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Abstract

Objectives

This article describes an algorithm to classify
respondents to cycle 1.1 (2000/2001) of the Canadian
Community Health Survey (CCHS) according to whether
they have type 1, type 2 or gestational diabetes.

Data source
The data are from the chronic disease module and the
drug module of cycle 1.1 of the CCHS.

Analytical techniques

A total of 6,361 respondents to cycle 1.1 of the CCHS
reported that a health care professional had diagnosed
them as having diabetes. The Ng-Dasgupta-Johnson
algorithm classifies this group according to whether they
have type 1, type 2 or gestational diabetes, based on
their answers to CCHS questions about diabetes during
pregnancy, use of oral medications to control diabetes,
use of insulin, timing of initiation of insulin treatment, and
age at diagnosis.

Main results

Application of an earlier algorithm to CCHS cycle 1.1
results in a 10%-90% split for type 1 and type 2 diabetes.
By contrast, the Ng-Dasgupta-Johnson algorithm yields a
5%-95% split. This is not unreasonable, given the rapid
rise in obesity, a major risk factor for type 2 diabetes, in
Canada.
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iabetes is a serious chronic condition

characterized by high levels of glucose, the

body’s primary fuel. Normally, glucose is
transferred from the circulation system into tissue cells
through the action of insulin, a hormone produced by the
pancreas. In patients with type 1 diabetes, high glucose
levels result from a lack of insulin production. For patients
with type 2 or gestational diabetes, glucose levels rise because
of resistance to the action of insulin. Although gestational
diabetes may resolve post-partum, women with this
condition are at increased risk of developing type 2.!

Very high glucose levels can cause fatigue, dehydration,
and even death. More moderate but long-term elevations
of glucose levels can contribute to injury of blood vessels,
which, in turn, can result in complications such as blindness,

5 Because of its

kidney injury, heart disease and stroke.
adverse health effects and the associated economic burden
on the health care system,”’ diabetes is a major public health

problem.
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Recent literature suggests that the prevalence of
diabetes is rising, not only in Canada, but
89 Tt is likely that this increase is due
primarily to the growing number of people with
type 2 diabetes.*” The insulin resistance that leads
to type 2 diabetes results from a combination of
excess body weight, physical inactivity, and genetic

worldwide.

factors.  Tellingly, the increasing prevalence of
type 2 diabetes has paralleled the rise in obesity,
which is a risk factor.

Because of differences in etiology, associated risk
factors, costs, and prevention strategies for type 1
and type 2 diabetes, it is important for public health
surveillance to be able to track their prevalence."
Data on diabetes are collected by Statistics Canada’s
Canadian Community Health Survey (CCHS). The
CCHS is a nationally representative population
survey that contains questions about a host of
chronic conditions and a comprehensive array of
demographic, socio-economic, health and lifestyle
variables. Thus, potentially, the CCHS can be used
to monitor the prevalence of diabetes in Canada
and to study associations with risk factors. A major
limitation of these data, however, is that the survey
does not directly ask respondents about diabetes
type.

This article describes a new algorithm based on
cycle 1.1 (2000/2001) of the CCHS, which is
designed to identify respondents according to
whether they have type 1, type 2 or gestational
diabetes.

Diabetes questions in the Canadian
Community Health Survey
The CCHS covers the population aged 12 or older
living in private households. It does not include
people on Indian reserves, on Canadian Forces
bases, or in some remote areas. The first cycle (1.1)
was conducted from September 2000 through
October 2001. The overall response rate for cycle
1.1 was 85%; the total sample size was 131,535.
The chronic disease module of the CCHS
contains six questions that deal specifically with
diabetes:

CCCA_101
CCCA_102

Do you have diabetes?
How old were you when this was first
diagnosed?

CCCA_10A Were you pregnant when you were
first diagnosed with diabetes? (asked
of women aged 15 or older)
Other than during pregnancy, has a
health professional ever told you that
you have diabetes? (asked of women
who had diabetes during pregnancy)
When you were first diagnosed with
diabetes, how long was it before you
were started on insulin?
Less than 1 month
1 month to less than 2 months
2 months to less than 6 months
6 months to less than 1 year
1 year or more
Never
Do you currently take insulin for your
diabetes?

As well, the drug module of the CCHS contains
questions about diabetes medications:

In the past month, that is, from (date one month ago)

to yesterday, did you take:

DRGA_IN ... insulin?

DRGA_10

CCCA_10B

CCCA_10C

CCCA_105

... pills to control diabetes?

