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OBJECTIVE

To assess national differences in diabetes care and quality of life (QOL) between
individuals with long-standing type 1 diabetes (‡50 years) in Canada and the U.S.

RESEARCH DESIGN AND METHODS

Cross-sectional data from identical surveys administered in the Canadian Study of
Longevity in Diabetes and the Joslin Medalist Study, collected in 2013–2016 and
2005–2011, respectively, were compared. Laboratory values and ophthalmic exam-
ination were completed by clinical care physicians for Canadians and the Joslin Clinic
for Americans. Univariate comparisons andmultivariable regression for HbA1c, QOL,
insulin pump use, and coronary artery disease (CAD) were performed. Nephropathy,
CAD, and peripheral arterial disease (PAD) were self-reported; neuropathy was de-
fined by a Michigan Neuropathy Screening Instrument (Questionnaire component)
score ‡3, and proliferative retinopathy was documented from ophthalmic examina-
tion. QOL was self-reported on an ordinal scale.

RESULTS

Three hundred sixty-one Canadians and 668 Americans had similar ages (mean
65.78 years [SD 8.67] vs. 66.38 years [7.66], P = 0.27) and durations of diabetes
(median 53.00 years [interquartile range 51.00, 58.00] vs. 53.00 years [51.00,
57.00], P = 0.51). Canadians had higher HbA1c (mean 7.53% [SD 1.03] [59mmol/mol]
vs. 7.22% [0.98] [55 mmol/mol], P < 0.0001), lower QOL (36.9% vs. 48.7% with
“excellent” QOL, P = 0.0002), and less CAD (29.7% vs. 41.2%, P = 0.0003) and insulin
pump use (43.3% vs. 55.6%, P = 0.0002). Other complication rates were similar.
Residual differences for Canadians compared with Americans remained after ad-
justment for age, sex, CAD, PAD, education, and relevant a priori selected vari-
ables: 0.28% higher HbA1c (P = 0.0004); and odds ratios of 0.68 (95% CI 0.51, 0.90),
0.46 (0.31, 0.68), and 0.71 (0.52, 0.96) for higher QOL, CAD, and insulin pump use,
respectively.

CONCLUSIONS

Although Canadians and Americans have similar rates of complications other than
CAD, further research is required to understand why Canadians have higher HbA1c
levels, lower QOL, and less insulin pump use.
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Type 1 diabetes is associated with micro-
vascular andmacrovascular complications,
yet the identification of biomarkers predic-
tive of complications has been limited (1,2).
In subjects with long-standing type 1 di-
abetes (.50 years duration), ;25% do
not have complications, and this is not
clearly attributed to superior glycemic con-
trol, although data are limited by a lack of
longitudinal, historical glycemic control
measurement (3–5).
Wehavepreviously describedaCanadian

cohort of extreme duration of type 1 diabe-
tes (the Canadian Study of Longevity in Di-
abetes) inwhich common clinical variables,
including contemporaneous hemoglobin
A1c (HbA1c), were not associated with
complications (6). The Joslin 50-Year Med-
alist Study showed limited association
with classical risk factors for complications
including HbA1c level, diabetes duration,
and C-peptide level (7). The exception to
this was the association of HbA1c and
exercise with macrovascular disease (8).
Alternatively, novel factors have been as-
sociated with protection from complica-
tions such as DNA damage checkpoint
pathways and endothelial progenitor cells
(5,9,10).
Canadians and Americans with type 1

diabetes are similar in clinical trial settings;
however, national differences in diabetes
characteristics have not been well studied
in observational settings (11,12). Subjects
in clinical trials may not be representative
of the general population of individuals
with type 1 diabetes, and the care of sub-
jectswhile enrolled in clinical trials is unlikely
to reflect “usual” care. Substantial differ-
ences between health care in Canada and
theU.S. exist. In Canada, allmedically nec-
essary services are funded by the provincial
health care plan in a single-payer system.
Patients only pay for services not covered
in theplan, suchasmedications anddental
expenses. Each province has government-
sponsored drug benefit programs for spe-
cific groups of individuals (e.g., seniors), and
outside of these programs many Canadians
purchase private insurance for medications
through employee programs, thoughout-of-
pocket costs are still common (13). In con-
trast, in the U.S., individuals,65 years of
age may have employer-sponsored health
insurance, and others have government
coverage if elderly and/or disabled (Medi-
care) or of low socioeconomic status (SES)
(Medicaid) (14).
An evaluation for similarities and differ-

ences between comparably ascertained

cohorts of the Canadian Study of Longevity
in Diabetes and the Joslin 50-YearMedalist
Study is important as it is unknownwhether
differences in health care delivery, access to
care, and compensation for health care and
medications between Canada and the U.S.
impact diabetes outcomes or measures of
quality of care. These cohorts are ideal pop-
ulations in which to study national differ-
encesbecauseof thecomparability resulting
from very similar inclusion criteria and en-
rollment procedures.

