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Abstract
Background: Little is known about whether adolescent physical activity and sedentary
behaviour levels predict health in adulthood. The first objective of this thesis was to determine
whether participation in moderate-to-vigorous physical activity in adolescence is associated with
type 2 diabetes risk in adulthood. The second objective was to determine whether time spent in
different types of sedentary behaviour (e.g., TV watching, reading) are associated with type 2
diabetes risk in adulthood.
Methods: Data for the physical activity and sedentary behaviour analyses were based on 4845
and 3942 adolescents, respectively, who were aged 16 years at baseline. Physical activity was
measured at baseline using a self-reported activity checklist where participants indicated what
activities they participated in and how often they participated in them. Sedentary behaviour was
assessed at baseline using a questionnaire where participants reported how much time they
watched TV and videos, used the computer, read and did homework. Participants were followed
for 30 years (from age 16 to age 46). Cases of type 2 diabetes were determined every 4 years in
the follow-up period in a self-reported manner.
Results: By comparison to those in the lowest physical activity quartile, those in quartile 2 had a
43% decreased risk of type 2 diabetes. However, type 2 diabetes risk was not significantly
reduced in physical activity quartiles 3 and 4. By comparison to those who watched ≤120
minutes/day of TV and videos, those who watched >240 minutes/day had a 106% increased risk
of type 2 diabetes. Time spent using the computer, reading and doing homework were not
associated with type 2 diabetes risk.
Conclusion: It appears that watching TV and videos, but not physical activity levels or other
sedentary behaviours, is associated with type 2 diabetes risk.
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Chapter 1
Introduction
1.1. General overview
Low physical activity and high sedentary behaviour levels are common among Canadian
youth. Canada was given a D+ grade for total physical activity and a D+ grade for sedentary
behaviour in the 2020 ParticipACTION report card on physical activity in children and youth, as
only 39% of young Canadians met public health recommendations for moderate-to-vigorous
(MVPA) physical activity recommendations and only 38% met public health recommendations
for screen time (1). This is unsettling because adolescent MVPA and sedentary behaviour levels
have been linked to several risk factors for cardiovascular and metabolic health such as insulin
resistance, blood pressure and adiposity (2, 3).
Previous scientific literature on movement behaviours and health amongst adolescents
has largely focused on risk factors for chronic disease rather than diseases, which do not
typically develop until adulthood. However, it is important to consider whether adolescent
physical activity and sedentary behaviour levels are associated with these diseases. Examining
intermediate outcomes provides limited knowledge, as they may not reliably predict the
development of the diseases (4). Furthermore, the disease may not develop solely because of the
intermediate outcome and may be caused by another unknown factor, which would not be
captured by looking at this intermediate outcome alone (4). If this is the case, it would be
erroneous to suggest that the intermediate outcome alone predicts the development of the disease
(4). Therefore, it is important to study whether the exposure of interest is directly associated with
the disease. Studies examining these diseases require considerable resources, as they require a
large number of participants and time, so they are often difficult to conduct (4). However, it is
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important that they are examined to effectively inform policies, programs and interventions to
reduce the risk of disease.
One disease that is of great public health importance is type 2 diabetes (5). Studies
examining adolescent physical activity and sedentary behaviour have largely used
cardiometabolic biomarkers (e.g., blood glucose, blood insulin) as intermediate outcomes (2, 3).
While type 2 diabetes typically presents itself in adulthood, it takes years to develop and involves
an accumulation and prolonged exposure to these risk factors (5). It is possible, then, that type 2
diabetes has its roots in the early years. It is important to examine whether physical activity and
sedentary behaviour in adolescence are independently associated with the development of type 2
diabetes in adulthood instead of focusing on intermediate outcomes, as it could present
information on the disease directly.
1.2. Scientific significance
The movement behaviour patterns that adolescents develop can greatly influence their
health (2, 3). Since these behaviours have merely been studied for their associations with health
outcomes within adolescence, it is unknown whether type 2 diabetes is influenced by adolescent
movement behaviours. Further, sedentary behaviour has typically been examined in terms of
total sitting time or screen time, so little is known about non-screen time sedentary behaviours
and their associations with metabolic health (6, 7). This thesis will examine whether adolescent
physical activities levels and certain domains of sedentary behaviour are associated with type 2
diabetes in adulthood. This may highlight adolescence as a critical window for type 2 diabetes
progression. Additionally, the findings of this thesis may open the door for future research to
examine whether adolescent physical activity and different types of sedentary behaviour are
associated with other diseases that typically occur in adulthood.
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1.3. Objectives and hypotheses
This thesis will use data from the 1970 British Cohort Study to determine if
physical activity levels and time spent in different types of sedentary behaviours at age 16 are
associated with the risk of developing type 2 diabetes prior to 46 years of age.
It is hypothesized that:
1) Adolescent physical activity levels will be negatively associated with the risk of
developing type 2 diabetes.
2) Time spent in screen-based sedentary behaviours (i.e., watching TV and videos, using the
computer) will be positively associated with the risk of developing type 2 diabetes.
3) Time spent in non-screen based sedentary behaviours (i.e., reading, doing homework)
will not be associated with the risk of developing type 2 diabetes.
1.4. Thesis organization
This thesis follows the formatting guidelines dictated by the Queen’s University School
of Graduate Studies “General Form of Theses” in addition to those of the School of Kinesiology
and Health Studies for a manuscript-based thesis. This thesis includes 5 chapters. Chapter 1
consists of an introduction to the topic studied, a brief explanation of the scientific importance of
the research, and the objectives of the thesis. Chapter 2 consists of a review of the literature
examining the association between adolescent movement behaviours and cardiometabolic health,
including the risk of developing type 2 diabetes. Chapter 3 contains the first manuscript, which
examines whether adolescent physical activity levels are associated with the development of type
2 diabetes in adulthood. Chapter 4 contains the second manuscript, which examines whether time
spent in different domains of sedentary behaviour in adolescence are associated with the
development of type 2 diabetes in adulthood. Chapter 5 offers a general discussion, which
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comments on the key findings of the two manuscripts, highlights important strengths and
limitations of the study, and discusses the public health implications of the findings. Several
appendices, including detailed information on the methodology of the study, supplementary
findings, and ethics approval are presented at the end of the thesis document.
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Chapter 2
Literature Review
2.1. Outline
This chapter consists of a literature review that discusses the associations between
physical activity and sedentary behaviour with cardiometabolic biomarkers and type 2 diabetes,
with an emphasis on the adolescent age range. The literature review begins by defining key terms
and concepts and methods for measuring physical activity and sedentary behaviour. Following
this, there is a brief discussion of the public health importance and pathophysiology of type 2
diabetes. The next section discusses the literature examining both the cross-sectional and
longitudinal associations between physical activity and sedentary behaviour and metabolic
health. Key strengths, limitations and gaps in the literature are highlighted.
2.2. Definitions of key terms and concepts
This thesis will focus on adolescents and will also mention children. An adolescent is
defined as someone between the ages of 12-17 years and a child is defined as someone aged 11
years or younger (1). This thesis will refer to several movement behaviours, which are often
categorized based on energy costs as measured by metabolic equivalents (MET). One MET is
equivalent to the amount of oxygen consumed while at rest (2).
Sedentary behaviour refers to waking activities that expend ≤1.5 METs while in a sitting
or reclined position (3). Sedentary behaviour includes both non-screen based behaviours (e.g.,
doing homework, reading, passive transport) and screen-based activities (e.g., TV viewing,
playing video games, computer use) (4).
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Physical activity can be defined as “any body movement that works muscles with more
than resting energy” (1). Physical activity can be examined in terms of its frequency, intensity,
time, or type (FITT). The frequency of physical activity refers to the number of times an activity
is performed over a period of time. The intensity of physical activity refers to the METs
expended during a particular activity. Light physical activity (LPA) refers to activities done in
the range of 1.6-2.9 METs and includes activities such as light walking and activities of daily
living (e.g., standing, cooking, getting dressed) (5). Moderate-to-vigorous physical activity
(MVPA) refers to activities that require ≥3 METs and includes activities such as brisk walking,
playing sports and running (5). The time of physical activity refers to the duration spent in a
particular activity. The type of physical activity refers to whether the activity is aerobic,
anaerobic, muscle-strengthening, or bone-strengthening in nature, or a combination of these.
Physical activity can also be examined in terms of its domain. In children, this includes
organized sports and programs, active transportation, curriculum-based physical activities at
school and active play (6).
Diabetes is a disease where the body is unable to either adequately produce or
appropriately use insulin (7). There are three main types of diabetes: type 1, type 2 and
gestational. Type 1 diabetes, previously referred to as juvenile diabetes and sometimes referred
to as insulin-dependent diabetes, is an autoimmune disease where the insulin-producing cells (bcells) of the pancreas are destroyed so the individual must rely on external sources for insulin
(7). Type 2 diabetes, which is also sometimes referred to as non-insulin dependent diabetes
mellitus, refers to a metabolic disorder when the pancreas does not produce enough insulin or
when the body does not use the insulin it makes (7). Gestational diabetes refers to the
development of hyperglycemia during pregnancy (7). Those diagnosed with gestational diabetes
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are at an increased risk of developing type 2 diabetes in the future (7). The clinical criteria for
diagnosis of diabetes are as follows: having glycated hemoglobin (A1C) levels of ≥6.5% or
having a fasting plasma glucose ≥126 mg/dL (7.0 mmol/L) or having a 2-hour plasma glucose
value of ≥200 mg/dL (11.1 mmol/L) following a 75-g oral glucose tolerance test (8).
This thesis makes reference to several biomarkers that are well-established intermediate
risk factors for type 2 diabetes. Cardiometabolic biomarkers and composite risk scores are
determined through a series of risk factors including blood pressure, HDL-cholesterol,
triglycerides, and measures of adiposity (9). Metabolic syndrome refers to a cluster of risk
factors including hyperlipidemia, increased waist circumference, and hypertension (10).
2.3. Measurement of movement behaviours
Measuring movement behaviours in the individual or a population can be extremely
difficult. In physical activity epidemiology, these behaviours can be measured subjectively or
objectively. Subjective measures of physical activity and sedentary behaviour appropriate for
epidemiology research include questionnaires and diaries/logs. Objective measures that will be
discussed include pedometers, accelerometers, and inclinometers.
2.3.1. Questionnaires
Physical activity questionnaires refer to self- or proxy-reported responses about any of
the FITT principles. They are often used in studies involving a large number of participants, as
they are inexpensive and easy to administer (11). Another advantage of questionnaires is that
they can assess different domains and types of physical activity, which is challenging to do with
objective measures. However, questionnaire instruments are imperfect and have issues with
validity and reliability, as they tend to overestimate physical activity (12). For example, one
study in Mexican schoolchildren showed that a self-report questionnaire overestimated MVPA
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by 118 minutes/week when compared with measurement through accelerometry (13). Another
study in Chinese youth noted that a self-reported physical activity questionnaire indicated that
38.3% of its participants were meeting MVPA guidelines, but this dropped to 6.4% when
accelerometry was used (14). They are also subject to recall error as participants may not
remember their prior activity levels (12). This is especially true in children, who tend to
accumulate activity in short bursts and have difficulty demonstrating this in questionnaires (11).
Sedentary behaviour is commonly assessed via questionnaire, as participants can indicate
what type of behaviour (e.g., TV use, reading, etc.) they are doing and the amount of time spent
in that behaviour (15). Like physical activity questionnaires, they are ideal for studies with many
participants, as they are inexpensive and easy to administer. These questionnaires have been
shown to have fair to good reliability but poor validity, although this must be studied further
(16). For example, a study in adolescents showed fair reliability with an intraclass correlation
coefficient of 0.57 for repeated surveys on time spent in self-reported sedentary behaviours such
as watching television, using the computer and reading conducted two weeks apart (17). The
study also showed that adolescents underestimated their sedentary time by 31 hours/week
compared to accelerometry (17). These questionnaires are useful when trying to determine time
spent in different domains of sedentary behaviour, but they are limited in detecting bouts and
breaks in sedentary time (11).
2.3.2. Diaries and logs
Diaries and logs refer to the measurement whereby participants keep a detailed log of
their activities (i.e., both physical activity and sedentary behaviour) over a period of time (11).
They can be helpful in looking at the validity of questionnaires measuring movement behaviours
when an objective measure is not possible (15). They are more accurate than questionnaires, as
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they are less subject to recall error (11). However, there is still room for error in youth’s
responses, as they may have difficulty describing their activity (11). While they are inexpensive,
they are time consuming to complete and can be difficult to analyze in a large population (11).
Furthermore, diaries and logs can be useful in measuring the frequency, type and time spent in
different activities, but they have difficulty assessing the intensity of activity or breaks in
sedentary time (11).
2.3.3. Pedometers
Pedometers count the number of steps a person takes based on forces produced in the
vertical axis (11). These devices are fairly inexpensive and practical in objectively monitoring
physical activity in populations (12). Some pedometers have little or no storage data, which
requires participants to keep a log of the data each day (18). Pedometers mark the total volume
and duration of activity, but cannot give information about the frequency or intensity of activity
(12). Additionally, pedometers measure step-based activities and are limited in measuring
activities such as weight lifting, cycling, or swimming (19). Furthermore, pedometers are limited
in measuring sedentary behaviour, as the absence of stepping does not necessarily indicate
sedentary time.
2.3.4. Accelerometers
Accelerometers are devices used to measure both physical activity and sedentary
behaviour by converting a physical force to an electrical charge (18). This device, typically worn
on an elastic belt on the waist, can be used to measure movement in multiple planes and is
considered the gold standard in physical activity measurement in field or natural settings (11,
18). They provide total summed intensity of activity over a unit of time called an “epoch”, which
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typically range from 15 seconds-1 minute in youth. This “epoch” can then be classified as
sedentary behaviour, light physical activity or MVPA (11).
While accelerometers are not subject to recall error when compared to self-reported
measures, there can be error in terms of reactivity. Since participants are aware that they are
being monitored, they may change their behaviour and present a movement behaviour pattern
that is not representative of their true activity level (20). This may especially be pronounced in
children, who are naturally competitive and may increase activity to compete or to meet
perceived expectations (20). While these devices provide reliable information on physical
activity and sedentary behaviour, they are expensive and therefore are challenging to use in
studies with a large number of participants since measures can only be obtained at the same time
in small groups of participants (e.g., if the research team has 50 accelerometers they can only
obtain measures on 50 participants at a time). Additionally, these devices are limited in the
measurement of activities that are done in aquatic environments or activities such as bicycling
that do not move the body’s centre of gravity (18). They require little effort from the participant
but require expertise in processing the data for statistical analyses (11). Additionally,
accelerometers have difficulty distinguishing quiet standing from sedentary behaviour, which
can lead to misclassification of sedentary behaviour (15). To combat this, an inclinometer can be
used.
2.3.5. Inclinometers
Considered the gold standard for sedentary behaviour measurement, an inclinometer
provides an assessment of posture to determine whether a participant is standing, sitting or lying
down (15). An inclinometer can avoid the misclassification of standing and sedentary behaviour,
but these devices are expensive, require expertise to process data, and have difficulty measuring
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physical activity intensity (21). Some inclinometers, such as the activPAL, have an
accelerometer built in to measure both physical activity and sedentary behaviour (21).
2.4. Public health impact of type 2 diabetes
It is estimated that approximately 10% of Canadians have diagnosed diabetes and 29%
are living with diabetes or prediabetes (22). Of the close to 4 million Canadians with diagnosed
diabetes, approximately 90% of cases are type 2 diabetes (7). It is estimated that there will be
over a million new cases diagnosed in the next ten years (22). Diabetes places a large burden on
the health care system in Canada, with an estimated health care cost of $1.5 billion per year (23).
Those with type 2 diabetes are more likely to be hospitalized for health complications such as
amputation, chronic kidney failure, heart attacks, and stroke (7). This causes an increase in cost
for the health care system, takes resources away from hospitals that are required for other
patients and can lead to premature mortality. It has been estimated that reducing the risk of type
2 diabetes by 30% in those with the highest diabetes risk would save the Canadian health care
system approximately $148 million per year (23).
2.5. Pathophysiology of type 2 diabetes and the role of physical activity and sedentary
behaviour in its progression
Type 2 diabetes centres around an impaired ability of tissues to respond to insulin. This
starts with insulin resistance and decreased muscular uptake of glucose with a concurrent
increase in hepatic glucose production (24). This increase in blood glucose signals the pancreas
to produce more insulin (24). Over time, this leads to a disruption of β-cell function, which is
responsible for insulin production (24). Additionally, type 2 diabetes is marked by the impaired
function of glucose transporters (GLUT4) and a decrease in insulin receptors, which limits
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glucose uptake (18, 24). Adipose cells also have a key role in insulin resistance, as high free fatty
acids inhibit glucose uptake and glycogen synthesis (18).
Several potential mechanisms may explain why physical activity and sedentary behaviour
influence type 2 diabetes risk. Firstly, an increase in sedentary behaviour is associated with an
increase in adiposity, which is linked to an increase in insulin levels (25). Increased lipids have
also been shown to disrupt β-cell function and insulin signaling pathways (26). Long periods of
muscle inactivity have also been linked to disruptions in glucose metabolism pathways (27).
Secondly, physical activity has been linked to both short-term and long-term effects on type 2
diabetes development. Physical activity assists in the metabolization of lipids that negatively
influence insulin receptor signalling. Additionally, it increases GLUT4 translocation, which
increases glucose uptake from the blood into the muscle (28). Chronically, physical activity
increases the number of mitochondria, improves mitochondrial function, and increases GLUT4
expression (28). Glucose can, therefore, be used more efficiently and is less likely to accumulate
in the blood.
It is possible that risk factors for type 2 diabetes developed in adolescence can progress to
become type 2 diabetes in adulthood. Insulin resistance can develop in youth with high blood
glucose, adiposity and circulating insulin (29). There is also some evidence that adolescents with
impaired glucose tolerance can develop defects in b-cell function (30). This insulin resistance
and b-cell dysfunction in adolescence can progress to become type 2 diabetes in adulthood.
However, more research should be done to identify whether these profiles in adolescence can be
modified by behaviours done in adulthood.
2.6. Association between physical activity and risk of type 2 diabetes
2.6.1. Cross-sectional evidence in adolescents
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Research examining cardiometabolic risk and physical activity among adolescents has
mostly been cross-sectional in nature (31, 32). A meta-analysis of 15 cross-sectional studies, 1
prospective study, and 1 randomized control trial found that children and adolescents with low
levels of physical activity were 35% more likely to develop metabolic syndrome (32). Another
recent systematic review of studies using objectively measured physical activity found mixed
results for a composite cardiometabolic risk factor score (31). Out of the 7 studies examining this
association, 3 of them showed a positive association and 4 of them had null findings. It is
important to note that the studies in the meta-analysis (32) did not all use objective measures of
physical activity, which may be partially responsible for the discrepancy in findings with the
other review (31). Additionally, an examination of the original studies included in both reviews
revealed that many of them did not adjust for important confounding variables such as
socioeconomic status, age, gender, and other health behaviours (e.g., diet, sedentary behaviours).
This is important to recognize, as the authors of the meta-analysis (32) noted that studies that did
not adjust for these covariates largely had insignificant findings while those that adjusted had
significant findings. This was likely due to the quality of the studies, as studies that adjusted for
covariates more often used objective measures of physical activity compared to studies that did
not adjust for covariates. The review by Poitras et al. (31) also showed associations between
physical activity and individual metabolic biomarkers, as total physical activity was associated
with fasting insulin (10/11 studies), fasting blood glucose (4/7 studies) and insulin resistance (5/7
studies). Thus, it appears that total physical activity in adolescence may be cross-sectionally
associated with metabolic biomarkers that could progress to become type 2 diabetes.
The intensity at which physical activity is done may play a more important role in
cardiometabolic health than total physical activity. In the review by Poitras et al. (31), longer
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durations of vigorous physical activity (VPA) (1/2 studies), MVPA (7/8 studies), and moderate
physical activity (MPA) (2/2 studies) were associated with a lower cardiometabolic risk score
while LPA was not (0/1 studies). It also seems that physical activity intensity has associations
with individual cardiometabolic biomarkers. For example, the review (31) found that fasting
insulin was associated with VPA (2/4 studies), MVPA (7/9 studies), and MPA (2/3 studies) but
not LPA (1/5 studies). To highlight this further, one study in 15-16 year-olds (n=613) measured
physical activity through accelerometry and found that blood insulin was significantly associated
with MPA (b=-0.0014), MVPA (b=-0.0015), and VPA (b=-0.0053) but not LPA (p=0.31) (33).
The same pattern was seen for blood glucose and homeostatic model assessment of insulin
resistance (HOMA-IR). Collectively, these findings suggest that the intensity at which physical
activity is performed plays a role in cardiometabolic health.
2.6.2. Longitudinal evidence in adolescents
Very few studies have examined the longitudinal relationship between physical activity
and cardiometabolic risk factors in youth. A study of 8-11-year-old Danish children found that
total physical activity, as measured through accelerometry, was not associated with a change in
homeostatic model assessment of insulin resistance (HOMA-IR) over 200 days (34). However,
studies examining MVPA instead of total activity have shown mixed findings with blood insulin
and insulin resistance. One accelerometry-based study (35) found that those with low MVPA did
not have a significantly higher HOMA-IR (p=0.22). It is important to note that this study only
compared those with <51 minutes/day of MVPA to those with ≥51 minutes/day, which makes its
analysis limited since there were only two groups with a crude cut-off point. Another study in
10-year-olds (36) found that objectively measured MVPA was associated with HOMA-IR 7
months later (b=-0.075), but this was attenuated and no longer significant after adjustment for

