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Abstract

Purpose—To determine the influence of ethnicity and sociodemographic factors on disease
characteristics of the Canadian Pediatric Lupus population.

Methods—Childhood-onset SLE (cSLE) patients at four pediatric centers in Halifax, Montreal,
Toronto and Vancouver were consecutively recruited. Sociodemographics and disease data were
collected. Patients were categorized by their primary self-selected ethnicity, and exploratory
cluster analyses were examined for disease expression by ethnicity.

Results—We enrolled 213 cSLE patients, and ethnicity data were available for 206 patients:
White (31%), Asian (30%), South Asian (15%), Black (10%), Latino/Hispanic (4%), Aboriginal
(4%) and Arab/Middle Eastern (3%). The frequency of clinical classification criteria (malar rash,
arthritis, serositis and renal disease) and autoantibodies significantly differed among ethnicities.
Medications were prescribed equally across ethnicities: 76% were taking prednisone, 86% anti-
malarials, and 56% required additional immunosuppressants. Cluster analysis partitioned three
main groups — mild (N = 50), moderate (N = 82) and severe (N = 68) disease clusters. Only 20%
of White patients were in the severe cluster compared to 51% of Asian and 41% of Black patients
(p=0.03). However, disease activity indices and damage scores were similar across ethnicities.

Conclusion—Canadian cSLE patients reflect our multi-ethnic population, with differences in
disease manifestations, autoantibody profiles and severity of disease expression by ethnicity.
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Introduction

Methods

Systemic Lupus Erythematosus (SLE) is a multisystem autoimmune disease associated with
significant morbidity, with up to 20% of all patients diagnosed in childhood. Recent studies
suggest that childhood-onset SLE (cSLE) is more frequent and severe in non-White
populations, especially Black, Asian, Hispanic and Aboriginal populations.1-> Although
many studies of North American cSLE cohorts have focused on multi-ethnic populations,
they have primarily originated from single centers, or have been small cohort studies.1:3:4:6.7
Larger cohorts reported from Taiwan, India, and Thailand 28 represent more ethnically
homogeneous populations than those seen in North America. In particular, descriptions of
cSLE in North American Asian, South Asian and Aboriginal (Native Americans/First
Nations Canadians) populations are sparse,1-10 despite the rapid growth of these ethnic
groups in Western countries.

Canada is a country with significant growth due to recent immigration patterns, with almost
70% of the population increase between 2001 and 2006 accounted for by immigration.
Compared to the rest of the Canadian population, visible minorities are growing at an almost
five times faster rate, and will represent almost 20% of the population by 2017.1112 South
Asians (primarily from India, Pakistan, Sri Lanka and Bangladesh) recently surpassed
Chinese as the largest visible minority group in Canada, with Blacks as the third largest
group. These minority groups remain ethnoculturally diverse, for example 52% of the Black
group reports Caribbean origins, 42% report African origins, 12% from the British Isles,
11% Canadian, and 4% of French origin.11 Although Canada's public healthcare system
provides universal access to medical care, only 53% of Canadians have dental insurance,!3
and 62% have prescription drug coverage.1* Prescription drug and dental coverage are
provided through federal programs for Aboriginals, and through provincial programs for
lower income earners and seniors. For the remainder, individual or group private insurance
plans are required. Thus, sociodemographic factors such as access to prescription drugs and
distance from a healthcare provider may influence healthcare utilization and disease
outcomes.

The 1000 Faces of Canadian Lupus is a cross-Canada national prospective observational
cohort of SLE patients (both adults and children) that began recruiting both incident and
prevalent cases of SLE in 2005. The objectives were to determine the influence of ethnicity
and socioeconomic factors on disease activity, organ involvement, and disease outcomes.
This report focuses on the children and adolescents with SLE that were enrolled and
presents the baseline description of this ethnically diverse cSLE cohort; the adult cohort has
been previously described.1®> We analyzed this pediatric cohort by self-selected ethnicity for
sociodemographic and socioeconomic factors and disease characteristics.

