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Abstract:

Background: For many years there have been sporadic studies describing excessive or unusual
rheumatic diseases in North American Indians and Eskimos. There are marked differenœs
amongst the various Aboriginal groups in prevalence, incidence, and manifestations of rheumatic
diseases, which are unrelated ta climate and geography. It seems clear that the epidemiology of
rheumatic disease in Native North Americans as a whole is quite different from that described for
the remainder of the North American as weil as the European population. Native North
Americans are a large and heterogeneous group, comprising almost 3 million people spread out
over the continent. from Alaska and the Northwest Territories to Mexico in the south. There is a
disproportionate burden of rheumatic disease in this population.

Systemic lupus erythematosus (SLE) is a chronic, potentially fatal, multisystem
inflammatory disease of unknown etiology that primarily strikes young 'NOmen. It is
charaderised by prominent immune aberrations giving rise to excessive autoantibody
production. causing cytotoxic damage and immune inflammation. It is recognised wor1dwide,
with wide variations in the reported incidence and prevalence. There is no canadian data for the
overall prevalence and incidence, but studies from the United States report a prevalence ranging
(rom 14.6 ta 50.8 cases per 100,000 persons. European studies show similar results, w;th
reported prevalence rates from 12 to 39 per 100,000. AnnuaJ incidence rates in the United
States have been estimated at between 1.8-7.6 casesl100,OOO persons per year, with similar
figures from Europe.

The prevalence of SLE is known to vary among different ethnie groups, but North
American Indians have been Iittle studied in this regard. Morton et al found an incidence of
hospitalised SLE of 27.1/100,000 in the Crow Indians, 24.31100,000 in the Arapahoe. and
16.61100,000 in the Sioux, compared to seventy-two other tribes who had an incidence and
prevalence similar ta that of the Caucasian population. The Tlingit, Haida, and Tsimshian
Indians. of the Southeast coast of Alaska, also had a higher than expected number of cases of
SLE with a prevalence rate estimated at 91.7/100,000. The Nootka natives of the Pacifie
North'Nest were found ta have an extraordinarily high prevalence of SLE at 300-500/100,000.
The only study ineluding data on disease severity and clinical manifestations of SLE in North
American Aboriginals found only mild SLE, without renal or neurological involvement.

Objectives: The prevalence of systemie lupus erythematosus (SLE) in Manitoba North
American Indians (NAI) is hypothesized ta be increased above that of Caucasians (CAUC), but
little studied. Ta evaluate this we studied the prevalence rate of SLE in a population of 1.1
million.

Methods: The provincial arthritis center database and the medical records of ail
rheumatologists, hematologists, nephrologists, and general intemists wïth ~1 SLE patients were
searched for cases of SLE diagnosed between 1980 and 1996. A subset of 175 medical records
was reviewed for demographics, SLEDAI scores, SLiCC/ACR damage indices. clinical
manifestations and therapy. A random survey of 15% of family physieians serving this population
suggested that >850/0 of ail SLE cases were identified.

Resulta: A total of 257 cases diagnosed between 1980 and 1996 and meeting the ACR
criteria for SLE were found. There were 49 NAI cases, most of whom were Cree, resulting in a
prevalence of 42.2/100,000 compared ta a prevalence of 21.61100,000 for the remainder of the
population (p < O.001). NAI patients were younger at diagnosis (NAI = 31 yrs, CAUC =37 yrs; p
=.01), had more active disease at diagnosis (SLEDAI score: NAI =11.8. CAUC = 9.7; P = 0.05).
and had more frequent renal involvement (NAI =60%. CAUC =32%; P =0.00). There were no
treatment differences at diagnosis and 2 years, but NAI patients were significantly more Iikely ta
require treatment with prednisone or immunosuppressives at the last cHnie visil. The NAI
patients had similar damage scores at diagnosis, but signiticantly higher scores at 2 years
(SLICC/ACR damage index: NAI =0.74, CAUC = 0.30 P =0.02), and at the last clinic visit
(SLICC/ACR damage index: NAI = 1.63, CAUC = 0.81; P = 0.03). NAI ethnicity increased the
Iikelihood of death more than fourfold (OR 4.6, 95% CI 1.3-16.5).

Conclusions: The prevalence of SLE was increased twofold in this NAI population. NAI
patients had higher SLEDAI scores at diagnosis, more fraquent vasculitis and renal involvement,
required more treatment later in the disease course, accumulated more damage following
diagnosis, and increased fataHty.
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Résumé:

Contexte: Au fil des années, plusieurs études isolées ont décrit des maladies rhumatismales
peu communes ou excessives chez les Amérindiens et les Inuit La prévalence, l'incidence et les
manifestations des maladies rhumatismales varient sensiblement entre les divers peuples autochtones.
Ces différences ne sont pas liées au climat. ni à la géographie. Il semble évklent que l'épidémiologie de
la maladie rhumatismale chez les autochtones nord-américains dans l'ensemble se distingue d'une
façon marquée de celle caractérisant les autres personnes nord- américaines et la population
européenne. Les Autochtones nord-américains, un grand groupe hétérogène, comptent presque 3
millions de personnes, dispersées à travers le continent. de l'Alaska et des Territoires du Nord-Ouest
jusqu'au Mexique. Les maladies rhumatismales ont un impact disproportionné chez cette population.

Le Lupus Erythémateux Disséminé (LED) est une maladie inflammatoire chronique et
potentiellement fatale, d'étiologie inconnue, qui frappe principalement les femmes jeunes. Elle se
caractérise par des anomalies graves du systéme ImmunitaIre, qUI causent une proauction excessIVe
d'autoanticorps, engendrant des dommages cytotoxiques et de l'inflammation immunitaire. On retrOlNe
le LED partout à travers le monde, mais l'incidence et la prévalerœ varient grandement Il existe peu
de données canadiennes décrivant la prévalence et l'incidence du LED, toutefois, des études
américaines décrivent une prévalence entre 14,6 et 50,8 cas par 100 000 personnes. Les études
européennes ont obtenu des résultats semblables, avec des taux de prévalence entre 12 et 39 cas par
100 000 personnes. Aux États-Unis, les taux d'incidence ont été estimés entre 1,8 et 7.6 cas 1100 000
personnes par an, et les taux européens sont semblables.

Il est bien COMU que la prévalence du LED varie parmi différents groupes ethniques, mais le
cas des Amérindiens a été peu étudié. Morton et al ont trouvé un taux de LED hospitalisé de 27,1 par
100 000 chez le peuple Crow, 24,31100 000 chez les Arapahoe, et 16,61100 000 chez les Sioux.
comparé à 72 autres tribus dont l'inddence et la prévalence étaient semblables à celles de la population
caucasienne. Les Indiens Tlingit. Haïda et Tsimshian de la côte sud-ouest de l'Alaska, avaient eux
aussi, un taux augmenté de LED, avec une prévalence estimée à 91,7/100000. Chez le peuple Nootka
du Nord-Ouest pacifique, la prévalence était extraordinairement élevée, à 300-5001100 000. Quant à la
gravité et aux manifestations cliniques du LED, la seule étude qui comprend des donnés relatives aux
Autochtones nord-américains n'a trouvé qu'un LED peu sévère, sans implication rénale, ni
neurologique.

Objectifs: Nous avons posé comme hypothèse que le taux du LED est plus élevé chez les
Amérindiens du Manitoba (AM) que dans la population caucasienne, mais il a été peu étudié. Pour
évaluer ceci, nous avons examiné le taux de prévalence du LED chez une population de 1,1 millions.

Méthodes: La banque de données du centre provincial de l'arthrite et les dossiers médicaux de
tous les rhumatologues, hématologues, néphrologues et intemistes ayant ~ 1 patient avec le LED, ont
été examinés pour trouver les cas de LED diagnostiqués entre 1980 et 1986. Un échantillon de 175
dossiers médicaux a été examiné pour obtenir des données démographiques, les résultats de SLEDAI,
les indices de dommage du SUCC/AeR, les manifestations cliniques et le traitement. Un sondage,
prélevé au hasard, de 15 % des médecins de famille desservant cette population. a démontré que plus
de 85% de tous les cas de LED ont été identifiés.

Résultats: 257 cas diagnostiqués entre 1980 et 1986, répondant aux critères du ACR ont été
identifiés. Il y avait 49 cas chez les AM, dont la plupart étaient Cris, ce qui se traduit en une prévalence
de 42,2/100 000, comparée à 21.8 pour le restant de la population (p < 0,001). Les patients AM étaient
plus jeunes au moment du diagnostique (AM = 31 ans, CAUC = 37 ans; p =0,01), avaient une maladie
plus active au moment du diagnostique (résultats du SLEDAI: AM =11,8, CAUC =9,7; P = 0,05), et
démontraient une implication rénale plus fréquente (AM= 60%, CAUC =32°~; P = 0,00). Il n'y avait pas
de différence au niveau du traibnent lors du diagnostique, ni 2 ans plus tard, mais les patients AM
étaient plus susceptibles à d'avoir eu besoin de prednisone ou d'agents immunosuppresseurs lors de
leur dernière visite médicale. Les patients AM avaient des indices de dommage semblables au moment
du diagnotique. mais leurs indices étaient considérablement plus élevés 2 ans plus tard (indices de
dommage SLJCC/ACR: AM = 0,74, CAUC = 0,30; p =0,02), et lors de la dernière visite médicale
(indices de dommage SUCC/ACR: AM = 1,63, CAUC =0,81; P =0,03). La probabilité de décès était
considérablement plus élevée chez les malades AM (OR 4.6, 95%CI1.3-16.5).

Conclusions: La prévalence du LED était deux fois plus élevée chez cette population
autochtone. Les malades AM avaient des résultats de SLEDAI plus élevés au moment du diagnostique,
une implication rénale plus fréquente, un plus grand besoin de traitement tard dans le cours de la
maladie, ils accumulaient plus de dommage après diagnostique, et leur taux de mortalité était plus
élevé.
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Introduction

It is weil known that the epidemielogy of many of the rheumatic diseases differs

markedly between ethnie groups. Such differences have important implications for clinicians

caring for people with rheumatie diseases, as 'Nell as for individuals involved in planning health

care resources. The majority of the published rheumatology literature pertains te the Caucasian

population. with the result that information on prevalence, incidence, prognosis, and

management may he less than optimal when applied to non-Caucasians.

1ndigenous North Americans are a grow;ng segment of the population whose health care

needs must he addressed. In arder to plan and improve care for this population, the

epidemiology of rheumatie diseases specifie to this population must be described. Where

unusual or excessive disease appears to exist, the optimal management must be determined.

Central Canada has a very large Aboriginal population. In the province of Manitoba,

roughly 1QO/o of the total 1.1 million population is Aboriginal. Clinicians 'NOrking in this province

almost universally report the clinical impression of trequent, severe rheumatic disease, including

systemic lupus erythematosus, in the Aboriginal population. but there have been very few studies

addressing rheumatic diseases in this population. In arder to improve health care for the ragional

Aboriginal population, studies are needed to confirm the clinical impression of more frequent

disease, to examine differences in disease course and outcome, and to determine the most

appropriate therapy.
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Rheumatic Diseases in North Americas Indigenous Peoples

Abstract:

Objective: There are at least 3 million North American Indians and Eskimos in North America.

The epidemiology of rheumatic diseases in Native North Americans differs from that described

for the remainder of the North American population. An enhanced understanding of rheumatic

diseases in North American Indians and Eskimos may provide valuable clues ta the etiology of

these diseases and improve rheumatologic care for this group of people.

Methods: The wor1d Iiterature was searched for ail reports of rheumatic diseases in North

American Indians and Eskimos. The reports were reviewed and the findings summarized by

disease process.

Results: Many Native American groups have high prevalence rates of rheumatoid arthritis, (RA)

systemic lupus erythematosus, connective tissue diseases, and spondyloarthropathies. There

appears ta be a correlation between the pattern of rheumatic diseases in Native North Americans

and the patterns of migration and ancestry. In generalt Amerind Indians have high rates of

rheumatoid arthritis and connective tissue disease, while Na-Dene Indians and Eskimos have

high rates of spondyloarthropathies. The RA seen in Native Americans is generally severe,

seropositivet w;th an ear1y age of onsett and frequent extraarticular manifestations. Many Native

American groups have very high frequencies of the RA shared epitope. The majority of Native

American and Eskimo groups also have high frequencies of HLA-B27, and sorne of the wortdts

highest prevalence rates of spondytoarthropathies are described in these groups. While sorne

groups show a marked tendency ta develop either Reiters syndrome or Ankylosing spondylitist

psoriatic and enteropathic arthmis appear to be rare.

Conclusion: The excess rheumatic disease seen in this population is most Iikely genetic in

origin. Because of the combination of high rates of rheumatic disease and relative genetic

homogeneity. Native North Americans represent a singular opportunity ta study genetic

contributions to rheumatic disease. For clinicians, the index of suspicion for rheumatic diseases

in North American Indians and Eskimos should be high, and the severe disease and sometimes

atypical presentations of rheumatic disease in this population should be kept in mind.
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A number of studies have described excessive or unusual rheumatic diseases in North

American Indians and Eskimos, a heterogeneous group, comprising almost 3 million people (1.2)

spread out over the continent, from Alaska and the North'NeSt Territories ta Mexico. The marked

differences in prevalence, incidence, and manifestations of rheumatic diseases amongst the

various indigenous groups are unrelated to climate or geography. The epidemiology of rheumatic

disease in Native North Americans as a whole is clearly different from that described for the

remainder cf the North American as 'HeU as t."e Europp-2n population {3-??). .An improve<j

understanding of rheumatic diseases in North American Indians and Eskimos can provide

insights inta the etiology of the diseases and identify needs for improved rheumatologic care for

this group of people.

The ancestors of Native Americans, ail of whom appear to have originated in

northeastem Asia (23), crossed the Bering land strait to America in three distinct waves. This

conclusion was arrived at independently by a variety of anthropological disciplines, including

Iinguistic anthropologists (24,25), anthropologists using dental and serological evidence (23,25).

and later by geneticists (26-28). A small group of people known as the Amerind, or Paleo

Indians, were the first arrivais, arriving as early as 3040,000 years ago (26,27). Finding the

continent unpopulated, they rapidly spread out and diversified. The Amerinds now make up ail

of the Central and South American Indians, as weil as most of the North American Indians. They

are the most populous and diverse Native Americans. Seven ta 12,000 years aga. the second

group known as the Na-Dene arrived (26,27). Finding the Americas already populated, this

group, for the most part, stayed in the Northwest corner of North America, with sorne groups

eventually migrating to western interior Canada, Washington, Oregon, and the Southwestem

United States (24). The Eskimo-Afeuts arrived rast, but possibly not long after the Na-Dene (24),

and stayed in the far North.

This pattern of migration may have sorne bearing on rheumatologic disease. since

disease susceptibility seems to follow a similar pattern. Most of the tribal groups with an

increased prevalence of rheumatoid arthritis (RA) are Amerinds, as are most of the populations

with increased prevalence rates of systemic lupus erythematosus (SLE) and other connective

tissue diseases. The HLA-B27 antigen appears ta be present in relatively high frequencies in ail
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North American Native populations. but there is a clustering of the highest frequencies in the Na

Dene and Eskimo-Aleuts (29). Consequently. while spondyloarthropathies are found at high

rates in Native groups throughout North America. sorne of the highest prevalence rates have

been found in Na-Dene and Eskimo-A1eut groups (9,15.20).