15

waist circumference (p=0.11). Opposingly, a study (37) found that MVPA over 3 years was
associated with blood insulin (b=-0.10) after adjusting for several covariates, including fat mass
index. These associations may be sex-specific, as a study in Australian youth (38) found that
there was a 3.5% decrease in HOMA-IR for every 2100 steps/day in boys, but this association
was not significant in girls. More research is needed to determine whether physical activity,
especially MVPA, predicts youth cardiometabolic health longitudinally. Future research should
consider the role that sex and waist circumference play in this association.
2.6.3. Longitudinal evidence from adolescence to adulthood
Few studies have examined youth physical activity and metabolic health in adulthood.
One study (39) examined whether leisure time activity at age 16 was associated with metabolic
syndrome at age 43. They discovered that adolescents who reported that they participated in
leisure time activities several times per month or less were 2.31 times more likely to develop
metabolic syndrome compared to those who participated in them daily. This was independent of
both adult physical activity levels and adolescent screen time levels. Conversely, another study
of 9-18 year-olds found that there was no association between physical activity index at baseline
(b=0.002, p=0.66) or mean physical activity index in youth (b=0.04, p=0.43) with impaired
glucose metabolism 31 years later (40). It is possible that the association between adolescent
physical activity and metabolic health in adulthood is modified by sex or birth weight, as a study
in 11-21 year-olds examined whether birth weight modified the association between physical
activity and prediabetes/diabetes over 14 years (41). The study found that MVPA was only
associated with prediabetes in women with a high birth weight but not those with a normal or
low birth weight. In women with a high birthweight, those with high MVPA at baseline had a
3.8% decreased likelihood of developing prediabetes. MVPA was not associated with
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prediabetes in men of any birth weight. Thus, it appears that the association between metabolic
health in adulthood and physical activity in adolescence may depend on birth weight and sex.
To my knowledge, only one study has examined whether adolescent physical activity
predicts type 2 diabetes in adulthood. This study (42) examined physical activity and sedentary
behaviour in a group of 11-21-year-olds (n=3717) who were followed over 14 years. A cluster
analysis was used to identify participants in one of 3 groups: low physical activity/low sedentary
behaviour, low physical activity/high sedentary behaviour, and high physical activity/low
sedentary behaviour. Compared to those in the low physical activity/low sedentary behaviour
cluster, those with high physical activity/low sedentary behaviour were not more likely to
develop type 2 diabetes (OR=0.87, 95% CI=0.52, 1.47). It is important to note that some of these
participants would have been as young as 25 at the end of this study, which may not have been
old enough to detect a sufficient number of cases of type 2 diabetes. Additionally, the
dichotomization of the physical activity variable meant that information on physical activity
patterns was lost and a dose-response pattern could not be identified between adolescent physical
activity and type 2 diabetes risk.
2.6.4. Longitudinal evidence in adults
Several studies have considered whether physical activity levels during adulthood are
associated with the risk of developing type 2 diabetes. A meta-analysis of 14 studies found that
high total physical activity was associated with a 35% decreased risk of type 2 diabetes (43).
This was similarly found in another review, which found that those accumulating 150
minutes/week had a 26% decreased risk of developing type 2 diabetes (44). This study also
found that higher amounts of activity were associated with even greater risk reductions, with a
36% decrease in risk for those with 300 minutes/week (44). Thus, it appears that the total amount
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of physical activity accumulated is negatively associated with the risk of developing type 2
diabetes.
The domain in which activity is done may also play a role in the risk of type 2 diabetes
development during adulthood. One meta-analysis (43) of three prospective studies found that
those with a high level of occupational activity had a 15% lower risk of developing type 2
diabetes compared to those with little occupational activity. Conversely, the authors examined 55
cohort studies and noted that those with a high amount of leisure-time physical activity had a
26% lower risk of developing type 2 diabetes compared to those with little leisure-time activity
(43). These results suggest that leisure-time physical activity reduces type 2 diabetes risk more
than occupational activity. Another study in Japanese adults found that leisure-time physical
activity, but not occupational activity or active transport, was significantly associated with a
decreased risk of type 2 diabetes (45). It is important to note that the studies mentioned above
relied on self-reported measures of physical activity, so results should be interpreted with
caution. Adjustment for appropriate confounders should also be considered when examining
results from the two domains. One study (46) found approximately a 30% reduction in type 2
diabetes risk in those with high amounts of occupational activity after adjusting for several
covariates including age, sex, blood pressure, education, other types of physical activity and
BMI. However, the association with leisure-time physical activity was not statistically significant
when adjusted for BMI. Additionally, occupational activity’s association with type 2 diabetes
may be sex-specific, as one study (47) found that men with >4 hours/week of vigorous work had
a 16% reduced risk of type 2 diabetes compared to no occupational work and women had a 33%
risk reduction. Thus, the domain in which physical activity is done may play a role in type 2
diabetes risk longitudinally, but this may depend on adjustments for confounders like BMI and
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sex. Furthermore, few studies on occupational activity exist, so more research is needed to
determine the role that occupational physical activity plays.
The intensity at which physical activity is done also appears to affect type 2 diabetes risk
in adults. The meta-analysis mentioned above also examined different intensities of activity in 5
cohort studies (43). They found a summary RR of 0.68 for high versus low amounts of MPA and
0.61 for high versus low amounts of VPA. Another review found that activities performed at
moderate or vigorous intensity were more effective in reducing the risk for type 2 diabetes
compared to those of a lower intensity (44). However, the studies used in this review often used
self-reported measures of physical activity and had substantial heterogeneity in their reporting of
intensity, as some used duration of activity, some used domain of activity, and some used
frequency of activity to create a physical activity score. It is therefore possible that claims in this
review may be inaccurate.
2.7. Association between sedentary behaviour and risk of type 2 diabetes
2.7.1. Cross-sectional evidence in adolescents
Research examining sedentary behaviour and cardiometabolic health among adolescents
has mostly been cross-sectional in nature and has largely focused on screen-based sedentary
behaviours (32, 48). One systematic review noted that both TV viewing (6/10 studies) and total
screen time (3/3 studies) were positively associated with a composite cardiometabolic risk factor
score in children and adolescents (48). Similarly, another review (32) of 8 original studies noted
that high screen time was positively associated with the metabolic syndrome in studies that used
screen time cut-off points of 5 hours/day. However, studies that used 2 hours/day as the cut-off
point to define high screen time found mixed results (32). This is important to recognize, as
studies that use current screen time guidelines of 2 or less hours/day (49) may not detect a
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significant association when one exists. Thus, it appears that large amounts of screen time in
adolescence may be cross-sectionally associated with cardiometabolic health.
There is little literature examining the association between adolescent non-screen based
sedentary behaviours and cardiometabolic health (48). A recent systematic review of studies
examining adolescent sedentary behaviour and cardiometabolic health highlighted only one
study that examined non-screen based sedentary behaviours (48). This study of Finnish youth
aged 6-8 years found that non-screen based sedentary behaviours such as reading, writing, and
drawing were not associated with serum insulin and blood glucose (50). Studies that have not
directly examined non-screen based sedentary behaviours have often made insinuations about
their effects based on the different associations that total sedentary time and screen time have
with cardiometabolic risk factors (3). Several cross-sectional studies have reported that although
self-reported screen time is associated with a cardiometabolic risk factor score, objectively
measured total sedentary behaviour is not (3, 48). For example, a study in a nationally
representative sample of American youth found that those who watched TV for more than 4
hours/day were 2.53 times more likely to have a high cardiometabolic risk score (51). However,
total sedentary time, as measured through a waist-worn accelerometer, was not associated with
cardiometabolic risk. It is difficult to determine if these null findings for total sedentary time
suggest that non-screen based sedentary behaviours are not important markers of health or if they
reflect the measurement error in self-reported sedentary time.
2.7.2. Longitudinal evidence in adolescents
Studies examining longitudinal associations between screen time and cardiometabolic
biomarkers in adolescents have found mixed results. A recent systematic review included three
studies that examined the longitudinal association between adolescent screen time and
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cardiometabolic biomarkers (48). All three studies (52-54) found no association between screen
time and systolic blood pressure, but one study (54) found that diastolic blood pressure (b=0.69)
and mean arterial blood pressure (b=0.59) increased with each hour of screen time. A study in
Dutch youth aged 10-14 years (n=1447) found that screen time was positively associated with a
total cholesterol/HDL ratio (β=0.002), but not with glycated hemoglobin after 1 year (53). It
should be recognized that none of these studies considered blood insulin or blood glucose, two
important biomarkers for metabolic health. More research is needed to determine whether screen
time predicts adolescent cardiometabolic health longitudinally.
It is important to note that all of the above-mentioned studies on screen time used selfreported measures, which are subject to both recall error and bias. When examining studies using
objective measures, primarily null findings have been shown for total sedentary time and
cardiometabolic health. A systematic review (55) of studies using objectively measured
sedentary behaviour noted that adolescent total sedentary time was not longitudinally associated
with a cardiometabolic risk score in two studies (34, 56). The first study was in Danish children
aged 8-11 years (n=723) and found that sedentary behaviour was not associated with any
cardiometabolic biomarkers over a 200-day period (34). The other study in the review likewise
noted that total sedentary time was not associated with any cardiometabolic biomarkers in a
group of 11 year-olds over 4 years (56). Similarly, a recent study in English adolescents
(n=1826) found that average sedentary time across 3 years was not associated with blood insulin
or glucose (37). As discussed in section 2.7.1, it is difficult to determine whether these weak
findings reflect a lack of an association between non-screen based sedentary behaviours and
cardiometabolic health or if they are indicative of error in screen time measures. Thus, it is
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important that future studies look at both screen-based and non-screen based sedentary
behaviours and their associations with health.
2.7.3. Longitudinal evidence from adolescence to adulthood
There is limited evidence as to whether adolescent sedentary behaviour predicts
metabolic health outcomes in adulthood. One study in Danish adolescents found that adolescent
TV viewing (b=0.45) and total screen time (b=0.35) were positively associated with metabolic
syndrome z-score over a period of 12 years (57). However, adolescent TV viewing and total
screen time were not associated with blood insulin or blood glucose in adulthood. Another study
followed Swedish adolescents aged 16 years over a period of 21 years and found that those who
watched several shows a day were 2.14 times more likely to develop metabolic syndrome
compared to those who watched one show per week (39). However, neither study examined nonscreen based sedentary behaviours, so it is difficult to determine whether these behaviours are
associated with metabolic health in adulthood.
To my knowledge, there is only one study that has examined adolescent sedentary
behaviour and the risk of developing type 2 diabetes in adulthood. This study examined screenbased sedentary behaviours and physical activity in a group of 11-21-year-olds (n=3717) over a
period of 14 years. They identified three clusters of movement behaviours at baseline: high
physical activity/low sedentary behaviour, low physical activity/high sedentary behaviour, and
low physical activity/low sedentary behaviour. Compared to those in the low physical
activity/low sedentary behaviour cluster, those in the low physical activity/high sedentary
behaviour group were at a 69% increased risk of developing type 2 diabetes. As stated in section
2.6.3, some of these participants would have been as young as 25 when the study ended, so they
may not have developed the outcome of interest. Additionally, this study only looked at high
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versus low sedentary time, so it is unknown whether larger amounts of screen time could be
associated with even greater increases in risk. The study also did not consider non-screen based
sedentary behaviours, so there is no indication as to whether these behaviours are associated with
type 2 diabetes risk.
2.7.4. Longitudinal evidence in adults
Studies examining the longitudinal association between screen time and type 2 diabetes
risk in adults have consistently shown positive associations. Two meta-analyses found that high
amounts of watching TV and videos was positively associated with the risk of developing type 2
diabetes (58, 59). The first meta-analysis noted that there was a 20% increase in type 2 diabetes
risk with every 2 hours/day of TV viewing (58). The second meta-analysis stated that those with
high levels of screen time had a 112% increase in type 2 diabetes risk (59). Upon a closer look at
the original studies in these meta-analyses, it appears that the association between TV and type 2
diabetes risk may depend on BMI. Two studies (60, 61) found that results were attenuated and no
longer significant after adjusting for BMI. This needs to be studied further, as it is not clear to
what extent this may play a role in the association between screen time and type 2 diabetes.
The domain in which sedentary behaviour is done may play a role in the development of
type 2 diabetes. In a recent longitudinal study, the authors considered both TV time and total
leisure-time sedentary behaviour, defined as TV time and time spent reading. They found that
those with over 6 hours/day of TV time had a 2.68 times greater risk of type 2 diabetes compared
to those with <2 hours/day (62). Conversely, they found that high total sedentary time was
positively associated with type 2 diabetes, but this risk estimate (HR=1.65, 95%=1.26, 2.14) was
not as large as the risk associated with just TV viewing (62). Thus, it is important to consider
other types of sedentary behaviour and their associations with type 2 diabetes. This is true of
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both screen- and non-screen based sedentary behaviours, as each of the studies mentioned above
used TV watching as their proxy for screen time and did not consider time spent on other screenbased devices such as cell phones, tablets, or laptops.
When considering non-screen based sedentary behaviours in adults, studies have largely
focused on total sedentary time or occupational sedentary time. A recent systematic review (63)
identified three prospective studies that examined occupational sedentary behaviour’s association
with type 2 diabetes risk. Two of the studies noted that occupational sitting had detrimental
effects on type 2 diabetes, as one study (61) found a 7% increase for type 2 diabetes risk with
every 2 hours spent sitting daily and another (46) found that high occupational activity was
associated with a 30% decrease in type 2 diabetes risk compared to sitting work. However, the
third study identified in the review (64) classified those with the least amount of occupational
