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ABSTRACT

Dementia is a long-term, chronic condition caused by a progressing physical
damage in the brain. Evidence suggests that cardiovascular disease risk factors
may contribute to the onset of dementia; however, the current literature on this
association is inconsistent. To my knowledge, no study that has explored the
occurrence of cardiovascular risk factors prior to a diagnosis of dementia using
national primary care data in North America.

| used electronic medical records from the Canadian Primary Care Sentinel
Surveillance Network to create a Canadian cohort to conduct a retrospective
analysis to (1) determine the number of incident diagnoses of dementia among
community-dwelling seniors; (2) describe demographic and clinical characteristics
of people living with dementia in community; (3) describe current situation of
modifiable cardiovascular risk factors being managed in primary care; and (4)
compare the risk of developing dementia in seniors (aged 65 and older) with and
without modifiable cardiovascular risk factors.

The cohort identified 39,066 patients who were 65 or older and did not have a
dementia diagnosis in or before 2009. During nine years of follow-up, 4,935
individuals developed dementia. Overall, the number of patients with dementia or
heart disease risk factors increased slightly but steadily over the nine-year follow-
up period.

Age were associated with an increase in risk for incidence of dementia in all ages,
HR = 1.13 (95% CI, 1.12-1.14) and 1.05 (95% CI, 1.04-1.06), respectively, for

people aged 65-79 and people aged 80 and over. History of depression also



increase dementia risk by 38% and 34%. There was association with social index,
smoking history, osteoarthritis and diabetes mellitus in people aged 65 to 79 but
not in those aged 80 and older. Sex, hypertension, obesity and dyslipidemia
diagnosed and managed in primary care did not significantly predict dementia
onset. Antihypertensive and statin use was not associated with risk of diagnosis.
People with dementia are more likely to weigh less and to lose more weight than
those who have not been diagnosed with the disease.

Diabetes mellitus and underweight increase the risk of dementia developing.
Monitoring BMI and managing change in BMI in primary care may help to diagnose
dementia earlier which might be a good reference for family medicine and public
health to plan an advanced treatment strategy for people in need. Routine
screening for cognitive decline on older adults with those two conditions might

benefit to provide early diagnosis and support for those in needs.
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CHAPTER 1. INTRODUCTION

CHAPTER 1. INTRODUCTION

1.1 The aging Canadian population

The Canadian population is aging at a faster rate than it has ever done before (1).
From 1992 to 2012, the median age of Canadians increased from 33.6 years to
40.0 years (2). By 2011, average life expectancy in Canada had increased, by
roughly 15 years, to approximately 82 years of age (3). This increase in longevity
is a considerable achievement; however, the higher proportion of older people in
the population brings new challenges that require Canada to make changes in
health-related financial distribution, the delivery of healthcare at both provider and
system level, and public infrastructure (1).

1.2 Dementia overview

The dementias are long-term, chronic cognitive conditions resulting in loss of
memory, reasoning ability, and changes in personality (4). According to
International Statistical Classification of Diseases and Related Health Problems
(ICD)-10 coding, dementia includes, but is not limited to, a decline in functional
memory, new information learning ability, and at least one additional domain of
cognitive deficit (5). While cognitive decline may often be seen as being a normal
part of aging, dementia is a chronic degenerative condition caused by progressive
physical damage to the brain (6). The dementias are normally grouped according
to the underlying pathological condition which impairs brain function. Globally,
Alzheimer's disease is the most common sub-type, accounting for about two-thirds
of the total number of people diagnosed with dementia. Patients with Alzheimer’s
disease lose synaptic connections due to tangles of fibres that cause death of brain
cells. When the damage is more severe than the brain's self-repair capability,
symptoms of Alzheimer's disease become noticeable (7). The second most
common sub-type of dementia is vascular dementia, which is caused by a failure
of blood supply to the brain. Normally, vascular dementia comes after a stroke
(stroke-related dementia) which may be not clinically apparent, or a transient
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ischemic attack (small vessel disease-related dementia) (7) and shares underlying
risk factors with cardiovascular diseases.

1.3 Diagnosis of dementia

Diagnosis of dementia is complicated as it requires a comprehensive evaluation
and evidence of cognitive decline over time, and there is no diagnostic test for the
condition (5, 8). Guidelines on the diagnosis of dementia are now leaning more
towards finding a right time to make the diagnosis, which is when people with
dementia and/or their caregivers start to need support (8, 9). Symptoms and signs
of early dementia are vague, non-specific and rarely recorded by physicians or
reported by patients; they are more likely to be noticed by a close family member
(8). The Third Canadian Consensus Conference on the Diagnosis and Treatment
of Dementia recommended a six-step process to diagnose dementia: (1) personal
and family medical history, (2) family member or caregiver interview, (3) physical
examination, (4) cognitive tests, (5) laboratory tests, and (6) brain imaging (10).
There are a number of cognitive tests used to assess dementia, each having
advantages and disadvantages. Brief cognitive tests are often conducted by
general practitioners, including the Mini-Mental State Examination (MMSE) (11),
the clock-drawing test (12), the Montréal Cognitive Assessment (13), DemTect
(14), the 7-Minute Screen (15), the General Practitioner Assessment of Cognition
(16), or the Behavioural Neurology Assessment short form (17). Each requires
roughly five to ten minutes to complete; evidence from research suggests that the
Dementia Rating Scale (18), the Clock-Drawing Test (12), and the Mini-Mental
Status Examination (11) are more comprehensive than the others (19). However,
Canadian guidelines suggest that a physician should choose a test based solely
on their experience and preference (10).

Only an autopsy can confirm an Alzheimer’s disease case (10). Brain imaging
technology such as computed tomography and magnetic resonance imaging may
be used for differential diagnostic purposes, for example to exclude brain tumours,
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but they can neither exclude nor confirm the diagnosis of dementia (20). Other
tests such as electrocardiography or blood tests are used to define risk factors
and/or treatment plans (20).

The Fourth Canadian Consensus Conference on the Diagnosis and Treatment of
Dementia in 2012 (21) recommended that clinical diagnosis guidelines remained
as in the previous version (10). Briefly, core clinical criteria for diagnosing all
causes of dementia include impairment in the ability to maintain daily activities and
previous level of functioning, and the presence of cognitive impairment in at least
two major domains which cannot be attributed to delirium or other mental disorders
(22). In general, even a simple diagnosis of dementia is not straightforward and
attempts to revise these diagnostic criteria have been unsuccessful. Although
there is increased awareness of dementia among family physicians from Canada
and beyond (23), there have been no major differences in the diagnosis criteria of
dementia between 2008 and 2017.

14 Risk factors for incidence of dementia

A comprehensive search on the PubMed database in December 2018 for papers
on risk factors for the development of dementia was performed in six steps using
the following terms:

1. (dement* or Alzheim*).m_titl.

2. (risk factor* or predictor*).mp. [mp=title, abstract, original title, name of
substance word, subject heading word, floating sub-heading word, keyword
heading word, organism supplementary concept word, protocol
supplementary concept word, rare disease supplementary concept word,
unique identifier, synonyms]

3. 1 AND 2 AND (exp Hypertension/ or exp Blood Pressure/)

4. 1 AND 2 AND (exp Diabetes Mellitus, Type 2/ or exp Blood Glucose/ or exp
Diabetes Mellitus, Type 1/ or exp Diabetes Mellitus/)

5. 1 AND 2 AND (exp Dyslipidemias/)
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6. 1 AND 2 AND (exp Body Weight/ or exp Weight Gain/ or exp Weight Loss/)

The search yielded 1,278 studies in total from steps 4, 5 and 6. All titles found were
first examined to eliminate irrelevant (For instance, a study on Apolipoprotein E4
from the dyslipidemia search or one on insulin resistance from the diabetes search)
or duplicate entries. After reviewing titles, 874 studies were excluded. The 404
abstracts of those that remained were then reviewed to ensure:

(1) studies have incorporated a follow-up cohort (longitudinal design, including

cohort and case-control studies);

(2) the primary outcome in the analysis used is incident dementia (could be all-

type dementia, vascular dementia, and/or Alzheimer's disease.);

(3) authors have clearly specified predictors of dementia, including at least one
of blood pressure or hypertension, blood glucose or diabetes mellitus,
serum cholesterol or hyperlipidemia or dyslipidemia, and body mass index
or obesity;

4) studies were conducted at population level,;

5
6
7) there was no specific eligibility restriction for time or place of publication.

(4)
(5) studies on men or women alone were still eligible for inclusion;
(6) studies were written in English, Chinese, or Viethamese; and
(7)
Three-hundred-and-four studies were excluded for having at least one of the six
reasons listed below (references given as examples):
(1) being cross-sectional studies not accounting for time and sequencing
between predictors and outcome (24, 25);
(2) prevalent dementia was not ruled out; studies did not clearly indicate
strategies to exclude pre-existing dementia cases at baseline (26-28);
(3) people living in long-term care institutions or hospital inpatients were
included (29);
(4) 'probable dementia' and/or mild cognitive impairment were studied (30-32);
(5) the association between predictors and dementia was combined into a
mutual scale or risk score rather than being investigated separately (33); or
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(6) primary predictors did not include one of the four listed above, or included
them but changes or variations in them were evaluated rather than the
actual number (34).

Full-texts of the remaining 100 abstracts were read and critically assessed using
the Critical Appraisal Skills Programme (CASP) checklists for systematic review
(35), cohort study (36), and case control study (37). Each checklist contains sets
of questions to support the decision of whether a study is valid and its results are
helpful contributions to research in Canada. All of them ask reviewers to carefully
consider whether the study of interest has appropriate research question(s), a
good study design including methods for recruiting participants/articles, minimizing
bias and confounding factors, and its representativeness and precision. Main
reasons for excluding studies in this critical step were not having a clear research
message, not including a clear method section (Unable to duplicate using
described methods), studies in a specific sub-group of people that could not
represent a general population (For instance, World War Il veterans (38)), or
comorbidities and confounding factors not appropriately assessed.

A total of seventy-two studies were included in my full literature review, including
six additional papers identified from reference lists of included papers using the
snowball method. A meta-analysis was not conducted because it was clear that
homogeneity was not present since examination revealed a wide range of variation
in participant inclusion criteria, risk factor status identification criteria, dementia

diagnosis criteria, and length of follow-up time.

Figure 1-1 and 1-2 show a flow chart of the searching and identifying paper
procedure. Numbers provided in this flowchart may not add up to seventy-two
papers as there are studies that cover two or more risk factors and are counted

more than once.
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Figure 1-1. Flowchart of paper selection and inclusion

-

1,278 records identified through PubMed
searching

.

—

N

404 articles after title readings (irrelevant and
duplication excluding)

|

N

100 articles after abstract reading (illegible
records excluding)

~—

N
66 articles included after screening using CASP

|

N

72 articles included in full review
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Figure 1-2. Flowchart of paper selection and inclusion, breaking down by risk

factors
PubMed (2018)
|
| | [ |
MEDLINE Search 3: Search 4: Search 5: Search 6:
searching Hypertension Diabetes Dyslipidemia Obesity
(n =455) (n=484) (n=138) (n=201)
Title
reading n=131 n=133 n =250 n =90
Abstract
reading n=28 n=33 n=9 n =30
Full-text 16 articles, 21 articles, 5 articles, 17 articles,
reading . . . .
2 reviews 6 reviews 0 review 3 reviews
From
reference 1 review 3 reviews 0 review 2 reviews
lists

A summary of the seventy-two studies included in the detailed literature review is

presented in appendix |. In general, the evidence for association between

cardiovascular disease risk factors and dementia is clearer and stronger for mid-

life risk factors, especially hypertension and diabetes, but not for other associations

which were examined. Table 1-1 presents the number of studies those support

possible associations their directions. | assumed that sufficient evidence for a

specific proposed association should have fairly high consistency between at least

three studies.
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Table 1-1 Quantifying the association between four cardiovascular disease

risk factors and dementia onset capturing in current literature

Number of | Association Consistency Conclusion on
included studies | (humber of across evidence | the association
evidence)

Mid-life

Hypertension 7 Increase (3) Moderate Unclear

Decrease (1)
No association (3)
Diabetes 3 Increase (2) High Increase  with
No association (1) insufficient
evidence
Obesity 10 Increase (4) Moderate Unclear
Decrease (2)
No association (4)

Dyslipidemia 2 Increase (2) High Increase  with
insufficient
evidence

Late life

Hypertension 14 Increase (6) Moderate Unclear

Decrease (1)
No association (7)
Diabetes 20 Increase (16) High Increase  with
No association (4) strong evidence
Obesity 12 Decrease (6) Moderate Unclear
No association (6)
Dyslipidemia 6 Decrease (1) High No association

No association (5)

with strong

evidence
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Globally, the relationship between risk factors for heart disease and the incidence
of dementia has not been extensively studied. With the exception of a project in
Nigeria (39), all included studies were conducted in high-income countries,
including the Adult Changes in Thought (ACT) (40), the Rush Memory and Aging
Study (MAP), the Kungsholmen Project (41), the Cardiovascular Health Study (42),
the Framingham Study (43), the Honolulu-Asia Aging Study (HAAS) (44), the
Cache County study (45), the Canadian Study of Health and Aging (46), the
Swedish Twin Registry (47), the Rotterdam Study (48), the Italian Longitudinal
Study on Aging (49), and the Hisayama Study (50). All but one included
retrospective secondary data collected a few decades previously to study other
chronic conditions, such as heart disease. For example, the Honolulu-Asia Aging
Study obtained participant data from survivors of the Honolulu Heart Program,
which was a population-based prospective cohort study of heart disease and
stroke, started in 1965 (51). There are several advantages in the use of previously
collected data. Firstly, mid-life risk factor information is commonly available, and
studying a causal pathway for dementia is potentially feasible. Secondly,
previously developed databases are a good source of information to calculate a
hazard ratio or time-to-event (for instance dementia diagnosis) in the target

population.

In these studies, the age of included participants ranged from the early 30s (52-
54) to those over 50y (55-58). These studies had a vital advantage as their
aetiologic follow-up time was long, from ten to over 30 years. They also provide a
full picture of health conditions of participants remaining in the final cohort.
However, one should be aware of potential misclassification bias since data were
collected a long time ago, when health care equipment, staff, and other resources
may have been different compared to today. Furthermore, diagnostic guidelines
and case definitions may have been modified, which might create systematic bias
(59). Also, missing data due to loss to follow-up were relatively common. On
average, the number of study participants ranged from about two hundred to over
eight thousand, while losses to follow-up were between 20-30%. For example, in
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the lIsraeli Ischemic Heart Disease study conducted in Jewish male civil and
municipal employees the original cohort was followed-up for more than 30 years,
and resulted in missing data for over 43% (60); the Kaiser studies started with over
20 000 observations when subjects were 40 to 55 years old and ended with a
cohort of approximately 10,000 forty years later, losing 51% of their participants
(61, 62).

My search identified five studies that recruited subjects from national databases
and included very large samples. Taiwanese research groups contributed three
papers, which analysed the National Health Insurance Research Database of
Taiwan, and included over 40 000, 1 000 000 and 200 000 patients respectively
(56, 63, 64). The Health Improvement Network (THIN) study in the UK included
almost 1 000 000 patients (65), whereas a Korean project included over 800 000
customers of the Korean National Health Insurance Corporation (27). A vital
advantage of these projects is that missing data were very rare, they also were
able to extract data from other sources via linkage. Loss to follow-up was as low
as 0 to 2%.

Except for these five papers using large national retrospective data registries, most
studies did not sufficiently describe their target population. Some studies
specifically targeted one sex, such as the Honolulu-Asia Aging Study of Japanese-
American men, while a longitudinal study in Gothenburg, Sweden, studied only
women (66). Other studies limited their target sampling to more closely defined
groups such as male veterans (60), businessmen (54), or Catholic clergy (67). A
small number of studies also included institutionalised patients (68, 69). Note that
all studies based in the United States recruited patients covered by Medicare, a
governmental health care insurance which mostly includes people older than 65
years and younger low-income people with some specific health conditions (70).
Research based on the older groups using Medicare data is more reliable and
generalizable, whereas younger Medicare patients might be more likely to have

10
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severe health-related issues and are not representative of the general American

population.

1.4.1. Blood pressure level and hypertension

The risk factor for dementia most commonly assessed is blood pressure. Up to
December 2017, there were thirty-two papers from different population-based
cohorts that assessed an association between blood or pulse pressure and the
incidence of dementia. However, even though a majority of publications found that
hypertension is a potential risk factor for dementia onset, there also are papers
that report decreases in blood pressure among people with dementia and those
who have just been diagnosed with the condition, though no reasonable biological
explanation for the latter has been described and the association may not be
causal. Hypertensive medication prescribing appears not to change the
association between blood pressure and dementia incidence. All of the published
analyses do not control for the impact of cardiovascular disease and common
comorbidity (such as cancer or an end-of-life event) which may lead to lower blood
pressure among older adults.

Among papers whose findings showed an increment in risk of dementia related to
hypertension the range of increments was broad, and there was a mixture of
statistically significant and non-significant results. For instance, 10-mmHg
increments in mid-life systolic blood pressure were associated with increased risk
of dementia incidence of 9% (39), 23% (71), and 33% (72), whereas a 10mmHg
increase in diastolic blood pressure and pulse pressure was also associated with
an increment of 10% and 22% in the risk of dementia (39). In patients with very
high systolic blood pressure (> 180 mmHg), the risk of dementia and Alzheimer’s
disease increased by 60% and 50%, respectively (73). Treating blood pressure as
a binomial variable, the Honolulu-Asia Aging Study suggested an increase of
between 47% and 84% in the risk for incidence of dementia among hypertensive
men older than 70 years (74). Other studies agreed, reporting increases of 50%

11
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and 120% in the odds of developing dementia among patients with higher systolic
blood pressure (26, 39). Mid-life hypertension increased the risk of vascular
dementia five-fold and doubled the risk of all-cause dementia, regardless of late-
life blood pressure levels (75). It has been suggested that people with hypertension
before 65 years of age were more likely to have dementia later in life, an
association which was more pronounced in patients with vascular dementia than
with Alzheimer’s disease (26, 27). Regardless of whether patients were prescribed
hypertensive medications or not, the risk of developing dementia was stronger
among patients with an index hypertension diagnosis before the age of 50 years
(76, 77). Among people with both heart disease and hypertension, the odds of
developing dementia were statistically significantly 3.3 (95% CI [1.7-6.6]) times the
odds among those who were free from heart disease and hypertension (78). The
co-existence of hypertension and diabetes also increased the odds by 6.2 (95%
Cl [2.9-13.5]) times (78).

However, in some studies, the association was not statistically meaningful, and
this was true for both vascular dementia and Alzheimer’s disease patient groups
(48, 78-81). Among uncontrolled-hypertensive patients, systolic blood pressure
was not a statistically significant predictor either (74, 80). On the other hand, some
studies have also reported that hypertension significantly decreases the risk of
dementia onset by from 9% to 138% (34, 71, 77, 82).

For hypotension, the risk of developing dementia and Alzheimer’s disease among
people with very low diastolic blood pressure (less than 65 mmHg) was 54%
(dementia) and 70% (Alzheimer’s) higher than that risk among people with normal
blood pressure, respectively (74). Blood pressure is more likely to fall in one’s later
years, specifically a few years before dementia diagnosis (82, 83). Among people
over the age of 85, low blood pressure (diastolic blood pressure < 70 mmHg)
increased the risk of Alzheimer’'s disease by 91% (HR=1.91) (71); whereas
hypertension reduced the risk for dementia by 24% among people older than 50

12
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years old (76). A birth cohort study suggested hypertension reduced the risk
between 45-53% depending on the number of confounders being adjusted for (84).

Further, the effect on incident dementia caused from varying blood pressure levels
over time is also inconsistent. A French study suggested the bigger the difference
of blood pressure between visits, the higher the risk of dementia onset (85);
however, the Honolulu-Asia Aging Study in Japanese-American men found that

change in blood pressure levels over time was not associated with risk (77).

In general, it would appear that hypertension may increase the risk of incident
dementia but hypotension may also increase the risk. The evidence supporting the
hypothesis that hypertension increases the risk of developing dementia, especially
dementia other than vascular dementia, is inconsistent. Previous literature reviews
which confidently suggest that ‘maintaining good blood pressure’ can help reduce
the risk of dementia later in life (86), or that by the elimination of all cardiovascular
disease risk factors the proportion of demented cases could decrease by about
25-30% (57), appears to have strong supportive evidence. Though the relationship
between blood pressure and subsequent dementia remains unconfirmed as
comparable studies independently conclude that both high and low blood pressure

significantly and non-significantly increase the risk of dementia onset.

