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Abstract 

More than just the '~u''?: Measunng the Impact of Infiuenza on the Hospitakations of the Elderly 
in Ontario, 1988- 1993. 
Thesis for the Degree of Master of Science in Epiderniology 
Graduate School of Comrnunity Health 
University of Toronto, 1997 
Ross Edward Grant Upshur MD. 

This thesis examined the relationship between circulating iduenza virus and admissions to 

hospital among elderly persons in the province of Ontario for four targeted conditions: pneumonia, 

congestive hart failure, chronic lung disease and acut e respiratory disease for five influenza 

seasons from 1988- 1993. Using administrative data, age and sex adjusted and age and sex specific 

rates and Mie series analysis found consistent strong reiationships between influenza Wus and 

admissions for pneumonia and congestive hart fadure. The relationship was less strong for 

congestive heart failure and acute bronchitis. A structured chart audit indicated that pneumonia is 

accurately coded in a large administrative data base. The study concludes that influenza is a major 

cause of morbidity and hospital utilization in the elderly population and that administrative data is 

an excellent means of measuring the extent to which the goals of infiuenza control are being 

ac hieved. 
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Introduction 

The control of inûuenza is a stated priority of public health efforts in Canada Despite 

improvernents in medical w e  in the past three decades, innuenza continues to cause 

considerable morbidity and mortaiity in the entire Canadian population. Infiuenza related itlness 

conmbutes significant1y to health s e ~ c e  utilization in terms of visas for physician services, 

emergency rooms and hospitalizations. Infiuenza is a major source of loa productivity and 

absenteeism for both schools and work-places (La Force, 1 985; Sullivan et ai., 1 993 ; Nichol et 

ai., 1995; Dixon, 1985). Therefore, the health and economic consequences of influenza are 

considerable. 

The elderly bear a disproportionate burden of the serious morbidity and mortality Eom 

influenza. For this reason, provincial public health departments and national advisory 

cornmittees have placed the strongest emphasis and devoted the most resources to the control of 

influenza in the elderly. The annual recommendations Eom the Canadian National Advisory 

Committ ee on Immunizat ion have advocated universal immunkat ion of all perso ns over the age 

of 65 (National Advisory Cornmittee on ùnmunir/ation, 1993). Despite this recommendation, 

influenza vaccination rates for the elderly in Ontario in 1993 averaged ody 53 percent (Duclos 

& Hatcher, 1993). 

Although it is known that the elderly are the most iikely to s d e r  fkom comp iications 

arising fiom innuemi infections, the quantification of this burden bas not been the subject of 

much research. The Canadian Consensus Conference on Iduenza, held in 1993, cailed for 

increased research to assess the morbidity caused by influenza (Anon, 1993). One of the areas 
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recommended for increased attention was the use of hospital separation data bases to asses 

hfiuenza morbidity. 

It is the intention of this thesis to contribute to the understanding of the effects of 

influenza on the hospitakation patterns of the elderly in Ontario. in particular, the relationship 

between the circulation of influenza viruses in Ontario and the effect this has on admission rates 

for pneumonia, acute and chronic respiratory diseases and congestive heart failure wiii be 

studied ut- two complimentary anaIytic techniques: rate standardkition and tirne series 

anaiysis. Issues in the rebbdity of admmistra 
. . 

tive data bases wiU be examined by means of a 

hospital chart audit. 

The rehtionship between influenza and the morbidity experience of the elderly is 

complex. Consideration of the virology and molecular biology of iduerm and the epidemiology 

of respiratory iuness in the elderiy must be undertaken to set the ground for understanding the 

specific hypothesis to be tested in this thesis. To this end, the virology, molecuiar biology, and 

clinical manifiestations of infiuenza will first be reviewed. Following this, the epidemiology of 

influenza and pneumonia in the elderly will be reviewed. An argument for the utility of time 

senes analysis will be advanced. & pneumonia is the most important recognized complication 

related to influenza, special attention wiü be devo ted to issues in the epidemiology and cünicd 

management of pneumonia. Issues related to the hospital coding of pneumonia will be reviewed. 



Virological Considerations 

A respiratory virus of the M y  orthonyxoviridae, iduenza bas a long and notable 

history as a human pathogen. Muenza-Lke epidemics have plagued humans since the beginning 

of recorded history (Langmuir et al., 1 985; Gregg et ai., 1 978; Shortridge, 1 995). The influenza 

pandemic of 1 9 1 8- 1 9 was responsible for an estimated 20-50 million deatfis wo rld-wide 

(Patterson & Pyle, 199 1). The late 20th Century has seen three major global pandemics in 1957- 

8, 1968 and 1977 (Wiseika, 1994). Influenza viruses have been isokted in Ontario each year 

since 1983 as documented by the influenza surveillance conducted by the Public Health Branch 

of the h4kktry of Health in Ontario (Naus & Offina, 1 993). 

Molecuîar Biology and Viral Ecology 

Infiuenza viruses have three main types: A, B and C. Influenza A has a genome that 

consists of 8 separate strands of RNA. Two of these strands code for the surface antigens 

haemagglutinin and neuraminidase by which influenza A vinses are classified into subtypes. 

Currently there are 13 known haemagglutonin subtypes and 9 neuramindase subtypes (Webster 

et al., 1992). Influenza B has no known subtypes. Influenza C is only rarely pathogenic in 

humans and wiil not be discussed M e r .  Since 1933, three pathogenic strains of inlluenza A 

have k e n  isolated in man: HINI, H2N2, and H3N2. Two subtypes of influenza A have been 

circulating in Ontario since 1 977: Hl Nl and H3N2 . Wlthin each 

haemagglutoninlneufarninidase subtype a wide range of variations occur. It is these annual 

variations that provide the information for the constitution of the annuaI influenza vaccine. 

Influenza viruses should be regarded as constantly evolving entities with well 



documented ability for rapid and unpredictable mutation. The capacity for mutation occurs 

through a variety of mechanism. Webster and coiieagues (Webster et ai., 1 992 ) have 

enumerated the major m e c e m s  of mutation: a) point mutation (antigenic drift) b) gene re- 

assortment (genetic shifi) c) defective interfiring particles and d) RNA recombination. 

Point mutations accounting for antigenic drift are explained in part by the replicating 

process of RNA viruses. As v-s lack 'proo f-reading ' enzymes to ensure fidelity of the 

replication process, error rates for viral replication can be as high as 1 in 1,000 bases. This 

combined with the rapid replication of vinses results in the production of a large quantity of 

genetic variants, not aii of which bave survivai advantage. 

The host reservoir for influenza Wuses a p p a s  to be found in aquatic birds (Schafer et 

al., 1993). The vinises appear to be adapted to the avian host and are not pathogenic to them. 

Muenza vinises are capable of causing disease in a wide variety of rnammalian and avian 

species. The current theory for genetic shifts holds that genetic reassortment occurs through 

interspecies transfer, with pigs king an important Link between avian reservoirs and humans 

(Schafer et aL, 1 993). As pigs are capable of accepting Enuenza genes nom both aquatic birds 

and humans the theory holds that pigs act as mkhg vessels for the reassortment of the viral 

genome. Supporthg evidence for this theory cornes from the k t  that most genetically shifted 

influenza subtypes have emerged geographically fiom areas where integrated porcine/avian 

agriculture is practised (Schafer et al., 1993). It is poshilated that genetic SM was responsible 

for the unprecedented Wulence of the 19 19 pandemic. 

Clinical Features 

Iduenza causes an acute, moderate to severe Uness with cbaracteristic signs and 



symptoms: malaise, fever, sore throat, cough, myalgia and arthralgia. Prostration is not 

uncornmon. The incubation period of the virus is 2-3 days. Acute symptoms can last fiom 2-7 

days. Cough rnay persist for weeks. The infected person is capable of transmitting the virus for 

3-6 days with droplets spread by aerosol (Benenson, 1985). As cough is prominent and 

persistent, influenza is efnciently spread fiom person to person. 

Complications fiom innuenza are numerous. Pneunonia, both bacterial and virai are well 

documented (Foy et al., 1979; Glezen, 1983; Glezen et al., 1987; Ghendort, 1992; Comolly et 

al., 1993). Bronchitis, bronchiolitis, otitis media and sinusitis are comrnonly reported 

complications. (Co nnolly et al., 1 993) Less fiequent compiications include myositis, myocarditis, 

pericarditis, Reye's syndrome, Goodpasture' s syndrome, encephalo pathy and transverse myeiitis 

(Benenson, 1985). The circulation of influenza A vinises has k e n  clearly linked to outbreaks of 

meningococcemia (Cartwright et al., 199 1 ; Hubert et al., 1 992). Influenza A is more severe in 

pregnant women (Glezen, 1993). Several observationai studies have implicated matemal 

influenza infections with the development of schizophrenia though the issue of causation remains 

unresolved (Sham et ai., 1993). 

Innuenza A and B are po tentiay. preventable with the use of îduenza vaccine. 

hdomized clinicai control trials have established the efficacy of innuenza vaccine for healthy 

adults (Nichol et al, 1995). The efficacy of  infiuenza vaccine in the elderly has ken  

controversial. Because of declining h u n e  furiction and CO-morbidity, the efficacy of influenza 

vaccine has remained debateable in the mind of many clinicians (Nicholson et al., 1987; Coles et 

aL, 1992). Recent evidence fiom a large cohort study in the United States (Nichol et al., 1994), 

and a ranàomized control triai in the Netheriands (Govaert et aL, 1994) indicate that the vaccine 

is effective in preventing both clinical infection and serious complications in the elderly Eom 



influenza. Cost effectiveness studies in bo th the United States (Maucher & Gambert, 1 990; 

Riddiough et ai., 1 983) and Canada (Helliwell& Drummond, 1 988) have supported the cost 

effectiveness of annual innuenri vaccination of the elderly. 

Influenza A infections cm be treated with amantadine and rimantadine. If the dmg is 

started within 48 hours of the onset of symptoms, Wal shedding is reduced and the duration of 

clinical symptoms is shortened (Benenson, 1985). Amantadine cm also be used prophykcticaüy 

in outbreak situations (Atkinson et aL,1986). The use of amantadine is recommended by NACI 

in outbreak situations in long-term care fàcilities (National Advisory Cornmittee on 

Immunization, 1993). Side effects are common in the elderly if care is not exercised in titrating 

the dose to rend hinction Resistance of iduenza A strains to amantadine has been reported, 

but the clinical sigdicance of this has yet to be established (Patriîrca et ai., 1987). 

Ovewiew of the epidemiology of influeiipi 

Mortality and Morbidity Studies 

The epidemiology of influenza remains incompletely understood. As a virus with a 

demonstrated capacity to cause high morbidity and mortality in populations world-wide, there is 

considerable interest in understanding the underlying epidemio logy . Influerua epidemics are 

characterized by sudden and explosive spread through communities. Attack rates can be high, 

particularly in years when population immunity is 10 w; there can be considerable variation of 

attack rates between age groups within a defïned year. Stuart-Harris (Stuart-Harris, 1982) 

estimated the rates of influeoza A in Britain for the 1 973-74 influenza season. The rate for acute 

respiratory illness during this season ranged nom 62,400 per 100,000 persons in the age gxoup 

of O to four years to 1 1,100 pet 100,000 in those over the age of 65. Glezen (Glezen, 1982) 

estimated that annual attack rates range fiom 3040,000 per 100,000 in children and 7-25,000 
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per 100,000 in adults. Younger age groups are more iikely to be Uifected as they lack antibodies 

to a variety of subtype variants. The Laboratory Centre for Disease Contro 1 in Ottawa estimates 

that 70-75,000 hospitakations and 6,700 deaths are attri'buted to influenza and pneumonia in 

Canada amualty (Anon., 1993). 

Although the younger age groups are more iikely to be infected, the vast rnajority of 

complications and mortality are experienced by the elderly. Nicholson (Nicholson, 1 990) 

estimates that 80.90% of the excess mort* due to influenza occurs in those over the age of 

65. In Britain, those over the age of 75 experienced rates of death 765 times greater than the 

lowest mortality group ( children aged 5- 14.) A study in the Netherlands (S prenger et al., 1993), 

examiniag data Eom the 1989- 1 990 influenza season, found the mortality rate associated with 

influenza in those over the age of 80 to be 207 per 100,000. This was 6.6 times higher than the 

age group 70-79 and 11.5 times higher than the 60-69 year age group. 

The risk of death inmeases significantly in the presence of CO-morbidity. Louria et aL 

(Louria et ai., 1 95 9), in a classic study conducted during the 1 95 7 pandernic demonstrated the 

high mortaiity associated with influenza infections in those suffering nom chronic cardiac and 

respiratory disease. Barker and Mulooly (Barker & Mdooly, 1980) in a mortality study of 

influenza outbreaks noted that the risk of death iacreases with the number of CO-morbidities. 

They found that cardiovascular, pulmonary, and combined cardiovascular and pulmoaary disease 

are associated with 104 percent, 240 percent and 870 percent increase in mortality rates 

compared to the group with w CO-rnorbidities. 

The Influenza Research Centre at Baylor College of Medicine has conducted community 

surveillance studies of idiuenza iafections in Houston since 1974 (Glezen, 1982). These studies 

have formed the basis for understanding the effects of influenza and other respiratory viruses on 
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the mortality and morbidity experiences of a population. The sampling b e  uicludes ali socio- 

economic strata. The surveillance systern includes volunteer families as wefl as primary care 

practitioners and pediatricians who CO Uect Wal specirnens fiom individuals suffering fko m acute 

respiratory tract infections who seek medical attention on a year round basis. 

The Houston data indicates that a wide variety of respiratory viruses circulate 

throughout the year (Terrotta et al., 1985; Glezen et al., 1 987). In the Houston studies, vinises 

tend to occupy seasoaal niches, and as one virus achieves peak circulaiion other vinws are 

relatively dormant. From the patterns of viral circulation, they are able to correlate morbiàity 

and mortality fkom respiratory tract infections with specific respiratory vinses. 

Glezen (Glezen, 1 WZ), in a review article surmiiariPng 7 years of surveillance, points 

out that 39.3% of respiratory illness occurred in the 11 week period dehed by the circulation 

of innuema viruses. Influenza seasons were also responsible for at least 20% of all medicaiiy 

attended acute respiratory iilnesses during the years of surveillance. The results of the Horiston 

studies show that influenza viruses characteristicaily appear on an annual basis, and that 

utilization for visits to emergency rooms, physicians offices and hospitalizations for acute 

respiratory tract infections usually peak with the presence of circuiating influenza virus. Attack 

rates were highest in the younger age groups, but hospitalizations and deaths were highest in the 

elderly. They calculated average acute respiratory tract infection hospitalization rates of 725 per 

100,000 in the greater than age 65 category and pneumonia and innuema mort* rates of 

103.5 per 100,000. 

Barker (Barker, l986), in a study ushg the National Hospital Discharge Survey, 

compared admissions for pneumonia and influenza, other respiratory disease in the absence of 

pneumonia and influenza, and acute cardiac conditions durhg eight infiuem seasons fiom 
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1970- 1978. In this analysis, admission rates for the above conditions were compared for defined 

epidemic and non-epidemic seasons. Barker quantified the excess hospitalization associated with 

epidemics rather than the seasonal increase associated with influenza circulation. Rates were also 

calculated for average hospitalizat ions in the quarter immediately fo Ho wing influenza circulation. 

The study found higher rates of admission for pneunonia and iduenza in epidemic years in the 

65 and over age group. However, no signiscant increase was found for other respiratory 

conditions or acute cardiac conditions. Barker concluded that : "... Wtually ail increased 

hospitalization during intluenza epidemics involve clinicdy signifiant lower respiratory tract 

infections. There is accordingly little reason to suspect an important effect of influenza virus 

directly on the cardiovascular system . . " (Barker, 1 986 p. 786). 

Two limitations mark this shidy. By focushg on quarterly statistics commencing in 

January, relevant admissions wiU be missed fkom epidemics that commence in November or 

December. Consequently the data may underestimate the tme extent of utilization Secondiy, as  

the work of the Houston surveillance study indicates, reliance upon an arbitrarily defined 

epidemic year obscures mo rbidity associated with no n-epidemic years. The appropriate 

cornparison, then, is not epidemic influenza seasons to non-epidemic seasons, but rather 

influenza seasons to comparable periods in the year when influenza Wuses are known not to be 

circulathg. 

Another limitation of the above studies is that for the most part, the elderly are 

aggregaied together as a homogenous group. It is well recognized in the geriatric literature that 

there are significant heterogeneities in the elderly population (Norman & Toledo, 1 992). As the 

more detailed mortality studies indicate, the experience of the very old ciiffers fiom that of the 

'young' old. Consequently the aggregation of the elderly into one group likely obscures 



significant ciifferences in age groups that may have implications for heaith planning. 

McBean (McBean et al., 1 993) examined the annuaiized age-sex and race adjusted 

rates of hospitalization for pneumonia and Muenza and other conditions deemed to be 

susceptible to pneumonia in Medicare beneficiaries in the United States. Two influenza semas, 

one predominant influenza A (1989- 1990) and one predominant uifluenza B season (1 990- 

199 1), were examined and compared to an equivalent tirne period in the interim Influenza 

periods, rather than king defined by quater, were defined on the basis of Wal isolation periods 

reported to the Centre for Disease Control in Atlanta. They caiculated rates for age groups fkom 

65-74, 75-84 and 85 and over and calculated the relative risk for each influenza season to the 

interim. 