Study Design and Setting

This cross-sectional study enrolled both incident and prevalent cases of cSLE at four
participating Canadian pediatric rheumatology centres in Halifax, Montreal, Toronto and
Vancouver. The study consisted of a baseline visit, and follow-up visits every six months;
this report presents only the data at enroliment (“baseline”). Eligible patients were
consecutively recruited starting in November 2005, at the time of a routine clinic visit. An
interview with the patient and his or her parent was conducted, along with a physical
examination and laboratory tests. Approval from local Research Ethics Boards were
obtained at each participating site.
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Patients with a clinical diagnosis of SLE prior to their 18 birthday and followed at one of
the participating centers were eligible to enroll in the pediatric arm of this study. As was true
for the adult arm of the study, patients were allowed to enroll with a clinical diagnosis of
CSLE, rather than the requirement to meet the American College of Rheumatology (ACR)
classification criteria for SLE.16 However, the majority of subjects (89%) fulfilled >4
criteria at enrollment.

Study variables

Patients provided detailed data including age, gender, country of birth, highest education
level achieved, total household income, dental insurance (yes/no), prescription medication
coverage (yes/no), medication history, access to health care and medications (each
categorized by the parent as “no problem/a bit of a problem/a big problem”) and family
history. Self-selected ethnic background utilized the format and categories used by Statistics
Canada.l’ In the current analysis, patients were categorized according to the primary self-
selected ethnic category; however, patients were allowed multiple choices, and detailed
information on extended family ethnic background and country of origin were also
collected.

Study investigators reviewed medical records at the baseline visit and clinical data were
abstracted and entered onto a comprehensive clinical record form. Collected data included
the classification criteria for SLE,16 other clinical manifestations of lupus, and current and
past medications. Autoantibody status was recorded for anti-dsSDNA, anti-Sm, anti-RNP,
anti-La, anti-Ro, and antiphospholipid antibodies (aPLs) -including anticardiolipin
antibodies and lupus anticoagulant. Investigators were asked to rate if non-compliance with
medication had been a problem in caring for that patient in the past year, with choices of “no
problem”, “a bit of a problem” or “a big problem”. Disease activity was measured using the
SLE Disease Activity Index 2000 (SLEDAI-2K) and revised Systemic Lupus Activity
Measure (SLAM-R); both scales are sensitive to change in cSLE.18 The SLEDAI-2K
contains 24 descriptors in 9 organ systems and is weighted to reflect the degree of disease
activity. Scores range from 0 — 105, with higher scores representing greater disease
activity.1® The SLAM-R includes 24 clinical manifestations and 8 laboratory parameters
weighted according to severity, with different maximal scores for each organ system. Scores
range from 0 to 86, with higher scores representing greater disease activity.2? The SLAM-R
also includes a 10-cm visual analog scale (VAS) of physician-assessed global disease
activity. Disease damage was recorded using the Systemic Lupus International Collaborating
Clinics/ACR Damage Index (SDI), an index of 41 items in 12 organ systems/domains.
Damage is irreversible change that has been present for at least 6 months, and may be due to
the disease itself, treatment, or a co-morbidity, and scores range from 0 to 49.21

Statistical analyses

We summarized the characteristics of the study sample using descriptive statistics, and
differences between ethnic groups were assessed with the chi-squared test for categorical
variables or with analysis of variance and pair wise testing for continuous variables. For
identification of groups of patients with similar clinical characteristics we used exploratory
cluster analysis.?2 Hierarchical agglomerative linkage using Ward's method allowed
identification of a meaningful number of clusters using the ACR SLE classification criteria
(we excluded autoantibodies from the clustering). This was followed by a non-hierarchical
K-means clustering procedure to refine the clusters. By specifying 3 and 4 clusters in the K-
means procedure, the results of the analysis of 3 clusters had greater clinical relevance than
that of 4 clusters. Chi-square and Fisher's exact test were used to determine differences of
features between the resultant clusters. Bonferroni adjustments for multiple comparisons
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were not made, as the majority of our analyses were exploratory. All statistical analyses
used STATA 12 statistical software (STATACorp, College Station, TX).

