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Abstract
Type 1 diabetes (T1D) relies heavily on self-management to avoid related long-term health
complications. Complications are largely preventable with proper compliance with T1D care
(Canadian Diabetes Association, 2016). Other studies have identified a link between age of onset
and long-term control of T1D management. This paper examines the link between age of T1D
onset and changes to long-term compliant behaviour. This is done by applying a single-period
version of the Grossman human capital model of the demand for health, and OLS regression
using Canadian Community Health Survey data. Moreover, this paper shows that age of onset
occurring during childhood and early adolescence is weakly associated with improved long-term
compliant behaviour.
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I. Introduction
Diabetes mellitus type 1, commonly referred to as type 1 diabetes (T1D), is an
autoimmune disease that affects roughly 100,000 Canadians, accounting for five percent of
diabetes cases overall (Juvenile Diabetes Research Foundation [JDRF], 2016). It is a disease that
is heavily reliant on a patient’s self-administered care (Nagasawa, Smith, Barnes, & Fincham,
1990). Previous studies find that diabetics diagnosed as children and young adolescents exhibit
improved long-term T1D care compared to those diagnosed as older adolescents and young
adults (Forga, Goñi, Cambra, Ibáñez, Mozas, & Chueca, 2013). The purpose of this paper is to
examine the effect that age of onset has on compliant behaviour with T1D management. This
paper attempts to identify a link between early age of onset and improved compliance.
This paper offers a behavioural perspective to the effects that age of onset has on
compliance with T1D management. This paper also uses Canadian data is to empirically test the
link between age of onset and compliance. This paper contributes to T1D literature and assists in
identifying causes of inferior compliance and associated at risk groups. The results from this
paper could be of particular interest to health care policy analysts and health care professionals in
order to assist in designing more efficient and effective health care policy approaches. In
addition, examining behavioural changes and incentives towards compliance provides an
economic approach to the analysis of T1D management.
T1D results from the destruction of beta cells in the pancreas and care requires a
substantial amount of attention and self-management from type 1 diabetics. Beta cells produce
insulin, a hormone that utilizes glucose present in the body and regulates blood glucose levels
(JDRF, 2016). Without the production of insulin, diabetics must administer it through an
exogenous source using a syringe or insulin pump, and self-monitor their blood glucose levels
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frequently. They must also restrict high carbohydrate foods and are at a greater risk for the
negative effects of alcohol and tobacco use than the general population (Canadian Diabetes
Association, 2016). All of these factors contribute to proper blood glucose control, which is the
fundamental objective of T1D management. This control is critical to minimizing the risk of
long-term diabetes related complications such as blindness, heart disease, and neuropathy (Public
Health Agency of Canada, 2011). Although exact figures are unavailable, age of diagnosis
generally ranges from birth to 45 but the majority of cases are diagnosed in children, adolescents,
and young adults (U.S. National Library of Medicine, 2016). Unlike the more common form of
diabetes (type 2), T1D cannot be cured nor can its onset be avoided by any ex-ante behavioural
changes. The specific cause of T1D is unknown, but genetic and environmental factors often
play a role (National Institute of Diabetes and Digestive and Kidney Diseases [NIDDK], “Causes
of diabetes”, 2014).
This paper begins with a single-period application of Grossman’s (1972) human capital
model of the demand for health to examine the link between patients’ age of onset and their
ability to exhibit, and their demand for, compliant behaviour. This paper then uses 2009 to 2014
Canadian Community Health Survey data to obtain statistics on individuals’ health,
demographic, social, and behavioural information. To measure the compliant behaviour
exhibited in long-term management of T1D, four different measures of compliance are included
as the dependent variables. OLS regression tests are then used to examine the differences in the
dependent variables conditional on different ages of diagnosis. The results of this paper show
that age of onset in childhood and early adolescence, compared to late adolescence and early
adulthood, is weakly associated with improved long-term compliant behaviour.
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II. Literature Review
Literature pertaining to age of onset and compliance with T1D management is minimal.
However, existing literature shows that older age of onset is generally associated with worse
T1D management. As such, the following will examine two health care studies that address this
topic. To analyze the results of these studies in the context of compliant behaviour, an
interpretation of the human capital model of the demand for health by Adam Wagstaff (1986)
will be applied.