activity as “sedentary”, which is not necessarily the case. As such, this study considered
physically active to inactive work, which is different from sedentary behaviour. This is a
common error in sedentary behaviour studies, but it is essential to note that sedentary behaviour
is not the absence of physical activity (27). While both of the studies (46, 61) identified in the
review found that occupational sitting was associated with type 2 diabetes risk, more research
needs to be done to see if this is truly the case.
2.8. Combination of physical activity and sedentary behaviour
It is important to consider whether sedentary behaviour and physical activity influence
type 2 diabetes independent of each other. Often, sedentary behaviour is considered the absence
of physical activity; however, individuals can be both highly active and highly sedentary (65).
Currently, the literature suggests that each is an independent risk factor for type 2 diabetes and
may not depend on the other (27, 59). For example, one study in American women (n=68,497)
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found that after adjusting for physical activity levels, every 2 hours/day of watching TV was
associated with a 14% increase in type 2 diabetes risk (61). This study also noted that each hour
of brisk walking was associated with a 34% reduction in type 2 diabetes after adjusting for TV
watching (61). A review noted that this is consistent with other findings on these movement
behaviours, as MVPA and markers of sedentary behaviour (e.g., TV viewing) are weakly
correlated (r<0.3) (66). Furthermore, the review noted that youth in cluster analyses have been
shown to have separate sedentary and active behaviours (66).
While some researchers have suggested that physical activity and sedentary behaviour are
independent risk factors, these behaviours are in fact somewhat co-dependent. From an intensity
standpoint, the 24-hour day is made up of time spent in one of 4 movement behaviours: light
intensity physical activity (LPA), moderate-to-vigorous intensity physical activity (MVPA),
sedentary behaviour, and sleep. Because the total time spent in these movement behaviours must
add up to 24-hours/day, if time is removed from one of the behaviours, an equal amount of time
is added to the other behaviours (i.e., reducing sedentary time by 30 minutes may be replaced by
30 minutes of MVPA, LPA, sleep or a combination of the three that sums to 30 minutes). There
is some evidence that decreasing time spent in sedentary behaviour and replacing it with
equivalent time in MVPA reduces risk of developing type 2 diabetes (67) and the metabolic
syndrome (68). There is also some indication in the literature that replacing sedentary time with
LPA has some benefits for metabolic health (27, 68). One study found that replacing 10 minutes
of sedentary time with 10 minutes of LPA, MPA, or VPA was associated with a 4%, 11% and
59% decreased odds of developing the metabolic syndrome, respectively (68). One approach to
benefiting metabolic health may be to substitute sedentary time with LPA, which may be more
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accessible and easier to accumulate than MVPA (68). Thus, reducing sedentary time and
replacing it with physical activity may be especially beneficial for metabolic health.
2.9. Summary
Type 2 diabetes is of great public health importance. Little research has considered
whether adolescent physical activity and sedentary behaviour are associated with diseases.
Instead, prior literature has focused on intermediate risk factors for diseases. In particular, it is
unknown whether adolescent movement behaviours are associated with type 2 diabetes risk
independent of what is done in adulthood. This may highlight adolescence as a critical window
for type 2 diabetes development. If this is the case, it would be beneficial for policies, programs,
and interventions to be aimed at an earlier age to reduce type 2 diabetes.
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Adolescent Physical Activity Levels and Type 2 Diabetes Risk in Adulthood
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3.1. Abstract
Background: The objective was to determine whether participation in moderate-to-vigorous
physical activity during adolescence is associated with the risk of developing type 2 diabetes in
adulthood.
Methods: Participants were 4845 adolescents aged 16 years who were part of the 1970 British
Cohort Study. Physical activity was assessed in 1986 using a questionnaire where participants
indicated which activities they participated in and how frequently this occurred. Incident cases of
type 2 diabetes were determined in quadrennial surveys conducted from 1996-2016. The risk
between adolescent physical activity and type 2 diabetes was determined using Cox proportional
hazards regression that controlled for several covariates.
Results: There were 135 incident cases of type 2 diabetes with an incidence rate of 10
cases/10,000 person-years. By comparison to physical activity quartile 1, type 2 diabetes risk
was decreased in quartile 2 (HR=0.57, 95% CI=0.34, 0.96) but not in quartile 3 (HR=0.74, 95%
CI=0.46, 1.20) or quartile 4 (HR=1.05, 95% CI=0.67, 1.65).
Conclusion: There was some indication that physical activity at age 16 was associated with a
decreased risk of type 2 diabetes; however, the association did not follow a dose-response pattern
as diabetes risk was only reduced in the second quartile.
Key Words: physical activity, type 2 diabetes, cohort study, adolescence
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3.2. Introduction
Physical inactivity is common among adolescents worldwide (1). In a study of 11-17
year-olds from 146 countries, 81% did not get the recommended 60 minutes per day of
moderate-to-vigorous physical activity (MVPA) (1). This is troubling as comprehensive
systematic reviews have found that MVPA levels during the adolescent years are crosssectionally associated with risk factors for chronic diseases such as obesity, high blood pressure,
and markers of insulin and glucose control (e.g., insulin resistance) (2, 3).
While a large body of primarily cross-sectional research has shown that childhood and
adolescent MVPA levels are associated with chronic disease risk factors, the long-term effects of
adolescent physical inactivity on the incidence of chronic diseases has not been well studied.
Type 2 diabetes, a condition that influences over 500 million adults worldwide (4), is one
chronic disease that may be influenced by adolescent MVPA. Although type 2 diabetes is not
typically diagnosed until adulthood, it is a progressive disease that is preceded by elevated risk
factors such as insulin resistance (5). Thus, some adult-onset cases of type 2 diabetes may have
their roots in childhood and adolescence, when some diabetes risk factors first develop. It is
therefore plausible that adolescent MVPA is a risk factor for the development of adult-onset
diseases such as type 2 diabetes.
To my knowledge, only one study has examined whether adolescent physical activity
predicts type 2 diabetes risk in adulthood (6). That study examined 3717 youth aged 11-21 years
who were followed for incident diabetes over 14 years. By comparison to a low physical
activity/low sedentary behaviour cluster, the relative odds of developing diabetes was 69%
higher in a low physical activity/high sedentary behaviour cluster but not different in a high
physical activity/low sedentary behaviour cluster. The results of that study suggest that high
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physical activity in adolescence may not be protective against future diabetes risk. However, that
study only looked at high versus low physical activity as determined in a cluster analysis, so it is
unknown whether there is a decreased risk of type 2 diabetes in adulthood with increasing levels
of physical activity.
Therefore, the purpose of this study was to determine whether participation in MVPA
during adolescence is associated with the risk of developing type 2 diabetes in adulthood. We
examined these associations using data from a longitudinal cohort, with assessments of MVPA at
age 16 and a subsequent 30-year follow-up for incident cases of type 2 diabetes.
3.3. Methods
3.3.1. Study design and participants
This study used data from the 1970 British Cohort Study, an ongoing prospective birth
cohort study conducted by the British Centre for Longitudinal Studies (7). The cohort is
comprised of 17,196 individuals born in the UK in the 7-day period starting April 5, 1970 and
930 individuals who immigrated to the UK before the age of 16 who were born in the same week
(7). Data collection took place in 1970, 1975, 1980, 1986, 1996, 2000, 2004, 2008, 2012 and
2016. Data collection in the 1970-1986 cycles consisted of interviews and questionnaires
administered to parents and teachers of participants, and starting in 1980, the participants
themselves. Starting in 1996, data were collected entirely from participants through either selfreported questionnaires or interviews. The data were publicly accessible and were accessed
online through the UK Data Service Portal.
Ethics approval for the 1970-1996 cycles was granted from a UK National Health Service
ethics review board (8). Starting in the 2000 cycle, ethics approval was obtained from localized
multicentre research ethics committees (8). Ethics for the secondary analysis presented here was
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obtained through the General Research Ethics Board at Queen’s University (see Appendix B). In
the 1970 cycle, when the birth survey was carried out, consent to participate was obtained by
parents who verbally agreed to participate in the interview or through the process of returning the
questionnaire (8). In the 1975, 1980, and 1986 cycles, informed parental consent was obtained
(8). In the 1996 cycles onwards, the participants gave written consent (8).
This present study did not use data from the 1970-1980 cycles and the 1986 cycle served
as the baseline. In the 1986 cycle, data were collected between March and September. Sixteen
survey instruments were sent to schools across the UK, where they were completed by
participants. If a participant did not complete the questionnaires at school, questionnaires were
sent to their home. In 1986, there were 11,622 participants who responded to at least one survey
instrument. Participants were removed from the analysis if they had diabetes at baseline (n=31),
if they did not respond to the survey instrument that included the physical activity items
(n=6338), or if they did not participate in any of the later cycles (n=408). This left a final sample
of 4845 participants. Figure 3.1 describes how participants were excluded in more detail.
Compared to those who responded to physical activity questions in the 1986 cycle, those who did
not respond were significantly more likely to be male (53% vs 43%, p<.0001) and were less
likely to have a parent with a college degree or higher (24% vs 30%, p<.0001).
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Figure 3.1. Inclusion of participants in physical activity analysis
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3.3.2. Measurement and categorization of physical activity
The physical activity questionnaire included in the 1986 cycle consisted of a checklist of
40 activities (see Appendix C). Participants were asked to select the activities they participated in
and indicate the frequency of participation as either ‘once per month’ or ‘once per week’. Similar
self-reported physical activity frequency questionnaires administered to adolescents have been
shown to have a moderate reliability with a test-retest intraclass correlation coefficient of 0.71
for repeated surveys conducted 8-12 days apart (9). Based on participant responses, they were
assigned a frequency value of 0 (did not participate), 1 (once per month), or 4 (once per week)
for each activity. We then assigned each activity a metabolic equivalent (MET) intensity value
using the most suitable MET value for 16-18 year-olds in the 2018 Youth Compendium of
Activities (10). If an activity was not listed in the youth compendium, the adult compendium was
used (11). If an activity was also not listed in the adult compendium, a MET value for a
comparable activity was selected. For example, because rounders is not in the youth or adult
compendiums, the youth compendium MET value for baseball was used since rounders is similar
to baseball. For several of the activities on the checklist there were multiple MET options in the
compendium. In these cases, the MET value for the "general" option was chosen. If there was no
“general” option and the activity was a sport, the "game" option was chosen. If there was no
“game” option, the “competitive” option was chosen. If there was no “general” option and the
activity could be performed at multiple speeds (e.g., walking, jogging), the “self-selected pace”
option was chosen. If there was no “self-selected pace” option, an average of the MET values for
all listed speeds was used. The manner in which the MET value for each activity was chosen can
be found in greater detail in Appendix D.
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After a MET value was assigned to each activity, we removed activities in the light
intensity range (i.e., <3 METs). This was done because only a few light intensity activities were
included in the checklist and because existing evidence suggests that light intensity physical
activity is not associated with insulin and glucose biomarkers during adolescence (2). For each of
the remaining activities, we multiplied the frequency scores by the intensity scores. These
frequency*intensity scores for each activity were summed to get a total frequency*intensity
score. The participants were then placed into quartiles based on their total frequency*intensity
score, with quartile 1 being the least active and quartile 4 being the most active.
3.3.3. Measurement of type 2 diabetes
Diabetes cases were self-reported. Self-reported diabetes is highly valid; in one study of
British adults, 95% of self-reported diabetes cases were confirmed with medical records (12).
Pre-existing cases of diabetes at baseline (in 1986 when participants were 16 years old) were
determined retroactively using data collected in the 2000 and 2004 cycles. In these cycles,
participants were asked to self-report if they had diabetes and, if so, how old they were when it
was first diagnosed. The 31 participants who had pre-existing diabetes in 1986 were removed
from the analysis. Incident cases of type 2 diabetes during the follow-up period were determined
using responses in the 1996-2016 cycles. In 1996, participants indicated whether or not they had
diabetes and those who reported that they had diabetes were asked to report in the 2000 cycle
whether their diabetes was insulin or non-insulin dependent. If their diabetes was reported as
non-insulin dependent, they were considered an incident case and were censored in 1996. If their
diabetes was reported as insulin-dependent, they were also censored but coded as negative for
type 2 diabetes. In the 2004-2016 cycles participants were again asked to report if they had
diabetes. We assumed that any cases of diabetes that were reported in these cycles were cases of
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type 2 diabetes since type 1 diabetes is unlikely to be diagnosed past age 30 (13). Figure 3.2
illustrates how incident diabetes cases were determined using data from each cycle.
The follow-up length for participants who were never diagnosed with diabetes was
determined as the difference between 1986 and the last cycle in which they participated, with a
maximum follow-up length of 30 years at which time they were 46 years old. Those who first
indicated that they had type 2 diabetes in the 1996 or later cycles were considered incident cases
and their follow-up length was determined as the difference between 1986 and the cycle in which
they were first determined to have diabetes.
3.3.4. Confounding variables
Several confounding variables were considered based on their known associations with
both physical activity and type 2 diabetes. Both time-independent covariates (i.e., covariates that
were constant in all cycles) and time-dependent covariates (i.e., covariates that varied from cycle
to cycle) were included. The time-independent covariates, which were based on self-reported
data at baseline, were sex (male or female), ethnicity (white or non-white), parental education
(no qualifications, O-levels, A-levels or college degree or higher), and health behaviours at age
16 including the frequency of eating fruit (0-1, 2-3, 4-5, or 6-7 times per week), consuming
sugary beverages (none, 1-2 glasses per day, 3-4 glasses per day, or more than 4 glasses per day),
eating takeout food (none, once per week, or twice or more per week), watching TV or videos
(less than or equal to 2 hours per day, between 2-4 hours per day, or more than 4 hours per day),
using the computer (none, 1-30 minutes per day, or more than 30 minutes per day), reading
(none, 1-30 minutes per day, or more than 30 minutes per day) and doing homework (none, 1-30
minutes per day, or more than 30 minutes per day). Additionally, adult physical activity (no
activity, active once per week or less, active 2-3 days per week, active 4-5 days per week, or
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Figure 3.2. Classification of type 2 diabetes in the physical activity analysis