1.4.2. Blood glucose level and diabetes mellitus

The evidence for an increased risk of incident dementia in patients with diabetes
is more consistent than in hypertension. Most papers support the hypothesis of an
increased risk of incident dementia in the elderly with diabetes. One project that
studied impaired glucose tolerance also suggested an increase in risk (87).

The reported association was strongest when the health outcome was vascular

dementia. Comparing people with and without diabetes, the relative risk of
developing vascular dementia ranged from 1.03 to 2.77 (48, 88, 89).
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For Alzheimer’s disease, the risk of developing dementia statistically significantly
increased by 2.0-3.8 times (48, 68, 80, 90). However, some studies found that the
statistically significant association was lost after adjusting for potential
confounders, including age, sex, and educational level (80, 88), though the 95%
confidence interval was narrow, from slightly lower than 0 to around 2. A pooled
effect size in a meta-analysis showed that the risk of developing the disease in

people with diabetes was 1.54 times the risk in people without diabetes (91).

For all types of dementia, a diagnosis of diabetes preceding the baseline
assessment was associated with an increased risk of incident dementia diagnosis
of 46-73% (60, 61, 63, 64, 92-95). This trend held for both mid and late-life diabetes
(96). However, the increased risk reduced in association with increasing age,
involving 33% of patients aged 60-79 years and 20% of patients aged 80 to 95
years (65). The risk was highest among women with diabetes diagnosed earlier
than 65 years old (27). Impaired glucose tolerance also increased the risk by 61%.
In adult patients aged 30 years or older, the risk for all types of dementia in those
who both had diabetes and elevated systolic blood pressure was quadrupled
compared to those who did not have the two conditions (87).

On the other hand, when studies analysed data from patients with diabetes in a
multivariable analysis with other potential risk factors, there was a weaker or non-
significant association between diabetes and incident dementia (45, 57, 62).
Additionally, a few studies suggested that diabetes could be protective against
dementia via insulin resistance (97). However, evidence for this hypothesis is

limited and remains uncertain (98).

1.4.3. Blood lipid levels and dyslipidemia

Generally, studies have found that high blood cholesterol, high triglycerides, high
low-density lipoprotein — cholesterol (LDL-C), and/or low high-density lipoprotein —
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cholesterol (HDL-C) increase the risk of dementia incidence. Though it should be
noted that among patients aged 75 years and older, a contradictory situation was

observed.

In males, low HDL-C increased the risk by 45%; for those without vascular
pathologies, low HDL-C increased the risk by 54%, and high triglycerides
increased the risk by 56% (99). Increasing total cholesterol by 0.7 mmol/l also
increased the risk of Alzheimer's disease by 60% to 103% (54). Elevated levels of
total cholesterol among 60 year olds were associated with mild cognitive
impairment and Alzheimer’s disease 14 years later: a decrease of total cholesterol
in the 4 years before Alzheimer’s disease diagnosis was a marker of ongoing
disease (100).

When analysing blood lipids as a continuous variable, for each one-mmol/l
increase in total cholesterol the risk of dementia increased by 20%; while each
one-mmol/l increase in LDL-C increased the risk of all dementias, including
Alzheimer’s disease, by 6-13% (54). In general, there was a pattern observed for
the different lipid fractions, where higher baseline LDL-C and total cholesterol were
associated with Alzheimer’'s disease, while higher baseline triglycerides were

associated with vascular or mixed dementia (101).

However, findings were different among the oldest group. A one-mmol/l increase
in serum cholesterol was associated with a decrease in the incidence of dementia
by 30-38% (102). Stratifying by sex showed no difference in levels of risk between
males and females. Among women, low triglycerides (less than 0.85 mmol/l)
decreased the risk of all type dementia and Alzheimer’s disease by 30% and 40%,
respectively; whereas among men, for every one-mmol/l increase in log

transformed triglycerides, the risk of incident dementia reduced by 51% (99).

Other studies, however, found no significant association between the presence of
higher total cholesterol and the incidence of Alzheimer's disease or
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undifferentiated dementia (45, 102). HDL-C was not associated with risk of any

types of dementia (53, 101).

1.4.4. Body mass index, waist-hip ratio, body adiposity and obesity

Currently, the evidence for the association between these factors and incident
dementia diagnosis is inconsistent. Being obese and overweight was found to be
linked to subsequent development of dementia in several studies. Obese patients
(body mass index (BMI) greater than 30) had a 26% to 144% greater risk of
dementia than those who have normal BMI (103-105). In one study, every one-unit
decrease in BM| was associated with a 3% decrease in risk (66). Beydoun and
colleagues followed a cohort in a Baltimore community for twenty years and found
that obesity increased the risk for incidence of dementia by 74%, but there was no

difference between risks associated with obesity either in middle or late life (105).

For other measurements that relate to body adiposity, a decrease in incident
Alzheimer's disease was found among males who had small waist circumference
at the age of 30-35 (HR=0.55) (106). But for a one-unit increment in
subscapular/triceps skinfold thickness ratio, the risk for incidence of vascular
dementia reduced by 2%, and for Alzheimer's disease by 15%, though these
findings were not statistically significant with a 95% confidence interval narrowly

around one (88).

On the other hand, other some studies reported a different effect of BMI on
dementia incidence. For example, a decrease of one unit in BMI in late life
increased the risk of dementia (HR= 1.89); while a two unit decrease in BMI
increased the risk by 66% (RR=1.66); both estimates were precise with narrow
confidence intervals around the point estimates (67, 107). An increment in the risk
of Alzheimer's disease was also found in males who increased or decreased their
BMI by greater than 9% at any age and in females who had BMI changed less than

10% between 35-45 years old (105). For all types of dementia, risk of disease
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incidence among underweight 65+ year olds was 48% higher than the risk among
those of normal weight (108). Among white women, for a one-unit increase in BMI
at the age of 70 or earlier, the risk of dementia reduced by 5.4% (66). For
Alzheimer's disease, males who were underweight in their 30s experienced an
increased risk of incident dementia in late adulthood 6.05 times more than those
who had a normal weight. The risks of dementia in late life for underweight males
at 40 to 45 years old and 45 to 50 years old was11.89 and 11.21, respectively.
Though the confidence intervals in these findings were wide, spreading from
approximately 2 to 50 (106), indicating a lack of precision in the finding.

1.5 The burden of dementia

As of 2016, worldwide there were 47 million people living with dementia, even
though the true number of dementia cases may be much higher since, in high
income countries, only 50% of people are diagnosed, and in low-income countries
the proportion is even smaller (109). Additionally, not many diagnosed cases
receive appropriate treatment (110).

In 2008, Canada had over 480,000 dementia cases, and it is expected that by 2038
in Canada the number of cases will be over 1,125,000 (111). In 2012, among all
community-dwelling persons aged over 65, the prevalence was 7.3% (112). Even
though patients often first visit family physicians when they notice dementia-related
symptoms, diagnosis is more frequently made by specialists (23), which might lead
to an underestimation of dementia prevalence using primary care electronic

medical records (EMRSs).

Dementia is a disease that not only affects the individuals with the condition, but
also their families, friends and communities. Often people who live with those with
dementia sacrifice their time and resources for most people living with dementia,
particularly with more advanced disease, are not capable of maintaining
independent living (113). In addition, patients with dementia often have multiple
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co-morbidities, which makes it challenging for care providers to devise a
comprehensive treatment plan (109), and for caregivers to assist in implementing
them (114). When a patient is still living at home, they may need round the clock
support in activities of daily living, including basic support such as meals, bathing,
or transportation (115). One may also need extra support for safety assurance. At
later stages, if a patient has to be accommodated in a long-term care facility, their
caregivers still need and usually want to be an active part of a team that provides
supportive care for the patient (109). In Canada in 2008, a total of 231 million hours
of informal care was spent caring for patients with dementia by their family
members, accounting for $4.9 billion in opportunity costs (111). Economically, in
2016 Canada committed a total of $10.4 billion for dementia, including $8 billion in
direct and $1.8 billion through indirect costs; this sum is predicted to double by
2030 (116).

1.6  Current gaps in primary care practice-based research

In the last thirty years, dementia has gained the attention of researchers with an
increase in the quality and quantity of studies assessing risk factors and identifying
areas of preventability (117). However, most existing research focuses on
downstream, tertiary prevention, after the disease has already been diagnosed
and severely affects patients’ daily activities (118).

Studies have shown that people with high risk for cardiovascular disease are also
at high risk of dementia though, as discussed above, the relationship between
cardiovascular disease risk factors and dementia is not clear (119). It was reported
that hypertension, hyperlipidemia, and type-two diabetes were associated with an
increase in the incidence of diagnosed dementia (106, 120). Modifiable
cardiovascular risk factors (physical inactivity, smoking, midlife hypertension,
midlife obesity, diabetes), together with depression, and low educational
attainment were found in approximately 33 per cent of patients with Alzheimer’s
disease (121). Furthermore, researchers have recommended that maintaining
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appropriate body weight, blood pressure, blood glucose, and cholesterol levels
might be causally linked with decreasing, or delaying the incidence of dementia
(122-124). A 10% reduction in hypertension, diabetes, smoking and other risks
could reduce the prevalence of dementia by 8.3% (125). A one-year delay in the
mean age of dementia onset could lead to a 10% reduction in dementia prevalence
by 2050 (115). A recent study in Ontario has shown that the incidence of dementia
is declining, along with a declining incidence of stroke, which might further suggest
an association between cardiovascular disease risk control and overall health

status in the community (126, 127).

1.7  Treatment and prevention plan for dementia

There is no clear evidence of the effect of any medications or therapies that may
improve or delay dementia progression. With regard to medications,
cholinesterase inhibitors are recommended for mild to moderate dementia, and the
N-methyl-D-aspartate (NMDA) receptor antagonist, memantine, is recommended
for moderate to severe dementia. However, evidence for their effectiveness is not
strong, while their associated adverse effects are substantial and frequent (128).
Pharmacologically, cholinesterase inhibitors are designed to block the enzyme that
breaks down acetylcholine, a neurotransmitter that significantly affects memory
(129). Hence, they are claimed to help to delay the development of dementia-
related symptoms and prolong the time to continuing care admission (23).
Memantine may be combined with cholinesterase inhibitors to improve behavioural
and psychological symptoms in dementia (23). For vascular dementia, no specific
drug is yet recommended, though evidence suggests that practicing a physically
and mentally healthy lifestyle to avoid vascular disease would help to reduce this
sub-type of dementia (23). Some activities that may help people to avoid or delay
dementia onset include a healthy diet, regular physical activities, an active social
life which involves intellectual activity, and head injury prevention (111).
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The Alzheimer's Society of Canada proposed a 10-year physical activity program,
which encourages dementia-free seniors to increase their levels of physical activity
from moderate to high. Itis believed that increasing the intensity of physical activity
could contribute to a decrement of 4.3% incident cases and 5.1% prevalent ones,
thereby reducing health costs by 2.4%, or roughly $5.6 billion (111). The
effectiveness of this program is yet to be proven.

1.8 Current policies in dementia diagnosis, treatment, and prevention

The Quality and Outcomes Framework (QOF) — one of the largest payment-for-
performance models in the world — was implemented in the UK in 2004 (130).
Basically, it is a program to encourage general practitioners (GP) to perform ‘good
practice’ in a number of components, including increasing screening, testing, and
diagnosing new cases of a few targeted chronic health conditions by providing
extra funding according to performance attainment (130, 131). Findings from
evaluations of the effectiveness of the framework which seek to establish a causal
relationship between the employment of the framework and performance (132)
were inconsistent. Anecdotally, quality of care for domains and health conditions
included in the framework impressively improved, such as a slower increase in
emergency and hospital admission for all included domains, including care for
dementia (132-134). However, in the second vyear of participation, the
improvement in GPs’ and nurses’ performance remained the same as that
achieved in the first year for most indicators, which might be explained by the
performance becoming optimized (134). But evidence also found that performance
in non-incentivised conditions improved less than among those that were
incentivised, and could be even poorer than before the intervention (133, 135),
suggesting that some outcomes were beneficial, leading to the suggestion that
future practice should aim to improve the QOF rather than to abandon it (135).
Another good outcome was that health data input improved in both quality and
quantity (135), though its accuracy remained unclear (133).
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By 2016, Scotland had ended the program, while England modified it for a number
of essential reasons, including inequitable payments between big and small clinics,
inconsistent codes for health conditions that may cause patients to disappear from
the record, the complication in accurately recording patients with multimorbidities,
and, especially, the continually increased workload on GPs (133). The impact of
removing the framework has not been well studied, and the benefit of its
implementation does not appear to exceed the extra burden on practitioners and
teams (133).

Dementia was first included in the process in 2006 (130, 131) and evidence shows
an increase in quality of care for people with dementia, including reducing the
length of acute care at hospitals when required (136), though | was unable to find
evidence that estimates the effect of the framework on dementia diagnosis.

In 2015 and 2016 the UK released its 3-year Directed Enhanced Service 18
(DES18) and the 6-month Dementia Identification Scheme (DIS), respectively, in
order to improve the dementia diagnosis rate in primary care among the estimated
67% of community-dwelling cases (137). In addition to financial supports for
implementing the QOF, GPs were directly paid an extra amount for every new
diagnosis recorded. It is reported that the total number of dementia diagnoses in
QOF clinics has impressively improved within a year from the introduction of the
DES18 to achieve the proposed target, and the result seems to be continued even
after the intervention ended though evidence remains unclear (137). There was
also an unexpected improvement in quality of continuity of care for people with
dementia, which may be attributed to the extra time GPs spend in making the
diagnosis (138). There is now encouragement to expand DES18 and DIS into other
diseases (137).

In Canada, the Rising Tide: The Impact of Dementia on Canadian Society report

released in 2010 may be considered the first national report on dementia and its
related matters (111). The document describes the situation and predicts the
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influence of increasing trends in dementia in Canada as a whole. Provincial stages
of action on disease prevention and supportive care have also been reported
though no Canadian provinces and territories have implemented a separate
department to support dementia management, and only Ontario has budgeted
funding specifically for dementia care(111). Provincially, up to the time of the
Rising Tide publication, British Columbia, Manitoba, Saskatchewan, Ontario,
Quebec, and Newfoundland and Labrador had developed specific policies, though
they are greatly varied from one province to another (111). Policies for dementia
management remain handicapped for a lack of supporting evidence and mostly
focus on helping people with the disease and their caregivers. Improvement in
diagnosis was only mentioned as an objective in Saskatchewan strategy (111).

In general, most provinces have relatively recently updated their action plan to a
strategy. These share similar priorities, such as increasing dementia awareness
among community and health care workers, as well as supporting dementia-
related research to improve understanding of the disease and its prevention. No
studies were identified on the effectiveness of the earlier strategies and
frameworks, though it was acknowledged in the newer publications that even
though awareness and funding spent on dementia research and care have been
increasing over the last two decades in Canada, there is still a lot to do (139). Table
1-2 presents the year that a province published its dementia strategy and/or action

plans.

Looking at age-standardized incidence rates by year and province from 2002 to
2015, provided by the Public Health Agency of Canada (figure 1-3), with dots
indicates year of provincial strategy publication, there is little evidence for changes
in incident dementia associated with publication of a provincial strategy. But,
visually, there is an increment in NL starting in 2005 which might be attributable to
publication of their action plan in 2004; there also is a steep increment in MB in
2003 and 2004 after the release of their strategy in 2003 and a slight increment in
BC since 2007, a year after the province published their strategy. These might
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signal increased awareness of the condition in the community with better case
finding as a result, but that signal is inconclusive.

Table 1-2. Canadian provincial strategy for dementia

Province First publication Second publication

British Columbia (BC) 2007 (140) 2012 (141)

Alberta (AB) 2002 (142) 2017 (139)

Saskatchewan (SK) 2004 (143) Not available

Manitoba (MB) 2002 (144) 2014 (145)

Ontario (ON) 1999 (146) On-going as of June
2018 (147)

Quebec (QC) 2009 (148) 2015 (149)

New Brunswick (NB) Not available 2017 (150)

Prince Edward Island (PE) | Not available Ongoing as of March
2018 (151)

Nova Scotia (NS) Not available 2015 (152)

Newfoundland and Labrador | 2004 (153) n/a

(NL)

The Canadian national dementia strategy, a product of years of working with the
involvement of many people from researchers to policy makers and published last
July, identifies four priorities Canada should focus on to reduce the future burden
of dementia, including research on risk and preventive factors as the first priority
(1595). It is clear that there has been an increasing concern about dementia over
recent years, one clear example being that funding for dementia research has
increased substantially, including $200 million over five years from 2014 to 2018
for dementia-related research and $40 million over five years from 2019 to 2024

to increase awareness about dementia prevention and early diagnosis (156).
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In conclusion, even though treatments for dementia are still unclear, the most
common cardiovascular disease risk factors are considered modifiable, potentially
benefiting from treatment or intervention (157). Therefore, studies on
cardiovascular disease risk factors may contribute valuable evidence to prevent or
delay dementia. Hypertension, diabetes, dyslipidemia and changes in BMI during
adulthood are 'targetable' since they are measurable and commonly recorded in
health records. To my knowledge, no study has been conducted in Canadian
primary care settings to explore whether or not risk factor data included in
electronic medical records could predict dementia onset.
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Figure 1-3. Dementia, including Alzheimer's disease, age-standardized
incidence rate, per 100,000, age 65 years and older by provinces and fiscal
year (154)
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CHAPTER 2. EPIDEMIOLOGY OF DEMENTIA ONSET CAPTURED
IN CANADIAN PRIMARY CARE ELECTRONIC
MEDICAL RECORDS

INTRODUCTION

Dementias are long-term, chronic neurodegenerative conditions which affect
cognition and include, but are not limited to, a decline in functional memory,
learning ability, and at least one additional domain of cognitive deficit (1). While
cognitive decline may often be considered as a normal part of aging, it is a chronic
failure caused by progressive physical damage to the brain (2).

As of 2016, there were 47 million people worldwide living with dementia, though
the true number may be much higher, since, even in high income countries,
including Canada, only 50% of people with dementia are diagnosed (3). In Canada,
dementia is the third ranked cause of death (4). In 2008, Canada had over 480,000
people living with dementia (PLWD) and it is estimated that 231 million hours was
spent by their family members in caring for them, accounting for $4.9 billion in
opportunity costs (5). The Canadian Study of Health and Aging estimated the
prevalence of all-age dementia in 2016 at 1.6% and predicted an increase by 66%
to about 2.6% in 2031 (6). Economically, Canada committed a total of $10.4 billion
a year for dementia care, including $8 billion in direct and $1.8 billion through
indirect costs annually; this sum is predicted to double by 2030 (6).

The diagnosis of dementia is complicated; it requires a comprehensive evaluation
and evidence of cognitive decline over time, and there is no single diagnostic test
for the condition (1, 7). Diagnosis is especially difficult for early-stage dementia,
when symptoms and signs are non-specific, rarely recorded by physicians or
reported by patients who may rationalize memory loss as being normal for age.

Symptoms are more likely to be noticed by a close family member (7). For this
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reason, primary care providers in the community are usually the first health
professionals to recognize and identify dementia onset and are best placed to
provide early support for people with the condition and their families (8).

Since 2006, Canada has not made significant revision to its criteria for a diagnosis
of dementia. The Fourth Canadian Consensus Conference on the Diagnosis and
Treatment of Dementia in 2012 (9) recommended that clinical diagnosis guidelines
remained as in the previous version, published 6 years earlier (10). This paper
aimed to identify trends in the incidence of dementia in community-dwelling

Canadian seniors over nine years of follow-up.

METHODS

Study population

Participants for this study were Canadians aged 65y and older at any point in time
in 2008, whose electronic medical records (EMRs) contributed data to the
Canadian Primary Care Sentinel Surveillance Network (CPCSSN) 2017-Q4 (ie
December) extraction. The CPCSSN is a pan-Canadian system that records
deidentified primary care clinical data, extracted from individual EMRs held by
family physicians and other primary care providers (11). Briefly, the CPCSSN
database includes patient-level information about diagnoses, prescribed
medications, demographics (age, sex, postcode of residence with deprivation
index), medical examinations, laboratory test results, referrals, co-morbidities, and
risk factors. Started in 2008, CPCSSN has had reliable data that has been used to
investigate the incidence, prevalence, and management of various diseases in
primary care. CPCSSN extracts de-identified clinical information from EMRs in
eight provinces and territories, standardizes their format, and stores them in a high
security environment. The data are available for surveillance, research and quality
improvement initiatives. The CPCSSN is in its twelfth year of operation, and

currently includes data from more than 1.9 million primary care patients.
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By the end of 2017, the national CPCSSN database included 36,359 dementia
cases, accounting for 2.0% of the whole CPCSSN population. The crude
prevalence among people aged 65 years and older was 33,936 cases, accounting
for 15.8% of CPCSSN participants aged 65 and older and 93% of all CPCSSN

dementia cases.

