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SUMMARY

The number of deaths attributable to influenza is believed to be considerably higher than the

number certified by vital statistics registration as due to influenza. Weekly mortality data for

Canada from the 1989/1990 to the 1998/1999 influenza seasons were analysed by cause of death,

age group, and place of death to estimate the impact of influenza on mortality. A Poisson

regression model was found to accurately predict all-cause, as well as cause-specific mortality,

as a function of influenza-certified deaths, after controlling for seasonality, and trend.

Influenza-attributable deaths were calculated as predicted less baseline-predicted deaths. In

summary, throughout the 1990s there were on average just under 4000 deaths attributable

to influenza annually (for an influenza-attributable mortality rate of 13/100 000 persons),

varying from no detectable excess mortality for the 1990/1991 influenza season, to 6000–8000

influenza-attributable deaths for the more severe influenza seasons of 1997/1998 and 1998/1999.

On average, 8% (95% CI 7–10) of influenza-attributable deaths were certified as influenza,

although this percentage varied from 4% to 12% from year to year. Only 15% of the

influenza-attributable deaths were certified as pneumonia, and for all respiratory causes, 40%.

Deaths were distributed over most causes. The weekly pattern of influenza-certified deaths was

a good predictor of excess all-cause mortality.

INTRODUCTION

Influenza is recognized as a cause of a broad spectrum

of morbidity and mortality, and the true burden is

thought to be much greater than is recorded in hos-

pital discharge records or identified as the underlying

cause of death [1–3]. Laboratory confirmation of viral

aetiology of a respiratory illness is often not sought

during hospital admission, and various pre-existing

morbidities, such as heart disease, increase the risk

of complications and death. Influenza-associated

mortality has, therefore, been estimated statistically,

particularly in the United States [3–5]. A need to assess

various target groups for immunization recommend-

ations as well as planning for the next pandemic [6]

has renewed interest in new models for estimating the

disease impact [7]. The classical epidemic-threshold

model of Serfling, introduced in 1963 [8] is still in use

[4, 9]. This methodology assumes that all deaths in

excess of a seasonal baseline based on years of low

influenza activity are attributable to influenza. With

various markers for influenza activity and weekly data

now available, Poisson regression models provide an

analytical tool that can make use of all available
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data, and provide good control for trends and sea-

sonality. Residual analyses also help assess biases due

to potential confounders. Surrogate markers for

influenza activity in various Poisson regression models

have included influenza-certified deaths [10, 11]

physician visits for influenza-like illnesses [12, 13],

laboratory confirmations of influenza [14] and pro-

portion of samples that tested positive by influenza

strain and respiratory syncytial virus (RSV) [7].

We sought to establish a model for estimating

influenza-attributable deaths using population-based

vital statistics data, to describe influenza-attributable

deaths by age, place of death, and certified underlying

cause of death, and to assess the robustness of model

estimates.

METHODS

Mortality data

Records of deaths occurring in Canada from 1989 to

1999 were obtained from the Canadian Vital Statistics

database, Statistics Canada [15]. Underlying cause

of death was coded using the ninth revision of the

International Classification of Disease (ICD-9) [16].

For this study, deaths were aggregated to weekly le-

vels by 10-year age groups, cause of death, region, and

place of death (in hospital or other). As the coding

system for cause of death changed from the 9th to

10th revision in 2000, 1989–1999 is the most recent

10-year period with a consistent coding of cause of

death. Population denominators for mortality rates

were obtained from Statistics Canada census and

inter-census estimates [17].

Influenza activity

Influenza-certified deaths were obtained from the vital

statistics database. These are deaths for which the

underlying cause of death was coded to ICD-9 487.

Laboratory confirmations for influenza were pro-

vided by the Respiratory Virus Detection Surveillance

System, Public Health Agency Canada [18], and

weekly hospital admissions with an influenza diag-

nosis were provided by the Canadian Institute of

Health Information. All were considered as surrogate

measures for influenza activity, although influenza-

certified deaths provided the best model fit.