Forga et al. (2013) used generalized additive mixed models (GAMMs) to study the
correlation between age of onset and changes in glycated haemoglobin (HbA1c) levels. HbA1c
tests for the build up of glucose in red blood cells and is the primary method used by health care
professionals to measure quality of care of T1D (NIDDK, “The A1C and diabetes”, 2014). Forga
et al. (2013) conducted a follow-up study to examine changes in HbA1c levels of 716 patients
over an average of 10 years. Using age of onset and number of years since diagnosis as the
explanatory variables, they found that mean HbA1c levels showed less of an increase for those
diagnosed during childhood and early adolescence compared to those diagnosed during late
adolescence and early adulthood (Forga et al., 2013, p. 522). Those diagnosed after age 45
showed the largest increase in HbA1c levels, which is an indication of worsening T1D control
(Forga et al., 2013, p. 522). This is consistent with my original expectations, and allowed me to
further examine the behavioural factors that may lead to these results for different age groups.
Nagasawa et al., (1990) conducted an in-depth analysis of primary factors that influence
compliance with prescribed T1D medication. They examined social, psychological, and
demographic factors, including age and age of onset, to find correlations between these factors
and compliance with adequate T1D care. Their study quantitatively integrates the results from 26
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previous studies. They find that emotional stability, motivation, social support, and perceived
benefit are strongly associated with compliance (Nagasawa et al., 1990, p.192). In examining the
effect age has on compliance, they find that older adults and younger children had higher levels
of compliance than older adolescents and young adults (Nagasawa et al., 1990, p. 199). This
study shows several of the key factors that influence T1D management, which contributes to
forming the prediction that age of onset has an effect on behaviour and effort exhibited in longterm care of T1D.
Finally, Adam Wagstaff (1986) offers a simplified interpretation of Michael Grossman’s
human capital model of the demand for health published in the Bulletin of Economic Research.
This allows for the use of a single-period version of the human capital model and provides a
relevant framework for modeling the behavioural changes and effort necessary for type 1
diabetics to produce health. Wagstaff (1986) identifies Grossman’s links between education and
the demand for health, and the positive relationship between improved technical efficiency and
the marginal product of health inputs (p. 93). Age of onset and compliance are used in this paper
to represent education, technical efficiency, health, and health inputs. This is the primary method
in which a framework is developed to represent the changes in compliant behaviour of type 1
diabetics based on their age of diagnosis.
III. Compliance and Effort
The basis for hypothesizing that age of onset affects compliance and that age of onset
occurring during childhood or early adolescence is correlated with better long-term compliance
comes from Wagstaff’s (1986) interpretation of the human capital model (p.93). These results
show that (1) technical efficiency is positively related to the marginal product of health inputs,
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and (2) more education, ceteris paribus, leads to a higher demand for health.
Before applying these results, compliance and effort are given specific definitions for the
context of this paper. Compliance refers to any behaviour or action that affects T1D management
in a positive manner. This includes behaviours and actions such as optimal diet, exercise, blood
glucose monitoring, and limiting alcohol consumption. Compliance in the context of this paper is
analogous to health in the human capital model.
Effort in this paper refers to the required motivation, will power, and self-control
necessary to adopt compliant behaviour or continue to exhibit compliant behaviour. Effort in the
context of this paper is analogous to health inputs in the human capital model. The definition of
health in this paper is limited to the effect that compliance has on the health of type 1 diabetics.
Genetic factors, other inherent medical issues, and any other health factor not directly related to
the level of compliance affecting T1D management are assumed to be exogenous in the context
of this paper.
IV. Theory
The following provides the theoretical basis for this paper. Two results from the human
capital model of the demand for health are applied to the question of age of onset and
compliance with T1D management. First, the result of the positive relationship between technical
efficiency and the marginal product of health inputs is applied. Type 1 diabetics diagnosed
during childhood and early adolescence learn to manage their disease under parental supervision
during a key developmental period. It is expected that habits developed during childhood and
early adolescence under the realization of a lifetime of possible complications and the necessity
of compliant behaviours will lead to an increased willingness to adopt compliant behaviours at
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an early age. In addition, because of the lack of personal exposure to harmful behaviours such as
alcohol consumption and smoking at this age, diabetics diagnosed early on may be more willing
to avoid using these substances in the future. As a result, the effort required of a type 1 diabetic
to comply with T1D management would be lower if diagnosis occurs at a young age, before
detrimental habits are formed. This is an improvement in technical efficiency, as type 1 diabetics
diagnosed at an early age require less effort to adopt or continue compliant behaviours,
compared to those diagnosed in late adolescence or early adulthood. Therefore, the marginal
product of effort is higher given a younger age of onset.
The second result from the human capital model, which shows that more education,
ceteris paribus, leads to a higher demand of health, is also applied. Type 1 diabetics diagnosed at
an early age become more aware of the related complications associated with poor compliance at
this key developmental stage. Confronted with the possibility of poor health due to sub-optimal
management of their lifelong disease, type 1 diabetics are more likely to have a higher demand
for compliant behaviour.