Creating an algorithm

To create an algorithm to classify CCHS respondents
who report diabetes as being type 1, type 2 or
gestational cases, it is necessary to understand the
nature of these forms of the disease and differences
in they way they are treated. Type 1 and type 2, in
particular, differ not only in etiology, but also in
treatment.

People with type 1 diabetes produce little or no
insulin. In type 1, the pancreas cannot produce
insulin, so it must be replaced. Therefore,
treatement for type 1 invariably requires insulin
injections. Type 1 usually develops during childhood
or adolescence.’

In type 2 diabetes, the pancreas continues to
produce insulin, but the body develops resistance
to its effects, resulting in a relative insulin deficiency.
Glucose control in type 2 diabetes may be achieved
with weight reduction, exercise, and oral
medications, although insulin production may
become impaired over time, and many patients
eventually require insulin treatment.™ Type 2
typically occurs in adulthood after age 30,"* and
becomes progressively more common with
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advancing age. However, rates of type 2 among
children and adolescents are rising, largely as a result
of the increasing prevalence of obesity.'*"

Gestational diabetes occurs in about 4% of all
pregnancies.” Identifying gestational diabetes from
the CCHS is relatively simple; the principal challenge
is differentiating between types 1 and 2.

Given the differences in age of onset and
treatment, it is possible to classify CCHS
respondents as having type 1 or type 2 diabetes,
based on their answers to questions about these
factors. For example, age of diagnosis before 30
might be used to identify type 1 patients. Based on
this criterion, close to 10% of the CCHS sample
who reported diabetes would be classified as type 1
(n=608), a proportion consistent with previous
> Howevet, responses to questions about
medication use indicate that approximately half of
these respondents started insulin treatment six

studies.

months or more after they had been diagnosed, even
though type 1 patients generally require insulin
treatment within six months of diagnosis."” This
suggests that some of the patients identified as type
1 based on the age 30 criterion would be
misclassified. This possibility is bolstered by the
increasingly younger age at which type 2 diabetes is
being diagnosed.'*"> As well, using insulin cannot
definitively categorize patients as type 1 or type 2,
given that insulin use is not confined to type 1
patients. Therefore, a combination of age and
medication use criteria is needed to distinguish
between types 1 and 2.

The Maddigan-Johnson algorithm

An algorithm to classify CCHS respondents as
having type 1 or type 2 diabetes was developed by
Maddigan-Johnson (M]) in 2006." This algorithm
(Figure 1) employs six CCHS questions: 1. has
diabetes; 2. use of insulin; 3. age at first diagnosis;
4. timing of insulin treatment; 5. age of respondent;
and 0. use of oral medications.

The M]J algorithm classifies the 6,361respondents
reporting diabetes who used an oral medication as
type 2, regardless of insulin use. Respondents using
neither oral medications nor insulin are also classified
as type 2. Those not using an oral medication, but
using insulin, and who were younger than age 30 at

An algorithm to differentiate diabetic respondents o

Figure 1
Maddigan-Johnson algorithm

Physician
diagnosed
diabetes

A 4

—
Takes oral | Yes
agent (pill) yp

—

v No

Currently taking | No

insulin Type 2

:

v Yes
Yes Current age
Type 1 younger than 30 ]
. No
Yes Age at diagnosis
Type 1 younger than 30
v No
Yes | Insulin started within one
P month of diagnosis

No
Type 2

Figure 2
Survey sample, analysis sample and missing data for diabetic
population based on Maddigan-Johnson algorithm

Self-reported diabetes
N=6,361

A

Type 1 Type 2
N=670 (9.9%)" N=5,637 (90.1%)"

Unable to determine
type of diabetes

N=54

T Percentage represents weighted population percentage based on
respondents who could be categorized as having type 1 or type 2 diabetes.
Source: 2000/2001 Canadian Community Health Survey, cycle 1.1.
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the time of diagnosis or at the time of the interview,
or who had started insulin therapy within one month
of diagnosis, are classified as type 1. According to
the M]J algorithm, the typel—type 2 split was 10%—
90% (Figure 2). However, 54 diabetic respondents
were not classified, because they did not answer any
of the six questions used in the algorithm.

While the MJ algorithm is an important first step
in distinguishing between type 1 and type 2 diabetes,
it has some limitations. First, it is not explicit in
how missing information (refusal, don’t know, etc.)
should be treated. Second, some people with type
1 diabetes may not start insulin therapy within a
month of diagnosis if they have some response to
oral medications (although all will require insulin
within six months). And third, it is not clear how
women with gestational diabetes are classified in the
M]J algorithm.