The resuhs fiom this study show that pneumonia and influenza rates for admission are 

higher during influenza seasons than in the interim periods. The infIuenza A season had bigher 

rates than the iufluenza B season. The admission rates with pneumonia and infiuenza as the 

primary diagnosis were 27.97 per 1,000 Medicare beneficiaries for the influenza A season, and 

20.60 per 1,000 for the influenza B season SignLiicant relative risks were reported for the 

foflowing diagnosis: influenza and pneumonia as primary diagnosis, when influenza and 

pneumonia appears in any diagnosis, acute bronchitis, chronic respiratory disease, and 

congestive heart Mure. The highest relative risk was found for acute bronchitis during the 

infiuenza A season (RR 2.1 7 C.I. 2.1 0-2.24). No significant increases were found for acute and 

chronic cardiac disease, arrythmia, stroke, cancer or diabetes. 

The results indicate that influenza seasons are associated with a 16- 1 17% iucrease in 

admissions for a variety of conditions in the elderly. In the influenza B season, a defhed non- 

epidemic season, statisticdy significant increases in admissions were found that would have 
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been rnissed had one cornpared influenza seasons to each other, or focused oniy on epidemic 

Seasons* 

Nichol (Nichol et ai., 1994) in a cohort study examining the efficacy and cost- 

effectiveness of influenza vaccine conducted over the same seasons as the McBean study, found 

statisticaily significant increases in admissions for pneumonia and influenza, aii acute and 

chronic respiratory conditions and congestive heart fidure among the unvaccinated cohort. The 

findings in the unvaccinated cohort act as a natural history study of the effects of influenza. 

The results of the Nicol and McBean studies contradict that of Barker's in that admission 

rates are found to be higher for congestive kart Mure during influenza seasons. Part of this 

could be attriiuted to the fàct that bo th the Nicol and McBean study do no t ciifferenthte 

between non-epidemic and epidemic seasons. As weii the rates in these studies were calcuiated 

on the basis of the duration of isolation of influenza virus, not by fiscal quater. McBean and 

coileagues discount the possibility of changes of diagnosis, or coding differences to account for 

this change. They suggest that fûture studies include chronic respiratory disease and congestive 

heart Mure in the analysis of the impact of infiuerila 

Consequently, fouowing the results of the McBean study, this thesis wiH examine the 

relationship between circulating inûuenza Wus and hospital admissions by the elderly for 

pneumonia, acute upper respiratory disease, congestive heart fàilure and chronic obstructive 

pulmooary disease. The study WU seek to replicate McBean's hding of increased rates of 

admission for congestive heart Mure and chronic obstructive pu1rnorm-y disease during 

innueaui seasons and quantify the extent of the burden imposed by pneurnonia morbidity in the 

elderiy of Ontario. 



Temporal Aspects: Trends and Time Series 

The above studies have k e n  concemed with annuaiized rates, or rates caicuIated over 

the.  Another way of assessing the impact of influenza is to look at the temporai dimensions of 

each innuenza seaçon Rather than averaging d seasons, one can look at the the relationship 

between the presence of innuenza and the occurrence of the outcome of interest as it bas 

occurred in each particular season. One can then assess the inter-season variability of influenza 

as well as estimate the duration of effect for each influenza season. 

Influenza circulation has a seerningly reg* recurrence pattern in that it occurs on an 

annual basis, but not in a predictable fàshioa in temperate chutes, influenza can make its 

appearance anywhere f?om the early fkil to the Iate spring (Shortridge, 1995). A typical infiuenza 

season Iasts fiom 10-1 5 weeks, although there is variability in this owing to the fàct that two or 

more virus types c m  circulate in a given season Consequently, although there are identifiable 

regulanties in the occurrence of influenza epidemics, no satisfàctory predictive models for 

influenza have been developed. 

Historically, the fïrst modeis related to influenza focussed upon ail cause mortality during 

influenza seasons. This approach harkens back to the mid 18th century when it was noticed that 

morzality rates increased seasonally. The work of W i  Farr established the concept of excess 

rnortality attributable to Muenza epidemics, following the 1 847 epidemic (Fine, 1982). 

Mortality data on aii cause mortality and pneurnonia and influenza has k e n  kept on a weekly 

basis in the United States since 191 8 (Baron et al., 1988). 

This approach was modified over tirne and formed the Mis of the development of a 

regression mode1 by Serfling (Fine, 1982) used to calculate excess pneumonia and influenza 

mortality. Serfijng's method, used by the Centre for Disease Control in Atlanta for over 20 years 
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, Bts a regression model by least squares method, with sin and cosine ternis in the regression 

equation, to weekly mortality data for the pievious five years, exclusive of weeks with epidemic 

i.uenz;i. Frorn this an estimated baseline was created for deaths for the next twelve month.. If 

mortaiity rates exceed 1.64 standard deviations fiom the regression h e ,  then the epidemic 

threshold has k e n  crossed and excess mortality can be infermi. 

The S e f i g  model despite its utility has several drawbacks. There are concems that the 

estimates, by relyhg on death certificate data, may not aiways result in the proper attribution of 

death, Furthemore the estimates may be biased too low because the regression equation is fitted 

on non-epidemic weeks. Artifhcts have occurred because the data is reported by the date on 

which the death certificate is Wed rather than the &te of death. The mode1 bas k e n  found to 

show artifàctuai increases and decreases around holiday times. This is particuiarly important as 

influenza activity can be intense in the Christmas holiday tirne fiame. Choi and Thacker (Choi & 

Thacker, 1 98 1 ) have argued for the modification of the Sherfling model using a Box-Jenkins 

time series methodology which improved time-series forecasts. 

Time-senes methodo logy has a long history of application in economeîrics, particularly 

in the domain of forecasting. It has only recently captured the attention of epidemiologists 

(Bowie & Prothero, 198 1 ; HeIfenstein, 1986, 1991; Catalano & S e m r ,  1987). As influenza 

has a significant seasonal component it can be modeued in a marner that controls for the effect 

of seasonaiity. As weU, t h e  series analysis allows for the cornparison of multiple time series. 

One can estimate the extent to which two time series are correlated over time. Cross-correlation 

fùnctions can be calculated for time-series data to investigate the relationship between two sets 

of data coilected over the same tirne periods. Consequently the-series analysis provides another 

perspective with which to analyse the impact of influenza. 
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Time-series analysis is suited to data that is coiiected over time and that feature seasonai 

traits. The methodology can be used for descriptive or anaiytical uses. It is also more 

appropriate than other regession techniques when the data indicates a degree of auto- 

correlation, such as admissions to hospital during influenza epidemics. 

Of the many the-series methods developed, the most thoroughiy shidied and used is the 

Box-Jenkins ARMA methodology (Box & Jenkins, 1970). ARMA stands for autoregressive 

integrated moving average. The autoregressive component assumes that each observation is 

directly dependent on past O bservatioas, and that the value of these autocorrelations are 

determined by the preceding values for a certain number of lags. An integration process is used 

to remove a trend nom the data, or to remove other forms of non-stationarity. A non-stationary 

series occurs when the mean value of the series varies over tirne. This occurs when a time series 

has an upward or downward trend. The moving average process examines the value of a current 

value on the basis of mimediately adjacent values. A more detailed description of time series 

methodology is found in Appendix 1. 

There are few studies that utilize t h e  series methods to study innueaza Tirne-series 

studies have focussed upon rnortality due to influenza and pneunonia for the purpose of 

forecasting mortality or caiculating excess rnortality (Carrat & Valleron, 1995). T h e  series 

methods have also been used to study the effects of air-pollution on mortality controlling for 

innuema effects and for examinhg the relationship between the seasonal patterns of influenza 

and meningococcemia ( K m  et al. 1993, Hubert et al., 1992). 

There have ken  no full scale the-series analysis looking at the relationship between 

circuiating influenza vinises and hospitai admissions in the elderly. Perotta ( Perrotta et ai., 

1 985) reported a strong correlation between viro logical circulation and increases in hospital 
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admissions in aàults. The correlation coefficient of .74 is impressive and has ken quo ted widely. 

However, this estimate is iïkely specifk to the juridiction where it was made. Further 

compromising the generalizabüty of the estimate is the noted season to season variabiiity of the 

effects of influenza in populations. It is likely that the strength of this correlation varies fiom 

year to year as weIi as  fiom place to place. No published studies exkt to test this hypothesis. 

A M e r  limitation to Perotta's study is that it does not indicate the method by which 

the cross-correlations were calculated. The tabuiar data presented in the article indicates a 

number of strongly positive correlations at Merent lags. This gives rise to the suspicion that the 

senes were sirnply cross-correlated As Helfenstein (Helfenstein, 199 1), and Bowie and Prothero 

(Bowie & Prothero, 198 1) have both noted, simple cross-correlations between two seasonaily 

related variables will resuit in artifactuaily elevated cross-correlation coefficients. The high 

correlations are iikely attributable to a common seasonal effect. The effect of seasonality mwt be 

controiied for in order to calculate an unbiased correlation coefficient. The appropriate method 

to use would be a tramfer function mode1 in which the two series are 'pre-whitened" in order to 

eliminate the inflation of the variance of the two series due to the cornmon seasonal structure. 

As has k e n  demonstrated abo ve, there is a strong association between innuenza and 

hospitalizations of the elderly for a variety of conditions. Another way of examining this 

association would be to examine the seasonal increase of admissions in the time domain and to 

examine how closely the seasouai rise of admissions for conditions purported to be sensitive to 

infiuenza, parallel the circulation of influenza viruses. The dernonstration of increased 

hospitaiization for congestive heart Mure during an influenza season should be evident in the 

tmK series d y s i s  as wel. Given that some dispute exists in the literature about the relationship 

between influenza virus and admissions for congestive hart failtue in the elderly, time series 



analysis would provide addit ional evidence on the purported association. 

Consequently, this thesis will emplo y tirne series methodo logy, in particular, tram fer 

hction models, to elaborate M e r  the reiationship between circulating infiuenza viruses and 

hospitaiizations in the elderly popdation of Ontario. The use of transfer function models wifl 

permit a more precise estimate of the strength of the correlation between the presence of 

uifluenza and hospitai admissions as weii as rendering an accurate estimate of the temporal 

reiationship between the two series. The study will attempt to replicate the hdings of Perotta 

and extend the use of tirne series methodology to the audy of congestive heart M u r e  and 

chronic obstructive pulrnonary disease. There are no pubiished studies u t W g  time series 

methodology to study these conditions. 

Bacterial Paeumoaia in the Elderiy: Epidemiologic and Diagnostic Issues 

Pneumonia is one of the leading causes of death in the elderly. The elderly, defined as 

those over the age of 65, are hospitalized at a greater rate for pneumonia than other age groups, 

and are more lücely to experience complications fkom their illness ( M e ,  1992; Granton & 

Grossman, 1 993). Pneumonia in the elderly presents complex issues in both diagnosis and 

therapy. The presenting signs and symptoms of pneumonia in the elderly are protean, and often 

do not correspond to estabiished classic presentations (Mame, 1992; Norman & Toledo, 1992; 

Granton & Grossman, 1993). Host fàctors such as  CO-morbidities and alterations in mental 

status O fien complicate the diagnostic process. Pneumonia in the elderly can be mistaken for 

other conditions such as congestive heart M u r e  and vice versa. As weU, factors such as 

expected death or advance directives may mitigate the degree of aggressivewss with which a 

dennitive diagnosis is pursueci (though these issues have not been systematically assessed). 

Agent factors also contn'bute to the complexity of diagnosis and treatment. A vast array of 
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bacteria, Wuses and other microorganisms are capable of causing pneumonia. However, despite 

this variety, the clinical manifestations are, for the most part indistinguishable. 

Prospective Studies of Community Aequired Pneumonin 

The epidemio logy of community acquired pwumonia in the elderly is a subject of 

ongoing research. Several studies have been conducted over the last fifteen years seeking to 

determine the etiology of community acquired pneumonia (Garb et al., 1978; Garabatdi, 1985; 

British Thoracic Society, 1987; Fang et ai., 1990; Granton & Gram 1993; Bartlett & 

Mundy, 1995; Chow et al., 1 995). The utility of these studies is evident ; a clear understanding of 

the causes of pneumonia is imperative for selecting appropriate therapy. The utilization of 

diagnostic services is contingent upon the expected yield kom diagnostic strategies. Prospective 

studies of the etiology of community acquired pneumonia in the elderly have k e n  summarized 

by Granton and Grossman (Granton & Grossman, 1993). In the best of circumstances, with well 

defined protocols and exempiary iaboratory services, causative organisms have not been Wlated 

Eom 2 149% of patients enrolled in the studies. When a bacterial pathogen is wlated, 

streptococcuspneumoniae was the most fiequent cause in 9 of 12 studies identified. 

Streptococncr pneumoniae was identified as the causative agent in 9-76% of the patients 

enrolled in theses studies. Infiuenza A was the third most common cause of pneumonia in 4 of 

12 studies, with causation atûibuted for 5.9% of the cases. Influenza B, with 7% of the cases, is 

the third most cornmon pathogen in one study. The degree to which viruses are identified as 

causative agents depends on whether or not viml studies are included in the protocol the 

method of detection used and the time of the collection of the specimen relative to the duration 

of viral replication and shedding. Furthemore, the extent to which a pathogenic strain of 

innuenza is m circulation on any given year directly effécts the extent to which uinuenza is likely 



to be isolated. S tudies of short duration, or that are conducted in years that influenza is no t 

circulating will not capture the effects of infiueriza 

The studies mentioned above are also unable to capture the extent to which a serious 

viral illness, such as infiuenza, may predispose an elderly person to develop pneumonia. Given 

the fact that in each study a Iarge proportion of cases do not have a microbiologicd diagnosis, it 

is possible that viral infections may be a contniuting or a direct cause of lower respiratory 

disease. Muema infections are known to predispose vuinerable persons to the development of 

pneumonia through several mechanisras. Ln generaI, there is destruction and impairment of lower 

respiratory fùnction and increased idiammation and permeabiiity of immune barriers in the 

upper respiratory tract and cornplex interactions between bacterial and viral pro teases (S weet 

and Smith 1980; Cesario and Yousefi 1992; Greenberg 1992; Schebauer et al., 1992). 

Consequently, a proportion of pneumonia in the elderly that is attriiuted to unknown bacteriai 

causes may in fact have a virai origin. 

Mame (Manie et al., 1989) conducted a large five year study of 1269 cases of 

cornmunity acquired pneumonia in Nova Scotia with 672 of those being elderly. Of these cases, 

5 7% were of unknown etiology. Streptococcus pneumoniae accounted for 7% of the cases and 

Influenza A for 5%. 

Epidemiologic studies using administrative data bases. 

The use of sdmini,ctrative data bases for the d y s i s  of heaith senices has been well 

estabiished for surgicai procedures (Naylor et ai., 1994). As surgical procedures are well defined 

events they tend to be properiy classified and coded on hospitai sepration data bases. However, 

the reliability of codhg for certain medical conditions has been less thoroughly researched. 

Williams and Young (Williams and Young, 1996) recentiy reviewed the reliabiiity of diagnostic 



coding for a set O f medical conditions. S pecifically, they reviewed the literature conceming 

agreement between coded principal diagnoses and published or developed explicit criteria. In 

eight studies analysed they found variability in the rate of agreement between hospital records 

and expert criteria. The greatest disagreement between coded cimgnosis and expert opinion 

occurred for conditions where diagnostic uncertainty is highest among pract king clhicians. The 

rates of agreement were highest for conditions in which diagnostic uncertahty is les, such as 

myourdiai intàrction and fractures. In order to use administrative data bases for the 

epidemiological adysis of medical conditions it is necessary to ensure that the coduig 

adequately reflects a tme diagnosis. 

Few studies have k e n  pubüshed exarnining the reliability of diagnostic coding for 

pneurnonia Mame and coiIeagues (Mame et al., 1987) compared the coding of pneunonia 

found on discharge separations with the findings of a prospective cohort study they had 

conducted on the etiology of commUnay acquired pneumonia. The authon were chie@ 

interested in deteminkg whether the medical records data, coded using ICD-9, were adequate 

for the examination of the epidemio logy of pneumonia on the basis of specinc etiologies. 

They reported that the medical records data base Med 127 discharges with ICD-9 codes 

for pneumonia compared to 1 05 identified by their prospective study; of these, 73 were found 

in both data sources. There was agreement on the etiologic dqposis of pneumonia for 38/72 

(52%) of the records. Of note, diagnoses that require serology , such as mycoplasma 

pneumoniae and viral pneumonia, were not ciassified by the appropriate ICD-9 coding on 

discharge. This is not surprising as there is a the lag in the retum of serology results and 

consequentiy this idonnation may not have k e n  available to coders at the time of abstraction. 

Marrie concludes that medical records data be used with caution for studying the 



20 

epidemiology of the etiology of pneumonia. They state: "Pneumonia is an especially djfficult 

diagnosis to use for the assessrnent of the quaiity of medical records data, because the only 

circumstances in which one is sure of the etiologic diagnosis are blood-culture positive 

pneumonia and lung tissue or pleural fluid culture-positive pneunonia" (Marrie et ai., 1987 

p.23-24). 

Gray (Gray et al., 1 994 ) conducted a large sale epidemiologic study of the etio logy of 

pneumonia in active duty Navy and Marine corps personnel. The study covered the years fiom 

198 1 - 199 1 and included 6,522 admissions. The study sample was drawn fiom a centralized 

computer data base of aii admissions for active duty personnel. Inclusion criteria hcluded ail 

persons 17-65 years old who were on active duty or cadets. They also conducted a small chart 

audit to determine the method by which the etiologic diagnosis was made. ICD-9 codes for 

pneumonia (480487) were used in the study. 

