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SUMMARY

Objectives: To study the association between community influenza activity and acute hospital
admissions for pneumonia and influenza among elderly persons.

Design: Multiple regression analysis of acute hospital admissions against community influenza
activity, air temperature and seasonal and long-term trends.

Setting: Three English health districts: 1987-95.
Subjects: Persons aged > 65 years.

Outcome measures: Acute hospital admissions for pneumonia and influenza (ICD9: 480-487);

excess hospital admissions during epidemic periods.

Results: The final regression model explained 70 % of the total variation in hospital admissions
for pneumonia and influenza, including 14 % due to community influenza activity. However,
most variation was explained by long-term and seasonal changes unrelated to influenza. In the
large influenza epidemic of 1989/90 a typical health district (500000 total population)
experienced 56 excess admissions for pneumonia and influenza attributable to epidemic
influenza among persons aged > 65 years, requiring 672 additional bed-days. However the
figure varied widely between seasons and over the whole study period, the average winter
excess was 17-5 admissions per health district, requiring an additional 210 bed-days.
Conclusions: Influenza epidemics exert a variable impact on acute hospital admissions for
pneumonia and influenza among elderly persons, which in the past have been poorly
quantified. Although the absolute numbers of excess admissions is modest, their impact on bed
availability may be considerable because of the duration of hospital stay in elderly persons.

INTRODUCTION

The association between influenza epidemics and
excess mortality has been studied for over 150 years.
In 1847, Farr estimated excess mortality by counting
the total number of deaths during an influenza
epidemic and comparing this with the ‘normal’ figure
for that time of year [1]. In 1930, Collins advanced this
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technique by estimating expected mortality from
moving averages calculated during non-epidemic
periods [2]. In 1963, Serfling added greater math-
ematical sophistication by producing a smoothed
sinusoidal curve of expected weekly mortality in the
absence of influenza, as a ‘baseline’ [3]. In the 1970s
this work was developed by Assad Cockburn and
Sundaresan, who proposed a method of taking into
account annual winter influenza activity regardless of
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its magnitude [4]. Finally, in 1977, Clifford and
colleagues demonstrated a regression model which
related mortality to indices of virological activity such
as influenza laboratory isolates and general prac-
titioner (GP) consultation rates for influenza and
‘influenza-like illness’, whilst simultaneously adjusting
for other seasonal factors such as temperature [5].
This methodology allowed estimation of the mortality
to be expected in the absence of influenza activity.
Tillett and colleagues performed further age-specific
analyses using the same technique in the early 1980s
[6, 7].

The association between influenza epidemics and
excess morbidity has also been well described [8—10]
but no studies have applied the same mathematical
rigour used for estimating excess deaths. In Britain,
only excess sickness benefit claims related to influenza
have ever been examined using regression analysis [6].
The major healthcare costs of influenza epidemics are
recognized to occur in secondary care (hospital)
settings owing largely to increases in the rate of acute
respiratory admissions among elderly persons. In
spite of this fact, excess hospital admissions at-
tributable to influenza have not been widely studied or
quantified [9, 10]. We applied the method of cal-
culating excess mortality utilized by Tillett, Smith and
Gooch to the study of hospital admissions in three
English health districts over a period of 8 years [7].

MATERIALS AND METHODS
Data sources

Data on acute hospital admissions for pneumonia
and influenza in persons > 65 years were obtained
from computerized records held at Lincolnshire,
Nottingham and Southern Derbyshire health
authorities for the period April 1987-March 1995
inclusive. Weekly counts of emergency (non-elective)
admissions for pneumonia and influenza (ICD9:
480-487) were converted into age-specific rates (per
10 population) using mid-year population estimates
for each health district supplied by the Office for
National Statistics.

The Royal College of General Practitioners
(RCGP) Research Unit, Weekly Returns Service
(WRS) provides data from a network of sentinel
practices across England and Wales [11]. At the mid-
point of this study (1991) the network included 94
practices and covered a total population of over
700000 persons. Weekly consultation rates for
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influenza and ‘influenza-like illness’ in persons > 65
years were obtained for the same 8-year period. These
diagnoses are made predominantly on clinical grounds
but in previous studies have been shown to be highly
correlated over time with laboratory confirmed
influenza infections detected by the Nottingham
Public Health Laboratory, which are indicative of
local influenza activity [12].

