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Abstract

Key findings

Introduction: Inorganic arsenic and its metabolites are considered dangerous to human
health. Although several studies have reported associations between low-level arsenic
exposure and diabetes mellitus in the United States and Mexico, this association has not
been studied in the Canadian population. We evaluated the association between arsenic
exposure, as measured by total arsenic concentration in urine, and the prevalence of type
2 diabetes (T2D) in 3151 adult participants in Cycle 1 (2007–2009) of the Canadian
Health Measures Survey (CHMS).

 Our study included 1520 men and

Methods: All participants were tested to determine blood glucose and glycated
hemoglobin. Urine analysis was also performed to measure total arsenic. In addition,
participants answered a detailed questionnaire about their lifestyle and medical history.
We assessed the association between urinary arsenic levels and T2D and prediabetes
using multivariate logistic regression while adjusting for potential confounders.
Results: Total urinary arsenic concentration was positively associated with the prevalence
of T2D and prediabetes: adjusted odds ratios were 1.81 (95% CI: 1.12–2.95) and 2.04
(95% CI: 1.03–4.05), respectively, when comparing the highest (fourth) urinary arsenic
concentration quartile with the lowest (first) quartile. Total urinary arsenic was also
associated with glycated hemoglobin levels in people with untreated diabetes.
Conclusion: We found significant associations between arsenic exposure and the
prevalence of T2D and prediabetes in the Canadian population. Causal inference is
limited due to the cross-sectional design of the study and the absence of long-term
exposure assessment.
Keywords: urinary arsenic, Canadian Health Measures Survey, type 2 diabetes,
population survey

Introduction
The Canadian Environmental Protection
Act describes inorganic arsenic and its
metabolites as toxic enough to ‘‘constitute
a danger in Canada to human life or
health.’’1 In fact, arsenic is one of the
most toxic elements in the environment,

where it is present in both organic and
inorganic forms, mostly from natural
sources. Canadians are exposed to arsenic
mainly through food as well as through
drinking water, soil and ambient air.
Although the concentration of arsenic in
drinking water in most municipalities in
Canada is less than the Health Canada

1631 women aged 20 to 79 years
with known urine arsenic measures.
Diabetes was defined as a fasting
glucose level of 126 mg/dL or a
hemoglobin A1c (HbA1c) of 6.5%
or higher, or diabetes treatment.
 Total urinary arsenic concentration
was positively associated with the
prevalence of T2D and prediabetes:
adjusted odds ratios were 1.81 (95%
CI: 1.12–2.95) and 2.04 (95% CI:
1.03–4.05), respectively, when comparing the highest (fourth) urinary
arsenic concentration quartile with
the lowest (first) quartile.
 Total urinary arsenic was also associated with glycated hemoglobin levels
in people with untreated diabetes.

guideline of 10 mg/L,2 there are areas in
several provinces—particularly those
served by private wells—where concentrations exceed this amount.2
Seafood is the largest dietary source of
organic arsenic.3,4 The major organic
arsenical in most seafood is arsenobetaine,
which is considered harmless.5 Inorganic
arsenic, the most toxic form of the
metalloid,6 is metabolized in the liver
and transformed into monomethyl and
dimethyl species, which are excreted in
urine along with unmetabolized inorganic
arsenic.6,7 The toxicity of arsenic may be
altered by selenium.8
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Low-level inorganic arsenic exposure
increases the risk of pre-malignant skin
lesions,9,10 hypertension11,12 and neurological dysfunctions.13 Observational studies in
humans and experimental studies in animals have found arsenic to be potentially
diabetogenic.14 This effect of arsenic on type
2 diabetes (T2D), a disease which affects
approximately 346 million people worldwide15,16 and 2.4 million people in
Canada,17 is a major public health issue.14,18
Early studies were conducted in populations exposed to high levels of arsenic in
drinking water in Taiwan and Bangladesh
or were occupational studies of copper
smelter and glass workers in the United
States and Europe. Measures of exposure
vary between these studies, from areawide exposure estimates based on measurement of arsenic in drinking water to
individual-level exposure estimates based
on detailed water consumption history,
work history or actual biomarkers of
exposure. A systematic literature review
of epidemiological research of arsenic
exposure and T2D showed that most of
these studies used ecological methods of
exposure assessment and did not adjust
for potential confounders.14 Some of the
studies that used urinary arsenic levels as
a biomarker of exposure did not find any
association between arsenic exposure and
diabetes19,20 while others reported a doseresponse relationship.21–27 Moreover, there
are no studies evaluating this association
in the Canadian population. Therefore, the
main objective of this study was to
evaluate the association between arsenic
exposure, as measured by total arsenic
concentration in urine, and the prevalence
of T2D in adults who participated in the
first cycle of the Canadian Health Measures Survey (CHMS).

Methods
Study population
We used cross-sectional data from the
CHMS, Cycle 1, a complex sampling survey
designed to collect data on a representative
sample of approximately 5600 Canadians
aged 6 to 79 years, which took place from
2007 to 2009. The CHMS covers approximately 96.3% of the Canadian population

living in private dwellings in all the provinces and territories, but excludes institutional residents and full-time members of
the Canadian Forces as well as those living
on reserves and certain remote areas. We
excluded participants aged less than 20
years. As a result, data from 3517 participants aged 20 to 79 years were available for
this study.

mobile examination centres. Urine samples for arsenic analysis were collected in
arsenic-free containers, shipped on dry ice
and stored at  20˚C.

Data were collected from March 2007
through February 2009 from 16 sites in the
Atlantic provinces (Moncton, New Brunswick), Quebec (Québec, Montréal, Monteregie, South Mauricie), Ontario (Charlington,
North York, Don Valley, St. Catharines,
Kitchener, Northumberland Country), the
Prairies (Edmonton and Red Deer, Alberta),
and British Columbia (Vancouver, Williams
Lake and Quesnel).28 The survey consisted
of a personal household interview followed
by a physical examination and biological
sampling at a mobile examination centre
within 2 days to 6 weeks of the interview.
Overall, the combined response rate was
51.7 % for Cycle 1 of CHMS.29

Analysis of urine samples
Total arsenic was measured at the Laboratoire de toxicologie of the Institut
national de santé publique du Québec
following a standardized protocol accredited under ISO 17025 and using numerous internal and external quality control
programs.31 Urine samples were diluted
with an aqueous nitric acid solution
(0.5%) and analyzed for total arsenic by
inductively coupled plasma-mass spectrometry (ICP-MS) on an Elan DRC II instrument. Matrix-matched calibration was
performed using urine from non-exposed
individuals.32 Urinary concentrations were
also corrected for creatinine concentrations, to account for urine dilution, which
were determined by the Jaffe method.33
The limit of detection for total urinary
arsenic was 0.524 mg/L. The percentage of
study participants with total urinary
arsenic levels below the limit of detection
was 0.35%.