The results of Gray's study indicate 65% of the pneumonia admissions had no causative 

organism identified when ICD-9 code 485 and 486 are combined. The data was used to 

calculate the mean annual rate of admission on the basis of etiology. The median age of the 

population was 22 years. The most cornmon pathogens identified were streptococcus 

pneumoniae 12.3 % (ICD-9 code 481) and mycopkasmapneumoniae 10.8% ( ICD-9 code 483). 

Influenza accounted for only 0.45% of the admissions. This is not surprising as military 

personnel are required to receive influenza vaccinations annuaüy and the efficacy of the vaccine 

is highest amongst young and healthy aduits. 

The analysis of the chart audit is only mentioned briefly with no tabular data provided. 

The authors allude to the study in a paragraph: "Our record review c o h e d  that few 

admissions diagnosis were based on speciiic tests, which supports o u -  observation that most 



diagnoses and treatment were empiric and non-spec Xc. Unfortunately, our record review 

questionnaire was not well suited to determine which diagnostic tests were run when specinc 

diagnoses were not d e .  However, assuming that Navy dinicians did order the appropriate 

tests, these data emphasize the need to improve routinely available diagnostic tests for agents 

that cause lower respiratory tract disease." (Gray et al., 1994 p.798). 

The lack of numerical data to support the above assertions, together with the findings of 

Mame's study, indicate that caution is necessary when using adminhathe data bases for 

examining the epidemiology of the etiology of pneumonia. It leaves open the question of how 

accurately the codes refiect the diagnosis of pneumonia per se. The results, however, do not 

vitiate aggregating pneumonia codes in order to study temporal trends for pneumonia 

admissions or as an index of acute respiratory disease morbidity. 

In order to proceed with aggregating codes it is necessary to detemüne the accuracy of 

coding in the data base under investigation. Consequently, this thesis wili attempt to assess the 

validity of the coding of pneumonia in the W C I H I  database by means of a structured chart 

audit. Pneumonia will be the chief focus of the chart audit as it is the most important clinical 

outcome associated with influenza. The International ClassXcation of Diseases, 9th revision, 

includes a separate code for each possible microbiologie etiology of pneumonia. Other target 

conditions, such as congestive heart Mure and acute bronchitis, have l e s  extensive codes 

associated with them, and consequently there is less difEculty in ushg them in aggregate f o m  

Nonetheless, as there exists possible misclassification, charts fiom the O ther diagnostic 

categories of interest wiU be examined. 

Diagnostic Considerations 

The diagnosis of pneumonia usudy requires a cünical history compatible with a lower 
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respiratory tract infection: cough, fever, malaise and the development of sputum production. 

Chest radiographs and laboratory tests are ordered to confimi the dinical suspicion of 

pneumonia, and ideally ident ify the causative organism so that appropriate therapy is selected. 

In the elderly, diagnosis of pneumonia is compiicated by the fact that clinical signs and 

symptoms suggestive of pneumonia may not be present ( Marrie, 1992; Granton & Grossman, 

1993). A febrile response to pathogens may be blunted; cough may be absent or mmimal. The 

only overt sign of illness may be an alteration in activity level or mental status. W~th increased 

age, and the presence of CO-morbid conditions, the manifestations of pneumonia depart fiom the 

well descriid classic pattern and assume a plurality of presentations. 

The yield of diagnostic tests Vary considerably. Chest radiographs are the gold standard 

for the diagnosis of pneumonk However, despite the existence of diagnostic pearls for the 

pattern recognition of specific etiologies, etiologic diagnosis cannot be reliably ascertained fkom 

radiographs (Scanlon & Unger, 1973; Young & Marrie, 1994). Indeed, viral and bacterial 

pneumonia cannot be reliably distinguished radiographically (Scanlon & Unger, 1973). As well, 

there is considerable inter-observer variabüity in the interpretation of the presence of pneumonia. 

Young and Mame (Young & Marrie, 1994) conducted a study on the inter-observer variability 

in the interpretation of chest radiographs of pneumonia patients. They fond that agreement on 

the diagnosis of pneumonia was most Lely when loba- consolidation or segmental opacities 

were present. However, patchy infiltrates were most likely to be interpreted as non-pneunonia. 

Laboratory tests include blood-cultures, sputum culhae, and sero logy. B lood cultures 

are highly sensitive, but are positive in oniy 6.7% of cases (Woodhead et al., 199 1). Sputum 

examination is Bequently ordered but often not obtainable fiom elderiy patients (Granton & 

Grossman, 1993; Hodder, 1994). Even when produced it may not be of sufficient quaiity for 



diagnostic purposes. When sarnples are produced, the rate of fdse positive gram stains 

approaches 50 percent (Woodhead et al., 199 1). More invasive methods for obtaining 

specimens such as tramtrac heal aspiration and bronchosco py are excelient for O btaining hi& 

quaiity specimens but are seldom used m the routine investigation of pneurnonia in the elderly. 

Serological rnethods exkt for the diagnosis of a variety of bacterial and viral pathogens. 

Seroiogy requires the collection of acute and convalescent sera, usually one specimen at the 

onset of ilIness and the other 3-4 weeks later. This delay makes serology of limited diagnostic 

utility as treatment decisions must be made early and cannot wait on the precise etiology to be 

determined. Many new rapid antigen detection techniques have k e n  developed for virai and 

bacterial agents, but none has achieved wide-spread acceptance or proven their clinical utility 

(Bartlett & Mundy, 1995). The difliculty surrounding the diagnosis of pneumonia with current 

techniques have prompted some to question the use of routine testing (Woodhead et al., 199 1; 

Antoniou & Grossman, 1 995). At present, most therapy is based on empirical considerations 

with precise etiology playing oniy a limited role in therapeutic decisions. 

Summary and Conclusions 

The above considerations make it evident that innuenza is a major cause of morbidity 

and mort* in the elderly. Traditional approaches that emphasize epidemic versus non- 

epidemic years, or that seek to calculate excess only during epidemics obscure the measurement 

of the annual predictable morbidity associated with inûuenza in the elderly. Studies that 

aggregate the elderly into one age-group likely obscure important Merences between age- 

groups. Limiting the consideration of the impact of influenza to pneumonia mortality and 

hospitaiizations may a h  miss significant hcreases in morbidity associated with other conditions. 

Time-series anaiysis can cornpiement information derived fkom age and sex standardized rates 
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and help to generate a more robust and thorough appreciation of the impact of influenza on the 

elderly popdation of Ontario. 

The focus on the existence of excess mortaiity, which, although of great importance, may 

no t be the only important indicator of the serious heaith impacts of influenza on a population. 

Consequently, seasons labeiied non-epidemic in tenns of mortality, may have been sipifkant in 

terms of morbidity. This can occur when influenza periods are not intense, but long and 

protracted. Analysis of the mortalay patterns of the 1978 HlNl epidemic fded to show excess 

mortality, though absequent adysk mdicated considerable morbidity (Barker, 1 986). The 

focus upon i d e n m g  epidemic years of iduenza or of seekmg excess fiom projected baselines 

using mortality can therefore obscure the annuai increases in morbidity caused by Muenza. 

From the point of view of heaith seMces and planning, it is likely that estimates of morbidity 

caused by infiuenza wili yield more important mformation. 

The Nicol and McBean studies demonstrate the power and utility of large administrative 

data bases for retrospectively assessing the effects of influenza on a population. The existence of 

a large administrative data base of all discharge separations nom Ontario ailows the oppominity 

to perform similar studies. The utility of this wodd be to quant* the extent to which infiuenza 

contriibutes to heaith service utilization by the elderly. It can thus serve as a marker for 

detenniniag how well the public health objectives of influenza control are king met, as weil as 

providing the grounds for the estimation of the costs incurred by influenza and may contribute to 

the foundation of rationai health services planning. 

This thesis will seek to conkm the work of McBean et aL, by empIoyhg a similar 

methodology to estimate the impact of influenza on the admission rates for targeted conditions. 

It wiU extend theu work by examining in detail the age and sex specific admission rates for these 
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targeted conditions. A detailed anaiysis of the digerences betweec age groups and sexes has not 

been published using Ontario data 

The thesis wül also seek to corroborate the findmgs of Perotta et al. This study wiLl 

extend the use of time series models to examhe congestive hart Mure, chronic respiratory 

disease and acute bronchitis. The expikit focus on admissions m the elderly for these conditions 

constitutes an origmal contr%ution to the literature. 



Objectives 

Cbart Audit: 

1) To examine the validity for the coding of pneumonia in the HMRYCW database 

Cornparison of Influenza Seasons: 

1 .) To calcukte the age and sex specific and adjusteci rates of admission for pneumonia, acute 

bronchitis, chronic respiratory disease, and congestive heart fidure for five inûuenza seasons 

&om 1988- 1993. 

2 .) To estimate the impact of iduenza on the risk of admission for the same conditions by 

comparing influenza seasons to interim periods when iduellza is not circulating. This estimate 

can be regarded as the seasonai excess attriiutable to influenza 

The a priori hypothesis to be tested is that influenza seasons are associated with increased 

hospital admission rates for each defined diagnosîic group. 

Time Series Aaalysis: 

1 . ) To estimate the strength of the correlation between the circulation of infiuenza v i m  and 

admissions for pneumonia, acute bronchitis, chronic respiratory disease and congestive heart 

Mure for each influenza season. 

The @priori hypothesis to be tested is whether there is a significant positive correlation between 

the circulation of iduenza viruses and increases in hospital admissions for each defined 

diagnosis group. 

2) To estimate the iag t h  between the peak circulation of influenza virus and the admissions 

for the same conditions. 



Methods and Approach 

Data Sources 

A) Chart Audit 

Three hospitals were selected &om which to c o k t  chart information. The Chesley and 

District Mernorial Hospital, a srnaIl20 bed hospital that serves a rural c o r n m u .  with a 

catchment population of approximately 10,000 persons; The County of Bruce Hospital, a 100 

bed hospital serving the southem portion of Bruce County; and The Sunnybrook Health 

Sciences Centre, a 1024 bed teaching hospital in Metroplitan Toronto. Permission for access to 

charts was granted by each institution for the purposes of collecting information regarding the 

utilization of diagnostic tests and the coding for the diagûosis of pneumonia No personal 

identifiers were taken fiom the charts. Charts were requested fiom the diagnostic codes for 

pneumonia, as well as congestive heart Mure, acute bronchitis and c hronic obstructive 

pulmonary disorders. 

A form was developed for data collection. ( Appendix 2 ) Demographic variables , place 

of residence prior to admission, place discharged to and vital statu were recorded. Miormation 

on diagnostic test u t h t i o n  was abstracted fiom the chart. information on the fo Uowing tests 

were coilected: haemoglobin, white blood ce11 count, electrolytes, blood urea nitrogen, 

creatinine, anci arterial blood gases; microbiological studies included sputum cultures, blood 

cuhures, serology, urinary ant igen studies and b o a t  washing s or nafo pharyngeal aspirates; 

chest radiographs anci their interpretation by the radio Io gist was recorded. The diagnostic coding 

was recorded @om the discharge separation sheet that is submitted to HMRI/CTHi. 

Values coilected for the blood tests consisted of the fkst recorded value and therefore 
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represented the admission value. Results &om rnicrobiology and radiology referred to ali tests 

ordered during the first week of admission For example, if three sets of blood cultures were 

ordered, and di were negative, the results were recorded wgative. If however, any reported 

micro biologicaI specimen was ordered during the first week and found to be positive, it was 

recorded as positive. For radiological reports, ail reports extant on the chart that were ordered 

during the hospitai admission were examined. If the report was consistent with pneumonia, and 

the radiograph was ordered less than one week after admission it was recorded as positive. This 

was to screen out nosocornial pneumonia contnicted during prolonged admissio m. 

The chart audit data were entered into a data base ushg Epi-Info version 6.02. All data 

were abstracted by the student. 

A sample of 225 charts form the years 1990- 1993 were drawn: 50 each fkom the Chesley 

and District Mernorial Hospital and the County of Bruce Generd Hospital and 125 fkom the 

. . 
Sunny brook Health Sciences Centre. The hospitais were chosen on the basis of administnitive 

ease of access to the charts. Inclusion cnteria were : age pater than 65 years old on admission, 

admission with a diagnosis of pneumonia, chronic obstructive pulmonary disease, acute 

bronchitis or congestive heart fàiiure. It was requested that 66% of the charts be for patients 

with a diagnosis of pneumonia, and that 75% of the cbarts be nom a period during which 

influenza circulated. Charts were excluded if the patient was less than 65 years old, was 

tram ferred Eorn a different institution, or contracted pneumonia during the admission. 

B) Ontario InfIuenu Surveillance Data 

Mueaza surveillance is conducted anndy by the Public Heaith Branch of the Mbstry  

of Health in Ontario. Surveillance commences in October and continues untii the end of April. 
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Influenza is a reportable disease under Ontario regulation 55 919 1 of the Health Protection and 

Promotion Act. The data inchdes laboratory surveillance, reports of influenza through the 

reportable disease information system (RDIS), reports of institutional outbreaks and through 

absenteekm and Wess surveiiiance at selected schools . 

As a reportable disease, influenza m u t  be reported to medical offices of heaith in 

Ontario. Laboratories that isolate influenim virus follow a protocol to forward information to the 

medical officer of health in the health unit where the case resides. The data are entered into the 

RDIS data base. As well, 1 0 laboratones in Ontario participate in influeoza surveillance. The 

Laboratory Centre for Disease Control (LCDC) in Ottawa contacts the iaboratories weekly 

during the inûuenza season. LCDC forwards the resuits of the weekly innuema to tals to the 

Disease Control Service of the Public Health Branch where they are tabulated and pubiished in 

the Public Heaith Epidemio logy Report of Ontario (PHERO) in an annual report on the 

intiuem season. 

Laboratory confirmation consists of either isolation of virus firom nasal or phasageal 

secretions, direct antigen detection fiom nasai or pharyngeal secretions or a demonstrated four- 

fo Id rise in hemagglutination titres to influenza virus âom serological specimens coUected at the 

omet of iliness and four weeks later. The majority of laboratory c o h e d  iaauenza infections 

are either virus isolation or antigen detection. 

For the purposes of this study, influenza seasons were defined on the basis of reported 

laboratory confïrmed cases fiom Ontario. An idluenui season was defined as comrnencing with 

the isolation of influenui virus on consecutive weeks and encihg when no M e r  W Mons were 

made. 

Weekly totals for the ineuema seasons were obtained fiom the Laboratory Centre for 



Disease Controi in Ottawa 

HMRUCIHI 

The Hospital Medical Records Institute, renamed the Canadian Institute for Health 

Mormation, is a federdy chartered non-pro nt non-governmental organization that collects and 

analyses heaith information derived fkom a standardized discharge separation abstrac t . The 

Institute for Clinical Evaluative Sciences, sited at the Sunnybrook Health Sciences Centre, has 

been granted permission to use the data base for research purposes. 

On discharge each chart has administrative and clinical variables abstracted by a medicai 

records clerk. Data are collected on a &al year basis fiom April 1 - March 3 1 .The database 

provides information on dernographic variables such as age and sex, residence, admission date, 

discharge date, length of stay, diagnosis and procedures. Diagnosis codes can accommodate up 

to sixteen diagnoses. DiScbarge diagnoses are classified according to the IntemationaI 

Classification of Diseases (ICD-9) classification A physician field is included that identines the 

specialty of the physician rendering services to the hospitalized patient. 

Uniform standards are set by the iostmite. Compulsory fields include a principal 

diagnosis (most responsible diagoosis). Abstracts tbat fail to include compulsory fields are 

retumed to the hospital of origin. Data quaiity issues have k e n  addressed in a study sponsored 

jointly by the Ontario Ministry of Health, the Ontario Hospital Association and the Hospital 

Medicai Records Institute (Anon, 199 1) The report indicated that of aii the diagnosis codes, the 

most responsible diagnosis had the highest agreement. Co- for other conditions besides the 

most respo nsible diagno sis was found to be discretionary and subject to individual int erpretatio n. 

Extraction of Study Files 

Data fiom standard mes were abstracted fkom fiscal years April 1 to March 3 1 1988- 
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1 993. Extracted variables were age, sex, birth date, health care nurnber, diagnosis codes 1 -8, 

admission date, discharge date, Iength of stay, bspitai, hospital region, and vital status on 

separation date. The fo llowing ICD-9 codes were included: Pneurno nia and Muenza: 480.0- 

487.0; Acute Bronchitis: 466.0-466.1; Chronic Respiratory Disease: 490.0-492.0 and 

Congestive Heart Failure: 428 .O-428.9. 

AU records were included if the age was 65 years old or greater and a resident of 

Ontario. A hierarcbical d e  was used to create data sets for each diagnosis group. Each 

diagnosis group was constnicted by extracthg records for the target condition when it appeared 

in the fïrst or second diagnosis code, exclusive of the presence of the other diagnosis groups in 

any diagnosis code. 

The records were sorted by admission date and sen Age groupings were created as 

follows: 65-74,75-84 and 85+. ICD-9 codes were then aggregated into four groups: 

pneumonia and influenza, acute bronchitis, chronic respiratory disease, and congestive heart 

M u r e .  Weekly data £ües were created for each dhgnosis group overail and by age group and 

sex ushg the SAS program PROC EXPAND which can be used to convert data recorded by 

day to weekly aggregates. The weekly series extends fiom April8 1 98 8 to Marc h 3 1 1 994. With 

this series it is possible to examine 5 influenza seasons: 1988-89, 1 989-90, 1990-9 1, 199 1-92, 

1992-93. 

