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Diabetic retinopathy is the leading cause of blindness in working-aged North 

Americans. Native North Arnericans have an elevated prevalence of diabetes, making 

diabetic retinopathy an even more important heaith issue for this group. 

This project evaluates risk factors for diabetic retinopathy in the Cree population of 

James Bay, Ontario using a retrospective cohort design with individuals previously 

diagnosed with diabetes. Hypertension, body-mass index, se- Lipid levels. rend 

function stanis, and hemoglobin A1C were the main exposures of interest Relative nsks 

for the association of these variables with retinopathy were determined through a modified 

Cox's proportional hazards model. 

The prevalence of diabetes in the James Bay Cree population was 5.5% (95% CI 

4.9% to 6.1%). niirty-four percent of al1 people with diabetes were found to have some 

evidence of diabetic retinopathy. Significant univariate nsks for the development of 

retinopathy included duration of diabetes, body-mass index, hemoglobin A l  C,  fasting 

blood glucose, insulin treatrnent, and semm cholesterol levels. 

In multivariate analysis, predictors of diabetic retinopathy inctuded body-mass 

index and insulin treatrnent. An increase in body-mass index reduced the risk of diabetic 

retinopathy (Relative Risk [RR] 0.64 per five kg/m2, 95% Confidence Interval [CI] 0.04 to 

1.00). Insulin therapy was associateci with an increased risk of retinopathy when compared 

to individuals on die tary therapy alone (Relative Risk [RR] 4.7 1,95 Q Confidence Interval 

[Cu 1.16 to 19.16). For individuals with serum cholesterol levels above the average for the 

Cree diabetic population, 5.2 mmol/L, the risk of retinopathy was increased (Relative Risk 

[RR] 2.38, 95% Confidence interval [Cu 0.98 to 5.79). 
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c 

1.1 BACKGROUND 

Diabetes is a signifcant health issue for Canadians. At present, 1.5 million 

Canadians have been diagnosed with diabetes and an estirnated 750,000 are still 

undiagnosed.12 Native Canadians suffer from a significandy higher prevalence of diabetes 

than the general population. 3.4.5.6 

Diabetic rehnopathy is a major complication of diabetes and can be found in as 

rnany as one-third of diabetics.'Canadian National Institute for the Blind (CNIB) figures 

indicate that diabetic retinopathy is the most cornmon cause of blindness in working-aged 

inaividuals in North ~ m e r i c a . ~  Moreover, individuals with diabetes are 25 h e s  more 

iikely to become blind than persons in the general population.g As with diabetes, the 

prevalence of diabetic retinopathy is ais0 elevated in native communities. 10.1 1 

There are two main f o m  of diabetic retinopathy that can lead to vision loss. The 

first type, neovascularization of the retina, results from a relative oxygen debt within the 

retina. Vasogenic factors are produced that aigger the growth of abnormai new vessels on 

the surface of the retina and into the vitreous. These abnormal new vessels are weak and 

prone to hemorrhaging; they also are subject to tractionai forces exerted by the vitreous that 

c m  lead to retinal detachment and blindness. 

The second type of diabetic rdnopathy is macuiar edema Chronic diabetes can 

darnage the retinal blood vessels (microvasculature), aüowing Lipid and other serous blood 

constituents to extravasate into the surroundhg retina. Accumulation of this fluid at or near 

the macula, the area of central vision, can lead to permanent loss of fine vision. 



Asyrnptomatic diabetic retinopathy is prevalent and has a long latent p e n d  that 

precedes vision 1 0 ~ s . ~ ~ ~ ~  Fominately, screening for retinopathy is non-invasive, cost- 

effective, and highl y sensitive and specific. 14- 15* 16*17*1 '* l9 Once detec ted, diabetic 

r e ~ o p a t h y  is amenable to laser photocoagulation therapy, which has been shown to d u c e  

markedly the risk of severe vision loss from neovascu1ariz;Ition and rnacular edema 20.21 

For these reasons, screening for diabetic retinopathy is an important component of the 

ongoing care of diabetics. 

In general, eye examinations for people with diabetes are arranged through referrals 

f?om family physicians or endocrinologists to ophthalmologists or reûna specialists. 

Patients with diabetes should undergo screening for retinopathy on a yearly basis. " but 

unforhmately rnany do not follow-up on this recomrnendatior.. Up to 50% of Americans 

with diabetes do not have annual d i l a d  eye examinations and 46% of those requiring laser 

treatrnent have not received this tare?" In Canada, diabetics rnay rarely receive even 

biennial screening, as demonstratecl in a study of Nova ~ c o t i a n s . ~  For regions where the 

prevaience of diabetes is high and access to specialty care is limited, such as in Canada's 

native communities. speciai screening arrangements are essential. 

1.2 PRESENT STUDY 

The importance of this research into risk factors for the development of diabetic 

retinopathy in the Cree of the James Bay region lies in the uniqueness and completeness of 

the population under study. To &te, there is no published research evaluating contributing 

factors for the development of diabetic retinopathy in a Canadian native cornmunity. In fact, 

there is no research e v a i u a ~ g  nsks for diabetic retinopathy in any native comrnunity nonh 



of South Dakota. Moreover, the absence of complete cohort data in the existing studies 

evaluating retinopathy in Arnerican Native populations has not ailowed for the 

d e t e d a t i o n  of relative risks for the development of this c~rn~lication.~"" 

This research project is based on a screening program for diabetic retinopathy 

begun by the Moose Factory Hospital Board in 1993. In addition to diabetic r e ~ d  

examinations, the screening program was also intended to provide specialized retinal care 

for the diabetic Cree population of James Bay, Ontario. Data nom the past four years of 

retinal care in Moose Factory and Moosonee was coilected for the purpose of this project 

Using a retrospective cohon design, risk factors for diabetic retinopathy were 

examineci in the cohort with diabetes from Moose Factory and Moosonee. Outpatient and 

inpatient chart data were available for this complete cohon ailowing the calculation of 

relative risks for a variety of covariates. S uspecied risk factors for diabetic retinopath y 

included the following: duration of diabetes, therapeutic regimen, body-mass index 

(BMI), hemoglobin AlC, fasting blood glucose. semm lipid Ievels, rend function statu, 

hypertension and evidence of previous vascular disease. 

The following section of this paper describes the current state of diabetes in Canada 

as weil as known risk factors for diabetic retinopathy. Section three offers a brief overview 

of the population king studied. Section four presents the objectives of this research project 

and addresses issues of methodology and study design. Results are presented in section 

five with a discussion of these outcomes in section six. The discussion also presents 

recomrnendations that should be considered in future research into chronic diseases in 

native populations. 



2.1 DIABETES IN THE CREE 

The overd prevalence of self-reported diabetes in Canadian adults (age 18-74 

years) was approxirnately 5.1% in the Canadian Health survey,' but the percentage is 

sometïmes higher in specifc populations.5 Some of the highest rates occur in Canadian 

native populations. For southem Canadian native populations, the prevalence of diabetes is 

significantly higher than most other Canadian populations.6 Studies that deal specificdy 

with the Cree population of Canada have focused on the Quebec Cree. These studies have 

fo und the age-standardized prevalence of diabetes to be approximately 7 % . 28.29.30 mS 

higher number may be indicative of recenh accelerated changes in Mestyle and diet that 

have ken irnposed upon North Amencan native cornrnunities over the past century." 

2.2 DIABETIC RETINOPATHY 

Diabetic retinopathy develops as a consequence of damage to the microvascuIar 

integrity of retinal blood vessels. The two processes believed rnost responsible are the 

thickening of the microvascular basement membrane and the loss of inhamural pericytes 

(vascular supportive cells)?' Both of these effects Wrely combine to disrupt the capillaries' 

permeability and structural integrity. The resdt is diabetic retinopathy, characterized by the 

foilowing clinical findings: rnicroaneurysm formation, dot/blot hemorrhages, nerve fibre 

layer hemorrhages, cotton-wool spots, rnacdar ederna, and retinal neovascularization. Of 

these, rnacular edema and retinal neovascularization are most likely to resdt in visual 



impairment Vision can also be lost as a consequence of macular ischemia-essentially a 

stroke involving the area of central vision. Macular ischemia was not considered in this 

study because it cannot be diagnosed clinicdy. Its diagnosis requires Buorescein 

angiography which, for logistical reasons. is not used to screen for diabetic retinopathy. 

2.3 RISK FACTORS FOR DIABETIC RETINOPATHY 

Much of our current understanding of the epidemiology of diabetic r e ~ o p a t h y  has 

come ftom the Wisconsin Epidemiologic Study of Diabetic Retinopathy (WESDR). This 

carefdly constructeci prospective cohort study has provided incidence rates and risk factor 

information for proliferative diabetic retinopathy, macular ederna. and background 

retinopathy for a prirnarily niral/suburban caucasian pop~lation.333435*36*37*38 The 

WESDR's assessrnent of the risks for the development of diabetic retinopathy were 

analyzed for two populations with diabetes, those diagnosed before age 30 and those 

diagnosed after. Multivariate analyses were employai to determine the relative effects of 

individual nsks on retinopathy for ail the WESDR studies. 

In the WESDR's population with older onset diabetes, a Cox's proportional 

hazards analysis demonstrated that duration of diabetes, higher glycosylated hemoglogin, 

and higher systolic blood pressure were al1 associateci with severity of retinopathy. The 

WESDR also demonstrated that risk factors for proliferative retinopathy in older individuds 

with diabetes included poorly controlied hyperglycernia, duration of diabetes, 

hypertension, and severity of background retinopathy. Risks for the development of 

macdar edema for older onset diabetics were increased glycosylated hemoglobin, female 

sex, duration of diabetes. severity of background retinopathy, and elevated diastolic blood 

pressure. The nsks for retinopathy in the older cohort of Wisconsin subjects is more 



relevant for this study because diabetes in North Amencan Native populations is alrnost 

exclusively adult onset, also known as type 2. 

Other systemic factors have k e n  examined in the setting of diabetic retinopathy in 

caucasian populations; however, the data supporting a iink between these risks and 

retinopathy are not clearly defuied at present Such potential factors include serum lipid 

levels, rend status, BMI. and f a s ~ g  blood glucose levels. 

The major risk factors for the development of diabetic retinopathy arr reviewed in 

more detail below. 

1 D- of niabetes 

Of the variables that are predictive of retinopathy, one of the strongest is duration of 

diabetes. Many studies have confimied the association between duration of diabetes and 

re tinopath y. 3339*39 The expected pathophysiologic mechanisrn for this effect is not 

completely understood at presenc however, it is believed to be related to the inability of 

aldose reductase to efficiently metabolize glucose. The effect of duration of diabetes on 

retinopathy seems to be related to long-terni changes in the sorbitol pathway that result in 

chronically elevated levels of sorbitol. This, in turn, appears to have a cumulative. 

deaimental effect on the body's microvasculature. 

Considerable study has focused on the role that prirnary hypertension plays in the 

development of diabetic r e t i n ~ ~ a t h ~ . ~ ~ ~  Elevated systolic and diastolic blood pressures 

have been shown to increase the risk of retinopathy. The mechanism for this association is 

believed to be related to the hamiful effect of elevated pressure on the systernic vasculature 

and microvasculature. 



The relationship between hypertension and diabetic retinopathy has been 

demonstrated for primary hypertension and is thought to be independent of hypertension 

secondary to renal failure fiom diabetic nep hropathy . 
Diabetic nephropath y and secondary hypertension are related to the overall 

progression of diabetic vasculopathy. As such. the development of secondary hypertension 

is a co-morbid process that typically progresses in a temporally parallel rnanner to 

retinopathy. Once secondary hypertension develops, it could be expected to accelerate the 

progression of retinopathy; however, its role in the development of retinopathy is not 

known. 

3 C m 0 1  of B l ~ o d  GI- 

Strong evidence has been put forward to demonsirate a relationship between strict 

control of s e m  blood glucose and a delay in progression and development of diabetic 

retinopathy." The Diabetes Control and Complication Trial randomized diabetics to 'strict 

control' or 'standard control' groups and followed these individuals for the developrnent of 

late diabetic complications. Mer only two years of follow-up, si@icantly less 

progression of retinopathy and less development of retinopathy were noted in those 

participants who were under 'strict' blood sugar control. 

Probably the best single measure of long-term blood sugar control is the senun 

hemoglobin AIC level. As demonstrateci in the WESDR. higher levels of this variable were 

significantly associated with progression to proliferative retinopathy and to rnacdar edema. 



2.4 RETINOPATHY RISKS IN NATIVE POPULATIONS 

As indicated earlier, there is a higher prevalence of diabetes in North Arnerican 

native compared to non-native populations. Among native populations, too, the figures 

differ greatiy. For exarnple, the Oklahoma Plains Indians reportedly have a 33% prevalence 

of diabetes for those over 30 years of agew3' That number rises markedly to 48.94 in 

Arizona Pima Indians who are >35 years of age-the highest prevalence of diabetes in the 

w o r ~ d . ~ ~  The 7% prwalence of the James Bay Cree, in contrast, is rnuch closer to that of 

Canadian caucasian populations (5.1 %). ' 
Whereas diabetes prevalence studies have demonstrateci sigiuficant differences 

between caucasian and native populations and among various native populations, there is 

relatively Little data that would aUow cornparison of incidence or prevalence rates for 

diabetic retinopathy in these groups. 

While there is a lack of information on diabetic retinopathy in general, the incidence 

rates of proliferative retinopath y appear roughl y comparable between the Pirna Indians and 

the WESDR populations.44v45 Nonetheless, the different genetic heritages and physical 

environrnents of these populations would be expected to modiQ the physiologic processes 

responsible for diabetic retinopathy. Risk factors for the developrnent of retinopathy would 

also be expected to have different inter-relationships and magnitudes of effect in different 

populations. These possible nsk factor differences have been the focus of recent 

investigations concerning the study of diabetic retinopathy in native American 

populations. 26.27.46.47 

To date, the examination of retinopathy risks for North American Native 



populations has been carried out in only three populations: the Gila River Indians of 

Arizona, the Plains Indians of Oklahoma, and the South Dakota Sioux. 

The P u  

The Pima and Papago Indians of Arizona have been closely followed for diabetes 

and its complications since 1965. The f i t  large study of retinopathy in the Pirna indians 

was published in 1976 by ~ o r f . 4 ~  It demonstrated that retinopathy was more prevalent in 

natives with elevated two-hour plasma glucose levels and those with a longer duration of 

diabetes. While the absence of appropriate multivaiate statistical analyses did not allow for 

robust conclusions to be drawn, Doff s analysis nonetheless paved the way for further, 

more careful shidies of the Arizona native population. 

One such study was Nelson's, which examined nsks for proliferative retinopathy 

in the sarne Pima population that Dod followed." Age, duration of diabetes, hypertension, 

proteinuria, rend insufficiency, absence of the Achilles tendon reflex, elevated total serum 

cholesterol, and treatment with insulin were ail associated with proliferative disease. The 

paper provided a more methodologically ngorous examination of nsk factors; however, its 

scope was Lirnited to proliferative retinopathy. 

There are only four papers in the Literature that provide an in-depth, controlled, 

multivariate analysis of risks for all f o m  of diabetic retinopathy in a North Amencan 

native population. Nagi's recent paper in Diabetic Medicine is one of these?' It examined 

risk factors for diabetic retinopathy using a 45 degree fundus camera to grade retinopathy. 

(üsing a camera to screen for diabetic retinopathy has k e n  well validated, demonstrating 

sensitivity and specificity rates comparable to examinations performed by oph thalmologists 

and retina specialists?*) The paper looked at two outcomes that had not before been 

assessed in the Pima Indians: retinopathy at the time of diagnosis of diabetes, and non- 



proliferative diabetic retinopathy. Lower BMI and elevated blood pressure were predictors 

of retinopathy diagnosed simultaneously witb diabetes; degree of glycemia was not 

associated. For non-proMerative retinopathy, duration of diabetes, mean blood pressure, 

f a s ~ g  blood sugar, insulin therapy, and albuminuria were a i i  associated. 

This latter set of results is significant with respect to this thesis because non- 

proliferative retinopathy accounts for the vast majority of retinopathy seen; it is also the 

primary fonn of retinopathy encountered in diabetics examined in Moose Factory and 

Moosonee. 

P V  

Two epidemiologic studies on the saine population of Oklahoma Indians have 

specifically evaluated risks for diabetic r e t i n ~ ~ a t h ~ . ' ~ ~ ~  These snidies, conducteci twelve 

years apart, employed multivariate logistic regression and demonstrated that fasting plasma 

glucose, duration of diabetes, and therapeutic regimen were al1 independent predictors of 

retinopathy. 

4.3 The SoUfb D u t a  Siow 

A ment papa evaluated risk factors for diabetic retinopathy in the South Dakota 

Sioux as part of the Strong Heart ~ t u d y ~ ~  Risk factors for retinopathy were studied in 417 

individuals who had retinal hindus photos taken for grading the severity of reànopathy, the 

outcorne variable. Significant univariate associations were found, including fasting blood 

glucose, systolic blood pressure, urinary albumin-to-creatinine ratio, rend dialysis. and 

duration of diabetes. Extensive multivariate analyses were not presented in this study. 



c 
There are no papers that have looked at risks specifcaily for diabetic retinopathy in 

northern North Arnerican or Canadian native populations. However, Brassard's 1995 

study, which exarnined nsk factors for diabetic microangiopathy (defmed as retinopathy or 

nephropathy) in the Cree of ~ u e b e c , ~  found that risks for diabetic microvascular disease 

included duration of diabetes, triglycende levels, and insulin therapy. Unfortunately, this 

study had a methodologicaily weak outcome determination and no examination of diabetic 

retinopathy risk factors independent of nephropathy. In addition, retinal specialists were 

not used to determine the presence or absence or retinopathy. Nonetheless, this study did 

raise the issue of lipid disorders as signifcant contributors to microangiopathy and thereby 

possibly to retinopathy in the Cree population. 

