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Malnutrition Is Common in Systemic Sclerosis:
Results from the Canadian Scleroderma Research
Group Database
MURRAY BARON, MARIE HUDSON, and RUSSELL STEELE, Canadian Scleroderma Research Group

ABSTRACT. Objective.Systemic sclerosis (SSc) is a multisystem disease associated with significant morbidity
and increased mortality. Little is known about nutritional status in SSc. We investigated the
prevalence and demographic and clinical correlates of nutritional status in a large cohort of patients
with SSc.
Methods.This was a cross-sectional multicenter study of patients (n = 586) from the Canadian
Scleroderma Research Group Registry. Patients were assessed with detailed clinical histories, med-
ical examinations, and self-administered questionnaires. The primary outcome was risk for mal-
nutrition using the “malnutrition universal screening tool” (MUST). Multiple logistic regression was
used to assess the relationship between selected demographic and clinical variables and MUST
categories.
Results.Of the 586 patients in the study, MUST scores revealed that almost 18% were at high risk
for malnutrition. The significant correlates of high malnutrition risk included the number of gas-
trointestinal (GI) complaints, disease duration, diffuse disease, physician global assessment of dis-
ease severity, hemoglobin, oral aperture, abdominal distension on physical examination, and physi-
cian-assessed possible malabsorption. Among 14 GI symptoms, only poor appetite and lack of a
history of abdominal swelling and bloating predict MUST. These factors accounted for 24% of the
variance in MUST scores.
Conclusion.The risk for malnutrition in SSc is moderate and is associated with shorter disease dura-
tion, markers of GI involvement, and disease severity. Patients with SSc should be screened for mal-
nutrition, and potential underlying causes assessed and treated when possible. (First Release Oct 15
2009; J Rheumatol 2009;36:2737–43; doi:10.3899/jrheum.090694)
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Gastrointestinal (GI) involvement in patients with systemic
sclerosis (SSc) is common, and diffuse bowel involvement
may result in bacterial overgrowth and malabsorption1-5.
Prokinetic agents, antibiotics, and parenteral nutrition may
be required6-11, but although malnutrition might be an
expected consequence of these features, a systematic
approach to assessment of nutritional status in patients with
SSc has been undertaken infrequently, and then only in
small numbers of patients12,13.
Malnutrition has been defined as “a state of nutrition in

which a deficiency, excess or imbalance of energy, protein,

and other nutrients causes measurable adverse effects on tis-
sue/body form (body shape, size, composition) and function
and clinical outcome”14, but assessment of nutritional status
is difficult and controversial. Various screening tools for
malnutrition have been developed including the “malnutri-
tion universal screening tool” (MUST) for adults, which was
produced for the British Association for Parenteral and
Enteral Nutrition15. In Great Britain the MUST has been
adopted by the British Dietetic Association, the Royal
College of Nursing, the Registered Nursing Homes
Association, and the British Association for Parenteral and
Enteral Nutrition. The extent and associated features of mal-
nutrition have never been assessed in a standardized fashion
in a large number of patients with SSc; we undertook this
study to determine, with the MUST screening tool, the
prevalence and predictors of protein-energy malnutrition in
a cohort of patients with SSc followed by the Canadian
Scleroderma Research Group (CSRG).

MATERIALS AND METHODS
Design. A cross-sectional study of a national cohort of patients with SSc.

Study subjects.The subjects consisted of those enrolled in the CSRG
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Registry. Patients in the Registry are recruited from 15 centers across
Canada. They must have a diagnosis of SSc made by the referring rheuma-
tologist, be ≥ 18 years of age, and be fluent in English or French. Patients
are seen yearly. Patients included in this study were those whose baseline
visit was between September 2004 and April 2008 and whose complete
data for the outcomes and predictors of interest were entered into the data-
base as of April 2008. Only data from the baseline visit were used. The
presence of lung involvement was defined as a severity score ≥ 1 for lung
as defined by the criteria of Medsger,et al16. Heart involvement was
defined as a severity score ≥ 1 for heart as defined by the criteria of
Medsger,et al16. Designations of limited and diffuse disease were assigned
according to LeRoy,et al17.

Ethics committee approval for this study was obtained at each site, and
each patient provided informed written consent to participate.

