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ABSTRACT

Following spinal cord injury, physiological alterations, sedentary lifestyles, and
psychological difficulties have been documented. The majority of research focusing on
lifestyle risks in the spinal cord injured population to date has mainly been descriptive in
nature. Limited research has examined the relationships between lifestyle risks and
morbidity. This study was undertaken to quantify the associations between selected
lifestyle risks and morbidity associated with three top causes of mortality in adults with
spinal cord injury.

Ninety-seven spinal cord injured patients receiving rehabilitation services at
Kingston General Hospital between 1972 and 1992 were interviewed over the
telephone to assess morbidity and lifestyle exposure history. Logistic regression
modeling was used (0 guantify the associations between lifestyle risks and
cardiovascular, respiratory, and urinary tract disorders. Risk of respiratory morbidity
was found to be positively associated with quadriplegia and number of cigarettes
smoked per day. Risk of urinary tract morbidity was found to be positively associated
with a complete lesion, number of cigarettes smoked per day, and surpnisingly, physical
activity. Risk of urinary tract morbidity was negatively associated with monthly alcohol
consumption and a traumatic injury. Age and duration of cigarette use, while positively
associated with cardiovascular morbidity, did not reach significance in the logistic
regression modeling.

With respect to the three morbidity outcomes in this study, cigarette smoking

emerged as the most damaging lifestyle behavicur. Attention and resources must be



directed towards spinal cord injury specific smoking prevention and cessation programs

to hait the development and exacerbation of chronic diseases in this unique population.
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1.0 INTRODUCTION

Every year in Canada, approximately 1000 people experience spinal cord
injuries (SCl) (Canadian Paraplegic Association, 1996). The Canadian Paraplegic
Association (1996) estimates a prevalence of 1.17 people with SCI per 1000
Canadians. The majority of spinal cord injuries are experienced by males in their late
tventies and early thirties with approximately half of the injuries resulting in paraplegia
and half in quadriplegia. Car accidents account for 35 percent of Canadian SCI with
falls being the second most frequent cause at 16.5 percent {Canadian Paraplegic
Association, 1996).

Prior to the 1950’s a large proportion of people experiencing a SCI did not
survive, and those who did survive were destined to live out the remainder of their lives
in institutional settings (Menter, 1993). Today, with advances in acute care and
rehabilitation, SCI survivors are returning to the community and living into old age
(Samsa, 1993). Along with living to an older age comes an increased risk of suffering
from chronic diseases. Causes of death in the SCI population have become more
similar to the generai population as mortality due to renal disease. once the primary
killer of people with SCI, is decreasing (Hackler, 1977; Le & Price, 1982; DeVivo et al,
1989). Better bladder management techniques and improved antibiotics have
accounted largely for decreases in renal disease (Bauman et al, 1992; Whiteneck et
al,1992).

Since the release of the Lalonde report in 1974, entitied A_New Perspective on

the Health of Canadians, emphasis has been placed on lifestyle as a determinant of

health, and the Canadian public has been encouraged to play a more active role in

determining their own health (Lalonde, 1974). Decreases in heailth funding for acute



care in the last decade have placed additional emphasis on public health and disease
prevention. A large amount of research has been conducted examining lifestyle risk in
the general population, yet little work has examined the disabled population. In 1983,
the Ontario Secretariat for Disabled Persons suggested that a lack of knowledge of the
prevalence and effects of lifestyle health risks on the disabled population is a major
barrier to effective lifestyle counseling and health promotion. Since 1983 the body of
literature on SCI and lifestyle risks has grown moderately, yet many questions remain
unanswered. The majority of the research in this field has been descriptive in nature.
Very littie work has examined the relationships between lifestyle risks and disease
outcomes in the SCI population.

The SCI population is a unique group which exhibits specific physiologicat and
mobility characteristics. Thus, conclusions from lifestyle research conducted with the
general population cannot always be generalized to the SCI population (Komura et ali,
1994). This study was undertaken to assess the associations between several major
lifestyle risks and three highly prevalent health disorders in the SCI population:
cardiovascular, respiratory, and urinary tract disorders. As many people with SCi are
living a large portion of their lives with a disability, it is imperative that lifestyle risks be
systematically addressed to facilitate the establishment of prevention programs in the
early post-injury phase. The financiai and psychosocial costs of SCI are staggering
alore without the added burden of chronic disease.

Lifestyle is only one of the many determinants of health. It is kncwn that
genetics, the environment, economic, social, and psychological factors interact in a
complex fashion to impact upon health. This study was in no way an attempt to explain

complete etiologies but rather to gain additional insight into specific lifestyle risks and



how they reiate to three categories of health probiems experienced in the SCI

popuiation.



2.0 LITERATURE REVIEW

2.1.0 Causes Of Death

Prior to World War I, victims of SCI usually did not survive their injuries
(Whiteneck et al, 1992). With large numbers of WW Il servicemen experiencing SCI,
improvements in acute care were developed and the modem era of spinal cord injury
rehabilitation unfolded (Munro, 1954; Lammertse & Yarkony, 1991). Rehabilitation
methods began to be devised to deal with the numerous resultant health challenges
faced by the SCI survivor. Reviewing records of WW I and Korean War Veterans,
Hackier (1977) found that urinary system complications accounted for 43 percent of
reported deaths. Renal deaths usually occurred within the first decade after injury
(Lammertse & Yarkony, 1991). Deaths due to renal disease have decreased
considerably over the past thirty years (Le & Price, 1982; DeVivo et al, 1989).
According to Lammertse & Yarkony (1991) data from the American National Spinal
Cord Injury Database indicated that death due to diseases of the genitourinary systems

accounted for 3.2 percent of deaths.

Causes of death in the SC! population have grown more comparable to those in
the non SCI population (Whiteneck et al, 1992). Deaths caused by urinary system
complications have decreased, and deaths caused by cardiovascular and respiratory
disease have increased (Hackler, 1977: Le & Price, 1982; DeVivo et al, 1989).
Cardiovascular, respiratory, and urinary tract disease are the leading cause of death in
the spinal cord injured population (Geisler et al, 1983; Bauman et al, 1992; Whiteneck
et al, 1992; DeVivo et al, 1993). Among 362 deaths studied by Whiteneck and

colleagues (1992), the genitourinary system accounted for 24.3 percent of deaths,



closely followed by cardiovascular deaths (23.2%), and the respiratory system was
third, accounting for 13.8 percent of deaths. However, for those surviving more than 30
years, as well as those 60 years of age and older, cardiovascular disease was found to
be the most frequent cause of death (Whiteneck et al, 1992). Lammertse & Yarkony
(1991), using data from the American National Spinal Cord Injury Database, reported
that respiratory disease is the leading cause of death accounting for 20.5 percent of
deaths, followed by heart disease. These results were confirmed by DeVivo and
colleagues (1993) who studied the causes of death during the first twelve years after
SCI and found the leading cause of death to be pneumonia.

There is no consensus in the literature regarding the order of magnitude of the
top three causes of death in the SCI population: cardiovascular, respiratory, and urinary
tract disorders. Few studies examining this issue have studied cohorts of different

ages, different eras of rehabilitation, for different lengths of follow-up.

2.2.0 Cardiovascular Disease

Cardiovascular disease in the general population has been studied aggressively
worldwide over the past forty years. From this research three primary risk factors have
been determined: cigarette smoking, high blood pressure, and high serum cholesterol
(Kannel, W.B., 1992; Noreau & Shepard, 1995). Smoking has been found to decrease
presence of protective high density lipoproteins, plus encourage platelet aggregation
and release of catecholamines leading to disruption in the myocardium (Kannel et al,
1984). Other lifestyle risk factors which seem play an important role in cardiovascular
disorders have been identified. Diets high in saturated fat and deficient in fiber and
linolenic acid have been shown to lead to hypertension and dyslipidemia (Grundy et al,

1982). Obesity leads to a disruption of the ratio of total cholesterof to high density



lipoprotein (HDL) cholesterol, glucose intolerance, and hypertension (Higgins et al,
1987). Abdominal obesity, in particular, increases risk of cardiovascular disease
(Bjomtorp, 1985). It has been observed that exercise yields a protective effect by
increasing HDL, decreasing blood pressure, and improving glucose tolerance (Kannel
et al, 1985). Excessive alcohol consumption has been correlated with elevated serum
cholesterol, obesity, high blood pressure and premature death from cardiovascular
disease (Cunnane, 1993; Caimns et al, 1984). Conversely, low and moderate alcohol
intake has been shown to have a positive association with HDL (Wilson et al, 1980)
and significantly lower mortality from cardiovascular disease (Gronbaek et al, 19995).
Kannel (1992) emphasizes that cardiovascular disease has multifactorial causality, an
interaction of atherogenic traits exacerbated by lifestyle.

Conflicting findings have been presented regarding the prevalence of
cardiovascular disease in the SCI population (Bauman et al, 1992). Levi and
colleagues (1995) found no significant difference in the reported prevalence of
cardiovascular disease in the SCI population in comparison to a general population
control. Yekutiel and colleagues (1989) and Bauman and colleagues (1992) found a
greater incidence of cardiovascular disease in the SCI population. Levi and colleagues
(1995) suggest their results might be accounted for by the fact they used diagnosed
cardiovascutar conditions, and did not inciude subclinical or as yet undiagnosed
conditions. iIn a comparison with general population age-matched controls, Yekutiel
and colleagues (1989) found that persons with SCI have a significantly increased
incidence of ischemic heart disease. The authors suggested that it may be the
sedentary lifestyle of the spinai cord injured patient which causes ischemic heart

disease. It has also been suggested that the age of onset of cardiovascular disease



among those with a SCI appears to be younger than the general population (Yekutie! et
al, 1989).

While incidence and prevalence data for cardiovascular disease in the SCI
population remains somewhat unclear, the high prevalence of risk factors for
cardiovascular disease has been quite well documented. Bauman and colleagues
(1992) have suggested that decreased physical activity and changes in body
composition lead to metabolic alterations which increase progression and severity of
cardiovascular disease. A high prevalence of obesity in the SC! population has been
documented (Dearwater et al, 1986; Nuhlicek et al, 1988; McColl and Skinner, 1992).
Research on alcohol use following SCI has suggested that the SCI population
consumes more alcohol and has a higher prevalence of alcohol abuse than the general
population (McColl & Skinner, 1992; Young et al, 1995). Sweeney and Foote (1982)
suggest that increased alcohol use foliowing SCI results from pain, incontinence,
paralysis, and the irreversibility of damage.

Several articles published in the 1980’'s have focused on metabolic
abnormalities in the SCI population, specifically high density lipoproteins (Heldenberg et
al, 1981, Vaziri et al, 1982;). These articles indicate that the SClI population,
particularly quadriplegics, have been reported to have low levels of HDL placing them
at increased risk for cardiovascular disease. More recently, Bauman (1992) concluded
that carbohydrate and lipid metabolism disorders are reflected in paraplegics by
impaired glucose tolerance, elevated low density lipoproteins levels, and depressed
high density lipoprotein levels. However, Cardus and colleagues (1992) looking at lipid
profiles in both paraplegics and quadriplegics suggest that the SCI population has
similar blood lipids to the general population. In comparison with a non SCI, ncn

physically trained population, Cardus and colleagues (1992) found that the SCI



population did not have higher level of LDL or lower levels of HDL. The authors
conclude that levels of cholesterol increase with age as in the general population,
regardless of duration of injury or level of lesion.

In further research taking a muitivariate approach, assessing not only metabolic
mechanisms, but also age, sex, blood pressure, presence of diabetes, cigarette
smoking, and electrocardiographic abnormmalities, Cardus and colleagues (1992)
concluded that the SCI population shows a risk of cardiovascular disease sirnilar to the
risk estimated in non-physically trained, age-matched. able bodied individuals. Krum
and colleagues (1992) assessed cardiovascular disease risk by looking at age, sex,
blood pressure, total cholesterol, and smoking. The authors conclude that the reported
increased incidence of cardiovascular disease in the SCI| population cannot be
explained by blood pressure, total cholesterol, or smoking, but rather iow HDL may

contribute to risk as well as other risk factors that remain to be established.