Our objectives were to compare diabe-
tes care indicators and quality of life (QOL)
in a population of individuals with type 1
diabetes for.50years betweenCanadians
and Americans. We hypothesized that
there would be similarities in Canadian
and American metabolic control, diabe-
tes complications, and key indicators of
diabetes care, including QOL, insulin
pump use, and use of renin-angiotensin-
aldosterone system (RAAS) inhibitors
(ACE inhibitors or aldosterone receptor
blockers) and lipid-lowering medications.

RESEARCH DESIGN AND METHODS

Study Design and Setting
The Joslin Medalist Study and the Cana-
dian Study of Longevity in Diabetes have
been described previously (4–7,15,16).
The Joslin 50-Year Medalist Study and the
Canadian Study of Longevity in Diabetes
were initiated in 2005 and 2013 to study
JoslinMedal awardees in the U.S. and Can-
ada, respectively. The Joslin 50-Year Medal
Program began awarding medals in 1970
to individuals throughout the world with
type 1 diabetes for .50 years, based on
original medical record documentation of
diagnosis or three alternate forms of ev-
idence of 50 years of insulin dependence
since the time of diagnosis (5). Data for
the Joslin Medalists included in this study
were collected between 2005 and 2011
and encompass individuals from all of the
50 states in the U.S. (;10% from Mas-
sachusetts, the locationof theJoslinDiabetes
Center), and data for the Canadian sub-
jects were collected between 2013 and
2016. The programs in both countries
were advertised in physician offices, on
the Internet, at national diabetes founda-
tions, on social media, and in print media.

Data Sources
Participants in both cohorts completed
an identical survey consisting of a Diabe-
tes and Health History Questionnaire, and
Part 1 (questionnaire portion) of the

MichiganNeuropathy Screening Instrument
(MNSI). All variables for health history,
medications, health care use, and educa-
tion were thus determined by self-report
in the same manner in the two cohorts.
Coronary artery disease (CAD)was defined
by a composite of self-reported history of
CAD or specifically myocardial infarction,
angina, coronary artery bypass grafting
(CABG), or percutaneous coronary inter-
vention (PCI), which is consistent with the
definition of cardiovascular disease (CVD)
used in previous Joslin Medal studies. Self-
report of CAD is accurate when validated
against the medical record (17). Neuropa-
thy was determined by a score of$3 on
the questionnaire component of the
MNSI. QOLwas rated by subject response
to a single question to indicate QOL as
poor, normal, good, or excellent.

Assessment of clinical and laboratory
assessment parameters differed between
the two cohorts. The Joslin Medalists had
clinical and laboratory examinations per-
formedat the Joslin Clinic and theBeetham
Eye Institute. Blood sampleswere collected
and processed in a single laboratory, and
ophthalmic examinations were performed
and retinopathy status was determined ac-
cording to Early Treatment of Diabetic Ret-
inopathy Study criteria. Bloodpressurewas
measured in a systematic manner by a
trained nurse, although because of logisti-
cal issuesbloodpressurewasnotmeasured
in 13% of participants. In the Canadian
cohort, clinical visits were not performed.
Recent reports from optometrists or oph-
thalmologists performing routine clinical
carewere requested andused to determine
retinopathy status, and primary care physi-
cians were asked to complete an additional
form with the date and values for most
recent blood pressure, lipids, creatinine,
HbA1c, and urine albumin-to-creatinine
ratio (ACR). These laboratory tests were
performed in the context of routine care
and therefore were not completed in a
central laboratory.

For this study, participants in both co-
horts were classified as having either pro-
liferative retinopathy or nonproliferative/
no retinopathy.