Malnutrition screening instrument.The MUST assigns the following scores
to body mass index (BMI): > 20.0 = 0, 18.5–20.1 = 1, < 18.5 = 214. A
weight loss score (unplanned weight loss in the past 3–6 mo) is assigned as
follows: < 5% = 0, 5%–10% = 1, > 10% = 2. The MUST also adds a score
of 2 if there has been or is likely to be no nutritional intake for the next 5
days or more. As all the participants were outpatients, their nutritional
intake was ongoing and hence they were scored as zero for this issue. The
scores for BMI and weight loss are summed for the total score, which is
interpreted as follows: risks for malnutrition are low for MUST score of 0,
medium for MUST score = 1, and high for MUST score ≥ 2. Measurements
of height and weight are performed by the Registry nurse at the time of the
CSRG visit using standard equipment available at the sites. There is no par-
ticular standardization of this equipment. Weight loss is based on recall by
the patient and refers to the previous year rather than the previous 3–6
months.

Predictor variables.Patients recruited into the Registry underwent an
extensive standardized evaluation including a history, physical evaluation,
and laboratory investigations. Disease duration is calculated from the first
non-Raynaud’s manifestation, as in other studies18-23. Physician global
assessments of disease severity are made using 11-point numerical rating
scales ranging from 0 to 1024,25. The physician was asked to assess the
presence of possible malabsorption [physician answers “yes” to the fol-
lowing question: “Does the patient either answer yes to: “Do you pass
stools that are difficult to flush, particularly foul smelling or associated
with a ring of grease in the toilet bowl?” and/or does the patient have low
ferritin with no blood loss, elevated International Normalized Ratio (INR),
low serum vitamin B12 level and not pernicious anemia, low serum
carotene, or low Mg or Ca level otherwise unexplained?”]. The skin score
was calculated according to the modified Rodnan skin score method
(mRSS)26.

To assess GI involvement patients answer yes/no to a series of 14 ques-
tions concerning appetite loss, difficulty swallowing, regurgitation of acid,
nocturnal choking, heartburn, early satiety, abdominal bloating, nausea and
vomiting, constipation, diarrhea, need for antibiotics for diarrhea, greasy
stools, fecal incontinence, and the need for parenteral nutrition. We
obtained this information by reviewing protocols from 7 major scleroder-
ma centers in North America and compiled a list of the GI symptoms
included in those protocols. The patients were also asked about the pres-
ence of dryness of the mouth (“I have had a feeling of dry mouth on a daily
basis for more than 3 months”). There was no formal assessment by any cri-
teria for the presence of Sjögren’s syndrome. The physical examination by
the physician is recorded and includes a yes/no response for the presence of
abdominal distension. The oral aperture is the distance measured between
the incisors to the nearest millimeter measured with a tape measure with the
mouth fully open.

Statistical analysis.Descriptive statistics were used to summarize the
baseline characteristics of the patients. Bivariate analyses were performed
to identify clinical associations of factors with MUST score using bivari-
ate ordinal logistic regression. The predictors of MUST score were ana-
lyzed by multivariate ordinal logistic regression using number of GI com-

plaints, age, sex, disease duration, diffuse disease, physician assessment of
disease severity, oral aperture, hemoglobin, abdominal distension, dry
mouth, and malabsorption with standardized continuous variables. The
specific GI symptoms associated with the MUST scores were investigated
by regressing all 14 symptoms instead of number of GI symptoms in the
model. All statistical analyses were performed with SAS v9.1 and with the
MUST scores categorized into 3 categories (0, 1, ≥ 2) for all regression
analyses.

RESULTS
There were 586 patients included in the study. Data were
obtained from the baseline visit. Table 1 gives the charac-
teristics of the patients studied and of patients for whom
there were incomplete data. There were no statistical differ-
ences of clinical relevance between included and excluded
patients. Eighty-seven percent of the subjects were women.
The mean age (SD) of the cohort was 55.4 (12.1) years.
Patients had a disease duration of 10.5 (8.6) years, and 77%
fulfilled the American College of Rheumatology (ACR) cri-
teria for SSc27. Diffuse cutaneous disease was present in
39%. The physician rating of disease severity was mild
overall. GI symptoms were common (Table 2). The distri-
bution of BMI results revealed a distribution slightly
skewed but not dissimilar from data for the normal
Canadian population (Figure 1)28. The mean MUST score
was 0.5, but MUST scores were categorized into the 3 sets
suggested by the authors of this scoring system (0, 1, and ≥
2) as there were very few results > 2. The distribution of
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Table 1. Patient characteristics.