2.3.0 Respiratory Disease

The dominant lifestyle risk for respiratory disease in the general population is
smoking (Dodge, 1980; Lebowitz, 1977). Longitudinal studies have shown that a dose-
response relationship is present between amount of cigarettes smoked and changes in
ventilatory function (Jaakkola et al, 1991, Beaty, 1984). Death due to chronic
obstructive lung diseases, which includes emphysema, chronic airways obstruction,
and chronic bronchitis, are ten times greater in smokers than non smokers (Higgins,
1991). Alcohol consumption has been associated with chronic bronchitis and lower
lung function independent of smoking. Sherrill and colleagues (1990) suggest alcohol
and smoking interact to create a detrimental synergistic effect on lung function. Mason

& Nelson (1992) present a plethora of physiological effects alcoihol has on the



respiratory track to suppress nomal immune reactions to pathogens.  Alcohol
predisposes the lower lung to gram-negative bacteria colonization, as well as
decreases the function of alveolar macrophages. Other risk factors for respiratory
disease include occupational history, family health history, pediatric respiratory
diseases, and environmental hazards (Helsing et al, 1979; Ferris, 1978; Jaakkola et al,
1993; Senthilselvan, 1993; Brodkin et al, 1993).

Respiratory disease is a leading cause of death among the spinal cord injured
population (DeVivo, 1989; Gausch et al, 1991). Beyond the ncrmal reduction in lung
function due to aging, additional problems are experience by those with SCI leading to
increased risk of respiratory difficulties (Wilmet & Hall, 1993). Progressive spinal
deformities such as scoliosis and Kkyphosis can worsen with age leading to
compromised respiration caused by limited mobility of the chest and soine (Wilmot &
Hall, 1993). Obesity and osteoporosis caused by sitting in a wheelchair accelerate
kyphosis in the SCI population (Wilmot & Hall, 1993). Additionally, when aging with a
SCI, respiratory muscle fibres may deteriorate inhibiting full respiration (Frick & Bruno.
1986). Expelling secretions from the lungs is a particular problem in the SC! pcpulation
due to the paralysis of chest and abdominal musciles (Stover, 1994).

Work by Spungen and colleagues (1995) studying the prevalence of tobacco
use in a group of male veterans with SCI found that the number of current smokers was
comparable to the general population, with exception of a lower number of subjects
who never smoked. It is suggested by the author that the lower number of subjects
who never smoked reflects the smoking habits of the veteran population. McColl &
Skinner’s lifestyle survey (1992) also found the prevalence of smoking among a sample

of SCI subjects to be comparable to the general population.



Level of lesion is a well documented risk factor in respiratory disorder for the
SCI population. In persons with high paraplegia and quadriplegia, spasticity of the
abdominal and chest musculature can cause increased abdominal pressure impairing
full movement of the diaphragm. In 165 paraplegics and quadriplegics Almenoff and
colleagues (1995) documented significantly decreased puimonary function in smokers
and in high quadriplegics (C4 and above). Waist and neck enlargements after
quadriplegia were documented by Frisbie & Brown (1994). It is suggested by the
authors that these enlargements may relate to impaired breathing in quadriplegics.
Green and colieagues (1994} assessed the association between fatal pulmonary
embolism and characteristics that might predict the event. They found significant
differences between cases and controls for level of injury, spasticity, and body mass
index. Cases had higher levels of injury, less spasticity, and higher BMI! scores.

Additionally, quadriplegics are at increased risk of sleep induced respiratory
failure, known as sleep apnea. Reasons for this increased risk includes paralysis and
weakening of muscles involved in inspiration, use of sedating anti-spasticity medication,
and obesity which may narrow the upper airway and cause increased load on
respiratory muscles (Flavell et al, 1992). Star & Osterman (1988) suggest that obesity
contributes to sleep apnea possibly by causing mechanical cbstruction of the uppger

airways by adipose tissues (Star & Osterman, 1988).

2.4.0 Urinary Tract Disease

Unlike cardiovascular and respiratory disease, urinary tract disease in the
general population is not strongly asscciated with lifestyle. Research in the general
population indicates that hypertension and type li diabetes meliitus (DM) cause an

increase in glomerular pressure leading to an increased risk of renal disease (Ferguson

10



& Morrisey, 1993). Hypertension and type (I DM, while not being lifestyle risk
themselves, are directly reiated to obesity, exercise, and smoking. Hypertension, left
ventricular hypertrophy, lipid abnormalities, and glucose intolerance are more frequently
found in patients with renal failure than the general population (Ma et al, 18992). In
comparative studies, the prevalence of hypertension in the SCI population has been
found to be greater than the general population (Imai et al, 1994).

Prior to the mid-1970’s renal disease was the primary cause of death in the SCI
population (Geisler et al, 1983; Lanig, 1993). The introduction of intermittent
catheterization and improvements in regular screening for renal disease, as well and
improved antibiotics (Bauman et al, 1992) has markedly decreased renal deaths
(Whiteneck et al, 1992). Aithough renal disease is no longer the leading cause of
death in the SCI population, urinary tract infections remain a primary cause of morbidity
(Whiteneck et al, 1992). Urinary tract infections account for 19.8 percent of all
procedures and diagnoses following initial hospitalization for a SCI (Whiteneck et al,
1992). If left untreated, urinary tract infections can lead to serious complications
including end stage renal disease. Treated toc¢ late or incorrectly, these infections
produce frequent iliness that can interfere with all aspects of daily living.

Risk factors for chronic bladder infections identified in the SCI population
include over-distention of the bladder, post-void residuals, presence of stones, and
outlet obstruction which can result from improper bladder management (Anonymous,
1993). High storage pressure is believed to cause deterioration of bladder form and
function (Yokoyama et al, 1996). Method of bladder drainage may also influence risk cf
bladder infections (Cardenas, 1995). Specifically, indwelling catheterization methods
may lead to persistent bacteriuria (Anonymous, 1993). It is suggested that clean

intermittent catheterization provides optimal bladder management (Chai et ai, 1995).

11



Physical fitness and sports participation in people with SCI has been related to fewer
urinary tract complications (Dearwater et al, 1986; Stotts, 1986). The goal of bladder
management is to ensure adequate bladder drainage, low-pressure urine storage, and
low-pressure voiding, obtained by the integration of proper bladder management
techniques into one’s lifestyle (Perkash, 1993).

Urinary complications are more frequent in those with higher levels of injury, a
complete injury, a younger age of onset, longer duration of disability, and fonger
hospitalization time following injury (Morita et al, 1994; Herruzo et al, 1994). Although
the majority cf research has been conducted on males, there is some evidence that
SCI females are at a greater risk of infection. Bennett et al (1995) suggest this
increased risk is related to the proximity of stool cortamination.

It has been suggested by several researchers, that a causal relationship exists
between bladder cancer and chronic inflammation and/or infection (Broeker, 1981;
Stonehill et al, 1996). It was thought that initial correlations between indwelling
catheters and bladder cancer may be weakened with improved bladder management,
yet in a recent publication, Stonehill and colleagues (1996) concluded that an
indwelling catheter and a history of bladder stones were statistically significant risk
factors for bladder tumours. It has been proposed that the association between chronic
cystitis and bladder cancer may, in part, be due to the production of nitrosamines by

bacteria and macrophages (Lanig, 1993).

2.5.0 Summary

While there is a vast amount of literature addressing the associations between
lifestyle risks and chronic disease in the general population, much fewer studies have

focused on lifestyle risks and disease outcomes in the SCI population. The literature

12



suggests the SCI population may be at greater healith risk due to lifestyle risks and that
the impact of lifestyle risks is exacerbated by the existence of a SCI. Through
increased knowledge of lifestyle risks and disease outcomes in the SCI population,
improvements in heaith education and disease prevention programs will improve the

quality of life for the SCI population and spare limited health care resources.

13



3.0 OBJECTIVES

The goal of this study was to quantify the associations between lifestyle risks,
selected based on the literature, and three major causes of mortality in adults with a
spinal cord injury. A multivariate approach was used, accounting for the effects of

demographic and injury related variables. The specific objectives of the study were:

i To assess the risk of cardiovascular morbidity in a SCI population relative to
four lifestyle risk factors: physical activity, body mass index, cigarette use, and

alcohol consumption.

ii To assess the risk of respiratory morbidity in a SCI population relative to three

lifestyle risk factors: cigarette use, alcohol consumption, and body mass index.

iii To assess the risk of urinary tract morbidity in a SCI poputation relative to five

lifestyle risk factors: physical activity, body mass index, cigarette use, alcohol

consumption, and bladder management.

14



4.0 METHODS

4.1.0 Study Design

A cross-sectional design was chosen to address the objectives. The design
contained a retrospective element as subjects were asked to report specific morbid
events occurring since the onset of their SCI to the time of the interview. The lifestyle
data were also both retrospective and cross-sectional in nature as subjects were asked

to report past and current lifestyle behaviours.

4.2.0 Study Population

The population for the study consisted of 130 individuals, all of whom incurred a
segmental, non-progressive SC! and received rehabilitation at Kingston General
Hospital in the period between January 1, 1972, and December 31, 1992. Subjects
were identified using the Bawden Rehabilitation Unit SClI Database, derived frcm
patient medical records. The database consisted of 140 subjects, yet 10 were known
to be deceased. For the purposes of the study, spinal cord injury included traumatic
spinal cord injury, benign tumors, transverse myelitis, vascular infarcts, and congenital
defects. A map illustrating the catchment area for the Bawden Rehabilitation Unit is

located in Appendix A.

4.3.0 Power Calculation and Sample Size

Previous research using the Bawden SCI database randomly selected a sample
of 51 subjects from the 130 surviving subjects in the database (Harley, 1994). Of the
51 subjects selected, two (3.9%) were found to be deceased. Of the remaining 49, 28

(57.1%) were successfully contacted by telephone, and of those contacted two (7.1%)

15



refused to participate. Projecting these values to the entire database, approximately
five subjects were expected to be deceased and of the remaining 125, approximately
71 subjects were expected to be reached by telephone. Of the 71 subjects reached,
approximately 66 were expected to agree to participate in the study.

A ten percent random sample was computer generated to pilot test the disease
screening questionnaire. Of the thirteen subjects chosen, ali were successfully
contacted by telephone and willing to participate. According to the disease screening
questionnaire, 3 subjects (23%) reported cardiovascular disorders. 6 subjects (46%)
reported respiratory disorders, and 9 subjects (69%) reported chronic urinary tract
disorders. Projecting these numbers to the 66 subjects expected to complete the
telephone interview, it was anticipated that approximately 15 cases of cardiovascular
disorder, 30 cases of respiratory disorder, and 46 cases of unnary tract disorder would
be reported.

Hsieh's (1989) sample size tables for logistic regression were consulted to
determine the odds ratio that could be detected for each of the three morbidity
outcomes based on a projected sample size of 66 subjects. A significance level of a =
.05 and power of 1-B = .80 were selected. For cardiovascular disorder, with an evant
probability of 0.23 based on the pilot study, an extrapolated odds ratio of approximatety
3. 5 was expected to be detected. For respiratory disorder, with an event probability of
C.46 based on the pilot study, an odds ratio of 2.3 was expected to be detected. And
for urinary tract disorder, with an event probability of 0.69 based on the pilot study, an
extrapolated odds ratio of 1.8 was expected to be detected.