Selection criteria:

The analysis was applied to a closed cohort of all patients who were born in or
prior to 1943 to form a cohort of dementia-free people aged 65 and older on 1st
January 2009. Participants must have had at least one encounter with their 'host'
family practice clinic before 1st January 2008 and one encounter after 31st
December 2013 to ensure being active in the database for at least six years. The
year of 2008 was identified as a washout period to reduce undiagnosed dementia
cases and ascertain the true incidence of dementia. In other words, all patients
with a diagnosis of dementia in 2008 were classified as prevalent cases and were

therefore excluded from the analysis.

The first date of active follow-up was 1st January 2009 and the end date of follow-
up was the earliest of: (1) the date of dementia diagnosis, (2) two years after the
last visit, or (3) 31st December 2017. A flow chart of cohort selection is provided
in figure 1.

The CPCSSN case definition for dementia is designed to include all types of the
condition. It requires evidence from the health condition (or problem list), encounter
diagnosis or billing tables for an ICD-9 code of 290.%, 331.%, 294.1, 294.8, 797.* or
438.%, or a prescription for a cholinesterase inhibitor medication (Rivastigmine,
Galantamine or Donepezil) or the N-methyl-d-aspartate (NMDA) antagonist,
Memantine (12). Incidence of dementia was defined as an encounter at which a
patient's condition first met the validated CPCSSN case criteria for dementia. The
CPCSSN dementia case definition has been validated using chart review as the
reference standard, with sensitivity of 96.8% (95% CI, 93.3-100.0), specificity of
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98.1% (95% Cl, 97.5-98.7), positive predictive value of 72.8% (95% Cl, 65.0-80.6),
and negative predictive value of 99.8% (95% ClI, 99.6-100.0) (13).

Statistical analysis

Descriptive analysis comparing demographic and health characteristics between
people with and without dementia was conducted using t-test for continuous
variables (age), and chi-square test for categorical variables (sex, rural/urban, and
smoking history) (14).

Incident cases were identified for each calendar year; the numerator being the
number of cases diagnosed and the denominator the number of people who had
at least one visit in that respective year, (i.e. those who still remain in the cohort
until the given year). Nine-year cumulative incidence rate and annual incidence
rates were calculated as the number of new cases per 1,000 person-years over a
respective period of time. Five-year ranges of age and sex-standardized incidence
rates (SIRs) were calculated by direct standardized method using data from the
Canadian Chronic Disease Surveillance System (15) as the standard. STATA 14
(16) and SQLite (17) were used for the analysis.

Ethics

The CPCSSN database has received ethics approval from each contributing
network's local Research Ethics Board, including waivers of individual patient
consent for their de-identified data to be used for surveillance and research. This
study also was the subject of a formal data sharing agreement with the CPCSSN
and received specific approval from the Research Ethics Board at the University
of Alberta.

RESULTS

Demographic characteristics of participants
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Participants in this study had a mean (standard deviation (SD)) age of 74.1 (6.2)
years at entry. About 58% of them were female; 76% lived in urban areas; and
25.7% were identified as smokers.

After nine-years of follow-up, 4,935 (12.6%) patients had been diagnosed with
dementia, contributing to a total of 329,733 person-years, mean (SD) period of
follow-up was 8.4 (1.5) years. Comparisons of demographic and health
characteristics at baseline between patients with and without dementia are
presented in table 2-1.

Incidence rates and trends for incidence of dementia

The nine-year cumulative incidence for dementia was 15.0 (95% CI, 14.6-15.4) per
1,000 person-years. Age-standardized annual incidence rates of dementia have
increased over time for both males and females, from about 3.4 (95% ClI, 2.9-3.8)
cases per 1,000 person-year in 2009 to 11.4 (95%Cl, 10.5-12.2) in 2014, then
slightly drop down to 10.8 (95% CI, 9.9-11.7) cases per 1,000 person-year in 2017.
Table 2-2 presents the standardized annual incidence rates of dementia recorded
from 2009 to 2017.

Stratifying by birth cohorts of 5-year interval, the incidence in the youngest group
(65-69-year-old) was 0.8 (95% CI, 0.5-1.1) cases per 1,000 person-years in the
first year increasing to 3.9 (95% Cl, 3.2-4.5) cases per 1,000 person-years in 2017.
Among people aged 70-74, the incidence was 1.0 (95% CI, 0.7-1.12) cases per
1,000 person-years in 2009 increasing to 4.1 (95% ClI, 3.5-4.7) cases per 1,000
person-years in 2017. Among people aged 75-79, the incidence was 1.1 (95% Cl,
0.8-1.4) cases per 1,000 person-years in 2009 increasing to 5.1 (95% CI, 4.4-5.8)
cases per 1,000 person-years in 2017. Among people aged 80-84, the incidence
was 1.6 (95% ClI, 1.2-2.0) cases per 1,000 person-years in 2009 increasing to 3.8
(95% CI, 3.1-4.5) cases per 1,000 person-years in 2017. Among the oldest old
(people aged 85+) the incidence rate of dementia increases from 2.3 (95% ClI, 1.7-
2.9) cases per 1,000 person-year in 2009 to 7.5 (95%Cl, 6.3-8.8) in 2014, then
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declines to 4.8 (95% CI, 3.7-6.0) cases per 1,000 person-years three years later
in 2017.

At the same age, people who were born later have higher rates of diagnosed
dementia. For example, comparing people aged 70-74 in 2009 and in 2014, the
annual incidence rates were 1.0 versus 2.3 cases per 1,000 person-year,
respectively. In older groups, the differences are even bigger, for example, the
rates in those aged 75-79 in 2008 and in 2014 were 1.1 and 3.3 cases per 1,000
person-year, respectively.

Figure 1-2 shows that the trends for incident dementia are consistently increasing
across age group in the whole cohort, except for two decrements around the age
of 88 for 80-84-year-old group and 90 for 85-and-over-group.

The incidence rates are slightly higher in females than in males, SIR = 4.1 (95%CI,
3.4-4.8) versus SIR = 2.6 (95%Cl, 2.1-3.2) in 2009 and SIR = 11.9 (95%Cl, 10.6-
13.1) versus SIR = 9.8 (95%Cl, 8.6-11.0). Figure 3 and 4 show the same trends of

increasing in incidence rates over time for two sexes and urban/rural postal codes.

DISCUSSION

To our knowledge, this is the first study to report the incidence of dementia
managed in Canadian primary care using electronic medical record data. The nine-
year incidence rate of dementia in this cohort is 15.0 cases per 1,000 person-
years, comparable to 14.3 cases per 1,000 person-years reported from Canadian
Surveillance Chronic Disease System (CCDSS) (18).

Data recorded in Canadian primary care EMRs show that the incidence of
dementia increases with age. This is aligned with previous findings on community-
dwelling older adults (19, 20) those claimed that as people are getting older, they
are at higher risk of developing dementia.
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The overall trend for incidence rates of dementia shows a consistent increase over
time associated with age and sex. The incidence of dementia increases steadily
and slowly in people aged between 65 and 85 years, adding less than one case
per 1,000 person-year for every additional year in the cohort, reaching the peak of
7.5 cases per 1,000 person-years in those aged 90 and older. The rates in females
are slightly higher than in males, differences between the sexes are statistically
significant. This result was also found in multiple previous studies including those
conducted on Swedish, British, and US general populations (20-23).

Existing evidence from multiple cohort studies suggests that in the same age
range, those who were born later have lower rates of developing dementia as the
attribution of multiple factors including higher education and better healthcare to
control cardiovascular diseases and conditions (24, 25). In opposition to this, our
study found higher rates for people who were born in later years. It may be true
that the actual incidence of dementia is starting to reduce in a few recent years
(15, 26) and people who were born in more recent years are less likely vulnerable
to dementia than previous generations for having access to better education and
healthcare; however, the number of cases being identified is still growing over time.
In other words, risk at individual level may be declined in a few recent years but at
population level, the risk of being diagnosed with dementia continues to increase.
The same trend has been observed in the UK with prevalence of dementia
diagnosis in primary care data increased two times over a 10-year period. This
finding might be contributed to the publication of the UK National Dementia
Strategy (27). It is unclear if there is a specific modification in primary care practice
in Canada that leads to the impressive increase in the number of new dementia
diagnosis. However, it is believed this may be caused by changes and
improvement in the quality of data input by family practitioners, the improvement
of completeness in EMR, and a result of the greater attention paid to diagnosing

and managing dementia in primary care in the last few years.
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We observed a slowing rate of new cases from 7.5 cases per 1,000 person-years
in 2014, down to 6.0 cases per 1,000 person-years in 2015 and 4.8 cases per
1,000 person-year in 2017 when the oldest sub-cohort reached the age of 95+.
The reduction in the 80-84 year-old group of females occurred earlier than in the
oldest males (2015 for females versus 2016 for males); among the oldest old, both
sexes experienced a decrement in the same year of 2015. Meta-analysis using
previously conducted cohorts are contradictory; one supports our findings and
reported dementia incidence rates is 2 per 1,000 person-years for the 65-75 age
group, falling to 1.5 per 1,000 person-years for people aged 85 (28); the other
found that the incidence and prevalence of dementia increased after the age of 85,
more rapidly in females than for males (29).

Our study supports the hypothesis of competing risk of mortality (30). This
suggests that people with better mid-life living conditions, having higher
educational attainment, greater access to health care with better mental, physical
and social behaviours and health as well as being less exposed to a variety of
chronic disorders and risk factors, tend to live longer and are more likely to be
protected from dementia. Because death date records are not included in
CPCSSN data, we were unable to include competing risk of death for 1,742 (4.5%)
dementia-free persons who left the cohort before the end date in this analysis. The
trend of slowing incidence rates among the oldest old has also been noted in
studies of other chronic diseases, such as stroke or cardiovascular disease, which
might indirectly reduce dementia onset. It is also possible; however, this population
are more likely to be underdiagnosed than younger old persons (31). Regardless,
factors that contribute to the lower incidence rate of dementia among the very old
persons have not been clearly identified.

Our data show the same trends of increasing incidence rates in both rural and
urban groups of people, though the standardized incidence rates in urban areas
are significantly higher than in rural areas in the first two-third of the follow-up
period. For example, 7.1 versus 5.4 in 2009 and 24.0 versus 18.4 cases per 1,000
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person-years in 2014. Since 2015, the differences between two groups become
smaller. These findings may be influenced by limited access to primary care and
community support services in rural neighborhoods. Awareness of dementia
among patients and their family members in rural and remote communities may be
less well developed which may lead to a lower rate of diagnosis in these areas (32,
33). In addition, a lower number of physicians per capita is also a barrier which
may contribute to increase the number of undiagnosed dementias in rural

communities (34).

Strength and limitations

The main advantages of the secondary use of routinely collected, population-
based, clinical data for research are its low cost and availability, combined with
significant benefits of a cohort design in which a large sample with arguably
complete information will increase the precision of outcome estimates. Having a
large and ready-to-use sample like that from CPCSSN reduces financial, human,
and other costs, especially when considering dementia, a fairly long latency
chronic condition. Furthermore, as about half of an average family physician’s
patients are estimated as being people living with chronic disease, data from
primary care settings are ideal for studying disease with a long latency period such
as dementia. Also, data are collected prospectively and systematically by
practitioners, which should minimize information bias (35). Including only those
with at least six years of records since the first day of follow-up reduces missing

cases and inaccurate results.

This study also has some limitations. We were not able to fully assess competing
risks attributable to factors either not known or not recorded in the clinical record,
such as death, or moving to a long-term care institution. These are significant
limitations. Though the clinical use of primary care EMR data becomes more
common, more complete and comprehensive data should accrue in the future.
Dementia cases not diagnosed by primary care providers may not be recorded in
the EMR. Also, this study has used a very high validity case definition from
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CPCSSN to minimize the chance of misclassification and self-selection bias;
however, these may still be expected given the imperfect nature of almost all case
definition algorithms (36).

In conclusion, the incidence of dementia has increased in the last few years and
are expected to continue to do so unless effective preventive strategies are
employed. Future studies should identify potential risk and protective factors for
dementia in order to provide evidence for new policies in developing a national
preventive strategy for dementia. The next paper in this thesis will examine risk
factors for incidence of dementia to further investigate findings from this paper.
Also, in the future, CPCSSN will clearly have more data on the oldest old group of
people, as well as more data on risk factors for chronic diseases. Future studies
should also consider the oldest old separately in a sub-analysis to avoid survival
bias.
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214,599 patients aged = 65

Figure 2-1. Flowchart of cohort identification
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dementia diagnosis at
baseline
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v

Exclude 4,653 patients with
dementia at baseline
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114,125 patients with no
record before 2008.01.01
and 51,345 patients with no
record after 2013.12.31

v

39,067 patients included in
this analysis
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Exclude 5,409 patients with
no data on age, sex, or
postal code
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Table 2-1. Demographic and health characteristics of people who developed
and did not develop incident dementia during follow-up

Dementia-free People with p-value for
people dementia difference*
n 34,132 4,935 N/A
Mean age * SD 73.5+6.0 77.7+£6.4 <0.001
Females % 19,628 (67.2) 2,957 (69.9) < 0.001
Urban % 25,799 (75.6) | 3,900 (79.0) < 0.001
Smokers % 25,342 (74.3) 3,681 (74.6) 0.565
Deprivation index* <0.001
1st quintile 5,109 (15.24) 642 (13.29)

(least deprived)

2

7,531 (22.46)

1,119 (23.17)

3 8,220 (24.52) 1,127 (23.34)
4 5,959 (17.77) | 946 (19.59)
5t quintile 6,709 (20.01) | 995 (20.6)

(most deprived)

Crude numbers are presented in the above table.
* deprivation index includes social and material deprivation indices, calculated
from Canadian Census data using postal code

(http://mchp-
appserv.cpe.umanitoba.ca/viewConcept.php?printer=Y &conceptlD=1415)
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Table 2-2. Age-standardized annual incidence rates of dementia

Year Persons at risk Crude incidence Standardized incidence
rate (%) rate (%) [95% CI]
2009 39,067 6.1 3.4 [2.9-3.8]
2010 38,829 8.7 5.0 [4.4-5.5]
2011 38,491 9.7 5.3 [4.7-5.9]
2012 38,117 13.6 7.5[6.9-8.2]
2013 37,599 15.7 8.7 [8.0-9.5]
2014 37,008 20.2 11.4 [10.5-12.2]
2015 36,260 20.5 11.1 [10.2-11.9]
2016 35,517 20.0 10.5[9.6-11.3]
2017 33,064 20.4 10.8 [9.9-11.7]

Figure 2-2. Annual incidence rates for both sexes by age at baseline

Per 1,000 person-years
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Figure 2-3. Age- and sex-standardized annual incidence rates of dementia by

sex

per 1,000 person-years
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Figure 2-4. Age and sex-standardized incidence rates by urban/rural status
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CHAPTER 3. RISK FACTORS FOR INCIDENCE OF DEMENTIA IN
PRIMARY CARE PRACTICE: A RETROSPECTIVE
COHORT STUDY IN OLDER ADULTS

INTRODUCTION

In the last thirty years, dementia has gained the attention of researchers resulting
in an increase in the quality and quantity of studies assessing the impact of
associated risk factors and identifying areas of preventability (1). However, even
though individual longitudinal studies show that modifiable cardiovascular risk
factors (e.g. physical inactivity, smoking, hypertension, obesity, and diabetes),
depression, and low educational attainment may be associated with Alzheimer’s
disease (2, 3), the relationship between late life risk factors and subsequent
dementia onset remains unconfirmed. Meta-analyses and systematic reviews
have concluded that the evidence is not sufficiently consistent to indicate a clear
causal association between dementia onset and hypertension (4). Though an
association with vascular dementia is clearer (5) while dyslipidemia has been
reported both as a protective factor and a risk factor for dementia (6).

The aim of this study was to analyze routinely collected primary care electronic
medical record (EMR) data to quantify the potential effect of modifiable risk factors,
comorbidity, and demographic characteristics (age, sex, rurality, deprivation
category) on the incidence of dementia in community-dwelling Canadians aged 65

and older.

METHODS

Study design

This was a retrospective cohort design. Data were extracted from primary care
electronic medical record data held by the Canadian Primary Care Sentinel
Surveillance Network (CPCSSN) (7). Participants included people who were active
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in the CPCSSN dataset as of the December 2017 extraction, were aged 65y or
older at any time in 2009, whose records included required demographic data (sex,
age, postal code and deprivation index) and a minimum of six years of recorded
data from January 01, 2008 to December 31, 2013. All patients with a diagnosis of
dementia in or before 2008 were excluded from the analysis as being prevalent
cases. The index date for the study was January 01, 2009 and the end date was
when the earliest of any one of the following conditions existed: the date of
dementia diagnosis, two years after the last recorded visit, or December 31, 2017.
A flowchart of the development cohort is provided in figure 1.

Data source

Started in 2005, CPCSSN is the only national Canadian data platform for EMR-
based primary care research and is ideally positioned to close the gap between
research, clinical practice and health policy (8). The system records clinical
information, including patient-level information about diagnoses, prescribed
medications, demographics (age, sex, postcode of residence and deprivation
index), medical examinations, laboratory test results, referrals, co-morbidity and
risk factors (9). Data are derived every 6 months from primary care EMRs
produced by a variety of vendors, deidentified (9), cleaned and organized into a
standard format (10, 11). This uses the same names and codes for each specific
variable, based on the Anatomical Therapeutic Chemical (ATC) Classification
System for medications and the International Classification of Diseases, Ninth
Revision (ICD-9) for disease diagnosis (12). As of 2017, CPCSSN included
373,373 patients older than 64 years representing 20.4% of its total population;
people aged 65y and older accounted for 14.8% in the Canadian general
population 2011 census. These numbers may reflect the fact that older adults have
more health concerns than younger adults and hence are more likely to contact
their family physicians. The ratio of sex in the CPCSSN was 0.79 males to females,
approximating to the census ratio of 0.80 (13).

Case definitions
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The CPCSSN case definition for dementia is a comprehensive algorithm designed
to include all types of the condition. It requires evidence from either free-text fields
or drop-down menus of the health condition (or problem list), encounter diagnosis
or billing tables for an ICD-9 code of 290.%, 331.%, 294.1, 294.8, 797.* or 438.%, or
a prescription for a cholinesterase inhibitor (Rivastigmine, Galantamine or
Donepezil) or an N-methyl-D-aspartate (NMDA) receptor antagonist (Memantine)
(14). Incidence of dementia date is defined as a clinical encounter recorded in the
EMR at which a patient first met the validated CPCSSN case criteria for the

condition.

Patients with hypertension, diabetes mellitus, and depression are also identified
with evidence from patients’ problem list, encounter diagnosis, billing, medication
tables, and/or lab test results (14). All CPCSSN case definitions have been
validated using either EMR chart or CPCSSN record review as a gold standard,
with sensitivity 96.8% (95% CI, 93.3-100.0), specificity 98.1% (95% Cl, 97.5-98.7),
positive predicted value 72.8% (95% CI, 65.0-80.6) and negative predicted value
99.8% (95% Cl, 99.6-100.0) (15).

Dyslipidemia cases are defined in this analysis as having a combination of one
prescription of lipid-lowering medications (ATC code C10) and one abnormal blood
lipid reading for any type of cholesterol, or one occasion of being diagnosed with
dyslipidemia (ICD-9 code 272.4). This definition has been validated using
CPCSSN data yielding a sensitivity of 98%, specificity of 100%, positive predictive

values of 100% and negative predictive values of 93% (16).

Being underweight is defined by median prior to baseline (January 01, 2009) body
mass index (BMI) less than 20.0; and being obese is defined by median prior to
baseline BMI greater than or equal to 30.0 or physician diagnosis of obesity (ICD-
9 code 278.00, 278.01, 278.03). Patients who were not identified as either

underweight or obesity including those without a BMI measurement were assumed
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not to have these conditions (normal weight). Any record of BMI less than 10.0 or
greater than 70.0 is assumed to be incorrectly input.