Several objective definitions were used
to determine the presence or absence
of nephropathy, as follows: 1) estimated
glomerular filtration rate (eGFR) of
#45 mL/min, 2) eGFR of ,60 mL/min
in addition to urine ACR of .30 mg/g
(3.4 mmol/mol), and 3) ACR of.18 mg/g
(2 mg/mmol) in participants using a RAAS
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inhibitor or .30 mg/g (3.4 mg/mmol) in
individuals not using a RAAS inhibitor.

Statistical Methods
Descriptive statistics were performed to
assess completeness, distribution, biologic
plausibility, and outliers. Missing data
were assumed to be missing at random.
Available-case analysis was used to report
patient characteristics, and complete-case
analysis was used for multivariable regres-
sion. Systolic and diastolic blood pressure
values were not recorded in;25% of sub-
jects (13% of Americans and 48% of Ca-
nadians) as a result of the methods of
data collection described above. As a re-
sult, blood pressure was not included in
multivariablemodels, though self-reported
history of hypertension was included. Di-
abetes care indicators were compared
between Canadians and American using
x2 tests for categorical variables, Student
t tests for normally distributed continu-
ous variables, and Wilcoxon rank sum
tests for non-normally distributed contin-
uous variables. Normally distributed data
are presented as themean (SD), and non-
normally distributed data are presented
as the median (interquartile range [IQR]).
The following multivariable models were
used: linear regression for HbA1c, ordinal
logistic regression for QOL, and logistic
regression for CAD and insulin pump
use. All variables for multivariablemodels
were selected a priori based on known or
theoretical confounders. An a (type I er-
ror; two-tailed) threshold of,0.05 for all
statistical tests was used. All statistical
analysis was performed using SAS version
9.4 software.

Institutional Review Board Approval
All subjects provided informed consent,
and approval to conduct the studies was
received from institutional review boards
at the University of Toronto and the Joslin
Diabetes Center.

RESULTS

Of 459 Canadians identified as having
type 1 diabetes for.50 years, 361 (79%)
participated in this study between 2013
and December 2016. Between April 2005
and August 2011, 668 (77% of eligible)
JoslinMedalists participated andwere as-
sessed at the Joslin Diabetes Center. Non-
participants cited illness, time commitment,
or financial concerns as reasons for not par-
ticipating (Fig. 1). Canadians and Ameri-
cans were of similar age (mean 65.8
years [SD 8.7] vs. 66.4 years [7.7], P = 0.27)

and had similar duration of diabetes
(median 53.0 years [IQR 51.0, 58.0] vs.
53.0 years [51.0, 57.0], P = 0.51) (Table
1). Ninety-five percent of Canadians
and Americans were Caucasian. The
proportion of participants who were of
male sex was similar (42.8% vs. 47.7%,
P = 0.13). BMI did not differ between co-
horts (median 25.1 kg/m2 [IQR 23.0,
28.3] vs. 25.7 kg/m2 [23.1, 28.4], P =
0.43). Canadians had lower systolic
blood pressure (mean 128.2 mmHg [SD
15.3] vs. 132.8 mmHg [17.5], P = 0.0006)
but higher diastolic blood pressure
(67.0 mmHg [8.8] vs. 63.3 mmHg [8.8],
P , 0.0001). Canadians had a lower fre-
quency of annual physician visits, with
48.2% seeing a physicianmore than twice
per year compared with 76.3% of Ameri-
cans (P , 0.0001 for overall comparison
of all categories). Canadians reported
lower levels of education, with 53.5%
completing postsecondary education,
compared with 70% of Americans. Cana-
dians also reported lower QOL, with a
lower proportion of Canadians reporting
excellent QOL (36.9% vs. 48.7%) and a
higher proportion reporting poor QOL
(3.1% vs. 1.25%, P = 0.0002 for overall
comparison of all categories). Canadians
had lower mean LDL compared with
Americans (1.99 mmol/L [SD 0.71] vs.
2.11 mmol/L [0.63], P = 0.012). Interest-
ingly, this occurred despite similar use of
lipid-lowering medications (68.5% vs.
73.3%, P = 0.11). Canadians also had
lower ACR (median 1.36 mmol/mol [IQR

0.80, 3.66] vs. 1.19 mmol/mol [0.52,
3.82], P = 0.018) despite similar use of
RAAS inhibitors (71.9% vs. 61.9%, P =
0.52). Canadians had a mean HbA1c level
;0.3% higher than Americans (7.53% [SD
1.03] [59 mmol/mol] vs. 7.22% [0.98]
[55mmol/mol], P, 0.0001). The propor-
tions of subjects with HbA1c ,7%
(53 mmol/mol) were 30.1% and 39.6%
for Canadians and Americans, respec-
tively. Canadians also had a lower propor-
tion of insulin pumpuse (43.3% vs. 55.6%,
P = 0.0002).