Exclusion criteria

Type 2 diabetes end points

For this study, the following exclusion
criteria were added: type 1 diabetes
(n ¼ 19), pregnancy (n ¼ 11) and liver
problems (n ¼ 72). This last criterion was
chosen because individuals with elevated
liver enzymes, even within the normal range
as defined in clinical practice, are at higher
risk of diabetes.30 We also excluded participants who reported high seafood and
shellfish consumption (Z 104 times a year)
or high fish consumption (Z 156 times a
year) (n ¼ 264) based on the distribution
of the sea food consumption in number of
meals a week because those participants
were likely to have high seafood-derived
arsenic levels.

Prevalent T2D was defined as a fasting
serum glucose level of 126 mg/dl or
more (Z 7 mmol/L) or a glycated hemoglobin (HbA1c) of 6.5% or more, as
recommended by the World Health
Organization (WHO) and the American
Diabetes Association (ADA).34,35 A
self-reported physician diagnosis of diabetes or the self-reported use of insulin or
oral hypoglycemic medication were also
used as alternative criteria. Prevalent
prediabetes was defined as a fasting serum
glucose of between 100 and 125 mg/dl
(5.6–6.9 mmol/L) or HbA1c between 5.7%
and 6.4% (as recommended by WHO
and ADA).34,35

Our final analyses included data from 3151
participants aged 20 to 79 years.

Fasting blood glucose
Fasting blood samples were collected
from 1714 study participants in the
morning, after they had fasted for at least
10 hours. Venous plasma glucose was
determined using the clinical chemistry
system, VITROS 5.1 FS Ortho-Clinical
Diagnostics.36

Data collection

Urine arsenic assessment
Collection of urine samples
Mid-stream spot urine samples (60 ml)
were obtained from participants in the
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Glycated hemoglobin level
HbA1c concentrations were measured
using clinical chemistry system VITROS
5.1 FS Ortho-Clinical Diagnostics.37

Other laboratory parameters
Urinary creatinine was determined using
the colorimetric end-point Jaffe method to
account for urine dilution in spot urine
samples. The absorbance was read at 505
nm on a Hitachi 917 chemistry autoanalyzer (C-530).38
Urinary selenium concentrations were
measured using ICP-MS in the same
analysis as arsenic (described above).
The limit of detection was 0.08 mmol/L.

of shellfish: less than 12 times per year, 12 to
51 times per year, 52 to 103 times per year
and 104 to 155 times per year. The categorization of sea fish and shellfish was based on
the distribution of the sea food consumption
in terms of number of meals a week, which
was then converted into number of meals per
year in the study population.
Body mass index (BMI) was calculated by
dividing measured weight in kilograms by
measured height in metres squared.
Participants were asked if they used municipal treated tap water, private well water,
bottled water or other sources of drinking
water. We categorized the responses into
two: municipal tap water or other.

Other variables

Statistical analysis

Blood pressure was measured electronically with an automated oscillometric
device (BpTRUt).39 We used the Seventh
Report of the Joint National Committee on
Prevention, Detection, Evaluation and
Treatment of High Blood Pressure definition of hypertension: systolic blood
pressure of 140 mmHg or above and
diastolic blood pressure of 90 mmHg or
above. We also accepted the use of hypertension medications or self-reported medical
diagnosis of hypertension as criteria.

CHMS questionnaire data included selfreported information on sociodemographic
variables and an in-depth health questionnaire. The CHMS age groups were 20 to 39,
40 to 59 and 60 to 79 years. Racial
background was defined as White and
non-White. The level of education was
defined as less than secondary, secondary
graduation, some postsecondary and postsecondary graduation. Smoking status
was divided into three categories: current
smoker, former smoker and non-smoker.
Alcohol consumption was divided into
three categories: current, former and never.

All statistical analyses were performed
using the statistical package SAS version
9.3 (SAS Institute Inc., Cary, NC, US),
incorporating the CHMS sampling weights.
We completed variance estimation (95%
confidence intervals [CI]) and significance
testing (chi-square) on differences
between estimates using the bootstrap
weights provided with the data, which
account for the complex sampling
design.40 We used descriptive statistics
(frequencies, geometric means) to estimate total urinary arsenic concentrations
by participant’s characteristics. Total urinary arsenic, selenium, fasting plasma
glucose and HbA1c were log-transformed
for geometric mean analyses. Concentrations below the limit of detection of the
analytical method were replaced by a
value equal to half of the limit of detection.42 For each of these laboratory variables, the geometric mean concentrations
and 95% CI in participants with prediabetes and diabetes were compared with
values in control participants without
diabetes or prediabetes, using multivariate
regression models. Total urinary arsenic
concentration was considered either as a
continuous variable or in quartiles.

The overall frequency of seafood consumption and of shellfish consumption was
categorized into four groups based on the
consumption of at least one type of sea fish
on the nutrition CHMS survey checklist and

We used binomial (non-diabetes versus
prediabetes or diabetes) and ordinal logistic
regression analyses (with the three categories simultaneously) to estimate odds
ratios (OR) with their 95% confidence

Questionnaire
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intervals. Our logistic regression models for
total urinary arsenic concentrations and
diabetes end points were fitted with increasing degrees of adjustment. First, we adjusted
for age, sex, educational level, alcohol
drinking status, smoking status, BMI, hypertension and for urinary creatinine to account
for urine dilution in spot urine samples.43
Each model was further adjusted for seafood
consumption using the categories explained
in the questionnaire section.
We analyzed the association between urinary arsenic concentrations and HbA1c in
models stratified by diabetes treatment
status because HbA1c is an indicator of
diabetes control.44 We used binomial logistic
regression models to estimate odds ratios of
HbA1c by urinary arsenic concentrations
with the same adjustment strategy described
in the primary diabetes analysis. We tested
the interaction of selenium with arsenic
because selenium may be protective against
arsenic-induced toxicity.45
We also used propensity scores to evaluate the potential selection bias caused
by non-respondents by balancing the
distribution of covariates on the main
risk factor levels.46 A propensity
score–weighted regression model was
fitted to compare the outcome of T2D
and of prediabetes with urinary arsenic
exposure and to study the possible predictors of T2D. A propensity score–
weighted regression model was then used
to assess the association of urinary arsenic
exposure among people with untreated
diabetes with biological outcome.