The UK Meteorological Office provided weekly
averages for maximum and minimum air temperatures
in Nottingham (the central district in the study). Data
were also obtained on weekly maximum and average
surface level ozone concentrations recorded at the UK
Department of the Environment, Transport and the
Regions (DETR) automatic monitoring station in
Bottesford, Nottinghamshire (http://www.aeat.co.
uk/netcen/airqual/). These data were not available
for weeks 47-52 in 1987, and weeks 1-4 in 1995. Local
data on other atmospheric respiratory pollutants, e.g.
NO,, SO, were not available for a sufficiently large
enough proportion of the study period to justify their
inclusion for modelling.

Regression analysis

Regression analysis was performed using SPSS for
Windows v. 8.1.3, with hospital admission rate for
pneumonia and influenza in persons over 65 years as
the dependent variable.

The long-term trend in rate of hospital admissions
was modelled by creating 15 dummy variables to
represent the average changes over the 16 winter
(weeks 40-13) and summer (weeks 14-39) periods
studied. In addition, the overall winter seasonal
pattern was modelled using five dummy variables to
categorize weeks 4044, 45-48, 49-52, 14, 5-8, and
9-13.

The other variables used in modelling were maxi-
mum and minimum air temperature, maximum and
average ozone concentration, and GP consultation
rates for influenza among persons aged 65 years and
over. Since excess deaths due to influenza and hospital
admissions for pneumonia and influenza may lag
behind GP consultation rates by 1-2 weeks [8, 13], we
also included the variables for GP consultation, air
temperature and ozone concentration when lagged by
I and 2 weeks.

Modelling was carried out in two stages. First, all of
the variables representing long-term and seasonal
trends were forced into the model. The other
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Table 1. Timing and duration of influenza epidemics in England and Wales, 1987/8-1994/5 (Royal College of
General Practitioners Weekly Returns Service)

Epidemic period (week number)

Peak consultation

Peak consultation

Winter Duration rate/10° population rate/10° population ~Main

season  Start Peak Final (weeks) (all ages) (aged > 65 years) subtype
87/88 4 12 14 11 128 70 H3N2/HINI
88/89 48 51 4 9 190 112 HINI1/H3N2
89/90 46 49 3 10 583 526 H3N2

90/91 51 5 10 12 139 78 B

91/92 51 2 9 11 125 160 H3N2

92/93 8 11 16 9 103 54 B

93/94 42 45 51 10 235 163 H3N2

94/95 1 6 14 14 159 67 B

Adapted with permission from Fleming and colleagues [14].

explanatory variables were then entered using the
step-wise procedure, the model being checked at each
stage for entering and removing variables. Once a
model had been defined, its validity was checked, by
examining the residuals for normality and constant
variance. As a further check on the stability of the
model, the second stage was repeated entering all of
the non-trend variables and using the backwards
regression procedure to eliminate those variables
which did not contribute to the model.

Since the ozone data were missing during one of the
influenza epidemics, the modelling was also carried
out omitting the ozone variables, to avoid losing
information on that epidemic.

Calculation of epidemic threshold

In order to be able to estimate the effect of influenza
epidemics, it was necessary to define the expected non-
epidemic level of consultation. This was done using
the method described by Fleming and colleagues [14]
where non-epidemic weeks were defined as those in
which influenza virus detection by the Public Health
Laboratory Service (PHLS) was very infrequent (< 1
isolate/week). Average, baseline consultation rates
for each week of the year were then obtained by
calculating the mean level of the non-epidemic
observations for that week, and finally smoothed by
taking a 3-week moving average.

Estimation of excess hospital admissions attributable
to influenza

The expected hospital admission rate in the absence of
influenza epidemics was estimated by substituting the
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baseline, non-epidemic, consultation rates defined
above for the observed consultation rates in the
regression equation. The excess admissions attribu-
table to each influenza epidemic were then estimated
as the difference between the rates predicted using the
observed and baseline consultation rates.

RESULTS

Table 1 shows the timing and duration of epidemic
periods during each of the study seasons and the main
influenza subtype in circulation. Figure 1 shows the
variation in the rate of hospital admissions for
pneumonia and influenza over the § years studied in
relation to the occurrence and size of each epidemic.
Figure 2 shows the weekly variation in both hospital
admission rates for pneumonia and influenza and GP
consultation rates for influenza. Increases in the rate
of admissions were seen associated with some, but not
all, epidemics.