Complications did not differ by nation-
ality with the exception of CAD, which was
lower in the Canadian cohort (29.7% vs.
41.2%, P = 0.0003) (Fig. 2). Canadians
had lower rates of revascularization (PCI
or CABG): 86 (24%) compared with 221
(33.7%) for Americans (P = 0.0012). Both
PCI and CABG were less common among
Canadians compared with Americans
(13.3% vs. 20.9% for PCI and 15.9% vs.
25.3% for CABG). Retinopathy and neu-
ropathy were common in both cohorts
(40.9% vs. 47.3% for retinopathy, 42.5%
vs. 44.9% for neuropathy in Canadians and
Americans, respectively). Nephropathy
and peripheral arterial disease (PAD)
were uncommon (14% vs. 13.6% for
nephropathy based on an eGFR of
#45 mL/min, 10.5% vs. 8.8% for PAD)
for Canadians and Americans, respec-
tively. Self-reported rates of nephropathy
were higher in both countries than the
objective determination based on ACR;
however, there were no significant

Figure 1—Study flow of participants.
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differences between countries for either
self-reported or objective nephropathy.

Multivariable models were used to as-
sess residual differences according to na-
tionality in key indicator variables, after
adjustment for confounders selected a
priori (Table 2). After adjustment, HbA1c
level was 0.28% higher in Canadians com-
pared with Americans. Variables that
were significantly associated with higher
HbA1c other than Canadian nationality
were female sex, higher eGFR, higher
BMI, and the presence of CAD and neu-
ropathy. In contrast, insulin pump use
was associated with lower HbA1c level.

Canadians had lower QOL than Ameri-
cans after adjustment for possible con-
founders, with an odds ratio (OR) of
being in a higher QOL category of 0.71
(95% CI 0.53, 0.95) for Canadians com-
pared with Americans. Higher HbA1c and
the presence of neuropathy, nephropa-
thy, retinopathy, and PAD were also in-
dependently associated with reduced
odds of being in a higher QOL category.
A lower prevalence of CAD in Cana-
dians also persisted after adjustment,
with an OR of 0.46 (95% CI 0.31, 0.68)
for Canadians. Other variables signifi-
cantly associated with the presence of
CAD were older age, male sex, higher
HbA1c level, lower eGFR, lipid-lowering
medication use, and nephropathy. LDL
level was not independently associated
with CAD.

To explore whether insulin pump use
was related to higher HbA1c level in Cana-
dians, an analysis stratified by insulin pump
usewas performed. AhigherHbA1c level of
;0.3% in Canadians was found in both
pump users (7.42% [58 mmol/mol] vs.
7.13% [54 mmol/mol], P = 0.001) and
non–pump users (7.51% [59 mmol/mol]
vs. 7.34% [57 mmol/mol], P = 0.0083).
After adjustment, Canadians had reduced
odds (OR 0.71 [95% CI 0.52, 0.97]) of
pumpuse comparedwithAmericans. Fac-
tors significantly associated with reduced
pump use in the combined cohort were
older age, male sex, higher HbA1c level,
the presence of PAD, and the absence
of nephropathy and neuropathy.

CONCLUSIONS

Canadians and Americans with long-
standing type 1 diabetes in the Canadian
Study of Longevity in Diabetes and the
Joslin Medalist Study have similar age, du-
rationofdiabetes, ethnicity, sexdistribution,
and BMI. Even after adjustment for

Table 1—Characteristics by nationality

Characteristic American (n = 668) Canadian (n = 361) P value

Age (years)** 66.38 (7.66) 65.78 (8.67) 0.2729

Age at diagnosis (years) 11.00 [6.00, 15.00] 11.00 [6.00, 16.00] 0.6963*

Duration of diabetes (years) 53.00 [51.00, 57.00] 53.00 [51.00, 58.00] 0.5154*

Male sex 318 (47.7) 154 (42.8)† 0.13

BMI (m/kg2) 25.68 [23.14, 28.44] 25.08 [22.96, 28.34] 0.4328*
Missing 78 (11.7) 14 (3.9)