Between November 2005 and February 2009, 218 pediatric and 1715 adult patients were
enrolled into the 1000 Faces of Canadian Lupus Study. Three of the pediatric patients
fulfilled only 2 ACR classification criteria for SLE, and one patient had no demographic
data available. After reviewing the clinical data of 22 patients who fulfilled only 3 of 11
ACR classification criteria, we excluded one further patient as unlikely SLE (more
consistent with primary antiphospholipid syndrome), for a total of 213 pediatric patients
available for analysis. The number of patients enrolled at each site mirrored the size of the
clinical center. At the Hospital for Sick Children in Toronto, 134 (63%) patients were
enrolled, 54 (25%) from British Columbia (B.C.) Children's Hospital in Vancouver, 17 (8%)
from Montreal Children's Hospital, and 8 (4%) from Halifax IWK Hospital. Overall, there
were 176 (83%) females, the mean age at cSLE diagnosis was 12.5 + 0.3 years, mean
disease duration at enrollment was 2.5 + 2.7 years, and 175 patients (82%) were born in
Canada. These demographic data were similar across the four geographic sites (data not
shown), except for disease duration. Patients in Toronto had a disease duration of 1.9 + 2.2
years, in Vancouver 3.9 + 3.6 years, Montreal 2.4 + 2.2, and Halifax 1.7 + 1.8 (p<.001).

Using Statistics Canada guidelines for race and ethnicity,1” self-reported primary race/
ethnicity data were available for 206 patients: 63 (31%) East and Southeast Asian patients
(primarily from China, Korea, Taiwan, Philippines and Vietnam), and 32 (16%) South Asian
patients (primarily from India, Pakistan, Sri Lanka and Bangladesh) , 22 (11%) Black, 9
(4%) Aboriginal Canadians, 65 (32%) White, 9 (4%) Latino/Hispanic and 6 (3%) Arab/
Middle Eastern. The East/Southeast Asian group is labeled “Asian” for the remainder of this
study, differentiating it from the “South Asian” group. The ethnic distribution of patients at
the four centers (Figure 1) was significantly different (p<.001), reflecting existing
differences in urban populations across Canada. The small Arab/Middle Eastern group was
not included in subsequent analyses.

The distribution of socioeconomic and demographic data by ethnicity is shown in Table 1.
Disease duration at enrollment was greater in the Aboriginal group (p=0.007), however, the
age at diagnosis was not significantly different between the groups. A lower proportion of
patients of Asian and South Asian descent were born in Canada compared to the other
groups (p<0.001). Household income and prescription drug coverage were similar across
groups; however, a lower proportion of Asian and South Asian patients had supplemental
dental coverage (p=0.006). The average education level (highest grade completed) was 8.6 +
2.7, which reflected the average age at enrollment, and did not differ by ethnicity (data not
shown). Medication noncompliance categorized by the physician was “no problem” for 94%
(188/200) of patients, “a bit of a problem” for 5% (10/200), and “a big problem” for 1% (2
patients). There were no significant differences in compliance ratings by ethnicity (data not
shown).

Laboratory Characteristics

We observed differences between ethnic groups in the frequencies of some of the SLE
classification criterial® as seen in Table 2. Aboriginals and Blacks had a lower frequency of
malar rash (p=0.002), and Asians demonstrated a lower frequency of arthritis (p=0.02).
Serositis was more common in Aboriginals and Blacks (p=0.008), and renal disease was
more common in Asian and Black patients (p=.009). Analysis of the autoantibody profiles as
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seen in Table 3 demonstrated that fewer White patients had dsSDNA antibodies (p=0.01),
anti-Sm antibodies (0.02), and anti-Ro antibodies (p=0.008) compared to patients of other
ethnicities.