Participants were considered to be smokers if they had at least one indicator of
smoking in their EMR, including being current or past smokers before baseline;
non-smokers were those who had never smoked before baseline. People with no

record of smoking were assumed to be never smokers.

Medications use was defined as having received at least one prescription within
the two years before baseline. ATC codes were used to identify medications.
Antihypertensive medications include codes antihypertensive (C02*); diuretics
(C03*) with the exception of diuretics used primarily for heart failure, or other
oedematous states — furosemide (CO3CAO01), bumetanide (CO3CA02) and
metolazone (CO3BAO08); peripheral vasodilators (C04*); beta blocking agents
(CO7*), Calcium channel blockers (C08*); and agents acting on renin-angiotensin
system (C09*). Statin drugs included atorvastatin, cerivastatin, fluvastatin,
lovastatin, pravastatin, rosuvastatin and simvastatin (ATC codes C10AA* and
C10B*).

Statistical analysis

Incidence of dementia was compared among those exposed and those unexposed
to the selected risk factors in order to identify demographic and health
characteristics of people who did and did not develop incident dementia during
follow-up. Survival analysis with Cox’s proportional hazard was performed to
estimate hazard ratios (HR). All steps of the analysis from data management to
inferential analysis have been done in SQLite (17) and STATA 14 (18).

Ethics

The CPCSSN database has received ethics approval from each contributing
network's local Research Ethics Board, including waivers of individual patient
consent for their de-identified data to be used for surveillance and research. This
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study received specific approval from the Research Ethics Board at the University
of Alberta and the investigator signed a data sharing agreement with the CPCSSN.

FINDINGS

Over a follow-up period of nine years, 39,066 eligible participants contributed to a
total of 329,731 person-years at risk, with 4,935 new cases of dementia identified.
As previous evidence found a sharp increase in dementia incidence after the age
of 80y (19), this analysis was conducted for two age groups, patients aged 65-79y
and those aged 80y and over at baseline. There were 31,185 participants aged
65-79 years and 7,881 aged 80 years and over. The older group included more
females (63.8% versus 56.0%, p <0.001) and those who resided in an urban postal
code (79.1% versus 75.3%, p < 0.001) than the group of people aged 65-79y. The
percentage of people recorded as having ever smoked was 21.4% of those 80y
and older and 26.8% (p < 0.001) of the 65-79-year-olds. Except for hypertension
and osteoarthritis, which had higher prevalences in the older group, a lower
prevalence was found among them for other chronic conditions, including diabetes
mellitus, dyslipidemia, obesity, and depression in comparison to the younger one.
Table 3-1 presents baseline characteristics of the two age groups, and also of the

entire cohort under study.

Patients aged 65-79y included 267,996 person-years at risk with 3,012 dementia
cases. after adjusting for comorbidities and demographic characteristics, the rate
of dementia onset increased by 13% for every additional year in age, HR = 1.13
(95%ClI, 1.12-1.14) among people age 65-79. People living in more socially
deprived postcodes (deprivation quintile 3, 4 and 5) also had a higher risk of a
dementia diagnosis than people in the least deprived quintiles (p = 0.001), although
there was no statistically significant relationship between quintile 1 and 2.
Depression, osteoarthritis and diabetes mellitus significantly increased the risk of
incident dementia (p-value < 0.01). Sex, material deprivation (identified by 3-digit
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postalcode), hypertension, obesity, underweight, and dyslipidemia did not have a
statistically significant association with dementia onset.

In the older group, 7,881 patients contributed 61,737 person-years at risk; only
three variables significantly predicted dementia onset. Age increases risk at a
lower rate of 5% for every one additional year in age, HR = 1.05 (95%Cl, 1.03-
1.06). Patients with a diagnosis of depression are also at higher risk, HR = 1.33
(95%CI, 1.11-1.60), older adults with underweight at higher risk than normal
weights, HR = 1.84 (95% Cl, 1.26-2.67). Table 3-2 presented adjusted hazard
ratios of dementia onset for the two groups.

Two post hoc analyses, replacing hypertension and dyslipidemia with
antihypertensive and statin use, one at a time, were performed. After controlling
for demographic characteristics and other chronic diseases, no significant
association was found for either age groups (table 3-3).

DISCUSSION

Overall, after a follow-up of 8.4 + 1.4 years, in 39,066 Canadian primary care
patients aged 65y and over, this study found that incidence of dementia was
associated with age but not with sex and rurality in all ages. There was a positive
association with history of smoking, social index, depression, osteoarthritis and
diabetes mellitus among people aged of 65-79y at baseline. However, among
those aged 80y and over at baseline, only associations with material index and
depression were statistically significant. In comparison to Statistics Canada reports
(20, 21), the prevalence of chronic conditions in this cohort, including smoking,
hypertension, diabetes, dyslipidemia and obesity is slightly lower in those living in
urban settings. A possible reason is that the case definitions used for these
conditions in this study were more stringent and thus more conservative. Using
multiple criteria such as clinical diagnosis or prescription of relevant medications

may lead to a more valid estimate than those employed by Statistics Canada which
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mainly used self-reported data (21). Also, a gap of 8 years in the two sets of
statistics (2008 for the study cohort and 2016 for the Statistics Canada sample)
may be significant since the proportion of Canadian people aged 65y and older
increased from 13.9% in 2009 to 16.9% in 2017 (22, 23). This might be associated

with an increased prevalence of other chronic diseases in the community.

Hypertension

Evidence regarding the effect that hypertension has on dementia incidence is
conflicting. Some studies suggest a positive association (24-29) while others find
negative effects (30-33). In the current study there was a non-significant
association between hypertension and subsequent dementia diagnosis for
participants in all ages. This concurs with a number of other longitudinal studies
on both vascular dementia and Alzheimer’s disease (34). A potential explanation
for this is that most hypertensive people recorded in primary care data are treated
and have reasonably well-controlled blood pressure which reduces damage and
complications to a point that hypertension ceases to be a risk factor. The same

scenario has been claimed for stroke (35).

However, among uncontrolled hypertensive patients, previous studies have found
that more severe high blood pressure was not a statistically significant predictor
(28, 36). While the relationship between hypertensive medication and dementia is
also unclear, meta-analyses have found inconsistent evidence for the association
between blood pressure drug treatment and dementia incidence (37); however,
recent findings from a British study using routinely collected health data found a
positive association (38). The post hoc analysis performed here replacing
hypertension status with either use or not use of antihypertensive medication
during the last two years before baseline, found no significant association with

subsequent dementia incidence.

Diabetes mellitus
Evidence for an increased risk of incident dementia in patients with diabetes is
relatively consistent in most published studies (39-46). Here, people in the younger
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group with a diabetes diagnosis before baseline were 1.19 times at higher risk than
those without diabetes (p < 0.001), compared to 1.33 times from a study in the UK
(38). The UK study and this one both used health data from primary care and found
that the risk of dementia was reduced with age by 14% and 13% among patients
aged 80 to 95 years, respectively (38), though the current study finds this
association was not statistically significant.

Dyslipidemia

Patients with dyslipidemia experienced a non-significant 4% greater risk of incident
dementia in people aged 65 -79y and an also non-significant 4% lower risk in
people aged 80 and older. This is consistent with other studies (47, 48). However,
some studies report a lower risk of dementia in people older than 85y associated
with higher cholesterol level (47, 49), while others show increment in risk (49-51).
As dyslipidemia case definitions are not consistent between studies, different
classification may lead to different findings. This study applied a relatively broad
(and validated) case definition, but blood cholesterol levels are relatively easily
changed according to dietary variation and this may have overestimated the

prevalence of dyslipidemia.

The use of statins was not significantly associated with dementia onset, replicating
the finding from the UK (38). This is unsurprising as 98% of people with
dyslipidemia in this cohort were treated with a statin.

Obesity and underweight

Median baseline BMI = 30 and/or having a diagnosis of being obese of any type
recorded in the medical records was negatively, though insignificantly, associated
with dementia onset. It is associated with a reduction in risk of 7% and 8%
respectively, in the younger and older age groups. This is in contrast to evidence
that obese patients (BMI greater than 29.9) have a greater risk of dementia than
those who have a ‘normal’ BMI (52-54).
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However, we found that BMI lower than 20.0 in people older than 79 years old
highly significantly increased the risk of subsequent dementia by 84%; this
association is not statistical significance in the younger group. It aligns with a few
previous studies which found that (1) lower BMI increased the risk of dementia (55,
56), and (2) people who were underweight had a relatively higher risk of
subsequent dementia than those of normal weight (57). This could become
apparent years before diagnosis since dementia has a relatively long latency which
occurs without perceptible symptoms (58). Under-diagnosis of dementia is
common due to limited resources in primary care, physicians are often reluctant to
commit to a diagnosis prematurely (59), and/or patients and their families may also
be hesitant to identify a problem (60), which may lead to an argument that
dementia has already occurred (though not being diagnosed) among the oldest
old whose weight is significantly lost. Therefore, an analysis using categories of
BMI as predictors may clarify the association between weight in late life and
dementia onset. It is of interests to understand if losing weight in old age might be

an early sign of latent dementia or vice versa.

Other comorbidities

Even though the pathological mechanism of the association between depression
and subsequent dementia is still unclear, the association itself is known (61, 62)
and replicated in this study. As for osteoarthritis, a recent meta-analysis which
included participants from a variety of age ranges found that its occurrence
increases the risk of dementia (63). Our study found the same result for people

aged 65 to 79 but not for the very old group.

Strength and limitations

To our knowledge, this is the first study to explore the occurrence and associated
outcomes of risk factors prior to a diagnosis of dementia in pan-Canadian primary
care. Previous studies have faced difficulties in finding a representative population
because the very people at risk for dementia are often excluded from studies or
their data are unavailable. In conducting a retrospective longitudinal follow-up
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study using available and accessible information in CPCSSN-processed EMR
data, the challenge of a non-representative sample of the Canadian population is
minimized. Moreover, implementing a dementia-free cohort allows us to have a

highly precise denominator for incidence rate calculation and survival analysis.

However, the current database limits the opportunity of accurately evaluating
competing risks from other possible factors in dementia incidence, such as
inherited genetic conditions, physical inactivity, or mental illnesses other than
depression. Though primary care data might be the ideal source from which to
study chronic disease, many listed factors are not validated in current Canadian
EMR data.

As this cohort includes patients who have at least five years of follow-up data, bias
due to loss to follow-up is minimized. Even though information bias due to
misclassification is possible as case definitions rarely achieve validation metrics of
100%, it is also minimized by the high validity of CPCSSN case definitions. Other
information biases, such as recall bias or interviewer bias, are expected to occur
at very low frequency as information was routinely entered by clinicians at the time

of providing health care.

CONCLUSION

Diabetes mellitus, depression, osteoarthritis, and underweight but not
hypertension, obesity or dyslipidemia managed in primary care is associated with
an increased risk for incident dementia diagnosis. Used with caution, routinely
collected clinical data are a good for studies with models which include more
related variables to provide a more complete picture of dementia’s risk and
protective factors. Further work is necessary to better understand the apparent

association between weight and incidence of dementia.
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Figure 3-1. Flowchart of cohort identification
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Table 3-1. Demographic and health characteristics at baseline of participants

by age group
All participants 65-79 years old 80+ years p-value
old

n 39,066 31,185 7,881 N/A
person-years at risk 329,731 267,996 61,737 N/A
Age at baseline 74.1+£6.2 716+4.0 83.8+34 N/A
(mean = SD)
Female n, (%) 22,484 (57.6) 17,454 (56.0) 5,031 (63.8) | <0.001
Urban n, (%) 29,699 (76.0) 23,467 (75.3) 6,232 (79.1)  <0.001
Smokers n, (%) 10,042 (25.7) 8,355 (26.8) 1,687 (21.4) | <0.001
Social index < 0.001
1 (least deprived) 5,853 (15.0) 4,795 (15.4) 1,058 (13.4)
2 9,215 (23.6) 7,540 (24.2) 1,675 (21.3)
3 8,230 (21.1) 6,660 (21.4) 1,570 (19.9)
4 6,919 (17.7) 5,503 (17.7) 1,416 (18.0)
5 (most deprived) 8,849 (22.7) 6,687 (21.4) 2,162 (27.4)
Material index < 0.001
1 (least deprived) 8,314 (21.3) 6,504 (20.9) 1,810 (23.0)
2 6,502 (16.6) 5,302 (17.0) 1,200 (15.2)
3 6,778 (17.4) 5,485 (17.6) 1,293 (16.4)
4 9,188 (23.5) 7,364 (23.6) 1,824 (23.1)
5 (most deprived) 8,284 (21.2) 6,530 (20.9) 1,754 (22.3)
Comorbidities
Depression n, (%) 2,274 (5.8) 1,848 (5.9) 426 (5.4) 0.078
Osteoarthritis n, (%) 6,220 (15.9) 4,707 (15.1) 1,513 (19.2) < 0.001
Hypertension n, (%) 13,900 (35.6) 10,638 (34.1) 3,262 (41.4) | <0.001
Diabetes mellitus n, (%) 5,644 (14.5) 4,586 (14.7) 1,058 (13.4)  0.004
Dyslipidemia n, (%) 15,013 (38.4) 12,277 (39.4) 2,736 (34.7) | <0.001
Underweight n, (%) 249 (0.6) 178 (0.6) 71 (0.9) < 0.001
Obesity n, (%) 3,858 (9.9) 3,326 (10.7) 516 (6.6) < 0.001
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Table 3-2. Hazard ratios of dementia onset by age groups at baseline

65-79 years old

80+ years old

Characteristics AHR [95% CI] p-value AHR [95% CI] p-value
Age 1.13 [1.12-1.14] <0.001 | 1.05[1.03-1.06] | <0.001
Sex

Male 1.01 [0.94-1.09] 0.747 0.95[0.86-1.04] | 0.254
Living area

Urban 1.05[0.95-1.16] 0.359 1.08 [0.95-1.24] | 0.239
Smoking history

Smokers 1.09[1.01-1.18] 0.037 1.01[0.91-1.13] 0.807
Social index

1 (least deprived) 1.00 1.00 -

2 1.12[0.98-1.27]  0.101 0.86 [0.73-1.02] | 0.086
3 1.27 [1.12-1.45] <0.001 1.15[0.98-1.36] | 0.082
4 1.35[1.18-1.54] <0.001 | 1.12[0.95-1.33] 0.180
5 (most deprived) 1.41 [1.24-1.60] <0.001 0.95[0.81-1.12] | 0.573
Material index

1 (least deprived) 1.00 1.00 -

2 1.00 [0.89-1.13] 0.958 0.80[0.69-0.92] | 0.003
3 0.98 [0.87-1.10] 0.699 0.82[0.71-0.94] | 0.006
4 1.08 [0.97-1.21] 0.173 0.94 [0.82-1.08] @ 0.407
5 (most deprived) 0.98 [0.87-1.10] 0.763 0.75[0.65-0.87]  <0.001
Comorbidities

Depression 1.38 [1.20-1.58] <0.001 1.33[1.11-1.60] | 0.002
Osteoarthritis 1.15 [1.05-1.26] 0.004 1.10[0.98-1.23] 0.108
Hypertension 0.96 [0.89-1.04] 0.305 0.94 [0.86-1.03] | 0.207
Diabetes 1.19[1.08-1.32] <0.001 | 1.14[1.00-1.30] 0.053
Obesity 0.93[0.82-1.05] | 0.254  0.92[0.76-1.12] | 0.381
Underweight 1.11 [0.72-1.70] 0.642 1.84 [1.26-1.67]  0.001
Dyslipidemia 1.04 [0.96-1.12] 0.329 0.96 [0.87-1.06] | 0.403
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Table 3-3. Post hoc analysis to access the association between related
medication and the risk of dementia onset

65-79 years old 80+ years old
Characteristics AHR [95% CI] p-value AHR [95% CI] p-value
Antihypertensive
No 1.00 1.00
Yes 1.02 [0.94-1.10] 0.714 0.91[0.82-1.00] | 0.052
Statin
No 1.00 1.00
Yes 1.07 [0.98-1.17] 0.110 0.93[0.83-1.04] | 0.219
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CHAPTER 4. MULTI-DIMENSIONAL ANALYSIS TO APPROACH
THE ASSOCIATION BETWEEN BODY MASS INDEX
RECORDED IN PRIMARY CARE PRACTICE AND
INCIDENCE OF DEMENTIA

INTRODUCTION

Regardless of obesity being a common risk to healthy aging, its effect on dementia
risk remains unclear. An inverted U-shaped association is often seen, with obesity
in mid-life increasing the risk of a subsequent dementia diagnosis while late life
obesity appears to be protective (1). Other research has reported the absence of
statistically and clinically significant associations between obesity and dementia
(2). Interestingly, a number of recent studies have reported a protective effect of
being overweight or obese in later life (3, 4). This may be true, but the association
might be confounded if people who subsequently acquire dementia lose weight
rapidly in the period before diagnosis compared to people of the same age who
have not yet been diagnosed with dementia (5). This study examines the
association between BMI in late life and dementia onset; thus, differences in BMI
between people before and after and with and without a dementia diagnosis in
primary care are compared to take this into account.

METHODS

Study design and selection criteria

A retrospective cohort design with embedded case-control study was conducted
in a sample of dementia-free patients aged 65 years and older in 2009. Participants
were required to have at least one visit to their primary care clinic before January
01, 2008 and one after December 31, 2013 to ensure at least six continuous years
of follow-up. The first date of active follow-up for the study (the baseline) was
January 01, 2009 and the end date of follow-up was the earliest of either (1) date

of dementia diagnosis, (2) two years after their last visit, or (2) December 31, 2017.
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To be eligible for the study participants required complete demographic data (sex,
age, postal code and deprivation index) and at least two measurements of BMI
within five years before baseline. Patients with a diagnosis of dementia in or before

2008 were excluded for being prevalence cases.

The study was conducted in two stages. The first was performed on the whole
eligible cohort to predict the risk of dementia onset. The second was a nested
case-control study where cases were defined as eligible participants with a
dementia diagnosis during the follow-up period and who had at least two BMI
values before and two values after the date of dementia diagnosis (index date).
This is to maximize accuracy of the effects of BMI at the baseline on dementia
onset. Four controls were automatically randomly selected for each case from the
pool of subjects that did not have dementia. At baseline, cases and controls were
matched on 5-year-range age, sex and number of comorbidities using with the
validated Canadian Primary Care Surveillance Sentinel Network (CPCSSN) case
definition (6). The index date of a case was assigned to be the index date of its
matched controls. Figure 1 presents a flowchart of inclusion and exclusion criteria

of participants.

Setting

Data for this study were extracted from the December 2017 CPCSSN database.
This is a pan-Canadian platform for Electronic Medical Record (EMR)-based
primary care research into chronic diseases, which includes clinical information on
almost two million people across Canada (7). CPCSSN data include patient-level
information about diagnosis, prescribed medications, demographics (age, sex,
postcode of residence, and deprivation index), medical examinations, laboratory
test values, referrals, co-morbidities, and risk factors (8). All information is de-
identified, cleaned, organized into a standard format, and securely held at the
Centre for Advanced Computing at Queen’s University (9, 10). Data are
standardized, based on the Anatomical Therapeutic Chemical (ATC) Classification
System for medications and International Classification of Diseases, Ninth
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Revision (ICD-9) for disease diagnosis (11). As of 2017, CPCSSN included data
from 373,373 patients older than 64 years old, representing 20.4% of the total
sample.

Dementia case definitions

Dementia cases were identified through indicators from the EMR health condition
(or problem list), encounter diagnosis or billing tables for an ICD-9 code of 290.%,
331.%, 294.1, 294.8, 797.* or 438.%, or a prescription for cholinesterase inhibitor
medication (Rivastigmine, Galantamine or Donepezil) or the N-methyl-d-aspartate
(NMDA) medication (Memantine) (6). The CPCSSN case definition metrics for
dementia provide sensitivity of 96.8% (95% CI, 93.3-100.0), specificity of 98.1%
(95% ClI, 97.5-98.7), positive predictive value of 72.8% (95% ClI, 65.0-80.6), and
negative predictive value of 99.8% (95% ClI, 99.6-100.0) (12).

BMI measurement and data collection

Weight and height of patients are frequently measured and recorded during patient
encounters. BMI (kg/m?) values may be obtained either directly from EMR systems
or may be calculated from synchronous height and weight values. The process of
BMI calculation and cleaning specifically for this study included exclusion of
calculated BMI less than 15 and larger than 50 kg/m?; as we assumed that these
values were most likely erroneous. If a patient had multiple BMI values on the
same day, only the first value was selected for the analysis. BMI was categorised
as underweight (BMI < 20 kg/m?), normal weight (20 < BMI < 25), overweight (25
< BMI < 30), and obese (BMI > 30).