Note. 1. Removed at baseline. 2. Follow until 1996. 3. Follow until 2000. 4. Follow until 2004. 5. Follow until 2008. 6. Follow until 2012.
7. Follow until 2016.
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active 6-7 days per week), which was based on the average of data collected in the 2000, 2004,
2012 and 2016 cycles, was treated as a time-independent covariate. The time-dependent
covariates, which were measured in the 1986-2016 cycles, were BMI category (not overweight,
overweight, or obese using age-specific thresholds at age 16 (14) and adult thresholds at ages 26
and older (15)), smoking status (non-smoker, occasional smoker, or smoker), and personal
education (none, National Vocational Qualification Level 1, 2, 3, 4, or 5). For missing timeindependent covariate data, a separate “missing” category was created instead of removing
participants from analysis. If a participant was missing data for a time-dependent covariate, the
previous cycle’s response was carried forward. If time-dependent covariate data was missing for
all cycles, participants were placed into a “missing” category.
3.3.5. Statistical analyses
Statistical analyses were performed using SAS Version 9.4 (SAS Institute Inc.).
Descriptive statistics (i.e., proportions, means, percentiles) were used to describe the cohort
members at baseline. Chi-square tests were used to compare baseline data proportions between
those who developed and those who did not develop type 2 diabetes. Cox proportional hazards
regression was used to examine the relationship between physical activity at age 16 and the risk
of developing type 2 diabetes during the follow-up period. The proportional hazards assumption
was tested and held for all models. Sex by physical activity interactions were examined and since
these were not significant the analyses were not stratified by sex. Three Cox models with
different covariates were fit. Model 1 was limited to the primary exposure variable, physical
activity at age 16. Model 2 also included all of the confounding variables with the exception of
the sedentary behaviour variables; a stepwise elimination using a liberal p-value of 0.2 was used
to remove confounding variables that were not associated with the outcome. The only exception
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to this was sex, which was forced into the model. Model 3 included the sedentary behaviour
variables in addition to the variables included in Model 2.
To explore potential explanations for some of the unexpected findings from the Cox
regression models, we conducted a series of a posteriori analyses. Specifically, chi-square tests
were run to compare physical activity characteristics among those who did and those who did not
develop type 2 diabetes and to examine whether participation in different types of physical
activity differed between the physical activity quartiles. Furthermore, Kruskal-Wallis tests were
used to compare the median physical activity intensity and frequency values across physical
activity quartiles. If the p-value for the Kruskal-Wallis test was <.05, a series of pairwise MannWhitney U-tests were run to determine which of the quartiles were different from each other. For
these analyses, an adjusted p-value of <.008 was used to account for multiple comparisons (.05/6
comparisons=0.008).
3.4. Results
Descriptive characteristics of the 4845 participants included in the final analyses are in
Table 3.1. Slightly more than half (57.2%) were female. The majority were Caucasian (76.5%),
had a healthy weight (47.6%) and were non-smokers (54.9%) at baseline. There were significant
differences in baseline sugary beverage consumption (p=0.04), parental education (p=0.001),
smoking status (p=0.01), and BMI category (p<.0001) between those who developed and did not
develop type 2 diabetes during follow-up.
The average follow-up length was 26.8 years with a range of 10 years to 30 years. There
was a total of 129,640 person-years of follow-up and 135 incident cases of type 2 diabetes, for an
incidence rate of 10 cases/10,000 person-years. The incidence rates for type 2 diabetes in
physical activity quartiles 1 to 4 were 13 cases/10,000 person-years, 7 cases/10,000 person-years,
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Table 3.1. Descriptive characteristics of participants at baseline in 1986

Sex
Male
Female
Missing
Ethnicity
White
Other
Missing
BMI category
Not overweight
Overweight
Obese
Missing
Parental education
No qualifications
O-levels
A-levels
Degree or higher
Missing
Smoking status
Non-smoker
Occasional smoker
Smoker
Missing
Fruit consumption
0-1 times/week
2-3 times/week
4-5 times/week
6-7 times/week
Missing
Sugary beverage consumption
None
1-2 glasses/day
3-4 glasses/day
>4 glasses/day
Missing
Takeout eating
None
1 time/week
>2 times/week
Missing
Watching television and videos
≤120 minutes/day
121-240 minutes/day
>240 minutes/day

All
participants
(n=4845)

Participants who
developed type 2 diabetes
(n=135)

Participants who did not
develop type 2 diabetes
(n=4710)

2073 (42.8)
2772 (57.2)
0

64 (47.4)
71 (52.6)
0

2009 (42.7)
2701 (57.4)
0

p
0.27

0.66
3706 (76.5)
142 (2.9)
997 (20.6)

101 (75.0)
3 (2.2)
31 (22.8)

3605 (76.5)
139 (3.0)
966 (20.5)

2306 (47.6)
327 (6.8)
55 (1.1)
2157 (44.5)

30 (22.1)
28 (20.6)
7 (5.2)
70 (52.2)

2776 (48.3)
299 (6.4)
48 (1.0)
2087 (44.3)

740 (15.3)
1283 (26.5)
325 (6.7)
1016 (21.0)
1480 (30.6)

33 (37.5)
27 (30.7)
11 (12.5)
17 (19.3)
47 (35.3)

707 (21.6)
1256 (38.3)
314 (9.6)
999 (30.5)
1434 (30.5)

2660 (54.9)
1195 (24.7)
897 (18.5)
93 (1.9)

66 (48.5)
29 (22.1)
39 (28.7)
1 (0.7)

2594 (55.1)
1166 (24.8)
858 (18.2)
92 (2.0)

588 (12.1)
1076 (22.2)
1000 (20.6)
1236 (25.5)
944 (19.5)

25 (18.4)
38 (27.9)
25 (18.4)
28 (20.6)
19 (14.7)

563 (12.0)
1038 (22.0)
975 (20.7)
1208 (25.7)
926 (19.7)

817 (16.9)
1445 (29.8)
805 (16.6)
683 (14.1)
1095 (22.6)

13 (9.6)
54 (39.7)
26 (19.1)
19 (14.0)
23 (17.7)

804 (17.1)
1391 (29.5)
779 (16.5)
664 (14.1)
1072 (22.8)

1875 (38.7)
1770 (36.6)
961 (19.8)
239 (4.9)

54 (40.0)
44 (32.6)
31 (23.0)
6 (4.4)

1821 (38.7)
1726 (36.7)
930 (19.8)
233 (5.0)

<0.0001

0.001

0.01

0.06

0.04

0.71

0.11
1836 (37.9)
47 (34.8)
1379 (28.5)
35 (25.9)
816 (16.8)
32 (23.7)
Continued on the next page
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1789 (38.0)
1344 (28.5)
784 (16.7)

Missing
Using a computer
None
1-30 minutes/day
>30 minutes/day
Missing
Reading and doing homework
None
1-120 minutes/day
>120 minutes/day
Missing

814 (16.8)

21 (15.6)

793 (16.8)

3697 (76.3)
201 (4.2)
146 (3.0)
801 (16.5)

102 (75.7)
6 (4.4)
6 (4.4)
21 (15.4)

3595 (76.3)
195 (4.4)
140 (3.0)
780 (16.6)

1498 (30.9)
1478 (30.5)
1020 (21.1)
849 (17.4)

35 (25.9)
46 (34.1)
31 (23.0)
23 (17.0)

1463 (31.1)
1432 (30.4)
989 (21.0)
826 (17.5)

0.64

0.38

10 cases/10,000 person-years, and 12 cases/10,000 person-years, respectively. Table 3.2 shows
the hazard ratios (HRs) for type 2 diabetes based on physical activity at age 16. Prior to
controlling for the confounding variables (model 1), there was a decreased risk for developing
type 2 diabetes in physical activity quartile 2 by comparison to quartile 1 (HR=0.54, 95%
CI=0.32, 0.90). This risk estimate was slightly attenuated but remained significant after
controlling for the confounding variables in model 2 (HR=0.56, 95% CI=0.33, 0.93) and the
sedentary behaviour variables in model 3 (HR=0.57, 95% CI=0.34, 0.96). By comparison to
quartile 1, the risk of developing type 2 diabetes was not significantly different in quartiles 3 or 4
in any of the models (Table 3.2).
Nineteen incident cases of diabetes were inconsistently reported across cycles (i.e.,
participants indicated that they had diabetes in one cycle but not the next). A sensitivity analysis
was run to determine if removing these inconsistent cases influenced the results. The results of
the sensitivity analysis were consistent with the results presented in Table 3.2 with HRs in model
3 of 0.53 (95% CI=0.30, 0.93) for quartile 2, 0.75 (95% CI=0.45, 1.23) for quartile 3 and 0.94
(95% CI=0.58, 1.53) for quartile 4. The findings of this sensitivity analysis can be seen in greater
detail in Appendix E. Since BMI is a possible mediator between physical activity and type 2
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diabetes, models 2 and 3 were re-run after the removal of BMI. This did not change the
associations between physical activity and type 2 diabetes, so BMI was included in the analysis.
We were surprised to see a reduced risk of type 2 diabetes in quartile 2 but not in
quartiles 3 or 4. We conducted several a posteriori analyses to see if this unexpected pattern
could potentially be explained by different types and intensities of physical activity across the
physical activity quartiles. The a posteriori analyses started by exploring whether participants in
quartiles 3 and 4 did not participate in certain types of physical activity. As shown in Table 3.3, a
greater percentage of participants in quartiles 3 and 4 participated in each type of activity (e.g.,
sports, exercises, and recreational physical activity), both team (e.g., volleyball, basketball) and
individual activities (e.g., jogging, dance), and activities performed both in and outside of school
(p<.0001).
We then determined to what extent the frequency and intensity of physical activity varied
across the physical activity quartiles. As seen in Table 3.4, for each of the physical activity
characteristics, participants in the upper two quartiles had higher median values than participants
in the lower two quartiles (exception: for average intensity, quartiles 2, 3, and 4 were not
significantly different from each other). In other words, participants in quartiles 3 and 4
participated in a greater number of physical activities and did so more frequently and at a higher
average intensity by comparison to participants in quartiles 1 and 2.

50

Table 3.2. Risk of type 2 diabetes in adulthood according to physical activity at age 16
Hazard ratio (95% confidence interval) for type 2 diabetes
N

Personyears of
followup

Number of
cases of
type 2
diabetes

Type 2
diabetes
cases/10,000
person-years

Model 1a

Model 2b

Model 3c

Quartile 1

1211

32,264

41

13

1

1

1

Quartile 2

1212

32,716

23

7

0.54 (0.32, 0.90)d

0.56 (0.33, 0.93)d

0.57 (0.34, 0.96)d

Quartile 3

1211

32,440

31

10

0.74 (0.46, 1.18)

0.75 (0.47, 1.20)

0.74 (0.46, 1.20)

Quartile 4

1211

32,220

40

12

0.98 (0.63, 1.51)

1.03 (0.66, 1.61)

1.05 (0.67, 1.65)

Physical activity
quartile

a

Unadjusted
Adjusted for sex, BMI category, parental education, intake of sugary beverages, and physical activity in adulthood. Ethnicity, smoking status,
fruit consumption, and takeout eating were removed during the stepwise elimination process.
c
Adjusted for model 2 plus sedentary behaviour variables (time spent watching TV and videos, using a computer, reading and doing homework)
d
Significantly different from quartile 1 (p<.05)
b
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Table 3.3. Cohort members’ participation in various activities at age 16 by physical activity quartiles (%)
Sport Activities
In
Out of Total
school school

Exercise Activities
In
Out of Total
school school

Recreation Activities
In
Out of Total
school school

Team Sports
In
Out of Total
school school

Individual Activities
In
Out of Total
school school

Quartile 1

42.2

35.9

61.4

12.4

34.5

43.3

10.4

24.9

32.0

32.8

14.6

40.5

33.8

54.2

63.3

Quartile 2

86.8

68.8

98.8

34.7

62.7

76.3

25.3

46.4

59.9

75.8

31.5

46.0

76.2

84.4

96.5

Quartile 3

96.9

82.8

99.8

49.1

73.8

85.2

39.4

57.0

72.8

92.5

46.0

95.4

91.4

92.4

99.3

Quartile 4

98.9

92.7

100

72.7

87.7

95.4

60.0

73.0

86.5

97.8

67.1

99.1

98.0

96.5

100

Physical activity
quartile

Note. The values represent the prevalence of participation in each quartile of activity who participated in the physical activity analysis
All significant across physical activity quartiles (p<.0001)
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Table 3.4. Physical activity characteristics by physical activity quartiles at baseline in 1986
Percentiles
Frequency*intensity score
Quartile 1
Quartile 2
Quartile 3
Quartile 4

5

25

50

75

95

0
75.1
145.9
238.6

0
89.0
161.4
267.1

34.4
104.9a
182.1a,b
310.2a,b,c

54.6
122.7
206.8
379.2

68.56
138.2
227.9
588.1

Total frequency score (sum of frequencies from individual activities participated in)
Quartile 1
0
0
5
9
a
Quartile 2
12
14
17
20
Quartile 3
22
26
29a,b
33
Quartile 4
36
43
50a,b,c
62

13
25
39
96

Average frequency score for activities participated in
Quartile 1
n/ad
n/ad
Quartile 2
1.3
2
Quartile 3
1.8
2.4
Quartile 4
2
2.7

4
4
4
4

1.6
2.7a
2.9a,b
3.2a,b,c

3
3.5
3.6
3.7

Total intensity score (sum of intensities of all individual activities participated in)
Quartile 1
0
0
14
25.5
Quartile 2
21.9
31
40.5a
54.7
a,b
Quartile 3
40.9
51.5
63.4
80.5
Quartile 4
65.5
84.7
103.7a,b,c
129.3

43.9
81.5
106.9
209.1

Average intensity of activities participated in
Quartile 1
n/ad
n/ad
Quartile 2
5.2
5.8
Quartile 3
5.4
6.0
Quartile 4
5.7
6.0