We conducted an exploratory cluster analysis to determine if the clinical features associated
together (Table 4). The clustering procedure demonstrated 3 clinically distinct clusters.
Cluster 1 contained 68 patients (34%), and was characterized by multiorgan (“severe”)
disease — all had renal disease, 76% had hematologic involvement, and 41% arthritis. The
largest group was Cluster 2, with 82 patients (41%), representing “moderate” disease with
predominant features of hematologic involvement (100%) and arthritis (69%). Cluster 3
represented 50 patients (25%), and was characterized by “mild” disease — patients
predominantly had mucocutaneous involvement and arthritis. Once these clusters were
established we then determined if the ethnic and autoantibody distributions differed by
clusters (Table 5). We observed a significant difference in the ethnicity distribution between
clusters (p=0.03). White patients had milder disease (only 20% partitioned to Cluster 1 —
“severe” group), while conversely only 9% of Black patients and 16% of Asian patients
were in the “mild” group (Cluster 3). Autoantibodies did not follow a particular cluster
distribution, although significantly more patients in Cluster 1 were anti-dSDNA antibody
positive than in the other clusters (92% versus 62% and 36%, p<0.001).

At the time of the baseline visit there were no differences between the different ethnic
groups in the current use of antimalarials, prednisone and all immunosuppressive
medications. Eighty-six percent (171/200) of patients were taking antimalarials
(hydroxychloroquine or chloroquine), and 76% (151/200) prednisone. Thirty percent were
prescribed azathioprine (59/200), 13% (25/200) mycophenolate mofetil (MMF) or
mycophenolic acid (MPA), 7% (13/200) cyclophosphamide, and 7% (13/200) methotrexate.
Additionally, there were no differences in the proportion of patients in each ethnic group
who had “ever” taken any of these medications (data not shown). Ninety-one percent of
patients had taken prednisone either now or in the past, while 90% had taken antimalarials.
For the immunosuppressants azathioprine, MMF/MPA, cyclophosphamide and
methotrexate, 48%, 17%, 22% and 10% respectively had “ever” taken these drugs.

Disease Activity and Damage

At the baseline visit, average disease activity was low, as measured by SLEDAI-2K score
(overall mean 3.1 + 4.1) or SLAM-R score (3.4 + 3.7). Physician global disease activity
scores rated on a visual analog scale (VAS) demonstrated an overall mean of 15.1 mm
(range 0 — 99). Mean disease damage, as measured by SDI score was 0.3 + 0.8 (range 0 - 5),
and median SDI was 0 (IQR 0). These measures did not differ by ethnicity (Table 3).
Evidence of any damage, (SDI score > 0) was observed in 16% of patients (32/199), and 7%
of patients (14/199) had a score of = 2. Damage scores were most frequently accounted for
by cognitive impairment (7 patients), cataracts (7 patients), avascular necrosis (8 events in 6
patients), and stroke (5 events in 3 patients).

Discussion

The aim of the 1000 Faces of Canadian Lupus Study was to document the variable
phenotype of SLE in Canada, across a multi-ethnic population of both children and adults.
Although the pediatric arm of this project enrolled subjects in only 4 of the 13 provinces and
territories, the largest clinical centers representing the Canadian cities with the greatest
ethnic diversity participated. In the most recent census, 16% of all Canadians identified
themselves as belonging to a visible minority.1! In the current study, 69% of the patients
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enrolled self-identified as non-White ethnicity, which is consistent with previous reports of a
greater prevalence of SLE in non-White ethnicities,1:23-25 but is greater than the reported
percentage of visible minorities in these Canadian cities (which range from 8% in Halifax to
43% in Toronto).1! It is also greater than that reported in the adult 1000 Faces of Lupus
cohort which was 62% White.1® The ethnic diversity of each center was representative of
their urban surroundings. Although only 4% percent of our cohort identified themselves as
primarily Aboriginal, this is greater than the 3% of Canadians who are Aboriginals.
Traditionally, Aboriginal Canadians have lower health status, with poorer access to primary
and specialist care,26-28 5o it is possible that we have in fact underrepresented this
population. In addition, we did not recruit cSLE patients from Manitoba or Saskatchewan,
two provinces with high percentages of Aboriginal Canadians.

