predominant influenza % total positive
year Time period Region type/subtype isolates submitted
1 1986-1987 Overall A(HIN1) n.a.
Central A(HINI) 100
Northeast A(HIN1) 99-8
South A(HINI) 989
West A(HINI) 99-4
2 1987-1988 Overall A(H3N2) n.a.
Central A(H3N2) 89-4
Northeast A(H3N2) 59-6
South A(H3N2) 89-8
West A(H3N2) 76-4
3 1988-1989 Overall A(HINI1) & B n.a.
Central B 424
Northeast A(HINI) 42-5
South B 55
West B 51-8
4 1989-1990 Overall A(H3N2) n.a.
Central A(H3N2) 875
Northeast A(H3N2) 94-5
South A(H3N2) 77-2
West A(H3N2) 70-4
5 1990-1991 Overall B n.a.
Central B 879
Northeast B 90-7
South B 886
West B 68-8

n.a., Data not available.
* Regional data obtained from National Surveillance Influenza data from the Influenza Branch of the Centers for Disease
Control and Prevention. Overall data obtained from Morbidity and Mortality Weekly Reports.

Table 6. Overall incidence of hospitalization among Table 7. Overall incidence of death among patients
patients with congestive heart failure during the

influenza season vs. non-influenza season and their
relative risk, by year, per 100000 population

with congestive heart failure during the influenza
season vs. non-influenza season and their relative risk,
by year, per 100000 population

Influenza Non-influenza RR Influenza Non-influenza RR
Group season season (95% CI) Group season season (95% CI)
1986-1987 19-72 1597 1-23 1986-1987 4-59 3-03 1-51
1987-1988 12:62 13-20 0-96 1987-1988 3-07 3-00 1-02
1988-1989 12-29 10-30 1-19 1988-1989 3-08 2:52 1-22
1989-1990 877 9-:54 092 1989-1990 2-37 2:26 1-05
1990-1991 8-97 7-48 1-20 1990-1991 1-81 2-50 0-72
RR, Relative risk ; CI, confidence interval. RR, Relative risk ; CI, confidence interval.
infection is often cleared before the onset of second-  influenza in patients with CHF. We acknowledge that

ary complications that might result in hospitalization lack of information on influenza vaccination status
or death [28, 29]. The lack of individual-level data may also have led to an underestimation of risk.
on exposure to and infection with influenza may have However, only 43 % of people with chronic pulmon-
led to an underestimation of risks associated with ary and cardiac conditions in the United States were
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vaccinated against influenza in 1998, and it is prob-
able that vaccination coverage was even lower during
the study period used in this analysis [30]. An
assumption of determining cumulative risk in this
study was that the risks of hospitalization and death
were similar during each year. In our study period,
year 1 involved mostly A(HINI1), years 2 and 4
predominantly A(H3N2), and years 3 and 5 pre-
dominantly influenza B (Table 5). Influenza A(H3N2)
is associated with more serious morbidity and mor-
tality than the other two strains [31]. The predomi-
nant strain, however, was usually the same across
regions in a given year (Table 5). The relative risks of
hospitalization or death by season were highest in
years 1 and 3 where A(HINT1) predominated (Tables 6
and 7). Since respiratory syncytial virus (RSV) often
co-circulates with influenza, the results could have
been due to both RSV and influenza [32]. We ac-
knowledge that the cohort studied was highly selective
and it is likely that they had fewer co-existing co-
morbidities than the general population of patients
with CHF. Furthermore, the medical attention paid
to these clinical participants may have led to inter-
ventions to prevent hospitalization and death that
would not have been in place for patients with CHF
who did not participate in the clinical trial. These
factors may have led to an underestimate of the effect
of influenza on hospitalization and death.

In summary, we conclude that all-cause hospital-
izations are increased during influenza season in
patients with CHF. These findings support the current
belief that patients with CHF should be regarded as a
high-risk group [3, 4].
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