Given these expectations, a theory is developed for this paper to represent the production
of compliance and the decisions type 1 diabetics make towards exhibiting compliance based on
age of onset. Diabetics make the decision to consume compliance and other goods in order to
maximize their utility. Other goods represent any enjoyable activity or good that requires effort
and contributes positively towards a type 1 diabetics utility, without negatively impacting
compliance. Standard Cobb-Douglas preferences are assumed for their utility functions. Type 1
diabetics maximize their utility (U) subject to their compliance production function (CPF) and
the total amount of effort they allocate towards compliance and other goods. The production of
compliance for type 1 diabetics is a function of the effort they put forth. As discussed above,
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lower ages of onset allow for increased production of compliance with a given amount of effort.
The total amount of effort they can allocate towards compliance and other goods is their effort
constraint (EC).
Maximize (U): U(C,G) = CaGb subject to (CPF): C(e) = (1/aD)e1/2 and (EC): E = ecC + egG,
Where C = compliance, G = other goods, aD = age of onset, e = effort, E = total amount of effort
allocated to health and other goods, ec = effort spent on compliance, and eg = effort spent on
other goods.
To illustrate the effect of age of onset on the productive efficiency of effort, the
compliance productions functions associated with the four age of onset groups are presented in
Figure 1a using quadratic production functions. The marginal product of effort associated with
the CPF is MPe = (1/2aD)e-1/2

Figure 1a: Compliance Production Function
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C corresponds to compliance, and e corresponds to effort in Figure 1a. The levels of e
correspond to the levels of effort required for different ages of onset to achieve a given level of
compliance, !, with e1<e2<e3<e4. The age of onset groups are classified in the following order:
(Group 1) ages 0 to 11, (Group 2) ages 12 to 17, (Group 3) ages 18 and 24, and (Group 4) ages
25 to 29.
The slopes of the CPF represent the marginal products of effort for the different ages of
onset. The blue line is the CPF associated with age of onset occurring between the ages of 0 and
11. Comparing this to the green CPF associated with the age of onset occurring between ages 25
and 29 represents a higher level of effort necessary for the age of onset group 4, e4, to achieve
the same level of compliance at !.
The results from Figure 1a translate to the utility maximization problem for type 1
diabetics. Given that someone from age of onset group 1 requires a level of effort of e1 in order
to achieve a given level of compliance compared to someone diagnosed in age of onset group 4,
who requires a level of effort e4, the cost of effort for compliance is lower for the lower age of
onset groups. This is illustrated using U(C,G) and the EC. First, solving for the marginal rates of
substitution (1) for the optimal bundle of C and G and setting it equal to the slope of the EC (2)
reveals the optimal bundle (3) of C and G for a given age of onset. The algebra for this problem
is presented in Appendix A.
(1) U(C,G) = CaGb , 0 < a,b <1; MRSCG = aG/bC
(2) E = ecC + egG; G = E/eg – (ec/eg)C
(3) aG/bC = ec/eg; (C*,G*) = ((a/a+b)E/eh, (b/a+b)E/eg); C*1 = (a/a+b)E/e1 > C*4 = (a/a+b)E/e4
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From the optimal bundle of C and G, lower age of onset leading to a lower cost for
compliance is represented in lower ec resulting in a higher level of C*. This result is illustrated in
Figure 2a.

Figure 2a: U(C*,G*) and EC
The lower cost of effort associated with age of onset group 1 rotates the EC outwards on
the horizontal axis. The optimal bundle corresponding with age of onset group 1 is (C*1,G*)
which is produces higher utility than the optimal bundle (C*4,G*) associated with age of onset
group 4. Age of onset group 1 has an increased demand for compliance and is able to consume a
higher level of compliance than age of onset group 4, while consuming equal amounts of other
goods.
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Given the results from Figures 1a and 2a, it can be expected than diagnosis occurring
during childhood and early adolescence should lead to the exhibition of a relatively higher level
of long-term compliant behaviour.
V. Data
This paper used 2009 to 2014 Canadian Community Health Survey (CCHS) data
(Statistics Canada, 2009-2014). The survey used cross-sectional data and includes health,
behavioural, and social variables relevant to type 1 diabetics. The sample includes 971 type 1
diabetics, which accounts for roughly one percent of the total type 1 diabetic population in
Canada. The survey was conducted through in-person or phone interviews.
The variables of interest from the CCHS data are measures of compliance and the
variables that may explain changes in these measures of compliance. The four measures of
compliance used in the OLS regression tests include: weekly alcohol consumption (number of
alcoholic beverages consumed per week), monthly frequency of physical activity (number of
times per month respondents exercised for more than fifteen minutes per month), daily frequency
of fruit and vegetable consumption (frequency, not amount) and daily blood glucose self tests.