Heish's tables are based on univariate logistic regression. To apply to multiple

logistic regression, the value from the table is to be divided by 1 - p°. where p is the

16



multiple correlation coefficient relating the specific covariate to remaining covariates
(Heish, 1989). The above odds ratios were determined based on a multiple correlation
coefficient of 0.1 obtained from previous research using the Lyndhurst Computerized
Health Risk Assessment with an unrelated yet demographically similar SCI population

(McColl & Skinner, 1992).

4.4.0 Data Collection

Telephone interviewing was chosen as a data collection method as it offers
higher response rates and improved accuracy over mailed questionnaires, and exhibits
greater cost-effectiveness than face-to-face interviews over a large geographicai area.
According to Statistics Canada (1995), 98.5 percent of Canadian househoids have
telephones. Prior to initial telephone contact, information packages were mailed to all
subjecis not confirmed deceased (n=130). information packages included an
introductory letter, a study information sheet, two consent forms, and a self-addressed
stamped envelope. Interested participants were asked to keep one consent form for
their files and return the completed consent form in the envelope provided. Once the
consent form was received initial telephone contact was established to conduct the
interview at that time or to scheduled an interview at a more convenient time. The

information package contents are located in Appendix B.

4.4 1 Screening For Morbidity

Morbidity screening was accomplished using selected sections from the London
School of Hygiene Questionnaire on Chest Pain and Intermittent Claudication (Rose et
al, 1977), the American Thoracic Society Questionnaire on Respiratory Symptoms

(Ferris, 1978), and a urinary tract morbidity questionnaire purposefully developed for



the present study. Subjects were asked to report cardiovascular. respiratory, and
urinary tract morbidity since the onset of their SCl. The morbidity screening instrument

and definitions of case classification are located in Appendix C.

(i) Cardiovascular Morbidity

In 1962, G. A. Rose developed an instrument to diagnose ischemic heart pain in
field surveys which has been widely used in epidemioclogical studies (Cook et al, 1889).
The Rose cardiovascular questionnaire on chest pain has been shown to identify those
at high risk for developing complications from cardiovascular disease during the
succeeding five years or those at a high risk of dying from cardiovascular disease. A
self-administered version of the instrument was introduced by Rose and colleagues in
1977 (Rose et al, 1977). Cook and colleagues (1989) have shown that prevalence
rates of angina are similar using both the administered questionnaire and the seif-
administered questionnaire. For the purpose of this study the self-administered version
was chosen, yet it was administered over the telephone by the researcher. The self-
administered version was chosen over the administered version because the latter
requires observations of the subject made by the researcher. The gquestionnaire has
been validated against physician diagnosis in the general and patient populations
(Garber et al, 1992). As an epidemiological tool for measuring angina pectoris it has
exhibited specificity ranging from 48-98 percent and sensitivity from 25-83 percent

(Garber et al, 1992).

(ii) Respiratory Morbidity

The presence of chronic respiratory symptoms and morbidity was assessed

using the American Thoracic Society and the Division of Lung Diseases (ATS-DLD)
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questionnaire (Ferris, 1978), developed for use in epidemiological studies. The ATS-
DLD questionnaire was designed to elicit more precise information about chronic
obstructive pulmonary morbidity than provided by previously developed questionnaires,
such as the British Medical Research Council (MRC) questionnaire and the National
Heart and Lung Institute (NHLI) questionnaire (Ferris, 1978). [n comparison to the
NHL! questionnaire, the ATS-DLD has demonstrated less variation in symptomatology
when conducted by telephone and had a lower percentage of misunderstood questions

than the MRC and NHLI questionnaires (Helsing et al, 1979).

(i) Urinary Tract Morbidity

Because of innervation problems in the SC! population, urinary tract
questionnaires developed for the general population are inappropriate. Literature
reviews revealed no urinary tract questionnaires specific to the SCI population.
Therefore, in consultation with a clinician in the SCi field (J. Durance, personal
communication, 04/94), a urinary tract morbidity questionnaire was developed. Pilot

testing with 13 randomly chosen subjects established face and content validity.

4.4.2 Assessment Of Exposure

Exposure data were collected using selected sections of McColl and Skinner's
(1992) Lyndhurst Computerized Health Risk Assessment (LCHRA): physical activity,
obesity, cigarette use, alcohol use, and bladder management. Subjects were asked to
report their current lifestyle characteristics and any variation in lifestyle since the onset
of their SCI to the time of the interview. The LCHRA is a modified version of Skinner

and colleagues’ (1985) Computerized Lifestyle Assessment (CLA). To modify the CLA
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for the SCI population, McColl and Skinner added disability-specific modules and re-
calibrated response choices to be appropriate for the disability. In the development of
the LCHRA, McColl and Skinner (1992) performed measurement analyses including
item analysis, inter-item correlations, principal components analysis and reliability
analyses to confirm subscale properties. Internal consistency reliability using the
Cronbach’s alpha coefficient for the subscales used in this study ranged from a low a =
0.56 for bladder management to a high a = 0.82 for physical activity.

For the purpose of this study, two modifications to the LCHRA were
implemented. The LCHRA is designed to be used on a computer directly interacting
with the subject. For this study it was not financially viable to travel to the subjects to
allow them to interact with a computer, thus the questions were administered over the
telephone. The use of the telephone was not anticipated to alter the validity of the
LCHRA. Skinner (1993) observed in the validation of the CLA that data collected on
alcohol and cigarette use were not significantly different when coilected using three
different methods: computer, human interviewer, and self-administered written
questionnaire.  Additionally, the questionnaire was slightly modified to allow for
retrospective data collection, in addition to the mainly cross-sectional data collection for
which the questionnaire was originally designed. At the end of sections not originally
designed to collect retrospective data, subjects were asked to report how for long their
behaviour had occurred and any changes in that behaviour. A sensitivity question was
added at the end of the questionnaire to estimate potential misclassification. The
selected sections of the LCHRA and the coding scheme for the lifestyle risk variables is

located in Appendix D.
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(i) Physical Activity
Physical activity was evaluated on a 27 point scale based on frequency,
intensity, and duration of exercise. Passive exercise, such as stretching performed by

a physiotherapist, was not included. The scale exhibits an internal consistency

reliability of a = 0.82 (McColl & Skinner, 1992).

(il) Body Mass Index

Body mass index (BMI), weight in kilograms divided by the squared height in
meters (weight [kg]/ height [m?), is an indicator of fatness of individuals (Kushner,
1993). BMI has a low correlation with height thus allows comparison of body weight in
people of varying heights (Williamson, 1993). BMI is a widely accepted measure of
fatness for epidemiological studies and predicts morbidity and mortality in many
populations (Hodge & Zimmet, 1994). As suggested by Noreau and Shephard (1992),
because of a decrease in muscle and bone mass following SCI the ideal BMI for the
SCI population is probably lower than the general population, although specific SCIi
norms have yet to be established. Normal population norms will be used for this study

based on the Heaith and Welfare Canada (1988) publication Canadian_Guidelines for

Healthy Weights to establish obese or non-obese status. Subjects that experienced

their injury in adulthood were asked to report their pre-injury height. Subjects injured

prior to adulthood or having a congenital injury were asked to estimate their height.
(iii) Cigarette Use

The LCHRA captures several parameters of cigarette use; daily consumption,

duration of use, time since quitting, and total years smoking. Average lifetime
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consumption was calculated based on the aforementioned data. Subjects who smoked
six months or less in their lifetime were categorized as nonsmokers. Neither pipe nor

cigar smoking was assessed.

(iv) Alcohol Consumption

Total monthly alcohol consumption was estimated by the summation of four
questions about monthly consumption. Frequency of excessive alcohol consumption
over a one month period was estimated with the indicator of risk being number of days
4 drinks or more were consumed (McColl & Skinner, 1992). A standard drink was
considered as: one twelve ounce bottle of regular beer, one five ounce glass of wine, or

a one and a half ounce shot of liquor.

(v) Bladder Management

The goal of bladder management is to ensure filling and emptying of the bladder
at periodic intervals to decrease risk of bladder infection. Preventive activities are
dependent on the method of bladder management: indwelling catheter, intermittent
catheterization, external drainage, diaper/pad, or tapping/straining. Attentiveness to
self care was assessed based on adherence to techniques associated with each

bladder management approach, as well as general attentiveness questions

4.4.3 Demographic And Injury Related Variables

Demographic and injury related variables, present in the Bawden SCI database,

were included in the data analysis to investigate and control for confounding. Age, age
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at injury, duration of disability, and lesion level have been shown to be associated with
lifestyle health risks and morbidity outcomes in the SCi population (Cardus et al, 1992;

Geisler et al, 1983; McColl & Skinner, 1992; Whiteneck et al, 1992).

Table 4.1 Study variables
VARIABLE DEFINITION
ID Subject [dentification Number nominal
CARDIODS | Cardiovascular Morbidity 0 - no morbidity, 1 - morbidity
RESPIRDS || Respiratory Morbidity 0 - no morbidity, 1 - morbidity
UTDS Urinary Tract Morbidity 0 - no morbidity, 1 - morbidity
PHYSACT | Physical Activity 1-27
BMI Body Mass Index 0 - non obese, 1 - obese
CIGSDAY Cigarettes Smoked per Day continuous
CIGSLIFE __| Cigarettes Smoked in Lifetime continuous
CIGDUR Duration of Cigarette Use continuous
TMQUIT Time Since Quit Using Cigarettes continuous
ALCHMTH | Monthly Alcohol Consumption continuous
ALCHEXC | Frequency of Excessive Alcohol Use | O - 30
BLADSCOR || Bladder Self Care 1-100
GENDER Gender 1 - male, 2 - female
LEVEL Level of Lesion 1 - quadriplegic, 2 - paraplegic
COMPLETE || Completeness of Lesion 1 - complete, 2 - incomplete
CAUSE Cause of Injury 1 - traumatic, 2 - non traumatic
AGE Age at Interview continuous
AGEINJ Age at Injury continuous
DURDIS Duration of Disability continuous
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4.5.0 Data Management And Analyses

Data collected through the telephone interviews were recorded by hand then
entered into SPSS version 6.1 (SPSS Inc., 1996). Procedures available in SPSS 6.1
were used for the majority of the statistical analyses. Because SPSS 6.1 does not
provided 95 percent confidence intervals for odds ratios, confidence intervals were
calculated using Quattro Pro For Windows. According to David Nichols, Senior Support
Statistician SPSS Inc. (personal communication, November 11, 1996), the degrees of
freedom and significance levels associated with the -2 log likelihood and goodness of
fit tests for the logistic regression procedure were removed from version 6.1 because
they were incorrect. The Hosmer-Lemeshow goodness of fit test was obtained from the

SPSS website and run in the syntax window.

(i) Descriptive Statistics
Descriptive statistics, including measures of central tendency and graphical

representations, were used to describe the study variables, evaluate the need for data

transformation, and determine the presence cf outliers.

(i) Univariate Analyses

The univariate analyses were undertaken to assess the relationships between
the outcome and independent variables. Variables entered for selection into the
logistic regression modeling were selected through the univariate analyses. Student's ¢
tests were used to assess the associations between the morbidity outcomes and

continuous predictor variables. Chi squared tests were used to assess the associations
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between the morbidity outcomes and categorical predictor variables. When expected
cell frequency was less than five the Fisher's exact test was used as the chi squared

test is considered to be somewhat inaccurate under those conditions (Rosner, 1990).

As suggested by Hosmer and Lemeshow (1989), a selection criteria of p < 0.25
was used to select variables to enter into the logistic regression models. According to
Mickey and Greenland (1989), traditional levels, such as 0.05 can fail to identify
variables of known importance, while levels greater than 0.25 can include variables of
questionable importance. Additionally, a more lenient selection p vaiue will include
variable that may be weakly associated with the outcome, yet become an important
predictor when taken together (Hosmer & Lemeshow, 1989). Because the univariate
analyses is being used in an exploratory fashion to select variables for the logistic
regression modeling, an increase in type | errors due to multiple comgarisons is not a

concem.