Study Subjects, Subjects Excluded
n = 586 for Missing Data,
Mean (SD) Total n = 203

Characteristic or % Mean (SD) or %
[% missing]

Age, yrs 55.4 (12.1) 55.3 (12.9) [0]
Female, % 87 84 [0]
Disease duration, yrs 10.5 (8.6) 11.0 (9.7) [12]
Meet ACR classification criteria, % 77 70.5 [4]
Diffuse cutaneous disease, % 39 46 [0]
Physician global assessment of
disease severity (11-point 2.8 (2.2) 2.9 (2.2) [0]
numerical rating scale)

Lung involvement, % 75 80 [27]
Heart involvement, % 27 25 [25]
No. of GI complaints,
maximum = 14 4.0 (3.0) 4.6 (3.3) [7]

Oral aperture, mm 39.0 (3.0) 38.0 (9.2) [10]
Hemoglobin, g/dl 130.0 (14.5) 131.4 (16.9) [26]
Abdominal distension on physical
examination, % 7 9 [1]

Dry mouth, % 45 48 [4]
Malabsorption suspected by
physician, % 11 12 [1]

Body mass index 26.0 (5.7) 25.3 (6.0) [6]
MUST score 0.5 (0.9) 0.7 (1.1) [11]

MUST: malnutrition universal screening tool.
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these MUST scores revealed that almost 18% were at high
risk for malnutrition (Table 3).
Logistic regression assessed the relationship between

predictor variables and MUST scores (Table 4). Unadjusted
odds ratios indicated significant associations between
MUST scores and the number of GI symptoms, diffuse dis-
ease, shorter disease duration, disease severity (physician
global assessment), oral aperture, hemoglobin, abdominal
distension on examination, and the physician’s assessment
of possible malabsorption. In addition, when we assessed
each of the 14 GI questions posed to the patients, associa-
tions with MUST scores were found specifically for poor

appetite, early satiety, nausea, constipation, diarrhea, and
taking antibiotics for diarrhea.
Two separate models were performed to assess adjusted

odds ratios. Model 1 assessed the number of GI symptoms
as well as age, sex, diffuse disease, disease duration, physi-
cian global assessment of disease severity, hemoglobin, oral
aperture, abdominal distension, history of dry mouth, and
physician-assessed possible malabsorption. Model 2
replaced the number of GI complaints with each of the 14 GI
symptoms. In Model 1, significant associations with MUST
scores were found for the number of GI complaints, disease
duration, and physician global assessment of disease sever-
ity; and borderline significance for oral aperture, hemoglo-
bin, abdominal distension, and physician-assessed possible
malabsorption. When the mRSS was entered instead of the
physician assessment of disease severity, it did not perform
well as an independent predictor (OR 1.2, 95% CI 0.9–1.5;
data not shown). Reviewing data for the individual GI
symptoms that predicted MUST scores in the adjusted
model, only poor appetite and lack of a history of abdomi-
nal swelling and bloating were predictive.

DISCUSSION
Malnutrition usually refers to protein-energy malnutrition.
Using the MUST screening tool we were able to determine
that 10.8% of our SSc cohort were at medium risk for mal-
nutrition and 17.4% at high risk. This compares to an 18%
medium risk and 12% high risk in gastroenterology
out-patients and a combined moderate and high risk of 19%
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Table 2. Frequency of each of 14 gastrointestinal symptoms.