Popuiation Data 

Population data were obtained for Ontario for the years 1988- 199 1 on the b i s  of 

intercensal estimates pubiished by census Canada 199 1 was a census year, so census data were 

used. 1992-1993 populations were drawn fkom extrapolations fiom Census Canada These 

estirnates were used to calculate the age specific rates of admission for each influenza season. 



For standardkation, the 1986 population korn Statistics Canada was used. 



Methods of Analysis 

Chart Audit 

All variables extracted in the chart audit were examined for their distri'butions. The 

distributions of the diagnosis codes were tabulated as were d dtagnostic procedures. 

Percentages of diagnostic testing for each diagnosis code for pneumonia were caiculated. 

A decision d e  was created to determine whether the chart data supported a diagnosis 

of pneumonia as follows. D e m e  pneumonia: two or more of the clinical syrnptoms: malaise, 

cough, dyspnea and sputwn production; radiographic evidence of pneumonia defined as a 

radio Iogist 's interpretation of a film king consistent with pneumonia and blood culture or 

pleural fluid culture of a causative organism Probable pneumonb consisted o f  two or more 

clinical signs and symptoms; radiographic evidence consistent with pneumonia and sputum 

iso kition or sero log ical evidence of a causative organism. Possible pneumonia consisted of two 

or more clinical sigm and symptorns and radiographic evidence consistent with peurnonia 

Pneumonia, diognosis uncertain consisted of two or more clinical signs and symptoms; no 

causative organism wlated and chest radiograph reported as negative. AU ICD-9 codes for 

pneumonia as the principal diagnosis were classified according to these criteria and percentages 

of records meeting these criteria were calculated. Principal diagnoses O ther than pneumo nia 

were examuied to detemine if pneumonia exkted in these categories but was incorrectly coded. 



Calculation of Rates 

Age specific annualized rates were calculated for each age and sex group for each 

influenza and interim s&es for five years. Age and sex adjusted standardized anniiali;red 

admission rates were calculated. Weekly counts were aggregated for each diagnosis group 

according to age and sex and summed for each of the five infiuenza seasons in order to create 

numerators . Interim period rates were calculated by the sanie method on the basis of a 

comparable number of weeks commencing June 1. This was necessary as infiuenza can be 

ûolated as late as May in some seasons. Denominators for each season were constnicted fiom 

the census estimate for the year in which the infiuenza season ended. Therefore, the denominator 

for both the influenza season and the interim period were for the same year. The ratios were 

calculated by dividing the influenza season by the interim period for both age specific rates and 

age and sex adjusted rates. 95% confidence intervais for the age specifïc rates were calculated 

foUowing the method of Chiang (Chiang, 1 984). 

Time Series Anatysis 

Tirne plots were created for each diagnosis gmup and for influenza isolates by 

aggregating the weekly totals for each diagnosis group. Each season was analysed f?om the 

onset of consecutive weeks of reported isolations until the end of the season. 

Time series models were fit to the data using Eviews software. Models were constructed 

following the method established by Box and Jenkins. The process entails three steps: 

identification, estimation and diagnosis. For identification one examines the autocorrelation 

fùnction and partiai autocomelation function. Identification of the input series, influenza, 

indicated that fitting AR(I) modeis was appropriate. Coefficients were then estimated using 

ordinary least squares. Co-efficients must be statistically significant to remain in the rnodel. The 
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adequacy of this mode1 is assessed by the Q statistic which indicates whether the input series has 

any residual autocorrehtion structure remainmg. The Q statistic tests the hypothesis that ali the 

lags of the residual series are uncorreiated. After the same AR(1) term was irnposed on the 

output series ( pneumonia, congestive hart M u r e ,  chronic obstructive puimonary disease, and 

acute upper respiratory disease) cross correlations were calcuiated on the residuals of each 

series. Significant correlations are defïned as those that exceed twice the standard error. As yet, 

there is no method to place confidence intervals on estimated cross-correlations Time series 

methodology is discussed in detail in Appendix 1. 



Results 

In this chapter, tables will be incorporated into the text and figures will be found at the 

end of the chapter. The r e d t s  wiU be presented sequentially according to the objectives of the 

thesis. Consequently, the results of the cbart audit will be presented fïrst, foiiowed by the 

detailed examination of milal ized admission rates and finally the time series anaiysis. 

Objective 1 

225 charts were selected by the participating institutions. 183 met the inclusion criteria 

20 were excluded because the patient was traasferred fiom another institution, 1 2 were excluded 

because the chart was nom a patient less than 65 years old, and 10 were excluded because of 

nosocornial pneunonia 

102 of 1 83 charts that met the inclusion criteria for aiLaysis were fiom the diagnostic 

codes for pneumonia, 28 were fiom the diagnostic codes for congestive heart Mure, 33 for 

chronic O bstnictive lung disease and 20 fkom acute upper respiratory disease. The mean age of 

the chart audit sample was 79.6 years old. There were 102 males and 8 1 fendes. 

Table 1 shows the breakdown of pneumonia codes according to the a priori 

classification protocol. 81 of 102 (79.4%) charts coded for pneumonia were found to be either 

defkite (3) probable (1 1) or possible (67). The other 21 were classified as uncertain. 

In the uncertain category, 12 were reported as having no radiographie evidence of 

pneumonia, and wouid likely be more accurately coded as acute upper respiratory disease; 4 had 

congestive heart fàiiure or pleural eaisions thought to be secondary to congestive heart Mure 

and 5 charts lacked sufEcient data to properly classe according to the decision protocol. 

Of the 8 1 charts drawn fiom the non-pneunonia codes, no charts had evidence that 



supported a primary dmgnosis of pneumonia according to the classincation protocol. 

For the 91 charts classified as ICD-9 codes 485.0 and 486.0,87 had chest radiographs. 

Of these, 70 (77.7 %) were interpreted by radio logists as consistent with pneumonia. 12 (1 3 -3 

%) were reported negative, 3 had pleurai efhsions, 1 was reported as congestive hart Mure. 1 

bad no report avaiiable on the chart. 

Of the twelve reported wgative chest radiographs, 10 had chical si- and symptoms 

consistent with pneumonia, but no microbiological evidence of a causative organism. For the 

other two, no clinical data were recorded. However, one of these cases had a blood culture 

positive for escherechiu d i .  

Of the 70 cases coded for no specific etiology and with radiographic evidence of 

pneumonia, 1 case had a positive blood culture for Group A streptococcus ( ICD-9 code 482.3) 

and signs and symptoms compatible with pneumonia. 6 had positive sputum samples: one case 

each of streptococcus pneumoniae, hemophilw hIfluenz, pseudomonas aeruginosa and 

branhurnella cafarhallis and two cases with mixed growth: one wiîh klebsiella and e-coli and 

one with sneptococcus pnewnoniae and stuphyZococcus aureus. This would represent a possible 

10% misclassification rate on the basis of etiology. 

Of the 1 1 cases with etiologies identifie4 aiI met clinical criteria and 1 0 had radiographic 

evidence of pneunonia Etiologic diagnosis was made on the basis of blood cultue for two 

cases, and by spuhun culture for four cases and urine culture for one case . No causal organism 

could be determined for 4 cases. No cases were diagnosed on the basis of serology, pleural fluid 

culture or trans-tracheai aspirates. Consequently, 36% of the charts with etiologic diagnosis 

listed had no supporthg evidence for the etiology . 

Of the 81 charts drawn fkom ICD-9 codes 466.0,428.0-428.1, and 490.0-496.0, no 
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cases were found in which radiographie evidence of pneurnonia was reported by the radiologist. 

Table 1 : Classification of Pneumonia by Decision Rule 

Diagnostic Utilization 

Although the primary intention of the audit was no t to enumerate the to ta1 number of 

laboratory tests ordered for each patient, a secondary objective was to determine whether 

serological or viral isolation studies were used in the diagnosis of pneumonia. The order sheets 

and laboratory results section of each chart that was coded fkom ICD-9 480487 was examhed 

for a record of vKal serology, throat or nasopharyngeal washings, or Wal culture. Two charts 

contained virai studies. One set of tissue cultures was ordered by a pathologist pst mortem, and 

one set of culture was ordered for a patient suffiering 60m pneumonia secondary to a herpes 

virus infection. Contrarily, 776% of patients with pneumonia had blood cultures and 62.1% had 

sputum examinations ordered. As well, it is of interest to note that the influenza imrnunization 

status was not noteci on any patient chart. 

Objective 2 

Pneurnonia Code 

Viral 
480.00-480.90 

Pneumococcal 
48 1 .O0 

Other Bacterial 
482.00-484.00 

Pneumonia 
Unspecified 

485.00-486.00 

Total 

In this section the results for each diagnostic group will be presented in detail. The 

general format will be to present the age and sex adjusted a n n d k d  rates first, followed by the 

Num ber 

1 

4 

6 

9 1 

102 

De finite 

O 

2 

O 

1 

3 

Probable 

O 

i 

2 

8 

1 1  

Possible 

1 

O 

3 

63 

67 

Uncertain 

O 

1 

1 

19 

2 1 
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age specifïc a~uaiized rates for males and then fernales. A table surnrnarizing the salient results 

wiU be found at the conclusion of this section. 

Rates of Admission: 

Table 2 shows the characteristics of the predominant infiuenza strains, the defined 

influenza seasons and interim periods for the study. 

Table 2: Influenza Isoiates and Characteristics : 1988-1993 

Paeumonia 

Age and ses adjusted annualized rates: 

The age and sex adjusted annualized admission rates per 1 00,000 population varied fkom 

year to year. Table 3 shows the annualized age and sex adjusted admission rates per 100,000 

perçons for each influenza season and interim period. The highest age a .  sex adjuted 

annuaiized admission rate was associated with the 1 990- 1 99 1 influenza season: 1 7,668 per 

100,000. The lowest age and sex adjusted annualized admission rate was associated with the 

1988- 1989 influenza season: 1 1,867 admissions per 100,000 persons. The percentage hcrease in 

cornparison to the interim period ranged fiom a low of 33% for the 1988- 1989 season to a high 

of 62% for the influenza season of 1992- 1993. 

Tabk 3: Age and Sex Adjusted Annualized Admission Rates: Pneurnonia 

Y ea. 

1992-93 

Ptedom inant Influenza 
Isolates 

NBeijing H3N2 (48%) 

Dates of Influenza 
Season 

1 U11192-05/07/93 

Dates of Interim Period 

06i06/93- 1 0124193 



Age Specific Rates: 

The annuaiized age specific rates of admission for pneumonia were higher in each age 

group in each infiuerila season for males compared to females. In the O Idest age group, the male 

admission rate rangeci fiom 57% to 90% higher than the fernale rate. The range in percentage 

difference between males and f e d e s  in the 75-84 age group was 52 to 73%. For the 65-74 age 

group the range in percentage diffaence was 9 to 54%. 

Pneumonia 

Ma les 

Each influenza season showed non-overlapping confidence intervals in am-d age 

specific rates for each age group in cornparison with the interim period. Tables 4-6 show the 

estimates of the amuaIized admission rates for both the innuema season and interim period and 

the 95% confidence intervals for males and pneumonia. For the 85+ age group, the percentage 

increase rate of admission ranged f?om 2747% compared to the interim. For the 75-84 age 

group the percentage increase raaged fkom 43-55%. For the 65-74 age group the percentage 

increase ranged fiom 2 1.36%. 

The ann&ed age-specsc admission rates for pneumonia were 1.85 to 2.24 times 

higher in the 85+ category compared to the age 75-84 age group for each comparable influenza 

season and 6.2 to 9.9 times higher compared to the 65-74 age group for each comparable 

Y ear ln fluenza Season lnterim Period Ratio 



influenza season. Figure 1 shows the cornparison of the annmked age specific admission rates 

For the influenza seasons 1988- 1989 to 1992- 1993. 

Table 4: Annuaüzed Admission Rates per 100,000: Males 85+ Pneurnonia 

Y ear U95 Influenza L95 U95 Tnterim L95 Ratio Non 
Overlapping 

C.1. 
1988-89 5037 4635 4232 4009 365 1 3294 1.27 Yes 

1990-9 1 5 800 538 1 4963 4226 3871 3518 1.39 Yes 
1 99 1-92 7533 6977 6423 5810 5325 , 4841 1.31 Yes 

' 
1992-93 5556 5171 4787 3 847 3529 3212 1.47 Y S  

Table 5: Anndked Admission Rates per 100,000: Males 75-84 
L 

Table 6: Amualized Admission Rates Der 100.00: Males 65-74 

L95 I Ratio I Non 
Overlapping 

Fernales: 
Similar to the d e s ,  each intluenza season was associated with non-overlapphg 

MaIes 65-74 

confidence intervals in cornparison to the interim period. Tables 7-9 show the estimated 

Y ear 

1988-89 

i 989-90 
1 990-9 1 
1 99 1 -92 

U95 

795 

903 

863 
920 

Influenza 

745 

850 

8 16 
863 

L95 

695 

800 

U95 

608 

750 

Interim 

566 

703 
766 

81 1 
600 

653 
642 

702 

L95 

521 

655 
555 

607 

Ratio 

1.32 

1.21 

Non- 
overlapp ing 

C.I. 
Yes 
Yes 

1.36 

1.32 
Yes 
Yes 
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annualized admission rates per 100,000 and the 95% confidence intervals for females and 

pneurnonia. The range of percentage increase for females 85+ was 47 to 65%; for the 75-84 age 

group: 48 to 79% and for the 65-74 age group: 24 to 70%. 

The annualized admission rates for the oldest fernale age group were 1.7 to 2.1 times 

higher than the 75-84 age group for each intluenza season and 4.7 to 5.5 times higher than the 

65-74 age group for each comparable influenza season. Figure 2 shows the age specific 

annualized admission rates for each influenza season fiom 1988 to 1993. 

Table 7: Annualized Admission Rates per 100,000: Females 85+ Pneumonia 

1 1992-93 i 3040 i 2855 i 2675 i 1845 I 1705 i 1563 i 1.7 i Yes I 

Year 

1988-89 

1989-90 

1990-9 1 

Ta bie 8: Annualized Admission Rates per 100,000: Females 75-84 Pneumonia 
A 

11991-92 1 3963 1 3707 1 3452 1 2548 1 2344 1214111.581 Yes 1 

U95 

3145 

3292 

30 13 

Y ear 

1 Y 88-89 

Table 9: Annualized admission Rates per 100,000: Femdes 65-74 Pneumonia 
J 

Iafluenza 

2937 

3087 

2818 

19 89 -90 
1990-9 1 

199 1-92 

U95 

147 1 

L95 

2726 

2884 

2629 

65-74 
1 ! 

infiuenza 

1389 
- - - - - 

1782 

1 660 

2285 

U95 

2 176 

202 1 

2053 

1605 

1492 

2052 

-- - 

1695 

1576 

2 170 

L95 

1308 

Year 

1988-89 

Interim 

2003 

1863 

1895 

IO18 

1 026 

1300 

Non- 
overfapping 

C.I. 
Y= 

L95 

497 

interim 

434 

U95 

1 003 

U95 

468 

U95 

576 

L95 

1829 

1705 

1740 

950 

960 

1215 

L95 

400 

influenza 

537 

lnterim 

934 

Ratio 

1.24 

Ratio 

1.47 

1.65 

1.49 

884 

895 

1126 

Non- 
overlapping 

C.I. 
Yes 
Y= 
YS 

L95 

868 

1.78 

1.64 

1.79 

Ratio 

1.48 

Yes 
Yes 
Y ~ s  

Non- 
overlap pine 

C -1. , 

Y= 



Congestive Heart Failure: 
Age and Sex Adjusted Annualized Rates: 

1989-90 

1990-9 1 

199 1-92 

1992-93 

The age and sex adjusted annualized admission rates varied from year to year. The rates 

ranged fiom a high of 2 1,763 per 100,000 for the 199 1 - 1992 influenza season to a low of 

14,928 per 100,000 for the 1989- 1990 infiuenza season. The percentage difference to the 

interim period ranged from a low of 3% for the 199 1 - 1992 influenza season to a high 1 7% for 

the 1990- 199 1 influenza season. Table 10 shows the annualized age and sex adjusted admission 

rates per 100,000 for each infiuenza season and interim period. 

Table 10: Age and Sex Adjusted Annualized Admission Rates: Congestive Heart Failure 

1 Y ear ( ~nnueoza season 1 interim 1 Ratio 1 

1 

61 1 
568 

844 
595 

Age Specific Rates 

The annualized age specific rates of admission for congestive heart failure were higher in 

each age group in each influenza season for males compared to females. In the oldest age 

group, the male admission rate ranged from 5% to 24% higher than the fernale rate. The range in 

percentage difference between males and females in the 75-84 age group was 22 to 34%. For 

57 1 
529 
793 

560 

532 
495 
74 1 

523 

405 
4 13 

507 

3 90 

374 
382 
467 
363 

342 
350 
426 
333 

1.53 

1.39 

1.7 
1 54 

Y s  
Yrs 
Y ~ s  
Y ~ s  



the 65-74 age group the range in percentage dserence was 41 to 88% higher. 

M a  les: 

For the 85+ age group non-overiapping confidence intervals of annuaiized admission 

rates were found in the 1989- 1990, 1990- 199 1, and 1992- 1993 influenza seasons. For the 75-85 

age group, statisticdy signifiant increases were found in each innuema seamn except 199 1 - 

1 992. For the 65-75 age group,non-overlapping confidence intervals for admission rates were 

found for the 1988-89 and 1992-93 seasors only. The range of percentage increase for the 

non-overlapping years ranged kom 22 to 33% for the 85+ age group, 11 to 15% for the 75-84 

age group and 1 7 to 24 % for the 65-74 age group. Tables 1 1 - 13 shows the estimated 

ann&d age specific admission rates and 95% confidence intervals for d e s  and congestive 

heart fàilure. 