Because of the nature of T1D care and complications, which depend heavily on lifestyle and
behavioural choices, these measures are sufficiently insightful indicators of compliance.
In the data, age of onset is classified into 15 groups. The sample used for this paper had a
maximum age of onset group of 4, corresponding with diabetics diagnosed no later than age 29.
This is justified as the vast majority of type 1 diabetics in general are diagnosed before the age of
30 (U.S. National Library of Medicine, 2016). Type 1 diabetics’ age of onset is divided into the
following four age groups: (Group 1) ages 0 to 11, (Group 2) ages 12 to 17, (Group 3) ages 18 to
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24, and (Group 4) ages 25 to 29. This allows for the examination of differences in compliance
between those diagnosed during childhood and early adolescence (groups 1 and 2) and those
diagnosed at an older age (groups 3 and 4).

Table 1a: Age and age of onset groups
VI. Empirical Strategy
To empirically test the effect of age of onset on compliance with T1D management, OLS
regression was implemented to test the correlation between age of onset groups and changes in
the continuous variables of four measures of compliance. Measures of compliance accounted for
the dependent variables, and age of onset groups as well as other relevant explanatory variables
were included as the regressors. The dependent variables tested were weekly alcohol
consumption, monthly exercise frequency, daily fruit and vegetable consumption, and number of
daily blood glucose tests.
The four age of onset groups were split into four dummy variables with three being tested
at a time, comparing differences in the measures of compliance relative to the omitted age of
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onset group. The OLS regression results and the specific regressors used in each test are included
in Appendix B.
The following general OLS regression model was used to estimate the effect of different
ages of onset on all four measures of compliance:
Yi = β0 + ageofonjiβ1 + ageofonkiβ2 + ageofonliβ3 + age1iβ4-age16β18 + β19edui + …+ ui (1)
where ageofonj,k,l correspond to the given age of onset groups included in a particular test.
Other relevant explanatory variables were included and removed for different tests. The
tests with the most explanatory power for the changes in the dependent variable were reported in
the analysis.
The tests with the most explanatory power included the following regressors. Weekly
alcohol consumption tests added a dummy variable for male to (1), with a sample size of 375.
Monthly exercise frequency tests added provincial dummy variables to (1), with a sample size of
933. Frequency of daily fruit and vegetable consumption tests added dummy variables for
income and province to (1), with a sample size of 869. Daily blood glucose self-checks tests
added dummy variables for income and province to (1), with a sample size of 149.
Based on the results from previous studies and the application of the results from the
human capital model, before running OLS regression tests, it was expected age of onset groups 1
and 2 would be positively associated with better compliance. Age of onset groups 1 and 2
should be correlated with lower weekly alcohol consumption relative to groups 3 and 4. Age of
onset groups 1 and 2 should also be correlated with a higher frequency of monthly exercise, daily
fruit and vegetable consumption, and blood glucose self-checks relative to groups 3 and 4.
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VII. Results
Age of onset had the greatest effect on compliance for tests of weekly alcohol
consumption, with an F-statistic of 3.12 and a corresponding p-value of 0.026. The F-statistic
tested the null hypothesis that the three included age of onset groups all had zero effect on the
measure of compliance. In all four tests, age of onset groups 1 and 2 corresponded to lower
levels of weekly alcohol consumption relative to groups 3 and 4. For instance, when testing age
of onset groups 1, 2 and 3, the OLS regression reported coefficients of -1.19 for group 1, -1.51
for group 2, and 0.50 for group 3. Given the structure of the data as a continuous variable for the
number of alcoholic beverages consumed in a week, age of onset group 1 drank 1.19 fewer
beverages than age of onset group 4 per week. The corresponding p-value of 0.004 for the
overall test showed that the inclusion of the explanatory variables was appropriate. The overall
test showed a fairly weak association with explaining changes in alcohol consumption however,
with a corresponding adjusted R2 value of 0.051. Given the results of this test, groups associated
with age of onset occurring during childhood and early adolescence (0-17 years old) drank fewer
alcoholic beverages than did those diagnosed from the ages of 18 to 29. The results for weekly
alcohol consumption tests are presented in Table 1b in Appendix B.
Tests for monthly exercise frequency reported age of onset groups 3 and 4 showing
greater frequencies of monthly exercise relative to groups 1 and 2. Age of onset group 4 was
associated with the highest level of monthly exercise frequency. The results of these tests
revealed that people in the sample diagnosed after the age of 18 tended to exercise more
frequently than those diagnosed before age 18. The overall test showed a fairly weak association
for explaining changes in exercise frequency, with a corresponding adjusted R2 value of 0.072.