Symptom N (%)

Poor appetite 170 (29.01)
Difficulty swallowing 316 (53.92)
Reflux symptoms 377 (64.33)
Wakes up at night and chokes 160 (27.30)
Retrosternal burning 250 (42.66)
Early satiety 235 (40.10)
Abdomen swelling or bloating 219 (37.37)
Nausea 86 (14.68)
Constipation 156 (26.62)
Diarrhea 129 (22.01)
Took antibiotics for diarrhea 41 (7.00)
Steatorrhea 113 (19.28)
Fecal incontinence 109 (18.60)
Requires parenteral nutrition 11 (1.88)

Figure 1.Distribution of BMI values in patients with systemic sclerosis.
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to 65% in different groups of hospitalized patients14. In
another report using the MUST, of 9336 patients screened
on admission to hospital, 28% were found to be at risk of
malnutrition (22% high risk, 6% medium risk), and in
chronic-care homes 30% were “malnourished” (20% high
risk, 10%medium risk)29. The findings in our patients there-
fore place the risk of malnutrition in SSc very near the risk
observed in other understandably high-risk populations.
It is well known that the severe GI disease of SSc can

cause malnutrition6, in most cases because of malabsorption
likely secondary to bacterial overgrowth10. That parenteral
nutrition has often been used in patients with SSc attests to
the severity of the malnutrition8-10,30. However, there are to
our knowledge no studies of a large number of SSc patients
that have established the prevalence of malnutrition in an

unselected population. One of the larger studies was of 30
patients with SSc and symptoms from the GI tract compared
to healthy control subjects12. The investigators found that
the intake of energy and the distribution of nutrients did not
differ between patients and control subjects, but that the
intake of fiber and fruits and vegetables tended to be lower
in patients. Their results suggested that either decreased
nutrient absorption or increased losses, or both, were
responsible for these effects, as nutritional intake was gen-
erally normal. Another report also suggested that in patients
with SSc reduced blood concentrations of nutrients, particu-
larly the water-soluble antioxidants selenium and ascorbic
acid, are not due to dietary deficiency13.
To our knowledge ours is the first study to relate possible

malnutrition in SSc to particular clinical features of the dis-
ease by comparing patients with low versus high malnutri-
tion risk. Using adjusted odds ratios we demonstrated an
association of MUST scores with the number of GI com-
plaints, shorter disease duration, diffuse cutaneous disease,
physician global assessment of disease severity, hemoglo-
bin, abdominal distension on physical examination, and
physician-assessed possible malabsorption. In terms of indi-
vidual GI complaints, we found an association of MUST
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Table 3. Distribution of malnutrition universal screening tool (MUST)
scores.

MUST Score Frequency (%)

0 411 (70.1)
1 73 (12.5)
≥ 2 102 (17.4)

Table 4.Crude and adjusted odds ratios for the association between potential risk factors and MUST scores in SSc.

Model 1 Model 2
Factor Crude OR Adjusted OR Adjusted OR

(95% CI) (95% CI) (95% CI)

No. of GI complaints (maximum = 14) 1.4 (1.1–1.6) 1.3 (1.1–1.6)
Age 0.9 (0.8–1.1) 1.0 (0.8–1.2) 1.0 (0.8–1.2)
Female 0.7 (0.4–1.1) 0.7 (0.4–1.2) 0.8 (0.4–1.4)
Diffuse vs limited disease 1.7 (1.2–2.5) 1.1 (0.7–1.7) 1.1 (0.7–1.7)
Disease duration 0.7 (0.6–0.9) 0.7 (0.6–0.9) 0.7 (0.5–0.9)
Physician global assessment of disease severity 1.6 (1.4–1.9) 1.4 (1.2–1.7) 1.3 (1–1.6)
Oral aperture 0.7 (0.6–0.8) 0.8 (0.7–1.0) 0.9 (0.7–1.1)
Hemoglobin 0.8 (0.6–0.9) 0.8 (0.7–1.0) 0.8 (0.7–1)
Physician assessment of abdominal distension 2.1 (1.1–3.8) 1.9 (1.0–3.7) 2.5 (1.2–5)
Dry mouth 1.1 (0.8–1.6) 0.9 (0.6–1.3) 0.9 (0.6–1.4)
Physical assessment of malabsorption 2.1 (1.3–3.5) 1.7 (1.0–3.0) 1.5 (0.8–2.7)
Individual gastrointestinal symptoms
Poor appetite 4.6 (3.2–6.7) 3.4 (2.2–5.5)
Difficulty swallowing 1.3 (0.9–1.9) 1.2 (0.8–1.9)
Reflux symptoms 1.0 (0.7–1.4) 0.9 (0.5–1.4)
Wakes up at night and chokes 1.1 (0.7–1.6) 0.9 (0.6–1.5)
Retrosternal burning 1.0 (0.7–1.4) 0.7 (0.4–1.1)
Early satiety 2.1 (1.5–3) 1.3 (0.8–2.1)
Abdomen swelling or bloating 0.8 (0.6–1.2) 0.6 (0.4–0.9)
Nausea 2.4 (1.5–3.8) 1.6 (0.8–2.8)
Constipation 1.4 (1–2.1) 1.2 (0.7–1.9)
Diarrhea 1.6 (1.1–2.4) 1.4 (0.8–2.3)
Took antibiotics for diarrhea 2.0 (1.1–3.7) 1.1 (0.5–2.3)
Steatorrhea 1.2 (0.8–1.9) 1.0 (0.6–1.7)
Fecal incontinence 1.3 (0.8–2) 1.2 (0.7–2)
Required parenteral nutrition 1.9 (0.6–6.1) 1.1 (0.3–3.9)