Covariates and confounding

Sex, age, rurality status (base on rural/urban postal code), deprivation index
(calculated using 6-digit postal codes), history of smoking (past or current smokers
versus non-smokers) and comorbidity index (defined as the number of chronic
diseases with validated CPCSSN case definitions (hypertension, diabetes mellitus,
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osteoarthritis, depression, epilepsy, chronic obstructive pulmonary disease
(COPD), and Parkinson’s disease) with evidence of obesity as a causal risk factor
were adjusted for in the analysis.

Statistical analysis

Descriptive analysis compared demographic and baseline health characteristics,
as well as baseline BMI readings of cases and controls, using t-test for continuous
variables and chi-square test for categorical variables. Analysis 1 included
inferential statistics using Cox’s proportional hazard to produce hazard ratio
estimates; BMI was included as a predictor in Cox’s models in two forms, as a
continuous and categorical variable. Analysis 2 included unconditional logistic
regression to estimate odds ratios of dementia onset between people with and
without a dementia diagnosis using BMI measured before and after the index
dates, as well as changes in BMI before and after diagnosis (13). Median BMIs
were used to avoid using only the single most recently recorded BMI which might
produce misclassification bias. Age at baseline, sex, and number of comorbidities
were also included as covariates since matching on these variables may have
produced bias as people with dementia are more likely to be older and female (14).
Assumptions of proportional hazard over time-at-risk for Cox’s regression were
checked using log-minus-log (LML) plots. Linearity was checked for continuous
variables using its categorical form. SQLite (15) was used for data management
and STATA 14 (16) was used for data analysis.

Ethics

The CPCSSN database has received general ethics approval from each
contributing network's host university’s Research Ethics Board, including waivers
of individual patient consent for their de-identified data to be used for surveillance
and research. This study also received specific approval from the Research Ethics
Board at the University of Alberta (Pro00083659).
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RESULTS

Among 39,066 eligible patients, 26,878 (69%) had at least one BMI value before
or during the follow-up period, while 12,090 (31%) had at least one BMI and 6,390
(16%) has at least two BMI values up to five years before baseline (from 2004 to
2008). Eligible people with two or more BMI values were slightly younger, more
likely to have urban postal codes, a record of smoking at any point in time and at
least two chronic diseases with valid CPCSSN case definitions (p < 0.001).
However, the differences in distribution between compared groups were small
(less than 10% for all cases).

Among 6,390 people with at least two BMI values up to five years before baseline
(analysis 1), the number of new cases of dementia in 2009-2017 was 784 (12.3%).
People with dementia were older, more likely to live in a postal code area with a
higher social deprivation index value (more deprived) and more likely to have two
or more chronic diseases, but the differences were not statistically significant.
Table 4-1 presents baseline demographic and relevant clinical characteristics with
comparison between people who developed and did not develop dementia for the
cohort of eligible patients as well as for the cohort used for analysis 1.

Analysis 1 estimated the risk of incident dementia diagnosis for each one unit
increase in BMI before baseline. Different methods of inclusion of patients’ BMIs,
including the most recent BMI before baseline, median and mean of all BMI values
within the time range, were analysed. No difference was found between mean and
median BMIs. This study reports results using the median of all recorded BMIs
during five years before baseline. For people aged 65-79 with two or more BMI
values the HR was 0.99 (95%ClI, 0.98-1.01, p-value = 0.052) after adjusting for
age, sex, postal code, deprivation categories, smoking history, and comorbidity
index. For the older than 79 years old group the adjusted HR was 0.94 (95% Cl,
0.94-0.99, p-value = 0.019). For every 5-unit increase in BMI, HR = 0.97 (95% Cl,
0.88-1.06) and 0.84 (95% ClI, 0.72-0.970), p-value = 0.052 and 0.019, respectively
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for the two groups. Table 4-2 presents results from Cox’s survival analysis using

BMI as a continuous variable.

A Cox’s survival analysis of the association between BMI and weight, treating BMI
as a categorical variable. Among people aged 65-79y, HR = 1.34 (95% CI, 0.78-
2.36, p-value = 0.283), 0.98 (95% Cl, 0.79-1.22, p-value = 0.859), and 0.98 (95%
Cl,0.77-1.25, p-value = 0.876), respectively when comparing risk between normal,
underweight, overweight, and obese people. Among people aged 80 and older,
HR =1.71 (95% ClI, 0.98-3.00, p-value = 0.060), 0.75 (95% CI, 0.56-1.01, p-value
= 0.057), and 0.78 (95% CI, 0.55-1.01, p-value = 0.165). Results are included in
table 4-3.

Analysis 2 compared the BMIs of matched-paired cases and controls for the time
before and after index dates. The number of case and control sets who had at least
two BMIs before and two BMIs after an index date was 726 (726 cases and 2,904
controls). During the follow-up period before the index dates, people with lower
BMiIs are more likely to be diagnosed with dementia, BMI difference was about 0.7
kg/m?, p-value = 0.001; this number for the period after index dates was 1.1 kg/m2,
p-value < 0.001. Taking the median of all BMI values before index dates, the OR
= 0.97 (95% CI, 0.95-0.99, p-value = 0.001); while OR = 0.96 (95% CI, 0.94-0.97,
p-value < 0.001) for BMI after index dates (Table 4-4).

The BMI of people with an incident dementia diagnosis decreased more than those
people without this diagnosis (p < 0.001). The difference in BMI between the two
groups of people was about 0.4 kg/m?. Taking the median of differences in BMIs
before and after index dates to compare between cases and controls, people who
lost more weight are more likely to develop dementia during follow-up, OR = 0.91
(95% CI, 0.88-0.95, p-value < 0.001) (Table 4-4).
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DICUSSION

A common belief about the association between BMI and chronic diseases,
including dementia, is that people with higher BMI, especially those who are
overweight or obese, are at higher risk of subsequent comorbidities (17). However,
there is evidence that overweight and obese people might be protected against
dementia onset (1, 18).

This study found that among very old community-dwelling adults (people aged 80
and older), each one-unit increase in BMI recorded within five years prior to
baseline was significantly associated with a reduction of 3% in risk for dementia
onset during the next 10 years. In this study, on average, an older adult had a 16%
lower risk for incident dementia for each 5-extra-unit of BMI or, in other words, by
moving up from one BMI category to the next. Consistent with this finding, a meta-
analysis using data from Europe, the United States, and Asia found a reduction of
29% in risk of dementia (95% CI, 0.66-0.77) for every 5-unit rise in BMI during the
10 years preceding an eventual dementia diagnosis (19). However, as the
association between BMI and dementia onset does not appear to be linear (figure
2), we categorized BMI into four groups of under, normal, overweight, and obese
and found that being underweight was not statistically significantly associated with
an increased risk at significant level of 0.001 (p-value = 0.04); while being
overweight and obese was associated with a relatively and non-significantly lower
risk, compared with the risk among normal weight patients. This could be
interpreted that the strong negative effect of being underweight on dementia risk
has overcompensated for the effect on the association between BMI in dementia
and general.

From the nested-matched-paired case-control study both cases and controls
experienced a statistically significant reduction in BMI over time; people with lower
BMIs and lost more weight are more likely to be diagnosed with dementia. So, a
falling BMI may be an early sign of dementia onset. This trend seems to continue
after diagnosis. Even though weight loss before dementia diagnosis has been
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reported by a number of previous studies, to our knowledge, it has not been
compared to people of the same age without a dementia diagnosis. There is
existing evidence for lower weight before diagnosis among overweight and obese
people, but not in those who are underweight or of normal weight, and with a stable
BMI after diagnosis (20), although the main outcome in the mentioned study was
Alzheimer’s disease rather than dementia in all its sub-types. This study observed
that people with dementia had lower BMI before and after index dates, by 0.5 and
1.1 kg/m2, respectively. And after being diagnosed with dementia, cases lost
significantly more weight than people in control group, by 0.36 kg/mZ.

This finding of weight loss among older adults could possibly be argued as being
a part of the natural aging process as lean muscle is lost replaced by fat, which
has lighter density (21). Taken together, this may raise a question of whether
people with dementia, including those in its pre-clinical stage, are more likely to
have lower, apparently “healthier” BMIs; as taking less exercise and poor diet
contributes to weight loss. Such weight loss may also reflect the onset of frailty in
dementia which has such a lengthy latent period. Additionally, the loss of height
among older adults, particularly in women needs to be considered when
calculating BMI. While waiting for future clinical studies to focus on lean mass loss
to test this hypothesis, this study suggests that gradually losing weight among what
appears to be physically healthy people may be an indicator for early dementia

screening.

Even though there are arguments against using body mass index (BMI) as a
principal indicator for obesity since it may not reflect the true body fat proportion, it
is still one of the most comprehensive sources of data for its ease of measurement,
which reduces potential for errors, as well as its ubiquitous availability in most
medical record systems (22); it also appears to be well recorded in electronic
primary care data (23). Good use of BMI data could benefit both researchers and
practitioners in order to predict risk of multiple chronic disease development,

including dementia. However, using only one BMI measurement at the point most
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recent to baseline might be subjected to systematic errors. Instead, the use of
mean or median BMI may be more appropriate in order to reduce information bias.
Ideally, | believe that this association should be studied using time-series methods
to capture the actual change in BMI in years before and after a dementia diagnosis.
In the meantime, CPCSSN data is not capable for this type of analysis yet.

The association of BMI lower or higher than the normal range and a higher risk of
dementia onset is clearer in studies in younger people (those aged less than 60 at
baseline) and with 10 or more years of follow-up (24). A replication of this study in
future, when CPCSSN has a longer time series of data, may reveal a clearer result.

CONCLUSION

Overall, this study did not find a statistically significant association between BMI
before baseline and dementia onset. However, it provides evidence that older
adults commonly lose weight, and that people diagnosed with dementia are more
likely to weigh less before that diagnosis and are more likely to lose more weight
afterwards than those who have not been diagnosed with the disease. Thus, in a
same age range, community-dwelling older adults with higher BMI have a lower
risk of subsequent dementia. Therefore, though still in need of further exploration,
primary care monitoring BMI in seniors may help to identify dementia earlier than
is currently achieved. This may form the basis of a reference for family medicine
and public health in order to plan a treatment strategy for people in need. In
addition, this study also showed that secondary use of health data from electronic
medical records should consider using BMI data as a valuable and readily

available resource.
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Figure 4-1. Flowchart of cohort identification
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Figure 4-2. Checking linearity of BMI effect on dementia onset
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Table 4-1. Demographic and clinical characteristics of cases and non-cases at baseline

Whole cohort People with two or more BMI values before
baseline

Variable Non-cases Cases Total Non-cases Cases Total

n = 34,132 n = 4,935 n = 39,067 n = 5,606 n =784 n = 6,390
Age (mean (SD)) 73.6 (6.1) 77.8 (6.5) 74.1 (6.2) 73.0 (5.6) 76.7 (6.1) 73.5 (5.8)
Female (n (%)) 19,528 (57.2) 2,957 (59.9) 22,485 (57.6) @ 3,255(58.1) 456 (68.2) 3,711 (58.1)
Urban (n (%)) 25,799 (75.6) 3,900 (79.0) | 29,699 (76.0) 4,622 (82.5) 677 (86.4) 5,299 (83.0)
Smokers (n (%)) 8,790 (25.8) 1,252 (25.4) 10,042 (25.7) 1,710 (30.5) 255 (32.5) 1,965 (30.8)
Deprivation index
Social Quintile 1 5,247 (15.4) 606 (12.3) 5,853 (15.0) 838 (15.0) 84 (10.7) 922 (14.4)
2 8,208 (24.1) 1,007 (20.4) 9,215 (23.6) 1,016 (18.1) | 142 (18.1) 1,158 (18.1)
3 7,152 (21.0) 1,079 (21.9) 8,231 (21.1) 1,238 (22.1) 169 (21.6) 1,407 (22.0)
4 5,948 (17.4) 971 (19.7) 6,919 (17.7) 1,336 (23.8) | 194 (24.7) | 1,530 (23.9)
5 (most deprived) 7,577 (22.2) 1,272 (25.8) 8,849 (22.7) 1,178 (21.0) 195(24.9) 1,373 (21.5)
Material Quintile 1 7,151 (21.0) 1,163 (23.6) 8,314 (21.3) 1,582 (28.2) | 243 (31.0) 1,825 (28.6)
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2 5,703 (16.7) 799 (16.2) 6,502 (16.6) 1,273 (22.7) 178 (22.7) | 1,451 (22.7)
3 5,969 (17.4) 809 (16.4) 6,778 (17.4) 1,164 (20.8) | 109 (13.9) 1,273 (19.9)
4 8,000 (23.5) 1,189 (24.1) 9,189 (23.5) 811 (14.5) 135 (17.2) 946 (14.8)
5 (most deprived) 7,309 (21.4) 975 (19.8) 8,284 (21.2) 776 (13.8) 119 (15.2) | 895 (14.0)
Comorbidities

0 15,921 (46.7) 2,082 (42.2) | 18,003 (46.1) | 2,183 (38.9) 276 (35.2) 2,459 (38.5)
1 12,025 (35.2) 1,702 (34.5) 13,727 (35.1) 2,207 (39.4) 307 (39.2) 2,514 (39.3)
2 4,867 (14.3) 862 (17.5) 5,729 (14.7) 943 (16.8) 147 (18.8) | 1,090 (17.1)
3+ 1,319 (3.9) 289 (5.9) 1,608 (4.1) 273 (4.9) 54 (6.9) 327 (5.1)

98



CHAPTER 4. ASSOCIATION BETWEEN BMI AND INCIDENCE OF DEMENTIA

Table 4-2. Adjusted hazard ratio of dementia onset using BMI values within five years before baseline

(Analysis 1)

65-79 years old

80+ years old

Median BMI Mean (SD) AHR [95% CI] p-value AHR [95% CI] p-value
1-unit increment 28.2 (4.9) 0.99 [0.98-1.01] 0.502 0.97 [0.94-0.99] 0.019
5-unit increment 0.97 [0.88-1.06] 0.502 0.84 [0.72-0.97] 0.019

* AHR: Adjusted hazard ratio: Survival Cox’s models include age at baseline, sex, FSA, deprivation index, history of

smoking and number of comorbidities as covariates

Table 4-3. Adjusted hazard ratio of dementia onset using BMI as a categorical variable

All cohort 65-79 years old 80+ years old
BMI AHR* [95% CI] p-value AHR* [95% CI] p-value = AHR*[95% CI] p-value
Normal weight 1.00 - 1.00 - 1.00 -
Underweight 1.50[1.02-2.22] | 0.040 1.34 [0.78-2.36]  0.283 1.71 [0.98-3.00] 0.060
Overweight 0.89[0.75-1.07] | 0.214 0.98 [0.79-1.22] | 0.859 0.75[0.56-1.01] 0.057
Obese 0.91[0.75-1.11]  0.348 0.98[0.77-1.25]  0.876 0.78 [0.55-1.01] 0.165

* AHR: Adjusted hazard ratio: Survival Cox’s models include age at baseline, sex, FSA, deprivation index, history of

smoking and number of comorbidities as covariates
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Table 4-4. Comparing BMI before and after index date of people with and without dementia onset (Analysis
2)

Cases Controls AOR* p-value
Before Index Date Mean (SD) Mean (SD)
Median BMI 27.2(4.7) 27.9 (4.8) 0.97 [0.95-0.99] 0.001
After Index Date
Median BMI 26.6 (4.7) 27.7 (5.0) 0.96 [0.94-0.97] < 0.001
Difference in BMI  -0.59 (2.3) -0.23(2.0) 0.91 [0.88-0.95] < 0.001

* AOR: Adjusted odds ratio: unconditional logistic models include age group at baseline, sex, FSA, deprivation index,

history of smoking

100



CHAPTER 5. DISCUSSION AND CONCLUSION

CHAPTER 5. DISCUSSION AND CONCLUSION

Recent evidence shows a decrease in the age and sex adjusted incidence of
dementia in some populations, which may be due to higher education levels,
improved socioeconomic conditions, and better control over cardiovascular risk
(1). However, as populations age, the prevalence of dementia will still increase. As
of 2015 worldwide, there were 47 million people living with dementia, and this
number is expected to nearly double by 2030 (2). In 2016, 564,000 Canadians
were living with dementia with about 25,000 new cases diagnosed every year, it is
predicted that by 2030 almost 1 million Canadians will be living with a dementia
(3). In this country there has been little research on risk factors for dementia in
primary care despite the fact that dementia is commonly first diagnosed in that
setting, from which substantial risk and morbidity data are available.

This thesis reports on the epidemiology of dementia in community-dwelling
Canadian older adults (chapter 3), potential relationships between dementia onset
and cardiovascular disease risk factors as well as other chronic diseases (chapter
4), and a sub-analysis of how BMI affects the risk of dementia development
(chapter 5). Previous population-based studies using primary care or national
insurance administrative data on dementia onset and its risk factors have been
conducted in the United Kingdom (4, 5), Taiwan (6, 7), and South Korea (8), where
health care systems are universal with similar characteristics to that in Canada.
The methods of collecting and analyzing data presented in this thesis have been
adapted from these studies with modifications to avoid previously made errors or
bias, and to fit the available CPCSSN data.

Incidence of dementia diagnosis consistently increased over the period 2009-

2017. The nine-year incidence rate was 15.0 cases per 1,000 person-years with
increased rates associated with higher patient age.
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Age and sex as risk factors for dementia have been relatively well-explored over
the past few decades. According to a Public Health Agency of Canada report (9)
and recent findings from the Chicago Health and Aging Population Study (10) and
the Framingham Heart Study (11), the risk of dementia onset accelerates as
people get older. This study demonstrated the same trend. Here, the incidence
rate changed from 0.8 cases per 1,000 person-years in people aged 65-69 to 7.5
cases per 1,000 person-years in people aged 90 and older. The rate met its peak
for those 90-95 years old, then declined to 4.8 cases per 1,000 person-years
among people aged 95 and over. This may reflect mortality as a competing risk,
with people in poorer health and having a higher risk of developing dementia dying
before the age of 90-95y.

Contrary to some other studies (12, 13), | found that in the same five-year age
ranges, people who were born in later years were estimated to be at higher risk of
dementia developing. | also found that annual incidence rates in rural areas are
significantly lower than in urban locations. This may be explained by patients’ lower
level of awareness and willingness to be diagnosed or even recognition of
dementia as an entity; lower rates of higher number of patients per health care
providers, especially physicians with experience in geriatrics and dementia in rural
neighborhoods might also makes the rate of underdiagnosis higher in rural areas
(14).

In general, my findings reflected an expected trend; that as the general population
achieves longer life expectancy, the number of people who are going to live with
dementia and require health support is increasing. In this aging population, as
more and more people live to be 80 or 90 years-old, it is expected that prevalence,
incidence and burden of dementia will continue to increase at least for the next few
decades (15). The increasing number of recognized cases in community dwelling
persons in developed countries at least, may lead to improvement of dementia
awareness among primary care providers as well as amongst patients and their

families (15) leading eventually to overall reduction in risk. This, combined with a
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possible post-baby boom reduction in the proportion of elderly citizens in the
general population, may also lead to a lowering of dementia prevalence.

Chapter 4 examines associations between selected risk factors and the incidence
of dementia. As expected, a history of depression consistently increases the risk
at all ages which aligns with the results of a recent meta-analysis of eighteen
studies worldwide (16). Depression may be a prodrome of dementia in which older
adults with depression develop symptoms of dementia like memory loss or
personality changes (17) or the two diseases are co-occurred as they share
common risk factors (18). However, the association between dementia and
depression is complicated and as yet clearly unknown with regards to their
etiological connections (19). It may also be that depression is a consequence of
dementia symptoms that affect patients’ during the latency period for dementia
(20).