Results
Participant characteristics
Our study included 3151 participants (1520
men and 1631 women). The weighted
prevalence of T2D and prediabetes in the
study population was 7.1% (95% CI:
6.2%–7.9%) and 26.4% (95% CI:
24.8%–27.9%), respectively. Participants
with T2D or prediabetes were significantly
older, more frequently non-White, less
educated and more likely to have a higher
BMI compared with the control participants
with neither prediabetes nor T2D (Table 1).
The general characteristics of participants
Health Promotion and Chronic Disease Prevention in Canada
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TABLE 1
Diabetes status based on characteristics of study participants, CHMS, Cycle 1, 2007–2009
Characteristics

Diabetes status of participants, % (95% CI)a
Neither diabetes nor
prediabetes
n ¼ 2054

Prediabetesb
n ¼ 831

Type 2 diabetesc
n ¼ 225

20–39

42.0 (39.8–42.8)

18.7 (17.6–19.8)

8.9 (8.4–10.1)

40–59

35.5 (34.5–36.4)

38.8 (38.1–39.5)

27.6 (26.8–28.7)

60–79

22.5 (21.9–23.6)

42.5 (41.9–43.8)

63.5 (62.0–64.8)

Age, years

Sex
Female

46.9 (45.2–47.8)

48.4 (47.9–49.7)

55.1 (54.2–56.5)

Male

53.1 (51.4–54.3)

51.6 (49.2–52.8)

44.9 (44.0–45.8)

Education
r High school

10.7 (10.2–11.8)

18.5 (18.2–18.9)

24.4 (23.9–24.8)

Some post-secondary

25.4 (24.9–25.1)

24.3 (23.1–24.8)

25.3 (24.2–26.2)

Z University

63.9 (63.7–64.6)

57.2 (56.4–58.1)

50.3 (50.2–51.3)

White

88.0 (79.2–88.7)

85.9 (84.8–86.8)

82.7 (81.3–83.1)

Non-White

12.0 (11.2–12.8)

14.1 (13.2–15.4)

17.3 (16.2–17.8)

21.6 (20.1–21.8)

21.2 (20.9–21.7)

15.5 (14.9–16.1)

Former

29.3 (28.7–30.0)

35.6 (35.2–36.3)

38.7 (38.2–39.4)

Never

49.1 (48.5–49.8)

43.2 (42.6–43.8)

45.8 (45.3–46.2)

Ethnicity

Smoking status
Current

Alcohol consumption
Current

88.2 (87.5–88.9)

79.7 (78.8–80.3)

70.6 (69.2–79.9)

Former

7.4 (6.9–7.8)

14.8 (14.2–16.1)

20.6 (19.9–21.4)

Never

4.4 (4.0–4.8)

5.5 (4.9–5.8)

8.8 (8.1–9.2)

42.1 (41.6–42.7)

26.5 (25.7–27.2)

15.3 (14.4–15.9)

BMI, kg/m2
o25
25–29

32.7 (31.8–33.0)

31.5 (31.1–32.4)

26.6 (26.2–27.4)

Z30

25.2 (24.3–25.8)

42.0 (41.2–42.9)

58.1 (57.7–60.2)

Water source
Municipal tap water

87.2 (86.5–87.8)

85.9 (85.2–86.3)

83.3 (82.9–84.3)

Other

12.8 (12.3–13.6)

14.1 (13.5–14.9)

6.7 (6.2–7.1)

Abbreviations: BMI, body mass index; CHMS, Canadian Health Measures Survey; CI, confidence interval; HbA1c, glycated
hemoglobin.
a

Missing data, n ¼ 41.

b

Fasting serum glucose ¼ 100–125 mg/dl (5.6–6.9 mmol/L) or HbA1c ¼ 5.7%–6.4%.

c

Fasting serum glucose Z 126 mg/dL (Z 7 mmol/L) or HbA1c Z 6.5% or self-reported medication use or self-reported health
care professional diagnosis.

with prediabetes were between those of
participants with diabetes and of controls
(Table 1). The source of water was the same
for all the three groups.
The geometric mean of total urinary
arsenic concentrations tended to be higher
in female, older and non-White participants and in current alcohol drinkers and
former smokers, but the differences were
not statistically significant (Table 2).

Arsenic and type 2 diabetes
Geometric means of total urinary arsenic
concentrations were greater in participants
with diabetes (12.9 mg/L; 95% CI: 9.4–
17.7 mg/L) and prediabetes (12.5 mg/L;
95% CI: 10.1–15.4 mg/L) than in controls
(11.5 mg/L; 95% CI: 9.4–14.1 mg/L). After
correction for urinary creatinine, we
observed the same difference for participants with prediabetes and diabetes
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compared to controls (Table 3). Urinary
selenium levels did not differ significantly
between the three groups.
Table 4 shows the results for the models
derived from the binomial logistic regression analysis of participants with T2D and
prediabetes according to urinary arsenic
quartiles. Participants in the highest quartile of total urinary arsenic showed a
nearly 2-fold higher risk of T2D compared
with those in the lowest quartile, after
adjustment for sociodemographic characteristics (age and gender), diabetes risk
factors, urinary creatinine and seafood
consumption (OR ¼ 1.8; 95% CI:
1.1–3.0). Similarly, participants with
prediabetes showed a similar association
after adjustment for potential confounders
(OR ¼ 2.1; 95% CI: 1.0–4.1).
Ordinal logistic regression for T2D, prediabetes and controls together resulted in
total urinary arsenic concentrations and
diabetes status similar to the previous
models for diabetes or prediabetes only.
Moreover, there was a general trend of
increasing ORs with total urinary arsenic
increase and a statistically significant dose
response (Table 5).
Finally, total urinary arsenic was not
associated with HbA1c among people with
treated diabetes (Table 6), but was
strongly associated with HbA1c among
untreated participants after adjustment for
potential confounders.
Selenium did not interact with any arsenic
effect in this study (data not shown).
After using the propensity score–inverse
probability weight, the results were found
to be similar to those found from the initial
regression models (data not shown). A
regression model conducted to assess the
association of urinary arsenic exposure in
people with untreated diabetes with biological outcome resulted in similar association (data not shown).