SBP (mmHg)** 132.82 (17.47) 128.21 (15.33) 0.0006
Missing 83 (12.5) 174 (48.2)

DBP (mmHg)** 63.26 (8.77) 66.95 (8.84) ,0.0001
Missing 83 (12.9) 176 (48.8)

Hypertension 375 (58) 214 (60.6) 0.41
Missing 19 (2.9) 8 (2.2)

Insulin dose (units/kg) 0.43 [0.34, 0.53] 0.46 [0.37, 0.59] 0.0009*
Missing 82 (12.3) 54 (15)

Smoker (ever) 295 (48.6) 192 (53.8) 0.12
Missing 59 (8.9) 4 (1.1)

Currently physically active 509 (79) 257 (72) 0.012
Missing 22 (3.3) 4 (1.1)

No. annual physician visits ,0.0001
,1 8 (1.2) 15 (4.2)
1 29 (4.5) 43 (12)
2 117 (18) 128 (35.7)
.2 496 (76.3) 173 (48.2)
Missing 16 (2.4) 2 (0.55)

Highest education ,0.0001
No high school 2 (0.3) 22 (6.2)
High school 51 (7.9) 66 (18.5)
Some college/university 141 (21.8) 78 (21.8)
College/university degree 202 (31.2) 132 (37)
Masters or doctoral degree 191 (29.5) 53 (14.8)
Health professional 60 (9.3) 6 (1.7)
Missing 19 (2.9) 4 (1.1)

QOL 0.0002
Poor 8 (1.25) 11 (3.1)
Normal 55 (8.6) 52 (14.5)
Good 264 (41.4) 163 (45.5)
Excellent 311 (48.7) 132 (36.9)
Missing 28 (4.2) 3 (0.83)

Laboratory values
Total cholesterol (mmol/L)‡** 4.17 (0.88) 4.13 (0.94) 0.5046
HDL (mmol/L)‡** 1.65 (0.51) 1.73 (0.53) 0.0239
Triglycerides (mmol/L)‡ 0.76 [0.57, 1.05] 0.80 [0.61, 1.07] 0.073*
LDL (mmol/L)** 2.11 (0.63) 1.99 (0.71) 0.0121
Missing 2 (0.3) 58 (16.1)

Renal outcomes
eGFR (mL/min/1.73 m2)** 67.40 (19.97) 68.04 (22.51) 0.655
Missing 3 (0.45) 21 (5.8)

ACR (mg/mmol) 1.36 [0.80, 3.66] 1.19 [0.52, 3.82] 0.0176*
Missing 132 (19.8) 85 (23.5)

Most recent HbA1c, % (mmol/mol)** 7.22 (0.98), 55 7.53 (1.03), 59 ,0.0001
Missing 0 12 (3.3)

Medications
Insulin pump 365 (55.6) 155 (43.3) 0.0002
Missing 9 (1.4) 3 (0.83)

RAAS inhibitor 458 (69.9) 258 (71.9) 0.52
Missing 13 (1.9) 2 (0.6)

Lipid-lowering medication 446 (68.5) 263 (73.3) 0.11
Missing 15 (2.3) 2 (0.6)

DBP, diastolic blood pressure; SBP, systolic blood pressure. Data are presented as mean (SD) (indicated
by **), median [IQR], or frequency (% of available data). *For continuous variables, indicates use of
Wilcoxon rank sum test; Student’s t test usedotherwise. For categorical variables,x2 test used. †One
personmissing. ‡Nonemissing for Americans; missing for Canadians: 54 (15%) for total cholesterol,
55 (15.2%) for triglycerides, 53 (14.7%) for HDL.
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potential confounders, there were signifi-
cant differences between countries, with
Canadians having a higher HbA1c level by
0.3%, worse QOL, and lower rates of in-
sulin pumpuse,whichwas contrary toour
hypothesis. Interestingly, despite higher
HbA1c levels, Canadians had superior lipid
parameters. Although the rates of prolif-
erative retinopathy, nephropathy, neurop-
athy, and PADwere similar, Canadians had
significantly lower rates of CAD, even after
adjustment.
There are several possible explanations