Residence in socially deprived neighbourhoods, osteoarthritis and diabetes
mellitus people at younger age (65-79 years old) is associated with a higher risk
of dementia, while residence in materially deprived neighbourhoods decreases the
risk for people at older age (80 and over years old). Socially deprived
neighbourhoods report higher rates of separated, divorced or widowed residents,
implying more people living alone, or who have moved home more often, and are
at higher risk than those who lived in more stable neighbourhoods. It is unknown
to what extent people 80y-and-older who live in neighbourhoods with lower
household income, higher unemployment, and lower educational attainment are
also at lower risk of dementia, but | suspect that there is likely to be higher rate of
undiagnosed dementia in these neighbourhoods. Hypertension, obesity and
dyslipidemia recorded in primary care do not significantly predict dementia onset.
This might be because blood pressure levels of hypertensive patients mostly return
to normal following clinical recognition and management, which ceases the
damage to organs and systems, including the cardiovascular and nervous

systems. Unlike findings from a recent meta-analysis (21), the use of anti-
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hypertensive medication did not show a significant association as also has been
seen in previous studies (22). However, it is interesting to see no effects on
dementia incidence caused by dyslipidemia and obesity. Literature on these two
factors remains controversial with no strong evidence for an association in either
direction (23). | have been unable to identify any systematic review or meta-
analysis on the association between dyslipidemia and dementia. Evidence for a
protective effect of obesity against dementia developing has been reported (24)
while some others have suggested looking into weight changes and BMI
trajectories to obtain a clearer view about this association, especially during the
early stage of dementias (25-27).

The analysis used in chapter 4 examines the effects of risk factors on incidence of
dementia using dichotomous variables for all predictors to utilize the advantage of
recorded health data, assuming people who have not been diagnosed with a
chronic disease at a specific time are free from that disease up to that point.
Analysis using routinely collected data has an advantage of holding a relatively
large sample size which should be representative of the general population.
However, an important disadvantage of using these data is that they were not
collected for any specific research purpose; therefore, missing data are common
and the data loss due to loss to follow-up. Data input accuracy may be very high
if strict inclusion and exclusion criteria, as normally done within a randomized
controlled trial or other traditional research designs, are applied. For example,
patients may have all required data except blood pressure values, which makes
them ineligible to be included in an analysis using blood pressure as a continuous
variable to predict an outcome. However, as we search through their charts, we
may find that they have never been prescribed with an antihypertensive, and never
been recorded as having a diagnosis of hypertension. This makes it likely that
these patients do not have hypertension, and if we use hypertension as a binary
variable in our analysis, we could possibly include them. Further, this approach is
pragmatic as blood pressure is subject to change according to specific situations.
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As this is an exploratory analysis, it is preferred to include as many people as
possible and to minimize the exclusion of patients, thereby reducing selection bias.

After looking into potential factors associated with dementia onset, and in light of
previous studies’ examining the relationship between BMI and incidence of
dementia, | undertook a post hoc analysis on a sub-cohort with higher precision
estimating the association between BMI and incidence of dementia, presented in
chapter 5. This included only eligible participants from the analysis described in
chapter 4, but with an additional inclusion criterion: patients had to have at least
two BMI measurements between 2004 to 2009 inclusive (five years before
baseline) to further explore the association between BMI recorded in later life and
subsequent risk of dementia. BMI as a predictor was also included in analysis
models in two forms: as a continuous variable and a categorical (four-part) variable
(using the World Health Organization case definition for obesity). As a continuous
variable, an increase of one unit in BMI was associated with a 3% higher risk of a
dementia diagnosis. However, this association is not linear, with a sharp positive
trend among people with BMI lower than 20kg/m?, followed by an as sharp
negative association among people with BMI 20-25kg/m?, then a rather moderately
negative association for BMI above 25kg/m?. There was a significant association
between being underweight and 50 % higher risk of incident dementia for people
at all ages (p = 0.040); overweight and obese people experienced a lower risk of
11% and 9% in comparison to people at normal weight, though the strength of
these two associations did not reach statistical significance. In general, there was
no significant association between categorical BMI and the risk of dementia
development. However, when looking into weight changes before and after a
diagnosis of dementia in primary care, even though patients in both groups (that
is, cases and non-cases) declined in weight over time, for each one unit increase
in BMI before and after index dates the odds (risk) of dementia onset statistically
significantly decreased by about 3% and 4% respectively. Comparing weight loss
before and after a diagnosis, a one unit increase in BMI also statistically
significantly decreased the risk by 9%. This is consistent with the level of findings
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from the whole cohort. However, these figures should be cautiously interpreted,
for it might be erroneous to conclude a protective effect of being obese in respect
of dementia onset. Rather, it is more likely the effect of a highly positive association
between being underweight and dementia onset that produces such a result in the
continuous data (28). One argument should also potentially be considered is that
even though the decrement is statistically significant, it may not be clinically
relevant for the reason that the number of cases included is relatively large. People
with a diagnosis of dementia have a significantly lower BMI than people without i,
which indicates a known trend of losing weight among cognitive impaired patients
which occurs perhaps years before a clinical diagnosis (29). This is explained by
a number of reasons; for example, reducing food intake including forgetting to eat
or losing appetite (30) or changes in social and physical function, although a clear
mechanism behind this phenomenon remains to be elucidated (31).

Nevertheless, a practical application for this finding may be to reinforce the utility
of continual weight measurement for all mid-to-late age patients in primary care,
with the purpose of early identification of people who will become diagnosed with
any type of cognitive decline later. This may give an opportunity to consider
relevant care, education and support for patient and caregivers substantially ahead
of a diagnosis, rather than reactively later (16). For instance, older adults who are
seen to be gradually losing weight over the course of a year or two may be
recommended to undergo office-based dementia screening, which might include
informal interviews with patients and their families, as well as a short cognitive
questionnaire such as the MMSE (32), the clock-drawing test (33) or the MoCA
(34). Such screening has been discussed in the 2019 report by the American
Alzheimer’s Association (15) and are low-cost, low time-consuming but effective

at community level.

Implications for policy
The Canadian incidence rates for dementia are predicted to continue to increase,
reaching a million people by 2030 (35). Excluding Canada, thirty-one countries
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worldwide have developed and employed a national strategy. With the Canadian
National Strategy published last year (35), higher incidence rates in the near future
are predictable as awareness increases among health care providers, people at
high risk and their family members. However, my finding suggesting slower
increment among the oldest old, which aligns with current evidence (36), suggests
that the predicted longer term burden on society may be being overestimated.
Also, as my study found that some common risk factors were not associated with
dementia among people aged 80 and older, there may be a need to employ a
different approach to identify high risk groups among these oldest old (4). For
example, instead of hypertension, diabetes, being overweight and obese being
concerns, low cholesterol levels, hypotension, low blood sugar and being
underweight may be of concern in association with the effects of general frailty.
Policymakers may be advised to identify and distinguish these high-risk groups,
with different needs and levels of need, to appropriately adjust and reallocate
health resources.

Investment and encouragement in developing a risk score to predict dementia
onset, similar to that developed in the UK by Walters and colleagues using primary
care data (4) but with adjustment to accommodate data availability in that Canada,
should be considered to support primary care providers in improving timely
dementia diagnosis and identifying people at low as well as those at high risk of

dementia, in order to more effectively target dementia screening.

While it may be argued that to know or not to know about the existence of the
disease in earlier stages may constitute a moral dilemma since there is no known
cure and it might cause unnecessary worry, eighty percent of older adults believe
that they need regular cognitive checks (37) and ninety-five percent of primary care
patients and their families who have been asked do wish to know if they have
dementia (38). Patients also showed willingness to be diagnosed by their family
physicians, especially those by whom they have been treated by for a substantial
amount of time, as it is more comfortable and secure to have this type of discussion
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with those with whom they are familiar (37, 39). This supports encouragement of
future related research in primary care settings to provide more evidence and
equipment for family physicians in order to accurately diagnose and manage
dementia in a timely fashion. For irreversible dementias, patients may have a
chance to be treated with cholinesterase inhibitor medication. Even though
benefits of using of them during mild to moderate stage are small (40, 41).

From the public health perspective, early diagnosis is essential for health policy
and strategic planning (42), which should include guidelines for routine check-ups
among people at higher dementia risk (e.g. people who have diabetes mellitus) or
people who may have early signs (e.g. people who lose weight over time), and
guidelines for brief cognitive assessment. However, as a diagnosis of dementia
without sufficient knowledge and support being provided may cause frustration and
lead to more harm than benefit, guidelines for how to give the diagnosis without
causing too much fear and anxiety, that is to balance benefits and potential
negative impacts of being diagnosed on people with dementia and their families’
life should be widely applied (39). In order to further encourage early diagnosis of
dementia in primary care settings, there should be activities to enhance awareness
about the condition, and to differentiate the changes of dementia from those
associated with normal aging. Further research on dementia epidemiology and
management in primary care should be encouraged; there should be more effort
to translate knowledge learnt from research not only to primary care providers and

policy makers but also social workers and, especially, the general population.

Strength and limitations

The Canadian primary care system is not only the first point of care for most people
in the community but also a place where continuity of care fosters patients’ trust in
their health care providers and where they feel most comfortable to share their
health problems. As about half of a family physician’s patients are estimated as
being people living with chronic disease, data from primary care settings are ideal
for studying diseases with a long latency period such as dementia.
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The CPCSSN is a system that records clinical primary care data, extracted from
individual EMRs held by family physicians and other primary care providers across
the country (43). Data on hospital-based acute care, or care provided in long-term
institutions, are typically not contained in the primary care EMR (44). Briefly,
CPCSSN data includes patient-level information for diagnosis, prescribed
medications, demographics (age, sex, postcode of residence, deprivation index),
height and weight, referrals, co-morbidity and risk factors. From 2008, CPCSSN
has had reliable data that can be used to investigate the incidence, prevalence,
and management of various diseases in primary care. CPCSSN extracts de-
identified clinical information from EMRs in eight provinces and territories,
standardizes the data, and stores them in a high security environment. The data
are available for research and quality improvement initiatives. The CPCSSN
currently includes more than 1.9 million patients from twelve networks across
Canada. CPCSSN provides a unique opportunity to observe and analyze the
occurrence of chronic diseases over time in Canadian primary care users. Utilizing
CPCSSN data, it is possible to (1) calculate incidence rates and prevalence; and
(2) identify affected groups of persons at high and highest risk.

The main advantages of using routinely collected population-based data are its
low cost and availability, with significant benefits of a cohort design in which a large
sample with comprehensive information will noticeably increase the precision of
outcome estimates. Having a large and ready-to-use sample like that from
CPCSSN reduces financial, human, and other costs, especially when dementia
(the outcome) is considered a fairly common chronic disease but with a long
latency period. One noteworthy advantage is that data are collected prospectively
and systematically by practitioners, which should minimize information bias (45).

In regards to the design of this study, a retrospective cohort study is a longitudinal

observational study in which participants are free of disease (or other outcome of
interest) at baseline and are divided into two or more groups with or without
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exposure to one or more potential risk factors. In this study, the study population
only includes people free of dementia at baseline with one run-in year, which is
expected to allow accurate identification of incident cases. It is also efficient to
conduct a retrospective cohort rather than a prospective one. Most importantly, as
both exposed and unexposed cohorts are believed free from dementia at baseline,
the sequence of health conditions onset and outcomes will be recorded, which
allows a direct approach for new evidence on potential causal relationships.
Further, implementing a dementia-free cohort also allows for a highly precise

denominator for incidence rate calculation and survival analysis.

On the other hand, it is acknowledged that some exposures to risk factors are
subject to change during follow-up, which may lead to misclassification bias.
However, patients’ health conditions in the CPCSSN are usually monitored
reasonably closely. For potentially modifiable variables like body mass index,
medians of all eligibly available values recorded within a specific period of time

were estimated.

Another major concern about longitudinal studies in older people is selection bias
due to loss to follow-up and attrition. This could make measuring risk of disease
impossible. However, by setting a criterion of having at least six years of data and
by adjusting for age in all statistical models, the effects of missing cases and

inaccurately recorded data have been minimized.

In addition, competing risks attributed to other possible factors include inherited
genetic conditions, educational level, and physical inactivity. It is not possible to
account for these effects because these variables are rarely recorded in primary
care electronic medical records. Competing risks deriving from the presence of
comorbidities other than that included in the analyses may also be present but are
unknown. Linkage of primary care data, hospitalization data and administrative
data, including death certificate data, is planned for future exploration of risk and
protective factors for the incidence of dementia.
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Another potential bias is misclassification bias as diseases may have been
unrecognized by the definitional algorithms that have been used to detect cases.
Thus, cases may be flagged as non-cases. Diseases with validated CPCSSN case
definitions (For example, dementia, hypertension, and diabetes mellitus), are still
subject to misclassification because none of them has 100% sensitivity, specificity,
PPV and NPV (46). The CPCSSN dementia case definition has a sensitivity of
96.8%, which means that in 100 people with a ‘true’ dementia diagnosis, only about
97 of them meet the CPCSSN criteria to be defined as cases. This discrepancy is
an expected feature of secondary data use. Misclassification bias might also
happen under immortal time bias as patients may have been classified as non-
dementia during the latent period of the disease.

Furthermore, not all dementia cases are diagnosed by primary care providers, and,
as the very old are more likely to move to nursing homes or long-term care
institutions, a number of people may be lost to follow-up before becoming an
incident case. For example, there are 8,130 out of 39,066 (20.8%) patients in this
cohort having exit dates before the last year of follow-up (2017). However, a
criterion of having at least six years of data was set from the beginning to ensure
as much time as feasible for dementia to be observed. Also, as the target
population for this study was community-dwelling seniors, dementia cases

diagnosed while resident elsewhere were outside its scope.

In term of data completeness, it is believed that BMI data recorded in EMR is richer,
more accurate and therefore more reliable than other resources like national
surveys or self-reports (47). It is true that there is evidence that weight and height
data are not missing-at-random: patients who are at normal weight are less likely
to have their weight measured than those who are overweight or obese, while
younger patients and those without chronic diseases are also less likely to have
their weight and height measured than patients who are older or more medically
complex (48). However, completeness of BMI data in primary care has been

111



CHAPTER 5. DISCUSSION AND CONCLUSION

impressively improving over the years; the prevalence of obesity in CPCSSN data
is comparable with that in other national databases, while the prevalence of being
underweight is about three times higher (49). It is not known yet if existing missing
BMI data are due to it not being measured or recorded, or whether it is recorded
in data fields in the electronic medical charts which are not being coded and used
by entities like CPCSSN. Future investigation is required to further improve data
quality. In the analysis in this study, comparing BMI of people with and without
dementia, there was no difference in the frequency of BMI measurement between
people with dementia and those not diagnosed with the disease no obvious
selection bias was identified.

As an example of the secondary use of data collected for clinical rather than
research purposes, problems with the data, including its completeness, are almost
inevitable. Even though routinely measuring height and weight at every primary
care visit was recommended more than a decade ago for its clear benefit in
recognizing and monitoring obesity (50), it is not universal practice in Canadian
family practice. Among 44,476 patients aged 65 and older who were free from
dementia in 2008 forward, 33% had no BMI measurement recorded over a mean
of 13 years of follow-up (SD = £ 3.8); more details on the proportion of CPCSSN

data by number of BMI measurements recorded are included in the graph below:

On the other end of the weight scale, older adults with low BMI are also at higher
risk of many chronic diseases and mortality (51, 52) yet they are not often targeted
to have weight and height measured (49). Though likely to be an underestimation,
the CPCSSN database has approximately triple the proportion of underweight
patients in comparison to national surveys like the Canadian Community Health
Survey (CCHS) and the Canadian Health Measures Survey (CHMS) (49), which
makes it a very good source for studying the U-shape distribution between BMI
and chronic diseases.

112



CHAPTER 5. DISCUSSION AND CONCLUSION

Figure 5-1. Count of BMI records in national database from 1990 to 2017
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Missing data attributable to being intentionally unrecorded in the EMR

In the 2017 dataset used for my study, the proportion of 'missing' data in CPCSSN
remains relatively high. For example, among all CPCSSN patients aged 65y and
older, weight is documented in 51%, height is documented in 43%, and BMI was
recorded and/or calculated for only 41%. In my cohort, including only patients with
age, sex, FSA, and at least six years of record, | was able to identify BMI for 68%
of participants.

Since CPCSSN data are collected during clinical encounters between patients and
providers using a system designed to support patient care and not for research, a
concern about data being missing is to determine whether absent data are truly
missing or never existed. Data which are truly missing must have once existed and
been recorded but later become lost from the record, or be present in the record
but not extracted from it, or be existent but intentionally not recorded, possibly
because they are judged to be clinically uninformative.
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Examples of the latter include family physicians judging it unnecessary to spend
time measuring and recording the weight of a patient who ‘looks’ to be of normal
weight and appears not to suffer any significant disease burden; or they may not
weigh their patients at every visit if they ‘look’ the same as in previous encounters,
which would render a single weight or BMI value clinically applicable over a
subsequent period of time.

A similar scenario may apply to smoking, alcohol consumption, personal medical
history, family history, and other variables. The phenomena are certainly extant,
but data which represents them in the record may be absent because the attending
service provider believed that the information was uninformative. Furthermore,
information recording absence of a condition, like ‘no history of depression’ or ‘non-
smoker’, may be unrecorded and the field left blank because the physician's
recording rule is to denote extant conditions, not absent ones. Each of these types
of missingness may derive from providers not having purpose in recording the
existence and nonexistence of conditions. But such absences in the clinical data
may still be coded as ‘missing’ in the analysis because amongst analysts, absence
typically equates to missingness. (53). These types of ‘missing data’ might more
accurately be considered as nonrecorded data (54).

Another type of missingness derives from instances where a record may or may
not contain multiple versions of a condition. For example, administrative data may
record more than one diagnosis associated with a given encounter. Obviously, all
patients should have at least one diagnosis associated with an encounter. But not
all will have two or three. The second and third data fields for patients who do not
have two or three diagnoses will be empty. These data are not 'missing’, and are
not 'nonrecorded'. They are truly nonexistent. If the recording rule is that 'blank
means nonexistent' there is no significant ambiguity in the meaning of the absence

for the clinical purposes of the record user.

Given the nature of routine clinical practice, younger and healthier patients are also
at higher likelihood of data about them being nonrecorded than those with more
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severe and complicated health conditions, as they may visit their family physicians
less often and even when they do pay a visit, the physicians may see it as clinically

uninformative to record every item of information (55, 56).

Missing data deriving from patient death or loss to follow-up

Very old patients are likely to move into long-term care facilities or to be cared for
in hospitals or other specialized settings. This makes the oldest old and the more
severe and complicated cases, including those with risk factors and dementia,
more likely to be lost to the records than ‘healthier’ younger people. Linkage of
CPCSSN data and long-term care/hospital/death data are encouraged to more
precisely identify health outcomes as it has been shown to improve data quality
and reduce bias (53). There are a number of ongoing studies using CPCSSN data
linked to administrative data, though it was not employed in my study for financial

reasons and time limitations.

Potential solutions to reduce the influence of nonrecorded data in the
CPCSSN dataset

Regardless of what causes data to be absent from clinical records, researchers
who make secondary use the data and are unable to supplement it through direct
data collection need to attempt to minimize the resulting selection and other biases
to provide estimations which are as accurate and precise as possible. As
discussed above, missingness or absence in CPCSSN data may be distinguished
into three types: (1) a null value for not being extractable by CPCSSN coders,
which could be minimized by improving CPCSSN data processing to pick up more
information, especially from free-text fields; (2) a null value indicating non-
existence of a condition, which could be fixed using the typical assumption of null
value meaning absent condition (53) in which, for example, no indication of
dementia would be taken as indicative of a patient being free of it; and (3) a null
value due to a lack of data recording for an extant condition. The last one is
problematic because it causes misclassification if the 'type 2' assumption is
applied.
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In terms of data quality improvement, it is helpful to be able to differentiate between
the latter two issues. Taking the issue of BMI data as an example of
incompleteness in the CPCSSN dataset, and thinking about how best to
accommodate it in future analyses, | suggest some solutions to improve the

influence of missing and unrecorded data in analyses.

1. Imputation is one of the most common and effective strategies to reduce a
proportion of missing data (55, 57). It is appropriate to impute null CPCSSN
values for missing at random (58). For variables missing not at random,
imputation may lead to underestimation. For example, it is suspected that BMI
has a skewed distribution in CPCSSN with a bigger proportion of
overweightness and obesity among its patients in comparison to the general
population. A possible explanation for this is that people with measurements
are more likely to have a problem with their weight, as in being underweight,
overweight or obese (48). Evidence also shows that people with a specific
chronic health condition, like diabetes mellitus or cardiovascular diseases, are
at higher likelihood of having BMI data than those without any disease (48, 59)
which may produce a sub-cohort of ‘less healthy’ patients. In this case, we still
could impute but might want to carefully identify a sub-cohort of patients who
are highly likely to have BMI recorded, for example, data from a site with close
to perfect frequency of BMI measurement, as a training dataset for imputation
(60, 61), to choose different categories to impute under different assumptions,
for example, imputing only under and normal weight for patients without BMI
data under the assumption that people with BMI = 30 are more likely to be
recorded (62), or to transform BMI values to obtain a normal distribution (63).
These assumptions are difficult to test empirically, and uncertainty about

findings from imputation methods remains (58).