(i) Logistic Regression

Based on the significant associations determined through the univariate
analyses, predictor variables significantly associated with cardiovascular, respiratory,
and urinary tract morbidity were utilized in logistic regression modeling. Theoretically
relevant variables that were not significant in the univariate analyses were not selected
for entry into the models. This decision was based on the relatively small sample size
which, according to Hosmer & Lemeshow (1989), could produce numericaily unstabie
multivariate models when nonsignificant yet scientifically relevant variables are

included.
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Variables were entered into three separate models (cardiovascular, respiratory,
and urinary tract morbidity) in the forward stepwise method based on the probability of
the likelihood ratio statistic. The stepwise approach was chosen as the sequential
fashion of model building allows for the examination of a collection of models that may
not have been examined otherwise (Hosmer & Lemeshow, 1989). Categorical
predictor variables were transformed into sets of deviation contrasts where each
categery of the variable except the reference category was compared to the overall
effect. An alpha level of 0.15 was chosen to determine entrance into the model as
suggested by Hosmer and Lemeshow (1989) when using the stepwise method. The
larger alpha level provides some assurance that the stepwise method will seiect
variables with coefficients different from zero. An aipha level of 0.20 was selected to
determine whether a variabie should be removed from the model during the stepwise
method (Hosmer & Lemeshow, 1989).

Given that the outcomes of interest in this study are not rare, odds ratios may
over estimate the actual risk. Therefore, the probability of the morbidity outcomes were
calcuiated for individuals with a specific set of risk factor values (Kelsey et al, 1926).
Risk ratios, a comparison of probabilities of developing the morbid conditions, were

then estimated.

Based on the literature one interaction was examined: smoking by alcohol
consumption. The effect of the interaction was assessed through the likelihood ratio
method, where the model without the interaction is compared to the model including the
interaction and the difference in the -2 log likelihood function value is assessed for a
significant contribution to the model using an approximate chi squared distribution. A

significance level of p = 0.05 was chosen.
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Model fit was assessed through the Hosmer-Lemeshow goodness of fit test
which provides a single, easily interpretable value which summarized the agreement of
observed and fitted values (Hosmer & Lemeshow, 1989). The null hypothesis is that
the data are generated from the specified model (David Nichols, personal

communication, 96/11/12). A p value of 0.05 was chosen.

Diagnostic methods were used to identify points for which the models did not fit
well and points that exerted a strong influence on the coefficient estimates. Normal
probability plots of the deviances were utilized to assess general fit of the models.
Plots of the standardized residuals, residuals divided by an estimate of the standard
deviations, were also used to assess model fit. Leverage values, the relative influence
of each observation on the model's fit, and DfBeta values, the change in the
coefficients when a case is deleted from the model, were plotted to detect observations

that exert a strong influence on the coefficient estimates (Norusis & SPSS Inc., 1994).
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5.0 RESULTS

5.1.0 Characteristics Of The Study Population

Ninety-seven subjects were interviewed. The remainder of the 140 subjects
from the database were either deceased (20), refused to participate (10), lost to foliow-
up (12), or ineligible (1), as indicated in Table 5.1. The ineligible subject exhibited poor
health status which prevented participation in the study. Aggressive attempts were
undertaken to contact all subjects believed to be alive. Subjects reported as lost to
follow-up could not be located through any of the following means: Kingston General
Hospital records; national CD ROM telephone directories; nor, next of kin. Two proxy
interviews, in which the subjects themselves did not provide the information, were
conducted as one subject did not speak English and another subject exhibited aphasia
following a stroke. Two interviews were conducted in person due to the subjects’
limited telephone access: one subject was living in a chronic care institution, St. Mary’s
of the Lake Hospital, and the other subject was temporarily in an acute care institution,
Kingston General Hospital. Time to complete the interview ranged from 20 to 60
minutes. Locations of the subjects at the time of interview spanned the country from

Victoria, British Columbia to Truro, Nova Scotia.

Table 5.1 Subject recruitment
STATUS N %
Interviewed 97 69.3
Deceased 20 14.3
Lost to Follow up 12 8.6
Refused 10 7.1
ineligible 1 0.7
TOTAL 140 100
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The study population was comprised of 87 (89.7%) males and 10 (10.3%)
females, with an average age at the time of the interview of 47.5 years (s.d. + 4.5).
Slightly more than half of the subjects had paraplegia (57%) and the majority of the
injuries were traumatic in nature (87%). Sixty-four percent of the injuries were
incompliete. The mean age at the time of injury was 31.7 years (s.d. £ 16.5) with the
mean duration of disability being 15.9 years (s.d. £ 10.1). The characteristics of this
population are representative of the Canadian SCI population as a whole (Canadian

Paraplegic Association, 1996). Descriptive information is summarized in Table 5.2.
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Table 5.2 Characteristics of subjects interviewed

CHARACTERISTIC N (97) %
GENDER
Male 87 90
Female 10 10
AGE
18-24 2 2
25-34 15 15
35-44 30 31
45-54 21 22
55-64 11 11
65+ 18 19
mean 47.5 sd. +4.5
INJURY
quadriplegic 41 42
paraplegic 55 57
undetermined 1 1
complete 32 33
incomplete 62 64
undetermined 3 3
traumatic 84 87
non-traumatic 13 13
AGE AT INJURY
birth 4 4
0 -17 8 8
18 - 24 28 29
25-34 23 24
35-44 14 14
45 - 54 11 11
55+ 9 9
mean 31.67 sd + 16.4
DURATION OF DISABILITY
1-10 34 35
11-20 33 34
21-30 23 24
31-40 5 5
41+ 2 2
mean 15.9 sd. + 101
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Those subjects who refused to participate, as well as those subjects who were
lost to follow-up, did not exhibit significantly different demographic and injury related
characteristics from the 97 subjects who were interviewed. Those subjects who were
deceased experienced their injuries at a significantly older age than the subjects who
were interviewed, but the deceased were similar on all other characteristics. Given that
the outcomes being studied in this research are common causes of death in the SCI
population, it is highly likely that the twenty deceased members of this cohort died of
cardiovascular, respiratory, or urinary tract disease. The lack of lifestyle and outcome
data from these subjects could lead to an underestimation of risk. Tabie 5.3 presents

the characteristics of the subjects not interviewed.

Table 5.3 Characteristics of subjects not interviewed
CHARACTERISTIC REFUSED LOST DECEASED
Number 10 12 20
Mean age 45.30 46.17 -
Mean age at injury 29.20 29.92 46.80"
Mean duration of disability 16.00 16.10 -
Male 9 11 18
Female 1 1 2
Complete 6 6 11
Incomplete 4 6 9
Traumatic 10 12 18
Non-traumatic 0 0 2
Quadriplegic 4 7 11
Paraplegic 6 5 7
Undetermined 0 0 2

“t=-3.38, p = .001
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5.2.0 Descriptive Analyses

5.2.1 Morbidity Outcomes

The morbidity outcome questionnaire revealed 13 (13.4%) subjects who
reported cardiovascular morbidity, 50 (51.5%) subjects who reported respiratory
morbidity, and 67 (69.1%) subjects who reported urinary tract morbidity. According to a
clinician in the Kingston area (personal communication; K. Smith, July 23, 1997),
actual prevalence of urinary tract morbidity in this population is thought to be higher.
This potential underestimation of urinary tract morbidity prevalence should be

considered when interpreting the urinary tract model presented in this study.

5.2.2 Power Calculation and Sample Size Revisited

As significantly more subjects were successfully contacted than projected from
Harley's (1994) work with this population, revisiting Hsieh’s (1989) sample size tables
projects smaller odds ratios which can be detected. For cardiovascular morbidity, with
an event prevalence of 0.13, an odds ratio of approximately 2.4 was expected to be
detected. For respiratory morbidity, with an event prevalence of 0.52, an odds ratio of
1.7 was expected to be detected. And for urinary tract morbidity, with an event

prevalence of 0.69, an extrapolated odds ratio of 1.5 was expected to be detected.

5.2.3 Lifestyle Risk Factors

Summary data for the lifestyle variables are presented in Table 5.5

(i) Physical Activity
Twenty-three subjects (24%) reported doing no physical activity beyond daily

living activities. The 74 (76%) active subjects had a mean score of 9.17 (s.d. = 6.96)
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out of 27 on the physical activity scale based on frequency, duration, and intensity of
exercise. In comparison with work done by McColl & Skinner (1992) using this
instrument with a similar population, the subjects in the present study are significantly

less active (t = 2.286, p < .05). McColl & Skinner (1992) reported a mean physical

activity score of 11.50 (s.d. £6.37).

(ii) Body Mass Index

The mean BMI for the population was 25.75 (s.d. +5.08) with a range from 17.85
to 43.67. Standards for the Body Mass Index (weight in kg/ [height in m]?), as utilized in
the LCHRA, suggests that 32 percent of the study population is obese. BMI distribution
is presented in Table 5.4. Because health risks do not increase linearly with BMI this
variable was treated categorically. Two, three, and four category coding of BMI were
examined with the dichotomous coding being more highly associated with the morbidity
outcomes. Those subjects with BMI under 27 were categorized as non-cbese and

those subjects with BMI equal to or greater than 27 were categorized as obese.

Table 5.4 Body mass index distribution
CATEGORY RANGE N %
Underweight BMi < 20 7 7.2
Acceptable Weight BMI 20-24.9 40 41.2
Possibly Overweight BMI 25 - 26.9 19 19.6
Obese BMI > 27 31 32.0
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(iii) Cigarette Smoking

Twenty-seven subjects (27.8%) reported never smoking, 40 (41.2%) subjects
reported being past smokers, and 30 (31.0%) subjects reported being current smokers.
Those who had smoked in the past quit smoking an average of 14.5 (s.d. = 11.0) years
ago. For both past and present smokers, the usual daily consumption of cigarettes

averaged 17.7 (s.d. £ 14.8), the duration of cigarette use averaged 19.9 (s.d. £ 13.8)

years, and lifetime cigarette consumption averaged 135 060 (s.d. £ 133 120) cigarettes.

(iv) Alcohol Consumption

Twenty-five subjects (26%) reported having consumed no alcohol in the past
year. For the 72 (74%) subjects that reported consuming alcohol in the past year, the
average monthly consumption ranged from one to 233 drinks with an average of 29.8
drinks (s.d. £ 42.5). Twenty-five subjects (26%) exhibited excessive drinking behaviour,
defined as more than 4 drinks a day. Frequency of excess aicohol consumption
ranged from one day per month to 30 days per month. The frequency of excessive
alcohol consumption among this group occurred an average of 5.7 (s.d. = 6.9) days per

month.

(v) Bladder Self Care
Seventy subjects (72%) reported the use of bladder management techniques for
near-normal or neurogenic bladders. Attentiveness to bladder self care ranged from

11% to 100% of ideal care, with a mean score of 78% (s.d. £ 20.5).
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Table 5.5 Lifestyle risk factor summary

RISK FACTOR (N = 97) MEAN S.D. RANGE
Physical activity (score out of 27) 9.170 +6.96 0-26
Body mass index 25.75 +5.08 17.9-43.7
Cigarettes smoked per day 17.71 + 14.82 1-82
Lifetime cigarette consumption 135060 j +133 120 | 60-587 194
Duration of cigarette use (years) 19.89 +13.77 1-67
Time since quit smoking (years) 14.46 +11.01 0.5-38
Monthly alcohol consumption (drinks) 29.85 +42.48 1-233
Excessive alcohol consumption (days/mth) 5.76 +6.86 1-30
Bladder self care (% compliance) 77.53 +17.40 11-100
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5.3.0 Univariate Analyses

5.3.1 Cardiovascular Morbidity

Of the 16 independent variables studied, seven were found to be significantly
associated with cardiovascular morbidity at the p < 0.25 level using the univariate
methods described previously: duration of cigarette use, age, monthly alcohol

consumption, bladder self care, frequency of excessive alcohol use, body mass index,

and a complete lesion. Association details are presented in Table 5.6.