8.7
8.0
7.5
7.4

5.8
6.3a
6.4a
6.4a

6.8
6.9
6.8
6.7

Number of activities participated in
Quartile 1
0
0
2
4
7
Quartile 2
3
5
6a
9
13
Quartile 3
6
8
10a,b
13
17
a,b,c
Quartile 4
10
13
16
20
34
a
Significantly greater than quartile 1 (p<.008).
b
Significantly greater than quartile 2 (p<.008).
c
Significantly greater than quartile 3 (p<.008).
d
Not applicable as participants at these percentiles did not participate in any physical activities
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3.5. Discussion
The objective of this study was to determine whether participation in MVPA in
adolescence is associated with the risk of developing type 2 diabetes in adulthood. Our findings
suggest that physical activity was protective against type 2 diabetes risk in the group of
adolescents who did the second least amount of physical activity but that further increases in
MVPA did not reduce diabetes risk.
Our findings are in conflict with a large body of cross-sectional research in children and
adolescents. Systematic reviews based on primarily cross-sectional studies have reported that
there is a gradient or dose-response relationship between MVPA and measures of blood glucose
and insulin (e.g., insulin resistance, fasting insulin, fasting glucose) (2, 16). Longitudinal studies
in youth have shown mixed results, with some studies reporting that total physical activity is not
associated with improved markers of glucose and insulin control and other studies reporting that
total physical activity is associated with these markers (2, 16). A single longitudinal study, which
was conducted in a group of 8-11-year-olds over 200 days, focused specifically on MVPA as
measured by accelerometry (17). A key finding of this study was that MVPA was not associated
with changes in insulin resistance after adjusting for fat mass.
Our findings are also in conflict with a large body of longitudinal research in adults,
which has found that both total leisure-time physical activity and total MVPA during adulthood
are associated with type 2 diabetes risk in a dose-response manner (3, 18). The findings of the
current study of adolescents may differ from these results of adult samples because of differences
in the types of physical activity typically performed in adolescence compared to adulthood. Key
sources of MVPA in adolescents include participation in recreational activities and physical
education at school (19). Conversely, walking is the primary form of MVPA in adults (20).
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To my knowledge, only one study has examined the association between adolescent
physical activity and type 2 diabetes risk in adulthood. That study examined leisure-time
physical activities and sedentary behaviours in 3717 participants aged 11-21 years old who were
followed over 14 years for incident cases of diabetes (6). Participants were assigned to one of 3
clusters: high physical activity/low sedentary behaviour, low physical activity/high sedentary
behaviour, and low physical activity/low sedentary behaviour. Those in the high physical
activity/low sedentary behaviour cluster were not at a significantly reduced odds for type 2
diabetes compared to those in the low physical activity/low sedentary behaviour cluster
(OR=0.87, 95% CI=0.52, 1.47). This is somewhat consistent with our findings; however, that
study did not look at multiple levels of physical activity and did not take the intensity of activity
into account.
Given our surprising findings, we conducted several a posteriori analyses to see if
participants in the most active quartiles did not engage in certain types of physical activity or if
their patterns of physical activity were less favourable. The findings of these analyses suggested
that participants in the third and fourth quartiles were participating in a greater variety and
number of activities, that they were participating in these activities more frequently, and that they
were participating in these activities at a higher intensity. These a posteriori analyses did not
provide any insights into the U-shaped pattern between MVPA and diabetes risk that were
observed in this study.
In the field of epidemiology, Bradford-Hill’s criteria are often used to judge the
likelihood of whether or not an association is causal (21). The results of our study do not meet
several of Braford-Hill’s most important criteria. Firstly, the association between physical
activity and type 2 diabetes did not follow a dose-response pattern. Second, our findings are
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based on observational and not experimental data. Third, the results are mostly inconsistent with
prior literature of different designs and in different populations, including randomized control
trials in adolescents and adults which have shown improvements in diabetes risk factors with
increased physical activity (2, 3). Lastly, our findings are not biologically plausible since risk
factors for type 2 diabetes (e.g., blood glucose levels, decreased blood lipids) decrease as
physical activity levels increase (18). Thus, it is difficult to have confidence in our observation
that a small amount of MVPA but not modest and high amounts of MVPA during adolescence is
associated with a reduced risk of developing type 2 diabetes.
This study had several important limitations. The data on physical activity, diabetes, and
the covariates were self-reported and were therefore subject to recall bias and measurement error
that likely biased the observed associations towards the null. Although the summary physical
activity measure considered the frequency of participation, it did not consider the duration,
which if available would have allowed us to produce a better measure of the total dose of
physical activity. Furthermore, the response options for the frequency of participation in the
physical activity checklist maxed out at once per week, which created a low ceiling effect as
many adolescents may have participated in some activities several times per week. There was
also error in the intensity measure, as the MET values assigned to each activity were estimated
using the physical activity compendiums and assumed that all participants engaged in each
activity at the same intensity at all times. The results of the analysis may also be subject to
residual confounding, as some important confounders were not measured or controlled for (e.g.,
family history of diabetes, income, and adult sedentary behaviours) or were subject to missing
data. Lastly, the study relied on self-reports of medically diagnosed diabetes and therefore did
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not capture undiagnosed cases. In the UK, approximately 1 in 4 cases of diabetes are
undiagnosed (22).
In conclusion, reductions in type 2 diabetes risk were only observed in adolescents in the
second physical activity quartile and further increases in activity provided no reduction in risk.
This association does not meet several important criteria for causality. It is therefore likely that
the decreased risk observed in quartile 2 may be an aberration and not a causal association.
Further research examining the association between adolescent physical activity and diabetes
risk would benefit from using a more robust and valid measure of physical activity.
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3.6. Funders of the 1970 British Cohort Study
The 1970 British Cohort Study was funded by several sources, which varied between
cycles. The funders for each cycle are listed below.

Table 3.5. Funders of the 1970 British Cohort Study
Cycle
Funders
1986

Economic and Social Research Council

1996

Economic and Social Research Council
Royal Free Hospital
International Centre for Child Studies

2000

Economic and Social Research Council

2004

Economic and Social Research Council
National Research and Development Centre
for Adult Literacy and Numeracy
European Social Fund
International Centre for Child Studies

2008

Economic and Social Research Council

2012

Economic and Social Research Council

2016

Economic and Social Research Council
Medical Research Council
British Heart Foundation
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Chapter 4

Adolescent Sedentary Behaviour Levels and Type 2 Diabetes Risk in
Adulthood
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4.1. Abstract
Background: The objective was to determine whether time spent in different types of sedentary
behaviour during adolescence are associated with the risk of developing type 2 diabetes in
adulthood.
Methods: Participants were 3942 adolescents aged 16 years who were part of the 1970 British
Cohort Study. Sedentary behaviour was assessed through a questionnaire where participants
indicated how much time they spent watching TV and videos, using the computer, reading, and
doing homework. Incident cases of type 2 diabetes were determined quadrennial from 19962016. The risk between adolescent sedentary behaviours and type 2 diabetes was determined
using Cox proportional hazards regression that controlled for physical activity and several other
confounding variables.
Results: There were 91 incident cases of type 2 diabetes with an incidence rate of 9 cases/10,000
person-years. By comparison to those who watched TV and videos for ≤2 hours/day, type 2
diabetes risk was not different in those who watched for 2-4 hours/day (HR=0.89, 95% CI=0.54,
1.47) but was increased by 2.06-fold (95% CI=1.24, 3.43) in those who watched for >4
hours/day. Computer use, homework, and reading were not significantly associated with type 2
diabetes.
Conclusion: Spending >4 hours per day watching television and videos at age 16 was associated
with an increased risk of type 2 diabetes. Conversely, computer use and non-screen based
sedentary behaviours were not associated with type 2 diabetes risk.
Key Words: sedentary behaviour, type 2 diabetes, cohort study, adolescence
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4.2. Introduction
High levels of sedentary behaviour, and screen time in particular, is common among
children and youth worldwide (1). In a 2019 summary of data from 49 countries, only 34-39% of
school-aged children and youth across the different countries met sedentary behaviour guideline
recommendations, which in most countries was defined as ≤2 hours/day of screen time (1).
These high sedentary behaviour and screen time levels during adolescence are associated with
risk factors for chronic diseases such as obesity, blood pressure, fasting insulin and the metabolic
syndrome (2).
While there is a large body of cross-sectional research on screen time and its association
with chronic risk factors during adolescence, the effects of non-screen based sedentary
behaviours and the long-term implications of excessive sedentary behaviour have not been well
studied. Type 2 diabetes is one chronic disease that may be influenced by adolescent sedentary
behaviour. Although type 2 diabetes does not usually develop until adulthood, it is a progressive
disease that is typically preceded by elevated risk factors, such as insulin resistance, that persist
over several years (3). Thus, type 2 diabetes may have its origins in childhood and adolescence,
when elevated risk factors may have already developed.
To my knowledge, only one study has examined whether sedentary behaviour in
adolescence predicts the development of type 2 diabetes (4). That study examined 3717 youth
aged 11-21 years and found that by comparison to a low physical activity/low sedentary
behaviour cluster, there was an increased likelihood of diabetes over 14 years in a low physical
activity/high sedentary behaviour cluster (OR=1.69, 95% CI=1.04, 2.75). The results of the study
suggest that low sedentary behaviour in adolescence may be protective against diabetes.
However, that study’s assessment of sedentary behaviour was limited to screen time measures
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and it did not examine multiple levels of sedentariness, as participants were dichotomized into
high or low sedentary behaviour clusters.
Therefore, the purpose of this study was to determine whether both screen-based and
non-screen based sedentary behaviours during adolescence are associated with the risk of
developing type 2 diabetes in adulthood. We studied these associations using data from a
longitudinal cohort, with assessments of sedentary behaviour at age 16 and a subsequent 30-year
follow-up for incident cases of type 2 diabetes.
4.3. Methods
4.3.1. Study design and participants
This study is based on data from the 1970 British Cohort Study, an ongoing prospective
birth cohort study conducted by the British Centre for Longitudinal Studies (5). The cohort is
comprised of 17,196 individuals born in the UK between April 5-11, 1970 and an additional 930
individuals who immigrated to the UK before age 16 who were born in the same week (5). Data
collection took place in 1970, 1975, 1980, 1986, 1996, 2000, 2004, 2008, 2012 and 2016. The
data were publicly accessible through the UK Data Service Portal. Data collection in the 19701986 cycles involved interviews and questionnaires administered to the participants’ parents and
teachers, and, starting in 1980, the participants themselves.
Ethics approval for the 1970-1996 cycles was granted from a UK National Health Service
ethics review board. Starting in the 2000 cycle, ethics approval was acquired from localized
multicentre research ethics committees (6). Ethics for the secondary analysis presented in this
paper was obtained through the General Research Ethics Board at Queen’s University (see
Appendix B). In the 1970 cycle, consent was obtained by parents verbally agreeing to participate
in the interview or by returning the questionnaire (6). In the 1975, 1980, and 1986 cycles,
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informed parental consent was gained (6). In the 1996 cycles onwards, the participants gave
written consent (6).
This present study used the 1986 cycle as the baseline. Sixteen questionnaire instruments
were sent to schools where the cohort members were registered. If a participant did not complete
the questionnaires at school, instruments were sent to their home. In the 1986 cycle, 11,622
participants responded to at least one of the 16 questionnaires. Participants were removed from
the analysis if they had diabetes at baseline (n=31), if they did not respond to the sedentary
behaviour activity questions (n=7205), if they did not participate in any of the subsequent cycles
of the cohort study (n=426), or if they inconsistently reported the presence of diabetes across
different cycles (n=18). This left a final sample of 3942 participants. Figure 4.1 illustrates how
participants were excluded. Compared to those who responded to the sedentary behaviour
questions, those who did not respond were significantly more likely to be male (51% vs 44%,
p<.0001), were more likely to be a smoker (25% vs 18%, p<.0001) and were less likely to have a
parent with a college degree or higher (23% vs 34%, p<.0001).
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Figure 4.1. Inclusion of participants in the sedentary behaviour analyses
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4.3.2. Measurement and categorization of sedentary behaviour
The sedentary behaviour questionnaire used in the 1986 cycle consisted of a series of
questions asking participants how much time they spent watching TV, watching videos, using
the computer, reading, and doing homework (see Appendix F). Similar self-reported sedentary
behaviour questionnaires administered to youth have been shown to have fair reliability with an
intraclass correlation coefficient of 0.57 for repeated surveys on time spent watching television,
reading, and using the computer conducted two weeks apart (7).
In three separate items, participants were asked to indicate if they watched TV, watched
videos, and used the computer for ‘none’, ‘less than 1 hour’, ‘more than 1 hour’, ‘more than 2
hours’, ‘more than 3 hours’, ‘more than 4 hours’ or ‘more than 5 hours’ per day. Since these
response options were given as ranges, a time value that corresponded to the midpoint of each
option was assigned to participants as follows: 0, 30, 90, 150, 210, 270 and 330 minutes/day.
Since watching TV and watching videos are similar behaviours, the time spent in these domains
were summed into a single watching TV or videos variable. Furthermore, a total screen time
variable was created by summing the time spent watching TV, watching videos, and using the
computer.
In two separate items, participants also indicated whether they spent ‘no time’, ‘less than
1 hour’, ‘more than 1 hour’, ‘more than 2 hours’, ‘more than 3 hours’, or ‘more than 4 hours’ per
day reading and doing homework. As with screen time response options, a time value
corresponding to the midpoint was assigned to each of these options as follows: 0, 30, 90, 150,
210 and 270 minutes/day. A reading and doing homework variable was created by summing the
time spent reading and doing homework.
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Participants were put into groups of ‘≤120 minutes/day’ (meeting screen time
recommendations), ‘121-240 minutes/day’ (not meeting screen time recommendations), and
‘>240 minutes/day’ (double the screen time recommendations) based on their time spent
watching TV and videos and their total screen time (8). A ‘none’ group was not created as only a
small proportion of participants had no screen time. For computer use, reading, and homework,
participants were put into groups of ‘none’, ‘1-30 minutes/day’, ‘>30 minutes/day’. These cutpoints were chosen to maintain adequate sample sizes in each group; very few participants
responded that they spent ‘more than 1 hour’ using the computer or reading and very few spent
‘more than 2 hours’ doing homework. For combined time spent reading and doing homework,
participants were put into groups of ‘none’, ‘≤120 minutes/day’, and ‘>120 minutes/day’. Again,
these cut-points were chosen to maintain an adequate sample size in each group.
4.3.3. Measurement of type 2 diabetes
Diabetes cases were self-reported. In one study of British adults, 95% of self-reported
diabetes cases were confirmed with medical records, which suggests that diabetes can be
accurately reported (9). Pre-existing diabetes cases in 1986 (when participants were 16 years old)
were determined retroactively using data from the 2000 and 2004 cycles. In these cycles,
participants self-reported if they had diabetes and indicated how old they were when it was first
diagnosed. There were 31 pre-existing diabetes cases in 1986. These participants were removed
from analysis. Incident type 2 diabetes cases during the follow-up period were determined in the
1996-2016 cycles. In 1996, participants indicated whether or not they had diabetes. Additional
questions included in the 2000 cycle asked participants to indicate whether their diabetes was
insulin or non-insulin dependent. If their diabetes was described as insulin dependent (i.e., type
1), they were not considered an incident case and were censored in 1996. In the 2004-2016
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cycles, participants were again asked to indicate in a medical conditions checklist if they had
diabetes. Since type 1 diabetes is unlikely to be diagnosed past age 30, we assumed that any
newly reported cases of diabetes in the 2004-2016 cycles were cases of type 2 diabetes (10).
Figure 4.2 illustrates how incident diabetes cases were determined using data from the 19962016 cycles.
The follow-up length for participants who were never diagnosed with diabetes was
determined as the difference between 1986 and the last cycle in which they participated, with a
maximum follow-up length of 30 years (when participants were 46 years old). Those who
reported that they had type 2 diabetes in the 1996-2016 cycles were considered incident cases
and their follow-up length was determined as the difference between 1986 and the cycle in which
they first reported diabetes. If a participant inconsistently reported their diabetes (i.e., indicated
that they had diabetes in one cycle but not the next), they (n=18) were removed from analysis.
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Figure 4.2. Classification of type 2 diabetes in the sedentary behaviour analyses

Note. 1. Removed at baseline. 2. Follow until 1996. 3. Follow until 2000. 4. Follow until 2004. 5. Follow until 2008. 6. Follow until 2012.
7. Follow until 2016.
71