Rheumatoid arthritis

Recent evidence suggests that RA originated ln a small. localized group of Native

American Indians in the New Wond. and then was spread ta the remainder of the wond by the

European conquest of North America (30). In contrast to the weH-documented antiquity of

osteoarthritis. gout, and spondyloarthritis in the Dld Wortd (31), RA was not recognized as a

separate clinical entity in the medical Iiterature of the Old Wond prior to 1800 (31). Repeated

attempts using extensive collections of Old Wond skeletal remains have aise failed ta provide

any evidence of RA (30). However, Rothschild and colleagues have been able ta document RA

in multiple pre-Columbian New World populations (30.32-34). It appears that 400~500 years

ago. RA was localized to Archaic and Mississippian Indians in the area immediately surrounding

the west branch of the Tennessee River, where documentation of this disease in skeletal

remains persjsts up to about 450 years ago. Eleven to twelve hundred years ago, RA then

spread into Ohio through southem Illinois and Indiana, to affect the Woodland Indians in Ohio.

European contact with this area did not occur until 1750. The first unequivocal case reported in

the Old Wond medical literature had its onset in 1785 (31.35). The brief interval between

European exposure to the New World Natives affected by RA in Ohio and the first Old Wood

description of RA ctearty precludes a purely genetic explanation. This sequence of avents. with

initial evidence of localization to an isolated geographic area, followed by spread within the New

Worfd. and finally documentation of RA in the Old World shortly after European contact is highly

suggestive of a vector-transmitted disease (30).

It is equally interesting that the prevalence of RA in Archaic Indians from the eight sites

known to have RA ranged from 2.2-5.20/0 (30.32-34), similar ta that reported for sorne

contemporary Native American Indians (see below), and considerably higher than ail reports of

prevalence in North American and European caucasians (36-39). Although the specifie
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relationship of these pre-Columbian Indians to present-day tribal groups is unknown, it is almost

certain that they belonged to the Amerind wave of migration. The Na-Dene Indians are not

known to have migrated into those areas where the skeletal remains were found, and those Na

Dene migrations that did take place may have been as reœnt as 1000 years aga (25). The

Eskimo-Aleut group has not migrated out of the far north (25).

Rothschild and colleagues suggest that interdisciplinary analysis of the timing of the

gecgraphic spread of RA may allow identification of the responsibfe pathogen or allergen (30).

ln addition, further study of the manifestations of this disease, and the genetic and environmental

factors leading ta it in present day American Indians can, perhaps, be viewed as studying the

'original' form of the disease. This concept may be particularfy relevant in view of sorne of the

apparently unique features of RA found in sorne North American Indian tribal groups (see below),

and offers considerable potential ta better our understanding of RA.

Prevalence and Incidence: Sorne of the highest known prevalence rates for RA

worldwide have been reported in Native American populations (Table 1). The Chippewa (4), and

the Blackfeet (40) Indians appear to have a prevalence of RA five times the 1°~ rate reported in

predominantly Caucasian North American and western European populations (37-39). The Pima

Indians. alsa initially found to have a prevalence rate of 5°~ using the Rome criteria (22,41),

were later found ta have a prevalenœ of 2.5% based on the 1987 ACR criteria (42). Yakima

Indian women were found ta have a prevafence rate of 3.4% (43). Algonkian Indians in central

Canada were reœntly found to have a prevalence rate of 2%
, twice that of the surrounding

predominantly Caucasian population (44). While the Indians in Southeast Alaska were found to

have a prevalence of RA of 2.4% (5). the Eskimos in Alaska and northem Canada have a

prevalence of RA of 0.6-1.1%) (6.11,131), similar to that reported in North America in general.

The Bella Bella (45). the Nuu-Chah-Nulth (12) and the Haïda (46) Indians on the Canadian

Pacifie coast have a prevalenœ of RA of 1.3°A». 1.4°AJ, and 0.5-1.5°~ respectively, alsa not

different from expected.

Information on incidence is more limited. A preliminary review of Indian Health Service

hospital diagnostic codes for the 1D-year period from 1980-1990 (14) has provided an estimate

for the annual incidence of rheumatoid disease (Table 2). These data are difficult to interpret,



•

•

10

since seronegative spondyloarthropathies were included with RA, and the data are organized by

geographic area rather than tribal group. However, it does ilIustrate the wide variation in

incidence rates that exist. Because the data are based on hospital discharge diagnostic codes, it

is Iikely that the incidence of rheumatoid disease is grossly underestimated for ail regions.

There are no data on incidence and prevalence of RA among the large number of North

American Indians living east of Manitoba in Canada.

Age of Onset Sorne investigators report an eartier age of anset in Native American

populations with high prevalence rates. Amang Yakima Indian 'NOmen, who had an overall

prevalence of RA of 3.4°A», the most striking finding was in the women under age 35, wtIo had a

prevalence rate for RA of 3.2%. compared ta Q.()6% for women in this age group in the National

Health Examinatian Survey (17). Among the Tlingit Indians, 19/37 patients (51%) had anset of

RA before age 35, with a striking scarcity of patients with onset after age 60 (1/37) (47). In the

Southeast Alaska 1ndians (5), which include the Tlingit, the peak incidence rates occurred at age

30-39. Fifty-eight percent of Chippewa patients had onset of RA before 40 years (48), and the

mean age of onset was less than 40 years in Mexican Mazahua women (49). The Kiowa Indians

of Oklahoma aise appear to have disease onset at a younger age, with a mean age at onset of

38 years, and onset before age 40 in 56% (50). The Bella Bella Indians on the Canadian Pacifie

coast also had an earty age of onset, with a mean of 29 years (45). There were similar findings

amongst the Nuu-Chah-Nulth Indians of Vancouver Island. The mean age at onset of RA in ail

patients was Jess than 38 years, and fer those patients with non-erosive RA, and RA overfap

syndromes. the mean age at onset was less than 30 (12). Two studies of Cree and Ojibway

Indians in central canada also found that the age of onset was on average 10 ta 12 years earlier

in the Cree patients than in the neighboring caucasian population (44,51). A retrospective chart

review done in Northem Ontario compared RA in Caucasians ta RA in Aboriginal canadians.

The investigators found that 40% of Aboriginals had onset of RA before the age of 30, and only

a°A» had onset after the age of 49, compared ta 12°~ and 41% of caucasians, respectively (52).

There is no evidence that the disease is milder in these groups with earHer onset. Rather, sorne

authors report clinical impressions of quite severe disease (43,45,47.50). The implications of

this earfier age at onset, in addition ta contributing ta the increased prevalenœ rates. include
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increased lifetime accumulation of deformity, disability. drug toxicity, and perhaps higher

premature mortalîty rates.

Disease Severity: Little data are available Or) differences in clinical manifestations or

outcome in these populations (Table 3). While there are no controlled studies of disease

severity, there is sorne evidence for increased severity in North American Indians. In a study of

Yakima Indian wamen, the authors found their clinical impression of predominantly advanced

disease suppcrted by the finding of stage IV radiological changes in 64°.4 of patients (43) ln

another study of Yakima wamen, 100o~ of RA patients had erosive disease (53). Wilkens et al

(43) alsa reported an unusual pattern of joint involvement in Yakima wamen. characterized by

extensive metacarpophalangeal and wrist involvement wïth relative sparing of the proximal

interphalangeal joints. This pattern was not seen in age and sex matched caucasian patients

with RA. These same patients aise had a high incidence of toxicity related to gold therapy. Eight

of thirteen patients developed proteinurta (62% ), three of whom also had hematuria (43). In

Mexican Mazahua Indians. 65% of patients 'Nere reported to have 'severe destructive disease'

with defonnities. fused joints, marked disability, and muscular atrophy (49). Amongst the Pima

Indians. 60% of RA patients had erosive disease (54). A cohort of central Canadian Cree and

Ojibway Indians were recently found to have higher Lansbury scores than Caucasian patients in

the cohart. and more persistently elevated erythrocyte sedimentation rates (51). Another group

of central Canadian 1ndians with RA was found ta have an average Iifespan 20 years shorter

than their Caucasian counterparts with RA (55). In a study of Tlingit Indians, the authors al50

reported a clinical impression of severe disease (5), and in a later study, they found that 76°m of

patients had erosive disease, and 46°m had required joint surgery (47). Bella Bella Indians in

British Columbia, Canada. were aise recently found to have uniformly severe, erosive disease

(45).

ln addition to severe joint disease, the frequency of rtleumatoid nodules and other

extraarticular features also seems to be unusually high in many of these groups. Fifty percent of

the Yakima Indian women (53), 46% of the Tlingit (47) and Pima Indians (22), and 420/0 of

Chippewa patients (48) with RA had rtleumatoid nodules. This is more than twice the usual

frequency of 20% reported for seropositive caucasian patients (56). Twenty-four percent of the
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Tlingits had other extraarticular features (47). Amongst the Nuu-Chah-Nulth Indians on the

pacifie coast, the authors reported that 50% of patients with non-erosive RA had unusual

extraarticular features such as cytopenia, nephritis, and afopecia. Of theïr patients with erosive

RA, 54% had extraarticufar features such as nodules (31%), Sjogren's syndrome, (15%
), and

pulmonary fibrosis (15%) (12).

Serology: Serological differences also exist (Table 3). Sorne Native American

populations have a very high frequency cf meumatcid factor (RF) and antinuc!ear antibcd'l

(ANA) seropositivity in bath affected and unaffected populations. RF, which is generally reported

to be present in 75-80% of patients with RA (57), was found in greater than 920/0 of Yakima (53).

Tlingit (47), Chippewa (48), Mazahua (49), Kiowa (50). and Oklahoma Indian patients including

Comanche. Choctaw, Apache, and other tribaf groups (50). Algonkian fndians in central Canada

were aise found to have higher RF titres than Caucasian RA patients (51), with an average titre

of 800 fUll in Natives, versus 440 JUil in Caucasians.

ln contrast, the Inuit and Yupik Eskimos, and the Nuu-Chah-Nulth Indians with RA have

a frequency of RF of 78-83°~ (11-13). Interestingly, in a 1967 study, only approximately 40% of

Pima and Blaekfeet Indian RA patients 'Nere RF positive (40). This figure is unexpectedly low,

since the same study found a frequency of RF of 19°/à in the unaffected population of Pima

Indians, much higher than the figure of 1-5% found in apparently healthy subjects (58). The

presence of RF was al50 found to be strongly predictive of the development of RA in otherwise

healthy Pima Indians (59), but a more recent study of this same population found that only 75°~

of patients meeting 1987 ACR criteria for RA were RF positive (42). As a rule, the frequency of

RF in the general population does not appear to correlate w;th the prevalence rate of RA. The

Chippewa (48) and Brackfeet (40) Indians have a prevalence rate of RA almost identical to that

of the Pimas, but a frequency of RF in the general population similar to that reported in

caucasian populations, rather than the marXedly elevated rate found in the Pimas.

1n several Native American populations, the frequency of positive ANAs in RA patients

was found to be higher than expected. Thirty-four to 75% of the Yakima (43). the TIingit (47), the

Chippewa (4,48), the Mexican Mazahua (49), the Nuu-Chah-Nulth (12), and the Kiowa (50)

Indians with RA had positive ANA tests (Table 3). A Northem Ontario study aise reported more
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frequent positive ANA tests in Indians with RA than in Gaucasians. but no details were given

(52). Only the Yupik Eskimos (13), the Inuit Eskimos (11), and a mixed group of Indians in

Oklahoma (50) were found ta have lower frequencies of ANA in RA patients, at 28°~, 0% , and

27% respectively. The Tlingit. Chippewa. and Nuu-Chah-Nulth Indians aise have higher than

expected frequencies of ANA in the general population at 30%. 10.1%. and 11% respectively

(12.47,48). As mentioned above, the Nuu-Chah-Nulth RA patients had a high frequency of

unusual autoimmune features. This population and the THngits have aise been reported te have

a high frequency of SLE (12.47) (see below). Thirty-three percent of Kiowa Indians of Oklahoma

with RA were found ta have ami-Ro antibodies (50). 80th RF and ANA are known to he markers

of severe. chronic disease (60).

Genetic Markers: The HLA characteristics have alsa been determined for many of these

indigenous populations in recent years. In Caucasians, RA is highly associated with either the

Dw4(DRB1*0401) or the Dw14(DRB1*0404) genes. bath of which share a sequence motif in the

third hypervariable region of the DR81 gene, called the 'shared epitope' (61,62). The majority of

Caucasians who do not have the above aUeres have the epitope on the HLA-DR1 positive

haplotype, (DRB1*0101) (61). Initial studies of HLA genes in Native American populations

produced confliding results. In the Chippewa Indians, 68% of the general population and 100%

of the RA cases were found to be DR4 positive (48,63), a statistically significant association. In

this population, the relative risk for RA associated with the presence of DR4 was 13.4 (4S,64). In

Caucasians, approximately 30% of the general population are DR4 positive (65), leading the

authors ta condude that. given the HLA trait. the relative risk of RA in the Chippewa population

is similar to that of Caucasians (64). In contrast, the Inupiat and Yupik Eskimos alsa have high

frequencies of DR4 at 81% and 67% respectively (66), but do not have a higher than expected

prevalence of RA (6,13). Dw4 (DR81*Q401) was expressed by 63°~ of Inupiats (66), and 46% of

Yupiks (66), much higher than the 16% frequency reported in caucasians (61). In the Yakima

(67), the Tlingit (47), and the Pima Indians (68), early studies found no association with DR4. the

original HLA marker for RA susœptibility identified. Later studies identified the same 'shared

epitope' on the Dw16 (DRB1*1402) gene (68). This gene is very rare in Caucasians «1%) (67).

ln the Yakima Indians, 83% of RA patients and 60% of controfs were found ta have the 0w16
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haplotype. for a relative risk of RA in those with the gene of 3.3 (67). In the Tlingit Indians. the

Dw16 (DRB1*1402) allele was found in 91% of RA cases and 80% of contrais (69). Another

study reported similar find!ngs in Pima lndians. Greater than 90% of full blooded Pimas express

the HLA antigen HLA-Dw16. irrespective of whether RA is present (70). Williams et al

summarized the data from these three populations. and calculated a Mantel-Haenszel summary

odds ratio of 2.6, 95%) confidence intelVal 1.1-6.5, for the association of RA and the haplotype

(68).

The presence of the RA susceptibility epitope in caucasian populations has been found

to be associated with seropositive, erosive RA with increased extraarticular features (62). This

would certainly fit the profile for the majority of Native American populations studied. In addition,

a 'gene dosage' effect has been proposed, where patients with two copies of the RA

susceptibility epitope have more severe disease than those with only one (71). This hypothesis

may be particular1y relevant in those Native American populations wïth extremely high

frequencies of the epitope in the general population, where it would be expected that

homozygosity for the epitope would be relatively common. Indeed this seems ta be the case in

the Chippewa Indians. In a study preœding DNA sequencing of DRB1 allales, 67% of the

Chippewa population (affected and unaffected) appeared to be homozygous for broadly reactive

DR4 specificity (64). In another analysis, 36% of Chippewa RA patients were homozygous for

the broadly reactive DR4 specificity, compared to 23°Al of the general population (63). More

recently, homozygosity for the DRB1*1402 allele was founel in 47% of Tlingit Indian RA patients

compared to 31 % of controls (69). In full-blooded Ttingits, 59% of cases were homozygous for

the allel8, compared ta 38% of contrais. In these patients. there was a trend toward younger age

of onset and more extraarticular disease in the homozygous patients (69).

Because studies have shawn that RA patients can be divided into functional subsets,

based on theïr HLA and serologie characteristics (52), many investigators now feet that RA is a

heterogeneous disease. Variable responses to treatment may weil be determined at least in part

by genetic or disease subset differences (62). In the search for candidate genetic or

environmental causal mechanisms, the study of homogenous subsets of disease will Iikely

become increasingly important. From the above data, it appears most Iikely that North American
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1ndians in general represent such a homogenous subset, and they appear to have the most

severe form of this heterogeneous disease. They have a high frequency of seropositivity and

extraarticular manifestations, a young age at onset, severe erosive disease. and a very high

frequency of the "shared epitopelt. Prevalence rates are high. Of partieular interest is the finding

that, with the exception of the Tlingit Indians of Southeast Alaska, ail of the tribal groups found to

have inereased prevalence rates, and/or unusual features of RA, are of Amerind ancestry (Table

4). lt ssems plausible that RA in North American Indians represents the 'original' form of this

disease. This clinical, serological, and genetie homogeneity may prove invaluable in future

studies. As stated by Weyand et al, ..... if RA patients are heterogeneous in tenns of clinical

manifestations, disease course, treatment response. and etiology, then stratification of RA

patients into homogeneous subsets may be important. Future c1inical trials should take into

consideration that patient to patient differences in treatment efficacy can be expected unless

patients are stratified into appropriate subgroUps." (62). In addition, study of sueh a relatively

large homogenous group may speed the search for contributing genes.