Statistical model

In order to predict the weekly number of deaths, we

developed a Poisson regression model to explain

deaths as a function of influenza activity, seasonality

and trend (SAS [19], PROC GENMOD). A linear link

function was chosen to maintain a linear relationship

between influenza activity and influenza-attributed

deaths. (For example, a doubling of influenza activity

from one week to the next should result in a doubling

of influenza-attributable deaths rather than a doub-

ling of all pneumonia deaths.) Influenza-attributed

deaths were calculated as the model-predicted number

of deaths minus the baseline-predicted number in the

hypothetical absence of influenza (surrogate for in-

fluenza activity was set to zero). Separate models were

developed for age-specific, cause-specific and region-

specific weekly deaths as well as for national total

weekly deaths. The total number of weekly deaths

certified as due to influenza as the underlying cause

was chosen as the best proxy for weekly influenza

activity. Seasonality was modelled using monthly in-

dicator variables. Twelve indicator variables, rather

than weekly indicator variables or a sinusoidal func-

tion, provided a reasonable level of parameterization

to capture seasonality. To capture the complete in-

fluenza season in a 1-year period, the year was desig-

nated to start in September. To capture trends in

mortality rates and population growth, a separate

indicator variable was included for each year. Models

with other explanatory variables, such as other sur-

rogate measures of influenza activity with various lags

between influenza activity and death, along with

various trade-offs between the number of parameters

were explored. Results are presented for models at a

level of parameterization that produced consistent

and robust estimates. The proportion of influenza-

attributable deaths that were certified in the mortality

database as due to influenza was also expected to vary

with the particular strain, and hence each influenza

season. Deaths were well explained by the following

model, which included parameters for seasonality,

trend, percent certified by influenza season and per-

cent certified by month:

D̂Dw=
X12

m=1

b1,mrMonw,m

+
X1998

y=1989

b2,yrFYw,y

+
X1998

y=1989

b3,yrFYw,yrInflw

+
X

m0
b4,m0rMonw,m0rInflw
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where D̂Dw is the predicted number of deaths for week

w ; Monw,m=1 if month m corresponds to week w

(mk indicating that May–November were grouped to-

gether), 0 otherwise; FYw, y an indicator variable if

week w corresponds to influenza year y ; Inflw is the

number of influenza-certified deaths (all ages) for

week w ; and the b are the estimated parameters. The

parameters b3, y and b4,mk are estimates of the ratio of

influenza-attributable deaths to influenza-certified

deaths. This level of parameterization provided

robust estimates of influenza-attributed deaths for

total mortality, and the results from this model

were used to assess model validity. However, for

many subgroup models the above model was over-

parameterized, resulting in non-informative confi-

dence intervals (CI) for many parameter estimates.

As reasonably consistent estimates of influenza-

attributed deaths were obtained with simpler para-

meterizations, the proportion certified as influenza

was assumed to be the same for all months, and/or

all years, for the smallest subgroups. The simplest

model form is given by:

D̂Dw=
X12

m=1

b1,mrMonw,m+
X1998

y=1989

b2,yrFYw,y+b3rInflw:

The ratio of influenza-attributed deaths to influenza-

certified deaths was calculated to indicate the hidden

mortality burden, and corresponding 95% CIs were

calculated from the 95% CIs of the estimated par-

ameters. The proportion certified as influenza is the

reciprocal of this ratio.

Assessment of model validity included checks for

consistency among the estimates of the proportion

certified, particularly the separate monthly estimates

of proportion certified. The estimated average annual

number of influenza-attributed deaths were observed

for robustness to variation in model form as described

above, as well as additivity across disease groups, age

groups, regions (Canadian provinces, with smaller

provinces grouped into regions, geographically run-

ning east to west) and place of death. Model fit was

viewed graphically using plots similar to Figure 1 for

each subgroup estimate, while residuals were also

superimposed on the estimated influenza-attributed

deaths to check for auto-correlation, outliers or other

indications of poor fit. Poor model fit over a period of

4–10 weeks would be suggestive of potential bias due

to confounders. All models exhibited some extra

Poisson variation and some correlation of residuals

across subgroups, although model parameterization

was guided in reducing these.