The Oklahoma, Pirna, and Sioux Indians are the only North Amencan native 

populations to have had risks for diabetic retinopathy exarnined. However, the findings in 

these populations cannot be assumed to apply to al1 native peoples. The hentage of Fint 

Nation Peoples is extremely varieci, as are the environments in which they live--hence the 

varied diabetes prevalences found across native populations in North America. (See section 

2.4) As a resdt, diabetes in Canadian native populations is Wtely a somewhat different 

disease fkom diabetes in natives of the southem United States. It foilows that the 

aforementioned studies of diabetic retinopathy nsk factors in North Amencan natives 

cannot be assumed to apply to the cohort under consideration in this paper. At present, no 

shidies exist that have looked at risk factors for diabetic retinopathy in a nonhem native 

population. 

This thesis examines the specific risks for retinopathy in the Cree of James Bay, 



Ontario. Of particular interest are Nk factors for retinopathy that are potentiaily modifiable: 

hypertension, BMI, hemoglobin AlC, and s e m  Lipid levels. If associations between 

certain risks and retinopathy are demonstrated, hypotheses can be generated that couid 

guide protocols for M e r  prospective cohon studies. Uitimately, there may be a role for 

the medical management of systemic medicai parameters that could help delay or prevent 

the onset of retinopathy, and hence blindness, in the Cree population. More immediately, 

the identification of specific nsk factors for diabetic retinopathy would aid in targeting 

diabetics at higher nsk for screening efforts -- increasing the thoroughness of present 

screening programs. 



3.1 POPULATION AND SETTING 

The cornmunities of western James Bay include Moose Factory, Moosonee, 

Attawapiskat, Kashechewan, Fort Albany, Peawanuk, and New Post The combined 

population of these communities is approximately 1 1,000 and the inhabitan ts are 

predominantly Cree, one of several tribes that comprise the Algonquin peoples.51S2 Moose 

Factory and Moosonee are the largest cornmwûties in the region and are the focus for this 

study. Located at the mouth of the Moose River, Moose Factory is on an island in the 

rniddle of the river and Moosonee is on the mainland The inhabitants number 2,800 and 

2,300 respectively and are airnost al1 Cree. The populations of interest are very stable with 

Little out or in migration. 

Weeneebayko General Hospital in Moose Factory is the only hospital in the region. 

AU heaith care for the population of Moose Factory is provided in the outpatient farnily 

medicine c h i c  at this hospital. Moosonee residents have a health c h i c  in their town and 

more intensive care is provided through the Weeneebayko General. 

Travel to the communities of western James Bay is prirnariiy by air. A rail h e  does 

reach Moosonee but there is no road into the region fiom the south. Aii these communities 

can be considered 'remote'; there is Little contact from non-native populations and 

traditional hunting and gathenng practices are still maintained 

3.2 PRESENT STATE OF DIABETIC CARE IN JAMES BAY 

At present, screening for diabetic retinopathy in the Cree population of James Bay 

is camied out by ophthalmologists as part of a Mushkegowuk Band Council initiative. In 



the 1 s t  two years approximately 75% of individuals with diabetes in Moose Factory and 

Moosonee have been seen by the retina specialists of Queen's University. Kingston, during 

yearly visits. Prior to this, fkom 1993 to 1995, retinal meening was providexi by a retinal 

specialist through the University of Western Ontario, London. 0vera.U. since screening was 

initiated, some four-and-a- half years ago, approximately 82.5 % of a i i  kno wn people with 

diabetes in Moose Factory and Moosonee have been s~reened.'~ 



4.1 OBJECTIVES 

The main objective of this thesis is to examine the risk factors for diabetic 

retinopathy in the Cree population of Moose Factory and Moosonee. The primary risk 

factors of interest are potentialiy modifiable ones including body-mass index, hemoglobh 

AIC, and semm lipid levels. 

Secondary objectives include an assessrnent of effect modifers on the development 

of diabetic retinopathy and a detedation of diabetic prevalence in Moose Factory and 

Moosonee. Also, Poisson regression is compareci to the modified Cox's proportional 

hazards mode1 as a secondary component of the analysis. 

4.2 DESIGN 

This snidy employed a retrospective cohon design. Al1 diabetics in Moose Factory 

and Moosonee comprised the cohort, which was identified from hospital outpatient 

records. Data from ophthdmic examinations were collected for ail individuals with diabetes 

to idenw the presence or absence of retinopathy. Information on past exposures was 

obtained from the patient charts for the five-year penod beginning the fint year after each 

individuai's diagnosis of diabetes. The chat review was perforrned by two researchers 

using a standardized data collection sheet 

Those individuals identified with diabetic retinopathy, as diagnosed by the r e ~ d  

mening program, were considered to have developed the outcome of interesr Non- 

diseased patients included al1 people with diabetes but without retinopathy who had 

previously been screened. 



4.3 IDENTIFICATION OF THE COHORT 

AU charts for patients with diabetes fkom the Moose Factory and Moosonee 

ou tpatien t clinics were retrospec tivel y reviewed during two data-coiiec tion trips to the 

region. Data absaac tors recorded aii exposure information before recording r e ~ o  path y 

status fkom the charts, 

The diagnosis of diabetes was detennined prirnarily by fasting blood glucose 

studies taken during the course of r o u ~ e  medicai care at the Moose Factory and Moosonee 

Community Medicd Chics. The attending physicians at the clinics used standard World 

Health Organization (WHO) criteria to determine the diagnosis of diabetes. Specificaüy, 

patients were diagnoseci as having diabetes if fasting blood glucose levels were above 7.8 

m m o K  or oral glucose tolerance test levels were > 11.1 rnmol/~." Diabetics with 

gestational diabetes or secondary diabetes were excluded, as were those who had not had 

an ocular assessrnent. Non-natives with diabetes were also excluded. 

For this study, a distinction of type 1 vs. type 2 diabetes was not made. This 

decision was based on information fiom the first 1997 diabetic retinopathy screening 

session in Moose Factory that did not idenafy any type I diabetics. The low prevalence of 

type 1 diabetes in Moosonee and Moose Factory is corroborateci by Brassard's study of 

diabetes in the Quebec Cree. In this latter population, the prevalence of type 1 diabetes was 

found to be ~0.1%.~' 

4.4 OUTCOME ASSESSMENT 

The diagnosis of diabetic retinopathy was made by one of three retinal specialists 

during the course of screening visits ta Moose Factory where screening for diabetic 



re~opa thy  has been carrieci out since 1993. Critena for the diagnosis of retinopathy were a 

modification of those adoptecl in the WESDR? Typicaily, one of four specific diagnostic 

sub-categories was assigned: no retinopathy - level 10. background retinopathy (BDR) - 

levels 21 to 51, macula edema (CSME), and proliferative diabetic retinopathy (PDR) - 
levels 60 to 80. Retinopathy levels were defmed by the more seriously affected eye. AU 

examinations included indirect ophthalmoscopy, and contact lens or slit-larnp indirect 

biornicroscopy. 

The ophthalmic iiterature suggests that there is negligible inter-observer variability 

for the diagnosis of diabetic retinopathy made by retina specialists. The strength of this 

relationship may not apply to other health care providers.s556 Therefore, only 

examinations performed b y the three participahg retina speciali sts were considered 

acceptable for the determination of retinopathy status. Individuals who had k e n  diagnoseci 

with retinopathy pnor to the organized screening visits or who have not been examined by 

the participahg specialists were not included. This was done, firstly, to maxirnize 

diagnostic accuracy and, secondly, to decrease the possibility that poor vision could 

potentialiy confound exposures such as BMI and treatment status. (Poor vision from 

retinopathy could theoreticaily lead to a Mestyle that is more sedentary, affecthg variables 

such as BMI and diabetic treatment status.) 

For the purpose of this study, retinopathy was not broken down into its specific 

sub-groups. The presence or absence of retinopathy was the pnmary outcome of interest. 

For individuals with multiple ocular examinations, the f i t  diagnosis of retinopathy was 

considered the 'defining eye exam'. For those without retinopathy, the most recent eye 

examination was considered the 'defining' eye exam. An assumption of the heversibility 



of retinopathy was made. The assumption of irreversibility did not pose a problem as 

retinopathy did not change status from 'present' to 'absent' in any of the patients who had 

multiple ocular assessments. 

4.5 EXPOSURE ASSESSMENT 

AU known potential rkk factors for the development of retinopathy that were 

available from the patients' charts were recorded during the data collection process. 

Outpatient clhic charts as weil as inpatient records were reviewed for each individuai. 

Measures for possible confounders and/or effect modifiers for diabetic retinopathy were 

also collecteci. For each subject, measures of each covariate were taken fiom examinations 

or tests perforrned pnor to the diagnosis of retinopathy but after the diagnosis of diabetes. 

AU efforts were made to collect rneasures for blood tests and physical examination 

findings that were performed during the five-year period startîng one-year following the 

diagnosis of diabetes. The use of this specifc five-year time block was to create a degree of 

standardization for the risk factors under study. Data from studies and examinations 

perfonned during the fîrst year of diabetes were excluded in an attempt to eluninate values 

fiom tests that were performed prior to the patient having achieved a degree of stability in 

her diabetic therapy and hence her general physical condition. Theoreticaiiy. patients with 

recentiy diagnoseci diabetes would be more Likely to be in a period of dietary and 

therapeutic flux for the fust year following their diagnosis. 

For subjects with multiple test results within the five-year window of interest, test 

values fiom studies perfomed at approxirnately year-two, post diagnosis, were 

preferentiaily recorded. Individuals without data for variables from within this 5 year range 

had values recorded for examinations nearest to this time period, but they were not included 

in the main analysis. This led to a reduction in the sire of the cohort used for the primary 



analyses because hemoglobin A1C and cornplete lipid studies were not available until 1987. 

As a result, many with longstanding diabetes were oniy uicluded in the descriptive 

analyses, Section 5.1. A more limired cohorî was examineci for the univariate and 

multivariate analyses that are the focus of this paper-rnostiy individuals who had their 

diabetes diagnosed within the last 10 to 15 years. (The group with this data is referred to as 

the 'limited CO hort ' .) 

Although it reduced the power of this analysis by decreasing the number of 

individuals included, Iimiting data acquisition to a specific period was expected to give a 

much more accurate representation of the effects of the independent variables for the 

development of diabetic rethopathy. To have simply recorded arbitrary lab or examination 

values h m  any point in a patient's disease history would have lirnited the lilcelihood that 

these tests were measuring comparable variable values. An alternate approach would have 

been to choose lab or examination data for a specific period preceding an individual's 

ophthalmic examination. However, the choice of data from such a period would potentialiy 

have made the values of the covariates simply reflect the duration of diabetes; differences in 

covariate mesures might be more a resuit of changes due to a patient's duration of diabetes 

than inter-subject differences responsible for the development of retinopathy. In this case, 

the study's power would also be potentially reduced. 

Using a single measure from the defined five-year time interval for each exposure 

does not ensure that each variable's recorded value represents a patient's long-term 

exposure status. However, the specific temporal criteria imposed upon the lirnited cohort is 

assumed to give a more standardized exposure assessrnent for the lirnited cohort-and does 

give a proxy representation of each subject's chronic exposure status. 

In the analysis section of this paper, data will be presented comparing the features 

of the full cohort of people with diabetes to the restricted, time-limited cohort. The main 

analyses will be restricted to the 'limiteci cohort'. 



4.6 SPECIFIC COVARIATE DEFINITTONS 

The definition of factors of interest and how they were assessed is presented below. 

AU efforts were made to coiiect variable data as continuous. Only where this was not 

possible, because of the nature of the variable or chart limitations, were dichotomous 

represen tations used for data collection. 

4lJLAE 
This variable was recorded as the age of the patient at the thne of his or her defining 

ocular examination, except for the cornparisons in Table 5.1.4. In this one situation, age 

was defined as of January 1, 1998. 

Duration of diabetes was defined in two ways for different parts of this study. 

These two definitions are presented in sections 4.6.2 and 4.6.3. 

For analyses that involved individuais who had not had eye examinations (results 

section 5. l), duration was calculated as 'years an individual had diabetes as of January 1, 

1998'. The onset date of diabetes was taken fiom the patient chart nom a Iab value 

consistent with diabetes that was corroborated by a physician's note documenting the 

diagnosis of diabetes. Where physicians' notes did not document the onset of diabetes, this 

point in tirne was definexi from the oldest lab value meeting the WHO critena for diabetes. 

(As noted previously, there is little chance that patients living in Moose Factory or 

Moosonee could have had their diabetes diagnosed at other medicai clullcs or laboratones. 

The stability of the population and singularity of the medical facilities makes this unlikely.) 



The definition of duration of diabetes for the main analyses (result sections 5.2 to 

5.6) was 'the time in years from diagnosis of diabetes to ocular examination'. This 

definition afforded a more accurate representation of duration of diabetes because it took 

into account the fact that certain individuals had not k e n  seen in the general or specialty 

clinics for months or years foUowing their 1st ocula. assessmenr Duration was thus 

defined by the date when retinopathy was determinecl, elirninating the possibility that 

individuais without retinopathy could have developed this outcome since their last ocular 

assessrnent Except for the initial cornparison of those with and without eye examinations 

(Table 5.1.4), duration of diabetes uses this defmition. 

4 Tr- R- 

Treatment stanis was recorded as diet only, oral hypoglycemic, or insulin. Data 

were recorded at the time of the diagnosis of diabetes and at each point that a change in 

treatment was noted on a patient's chat. The therapeutic category to which a parient was 

assigneù was the treatment regimen the patient was on for the majority of the penod for 

years one to six foliowing the diagnosis of his or her diabetes. The choice of this definition 

was made to give a more accurate representation of the therapeutic status of a patient 

independent of duration of diabetes. Using the therapeutic regimen that a patient was on for 

the majority of his or her disease course would potentially correlate this variable more 

closely with duration of diabetes-assurning there is a progression from diet to oral therapy 

and possibly to insulin. (No individuals were on insulin and oral hypoglycernics 

simultaneously.) 



Data kom ail h m  blood studies were recorded for the one- to six-year post 

diagnosis p e n d  if tests were performed pnor to ophthalmic assessment. AU data was taken 

from studies performed in the lab at the Weeneebayko General Hospital using standardized 

techniques. i ab  tests for patients from Moosonee were also perfomed at the Weeneebayko 

Hospital laboratory. 

blwd acosg: Considered a short-texm indicator of diabetic control, this 

test was perfomed on blood sarnples taken in the moming prior to any caloric 

intake. 

hemoglobd: This variable provided an accurate 

indication of long-term blood sugar control, significantly different information than 

a fasting blood glucose level provides. Co-linearity would be expected between this 

variable and fasting blood sugar if a diabetic's blood sugar control was 

exceptionaüy good or poor since it would iikely produce similarly low or high 

levels for both tests. 

ctlon tests - Blood urea n troeen, semm crea ninç: Rend damage is a co- 

morbid feature of diabetes and not necessarily a risk for retinopathy; however, 

lirnited rend function might predispose an individual to retinopathy through the 

reduced clearance of vasogenic factors or vascular toxins. Data were not included 

for this variabIe for individuals in whom rend failure that was not due to diabetes. 

Semm 1md le 
. . 

v&: Serurn triglycendes have been shown to correlate with diabetic 

retinopathy and nephropathy in the Cree population.50 For this study, data were 

collected for s e m  cholesterol, low density lipoprotein, high density lipoprotein, 

and triglycende levels. 



Because the value of body-mass index could change considerably afier the initiation 

of diabetic therapy, BMI was calculated £rom weight data taken duMg the five-year 

variable assessment period (years one to six post diagnosis). Height values were taken 

from any recorded height for individuals over 20. For those under 20 (youngest was 18), 

the most up-to-date height was recorded. BMI was calculated as the ratio of weight to the 

square of the height (kg/m2). 

Since visual disability can affect one's ability to maintain activity levels, BMI could 

have ken elevated as a result of diabetic retinopathy that was associated with vision loss, 

confounding the relationship between BMI and re~opathy.  However, because BMI values 

were taken h m  the f i t  six years post diagnosis, this potential confounder was not an 

issue. (No subjects lost vision from diabetic retinopathy in both eyes during the Fust six 

years post diagnosis of diabetes.) 

4.6.7 Hvpert-on and Blood Pr- 

Hypertension was considered present if a patient was taking medications for control 

of blood pressure. Blood pressure measurements were also documented from the five-year 

variable assessment interval. Systolic and diastolic values were recorded for the nearest 

date to the rest of the laboratory values. 

4.6.8 S w  

Data on pack-years of smoking was not consistently avaiiable in the patient chans. 

As a result, smoking history was recorded as ever or never. 



Macrovascular complications of diabetes included a history of stro ke or m yocardid 

infarction. Data on the occurrence of each of two potential CO-morbidities were recorded as 

having taken place or not following the diagnosis of diabetes. The diagnosis of these 

conditions was based on a physician-completed problem sheet in the patients' charts. If this 

information was not recorded on the problem sheet, then progress notes, written orders, 

and elecaocardiogram (KG) reports were examineci. 