for the differences observed between
Canadians and Americans. First, it is un-
known whether the differences we ob-
served are specific to populations of
individuals with long-standing diabetes or
whether these differences are also appar-
ent when comparing the general Canadian
and American populations. For example,
Americans had higher rates of revascul-
arization procedures, and it is unknown
whether these procedures were performed
in response to ischemic events (reflecting a
higher rate of CAD) or whether a greater
number of diagnostic procedures leading
to intervention are performed in the U.S.
(reflecting a surveillance bias). In a compar-
ison of health care services use after myo-
cardial infarction in individuals with CVD
(and not specifically diabetes), the rates of
revascularizationwere substantially lower in
Canadians than in Americans. This suggests
that the differencesweobserved in national
revascularization ratesarenot specific to the
longevity cohorts in this analysis (18).
Temporal differences in diabetes man-

agement may explain some findings

because the American data for this study
were collected between 2005 and 2011,
whereas Canadian data were collected be-
tween 2013 and 2016. American Diabetes
Association (ADA) guidelines are updated
annually and Canadian Diabetes Associa-
tion (CDA) guidelines were published in
2008 and 2013. In recent years, there has
been increasing emphasis on less stringent
HbA1c targets in certain populations. In
the 2011 ADA guidelines (19), a less strin-
gent HbA1c target was recommended for
high-risk populations (Grade C); however,
no threshold was specified. Although the
2008 CDA guidelines (20) were similar,
the 2013 guidelines had a greater em-
phasis on individualizing HbA1c targets
with a figure devoted to this concept and
a specific HbA1c target of up to 8.5%
(69 mmol/mol) recommended (Grade D).
Even compared with the most recent
2017 ADA guidelines (21), the HbA1c
threshold recommended for high-risk
populations is more conservative in the
CDA guidelines (8.5% [69 mmol/mol]) than
the ADA guidelines (8% [64 mmol/mol]).
Though the HbA1c level was higher in Ca-
nadians, it is reassuring that complication
rates (particularly for CAD) were similar
between Canadians and Americans. This
corroborates previous studies, which
have found that current HbA1c level
does not correlate with complications in
observational studies of long-standing
type 1 diabetes (3,4,22).

The 2013 CDA guidelines also have
more liberal indications for statin and
RAAS inhibitors, with recommendations
for the use of both medications in all

individuals over 55 years of age, or at any
age if a microvascular complication is pre-
sent. Statin use is recommended for pri-
mary prevention in all individuals over
40 years of age or any individual above
30 years of age with .15 years duration
of diabetes. The 2013 CDA guidelines
also have an online, user-friendly, quick-
reference tool for vascular protection. In
contrast, the 2011 ADA guidelines recom-
mended statin for primary prevention
only in individuals above 40 years of age
with an additional risk factor. Even in com-
parison with the most recent 2017 ADA
guidelines, statin is recommended in indi-
viduals under 40 years of age for primary
prevention only if an additional cardiovas-
cular risk factor is present, and, addition-
ally, RAAS inhibitors are not universally
recommended based on age or the pres-
ence of microvascular complication. Even
though rates of use of statins and RAAS
inhibitors were similar in our study and
these guidelines were published in the fi-
nal years of recruitment for these studies,
the differences may reflect a general cul-
ture that facilitates the treatment of vas-
cular risk factors for primary prevention of
CVD to a greater extent in Canada. Amer-
icans may benefit from a more aggressive
strategy toward vascular protection and
consideration of a simple tool for practi-
tioners to consult for vascular protection.
LDL was not independently associated
with CAD, which is likely a result of the
predominance of lipid-lowering medica-
tion use in these cohorts and a greater
impact of medication use, rather than to
LDL level itself, on the risk of CAD.

Disparities in key diabetes indicators
(HbA1c, insulin pump use, and CAD) be-
tween Canadians and Americans in this
analysis remained despite adjustment
for confounders. This signifies residual,
unexplained differences, which we hy-
pothesize may be the result of a combi-
nation of practice patterns reflecting local
training and resources, as well as differ-
ences in health care systems, that were
not captured by our data. Although we
assessed the frequency of annual physi-
cian visits, we did not collect detailed in-
formation regarding health care access
andusage, such as specialist involvement,
proximity to health services, insurance
status, and medication coverage.