4.3.4. Confounding variables
Several confounding variables were considered. These were selected based on their
established associations with both sedentary behaviour and type 2 diabetes. Both timeindependent (i.e., were constant in all cycles) and time-dependent covariates (i.e., varied from
cycle to cycle) were included. The time-independent covariates, which were based on selfreported data from the 1986 cycle, were sex (male or female), ethnicity (white or non-white),
parental education (no qualifications, O-levels, A-levels or college degree or higher), and
adolescent health behaviours including fruit consumption (0-1, 2-3, 4-5, or 6-7 times per week),
sugary beverage consumption (none, 1-2 glasses per day, 3-4 glasses per day, or more than 4
glasses per day), takeout food eating (none, once per week, or twice or more per week), and
adolescent physical activity (physical activity quartiles based on the number, frequency, and
intensity of activities). Adult physical activity (no activity, active once or less per week, active 23 days per week, active 4-5 days per week, or active 6-7 days per week) was treated as a timeindependent covariate. This was determined as an average score from data collected in the 2000,
2004, 2012 and 2016 cycles. The time-dependent covariates, which were measured in every
cycle, were BMI category (not overweight, overweight, or obese using age-specific thresholds at
age 16 (11) and adult thresholds in the later cycles (12)), smoking status (non-smoker, occasional
smoker, or smoker), and personal education (none, National Vocational Qualification Level 1, 2,
3, 4, or 5). If a participant was missing time-independent covariate data, they were placed in a
‘missing’ category instead of being removed from analysis. If a participant was missing data for
a time-dependent covariate, the response from the previous cycle was carried forward. If a
participant was missing time-dependent covariate data in all cycles, they were placed in a
‘missing’ category.
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4.3.5. Statistical analyses
Statistical analyses were performed using SAS Version 9.4 (SAS Institute Inc.). Standard
descriptive statistics (i.e., proportions, percentile scores) were used to describe the cohort at
baseline. Chi-square tests were used to compare baseline data proportions between those who
developed and those who did not develop type 2 diabetes. Cox proportional hazards regression
was used to examine the relationship between the sedentary behaviour variables at age 16 and
the risk of developing type 2 diabetes during the follow-up period. The proportional hazards
assumption was tested and held for all models. Interactions between sex and the sedentary
behaviour variables were tested and since none of these were significant, males and females were
included in the same analyses. For each sedentary behaviour variable, three Cox models with
different covariates were fit. Model 1 was limited to the primary exposure variable, the sedentary
behaviour characteristic at age 16. Model 2 also included the confounding variables; a stepwise
elimination using a liberal p-value of 0.2 was used to remove confounding variables that were
not associated with the outcome. Model 3 adjusted for the other sedentary behaviour
characteristics in addition to the confounding variables used in Model 2.
4.4. Results
Descriptive characteristics of the 3942 participants included in the final analyses are
displayed in Table 4.1. Slightly more than half were female (55.9%) and the majority were
Caucasian (74.9%). At baseline, most participants had a BMI in the normal range (48.2%) and
were non-smokers (56.1%). There were significant differences in baseline BMI category
(p<.0001), parental education (p=0.02), fruit consumption (p=0.04), and sugary beverage
consumption (p=0.02) between those who developed and did not develop type 2 diabetes during
follow-up.
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Table 4.1. Descriptive characteristics of participants at baseline in 1986

Sex
Male
Female
Missing
Ethnicity
White
Other
Missing
BMI category
Not overweight
Overweight
Obese
Missing
Parental education
No qualifications
O-levels
A-levels
Degree or higher
Missing
Smoking status
Non-smoker
Occasional smoker
Smoker
Missing
Fruit consumption
0-1 times/week
2-3 times/week
4-5 times/week
6-7 times/week
Missing
Sugary beverage consumption
None
1-2 glasses/day
3-4 glasses/ day
>4 glasses/day
Missing
Takeaway per week
None
1 time/week
>2 times/week
Missing
Physical activity at age 16
Quartile 1
Quartile 2
Quartile 3
Quartile 4

All
participants
(n=3942)

Participants who
developed type 2 diabetes
(n=91)

Participants who did not
develop type 2 diabetes
(n=3851)

1738 (44.1)
2204 (55.9)
0

49 (53.9)
42 (46.1)
0

1689 (43.9)
2162 (56.1)
0

p

0.06

0.39
2953 (74.9)
115 (2.9)
874 (22.2)

66 (72.5)
1 (1.1)
24 (26.4)

2887 (75.0)
114 (3.0)
850 (22.1)

1900 (48.2)
247 (6.3)
43 (1.1)
1752 (44.4)

21 (23.1)
19 (20.9)
6 (6.6)
45 (49.5)

1879 (48.8)
228 (5.9)
37 (1.0)
1707 (44.3)

518 (13.1)
953 (24.2)
268 (6.8)
879 (22.3)
1324 (33.6)

20 (22.0)
15 (16.5)
9 (9.9)
14 (15.4)
33 (36.3)

498 (12.9)
938 (24.4)
259 (6.7)
865 (22.5)
1291 (33.5)

2212 (56.1)
1005 (25.5)
682 (17.3)
43 (1.1)

49 (53.9)
19 (20.9)
23 (25.3)
0

2163 (56.2)
986 (25.6)
659 (17.1)
43 (1.1)

451 (11.4)
890 (22.6)
871 (22.1)
1090 (27.7)
640 (16.2)

18 (19.8)
26 (28.6)
15 (16.5)
21 (23.1)
11 (1.7)

433 (11.2)
864 (22.4)
856 (22.2)
1069 (27.8)
629 (16.3)

676 (17.2)
1224 (31.1)
680 (17.3)
595 (15.1)
767 (19.5)

9 (9.9)
41 (45.1)
18 (19.8)
11 (12.1)
12 (13.2)

667 (17.3)
1183 (30.7)
662 (17.2)
584 (15.2)
755 (19.6)

1545 (39.2)
1456 (36.9)
747 (19.0)
194 (4.9)

34 (37.4)
28 (30.8)
26 (28.6)
3 (3.3)

1511 (39.2)
1428 (37.1)
721 (18.7)
191 (5.0)

864 (21.9)
1019 (25.9)
1037 (26.3)
1022 (25.9)

22 (24.2)
19 (20.9)
23 (25.3)
27 (29.7)

842 (21.9)
1000 (26.0)
1014 (26.3)
995 (25.8)

<0.0001

0.02

0.15

0.04

0.02

0.11

0.65
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There was a total of 105,690 person-years of follow-up. The average follow-up length
was 26.8 years with a range of 10 to 30 years. There were 91 incident cases of type 2 diabetes
with an incidence rate of 9 cases/10,000 person-years.
Table 4.2 shows the incidence rates and hazard ratios (HRs) for the risk of type 2 diabetes
in adulthood based on screen-based sedentary behaviours at age 16. Prior to controlling for
confounding variables (model 1), there was an increased risk of developing type 2 diabetes in
those who watched TV and videos for >240 minutes/day (HR=2.31, 95% CI=1.41, 3.78) but not
in those who watched TV and videos for 121-240 minutes/day (HR=0.99, 95% CI=0.60, 1.63) by
comparison to those who watched for ≤120 minutes/day. This risk estimate in the >240
minutes/day group was attenuated but remained significant after adjusting for the confounding
variables (model 2, HR=2.01, 95% CI=1.22, 3.32) and other sedentary behaviours (model 3,
HR=2.06, 95% CI=1.24, 3.43). Total screen time levels >240 minutes/day were also significantly
associated with an increased risk of type 2 diabetes after controlling for confounding variables
and non-screen based sedentary behaviours (model 3, HR=1.86, 95% CI=1.13, 3.06). However,
computer use on its own was not associated with diabetes risk with fully adjusted HR of 1.21
(95% CI=0.52, 2.84) in the group who used a computer for 1-30 minutes/day and 1.11 (95%
CI=0.44, 2.80) in the group who used a computer for >30 minutes/day. BMI is a possible
mediator between sedentary behaviour and type 2 diabetes, so models 2 and 3 were re-run
without BMI. Since this did not change the association, BMI was treated as a confounding
variable in the analysis.
Table 4.3 shows the HRs for the risk of type 2 diabetes based on non-screen based
sedentary behaviours at age 16. Homework, reading, and the combined time spent in homework
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and reading were not associated with diabetes risk in any of the models. In the fully adjusted
model, the HRs were 1.13 (95% CI=0.67, 1.86) in the group who spent >30 minutes/day doing
homework, 1.13 (95% CI=0.62, 2.07) in the group who spent >30 minutes/day reading, and 1.24
(95% CI=0.68, 2.27) in the group who spent >120 minutes/day doing homework and reading.
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Table 4.2. Risk of type 2 diabetes in adulthood according to screen-based sedentary behaviours at age 16
Hazard ratio (95% confidence interval) for type 2 diabetes
N

Personyears of
followup

Number of
cases of
type 2
diabetes

Type 2
diabetes
cases/10,000
person-years

Model 1a

Model 2b

Model 3c

Watching TV and videos
≤120 minutes/day
121-240 minutes/day
>240 minutes/day

1857
1404
681

49,910
38,012
17,768

36
27
28

7
7
16

1
0.99 (0.60, 1.63)
2.31 (1.41, 3.78)d

1
0.89 (0.54, 1.47)
2.01 (1.22, 3.32)d

1
0.89 (0.54, 1.47)
2.06 (1.24, 3.43)d

Computer
None
1-30 minutes/day
>30 minutes/day

3606
197
139

96,920
5128
3642

80
6
5

8
12
14

1
1.43 (0.63, 3.29)
1.71 (0.69, 4.22)

1
1.20 (0.52, 2.81)
1.26 (0.50, 3.16)

1
1.21 (0.52, 2.84)
1.11 (0.44, 2.80)

Total screen time
≤120 minutes/day
121-240 minutes/day
>240 minutes/day

1821
1385
736

48,950
37,478
19,262

36
25
30

7
7
16

1
0.91 (0.55, 1.52)
2.23 (1.37, 3.62)d

1
0.83 (0.50, 1.39)
1.85 (1.13, 3.04)d

1
0.83 (0.49, 1.38)
1.86 (1.13, 3.06)d

a

Unadjusted
Adjusted for sex, BMI category, intake of sugary beverages, smoking status, physical activity at baseline and physical activity in adulthood. Ethnicity,
parental education, fruit consumption, and takeout eating were removed during the stepwise elimination process.
c
Adjusted for model 2 plus other sedentary behaviour variables
d
Statistically significant at p<.05
b

77

Table 4.3. Risk of type 2 diabetes in adulthood according to non-screen based sedentary behaviours at age 16
Hazard ratio (95% confidence interval) for type 2 diabetes
N

Personyears of
followup

Number of
cases of
type 2
diabetes

Type 2
diabetes
cases/10,000
person-years

Model 1a

Model 2b

Model 3c

Homework
None
1-30 minutes/day
>30 minutes/day

2512
373
1057

67,060
10,022
28,608

59
9
23

9
9
8

1
1.01 (0.50, 2.04)
0.89 (0.55, 1.44)

1
1.12 (0.55, 2.26)
1.05 (0.65, 1.72)

1
1.13 (0.56, 2.31)
1.13 (0.67, 1.86)

Reading
None
1-30 minutes/day
>30 minutes/day

2246
1082
614

59,986
29,148
16,556

47
30
14

8
10
8

1
1.30 (0.82, 2.05)
1.07 (0.59, 1.94)

1
1.39 (0.87, 2.20)
1.15 (0.63, 2.10)

1
1.39 (0.87, 2.22)
1.13 (0.62, 2.07)

Reading and doing homework
None
1479 39,220
31
8
1
1
1
1-120 minutes/day
1643 44,338
43
10
1.20 (0.75, 1.90)
1.34 (0.84, 2.14)
1.37 (0.86, 2.19)
>120 minutes/day
820
22,132
17
8
0.94 (0.52, 1.70)
1.16 (0.64, 2.12)
1.24 (0.68, 2.27)
a
Unadjusted
b
Adjusted for sex, BMI category, intake of sugary beverages, smoking status, physical activity at baseline and physical activity in adulthood. Ethnicity,
parental education, fruit consumption, and takeout eating were removed during the stepwise elimination process.
c
Adjusted for model 2 plus other sedentary behaviour variables
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4.5. Discussion
The objective of this study was to determine if time spent in different types of sedentary
behaviour in adolescence are associated with the risk of developing type 2 diabetes in adulthood.
We observed that 16-year-olds who watched TV and videos for more than 4 hours/day had a
twofold increased risk for type 2 diabetes prior to age 46. This association was independent of
physical activity and several other behavioural and sociodemographic factors. Time spent using a
computer, doing homework, and reading at age 16 were not associated with type 2 diabetes risk.
Our finding that adolescent screen time levels were associated with the risk of type 2
diabetes is consistent with previous cross-sectional literature in adolescents. A systematic review
reported that 3 out of 3 original studies examining the association between screen time and a
composite cardiometabolic risk score found significant associations (2). Another review of 8
cross-sectional studies found that high screen time was not associated with metabolic syndrome
when 2 hours/day was used as the cut-point to define high screen time (13). However, that
review noted that the two studies that used a 5 hours/day cut-point to define high screen time
both reported that high screen time was associated with an increased odds of metabolic syndrome
(14, 15). This observation is similar to our findings that the risk of type 2 diabetes was not
increased for adolescents with screen time levels of 2-4 hours/day but increased by twofold in
adolescents with screen time levels in excess of 4 hours/day. Our findings are also consistent
with two previous reviews of the adult screen time literature, both of which reported that
excessive TV viewing in adulthood is a risk factor for type 2 diabetes (16, 17).
To my knowledge, only one study has examined the association between adolescent
sedentary behaviour and type 2 diabetes risk in adulthood. This study examined screen-based
sedentary behaviours and physical activities in participants aged 11-21 years old (n=3717) who
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were followed over 14 years (4). A cluster analysis was used to classify participants into one of
three groups: low physical activity/low sedentary behaviour, low physical activity/high sedentary
behaviour, and high physical activity/low sedentary behaviour. Youth in the low physical
activity/high sedentary behaviour cluster had a 69% increased likelihood of developing type 2
diabetes compared to youth in the low physical activity/low sedentary behaviour cluster. This is
consistent with our findings, which found that higher screen time in adolescence is associated
with an increased risk of type 2 diabetes in adulthood independent of physical activity.
However, the study simply looked at high versus low sedentary behaviour and did not consider
non-screen based sedentary behaviours. Thus, it was unknown whether adolescent non-screen
based behaviours increased the risk of type 2 diabetes.
As noted in a recent systematic review, limited research has considered whether nonscreen based sedentary behaviours are associated with cardiometabolic risk factors (2, 13). One
cross-sectional study found that reading was not associated with a cardiometabolic risk score,
fasting serum insulin, or fasting blood glucose (18). A majority of studies considering non-screen
based sedentary behaviours have assessed total sedentary time and have compared the
association with health outcomes for total sedentary time to those for screen time. These studies
have reported that screen time but not total sedentary time in adolescence is associated with
cardiometabolic risk factors (19). This suggests that non-screen based sedentary behaviours are
not associated with these factors. This is consistent with our findings, which show that
homework and reading are not associated with type 2 diabetes risk. However, it should be noted
that few participants spent more than 2 hours/day reading and doing homework, so it is unknown
if very high levels of these sedentary behaviours influence type 2 diabetes risk. For screen time,
type 2 diabetes risk was only increased in the group with values of 4 or more hours/day. More
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research is needed to gain a clearer understanding of the role non-screen based sedentary
behaviours have on health.
The findings of this study have important implications for public health. Our findings
suggest that policies, programs, and interventions that aim to reduce sedentary behaviour should
emphasize screen-based sedentary behaviours, as these are most strongly associated with type 2
diabetes risk. Screen time has been associated with other unhealthy behaviours such as increased
snacking, increased consumption of sugar sweetened beverages, and decreased consumption of
fruits and vegetables, which may explain this increased risk (20). Another important implication
of our findings relates to the cut-point used in sedentary behaviour guidelines to denote
unacceptable screen time levels. Current public health guidelines in Canada and several other
countries recommend that screen time should be limited to 2 hours/day (21). We observed that
the risk of diabetes was not increased in adolescents who accumulated 2-4 hours of screen time
per day. It was not until 4 or more hours that this risk was increased. This suggests that the
guidelines may be overly conservative, at least when it comes to type 2 diabetes risk.
This study was not without its limitations. The self-reported nature of the exposure,
outcome, and confounding variables means that the study measures were subject to recall bias
and measurement error which likely biased the observed associations. Additionally, there may
have been some residual confounding, as some important confounders were not measured or
controlled for (e.g., family history, income, etc.) or were subject to missing data. Furthermore, it
would have been ideal to have some measure of sedentary behaviour in adulthood to see if the
association between adolescent sedentary behaviour and type 2 diabetes risk was independent of
what was done in adulthood. Another limitation, which is unavoidable in a longitudinal study of
sedentary behaviours, is that the adolescent sedentary behaviours, especially screen time, were
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considerably different at baseline (in this case in 1986) than they are today. As evidence of this,
only 8.5% of the participants included in our study indicated that they spent any time on a
computer in 1986. By comparison, recent statistics for the UK suggest that ~95% of youth have
an internet connection at home and own a smartphone (22). Even TV watching is much different
today than it was in the past. In 1986, TV shows were largely watched on a family TV in 30 or
60-minute increments on a limited number of channels that showed preprogrammed content for
limited hours (e.g., 12 channels with no programming from 00:00 to 6:00). This is unlike
watching TV programs today; there are multiple viewing platforms (e.g., TV, tablet, smartphone,
computer monitor) and an almost infinite amount of widely accessible content that can be
watched at any time. Thus, it is difficult to determine if these results from adolescents in the
1980s are generalizable to youth today.
In conclusion, there was an increased risk for type 2 diabetes in those who watched TV
and videos for >4 hours/day and those with >4 hours/day of screen time. Those who watched less
than this were not at an increased risk for type 2 diabetes. Computer use, reading, and doing
homework were not associated with type 2 diabetes risk. These findings highlight adolescence as
an important window for type 2 diabetes risk. This opens the door for future research to examine
whether adolescent sedentary behaviours, especially screen time, are associated with other
diseases (e.g., cardiovascular disease, cancer) that typically occur in adulthood.
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4.6. Funders of the 1970 British Cohort Study
The 1970 British Cohort Study was funded by several sources, which varied between
cycles. The funders for each cycle are listed below.