A stroke was documenteci as having occurred if there was an indication of a cerebral 

vascular event with neurologie residua; transient ischernic attacks were not recorded as a 

'stroke'. Myocardial infarction was considered positive if changes consistent with an 

my ocardiai infarction (MT) were found for creatinine kinase-MB, or a ph y sician-reported 

EKG. 

Certain variables were not readily available from the chart review. Specifically, 

family history of diabetes, alcohol consumption, and diet (traditional, western, other) were 

not possible to collect 

4.7 DATA EDITING 

Examination of the actual data measures was camied out to detemine if any out of 

range values were present for age, Iab-tests, BMI, etc. Out of range values were rechecked 

on the data collection sheets and, where necessary, reassessed through follo w-up contact 

with the hospitai medical records department 

Missing data were also füled-in where possible with dictated ophthaimic patient 



reports. (For ail patients seen in 1996 and 1997, ocular assessrnent notes were dictated at 

the tirne of examination.) 

4.8 POWER ASSESSMENT 

For this study, a fu<ed geographic population was examined. It was estirnateci that 

there were approxirnately 300 people with diabetes in Moose Factory and ~oosonee.6~ 

During the course of this study, 283 patients were identifed from the patient records at the 

two outpatient chics. Of these 283 patients, 241 had eye examinations, and of these 241, 

157 had lab/examination data from yean one to six following their diagnosis of diabetes. 

This laîter group comprised the Limiteci cohoxt Assurning that 75% of the 157 had complete 

chart data, the power calculation was based on 118 individuals. The power of this study 

was calculated to determine whether the study population was adequate to demonstrate a 

sigiuficant ciifference between those with and without risk facton for the development of 

diabetic retinopathy. 

Study power was calculated specifically for fasting blood glucose as a risk for 

diabetic r e t i n ~ ~ a t h ~ . ~ ~  Fasting blood glucose was anticipated to be an exposure that would 

be representaîive of other factors king examined in the study. For the purpose of the 

power estimation, the nsk estimate (1.5) and exposure prevalence (64%) for FBG were 

taken from published data on Oklahoma ~ n d i a n s . ~ ~  The limited cohon was used to 

determine the total number of individuals available for study. 



po = proportion of non-exposed who develop retinopathy 

p, = proportion of exposed who develop retinopathy 

p = weighted average of proportions 

n = number of exposed individuals (elevated fasthg blood sugar) 

r = ratio of number unexposed to exposed 

d* = difference between proportions pl and po 

alpha = 0.05 

5 = standard nomal deviate, correspondhg to an alpha of 0.05, for the distribution 

around d*. 

4.8.1 Fas- B I Q ~  

The power to detect a relative risk of 1.5 for the presence or absence of elevated 

blood glucose was 0.8 1. Elevated fasting blood glucose was defined as >7.8 mmoVL, 64% 

of subjects were exposed. (po = 0.5 1, p, = 0.77, n = 75, r = 0.57) 

4.9 ETHICS 

This study was considered an extension of the diabetic retinopathy screening 

program that was initiateci by Dr. Tom Chang in 1993. However, pnor to initiating the 



present study, specifïc approvd was received from the Weeneebayko General Hospital 

Board for proceeding with this specific research project. The Weeneebayko hospital board 

included two representatives boom each Cree comrnunity that received medicai (and 

ophthaimic) care through the Weeneebayko Hospital/Queen's University affiliation. Ali of 

these board members, the hospital CEO, and the chief medical officer supported the 

decision to approve this research into diabetic retinopathy. 

This study protocol was also approved by the Queen's University Health Sciences 

Human Research Ethics Board. 

4.9.2 1- Confidentialitv . . 0 .  

Individuals were not identifid during the course of this study. data analysis, or in 

the course of data presentation. 

c 
Rior to the publication or public presentation of any results from this snidy, the 

research results were presented to the Weeneebayko General Hospital Board and the 

Muskego Tribal Council. 

4.10 DATA ANALYSIS 

This was a retrospective cohort snidy; therefore, caiculated risk estirnates represent 

the actual relative nsk of retinopathy for individuals with a risk factor compared to those 

without the same risk factor. A proportional hazards. multiple regression mode1 was used 

for this assessrnent to determine the adjusted contributions of specific risk factors for the 

development of retinopathy. This statistical technique allowed the caiculation of risk ratios 

for the population under investigation. To examine the accuracy of results obtained using 



the proportional hazards model, a Poisson regression model was also performed for 

comparison purposes. 

O .  

e Co- 

The foilowing section describes the representation of covariates that was used for 

the initial descriptive data analysis and for the comparison of those who had r e ~ d  

assessments and those who were not exarnined. 

& - continuous variable (iteger) 

sex - dichotomous variable (female = 1) 

abetes - continuous variable (integer) 

osis to Oc& D W o e  - continuous variable (integer) 

- categoncal (recorded as either: 'diet', 'oral', or 'insulin'; Diet 

conaolled diabetes were considered the baseline for the dumrny variable 

representations in the multivariate models.) 

n A 1C - continuous variable (to three dechal places) 

fast in^ Blood Glucose - continuous variable (to two decimal places) 

- al1 four variables were concepniaiized as continuous (to two 

decimal places) 

enal Function - both continuous variables (blood urea nitrogen to one decimal 

place; creatinine as an integer) 

- continuous variable (to two decimal places) 

erteOSiQn - dichotomous variable (positive if taking medication for 

hypertension) 

c Blood P r e s s u ~  - both continuous variables measured in 

mmHg (in tegers) 



- dichotomous (ever/never) 

isew: StrQke. -tien - considered together as a 

single dichotomous variable ('positive' if a history of one of these two disorders 

was found) 

Descriptive statistics were calculated using the SPSS statistical program. Initial 

assessment involved examination of feanires of the sub-population of people with diabetes 

who had not had ophthalrnic assessments. This was performed to determine if there were 

any strong demographic ciifferences and, consequently, evidence of possible selection bias 

for those with or without eye examinations. 

Foilowing this, extensive summary statistics were calculated for the full cohort that 

had attended screening examinations and for the sub-set of people with examination data 

from years one to six post diagnosis of diabetes. A nurnber of representative variables were 

compared for both the extendeci and for the Lirnited cohon, the specific group with the more 

precise data collection period. 

Complete sumrnary statistics and graphitai representations were then perfoxmed for 

the iimited cohort, including histograms, medians, ranges, means, standard deviations, and 

quartiles. 

4.19.3 -etween lndeoendeot Var- 

This data was presented to describe the relationships and smngth of relationships 

between covariates for the main risk factors and effect modifiers of interest. Pearson's 

product moment correlation coefficients were useà to compare continuous variables, and 

Student's t-tests were used to compare dichotomous with continuous variables. For 

treatment regimen, the only categoncal variable, analysis of variance was used to compare 



the means for categories of continuous varibles. Cornparisons between dichotomous and 

dichotornous, or dichotornous and categoncal variables were performed with the x2-test 

using a continuity correction for two-by-two tables. In situations where duration of 

diabetes or serum triglyceride levels were considered, the appropnate non-pararnetric tests 

were used, namely, Spearman's rank-order test and the Mann-Whitney U test (results 

section 5.2.1). 

Highly correlated variables, or variables with signifïcant t-tests, ANOVA. or x'- 

tests were considered correlated and potentiaily collinear. Correlations between variables 

were sought to give an indication of the strength of relationship between variables and the 

possible effect that that could have had upon the propoItional hazards model. For example, 

if a variable showed a strong univariate association with retinopathy and lost its 

significance on multivarïate testing, the correlation/association tests could provide an 

indication of the nature of the possible inter-variable relationships responsible for this 

change in signrficance. 

0.4 Univariate C-ns for D w c  R- 

Univariate cornparisons were calculated for each independent variable with diabetic 

retinopathy. Continuous variables were compareù using the Student t-test while categorical 

variables were analyzed with the x'-test In situations where dichotomous variables were 

cornpared using a 2x2 table, a con~ui ty  correction was used. 

4.iQ5 V u e  

Ail continuous variables were initialiy tested for fit individuaiiy in Cox's models 

using three different representations: continuous, dichotornous (values separated by the 



mean) and quades. Final log-likelihood ratios and p-values were taken from the univariate 

models and compared. 

The log-likelihood ratio statistic was used to determine which representation of each 

variable had the strongest association with retinopathy. P-values for each of the three 

models were compared and the representation that demonstrated the strongest association 

was used for the fonvard stepwise assessrnent that foilowed. Variables that were 

conceptualized in a continuous or dichotomous fashion increased the power of the analysis 

by preserving degrees of freedom in the multivariate model. 

10.6 Pro-& M u  

A modifieci proportional hazards model was used for the purpose of examinhg the 

main variables of interest while controhg for the effects of other variables. Since accurate 

tempord data was not available regarding the onset of retinopathy for all patients, a hue 

Cox's model could not be used. Instead, a modified proportionai hazards model was used 

that assigned the sarne failure tirne to each individual. This use of the proportional hazards 

model ailowed the detemination of relative risks fiom the specific variable coefficients, a 

result that Logistic regression wodd not have allowed. 

Typically, logistic regression has been used to calculate odds ratios for independent 

variables when an outcome is dichotomous. Invariably, this approach has been applied in 

the setting of casecontrol studies. The resulting odds ratios approximate relative nsks if the 

rare disease assumption holds. 

In this study, a retrospective cohort design was used, allowing for the calculation of 

relative risks; however, because the rare disease assurnption was not expected to hold- 

retinopathy is relatively comrnon--a logistic regression approach to this analysis wodd not 



have resulted in an appropriate estimation of the relative risk.'' Similar approaches have 

been employed for the detemination of relative risk in the setting of prospective binomial 

data!* 

As noted above, the independent variables for the Cox's model included potential 

confounders and effect modifien for diabetic retinopathy as weii as risk factors that were 

potentidy amenable to medical management or Mestyle alteration: BMI, hypertension, 

hemoglobin A 1 C, fasting blood glucose, rend function, smoking status, and semm lipid 

levels. The presence or absence of retinopathy was the dependent variable. 

The EGRET statistical package was used to perform the multiple regression 

component of this analysis. Initially, a i i  significant, transfurmed univariate terms were 

entered in a forward, stepwise approach to derive a parsimonious model. A liberal 

inclusion p-value of 0.10 was used for this first step. Significant variables after this stage 

were then included in a M e r  multivariate analysis of ali the rernaining covariates. This 

step was perfomed to re-assess the effect of each covariate (that was not in the 

parsimonious model) while accounting for the variables that were most strongly associateci 

with retinopath y. Variables were entered individuail y into the parsimonious model to check 

for significance. Rate ratios with 95% confidence intervals were denved for all terms kom 

the coefficients of this reduceû model. The most appropriate representation of each variable 

(section 4.10.5) was used in this step. 

7 S e c o w v  

Secondary analyses investigated plausible interactions. Only one known interaction 

has been reported in the iiterature for diabetic retinopathy in a native In Lee's 

study of Oklahoma Indians, a significant interaction was found during multivariate analysis 

for fasting blood glucose and hypertension. Interestingly, Lee found that when both 



variables were representeà dichotornously the relationship between fasting blood glucose 

and retinopathy was smnger when hypertension was not present The authors did not offer 

an interpretation of this hding. 

For the present study , fasting blood glucose and hypertension were fit to the 

parsimonious model as dichotomous variables and the interaction terni was tested. 

However, since no other definite interactions were described in the fiterature, relationships 

that were defined 'a prion' by the investigators were run using the parsimonious model for 

exploratory purposes. 

The proposed interaction terms, baxd on postulated associations, included age and 

fasting blood glucose, sex and fasting blood glucose, age and hypertension, sex and 

hypertension, age and treatment regirnen, and sex and treatment regimen. Dichotomous 

representations of al1 variables were used to aid in the interpretation of the results from this 

section of the analysis. 

A Poisson multiple regression was fit in an identical rnanner to the proportional 

hazards model for the denvation of a parsimonious model. The purpose of this step was to 

generate coefficients that represented relative nsk and to ailow a direct comparison between 

coefficients generated by the Cor's proportional hazards and the Poisson multiple 

regression models. One problem with fitting the Poisson regression for diabetic retinopathy 

was that the rare disease assumption was not met 



5.1 POPULATION STATISTICS 

Prevalepce of Diabetes in M m e  F w r v  and 

During the October 1997 data collection visit to Moose Factory and Moosonee, 283 

Living individuals with diabetes were identifid through the two rnedical clinics. Given the 

populations of these cornrnunities, as estimated by the Health Planning Office of the 

Weeneeebayko Hospital, the point prevalence for diabetes in Mwse Factory and Moosonee 

was approximately 5.5% (95% CI 4.9% to 6.1%).~ '*~~ However, this number is not 

necessarily accurate because Moosonee census data was unavailable, necessitating the use 

of population estimates for this cornmunity. In addition, the Moosonee Chic's diabetes 

registry was not up-to-date, preventing identificatin of new patients with diabetes from the 

past 1 to 2 years (Table 5.1.1). For these reasons, the diabetes prevaience data from Moose 

Factory was a more intemally valid measure (6.2% prevalence, 95% CI 5.3 to 7.2%). 

Because the Cree were found to have a larger percentage of their population under 

the age of 35 when compared to the Canadian population (Table 5.1.2), direct age- 

standardized diabetes prevalence statistics were cdculated for Moose Factory to dlow for a 

more appropriate cornparison of diabetes prevalence between these two populations. The 

direct age-standardized prevalence for Moose Fac tory was cdculated using 199 1 Canadian 

census data for individuals over the age of 1 5 . ~ ~  This value was found to be 103.1 per 

1,000 individuals (95% CI 88.6 to 117.6 per thousand) (Table 5.1.2) (The absence of 

population distribution data for Moosonee did not allow individuals frorn this cornrnunity to 

be included in this estimate.). For the general Canadian population, the estimated 

prevalence of diabetes is approximately 5%. l 



e Factorv 

Demographic features of the full cohort are presented in Table 5.1.3. Infornation 

on each variable was not available for ail subjects. For the independent variables, excluding 

smoking, data were available for at least 75% of subjects--ody 63% had smoking histories 

recorded in their charts (n=l77). 

As of December 1997, the average age of individuals with diabetes in Moose 

Factory and Moosonee was 53 years. The average duration of diabetes was 8.5 years. 

Sixty-six percent of al1 those with diabe tes were women and the same percentage were on 

anti-hypertensive medication(s). Most subjects were king treated with oral hypoglycemics 

and fiteen percent had suffered a myocardial infarction or stroke (Table 5.1.3). 

. . with E- 

Over the past four years, 241 diabetics from Moose Factory and Moosonee were 

examined by the retinal specialists participaring in the James Bay screening prograrn. Forty- 

two people with known diabetes in these comrnunities had not k e n  screened for diabetic 

retinopathy. Overall, an 82.5% screening success rate had k e n  achieved for the four-year 

screening period 

For the 18 month interval leading up to the last screening visit, 75.58 of known 

individuals diabetes were examined. In the one-year interval from January 1996 to January 

97,64.3% of the population with diabetes were examined. 

General features of subjects who had eye examinations were compared with those 

who did not (Table 5.1.4). Patients who had not been examined were more likely to reside 

in Moosonee and to have had diabetes for a shorter period of time. These individuals were 

also less Iikely to be on insulin. 



A trend towards younger age, lower hemoglobin A 1 C, and lower semm cholesterol 

levels was also seen in those without eye examinations. 

S m v  of D u  for the -ee C-es of Retinooatbv 

Although the presence or absence of any diabetic retinopathy was the outcome of 

interest in this study, data was coilected for the three main subgroups of retinopathy: 

background diabetic retinopathy, macular edema, and proliferative diabetic retinopathy. The 

prevalence of any degree of retinopathy was 34.4% (83/241). Background retinopathy and 

macular edema were found in 73.5% (61/83) and 21.7% (18/83) of patients with 

retinopath y respective1 y. Roliferative retinopath y was a rare fmding ; only four patients 

were found to have proliferative disease during the course of the screening process. uable 

5.1.5) 

For the primary objective of this paper, a 'limited' cohort was selected from the 

larger cohort that included ail peuple with diabetes who had undergone eye examinations. 

This 'lirnited* cohort only included individuals with exposure data fiom years one to six 

following their diagnosis of diabetes (n=157). Those without data from this time period 

were compared to the group that had this information in Table 5.1.6. 

Significant differences were found between these two groups for almost ail 

variables tested. The 'Limited' cohon included individuals who were younger, had a shorter 

duration of diabetes, and were more likely to be on a dietary treamient regimen. They also 

had significantly higher BMIs, lower hemoglobin A 1C levels, and were more Likely to be 

fiom Moose Factory. Individuals that were excluded from the limited cohort were more 

iikely to have retinopathy. 



Ta ble 5.1. f Numbers of Subjects (with diabetes) in Each Community 

Community Number of  subjects identified from 
medical clinic cbarts 

(percentages) 

TOTAL Population 
of each community 

Mmse Factory 
(% of total number of 

individuals with diabetes) 

Moosonee 
(% of total number of 

individuais with diabetes) 



Table 5.13 Direct Standardkation of Diabetes Prevalence 

Canadian 
population 

(96) 

Moose Factory 
population (%)f 

Individuals Age specific 
with diabetes prevalence of 

in Moose diabetes 
Factory (per 1,000) 

StandardY:ed Rate @er thousand) 
103.1 

t The Moose Factory population distribution is presented for cornparison plrrposes. Age standardized-rates 
for Moose Factory subjects were calculated using the Canadian population distribution as the standard. 