The baseline pattern for GP consultation rates in
the absence of epidemics is shown in Figure 3, where
it is compared with the observed consultation rates
and the timing of epidemic periods. The baseline
shows the expected higher rates of consultation during
the winter months, but these never exceed 50
consultations per 10°/week. The baseline also shows a
peak over the Christmas and New Year period, which
appears unrelated to influenza activity.

The modelling process is shown in Table 2. The
final model was able to explain more than 70 % of the
variation in the hospital admission rates, whether or
not ozone was included. Following long-term trend
and scasonal effects, which together explained more
than 50 % of the variation, GP consultations for the
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Fig. 1. Hospital admission rates per 100000 population for pneumonia and influenza in persons aged > 65 years during the
period studied, in relation to the occurrence of influenza epidemics. Widths of columns show durations of epidemics; to
indicate severity, heights are proportional to the maximum rate of consultations (age > 65 years) during the epidemic, the

actual rates being shown in Table 1.
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Fig. 2. Hospital admission rates per 100000 population for pneumonia and influenza and GP consultation rates per 10000
population, among persons aged > 65 years and over during the study period.

previous week was the next variable to enter each
model, adding some 15% to the variation explained.
Thereafter small contributions were made by other
variables representing temperature and ozone (where
used), and GP consultations for the current week also
made a small but significant contribution. Similar
models were obtained using the backwards procedure
and in models restricted to the winter seasons. Minor
changes occurred in relation to which of the tem-
perature, ozone and consultation variables appeared
in the final models. The different variables were all
highly correlated and the selection of a particular
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variable was often based on very small differences.
However, each final model contained GP consultation
rate for the current and previous week, one main
temperature variable, most frequently the maximum
in the previous week and one main ozone variable,
where these had been used. Other variables, which
entered the models made very small contributions
of less than 1% of the total variation, as shown in
Table 2.

For the investigation of excess admissions attribu-
table to influenza epidemics, a minimal model was
chosen. In order to be able to examine all of the
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Fig. 3. Observed and baseline consultation rates for influenza in persons aged > 65 years in relation to influenza epidemics.
Baseline rates calculated on 3-week moving average of mean consultation rates for non-epidemic weeks during the period
of study. Widths of columns show durations of epidemics; to indicate severity, heights are proportional to the maximum rate
of consultations (age > 65 years) during the epidemic, the actual rates being shown in Table 1.

Table 2. Derivation of model of rate of hospital admissions for influenza and pneumonia

Change in Percentage of
Degrees of percentage variation

Model Variable(s) entered freedom explained explained by model
(a) Including the ozone variables (no. of observations = 400)

1* Half-yearly trend 15 414 414

2% Winter seasonal effect 5 104 517

37 GP consultations, lagged 1 week 1 153 671

4% Maximum temperature, lagged 1 week 1 2-1 69-1

5t Maximum ozone level, current 1 1-3 70-4

67 GP consultations, current 1 1-1 71-5

7t Maximum ozone level, lagged 2 weeks 1 0-5 72-0

(b) Excluding the ozone variables (no. of observations = 414)

1* Half-yearly trend 15 42:6 426

2% Winter seasonal effect 5 104 53-0

37 GP consultations, lagged 1 week 1 14-5 67-5

4% Maximum temperature, lagged 1 week 1 1-8 69-4

5t GP consultations, current 1 1-0 70-4

6 Minimum temperature, lagged 2 weeks 1 0-3 70-7

7t Maximum temperature, current 1 0-5 71-1

* Forced entry of set of dummy variables

1 Stepwise regression on variables: GP consultation rate, maximum and minimum temperatures, and maximum and average
ozone concentrations, each for current week, lagged by 1 week and lagged by 2 weeks.

epidemic periods a model excluding ozone was
selected and any variables adding less than 1% were
dropped. The minimal model was therefore fitted
using GP consultations for the current and previous
week and maximum temperature in the previous
week. The results for this model are shown in Table 3
and the observed and predicted hospital admission
rates are shown in Figure 4. It can be seen that the
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model is a good predictor of admission rates for
pneumonia and influenza.