Sociodemographic characteristics were similar across ethnicities, although patients of Asian
and South Asian descent were less likely to have prescription drug and dental coverage.
These patient groups were also less likely to have been born in Canada and, therefore, as
newer immigrants to Canada perhaps fewer were able to obtain drug coverage and dental
insurance generally provided by full-time employment. Alternatively, a greater percentage
of these groups may have been self-employed or part of a small business, where
supplemental coverage would not be provided. The lower coverage rates in these groups
may be a proxy for income; however, we did not observe a significant difference in total
household income by ethnicity. In this study the upper income limit was set at $50,000
yearly, lower than the 2008 median Canadian household income of $68,8602% and, therefore,
we may not have been able to detect differences which may have been present. Unlike
studies from the United States and the GLADEL cohort, we did not find significant
differences in disease activity, damage or treatment based on ethnicity, but socioeconomic
status (SES) and access to care may be more important determinants of outcome,30-32

Our cluster analysis identified three distinct clusters based on clinical features, which we
then explored for their ethnicity distributions. While severe disease was rare in the White
patients (only 20% fell into the severe disease cluster), it was prevalent in the non-White
ethnicities, especially the Asian (51%) and Black (43%) patients. Comparing our data to the
adult SLE patients enrolled in the 1000 Faces of Lupus Study, the overall clinical features
were similar, however, the adult patients had a greater proportion of White patients with
renal disease (40%), and South Asian patients were included in the Asian ethnic group and
not analyzed separately.1® Our findings of more severe disease in Blacks, Asians and
Aboriginals (Clusters 1 and 2 - severe and moderate disease) are consistent with the adult
literature.33-35 Neuropsychiatric disease was uncommon in our clinical clusters, and was
likely underestimated as we did not ascertain the prevalence of the 19 neuropsychiatric
syndromes of SLE (NPSLE),36 only that of seizures and psychosis. Instead, we might have
expected between 35 and 65% of the cohort to report NPSLE, depending on the criteria
employed 837,38

The current study confirms previous reports of a higher prevalence of anti-Sm and anti-RNP
antibodies in non-White cSLE patients.5:3% A recent cluster analysis of autoantibodies in 156
cSLE patients (from Toronto, which includes 80 of the patients enrolled in the current study)
also demonstrated that non-White patients were more likely to have detectable
autoantibodies, including anti-Sm and anti-U1RNP.22 Further, when the autoantibody
clusters were analyzed, the cluster with the highest percentage of White patients also had the
mildest disease, characterized predominantly by malar rash, thrombocytopenia, and a low
incidence of renal disease (<20%) in the presence of anti-dsDNA antibodies but no other
autoantibodies.22 In our current study, we observed a higher proportion of patients with anti-
dsDNA antibodies in Cluster 1 (100% of patients had renal disease in this cluster); however,
there were no differences in the frequency of anti-Sm, RNP and other autoantibodies
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between clusters. Therefore, the emerging data would suggest that the presence of specific
autoantibodies may be less important than ethnicity in determining the risk of specific organ
involvement in cSLE. However, recent SLE literature would instead suggest that genotypic
differences predict variations in phenotypic disease expression,*0-42 although only one large
study has examined non-Caucasian ethnic groups.

Although we observed differences in clinical manifestations between the ethnic groups, we
did not observe greater irreversible damage in non-White ethnicity groups.1:3:3043 n fact,
this entire cohort had very little damage, with an average SDI score of 0.6 at 2.4 years of
disease. Thus, we may attribute the low SDI scores to the relatively short disease duration,
as damage generally accrues with greater duration of disease.#4-46

We recognize potential limitations of our study methods and interpretation. As this was a
cross-sectional examination of cSLE we were unable to collect and analyze for possible
differences between ethnicities at disease presentation and track these differences through
the disease course. Additionally, due to limitations in the cohort size and definition of the
ethnic groups we were unable to take into account mixed parental heritage and
heterogeneous background; we chose to use only the primary designation by the patient
(parent). Notably, when the parental ethnic designations were one parent White and one
non-White, we used the non-White designation as the primary ethnicity. Since we did not
correct our exploratory statistical analyses for multiple testing, the significance levels of
some of our findings should be interpreted cautiously.