Table 5.13 Basic Demographic Data for Moosonee and Moose Factory 

Demograp hic Variable Subjects 
(with 

diabetes) 

1 Averages presented for 
continuous variables 

Number (Percent) presented 
for dichotomous and 
categorical variables 

Standard 
Deviation 

Total number of subjects 1 a33 1 1 
Average age of subjects 1 282 1 53 yean 

Average duration of diabetes 1 272 1 8.5 years 1 63years 

Number of Males/Femaies 

I Treatment Regimen Distribution 
Diet / Oral / Insulin 

I Hypertensives / Normotensives 

Srnokers 177 88 / 89 
Ever / Never (49.7% / 50.3%) 

S üoke or Myocardial infarc tion 256 38 / 218 
Ever / Never (14.8% / 85.2%) 

Average hemogiobin A 1C 260 0.10 % 0.03 % 

Average body-mas index 2 15 32.7 ~ g / r n ~  1 5.5 ~ g l m *  

Average senun chotesterol 222 5.24 mmoi/L 1.08 mmol/L 

Average blood urea nitrogen 1 258 1 5.4 mmom 1 2.0 rnmoi/L 



Table 5.1.4 Cornparison of Summary Statistics for Those With/Without Eye Examinations (number 
of &a points presented for each variable) 

Variables Patients witb Patients Comparisom 
eYe witbout eye of groupset 

examinations examinations Ho: no 
M i  

Number of diabetics 1 1 42 1 Toiai = 283 
l 

Average age as of Dec. 1997 (years) 54.1 * 
(n = # with data) (n = 24 1) (n = 42) 

Sex (females/males) i58/83 t 29/13 p = 0.79 
(%) (65.6134.4) (69.013 1 .O) 
(n = # with data) (n = 241) (n = 42) 

Home Community (# diabetics) lSSt86 19/23 a 
(%) (64.3:35.7) (45.2/54.8) 
(Moose Factory/Mmsonee) (n = 241) (n = 42) 

Average duration of diabetes as of Dec. 9.0 
1997 (years) (n = # with data) (n = 238) (n = 34) 

Treaîment (diet/oraVinsulin) 
(%) 
(n = # with data) 

Average body m a s  index (Kg/m2) p = 020 
(n = # with data) (n = 198) (n= 17) 

Hypertension (presentfabsen t) 
(m 
(n = # with data) 

Average hemogiobin A IC (percent) 
(n = # with data) 

Average S e m  Choiesterol (mmol/L) 
(n = # with data) 

* Mann-Whitney CI Test used for comparison in the case of continuous variables 
t =test used for caîegorical variables. 
Undedina p-values signifiant at alpha = 0.05 

0. IO4 
(n = 228) 

5.28 
(n = 201) 

0.094 
(n = 32) 

4.84 
(n = 2 1) 

p = 0.08 

p = 0.12 



Table 5.1 J Frequencies and Percentages of Types of Diabetic Retinopathy in Moose Factory and 
Moosonee 

Percentage of eacb 
class of retinopathy 



Table 5.1 -6 Summary S tatistics: Subjects with exposure data from years 1-6 pst diagnosis of 
diabetes, compared to those without this data. 

Subjects with Subjects Cornparison of 
exposure data without g r o u p s * t  
lrom years 1- exposure data Ho: no difference 

6 from years 1-6 

Number of hdividuals wiih Diabetes 157 84 241 Total 

Age at eye examination (average years) 52.5 54.1 p = 0.0L 
(n = # with data) (n = 157) (n = 84) 

Sex (females/males) 103/54t 5 5129 p = 0.98 
(%) (65.6134.4) (65.5/34.5) 
(n = # with data) (n = 157) (n = 84) 

Community (MEactory/Moosonee) 109/48 46/38 p = 0.02 
6) (69.4130.6) (54.8145-2) 
(n = # with data) (n = 157) (n = 84) 

Duration of d i a b e ~  to eye exam (average 4.6 13.8 p < 0.0001 
years) (n = # with data) (n = 156) (n = 82) 

Treatment (diet/oral/insulin) 48190/19 13/38/33 p < 0.0001 
(%) (30.6/57.3/12.1) (15.5/45.2/39.3) 
(n = # with data) (n = 157) (n = 84) 

Body Mass Index (average Kg/m2) 33.49 30.93 m 
(n = # with &ta) (n = 129) (n = 69) 

Hemoglobin AlC (%) 0.10 0.1 1 -1 
(n = # with &ta) (n = 150) (n = 78) 

Semm Cholesterol (average mrnoÜt) p = 0.22 
(n = # with data) (n = 68) 

Hypertension ( presen t/absen t ) 
('w 
(n = # wit!! data) 

Retinopathy (presentlabsen t) 

(%) 

* Mann-Whitney U Test used for corn parison in the case of continuous variables 
t -test used for categorical WabIes. 
Underlined p-values signifiant at aipha = 0.05 



5.2 RESULTS FOR THE 'LIMITED' COHORT (SUBJECTS WITH 

EXPOSURE DATA FROM YEARS 1-6 POST DIAGNOSIS OF DIABETES) 

Figures 5.2.1 to 5.2.13 present descriptive sratistics and histograms of continuous 

covarïates for the lirnited cohon of 157-subjects with data h m  years one to six following 

their diagnosis of diabetes. Histograms are presented with an overlayed normal 

distribution. In addition, basic surnrnary statistics are presented for each variable including: 

median, range, interquartde range, mean. standard deviation, and missing data counts. 

The histograrns and summary data were used to give an indication of the n o d t y  

of each distribution. Large Merences between the mean and median, or standard 

deviations greater than one-haif the mean were considered indicators of non-nomality. 

Using these criteria, the dismbutions for duration of diabetes and for semm aiglyceride 

levels appeared non-normal. Less severe departures from the nomial distribution were 

noted for body-mass index, fasting blood glucose, blood urea nitrogen and serum 

creatinine. The rest of the continuous vanables appeared normaily distributed. 

The departure from normality that was appreciated for duration of diabetes was 

likely due to the narrow range of values that the lirnited cohort demonstrated for this 

variable--a result of the Limited cohon's more rigid inclusion critena, that were based on 

specific covariate data availability. Moreover, because a definite date of onset for type 2 

diabetes was difficult to ascertain, integers were frequently used for duration of diabetes. 

limiting the actual nurnber of different values for this variable. 

For semm aiglycendes, the non-normal distribution appeared to be amibutable not 

ody to its nght skewed distribution, but also to a cluster of individuals with very similar 

values within the normal range. 

Because of potential problerns with the non-normality of duration of diabetes and 



serum higlycendes, a l l  analyses in the foiiowing sections used non-parametric tests 

whenever one of these variables was evaiuated. 

for DirbqtPmOus a d  C- V- 

Tables 5.2.1 to 5.2.7 present data that summarUes the muencies, percentages, 

and missing values of each dichotomous and categoncai variable. Signif~cant numbers of 

missing data was most notable for smoking. Also of note was the high number of subjects 

who were on anti-hypertensive rnedications-over 68%. 
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Figure 5.2.2 
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Table 5.2.1 Retinopathy 

Table 5.2.2 Cornrnunity 

Table 5.2.3 Sex 

t 

Moose Factsry 

Moosonee 

Missing Values 

Totals 

Table 5.2.4 Treatment Regimen 

Frequenc y Percent 

Diet 48 30.6 

Frequenc y 

109 

48 
- 
157 

Oral Hypoglycemic 90 57.3 

Percent 

69.4 

30.6 
- 
100 

Missing Values 1 * 1 - 
-- 

Totals 



Table 5.2.5 Hypertension 

Table 5.2.6 Vascdar Complications 

Frequenc y Percent Case Percent 

Ever 22 81.5 8 5.3 

Never 128 14.0 14.7 

Missing Values 7 4.5 .. 

Totals 157 100 100 

Table 5.2.7 Smoking 

Ever 1 54 1 34.4 1 47.8 

Missing Values 1 28.0 - 
i Totals 1 157 1 100 1 100 



5.3 COVARIATE CORRELATIONS AND INTERRELATIONSHIPS 

Correlations and associations were exarnined for ail covariates for the purpose of 

describing the inter-relationships between variables, and to help in the interp~tation of the 

multivariate models. These tests of association were also perfomed to idente strongly 

collinear variables. 

S pearman 's rank-order and Pearson's produc t-momen t correlation coefficients were 

calculateci for aii  continuous variables. These results are presented in Table 5.3.1. The 

correlation table consists primarily of Pearson's correlations except for cornparisons 

involving duration of diabetes and serum tnglyceride levels, in which case correlations 

were obtained using Speamian's rank-order test. Parametric and non-pararnetric tests were 

both performed to provide comparative correlation coefficients and pvalues for variables 

that were moderately non-normally distributeci (body-mass index, fasting blood sugar, 

blood urea nitrogen and serum creatinine); however, in alrnost every circumstance, there 

were no meaningful ciifferences between the results of these tests. 

Significant negative correlations were found between age and hemoglobin A 1 C, age 

and fasting blood glucose, and age and diastolic blood pressure. Age was positively 

correlated with systolic blood pressure, blood urea niaogen, and serum creatinine. 

Duration of diabetes was posiîively correlated with body-mass index, hernoglobin AIC, 

fasting blood glucose. and serurn cholesterol. 

Strong correlations were also found beniveen hemoglobin AlC and fasting blood 

glucose, serum cholesterol and triglycendes, diastolic and systolic blood pressure, and 

blood urea nimgen and semm creatinine. A negative correlation was found between fasting 

blood glucose and the two rend function tests. 



AU of these correlations do not lend thernselves to easy interpretation; however, 

some of the observed relationships do seem understandable. For example, the decline in 

renal function status with age was predictable, especially for a population with diabetes. As 

well, the numerous lab measures that were associated with duration of disease couid be 

amibuteci to the effect that more advanced diabetes has upon the control of an individual's 

systernic metabolic state. 

Most of the other smng associations obsemed in this section appeared to relate to 

variables that were somehow colhear: blood urea nitrogen and serum mahinine. systolic 

and diastolic blood pressure, senun cholesterol and mglycendes, and hemoglobin A1C and 

fasting blood glucose. These correlations were understandable since these variable pairs 

measure very simüar physiologic parameters. 

More puuling sigruficant results included the negative correlation found between 

fasting blood sugar and the two renal function tests. Age may have confounded this 

relationship since younger individuals tended to have higher fasting blood glucose levels 

and more normal rend function tests. 

There were other correlations that also did not appear readily explicable; however, 

because many tests were king conducted simultaneously, there may have been significant 

correlations that were simply due to the multiple comparisons k i n g  performed. Moreover, 

since these tables are primarily exploratory, there is Iess need to account for every 

significant correlation. 

This section describes the relationships between continuous and dichotomous 

variables. Table 5.3.2 presents Student's t-test results for these comparisons. The non- 

paramemc Mann-Whitney U test results are also presented for duration of diabetes and 



serum aiglycerides. In this section, as in section 5.3.1, the non-parametric and pararnetric 

tests produced essentiaiiy the sarne results. 

Women were found to have elevated high density lipoprotein levels, lower diastolic 

blood pressures and lower rend function tests. These changes rnight relate to the protective 

systemic-vascular status of women, or irnproved female cornpliance with d i e q  and 

medical advice. 

As might have k e n  expected, hypertensive individuals were older, and had poorer 

rend function tests. They were also found to have lower f a s ~ g  blood glucose levels and 

higher blood pressure measurements than non-hypertensives. The association between 

hypertension and lower fasting blood glucose levels was less intuitively undentandable. 

Smokers tended to be younger and had lower high density fipoprotein levels than 

non-smokers. Those with vascul ar complications were signifïcantly older than those 

without. 

3 -: T r e w t  Re-d All Other V a r u  . . 

Table 5.3.3 presents the associations between treatment regimen, the only 

categoncal variable in this data set, and the other continuous variables. As with sections 

5.3.2 and 5.3.1, parametric and non-parametric tests were used to assess these 

relationships. One-way and Kniskaii-Wallis analysis of variance (ANOVA) tests revealed 

exactly the same sigmfîcant associations for aii variables. 

The main univariate associations that were found with treatment regimen were 

duration of diabetes, hemoglobin AlC, and fasting blood glucose levels. A post-hoc 

examination of significant ANOVA tests was canied out to detexmine which categories of 

treatment regimen were different for each continuous variable. The Bonferroni test 

indicated that individuais on dietary management had signifcan tly s horter durations of 



diabetes, lower hemoglobin A1C levels, and lower fasthg blood glucose levels than those 

on oral hypoglycernics or insulin. (Table 5.3.4) 

These resdts suggest that in the early stages of diabetes. blood sugar measures rnay 

be more easily controlied by diet alone. Similady, individuals with diet controlid diabetes 

rnay have less aggressive. more manageable disease States than those on medical therapies. 

An association between treatment regimen and duration of diabetes rnay explain 

differences in treatment status behveen the limited cohort and the full cohort. They may also 

explain ciifterences in treatrnent regimen for those who underwent ocdar examinations and 

those who did not (section 6.2.4). 

Associations between matment status and the dichotomous variables are presented 

in the last column of Table 5.3.5. No significant associations were found using a chi- 

square test (x2) withoat a continuity correction for a two-by-three table. 

5-3-4 Comoarison of m3uumQus and Mf2gQLw VaEiahk  

Chi-square tests, with continuity corrections. were used to examine associations 

between dichotomous variables. The only significant association in this comparison was 

between smoking and hypertension. Individuals who did not smoke were more likely to be 

h ypertensive (Table 5.3.5). This somewhat counter-intuitive relationship between smoking 

and hypertension may be related to the fact that smokers were signifcantly younger than 

non-smokers. 



Table 5.3.1 Correlations Between Continuous Variables (Pearson's product-moment correlation coefficient. r) Grey 
rows/columns indicate non-nomaily distributeci variables assesseci with Spearman's r d - o r d e r  test. 

* correlation coefficient A number of subjects 

- p-value Underlined pvalues significant at alpha = 0.05 



Table 5.3.2 Student t-test for Associations Between Categorical and Continuous VariabIes 
(Grey rows are t-test results for non-normaiiy distributecl variabIes - anaiysed by the Mann- 
Whitney U test.) 

I 
-- 

Variables S e x  Hypertension Smoking I Vascular 
Campl icat ion!  

I Age at eye O. 18 
exam 1 y;:1 155 

Body mas 2.43 -0.44 
index L 27 127 

0.02 0.657 

Hemog lobin 0.27 0.39 
AlC 148 83.9 (uneq. var.) 

0.79 0.70 

Fasting blood -1.38 
glucose 

Cholesterol 0.53 

1. 0.60 0.95 

Trig lycerïdes 1298.0 1527.5 
0.46 0.22 

- - 1 Law density 1 0.82 ( 0.14 
lipoprotein 118 1 0.4 1 0.89 

High density - 1.32 -2.67 
lipoprotein 122 1 22 

0.06 0.01 

Systolic blood 1.49 0.38 
pressure 139 139 

0.14 0.7 1 

2.17 
pressure 

0.6 1 QLQl 

0.49 
94.6 (uneq. var.) 

0.63 

Blood urea 
ni trogen 

. 

* t-statistic A degrees of keedom 
- p-value for two-tailed student t-test 
t U-statistic 

(uneq. var.) unequal variance t-test calculated 
Underlined p-values significant at aipha = 0.05 



Table 5.3.3 Analysis of Variance: Continuous Variables' Association with Treabnent Regirnen 

Non-parameûic test (KNskall-Wallis) is presented on the right. 
(Non-nonnaUy distributed variables are presented in grey.) 

Sum of Squares 
(betweenlerror 

Kruskall- p- 
Wallis X2 value 

p-values signifiant at alpha = 0.05 



Table 5.3.4 Bonferroni Post-hoc Cornparisons of Treaîment Categories: Means are presented, for the 
continuous variables in the fmt cotumn, for each category of treatment. 

Hypoglycemics 

* Significantly different than the other two means 



Table 5.3.5 Dichotomous and Caiegorical Variable Associations *Tests performed with and 
without continuity correction) - 
Sex Treatrnent 

Regimen 
Comrnunity Hypertension Smoking VascuIar 

Complications 

Sex 

Community 

m 

Smoking 

Vascular 
Compiica- 
tions 

Treatment 
Reg imen 

* Chi-square test siatistic O continuity correction for 2x2 tables 
Underlined pvalues significant at alpha = 0.05 t pvalue 

Note: treatment categories were analysed as a 2x3 table, hence no continuity correction is presented. 



5.4 VARIABLE CONCEPTUALIZATION AND ASSOCIATIONS 

(UNIVARIATE) WITH DIABETIC RETINOPATHY 

Before examuiing the univariate associations between each covariate and diabetic 

retinopathy, continuous variables were f i s t  considered in a number of different 

representations. Variable conceptualization analyses were performed to ensure that the most 

appropnate f o m  of each covariate was used for the ensuing univariate and multivariate 

analyses (Table 5.4.1). Continuous, dichotomous and quanile representations were 

considered. 