Based on the model shown in Table 3, and the
baseline rates in Figure 3, the excess hospital
admissions that could be attributed to the occurrence
of epidemics of influenza (as measured by GP
consultation rates) are shown graphically in Figure 5.
The total excess for each epidemic, together with the
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Table 3. Final model used in assessing the effect of influenza epidemics on hospital admission rates for
pneumonia and influenza (no. of observations = 415)

Percentage
Regression 95% Confidence of variation
Variable coefficient interval Pt explained
GP consultations, lagged by 1 week 0-0263 0-017 to 0-035 < 0-0005 14-17%*
GP consultations, current 00162 0-007 to 0-025 < 0-0005
Maximum temperature, lagged by 1 week —0-152 —0217 to —0-087 < 0-0005 1-67
All of above adjusted for 173
time and seasonal variables
Full model 70-4

T Adjusted for the other variables shown in this table, plus the half-yearly trend and seasonal effect.
* Contribution of the two GP consultation variables is shown as a single figure to express the total contribution made by
GP consultations.
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Fig. 4. Comparison of observed rate of hospital admissions for pneumonia and influenza in persons aged > 65 years, with
predicted rate based on model shown in Table 3.
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Fig. 5. Excess hospital admissions for pneumonia and influenza attributable to epidemics of influenza. Widths of columns

show durations of epidemics; to indicate severity, heights are proportional to the maximum rate of consutations (age > 65
years) during the epidemic, the actual rates being shown in Table 1.
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Table 4. Excess hospital admissions for influenza and pneumonia attributable to influenza epidemics, 1987-95

Impact on typical Impact on typical

Peak Maximum health districtt health district*
consultation  Total excess weekly (number of (additional
rate/10° admissions/10°>  excess/10° extra admissions  bed-days in
No. of population population population in persons persons

Epidemic weeks  (aged = 65) = 65 yearst > 65 yearst = 65 years) > 65 years)f

Non-epidemic weeks 330 0-7 9 1 12

1987/8 11 70 92 23 7 84

1988/9 9 112 11-2 30 9 108

1989/90 10 526 69-5 21-0 56 672

1990/1 12 78 7-0 1-6 6 72

1991/2 11 160 20-8 47 17 204

1992/3 9 54 89 1-6 7 84

1993/4 10 163 40-8 59 32 384

1994/5 13 67 79 1-7 6 72

All epidemics 85 1752 21-0 140 1680

Total period 415 1758 21-0 141 1692

* England & Wales: 1996-based national population projections.
1 Total health district population = 500000; elderly population > 65 years = 80000 (16 %).

i Based on median length of stay = 12 days.

maximum weekly excess during the epidemic, is shown
in Table 4. For each winter season, the data have been
extrapolated to demonstrate the likely impact of
excess acute admissions for pneumonia and influenza
in a typical English health district of 500000 residents.
During each of the three most recent winter seasons
from 1996/7-1998/9 (data unavailable for earlier
years) in the three health authority districts we studied,
the median length of stay for pneumonia and influenza
in persons aged > 65 years was 12 days. Therefore this
figure was adopted to calculate bed-days used.

DISCUSSION

Most winters, especially around the Christmas/New
Year holiday, the British NHS suffers an acute ‘bed
crisis’. When influenza activity occurs simultaneously,
it is frequently blamed as the underlying cause. This
hypothesis is supported by crude visual examination
of the data on GP consultations for influenza and
hospital admissions for pneumonia and influenza
(Fig. 2). However, this study is the first in Britain to
apply the principles used in estimating excess mor-
tality due to influenza to the study of hospital
admissions.

We chose to study persons aged > 65 years on the
basis that most serious morbidity (hospitalization)
occurs in this group [9, 10]. Our estimation of excess
hospital admissions takes into account long-term
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trends in hospital admissions, seasonal effects, air
temperature, surface level ozone and the baseline of
hospital admissions to be expected in the absence of
significant influenza activity.