Discussion
We found a positive association between
total urinary arsenic concentrations and
the prevalence of T2D and prediabetes,

Vol 35, No 4, June 2015

TABLE 2
Levels of urinary arsenic based on participants' characteristics in CHMS, Cycle 1, 2007–2009
Population
characteristics

N (%)

Geometric means of urinary arsenic, lg/L (95% CI)
Urinary arsenic not
corrected for creatinine, lg/L

Urinary arsenic corrected for
creatinine, lg/ creatinine

Age, years
20–39

1059 (33.6)

11.4 (10.0–13.1)

12.8 (9.4–17.4)

40–59

1126 (35.7)

12.0 (10.0–14.3)

15.4 (12.3–19.2)

60–79

966 (30.7)

11.4 (9.3–14.0)

16.0 (11.8–21.6)

Sex
Female

1520 (48.2)

10.2 (7.6–13.7)

16.4 (12.5–21.5)

Male

1631 (51.8)

13.2 (10.0–17.5)

12.8 (9.6–17.0)

rHigh school

429 (13.6)

11.2 (9.2–13.7)

13.7 (10.6–17.7)

Some post-secondary

780 (24.8)

10.6 (8.4–13.2)

13.5 (10.7–16.9)

1942 (61.6)

14.1 (10.2–19.7)

17.1 (12.8–22.8)

2708 (85.9)

11.2 (9.5–13.2)

13.7 (11.1–16.9)

443 (14.1)

14.0 (9.6–20.5)

18.4 (12.0–28.3)

Education

ZUniversity
Ethnicity
White
Non-White
Smoking status
Current

655 (20.8)

10.5 (8.3–13.2)

12.0 (8.1–17.8)

Former

990 (31.4)

12.6 (10.0–15.9)

15.5 (12.0–20.0)

Never

1506 (47.8)

11.7 (10.0–13.6)

15.0 (12.5–18.1)

Current

2663 (84.5)

11.9 (9.9–14.4)

14.5 (11.5–18.3)

Former

334 (10.6)

9.7 (5.7–16.6)

13.9 (10.9–17.7)

Never

154 (4.9)

11.3 (8.2–15.6)

16.3 (11.3–23.5)

1157 (36.7)

11.7 (10.3–13.3)

16.0 (12.7–20.1)

a positive association between arsenic
concentrations and HbA1c after adjusting
for biomarkers of seafood intake (urinary
arsenobetaine and mercury), although the
association was not statistically significant.23
Rhee et al.26 analyzed data from the Korean
KNHANES cross-sectional study (2008–2009)
and found that the ORs for diabetes mellitus
in all participants were 1.56 (95% CI: 1.03–
2.36) within the highest urinary arsenic
quartile after adjusting for serum mercury
level as an indicator of seafood intake.
The literature on experimental studies on
arsenic and diabetes in animals is considered inconclusive, but this has been
explained as being due to methodological
problems in those studies.14 In vitro or
mechanistic studies suggest several pathways by which arsenic could influence
pancreatic b-cell function and insulin
sensitivity, including oxidative stress and
effects on glucose uptake and transport,
gluconeogenesis, adipocyte differentiation,
and calcium signalling.47–50

Alcohol consumption

BMI, kg/m2
o25
25–29

989 (31.4)

12.1 (9.9–14.7)

14.1 (11.6–17.0)

Z30

1005 (31.9)

11.2 (9.1–13.8)

13.0 (9.8–17.4)

2702 (86.0)

12.0 (10.1–14.2)

14.9 (12.0–18.6)

449 (14.0)

10.0 (5.9–16.9)

12.2 (6.8–21.9)

Water source
Municipal tap water
Other

Abbreviations: BMI, body mass index; CHMS, Canadian Health Measures Survey; CI, confidence interval; HbA1c, glycated
hemoglobin.

after adjustment for several potential confounders and for seafood consumption, in
a representative sample of Canadian adults
who participated in the 2007–2009 CHMS.
The association between arsenic and
HbA1c was significant only in participants
with untreated diabetes.
These results are similar to those of several
previous studies of lower levels of exposure
as well as those with better measures of
outcome and exposure.14,26 The latter estimated exposure to inorganic arsenic and its
metabolites21,22,24 or measured inorganic
arsenic as total arsenic with adjustment of

Vol 35, No 4, June 2015

results for markers of seafood intake.23,26
Our findings are also in line with results
from a cross-sectional study using data from
the National Health Nutrition and Examination Survey (NHANES), suggesting an
increased risk for diabetes with urinary
arsenic concentrations after adjustment for
arsenic contribution from seafood.23 After
adjusting for diabetes risk factors and
markers of seafood intake, Navas-Acien
et al.23 found the OR for T2D to be 2.6
(95% CI: 1.1–6.0) when comparing participants in the 80th versus the 20th percentile of
total urinary arsenic concentration (7.4 mg/L
vs 1.6 mg/L). The researchers also reported

67

Urinary arsenic is generally considered the
most reliable indicator of recent exposure
to arsenic and is used as the main
biomarker of exposure.51 Arsenic tends
not to accumulate in the body but is
readily excreted via the kidneys.52 Urinary
profiles of inorganic arsenic metabolites
have been used in some epidemiological
studies to estimate exposure to inorganic
arsenic,14,53 but such data were not available in CHMS Cycle 1.
By excluding participants who reported
high seafood and shellfish consumption
and adjusting our models for seafood
consumption for other categories of sea
fish and seafood consumption, we indirectly controlled the contribution of the low
toxicity organic arsenicals of marine origin
to total urinary arsenic in order to isolate
the influence of inorganic arsenic concentrations. Longnecker,54 in a commentary
entitled ‘‘On confounded fishy results
regarding arsenic and diabetes,’’ recognized the merit of the measure of total
urinary arsenic adjusted for markers of
seafood intake as an indicator of inorganic
arsenic exposure in a population with low
exposure.23 However, this was challenged
by Steinmaus et al.20 who found no
Health Promotion and Chronic Disease Prevention in Canada
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TABLE 3
Laboratory variables for CHMS participants with prediabetesa or diabetesb and controls, CHMS cycle 1, 2007–2009
Laboratory analyses