Table 5.6 Significant univariate associations for cardiovascular morbidity
No morbidity Morbidity t Jo}
grp mean grp mean
(m=284) (n2 = 13)
Duration of cigarette use 12.9 13.7 -2.55 0.012
| Age at interview 46.1 56.6 -2.51 0.014
Monthly alcohol consumption 24.0 10.1 2.15 0.038
Bladder care 76.3 87.4 -2.02 0.054
Excessive alcohol corisumption 1.62 0.62 1.55 0.127
Body mass index No morbidity | Morbidity 7 p
Non obese 59 7 1.32 0.249
Obese 25 6
Completeness of lesion No morbidity | Morbidity Fisher's p
Incomplete 52 10 - 0.091
Complete 31 1
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5.3.2 Respiratory Morbidity

Through the univariate analyses, cigarettes smoked per day, time since quit

smoking, and level of lesion were found to be positively associated at the p < 0.25 level

with respiratory morbidity. Details are presented in Table 5.7.

Table 5.7 Significant univariate associations for respiratory morbidity

5.3.3 Urinary Tract Morbidity

Lifetime cigarette consumption, physical activity, duration of cigarette use,
monthly alcohol consumption, duration of disability, cigarettes smoked per day,
frequency of excess alcohol use, complete lesion, and cause of injury were found in the

univariate analyses to be significantly associated with urinary tract morbidity at the p <

0.25 level. Association details are presented in Table 5.8.
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No morbidity | Morbidity t p
grp mean grp mean
(n; = 47) (n, = 50)
Cigarettes smoked per day 9.43 15.94 -2.23 0.028
Time since quite smoking 4.21 761 -1.68 0.095
Level of lesion No morbidity | Morbidity 7 p
quadriplegia 15 26 4.425 0.035
| paraplegia 32 23




Table 5.8 Significant univariate associations for urinary tract morbidity
No morbidity | Morbidity t p
grp mean grp mean
(ns = 30) (n2 = 67)
Lifetime cigarette consumption 62404 113165 -2.13 0.036
Physical activity 7.2 10.1 -1.92 0.058
Duration of cigarette use 10.3 16.2 -1.84 0.069
Monthly alcohol consumption 34.3 16.7 1.74 0.080
Duration of disability 13.5 17.0 -1.58 0.118
Cigarettes smoked per day 9.8 14.1 -1.33 0.188
Excessive alcohol consumption 2.5 1.0 1.33 0.191
Completeness of lesion No morbidity Morbidity 12 D
complete 7 25 1.50 0.221
incomplete 21 41
I Cause of injury No morbidity | Morbidity | Fisher's p
traumatic 29 55 -~ 0.059
non traumatic 1 12
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5.4.0 Multivariate Analyses

5.4.1 Cardiovascular Morbidity Model

Seven variables identified as being significant in the univariate analyses were
tested for entrance into the cardiovascular morbidity model using the forward stepwise
method. Of these seven variables, two were found to be positively associated with risk
of cardiovascular morbidity: age and duration of cigarette use. Table 5.9 contains

details about the cardiovascular model main effects.

Table 5.9 Cardiovascular model main effects
B se (B) P OR 95% ClI
CONSTANT -4.2420 1.1928 | 0.0004 — -—
| Age 0.0360 0.0227 0.1127 | 1.0367 | 0.9915, 1.0838
Duration of cigarette use | 0.0300 0.0202 0.1380 | 1.0305 | 0.8905, 1.0721

Hosmer - Lemeshow Goodness of Fit Test
Chi-Squared DF Significance
7.42 8 0.49

While age and duration of cigarette use entered into the model, the associations
did not react significance as indicated by the large p-values and the confidence
intervals including the value one. Hosmer and Lemeshow’s goodness of fit statistic
indicates that the observed data do not differ significantly from values predicted by the
model. Plotted diagnostics (Appendix E) indicate the model exhibits only moderate
adequacy. The normal probability plot shows that the deviances do not cluster about a

straight line indicating that the distribution of the residuals is not normal. Plot of the
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standardized residuals and leverage values against case number show several cases
for which the model does not fit well. Plots of DfBeta values, change in the coefficients
when a case is deleted from the model, reveal several cases which have a moderate
impact on the estimation of the coefficients. After examining the outlying cases, a
conservative approach was taken and no cases were removed.

As indicated by the univariate analyses and the above model, age and duration
of cigarette use are positively associated with cardiovascular morbidity in this
population, yet no conclusions can be drawn from this model due to the lack of

significance.

5.4.2 Respiratory Morbidity Model

Three variables identified as being significant in the univariate analyses were
tested for entrance into the respiratory morbidity model using the forward stepwise
method. Of these three variables, two were found to be positively associated with risk
of respiratory morbidity: number of cigarettes smoked per day and level of lesion.

Table 5.10 contains details about the main effects in the model.

Table 5.10  Respiratory model main effects

B se (B) p OR 95% ClI l
CONSTANT -0.3993 | 0.2980 | 0.1802 — -—
Quadriplegia 0.5243 | 0.2237 | 0.0191 | 1.6893 | 1.0896, 2.6189
Cigarettes smoked perday | 0.0423 | 0.0182 | 0.0198 | 1.0432 | 1.0066, 1.0811

Hosmer - Lemeshow Goodness of Fit Test
Chi-Squared DF Significance
4.805 8 0.7781
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Two variations of the smoking by alcohol consumption interaction were
examined: cigarettes smoked per day by monthly alcohol consumption and cigarettes
smoked per day by frequency of excessive alcohol consumption. These interactions
were pursued based on Sherrill and colleagues’ (1990) suggestion that alcohol and
smoking interact to create a detrimental synergistic effect on lung function. Neither
interaction significantly improved the model fit at the 0.05 level. Table 5.11 contains

details about the interactions.

Table 5.11 Interactions for the respiratory model

Interaction -2 Log Lo-L4 df p
Likelihood
Main Effects Only 121.770 - - -
Cigarettes smoked per day X 118.507 3.263 1 0.075
Excessive alcohol consumption
Cigarettes smoked per day X 120.548 1.222 1 0.300
Monthly alcohol consumption

Hosmer and Lemeshow’s goodness of fit statistic indicates that the observed
data do not differ significantly from values predicted by the main effects model. The 95
percent confidence intervals for all variabies in the model do not include the value one
suggesting that the true risk is significantly different from one. Plotted diagnostics
(Appendix E) indicate the model exhibits moderate adequacy. The normal probability
plot reveals the deviances clustering somewhat about a straight line indicating that the
distribution of the residuals is close to normal. Plots of the standardized residuals and
leverage values against case number indicate two fairly distinct clusters of residuals.
The Dfbeta plots reveal several cases with substantial impact on the estimation of the

coefficients. After examining the outlying cases none were removed.
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In summary, the respiratory model indicates that level of lesion and number of
cigarettes smoked per day are significant predictors of respiratory morbidity. The
probability of experiencing respiratory morbidity for non-smoking subjects with
quadriplegia was 0.53 compared to 0.40 for non-smoking subjects with paraplegia. The
associated risk ratio of 1.33 indicates that subjects with quadriplegia have a 33 percent
increase in risk over subjects with paraplegia. The probability of experiencing
respiratory morbidity for subjects with paraplegia smoking one pack cf cigarettes per
day (25 cigarettes) was 066 compared to 0.40 for non-smoking subjects with
paraplegia. The associated risk ratio of 1.65 indicates that subjects with paraplegia
smoking one pack of cigarettes per day have a 65 percent increase in risk of respiratory

morbidity compared to non-smoking subjects with paraplegia.

5.4.3 Urinary Tract Morbidity Model

Nine variables identified as being significant in the univariate analyses were
tested for entrance into the model using the forward stepwise method. Five variables
were found to be significantly associated with risk of urinary tract morbidity: complete
lesion, physical activity, cigarettes smoked per day, monthly alcohol consumption, and

traumatic injury. Table 5.12 contains details about the model main effects.
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Table 5.12 Urinary tract model main effects

B se (B) o OR 95% Cl
Constant 0.8047 | 06739 | 0.2324 - —

Complete lesion 0.5965 0.2910 0.0404 1.8158 1.0265, 3.2119

Physical activity 0.1225 0.0439 0.0053 1.1303 1.0371, 1.2318

Cigarettes 0.0449 0.0216 0.0380 1.0459 1.0026, 1.0912 !
smoked per day ;
Monthly alcohol | -0.0145 | 0.0063 0.0221 0.9856 0.9735, 0.9978
consumption
Traumatic injury | -1.1199 | 0.5674 0.0484 0.3263 0.1073, 0.9922

Hosmer - Lemeshow Goodness of Fit Test
Chi-Squared DF Significance
7.644 8 C.4689

Hosmer and Lemeshow’s goodness of fit statistic indicates that the observed
data do not differ significantly from values predicted by the model. Fcr all variables in
the model the 95 percent confidence intervals do not include the value one, suggesting
that the true risk associated with the variable is significantly different from one and did
not occcur by chance. Plotted diagnostics (Appendix E) indicate the model exhibits
moderate adequacy. The normal probability plot reveals the deviances clustering
somewhat about a straight line indicating that the distribution of the residuals is close to
normal. Plots of the standardized residuals and leverage values against case number
show some cases for which the model does not fit well. The Dfbeta plots reveal several
cases with substantial impact on the estimation of the coefficients. Afier examining the

outlying cases none were removed.
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In summary, the urinary tract model indicates that a complete lesion, number of
cigarettes smoked per day, and physical activity are positively associated with urinary
tract morbidity. For those subjects with a complete lesion (with mean vaiues for
physical activity, cigarettes smoked per day, monthly alcohol consumption, and a
traumatic injury) the probability of experiencing urinary tract morbidity was 0.85
compared to 0.76 for subjects with an incomplete lesion. The associated risk ratio of
1.12 indicates that subjects with a complete lesion had a 12 percent increase in risk
over subjects with an incomplete lesion. For those subjects who smoked 25 cigarettes
per day (with an incomplete lesion, mean values for physical activity and monthly
alcohol consumption, and a traumatic injury) the probability of experiencing urinary tract
morbidity was 0.81 compared to 0.59 for non-smoking subjects. The associated risk
ratio of 1.37 indicates that subjects who smoked ona pack of cigarettes per day had a
37 percent increase in risk over non-smoking subjects. For subjects with the average
score on the physical activity questionnaire, 9 out of a possible 27 (33%), (with an
incomplete lesion, mean values for cigarettes smoked per day and monthly alcohol
consumption, and a traumatic injury) the probability of experiencing urinary tract
morbidity was 0.76 compared to 0.91 for those subiects scoring 18 (67%). The
associated risk ratio of 1.20 indicates that those subjects who scored higher, 18
compared to nine, on the physical activity scale were at greater risk, 20 percent, for
urinary tract morbidity.

The wurinary tract model indicated that monthly alcohol consumption and
traumatic injury are negatively associated urinary tract morbidity. For subjects who
consumed the average number of alcoholic beverages per month, 30 drinks, (with an
incomplete lesion, mean physical activity and cigarettes smoked per day, and a

traumatic injury) probability of urinary tract morbidity was 0.76 compared to 0.83 for
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subjects who reported drinking no alcohol. The associated risk ratio of 1.09 indicates
that non-drinkers were at nine percent greater risk than subjects consuming 30
alcoholic drinks per month. For those subjects who suffered a traumatic injury (with an
incomplete lesion, mean values for physical activity, cigarettes smoked per day and
monthly alcohol consumption) probability of urinary tract morbidity was 0.76 compared
to 0.91 for subjects who suffered a non-traumatic injury. The associated nisk ratio of
1.20 indicates that subjects who suffered a non-traumatic injury had a 20 percent

greater risk of urinary tract morbidity than subjects who suffered a traumatic injury.
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5.5.0 Summary Of Results

Objective 1:
Two variables were positively associated with cardiovascular morbidity, age and

duration of cigarette use, yet neither variable reached significance in the logistic

regression modeling.