Contrary to our hypothesis, Canadians
had worse self-reported QOL than Amer-
icans, which has been observed previously
in several settings. In a multinational

Figure 2—Prevalence of complications by nationality. *P , 0.05 for difference in prevalence by
American vs. Canadian cohort. †For nephropathy differences in Americans vs. Canadians defined by
the following: eGFR #45 mL/min, 13.6% vs. 14.4% (P = 0.72); ACR .2 mg/mmol while receiving
RAAS inhibitor or.3.4 mg/mmol while not receiving RAAS inhibitor, 30.3% vs. 34.7% (P = 0.2); and
eGFR,60 mL/min + ACR.3.4 mg/mmol, 13.6 vs. 17.4% (P = 0.15).
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clinical trial of type 1 and type 2 diabetes
assessing health-related QOL, baseline
treatment satisfactionwas higher in Amer-
icans than in Canadians (23). In a popula-
tion of patients 1 year after a myocardial
infarction, QOL was higher in Americans
than in Canadians (18). These studies sug-
gest that Americans may report higher
QOL than Canadians, though this is not
a consistent finding. For example, a
meta-analysis (24) of American and Cana-
dian patients with retinal disease, in
which one-third of subjects had diabetic
retinopathy, found no differences be-
tween countries for four different mea-
sures of health-related QOL. It is possible
that Americans either truly have higher
QOL than Canadians or there is a system-
atic inflation in their reporting of QOL. In
support of this, a study using a time
tradeoff methodology to assess utility

values for the impact of hypoglycemia
demonstrated that Canadians with diabe-
tes had higher values of disutility per
hypoglycemic event than Americans, in-
dicating a perception of more severe
impact on QOL (25). Another possible
explanation for our finding is the influ-
ence of SES and education. In individuals
over 65 years of age, health-related QOL
is associated with household income
in the U.S. but not in Canada (26). Though
we did not assess SES, education may
the best marker of SES for health out-
comes, and Canadians in our study had
lower levels of education than Americans
(27).

We hypothesized that differences be-
tween Canadians and Americans would
be the result of differences in access to
care and funding for health services and
medications. In other populations of

individuals with diabetes, Canadians
have been observed to have more fre-
quent visits with general practitioners
and eye specialists than Americans but
less frequent care by other specialists
such as endocrinologists (11,28). How-
ever, the disparities in health care access
associatedwith SES aremore pronounced
in the U.S. than in Canada. In an examina-
tion of national differences in subjects
enrolled in the Diabetes Control and Com-
plications Trial (DCCT), higher educationwas
associated with more frequent physician
visits in the U.S., but this association was
not seen in Canada (11). Uninsured
Americans and particularly ethnic mi-
nority groups have less access to care
than Canadians and report worse QOL,
whereas the opposite is true for insured
Americans (29). The subjects in our sam-
ples likely reflect selection bias for higher

Table 2—Multivariable models for the outcomes HbA1c (linear regression), QOL (ordinal logistic regression), CAD, and pump use
(logistic regressions)

Predictors

Model outcome

HbA1c (n = 788) QOL (low to high) (n = 866) CAD (n = 761) Pump (n = 878)

Adjusted b P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Nationality (reference = American) 0.28 0.0003 0.71 (0.53, 0.95) 0.02 0.46 (0.31, 0.68) ,0.0001 0.71 (0.52, 0.97) 0.030

Age 0.0028 0.56 1.00 (0.99, 1.02) 0.65 1.05 (1.02, 1.08) 0.0001 0.95 (0.93, 0.96) ,0.0001

Sex (reference = male) 0.47 ,0.0001 0.94 (0.71, 1.25) 0.67 0.64 (0.44, 0.93) 0.02 1.57 (1.16, 2.13) 0.0033

Insulin pump 20.15 0.030 1.21 (0.92, 1.6) 0.17

Exercise 1.8 (1.30, 2.49) 0.0004 0.79 (0.52, 1.20) 0.28 1.34 (0.94, 1.90) 0.11

Annual physician visits,
n (reference,1)

1 20.08 0.77
2 20.27 0.27
.2 20.22 0.36

HbA1c 0.76 (0.65, 0.87) 0.0001 1.23 (1.03, 1.47) 0.024 0.79 (0.68, 0.93) 0.0041

eGFR 0.0042 0.029 0.98 (0.97, 0.99) 0.0004

BMI 0.014 0.068 0.99 (0.95, 1.03) 0.53

CAD 0.20 0.0088 0.89 (0.66, 1.20) 0.44 0.90 (0.66, 1.24) 0.52

PAD 0.15 0.24 0.59 (0.36, 0.95) 0.029 5.22 (2.71, 10.07) ,0.0001 0.52 (0.30, 0.89) 0.018

Nephropathy (self-report) 0.23 0.055 0.63 (0.41, 0.98) 0.050 1.32 (0.74, 2.36) 0.35 1.65 (1.01, 2.69) 0.045