The final model was a good predictor of excess
hospital admissions due to pneumonia and influenza
in elderly persons. However, long-term trend and
seasonal variables explained the majority of the
variation in hospital admissions. Of the other re-
gressor variables, only GP consultation rates for
influenza made a sizeable contribution to the model.
Although this variable represents clinical diagnoses of
influenza rather than virologically confirmed cases, it
is well accepted as a good indicator of influenza
incidence in the community [11]. This suggests that
only 14 % of the variability in hospital admissions for
pneumonia can be attributed to epidemic influenza
activity, which is perhaps less than expected. In
comparison, the effects of temperature and surface
level ozone were even smaller. Nevertheless, both
findings are consistent with the known effects of these
variables on respiratory disease [15, 16].

Since the model explained a total of 70% of the
variability in hospital admissions for pneumonia in
persons aged 65 years and over, it follows that if all
possible contributory variables had been examined
the remainder of the variation could be attributed to
random chance. However we were unable to consider
in the model the possible impact of respiratory
syncytial virus (RSV) infections on hospitalization.


https://doi.org/10.1017/S0950268801005076

78 J. S. Nguyen-Van-Tam and others

Given that we showed a consistent peak in the non-
epidemic baseline for GP consultations around each
Christmas/New Year period (Fig. 1), that seasonal
RSV activity peaks with remarkable consistency at
that time of year and is recognized as an important
cause of mortality in elderly persons [17], it may be
that much of the unexplained variability in our model
might be attributable to RSV.

Influenza is recognized to produce increased mor-
tality over a wide range of diagnostic categories,
notably deaths from cardiovascular disease [7, 18]. In
this study we considered its impact only on admissions
for pneumonia and influenza (as opposed to all-causes
acute medical admissions) and in elderly persons (as
opposed to all ages). However, we also considered a
model based on all acute medical admissions in elderly
persons but found the fit to be much poorer (data not
shown), suggesting that all-causes acute medical
admissions are less strongly influenced by influenza
activity. Similarly a model based on all-ages
admissions for pneumonia and influenza also proved
to be a poorer fit (data not shown), reflecting either
the overriding importance of influenza in elderly
persons, or the importance of RSV infection in
children, or other factors associated with the time
period surveyed.

On first inspection, the estimated numbers of excess
admissions (Table 4) appear far smaller than expected.
In addition, the impact of influenza on excess
admissions was highly variable between seasons. For
example, we estimated that in the severe epidemic of
1989/90, 56 excess admissions for pneumonia and
influenza occurred among the 80000 elderly persons
in a typical health district (total population 500000).
However, over the study period, the average seasonal
excess was 17-5 admissions. Two additional factors
are important. Firstly, the main clinical impact of
influenza is usually compressed into an epidemic
period of 6-10 weeks so its effect on hospital bed
usage is felt particularly acutely. Secondly the impact
on hospital services is more meaningfully judged by
the calculation of bed-days consumed. Assuming a
median length of stay of 12 days (see methods), in
1989/90, the 56 excess admissions per health district
represented a total of 672 bed-days — the equivalent of
needing an additional 25-bedded ward for 27 days,
over and above existing provision.

Regarding the wider implications of our findings,
although the absolute numbers of excess admissions
we identified were small, the effect on bed-days was
more sizeable. Against the background of increasing
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rates of acute hospitalization in NHS [19], the extra
demand imposed by even a small number of excess
admissions due to influenza may be enough to trigger
a ‘bed crisis’.

An alternative explanation for the small number of
excess admissions we estimated is that NHS acute
hospitals are so full in winter that it is not possible to
admit more patients, thus imposing an artificial
‘ceiling’ on our estimates. The impact of influenza
vaccination may also be important. Over the study
period uptake in high-risk elderly persons has
increased from 34 % (in 1989/90) to 46 % (in 1994/5)
[20]. Given that influenza vaccination reduces hospital
admissions in elderly persons by 63% [21], but its
effect on reducing rates of infection is probably less
[22, 23], the increases in vaccine uptake over the study
period may have suppressed hospital admissions
towards the end of the study but have had less impact
on GP consultation rates.

Because of inadequate analysis, clinicians and
health service managers may previously have over-
played the effect of influenza on excess hospital
admissions. Our study demonstrates, quantitatively,
that there is an excess demand for acute hospital care
(due to pneumonia and influenza) among elderly
persons, associated with influenza activity. To some
extent this is both quantifiable and predictable
allowing hospitals to draw up appropriate contin-
gency plans.
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