Table 4.4. Funders of the 1970 British Cohort Study
Cycle
Funders
1986

Economic and Social Research Council

1996

Economic and Social Research Council
Royal Free Hospital
International Centre for Child Studies

2000

Economic and Social Research Council

2004

Economic and Social Research Council
National Research and Development Centre
for Adult Literacy and Numeracy
European Social Fund
International Centre for Child Studies

2008

Economic and Social Research Council

2012

Economic and Social Research Council

2016

Economic and Social Research Council
Medical Research Council
British Heart Foundation
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Chapter 5
Discussion
5.1. Summary of key findings
The objectives of this thesis were to explore whether adolescent physical activity and
sedentary behaviour are associated with the development of type 2 diabetes. Data from the 1970
British Cohort Study were used to determine whether adolescent physical activity and sedentary
behaviours at age 16 were associated with type 2 diabetes in adulthood. At age 16, participants
were asked to select which physical activities they participated in and how often they did them.
They were also asked to indicate how much time they watched TV and videos, used the
computer, read and did homework. These questions served as the basis for the physical activity
and sedentary behaviour exposure measures.
The first manuscript examined the association between adolescent physical activity levels
and the development of type 2 diabetes. This study found a U-shaped association where, by
comparison to the first quartile of activity (i.e., the lowest amount of activity), those in quartile 2
were at a significantly decreased risk for type 2 diabetes (HR=0.57, 95% CI=0.34, 0.96) while
those in quartiles 3 (HR=0.74, 95% CI=0.46, 1.20) and 4 (HR=1.05, 95% CI=0.67, 1.65) were
not. This finding was unexpected as previous studies examining adolescent physical activity and
cardiometabolic biomarkers, as well as studies of physical activity and diabetes risk in adult
populations, have found dose-response relationships (1, 2).
The second manuscript examined the association between different types of sedentary
behaviour and the development of type 2 diabetes. The primary finding was that time spent
watching TV and videos was associated with type 2 diabetes risk, whereby those that spent over
240 minutes/day in these activities had a significantly greater risk (HR=2.06, 95% CI=1.24,
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3.43) than those who watched TV and videos for 120 minutes/day or less. Time spent using the
computer, reading, and doing homework were not significantly associated with an increased risk
of type 2 diabetes. These findings were expected, as they were consistent with prior literature
that has shown that adolescent screen based sedentary behaviours, but not non-screen based
sedentary behaviours, are associated with cardiometabolic biomarkers (3). Additionally, the
findings are biologically plausible, as increased screen time has been linked to risk factors for
type 2 diabetes (e.g., increased adiposity, high blood pressure) (3).
5.2. Overall strength of the thesis
This thesis had several methodological strengths. It used data from a large birth cohort
study whereby all participants born in the UK in the same week were included in the study. The
longitudinal nature of the data allowed us to establish temporality for the relationship between
adolescent physical activity and sedentary behaviour and type 2 diabetes risk. The long followup length of 30 years allowed adequate time for cases to develop and followed participants from
adolescence to adulthood, which, from a practical and logistical standpoint, is difficult to do.
Further, time to diagnosis could be ascertained and time-dependent covariates could be created
because of the repeated surveys conducted over the 30 years. This allowed us to get a more
accurate depiction of the covariate profile of the participant and to more accurately determine
incidence of the disease over time. The prospective nature of the cohort decreased the magnitude
of recall error, as participants were reporting on their behaviours at the time that each cycle took
place.
This study also provided novel insights into the longitudinal relationship between
adolescent movement behaviours and health. This was the first study to examine whether nonscreen based sedentary behaviours in adolescence were associated with type 2 diabetes risk in
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adulthood. This provides important evidence as to whether certain types of sedentary behaviour
should be targeted in youngsters. Furthermore, this was the first study to examine whether
adolescent physical activity predicts type 2 diabetes risk independent of adult physical activity,
which may highlight adolescence as a critical window for metabolic health.
5.3. Overall limitations
This thesis was not without limitations, most of which were similar in the two
manuscripts. It is important to consider how these limitations influenced the internal validity and
external validity of the study.
5.3.1. Internal validity
Internal validity refers to the extent to which the observed results of the study reflect the
true association in the study population (4). Internal validity can be influenced by both selection
bias and information bias. Selection bias refers to a bias that occurs when the participants in a
study differ from those who did not participate in a systematic way (4). Information bias refers to
bias that occurs in the measurement of the variables (4).
Selection bias may have occurred due to the fairly low response rate to the physical
activity (45%) and sedentary behaviour (38%) questionnaires included in the 1986 cycle. Cohort
members who did not respond to these questionnaires were more likely to be male and have
lower parental education by comparison to cohort members who responded. Although this may
have influenced the descriptive data that was presented in this paper, it likely did not influence
the relationships between the movement behaviours and type 2 diabetes, as there was no
significant interaction between sex and the exposure variables. However, this low response rate
likely impacted the power of the study and the ability to detect weak associations. Further,
findings that were on the verge of statistical significance may have become statistically
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significant with increased power. For example, the p-value for the 1.39 hazard ratio for the group
who read for 1-30 minutes/day was 0.17, which may have become significant with a larger
sample size.
It is also important to consider the degree to which participants remained in the study
during the follow-up period. Out of those that responded to the physical activity and sedentary
behaviour questionnaires at age 16, only ~10% were lost during the 30-year follow-up. It is
difficult to tell whether the association between physical activity and sedentary behaviour and
type 2 diabetes risk differed in these participants.
There were several possible sources of information bias in this thesis research. Most
notably, social desirability and recall biases likely led to measurement error (i.e.,
misclassification) of the exposure variables, covariates, and the outcome (5). As explained in the
following paragraphs, this measurement error would have biased the observed hazard ratios.
Social desirability bias occurs when participants respond to answers in a way that they
believe will make them favourable to the researcher (5). It is possible that social desirability bias
affected the exposure and outcome variables. There may have been misclassification in the
physical activity variable, as participants may have reported that they participated in more
activities and/or participated more frequently to appear desirable in the eyes of the researchers.
Social desirability bias may have also led to misclassification in the sedentary behaviour
variable, as participants may have under reported their true screen time to appear more
favourable. It is also possible that social desirability bias affected the outcome, as participants
may have failed to report their diabetes due to perceived stigma surrounding the disease (i.e.,
type 2 diabetes may be equated with unhealthy dietary behaviours and low activity levels). Since
there is nothing to suggest that the magnitude of social desirability biases of the exposures varied
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according to the outcome status, nor did the magnitude of social desirability bias of the outcome
vary according to exposure status, these biases were likely non-differential and would have
biased the observed associations towards the null. Recall bias refers to measurement error that
occurs when participants have difficulty remembering past information (5). Recall bias may
have affected the exposure variables. It is possible that this may have led to misclassification in
the physical activity variable, as participants were asked to indicate what activities they
participated in during the last year. There may have also been some recall error in the sedentary
behaviour variables, as participants may have had difficulty remembering the total amount of
time spent in activities the previous day. This is especially true if sedentary time was
accumulated in bouts throughout the day, as participants would have to recall and then sum the
time spent in all bouts. While recall bias may have occurred in the exposure variables and
covariates, this bias would likely not be as pronounced as responses in a retrospective cohort or
case-control study because participants do not have to remember as far back. Further, there is no
indication that the extent of recall bias of the exposure variables would have differed according
to outcome status. If this is the case, there would be non-differential misclassification of the
variables and the results would bias towards the null.
In addition to social desirability and recall biases, it is important to consider other forms
of measurement error that could have occurred. There was misclassification in the physical
activity exposure variable that occurred when the physical activity compendiums were used to
assign the MET intensity values of each activity. This assignment process assumed that all
participants were partaking in the activity at the same intensity all the time, which is likely not
the case. This misclassification was likely non-differential, as there is no indication that this error
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affected those who developed type 2 diabetes more than those who did not. If this was the case,
these results would likely be biased towards the null.
There may have also been measurement error due to a loss of precision and sensitivity
that occurred with the response options. For the physical activity exposure variable, this likely
occurred due to the low ceiling effect created by the maximum frequency of activity being set at
once per week. This meant that those who participated several times per week were placed in the
same category as those who participated once per week. Further, continuous physical activity
values were turned into an ordinal variable (quartiles), which likely led to a loss of sensitivity
and weakened the association between physical activity and type 2 diabetes. This loss of
precision and sensitivity may have also occurred in the sedentary behaviour exposure variables.
Since the amount of time spent in sedentary behaviours was reported as a 60-minute range in an
ordinal response option, it was impossible to tell exactly how much time the participant actually
spent sedentary. The time that corresponded to the midpoint for each response option was
assigned to all participants who selected that option, which would have overestimated or
underestimated most participants’ true sedentary time and led to misclassification. As with the
physical activity values, continuous sedentary behaviour variables were turned into ordinal ones,
which lead to a loss of sensitivity and weakened associations between sedentary behaviours and
type 2 diabetes.
It is also possible that participants were misclassified because their reported sedentary
behaviour differed from their habitual levels. At baseline, participants were asked to indicate
how much sedentary time was accumulated the previous day. It is possible that this day was not
reflective of their habitual sedentary behaviour levels. It is difficult to determine to what extent
there was misclassification, but it is unlikely that there was differential misclassification between
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those who developed and did not develop type 2 diabetes. As such, the associations between
sedentary behaviours and the development of type 2 diabetes was likely biased towards the null.
Another possible source of bias relates to confounding. Although several important
covariates were controlled for in analyses for both manuscripts, some potential confounders were
not measured and therefore could therefore not be controlled for (e.g., family history of diabetes,
adult sedentary behaviours). It is also possible that there was misclassification in the
confounding variables due to selection bias, social desirability bias, recall bias and other forms of
error. For example, adult activity was not measured in every cycle, so an average had to be taken
of the values from other cycles which may not have been indicative of the participant’s true
activity status. It is possible that the findings in both manuscripts were biased towards or away
from the null due to imprecise measurement of a known confounder or the presence of an
unmeasured confounder.
Lastly, this study assessed medically diagnosed diabetes and undiagnosed diabetes cases
would have led to additional misclassification in the outcome variable. In the UK, approximately
1 in 4 people with type 2 diabetes are undiagnosed (6). While it is difficult to determine the
physical activity and sedentary behaviour patterns of these undiagnosed cases at baseline, we
have no reason to believe that misclassification of type 2 diabetes differed between the physical
activity quartiles or sedentary behaviour groups. If this was the case, there was likely an
underestimation of the effect.
5.3.2. External validity
External validity refers to the extent to which results of a study are generalizable to other
populations (4). In this section I consider whether the results of my thesis research are
generalizable to: 1) other people from the UK who were born around 1970, 2) other populations
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outside of the UK, and 3) the current generations of adolescents who were born more than 30
years after the 1970 British Cohort Study participants.
It is important to consider whether these findings could be generalizable to people born at
a similar time in the UK as those included in this study. All people born in the week starting
April 5, 1970 in the UK were included in the study. It is unlikely that people born in this 7-day
period are systematically different from other children born in the UK at other times of the year.
Further, the prevalence of type 2 diabetes in the general population of the UK for those aged 46
is approximately 3.4%, which is similar to the incidence rate of 2.8% observed in this study
between ages 16 and 46 (7). It is therefore highly likely that these findings are generalizable to
people of a similar age in the UK.
It is also important to consider whether these findings are generalizable to populations
born at a similar time outside of the UK. The UK is a high-income country and the study sample
was 97% Caucasian. As such, these findings are most generalizable to countries with a similar
income status and race characteristics (e.g., Canada, France). Additionally, the types of physical
activity done in the UK may be different from those done in other populations. In the UK, the
most popular physical activity in those aged 11-15 was soccer (8), whereas Canadian youth aged
3-17 participated most in swimming (9). However, this would only affect generalizability if the
type of physical activity affected the association between physical activity and type 2 diabetes. In
our study, there was no indication that the association differed between team and individual
activities. Thus, these results are likely generalizable to populations born at a similar time outside
of the UK with similar socioeconomic and demographic characteristics.
As with any longitudinal research, it is important to consider whether results are
generalizable across generations. The way that physical activity is done by adolescents today
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may differ from what adolescents did a generation ago. There is some indication of a slight
decrease in organized sport and active transport, while exercise and non-organized sport have
increased in youth (10, 11). Additionally, the ways in which sedentary behaviour is performed
today is different from 1986, the baseline for this thesis. At that time, there were set hours and
schedules for television programs and shows were usually watched on a family television. This is
unlike today, where shows can be watched on a variety of platforms (i.e., TVs, tablets,
smartphones) at any time. Furthermore, computers are far more accessible than they were in the
past and are used for a wider variety of purposes (e.g., gaming, coding, social media, browsing
the web, etc.). Thus, it is difficult to determine whether these findings are generalizable to youth
today.
5.4. Causation
It is important to consider whether the associations observed in this thesis research are
likely to be causal. In epidemiology, Bradford-Hill’s criteria are often examined to determine the
likelihood that an observed association is causal (12). Five of these criteria are typically
considered: temporality, strength of association, consistency, dose-response relationship, and
biological plausibility.
5.4.1. Temporality
Temporality occurs when the exposure precedes the development of the outcome of
interest (12). The longitudinal nature of the analyses in both manuscripts suggests that
temporality could be verified.
5.4.2. Strength of association
Strength of association refers to the notion that stronger associations are more likely to be
causal than weak associations (12). There was a modest association (HR=0.57) between
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adolescent physical activity and type 2 diabetes risk in the second quartile of activity. A modest
association was seen between both watching TV and videos (HR=2.06) and total screen time
(HR=1.86) in adolescence and type 2 diabetes risk. This suggests that these associations are less
likely to have arisen due to chance or an outside variable.
5.4.3. Consistency
This criterion suggests that an association is more likely to be causal if similar results are
seen in several different populations and across different study designs (12). The results of
manuscript 1 were inconsistent with previous literature in both adolescents and adults, which
have found that MVPA is associated with cardiometabolic biomarkers and type 2 diabetes risk,
respectively, in a dose-response manner (1, 2). To my knowledge, only one study has examined
whether adolescent physical activity is associated with type 2 diabetes (13). It is difficult to
compare the U-shaped findings seen in our study to that study, which looked at whether those
with high physical activity and low sedentary behaviour were at a lower risk of developing type
2 diabetes compared to those with low physical activity and low sedentary behaviour. That study
found no significant differences in risk between the groups, but they did not look at multiple
levels of activity. Thus, it appears that consistency was not seen for the findings of manuscript 1.
The results of manuscript 2 were consistent with previous literature in both adolescents
and adults, which have largely found that increased screen time is associated with poor metabolic
health (3, 14). Lee et al. (13) found that adolescents with low physical activity and high
sedentary behaviour were at an increased risk of type 2 diabetes compared to those with low
physical activity and low sedentary behaviour. It is important to note that the sedentary
behaviour measured in that study was screen time and did not consider non-screen based
sedentary behaviours, so it is difficult to determine whether our findings for non-screen based
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sedentary behaviours are consistent with prior literature. Previous studies in adolescents have
suggested that non-screen based sedentary behaviours are not associated with cardiometabolic
risk, which aligns with our findings, but this needs to be studied further (1, 15). It appears that
this criterion for causality was met for the findings of manuscript 2.
5.4.4. Dose-response relationship
An association is more likely to be causal if a dose-response relationship is seen, where
the outcome increases with a higher dose of the exposure (12). In manuscript 1, there was a Ushaped association between adolescent physical activity levels and type 2 diabetes risk. While an
association may plateau after a certain level of activity, it is unlikely that increased physical
activity would be associated with a greater risk of type 2 diabetes. Thus, a dose-response
relationship was not seen between adolescent physical activity and type 2 diabetes risk.
In manuscript 2, there was a dose-response relationship between watching TV and videos
and type 2 diabetes risk. This was also seen between total screen time and type 2 diabetes risk.
Thus, this criterion of causality was met for the association between screen time and type 2
diabetes risk.
5.4.5. Biological plausibility
This criterion posits that an association is more likely to be causal if it is consistent with
existing biological knowledge (12). The finding that small, but not moderate or large, amounts of
physical activity are associated with a decreased risk of type 2 diabetes is in conflict with
biological plausibility. It would be reasonable to assume that increases in activity would be
associated with a decrease in type 2 diabetes risk, as increased activity has been associated with a
decrease in risk factors for type 2 diabetes (e.g., adiposity, blood glucose levels) (16). Thus, this
criterion of causality is not met for the findings of manuscript 1.
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The findings of the sedentary behaviour analysis are biologically plausible, as increases
in sedentary behaviour have been linked to increased adiposity (3). These increases in adiposity
have been linked to increased blood insulin and impaired insulin signaling, two risk factors for
type 2 diabetes (17, 18). This increase in adiposity is more marked in screen time behaviours,
which may be due to screen time’s associations with unhealthy dietary behaviours (19). These
unhealthy dietary behaviours have then been linked to obesity and poor cardiometabolic health
(19). However, associations between these unhealthy dietary behaviours and non-screen based
sedentary behaviours have not been observed. It is therefore biologically plausible that screen
based sedentary behaviours, but not non-screen based sedentary behaviours, are associated with
type 2 diabetes risk.
5.5. Future research directions
This study highlights adolescent movement behaviours as being important for health.
Manuscript 1 noted that adolescent physical activity was only associated with type 2 diabetes
risk when a small amount of physical activity is done. However, these findings were in conflict
with prior literature and several criteria for causality, so these results should be interpreted with
caution. Future research should consider whether adolescent physical activity levels are
associated with type 2 diabetes development in adulthood while using a more robust measure of
physical activity.
This is the first study to examine adolescent non-screen based sedentary behaviours and
their associations with type 2 diabetes in adulthood. More research is needed to determine
whether these behaviours are associated with type 2 diabetes. While this study provided some
evidence that screen time behaviours could be detrimental to metabolic health in adulthood, it
was limited to TV and computer use as measures of screen time. Future research should consider
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the use of tablets and cell phones in addition to these measures. Studies should also consider
whether adolescent physical activity and sedentary behaviour are associated with other diseases
that typically occur in adulthood such as cancer or cardiovascular disease. Finally, research
should determine if sleep in adolescence is associated with these diseases, as it would be
beneficial to see whether the movement behaviour composition of an adolescent’s day is
associated with type 2 diabetes risk.
5.6. Public health relevance
This study has several important findings for public health. Our results suggest that
physical activity does not necessarily affect type 2 diabetes risk in adulthood and therefore does
not add to the evidence that physical activity during adolescence is beneficial for metabolic
health. The null findings seen in our research are overwhelmed by a large body of evidence that
supports physical activity’s role in several physical, mental, and social health outcomes (1, 20).
Thus, our findings should not change the thinking surrounding the promotion of physical activity
during adolescence. However, more research should look at this association. Opposingly, our
findings indicate that large amounts of time spent in screen based sedentary behaviours, but not
non-screen based sedentary behaviours, are associated with an increased risk of type 2 diabetes.
These findings add to evidence that screen time is detrimental to metabolic health and supports
the need for more research to be done on how these behaviours in adolescence affect adult
health.
Diabetes prevention strategies at the population level have largely focused on adults with
impaired glucose tolerance and have suggested that attention should be paid to improving
physical activity and dietary patterns (21). The findings of this paper highlight adolescence as a
critical window for type 2 diabetes development in terms of screen time. Our findings provide
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some indication that preventative strategies should be aimed at an earlier age to effectively
reduce the risk of type 2 diabetes. Screen time was also found to be a risk factor independent of
physical activity, which suggests that interventions aimed at physical activity alone may not
sufficiently decrease the risk of developing type 2 diabetes in adulthood. However, there is no
indication from these results that time spent reading or doing homework should be decreased in
adolescents. Thus, our findings indicate that interventions should aim to reduce screen time but
not target non-screen based sedentary behaviours.
These findings also suggest that current screen time recommendations, which dictate that
children and adolescents should limit screen time to 2 hours/day (22), may be too conservative
with reference to type 2 diabetes risk as diabetes risk was not increased until a threshold of 4
hours/day of screen time was surpassed. While this thesis provides some evidence that screen
time guidelines may be conservative, more research is needed to determine whether this is truly
the case.
5.7. Summary of MSc experience
Over the course of my degree in the School of Kinesiology and Health Studies, I have
increased my knowledge and developed several skills in the field of physical activity
epidemiology. In the first year of my studies, I took courses that expanded my knowledge in the
fields of epidemiology, public health and statistics. I also completed an independent study where
I critically reviewed literature pertaining to several important areas of physical activity
epidemiology. In the School of Kinesiology and Health Studies graduate statistics course, we
learned how to use SPSS. This software platform was not sophisticated enough for the statistics
done in this thesis. As such, I taught myself how to use and complete fairly complex statistical
techniques in SAS. In both years of study, I acted as a teaching assistant for courses in the
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School of Kinesiology and Health Studies, where I reinforced my knowledge of principles
related to physical activity epidemiology. In one of these courses, I was able to present a guest
lecture on sedentary behaviour and its associations with health. This allowed me to explore this
topic even further and to practice the dissemination of information to an audience with little
epidemiological knowledge.
In terms of my thesis research, I conceptualized the idea to explore the association
between adolescent movement behaviours and diseases that occur in adulthood. I identified,
applied for, and gained access to data from a large birth cohort study that would allow me to
address my research question. After accessing this data, multiple data sets had to be cleaned and
combined using SAS to create a larger database. This was a fairly complex and tedious process,
as the ways in which the data were presented were inconsistent across cycles and the
documentation was often poorly organized and at times incomplete. After creating this database,
I created my exposures, outcomes, and time-dependent covariates by cleaning and standardizing
variables across cycles and using these in a complex statistical procedure. I then interpreted these
results and presented them in two manuscripts for future publication. The skills gained from my
courses, my time as a teaching assistant, and my work in this thesis research have prepared me to
work in the fields of public health and physical activity epidemiology.
5.8. Conclusion
In summary, screen time, but not non-screen based sedentary behaviours or physical
activity, in adolescence was associated with the risk of developing type 2 diabetes in adulthood.
The U-shaped association seen between adolescent physical activity and type 2 diabetes is in
conflict with several criteria for causality so results must be interpreted with caution. Future
interventions aimed at reducing type 2 diabetes risk should consider directing these interventions
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at reducing screen time in adolescents. More research needs to be done to see if physical activity
and sedentary behaviours are associated with the risk of developing type 2 diabetes, especially
when more robust measures are used.
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Appendix A
Statement of Change
No changes were made to the thesis from the approved proposal that occurred in
December 2019.
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Activity