Systemic Lupus Erythemat08us & Other Connective Tissue Diseases

While infonnation regarding connective tissue diseases in Native North Americans is

Iimited, the available data suggest increased incidence and prevalence rates, at least in sorne

groups.

Systemic Lupus Erythematosus: The prevafence of SLE has long been known to vary

widely by ethnie group, with higher rates reported in Blacks. Hispanics and Asians than in

Caucasians. Since Native Americans share genetic ancestry with Asians (23,26,27), it is

perhaps not surprising that they also share an increased propensity for SLE.

ln the major US studies of SLE. the prevalenœ ranges from 15 ta 51/100,000 for the

population as a whole (72-74) (Table 5). Similarty. the annual incidence rates vary from 2-8

cases per 100,000 (72-74). The differences in these figures have been attributed to a higher

proportion of Blacks in the Kaiser Foundation (72) vs. the Rochester (73) study, and in better

deterrnination methods (75) in bath of these compared te the New York study (74).
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Acers et al reviewed hospïtal diagnostic codes for ail of the nine Indian Health SeNices

(IHS) regions in the US, including Alaska, for the 10 year period from 1980-1990 (14). Ail Native

Americans residing on federal reservations reœive free medical care through the IHS, and

census figures are available for the reservations. Annual incidence rates in the different regions

ranged from 1-4/100,000 (14) (Table 6), ail similar ta the range reported in the Kaiser,

Rochester, and New York surveys mentioned above (72-74), which 'Nere population based.

However, because the Acers study was based ooly on hospital discharge codes. the true

incidence rates for ail of these regions is Iikety higher, particularty in view of increasing autpatient

treatment of SLE. Of note is that those IHS regions with higher incidence rates (Aberdeen,

Alaska, and Billings) are also those regions that include tribes found ta have high incidence and

prevalence rates of SLE in independent studies (see below).

An earlier study, by Morton et al, also used IHS hospital discharge data for the years

1971-1975, to establish annual incidence rates of SLE in Native American tribes (7). However,

rather than calculating rates for the separate geographic IHS ragions, Morton et al calculated the

rates for different Indian and Eskimo tribes, with interesting results wtlen compared ta the Acers

study. The Morton study found that the annual incidence rates in 72 of the 75 tribes studied

ranged from 0-7/100,000. similar ta that reported in Caucasians, and similar ta that reported by

Acers et al. However, in 3 tribes, the Crow, the Arapahoe, and the Sioux, the annual incidence

was much higher, at 27, 24, and 17 per 100,000 respectively. These tribes share a commen

ancestry as weil as geography (7,25). It is almost certain that the Morton study figures represent

an underestimate for ail of the Native American tribes, sinca the study was also based only on

inpatient records. It seems Iikely that the higher incidence rates in these three tribes were not

apparent in the study by Acers because these tribal groups are distributed amongst more than

one geographic region; and within each region, ether tribal groups with lowar incidence rates are

included.

Morton et al performed a more detailed analysis of SLE in the Sioux tribe, which

supported the hypothesis of an increased genetic tendency t0'N8rds SLE in this tribe. The annual

incidence rate for SLE in full-blooded Sioux was 31/100.000, compared te 21/100,000 for at least
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half-blooded Sioux, and 17/100,000 for the total Sioux population (7). The annuai incidence rate

for the surrounding non-Indian population was estimated at 2-61100,000 (7).

A study of the Nuu-Chah-Nulth of Vancouver Island (population approximately 2300)

found an extraordinarily high minimal prevalence rate for SLE of 3001100,000 (12). This

increased ta 5001100,000 if cases meeting the criteria for bath SLE and another connective

tissue disease were included. SLE in these patients was reported ta be generally mild, without

neurologie or rena' invo'vement. Of note, several SLE patients \Nere also found to have RA.

The Indians of Southeast AJaska vvere also found to have a high prevalence rate of SLE.

ln a study of approximately 9nO Indians, (80% of whom 'Nere ningit Indians, the remainder

being Tsimshian or Haida Indians), the crude prevalence rate of SLE was 921100,000 (5). When

these data 'Nere age-adjusted ta 1970 US population data, the rate rose ta 1121100,000. Unlike

the Nuu-Chah-Nulth, the disease did not seem to be particulany mild. Thirty-nine percent had

renal, 31 % had neurological, and 54% had hematological involvement.

A population based study of SLE in central canada, found a prevalence rate amang

Aigankian Indians (predominantly Cree & Ojibway Indians) of 31/100,000, compared to

141100,000 far the surrounding non-Aboriginal population (76). The Indians also had a younger

age of onset, had more ranal in'lolvement, higher fatality. and greater accumulation of damage

over their disease course than did Caucasian patients.

The Eskimos in Alaska and canada appear to have a normal to low prevalence of SLE.

Pooled data from two studies of over 17,000 Alaskan Yupik and inupiat Eskimos (5,6,13) found a

prevalenœ rate of only 11/100.000. Of interest though, is the nearfy equal sex ratio in AJaskan

Eskimos. A study of 4000 Inuit Eskimos in the canadian Northwest Territories found no cases of

SLE (11).

Inflammatoty Myooathies: Very Iittle information is available for the inflammatory

myopathies in Native Amencans. The rarity and heterogeneity of these disorders make accurate

determinations of incidence and prevalence difficult. but studies in predominantly Caucasian

populations suggest the annual incidence and prevalence rates range from 1-8 and 1Q-63 per

million population. respectivefy (77). The highest prevalence rate. at 63 per million, was trom a
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large, carefully conducted, population based study performed over 22 years in Tennessee (78). It

included ail inflammatory myopathies, as weil as childhood-onset disease.

ln a study of Mexican Mestizos, two cases of dermatamyositis (DM) were faund in an

area serving 30,000 Mestizas (49), for an estimated prevalence of 67 per million population.

Comparison of this rate with the Tennessee rate suggests disproportionate disease in the

Mestizos, since the Mexican paper included DM only, and only those cases attending a medical

clinie aver a 2-year period.

Separate studies of rheumatie disease in Inuit and Inupiat Esk.imos found no cases of

inflammatory myopathies in either group (6,11). In Southeast Alaska Indians. two cases of

polymyositis were faund in a population of close to 10,OOQ, for an estimated erude prevalence of

200 per million population, higher than expected CS). Amongst the Nuu-Chah-Nulth Indians, S

people were found ta have polymyositis, out of a total population of 2300 (12), for an

extraordinarily high prevalenœ estimate of 2174 per million population. It should be noted that

ail of the Nuu-Chah-Nulth patients with polymyositis were classified as having overlap

syndromes, as each also met the criteria for another rheumatie disease, either RA or SLE or bath

(see befow).

Systemie sclerosis: Three Nuu-Chah-Nulth patients were found to have systemic

sclerosis eSSe), each also in the setting of an overtap syndrome, for an estimated prevalence of

SSe in this population of 130/100,000 (12), weil above the North American and European

Caucasian estimates of 2-251100,000 (79). Quite reœntly, the full-blooded Choctaw Indians in

southeastem Oklahoma were found ta have the highest prevalenœ of SSe yet found in any

population (16). In this study of more than 250,000 Native Americans. case finding surveys were

conducted in three separate Indian communities - the Oklahoma Choctaw Indian community, ail

other Native Americans residing in Oklahoma, and a Choctaw tribe located in Mississippi.

Among the Oklahoma Choctaw. the prevalenœ rate was 469/1001000 for full-blooded Choctaw

Indians, 31/100,000 for less than full-blooded Choctaws1 and 661100,000 overall. In non

Choctaw Oklahoma Indians. the prevalenœ of SSe was 10/100,000. InterestinglY1 no cases of

SSe were found in the third group of 4500 largely full-blooded Mississippi Choctaw Indians,
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where 21 cases might have been expected had the prevalence been the same as in the

Oklahoma full-blooded Choctaws (16).

The authors also did a case control study of SSc. matching 12 Choctaw SSc cases for

age. sex. and blood quantum ta 4 Choctaw contrais each (16). Using a detailed questionnaire.

this study was unable ta identify any significantly different environmental exposures between

cases and contrais. The case control study did find differences in HLA allele frequency between

the ~tJO groups. Hl-A. -ORB1-1602, 0081*0301, OQA1*OS01, 835. and Cw4 were each found in

100% of the cases. compared to 54%. 71 %
• 73%, 46% • and 50°./0 of contrais respectively. The

HLA-DR81 *1602, 0081*0301, DQA1*OS01 haplotype was also found in 82% of Mississippi

Choctaws. in whom no SSc was found. Only 8% of Mississippi Choctaws were ANA positive,

compared ta 100% of Oklahoma Choctaw SSc patients and 23% of Oklahoma Choctaw controls.

The Choctaw SSc cases aise demonstrated a remarka~y homogeneous clinical picture, with

65% having diffuse skin involvement. 88% having Raynaud's phenomenon and pulmanary

fibrosis, and 71% having anti-topoisomerase-1 antibodies (16).

The authors concJuded that the high prevalence of SSc in Oklahoma Choctaws could be

accounted for. at least in part, by high frequencies of certain class Il MHC alleles, with the lack of

disease in the Mississippi Choctaws, who had a high frequency of the same alleles, indicating

that an additional genetic or environmental factor was needed. A further study identified a 2 cM

haplotype on chromosome 15q containing the fibrillin-1 gene to be a major genetic contributor ta

SSc in this population (BO). This haplotype was significantly increased in Choctaw SSc cases

(7/18 versus 6177 healthy Choctaw controls, p=O.0024). 1nterestingly, the authors were able to

establish that 20 of the 25 contemporary Choctaw SSc cases were Iinked to five founding

families in the fate 17oo's (80). The migration of the Choctaw Indians fram several southeastem

states, incJuding Mississippi, te Oklahoma occurred in the earty 18oo's (16), suggesting that a

founder effect occurred at that time with respect ta SSc associated genes.

Atvpical Connective Tissue Disease and Overtap Syndromes: Sorne community-based

studies have alsa found frequent atypical meumatic disease in Native populations. Amongst the

Nuu-Chah-Nulth Indians, the authors found 52 cases of an unclassifiable articular syndrome,

comprising nearty half of ail of the rheumatology referrals in this population (12). The majortty of
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these patients were young \\'Omen with periodic weather dependant joint swelling. Many had

extraarticular features reminiscent of SLE, such as alopecia, cytopenias, vasculitis, nephritis.

and serositis. Thirty-five percent of these patients 'Nere RF positive, and 31°;/0 were ANA positive.

Another group of investigators working with Oklahoma Indians noted a high frequency of

rheumatic diseases that were not easily classified under current nomenclature (50). In Morton et

al's study of SLE in the Sioux, the authors commented that on review of medical records. they

disco"ered many patients fulfilling only 2...3 criteria for SLE. who were therefore excluded from

the prevalence calculations. and nct examined or reviewed further (7). Amongst the Mille Lac

Band of Chippewa Indians in central Minnesota. who had a prevalence of RA of 5.3%. an

additional S.8°;/o of the population hael a peripheral polyarthritis lacking the characteristic pattern

of RA (4). Twenty-t'Ml percent of these patients were RF positive, 33°;/0 were ANA positive. and

several had extraarticular features of autoimmune disease (48). Since these examples ail

occurred in populations with a high frequency of a defined rheumatic disease, one can speculate

that such cases may alsa exist in other populations seemingly prone to autoimmune disease.

Overtap syndromes have been described in only one Native American population, the

Nuu-Chah-Nulth Indians mentioned above. The authors found 9 patients with overtap

syndromes, fully S°A, of ail referred patients, and 0.4% of the entire population (12). No data on

the prevalence of overtap syndromes exists for any population, but these syndromes were found

to make up 2.SolO of a full-time academic practice in one study (81), suggesting an excess in the

Nuu-Chah-Nulth. In each of these cases, the patients met the criteria for RA, as weil as for one

or t'NO additional connective tissue diseasesl either SLE, polymyositis, or SSc.

Summary: The Tlingit and the Nuu-Chah-Nulth emerge as being unusually prone to

autoimmune disorders, although this tendency is expressed differently in the two groups. The

Tlingit Indians have high prevalences of RA. SLE, and polymyositis (5). while the Nuu-Chah

Nulth have high prevalences of SLE, SSC, polymyositis. and overtap syndromes (12). These two

groups have in commen a high frequency of positive ANAs in the general population: 29% in the

TIingit (5) and 11°;/0 in the Nuu-Chah-Nulth (12). The Oklahoma Choctaw Indians. with a very high

prevalence rate of SSc also have a high frequency of positive ANAs in the general population
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(230/0) (16). Atypical disease. which is difficult to classify, also appears to be common in a

number of Native American groups.

5LE. like RA, is increasingly being viewed as a composite disease, with different MHC

c1ass Il alle/es mediating specifie autoantibody subsets (82). Inflammatory myopathies and

systemic sclerosis are al50 known to be heterogeneous diseases, with different autoantibodies

conferring different clinical features and prognosis (83.84). In addition to MHC alleles, it is alsa

probable that polymorphie TeR and immunoglobulin genes are involved in autoantibody

production with the autoantibodies Iikely participating in the various clinical manifestations of the

diseases (82,85). If this is indeed the case. study of undertying genetic mechanisms, treatment

responses. outcomes, and contributing environmental factors may be enhanced by analyzing

homogenous populations representing a single disease subset, w;th Native American tribal

groups offering an excellent opportunity for such studies.

As is the case in rheumatoid arthritis, ail of the tribal groups with an excess of connective

tissue disease are Amerind Indians. again w;th the exception of the Tlingit Indians in Southeast

Alaska.

Seronegative Spondyloarthropathies

Considerable data on the seronegative spondyloarthropathies in North American

Aboriginals has been published over the last 20 years. Unlike the studies of RA described above,

the spondyloarthropathies in North American Indians and Eskimos do not appear to be

substantially different trom the descriptions generally found in textbooks, with respect to cHnical

manifestations and disease course. Nevertheless, sorne important differences are worthy of

discussion: First, the frequency of the HLA-B27 antigen appears to be relatively high in almost ail

Native North Americans, ranging trom 9-50o~ (29) (Table 7). Second, while sorne tribal groups

have extraordinarily high frequencies of the HLA-B27 antigen and correspondingly high rates of

8-27 related arthropathies, other groups with a similarty high prevalence of 827 do nct appear to

develop an excess of spondyloarthropathies. Third, a striking polarity is seen in sorne of these

indigenous populations, who appear to have a propensity to develop one 827 related disease
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over another. Lastly, psoriatic arthritis (PM) and enteropathic arthritis (EA) appear to be very

rare in ail North American Indian populations.

Table 7 Iists the frequency of the HLA-B27 phenotype in North American Native, and

North American and western European Caucasian populations. Studies of predominantly

Caucasian populations reveal a phenotypic frequency of HLA-B27 of 2-18%, w;th a risk of

ankylosing spondylitis (AS) of 2-8°k in those who are HLA-B27 positive (86,87). The risk of

Reiters syndrome (RS) has been found te be as high as 20o~ (88) by some authors, although

this figure is disputed. In populations with higher 827 frequencies, such as the North American

natives, the risk of AS appears ta he higher (86).