Geometric means (95% CI)
Controls
(N ¼ 2054)

Prediabetesa
(N ¼ 831)

Diabetesb
(N ¼ 225)

Urinary arsenic, mg/Lc

11.5 (9.4–14.1)

12.5 (10.1–15.4)

12.9 (9.4–17.7)

Urinary arsenic, mg/g creatinined,e

12.3 (9.8–15.4)

15.5 (10.9–22.0)

14.6 (10.5–20.4)

Selenium, mg/Lf

46.9 (45.1–48.7)

45.8 (43.2–47.9)

49.9 (44.3–54.7)

Fasting glucose, mg/dl

4.7 (4.3–5.2)

5.3 (4.7–5.9)

6.5 (4.2–10.0)

HbA1c, %h

5.3 (4.9–5.7)

5.8 (5.3–6.3)

6.9 (4.8–9.8)

g

Abbreviations: CHMS, Canadian Health Measures Survey; CI, confidence interval; HbA1c, glycated hemoglobin.
a

Fasting serum glucose ¼ 100–125 mg/dl (5.6–6.9 mmol/L) or HbA1c 5.7%–6.4%.

b

Fasting serum glucose Z 126 mg/dL or HbA1c Z 6.5% or self-reported medication use or self-reported health care professional diagnosis.

c

Urinary arsenic not corrected for urinary creatinine.

d

Urinary arsenic corrected for urinary creatinine.

e

Missing data for urinary arsenic corrected for urinary creatinine, n ¼ 39.

f

Missing data for selenium, n ¼ 76.

g

Missing data for fasting glucose, n ¼ 1437.

h

Missing data for HbA1c, n ¼ 106.

association between risk of diabetes and
inorganic arsenic exposure based on inorganic and methylated metabolites.
Because drinking water is an important
source of arsenic exposure, we assessed the
study participants’ sources of drinking
water and found no association between

this and diabetes status. This might be due
to our crude classification of exposure or
the low level of arsenic in Canadian
drinking water. The toxicity of arsenic
species can be reduced by selenium
through the formation of an arsenic–selenium complex;45 however, we found no
interaction between selenium and arsenic.

Strengths and limitations
One of the strengths of our study is that it
was population based and conducted on a
large sample of adults assessed as having
diabetes or prediabetes based on objective
criteria proposed by the ADA and
WHO.34,35 In addition, the HbA1c test

TABLE 4
Binomial logistic regression analysis of participants with prediabetesa and type 2 diabetesb with controls based on urinary arsenic
concentration quartiles, CHMS, Cycle 1, 2007–2009
Urinary
arsenic
(lg/L)c

Number of participantsd

Crude OR (95% CI)

Adjusted OR
(Model 1)e (95% CI)

Adjusted OR
(Model 2)f (95% CI)

Controls
(n ¼ 2054)

With
prediabetesa
(n ¼ 831)

With
diabetesb
(n ¼ 225)

Prediabetesa

Diabetesb

Prediabetesa

Diabetesb

Prediabetesa

Diabetesb

o 5.71

554

171

46

1.00
(Referent)

1.00
(Referent)

1.00
(Referent)

1.00
(Referent)

1.00
(Referent)

1.00
(Referent)

5.71–11.20

520

197

54

1.14
(0.86–1.52)

1.44
(1.08–1.92)

1.38
(0.87–2.21)

1.06
(0.60–1.87)

1.37
(0.88–2.17)

1.20
(0.70–2.05)

11.21–22.98

530

192

64

1.28
(0.92–1.62)

1.65
(1.07–2.54)

1.46
(0.92–2.32)

1.31
(0.63–2.74)

1.46
(0.92–2.35)

1.55
(0.83–2.90)

Z 22.99

450

271

61

1.48
(1.18– 2.50)

1.92
(1.11–3.33)

2.04
(1.03–4.05)

1.54
(0.74–3.18)

2.14
(1.02–4.07)

1.81
(1.12–2.95)

.015

.019

.042

.246

.043

.017

p for trend

Abbreviations: BMI, body mass index; CHMS, Canadian Health Measures Survey; CI, confidence interval; HbA1c, glycated hemoglobin; OR, odds ratio.
a

Fasting serum glucose 100–125 mg/dl (5.6–6.9 mmol/L) or HbA1c 5.7%–6.4%.

b

Fasting serum glucose Z 126 mg/dL or HbA1c Z 6.5% or self-reported medication use or self-reported health care professional diagnosis.

c

Urinary arsenic not corrected for urinary creatinine.

d

Data missing for n = 41 participants.

e

Model 1 adjusted for urinary creatinine, age, sex, alcohol status, smoking status, educational status, BMI and hypertension.

f

Model 2 adjusted as for Model 1 plus seafood consumption.
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TABLE 5
Multivariable ordinal logistic regression analysis comparing participants with prediabetesa and diabetesb based on urinary arsenic
concentrations quartiles, CHMS, Cycle 1, 2007–2009
Urinary arsenic, lg/Lc

Number of participantsd

OR (95% CI)

Controls
(n ¼ 2054)

With prediabetesa
(n ¼ 831)

With diabetesb
(n ¼ 225)

o 5.71

554

171

46

1.00 (Referent)

1.00 (Referent)

1.00 (Referent)

5.71–11.20

520

197

54

1.20 (0.98–1.47)

1.35 (0.95–1.79)

1.35 (0.97–1.82)

Crude OR

Adjusted OR
(Model 1)e

Adjusted OR
(Model 2)f

11.21–22.98

530

192

64

1.20 (0.88–1.64)

1.39 (1.01–2.00)

1.41 (1.02–2.04)

Z 22.99

450

271

61

1.56 (1.00–2.44)

1.85 (1.11–3.13)

1.89 (1.12–3.13)

.049

.019

.016

p for trend

Abbreviations: BMI, body mass index; CHMS, Canadian Health Measures Survey; CI, confidence interval; HbA1c, glycated hemoglobin; OR, odds ratio.
a

Fasting glucose 100–125 mg/dl (5.6–6.9 mmol/L) or HbA1c 5.7%–6.4%.