Log-Likeiihood ratio testing showed that continuous representations were rnost 

appropnate for the foilowing variables: duration of diabetes, body-mass index, hemoglobin 

AlC, and low density Lipoprotein. Fasting blood glucose, cholesterol, aiglycerides, high- 

density lipoprotein, diastolic blood pressure and blood urea nitrogen were ail best 

represented as dichotomous factors. Quartile representations demonstrated the lowest p- 

values on likelihood ratio testing for systolic blood pressure, blood urea nitrogen, and low 

density lipoprotein. 

The use of a c o n ~ u o u s  representation for duration of diabetes was somewhat of a 

concem because this vanables did not dernonstrate a strongly normal distribution in section 

5.2; nonetheless, since the strongest representation for duration of diabetes was 

continuous, and since independent variables in a Cox's mode1 do not have to -et 

normality assumptions, this form was used in the proportional bazard models. 

Table 5.4.2 presents the univariate relationships between the most appropriate 

representation of each continuous variable, as determined in section 5.4.1, and diabetic 



retinopathy. Significant associations with retinopathy were found for duration of diabetes, 

body-rnass index, hemoglobin A lC, fasting blood sugar, and senun cholesterol. Body- 

mass index was the only variable of these that had an inverse association with retinopathy. 

ClleeoricalandDichotomous v u e s .  . . 

Relative risks for the development of retinopathy are presented for 

categorical and dichotomous variables in Table 5.4.3. No signïficant univariate associations 

were found for any of the dichotomous variables; yet, insulin therapy demonstrateci a 

strong association with diabetic retinopathy when compared with diet (baseline). 



Table 5.4.1 Univariate Associations with Diabetic Retinopathy: Continuous Variable Assessrnent 

Variables Number Continuous 
Representation 

Dichotomous 
Representation 

LR pvaiue 

Categorical 
Representation 

1 ~ g e  at eye exam 1 157 

[~erno~lobin AlC ( 150 

[ ~ a s t i n ~  blood glucose 1 147 

1 ~iastoiic blood pressure 1 141 

* bat  representation of variable 
Underlined pvaiues signifiant at alpha = 0.05 



: Relative Risks: Continuous Variab!es and Retinopathy 

Representation Covarfate Unit 

Relative Risk 
- 

dichotomous Baseline 82 18 1.00 
(mean = 505 years) 

Elevated 75 15 0.91 (0.46-1.81) 

continuous )lOyearinterval 1 157 1 - [ m  (1.&10.00 

con tinuous 1 5 Kg/m2 interval 1 129 1 - 1 8.40-0.921 
-- - 

continuous 1 0.01% interval 1 150 r - r h  0 .05-1.321 
- 

dichotomous Baseline 87 10 1.00 
(mean = 10.1 mmoVL) ' 

Elevated 60 15 2.90 (1.36-6.201 

dichotomous B aseline 72 8 1 .O0 
(mean = 5-24 - 0 w  

' Elevated 6 1 19 2.80 (1.23-6.401 

dichotomous 
(mean = 255 mmoUL) 

quartiles 

-- -- 

dichotomous 
(mean = 1.09 mrnoUL) 

dichotomous 
(rnean = 84 rnrnHg) 

- 
Baseline 78 14 1.00 

Elevated 47 12 1.42 (0.66-3.08) 

B aseline 30 6 1 .O0 

2ndquartilevs.lst 32 4 0.63 (0.18-222) 

3rd quartile vs. 1st 28 4 0.71 (0.20-2.53) 

4th quartile vs- 1st i! -fro F684.96)  

B riseline 

Elevated 1.76 (0.79-3.93) 

B asel ine 69 14 1-00 

Elevated 1 72 1 19 1 1.30 (0.65-2.59) 

quartiles 

- - .  

B aseline 35 12 1.00 

2nd quartile vs. 1st 35 5 0.42 (0.15-1.18) 

3rd quartile vs. 1st 35 5 0.42 (0.15-1.18) 

4th quartile vs. 1st 3 6 1 1 0.89 (0.39-2.02) 

8 asel ine 36 10 1.00 

2nd quartile vs. f st 3 7 4 0.39 (0.12-1.24) 

3rd quartile vs. 1st 34 6 0.64 (0.23-1.75) 

4th quartile vs. 1st 4 2 12 1.03 (0.44-2.38) 

dichotomous Baseline 8 1 15 1.00 

E levated 69 17 1.33 (0.66-2.66) 
1 I I I 

ile for quartile representations, below mean for dichotomous representations 

p-values significant at alpha = 0.05 



Table 5.4.3 Univariate Associations for Dichotomous/Categoricai Variables and Retinopathy 

Variables Categories Events* Relative Risk (95% 
Confidence Interval) 

Sex Male 54 13 1.00 

Female 1 03 20 0.8 1 (0.40- 1.62) 

Treaîment Baseline (Diet) 48 5 1 .O0 
Regirnen 

Oral Hypoglycemic 90 21 2.24 (0.85-5.94) 

Hypertension 1 Absent 1 49 1 13 1 1.00 

Fresent 106 20 0.7 1 (0.35- 1.43) 

Vaçcuiar Absent 128 29 1 .O0 
Complications 

Present 22 4 0.80 (0.28-2.28) 

Smoking Never 59 14 1 .O0 

Ever 54 12 0.94 (0.43-2.03) 

* Events are defmed as the presence of diabetic retinopathy 
Underlined p-values signifiant at alpha = 0.05 



5.5 PROPORTIONAL HAZARDS MODEL 

A stepwise procedure! was performed to anive at a parsimonious mode1 that would 

be used for the adjusted analysis (Section 5.5.2). Moàeling ail 18 factors was problematic 

because of rnissing data for some variables. To maximile the number of subjects used in 

this process and to preserve degrees of £ieedom, ody factors m e e ~ g  a fiberal 0.10 p-value 

on univariate anaiysis were included. These six variables were body-mas index. semm 

cholesterol, duration of diabetes, fasting blood glucose, hemoglobin A 1 C, and treatment 

regimen. For these variables there were 114 individuals with complete data. 

n i e  results of this stepwise procedure are presented in Table 5.5.1. The three 

variables that remained in the final parsimonious model were significant at the 0.10 level 

for the stepwise procedure. These included body rnass index. treatment regimen, and 

senun cholesterol level. Interestingly, duration of diabetes, perhaps the strongest hown  

predictor for retinopathy, did not make it into the parsimonious model. This rnay have k e n  

due to the selection process used for the limiteci cohort-individuals without lab data for 

years one to six foiiowing the diagnosis of diabetes were excluded. Subjects with a longer 

duration of diabetes, who were less likely to have had the advanced lipid and glucose tests 

perfomed in the 1970s and early 1980s, were not included in the lirnited cohon As a 

result, duration of diabetes for individuals in the lirnited cohon may not have spanned a 

large enough interval to been signrficant at the 0.10 level. 

As mentioned, the decision to lirnit the derivation of the parsimonious model to six 

terms was bas& on concerns about missing data. Values for 19 variables were collected 

making it likely that many individuals would have missing data for at least one variable. Of 

the 157 people in the limited cohort, the number with complete data for aU exposures was 

78. If smoking data was not considered, the number of patients with full data jumped to 



97. For the six variables that demonsmteû significant univariate associations with 

retinopathy, there were 1 14 individuals with complete data. 

Two variables that had a particularly large number of missing values included 

smoking and low density lipoprotein levels. Smoking was poorly recordeci in most patient 

charts and low density lipoprotein was not calculable when triglycende levels were very 

high. Smoking had the added problem of its ever / never categorization, a somewhat 

inexact way of descrïbing this exposure. 

A h a 1  advantage of using only the six signifcant univariate ternis for deriving the 

parsimonious model was that rnany variables were potentiaiiy collinear. For example, 

variables such as systolic and diastolic blood pressures measure similar physiologic 

processes; moreover, as dernonstrateci in Section 5.3.1, these variables were also highly 

correlated. Similar relationships would be expected for the s e m  lipid studies and the rend 

function tests. As a result, collinearity couid have affected the construction of a 

parsimonious model based on al1 19 variables. Even with the use of only six variables 

collinearity was poten tiall y a problem because univariate analyses demonstrateci that fasting 

blood sugar and hemoglobin AlC were highly correlated, as were duration of diabetes and 

hemoglobin A l  C (section 5.3.1). 

One cnticism of the use of only six variables for the creation of the parsimonious 

model is that the confounding effects of al1 possible variables is not taken into consideration 

in the stepwise procedure. However, it is unlikely that variables that were weakly 

associated with retinopathy on univariate analysis would be strong confounders. 

For cornparison purposes a second stepwise procedure was performed involving 18 

variables, excluding smoking. Oniy 97 patients had data for ali 18 variables; yet, the same 

factors were ultimately included in the final modeLat a Liberal p-value of 0.15 for 

inclusion. These results are presented in Table 5.5.2. 



2 Assessment of C o v u e s  in the P- 

This step was perfomed to reassess the relative risks of each variable for diabetic 

retinopathy while adjusting for senun cholesterol, body-rnass index and treatment regimen. 

Adjusted associations between retinopathy and each covariate are presented in Table 5.5.3. 

For the three variables in the parsimonious model, the calculatecl relative nsks were 

denved from coefficients that were generated by fitting these three variables in a model on 

their own. Hence, these relative risks are slightly different from those generated when the 

parsimonious model was created due to the availability of more subjects. 

No variables were significantly associated with diabetic retinopathy on adjusted 

analysis except for the variables that were in the parsirnonious rnodel. Signîfïcant 

associations included body-mass index, insulin aeatrnent, and s e m  cholesterol level. 

Xncreasing levels of BMI were associated with a decreased risk of retinopathy (RR 0.64 

for a five unit increase in BMI kg/m2). Insulin treatment increased the risk of retinopathy 

when compared to dietary treatment (RR = 4.71). Elevated serum cholesterol levels 

increased the risk of retinopathy for individuals with a cholesterol level above the 

population's mean--compareci to an individual with a senun cholesterol below the 

population's mean (mean: 5.2 rnrnol/L) (RR 2.38 ). 



Table 5.5.1 Results of Stepwise Procedure ( i d e n m g  the parsimonious mode1 predicting 
retinopathy) 

Variable Represen tation Number p-value 
of  

subjects 

Cholestml 1 BaseLine (below mean) 1 59 1 0.07 

1 Insuiin vs. Diet 

meriined pvalues signifiant a& alpha = 0.05 

Table 5.5.2 Stepwise Procedure for al1 18 Variables (excluding smoking) 

Body Mass Index 1 5 unit intervals 

Cholesterol 1 Basdine (below mean) 1 51 1 0.11 

Elevated (above mean) 46 

Treaîment Basdine (Diet) 30 

(AU other variables did not reach signifcance at the 0.15 Ievel 
- - -  

1 JnderIined pvalues signifiant at alpha = 0.05 



Baseline (below mean) 8 2  18 1 .O0 

Elevated (above mean) 75 15 1.38 (0.62-3 -07) 

10 year interval 116 1.40 (0.33-5.88) 

0.01 % intervals 1 1.02 (0.88-1.19) 

Baseline (below mean) 67 10 1.00 (0.49-2.83) 

Elevated (above mean) 48  15 1.18 

Baseline (below mean) 1 61 1 7 1 1.00 

Elevated (above mean) 1 55 1 18 1 2.38 (0.98-5.791 

Table 5.5-3 Relative Risks Adjusted for Factors in the Parsimonious Mode1 

Fasting Blood Sugar 

Adjusted for senun cholesterot, body-mass index, and treatrnent regimen 

Baseline (below mean) 1 7 1 1 13 1 1.00 

Elevated (above mean) 40 1 11 1 1.16 (0.49-2.72) 

BaseIine 28 6 0.99 (0.60- 1.67) 

2nd quartile vs. 1st 29 4 0.57 (O. 15-2.09) 

3rd quartile vs. 1st 23 3 0.40 (0.09- 1.78) 

4th quartile vs. 1st 26 10 0.88 (0.26-3.01) 

Baseline (below mean) 60 9 1 .O0 

Elevated (above mean) 5 1 15 1.28 (0.53-3.09) 

Baseline 22 7 1 .O0 

2nd quartile vs. 1st 22 4 0.72 (0.2 1-2.45) 

3rd quartile vs. 1st 2 1 5 0.92 (0.29-2.94) 

4th quartiIe vs. 1st 19 9 1.66 (0.6 1-456) 

Baseline (below mean) 55 11 1 .O0 

Elevated (above mean) 54 14 1.36 (0.61-3.02) 

B asel ine 24 6 1 .O0 

2nd quartiIe vs. 1st 33 4 0.58 (O. 16-2.1 1) 

3rd quartile vs. 1st 29 5 0.75 (0.23-252) 

4th quartile vs. 1st 28 1 O 1.36 (0.49-3 -76) 

Baseline (below mean) 64 11 1 .O0 

Ekvated (above mean) 1 5 1 1 14 1 1.48 (0.67-3.27) 

p-values significant at alpha = 0.05 



Table 5.5.4 Relative Risks Adjusted for Factors in the Parsimonious Mode1 (dichotrnous variables at 
data colletion) 

Reference 
for RelativeRisk 

MaIe 37 8 1 .O00 
Female 79 17 1.169 (0.499-2.737) 
Moosonee 22 5 1 .O00 
Moose Facmry 94 20 0.772 (0.276-2.16 1) 
Baseline (Diet) 34 3 1.00 
Oral vs. Diet 68 16 3.058 (0.882- 10.60) 

Insulin vs. Diet 1 14 1 6 1 4 . 7 1 ~  (1.158-19.16) 

Presen t 97 21 1 .O00 
Absent 16 4 1 .O21 (0.345-3.029) 

Eksent 3 3 7 1 .O00 

Absent 1 83 1 18 1 1.084 (0.447-2.633) 

* An event is defined as the presence of diabetic retinopathy 
t Adjusted for m m  cholesteroI, body-rnass index, and treatment regimen 
Underlined pvalues significant at alpha = 0.05 



5.6 SECONDARY ANALYSES 

To address the secondary objectives of this paper, interaction ternis were 

investigated for diabetic retinopahy and a comparative analysis was performed using 

Poisson regression as an alternative to the Cox's proportional hazards model. 

Interaction terrns h m  an 'a priori' consideration of possible effect rnodifea were 

exafnined in the parsimonious mode1 that also included the interaction term's correspondhg 

first order variables. The power of this interaction assessrnent was very weak and did not 

demonstrate any significant interactions (Table 5.6.1). Nonetheless, this was an 

exploratory analysis and a trend was appreciated for the interaction involving age and 

treatment regimen. 

When the individual interaction cells were analysed for marnent regirnen and age 

(Table 5.6.2), an increasing risk for retinopathy was found for older individuals (above 

50.5 years) on insulin therapy. These fiindings also suggested that older individuals on 

dietary treatment were less Iikely to have retinopathy when compared to younger 

individuals. 

A Poisson regression procedure was carrieci out for the development of a 

parsimonious model as a means of evaluathg the modifiai proportional hazards rnodel that 

was used in the main analysis. The parsimonious model that was generated from the 

Poisson regression rcvealed log-likelihood statis tics and p-values th at were iden ticd to 

those of Cox's parshonious model to the fourth decimal place. 



Table 5.6.1 Tests of Interaction 

I Interaction Tecm p-value for Log- 
likelihood Ratio 

Hypertension X Fasting BI& Glucose 115 0.004 0.95 

Age X Fasting BIood Glucose 115 0.008 0.93 

Sex X Fasting Blood Glucose 115 0.000 0.99 

Age X Hypertension 116 0.086 0.77 

1 Sex X Hypertension 1 1 0.002 1 0.97 

Age X Treatment Regimen 116 1.679 0.20 

Sex X Treatment Regirnen 116 0.460 0.50 

* Number of patients with &ta used for the anaiysis of this interation 

Tab te 5.6.2 Relative Risks for Age in the Different Tmitment Regimens 

Age: Above population mean vs. Below population mean 
(Old vs. Young) 

TREATMENT Relative Risk 95% Confidence Interval 

Dieîaxy Treabnent Alone 0.24 0.02 to 2.76 
Y 

Oral Hypoglycemic Therapy 1 1.59 0.59 to 4.30 

Insulin Therapy 2.15 0.39 to 1 1.96 



Table 5.6.3 Poisson Regression Parsimonious Model: Poisson Compared with Proportional Hazards 
Mode1 

Variable 

. -. -- - - - - - 

Body Mass Index 

Represeotation 
- - - - - - -- 

Number of Cox's Poisson 
subjects 1 Regression TRegression 

p-value p-value 

s unit intervals 1 1 1 4  I I 

Oral vs. Diet 1 68 1 0.08 1 0.08 

Insulin vs. Diet 13 

nderlined pvalues signifiant at alpha = 0.05 



This study was conducted to examine risk factors for diabetic r e ~ o p a t h y  in the 

cohort of Cree diabetics £rom Moosonee and Moose Factory, Ontario. To date, no 

published data exists that specificaily examines risk factors for retinopathy in a North 

American Indian community nonh of South Dakota. 

The prirnary outcome of interest in this study, diabetic retinopathy, was assessed 

over the past four years as part of a screening program for diabetic retinopathy in the 

western James Bay Cree. Risk factor data were coilected through a chart review of patient 

files for both Moose Factory and Moosonee. The main risks of interest included potentially 

modifiable risk factors, such as: BMI, serum Lipid levels, fasting blood glucose, 

glycosylated hemoglobin, and blood pressure. 