Neuropathy (MNSI score$3) 0.14 0.044 0.69 (0.53, 0.91) 0.0086 1.61 (1.20, 2.15) 0.0015

Proliferative retinopathy (by
examination) 0.066 0.34 0.75 (0.57, 0.98) 0.037 0.99 (0.73, 1.32) 0.92

Lipid-lowering medication 3.69 (2.34, 5.81) ,0.0001

LDL 0.86 (0.64, 1.15) 0.30

RAAS inhibitor 0.77 (0.50, 1.18) 0.24

Smoking 1.10 (0.78, 1.55) 0.59

Hypertension 1.41 (0.96, 2.06) 0.08

Education (reference = no high
school)

High school 0.28 0.22 0.63 (0.24, 1.64) 0.35 2.94 (0.83, 10.40) 0.095 1.07 (0.37, 3.10) 0.91
Some university/college 0.13 0.56 0.66 (0.26, 1.64) 0.37 2.97 (0.88, 10.05) 0.08 1.26 (0.45, 3.50) 0.66
University/college 0.15 0.48 0.89 (0.36, 2.2) 0.80 1.87 (0.56, 6.23) 0.31 1.14 (0.41, 3.11) 0.80
Masters or doctoral 0.11 0.62 1.27 (0.50, 3.20) 0.61 1.85 (0.54, 6.33) 0.33 1.54 (0.55, 4.30) 0.41
Health professional 0.17 0.50 0.87 (0.31, 2.44) 0.78 1.39 (0.36, 5.44) 0.64 1.38 (0.44, 4.30) 0.59
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education and Caucasian ethnicity, which
may have minimized differences due to
health care systems that would be more
apparent in samples reflecting a broader
spectrum of SES.
Differences in access and funding may

also explain less pump use in the Canadian
participants. For Canadian adults, costs to-
ward pump supplies are covered in some
provinces universally, and in other prov-
inces coverage is based on household
income or drug plan. Government funding
is available for the full cost of insulin
pumps only in Ontario and Alberta, in
which 67% of the Canadian participants
in this study reside. Individuals without
government funding for pumps either
pay out of pocket or rely on additional
insurance (30). In the U.S., individuals
over 65 years of age who choose to pur-
chaseMedicare Part B (which is a nominal
cost) receive funding for insulin pump
and supplies (31). Eighteen states have
regulations where state insurance law
mandates coverage for insulin pumps;
however, it is difficult to determine
whether this is enforced (32). Unfortu-
nately, we did not have documentation
of insuranceorMedicare/Medicaid status
in the Joslin Medalist participants or pri-
vate medication coverage for the Cana-
dian participants.
The strengths of this analysis include

being the first national comparison of
older individuals with type 1 diabetes.
Surveys were designed to harmonize
data collection with the Joslin Medalist
Study allowing comparison. There are,
however, several limitations to this study.
Survivorship and volunteer biaswere pre-
sent and may affect generalizability but
would not affect comparisons since they
were similar in both countries because of
identical inclusion criteria and accrual
methods. In addition, both cohorts may
have had a selection bias toward higher
SES and Caucasian participants because
the proportion of other ethnicities was
lower than in other large epidemiologic
studies of type 1 diabetes (1,33,34). There
is a possibility ofmeasurement error since
all complications other than retinopathy
and neuropathy were determined by
self-report, and QOL was not measured
using a standardized scale with demon-
strated validity. Blood pressure was not
systematicallymeasured. Finally, the study
was cross-sectional, and therefore we can
only make inferences of association, not
causation.

In summary, in a comparison between
CanadiansandAmericanswith long-standing
type 1 diabetes, complication rates were
similar other than lower CAD among
Canadians. Canadians hadworse glycemic
control, lower QOL, and less insulin pump
use, yet superior achievement of nongly-
cemic targets. Our findings differ from
national comparisons of clinical trial par-
ticipants with type 1 diabetes, which may
not reflect usual, local practice. The dis-
parities discovered in this study require
future research and strategies to optimize
management for individuals with type 1
diabetes in both Canada and the U.S.
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