2500

3000

3500

4000

4500

5000

5500

6000

Jan. 89 Jan. 90 Jan. 91 Jan. 92 Jan. 93 Jan. 94 Jan. 95 Jan. 96 Jan. 97 Jan. 98 Jan. 99 Jan. 00

N
o.

 o
f 

de
at

hs
 (

al
l c

au
se

s)

0

500

1000

1500

2000

2500

3000

3500

N
o.

 o
f 

in
fl

ue
nz

a-
at

tr
ib

ut
ab

le
 d

ea
th

s

Fig. 1. Estimated influenza-attributable deaths and deaths due to all causes, weekly, Canada, 1990–1999. , All

deaths (excluding influenza) ; , predicted deaths ; –––, baseline (predicted without influenza) ; ......., influenza-attributable
deaths.
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RESULTS

The estimated number of influenza-attributable

deaths averaged approximately 4000 annually (13/

100 000), or 2% of all deaths, and varied from un-

detectable levels to up to 8000 annual deaths.

Of these influenza-attributable deaths, only 15%

were certified as pneumonia (Table 1). The ratio of

influenza-attributable deaths to certified influenza

deaths averaged 12.5 times (95% CI 9.9–15.1).

Equivalently, influenza was determined to be the

underlying cause of death in only 8% (95% CI 6–10)

of the estimated influenza-attributable deaths, vary-

ing annually from 4% to 12% with the exception of

the mild influenza season of 1990/1991.

The good model fit is illustrated in Figure 1, where

total deaths by week are plotted, along with the esti-

mated baseline- and model-predicted number of

deaths. Influenza-attributable deaths, calculated as the

difference between predicted deaths and the seasonal

baseline, are plotted against the second axis. At the

peak of the influenza period, influenza contributed

heavily to the weekly mortality, typically accounting

for 10–20% of deaths. As part of the model

validation process, excess mortality, calculated as

weekly deaths minus baseline, was plotted against the

influenza-attributed weekly deaths (not shown). From

assessing alternative model forms, as well as residual

analyses, no obvious lags were detected between

influenza-certified deaths and the excess mortality for

other causes. Influenza-certified deaths, which lagged

laboratory-confirmed influenza by approximately 1

week, were found to be a slightly better proxy variable

than influenza-positive laboratory confirmations.

Confirmations were assigned to the week of specimen

collection, and would include specimens taken under

a variety of clinical conditions. The level of statistical

significance for all surrogate measures was very high.

Influenza-certified deaths seemed to capture the ef-

fects of variation in both the underlying attack rate

Table 1. Annual average influenza-attributable deaths, 1989/1990 to 1998/1999 influenza seasons by cause of

death, sorted by no. attributed deaths

Cause of death
(ICD-9)

No. of
deaths

Influenza-

attributable
deaths

% Deaths

attributable
to influenza

Ratio :

attributed
to certified

95% CI
(for ratio)

% of Total
attributed

Total 206 294 3834 1.9 12.5 9.9–15.1 100.0
Influenza (487) 307 307 8.0

All other causes by cause of death

410-414 Ischaemic heart disease 43 785 877 2.0 2.9 1.6–4.1 22.9
480-486 Pneumonia 7182 563 7.8 1.8 1.3–2.3 14.7
490-496 COPD 8948 529 5.9 1.7 1.2–2.3 13.8

390-429 Other heart disease 13 607 349 2.6 1.1 0.5–1.8 9.1
140-208 Cancer 56 943 295 0.5 1.0 0.4–1.4 7.7
430-438 Stroke 15 146 249 1.6 0.8 0.6–1.0 6.5

240-279 Metabolic 6564 160 2.4 0.5 0.1–1.0 4.2
290-331 Dementia 4629 88 1.9 0.3 0.2–0.4 2.3
520-579 Diseases of digestive system 7515 91 1.1 0.3 0.1–0.5 2.2
467-479, 497-519 Other respiratory

infections

2134 84 4.0 0.3 0.2–0.3 2.2

580-629 Kidney disease 3394 83 2.4 0.3 0.1–0.4 2.2
001-139 Infectious diseases 2803 75 2.7 0.3 0.1–0.4 2.0

440-459 Other cardiovascular 5406 71 1.3 0.2 0.1–0.4 1.8
320-389 Disorders of the nervous system 3221 70 2.2 0.2 0.1–0.3 1.8
290-299 Psychotic conditions 1421 68 4.8 0.2 0.1–0.3 0.9

E880-888 Accidental falls 2377 33 1.4 0.1 0.0–0.2 0.9
E850-869 Accidental poisoning 770 18 2.3 0.1 0.0–0.1 0.5
E889-928 Other accidents 1727 13 0.8 0.0 0.0–0.1 0.3
460-466 Acute respiratory infections 83 9 10.5 0.0 0.0–0.1 0.2

Miscellaneous 4940 60 1.2 0.2 0.1–0.3 1.6

Total 3783 12.2

COPD, Chronic obstructive pulmonary disease.
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and case-fatality rate best, as evident in the model

residuals.