Objective 2:
Two variables were positively associated with respiratory morbidity: level of

lesion and number of cigarettes smoked per day.

Objective 3:

Three variables were positively associated with urinary tract morbidity:
completeness of lesion, physical activity, and number of cigarettes smoked per day.
Two variables, monthly alcohol consumption and traumatic injury, were negatively

associated with urinary tract morbidity.
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6.0 DISCUSSION

6.1.0 Cardiovascular Morbidity

Of the risk factors studied, age and duration of cigarette smoking entered into
the cardiovascular model, yet these variables were not significant at the 0.05 level.
Duration of cigarette use was not addressed by either Cardus and colleagues (1992)
nor Krum and colleagues (1992) in their multivariate approach to cardiovascular
disease in SCI populations. Cardus and colleagues (1992) recorded only the presence
or absence of cigarette smoking then entered those data along with other risk factors
into a computer program derived from the Framingham study to predict the cverall
probability of developing cardiovascular disease. Krum and colleagues (1992)
assessed cigarette consumption through cigarettes smoked per day then obtained a
cardiac risk factor score derived from logistic regression coefficients from the Muitiple
Risk Factor Intervention Trial (MRFIT), a study conducted with the general population in
1982. The coefficient derived by Krum and colieagues for cigarettes smoked per day
was 0.227, just slightly below the greatest risk factor, age, with a coefficient of 0.288.
The use of coefficients derived from the general population assumes that the inherent
risk of smoking is the same in the SCI population. Because the effect of SCi on biood
lipids is not yet clear this assumption may be inaccurate. Specific SCI risk coefficients
need to be produced to accurately predict risk in this unique population.

Physical activity was not a significant predictor of cardiovascular morbidity in this
study. Research to date on physical activity and cardiovascular disease in the SCI
population has focused on lipid profiles. Jannsen (1994) observed that the number of

hours of sports participation accounted for onfy a small percentage of variance in lipid
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profiles. Another study (Hooker & Wells, 1989) observed significant improvements in
lipid profiles only for those participants who trained at seventy to eighty percent of
maximal heart rate. The association between exercise and lipid profiles in the SCI
population remains somewhat unclear. Physical activity data are best collected under
controlled conditions where participants perform exercise under the watchful eye of the
researchers to determine if the activity is being conducted at the appropriate intensity,
for the appropriate duration. Self-report of physical activity may allow for too many
generalizations in a field of research where precision is paramount.

Body mass index was not a significant predictor of cardiovascular morbidity in
this study. Of the thirteen subjects reporting cardiovascular morbidity, six were obese.
Maki and colleagues (1995), after studying the relationship between anthropometric
measurements and serum lipid profiles in a SCI population, concluded that BMI is
significantly related to serum lipid parameters, yet abdominal circumference or
abdominal circumference divided by height is more strongly related. While BM! has
been proven useful in identifying individuals at risk for cardiovascular disease in the
general population (Jakicic et al, 1993), concemn has been expressed (Nuhlicek et al,
1988) that body composition changes secondary to long term paralysis make
interpretation difficult.

Alcohol consumption was not found to be a significant predictor of
cardiovascular morbidity in this study. The results in the literature pertaining to the
general population clearly point to excessive alcohol consumption as a risk of
cardiovascular disease. Given the evidence that the SCI population may have lipid
profiles that exacerbate the risk of cardiovascular disease one would expect their risk to

be equal or greater than the general population leading to the conclusion that an
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association may have been present in this study yet undetected. To date, there have
been no studies published assessing this relationship in the SCI population.

When all known risk factors for cardiovascular disease are considered together,
they explain only forty percent of the cardiovascular disease that occurs (Syme, 1996).
Physical inactivity, obesity, and excessive alcohol consumption may account for a small
share of this forty percent. This study may not have had the statistical power to detect
these associations. Syme (1996) suggests that social issues including poverty, poor
housing, unemployment, and low education be studied to determine what accounts for
sixty percent of the variance in cardiovascular disease. Recently the bacterial theory
has emerged suggesting that a virus, chlamydia pneumoniae, lodges itself in the wall of
the coronary artery causing the immune system to produce plaque that gradually

narrows blood vessels eventually blocking blood flow to the heart (Ramirez, 1996).

6.2.0 Respiratory Morbidity

Quadriplegia was found to be positively associated with respiratory morbidity.
Persons with quadriplegia are at greater risk of respiratory morbidity due to an impaired
ability to clear the respiratory tract of secretions by coughing. Retention of respiratory
tract secretions can lead to infection. Injuries above the C-3 spinal cord level produce
almost total respiratory muscle paralysis leaving the patient unable to cough and
respire. Mid and lower cervical spinal cord injuries, C-3 to C-8, leave the patient with
limited expiratory function and patients with lesions from C-3 to C-5 have significantly
compromised inspiration (Mansel & Norman, 1990). Of the 41 quadriplegics in this
study, level of lesion ranged from C3 to C7, with 53 percent of the cases of respiratory
disease being reported by subjects with quadriplegia. For patients with impaired ability

to clear the respiratory tract by coughing attentive bronchial hygiene is a necessity,
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including deep breathing maneuvers, assisted coughing, and chest percussion (Mansel

& Norman, 1990).

Cigarettes smoked per day was also positively associated with respiratory
morbidity. For both past and present smokers in this study, 70 subjects, the number of
cigarettes smoked per day ranged from one to 82 cigarettes per day, averaging 17.71
cigarettes per day. McColl and Skinner's sample reported a mean 20.7 cigarettes per
day for both past and present smokers. Twenty-seven subjects (27.8%) reported never
smoking in comparison to 23.2 percent in Spungen and colleagues’ group of male
veterans (1995) and 34.6 percent in McColl & Skinners sample (1992). According to
Spungen and colleagues (1995) the proportion of those in the general population that
have never smoked is 49.9 percent. Seventy-six percent of the subjects with
quadriplegia in the present study were past or current smokers smoking a range from
one to 63 cigarettes per day, averaging 15.13. Seventy percent of the subjects with
paraplegia were past or current smokers, ranging from one to 82 cigarettes per day,
averaging 19.77. Sherrill and colleagues’ (1990) suggestion that alcohol and smoking
interact to create a detrimental synergistic effect on lung function were not confirmed in
this study. The interaction between alcohol consumption and smoking was not
significantly associated with risk of respiratory morbidity.

The results from this study confirm the major risk factors for respiratory
problems in the SCI population to be smoking and level of lesion. To date there have
been few published studies taking a lifestyle related multivariate approach to address
respiratory morbidity in a SCI population. Almenoff and colleagues (1995) did assess
the effect of level of lesion, completeness of injury, and smoking on puimonary function

concluding that level of lesion and pulmonary function are inversely related.
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Additionally, Almenoff and colleagues observed decreased pulmonary function in
compiete high quadriplegics versus incomplete high quadriplegics. The authors
observed significantly decreased pulmonary function at all levels of lesion except high
quadriplegics which the authors caution may be the result of significantly impaired
pulmonary function as a consequence of the high level of injury and/or a small number
of high quadriplegic subjects in the study.

The SCi population inherently suffers from respiratory problems secondary to
their injury. These results suggest, in accordance with previous work, that major efforts
and resources need to be committed t¢ smoking cessation programs to decrease the
possible exacerbation of respiratory problems, as well as the implementation and

maintenance of appropriate respiratory hygiene procedures.

8.3.0 Urinary Tract Mcrbidity

Completeness of lesion was found to be the strongest predictor of urinary tract
morbidity in the study population. Complete lesion is a term used when there is an
absence of sensory and motor function in the lowest sacrai segment (Waters et al,
1991). Lack of innervation to the bladder, a neurcgenic bladder, leads tc urine
retention or incontinence. Retention can cause urine refiux and eventual renal failure.
Intermittent catheterization has become the most popular method of bladder control for
the flaccid bladder or spastic sphincter. In turn, intermittent catheterization can
introduce infection from external sources if hygienic procedures are not rigidly followed.
Stone formation is a somewhat common complication of the neurogenic biadder,
caused by urinary stasis and recurrent urinary tract infections. These finding confirm

previous work by Morita and colieagues (1994), CeVivo and colleagues (1984) and
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Fam and colleagues (1978) that those with compiete lesions have a greater incidence
of urinary tract complications.

Unexpectedly, physical activity was positively associated with increased urinary
tract morbidity. This result is in contrast to previous work indicating that individuals with
paraplegia involved in athletic competition have a lower incidence of urinary tract
infections (Stotts, 1986; Curtis et al, 1986). Additionally, it has been noted that
individuals with a higher level of cardiorespiratory fitness have decreased incidence of
urinary tract infection (Hjeltnes & Jansen, 1990), although in a larger study no
significant association was found between fitness, exercise, and the prevalence of
secondary impairments (Noreau et al, 1993). Noreau and Shepard (1995) point out
that these discrepancies could possibly be accounted for by the type of physical activity
considered (athletic versus leisure) and methods used to document secondary
impairments. In the current study it is suspected that there is a variable confounding
this relationship. Quite possibly those subjects with chronic urinary tract problems are
so burdened by their poor state of health that they are more conscious of the role of
physical fitness in health and hence have increased their physical activity. Cr it could
simply be that the subjects over estimated their level of physical activity.

Cigarette smoking was positively associated with urinary tract morbidity.
Research in the general population suggests that cigarette smoking is significantly
associated with bladder cancer (Akdas et al, 1990; Smart, 1990; Shirai, 1993). Yet, the
vast majority of urinary tract morbidity reported in this study was chronic urinary tract
infections. To date there are no known reports in the literature regarding the
association between cigarette smoking and urinary tract infections in the SCi

population.
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Similarly, there are no known reports in the literature regarding the association
between alcohol and urinary tract merbidity in the SCI popuiation. The resuits of the
current study suggest that alcohol may exhibit a mild protective effect against urinary
tract infections. There may be several reasons why alcohol exhibits a protective effect;
alcohol produces a diuretic effect yielding a flushing of the bladder, or it may be an
increase in volume passing through the urinary tract. It has also been speculated that
alcohol produces a hostile environment for bacteria in the bladder inhibiting their growth
(Anonymous, 1992).

While completeness of lesion was found to be a significant risk factor for urinary
tract morbidity, level of lesion was not found to be a significant risk in contrast to
previous work (Anson & Gray, 1993; Morita et 2!, 1994). Anson & Gray observed that
subjects with injuries at the T12 level had significantly fewer urinary tract problems than
those with injuries at a higher level. Cervical cord injured patients are at greater risk for
urinary morbidity because they have a greater chance of having higher vesicle pressure
(Morita et al, 1994). Level of lesion was treated as a dichotomous variable in this study
which may account for the lack of association.

While time since injury was not found to be to be significantly associated with
urinary tract morbidity in this study, the association probably explains the significant
negative relationship between traumatic injury and urinary tract morbidity. Those
subjects injured traumatically had their injury an average of 15 years (s.d. + 8) prior to
the interview while subjects with a non-traumatic injury were injured an average of 23
years (s.d. £1 8) prior to the interview. Time since injury very often indicates era of
rehabilitation and associated bladder management methods. Those subjects who had

an indwelling catheter are at greater risk of urinary tract complications. Additionally,
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those subjects who have had their injury longer have undergone more episodes of
intermittent catheterization exposing the urinary tract to bacteria. This result confirms
Morita and colleagues’ (1994) finding that time since injury is positively associated with
urinary tract morbidity.