b

Fasting glucose Z 126 mg/dL or HbA1c Z 6.5% or self-reported medication use or self-reported health care professional diagnosis.

c

Urinary arsenic not corrected for urinary creatinine.

d

Data missing for n ¼ 41 participants.

e

Model 1 adjusted for urinary creatinine, age, sex, alcohol status, smoking status, educational status, BMI and hypertension.

f

Model 2 adjusted as for Model 1 plus for seafood consumption.

was used not only to assess diabetes
(when other criteria were not available)
but also to evaluate the adequacy of
glycemic management. We also considered criteria for prediabetes and used
rigorous laboratory procedures with a low
limit of detection of assay for urinary
arsenic. Moreover, we considered relevant
potential confounders (diabetes risk factors
and indicators of seafood intake) in our
analysis and adjusted for urinary creatinine
levels to account for urine dilution.55

Our study was cross-sectional and so did
not allow us to establish a temporal
association between urinary arsenic and
type 2 diabetes. Urinary arsenic has a halflife of approximately 3 days, making it a
biomarker of short-term exposure only.
This makes it difficult to ascertain historical exposures that may be more relevant
to the pathogenesis of T2D.56 Moreover,
the exposure assessment in our study was
based on urinary arsenic concentration
measured in a single spot urine specimen

and so reflected exposure at only one point
in time. As discussed previously, we did
not quantify arsenic species in urine and
so could not test based on inorganic or
methylated organic arsenic levels. Instead,
we adjusted total arsenic concentration for
seafood consumption, the main source of
organic arsenic, as previously recommend.23,52 However, seafood consumption
was measured using a food frequency
questionnaire, and so the information is
subject to recall error. Misclassification

TABLE 6
Odds ratio of glycated hemoglobina by urinary arsenic concentrations among participants with treated and untreated diabetes in CHMS,
Cycle 1, 2007–2009
Urinary arsenic,
(lg/L)b

Number of participants, N

OR (95% CI)
Adjusted OR (Model 1)c

Crude OR

Adjusted OR (Model 2)d

Treated
diabetese
(n ¼ 129)

Untreated
diabetesf
(n ¼ 96)

Treated
diabetes

Untreated
diabetes

Treated
diabetes

Untreated
diabetes

Treated
diabetes

Untreated
diabetes

o 5.71

30

22

1 (Referent)

1 (Referent)

1 (Referent)

1 (Referent)

1 (Referent)

1 (Referent)

5.71–11.20

34

26

0.78
(0.41–1.49)

1.22
(0.99–1.48)

0.65
(0.39–1.08)

1.61
(1.47–2.23)

0.66
(0.44–1.04)

1.62
(1.19–2.22)

11.21–22.98

36

27

0.94
(0.58–1.51)

1.21
(0.89–1.65)

0.85
(0.46–1.59)

1.72
(1.13–2.57)

0.80
(0.48–1.34)

1.74
(1.18–2.59)

Z 22.99

29

21

1.11
(0.59–2.04)

1.74
(1.06–2.89)

0.87
(0.52–1.46)

2.84
(1.62–4.98)

0.85
(0.55–1.32)

2.89
(1.65–5.08)

.7444

.005

.6122

.001

.7538

.001

p for trend

Abbreviations: BMI, body mass index; CHMS, Canadian Health Measures Survey; CI, confidence interval; HbA1c, glycated hemoglobin; OR, odds ratio.
a

3 levels of HbA1c: o 5.7%, 5.7%–6.4% and Z 6.5%.

b

Urinary arsenic not corrected for urinary creatinine.

c

Adjusted for urinary creatinine, age, sex, alcohol intake, smoking, educational status, BMI and hypertension.

d

Adjusted as for Model 1 plus seafood consumption.

e

All participants with diabetes who reported use of insulin or oral hypoglycemic medication.

f

All participants with diabetes who reported no use of insulin or oral hypoglycemic medication.
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bias could also occur from inaccuracies in
diagnosing T2D; since medical records
were not reviewed, errors in self-reported
diagnoses or use of insulin or oral hypoglycemic medication may have occurred.
However, this issue did not seem to
significantly affect the validity of the
primary findings because the positive
relationship between urinary arsenic exposure and T2D remained after a sensitivity
analysis of only biological criteria (HbA1c
or fasted blood glucose) in untreated
patients. There was also an important
non-response rate among eligible participants, which might lead to selection bias.
However, our analysis using the propensity score seems to demonstrate that this
issue might, at worst, be minor. Nevertheless, we recognize that residual confounding cannot be entirely excluded.
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Introduction
Although childhood cancer remains the
leading cause of disease-related deaths
among children younger than 14 years of
age, it is relatively rare.1,2 Each year, an
average of 910 children are diagnosed with
cancer in Canada, and 139 children die of
the disease.3 Cancers in children differ
biologically from those usually found in
adults.4,5 The majority of cancers in adults
are carcinomas of the epithelial tissues
that line organs such as the breast, lung,
colon and prostate. In children, carcinomas
are rare and childhood tumours are more
likely to be embryonic or hematopoietic in
origin.5 Leukemias, lymphomas and central
nervous system cancers represent the
largest diagnostic groups.5 Compared to
cancers in adults, cancers in children have
shorter latency periods and are generally
more aggressive, invasive and advanced at
diagnosis.5
Despite the high ranking of cancer as a
cause of death in children, survival rates
have improved substantially over the last
two decades so that more children survive
cancer than ever before.6 However, over
60% of childhood cancer survivors face
long-term physical and mental side-effects
from the disease and its treatment, and
nearly 30% have severe or life-threatening
late effects.7 Survivors of childhood cancer
have an 11-fold increased risk of death, an
increased risk of second cancers up to
30 years after treatment and a wide variety
of chronic physical, psychosocial and
cognitive problems.8 The recognition of
the unique nature of cancers in this age
group and extensive long-term late effects
has led many countries to establish

specialized pediatric cancer surveillance
and follow-up systems.8,9–11,13

Highlights
 The Cancer in Young People in

In 2009, the Public Health Agency of Canada
(PHAC) launched a pan-Canadian specialized childhood cancer surveillance system
that actively follows children aged up to
14 years treated at one of the 17 pediatric
oncology centres across the country
(Table 1). The Cancer in Young People in
Canada (CYP-C) program is a renewal of the
federal government’s Canadian Childhood
Cancer Surveillance and Control program
(CCCSCP). Established under the Brighter
Futures Initiative in 1992, the program
includes comprehensive data on a child’s
cancer diagnosis, treatments, outcomes and
health care utilization.12,13

Canada (CYP-C) program is a population-based surveillance system that
was launched in 2009 to contribute
to cancer control in all children aged
14 years or less in Canada.
 The CYP-C remains a critical component of reducing the burden of childhood cancer in Canada.
 The program is one of the most indepth pediatric oncology surveillance systems in the world and
allows for the development of an
enabling framework for investigating
important questions relevant to
pediatric cancer control.