Haida Indians: The Haida Indians on the Queen ChaMotte Islands on the Canadian

Pacifie coast, of Na-Dene ancestry, have one of the highest known prevarence rates of bath

HLA-B27 and AS (9,18,88,90). Fifty percent of the Haida Indians express the 827 antigen (89).

Gotton et al surveyed 89% of Haida adults over the age of 15, from t'No communities on the

Queen Charlotte Islands, and found a prevalence for AS of 6.2°~ (9,90) in males over 15, and

6.7°~ in males over 25 (18). No cases were found in females (90). An analysis of pelvic x-rays

revealed a prevalence of sacroiliitis (Grade 3-4, New York criteria) of 9.5% in Haida males over

the age of 25 (18), and a prevalenœ of 13.6°~ if grade 2 cases are included. This compares ta a

1% prevalence of sacroiliitis in adult male pelvic x-rays in Watford, England (20), and confers a

rfsk of developing sacroiliitis in HLA-827 positive males of about 20o~ (18,86). No cases of RS.

PsA, or EA were found in etther study, and on questioning of local physicians caring for these

people during the second survey, no cases over the preœding 10 ta 15 years were recalled.

Interestingly, a survey of Southeast Alaskan Indians found only t'No cases of AS in Haida

Indians (5), lower than expected based on the canadian Haida data. The authors did find four

cases of RS and stated that in their population of Haida Indians, the prevalence of RS was

relativety high (5). The expfanation for this discrepancy is unclear. While differing methodology

may have been a cause of underdiagnosis of AS in the Alaskan study, (the canadian studies

were population based, the Alaskan study reviewed only those patients who had sought medical

treatment for theïr problems; both used the Rome criteria the diagnosis), this would not explain

the reversed results for the prevalence of RS. The frequency of HLA-827 in the Alaskan Haidas
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is unknown, and although it is believed that the two groups of Haida Indians are very ctosely

related, it is possible that they are genetically less similar than expected. The authors of the

Alaskan study also speculate that lack of exposure ta the triggering organisms may be the cause

of the low frequency of RS in the Canadian Haidas (5). One study did find a high prevalence of

law-Ievel antibodies to T. mycoplasmas (Ureaplasma urealyticum) in the Canadian Haida, but the

antibody levels did not correlate wïth the presence of spondylitis or the HLA-827 antigen (91).

Another study investigated Yersinia enterocolitica as a possible cause of the increased

prevalence of spondylitis in the Canadian Haida, and found no serologie evidence of Y.

enterocolitica related ta spondylitis (92).

Navajo Indians: The Navajo Indians in Arizona, alsa of Na-Dene ancestry, have a

phenotypic frequency of HLA-827 of between 26 and 3S0A» (8,93,94). Initial HLA typing found that

36°A» of men and 26°A» of women were 827 positive (8), but the authors felt that the true

frequency of 827 in men was Iikely doser to the 26°A» seen in warnen, due ta biased selection of

HLA-B27 positive men (94). This population appears ta have a much higher prevalence of RS

than AS. Over an 18-month period, 18 cases of RS were observed in a community hospital

serving 6000 Navajo Indians, for an estimated annual incidence of 1331100,000, and a minimum

prevalence of 300/100,000 (8). A review of hospital discharge records in the same population

over a 3 year period found only 7 cases of AS but 22 cases of RS during the same period, for an

estimated annual incidence for RS of 1221100,000 (93). These figures are much higher than a

Finnish estimation of 30-40/100,000 par year (95). Because these studies were based on hospital

discharges, and because of Navajo cultural reluctance ta seeking medical care, milder cases

were Iikely missed, suggesting that the true incidence and prevalence rates are higher (8). The

high rate of RS may be due at least in part to the fact that this area is endemic for shigellosis (8),

a known trigger for RS, combined with the high frequency of HLA-827 in this population. Eighty

six to 88°~ of the patients with RS were 827 positive (8.93). A later study found a prevalence of

radiological sacroiliitis of 11% in adult Navajos, and 83% of those with sacroiliitis who were HLA

typed were HLA-B27 POSitive (96). The authors felt that the increased frequency of radiological

sacroiliitis was due to RS, rather than AS, because 53°A» of RS patients previously reported by

these authors had sacroiliitis (96).
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The RS experienced by the Navajo may be somewhat different from that described in

Caucasians. In 1971. 21 cases of "Navajo Arthritis" 'Nere reported over a 2-year period,

described as an acute asymmetric polyarthritis. occurring predominantly in males, uniformly self

Iimited within 1-3 weeks (97). In ail cases the knee was affected, most aise had other joints

affected. In general. the pattern of joint invojvement was consistent wïth that described for RS.

What was unusual was the complete absence of preceding dysentery and extraarticular features

in this group cf patients. (It should he noted that the alrthors excfuded any patients with a history

of prior or concomitant urethMtis ar conjunctivitis.) Recurrences aise appeared less comman than

expected in this group. with the majority apparently entirely symptom free 1-2 years later. This

"Navajo Arthritis" was later reassessed as most likely representing a variant of RS, given the

ubiquity of Shigellosis. and given that during the same time period. only one definite case of RS

was diagnosed at this hospital. a mark.ed contrast to the numbers seen in neighboring centers

(93). This serves ta iIIustrate the subtle differenœs in the clinical features in rheumatic diseases

in North American indigenous populations and the difficulties that may arise in applying

classification systems designed for iIInesses in non-Native American populations.

Bella Bella and Bella Coola Indians: There are Iimited data available on the Bella Bella

and the Bella Coola Indians, bath living on the coast of British Columbia. A survey af adult males

aver the age of 25. with a completion rate of 88-92%. found definite sacroiliitis in 9.2% of Bella

Bella Indians and 3.5% of BeHa Coola rndians (18). Definite AS (using New York. criteria) was

found in 7.60/0 of the Bella Beira and 3.1°k of the Betra Coola (18). A later survey by the same

authors reassessed the rate of definite sacroiliitis in the Bella Coola ta he 2% (89). 50 it is

possible that the other rates reported above were also overestimates. HLA typing showed that

25% of Bella Coola rndians were HLA-B27 positive. and 1000k of those with sacroîliitis carried

the antigen (89). In a later paper the risk of AS in B27 positive BeIra Coola males was estimated

ta he 7% (98), much lower than the Haida (18) or the Pima Indians (99) (see below). Both Bella

Bella and Bella Coola Indians of these groups are classified as Amerind lndians on the basis of

ranguage analysis (24). but the Bella Coola Indians appear to be a mixture of Amerind and Na

Dene based on mitochondrial DNA and Gm allotyping studies (26,100). No genetic studies are

avaHable for the Bella Bella Indians.
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Pima Indians: The Pima Indians. who live in southwestem Arizona near the Navajo, but

are Amerind Indians (25.26), have a phenotypic frequency of HLA-B27 of 18% (99,101). White

Goffon et al (20) initially reported a relatively low prevalence of grade 2-4 radiological sacroiliitis

of 3.9% in adult Pimas over the age of 25, (compared ta 13.6°A, in the Haida, and 1.0% in

Watford, England, and O°A, for Jamaicans), a subsequent study of radiological sacroiliitis in

randomly selected Pima Indians found a much higher prevalence of 16% in males over the age

cf 20 (101). ln the same study, 14% of first degree relatives of the above men shown ta have

sacroiliitis alsa had grade 2 or higher sacroiliitis (101). An additional study confinned this high

rate. with 11% of 104 men having grade 3 or higher sacroiliitis (99). In this study, only 3°A, of

female Pima Indians had grade 3-4 sacroiliitis (99). T'NO separate studies found the prevalence

of AS to be 5% in Pima Indian males over the age of 30 (102), and S.9°A, in Pima males over the

age of 25 (18). The first study alsa examined adult female Pima Indians, and found no cases of

AS (102).

ln two studies, 500k (99) of Pima females, and 50- 73°A, (99,101) of males with sacroiliitis

were HLA-B27 positive. The authors of one of these studies found that 53°A, of males but only

8°/" of females with HLA-827 developed sacroiliitis (99). This risk of disease in males is

considerably higher than the highest figure of 200k quoted for HLA-B27 positive caucasians (88).

ln 'NOmen, the numbers were too small to draw conclusions.

Although the rate of sacroiliitis and AS in Pima Indian males is strikingly high. especialiy

when compared to the frequency of HLA-B27 in this population, the sacroiliitis appears to be

somewhat milder. In the study by Gafton et al (20) mentioned above, 0.8% of Pima males had

sacroiliitis of grade 3 or above, compared to 6.1 % of Haida Indians males. A later study found

that while 9.2% of Pima males had grade 2 or higher findings, only 4.5% had sacroiliitis of grade

3 or higher, compared to 13.6°~ and 9.5°/'0 in the Haïda males (18).

ln the Pimas, availabfe information suggests the majority of the sacroiliitis is in fact due

to AS, with a notable absence of RS, EA. and Psi\. One of the above mentioned studies included

data on 207 subjects. of whom 52 had grade 2 or higher changes of SI. No cases of RS, EA, or

PsA were found amongst these 52 cases (101. No studies exist reporting any cases of RS, IBO.

or PsA in Pima Indians.
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Other Indian Tribes: ln severa1 other American Indian tribal groups. the prevalence of

spondyloarthropathies appears to be either minimally or nct at ail elevated compared to North

American and European Caucasians. In a survey of approximately 1000 Blackfeet Indians of

northem Montana, a clinical diagnosis of AS was made in 1% of males (102). No cases of AS

'Nere found in female Blackfeet Indians. A later study of radiological sacroiliitis in the same

population found a prevalence of 2.6°k in males over the age of 25 (18). The frequency of HLA

827 ln this population is unkr.mVii.

The Hopi Indians of Arizona have a frequency of HLA~827of 9% (8), amongst the lowest

recorded in any North American Native population, and within the range reported for Caucasians

(29). It appears that the risk of clinical disease in this population is even lower than would be

expected based on this frequency. Morse et al (8), who conducted the survey of the Navajo

Indians, aise surveyed the Hopi. Based on their known HLA-B27 frequency, and assuming the

same risk of RS in HLA-B27 positive Hopi Indians as is seen in the Navajo, 4-5 cases of RS

among the Hopi would have been expected, but none were found (8). These Hopi Indians share

a geographical environment, including endemic Shigellosis. with the Navajo, yet in addition to

finding no RS, very little B27 related disease of any sort was found. The authors concluded that

the risk of RS in HLA-B27 positive Hopi Indians was considerably lower than that of the Navajo

(8). While clinical disease appears to be minimal, a 'ater study found a prevalence of radiological

sacroiliitis of 8% in Hopi males. and none in females (94).

A survey of 85% of 2300 Nuu-eha~Nulth Indians living on Vancouver Island, and

subsequent examination and medical record review of those who had been referred ta a

rheumatologist in the past, found only 1 case of RS, 5 cases of sacroiliitis, and no cases of AS,

PsA, or ES (12). Ail the cases of sacroiliitis were grade 2. It therefore appears that this group of

Indians, living 150 miles south of the Haïda, with a similar ctimate and Iifestyle but distinct

anœstry, have a very low prevalence of spondyloarthropathy. Two of the 5 patients w;th

sacroiliitis were HLA-B27 positive, but the frequency of 827 in the general population is not

known.

The prevalence of AS in Mexican Mestizos, who are a mixture of Caucasians (mainly

Spaniards), and Mexican Mazahua Indians. is unknown, but several studies have found the
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frequency of HLA-B27 to be 3-5.5% in this population in general, and 69-81% in those with AS,

for an estimated relative risk of 66.5 for HLA-B27 positive individuals (103,104).

The Zuni Indians are a tribe of Puebla Indians living in southwestem New Mexico, and

are kno'NTl ta have a phenotypic frequency of HLA-827 of 15% (105). A descriptive study of 24

Zuni Indians compared 12 HLA-827 positive individuals to 12 age and sex matched 827

negative individuals (106). The authors found 1 case of uveitis, 1 case of RS, 6 cases of

sacroiliac Joint tendemess and/cr back tendemess, and 3 cases of grade 2'4 radic!cgical

sacroiliitis, ail in the 12 827 positive individuals. There were no positive physical findings or

relevant past history in the 827 negative individuals. The authors' assessments were blinded as

to the subjects' HLA status, and the subjects had been randomly selected. A1though these

numbers are too smaH to draw definitive conclusions, it seems likely that the Zuni Indians alsa

have a high prevalence of radiological sacroiliitis and other 827 related physical findings.

The only data that exists on the large number of Native Americans in canada east of the

Rocky Mountains is a pilot study of a group of Cree Indians in Alberta. In this study, 103 adults

aged 2042 years were examined and HLA typed. Fourteen (13.6°k), were found to have HLA

827 (107). Ten of the 14 underwent pelvic x-rays, and two had grade 2 sacroiliitis. Neither had

definite AS. The resulting estimated prevalence of abnonnal sacroiliac joints in 20°A, of 827

positive individuals approximates that described in the Haïda Indians.

The Cree Indians (part of the Algonkian Indian group) above, as weil as the Hopi, the

Zuni, the Nuu-Chah-Nulth, and the Mazahua Indians are ail of Amerind ongin (24) (Table 4).

A study of rheumatic diseases in the Alaskan Indians of the Southeast coast did not find

an excess of the spondytoarthropathies. In a regionallndian population of approximately 9nO, a

prevalence rate of 1.1 Ok for ail seronegative spondyloarthropathies in adults over the age of 20

was found (5). In this study, there were equal numbers of patients with RS and AS, although AS

predominated in males, and RS in females. Interestingly, the male: female ratio for ail

spondyloarthropathies was also equal, due ta the ftnding that 50% of females had an

undifferentiated spondyloarthropathy, compared ta 18°k of males. The phenotypic frequency of

HLA-B27 in Tlingit Indians, who make up at least 80o~ of this study population, was found ta be

18% in a separate study (69), suggesting a lower risk of disease in 827 positive individuals than
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described in other tribal groups above. Since the above study identified cases by virtue of their

having sought medical care for their symptoms, the true prevalence of spondyloarthropathies

may be higher.

Eskimo-Aleut: The Inuit Eskimos of northem Canada appear to have a similarty low

prevalence of the spondyloarthropathies. A study of rheumatic disease among the Inuit of the

Keewatin district of the Northwest Territories of Canada found a prevalence rate of Q.Bok for ail

spcnd'jfcarthropathies in adu!ts over the age of 15, and a yearly incidence of 60.1/100,000 (11)

The prevalence rate for definite AS was O.2°k, and for RS, 0.1 %. The remainder of the

spondyloarthropathies included in the prevalence estimate were unclassifiable, with the

exception of one case of psoriatic arthmis. The authors felt that these figures likely represented

an underestimate. RS was somewhat more frequent than AS, with yearty incidence rates of

24.91100,000 and 5.11100,000, respectively (11). Presumably, the lowar prevalence, but higher

incidence figures for RS compared to AS are due to disease remissions in RS, but no cHnical

data is provided. In this population the male: female ratio was roughly 3: 1 for ail

spondyloarthropathies. The frequency of HLA-827 in a small group of control subjects in this

population was 37°k, while 87% of patients with spondyloarthropathies were 827 positive (11).

ln Alaskan Eskimos, the prevalence rates of spondyloarthrcpathies are higher than in

their Canadian counterparts. Alaskan Yupik and Inupiat Eskimos are known to have respective

frequencies of HLA-827 of 40% and 25% (6,13,15,66). The prevalence of ail

spondyloarthropathies was found to be 2.50/0 in adults over the age of 20. with no significant

differenœ between the two Eskimo groups, in a total study population of approximately 6749

(15). The prevalence rate of AS was 0.4% in males and females. white for RS the prevalence

rate was 1.2% in males. 0.60/0 in temales, and 1.0% overall. AS was considerably less common

in Eskimos than R5. perhaps surprising given the high frequency of 827 in this population, and

PsA and EA were very rare. Aise, there were a remarkable number of ovenap

spondyloarthropathies, where patients met the criteria for more than one disease. as weil as

undifferentiated spondyloarthropathies, the latter particutarly in women (15).
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Discussion: To summarize the above data; the Haida. the Navajo, the Pima, the Bella Bella

and the Bella Coola Indians, and the Yupik and Inupiat Eskimos have high (although quite

variable) rates of 827 related disease, while the Southeast AJaskan Indians. the Inuit Eskimos,

the Blackfeet, the Nuu-Chah-Nulth and the Hopi Indians appear ta have rates of disease that are

either lower than or simifar ta published rates in caucasians. Second, while the Haida, and the

Pima appear to develop AS almost exclusively, the Navajo are more prone to RS; and Alaskan

Indians, and at! three Eskimo groups appa-ar ta deve!op bath. Third, th~ 827 antigen appears to

confer differing risks of disease in different populations, ranging trom a high of 53% in Pima

males, to an apparently very low risk in Alaskan Indians. These data are summarized in Table 8.