Surprisingly, scores on the bladder management questionnaire were not
significantly associated with increased risk of urinary tract morbidity. The aim of the
questionnaire was to determine compliance with specific hygienic procedures
associated with the various types of bladder management; indwelling catheter,
intermittent catheterization, and condom drainage. As well, general bladder
management issues such as regular emptying and monitoring of urine quantity and
quality were addressed. These results suggest that compliance with suggested
routines associated with bladder care do not have a profound impact upon urinary tract
morbidity. However, use of prophylactic antibiotics may be a cenfounding factor in the
relationship between bladder self care and urinary tract morbidity. Additionally, it must
be taken into consideration that the bladder management questionnaire was not
empirically validated.

Advances in urinary tract management over the past few decades have
decreased mortality, yet urinary tract complications continue to be a major health
problem for the SCI! population. Although the greatest risk factor for urinary tract
morbidity cannot be changed, completeness of lesion, the risk associated with cigarette
smoking can be addressed. At this point it would not be appropriate to provide
recommendations regarding the possible protective affect of alcohol or to suggest
physical activity guidelines based on these results. Further research needs to be
undertaken to clarify the role of physical activity and alcohol consumption in urinary

tract morbidity in the spinal cord injured population.
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6.4.0 Study Limitations and Strengths

As with any study, these results must be viewed in light of a number of
limitations. An inherent drawback of the cross-sectional design is the issue of
temporality. It can be difficult to determine whether exposure preceded or resulted from
morbidity. Efforts were made to minimize this limitation by collecting retrospective
exposure data over a wide time frame, plus collecting dates of diagnosis and onset of
symptoms.

Misclassification of morbidity status may have occurred, particularly since the
cardiovascular and respiratory morbidity instruments were originally developed for the
non-SCl population. The urinary tract morbidity instrument, while developed specifically
for the SCI population, has not undergone empirical validation and may have
underestimated the prevalence of urinary tract morbidity. Non-differential
misclassification biases measures of association towards the null hypothesis, leading to
an underestimation of the true association. If non-differential misclassification has
occurred, associations observed probably are not spurious ones.

Reporting of lifestyle exposure history was subject to recall bias. Those
subjects who experienced the morbidity outcomes of interest might have overestimated
their exposure history, or conversely, subjects may have minimized exposure reports to
appear more acceptable to the investigator leading to differential misclassification. In
an attempt to determine systematic under reporting, subjects were asked if they felt
uncomfortable answering any of the exposure questions and if so, which sections.
Only six subjects (6.2%) reported feeling uncomfortable answering lifestyle exposure
questions. The tobacco and aicohol sections were cited three times, bladder

management twice, and one subject cited the morbidity section.

55



To alleviate volunteer bias, aggressive efforts were undertaken to interview the
entire population. Only ten subjects refused to participate. Comparisons between
responders and non-responders were performed to assess the representativeness of
the sample. Those subjects who refused to participate, as well as those subjects who
were lost to follow-up, did not exhibit significantly different demographic and injury
related characteristics from the 97 subjects who were interviewed. Deceased members
of the population experienced their injuries at a significantly older age, but were similar
on all other characteristics. This study population was demographically similar to the
Canadian SCI population as a whole allowing for generalizability of the study findings.

It is acknowledged that very large numbers of subjects are needed to
adequately assess the role of lifestyle risks, and thus small and moderate associations
may have gone undetected. Large studies are needed to uncover the detzailed

associations between lifestyle risks and chronic disease in the SCI population

6.5.0 Clinical Implications

Following a SC! a person’s life is in great turmoil. it is a period when depression
and anger can lead to the establishment of negative life long behaviours. A window of
opportunity exists while the patient is undergoing initial rehabilitation in 2 health care
setting to provide lifestyle information and counseling. This information should outline
how physiological alterations and mobility impairments following a SCI may place them
at greater risk for chronic diseases and how specific lifestyle strategies may be
employed to minimize this risk. A program such as this may invoive a variety of heaith
care professionals including a dietitian, physical and occupational therapists, as well as
nursing and medical staff. Systematic evaluations of these programs would need to be

established to determine and improve program efficacy.
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7.0 SUMMARY AND CONCLUSIONS

This study was designed to quantify the associations between three top causes

of mortality and lifestyle risk factors in an aduit SCI population. Morbidity and lifestyle

data were collected from 97 participants through telephone interviews. A multivariate

analytical approach was used to quantify these associations. The conclusions drawn

from the preceding results and discussions are as follows:

1.

While positively associated with cardiovascular morbidity, age and duration of
cigarette use did not reach significance in the logistic regression modeling. A larger

number of subjects is necessary to adequately evaluate these associations;

Subjects with quadriplegia had a significantly increased risk of respiratory morbidity,
as did subjects who smoked cigarettes. Appropriate respiratory hygiene procedures

should be implemented and maintained for those persons with quadriplegia;

A complete lesion, cigarette smoking, and physical activity were positively
associated with risk of urinary tract morbidity. Traumatic injury and alcohoi
consumption were negatively associated with risk of urinary tract morbidity. Further
research is needed to clarify the associations between physical activity and alcohol

consumption with urinary tract morbidity in the SCI population;

Cigarette smoking, positively associated with each morbidity outcome in this study,

is the main threat to the health of the SCI popuiation in Canada. Smoking
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prevention and cessation programs need to be specifically targeted towards the SCI

population.
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APPENDIX B. INFORMATION SHEET & CONSENT FORM



INFORMATION SHEET

TITLE OF PROJECT:

EFFECTS OF LIFESTYLE RISKS ON THREE MAJOR DISEASE OUTCOMES IN SPINAL
CORD INJURED ADULTS

INVESTIGATOR:

Diane Davies

Graduate Student, Queen's University, Dept. of Community Health and
Epidemiology

(613) 545-6000 ext. 7890

A study is currently under way, through the Rehabilitation Unit at KGH, to follow-up on all
spinal cord injured patients who received their rehabilitation at Bawden, and to try to
understand the effects of lifestyle risk factors on their health. Through this study we hope tc
assess the effects of obesity, physical activity, cigarette use, alcohol consumption, and
bladder management on heart, lung, and urinary tract disease so that appropriate health
promotion and disease prevention programs can be implemented during the rehabilitation
phase following a spinal cord injury.

We would be very pleased if you would participate in this study. Your participation would
involve a single interview, conducted over the phone, at a time that is convenient for you.
The interview lasts about 40 minutes, and involves a number of questions about conditions
you may have or have had, plus questions about your lifestyle.

Your participation is strictly voluntary. You are free to decide not to participate, with no
implications for present or future associations with KGH or individuals there. Your decision
to participate, as well as any information you give the interviewer, would be treated with the
utmost confidence. Your name or other identifying information will not appear anywhere on
the questionnaire. Further, your responses will never be used in isolation, but rather, they
will only be used in combination with the information of the other participants.

To the best of our knowledge, there are no risks involved in participating in this study. The
benefit to you lies in your knowledge that you would be contributing to a better
understanding of lifestyle risks in the spinal cord injured population.

If you have any questions or concems about the study, you may call myself, Diane Davies,
at 545-6000 ext. 7830, or my advisors Dr. McColl at 545-6110, or Dr. Durance at 546-6012.
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CONSENT FORM

TITLE OF PROJECT:

EFFECTS OF LIFESTYLE RISKS ON THREE MAJOR DISEASE OUTCOMES IN SPINAL
CORD INJURED ADULTS

INVESTIGATOR:

Diane Davies

Graduate Student, Queen'’s University, Department of Community Health and
Epidemiology

(613) 545-6000 ext. 7890

The study has been explained to me and my questions have been answered to my
satisfaction. | understand that to the best of the researchers’ knowledge, there are no risks
involved in participating in this study. The benefit to me lies only in my knowledge that |
would be contributing to a better understanding of the effects of lifestyle nskS in the spinal
cord injured population. | have been fumished with a copy of the information sheet and
consent form for my own records. | agree to participate in the study.

NOTE: Please retumn in the provided seff-addressed stamped envelooe
Signed

Date:

Witness

Date:

| have carefully explained to the participant the nature of the above research study. | certify
that to the best of my knowledge, he/she understands the nature of the study and the
demands, benefits and risks involved.

Investigator

Date:

Diane Davies
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MORBIDITY QUESTIONNAIRE

All questions refer to post SCI period.

CARDIOVASCULAR MORBIDITY

(Adapted from Rose et al, 1977) PARTB

Have you ever had a severe pain
across the front of your chest lasting
for haif an hour or more?

PART A M

Q) Have you ever had any pain or
discomfort in your chest? OYes ONo
OYes ONo (Go to part C)
PARTC

If uses electric chair go to 7.

. . . 1) Have you ever been diagnosed by a

2) Do you get this pain or discomfort ( .

when you walk or wheel uphiil or doctor as having any form of heart

hurry? disease?

OYes ONo (Go to part B) Oves tNo
3) Do you get it when you walk or IF YES TO QUESTION 1:

wheel at an ordinary pace on |2vel

ground? ve (2) What type of heart disease did you

OYes OONo have / do you have?

4) When you get any pain or
discomfort in your chest what do

you do? 3) When were you first diagnosed?
Stop
gSiow down / /

OContinue at the same pace year month  day

6] Does it go away when you are still?
Yes ONo
o RESPIRATORY MORBIDITY
©6) How soon? (Adapted from Fertis, 1878)

310 minutes or less
B8More than 10 minutes
PART A

)] Where do you get this pain or

discomfort? 1) Do you usually have a cough?
{Count a cough with first smoke or
on first going out-of-door. Exclude
clearing of throat.)
OYes ONo

(2) Do you usually cough at alt on
getting up or first thing in the
morning?

OYes ONo

IF NOTO 1 &2, SKIP TO PART B.
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©)

)

Do you usualiy cough like this on
most days for 3 consecutive months
or more during the year?

OYes ONo

For how many years have you had
this cough?
years

PART B

(M

)]

Do you usually bring up phlegm
from your chest? (Count phlegm
with the first smoke or on first going
out-of-doors. Exclude phiegm from
the nose. Count swallowed
phlegm.)
OYes ONo

Do you usually bring up phiegm at
all on getting up, or first thing in the
moming?

OYes [INo

IF NOTO 1 &2, SKIP TO PART C.

(3) Do you bring up phlegm like this on
maost days for 3 consecutive months
or more during the year?

OYes CONo

4) For how many years have you had
trouble with phlegm?

years

PART C

(1

Have you had periods or episodes
of (increased*) cough and phlegm
lasting for 3 months or more for two
consecutive years?

* for persons who usually have
cough and / or phlegm

OYes ONo

IF YES TO QUESTION 1:

)

For how long have you had at least
1 such episode per year?
years
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PARTD

1¢)) Does your chest ever sound wheezy
or whistling:
When you have a cold?
OYes ONo
Occasionally apart from colds?
OYes OONo
Most days or nights
OYes ONo
PART E

(1

Have you been diagnosed by a
doctor as having had any of the
following ilinesses:

Pneumonia?
OYes OONo
date of diagnosis
/ /
year month day

Chronic bronchitis?
OYes ONo
date of diagnosis

/ /
year month day

Emphysema?
OYes ONo
date of diagnosis
/ /
year month day

Asthma?
OYes ONo
date of diagnosis
/ /
year month day

Sleep Apnea?
OYes ONo
date of diagnosis
/ /
year month day




Other?

OYes ONo

date of diagnosis
/ /
month day

year

URINARY TRACT MORBIDITY

PART A

M

@)

3)

S

What best describes your bladder
function?

ONormal function

{ONear normal function
ONeurogenic

Approximately how many
symptomatic urinary tract infections
that require antibiotics or a change
in your antibiotics have you had
over the past year? (symptoms
include: decreased appetite, fever,
decreased energy. and change in
odour of urine)

ONone

OOne - Two

OThree -Four

OFive - Six

OSeven or more

Do you take antibiotics daily to
prevent bladder infections?
OYes ONo

Do you attend regular bladder /
kidney check-ups?