In this article, we describe the strengths
and successes of CYP-C by highlighting
rigour in data collection and quality
control methodology as well as recent
achievements and future directions.

medium-term outcomes such as relapses,
toxicities and complications related to
treatment; (4) provide data on the timing,
location and utilization of health care for
evaluation and planning; and (5) function
as a resource for generating hypotheses and
research into pediatric cancer (see Table 2).

Program objectives and data
collection
CYP-C was designed to fill in gaps in
knowledge about cancer control. The
national program is one of the few
pediatric cancer surveillance systems in
the world that cover nearly all their target
populations.13 The objectives of the program are to (1) provide national and
regional population-based childhood cancer data on incidence, mortality, survival
and time trends; (2) describe patterns of
incidence and survival of childhood cancer
by diagnosis, stage, risk category and
extent of disease; (3) assess short- and

All children aged 0 to 14 years who are
diagnosed with a new malignancy that is
listed in the International Classification of
Childhood Cancer, 3rd Edition (ICCC-3)4 in
2001 or later and who are residents of
Canada for at least one month prior to
their diagnosis are included in CYP-C.
Langerhans cell and other histiocytosis
are also included in CYP-C because of the
histopathology of these conditions, even
though they are not classified as malignant
according to the International Classification of Diseases for Oncology, 3rd Edition
(ICD-O-3), on which the ICCC-3 is based.4
Information is collected on each eligible
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TABLE 1
Pediatric oncology centres participating in the Cancer in Young People
in Canada surveillance system
Centre

a

Location

B.C. Children's Hospital

Vancouver, British Columbia

Alberta Children's Hospital

Calgary, Alberta

Stollery Children's Hospital

Edmonton, Alberta

Saskatoon Cancer Centre

Saskatoon, Saskatchewan

Allan Blair Cancer Centre

Regina, Saskatchewan

CancerCare Manitoba

Winnipeg, Manitoba

Children’s Hospital

London, Ontarioa

McMaster Children’s Hospital

Hamilton, Ontarioa

The Hospital for Sick Children

Toronto, Ontarioa

Kingston General Hospital

Kingston, Ontarioa

Children’s Hospital of Eastern Ontario

Ottawa, Ontarioa

Centre Hospitalier Universitaire Sainte-Justine

Montréal, Quebec

The Montreal Children's Hospital

Montréal, Quebec

Centre Hospitalier Universitaire de Sherbrooke

Sherbrooke, Quebec

Centre Hospitalier Universitaire de Quebec

Québec, Quebec

Izaak Walton Killam Health Centre

Halifax, Nova Scotia

Janeway Children's Health and Rehabilitation Centre

St. John's, Newfoundland

Centres where data are submitted through the Pediatric Oncology Group of Ontario.

case from diagnosis to 5 years postdiagnosis. In Ontario, the Pediatric Oncology Group of Ontario (POGO) collects
similar data on childhood cancer cases
treated in one of the five pediatric centres
in the province.14 Information is then
shared with CYP-C through a data-sharing
agreement. In all other jurisdictions, data
are abstracted from patient charts and
entered into an electronic data entry and
management tool called E-CYP. Data are
transmitted on a regular schedule over a
secure connection to a national database
maintained by PHAC. Direct identifiers
such as names and health card numbers
are not sent to the national database.

Research ethics approval has been given
by participating hospitals and Health
Canada to allow for data collection without individual consent for sites where
direct data collection occurs.15

Current status
CYP-C has registered over 5850 cases and
contains over 2900 cases with 5 full years
of data diagnosed between January 1,
2001, and December 31, 2006 (Table 3).
CYP-C data will be available for research
once data from Ontario has been integrated
into the surveillance system, which is

expected to occur in the spring of 2015. This
integration will be followed by the publication of a descriptive data report highlighting
national childhood cancer statistics on incidence, mortality, treatment, and outcomes
by age, sex, diagnosis, and geography. CYP-C
data have already been used for local
surveillance purposes and include a peerreviewed publication on morbidity and
survival in First Nations children with cancer
in Manitoba.16

Data quality
CYP-C aims to achieve complete and
accurate case registration. Close collaboration between all clinical research associates and pediatric oncologists–hematologists
at the participating centres and PHAC
enable accurate and timely entry of case
details. Built-in edit and logic checks
ensure accuracy and validity, and include
ranges and numeric entries for dates and
the requirement for appropriate metrics for
drug dosage fields. Data abstractors participate in an annual in-person training
session to review case definitions and data
entry procedures. They meet monthly by
teleconference to discuss new challenges
relating to data abstraction through a
community of practice. During each data
upload cycle, the database administrator
conducts data quality control and validation procedures designed to identify missing information, logic and data consistency
errors and duplicate entries. Reports summarizing results are submitted to the data
abstractors for resolution. Periodic reabstraction audits are also performed to
further ensure the accuracy of the data. Ten
centres across the country have been audited

TABLE 2
Data collected by the Cancer in Young People in Canada surveillance system
Demographics

Diagnostics

Sex

Date of diagnosis

Date of birth

Time to treatment
First health care professional contacted

Treatment

Other

Treatment plan and start date

Previous organ
transplant

ICD-O-3 morphology and topography codes, Dates first seen by oncologist, surgeon,
ICCC-3 codes
and/or specialist

Reason for early termination

Complications

Age at diagnosis

Stage at diagnosis

Chemotherapy and dose

Hospitalizations

Province

Risk/Grade

Surgery details (cancer-related
and secondary)

Relapse

Postal code

Chromosomal testing

Radiation (intent, type, site)