Similar variations in risk of disease associated with the 827 antigen have been found in

Caucasian populations (86).

It is evident that more than simply the frequency of HLA-827 in a population is involved

in determining the frequency of 827 related disease. While no definitive explanation currently

exists there are several possible contributing factors. Some of the differences in disease

prevalenœ and expression certainly relate to the triggering antigens. The natural peptides may

have distinct binding affinities, and variations in exposure ta pathogenie factors are also an

obvious possibility. Studies of the Eskimos and Alaskan and Northwest Pacifie Indians are an

example of this. As mentioned above, only AS was described in the Canadian Haida, as weil as

in the Bella Bella and Bella Coola Indians, ail of whom live on the Northwest Pacifie coast.

However, RS was found in the A1askan Haida, living in an area where RS and AS were both

described in the ether regional Indian groups (Tlingit and Tsimshian Indians). Ali three Eskimo

groups, both those in Alaska and Northem Canada, develop both AS and RS, suggesting the

possible presence of a triggering antigen in the far north, which is absent on the Northwest

Pacifie Coast. At least amongst the Inuit, the prevalence of Chlamydia trachomatis urethritis is

known ta be high (108), with correspondingly high rates of RS, but this is nct reported in other

northem indigenous populations. That triggering antigens alone are an incomplete explanation is

implied by data from southwestem USA The Hopi and Navajo Indians both live in an area

endemie for Shigellosis, but the Hopi have a very low frequency of reactive arthritis, while that in

the Navajo is high.
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Family studies in caucasians have found that relatives of a patient with AS are more

Iikely ta develop AS than RS, and that relatives of a patient with RS are more Iikely ta develop

RS (109). Pemaps this family tendency to 'breed true' also applies ta these relatively

homogenous indigenous populations as a whole. The explanation for this phenomenon however,

remains obscure.

827 related EA and PsA are strikingly absent in essentially ail of these populations. This

likely relates ta the iack of psoriasis and inflammalory bowei disease {i8D} in general in these

populations. Data, although aceurate, are Iimited, with the exception that the Inuit are known to

have a very low prevalence of psoriasis (110), and the AJgonkian Indians in western Canada

have recently been shO'Nl'l ta have a much lower prevalence rate of IBO than the surrounding

local population (111).

While several subtypes of 827 have been described, it has been established that North

American Indians and Eskimos carry the B*2705 subtype excfusively (112). This is aIse the most

comman subtype in Caucasians (113), therefare differences in disease susceptibility and

expression are nat due ta 827 subtype differences.

One particularty fascinating aspect of these indigenous populations is the almost

universal preseJVation of the 827 antigen al relatively high frequencies amongst these people on

the North American continent, but not in Central or South America (112). While there is sorne

c1ustering of 827 frequencies by ancestral groupings (114), with the highest 827 frequencies

seen in the Na-Dene Indians and Eskimo-AJeuts (29), (both of whom reside predominantly in the

north), and the lowest in the Amerinds Indians (29), a ctimatic gradient aise appears ta exist. This

is quite dramatically ïUustrated by the distribution of B27 in the Amerinds. The northem. central

and southern Amerinds ail share a comman ancestry (24), but 827 is virtually absent in central

and South American Indianst while prevalent at relatively high frequencies in narthem Amerinds

(112). This climatic 827 gradient appears ta be dupHcated woridwide, with the only exception

being a small study of an isolated group of Papua New Guinea natives, wha have B27

frequencies of 25-52%» (115). HLA-B27 is present in lower frequencies in southern vs. northem

Europeans and in southem vs. northem Indian caucasoids (29). It is present in moderately low

frequencies in the Middle East and Asia and is virtually absent in Australian Aborigines, Maori,
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and African populations (29,112). Table 9 presents 827 frequencies in populations around the

wand. Neither genetic drift nor the founder effect can fully explain the clustering of high 827

frequencies in northem latitudes.

Native Americans are descended from northeast Astan populations, in whom the present

day, 827 frequency ranges from 2-8% (112). The combined findings of clustering of high

frequencies of 827 in northem latitudes, and the divergence of 827 frequencies in both the

Amennds (in North vs. Central and South America) and ln present day Asian populations vs.

their American Indian descendants lead ta the speculation that HLA-827 is preferentially

conserved in northem climates. Conceivably HLA-B27 confers an unknown advantage in

northem climates, or is in linkage disequilibrium with a gene that does sa. HLA-827 molecuJes

have been shown ta be one of the best class 1 molecules in terms of generating viral-specifie

immunity (116), 50 perhaps the answer lies in a 'northem' virus.

ln general, Native American tribal groups are not only genetically homogenous, but aise

often live in relatively well-circumscribed areas. Since many also have a very high prevalence of

HLA-B27 and related diseases, these populations may provide an ideal opportunity for further

study of additional genetic and environmental influences on 827 related disease expression.

Juvenile Rheumatic Diseases

Published reports of the incidence of juvenile chronic arthritis (JCA) tram Europe

and the US range from 9-25/100,000 per year (117), while reports of prevalence range from 57

113/100.000 (36). In general, pediatrie rheumatie diseases in Native Americans seem to parallet

that found in the respective adult communities, with increased prevalence rate for both RA and

spondyloarthropathies seen, but with mueh less published infonnation available.

Hill and Walters were the first to report an apparent excess of JCA in North American

Indians (118). at the provincial Children's Arthritfs Program in British Columbia. Canada. They

found that while North American Indian children comprised 3.60/0 of the total British Columbia

childhood population. 18.6% of their patients with JCA were Indian. Hill later reported that the

incidence of juvenife rheumatoid arthritis (JRA) for the years 1966-1975 was 71100,OOOlyear for

Native children compared to 311 OO.OOOJyear for non-native ehildren (19).
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Rosenberg et al reviewed chronic arthritis in Native children in two pediatric rheumatïc

disease clinies. the Arthritis Centre in Vancouver, British Columbia. and the Children's Hospital in

Winnipeg. Manitoba. Canada (10). In British Columbia. the Native children 'Nere primarily of the

Haïda. Cowïchan. or Salish tribes, while the Manitoba Native children were primarily of the Cree.

Assiniboine or Sioux tribes. They found a prevalence of JCA of 34/100.000 for non-Indian

children. and a prevalence of 59/100,000 for Indian children. The prevalences of JRA for

Caucasians and liidians _"w-ere 20/100.000 and 361100.000 respedively, '.\/hile the pre'lalences cf

spondyloarthropathies in the caucasian and NAI children were 4/100,000 and 29/100.000

respective!y. The ratio of JRA to spondyloarthropathies in the Indian and non-Indian children was

1.2:1 and 5.4:1 respectively.

The serologie differences found in adult Indians with RA may also be present in children.

ln Rosenberg's study, 35% of Native children with JRA were RF positive, compared to 9.1 %, of

Caucasians, and 53.3°k of Native children were ANA positive vs. 28.8°!cJ of Caucasian ehildren

(10). Hill et al also found that 46% of Indian ehildren were RF positive compared to 5.2% of non

Indian children (118). In general. the polyartieular RF+ subtype of JRA seems to be the most

common presentation in Indian children. Rosenberg et al's study found that 59% of Indian

children with JRA had a polyarticular onset versus 29% of the caucasian children (10), while 618

Southeast Alaska Indian children had polyarticular RF+ JRA (5). In the report by Hill et al. a

much lower perœntage of North American Indian children had mono- or oligoarthritis compared

to Caucasian children (118). In this report, 61%1 of lndian ehildren were in Steinbroker functional

class III, compared to 24% of non-tndian children. There are no other reports of differences in

serological or elinical manifestations in Native children.

Both the overall excess of JCA. as weil as an even greater preponderance of juvenile

spondyloarthropathies compared to JRA has also been reported in ether Native American

populations. The Alaskan Inupiat Eskimos were found to have an average annual incidence rate

of JCA of 281100,000 (6). Only one of the 6 children found in this survey had JRA, and 5 of the

6 had spondyloarthropathies, ail of whom were male. for an annual sex specifie incidence rate of

47/100,000. In Yupik Eskimos, the average annual incidence rate of JCA was found to be

421100.000 (13). Only 3 of 24 Yupik children had J~ the remainder was diagnosed with
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spondyloarthropathies. Amongst the Inuit Eskimos in northem Canada, there was a marked

predominance of juvenile spondyloarthropathies over JRA, with respective annual incidence

rates of 106 and 24 per 100,000 (11). Children again represented a large proportion of ail

spondyloarthropathies in this population, at 39%. Boyer et al found an average annual incidence

of JCA of 39/100,000 in Southeast Alaska Indian children, with a prevalence rate of 831100,000

for active JCA, 138/100,000 if inactive disease was included. In this group, 47% of children had

spcnd'lloarthropathic discrders, 32% had polyarticular. RF positive JRA, wf1ile the remainder had

pauciarticular ANA positive JA (15).

Spondyloarthropathies with onset during childhood seem to make up a greater proportion

of ail spondyloarthropathies in many indigenous populations, regardless of the overall

prevalence of spondyloarthropathies in the population. Children represented 38% of the entire

spondyloarthropathies found in the Inupiat population (6),31% amongst the Yupik (13), and 39%

amongst the Inuit (11), comparecl to 10-21% of patients in Caucasian studies (119). The Mexican

Mestizos aise appear to have a preponderance of juvenile onset AS, with 54% of patients in one

study presenting before age 16 (119), while the Mestizo population as a whole is not known to

have an excess of spondyloarthropathies. The age of onset of ail of the cases of sacroiliitis was

in childhood or adolescence in the Nuu-Chah-Nulth Indians, who appear to have a very low

prevalence of spondyloarthropathies (12).

Lastly, one other unusual feature of juvenile spondyloarthropathies in Native North

American populations is that Reiter's syndrome, thought to be very uncommon in children

(117,120), is seen relatively frequently. Four of 14 Indian children with spondyloarthropathies

were diagnosed with RS in Rosenberg et al's study (10), described above, comparecl te 0/33

Caucasian children. There were 2 cases of RS diagnosed amongst 19 Southeast Alaska 1ndian

children with JCA (5). One out of 24 Yupik Eskimo children (13), 216 Inupiat Eskimo children (6),

and 3111 Inuit Eskimo children (11) with JCA were diagnosed with RS. Reiter's Syndrome has

alsa been reported in Navajo Indian children (121).
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Osteoarthritis

The available Iiterature on osteoarthritis (OA) in Native Americans is both

minimal and confusing. A survey done in the 1960's including S60A» of adults over 30 years of

age found rather astounding rates of Grade 2 or higher radiographie CA of the hands of 68°/c) in

Blaekfeet Indians, and 65% of Pima Indians (102). This survey included almost 1000 individuals

in eaeh tribe. Another early survey of more than 4QO Alaskan Eskimos found a lower prevalence

of Grade 2 or higher radiographie OA cf the hands in 23.9% of adults o'1er the age of 40,

compared to a prevalence of 43.3% in US caucasians over the age of 40 (122). The National

Health Examination Survey, a radiographie survey aise conducted in the United States at about

the same time, found a prevalence of mild, moderate or severe DA of the hands of 32.5% in

adults aged 25-74 (123). Each of these surveys used the same criteria for grading radiographs

(124).

These rates can be compared to the Tecumseh Community Health survey of a

Caucasian population from the same era, where the prevalence of OA diagnosed by history and

physicaJ examination was found to be 4.2% for males, and 9.0% in females over the age of 20

(36). The prevalence of symptomatie DA of the hands was estimated at 3.1 % of adults aged 25

72, using data from the National Health Examination survey mentioned above (36).

More reœntly, a survey of about 4000 Inuit Eskimos found a low point prevalence of DA

1.2% in men and 2.1% in women (11). Patients in this survey were identified based on their

recorded presentation with symptoms. Using similar methodology, a survey of approximately

2300 Nuu-Chah-Nulth Indians found that only 10 had been referred ta a rheumatologist for DA

over a 15-year period (12).

These more recent findings of apparently low prevalence rates are difficult to reconcile

with the eal1ier higher estimates, although the differences in methodology may account for some

of the differences in the results. Most Native American groups have experienced a dramatic shift

in lifestyle over the last century, with evolution from predominantly agricultural or hunting

communities to more sedentary 1ifestyles. The earty studies would still have included many

individuals exposed to more traditional Iifestyles. Whether this may account for some of the
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above discrepancies is uncertain. Certainly, larger, population based SUNeyS would help to

answer this question.

Conclusions

Seen in its entirety, the evidence points to a substantial burcfen of rheumatic disease in

North American Indians and Eskimos. It is probable that the burden of disease is aetually mueh

larger, sinee tnere is no published information en the majority of jndigenous groups, and vert

Iittle on many others, with only suggestions of increasecl prevalence rates and unusual features.

Certainly on encountering clinicians working in areas with large indigenous populations, the

universal impression seems to be one of excessive rheumatic disease. As mentioned above, RA,

SLE, and connective tissue diseases appear ta be clustered in Indians of Amerind ancestry,

while spondyloarthropathies predominate in Na-Dene and Eskim~AJeut populations. It should be

pointed out that the study of the migrations and ancestry of pre-Columbian Americans is far from

being an exact science; with many uncertaintiest controversies, and gaps in the knowfedge (23

27). That being said, the correlation between the pattern of rheumatie diseases in Native North

American and the pattern of ancestry based on linguistie, dental and genetic evidence is still

remarkable.

It is probable that this excessive burden of rheumatie disease is genetic in ongin. This is

certainly borne out by the very high trequeneies of the RA shared epitope. and the 827 antigen

in many of thesa groups (48,63.66.67.69,70.89.94). Genetically, American Indians and Eskimos

have been definitely Iinked to Asians. with a reduction in genetic variation trom Asia to America

(27). suggestlng a founder effect as the probable reason for the high overall prevalence of

disease. The decimation and forced migration of many Native populations at the time of

European conquest Iikely resulted in population bottJenecks and renewed founder effects. The

importance of such a founder effect has been demonstrated recently by Amett et al (16), as

discussed above. where a founder effect appears to be responsible for bath the extremely high

prevalence of SSc in Oklahoma Choctaw Indians, and its absence in another. efosely related

group of Choctaw Indians.
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Several tribal groups have al50 demonstrated familial clustering of rheumatic diseases.

The Chippewa (4), the Pima (54), the Choctaw(16), and the Bella Bella(45) Indians have ail been

found to display familial clustering. An environmental cause for this familial aggregation can not

be ruled out, but the combination of the high prevalence of rheumatic disease in Native

Americans across North America, the high prevalence of the HLA susceptibility loci, and the

migration history of these populations is suggestive of a genetic cause.

!t !s now clear that histocompatability genes alone are not sofely responsible for

rheumatic disease susceptibility (54,62,65). This is most clear1y iIIustrated by the very high

prevalence of known associated genetic elements in sorne indigenous populations who do not

have proportionally increased rates of disease, for example the RA epitope in the Alaskan

Eskimo (66), and the 827 antigen in the TIingit (69). It is most Iikely that combinations of genes,

together with variations in environmental challenges encountered may weil explain bath the

ubiquitous nature of autoimmune rheumatofogic disease in the Native American population, as

weil as the variations in phenotype, frequency, and risk of disease encountered.