OYes ONo
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(3

(€)

™

Have you been told by your
urologist to come back yearly or
more than once per year?
OYes ONo

Have you ever had bladder/kidney
surgery or lithotripsy?
OYes ONo
Have you been diagnosed by a
doctor as having diabetes?
CYes ONo

IF YES TO QUESTION 7:

(8) What type of diabetes?
Oinsulin Onon insulin
9) When were you diagnosed?
/ /
year month day
PART B

M

Have you been diagnosed by a
doctor as having any form of urinary
tract disease? (stones, scarring,
obstructive uropathy, pouches on
bladder, or dilated ureters)

OYes ONo

IF YES TO QUESTION 1:

)

3

What type of urinary tract disease
did you have/do you have?

When were you diagnosed?
/ /
month day

year



Definitions of Positive Morbidity Classification

Cardiovascular Morbidity
(Adapted from Rose et al, 1977)

An individual will be classified as a ‘case’ of cardiovascular morbidity if:
PartA -‘yes’ to questions 1 and 2, ‘stop’ or ‘siow down’ to 4, ‘yes' to 5, “10

minutes or less’ to 6, site must include either sternum (any ievel) or left
anterior chest left arm, or;

Part B -‘yes’ to question 1, or;
Part C - forms of ischaemic heart disease reported by subject as diagnosed by
a physician.

Respiratory Morbidity
(Adapted from Ferris, 1978)

An individual will be classified as a ‘case’ of respiratory morbidity if:

Part A -'yes'to 1 or 2, and ‘yes’' to 3 may indicate respiratory tract infections
(Farzan, 1985), or;

Part B -‘yes'to 1 or 2, and ‘yes’ to 3 may indicate respiratory tract infections
(Farzan, 19895), or;

PartC - ‘yes’ may indicate chronic bronchitis (Farzan, 1985), or;

Part D - wheezing or whistling, apart from colds, may indicate asthma, acute
bronchitis, and other causes of bronchial narrowing (Farzan, 1985), or:

Part E - chronic respiratory diseases, as listed, reported by subject as
diagnosed by a physician.

Urinary Tract Morbidity

An individual will be classified as a ‘case’ of urinary tract morbidity if:

Part A - > 2 symptomatic infections per year (Tanagho & McAninch,1992), or
daily antibiotics, or surgery, or;
Part B - urinary tract disease as reported by subject as diagnosed by a
physician
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HEALTH RISK ASSESSMENT
(Adapted from McColl & Skinner 1992)

PHYSICAL ACTIVITY

1. How many times per week do you exercise for at least 15 minutes? (Do NOT include
exercise resulting from daily living. e.g. transfers, wheeling)

[a] Daily

[b] 5 - 6 times per week

[c] 3 - 4 times per week

[d] 1 - 2 times per week

[e] Less than once a week

[f] Never

2. How often do you exercise so that your breathing rate increases and you begin to sweat?
(Do NOT include exercise from daily living. e.g. transfers, wheeling)

[a] Daily

[b] 5 - 6 times per week

[c] 3 - 4 times per week

[d] 1 - 2 times per week

[e] Less than once a week

[f]l Never

3. How often do you do stretching and flexibility exercises?
[a] Daily
[0] 5 - 6 times per week
[c] 3 - 4 times per week
[d] 1 - 2 times per week
[e] Less than once a week

[f] Never
4. What is the total number of minutes a week that you do VIGOROUS physicai exercise?
e.g. wheelchair sports, swimming, universal gym, nautilus, stationary bicycling
minutes
5. What is the total number of minutes a week that you do MODERATE physical exercise?

e.g. table tennis, strength sports (weightlifting), arm exercises WITH weights / resistance
(arm bike, pulleys)

minutes

6. What is the total number of minutes a week that you do LIGHT physical exercise? e.g.
light training program, arm exercises WITHOUT weights / resistance

minutes

7. Would you describe your current level of physical activity as representative of your
activity level since one year following your SC!?
[a] Yes
[b] No, | have been more active in the past
[c] No, | have been less active in the past
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8. For how long has your activity level been like this?

years
BODY MASS INDEX
1. How tall were you before your injury?

cm/ inches
2. How much do you weigh?

kg / Ib.
3 Would you descrite your current weight as being representative of your weight since one

year following your SCI?
[a} Yes

[b] No, | have weighed more in the past
[c] No, | have weighed less in the past

4. For how long has your weight been like this?

years

CIGARETTE USE

1. Have you ever smoked cigarettes?
~ Yes _No if No, go to Alcohol Use
2. Do you smoke cigarettes now? (this means daily or occasionally)
~ Yes " No if No, goto 9
3. For how many years, in total, have you smoked over your lifetime? (round up to the
nearest year; if 6 months or less, enter zero).
years
4. For how many years, in total, have you smoked on a DAILY basis? (round up to the

nearest year; if 6 months or less, enter zero).

years
5. How many cigarettes do you smoke on the days when you smoke?
cigarettes
6. How many days in a usual week do you smoke cigarettes?
days
7. Have you ever quit smoking for six months or more?
~Yes “No if No, go to alcohol consumption
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10.

11.

12.

13.

14,

For how many years did you quit smoking completely?
years Go to alcohol consumption

For how many years, in total, have you smoked over your lifetime? (round up to the
nearest year; if 6 months or less, enter zero).

years

For how many years did you smoke on a DAILY basis? (round up to the nearest year; if 6
months or less, enter zero)

years

How many years ago did you smoke on a DAILY basis? (round up to the nearest year; if
6 months or less, enter zero)

years
How many cigarettes did you smoke on the days when you smoked?
cigareties
How many days in a usual week did you smoke cigarettes?
days

How many years ago did you quit smoking completely? (round up to the nearest year; if
6 months or less, enter zero)

years

ALCOHOL USE

1.

Have you had at least one alcoholic beverage in the last year?
Examples include: wine, beer, liquor (e.g. vodka, scotch, brandy)
{a] Yes
{b] No if No,goto 7

On how many days in the PAST MONTH (4 weeks) did you have 9 or more drinks?
One drink equals: a bottle / can of beer

a 1 1/2 oz. shot of scotch, vodka, etc.
a small (5 oz) glass of wine

days

On how many of the REMAINING DAYS in the PAST MONTH (4 weeks) did you have 5
- 8 drinks?

days

On how many of the REMAINING DAYS in the PAST MONTH (4 weeks) have you had 3
- 4 drinks?

days
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On how many of the REMAINING DAYS in the PAST MONTH (4 weeks) did you have 1-
2 drinks?

days

Would you describe the last month as a typical menth of alcohol consumption since one
year following your SCi?

[a] Yes

{b] No, | usually drink more.

[c] No, | usually drink less.

For how long has your alcohot consumption been like this?

years

BLADDER MANAGEMENT

1a.

1b.

1c.

2a.

2b.

2c.

2d.

Do you have an intemal/indwelling catheter (e.g. Foley catheter)?
[a] Yes
[b]l No if No, go to 2a

Do you consistently have your indwelling catheter changed every month?
(a] No
[b] Sometimes
[c] Often
[d] Always or almost always

Do you use soap and water to clean around the catheter area?
[a] Less than once per day
[b] Once per day

Do you use intermittent catheterization?
[a] Regularly
[b] Occasionally
{c] Never if No, go to 3a

Do you do your own intermittent catheterizations (1.C.s)?
[a] Always or almost always
[b] Often
fc] Sometimes
{d] No

When having an I.C. done, are steps taken to ensure cleanliness?
e.g. gocd hand washing, careful cleansing of the genital area, etc.
[a] Always or almost always
[b] Often
[c] Sometimes
{[d] No

Do you use soap and water to clean around the catheter area?
{a] Less than once per day
[b] Once per day
[c] Twice per day
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Do you use an external drainage device (e.g. condom drainage)?
[a] Regularly
[b] Occasionally
[c] Never if No, go to 4

How often is the condom for your condom drainage replaced?
[a] Less than every two days
[b] Every two days
[c] Once per day
[d] Twice per day
[e] After every |.C.

When changing from a leg bag to a night bad ( or vice versa) do you take strict
precautions to ensure cleanliness and/or sterility?
e.g. replace the drainage tubing wipe connections with alcohol

[a] No

[b] Sometimes

[c] Often

[d] Always or almost always

Do you clean and soak your leg bag at night (and your night/closed system bag in the
day)?

fa] No or rarely

[b] Sometimes

{c] Often

[d] Always or almost always

How frequently do you check your leg bag to ensure proper drainage?
[a] At least every 2 hours
[b] Every two - four hours
[c] Two - three times per day

Do you use a diapar/pad in your bladder management?
[a] Regularly
[b] Occasionally
[c] Never

Do you use tapping, straining, or crede in your bladder management routine?
[a] Regularly
[b] Occasionally
[c] Never

Is emptying of your bladder done on a closely monitored, consistent basis (e.g. same
times of the day)?

{a] No

[b] Sometimes

[c] Often

[d] Always or almost always

[e] N/A

Do you closely monitor the quality and quantity of urine released?
e.g. cloudy versus clear, too much / too little

[a] No

[b] Sometimes

[c] Often

[d] Always of almost always
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8. Would you describe your current level of bladder management as being representative
of your bladder management since one year following your SCI?
{a] Yes
{b] No, | have had better bladder management in the past
[c]l No, | have had worse bladder management in the past

9. For how long has your bladder management been like this?
years
SENSITIVITY
1. Have you felt uncomfortable answering any of these questions?
~ Yes ~“No
2. If yes, which sections?

{a] Physical Exercise

[b] Obesity using BMI

[c] Tobacco use

[d] Alcohol consumption
[e] Bladder Management
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Lifestyle Risk Exposure Variables and Coding
(Adapted from McColl & Skinner, 1992)

Physical Activity

PHYSACT  addition of questions 1 - 6 with score out of 27

frequency (questions 1-3) O never
5 daily
duration (questions 4-6) 0 0
1 <30 mins
2 30 - 60 mins
3 61 - 90 mins
4 > 90 mins
Obesity Using BM!
OBESITY (weight in kg/ (height in m)?)
Non obese BMI < 27
Obese BMI > 27

Cigarette Use

CIGSDAY cigarettes smoked in a usual day

CIGSLIFE estimate of total lifetime cigarette consumption
CIGDUR duration of cigarette use

TMQUIT time since quitting

DURSMOK total years smoking

Alcohol Consumption

ALCHMTH  monthly alcohol consumption, addition of questions 2-5
ALCHEXC frequency of excess alcohol consumption in a month (>4 drinks per day)

Bladder Management

BLADSCOR percent compliance with particular procedures associated with each
management approach
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APPENDIX E. LOGISTIC REGRESSION DIAGNOSTICS
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Figure E1

Cardiovascular Model Diagnostics

Normal probability plot of the deviances
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Figure E2

Plot of standardized residual with subject ID
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Figure E3

Plot of leverage with subject ID
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Figure E4 Plot of change in CIGDUR coefficient with subject ID
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Figure E5 Plot of change in AGE coefficient with subject ID
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Respiratory Model Diagnostics

Figure EB6 Normal probabiiity plot of the deviances
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Figure E7 Plot of standardized residual with subject ID
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Figure E8

Leverage

Figure ES

Dfbeta for CIGSDAY
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Figure E10  Plot of change in LEVEL coefficient with subject ID
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Figure E11

Urinary Tract Model Diagnostics

Normal probability plot of the deviances
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Figure E12

Plot of standardized residual with subject ID
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Figure E13  Plot of leverage with subject ID
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Figure E14  Plot of change in PHYSACT coefficient with subject ID
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Figure E15  Plot of change in ALCHMTH coefficient with subject 1D
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Figure E16  Plot of change in CIGSDAY coefficient with subject ID
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Figure E17  Plot of change in COMPLETE coefficient with subject ID
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Figure F18  Plot of change in CAUSE coefficient with subject (D
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