The F-statistic relating to the inclusion of age of onset dummy variables was equal to only 0.65
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with a corresponding p-value of 0.582. These tests showed little evidence that age of onset had
any effect on monthly exercise frequency. The results for monthly exercise frequency tests are
presented in Table 2b in Appendix B.
Results for tests of daily fruit and vegetable consumption were similar to those for
monthly exercise frequency. Age of onset groups 1 and 3 showed greater frequencies of daily
fruit and vegetable consumption relative to groups 2 and 4. There was very little association
between age of onset and changes in daily frequencies of fruit and vegetable consumption in
these tests, with an associated F-statistic of 0.65 and a corresponding p-value of 0.586. Testing
for changes in daily frequencies of fruit an vegetable consumption would require more
explanatory variables in order to determine what impact, if any, age of onset would have. The
results for daily frequency of fruit and vegetable consumption tests are presented in Table 3b in
Appendix B.
Tests for daily blood glucose self-checks only included a sample size of 149, due to the
optional nature of this particular section of the CCHS questionnaires. The results for the tests
conducted for daily blood glucose self-checks showed age of onset group 2 with the highest
number of daily blood glucose self-checks. While taking into account the small sample size, age
of onset explained more of the variation in daily blood glucose self-checks than for monthly
exercise frequency or daily fruit and vegetable consumption. The F-statistic relating to the
inclusion of age of onset dummy variables was equal to 1.17 with a corresponding p-value of
0.322. The results for daily blood glucose self-check tests are presented in Table 4b in Appendix
B.
Measuring the effect age of onset has on changes in compliance with the CCHS data
presented some noteworthy challenges. Availability of more explanatory variables to better
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explain changes in the measures of compliance for the sample would have been beneficial. A
more comprehensive account of direct diabetes care, such as blood glucose self-checks and
results for the entire sample of type 1 diabetics as well as longitudinal HbA1c results would
provide further direct insight into compliance. Finally, the lack of time-series data prevented
separating the effect of age of onset from length of time with T1D. This is an important
distinction that would need to be addressed in order to determine the true effect age of onset has
on compliance. Despite these limitations, there is some evidence of early age of onset being
correlated with improved compliant behaviours, particularly with respect to alcohol
consumption, which is an important factor in mitigating T1D related complications.
VIII. Conclusion
This paper examined the effect age of onset has on compliance with T1D management.
OLS regression tests for the four selected measures of compliance failed to find a significant link
between age of onset and changes in T1D compliance, with the exception of weekly alcohol
consumption. These results suggest a relatively small overall effect of age of onset on the
specific measures of compliance with T1D management included in the CCHS dataset.
Statistically significant results were found on the effects of age of onset on weekly
alcohol consumption. These tests revealed higher levels of weekly alcohol consumption for age
of onset groups 3 and 4 relative to groups 1 and 2. These results are indicative of lower alcohol
consumption in diabetics diagnosed before the age of 18. These results suggest that the link
between early age of onset and compliance may be stronger for the willingness to avoid noncompliant behaviours rather than adopting compliant behaviours. Further exploration of this
question could identify a more decisive relationship between age of onset and compliance with
type 1 diabetes management.
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APPENDIX A
(1) U(C,G) = CaGb, 0 < a,b <1
MRSCG = MUC/MUG, where MUC=dU/dC and MUG=dU/dG
dU/dC=aCa-1Gb, dU/dG=bCaGb-1
MRSCG= aCa-1Gb/ bCaGb-1=aG/bC
(2) EC: E = ecC + egG
G = E/eg – (ec/eg)C
(3) Setting MRSCG equal to the slope of the EC: aG/bC = ec/eg
G = (b/a)(ec/eg)C
Substituting G into the EC: E = ecC + eg((b/a )(ec/eg)C); E = ec(C+(b/a)C); E=ec(a+b/a)C
C*=(a/a+b)E/ec
Substituting C* back into EC: E = ec((a/a+b)E/ec) +egG; egG = E – (a/a+b)E
G* = (b/a+b)E/eg
(4) This produces the optima bundle bundle of C and G, ignoring corner solutions:
(C*,G*) = ((a/a+b)E/ec, (b/a+b)E/eg)
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APPENDIX B
Table 1b: Weekly alcohol consumption and age of onset
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Table 2b: Monthly exercise frequency and age of onset
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Table 3b: Daily frequency of fruit and vegetable consumption and age of onset

21
Table 4b: Daily blood glucose self-checks and age of onset