Of the leading causes of death, pneumonia and

chronic obstructive pulmonary disease (COPD; ICD-

9 490-496) had the highest percentage of deaths likely

attributable to influenza at 8% and 6% respectively,

although these percentages varied by year depending

on the severity of the influenza season (Table 1,

Fig. 2). Ischaemic heart disease (IHD; ICD-9

410-414) accounted for the largest proportion of

influenza-attributable deaths. More than 60% of the

influenza-attributed deaths were certified as either

IHD, pneumonia, COPD or other heart disease. The

association between influenza and cancer was weaker,

although still statistically significant. Only 0.5% of

cancer deaths were estimated to be attributable to in-

fluenza, thus this relationship was not visible graphi-

cally nor would it be detectable using a threshold

methodology. Although a highly statistically signifi-

cant association with influenza deaths was found for

each of the other causes of death in Table 1, these

series did not exhibit the same strong peaks that are

required for estimation of excess deaths by the

Serfling-type models. These other causes of death,

with the exclusion of cancer and external injuries,

were combined and modelled again as a group.

Results were nearly identical to the sum of the

individual results, and, in aggregate, exhibited the

same strong peaks of excess mortality (not shown).

External injuries, in general, were not related to

influenza deaths. A few minor exceptions were noted:

transportation accidents, including primarily motor

vehicular traffic accidents, were negatively related

to influenza deaths, with the December coefficient

statistically significant (P value=0.005) ; accidental

poisoning deaths; and accidental falls. For all of these

causes of death, the number of influenza-attributable

deaths was very small. The ill-defined category gave

unusual results, as deaths coded to ill-defined regu-

larly rose towards the end of the calendar year, caus-

ing spurious correlation. In summary, the estimation

of influenza-attributable deaths from all-cause mor-

tality is feasible, with only minor differences if exter-

nal injuries were to be excluded.

Age-specific models produced results that were

consistent with the aggregate model (Table 2).

Figure 3 shows that the influenza-attributed mortality

rate increased steadily with age, although more deaths

occurred among 70- and 80-year-olds than those aged

o90 years. The estimated percent certified (or identi-

fied as due to influenza) was highest for theo90 years

age group at 14%. For children and young adults, the

annual number of deaths due to influenza was small,

and we found no evidence of additional deaths

0 100 200 300 400 500 600 700 800 900 1000

Ischaemic heart disease (410-414)
Pneumonia (480-486)

COPD (490-496)
Other heart disease (390-429)
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Digestive system (520-579)

Dementia (290,331)
Other respiratory (467-479,497-519)
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Infectious diseases (001-139)

Other cardiovascular (440-459)
Nervous system (320-389)
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Other accidents (E889-928)
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No. of influenza-attributable deaths (average annual)

Fig. 2. Average annual influenza-attributable deaths by underlying causes of death, Canada, 1990–1999.
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attributable to influenza. Hence, results for ages <50

years were grouped. The estimated percent of influ-

enza-attributable deaths certified as influenza varied

regionally, with less regional variation in the influ-

enza-attributed mortality rate than in the influenza

mortality rate. Again, the sum of the regional results

agreed closely with the national results. Sixty-five

percent of the influenza-attributable deaths occurred

in hospital.

The percentage of deaths certified as being due

to influenza varied significantly with each influenza

season and were lower for the month of December

compared to January–April, although estimates of

the average annual number of influenza-attributed

deaths were robust to the exclusion of these additional

parameters. That the estimated proportion certified

was similar for January–April shows remarkable re-

producibility and strongly supports the model’s val-

idity. For most influenza seasons, the percent certified

ranged from 4% to 12%. The simple model tended to

estimate a lower burden due to influenza (3000 deaths

attributed to influenza per year vs. 4000 when the

proportion certified was allowed to vary).