Imputation may also produce errors when applied to variables with a large
missing proportion (for example, missing more than 40% (58)).
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For the cohort used in my analysis, as the proportion of missing data was 32%,
imputation to improve data on BMI may be possible. In order to identify which
imputation method is most suitable it is necessary to perform a series of
sensitivity analyses which include different amounts (percentages) of cases
with missing data using different methods (54). However, as the missingness
proportion is fairly high, multiple imputation using linear regression may be the
best choice as it includes associations between all variables in the model.
Results from multiple imputation are normally overestimated because of the
uncertainty of the data and should be used for illustrating data characteristics
only (54). Imputing missing or absent BMI values as a continuous variable first,
then converting them into categories, may be more appropriate than imputing
BMI as categories from the outset. On one hand, it may be that grouping BMIs
of 25 to 29.9 is appropriate because they denote the same broad category
("overweight"), differentiating between BMIs of 29.9 and 30 is less appropriate,
which would make imputing actual BMI values more accurate. Yet BMI is not
linear and categorizing it may make interpretation less complicated and
focused on answering the question about the association between being
overweight/obese and incident dementia. Approaching the problem empirically

by performing both methods and comparing results may be preferable.

2. Another typical solution for missing data is defining a sample to include only
participants with all required variables for the intended analysis (complete
cases) (55). | used this strategy to include people with age, sex, and 3-digit
postal code information (Forward Sortation Area) because the proportion of
participants missing age, sex, and FSA is less than 5% and believed to be
missing at random, which makes excluding them acceptable and complete-

case analysis is more appropriate (54).

To my knowledge, since there is no evidence for missing BMI data being

associated with incident dementia, censoring incomplete cases may be
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acceptable depending on the purpose of the analysis (63). | used this method
in a sub-analysis to study the association between BM| and dementia onset
because it was fairly simple and direct. However, excluding those without BMI
data, for example, may skewed the sample characteristics to the right, as
discussed in the previous paragraph, introducing selection bias towards a
more health problematic cohort, and reducing the study’s representativeness
and external validity. This might make the findings less appropriate to be
applied to a true community-dwelling population. A sensitivity analysis to
compare the results of a multiple imputation-developed sample and the
restricted, managed-eligibility sample with complete-case analysis which |
actually used, may have improved study validity (63). The representativeness
in relation to the general community-dwelling population of samples developed
for either approach could be established empirically using a selected set of key
demographic variables.

3. Insupport of the methods described above it is important to be as confident as
possible about the certainty of the absent value assumption, for example, that
people without a BMI record are people without a weight problem. Employing
a validation approach for being underweight, overweight, or obese would help
our understanding. A possible way to do this is to randomly select
representative samples of patients from CPCSSN who do or do not have either
a recent BMI recorded in CPCSSN, or height and weight values, to reidentify
them, contact them and directly measure their weight and height.
Independently, their BMI values recorded in CPCSSN would be noted and
used to classify patients as underweight, normal, overweight or obese using
the assumption that no indication means absence of the condition: people with
no recorded value would be classified as being of normal weight. Comparison
between the recorded values with the measured values would indicate whether
it is appropriate for the absent value assumption to be applied in identifying
people as being underweight, normal weight, overweight, or obese. If it is,
using these classifications to populate reference sets for the three conditions,
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a machine learning approach could be taken to permutate all available
CPCSSN variables (except BMI) to most accurately and precisely impute BMI
caseness with optimal validation metrics (53).

In addition, it may be that apparently missing data have been, in fact, recorded in
areas of EMRs that CPCSSN does not access, like the notes. CPCSSN data

managers may want to investigate this matter in greater detail.

Conclusion

Drawing a picture of risk and protective factors for dementia is a complicated

process as it includes many fields, from genetic, educational, social environmental

to physical and mental health. Considering the strengths, limitations and lessons
learnt while conducting this doctoral thesis, | would suggest that future studies
should undertake the following:

1. Development and validation of case definitions through machine learning
approaches using EMR data would be hugely beneficial. EMR data are large,
rich and reliable data resources which allows such 'Big Data' research to be
conducted in a timely and financially efficient way.

2. Create and validate computer algorithms to categorise smoking status more
precisely. In this project, | accepted that if a patient has a record of being a
smoker in his or her chart, he or she is identified as a smoker despite the lack
of time information relating to smoking data. It is clear that the amount and
duration of smoking hugely affect its impact on health, and therefore a person
who smokes occasionally should not be categorised in the same group as one
who smokes a lot over a long period of time.

3. Consider developing extraction and standardization algorithms for risk factor
information like alcohol consumption, physical activity or family history, which
is recorded non-systematically in primary care data. This would be beneficial
not only for dementia-related studies but also research on other chronic

diseases.
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4.

Undertake a similar analysis for blood pressure, as hypotension may cause
cerebral under perfusion which later progresses to dementia. This may be
implicated in the nonsignificant association between high blood pressure and
dementia found in this study.

|dentify annual weight loss in mid- and late life to examine whether older adults
lose weight before a dementia diagnosis and whether this may be an early sign
of risk for cognitive impairment.

Study blood glucose level, blood lipid level and their medication to see how
and how well hypertension in people with dementia is managed in primary
care. This would identify an ideal range of blood pressure for best cognitive
performance and reserve.

Develop a risk score for the incidence of dementia using data recorded in

primary care.

In general, this thesis suggested several findings relating to the improvement of

dementia diagnosis and management in primary care, as well as the improvement

of primary care data quality:

1.

2.

Routinely collected health data derived from primary care electronic medical
records and processed into a standardized format is a powerful tool to support
health research.

The incidence of dementia diagnosed in primary care has increased over the
period of 2009-2017. Age is strongly related to the increase among
community-dwelling patients.

Depression and diabetes mellitus, though diagnosed and managed in primary
care still has negative impact on dementia, while obesity, dyslipidemia and
hypertension do not.

Routine screening for cognitive decline on older adults with diabetes mellitus,
depression and gradual weight loss might support earlier diagnosis and
provision of care and help for those in need.
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Further analysis using blood pressure levels instead of dichotomized hypertensive
status, blood glucose and/or HbA1C levels instead of dichotomized diabetic status
and using blood cholesterol levels instead of dichotomized abnormal blood lipid
status might help to resolve questions about the extent to which these laboratory
measurements are associated with incidence of dementia. These are intended as
part of the next phase of my research programme. The availability of longitudinal
data of greater duration from CPCSSN will also allow future research to study a

longer period of follow-up.

121



CHAPTER 5. DISCUSSION AND CONCLUSION

Reference:

1. Roehr S, Pabst A, Luck T, Riedel-Heller SG. Is dementia incidence
declining in high-income countries? A systematic review and meta-analysis.
Clinical epidemiology. 2018;10:1233-47.

2. Prince M, Comas-Herrera A, Knapp M, Guerchet M, Karagiannidou M.
World Alzheimer Report 2016 London: Alzheimer’s Disease International (ADI);
2016 [Available from:
http://scholar.aci.info/view/14ad954126c0014000¢/1577ceb9e99000129a675bd.
3. Chambers LW, Bancej C, McDowell |. Prevalence and Monetary Costs of
Dementia in Canada. Toronto, Ontario, Canada: The Alzheimer Society of
Canada 2016.

4. Walters K, Hardoon S, Petersen |, lliffe S, Omar RZ, Nazareth |, et al.
Predicting dementia risk in primary care: development and validation of the
Dementia Risk Score using routinely collected data. BMC Medicine. 2016;14(6).
5. Qizilbash N, Gregson J, Johnson ME, Pearce N, Douglas I, Wing K, et al.
BMI and risk of dementia in two million people over two decades: a retrospective
cohort study. The Lancet Diabetes & Endocrinology. 2015;3(6):431-6.

6. Huang C-C, Chung C-M, Leu H-B, Lin L-Y, Chiu C-C, Hsu C-Y, et al.
Diabetes Mellitus and the Risk of Alzheimer’s Disease: A Nationwide Population-
Based Study. PLoS ONE. 2014;9(1):1-7.

7. Wang K-C, Woung L-C, Tsai M-T, Liu C-C, Su Y-H, Li C-Y. Risk of
Alzheimer's disease in relation to diabetes: a population-based cohort study.
Neuroepidemiology. 2012;38(4):237-44.

8. Kimm H, Lee PH, Shin YJ, Park KS, Jo J, Lee Y, et al. Mid-life and late-life
vascular risk factors and dementia in Korean men and women. Archives of
Gerontology and Geriatrics. 2011;52(3):e117-e22.

9. Public Health Agency of Canada. Report from the Canadian Chronic
Disease Surveillance System: Hypertension in Canada, 2010 Public Health
Agency of Canada; 2010.

10. Rajana KB, Weuveb J, Barnesc LL, Wilsonc RS, Evansd DA. Prevalence
and incidence of clinically diagnosed Alzheimer’s disease dementia from 1994 to
2012 in a population study. Alzheimer’s & Dementia. 2019;15(1):1-7.

11.  Satizabal CL, Beiser AS, Chouraki V, Chéne G, Dufouil C, Seshadri S.
Incidence of Dementia over Three Decades in the Framingham Heart Study.
New England Journal of Medicine. 2016;374(6):523-32.

12.  Qiu C, Fratiglioni L. Aging without Dementia is Achievable: Current
Evidence from Epidemiological Research. Journal of Alzheimer's disease : JAD.
2018;62(3):933-42.

13. Gao S, Burney HN, Callahan CM, Purnell CE, Hendrie HC. Incidence of
Dementia and Alzheimer Disease Over Time: A Meta-Analysis. Journal of the
American Geriatrics Society. 2019;67(7):1361-9.

14.  Abner EL, Jicha GA, Christian WJ, Schreurs BG. Rural-Urban Differences
in Alzheimer's Disease and Related Disorders Diagnostic Prevalence in Kentucky
and West Virginia. J Rural Health. 2016;32(3):314-20.

122



CHAPTER 5. DISCUSSION AND CONCLUSION

15.  Alzheimer’s Association. 2019 Alzheimer’s Disease Facts and Figures.
Alzheimers Dementia. 2019;15(3):321-87.

16. Chan JYC, Yiu KKL, Kwok TCY, Wong SYS, Tsoi KKF. Depression and
Antidepressants as Potential Risk Factors in Dementia: A Systematic Review
and Meta-analysis of 18 Longitudinal Studies. Journal of the American Medical
Directors Association. 2019;20(3):279-86.

17.  Jorm AF. History of depression as a risk factor for dementia: an updated
review. Australian & New Zealand Journal of Psychiatry. 2001;35(6):776.

18.  Singh-Manoux A, Dugravot A, Fournier A, Abell J, Ebmeier K, Kivimaki M,
et al. Trajectories of Depressive Symptoms Before Diagnosis of Dementia: A 28-
Year Follow-up Study. JAMA Psychiatry. 2017;74(7):712-8.

19.  Muliyala KP, Varghese M. The complex relationship between depression
and dementia. Annals of Indian Academy of Neurology. 2010;13(Suppl 2):S69-
S73.

20. Bourin M. The complexity of the relationship between “dementia” and
depression. Arch Depress Anxiety. 2018;4(1):018-7.

21. Ding J, Davis-Plourde KL, Sedaghat S, Tully PJ, Wang W, Phillips C, et al.
Antihypertensive medications and risk for incident dementia and Alzheimer's
disease: a meta-analysis of individual participant data from prospective cohort
studies. The Lancet Neurology. 2020;19(1):61-70.

22. Middelaar Tv, Vught LAv, Gool WAv, Simons EMF, Born BHvd, Charante
EPMyv, et al. Blood pressure-lowering interventions to prevent dementia: a
systematic review and meta-analysis. Journal of Hypertension. 2018;36(9):1780-
7.

23. Beydoun MA, Beydoun HA, Wang Y. Obesity and central obesity as risk
factors for incident dementia and its subtypes: a systematic review and meta-
analysis. Obesity Reviews. 2008(3):204.

24. Nam GE, Park YG, Han K, Kim MK, Koh ES, Kim ES, et al. BMI, Weight
Change, and Dementia Risk in Patients With New-Onset Type 2 Diabetes: A
Nationwide Cohort Study. Diabetes Care. 2019;42(7):1217.

25. Park S, Jeon S-M, Jung S-Y, Hwang J, Kwon J-W. Effect of late-life weight
change on dementia incidence: a 10-year cohort study using claim data in Korea.
BMJ Open. 2019;9(5):e021739.

26. Jimenez A, Pegueroles J, Carmona-Iragui M, Vilaplana E, Montal V,
Alcolea D, et al. Weight loss in the healthy elderly might be a non-cognitive sign
of preclinical Alzheimer's disease. Oncotarget. 2017;8(62):104706-16.

27. Backman K, Joas E, Waern M, Ostling S, Guo X, Blennow K, et al. 37
Years of Body Mass Index and Dementia: Effect Modification by the APOE
Genotype: Observations from the Prospective Population Study of Women in
Gothenburg, Sweden. Journal of Alzheimer's disease : JAD. 2015;48(4):1119-27.
28.  Chiang C-J, Yip P-K, Wu S-C, Lu C-S, Liou C-W, Liu H-C, et al. Midlife
risk factors for subtypes of dementia: a nested case-control study in Taiwan. The
American journal of geriatric psychiatry : official journal of the American
Association for Geriatric Psychiatry. 2007;15(9):762-71.

123



CHAPTER 5. DISCUSSION AND CONCLUSION

29. Nourhashemi F, Deschamps V, Larrieu S, Letenneur L, Dartigues JF,
Barberger-Gateau P, et al. Body mass index and incidence of dementia: the
PAQUID study. Neurology. 2003;60(1):117-9.

30. Guyonnet SG, Van Kan GA, Alix E, Andrieu S, Belmin J, Berrut G, et al.
IANA (International Academy on Nutrition and Aging) Expert Group: weight loss
and Alzheimer's disease. J Nutr Health Aging. 2007;11(1):38-48.

31.  Grundman M. Weight Loss in the Elderly May Be a Sign of Impending
Dementia. Archives of Neurology. 2005;62(1):20-2.

32. Folstein M, Folstein S, McHugh P. "Mini-mental state". A practical method
for grading the cognitive state of patients for the clinician. J Psychiatr Res.
1975;12(3):189-98.

33.  Agrell B, Dehljn O. The clock-drawing test. Age and Ageing. 1998;27:399-
403.

34. Nasreddine Z, Phillips N, Bédirian V, Charbonneau S, Whitehead V, Collin
I, et al. The Montreal Cognitive Assessment, MoCA: a brief screening tool for
mild cognitive impairment. J Am Geriatr Soc. 2005;53(4):695-9.

35.  Public Health Agency of Canada. A strategy for Canada: Together We
Aspire. Ottawa: Public Health Agency of Canada; 2019.

36. Hall CB, Verghese J, Sliwinski M, Chen Z, Katz M, Derby C, et al.
Dementia incidence may increase more slowly after age 90. Neurology.
2005;65(6):882.

37. Alzheimer's Association. 2017 Alzheimer's disease facts and figures.
Alzheimer's & Dementia. 2017;13(4):325-73.

38. Alzheimer’s Association. 2016 Alzheimer's disease facts and figures.
Alzheimer's & Dementia: The Journal of the Alzheimer's Association.
2016;12(4):459-5009.

39. Koehn S, Badger M, Cohen C, McCleary L, Drummond N. Negotiating
access to a diagnosis of dementia: Implications for policies in health and social
care. Dementia. 2014;15(6):1436-56.

40. Behl P, Lanctét KL, Streiner DL, Black SE, Behl P, Lanctét KL, et al. The
effect of cholinesterase inhibitors on decline in multiple functional domains in
Alzheimer's disease: a two-year observational study in the Sunnybrook dementia
cohort. International Psychogeriatrics. 2008;20(6):1141-59.

41. Han J-Y, Besser LM, Xiong C, Kukull WA, Morris JC. Cholinesterase
Inhibitors May Not Benefit Mild Cognitive Impairment and Mild Alzheimer Disease
Dementia. Alzheimer disease and associated disorders. 2019;33(2):87-94.

42.  Alzheimer’s Association. Early diagnosis: the value of knowing.
Alzheimer’s Association; 2017.

43. Greiver M, Williamson T, Bennett T-L, Drummond N, Savage C,
Aliarzadeh B, et al. Developing a method to estimate practice denominators for a
national Canadian electronic medical record database. Family Practice.
2013;30(3):347-54.

44.  Cadarette SM, Wong L. An Introduction to Health Care Administrative
Data. The Canadian Journal of Hospital Pharmacy. 2015;68(3):232-7.

124



CHAPTER 5. DISCUSSION AND CONCLUSION

45. Copeland K, Checkoway H, McMicheal A, Holbrook R. Bias due to
misclassification bias in the estimation of relative risk. American Journal of
Epidemiology. 1977;105(5):488-95.

46. Pham A, Cummings M, Lindeman C, Drummond N, Williamson T.
Recognizing misclassification bias in research and medical practice. Family
Practice. 2019;36(6):804-7.

47.  Mocarski M, Tian Y, Smolarz BG, McAna J, Crawford A. Use of
International Classification of Diseases, Ninth Revision Codes for Obesity:
Trends in the United States from an Electronic Health Record-Derived Database.
Population health management. 2018;21(3):222-30.

48. Verberne LDM, Nielen MMJ, Leemrijse CJ, Verheij RA, Friele RD.
Recording of weight in electronic health records: an observational study in
general practice. BMC Family Practice. 2018;19(1):174.

49. Rigobon AV, Birtwhistle R, Khan S, Barber D, Biro S, Morkem R, et al.
Adult obesity prevalence in primary care users: An exploration using Canadian
Primary Care Sentinel Surveillance Network (CPCSSN) data. Can J Public
Health. 2015;106(5):e283-9.

50. Kirk S, Cramm C, Price S, Penney T, Jarvie L, Power H. BMI: A vital sign
for patients and health professionals. Can Nurse. 2009;105(1):25-8.

51.  Milajerdi A, Djafarian K, Shab-Bidar S, Speakman JR. Pre- and post-
diagnosis body mass index and heart failure mortality: a dose—response meta-
analysis of observational studies reveals greater risk of being underweight than
being overweight. Obesity Reviews. 2019;20(2):252-61.

52.  Orpana HM, Berthelot J-M, Kaplan MS, Feeny DH, McFarland B, Ross
NA. BMI and Mortality: Results From a National Longitudinal Study of Canadian
Adults. Obesity. 2010;18(1):214-8.

53. Wells BJ, Chagin KM, Nowacki AS, Kattan MW. Strategies for handling
missing data in electronic health record derived data. EGEMS (Wash DC).
2013;1(3):1035-.

54.  Salgado CM, Azevedo C, Proencga H, Vieira SM. Missing Data. In: Data
MITC, editor. Secondary Analysis of Electronic Health Records. Cham: Springer
International Publishing; 2016. p. 143-62.

55.  Stiglic G, Kocbek P, Fijacko N, Sheikh A, Pajnkihar M. Challenges
associated with missing data in electronic health records: A case study of a risk
prediction model for diabetes using data from Slovenian primary care. Health
Informatics Journal. 2017;25(3):951-9.

56. Muthee V, Bochner AF, Osterman A, Liku N, Akhwale W, Kwach J, et al.
The impact of routine data quality assessments on electronic medical record data
quality in Kenya. PLOS ONE. 2018;13(4):e0195362.

57. Beaulieu-Jones BK, Lavage DR, Snyder JW, Moore JH, Pendergrass SA,
Bauer CR. Characterizing and Managing Missing Structured Data in Electronic
Health Records: Data Analysis. JMIR Med Inform. 2018;6(1):e11-e.

58.  Jakobsen JC, Gluud C, Wetterslev J, Winkel P. When and how should
multiple imputation be used for handling missing data in randomised clinical trials
— a practical guide with flowcharts. BMC Medical Research Methodology.
2017;17(1):162.

125



CHAPTER 5. DISCUSSION AND CONCLUSION

59. Rea S, Bailey KR, Pathak J, Haug PJ. Bias in recording of body mass
index data in the electronic health record. AMIA Jt Summits Transl Sci Proc.
2013;2013:214-8.