Since the entire population of known diabetics in these two cornrnunities was 

included in this study, relative nsks for retinopathy could be detennined A modified Cox's 

proportional hazards model was perfomed to amive at these risk estimates. Foiiowing 

descriptive and univariate analyses. a parsimonious model was created from vari ables that 

were ~ i ~ c a n t l y  associated with retinopathy on univariate assessment. AU other 

covariates were subsequently reexamined from within this parsirnonious model. 

Secondary analyses included a consideration of risk estimates generated by Poisson 

multiple regrtssion. An 'a prion' examination of interaction t e m  was also performed as 

an exploratory part of the secondary analyses. 

Mdtivariate results indicated that nsk factors for diabetic retinopathy in the Cree of 

Moose Factory and Moosonee included body-mass index, serum cholesterol levels and 

insulin therapy. Both s e m  cholesieml and insulin treatrnent were positively associated 

with retinopathy. Body-mass index had an inverse association with r e ~ o p a t h y  -- 

individuals with and elevated BMI were less likely to have disease. 



In the ensuing sections, the main results of this study are briefly presented in 

summary form and discussed. Methodological issues are subsequently addressed and 

recomrnendations are made for future research. 

6.1 BACKGROUND STATISTICS 

P r e v a l w  of D i m e s  in -- 
The crude diabetes prevalence estimate for Moosonee and Moose Factory was 

based upon potentially inaccurate population figures for Moosonee. This problem arose 

because the Regional Health Office did not have up-to-date census data for Moosonee. As a 

consequence, this cornrnunity's population was approximated from Band Council estimates 

that placed the number of the Cree in Moosonee near 2.3ûû. Using this figure, the 

prevalence of diabetes in this community was found to be lower than that in Moose 

Factory. This discrepancy rnay have been partiaiiy related to a higher proportion of non- 

natives in Moosonee. and/or less a complete diabetes registry in the Moosonee Medical 

Clinic. 

For the James Bay Cree of Quebec, Brassard found the cnide prevalence of 

diabetes to be 2.7% (95% confidence interval 2.4% - 3 .0%) .~~  In the present study, the 

crude diabetes prevalence was significantly higher in both comrnunities. This discrepancy 

does not appear to be due to samphg ciifferences since both studies identified subjects 

through ph y sician-diagnosed registries that used World Heal th Organization diagnostic 

criteria. 

Because of problems with the Moosonee population data, age-standardized 

prevalence estimates were only caiculated for Moose Factory. In Moose Factory. the 

diabetic registry was up-to-date and age-distxibution statistics were available. Direct age- 



standardization demonstrated a prevaience esthate of 10.3% (95% CI 8.86% to 11.76%) 

for individuds over 15 years of age. In Brassard's study, the age-adjusted prevalence was 

6.6% (95% CI 5.9% to 7.3%) for those over 20 years of age. Although Brassard used 20 

years as a cut-off, the Que bec Cree's age-standardized measures were signir~cantly Iower 

than those for the Ontario Cree. In fact, if there was no differences in age cut-offs the age- 

adjusted prevaience masure for Moose Factory couid have been even higher because of the 

low rate of diabetes found in the younger age groups. 

The present study was not specifically intended to detexmine the prevalence of 

diabetes in the population under study. As a resuik to equate the diabetes prevalence figures 

found in this investigation with Brassard's study of the Quebec Cree is not necessarily 

appropriate. First, the presen t study did no t rigorously attemp t to iden tiQ individuals with 

diabetes beyond those who were already known to the medical clinics. Second, no attempt 

was made to contact and arrange defitive diagnostic testing for those who had equivocai 

fasting blood sugars or glucose tolerance tests. niira the incomplete identifcation of 

Moosonee subjects would have contributed to the likelihood of an poor estimation of the 

crude diabetes prevaience rate. Nonetheless, each of these limitations could have been 

expected to result in an underestirnation of the mie prevalence of diabetes in these two 

communities. For this reason these estirnates are significant because they suggest that the 

prevaience of diabetes rnight well be markedly higher in the James Bay Cree than 

previously reported. 

The higher diabetes prevaience in Moose Factory and Moosonee is possibly due to 

differences between the two populations and not simply one of research methodology. One 

possible explanation could be that inhabitants of Moose Factory and Moosonee are less 

isolated than their Quebec counterparts. Brassard's study showed a geographic gradient in 

the prevalence of diabetes such that more isolated comrnunities were somewhat protected 

from this disease. (Isolation may protect natives fiom diabetes through preservation of 



traditional livelihoods and diets.) Theoretically, the diabetes prevalence differences for 

M w s e  Factory and Moosonee could simply indicate that these cornmunities are less 

isolated than those considered in Brassard's paper. 

Two patients with insulindependen t diabetes were idencifiai during the course of 

this study, yielding a prevalence of 0.039% (95% CI 0.0046% to 0.14%). This 95% 

confidence interval approximates that of the Quebec Cree (0.01% to 0.10%).~~ 

rv and mec D m  O O 

The summary statistics for diabetics in Mwse Factory and Moosonee only provide 

a brief overview of the state of diabetes in the two communities; nonetheless, it was 

interesting to note that so rnany more women were found to have diabetes than men, 

especially since women make up less than 50% of the total population of Moose Factory 

and Moosonee. This discrepancy rnight be partially a result of differences in Me expectancy 

berneen sexes, it could also relate to other factors. For exarnple, traditional hunting 

practices are still common-place for the Cree men of James Bay whereas lifestyle changes 

over the p s t  few decades may have more dramatically affected women. Altematively, 

women might be more wiiling to seek medical care and hence may be diagnosed with 

diabetes more frequently than men. 

Another interesting statistic was the nurnber of subjects on anti-hypertensive 

medication (66%). This finding could be explained either by a signifcant association 

between diabetes and hypertension, or by an over-prescription of these medications. 

interestingly, the average serum creatinine and blood urea nitrogen levels for the entire 

cohort were within the normal range for individuals without diabetes--suggesting that 

prirnary hypertension and not diabetic rend failure is the likel y mec hanism for hypertension 

in these people. 



Other sumrnary data was presented in Table 5.1.2 for the entire cohon. 

Specifically, average values for a sampiing of lab studies was presented. hterpretation of 

these summary statistics was not uncompiicated because the presented average lab values 

included data for many individuds that were taken at an arbitrary point in their Me. To 

suggest that a collection of such potentidiy capncious measures would give a good 

representation of these values for the entire study population is suspect This is one reason 

why efforts were made to identify a time pend fkom which comparable lab values could be 

collected for the main analysis of this paper. 

Notwithstanding this criticism, the full cohort's average serum creatinine, blood 

urea nitmgen, and semm cholesterol were w i t h  the nomial non-diabetic range. As rnight 

be expectd, hemoglobin AlC levels were sipnificantiy elevated for this cohort when 

compared to non-diabetic normal values. 

To date, 83% of subjects have had at least one ocular screening examination 

performed by the retinal specialists of the Moose Factory diabetic r e ~ o p a t h y  screening 

program. Many patients have had multiple eye examinations. Some of those that have yet to 

be seen in the retina screening clinics have been evaluated by pnmary eye care providers 

during periodic ophthalmic and optomenic visits to the region. 

For the 12 and 18 month penods leading up to the last screening visit, 76% and 

64% of ai i  subjects, respectively, were screened by retina speciaïists. These rates of 

examination are excellent when compared to other Canadian populations. In Nova Scotia, 

for exarnple, only 49% of diabetics were seen by an ophthalrnologist in the three year 

penod between 1987 and 1990 .~  



Cornparisons were made between those who had received eye examinations and 

those that had not. The results of these univariate cornparisons indicated that individuais 

who had not had ocular assessments were younger, had diabetes for a shorter duration, 

more likely to be kom Moosonee. and more likely to have their disease controlied by diet. 

In general, those without eye examinations appeared to be at a less advanced stage of 

diabetes and, as a result. could be assumed to be at reduced nsk for developing 

retinopathy. This is a fortuitous fmding since it could suggest that the present screening 

program is targeting those individuais who are at greater risk for developing retinopathy. 

The prirnary objective of this paper-to assess nsk factors for diabetic retinopathy-- 

was conducted on a carefuily defined cohort of subjects, the 'Limited' cohort. Only those 

with exposure data for a specific five year block, beginning one year after the diagnosis of 

diabetes, were included. These individuals also had to have had eye examinations. 

The 'iirnited' cohort was chosen for the main analysis in an attempt to provide some 

standardization to the exposure data. It was hoped that by defming a more precise tirne 

period from which exposures could be recorded, a more meaninghil measure of each 

variable would be used in the main analyses. One concem with this approach was its' 

exclusion of a nurnber of individuals from the main analyses. (A more detaileù discussion 

of the rationale for the use of the specific five-year period was presented in section 4.5.) 

es of 

The final area of background statistics that were examineci for this study focused on 

the three different types of retinopathy that were identifiai by the retina specialists. 

Roportions of these main clinical classes of retinopathy were as follows: no retinopathy 



65.5%, background retinopathy 25.3%, macular edema 7.5%, and proliferative retinopathy 

1.7%. Thiry-four percent had some evidence of retinopathy. 

A cross-sectional study of the Hopi and Navajo Indians of Arizona found thai 57% 

of these Indians had evidence of retinopathy." It appears that the prevalence of retinopathy 

in the James Bay Cree is significantly less than in the Hopi and Navajo. In fact, the 

percentages of retinopathy presented above for the James Bay Cree are not from a cross- 

sectional assessrnent but from as screening program that was conducted over a period of 

four years. The true prevalence data for the three classes of retinopathy is possibly even 

lower than the proportions presented. At present, diabetic retinopathy prevalence data is not 

known for the James Bay Cree and cannot be denved h m  this study. As a result, rigorous 

cornparisons of the proportions of retinopathy from the present study with other cross- 

sectional studies are not possible. 

6.2 PRIMARY OBJECTIVE 

A discussion of the pnmary results of this study foilows. Specificaily, signifiant 

univariate and multivariate relative risk estimates for retinopathy are considered in detail. 

w u  Reti- 

Univariate relative nsks for the development of diabetic r e ~ o p a t h y  were 

determined for a l l  independent variables. Significant associations included: duration of 

diabetes, body-mass index, hemoglobin A IC, fasting blood glucose, insuiin therapy, and 

serum cholesterol. Body-mass index was protective when elevated. For the other five 

variables, an increased nsk for the development of r e ~ o p a t h y  was observed. 

The next step in the main anaiysis involved re-assessing the relative nsk of each 



variable for diabetic retinopathy whde controlling for the three variables in the 

parsimonious model. This multivariate procedure did not ident8y any significant variables 

except for those already in the parsimonious model. Insulin treatment and body mass index 

were both predictive of retinopathy at the 0.05 level. Serum cholesterol Ievels were 

predictive of retinopathy at the 0.056 level. Duration of diabetes, hemoglobin AlC, and 

fasting blood glucose were not significant prrdictors of retinopathy after adjusting for BMI, 

treatment status, and serum cholesterol levels. 

6.2.2.1 Insulin Treatmen t Regimen 

Individuals on insulin treatment were 4.7 1 tirnes more iikely to develop retinopathy 

than those on dietary treatment alone. This was the strongest association observeci in this 

study. It is understandable that those on insulin were more lücely to develop diabetic 

retinopathy. For type 2 diabetics, insulin therapy is typicaiiy an indication that an individual 

has had poor blood sugar control on oral hypoglycernics and, as such, it is also an 

indication of more advanced disease. Diabetic retinopathy would be expected to be more 

prevalent under these circumstances. 

Brassard's work with the Quebec Cree also found a similar association between 

insulin therapy and microvascular complications. However, the relationship berneen 

tttatment regimen and diabetic retinopathy was not paraileleci in Lee's study involving 

Oklahoma Indians. Whereas Lee found a significant association with oral hypoglycemics 

and not insulin, West's earlier study of retinopathy in the same population found that 

insulin therapy was associated with diabetic retinopathy on multivariate analysis.266.27 A 

comparable finding was also noted in the WESDR III, which found an association between 

insulin treatment and retinopathy ? 



6.2.2.2 Body-mass Index 

Elevated body-mass index was inversely associated with retinopathy. A relative risk 

of 0.64 was found for those with a five-unit higher BMI (BMI range 21.6 to 52.5 kg/m2). 

This suggests that a 36% reduction in risk was observed with a five unit increase in BMI. 

Other studies have observed this same association. The WESDR IiI and West's study in 

the Oklahoma Indians both demonstrated an inverse relationship between BMI and diabetic 

re tinopathy . 26.35 

An explanation for this association may lie in the severity of each individual's 

underlying diabetes. Theoretically, obese individuals may have a d d e r  degree of diabetes 

that is related, primarily, to insulin re~istance.'~~' Those with a milder degree of diabetes 

would also be expected to be less prone to the development of retinopathy. 

htereshngly, the BMI values for the Limiteci cohon indicate that this population is 

quite obese--assuming a BMI over 27 indicates obesity. In facf the cohort may be so obese 

that the interpretation of the relative risk for BMI is difficult. Certainly, the increased risk of 

retinopathy for individuals with a lower BMI does not necessarily apply that those of 

normal BMI but to less obese individuals, since almost di subjects were obese. 

6.2.2.3 Serum Cholesterol 

In this study, increased serurn cholesterol levels did approach significance on 

multivariate assessrnent at the 0.05 level @ = 0.056). Individuals with a s m r n  cholesterol 

level greater than the Limiteci cohort's average (5.2 rnmol/L) were aimost 2.5 times as Likely 

to have retinopathy when compared to those with lower levels. 

S e m  cholesterol is a medicdly modifiable exposure that plays a role in the 

pathogenesis of rnany vascular diseases. ui light of the clinical importance of this variable, 

the arbitrary nature of a 0.05 significance level is highlighted. The role that cholesterol may 



play in the development of diabetic retinopathy cannot be disrnissed on the basis of a 0.056 

pvalue. In fact, this variable should be considered very carefully by ophthalrnologists, 

endocrinologists and farnily physicians who care for Cree people with diabetes. Uniike the 

other significant variables, body-mass index and treatment regimen, cholesterol levels are 

more easily modifiable by changes in diet and the judicious use medications. Semm 

cholesterol is therefore a clinicaily important variable, eventhough it demonstrated 

borderline statistical significance in this analysis. 

The magnitude of the clinical importance of this variable is highlighted if the 

relationship between cholesterol and retinopathy is assumed to be causal. In situations 

where a causal iink between an exposure and an outcome is known, the public hedth 

impact of modifying the exposure can be descnbed in terms of population anributable risk 

(PAR). This measure can be interpreted as the fraction of cases occurring in the population 

that could be avoided by eliminating the risk factor. The PAR takes into account both the 

magnitude of risk and the number of individuals exposed. For semm cholesterol, the 

population amibutable risk percent for an elevated serum cholesterol was 40%, indicating 

that amongst al1 diabetics, 40 % of the cases of retinopathy were attributable to elevated 

serum cholesterol le~els.~' Sirnilarly, 40% of all cases of retinopathy could be avoided if 

the population's semm cholesterol levels could be kept below 5.2 mrnolb. 

For this study, cholesterol was represented in a dichotomous form. It is possible 

that larger risk estimates rnay have been O bserved with greater contrasts in exposure, such 

as the highest quartile versus the lowest quartile. However. a post priori examination of 

cholesterol in quartiies did not demonstrate significance on multivariate analysis-4th BMI 

and treatment regimen in the model. A relative risk of 2.87 was found for the cornparison 

of the highest and lowest quartiles, but this result was not statisticaiiy signifcant (95% CI 

0.79 to 10.46). The limitai number of subjects available for this quartile analysis resulted 



in several caiegories having few subjects, and therefore, poor statisticai power to 

demonstrate associations. 

Tab te 6.1 Quadie Representation of Serum Cholesterol 

1 Total Number 1 25 1 116 1 

t relative risks are based on a cornparison with the referent baseline quartile 

As shown in Table 6.1, the multivariate relative risk estirnates for cholesterol and 

retinopathy showed an increase in magnitude over baseline for eac h quade--supporthg the 

Wrelihood of a dose-response. When the categorical representation of cholesterol was then 

tested for trend, ushg non-factored data, a significant trend was found for this variable's 

association with retinopathy @ = 0.047). Aithough the underlying cause of diabetic 

retinopathy is diabetes, serum cholesterol rnay conaibute as a causal factor to the 

development of retinopathy. This may be particularly mie in the present study 's limitai 

cohort of younger people with diabetes. 

The specific criteria that give evidence for a causal relationship between an 

exposure and an outcome include: strength of association, biologic credibility, consistency 

with other investigations, a dose-response relationship, and temporal plausibility.65 Using 

the information presented above, the possibility of a causal iink behveen semm cholesterol 

and retinopathy can be considered by examining each of these five criteria. 



Fmt, on multivariate analysis this study demonstrates a reasonably smng 

association between semm cholesterol and retinopathy (RR = 2.38). 

Second, a biologic mechanism for the deleterious effect of elevated s e m  

cholesterol on the systernic vasculature is well known. It is reasonable to postdate that 

elevated serum cholesterol levels similady affects the retinal microvasculanire-increasing 

the Wrelihood of an individual developing retinopathy. 