The annuaIized age specifïc admission rates were 1.3 2 to 1 .5 5 times higher in the 85+ 

age group compared to the 75-84 age group and 3.68 to 4.40 times higher than the 65-74 age 

group. Figure 3 shows the cornparison of the annuaiized age specinc admission rates for the 

influenza seasons f?om 1988 to 1993. 

Table 11: Anniialized Admission Rates per 100,000: Males 85+ Congestive Heart Failure 

Y ear U95 ln fluenza L95 U95 lnterim L95 Ratio Non- 
overlapping 

C.I. 
1988-89 43 52 3980 3606 3865 3515 3164 1.13 Yes 
1989-90 451 1 4139 3767 3717 3381 3044 122 YS 
1 990-9 1 4884 4502 4121 371 3 3381 3050 1.33 Yes 

r 

1991-92 5786 5302 4819 1 5438 4969 4501 1 .O7 No 



Table 12: Annualized Admission Rates per 100,000: Males 75-84 Congestive Heart Failure 
J 

Table 13: Annualized Admission Rates Der 100,000: Males 65-74 Congestive Heart Faiiure 

Fernales: 

Non-overlapping confidence intervais for annualized age specific admission rates in 

cornparison to the interim penod were associated with the 1988- 1989, 1990- 199 1, 199 1 - 1992 

and 1992-1993 influenza seasons in the 85+ age group. For the 75-84 and 65-74 age groups 

non-overlapping confidence intervais for annualized age specific admission rates were found for 

the 1988- 1989 and IWO- 199 1 influenza seasons ody. The range of percentage increase for the 

infiuenza seasons was 14 to 3 0% for the 85+ age group, 8- 1 5% for the 75-84 age group, and 

17- 18% for the 65-74 age group. Tables 14- 16 shows the estimated annualized age specific 

admission rates and 95% confidence intervals for each influenza season in cornparison to the 

interim period for females and congestive hem failure. 

The annualized age specific admission rates were 1.6 to 1.65 times higher in the 85+ age 

group compared to the 75-84 age group and 5.45 to 5.98 times higher than the 65-74 age 

Year 

1988-89 

1989-90 

1990-9 1 

199 1-92 

U95 

1110 
992 

1 087 
1522 

Influenza 

1050 
939 

1029 

1 44 1 

L95 

990 

884 
971 

1363 

U95 

897 

966 

976 
1556 

interitu 1 L95 Ratio 

1.24 845 
910 

92 1 
1474 

Non- 
overlapping 

C.I. 
YCS 792 

858 

842 

1396 

1.03 

1.12 

0.98 

NO 
NO 
NO 



group. Figure 4 shows the cornparison of the annualized age specific admission rates for each 

age group for females and congestive heart failure. 

Table 14: Annualized Admission Rates per 100,000: Females 85+ Congestive Hem Faiiure 

Table 15: Annualized Admission Rates per 100,000: Females 75-84 Congestive Heart Fdure 
b J 

1990-9 1 

1991-92 

Table 16: Annualized Admission Rates Der 100.00: Females 65-74 Coneestive Heart Faiiure 

3850 

5337 

Cbronic Respiratory Disease 
Age and ses adjusted annualized rates: 

Year 

1988-89 

1989-90 

1990-9 1 

199 1-92 

The age and sex adjuaed annualized admission rates per 100,000 population varied fiom 

3634 

5037 

U95 

69 1 
66 1 

734 

967 
i 

3418 

4737 

infiuenza 

655 

62 1 

692 

91 1 
i 

3279 

4707 

L95 

613 

582 
653 

856 

3081 

4130 

U95 

597 

613 

62 1 
956 

1 

2879 

4152 

lnterirn 

5 58 

57.1 

584 

896 

1.17 

1.14 
Yes 
Yts 

L95 

521 

537 

545 

841 

Ratio 

1.17 

1.08 

1.18 

1.02 
i 

Non- 
overlapping 

C.I. 
Yes 
NO 
Y= 
NO 
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year to year. The highest age and sex adjusted annualized admission rate was associated with the 

199 1 - 1992 influenza season: 12,049 per 100,000. The lowest age and sex adjusted annualized 

admission rate was associated with the 1988- 1989 influenza season: 9,227 admissions per 

100,000 persons. The percentage increase in comparison to the interim period ranged from a 

low of 2 1% for the 1988- 1989 season to a high of 43% for the influenza season of 1992- 1993. 

Table 17 shows the annuaiized age and sex adjusted admission rates per 100,000 persons for 

each infiuenza season and interim period. 

Table 17: Annualized Age and Sex Adjusted Admission Rntes: Chronic Obstructive 

Pulmonary Disease 

Age Specific Rates 

The annualized age specific rates of admission for chronic obstmctive pulmonary disease 

were higher in each age group in each influenza season for males compared to females. In the 

oldest age group, the male admission rate ranged fiom 175 to 240 % higher than the female rate. 

The range in percentage difference between males and females in the 75-84 age group was 91 to 

156% higher. For the 65-74 age group the range in percentage difference was 65 to 93% higher 

in females compared to males. 

Y car 

1988- 1989 

[nfluenza Season 

9227 

Interhl Period 

7527 

Ratio 

1.21 



Males 

For the 85+ age group, there were 110 non-overlapping confidence intervals for the 

annualized age specific admission rates for the influenza period compared to the interim penod. 

For the 75-84 and 65-74 age groups, al1 influenza seasons were associated non-overlapping 

confidence intervais in comparison to the interirn. The range of percentage increase was 17 to 32 

% for the 75-84 age group and 24-69% for the 65-74 age group. Tables 18-20 show the 

estimated annualized age specifk admission rates per 100,000 and 95% confidence intervais for 

influenza seasons and intenm periods from 1988-1 993 for males and chronic lung disease. 

The annualized age specific admission rates were 1.18 to 1.20 times higher in the 85+ 

age group compared to the 75-84 age group and 2.6 to 2.9 times higher in comparison to the 

65-74 age group. Figure 5 shows the comparison of the annualized age specific admission rates 

for each age group for males and chronic lung disease for the influenza seasons 1988 to 1993. 

Table 18: Annudized Admission Rates per 100,000: Males 85+ COPD 

Table 19: Annuaiized Admission Rates Der 100,000: Males 75-84 COPD 

Year 

1988-89 
1989-90 
1990-9 1 

U95 

2150 
2218 
2355 

Influenza 

2026 
2095 
2224 

L95 

1903 

197 1 
2092 

U95 

1725 
1784 

h e r h  

1613 
1676 

2029 1 1908 

L95 

1503 

1563 
1787 

Ratio 

1.26 

1.25 

Non- 
overlapping 

C.I. 
Yes 
YS 

1.17 Yes 



Table 20: Annualized Admission Rates per 100,000: Males 65-74 COPD 
J 

1 Year 1 U95 1 hihenza 1 L95 1 U95 1 [ore- 1 L95 IRatio 1 Non- 1 

Females 

For the 85+ age group, only the 1989- 1990 influenza season was associated with non- 

overlapping confidence intervals between the intluenza season and the interim period (34%). For 

the 75-84 age group each influenza season was associated with non-overlapping confidence 

intervals. For the 65-74 age group, each influenza season except 1989-1990 was associated with 

non-overlapping confidence intervals between the two penods. The range of percentage increase 

between the influenza season and interim was 20 to 49% for the 75-84 age group and 15 to 4 1% 

for the 65-74 age group. Tables 2 1-23 show the estimated annuaiized age specific admission 

rates and 95% confidence intervals for each influenza season and interim period for females and 

chronic lung disease. 

The annualized age specific admission rates ranged fiom 17% iower to 3% higher for the 

85+ age group in comparison to the 75-84 age group and were 1.6 to 1.82 times higher in the 

85+ age group compared to the 65-74 age group. Figure 6 shows the comparison of the 

annualized age specific admission rates for the age groups for the influenza seasons 1988 to 



Table 2 1: hnualized Admission Rates per 100,000: Females 85+ COPD 

Year U95 Influenza L95 U95 InterÛn L93 Ratio Non- 
overlap ping 

Table 22: Annualized Admission Rates per 100,000: Femdes 75-84 COPD 
I 

Table 23: Annudized Admission Rates per 100,000: Females 65-74 COPD 
L 

Y ear 

1988-89 
1989-90 
1990-9 1 

Y ear U95 Influenza L95 U95 interirn L95 Ratio Non- 
overlapping 

C.I. 

Acute Upper Respiratory Disease 
Age and sex adjusted annualized rates: 

U95 

855 

1008 
1032 

The age and sex adjusted annualized admission rates per 100,000 population varied from 

year to year. The highest age and sex adjusted annualized admission rate was associated with the 

Muenza 

792 
942 
966 

199 1 - 1992 infiuenza season: 3,383 per 100,000. The lowest age and sex adjusted annualized 

L95 

732 
876 
900 

U95 

7 13 

739 

755 

inter& 

658 
684 
700 

L95 

603 

626 
645 

htio 

1.2 
1.38 
1.38 

Non- 
overlapping 

C.I. 
Y= 
YS 
Yes 



admission rate was associated with the 1992- 1993 influenza season: 2362 admissions per 

100,000 persons. The percentage increase in cornparison to the interirn period ranged fiom a 

low of - 10% for the 1992- 1993 season to a high of 32% for the influenza season of 1990- 199 1. 

Table 24 shows the annuaiized age and sex adjusted admission rates per 100,000 persons for 

each influenza season and interirn penod. 

Table 24: Age and Sex Adjusted Annualized Admission Rates Acute Upper Respiratory Disease 

Acute Upper Respiratory Disease 

Age Specific Rates 

The annualized age specific rates of admission for acute upper respiratory disease were 

higher in the 85+ and 75-84 age group in each influenza season for males compared to females. 

In the oldest age group, the male admission rate ranged nom 99 to 169% higher than the female 

rate. The range in percentage difference between males and fendes in the 75-84 age group was 

24 to 53%. For the 65-74 age group the range in percentage difference was O to 37%. 

Y ear 

1 988- 1989 

1989- 1990 

influenza Season 

2655 

303 1 

uiterim Period 

225 2 

2343 

Ratio 

1.18 

1.29 



Males 

For the 85+ age group, al1 confidence intervals for influenza seasons overlapped with the 

iintenm period. The estimated annualized admission rate for the 1 992- 1993 influenza season was 

iower than the interim period. For the 75-84 age group, only the 199 1-1 992 influenza season 

was associated with non-overlapping confidence intervals. (4 1%) For the 65-74 age group, only 

the 1992- 1993 influenza season was associated with non-overlapping confidence intervals 

(41%). Tables 25-27 show the estimated annualited age specific admission rates and 95% 

confidence intervals for influenza seasons and interim periods for acute respiratory disease and 

males. 

The admission rates ranged from 3.56 to 3.94 times higher in the 85+ age group in 

comparison to the 75-84 age group and 7.6 to 10.5 times higher in the 85+ age group in 

comparison to the 65-74 age group. Figure 7 shows the comparison of the annualized age 

specific admission rates per 100,000 for each age group and each influenza season for males and 

acute respiratory disease. 

Table 25: Annualized Admission Rates per 1 00,000: Males 85 +AURI 

1 Y- 1 ~ 9 5  / ~nnuenzn 1 ~ 9 5  1 ~ 9 5  1 Interim / L95 1 Ratio 1 Non- 
overlap ping I 

Table 26: Annualized Admission Rates Der 100.000: Males 75-84 AURI 

1 Y e u  1 U95 1 hiluema 1 L95 1 U95 1 Loteritu 1 L95 (Ratio 1 Non- 1 



p. 

1991-92 1 604 533 463 433 378 1 315 1 1-41 1 Yes 
I t I I I 1 

Table 27: Annualized Admission Rates Der 100.000: Males 65-74 AURI 

Femules 

For the 85+ age group,non-overlapping confidence intervals of admission rates were 

found for the 1989- 1990 (68%) and 1990- 199 1 (55%) influenza seasons in comparison to the 

interim period. For the 75-84 age groups, non-overlapping confidence intervais for admission 

rates were found for the 1989- 1 990, 1990- 199 1 and 1992- 1993 seasons. The range of 

percentage increase was 3746%. For the 65-74 age group, non-overlapping confidence 

intervals for admission rates were found for the 1989- 1990 influenza season (3 7%) and the 

199 1 - 1992 influenza season (40%). Tables 28-30 show the estimated annualized age specific 

admission rates for each influenza season and the interim period for males and acute respiratory 

disease. 

The annuaiized age specific admission rates for the 8% age group were 2.07 to 2.03 

times higher than the 75-84 age group and 3.7 to 5.3 times higher than the 65-74 age group. 

Figure 8 shows the comparison of the annualized age specific admission rates for each age group 

and each influenza season for femaies and acute respiratory disease. 



Table 28: Annualized Admission Rates per 100,000: Females 85+ AURI 

Table 29: Annualized Admission Rates Der 100,000: Females 75-84 ALRI 

1988-89 
1989-90 
1990-9 1 

1991-92 
1992-93 

Table 30: Annualized Admission Rates oer 100,000: Females 65-74 AURI 

7 13 
81 1 
77 1 

833 
675 

Year U95 L95 U95 Interim L95 Ratio Non- 

1988-89 
1989-90 
1990-9 1 
1991-92 

6 16 
7 16 
679 
722 - >93 

Y ear 

1988-89 
1989-90 

1990-9 1 

199 1-92 

305 

353 
339 

396 

52 1 
618 
613 
607 
5 10 

U95 

- 171 

174 
155 
215 

x 

268 

3 16 
303 

348 

645 

503 

511 
7 19 

663 

influenza 

1 50 
155 

137 
193 

232 
279 

266 
304 

555 
426 
437 

615 
380 

L95 

129 
134 
116 
167 

232 
245 
255 

333 

463 
350 
361 
511 
500 

U95 

145 
132 

134 
159 

200 
2 16 

22 1 

t .1 
1.68 

1.55 
1.17 
1.07 

hterim 

126 

113 
116 
137 

C.I. 
NO 
Y= 
YS 
NO 
NO 

168 

182 
189 

1 

293 1258 

L95 

108 
97 
97 

115 

1.34 
1.46 
1.37 

overiap ping 
C.I. 
NO 
Y ~ s  
YS  

1.19 

Ratio 

1.18 

1.37 
1.18 

1.4 

NO 

Non- 
overlapping 

C.I. 

NO 
YS 
NO 
Y- 



Summary 

Table 3 1 summarizes the results of the admission rate analysis. 

Table 31: Summary of salient redts  fiom admission rate analysis 

Diagnosis Group 

each season 

Maie rates higher 
than fernale rates m 

heurnonia 

age groups in each 
season 

Congesiive Heart 
Failure 

Number non- 
overlapp mg 

confidence intemals: 
F d e s  

Olàest age p u p  
higher than younger 

confidence intervals: 
Males 

Yes 

Chronic Obsîructive 
Pulmo118yDisease 

Acute Upper 
Respiratory Dsease 

Objective 3 

Tirne-Series Analysis 

In this section, the descriptive statistics and tirne plots for the infiuenza seasons analysed 

will be first presented followed by the analysis of the tirne series models. The graphic depiction 

of the tirne series data for the overd series and for each specific intluenza season c m  be found 

in the figures immediately foUowing this section. 

Descriptive Statistics 

Table 32 shows the descriptive statistics for the time series for each aggregated diagnosis 

Number of non- 
overlapping 

Yes 

Yes 

Yes 

No 

15/15 

Yes 10115 

No 

Yes 

10/15 

4/15 



TABLE 32: Descriptive Statistics for Diagnosis Groups 

Diagnosis 
Goup 

Acute Upper 
Respiratory 

Disease 

Congestive 
Heart Failure 

1.) Description of weekly series 

Figure 9 shows the overaii series of admissions aggregated by diagnosis group and the 

innuerua isolates for the period fkom 1988-1 994.VisuaI inspection of the graph shows 

conspicuous spikes on an alrnost antluai basis particularly for the pneumonia and chronic 

respiratory disease groups. Visual inspection also shows the seasonal variation of the admissions 

and their relationship to influenza. The cyclic increases in the number of admissions correspond 

to the presence of influenza Wus. Significant peaks occur for pneumonia and chronic respiratory 

disease in 1990,1992 , 1993 and 1994. Neither of these senes demonstrate a conspicuous overaii 

trend, as interirn periods are comparable. For pneumonia and chronic respiratory disease, the 

Iowest weekly totais correspond to the sumrner months. 

The series representing congestive hart failure admissions lacks the striking seasonal 

peaks displayed by pneurnonia and chronic respiratory disease. The overaii trend is upward over 

the six years. Only in 1989- 1990 is there a perceptible concomitant nse in the number of 

admissions for congestive heart failure during the circulation of infiuenza vimses. 

Mean Weekiy 
Admissions 

347.18 

Standard 
m a t i o n  

51.13 

Median 

345 

R ~ g e  Total Number of 
Admissions in 

Series 

225-489 107,972 



Figures 10- 14 depict each influenza season f?om 1988- 1993. The dramatic rises in 

admissions for pneumonia and chronic respiratory disease are manifest for the 1988- 1989 , 

1989- 1990, 199 1 - 1992 and 1993 - 1993 influenza seasons. For each of these seasons a sharp 

increase in admissions parallels the presence of influenza circulation. The peak phase is of a 

short duration, varying f?om 2 to 5 weeks in duration. 