The Ng-Dasgupta-Johnson algorithm

The proposed Ng-Dasgupta-Johnson (NDJ) aims
to overcome the limitations of the M]J algorithm.
It makes explicit the decisions with regard to dealing
with missing information. Italso uses the gestational
diabetes question in the diabetes module, in which
female respondents who report diabetes are asked
if this had been only during pregnancy. Those who
answer “yes” (that is, they had only gestational
diabetes) skip out of the diabetes module to the
questions in the next chronic disease module, and
thus, cannot be classified by the MJ algorithm. The
54 cases of unknown type identified by the M]
algorithm may all be “gestational diabetes.”

The NDJ algorithm requires seven steps to
identify respondents to cycle 1.1 of the CCHS as
having type 1, type 2 or gestational diabetes
(Figure 3):

Step 1. Target population: Respondents who replied
“yes” to having diabetes (CCCA_101=1)
(n=06,3601). These 6,301 respondents constitute
the diabetes cohort. Those who did not know,
refused to answer or did not respond were
excluded (87).

Step 2. Gestational diabetes: If the respondents were
women who said that they had not been
diagnosed with diabetes at any time other than
when they were pregnant (CCCA_10B=2) and
the age of diagnosis was 15 to 49 (childbearing

age range), they were considered to be cases of
gestational diabetes.

Screening forward: Respondents in the diabetes
cohort not asked this question (males; females
younger than 15), women who reported being
diagnosed with diabetes during pregnancy and
atanother time (“yes” to CCCA_10B), and those
who did not answer were moved forward.

Step 3. If respondents reported taking an oral

medication (DRGA_10=1), they were assigned
type 2 diabetes.
Screening forward: If the response was “no,”
“not applicable,” “don’t know” or “not stated,”
they were moved forward. (The question about
oral medications was asked of about 24% of all
respondents in cycle 1.1, as only selected health
authorities in Ontario used this question.)

Step 4. If the respondents were not currently taking
insulin (CCCA_105=2), they were assigned type
2 diabetes.

Screening forward: If the response was “yes,”
“not applicable” or “don’t know,” they were
moved forward.

Step 5. If the respondents were younger than 30 and
began taking insulin within 6 months of being
diagnosed, they were assigned type 1 diabetes.
Screening forward: If the respondents were 30
or older or began taking insulin 6 or more
months after being diagnosed, they were moved
forward.

Step 6. If the respondents’ age of diagnosis was younger
than 30 and they began taking insulin within 6
months of being diagnosed, they were assigned
type 1 diabetes.

Screening forward: If the respondents’ age of
diagnosis was 30 or older or if they did not know
or refused to answer this question, or if they
had started taking insulin more than 6 months
after being diagnosed, they were moved forward.

Step 7. All the remaining respondents were assigned
type 2 diabetes, regardless of when they started
taking insulin.

The MJ algorithm used the timing of the start of
insulin treatment to assign some of the Step 7
respondents to type 1; specifically, those who began
taking insulin within one month of diagnosis.
However, about half of them were aged 50 or older
when they were diagnosed, and so are far more likely
to be type 2.

Table 1 contains the variable names, description,

code, sample size, and frequency of the above-
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Figure 3
Ng-Dasgupta-Johnson algorithm

An algorithm to differentiate diabetic respondents °

|

1. Physician diagnosed diabetes
(n=6361)

|

A

y

Yes

2. Diabetes only during pregnancy

(women diagnosed from age 15 to 49)

Yes Gestational

diabetes (n=57)

|

No

, not available,
not stated
A\ 4

[ 3. Takes oral agent (pill)

Yes Type 2 (n=981) ]

No

, not available,
"don‘t know, not stated

[ 4. Currently taking insulin

@

Type 2 (n=3,919) ]

Yes, not available,

I not stated

Yes
[ Type 1 (n=300)

5. Age at diagnosis younger than 30 and
started insulin within 6 months of diagnosis

|

A

y

No

Yes
[ Type 1 (n=0)

6. Age at interview younger than 30 and started
insulin within 6 months of diagnosis

|

No

, don’t know

[

»

—Y

Type 2 (n=1,104)

Notes: Sample size is listed in parenthesis. In CCHS cycle 1.1, the question about oral agents was asked only in selected Health Authorities in Ontario; thus, just
31,187 respondents, or 24% of the overall sample, were asked this question.

Source: 2000/2001 Canadian Community Health Survey, cycle 1.1.

mentioned variables for all CCHS respondents.
Table 2 contains the same information for
respondents who reported that they had been
diagnosed with diabetes by a health professional.