R2 = 14% R2 = 24%

Model 1: using the number of gastrointestinal (GI) symptoms reported by patient; Model 2: omitting number of
GI symptoms and replacing that with each of 14 individual symptoms.
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scores with poor appetite, early satiety, nausea, constipation,
and diarrhea. Each additional GI complaint confers an addi-
tional 20% risk that the patient will move to a higher MUST
score.
It is interesting that a shorter disease duration was asso-

ciated with a higher risk for malnutrition. It has been our
experience that patients who are quite ill with diffuse cuta-
neous disease often lose weight early in their illness and
then stabilize or even regain some weight. This requires
more detailed confirmation.
Although there are no validated measures of overall dis-

ease severity in SSc, a simple numerical rating scale based
on physician assessment does predict malnutrition in our
multivariate model. This remains true after accounting for
factors such as the number of GI complaints and the physi-
cian’s assessment of abdominal distension and possible mal-
absorption, which implies that there may be factors in the
physician’s assessment that do not relate to the GI tract that
are still predictive of malnutrition. It could be simply that
weight loss itself is a determinant of the physician’s assess-
ment of severity, or it may be that other factors such as
severe pulmonary disease are associated with higher MUST
scores for reasons other than decreased nutrient intake or
malabsorption.
In terms of the individual GI complaints associated with

higher malnutrition risk, it makes intuitive sense that poor
appetite and diarrhea, possibly a symptom of malabsorption,
would be independent risk factors. It is not clear, however,
why subjective abdominal bloating would be protective.
Also, some factors such as early satiety, nausea, constipa-
tion, and the need for antibiotics for diarrheal episodes,
which were significantly associated with MUST scores only
in bivariate analysis, may still be important, except that our
study was underpowered to reveal independent contribu-
tions. Certainly these factors make intuitive sense as risks
for malnutrition.
There are some limitations to our study. There is no val-

idated formal definition of malnutrition. A diagnosis of mal-
nutrition requires a formal diagnostic evaluation of each
individual patient. Our goals therefore were limited to
employing a screening tool. The many tools that have been
developed to assess nutritional status14,31-44 are uncon-
firmed for validity and reliability and vary in ease of use and
acceptability. However, one must differentiate the concept
of a screening tool from the actual diagnosis of malnutrition.
Presumably, a screening tool such as the MUST would have
good specificity and sensitivity for the presence of true mal-
nutrition but would not likely be perfect for either. The BMI
of < 20 used in the MUST will include some people who
have a BMI that may be considered normal. For example,
Health Canada considers only a BMI < 18.5 as under-
weight28. However, as this is a screening tool it is acceptable
that its sensitivity is high, in order to include some possibly
normal subjects. In inpatients, higher scores on the MUST

showed moderate ability to predict greater mortality (in-hos-
pital and post-discharge) and longer hospital stays than for
patients at low risk43. However, if one presumes that mal-
nourished subjects are those whose adverse prognosis could
be corrected by nutritional manipulation, then to our knowl-
edge no nutritional screening tool has been rigorously stud-
ied with regard to the validity of this endpoint. Nevertheless,
the MUST has been compared to 9 other commonly used
nutrition assessment tools, and demonstrates good concur-
rent validity in outpatients with chronic GI diseases and in
elective and emergency medical inpatients with varied diag-
noses14. The MUST is capable of predicting length of hos-
pital stay, mortality, and discharge destination of groups of
hospital patients and thus has predictive validity45,46. It also
predicts general practitioner visits and hospital admissions
in community individuals47. The MUST also has excellent
reproducibility (k = 0.809–1.000) between users (nurses,
healthcare assistants, doctors, nursing and medical students)
in different healthcare settings15,43. We chose to use the
MUST because of this validity and reliability data, because
of its wide acceptance in Great Britain, and because we had
available to us from our SSc Registry the information nec-
essary to calculate the MUST scores.
All study sites used their own equipment to measure