Third? the association between senun cholesterol and diabetic retinopathy is not 

weil defined in the literatux. Pima and Cree Indian studies indicate that there appears to be 

some evidence of a reproducible association between retinopathy and semm Lipid levels in 

North American natives. Elevated total semm cholesterol was found to be a risk for 

proliferative retinopathy in the Pirna ~ n d i a n s ~ ~ ,  and Brassard's examination of the Quebec 

Cree found a s i ~ c a n t  association between semm triglycerides and diabetic microvascular 

disease?* However, West and Lee's studies of Oklahoma natives did not demonstrate any 

association between serum cholesterol and r e ~ ~ ~ a t h ~ . ~ ~ * ~ ~  These varied results suggest 

that the exact nanue of the cholesterol-re~opathy relationship is still in question for the 

North Amencan Indian population. 

Fourth, the test for trend presented above indicates that a dose-response does exist 

for serum c holesterol and diabetic re tinopathy. 

Finally, the present study presents evidence for a temporal relationship (exposure 

preceeding outcorne) between semm cholesterol and retinopathy. For the h t e d  cohort, 

s e m  cholesterol levels were determined frorn lab values taken in the early years following 

an individuai's diagnosis of diabetes (years 2-6). Lab values were aiways drawn before the 

assessrnent of retinopathy. and for the most part, subjects were rarely found to have 

retinopathy in the first few years after their diagnoses. This suggests that s e m  cholesterol 

levels were likely drawn prior to the developrnent of retinopathy. Furthemore, since 



almost aü patients with retinopathy were asymptomatic, i.e. did not have vision loss, it is 

unlikely that retinopathy would have altered serurn cholesterol levels as a consequence of 

the disease process. If vision loss was associated with retinopathy in this study population, 

it could have affected the general activity levels or diet of these individuals to the point that 

their systernic cholesterol levels could also have become elevated. 

The prrceding section suggests a possible causal association between s e m  

cholesterol levels and diabetic retinopathy in the Cree. However, a clear answer to the 

question of an association between serum cholesterol and diabetic retinopathy for ail North 

American natives is not possible. North Arnerican Indians are not a geneticaily or culnirally 

homogeneous people, the literature suggests that different diabetic populations appear to be 

affectai differentiy by this exposure. For this reason, it seems reasonable to suggest that 

serum cholesterol levels should be part of future trials and studies considering risk factors 

for retinopathy in native populations. 

Notwithstanding this need for future research into these questions, if one considers 

this study and Brassard's together, the Canadian Cree diabetic population seems to 

demonstrate evidence of an association between serum lipid levels and rnicrovascular 

disease. These results suggests that routine testing of sem lipid levels should be part of 

the management of Cree people with diabetes. if one accepts a causal link between serurn 

cholesterol and retinopathy for the diabetic population of Moose Factoxy and Moosonee, 

then. as the PAR% statistic indicates, lowering the semm cholesterol levels for these 

individuals could be expected to significantly reduce the prevalence of diabetic retinopathy 

for those at risk. 

6.2.2.4 Other Variables 

An interesthg finding of this analysis was the absence of duration of diabetes, 

f a ~ ~ g  blood glucose and hemoglobin AlC as predictors of retinopathy. 'Ihese associations 



have been well described in the fiterature (Section 2.3,2.4), yeb for this cohon these 

variables did not demonstrate significance on multivariate assessrnent This may be due in 

part to the relatively short duration of diabetes for the 'Limited' cohort It may also suggest 

that earlier in the course of diabetes, these weii-hown risk factors are not necessarily the 

main prcdictors of retinopathy in the Cree population. Altematively, since fasting blood 

glucose and hemoglobin A 1 C measurements were determineci at a single point in the-- 

within the first few years foliowing the diagnosis of diabetes--these variables may not be 

representative of long-terni blood glucose control. In fact, measures of these variables 

taken within the fist few years following the diagnosis of diabetes may be more normal 

than measurements taken Iater in the course of this disease. 

The absence of an association between duration of diabetes and retinopathy may 

also have ken due to strong correlations between duration of diabetes and the other 

significant variables--narnely BMI. serurn cholesterol and matment status (Tables 5.3.1 

and 5.3.3). Thus, the apparent effect of duration in the univariate analysis is explained by 

these other factors in the multivariate model. A similar effect rnay have also influenced the 

relationship between hemoglobin A 1C and retinopathy, since glycosylated hemoglobin was 

swngly associated with serum cholesterol and treatment status. 

6.2.2.5 Screening for Diabetic Retinopathy 

The results of the present study are especially important for individuals concemed 

with screening for diabetic re~opathy. Penodic screening is essential for aU known 

diabetics but may be more important for diabetics with certain risk profiles. 

Since this study focused more on diabetics with a shorter duration of diabetes, the 

risks identified in this analysis could direct screening efforts for individuals who are in the 



earlier stages of diabetes. For example, individuals with nomial ocular assessments at the 

tirne of diagnosis might be followed more frequently if elevated serum cholesterol levels, 

lower BMIs, or insulin therap y were noted in their fist few years of diabetes. 

6.3 SECONDARY ANALYSES 

Poisson regression was performed as a validation of the modified Cox's model that 

was used for the main analysis. This was done to determine if both multivariatc techniques 

were comparable and to substantiate the use of a modified Cox's model in a setting where 

typical regression diagnostics do not necessariiy apply. 

Results of the Poisson regression revealed that the same three variables were 

significant on stepwise variable selection at the 0.10 inclusion level as were found on the 

proportionai hazards model. In fact, identical log-likelihood statistics and p-values were 

generated in the development of the Poisson parsimonious model. It was interesting to fmd 

such sirnilar results for both these multivariate models because the Poisson model's 

underlying rare disease assumption was violated by the high prevalence of retinopathy in 

the Limited cohort. 

'A priori' interaction tems were assessed using the Cox's parsimonious model. 

Models containing the three significant multivariate exposures and the first order terms for 

the interaction were extended to test the significance of the interaction term. No significant 

interactions were found in the course of these exploratory analyses. In fact, al1 the 

interaction terms demonstrated very low log-likelihood ratios, some of which approached 

'0'. A trend towards significance was noted for 'age and treatment regirnen'. The risk 



ratios for these terms suggested that for older individuals, over 50.5 years, the risk of 

diabetic retinopathy was increased if they were on insulin and decreased if they were on 

dietary treatment aione-compared to those less than 50.5 years. 

6.4 METHODOLOGY 

5.4-1 wlort identification - 
One of the main strengths of this study was the assessment of diabetic retinopathy 

in a previously unstudied cohon of native Canadians. Ali individuals with diabetes in 

Moosonee and Moose Factory that coulcl be identifïed through their respective outpatient 

medical c h i c  databases comprised the cohon S ince there was only one medical chic in 

each cornmunity, there was Little risk of missing subjects who were receiving their medical 

care elsewhere. 

Unfominately, the identification of subjects was also lirnited by the accuracy of 

these c h i c  databases. This was less of a problern in Moose Factory where the actual 

patient charts are flagged at the time of diabetes diagnosis-allowing charts with these 

marks to be easily identified. In Moosonee, the patient charts were not rnarked for 

identification of those with diabetes. As a result., it was not possible to iden* diabetics 

that were not in the computer registry. This did pose a problem since the Moosonee 

computer diabetes database had not been updated in the past one-to-two years. A fuii 

review of all ciinic charts would have ken  required to fmd these individuals. For this 

reason, a number of new diabetics were undoubtably rnissed fiom Moosonee; however, 

considenng that subjects in Moosonee were less likely to have had ocular assessments or 

complete exposure data (Table 5.1.2), many of the unidentified patients from Moosonee 



database wouid likely not have met inclusion criteria for the main analysis. (Of patients 

fkom Moosonee, only 46% (22/48) had data for the three variables in the parsimonious 

model--compareci to 86% (94/109) for Moose Factory patients. See Table 5.5.2.) 

In addition to potentiai problerns with the identification of Moosonee subjects, there 

is also a segment of the population with diabetes who have either subclinical diabetes or are 

not under direct medical supervision. These individuais would not have k e n  registered in 

the clinics and could not have be identified, let done assesseci, in the context of this study. 

Despite the possibility that significant numbers of eligible diabetics were missed 

during the data collection process, the number of individuals included in this study would 

have been dificuit to increase. As of the last data collection visit to James Bay, ail known 

people with diabetes were identified and included. Had the investigators wanteù to increase 

the size of the cohort, one option would have been to hand search al1 the c h i c  charts in 

both communities for evidence of undiagnosed or unidentified diabetics. Another option 

would have been to coUect data for people with diabetes in the other James Bay 

communities. Unfortunately, such undertakings were not possible because of 

transportation costs, tirne constraints, and person-power limitations. 

Even if visits to other communities were possible, it is not likely that there would 

have k e n  large numbers of individuals with complete data for the nsks considered in this 

study. In Moosonee, a large town with easy access to physicians and hospital resources, 

much exposure data was missing from patients' charts. It would be expected that for the 

more remote communities even less exposure data would have been available. The 

efficiency of data extraction nips to the smaller outposts would have k e n  very low in light 

of these concems. 

To properly rnaximize the number of study subjects. and consequently the power, 

of any future study assessing retinopathy in Western James Bay, a prospective design 

would have to be considered. Unless exposure information is recorded carefully and 



completely at the time of patient enrollment and follow-up, the problem of missing data will 

always be present, especiaily if a chart review study like the present one is considered. 

The choice of diabetic retinopathy as the pri- outcome for the present study was 

influenced by the retrospective nature of this project. Since detailed retinal assessments or 

photographs were not avdable from patient charts, the precise extent and grade of each 

subject's retinopathy was not consistently detenninable-only t h  levels of retinopathy 

were reiiably recordeci. Because of this, the presence or absence of r e ~ o p a t h y  was the 

most rigorous categorization possible. Nonetheless, problerns with this categorization were 

encountered during data collection. 

Misclassification bias was the main concern. During the course of the early 

screening visits to Moose Factory, participa~g physicians did not know that their grading 

of diabetic retinopathy was to be used as an outcome for a research project such as this. For 

this m o n ,  the recording of the more minor changes indicative of r e ~ o p a t h y  may have 

been omitted from their assessments. This mostly wouid have affecteci individuals with 

very early changes of retinopathy i.e. a single microaneurysm or blot hemorrhage. Those 

with these minor retinai changes may have b e n  diagnoseci as having no retinopathy in the 

period before the specific objectives of this study were defined. Misclassification of this 

nature would have been non-differential, since these errors would have unlikely been 

related to one or more of the exposures of interesr 

As an alternative to the use of retinopathy as the main outcome of interest, macular 

edema or proliferative disease could have been considered as outcomes. Another option 

would have been to grade retinopathy dong a specaum, conceptualizing it as a continuous 



variable. Unfortunately, the low prevalence of rnacular edema and proliferative retinopathy, 

and the even less precise recording of degree of retinopathy did not make such analyses 

possible. 

As with most retrospective cohort studies, problerns arose with the completeness 

and accuracy of chart information for the exposures of interest in this project As a result, a 

significant number of patients were excluded from the multivariate data analyses because 

information on certain covariates was not available. Specifically, lipid profiles and fasting 

blood sugar tests had not been performed on a l l  subjects. 

Attempts were made to locate missing data from hospital charts at the tirne of data 

collection. As well, specific missing values were diligently sought by the medical staff in 

Moose Factory after the final data collection tearn had renuned to Kingston--ail efforts were 

made to ensure data collection was as complete as possible. 

Unfortunately, despite attempts to collect missing values. the amount of rnissing 

data undoubtably affected the power of this study to idenhfy all significant exposures for 

the development of retinopathy. The power calculation, presented in section 4.8, was based 

on an estimation of 1 18 subjects; however, for the multivariate model, the nurnber of 

subjects that had complete data was often closer to 115. Furthemore, the power calculation 

over-estimated the 'p,' values (p, = probability of an outcome in an unexposed individual). 

Instead of po probabilities in the range of 0.50, as estimated from Lee's study of the 

Oklahoma 1ndians2', the probabilities for this study were closer to 0.25. The lower po 

values were probably a consequence of the shorter duration of diabetes for the 'Limited' 

cohort members. As a result, this study did not have the power to show a significant 



ciifference between exposure groups at a relative nsk of 1.5 (sections 4.8.1 and 4.8.2). The 

relative risk would have to have been increased to 2.0 for the power to have exceeded 80%. 

Options that could have been considered for increasing the power of this snidy. 

without increasing the relative risk beyond 1.5, were discussed in section 6.4.1 and 

focuseci on increasing the number of research subjects. 

The issue of missing data also created possible problems in ternis of selection bis. 

Of the 283 subjects identifiai in both cornrnunities, 42 of these people had not had eye 

examinations. Of the remaining 241.84 did not have exposure data for the specific time 

penod of interest This left only 157 individuals for the main analysis. 

A comparison of the 157 individuals in the linited cohort and the 84 who were 

excluded was perfomed Signifcant differences between these groups were found for 

alrnost aii variables compared. Patients in the limited cohort were younger, had diabetes for 

a shorter duration and were more cornrnonly on dietary treatment regirnens. They also had 

elevated body-mass indices and lower hemoglobin AlC levels. 

These differences between groups can be partially explained by the availability of 

the more advanced liver function and fasting blood glucose tests. In Moose Factory, both 

of these tests have only been performed since the late 1980s. As a result, individuals with 

diabetes diagnosed in the 1970s, or earlier, did not have this exposure data for their early 

diabetic years. This is Likely the reason why people in the lirnited cohon were younger and 

had diabetes for a shorter interval than those who were not. Moreover, if subjects who had 

diabetes for longer were more likely to be on insulin. the iimited cohort would also be 

expected to have had a significantly different distribution of their treatment regimens. 

Differences in the presence of retinopathy were probably also related to differences in the 

duration of diabetes for the two cohorts. 



The inclusion of a larger proportion of Moose Factory diabetics in the Mted cohort 

may have been a result of the increased completeness of laboratory studies for these 

individuals. It may have been easier for physicians or nurses to obtain laboratory tests for 

patients who attended the Moose Factory c h i c  because a laboratory is located in the same 

building. 

A second concern surrounding the issue of selection bias was briefly considered 

earlier. In section 6.1.4 it was nomi that subjects in Moosonee were less Iikely to have had 

ocular assessrnents. An explanation for this could be that, as with laboratory testing, the 

Moose Factory cohon had easier access to the screening ophthaimology clinics, which 

were al1 conducted in Moose Factory. If this is indeed the case, future screening efforts 

rnight be most appropnatcly aimeù at diabetics in Moosonee and the other outlying 

communities. Future multivariate analyses should also be considered to identify factors 

associated with missecl ocular assessments. Such research would d o w  more accurate 

deteminations of where screening efforts should be directed. 

c 
The variables evaluated in the present study were single measures taken from a 

specific five-year penod in each subject's life. As such, the values of these variables do not 

represent Long-term exposure status but are proxy measures for chronic exposure. Due the 

the relatively infrequent t e s ~ g  of most laboratory parameters in the cohon under study, 

there were no other feasable options that would have provided a reproducible and accurate 

estimate of chronic exposure status. Therefore. a decision was made to standardize the 

period fkom which this data would be accepted. 

The choice of exposures included in the present study was based on expected nsk 

factors and confounders for diabetic retinopathy; however, because of the remspective 

nature of this shidy it was not possible to assess exposures that were not routinely recordeci 



in the patients' outpatient and inpatient charts. As a resdt, the covariates evaluated were not 

an exhaustive assembly of possible risk factors. confounders. and effect modifiers for 

diabetic retinopathy. No culturai or environmental variables that could have k e n  important 

exposures were available. Specificdy, factors such as socio-economic status, physical 

activity level, alcohol consumption, diet, and measures of naditional Mestyle were not 

addressed. Such variables have k e n  implicated as risk factors that may play a role in the 

development of diabetic r e t i n ~ ~ a t h ~ . ~ ~  No studies to date have made any attempts to 

masure these potentidiy important risk factors. 

Despite this concem, it is ke ly  that some of the aforementioned cultural and 

environmental risk factors would have been mediateà by ciinical measures that were 

included in this study. For example. levels of physiciai activity would likely be partially 

represented by BMI and serum cholesterol levels--making sorne of these extra exposures 

less essential for inclusion, 

5.4.6 stwnglha 

Most of the methodological limitations of this study have k e n  reviewed ui the 

preceding sections. The smngths of this project have yet to be discussed in iight of the 

other literature that has exarnined similar questions. Briefly, tiis study provides insight into 

a cornmon complication of a prevalent diseasc in a unique population. It also considers 

potential risk factors for diabetic retinopathy in a carefuiiy defuied and standardized 

manner--only data from years one-to-six following the diagnosis of diabetes was 

considered for the main analyses. Despite the uncertainty surrounding the actual onset of 

type 2 diabetes, no other retrospective or cross-sectional study has attempted to use this 

ngorous a defming interval for nsk factors of interest. 

In cornparison, Lee's and West's snidies used a cross-sectional determination of 



nsk factors and, as a result, exposure data was not taken fiom equivalent points in the 

diabetic disease process for each participant26*n The same problerns were found in 

Brassard's study of the James Bay Cree. His s ~ d y  looked at cross-sectional data and 

retrospective data h m  the 30 month interval preceding each individual's assessment by the 

research unit 

Another positive arpect of this study was the detexmination of relative risks for the 

development of retinopathy. The availability of a relatively complete cohort of individuais 

with diabetes ailowed this possibility. Both Oklahoma studies and Brassard's paper used 

logistic regression to evaluate multivariate associations in situations where the rare disease 

assumption did not hold and odds ratios could not be expected to approximate relative 

nsk.26,27.50 

A final strength of this study was the manner in which exposure and outcome 

associations were somewhat temporally isolated. Compared with cross-sectional designs, 

exposure assessments for the present study were ai l  performed prior to each subject's 

ocular examination. The possibility sW existed that retinopathy may have been present at 

the time of exposure assessmenc yet, for individuals who had examinations within their 

first few years of diabetes--when most lab values were saken-retinopathy was rarely 

found. 