The 1990- 199 1 season does not demonstrate eqiially as dramatic increases. A smaii but 

appreciable increase fkom the baseline is visible for both pneumonia and chronic respiratory 

disease. No evident increase is demonstrated for congestive h a r t  fdure. The 1992- 1993 season 

differs from the others in that it has two distinct peaks: an early spike at the begïnning of the 

influenza season and a latter peak at the height of the iduenza season. The latter peak seems to 

have a modest parailel in the congestive heart fadure series. 

Tirne Series Models: 

Input Series and TrnnsFer Function Models 

ARlMA models were fit to the influenza series for each influenza season fiom 1988 to 

1993. Table 33 shows the regression CO-efficients and Q statistics for each season. A first order 

autoregressive model (AR(1)) was found to adequately fit each season, as the residual senes 

could be shown to be white noise by the Q statistic cnteria. Each AR(1) model was imposed on 

the aggregate output series for pneumonia, congestive heart failure, acute upper respiratory 

disease and chronic obstructive pulmonary disease for each influenza season. The residuals of 

the input series were cross-correlated to the residuals of the output senes and the correlation 

coefficients and lags were caiculated. 



Table 33: Regression Models for Influenza Input Series 

Pneumonia: 

Table 34 shows the correlation coefficients and lag times for each season. Statistically 

significant positive correlations were found for each season. The lags, howwer, varied f?om 

season to season. For the 1 989- 1990, 1990- 1 99 1 and 1 99 1 - 1992 seasons, the series were 

instantaneously related. For these three seasons, there was no lag tirne between increased 

influenza circulation and increased admissions for elderly Ontarians. The Pearson R ranged 6om 

0.4 176 to 0.6438. For the 1992- 1993 senes, pneumonia admissions were sigrilficantly correlated 

at -1 (0.4722) and -3(0.48) weeks. The 1988-1989 season had a significant correlation at Iag +2 

weeks (0.5479) indicating an increase in admissions before an increase in influenza isolations.. 

Table 34: Cross-Correlations between Influenza and Pneumonia Admissions 

Y ear 

1988- 1989 

1989- 1990 

1 

1 Year 1 LagLead (Week) 1 R 1 simple R at O 1 

Mode1 

AR( 1 

A N  1 ) 

Regresîon 
Co-Efficient 

0.909 

0.889 

P. Value 
Q Statistic 

(12 th Lag) 

-752 

.884 



Congestive H a r t  Failure: 

Table 35 shows the correlation CO-efficients and lag times for each season. The influenza 

and congestive heart failure series were found to have no significant relationship for the 1988- 

1989 and 1990- 199 1 influenza seasons. For the 2989- 1990 and 1990- 199 1 d u e m a  seasons, 

admissions were signincantly negativeiy correlated with infiuenza circulation at +2 and +10 

weeks (R -0.44 and -0.46). For the 1992- 1993 season there was a significant positive correlation 

at hg-3 weeks (R 0.54) 

Table 35: Cross-Correlations between Influenza and CHF Admissions 

Year 

1988- 1 989 

-- - - -- 

Chronie Obstructive Pulmooary Disease. 

Table 36 shows the correlation CO-efficients and lag times for each season. There was no 

significant relationship for the 1992- 1993 season. The other four influenza seasons had 

significant positive correlations with R values ranging fiom 0.39 to 0.67. The lag times varied 

fiom 

-3 to +l. 

Table 36: Cross-Correlations between Influenza and COPD Admissions 

1990-1991 

1991-1992 

1992- 1993 

1 

Year 

Lag/Lead (Week) 

No Sipificant Correlation 

Lag/Lead (Week) 

+IO 

No Significant Correlaîion 

-3 

( Simple Rat hg 1 
O 

R 

N/A 

Simple R at 0. 

1% 

-0.38 

6.44 

NIA 

0.54 

0 -23 

4 .23  

0.05 



Acute Respiratory Dbease: 

Table 37 shows the correlation CO-efficients and lag time for each season. For the 1988- 

1989 and 199 1 - 1992 seasons there were no significant correlations. For the 1989- 1990 and 

1992- 1993 influenza seasons, the senes were sigruficantly positively correlated at lag O (R 0.7 1 

and 0.44) For the 1992-1993 season there was also a signincant negative correlation at lag +7 

(R -0.52). For the 1990- 199 1 season, the series were positively cornelateci at lag +S (R 0.47). 

Table 37: Cross-Correlations between Influenza and AURI Admissions 

1992- 1993 

In surnrnary, consistent correlations were found in each season for pneumonia and for 

four of five seasons for chronic obstructive pulmonary disease. The relationship was less 

consistent or innapparent for congestive heart fdure and acute upper respiratory disease. 

1 0.38 1 No Signifjcmt Correlation 

1988- 1989 

N/A 

No Signincxmt Correlation N/A 0.36 



Figure 1 : Age Specfic Admission Rates 
Mdes Pnzrtmaniti 

Figure 2: Age Specific Admission Rates 
Fernales Pneumonia 

1988-89 1989-90 1 990-9 1 1992-93 
Influenza Season 



Figure 3:Age Specific Admission Rates 
!Males CHF 

1988-89 1989-90 1 990-9 1 1 99 1 -92 1992-97 

Influenza Scason 

Figure 4: Age Specific Admission Rates 
Fenialcs CHF 

1988-89 1989-90 1 990-9 1 199 1 -92 1992-93 

influenza Season 



Figure 5: Age Specific Admission Rates 
Males COPD 

Figure 6: Age Specific Admission Rates 
Fernates Copd 



Figure 7: Age Specific Admission Rates 
Mates AURI 

1988-89 1989-90 1990-9 1 1 99 1 -93 1 992-93 
Inllucnza Scason 

Figure 8: Age Specific Admission Rates 
Fcmalcs AURI 

1988-89 1959-90 1 990-9 1 1992-93 
Influenza Season 



Figure 9: Overail Series 
Ali Diaggosis tiroups 

FigurelO: 1988-1989 influenza Season 
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Figure 1 1 : 198% 1990 Influenza Season 
.\Il Diÿncais Chups 

Figure 12: 1990-1991 Influenza Season 
All Dia.giosis üroups 



Figure 13: 199 1 - 1992 Influenza Season 
Al1 Diqosis h u p s  

Figure 14: 199 2- 1993 Influenza Season 
Ail Diagnosis Groups 



Discussion 

Objective 1 

This study is unique in that it focuses exclusively on comrnunity acquired pneumonia in 

persons over the age of 65. As we4 no other published studies have sought to look for 

misciassification error in the coding of pneumonia by examining diagnostic groups for which 

pneurnonia can easiiy be clinicalIy confuseci. 

The results of the chart audit indicate that pneumonia is retiably coded in the 

HMRYCW data base. The absence of pneumonia in any of the potentiai categones of 

misclassification is reassuring. However, the reiiabiiity must be seen as limited to the presence of 

pneurnonia and not specific etiologies. There was possible misclassification of pneumonia in that 

some charts indicated the presence of an organism but were coded as no specific etiology, 

whereas in some charts, etiologic diagnosis was recorded in the absence of any isolated 

organism. The other source of misclassification error occurred in those charts that lacked 

radiographie evidence of pneumonia. These cases may be more appropriately coded as acute 

upper respiratory disease. Consequently , pneurnonia admissions are a good indicat or of 

respiratory morbidity. An explanation of the misclassification may relate to the fact that hospitai 

chart abstracters do not look for corroborating evidence of etiology, but rather code according 

to the discharge diagnosis indicated by the most responsible physician. As weli, the isolation of 

an organism in sputum does not necessarily guarantee etiology. 

The results of this chart audit are simiiar to those reporteci by Mame and colieagues 

(Mamie et al., 1987) which compared administrative data to a prospective study of pneumonia. 

In their study, they found that administrative data bases were reliable for the presence of 

pneumonia. They report a sensitivity of 69.5% when comparing the administrative data to the 
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gold standard of the prospective study. The authors note , howwer, that administrative data 

bases are unreliable in terms of the specific etiology. The authors caution againa the use of 

administrative data for the epidemiology of specific organisms and recommend aiterations to the 

ICD-9 coding system to produce more accurate information on the etiology of pneumonia for 

epidemiologic purposes. 

This chart audit can be compared to the study by Gray and colleagues (Gray et al., 

1994), the only other large study examinhg pneumonia on the basis of ICD-9 codes. In their 

cohort, consisting of young healthy rnilitary recruits, etiologic diagnosis was not found in 64.9% 

of hospital admissions. No attempt was made to detemine the reliability of diagnosis or search 

for misclassification in other codes. Given the generai good health of the cohort, it is unlikely 

that chronic lung diseases or congestive hart  failure would be prevalent. As weli, given the 

concem for the health of military personnel, it is likely that a more concerted effort was made 

for etiologic infiormation to inform therapeutic choice. 

The results of the chart audit are consonant with the ongoing clinical controversy over 

the appropriate diagnostic strategy for pneumonia. Severai authors have advanced the argument 

that aggressive and extensive searches for etiology are not cost-effective (Woodhead et al., 

199 1 ; Antoniou & Grossman, 1995; Bartlett & Mundy, 1995). They argue for an empirical 

approach to the management of pneumonia and recommend minimal utilization of diagnostic 

testing and therapy designed to cover the most cornmon communiîy pathogens. ûthers have 

argued the need to tailor therapy to etiology in order to reduce the spread of antibiotic resistance 

and garner more accurate information on the etiology of community acquired pneumonia 

(Bartlett, 1996). The dispute between the "empiricists" and the "etiologic purists" is not tikely to 

be resolved won, but underscores the necessity for developing diagnostic utibtion protocols in 
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persons hospitalized with pneumonia Guideline development could optimke the tradeoffs 

between diagnostic over- utilization and fears of antibiotic resistance. 

As weil, the need for better epidemiologic midies in the etiology of cornrnunity acquired 

pneumonia in the elderly is clear. The precise role of severai agents is likely underestimated due 

to the lack of utility of diagnostic testing. Etiologies that cm oniy be ascertained by the use of 

convalescent sera are of little value in the management of an acutely ill patient. No clinical signs 

and symptoms, radiologic patterns or constellations of presenting biochemistry reliably 

distinguish viral fiom bacterial pneumonia, or differing bacteriologic etiologies. 

Although a small sample, the evidence indicates that while viruses are recognized 

important pathogens, diagnostic strategies for hospitalized elderly patients are directeci toward 

the discovery of bacteriai pathogens. This may be justifiable in that there are no specific 

therapies for most forms of viral pneumonia and diagnostic techniques for viral ilhess are rarely 

available in a timely enough marner to influence therapeutic decisions. 

The chart audit study is subject to several limitations. There was a relatively small sample 

from three hospitals. The cornparison of the distribution of the ICD-9 codes fkorn the chart audit 

to the W C  W data base indicates comparability. However, the sample was too mal1 to 

assess variability in the coding by institution. As well, given the well documented variations of 

practice and hospitalization in Ontario, sigdicant diferences could be obscured in both 

diagnostic styles and coâîng practices (Naylor et ai., 1994, Goel et ai., 1996). Consequently 

biases denved fkom coding practices and physician styles could not be assessed. As weU, the 

quaiity of the chart data are limited by the extent to which data are recorded. If data are not 

recorded in the chart then it wiii not be available for analysis. 

Another limitation of the srnd sample sire was the lack of representation of al1 ICD-9 
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codes for pneumonia which is inevitable in a small sample. As well, the charts were chosen on 

the basis of convenience sampling determined on the buis of administrative access. The 

representativeness of such a strategy can be questioned. However, the distribution of the ICD-9 

codes fiom the chart audit were cornmensurate with the distribution found in the W C I H I  

data base. The choice of a large teaching hospital and two community hospitals is likely 

indicative of Ontario coding practice. 

The absence of pneumonia in any of the possible categones of misclassification, though 

reassuring, is kely a chance finding. It is likely that a larger sample wodd eventually h d  

evidence of misclassification. As weii, no attempt was made to assess the accuracy of the coding 

of congestive heart fdure, acute upper respiratory tract infection or chronic lung disease. As 

argued above, pneumonia is recognized as the moa important complication of influenza. As 

there is a greater number of ICD-9 codes for pneumonia, some justification for their aggregation 

must be made. The chart audit demonstrates that the etiologic coding of pneumonia is not 

optimally accurate. Consequently it is justifiable to aggregate these codes for the purposes of 

rate estimation and t h e  series analysis. The reliabiiity of the coding for the other diagnostic 

groups should be assessed accordhg to a set of specified critena. This would form the basis for 

fiiture research. 

Objective 2 

The results of the admission rate analysis indicate that influenza seasons are associated 

with increased hospital utilitation in the elderly. This study indicates that the association is 

consistent and strong for pneumonia admissions. The results are less consistent for the other 

three aggregated diagnosis groups. Given the variability found in the results, each diagnostic 

group will be discussed individuaily. However, it would be prudent to hst discuss the 



implications of the chart audit for the admission rate analysis. 

Relationship o f  chart audit to rate analysis: 

The chart audit demonstrated that pneurnonia is reliably wded for the presence of 

pneumonia, but not optimally accurate with respect to specinc etiologies. The results of the 

chart audit have implications for the interpretation of'the admission rate analysis. The chart audit 

showed the accuracy of coding to be 79% in cornparison to preset critena. The chief source of 

misclassincation appeared to be congestive heart fadure and acute bronchitis. AIthough the 

sample size of the audit was small, it d o w s  for a sensitive anaiysis of the results. 

It is Likely that the relationship between pneumonia and influenza is robust. Even if one 

reduces the estimates by 20%, the elevation of rates of admission during influenza seasons 

would remain in comparison to the i n t e h  period. The age and sex specific rates would 

diminish somewhat, but the relative relationships between the sexes, age groups and the ratios 

between influenza seasons and the interim penods would dso hold unless it could be 

demonstrated that coding practices varied &orn season to season and that misclassiflcation was 

less Iikely in the interim penod or that misclassification was more Wtely on the basis of age 

group or sex. There is no evidence to support these daims. As weu, given the s d  sample size, 

and as argued above, it is likely that some misclassification of pneumonia exists in other codes. 

This is likely srnall, but could plausibly be set at 5%. The net effect would be to reduce the 

estimates of the total nurnber of pneumonia admissions, but wodd not diminsh the significance 

of the rate elevations in comparison to the interim period or between the sexes and across age 

groups. 

The chart audit indictaes that acute bronchitis is Ocely underestimated. 12% of charts 
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coded as pneumonia should have been classified as acute bronchitis. As a consequence, the rate 

anaiysis iikely underestimates the relationship between acute bronchitis and influenza. The same 

argument applies, though to a lesser extent, for congestive heart fdure. 4% of the charts 

classified as pneumonia could have been classifieci as congestive heart faiiure. if the 

misclassification is equdy iikely in both influenza and interirn penods, then the relationships 

demonstrated above rernain the same, but the magnitude of the effect may be greater. 

Pneumonia 

Each influenza season was associated with increased rates of admission in comparison to 

the comparable interim penod. The resuits were consistent f?om year to year. There was some 

variability in that the 199 1 - 1992 season was associated with the highest annualized admission 

rates. The relationship between age groups for each sex was also consistent nom year to year. 

The oldest age group for males had the highest admission rates in each of the influenza seasons 

shidied. The magnitude of this effect is quite substantial, ranghg f?om 600 to 900% higher than 

males in younger age groups and 7 to 90 % higher than females in the sarne age group in the 

same years. Consequently, the impact of influenza seasons on pneumonia admissions in the 

elderly can be regarded as substantial. 

The admission rate analysis foilowed the methodology established by McBean et al. 

(McBean et al., 1993). As the McBean study included two of the influenza seasons analysed in 

this study, a comparison between these results is possible. In the McBean study, pneumonia and 

influenza admissions were substantially increased in the 1 989- 1 990 and 1 990- 1 99 1 season. The 

percentage increases compared to interim that they report are higher than the rates reponed 

here, rmghg from 89 to 91% for the H3N2 influenza A season of 1989-1990 and 45 to 48% for 

the 1990- 199 1 infiuenza B season. 
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The calculated age specific rates are also higher in the McBean study. They did not 

report age and sex specific rates, but rather aggregated sexes for the age specific rates. 

Consequently, the higher morbidity associated with older men is not commentai upon and the 

results are not diredy comparable. 

This study diEers from most other studies in that it calculates age and sex specific rates 

for different age groups and thus allows for the cornparison of the impact of influenza on older 

age groups. Most studies have defined the elderly as over age 65 and thus are unable to 

demonstrate the significant impact influenza has on the oldest age groups, particularly in males. 

Congestive Hart  Failure 

Udike the pneurnonia series, the relationship between circulating influenza vinises and 

admissions for congestive har t  faiiure seems to be variable. Four of the five infiuenza seasons 

were associated with increased rates of admission in the two oldest age groups for males, as 

compared to four of five for the oldest fernale age group, and three of five for the second oldest. 

For the youngest age group, two seasons were associated with increased admissions in 

comparison to the interim penod. 

However, the non-overlapping years were not consistent across sexes and age groups. 

The 1988- 1989 season was the only season that was associated with increased admissions in 

both sexes and al1 age groups for congestive heart failure. Contrarily, for the 199 1-1992 season, 

only the oldest age group for females had an increased admission rate in comparison to the 

intenm. 

The McBean study documented a 20% increase in admissions for congestive heart fdure 

for the 1989- 1990 influenza A season and 16% increase in admissions for the 1 990- 199 1 

influenza B season. The McBean study did not calculate age and sex specific admission rates, 
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but relied solely on the aggregate. The percentage increases in this study are comparable to the 

McBean study and indicate that there may be a relationship between admissions for congestive 

hart  filure and influenza. This would support the conclusions of McBean et al. against the 

claims of Barker (Barker, 1986) that there is no relationship between influenza and admissions 

for congestive h a r t  failure. Certainly, the results of this analysis support the inclusion of the 

rneasurement of congestive har t  failure morbidity in the anaiysis of the impact of influenza. 