Retrieved From

Assignment Criteria

Baseball

2011 Compendium
This was not listed in the Youth Compendium
of Physical Activities but was listed in the 2011 Compendium. There
were 2 options (tossing the ball back and forth
and general). The general option was chosen.

Basketball

Youth Compendium This was listed in the Youth Compendium and
of Physical Activities there were 3 options (game, shooting and
retrieving a basketball without stopping, and
mini basketball). The game option was chosen.

7.5

Cricket

2011 Compendium
This was not listed in the Youth Compendium
of Physical Activities but was listed in the 2011 Compendium. It was
the only option that was given.

4.8

Football

Youth Compendium This was listed in the Youth Compendium and
of Physical Activities there were 2 options (dribbling around cones and
game). The game option was chosen.

8.7

Hockey

2011 Compendium
It was assumed that this referred to field hockey,
of Physical Activities as ice hockey would likely be referred to as such
in the UK. Field hockey was listed in the Youth
Compendium and was the only option given.

7.8

Netball

Youth Compendium This was not listed in either the Youth
of Physical Activities Compendium or the 2011 Compendium.
However, netball is similar to both handball and
basketball, both of which are listed in the Youth
Compendium. An average of these two activities
was taken to determine a score for netball.

6.7

Rounders

2011 Compendium
This was not listed in either the Youth
of Physical Activities Compendium or the 2011 Compendium.
However, rounders is similar to baseball, which
was listed in the 2011 Compendium, so the score
for baseball was applied.

5.0

Rugby

2011 Compendium
This was not listed in the Youth Compendium
of Physical Activities but was listed in the 2011 Compendium. There
were 2 options (rugby union, competitive and
rugby, touch, non-competitive). The competitive
option was chosen.

8.3

Volleyball

Youth Compendium This was listed in the Youth Compendium and
of Physical Activities was the only option given.

5.3
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MET
Value
5.0

Other Team

Youth Compendium
of Physical
Activities/2011
Compendium of
Physical Activities

Aerobics

Youth Compendium This activity was listed in the Youth
of Physical Activities Compendium as aerobic dance. This option was
chosen.
2011 Compendium
This activity was not listed in the Youth
of Physical Activities Compendium but was listed in the 2011
Compendium. There were 2 options given
(competitive and social). The competitive option
was chosen.

4.8

Canoeing

2011 Compendium
This activity was not listed in the Youth
of Physical Activities Compendium but was listed in the 2011
Compendium. There were several options listed
and the general option was chosen.

3.5

Cross
Country

2011 Compendium
This activity was listed as running in the Youth
of Physical Activities Compendium, but this did not encompass the
terrain of cross country. There was a cross
country option listed in the 2011 Compendium,
so this was chosen.

9.0

Cycling

Youth Compendium This activity was listed in the Youth
of Physical Activities Compendium with several options listed (fast
speed, medium speed, slow speed and selfpaced). The self-paced option was chosen.

6.4

Dancing

2011 Compendium
While dance was listed in the Youth
of Physical Activities Compendium, it was listed as aerobic
dance/dance which suggests aerobics more than
dance. The 2011 Compendium was then
consulted and had several different styles of
dance listed. After consulting several UK dance
studio websites, it was determined that the most
common styles of dance included jazz, lyrical,
contemporary, hip-hop, ethnic dance, highland
dancing, acrobatics and musical theatre. An
average was taken of these styles of dance.

5.3

Badminton

An average from each of the team activities
listed above was taken to determine a score.

Horse Riding 2011 Compendium
This activity was not listed in the Youth
of Physical Activities Compendium but was listed in the 2011
Compendium. There were several options given.
The general option was chosen.
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6.6

7.0

5.5

Jogging

Youth Compendium This activity was listed in the Youth
8.4
of Physical Activities Compendium and there were 3 options given
(fast, slow and self-paced). The self-paced option
was chosen.

Fitness
Exercises

Youth Compendium This activity was not listed in either the Youth
of Physical Activities Compendium or 2011 Compendium, but a score
was created by taking an average of calisthenic
activities listed in the Youth Compendium.
These activities included jumping jacks, curlups, push-ups, and light calisthenics.

Motorcycling 2011 Compendium
This activity was not listed in the Youth
of Physical Activities Compendium but was listed in the 2011
Compendium. The general option was chosen.

3.8

3.5

Rowing

2011 Compendium
This activity was not listed in the Youth
4.8
of Physical Activities Compendium but was listed in the 2011
Compendium. There were options of stationary
rowing (i.e., using a machine) and canoeing as a
form of rowing. While rowing would likely refer
to rowing in the water, the stationary option was
chosen because the movement would be the most
similar.

Sailing

2011 Compendium
This activity was not listed in the Youth
of Physical Activities Compendium but was listed in the 2011
Compendium. The general option was chosen.

3.0

Scrambling

Youth Compendium This activity was not listed in either of the
of Physical Activities compendiums. However, this activity is similar
to hiking, which was listed in the Youth
Compendium of Physical Activities. There was
only one option for hiking, which was chosen.

6.2

Skating

Youth Compendium It was assumed that this referred to roller
of Physical Activities skating, as ice skating would have likely been
referred to as such in the UK. Rollerblading was
listed in the Youth Compendium and was the
only option given.

5.4

Skiing

Youth Compendium There was only one option for skiing, which was
of Physical Activities listed in the Youth Compendium.

6.2

Squash

2011 Compendium
This activity was not listed in the Youth
of Physical Activities Compendium but was listed in the 2011
Compendium. There were 2 options given (the

7.3
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Taylor Code and general). The general option
was chosen.
Swimming

Youth Compendium This activity was listed in the Youth
of Physical Activities Compendium with several options given
(swimming for 200 m, front crawl 0.9 m/sec,
front crawl 1 m/sec, front crawl 1.1 m/sec, and
self-selected pace). The self-paced option was
chosen.

8.6

Table Tennis

Youth Compendium This was listed in the Youth Compendium and
of Physical Activities was the only option given.

4.2

Tennis

Youth Compendium This was listed in the Youth Compendium and
of Physical Activities was the only option given.

6.7

Track and
Field

2011 Compendium
This activity was not listed in the Youth
of Physical Activities Compendium but was listed in the 2011
Compendium. Several options were given (track
and field- shotput, discus, and hammer throw,
track and field- high jump, long jump and triple
jump, track and field- steeplechase, hurdles). An
average of these options was taken to get a score
for track and field.

6.7

Walking

Youth Compendium This activity was listed in the Youth
of Physical Activities Compendium and there were several options
given (walk 0.5 mph, walk 1.0 mph, walk 1.5
mph, walk 2.0 mph, self-based brisk, self-paced
casual). An average of the self-paced options
was taken.

4.9

Water Skiing

2011 Compendium
This activity was not listed in the Youth
of Physical Activities Compendium but was listed in the 2011
Compendium. It was the only option that was
given.

6.0

Windsurfing

2011 Compendium
This activity was not listed in the Youth
of Physical Activities Compendium but was listed in the 2011
Compendium. There were 3 options given (not
pumping for speed, cross trial, pumping for
speed). An average of these options was taken.

9.8

Other
Individual
Activity

Youth Compendium
of Physical
Activities/2011
Compendium of
Physical Activities

6.0

An average from each of the individual activities
listed above was taken to determine a score.
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Sensitivity Analysis for the Physical Activity Regression
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Table A1. Risk of type 2 diabetes in adulthood according to physical activity at age 16 when excluding inconsistent diabetes cases
Hazard ratio (95% confidence interval) for type 2 diabetes
Physical activity
quartile

N

Number of
cases of
type 2
diabetes
37

Type 2
diabetes
cases/10,000
person-years
11

Model 1a

Model 2b

Model 3c

1

1

1

Quartile 1

1207

Personyears of
followup
32,176

Quartile 2

1208

32,612

19

6

0.49 (0.28, 0.86)d

0.51 (0.29, 0.89)d

0.53 (0.30, 0.93)d

Quartile 3

1208

32,370

28

9

0.74 (0.45, 1.20)

0.74 (0.45, 1.22)

0.75 (0.45, 1.23)

Quartile 4

1203

32,064

32

10

0.86 (0.54, 1.39)

0.92 (0.57, 1.48)

0.94 (0.58, 1.53)

a

Unadjusted
Adjusted for sex, BMI category, parental education, intake of sugary beverages, and physical activity in adulthood. Ethnicity, smoking status, fruit
consumption, and takeout eating were removed during the stepwise elimination process.
c
Adjusted for model 2 plus sedentary behaviour variables (time spent watching TV and videos, using a computer, reading, and doing homework)
d
Significantly different from quartile 1 (p<.05)
b
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