Wilma Bias et al (125), based on studies of families who were multiplex for rheumatic

diseases, proposed that autoimmune disease is inherited as an autosomal dominant trait.

According to this hypothesis of a primary autoimmune gene, the autoimmune phenotype

expressed is influenced by other secondary genes, including HLA genes, and the penetrance

modulated by sex steroids, as weil as envircnmental challenges such as viral and bacterial

infections.

Very reœntlyt investigators found the familial distribution of RA in Pima Indians to be

consistent wi1h an autosomal recessive mode of inheritance (54). A reœssive mode of

inheritance for RA has al50 been supported by other studies (126,127). This theory would

certainly be consistent with the high disease prevalenœ and frequent familial distribution of

rheumatic disease often seen in native tribal groups, since their relative genetic homogeneity

and cultural isolation are ideal circumstances to allow expression of recessive genes.

Regardless of the mode of inheritance of these non-HLA susceptibility genes, the North

American 1ndian population represents a singular opportunity to study genetic contributions to

rheumatic disease, since most Native American populations remain quite i5Olated. resulting in
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relative genetic homogeneity. Nowhere else in the wor1d can one find large population groups

who have clinical disease at high rates. together with restricted polymorphism, and resultant high

frequencies of relevant genes.

Obviously. the high prevalence of clinical disease has practical implications in this

population as weil. Certainly. the index of suspicion for rtleumatic diseases in Native American

populations should be high, and the atypical presentation of rheumatic disease in a number of

Native groups shculd be kept in mind. For some indigencus groups, geographic isolation plays a

role (128). while socioeconomic disadvantage. with its well-known negative prognostic

implications, is a factor in many others (128). The severe disease that many Native Americans

have been shawn to have (3,5.17,19,43-45.47-49,76.118) further complicates this situation.

Thus. there is likely a need for specialized clinical and educational programs in areas that serve

Native Americans.
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Tables•

Table 1: Prevalence and Incidence Rates of Rheumatoid Arthritis in Caucasians and Native
North Americans.

Population Geographie Region Prevalence Annuallncidence

•

Pima Indians (22,41,54) Arizona 2.5-5.3°;/0

Chippewa Indians (4) Central Minnesota 5.3%

Blackfeet Indians (40) Montana 5% females, 4°;/0 males

Yakima Indians (43) Central Washington 3.4% females

Tlingit, Tsimshian, & Southeast Alaska 2.4%
Haida Indians (6)
Aigonkian Indians (44) Central Canada 2.00~

Nuu-Chah-Nulth (12) Vancouver Istand 1.4%

Haïda 1ndians (46) Queen Charlotte 1-1.5% females. 0.5-1%
Islands males

Inupiat Eskimos (6) Northwest Alaska 1.0°;/0

Yupik Eskimos (13) Southwest Alaska 1.1%

Inuit Eskimos (11) Northwest Territories 0.6%

National Health USA 1.60/0 females. 0.7% males,
Examination SUlVey O.g% total
(37)
Rochester (38) Minnesota 1.0%

England (39) England 1.1°;/0

4221100,000

122/100,000 female
46/100,000 male

481100,000

221100,000 males
48/100.000 females
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Table 2: Incidence of Rheumatoid Disease in North American Indians in the US 1980-1990*

22

6.6

Phoenix

Portland

Albuquerque

Bemidji

Billings

Navajo

Oklahoma

Indian Health Population Major Tribal Nations Mean annual
Services Area (1990) Incidence 1100,000

Aberdeen 75,000 Sioux. Cheyenne. Blackfeet. CraN 27

Alaska 86,000 Tlingil Haïda. Tsimshian Indians. Yupik & Inupiat Eskimos. 23
AJeut

66,000 Apache, Pueb40. Navajo 13

61,000 Sauk &Fox. Winnebago, Kickapoo 3

47,000 Sioux. Cheyenne. cro.v. Arapahœ 23

181.000 Navaio 9.5

257,000 Chefoiœe, C{eek, Ctlcda-w, Clilckasaw, 5a'r.ir.de,l<:cwa. 4.2
Shawnee, C«nanche. Osage. etc.

120,000 Shoshale, Paiute. NezPerœ'. Spoka1e. Yakima

101.000 Apache. Puebfo. Hcpi. ZUni

•

-Modifled fran Acers et al. Oklahoma Stata Medical Journal, 1994 (14).

•
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ic Features ln Native North Americans with Rheumatoid Arthritis

Tlingit (5,47) ft 51% <35 97 71 Dw15: 91 Dw16: 85 44% rheumatold nodules
DR9: 18 DR9:8 24°,{, extraartlcular features

Yakima (43,53) ft peak prevalence 94 53 D\N16: 83 DNi6: 50 SO°,{, rheumatoid nodules
<35 100% erosive disease

64% Stage IV x-ray
changes

Chippewa (4.48) ft 58%< 40 92 75 DR4: 100 DR4: 68 42°,{, rheumatold nodules
Klowa (50) ? 56%< 40 100 75 ? ? 33°,{, Antl-Ro positive
Non-Kiowa ? ? 94 27 ? ?
Oklahoma (50)
Northem Ontario ? 40% <30 ? ft ? ?
Aboriginals (52)
Central Canadian n Mean 35.6 ? ? ? ? hlgher lansbury scores,
Algonkian (44.51) more persistently elevated

ESR. mean RF titre eOOiun,
vs. MOlun in Caucasians

Nuu-Chah-Nulth (:) Non-erosive RA: 79 75 ? ? 280/0 had overtap syndrome
(12) mean 28 50% with non-eroslve RA

Erosive RA: had unusual extraarticular
mean 38 features
RA overlap: 54% with erosive RA had
mean 24 extraartlcular features

Bella-Bella (45) (:) 29 Severe. erosive dlsease
Mazahua (49) ? mean <40 in 100 34 ? ? 65% deformities. fused

women joints
Pima ft ? 40 ? Dw16: 98 Dw16: 95
(22,40,41,54)
Blackfeet (40) ft ? 40 ?
Inuit Eskimo (11) (:) mean 56.8 83 0 DR4:80 DR4:-63 83%, eroslve disease
Yupik Eskimo (13) (:) mean 46 78 28 Dw4:? Dw4:46

• •
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• Table 4: Native American Ancestral Groupinas· and Rheumatic Diseases
Ancestral Tribal Group Geographie Region Rheumatie Disease
Group Associations
AMERIND

Chippewa (4.48) Minnesota Rheumatoid Arthritis

Blackfeet (40) Montana Rheumatoid Arthritis

Arapahoe (7) Midwestem States SLE

Craw (7) Midwestem States SLE

Yakima (43.53) Washington Rheumatoid Arthritis

Kiowa (50) Oklahoma Rheumatoid Arthritis

Choctaw (16) Oklahoma Scleroderma

Sioux (7) Northem Ontario! SLE
Midwest States

Algonkian Canadian Prairie SLEI Rheumatoid Arthritis
(44.51.76)
Hopi (8.96) Arizona Spondyloarthropathies

Zuni (105) New Mexico Spondyloarthropathies

Nuu-Chah-Nulth Vancouver Island SLElMyositislSclerodermaiOvertap
(12)
Bella Bella (18,45) Pacifie Coast Rheumatoid Arthritisl

Spondyloarthropathies
Tsimshian (5) Alaska Rheumatoid Arthritis

Pima Arizona Rheumatoid Arthritis.
(20.41,42.54.98.99) Spondyloarthropathies
Mestizo Northem Mexico Rheumatoid Arthritîs lMyositis
(Mazahua)(49)

NA-OENE

Tlingit (5) Alaska Rheumatoid ArthritislSLElMyositïs

Haïda (18) Queen Charfotte Islands Spondyloarthropathies

Navajo(8.93.94) Arizona Spondyloarthropathies

Bella Coola (18) Pacifie Coast Spondyloarthropathies

ESKIMO-
ALEUT

Inuit (11) Northwest Territories Spondyloarthropathies

Yupîk (13.15) Alaska Spondyfoarthropathies

1nupiat (6.15) Alaska Spondyloarthropathies

• Ancestral groupfngs fran Greenberg JH, 'Language in the Americas' 1987 (23).

•



Table 5. Prevalence rates of SLE in sefected North American Populations.• Population
CasesJ100,OOO population

Males Females Total

42

•

Nuu-Chah-Nulth Indian (12)
SE Alaska lndian (5)
Aigonkian Indian (76)
Alaskan Eskimo (6,13)
Kaiser Foundation (72)
Rochester MN (73)
New York (74)

22

11

19

166

11

54

300-500
92
35
11
51
40
15



• Table 6. Indian Health Services: Incidence patterns of SLE-

I.H.S. area Population Major Tribal Nations
(1990)

43

Mean annual
incidence 100,000

Aberdeen

Alaska

Albuquerque

Bernidji

Billings

Navajo

Oklahoma

Phoenix

Portland

75,000

86,000

66,000

61,000

47,000

181,000

257,000

120,000

101.000

Sioux. Cheyenne. Btac:kfeet. CrON

TIingit, Haïda, Tsimshian Indians. Yupik & Inupiat
Eskimos, AIeut

Apache, Puebla. Navajo

Sauk & Fox. Winnebago. Kickapoo

Sioux. Cheyenne. CraN. Arapahœ

Cherckee. Creek, Choctaw. Chickasaw. Seminole.
KiONa ShaNnee. Cananche, Osage, etc.

Shoshone, Paiute, Nez Perce', Spd<ane. Yakima

Apache, Puebla. Hopè, Zuni

4.1

3.3

1.2

1.3

3.2

2.0

1.5

3.0

1.4

•

* MOOiflEld fran Aœrs et al. OkJahana State Medical Journal. 1994 (14).
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Table 7: FreQuencv of HLA-B27 in North American Native and Caucasian pOpulations• Population

Haida Indians (18.89)

Yupik Eskimos (13.66)

Inuit Eskimos (11)

Navajo Indians (8.93.94)

Dogrtb Indians (29)

1nupiat Eskimos (66)

Bella Coola 1ndians (89)

Yakima Indians (29)

Pima Indians (98.99.101)

Tlingit Indians (5,69)

Cree 1ndians (1 07)

Zuni Indians (105.106)

Chippewa Indians (29)

Hopi Indians (8.94)

Papago 1ndians (29)

Mexican Mestizos (103.104)

Norway (29.88)

Western Europeans (29.88)

North American Caucasians
(87,88)

HLA-B27 frequency
General Population (%)

50

40
37

26-38

30

25
25
21

18

18

14

15

11

9

9

3-5

16

6-9

8

HLA-B27 frequency
Patients with AS/RS* (%)

100

100

87

86-88

100

50-73

69-80

90-95

90-95

90-95

•

• AS :: ankylosing spa'ldylitis. RS :: Reiter's 5yndrane
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Table 8. HLA-827 Frequencies & Disease Associations in North American Indians

Population 827 frequency 827 related Risk of Disease in 827+
(%) Disease Individuals (0fc,)
18 AS/SI 53 SIPima 1ndians

(98,998,101 )
Navajo (8,93,94)

Haïda (18,89)

Cree 1ndians (107)

Bella Cacia
(18,89,98)
Alaskan Indians
(5,69)
Hopi Indians (8,96)

26-36

50

14

25

18

9

RS/SI

AS/SI

SI

AS/SI

SpA

RS/SI

30-44 SI

2051

2051

751

6 ail

lowRS

•

• AS =anky1œing spa'ldytitis; RS =Reiter's Syndrane: SI =sacroiliitis: SpA =spcndy10arthrcpathy
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Table 9. Prevalence of HlA-B27 in Wor1d Populations• Population Ethnie Group HLA-B27
Frequency (0,'a)

Caucasoids (29, 113)

Northem Sandinavians 10-18

Western Europeans 6-9

Southem Europeans 2-6
Jews, Arabs, Armenians, 3-5
lranians
Northem I"dia 4-6

SCL1hem !ndia 2-3
Asian (29,113)

Vietnamese 9
Chinese 2-6

Thaï 6
Korean 3-8
Japanese 1

African (113)

North Africa 2

West Africa 2

Bantu a
American Native (113)

Eskimo 25-40

North American 1ndian 9-50
Central American Indian a
South American Indian a

•
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It is evident from the above review of the Iiterature that rheumatic diseases are

widespread and severe in many native American populations. and that the overall burden of

rheumatic disease is clearly in excess of that in the North American Caucasian population.

Review of the Iiterature alsa makes it clear that Native North Americans are remarkably

heterogeneous from the point of view of rheumatic disease susceptibility and outcome. Data

gathered on one particular Aboriginal population can not by any means he applied ta ail North

American indigenous populations.

Systemic lupus erythematosus (SLE) is a severe, multisystem autoimmune disorder with

known ethnie variations in prevalence and disease course. but there is little data on SLE in the

North American Indian population and none on SLE in central Canadian Aboriginals. The

follow1ng study examines the prevalence. clinical course. and outcome of SLE in Manitoba

Aboriginals compared ta Manitoba Caucasians.
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Systemic Lupus Erythematosus ln Manitoba Aboriginals

Abstract:

Objective. To evaluate the prevalenœ, disease course, and survival of systemic lupus

erythematosus (SLE) in over 116.000 North American Indians (NAI), and contrast the results to those in

the non-Indian population.

Methods. The Manitoba provincial arthritis center database and the medical records of ail

rheumatologists, hematologists. nephrologists. and general intemists with ~1 SLE patient were

searched for cases of 5LE diagnosed between 1980 and 1996. A random survey of 20% of family

physicians serving this population suggested that >85% of ail SLE cases were identified. Demographies.

SLEDAI scores. SLiCC/ACR damage scores. c1inical manifestations and therapy for NAI were

contrasted with the results in Caucasians (CAUC).

Resu/ts. 257 cases meeting the ACR criteria for SLE were diagnosed between 1980 and

1996. There were 49 NAI cases, resutting in a prevalence of 42.21100.000, compared to a prevalence

of 21.81100.000 for the remainder of the population (p < 0.001). NAI patients were younger at diagnosis

(NAI = 31 years, CAUC =37 years; p =0.01), had higher SLEDAI scores at diagnosis (NAI =11.8,

CAUC =9.7; P =0.05), and had more frequent vasculitis (NAI =38°k, CAUC = 14%; P =0.001),

proteinuria (NAI =46°k, CAUC =25%; p =0.01), and cellular casts (NAI =35%. CAUC = 12%: P =

0.001). There were no treatrnent differences at diagnosis or at two years, but NA! patients were

significantty more likely to require treatment with prednisone or immunosuppressives at the last clinic

visit (p = 0.001). The NAI patients had similar damage scores at diagnosis. but significantfy higher

scores at 2 years (SLICC/ACR damage index: NAI =0.74, CAUC =0.30; P =0.02), and the last clinic

visit (SLICC/ACR damage index: NAI =1.62. CAUC =0.81; P =0.02). NAI ethnicity increased the

likelihood of death more than four·fold (OR 4.6,95% CI 1.3-16.5).

Conclusions. The prevalence of SLE was increased twofald in the NAI population. NAI patients

had higher SLEDAI scores at diagnosis, more trequent vasculitis and renal involvement. required more

treatment later in the disease course, accumulated more damage following diagnosis. and had

increased fata1ity.
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The prevalence of systemic lupus erythematosus (SlE) is known to vary widely between

different ethnie groups. In the USA, African Americans (1), Asians (2), and Hispanics (3) have

higher prevalence rates than Caucasians. Polynesians in New Zealand have a higher prevalence

of SLE than Caucasians (4), and SLE has been shawn ta be common in China (5) and Southeast

Asia (6). SLE is known to be rare in Afrtcan Blacks (7). US and Canadian Eskimos have alsa

been shawn ta have low prevalence rates of SLE (8-10). Morton et al found the prevalence of

SLE to be high in 3 of 72 North American Indian tribes. while the remainder had rates

comparable ta the Caucasian population (11). Subsequently, the prevalence of SLE has alsa

been shawn ta be high in AJaskan Tlingit Indians (12), and the Nuu-Chah-Nulth Indians (13) in

British Columbia.