Acute Upper Respiratory Disease 

The results of the analysis of the impact of influenza on acute upper respiratory diseases 

fail to replicate the McBean study and do not support the apriori hypothesis of a strong 

relationship. McBean reported 1 16% increase in acute upper respùatory disease for the 1989- 

1990 influenza A season and 68% increase for the 1990- 199 1 influenza B season. In their study, 

females were admined at a higher rate than males in cornparison to the interim period for both 

seasons. 

For males in particular, rates were not consistently elevated. Only four non-overlapping 

confidence intervals were found for maies, and in one case, the rates were higher in the interim 

period for the oldest age group (1992-1993). In cornparison to the McBean study, neither the 

198% 1990 nor the 1990- 199 1 season has increases in admission rates for males in any age 

group. An interesting finding in the males was a higher admission rates for the 85+ age group for 

the interim period of 1 992- 1993. Inspection of the crude data reveals a 6 week elevation of rates 

in the surnmer of the interirn period. This could represent a chance finding or may be evidence of 

other factors iduencing admissions. Summer respiratory admissions can be related to air quality 

problems such as increased ozone or other particdate matter, as well as other respiratory 

pathogens (Bmett et al., 1994, 1995). 
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For fernales, the 1989- 1990 season was the only season associated with an increase in 

admission rates in al1 age groups, but the percentage increase in comparison to the interim does 

not exceed 68%. The 1990- 199 1 season has increases for the oldest two age groups, but not the 

youngest. The percentage difference in comparison to the interim does not exceed 55%. 

There are several possible interpretations for the reported dserences. If the results of the 

chart audit can be generalized, approlrimately 12% of pneumonia admissions may, in fact, be for 

acute respiratory disease. As noted above, given the proportionately higher rates of admission 

for pneumonia during influenza seasons, the results of this analysis would underestirnate the 

relationship between circulating infiuenza virus and admission for acute upper respiratory 

disease. As weli, coding practices rnay vary between the United States and Canada. With the 

utilization of Diagnosis Related Groups for the payrnent of Medicare benefits it rnay be that 

coding is more accurate and less reliant on physician judgement than is the case in Ontario. 

Chronic Obstructive Pulmonary Disease 

Consistent with the findings of the McBean study, the rates of admission for chronic 

pulmonary disease were elevated in comparison to the interim penod. The McBean study 

reported a 37% increase for the 1989- 1990 influenza season and 28% increase for the 1990- 

199 1 influenza season. The results of this study are consistent with these findings. However, a 

striking finding in the admission rate analysis for chronic obstructive pulmonary disease was a 

lack in consistent elevation of admission rates for the oldest age groups for both fernales and 

males. For the youngest two age groups consistent increases in admission rates were detected. 

This phenornenon has not been previously reported. In the McBean analysis, age and sex 

specific admission rates were not calculated for chronic pulmonary diseases. McBean notes that 

increases in chronic pulmonary disorders had not been previously docurnented in admission 



studies examining the impact of influenza. The results of this study indicate that chronic 

respiratory diseases are significantly impacted by the presence of circulating iduenza virus. The 

reasons for the lack of uicrease in the oldest age group are unclear. Perhaps the oldest age group 

is more likely to be diagnoseci with, or coded as pneumonia. If CO-morbidities are not recorded 

appropriately, then the presence of chronic pulmonary disorden would be obscureci. 

An alternative explanation is that chronic pulmonary disorders are not consistent with 

longevity . Most individuals s u f f e ~ g  fkom chronic respirat ory disorders do not have prolonged 

life spans, and consequently the numbers in the oldest age category are low in comparison to the 

younger age categones. The age distribution is likely skewed towards the younger end. The 

morbidity associated with chronic obstructive pulmonary disease may be sllnilar between the 

categones, but this would not explain the lack of increase in comparison to the interim period. 

Certainiy, though, one wouid expect gradient in age specific rates for chronic pulmonary disease 

similar to that found in pneumonia and the other diagnosis groups. 

Objective 3 

Time Series Analysis 

This mdy is unique in that it applies transfer fùnction methodology to five independent 

influenza seasons for four different diagnosis groups. Tirne senes methodology has been appiied 

to pneumonia and acute upper respiratory admissions, but no published -dies exkt examining 

congestive heart fdure and chronic obstructive pulmonary disease. 

Pneumonia 

The Ume senes analysis indicates a rnoderately strong correlation between circulating 

influenza virus and hospitalizations for pneumonia in the elderly. The explained variance 

between the two series varies from year to year. The range of R-squared values fiom 23 to 4 1 % 
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indicates that the presence of circulating infiuenza virus explains some but not ail of the variance 

related to hospitalizations. In three of the five years the series were instantaneously related and 

no lag between influenza circulation and hospital admissions for pnewnonia occurred. The 

infiuenza season of 1992-1993 was the only season associateci with a lag of hospital admissions 

and circulating influenza strains. For the 1988- 1989 season, Muenza isolate peaked 2 weeks 

after admissions began to nse. 

The correlation coefficients are lower and lag times dflerent than those reported by 

Perotta( Pemotta et ai., 1985). Perotta's study reported a correlation cwfficient of .74 at -1 

week between adult acute respiratory admissions and circulating influenza strains. There are 

several potential reasons for the Merences in findings. 

Perotta's study utilized data fiom a series of randomly coliected isolates fiom a stratified 

sample of community physicians. This method of surveillance is more Wrely to capture the onset 

and peak of viral circulation than the Ontario system that relies largely on passive reporting from 

a select set of participating laboratories. The rnajority of Ontario isolates derive fiom pedïatric 

hospitals and nursing home outbreaks (Naus & m e r ,  1993). In years that have substantial 

nuning home outbreaks, it is likely that the peak circulation of influenza WU correspond more 

closely to hospitalizations in the elderly as it is a reasonable supposition to believe that the two 

events would be closely related. Therefore, because Ontario surveillance relies substantially 

more on isolations fiom the elderly than does a stratified community sample, it is possible that 

the reported lags may be at variance 6om the tme relationship. Oniy a study utilizllig data 

collected tiom random samples by surveillance physicians could ver@ the relationship between 

lag times for admission and circuiating innuenza in the cornrnunity. 

It is also iikely that the variability of t h e  lags and explained variance from year to year 
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depends on other plausible causes, such as co-morbidities in the persons acquiring influenza, 

temperature and ambient air-quality as well as the circulation of other respiratory viruses. The 

moderate correlation coefficients for each influenza season indicate that such factors play a role. 

As well, Perotta's study does not indicate the method by which the correlation was calculated. If 

the two series were simply cross-correlateci, then it is likely that this estimate is biased and 

inflated. 

Recent studies have demonstrated that respiratory syncytial virus is likely a substantiai 

contributor to morbidity and mortality in the elderly. Studies by Fleming (nerning & Cross, 

1993)' Nicholson (Nicholson, 1996) and Falsey (Falsey et al., 1995) have demonstrated the 

importance of RSV as a contributing factor to morbidity and mortality in the elderly. The 

Nicholson and Falsey studies indicate that morbidity and mortality rnay be greater for RSV than 

for iduenza and Uely is not restricted to the institutionaiized elderly, though M e r  research is 

required to c la re  this relationship. If the relationship between RSV and morùidity and mortaky 

in the elderly is as significant as these studies suggest, then the exact role that inûuenza plays as 

the major contributor to respiratory morbidity and mortality in the elderly will have to be re- 

considered. Certainly, the magnitude of preventable hospitalization and mortality may be less 

than what was previously beiieved. 

Udke Houston, where Glezen's studies have taken place, RSV co-circulates on an 

annual basis with infiuenza in Ontario. Given that RSV and inûuenza are clinically 

indistinguishable in the elderly, and rnay in fact be present simultaneously in the çame person 

(Kimball et al., 1983; Wald et al., 1995) M e r  midies are required to separate the effects of 

RSV and influenza and clac theu impact on hospitai admissions. As RSV isolates are now 

routinely collecteci on a weekly basis, such a study wilt be feasible. 
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The Nicholson study also indicated that temperature variables are significantiy associateci 

with winter mortality. Temperature, humidity, and air quaiity variables such as sulphur dioxide 

and ozone are plausibly Linked to respiratory rnorbidity and mortality (Kunst et al., 137; 

Schwartz & Marcus, 1990; Bumett et al., 1994, 1995; Ostro, 1995; Anderson et al., 1996). It is 

likely that these variables exert an influence on hospitalizations for pneumonia in the elderly. As 

temperature and air quaiity data are also systernaticaiiy collecteci, a future study including these 

variables is recomrnended. 

Congestive Eeart Failun 

There are no pubiished studies using time series analysis to link circulating influenza 

strains to admissions for congestive hart  faiure. The results of the correlation study indicate 

that there is no consistentiy strong relationship between the two. In only the 1992- 1993 

infiuenza season is a plausible signincant relationship found. For two of the sewns, there are 

negative correlations and for two of the seasons ( 199 1 - 1992 and 1988- 1989) there are no 

signifïcant correlations. 

The time series analysis is at variance with the admission rates analysis. The dxerence 

between the two may be accounted for by the fact that the time series analysis looks at simple 

correlations between weekly admission totals and idiuenza circulation. The numbers of 

admissions on a cmde bais are higher in the younger age groups and the relationship between 

congestive hart  failure and iduenza is strongest in the older age groups. Hence, it is possible 

that the relationship is obscured in the tirne series anaiysis. A time series analysis congestive 

heart failure admissions cfassified by sex and age group may illuminate the association further. 

Acute Upper Respiratory Disease. 

As with congestive hart  failure, an inconsistent picture emerges from the time series 
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analysis. No signdicant relationships were found for the 199 1 - 1992 and 1988- 1989 seasons. A 

strong positive correlation was found for the 1989- 1990 season. The positive comelation at lag 

+5 for 1990- 199 1 rnust be regarded as implausible and therefore unrelated. It is unlikely that 

meaningfùl effects would be lagged more than a month apart. The negative correlation at lag +7 

for the 1992- 1993 season should also be sirnilarly interpreted. 

The lack of a consistent strong association between influenza and acute upper respiratory 

disease is surprising as one would expect a strong correlation apnori. As noted in the admission 

rate analysis, the relationship was not strong and consistent. The reasoning outlined in the 

admission rate analysis obtains here as well: it is possible that admissions for acute upper 

respiratory disease are rnisclassified, and in fact show up in the pneumonia categories. Given this 

possibility, the effects of circulating infiuenza on acute upper respiratory disease are 

underestirnated in this study, and consequently the time series analysis does not adequately 

mode1 the true relationship of the impact of infiuenza on admissions for acute upper respiratory 

diseases. 

Chroaic Obstmctive Pulmona y Diseases 

As with pneumonia, the t h e  senes study indicates a significant relationship between 

circuiating infiuenza strains and admissions for chronic obstructive pulmonary disease. In each of 

the years, with the exception of the 1992- 1993 influenza season a significant plausible 

correlation exists. The Pearson R values for the correlation tend to be slightly higher for the 

chronic obstructive pulmonary disease series than for the pneurnonia senes. As with the 

pneumonia senes, the presence of influenza explains some, but not ali the variance in the 

admissions. The sarne arguments advanced for pneumonia hold here: further studies with a more 

complete and exhaustive set of explanatory variables are required. 



Visuai inspection of the 1992- 1993 chronic obstructive puimonary disease series 

indicates a spike in admissions prior to the commencement of influenza circulation. This spike no 

doubt is responsible for the non-sipficant relationship between influenza and hospitai 

admissions for this season. The spike may be due to other viral or bacterial pathogens, some 

other factor such as environmental influences or may be just a random spike. Further anaiysis of 

this season could illuminate the reason for the increase of chronic obstructive pulmonary 

diseases in these weeks. 

Taken in conjunction with the admission rate analysis the t h e  series study provides 

evidence of a strong relationship between circulating infiuenza and admissions for chronic 

obstructive pulrnonary disease. Future studies of the impact of influenza should include 

measurement of chronic obstructive pulrnonary disease morbidity. 

Cornparison of raw correlations with ARIMA modeled crosscorreIations: 

For four of the five pneumonia series the raw correlation coefficient would overestimate 

the relationship. The range of r value dat ion is from 0.05 to 0.24. For the three seasons in 

which the relationship between the infiuenza series and the pneumonia series were 

instantaneously related, only the 199 1 - 1992 season had comparable r values. For congestive 

heart failure the pattern is inconsistent. In two seasons negative correlations become positive, 

and two seasons with no significant correlation by A R M A  modelling become significantly 

negatively correlated. For the COPD series, the r values are comparable, with the ARIMA 

modelled values being siightly higher save for the 199 1 - 1992 season in which they are 0.16 

lower. In the non-significant 1992- 1993 season, a correlation of 0.38 was found on simple 

correlation. The most dramatically Sected senes was the AURI series. Each simple correlation 

was significant ranging fkom 0.36 to 0.74. For comparable years the values are similar. 
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It is important to note that the raw correlations at lag O are not the highest correlation 

coefficients. When one crosscorrelates at various lags one finds higher values at different lags. 

For example, the 199 1- 1992 infiuenza season had correlation coefficients as high as 0.88 at lag 

+3. The Perotta study reported the highest correlation coefficient at lag - 1. When one examines 

the tabular data, it is evident that they chose the highest of a series of lagged correlation 

coefficients. This indicates that simple crosscorrelations will miss relationships at different lags, 

and that simply crosscorrelating lagged series results in a multitude of difticult to interpret 

signincant correlations. 

Limitations of the Study: 

This anaiysis is subject to a number of limitations. The limitations cm be classified in 

three broad categories: data limitations, methodological and analytic limitations and 

confounders. 

Data Limitations. 

The admission rate and time senes analyses rely on two primary data sources: influenza 

surveillance data and C W hospital separation abstracts. Each data source is subject to 

limitations. 

The Ontdo influenza surveillance data relies on passive reporting. Although surveillance 

is carried out on an annual basis, the collection of specimens relies on physician judgement. The 

majority of specimens derive f?om pediatric hospitals and institutional outbreaks. Cornrnunity 

physicians rarely order diagnostic tests for influenza in either a practice or hospital setting. As a 

consequence, the number of isolations on an annual basis mua be regarded as an 

underestimation of the tme extent of influenza circulation. In the 1989- 1990 season, the highest 

number of isolations was 50. In contrast, the time plot for that season shows a marked peak to 



the highest weekly recorded totals for pneumonia in the study. International reports of this 

season indicate it to be one of the more severe influerua seasons in the past decade (Ahmed et 

d., 1995). The results of undercouming, of which the 1989- 1990 season is the moa prominent 

example, would be to underestimate the true correlation coefficients. A more accurate estimate 

of the number of isolations would add more information to the input series for the calculation of 

cross-correlations. 

The second limitation of passive reporting is that it may miss the tme onset of circulating 

influenza virus. A study by Quenel (Quenel et al., 1 994), utiluing data f?om a large sentinel 

surveillance system, exaniined the relationship between health s e ~ c e  based indicators and 

influenza viruses. They found that health service indicaton increased earlier than virological 

isolations. In other words, only after an index of suspicion was raised were isolations for virus 

obtained. Pediatric health services indicators were the least sensitive masure as RSV dominated 

the data. The pattern of health s e ~ c e s  utilization they discovered during influenza seasons was 

that emergency room visits were consistently the est indicator to rise, foilowed by general 

practitioner visits, sick lave prescriptions and then drug consumption. The study did not 

specifically look at hospitalizations for the elderly. The implications of this study relate 

specifically to the time series analysis. The lag time reported in this study may be biased because 

of the manner in which the isolates are coliected. A delay of one week between peak isolations 

and the true peak of cornmunity Wal circulation would efféct the calculated lags. Consequently, 

the lags reported in this shidy may not represent the true lags. However, if the majority of 

admissions for pneumonia arise through the emergency department, then hospitalizations for the 

elderly could be a sensitive indicator of the presence of circulating influenza Wuses and the lag 

times an accurate representation. 



The use of large administrative data bases is now considered to be appropriate for 

research (Naylor et al., 1994, Goel et ai., 1996). However, administrative data are subject to 

limitations. The data are not collected specifkaily for the purposes of research, and coding 

practices, historicaily, have not been uniform across the province. Nonetheless, as the chart audit 

demonstrates, coding is reliable. Other data quality studies indicate that the moa responsible 

diagnosis is reliably coded (Anon., 1991). Some discretion and variability of coding stili exists. 

The fields used for this study are aii mandatory fields and are reliably coded. Other Limitations of 

administrative data bases are multiple re-admissions, which increase the numerator; and the 

possibiiity of misclassi£ication to other diagnostic codes. If the target condition is not listed by 

the physician or the abstractor, then it would not be included in the study. 

Methodologic and Analytic Limitations: 

The admission rate analysis relies on the cdculation of age and sex specific rates for 

defined influenza seasons. The definition of an influenza season as consisting of the total number 

of weeks in which influenza is isolateci is weU established in the literature. However, this method 

of anaiysis may underestimate the impact of iduenza. n ie  t h e  plots, and all other 

epidemiologic analysis of infiuenza indicate that, aithough an infiuenza season characteristically 

lasts for 12 to 20 weeks, peak activity rarely exceeds 6 weeks. By including al1 admissions for 

the duration of the season, the impact is diminished. A more appropriate analysis would be to 

examine rates for the peak only. This would necessitate a srnaiier data set to analyse and would 

consequently add uncertainty to the estimates. However, it may be a more accurate indicator of 

the impact of influenza. 