Results
The main difference between the MJ and ND]
algorithms is the shift in the proportions classified
as type 1 and type 2 diabetes. While the M]
algorithm results in a 10%—-90% split, the NDJ
algorithm yields a 5%--95% split (figure 4), which
is not unreasonable, given the rapid tise in obesity'**’
and type 2 diabetes in Canada and around the
world.??!

The characteristics of type 1 and type 2 diabetic
respondents identified by the NDJ algorithm reflect

the variables used to make this assignment (Table 3).
By definition, all type 1 respondents were currently
taking insulin and had been diagnosed when they
were younger than 30. No type 1 respondents had
taken oral anti-diabetic medications in the past
month, whereas this was the case for 16% of those
classified as type 2. However, 75% and 74% of
type 1 and 2 respondents were not asked this
question, as it was included only in the optional sub-
module of CCHS cycle 1.1.

The timing of the start of insulin is used to
differentiate between diabetes types at the end of
the M] algorithm, and to be classified as a type 1
case, respondents had to have begun insulin
treatment within one month of diagnosis. The NDJ
algorithm also uses this question, but broadens the
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Table 1

Information used to determine diabetes type (types 1, 2 and gestational plus unable to determine), total sample, Canadian Community

Health Survey, cycle 1.1, (n=131,535)

Response

Not Don’t Not
Variable name Variable description Yes Other No applicable know Refusal stated
CCCA_101 Has diabetes Code 1 2 6 7 8 9
Sample 6,361 125,087 61 1 25
CCCA_10B Diagnosed other than Code 1 2 6 9
when pregnant Sample 143 58 131,262 72
DRGA_10 Pills used in past month Code 1 2 6 7 9
Sample 998 30,136 100,348 23 30
CCCA_105 Currently taking insulin Code 1 2 6 7 9
Sample 1,530 4,766 125,145 7 87

DHHA_AGE Current age Code 12-102
Sample 131,535
CCCA_102 Age at diagnosis Code 0-92 996 997 998 999
Sample 6,319 125,087 40 2 87
CCCA_10C Time between diagnosis Code <1 month Other Never 96 97 99
and starting insulin Sample 915 943 4,413 125,145 32 87

... not applicable
< less than

Source: 2000/2001 Canadian Community Health Survey, cycle 1.1.

Table 2

Information used to determine diabetes type (types 1, 2 and gestational plus unable to determine), diabetic sample, Canadian
Community Health Survey, cycle 1.1, (n=6,361)

Response
Not Don’t Not
Variable name Variable description Yes Other No applicable know Refusal stated
CCCA_101 Has diabetes Code 1 2 6 7 8 9
Sample 6,361
CCCA_10B Diagnosed other than Code 1 2 6 9
when pregnant Sample 143 58 6,134 26
DRGA_10 Pills used in past month Code 1 2 6 7 9
Sample 984 646 4,729 1 1
CCCA_105 Currently taking insulin Code 1 2 6 7 9
Sample 1,530 4,766 58 7
DHHA_AGE Current age Code <30 >30
Sample 187 6,174
CCCA_102 Age at diagnosis Code <30 >30 996 997 998 999
Sample 645 5,674 40 2
CCCA_10C Time between diagnosis Code <1 month Other Never 96 97 99
and starting insulin Sample 915 943 4,413 58 32

... not applicable
< less than

> greater than or equal to
Source: 2000/2001 Canadian Community Health Survey, cycle 1.1.
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Figure 4
Survey sample for diabetic population based on Ng-Dasgupta-
Johnson algorithm

Self-reported diabetes
N=6,361

A 4

Type 1 Type 2 Gestational diabetes
N=300 (5.3%)" N=6,004 (94.7%)" N=57

t Percentage represents weighted population percentage based on
respondents who could be categorized as having type 1 or type 2 diabetes.
Source: 2000/2001 Canadian Community Health Survey, cycle 1.1.