Despite the strengths of the present study, the prospective studies that exarnined 

risks for retinopathy were methodologicaily stronger. The Pima and Wisconsin cohorts 

were able to assess risk factors from comparable times in each participant's disease 

process. In addition, these snidies had ongoing follow-up which allowed the use of 

unmodified Cox's proportional hazard regression techniques. True incidence rates were 

also calculable from these studies. 



64.7 Generalizabilitv 
. . 

The results presented in this paper provide data on a very specific population of 

people with diabetes-Cree Indians fkom Moose Factory and Moosonee. These individu& 

are only a s m d  sample of all the Cree in the region and, as such, there may be differences 

between this cohort and Cree from other cornmunities in the James Bay region. While 

Moose Factory and Moosonee are isolated, they do have large populations and a rail link 

£rom the south. Consequentiy, there is more opportunity for these individuals to make non- 

native Mestyle choices than for individuals residing in more isolated northern areas. 

A M e r  problem arises if one attempts to generalize these results to other non-Cree 

native groups. The diversity, both genetic and environmental, between native peoples d w s  

not ensure that any of these results couid be reproducible in even neighbouring Algonquin 

tribes such as the Ojibwa of north-western Ontario. It follows that extending these resuits 

to other Canadian or Amencan native peoples would be inappropnate. Nonetheless, if 

taken in the context of the other studies of diabetic retinopathy in North American natives. 

these resuits do help to broaden our understanding of nsk factors for retinopath y in 

indigenous peoples of our continent. Specifically, this paper highlights the possibility that 

BMI, insulin therapy, and serum cholesterol may affect the development of diabetic 

retinopathy. Although this study suggests that there rnay be a role for risk factor 

modiFication in the prevention of diabetic retinopathy, judicious use of this study's resuits 

to enhance retinal screening programs through the identification of high risk individuais is 

perhaps the most appropriate use of this information. 

6.5 FUTURE DIRECTIONS 

Funher research into diabetic r e ~ o p a t h y  in Canadian native populations should 

probably take the f o m  of prospective cohort studies. Protocols that parallel the WESDR 



and the Pima studies are the most appropriate ways to generate incidence data and to 

address risk factors for retinopathy and other diabetic complications. If such studies are 

initiated, every effort rnust be made to include as complete a cohort of the population under 

consideration as possible. 

Future s u e s  must also have extensive local involvement fiom their inception to 

ensure that native cultural concems are respected and addressed. A unique consideration is 

the need to define what research questions should be asked. For example. although the 

resuvch presented in this thesis was conducted in carefùl consultation with the 

Ornuskegowuk Band Cou.mil, it did not address underlying cultural issues such as the 

First-Nation belief that diabetes is related to theu loss of traditional ways of Me--at the 

hands of western culnual influences. Instead, the questions that were asked came directly 

from the perspective and tradition of western medicine. This is not to Say scientific 

rnethodology is unimportant but in the serting of population-based research it cannot 

overlook the fact that two different cuirures are interacting in the processes of medical 

researc h. 

To address these concems, future studies should consider including band mernbers 

and native heaith-care workers in the design and conceptualization stages. Efforts should 

also be made to include questionnaires that masure variables such as 'degree of traditional 

Nestyle maintained'. ültirnaîely, the integration of cultural concems and scientific 

rnethodology will more likel y produce research that is meaningfd to al1 participants. 



1. Tan MH, MacLean D R  Epidernilology of diabetes rnellitus in Canada Clinical und 
Investigative Medicine 1995; 1 8(4) :2&6. 

2. Worrall G. Diabetes among native people. CMAJ 1994; 150(5):644-5. 

3. Evers S, McCracken E, Antone 1, Deagle G. The prevalence of diabetes in Indians and 
Caucasians living in Southwestern Ontario. Canadian Journui of Public Health 1987; 78: 
240-243. 

4. Montour LT, Macaulay AC. High prevalence rates of diabetes mellitus and hypertension 
on a North American Indian reservation. Canadian Medicai Association Journal 1985; 
132: 1 t 10-2. 

5. Worrall G, Fodor G, Bun M. A minimal prevalence study of diagnosed diabetes in 
Newfoundland and Labrador. Canadion Journal of Public Health 199 1; 82: 104- 108. 

6. Pioro M, Dyck R, Gillis D. Diabetes prevalence rates among First Nations adults on 
Saskatchewan reserves in 1990: comparison by tribal grouping, geography and with non- 
First Nations people. Canadian Journal of Public Health 1996: 87(5):325-8. 

7. Klein R, Klein BE, Moss SE. The Wisconsin epiderniologic study of diabetic 
retinopathy: an update. Ausaaüan and New Zealand Journal of Ophthalmology 
1990; l8(l): 19-22. 

8. CNIB Client Information 1993. 

9. Kahn HA, Hiller R. Biindness caused by diabetic r e ~ o p a t h y .  American Journal of 
Ophthalmology 1974;78:58-67. 

10. Macaulay AC, Montour LT, Adelson N. Prevalence of diabetic and atherosclerotic 
complications among Mohawk Indians of Kahnawake, PQ. CMAJ 1988; 139,221-225. 

11. Brassard P, Robinson E, Dumont C. Descriptive epidemiology of non-insulin- 
dependent diabetes mellitus in the James Bay Cree population of Quebec, Canada Arctic 
Medicai Research 1993; 52: 47-54. 

12. The Wisconsin Epidemiologic Study of Diabetic Retinopathy XIV. Ten-year incidence 
and progression of diabetic retinopathy. Klein R, Klein BEK, Moss SE, Cruicksjanks KI. 
Archives of Ophthalmology 1994; 1 12: 12 17- 1228. 

13. Klein R, Klein BEK, Moss SE, Cruicksjanks KJ. The Wisconsin Epidemiologic Study 
of Diabetic Retinopathy XV. The long-tenn incidence of macular edema Ophtholmology 
1995; lO2:7- 16. 

14. Singer D, Nathan D, Fogel H, Schachat A. Screening for diabetic retinopathy. Annals 
of Internai Medicine 1992; 1 16:660-67 1. 

15. Javin J, Canner J, Sommer A. Cost effectiveness of current approaches to the control 



of retinopathy in type 1 diabetics. Ophthalmology 1 989:96:255-264. 

16. Javitt J, AielIo L. Cost-effectiveness of d e t e c ~ g  and treating diabetic retinopathy. 
Annals of infernal Medicine 1996:124: 164-169. 

17. Sussman E, Tsiaras G, Soper K. Diagnosis of diabetic eye disease. JAMA 
1982;247:323 1-3234. 

18. Kinyoun J, Barton F, Fisher M, Hubbard L AielIo L, Fems F. Detection of diabetic 
rnacular edema OphthaImoscopy versus photography-Early Treatment Diabetic 
Rethopathy Study Report Number 5. The ETDRS Study Group. Ophthalmology 
l989;96:647-5 1. 

19. Moss SE, Klein R, Kessler SD, Richie KA. Cornparison between ophthalmoscopy and 
fundus photograph y in determining severity of diabetic retinopath y. Ophthalmology 
1985;92:62-7. 

20. Diabetic Retinopathy S tudy Researc h Group. Photocoagulation of prolifer ative diabetic 
retinopathy. DRS Report #8. Ophthafmology 198 1;88:583-600. 

21. Early Treatment Diabetic Retinopathy Study. Photocoagulation for diabetic macdar 
edema. Report #1. Archives of Ophthulmology l985;26: 983-9 1 .  

22. Amencan College of Physicians, American Diabetes Association, American Academy 
of Ophthalmology: Screening for diabetic retinopathy. Clinical Guideline. Ophthalmofogy 
l992;99: 1626- 1628. 

23. Brecher R, Cowie C, Howie L, Herman W, Weli J, Harris M. Ophthalmic examination 
among adults with diagnoseci diabetes meilitus. JAMA 1993;279: 17 14- 17 18. 

24. Klein R, Klein BEK, Moss SE, Davis MD, DeMets DL. The Wisconsin epidemiologic 
study of diabetic retinopathy. VI. Retinal photocoagulation. Ophthahology 1987;94:747- 
753. 

25. Kosousek V, Brown M, CottIe R, Hicks V, Langille D, Dingle J. Use of 
ophthalmologic services by diabetic patients in Nova Scotia. Canadian Journal of 
Ophrhalmology l993;28:7- 10. 

26. West KW, Erdreich LJ, Stober JA. A detailed study of nsk factors for retinopathy and 
nephropathy in diabetes. Diubetes 1980; 29: 501-8. 

27. Lee ET, Lee VS, Kingsley R, Lu M, Russell, Asa1 N, Wildinson C, Bradford R. 
Diabetic retinopathy in Oklahoma Indians with NIDDM. Diabetes Care 1992; 
15(11): 1620-7, 

28. Young TK, McIntyre LL, Dooley J, Rodnguez J. Epidemiologic features of diabetes 
mellitus among Indians in northwestem Ontario and northeastem Manitoba Canadian 
Medical Association Journal 1 985; 132: 793-797. 

29. Brassard P, Robinson E, Lavailée C. Prevalence of diabetes mellitus in the James Bay 
Cree of northern Quebec. Canadian Mealcal Association Journal 1993; l49(3): 303-307. 



30. Robinson E. The health of the James Bay Cree. Canadinn Family Physician 1988; 34: 
1606-1613. 

3 1. West KM. Diabetes in North Arnerican Indians and other native populations of the 
New World. Diabetes 1974; 23: 841-855. 

32.Ryan SJ.1994. Retinu, Second Edition. Volume 2 Moseby-Year Book. St. Louis 
Missouri. pp 1255- 1264. 

33. Klein R, Klein B.E.K, Moss S.E., Davis M.D., De Mets D.L. The Wisconsin 
Epiderniologic S tudy of Diabetic Re~opathy.  IV. Diabetic Macuiar Edema. 
Ophthaimlogy 1984;91:1464-74. 

34. Klein R, Klein B. Moss S. Epiderniology of proiiferative diabetic retinopathy . 
Diabetes Care 1992;15(12):1875-1891. 

35. The Wisconsin Epiderniologic Study of Diabetic Reoinopathy III. Prevalence and nsk 
of diabetic retinopathy when age at diagnosis is 30 or more years. Archives of 
Ophthlmology 1984; 102: 527-532. 

36. Klein R, Kiein BEK, Moss SE, Davis MD, DeMets DL. The Wisconsin Epiderniologic 
Study of Diabetic Retinopathy IX: Four-year incidence and progression of diabetic 
retinopathy when age at diagnosis is less than 30 years. Archives of Ophthalmology 
1989; 107:237-243. 

37. Klein R, Klein BEK, Moss SE, Davis MD, DeMets DL. The Wisconsin Epidemiologic 
Study of Diabetic Retinopathy X: Four-year incidence and progression of diabetic 
retinopathy when age at diagnosis is 30 years or more. Archives of Ophtholmology 
1989; 1 Oï:244-249, 

38. Kiein R Klein B, Moss S, Davis M, DeMets D. The Wisconsin epidemiologic sîudy 
of diabetic r e ~ o p a t h y  II. Four-year incidence and progression of diabetic retinopathy 
when age at diagnosis is less than 30 years. Archives of Ophthafmology 1989; 107:237-43. 

39. Pirart J, Diabetes mefitus and its degenerative complications: a prospective study of 
4400 patients observed between 1947 and 1973. Diabetes Care 1978; 1 : 168- 1 88,252-263. 

40.Klein R, Klein BEK, Moss SE, Davis MD, DeMets DL. 1s blood pressure a predictor 
of the incidence or progression of diabe tic retinopath y? Archives of Interna1 Medicine 
1989; l49:2427-243 1. 

4 1 .Klein BEK,  Moss S E ,  Klein R. Effect of pregnancy on progression of diabetic 
retinopathy. Diabetes Care 1990, 13:W. 

42. D C m  Research Gmup: The effect of intensive treatment of diabetes in the 
development and progression of long-texm complications in insuiindependent diabetics. 
New England Journal of Medicine 1993;329:977-986. 

43. Knowler W, Bennett P, Hamrnan R, Miller M. Diabetes incidence and prevdence in 
Pima Indians: a 19-fold greater incidence than in Rochester, Minnesota. American Jourml 



44. Nelson R, Wolfe J, Horton M, Pettitt D, Bennett P, Knowler W. Roliferative 
retinopath y in NIDDM: Incidence and ri& factors in Pima indians. Diabetes 1 989; 38:435- 
440. 

45. Klein R, Klein BEK, Moss SE, Davis MD, DeMets DL. The Wisconsin Epidemiologic 
Study of Diabetic Retinopathy. X Four-year incidence and progression to diabetic 
retinopathy when age at diagnosis is 30 years or more. Archives of Ophthulmology 
l989; 107:244-248. 

46. Dorf A, Ballinthe E, Bennett P, Miller M. Retinopathy in Pima Indians: Relationships 
to glucose level, duration of diabetes, age and diagnosis of diabetes and age at examination 
in a population with a high prevalence of diabetes rnellinis. Diabetes 1976;25(7):554-560. 

47. Nagi DK, Pettitt DJ, Bennett PH, Klein R, Knowler WC. Diabetic retinopathy 
assessed by fundus photography in Pima Indians with impaired glucose tolerance and 
NIDDM. Diabetic Medicine 1997; 14449456. 

48. Singer D, Nathan D, Fogel H, Schachat A. Screening for diabetic retinopathy. Anmis 
of Internai Medicine 1 992; 1 16:660-67 1. 

49. Berinstein DM, Stahn RM, Welty TK, Leonardson GR, Herlihy JJ. The prevalence of 
diabetic retinopathy and associated risk factors among Sioux indians. Diabetes Care 
1997:20:757-759. 

50. Brassard P, Robinson E. Factors associated with glycemia and rnicrovascdar 
complications among James Bay Cree Indian diabetics of Quebec. Arctic Medical Research 
1995; 54: 1 16- 124. 

5 1. Indian and Northem Affairs Canada. Health Planning Office, Weeneebayko Health 
Ah tuskaywin. 

52. Young TK, Emoke ES, Evers S, Wheatley B. Geographical distribution of diabetes 
among the native population of Canada: A National Survey. Soc Sci Med 1990; 3 1 : 129- 
39. 

53. Unpublished data from Queen's University screening visits to Moose Factory 1996- 
1997. Coliected by the Retina Service, Department of Ophthalmology, Queen's University. 
January 1997. 

54. Diabetes Mellitus: Report of a WHO Study Group (tech rep ser 727), WHO, Geneva, 
1985: 11. 

55. Early Treatment Diabetic Retinopathy Smdy Research Group. Grading diabetic 
retinopathy from stereoscopic color fundus photographs - an extension of the modified 
Arlie House classification. ETDRS Report No. 10. Ophthalmology 199 1; 98: 786-806. 

56. Kinyoun I, Barton F, Fisher M, Hubbard L, Aiello L, Fems F. Detection of diabetic 
rnacular edema. ûphthalrnoscopy versus photograph y-Early Treatment Diabetic 
Retinopathy Study Report Number 5. The ETDRS Study Group. Ophthalmology 



57. Dupont WD, Plurnmer WD. Power and sample size caiculations: A review and 
cornputer program. Con~olled Clinical Tnuls 1990; 1 1 : 1 16-28. 

58. Kelsey JL. Thompson WD, Evans AS 1986. Methodr in Observational Epidemiology. 
New York: Oxford University Press-p 40, 283. 

59. Miettinen OS. Theoretical Epiàemiology: Principles of occurrence research in 
medicine. John Wiley and Sons, New York 1985. 

60. Wacholder S. Binomial Regression in GLIM: Estirnating risk ratios and risk 
differences. American Journal of Epidemiology 1986; 123: 174-1 84. 

6 1. Ornuskegowuk Band Council. Population Estimates 1997. 

62. Rosner B: Fundamentals of Biostutistics, Wadsworth Publishing, Belmont, California, 
1994: 176. 

63. 1991 Census Canada Data. Volume 93-337,93-338. Page 8. 

64. Rate RG, Knowler WC, Morse HG, Bomeu MD, McVey J, Chervenak CL, Smith 
MG, Pavanich G. Diabetes Mellinis in Hopi and Navajo Indians. Prevalence of 
rnicrovascular complications. Diabetes 1983; 32: 894-99. 

65. Hennekens CH, Buring JE. Epidemiology in Medicine Little. Brown and Company, 
Bostofloronto. 1987. 

66. Knowler WC. Diabetes Meiütus in Pima Indians: Indicence, risk factors and 
pathogenesis. Diabetic Metab. Rev. 1990; 6 (1): 1-27. 



IMAGE NALUATION 
TEST TARGET (QA-3) 

APPLIED 1 IMAGE. lnc - = 1653 East Main Street - - -. - Rochester. NY 14609 USA -- -- - - Phone: 71W2-0300 -- -- - - Fax: 71 W288-5989 

Q 1993. Applied Image. Inc.. All Rights Fiesenml 