Disease severity, clinical manifestations, and outcome have alsa been shawn ta differ

aeross ethnie groups. Afncan Americans have been shawn ta have more frequent renal lupus

(14), increased disease activity earty in the disease course (15), and worse long-term outcomes

than Caucasians (16). 80th Asien and Afro-Caribbean SLE patients have been shawn to have

more frequent central nervous system lupus (17) and higher mortality rates (6,16), while Hispanie

SLE patients 'Nere recentJy shawn ta have more frequent cardiac and renal disease (18), and

more abrupt onset of SLE compared to caucasian patients (15). In contrast, there are no studies

comparing the elinical course and Iittle clinical data overall regarding SLE in North American

1ndians compared to caucasians.

The province of Manitoba in Western Canada, with a total population of almost 1.1 million

(19) has a large population of North American Indians. primarily Algonkian Indians (Cree and

Ojibway tribes). The 1991 canadian Gensus recorded the North American Indian population of

Manitoba to be 116,200 (19). It has long been suspected by local clinieians that this group of

North American Indians has an increased prevalence of SLE.

ln this study, we have evaluated whether the prevalenœ, clinical manifestations and

severity of SLE differs in Manitoba North American Indians in compansan to the remaining

Manitoba population.
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Patients and Methods

Patient identification. This study attempted ta identify ail SLE patients resident in the

province of Manitoba. For inclusion in the study, patients had to be resident in the province of

Manitoba, must have met the 1982 ACR criteria for SLE (20), and must have been diagnosed

between January 151, 1980 and Deœmber 31st, 1996. The date of diagnosis was defined as the

eartie51 date a patient both fulfilled the ACR criteria for SLE, and was diagnosed with SLE by a

physician.

Two thirds of the total population of Manitoba live in the city of Winnipeg. Every medical

subspeciaJist in Manitoba is located in this city, and only two other communities have general

intemi51s. This concentration of population and subspeciali51 physicians facilitated identification

of SLE patients through caregiver surveys.

AIl general intemists, rheumatologists, and nephrologists in Manitoba were surveyed.

These physicians are those known to treat StE in Manitoba. In addition, one oncologist known to

have an interest in SLE WdS surveyed. The rheumatologists, nephrologists, and the above

mentioned oncologist were surveyed by phone, \Vith follow-up in person for review of medical

records. Similarty, the t'NO general intemists 'NOrking with the Northem Medical Unit (NMU),

which provides care to remote, primarily North American Indian communities were aise surveyed

by phone, with follow-up in persan for review of medical records. Remaining general intemists,

including ail those located outside the city of Winnipeg, were surveyed by mail. (See appendix.)

Physicians were asked to identify the number of SLE patients in their care who met the inclusion

criteria above, as weil as year of birth, sex, year of diagnosis, race, and year of death, if

appl icable, for each patient.

Ta ascertain whether surveying only specialists would miss large numbers of SLE

patients, 20°A» of the provinces' 500+ family physicians (FPs) were surveyed by mail. (See

appendix.) The FP's were selected randomly for the survey from the Manitoba Medical

Association (MMA) membership list with the exception that FP's working with the NMU were

deliberately over-represented. A survey was mailed to ail FP's who were identified as working

with the NMU. Ail provincial physicians are required to be members of the MMA. which Iists
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members by specialty. 113 FP's were surveyed, 102 responded (90oAl). Five of the 102

respondents stated that they cared for 5LE patients w;thout specialist input, each of these having

anly one or two such 5lE patients in theïr practiees. (No data on individuaJ patients was

requested fram FpJs.) None of the NMU FP's cared for 5LE patients w;thaut specialist input.

Assuming that the survey results were applicable ta ail provincial FP's, then approximately 25

FP's in the pravince would be caring for 25-50 SLE patients who would he missed by surveying

specialists only. It is probable that sorne of these patients 'Iw'ere diagncsed prier te 1980, and

YJOuld therefore nct have been eligible.

Thirty-six of the 43 specialists surveyed responded (85%). The majarity of non

respondents were general intemists located in Winnipeg, who Iikely care far a smaller number of

5LE patients because of the ready availability of subspecialists.

Seven of the eight rheumatofogists in the province and the single oncologist surveyed

maintainecJ patient databases. One hundred ninety-flVe af the 257 eligible patients (76%) were

identified through their databases, thus minimizing potential bias due ta patient identificatian

through physician recall. The remaining patients were identified through the mail survey of

specialists, and through review of specialists' medical records. One rtleumatologist declined to

participate in the study. Nine patients followed by this rtleumatologist were identified through the

records of ather specialists.

An analysis of the data from specialîsts showed that 22°Al of patients were identified trom

the databases or patient lists of more than one specialist. The combined findings of this avertap

af patient lists and the good response rate from both FP's and specialists lead us ta believe that

the majority of the province's 5LE patients diagnosed between 1980 and 1996 were identified.

Prevalence estimates. 1991 Census Canada data for the total populatian of Manitoba and

the North American Indian population of Manitoba were used as population denominators. The

total population of Manitoba was 1,079,390 (19). The North American Indian populatian was

116,200 (19). An accurate estimate of the caucasian population of Manitoba is not available.

Clinical Comparisons. A review of medical records was conducted and clinicaJ data were

abstracted on 179 patients where records were accessible. Only records from North American
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Indian (n =42) and caucasian (n =137) patients were included. Patients belonging ta other

ethnie groups were not inefuded in the clinical comparison study.

Disease activity, severity and damage. SLE Disease Activity Index (SLEDAI) scores.

treatment index (TI) scores. and Systemie Lupus International Collaborating Clinicsl American

College of Rheumatology (SLICC/ACR) damage scores were used to measure disease activity,

severity and damage. Each was recorded for the date of diagnosis. 2 years following diagnosis.

and the iast roliow-up "is4l. The SLEDAI is a lJalidated instrument that identifies 16 different

clinical manifestations and 8 labolëitory manifestations attributable to SLE that are present at the

time of the visjt or in the preœding ten days (21). The SLEDAI has been found to be reliable

when determined using retrospective chart review (22). The TI was developed by Lacaille et al

(23) ta assess the level of therapy. Patients received a score of 3 if they were receiving

immunosuppressive therapy. a score of 2 if they 'Nere reœiving high dose prednisone

(>2Dmglday) , a score of 1 if they were reœiving lower doses of prednisone. and D if they were

receiving neither prednisone nor irnmunosuppressives. The SLICC/ACR damage score is a

validated instrument used to measure permanent damage accumulated either directly related to

SLE or secondary to the treatment of SLE (24).

Clinical variables. Table 1 lists the ctinical and laboratory manifestations recorded. Ali

except antibodies to extractable nuclear antigens were recorded al two intervals: those present

prior to or at the time of diagnosjs and those present st any time during the disease course.

Antibodies to extractable nuclear antigens (anti-Sm. Anti-RNP. Anti-La. and anti-Ro) were not

available in almost hait the patients. and in the remainder hacI been measured only on a single

occasion, generally at diagnosis. Ali measurements of extractable nuclear antigens were done at

a single provincial laboratory. Myositis was defined as proximal muscfe achinglweakness.

associated with elevated creatine phosphokinaseJaldolase. or electromyogram changes, or a

biopsy showing myositis. Vasculitis was defined as ulceration. gangrene. tender finger nodules.

periungal infarction. splinter hemorrhages. or biopsy or angiogram praof of vasculitis.

Statistical Analysis. Univariate analyses of the comparisons of demographics. ctinical

and laboratory manifestations, SLEDAI. Treatment Index. and suce scores between the t'No
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ethnie groups were performed with the chi-square test for eategorical variables and the student's

t-test for continuous variables. Ninety-five percent confidence intervals were calculated for the

difference in frequency of variables betvJeen the two groups. We then decided ta fecus on the

predictors of damage and death in this patient cohort. The SLiCC/ACR damage score was

treated as a continuous variable, and forwarcl, backward and stepwise Iinear regression 'Nere

used to identify predictors of higher damage scores. Life tables were constructed to compare

sUiVival of Caucasians and North American !ndians. The Gehan statistic was used to compare

the overall survival distribution for the two groups. Forward , backward and stepwise cox

regression anafysis was used ta iclentify variables increasing the probability of death. Stepwise,

forward, and backward multivariate analysis yielded identical results in ail cases. Ninety-five

percent confidence intervals for prevalence rates are based on estimates of a Poisson

distributed variable.

Results

Prevalence. A total of 257 patients diagnosed with definite SLE between January 1,1980

and Deœmber 31,1996 were identified. Of these, 177 (69%) were caucasians, 49 (19%
) were

North American Indians, 19 (7%) were Asian-Oriental, 7 (3%) were Asian-Indian. and 5 (2%)

were African-American. The resulting prevalence rate of definite SLE diagnosed between

January 1, 1980 and Deœmber 31, 1996 for the province of Manitoba was 23.81100,000 (95% CI

14.9-34.7). The prevalence in the non-Indian population was 21.81100,000 (95% CI 13.8-32.2),

while the prevalence in the North American Indian population was 42.21100,000 (95% CI 30.0

55.5); 950/0 CI of the difference between the two groups 12.8-31.7.

Demographie Parameters. Only North American Indian and caucasian patients were

included in subsequent analyses of clinical data.

There were no differences in the sax distribution between the two groups. (Table 2)

Although the majority of North American Indian patients Iived in rural areas, there was no

cHnically important difference observed in the time from symptom onset to diagnosis. North
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American Indians were significantly younger at diagnosis, with a mean age of 31 years at

diagnosis, compared to 37 years in Caucasians (p =0.01).

Clinical and laboratory manifestations. Nineteen percent of North American Indians

were positive for anti-5m antibodies, compared to 4% of Caucasians (p =0.02), and 57% of

North American Indians were positive for anti-RNP antibodies, compared to 12% of Caucasian

patients (p = 0.00). There was no difference in the frequency of antinuclear antibodies. anti~ONA

antibodies, anti-La. and anti-Ro arnibcdies. (Table 3)

At diagnosis. 23% of North American Indians had thrombocytopenia versus 8% of

Caucasians. for a difference of 15% (95% CI =1.0. 29.0); and 20% of North American Indians

had vasculitis versus 6% of caucasians, for a difference of 14% (95% CI = 0.3. 26.00). North

American Indians aise had a trend towards mare frequent seizures and cellular casts compared

to Caucasians (Table 4). The findings were similar for the entire disease course. North American

Indians had significantly more frequent cellular casts (35% versus 12%. 23% difference. 95% CI

=7.6, 39.1); proteinuria (46%1 versus 25%. 21% difference, 95% CI =5.0, 38.3), and vasculitis

(38% versus 14% .24% difference, 95% CI =8.4, 40.0) during their disease course, and a trend

t0\Y8rds fewer oral/nasal ulcerations and more frequent thrombocytopenia, hemolytic anemia,

and seizures than Caucasians. (Table 4).

Disease activity, treatment and damage. At diagnosis, North American Indian patients

had a mean SLEDAI score of 11.8, compared to 9.7 in Caucasian patients (p =0.05). There

were no differences at 2 years, or at the fast follow up visit for SLEDAI scores. (Table 5).

The treatment index was nct significantly different at diagnosis, or al 2 years, but

Aboriginals were significantJy more likely to remain on prednisone or immunosuppressives at the

last clinic visit compared to caucasians (p = 0.001) (Table 6).

North American Indians sustained significantly more damage as measured by the

SLiCC/ACR damage index by 2 years and by the last clinic visit (Table 7). The increased

damage was due primarily to the increased frequency of neuropathies, deforming arthritis, renal

damage, pulmonary damage, diabetes, and venous thromboembolism (data nct shawn). In

multivariate analysis, North American Indian ethnicity was predictive of more damage bath at 2
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years (B =.460. P = 0.004) and at the last visit (B =.622. P < 0.001). when age, sex, treatment

index. SLEDAI score. and disease duration were controlled for (Table 8). At 2 years, the

treatment index at diagnosis and at 2 years were aise significant predictars of more damage; and

at the last visit, disease duration and the treatment index at the last visit were aise significant

predietars (Table 8).

Mortality. Survival was significantly worse in North American Indians compared ta

Caucasians (p = 0.04) (Figure). When age. sex. disease activity. and damage were controlled

for, North American Indian ethnicity still increased the Iikelihood of death (OR=4.6. 95% CI 1.3

16.5). Disease activity at the last visit (OR=1.2. 95% CI 1.1-1.3) alsa significantly increased the

Iikelihood of death in these SLE patients (Table 8).

Discussion

This is the first study to examine differences in cJinical manifestations and outcome, as

weil as the prevalenœ of SLE in North American Indians compared to non-Indians. The most

significant findings were the increased prevalence of SLE and the excess damage and mortality

in the North American 1ndian patients.

The Algonkian Indians in this study had a twofold-lncreased prevalence of SLE

compared to the remaining non-Indian population. The reason for this, although presumed to be

genetic. is unknown. High prevalence rates for SLE have al50 been found in the Crow,

Arapahoe, and Sioux Indians (11) of the American Midwest, the Pacifie coastal Nuu-Chah-Nulth

Indians (13). and Southeast Alaskan Indians (12). While geographically widespread. these

groups, with the exception of the Tlingit Indians of Southeast Alaska, share a common Amerind,

or Paleo-Indian, ancestry (25). The Algonkian Indians of Manitoba alsa share this Amerind

lineage (25). The common ancestry supports a genetie etiology for the high prevalence rates. Ta

date. there are no studies examining the geneties of SLE in a North American Indian population.

Manitoba Algonkian Indians had the onset of SLE at a younger age compared to

Manitoba Caucasians. While this has not previously been described for SLE in any other North

American Indians, it has been noted in a number of North American Indians with rheumataid
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arthritis (RA), including these same Manitoba Aigonkian Indians, who were found to have onset

of RA 10-12 years earHer than Manitoba non-Indians (26.27). Tlingit (12), Nuu-Chah-Nulth (13),

Yakima (28), Chippewa (29), Kiowa (30), and Mazahua (31) Indians have alsa been found to

have an early age of onset of RA. Most of these groups alsa have high prevalence rates for RA

(12,27-29), and a high frequency of the RA shared epitope (12,28.29). With the exception of the

Tlingit. ail are of Amerind ancestry (25). Thus, it is quite Iikely that the young age of onset of

SLE seen in the Manitoba Algonkian Indians alsa has a genetic etiology. and might weil be

duplicated in other North American Indian groups with high prevalence rates for 5LE. It is

probable that causal genetic elements would alsa be found in high frequency in Aigonkian

Indians. An early age of onset has potentially far reaching consequences in terms of effect on

fertility. work disability, cumulative damage, and premature mortality.

Despite treatment that was at least as aggressive as in caucasians. Manitoba AJgonkian

Indians accumulated more damage and had higher fatality. The difference in damage scores was

significant as earty as 2 years after diagnosis. The reasons for this are not readily apparent, but

we hypothesize that a combination of increased comorbidity. more severe disease. and lower

socioeconomic status contribute to the poer outcome.

The odds of death in North Amerfcan Indian 5LE patients were more than 4 times that of

Caucasian patients, even after accounting for damage and disease activity. It is Iikely that much

of this excess mortality relates to comorbidity. Unfortunately, adequate data on comorbid

diseases 'Nere not available. Canadian Indians are known to have averall shorter life expectancy

and higher rates of illness than non-Indian canadians (32).

The higher SLEDAJ scores at diagnosis amongst Algonkian Indians. as weil as the

increased frequency of renal disease and vasculitis suggest that more severe SLE played a role

in the increased damage and fatality. Gertainly overall disease activity and renal lupus have

been shawn to contJibute to mortality (33).