DISCUSSION

There are two main findings of this study: that there is

a large ‘hidden’ mortality burden due to influenza;

and that this burden is quantifiable. For most influ-

enza seasons, influenza-attributed deaths should

be considered a leading cause of death, and in the

more severe years, influenza-attributed deaths were

0

200

400

600

800

1000

1200

1400

1600

By 10-year
age groups

<50 50–59 60–69 70–79 80–89 �90

N
o.

 o
f 

de
at

hs
 

0

100

200

300

400

500

600

700

800

900

R
at

e/
10

0
00

0

Fig. 3. Average annual influenza-attributable deaths and
mortality rate by 10-year age group, Canada, 1990–1999. ,
Influenza-attributable deaths ; , rate/100 000.

Table 2. Annual average influenza-attributable deaths, 1989/1990 to 1998/1999 influenza seasons by age, region

and place of death

No. of
deaths

Influenza
certified
deaths

Influenza-
attributable
deaths

% Deaths
attributable to
influenza

% Certified
as influenza

95% CI
(for % certified)

Influenza-

attributable
mortality
rate/100 000

Total 206 294 307 3834 1.9 8.0 6.6–10.1 13.1

By 10-year age groups

<50 21 822 5 74 0.3 6.7 4.0–21.6 0.04
50–59 15 317 4 99 0.6 4.1 2.8–7.7 3.6
60–69 33 017 11 224 0.7 5.1 3.9–7.2 10.2

70–79 55 542 52 1050 1.9 5.0 3.6–8.3 68.9
80–89 57 664 130 1471 2.6 8.8 6.9–12.5 245.1
o90 22 932 104 765 3.3 13.6 10–21 805.1

Total 206 294 307 3684 1.8 8.3

By major age groups
50–64 28 697 8 155 0.5 5.0 3.6–8.4 4.0
o65 155 776 294 3484 2.2 8.4 7.0–10.6 108.8

By region
Atlantic 18 662 39 382 2.0 10.1 6.2–27.2 10.9

Quebec 51 615 48 971 1.9 5.0 3.7–9.7 14.0
Ontario 76 544 102 1529 2.0 6.7 5.1–9.9 14.7
Prairies 33 379 61 615 1.8 9.9 6.6–22.6 13.7

British Columbia 26 022 57 414 1.6 13.7 8.0–42.4 19.8

By place of death (1992–1999)
In hospital 155 849 195 2700 1.7 7.2 5.3–11.1
Elsewhere 55 515 155 1432 2.6 10.8 7.7–18.0
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surpassed only by the five major causes of death:

cancer, heart disease, stroke, COPD and pneumonia.

A few model refinements have facilitated the esti-

mation of influenza-attributed deaths at smaller sub-

categorical levels. Hence, we were able to conclude:

that mortality for most causes of death was statisti-

cally elevated during influenza outbreaks; that there

was no evidence of hidden excess mortality associated

with periods of influenza activity for children; that

65% of influenza-attributed deaths occurred in hos-

pital ; and that the relationship between any of the

available surrogate measures for influenza activity and

the influenza burden varied with the influenza season.

An important objective of this study was to assess

the potential biases in parameter estimates due to

potential confounders. Hence, model validity was as-

sessed along with model fit, correlation of residuals,

and consistency of parameter estimates. Parameters

included in the model, such as monthly indicator

variables for seasonality, rather than a sinusoidal

curve, were important in reducing extra-Poisson

variation, as well as reducing uncertainty of the esti-

mated number of influenza-attributable deaths. The

use of a weekly level of aggregation facilitated model

validation, and particularly the assessment of poten-

tial confounders.

Influenza-certified deaths provided the best surro-

gate measure of influenza activity for predicting ex-

cess mortality, although this was strongly correlated

with laboratory confirmations of influenza. The re-

lationship between laboratory confirmations and

excess deaths appeared to be lagged by 1 week. The

timing of peak mortality rates was the same for

influenza-certified deaths and other causes of death.

Other studies [12, 14, 20] that have looked at the

timing of death have likewise found general agree-

ment in the timing of peak other cause mortality and

pneumonia and influenza (P&I) deaths. The pro-

portion of tests that were positive for influenza was

generally correlated with the number of positive tests.