Table 3

Characteristics of diabetes types 1 and 2 as assigned by
Ng-Dasgupta-Johnson algorithm, Canadian Community
Health Survey, cycle 1.1

Type 1 Type 2
(n=300) (n=6,004)

% (unweighted)

Has diabetes

Yes 100 100
No 0 0
Diagnosed other than when pregnant

Yes 5 2
No/Not applicable/Not stated 95 98
Pills used in past month

Yes 0 16
No 25 9
Not asked 75 74
Currently taking insulin

Yes 100 20
No/Not applicable/Not stated 0 80
Current age

Less than 30 37 1
30 or older 63 99
Age at diagnosis

Less than 30 100 5
30 or older/Not stated 0 95

Time between diagnosis and starting insulin
Less than 1 month 9
1 to less than 2 months

2 to less than 6 months

6 months to less than 1 year

1 year or more

Never

Not applicable/Don't know

ocooco~NS
N

Source: 2000/2001 Canadian Community Health Survey, cycle 1.1.
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interval between diagnosis and the start of insulin
treatment to six months. Based on the ND]J
algorithm, 94% of the newly assigned type 1 cases
had started insulin within one month of diagnosis,
compared with just 11% of the newly assigned type
2 cases. By design, none of the type 1 cases had
started insulin more than 6 months after diagnosis,
compared with 14% of type 2 cases.

About 5% of type 2 patients (308 respondents)
identified by the NDJ algorithm had been diagnosed
when they were younger than 30; in fact, 81 of them
had been younger than 16. This raises the possibility
that they were misclassified, and perhaps should be
type 1. However, of these 308 cases, 41 were taking
an oral anti-diabetic medication and 198 of the
remaining 267 cases were not taking insulin, and so
were more likely to have type 2 than type 1. Of the
remaining 69 cases, only 19 had been diagnosed
when they were younger than 16. Given the recent
increases in type 2 diabetes in young adults and
children,'*" it is reasonable to expect this number
of younger respondents among those classified as
type 2. Therefore, misclassification, if any, is not
serious.

Beyond the type 1—type 2 distinction, other
forms of diabetes are being recognized. As noted
above, the NDJ algorithm takes account of the
increase in “maturity onset diabetes of the young”
(MODY), thatis, a form of type 2 diabetes appearing
in younger people. Other emerging forms include
“latent autoimmune diabetes of adulthood”
(LADA) and “latent autoimmune disease in youth”
(LADY).? Howevert, the prevalence of the last two
conditions would be negligible in the population-
based surveillance data that CCHS provides.

A potential criticism of the ND]J algorithm is that
only 24% of cycle 1.1 respondents were asked about
oral medications (Step 3). However, the question
on the use of pills for diabetes control is no longer
optional content, and was asked of everyone who
reported diabetes in cycles 3.1 and 4.1. Application
of the NDJ algorithm to cycle 3.1 yielded prevalence
estimates of type 1 and type 2 similar to those
derived from cycle 1.1.

The number of CCHS respondents reporting
physician-diagnosed diabetes rose from 6,361 in
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2000/2001 (CCHS 1.1) to 8,200 in 2005 (CCHS 3.1);
the corresponding weighted estimates of the
number of people with diabetes increased from
1,064,000 to 1,325,000. The distribution of these
cases by type over this period varied little, with the
proportion identified as type 1 fluctuating around
4% to 5%. Gestational diabetes consistently
represented about 1% of cases

Conclusion
The Ng-Dasgupta-Johnson algorithm expands upon
the Maddigan-Johnson algorithm in attempting to
classify type 1, type 2 and gestational diabetes based
on self-reported information from cycle 1.1 of the
CCHS. While the ND]J algorithm was developed
using cycle 1.1, it can be applied to other CCHS
cycles. Although a potential for misclassification
exists, this is likely minor, and is overshadowed by
the benefits of classifying the majority of diabetic
respondents in this nationally representative survey.
Nonetheless, further development and validation
of the NDJ algorithm are needed. No external
criteria exist, so sensitivity and specificity measures
cannot be derived. A possible method of validation
of the algorithm is against hospital discharge data,
specifically, through the recently linked files of the
CCHS and a person-oriented version of the CIHI
Hospital Morbidity Database. This database
contains ICD-10-CA diagnostic codes (E10-E14)
that identify diabetes type.”?* Using the

hospitalization record as a “gold standard,” it may
be possible to determine if CCHS respondents
identified as having type 2 diabetes by the ND]
algorithm are similarly identified in hospital records.

Another possibility is to include a question about
diabetes type in the CCHS itself. However, some
people may not know what type of diabetes they
have; type 2 patients taking insulin may believe they
have type 1.

The new Canadian Health Measures Survey
(CHMS), data from which will be available in 2010,
contains a number of questions about diabetes.
Respondents are directly asked about type of
diabetes (type 1, type 2 or gestational), age at first
diagnosis, and medication used. They also undergo
blood tests which measure glycohaemoglobin
(HbAlc), glucose (fasting or random), and fasting
insulin. The CHMS results will offer an opportunity
to determine if diabetic respondents can correctly
identify the type of diabetes that they have. @
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