The similar time to diagnosis between the two groups and the aggressive treatment the

1ndians reœived suggest that access to medical care was not a factor in the poor outcomes for

this patient group; but ether socioeconomic factors likely played a role. While data on
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socioeconomic status were incomplete because of the retrospective nature of this study,

available data showed that the Algonkian Indian patients were more frequently unemployed or

disabled, and had lower educational attainment than the Caucasian patients (data not shawn).

This is in keeping with national data on Canadian Indians, which has demonstrated that

Canadian Indians have lower incames, less education, and overcrowded and inadequate housing

compared to the rest of Canada (32). Lower socioeconomic status has been shawn ta impact

negatively on outcome in SLE in other studies (33,34), and has been shawn ta explain sorne of

the difference in outcome between US Afro-Americans and Caucasians (34,35).

There are sorne limitations ta this study. Clearty, the prevalence estimates anived at in

this study are underestimates. Because of reliance on physician recall for some physicians, and

non-participation by others. sorne eligible SLE patients were likety nct identified for this study.

However, there is no indication that inclusion of the missing patients wouId have significantly

changed the twofold increase in prevalence of 5LE in North American Indians compared ta non

Indians. The high percentage of patients identified by more than one source suggests a

reasonable rate of capture, and the overall prevalence rate obtained is in line with that found in

many other North American and European studies (36). Data tram the provincial health care

insurance organization, which provides comprehensive healthcare ta the entire population,

suggests that overall healthcare utilization is similar between Indians and non-Indians (27), and

the similar time to diagnosis found in this study also suggests similar acœss ta medical care.

The Iikelihood of missing a disproportionate number of SLE patients is highest in the North

American Indian group, as the majority of these live outside the single urban center. Such an

ascertainment bias would result in a greater underestimate of the prevalence of SLE in the

(ndian group. and would mean that our finding of an elevated rate of SLE in this population is a

consefVative estimate.

Conclusions

ln conclusion. North American Indian ethnicity was the major determinant of damage

and death in this study, and was an independent marker of severe 5LE. It may be that Algonkian

Indians have a different subset of the disease than is described in the Caucasian population.
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Autoantibodies such as anti-dsDNA. anti-RNP. anti-8m, anti-Ro, and anti-La have been shawn to

be associated with specifie cfinical manifestations of 5LE (37) (although not with outcome in SLE

(38)), and the Indian patients were significantly more often positive for anti-8m and anti-RNP

antibodies. As autoantibodies were not measured consistently in ail patients. nor measured at a

consistent time in the disease course. it was not possibfe to measure the association between

clinical manifestations, autoantibodies. and ethnieity. Further study of ethnie differences may

provide important clues to both the raie of autoantibodies, and the raIe of genetie factors in the

pathogenesis and Outcome of SLE. The known genetie homogeneity of North American Indians.

combined with high prevalence rates of 5LE, provide a unique opportunity to study genetie

contributions in these patients. In addition, further study may assist in health care planning for

regions with large North American Indian populations, and in developing improved monitoring

and treatment protocols tailored ta this group of patients w;th severe. earty onset disease.
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Table 1. Clinical and Laboratory Manifestations *
Clinical Manifestations Laboratory Manifestations

70

Malar rash
Discoid rash
Photosensitivity
Oral/nasal ulcers
Arthritis
Pleuritis
Pericarditis
Seizures
Psychosis
Myositis
Vasculitis

Thrombocytopenia
Hemolytic Anemia
Leucopenia
Lymphopenia
Cellular casts
Proteinuria
Antinuclear antibody
Anti-dsDNA antibody
Anti-Sm antibody
Anti-RNP antibody
Anti-La antibody
Anti-Ro antibody

•

-The definitions used for clinical and laboratory manifestations
were those used in the 1982 revised ACR criteria for SLE (21).
except when defined in the text.



•
71

Table 2. Demographie Features of Caueasian and North Ameriean Indian SLE patients.
North American Caucasians Dffference 95% Cf of

Indians (n= 177) between difference
(n=49) Groups between

groups
Females (%) 90 89 1% -8.6. 10.6

•

Age at diagnosis-mean years (50)

5ymptom onset ta diagnosis-

mean months (50)

Average foilow-up from diagnosis-

mean years (50)

Residing in Winnipeg (O~)

31(13.4)

28(39.1)

8.0(4.9)

25

37(15.3)

27(38.2)

7.3(4.3)

70

6 years

1 month

0.7 years

50%

1.8,11.4

-14.2.13.2

-0.9.2.3

36.1.63.9
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Table 3. SLE Autoantibodies in Caucasians and North American Indians• Antibody North American Caucasians (0A») Difference 95% CI for difference
(N tested) Indians (%) between groups between groups

(%)
Antinuclear
antibody
(179) 100 98 2 -0.02, 4.6%

Anti-dsDNA
antibody
(98) n 74 2.5 -12.1.17.2%

Anti-Sm
antibody
(98) 23.4 5.2 18.6 1.9,35.3%

Anti-RNP
antibody
(98) 57.1 12.3 44.8 22.3,67.3%

Anti-La
antibody
(98) 19.0 20.5 1.5 -17.6,20.6%

Anti-Ro
antibody
(98) 30.0 35.1 5.1 -17.7,27.9%

•
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• Table 4. Frequency of Clinical and Laboratory Manifestations in Caucasians and North
American Indians

Manifestations at North American Caucasian Difference 95% CI of difference
Diagnosis Indian % 0/0 between groups between groups 0/0

%
Malar rash 44 41 3 -2.3, 15.4
Discoid rash 15 21 6 -7.5,19.3
Photosensitivity 20 33 13 -2.5,27.7
Oral/nasal ulcers 13 25 12 -0.5.25.6
Arthritis 81 76 5 -8.4,19.2
Pleuritis 18 16 2 -11.4,15.2
Pericarditis 5 6 1 -6.7,9.3
Cellular casts 17 6 12 -1.0.23.0
Proteinuria 22 16 6 -8.6. 19.8
Seizures 8 2 6 -4.1,15.9
Psychosis 8 2 6 -3.3. 13.7
Thrombocytopenia 23 8 15 1.0,29.0
Hemotytic anemia 10 4 6 -3.9. 15.9
Leucopenia 21 26 5 -10.2.20.2
Lymphopenia 40 45 5 -3.4,23.0
Myositis 3 2 1 -4.9.6.8
Vasculitis 20 6 14 0.3, 26.0

Manifestations North American Caucasian Difference 95% CI of difference
over Disease Indian % 0/0 between groups between groups
Course %
Malar rash 56 50 6 -12.2 - 20.0
Discoid rash 24 25 1 -14.6 -16.5
Photosensitivity 39 42 3 -15.4 -20.6
Oral/nasal ulcers 17 33 16 1.9 - 30.9
Arthritis 90 82 8 -3.4 -19.0
Pleuritis 25 26 1 -14.2 -16.4
Pericarditis 22 12 10 -3.1 -24.7
Cellular casts 35 12 23 7.6 - 39.1
Proteinuria 46 25 21 5.0 - 38.3
Seizures 10 3 7 -2.6 -16.8
Psychosis 10 6 4 -5.9 -14.3
Thrombocytopenia 29 15 14 -1.0 -29.0
Hemolytic anemia 13 4 9 -1.8 -20.2
Leucopenia 33 43 10 -4.5 -23.1
Lymphopenia 60 65 5 -23.3-32.7
Myositis 7 2 5 -3.2 -13.4
Vasculitis 38 14 24 8.4 -40.0

•
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Table 5. Mean SLEDAI Scores in North American Indiana and Caucasiana
SLEDAI scores (n) North Amerlcan Caucaslan Difference in 95% CI of

Ind/ans Mean score (SD) Mean Score difference
Mean score (SD)

•

At diagnosis (169)

At 2 years (127)

At last visit (176)

11.8 (7.5)

5.0 (4.2)

3.9 (3.9)

9.7 (5.7)

4.4 (4.9)

3.4 (3.9)

2.1

1.6

0.5

0.001,4.3

-1.5,2.6

-Q.9,2.0
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Table 6. Treatment Index• No Prednisone Prednisone Immuno- P-
Treatment-(%) <20mg (0/0) ~20mg (%) Suppressives (0,10)

At Indian 14 (35) 5 (13) 17 (42) 4 (10)
Diagnosis

Caucasian 56 (41) 28 (21) 40 (29) 12 (9) 0.38

At 2 years Indian 9 (32) 10 (36) 4 (14) 5 (18)

Caucasian 57 (50) 33 (29) 11 (10) 12(11) 0.34

At last Indian 10 (27) 14 (38) 6 (16) 7 (19)
c1in'c visit

Caucasian 78 (55) 39 (28) 4 (3) 20 (14) 0.00

• "No treatment" means no treatment with prednisone or immunosuppressives. antimalarials and
NSAID5 were excluded. - P values report on a trend between different levels of treatment.

•
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Table 7. Mean sLlee Scores in North American Indiana and Caucasians
suce North American Caucasian Difference in 95% CI of

scores (n) Indians Mean score (50) Mean Score Difference
Mean score (50)

At diagnosis 0.19 (0.63) 0.07 (0.28) 0.12 -0.08, 0.32
(179)

At 2 years 0.74 (0.97) 0.30 (0.62) 0.44 0.07,0.81
(147)

At last visit 1.62 (2.20) 0.81 (1.43) 0.81 0.07,1.55
(179)

76
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Table 8. Multivariate Analysis of SLlee scores and Survival.

Dependant Independent variable Parameter Standard 95% CI for p
variable estimate Error parameter

estimate
suce score at 2 North American Indian .460 .155 0.153, 0.822 0.004
years* Ethnicity

Treatment Index at .155 .061 0.007, 0.256 0.013
Diagnosis

Treatment Index at 2 .131 .063 0.034, 0.276 0.038
Years

suce score at North American Indian 1.259 .309 0.647, 1.870 0.000
last visit* Ethnicity

Disease Ouration .123 .030 0.065, 0.182 0.000

Treatment Index at last
Visit .661 .122 0.420 - 0.902 0.000

Oeatht North American Indian 1.527 .6511 0.251, 2.803 0.019
Ethnicity

SLEDAI at last visit .1534 .0486 0.058,0.249 0.016
•Analyses done using stepwise, forward, and backward linear regression analyses. Results were
identical for ail measures. C;j~Qriates included were age, sex, ethnicity, SLEDAI at diagnosis and
at 2 years, and Treatment index at diagnosis and 2 years for the 2 Year suce score as the
outcome variable, and the above plus disease duration, and SLEDAI score and Treatment Index
at the last clinie viSÎt for the last visit SLICC score as the outcome variable.
tAnalysis done using stepwise forward and backward Cox regression analysis. Results were
identical for ail measures. Covariates incfuded were age, sex, ethnicity, SLEDAI score at the last
visit, suce score at the last visit. and treatment index at the last clinie visât.
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Figure. Cumulative survival of Caucasian (heavy line) and North American
Indian (fine fine) SLE patients. (p = O.04)
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Appendices. A. Mail Survey of Specialists.

29

1 MANITOBA LUPUS PATIENTS 1

-Please include only Manitoba residents \Vith definite SLE
-For ETHNIe please indicate whether patient is white, oriental, asian, black, or aboriginal

1

DATE OF' BIRTH 1 ~EX:'!ETHNIC 1
YEAR::OR:DIAGNOSIS :1 DECEASED 1

1

1

1 1 1 1 1
i,

Il L\;\K YOU!!
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B. Mail Survey of Family Practitioners.

Are You Currently Following Any Patients With Definite Systemic Lupus
Erythematosus \\!ho, Ta The Sest Of Your Knowledge, Are Not Beine Followcd
By Anv Specialist For Care OfTheir Lupus?

80

•
38u

no _

T'HANK YOU '"

yes _ if yes, How i\tlany? {. 2
3-5
>5
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c. Systemic Lupus Erythematosus Disease Activity Index.
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D. Systemic Lupus International Collaborating Clinies/ American College of
Rheumatology Damage Index

System[c Lupus frrtemaUonal CoopetaUng Clinic~

StE DAMAGE INDEX

[Damage (noo-reversfbl~change. notrelated to active Infiamadon) occuring sJnœ onset of fUp~ ascenained
by dlnlcaJ assassment W present for at least 6 monttrs unless othecwise &taled. Repeal episodas mean
al !east 6 rnonths apatt~to score 2.. The~e lesioo œmot be scored t'Mee.)

•

Item

oaJlAR (Ehher eye, by dlnlcaf assassmentJ

Any Cltaraet ever
Retlnal change OR Optic atrophy

NEUROPSYCHLAme

Cogni1ive lmpafrment (e.g. memory defidt.~ 'Nfth caIeuatlon. poo(
concentration. âlffiroty il spokan 0( wrinen language.
lmpalccd perloonanœ leva{)

OR MalO( psychosls
Seizures requtrlng thetapy for 6 months
Cereb<aI Vascufar~ent Nef (Sc«e 2 tf > once), Of resed1cn net for m.:.Hgnancy
CfanlaI or pertpheraf neuropathy (exdoolOQ oçxIc)
TransYerse myeHtis

RENAL

Estlmated or rneastred GFR < SO%
Proceinuria 24 h, ~ 35 g
OR
End-stage ranal dlsaase (regardIess ci âl3Jysb or transplantatlon)

PULMONARY

Putmonary hypertension (right VEirmeuar p(oml~0( 1000 P2)
Pufmonary fibrosls (pOysfcat anj X-1crf)
Shrlnk1ng lung (X.;ay);
PleuraI fibtosls (X-fa)')
Pu1monary irTfarctloo (X.;ay) OR reseenoo oot (or malignancy

CAROIOVASCUlAR

Anglr..:1 OR coronary artery bypass
~~~ Y0C3.rdlal infaretJon ~er (Score 2 If > once)
Cardlomyop.athy (v~ricu1ar dyshJnction)
VaIvU(;1( disease (diastolic munnur. or a sysroUc murmur ) 3/6)
?onc.1rditls X 6 months. OR pcric:lrdiectomy

Score

1
1
1

1

1

2

3



•

•

." .

2

PERIPHERAL VASCUlAR

Oaudication X 6 months
Mlnoe' tissue (0$5 (pUp space)
Slgnfficant tissue klss ever (1oss ci dlgi( 0( (1mb. Includlng resecttoo

not fO( ma!ignancy) (Scoce 21t > one s!t.s)
Venoos thromtx.esfs wfIfl 6W~ tketatJoo. OR venous 5Ias!s

GASlROIHTESllNAL .

1nfarctfon or resectlon of 00NeI befow duodenum. spleen.. lNet 0( gan
bladder G'Vef. for vc1la1eYer cause (Score 21t :> one &!ta)

Mesenterle insuffldancy
ChronIc pecft.onit1s
Strlcture OR Uppet' Ga.stroltu.estln trad wrgery evar
Panceartic Inst.J'ffiGnq requiring enzyme rep(acement OR wfth pseodocyst

MUSCULOSKELETAl

Musde AUophy 0( we.akness
DeformIng or erosJve arthrUls (ooOOlng redudble defomûties.

" axdudIng avascUar necro.sis)
Osteoporos(s wtth fracture or \lertebcai cdIapse (exduding ava.scWar necrosis)
A~ar necrosts (Score 2 ~ > once)
OsteomyeHt!s
RuptufOO tendoo

SKlH

Scaning chronJc Alopeda
Exteoslve scarrirtg or paMlcûum othe( than &eafp and ~p space
Sk1n ufceraUon (exdOOlng thrcmbosis) fO( more th.:1n 8 months

PREMATURE GONADAL FAJWRE

DlA8ETES (reçardless of treatrne'tJ

MAUGNANCY (Exdude dysplasla) (Score 2 If :> O~ shs)

1

1

1

1
l
1,
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