In conclusion, we have shown that the cSLE population of Canada is ethnically diverse, with
the majority of patients belonging to a visible minority. Although we observed ethnic
differences in the severity of disease expression, similar to the Adult 1000 Faces of Lupus
cohort® we did not observe differences in the measured outcomes of treatment, disease
activity and irreversible organ damage. These findings would suggest that universal access
to healthcare in Canada is an important determinant of positive outcomes in cSLE. Disease
activity was low, and damage was minimal in our cohort of relatively recently diagnosed
patients, thus long-term study of a population with universal healthcare may further
delineate the determinants of outcome in cSLE. Due to recent immigration patterns and the
changing ethnocultural landscape, we expect that the incidence of cSLE in Canada will
continue to increase, and that the 1000 Faces of Canadian Lupus will continue to evolve in
the future. This type of analysis should be undertaken in other countries with different
ethnic/cultural mixes and different healthcare systems to determine if our findings are
unique to Canada.
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Table 4

Clustering by Clinical Criteria

Cluster 1 (N=68) Cluster 2 (N=82) Cluster 3 (N=50) P-value

Malar Rash 43 (63) 48 (59) 41 (82) 0.02
Discoid Rash 1(2) 2(2) 2(4) 0.73
Photosensitivity 18 (26) 12 (15) 20 (40) 0.005
Oral/Nasal Ulcers 21 (31) 18 (22) 15 (30) 0.39
Arthritis 28 (41) 56 (69) 37 (74) <0.001
Serositis 12 (18) 16 (20) 7(14) 0.75
Pleuritis 10 (15) 13 (16) 5(10) 0.71
Pericarditis 4 (6) 9 (11) 5 (10) 0.54
Renal Disease 68 (100) 3 1(2) <0.001
Proteinuria 63 (93) 0 0 <0.001
Casts 42 (62) 0 0 <0.001
Neuropsychiatric 5(7) 10 (12) 11 (22) 0.07
Disease
Seizures 1(2) 3(4) 1(2) 0.85
Psychosis 4 (6) 4 (5) 7(14) 0.15
Hematologic 52 (76) 82 (100) 0 <0.001
Anemia 20 (29) 32 (39) 0 <0.001
Leucopenia 24 (35) 20 (24) 0 <0.001
Lymphopenia 35(51) 50 (61) 0 <0.001
Thrombocytopenia 24 (35) 46 (56) 0 <0.001

Cluster 1 is characterized by multiorgan (“severe”) disease — all have renal disease, and the majority hematologic and mucocutaneous involvement,
as well as a significant proportion with arthritis. Cluster 2 is “moderate” disease, with predominant features of hematologic involvement and
arthritis, and Cluster 3 is “mild” disease — patients predominantly have mucocutaneous involvement and arthritis.
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Ethnicity and Autoantibody Distribution Using Clustering by Clinical Criteria

Cluster 1 (N=68) Cluster 2 (N=82) Cluster 3 (N=50) P-value
Ethnicity (N.% ) 0.03
Aboriginal 3(33) 5 (56) 1(11)
Asian 32 (51) 21 (33) 10 (16)
South Asian 8 (25) 15 (47) 9 (28)
Black 9 (41) 11 (50) 2(9)
Latino/Hispanic 3(33) 3(33) 3(33)
White 13 (20) 28 (43) 24 (37)
Autoantibodies
ANA 68 (100) 79 (96) 48 (96) 0.22
dsDNA 63 (93) 51 (62) 18 (36) <0.001
Anti-Smith 25 (37) 26 (32) 14 (28) 0.61
Anti-RNP 26 (38) 32 (39) 16 (32) 0.68
Anti-Ro 31 (46) 27 (33) 11 (22) 0.03
Anti-La 17 (25) 14 (17) 7(14) 0.31
Anticardiolipin Antibodies 37 (54) 36 (44) 15 (30) 0.03
Lupus Anticoagulant 9 (13) 24 (29) 4 (8) 0.004
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*
The percentage listed is that of that ethnic group. For example, South Asian patients in Cluster 1 — there were 8 patients, which represents 25% of

all South Asian patients in the study.
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