The study also uses an ecological approach. The study fiame is data collected fiom al1 

Ontario. Given the geographical and clirnatological heterogeneity of the province, local variation 
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of the impact of influenza is obscured. It is likely that different areas of the province are affected 

differently. Some areas may be more or less severely afiFected-Sentinel surveillance data from 

France indicates that this is likely the case1 (Chauvin, 1994). Small area analysis and graphical 

depiction of the evolution of influenza circulation could gant  insight Vit0 the nature of influenza 

transmission. 

A fùrther limitation to the analysis is that there is no verification of the presence of 

influenza in those admitted to hospital. As the chart audit makes clear, viral studies are rarely 

employed as part of the diagnostic work up for pneumonia and would be even less likely to be 

ordered for those admitted for congestive hart failure. 

Tirne series analysis is also subject to limitations. In this midy, transfer hction models 

were fit to influenza seasons only. The duration of these seasons ranged kom 16 to 22 weeks. 

Many tirne series analysts caution that 30 to 50 data points are required to adequately calculate 

the auto-correlation and partial auto-correlation fùnctions necessary to spece  an appropriate 

model (Crabtree et al., 1990). The concem with small samples is that the Q-statistic may be 

biased and indicate a residuai series that is white noise when in fact it is not. However, these 

constraints should not be regardeci as absolute. in this analysis, to get 30 to 50 data points 

would entaïi adding zero values to the input series. This has the effect of reducing the mean 

value of the series and biases the model. Certainly, evolving influenza seasons have the hallmark 

features of an AR(I) process. Al1 data were coliected on the same unit of measure (week). It 

makes biologic sense to mode1 admissions as an output only in the presence of influenza 

circulation. By Iooking at each season independently, the presence of other cyclic influences is 

' This is illustrated by the incidence maps for influenza created by the sentine1 surveillance 
system in France. They can be viewed on the World Wide Web at 
htt p://www. b3e.jussieu.k 80/sentiweb 
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removed, as is the need for seasonal differencing. Consequently, the use of a smaller set of data 

points is justified. 

Confounders 

The ecologic nature of the shidy does not control for potential confounden (Kelsey et 

al., 1986). There are other explanatory variables that rnay also have an influence on hospitai 

admissions. Co-morbidities and vaccination aatus likely play a large role in the vulnerability of 

the elderly to influenza (Barker & Mullooly, 1980; Bently, 1992; Fedson et al., 1993; Nichol et 

al., 1994; Ahmed et al., 1995). As this study is concemed chiefiy with the relationship between 

ùifluenza circulation and hospital admissions, no analysis of co-morbidities is possible. 

Infiuenza vaccination may also infiuence admission rates. The vaccination status of those 

admitteci was unknown. If unique identifiers were available for vaccinnees then a linkage study 

could be perfonned. Two such studies have been reported. Nichol ( Nichol et al., 1994) and 

Fedson (Fedson et ai., 1993) both report lower admission rates for the recipients of vaccine for 

the target conditions discussed in this thesis. In Ontario, only the number of doses delivered is 

reported, not who has received the vaccine (Tamblyn, 1994). As weli, given the consistent 

annuai increase in admission rates for both pneumonia and chronic obstructive pulmonary 

disease, it would appea. that M e r  anaiysis of who receives the vaccine is needed. The 

similarity of results from year to year indicate that Muema control remains illusive. Given the 

disproportionately high burden of pneumonia morbidity experienced by the oldea age group, 

and the documented reduced vaccine efficacy with advanced age, vaccination policy may need to 

be reconsidered. 

The match between circuiating infiuenza grain and vaccine strain varies nom year to 

year (National Advisory Cornmittee on Imunization, 1993). Again, the consistency of the 
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results indicate that yearly variation of influenza Wus or vaccine strain do not alter dramatically 

the rates of hospital admission in the five yean under study particularly for pneumonia and 

chronic respiratory diseases. The highest wualized admission rates were associated with the 

199 1 - 1992 season in which an excellent match between mains was reported. Further study on 

the number of elderly uinuenza vaccine recipients and their hospitakation experience would 

help to illuminate this problem. 

This thesis did not examine mortality. Muenza vaccine has dso been demonstrated to 

reduce mortality in the elderly (Barker & Muilooly, 1980; Gross et al., 1988; Webster et al., 

1992; Anon., 1993; Ahmed et al., 1995; Cmat  & Valleron, 1995; Mims, 1995). However, 

morbidity and mortaüty are not always linked in influenza seasons (Barker, 1986). Further 

analysis of hospital mortaiity during infiuenza seasons is necessary to explore this phenornenon. 

The possible role of RSV and environmental variables has been discussed above. The co- 

circulation with influenza confounds the relationship of which is the more important pathogen 

with respect to  hospitakation. Influenza circulation is characterized by variabiiity in its onset an 

peak circulation nom year to year. The correlations for pneumonia and chronic respiratory 

diseases seem to be tightly linked to the circulation of influenza. Examining the correlations with 

RSV would clarify the issue considerably, and no studies ushg transfer function models and 

RSV have been published. The two studies that are germane to the point have used either linear 

regression or weighted moving averages (Fleming & Cross, 1993; 1996). Using the 

crosscorrelation co-efficient is arguably a supenor method. 

Environmental variables may be independent or synergktic with respiratory morbidity. 

Certainly it is plausible to irnplicate them as co-factors in admission. Hawever, for pneumonia 

and chronic respiratory diseases, the associations were strong and consistent from year to year. 
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The addition of environmental variables would kely help to explain some of the variance in the 

time series analysis. The addition of mean weekly temperature and humidity variables is feasible, 

but would necessitate decomposing the data into regions as one could not plausibly assume the 

same weather patterns for southern and northem Ontario. The sarne argument would hold for 

the use of the air quality index as an indicator of ambient air quality. This would make for a 

smaller sample and less stable estimates. 



Conclusions 

The results of this study indicate a strong and consistent relationship between the 

presence of circulating influenza virus and hospital admissions for the elderly for pneumonia and 

chronic respiratory diseases in the elderly population of Ontario. This occurs on an annuai basis 

and is not related exclusively to the presence of epidemic years. The effect seems most 

pronounced on the oldea segment of the population and males are more severely affecteci then 

fernales. The midy indicates that this relationship is less strong and inconsistent for congestive 

h a r t  failure and acute respiratory diseases. The study also indicates that coding for pneumonia 

is a reliable Uidicator of respiratory morbidity in the elderly. The results indicate that influenza is 

stiil a significant public health problem and that control of innuensa requires ongoing attention. 

The results support the findings of McBean et al. and add additional support to their 

recomrnendations that congestive heart fdure and chronic respùatory disease be included in any 

analysis of the impact of influenza on the elderly. The results of this shidy show that the impact 

of infiuenza is apparent annually, and that analysis of seasons regardeci as "epidemics" Wtely will 

underestimate the annual impact of influenza on hospital u tht ion.  

The results also demonstrate the potential utiiity of thne series methodology for the 

epidemiologic study of health seMces ufili7i1tion. Understanding the relationship between 

circulating respiratory pathogens and hospital admissions would be an important component of 

health seMces planning. 

Furthemore, the results of the study indicate the usefulness of administrative data bases 

for the assessrnent of the degree to which innuenza control is being achieved. 



Key implications of the study: 

The results of this study have implications for health services planning, communicable 

disease control, primary care practice and public education. 

In the current climate of fiscal restra.int and hospital and bed closings, health services 

planners would be weil advised to prepare for an m u a l  increase in demand for hospital seMces 

during ùifluenza sûisons. A failure to recognize the need for increased beds or community 

resources for the elderly during infiuem seasons could lead to increased morbidity and 

mortality. Certainly, community resources wili be strained if a large number of acutely iU seniors 

are not adequately attended. Planning for increased cornrnunity care during infiuenza seasons 

couid help to reduce the complications associated with infiuenza by helping to secure access to 

medicd care when neeâed. 

The results also indicate that circulating Muenza virus is associated with increased costs 

to the health care system. While this study was not concemeci with health w e  expenditures, 

McBean et al. estimated an excess cost of over 1 billion doUars for the 1989-1990 Muenza 

season and 750 million dollars for the 1990-199 1 season. The indirect costs of inauenza are 

estimated to be four times as great as the direct costs (McBean et al., 1993). The analysis here 

provides the basis for an economic analysis of the cost implications of influenza in Ontario. 

Although not an objective of the thesis, a simple example can illustrate this point. If the number 

of admissions for the diagnosis groups studied are aggregated for the 199 1 - 1992 influenza 

season and the aggregated totals for the interim subtracted, an excess of 5,148 hospitalizations 

occurred. Assuning, for the purpose of illustration, using an average length of stay of 8 days 

(denved form the benchmark length of aay for pneumonia nom Naylor et al., 1994) and hospital 

costs of $400 a day, the excess cost for the 199 1 - 1992 influenza season would be !§ l6,5OO,OOO 



for care of the elderly d0ne.l 

Health services planning could be aided by better surveillance and prompt dissemination 

of results. The presence of a sophisticated surveillance system such as that found in France could 

be estabiished in Ontario. Ln this mamer, practitioners and planners could be made aware of the 

commencement of influenza seasons and plan their activities and resources appropriately. 

Disease control objectives wuld be better serveci by the presence of such a surveillance system. 

Practising physicians can benefit fiom this study by being aware of the impact influenza 

has on the elderly. The r e d t s  support the importance of offering influenza vaccine as a means 

of protedng against the complications of influenza As we4  with the aid of sentinel 

surveillance, physicians could approach prescribing more rationally. No studies have been done 

analysing the relationship between antibiotic prescriptions and the presence of influenza or other 

respiratory pathogens. 

For the public, the results would help to better uiform the public of the seventy of 

influenza. The perception of influenza as just the 'Yiu" minimizes the serious morbidity and 

mortality associated with infiuenza. Cladjmg the relationship with RSV could also better 

S o m  the public on what to expect from influenza vaccine. The impression that the vaccine is 

not effective could be related in part to the newly recognized severiv of RSV infections in the 

elderly. Those protected fiom Muenza but aaicted with severe RSV may conclude that the 

vaccine does not work. Practitioners could inform patients of the limitations of influenza vaccine 

and the importance of RSV as a pathogen. 

It should be noted that this is a rough indication of costs. Using benchmark averages, and 
estimated costs likely underestimates the costs as lengths of stay for the elderly tend to be longer. 
The calculation is meant ody to give an indication of the utility of this form of analysis for the 
purposes of economic analysis. 
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Further research is necessary to examine the role that environmental variables and RSV 

play in the increases in hospitai admissions in the elderly. Such research could lead to a more 

complete understanding of the detenninants and causes of an important public health problem 

and lead to better interventions to reduce morbidity and mortality in the elderly. 
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Appendix 1 

Assumptions of Time Series Analysis 

In epidemiology estimates of the measure of association between two variables often use 

regression methods. The assumptions of traditionai regression methods hold that the observecl 

data are reaiizations of independent random variables. Consequently, the unexplained variation 

in the regression equation (error terrns) are assumed to be independent and normaily distributeci. 

however, the observations are realized in a manner in which the temporal sequence 

exerts an influence, then the observations may not n e c e d y  be regardeci as independent in 

tirne, but may be auto-correlated. The concept of auto-correlation holds that any value of a 

variable may be dependant on the previous value (or values) of that variable. This is exemplified 

in daily temperature readings, where a high d d y  temperature is more likely to be foliowed the 

next day by a sunilar high value (positive auto-correlation) and low daily temperatures are more 

likely to be foIlowed by a low daily value. Likewise, the number of admissions for pneumonia is 

serially auto-correlateci on the hypothesis that innuences such as circulating infiuenza vimses 

may effect the number of admissions for targeted diagnosis on successive weeks. 

The precise definition of the tirne period considered affects the degree of manifest auto- 

correlation. If one defines the temporal frarne to include longer time periods, the degree of 

auto-correlation is likely to diminish somewhat. Consequently monthiy values for variables such 

as hospital admissions wiii not display the auto-correlations of their values as readily as weekly 

data. Consequently to examine the effects of infiuenza on hospital admissions using t h e  series 

methodology, the optimal time fiame is weekly or ddy, rather than monthly or quarterly. 

When the variables of interest both share a common seasonal pattern or are serially auto- 
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correlated, the correlations between the two series can be spuriously infiated if the common 

structure of seasonality is not taken into account (Helfenstein, 199 1). The simple fact of 

seasonality may confound the relationship or obscure a common factor. For example, Bowie 

and Prothero (Bowie and Prothero, 198 1) criticized studies examinllig the correlations between 

daily or weekly mortality and daily or weekiy temperature that showed strong and statisticaily 

sipficant conelation coefficients between the two series. The high correlations were 

interpreted as indicating a strong causal relationship between the two variables. Bowie and 

Prothero, however, demonstrateci that another variable, orange importation into Great Britain, 

that does not share a plausible causal iink to mortality (unless the oranges are poisoned), was 

also strongly correlated to mortality. When methods are used to control for the seasonal pattern, 

the significance of the correlation disappears. 

A variety of techniques exist to analyse time-series data. The most commonly used and 

best studied techniques are the f d y  of autoregressive integrated moving average models 

(ARIMA). In this technique it is assumed that any data aggregated as a tirne series can be 

represented as a regression parameter (or set of parameters) and an error term that is modelled 

as an A R M A  process. An autoregressive parameter is estimated when a variable is regressed on 

a previous value for the same variable. Let Y,,,Y, Y,, ... represent observations at tirnes t- 

1 ,t,t+ 1 and &,, 4 &+, represent a white noise sequence with a mean of zero and a variance u' 

.If one assumes that 2, is linearly dependent on the previous observation Z ,, and on the random 

shock A, then one can constnict an autoregressive mode1 of the first order, cded an AR(1) 

mode1 as follows: 

Zt=qZtt,+& where cp is a parameter. 

ARIMA models are identïfied by exarnining the autocorrelation (ACF) and partial 



autocorrelation (PACF) fictions. The autocorrelation hction determines the correlation 

between 2, and Z,,,, where k represents the number of time lags. For the proper identification of 

an ARIMA mode1 one uses an iterative procedure that commences by the examination of the 

ACF and PACF. Various patterns of the ACF and PACF are associated with identifiable 

ARïMA models (McCleary and Hay, 1980). Figure 1 shows the ACF and PACF correlogram 

for the input series used for influenza for the 1989-1 990 season. The symmetrical manner in 

which the ACF attenuates towards zero, and the significant spike at lag 1 of the PACF i d e n e  

it as an AR (1) process. 

Using the principle of parsimony, one attempts to identfi the simplest mode1 to 

represent the time series. Parameten fit must be statistically significant on the basis of T-tests to 

be included in the model. As weli a goodness of fit test examines the residuals of the fitted 

senes. If the residual senes behaves like a white noise series, that is there is no wnspicuous 

paaern to the residuais, then the model is deemed to fit. A statistic cded the Ljung-Box Q 

statistic is employed to test the residuai series. The Q statistic is calculated as foliows: 

To compute the Q-statisic at lag p, rj is the jth autocorrelation. T is the number of 

observations. The Q statistic tests the hypothesis that ail of the calculated auto-correlations are 

O. If al1 the autocorrelations are not sigrilficantly Merent fiom zero, then the senes of residuals 

can be regarded as a white noise process. The statistic has a chi-squared distribution, and when 

the series has an ARMA process imposed on it the degrees of &dom are equal to the number 

of autocorrelations calculated after one has subtracted the number of estimateci autoregressive 



and moving average terms. 

A species of ARIMA models that allows for the direct assessrnent of the effects of the 

independent variable on the dependant variable is the transfer hction model. It dows  for the 

calculation of the cross-correlation between two time series at a number of different time lags. 

Crucial to the transfer function model is the concept of pre-whitening. As noted above, if one 

cross-correlates two series that share a cornmon seasonai pattern, the magnitude of the cross- 

correlations is likely to be infiateci because of an inflation in the variance of each series, 

particularly in the presence of auto-correlation in each series. The transfer nuiction prevents this 

overidation by modelling the input senes, for example, influenza isolates, as a regression co- 

efficient and a noise term. Once the appropriate ARMA model has been chosen for the input 

variable, the same stnicture is irnposed on the output series. The cross correiations of the 

residual series gives a more accurate estirnate of the correlation between the two series. The 

formula for the cross-correlation coefficient between two series y and x at lag r is calculated as 

follows: 

The model is explicitly causal and seeks to estimate the direct effect of the input variable 

on the output variable. Consequently, shared attributes of the two series, such as seasonality and 

auto-correlation are adjusted for and what is estirnated is the direct effect of the input series on 

the output series. 



In this study, AR(1) models were found to fit the input senes infiuenza. This is 

biologically plausible in that influenza seasons are similar in nature t O common source epidernics. 

As such an evolving influenza season is characterized by an increase and then decrease in the 

number of isolates. Consequently, each weekly total is related to the previous weeks total and 

are auto-correlated. Table 1 shows the regression models for each influenza season. Q-statistics 

for each season showed that an AR(I) mode1 would create a white noise residual series. The 

residual series eom each influenza season was cross-correlated to the residual series for each 

diagnosis group for each influenza season &er an AR(1) mode1 was imposed on the output 

series. 

Table 1: Regression Models for Muenza Input Series 

Year 

1988- 1989 

M&l 

AR(U 

Regression 
Co-Efficient 

0.909 

P. Value 
Q Statistic 

(1 2 th Lag) 

-752 
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