Vital status

Ethnicity

Metastases and site of metastases

Hematopoietic stem cell
transplantation

Height and weight

Abbreviations: ICCC-3, International Classification of Childhood Cancer, 3rd edition; ICD-O-3, International Classification of Diseases for Oncology, 3rd edition.
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TABLE 3
New cases of childhood cancer reported in the Cancer in Young People in Canada surveillance
system, by cancer type, 0–14 years, 2001–2006, Canada (excluding Ontario)
Cancer Type

Cases
Number, N

Percent, %a

Leukemias, myeloproliferative diseases and myelodysplastic diseases

978

Lymphomas and reticuloendothelial neoplasms

310

34.3
10.9

CNS and miscellaneous intracranial and intraspinal neoplasmsb

669

23.4

Neuroblastoma and other peripheral nervous cell tumours

226

7.9

Retinoblastoma

42

1.5

Renal tumours

148

5.2

Hepatic tumours

44

1.5

Malignant bone tumours

130

4.6

Soft tissue and other extraosseous sarcomas

157

5.5

Germ cell tumours, trophoblastic tumours, and neoplasms of gonads

80

2.8

Other malignant epithelial neoplasms and malignant melanomas

63

2.2

8

0.3

b

Other and unspecified malignant neoplasms
Langerhans Cell histiocytosis (LCH) and other histiocytosis

61

All cancers, and LCH

2916

Source: The Cancer in Young People in Canada (CYP-C) program. Diagnostic groups were based on the International
Classification of Childhood Cancer, 3rd edition.
Abbreviations: CNS, central nervous system; CYP-C, Cancer in Young People in Canada; ICCC-3, International Classification of
Childhood Cancer, 3rd edition; LCH, Langerhans cell histiocytosis.
a

For the calculation of relative frequencies, only malignancies coded to the ICCC-3 were included.

b

Includes tumours with non-malignant behaviour.

and results show that key data items are
abstracted correctly, with few transcription
errors or omissions. Complex data items that
require interpretation at the point of entry
(for example, stage at diagnosis) appear to
be most accurate in centres where data

abstractors have access to oncologists and
other experts.
The completeness of ascertainment is an
integral component of the program and
CYP-C is routinely compared to the

TABLE 4
Ratios of the number of new cases of childhood cancer in the Cancer in Young People in
Canada surveillance system and the Canadian Cancer Registry, by province and region,
0–14 years, 2001–2006, Canada (excluding Ontario)
Province/Region

CYP-C/CCR Ratios

Future prospects
CYP-C provides a population-based sampling frame for cancer control in the
pediatric population through the systematic collection of data on risk factors,
incidence, mortality and the cancer care
continuum for each child diagnosed with a
malignancy in Canada. The enhanced
components of CYP-C allow for the examination of a wide array of issues that
impact access, quality and equity in care,
and ultimately, long-term health outcomes. It also forms a crucial basis for
understanding the etiology and epidemiology of childhood cancers and helps to
identify childhood cancer survivors most
at risk of adverse health outcomes such as
toxicities, relapses or second malignancies. The CYP-C program remains one of
the most in-depth pediatric oncology
surveillance systems in the world and will
continue to expand until it approaches
real-time data collection.18

Alberta

0.92

British Columbia

0.93

Acknowledgements

Manitoba

1.00

New Brunswick

0.95

Newfoundland and Labrador

0.96

Nova Scotia

1.05

Prince Edward Island

1.14

Quebec

0.83

Saskatchewan

0.96

Northa

0.90

The CYP-C surveillance system is fully
funded by the Public Health Agency of
Canada. We thank the C17 Council, participating pediatric oncology centres and
members of the program’s management
and steering committees for their vision,
guidance and support. We are grateful to
patients and their families for providing
information for CYP-C.

Canada

0.90

Source: Ratios were derived from data in the CYP-C program and the CCR. Numbers used to derive ratios exclude Langerhans
cell histiocytosis, benign brain tumours and non-melanoma skin carcinomas.
Abbreviations: CCR, Canadian Cancer Registry; CYP-C, Cancer in Young People in Canada.
a

Canadian Cancer Registry, the most complete source of data on new cancer cases in
Canada.17 A recent comparison showed
that CYP-C includes approximately 90% of
all children aged up to 14 years who have
been diagnosed with cancer in Canada,
with some regional variations in case
ascertainment (Table 4). Investigations
are underway for a study on the feasibility
of linking the CYP-C data to provincial
and/or national cancer and vital registries
for data validation that will include the
identification of missing cases, duplicates
and death clearance.

North refers to the Northwest Territories, Nunavut, and Yukon.
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Contact: For current information on the
CYP-C program, please contact cypc-ccjc@
phac-aspc.gc.ca or visit the program website
at www.c17.ca/index.php?cID ¼ 70.
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Release notice
Just released!
Canadian Cancer Statistics 2015 was
released on May 27, 2015.
This annual publication has the latest
cancer estimates for:
 incidence
 mortality
 survival
 prevalence
This year’s edition features a special
chapter on Predictions of the future burden
of cancer in Canada.
Download or print the latest and past
editions of Canadian Cancer Statistics at:
cancer.ca/statistics

Canadian
Cancer Statistics
2015
Special topic: Predictions of the future burden
of cancer in Canada

Produced by Canadian Cancer Society, Statistics Canada,
Public Health Agency of Canada, Provincial/Territorial Cancer Registries
cancer.ca/statistics
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Other PHAC publications
Researchers from the Public Health Agency of Canada also contribute to work published in other journals. Look for the following
articles published in 2015:
Abdelmagid SA, Clarke SE, Nielsen DE, Badawi A, El-Sohemy A, Mutch DM, et al. Comprehensive profiling of plasma fatty acid
concentrations in young healthy canadian adults. PLoS ONE. 2015;10(2):e0116195.
Austin SE, Ford JD, Berrang-Ford L, Araos M, Parker S, Fleury MD. Public health adaptation to climate change in Canadian
jurisdictions. Int J Environ Res Public Health. 2015;12(1):623-651.
Canadian Cancer Society’s Advisory Committee on Cancer Statistics. Canadian Cancer Statistics 2015. Canadian Cancer Society.
Toronto (ON): Canadian Cancer Society; 2015.
Desai S, Smith T, Thorley BR, Grenier D, Dickson N, Altpeter E, et al. Performance of acute flaccid paralysis surveillance compared
with World Health Organization standards. J Paediatr Child Health. 2015;51(2):209-214.
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