While correcting for any possible seasonal intensity

of testing, proportions can be misleading, as co-

circulation of another virus would reduce the pro-

portion and hence imply that each case of influenza is

less serious if other viruses were co-circulating. The

proportion certified as influenza was found to be

slightly lower in December than January–April. This

could be due to the Canadian medical system slow-

down over 2 weeks for the Christmas break. The main

purpose of estimating the proportion certified by

month was to provide a consistency check, and the

close agreement of the proportion certified for

January–April shows strong repeatability and hence

strengthens model credibility. Moreover, in the

Canadian data, the percent certified was found to

vary annually. In various analyses of the residuals, the

residuals showed some correlation across disease and

age groups, and even individual annual estimates for

the percent certified did not completely eliminate the

extra Poisson variation, nor correlation among re-

siduals. Model fit appeared poorest for years domi-

nated by more than one viral strain, as deaths

attributable to influenza B (or H1N1 vs. H3N2) were

generally less likely to be certified as influenza.

The relationship between influenza-certified deaths

and deaths due to some external injury categories was

statistically significant but nearly negligible in terms of

the number of estimated deaths. The risk of accidental

falls in the elderly and the risk of accidental poisoning

(from medications) may be slightly elevated as a result

of influenza, or these could be spurious results. More

importantly, these results by cause of death demon-

strate a strong level of consistency, and minimal po-

tential for bias due to omitted confounders.

The estimate of an average of 4000 deaths per year

attributable to influenza was found to be reasonably

robust to variations in model form, suggesting that

estimates of influenza-attributed deaths in other stud-

ies, including some threshold studies [4], should

generally be comparable, despite concerns about

model form. Like Reichert et al. [20], we tend to agree

that excess mortality is primarily attributable to in-

fluenza. However, our Poisson regression model was

sensitive enough to identify some clusters of corre-

lation in the residuals that would suggest that other

viruses also contribute to mortality. Methods that use

an epidemic threshold would tend to result in under-

estimation of the actual extent of excess mortality.

Because the coefficient of variation decreases with in-

creasing population counts, the relative bias in-

troduced would be larger for a smaller country like

Canada than for the United States. Threshold meth-

ods cannot assess whether all excess mortality during

periods when influenza is in general circulation is in-

fluenza related.

Our findings are in reasonable agreement with

other estimates of the mortality burden associated

with influenza. Thompson et al. [7] estimated an in-

fluenza-attributable mortality rate of 20/100 000,

which is higher than the estimated 13/100 000 in this

paper. Influenza-attributable mortality rates for

seniors, aged o65 years were 133 and 108/100 000 in
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Thompson et al.’s and our study respectively.

Simonsen et al. [4] found that all-cause excess mor-

tality was 3.8 times larger than the P&I excess mor-

tality for a period covering the 1980s in the United

States. In comparison, Thompson et al. estimated all-

cause influenza-attributable deaths at six times the

P&I rate, and our ratio was 4.5. Our rate is also

comparable to the excess mortality rate Schopflocher

et al. [6] estimated for senior respiratory deaths of

57/100 000. Since the 2003/2004 season, during which

63 influenza-associated deaths in otherwise healthy

children were confirmed in the United States [21],

influenza-associated deaths in children has been the

subject of active surveillance in the United States and

in Canada. While an excess burden of death attribu-

table to influenza was not detected in children in the

Canadian population, Thompson et al. estimated an

influenza-attributable mortality rate for infants aged

<1 year of 2.2/100 000 person-years, or approxi-

mately three times the rate of for 2003/2004 found by

Bhat et al. [21] for the same age group.

In conclusion, influenza deaths appear to be a

good predictor of excess mortality, and a similar

relationship between influenza-certified deaths and

influenza-attributable deaths under ICD-10 coding is

anticipated. This study confirms that for pandemic

planning it is important to consider the influenza

burden hidden in all causes of death, not just respir-

atory deaths, and that in the event of a pandemic, we

will probably be faced with a large surge of sudden

deaths. The identification of influenza-certified deaths

as a proxy for influenza severity greatly facilitated the

use of relatively simple models for estimating the

burden of influenza.
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