height and weight. This was not standardized and thus may
have influenced the variability and reliability of the meas-
urements. This was unlikely to have changed the overall
conclusions, however, as the significant relationships that
we found suggest that the study was of sufficient power
despite using this nonstandardized tool. Also, as we did not
have recorded weights before the baseline visit, we were
unable to record actual weight loss but the MUST instruc-
tions include the alternative that if recent weight loss cannot
be calculated, self-reported weight loss can be used
(Internet; available from: www.bapen.org.uk/pdfs/must/
must_full.pdf). We had no external validation of this
self-recalled weight loss. Indeed in studies of the MUST, if
height could not be measured accurately, recalled height or
knee height was used to calculate height, and if weight could
not be measured accurately, recalled weight was used14.
Disease severity is difficult to assess in SSc. The best val-

idated method is that of Medsger,et al16,48, but this method
provides specific scores for different organ systems, and no
overall severity score has been validated. In our study we
relied on the physician global assessment of disease severi-
ty. We have previously shown that the physician global
assessment of disease severity, the mRSS, and the sum of
the individual organ system severity scores according to the
method of Medsger,et albehave similarly49.
Not all our patients meet the ACR criteria for SSc27. We

purposely did not limit our analyses to only those who met
the criteria because we and others feel that these criteria are
probably outdated and lack sensitivity. We have shown that
adding factors such as anticentromere antibodies, telangiec-
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tasia, and nailfold capillary abnormalities tends to confirm
that all our patients do have SSc50.
We hypothesized that a diminished oral aperture and/or a

dry mouth might lead to decreased nutrient intake and thus
to malnutrition. Although the bivariate analysis does suggest
a role for a diminished oral aperture, the multivariate analy-
sis did not confirm that. We are currently performing a more
detailed study of oral health abnormalities in SSc and will
attempt to address this issue in more detail.
Importantly, we did not use a specific GI questionnaire as

part of our assessment. A new and valuable questionnaire
has recently been developed21, but was not available when
we collected our data. Our list of GI symptoms, however,
did reflect the consensus of scleroderma experts in that it
was compiled from the case report forms used at major
North American scleroderma centers. Indirectly, the associ-
ation between the number of GI complaints and the MUST
scores tends to validate our simple GI assessment tool. In
addition, in other studies we have demonstrated an associa-
tion between this simple score and quality of life and this
also tends to validate this measure51. In the adjusted model
the number of GI complaints had just borderline signifi-
cance as the lower 95% confidence interval was 1.1. This
may be an indication that although there appears to be valid-
ity to our scale, there certainly could be better GI assessment
tools, such as that of Khanna,et al21.
The risk for malnutrition in SSc is relatively high, with

over 28% of patients being at medium or high risk.
Malnutrition is associated with more GI complaints, with
early and more severe disease, and with possible malab-
sorption. We conclude that patients with SSc should be
screened for malnutrition, and possible underlying causes
assessed and treated when possible.

APPENDIX
Canadian Scleroderma Research Group Investigators: J. Pope, London,
Ontario; J. Markland, Saskatoon, Saskatchewan; D. Robinson, Winnipeg,
Manitoba; N. Khalidi, Hamilton, Ontario; N. Jones, Edmonton, Alberta; A.
Masetto, Sherbrooke, Quebec; E. Kaminska, Hamilton, Ontario; P.
Docherty, Moncton, New Brunswick; J-P. Mathieu, Montreal, Quebec; E.
Sutton, Halifax, Nova Scotia; M. Abu-Hakima, Calgary, Alberta; S.
LeClercq, Calgary, Alberta; D. Smith, Ottawa, Ontario; S. Ligier, Montreal,
Quebec; M. Fritzler, Advanced Diagnostics Laboratory, Calgary, Alberta.
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