60. McLean C, Ransom J, Galaznik A. Evaluation of Missing Data Imputation
Strategies in Clinical Trial and EMR Data Using Standardized Data Models.
ISPOR Europe; 2019-11-2; Copenhagen, Denmark2019.

61. LiJ, Wang M, Steinbach MS, Kumar V, Simon GJ, editors. Don't do
imputation: Dealing with informative missing values in EHR data analysis. 9th
IEEE International Conference on Big Knowledge; 2018; Singapore.

62. Garies S, Cummings M, Quan H, McBrien K, Drummond N, Manca D, et
al. Methods to improve the quality of smoking records in a primary care EMR
database: exploring multiple imputation and pattern-matching algorithms. BMC
Medical Informatics and Decision Making. 2020;20(1):56.

63. Sterne JAC, White IR, Carlin JB, Spratt M, Royston P, Kenward MG, et al.
Multiple imputation for missing data in epidemiological and clinical research:
potential and pitfalls. BMJ. 2009;338:b2393.

126



BIBLIOGRAPHY

10.

11.

What Statistical Analysis Should | Use? Statistical Analyses Using Stata
UCLA: Statistical Consulting Group; [Available from:
https://stats.idre.ucla.edu/stata/whatstat/what-statistical-analysis-should-i-
usestatistical-analyses-using-stata/#chisq.

Abner EL, Jicha GA, Christian WJ, Schreurs BG. Rural-Urban Differences
in Alzheimer's Disease and Related Disorders Diagnostic Prevalence in
Kentucky and West Virginia. J Rural Health. 2016;32(3):314-20.

Abubakar I, Tillmann T, Banerjee A. Global, regional, and national age—sex
specific all-cause and cause-specific mortality for 240 causes of death,
1990-2013: a systematic analysis for the Global Burden of Disease Study
2013. Lancet. 2015;385(9963):117-71.

Adelman S, Blanchard M, Livingston G. A systematic review of the
prevalence and covariates of dementia or relative cognitive impairment in
the older African-Caribbean population in Britain. International Journal of
Geriatric Psychiatry. 2009;24(7):657-65.

Afgin AE, Massarwa M, Schechtman E, Israeli-Korn SD, Strugatsky R,
Abuful A, et al. High prevalence of mild cognitive impairment and
Alzheimer's disease in arabic villages in northern Israel: impact of gender
and education. Journal Of Alzheimer's Disease: JAD. 2012;29(2):431-9.

Agrell B, Dehljn O. The clock-drawing test. Age and Ageing. 1998;27:399-
403.

Aguero-Torres H, Winblad B, Fratiglioni L. Epidemiology of vascular
dementia: Some results despite research limitations. ALZHEIMER
DISEASE & ASSOCIATED DISORDERS. 1999;13:515-S20.

Ahtiluoto S, Polvikoski T, Peltonen M, Solomon A, Tuomilehto J, Winblad B,
et al. Diabetes, Alzheimer disease, and vascular dementia: a population-
based neuropathologic study. Neurology. 2010;75(13):1195-202.

Alberta Health. Alberta dementia strategy and action plan. Edmonton:
Alberta Health, Continuing Care; 2017.

Alberta Health and Wellness. Alzheimer disease and other dementias:
Strategic Directions in Healthy Aging and Continuing Care in Alberta. 2002.

Alonso A, Jacobs DR, Menotti A, Nissinen A, Dontas A, Kafatos A, et al.
Cardiovascular risk factors and dementia mortality: 40 years of follow-up in
the Seven Countries Study. Journal of the Neurological Sciences.
2009;280(1-2):79-83.

127



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Alpérovitch A, Blachier M, Soumaré A, Ritchie K, Dartigues J, Richard-
Harston S, et al. Blood pressure variability and risk of dementia in an elderly
cohort, the Three-City Study. Alzheimer's & Dementia: The Journal of the
Alzheimer's Association. 2014;10(5):330.

Alpérovitch A, Blachier M, Soumaré A, Ritchie K, Dartigues J-F, Richard-
Harston S, et al. Blood pressure variability and risk of dementia in an elderly
cohort, the Three-City Study. Alzheimer's & Dementia: The Journal of the
Alzheimer's Association. 2014;10(5):S330-S7.

Alzheimer Society Canada. Rising Tide: The Impact of Dementia on
Canadian Society. Toronto (ON): Alzheimer Society 2010.

Alzheimer Society Ontario. Ontario Dementia Strategy: Alzheimer Society
Ontario; 2018 [updated 2018-06-19. Available from:
https://alzheimer.ca/en/ottawa/Get-involved/Advocacy/Ontario/Ontario-
dementia-strategy.

Alzheimer's Association. 2017 Alzheimer's disease facts and figures.
Alzheimer's & Dementia. 2017;13(4):325-73.

Alzheimer’s Association. 2016 Alzheimer's disease facts and figures.
Alzheimer's & Dementia: The Journal of the Alzheimer's Association.
2016;12(4):459-509.

Alzheimer’s Association. Early diagnosis: the value of knowing. Alzheimer’s
Association; 2017.

Alzheimer’s Association. 2019 Alzheimer's Disease Facts and Figures.
Alzheimers Dementia. 2019;15(3):321-87.

Ancelin M-L, Ripoche E, Dupuy A-M, Barberger-Gateau P, Auriacombe S,
Rouaud O, et al. Sex Differences in the Associations Between Lipid Levels
and Incident Dementia. Journal of Alzheimer's Disease. 2013;34(2):519-28.

Anjum |, Fayyaz M, Waijid A, Sohail W, Ali A. Does Obesity Increase the
Risk of Dementia: A Literature Review. Cureus. 2018;10(5):e2660.

Anthea |, Paulina S, Cameron S. Dementia diagnosis and post-diagnostic
support in Scottish rural communities: Experiences of people with dementia
and their families. Dementia. 2014(2):233.

Aref-Eshghi E, Oake J, Godwin M, Aubrey-Bassler K, Duke P, Mahdavian
M, et al. Identification of Dyslipidemic Patients Attending Primary Care
Clinics Using Electronic Medical Record (EMR) Data from the Canadian
Primary Care Sentinel Surveillance Network (CPCSSN) Database. Journal
of Medical Systems. 2017;41(3):45.

Atti AR, Palmer K, Volpato S, Winblad B, De Ronchi D, Fratiglioni L. Late-
life body mass index and dementia incidence: nine-year follow-up data from
the Kungsholmen Project. Journal of the American Geriatrics Society.
2008;56(1):111-6.

128



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Backman K, Joas E, Waern M, Ostling S, Guo X, Blennow K, et al. 37 Years
of Body Mass Index and Dementia: Effect Modification by the APOE
Genotype: Observations from the Prospective Population Study of Women
in Gothenburg, Sweden. Journal of Alzheimer's disease : JAD.
2015;48(4):1119-27.

Bae J, Lee J-Y, Cho Y, Lee M, Lee SB, Lee |, et al. 1650-P: Metabolically
Healthy Obese Status and Incident Dementia Events among 5.7 Million
Elderly People. Diabetes. 2019;68(Supplement 1):1650.

Barnes DE, Yaffe K. The projected effect of risk factor reduction on
Alzheimer's disease prevalence. Lancet Neurology. 2011(9):819.

Barrett E. Dementia Revealed What Primary Care Needs to Know. NHS
England and Hardwick CCG; 2014.

Barrett E, Burns A. Dementia revealed What primary care needs to know.
Royal College of General Practitioners; 2014.

Batty GD, Galobardes B, Starr JM, Jeffreys M, Davey Smith G, Russ TC.
Examining if being overweight really confers protection against dementia:
Sixty-four year follow-up of participants in the Glasgow University alumni
cohort study. Journal of Negative Results in BioMedicine. 2016;15:19.

Beam CR, Kaneshiro C, Jang JY, Reynolds CA, Pedersena NL, Gatz M.
Differences Between Women and Men in Incidence Rates of Dementia and
Alzheimer’s Disease. Journal of Alzheimer’s Disease. 2018;64(4):1077-83.

Beaulieu-Jones BK, Lavage DR, Snyder JW, Moore JH, Pendergrass SA,
Bauer CR. Characterizing and Managing Missing Structured Data in
Electronic Health Records: Data Analysis. JMIR Med Inform. 2018;6(1):e11-
e.

Behl P, Lanctét KL, Streiner DL, Black SE, Behl P, Lanctét KL, et al. The
effect of cholinesterase inhibitors on decline in multiple functional domains
in Alzheimer's disease: a two-year observational study in the Sunnybrook
dementia cohort. International Psychogeriatrics. 2008;20(6):1141-59.

Bermejo-Pareja F, Benito-Ledn J, Louis ED, Trincado R, Carro E, Villarejo
A, et al. Risk of Incident Dementia in Drug-Untreated Arterial Hypertension:
A Population-Based Study. Journal of Alzheimer's Disease.
2010;22(3):949-58.

Besser LM, Gill DP, Monsell SE, Brenowitz W, Meranus DH, Kukull W, et
al. Body mass index, weight change, and clinical progression in mild

cognitive impairment and Alzheimer disease. Alzheimer Disease And
Associated Disorders. 2014;28(1):36-43.

Beydoun MA, Beydoun HA, Wang Y. Obesity and central obesity as risk
factors for incident dementia and its subtypes: a systematic review and
meta-analysis. Obesity Reviews. 2008(3):204.

129



37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Beydoun MA, Lhotsky A, Wang Y, Dal Forno G, An Y, Metter EJ, et al.
Association of adiposity status and changes in early to mid-adulthood with
incidence of Alzheimer's disease. American Journal of Epidemiology.
2008;168(10):1179-89.

Biessels GJ, Kappelle LJ, Utrecht Diabetic Encephalopathy Study Group.
Increased risk of Alzheimer's disease in Type Il diabetes: insulin resistance
of the brain or insulin-induced amyloid pathology? Biochemical Society
transactions. 2005;33(Pt 5):1041-4.

Biessels GJ, Staekenborg S, Brunner E, Brayne C, Scheltens P. Risk of
dementia in diabetes mellitus: a systematic review. Lancet Neurology.
2006(1):64.

Birtwhistle R, Keshavjee K, Lambert-Lanning A, Godwin M, Greiver M,
Manca D, et al. Building a pan-Canadian primary care sentinel surveillance
network: initial development and moving forward. Journal of the American
Board of Family Medicine. 2009;22(4):412-22.

Bourin M. The complexity of the relationship between “dementia” and
depression. Arch Depress Anxiety. 2018;4(1):018-7.

Bowman K, Thambisetty M, Kuchel GA, Ferrucci L, Melzer D. Obesity and
Longer Term Risks of Dementia in 65-74 Year Olds. Age and Ageing.
2019;48(3):367-73.

British Columbia Ministry of Health. B.C. Dementia Services Framework.
2007.

British Columbia Ministry of Health. The Provincial Dementia Action Plan
For British Columbia. British Columbia Ministry of Health; 2012.

Brodaty H, Pond D, Kemp N, Luscombe G, Harding L, Berman K, et al. The
GPCOG: a new screening test for dementia designed for general practice.
J Am Geriatr Soc. 2002;50(3):530-4.

Brookmeyer R, Johnson E, Ziegler-Graham K, Arrighi HM. Forecasting the
global burden of Alzheimer's disease. Alzheimer's & Dementia: The Journal
of the Alzheimer's Association. 2007;3(3):186-91.

Buchman AS, Wilson RS, Bienias JL, Shah RC, Evans DA, Bennett DA.
Change in body mass index and risk of incident Alzheimer disease.
Neurology. 2005;65(6):892-7.

Cadarette SM, Wong L. An Introduction to Health Care Administrative Data.
The Canadian Journal of Hospital Pharmacy. 2015;68(3):232-7.

Canadian Primary Care Sentinel Surveillance Network. CPCSSN Canadian
Primary Care Sentinel Surveillance Network 2015 [Available from:
http://cpcssn.ca/research-resources/cpcssn-data-for-research/.

Casey DA, Antimisiaris D, O'Brien J. Drugs for Alzheimer's disease: are they
effective? P & T : a peer-reviewed journal for formulary management.
2010;35(4):208.

130



51.

52.

53.

54.

55.

56.

S7.

58.

59.

60.

61.

62.

Chambers LW, Bancej C, McDowell |. Prevalence and Monetary Costs of
Dementia in Canada. Toronto, Ontario, Canada: The Alzheimer Society of
Canada 2016.

Chan JYC, Yiu KKL, Kwok TCY, Wong SYS, Tsoi KKF. Depression and
Antidepressants as Potential Risk Factors in Dementia: A Systematic
Review and Meta-analysis of 18 Longitudinal Studies. Journal of the
American Medical Directors Association. 2019;20(3):279-86.

Cheng G, Huang C, Deng H, Wang H. Diabetes as a risk factor for dementia
and mild cognitive impairment: a meta-analysis of longitudinal studies.
Internal Medicine Journal. 2012;42(5):484-91.

Cheng P-Y, Sy H-N, Wu S-L, Wang W-F, Chen Y-Y. Newly diagnosed type
2 diabetes and risk of dementia: A population-based 7-year follow-up study
in Taiwan. Journal of Diabetes and Its Complications. 2012(5):382.

Cheng S-T. Dementia Caregiver Burden: a Research Update and Critical
Analysis. Current Psychiatry Reports. 2017;19(9):64.

Chiang C-J, Yip P-K, Wu S-C, Lu C-S, Liou C-W, Liu H-C, et al. Midlife risk
factors for subtypes of dementia: a nested case-control study in Taiwan.
The American journal of geriatric psychiatry : official journal of the American
Association for Geriatric Psychiatry. 2007;15(9):762-71.

Coleman N, Halas G, Peeler W, Casaclang N, Williamson T, Katz A. From
patient care to research: a validation study examining the factors
contributing to data quality in a primary care electronic medical record
database. BMC family practice. 2015;16(1):11.

Constantinescu A, Li H, Yu J, Hoggard C, Holroyd-Leduc J. Exploring Rural
Family Physicians’ Challenges in Providing Dementia Care: A Qualitative
Study. Canadian Journal on Aging / La Revue canadienne du vieillissement.
2018;37(4):390-9.

Copeland K, Checkoway H, McMicheal A, Holbrook R. Bias due to
misclassification bias in the estimation of relative risk. American Journal of
Epidemiology. 1977;105(5):488-95.

Corrada MM, Haydend KM, Paganini-Hilla A, Bullaina SS, DeMossc J,
Aguirrec C, et al. Age of onset of hypertension and risk of dementia in the
oldest-old: The 90+ Study. Alzheimer's & Dementia: The Journal of the
Alzheimer's Association. 2017(2):103.

Critical Appraisal Skills Programme. CASP Systematic Review Checklist
2018 [14.09.2017]. Available from: https://casp-uk.net/wp-
content/uploads/2018/01/CASP-Systematic-Review-Checklist_2018.pdf.

Critical Appraisal Skills Programme. CASP Cohort Study Checklist 2018
[14.09.2017]. Available from: https://casp-uk.net/wp-
content/uploads/2018/01/CASP-Cohort-Study-Checklist_2018.pdf.

131



63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Critical Appraisal Skills Programme. CASP Case Control Study Checklist.
2018.

Dahl AK, Lopponen M, Isoaho R, Berg S, Kivel S. Overweight and obesity
in old age are not associated with greater dementia risk. Journal of the
American Geriatrics Society. 2008;56(12):2261-6.

Darvesh S, Leach L, Black S, Kaplan E, Freedman M. The behavioural
neurology assessment. Can J Neurol Sci. 2005;32(2):167-77.

Davis G, Baboolal N, Mc Rae A, Stewart R. Dementia prevalence in a
population at high vascular risk: the Trinidad national survey of ageing and
cognition. BMJ open. 2018;8(2):e018288.

de Bruijn ReFAG, Bos MJ, Portegies MLP, Hofman A, Franco OH,
Koudstaal PJ, et al. The potential for prevention of dementia across two
decades: the prospective, population-based Rotterdam Study. BMC
Medicine. 2015.

Ding J, Davis-Plourde KL, Sedaghat S, Tully PJ, Wang W, Phillips C, et al.
Antihypertensive medications and risk for incident dementia and
Alzheimer's disease: a meta-analysis of individual participant data from
prospective cohort studies. The Lancet Neurology. 2020;19(1):61-70.

Donegan K, Fox N, Black N, Livingston G, Banerjee S, Burns A. Trends in
diagnosis and treatment for people with dementia in the UK from 2005 to
2015: a longitudinal retrospective cohort study. The Lancet Public Health.
2017;2(3):PE149-E56.

Doran T, Kontopantelis E, Valderas JM, Campbell S, Roland M, Salisbury
C, et al. Effect of financial incentives on incentivised and non-incentivised
clinical activities: longitudinal analysis of data from the UK Quality and
Outcomes Framework. BMJ. 2011;342.

Driver JA, Djoussé L, Logroscino G, Gaziano JM, Kurth T. Incidence of
cardiovascular disease and cancer in advanced age: prospective cohort
study. BMJ. 2008;337:a2467.

Drummond N, Birtwhistle R, Williamson T, Khan S, Garies S, Molnar F.
Prevalence and management of dementia in primary care practices with
electronic medical records: a report from the Canadian Primary Care
Sentinel Surveillance Network. CMAJ Open. 2016;4(2):E184.

Exalto LG, Quesenberry CP, Barnes D, Kivipelto M, Biessels GJ, Whitmer
RA. Midlife risk score for the prediction of dementia four decades later.
Alzheimer's & Dementia. 2014;10(5):562-70.

Feldman HH, Jacova C, Robillard A, Garcia A, Chow T, Borrie M, et al.
Diagnosis and treatment of dementia: 2. Diagnosis. CMAJ.
2008;178(7):825-36.

132



75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Fillit H, Nash DT, Rundek T, Zuckerman A. Cardiovascular risk factors and
dementia. American Journal of Geriatric Pharmacotherapy. 2008;6(2):100-
18.

Fitzpatrick AL, Kuller LH, Lopez OL, Diehr P, O'Meara ES, Longstreth WT,
Jr., etal. Midlife and late-life obesity and the risk of dementia: cardiovascular
health study. Archives Of Neurology. 2009;66(3):336-42.

Folstein M, Folstein S, McHugh P. "Mini-mental state". A practical method
for grading the cognitive state of patients for the clinician. J Psychiatr Res.
1975;12(3):189-98.

Forbes LJ, Marchand C, Doran T, Peckham S. The role of the Quality and
Outcomes Framework in the care of long-term conditions: a systematic
review. The British journal of general practice : the journal of the Royal
College of General Practitioners. 2017;67(664):e775-e84.

Fujishima M, Kiyohara Y. Incidence and Risk Factors of Dementia in a
Defined Elderly Japanese Population: the Hysayama study. Annals of the
New York Academy of Sciences. 2002;977(1):1-8.

Fujishima M, Tsuchihashi T. Hypertension and dementia. Clinical and
experimental hypertension 1999;21(5-6):927-35.

Gao S, Burney HN, Callahan CM, Purnell CE, Hendrie HC. Incidence of
Dementia and Alzheimer Disease Over Time: A Meta-Analysis. Journal of
the American Geriatrics Society. 2019;67(7):1361-9.

Gao S, Hendrie HC, Hall KS, Hui S. The Relationships Between Age, Sex,
and the Incidence of Dementia and Alzheimer Disease: A Meta-analysis.
JAMA Psychiatry. 1998;55(9):809-15.

Gardner RC, Valcour V, Yaffe K. Dementia in the oldest old: a multi-factorial
and growing public health issue. Alzheimer's Research & Therapy.
2013;5(4):27.

Garies S, Birtwhistle R, Drummond N, Queenan J, Williamson T. Data
Resource Profile: National electronic medical record data from the
Canadian Primary Care Sentinel Surveillance Network (CPCSSN). Int J
Epidemiol. 2017;46(4):1091-2.

Garies S, Cummings M, Quan H, McBrien K, Drummond N, Manca D, et al.
Methods to improve the quality of smoking records in a primary care EMR
database: exploring multiple imputation and pattern-matching algorithms.
BMC Medical Informatics and Decision Making. 2020;20(1):56.

Gatz M, Mortimer JA, Fratiglioni L, Johansson B, Berg S, Reynolds CA, et
al. Potentially modifiable risk factors for dementia in identical twins.
Alzheimer's & Dementia: The Journal of the Alzheimer's Association.
2006(2):110.

Gauthier S, Patterson C, Chertkow H, Gordon M, Herrmann N, Rockwood
K, et al. Recommendations of the 4th Canadian Consensus Conference on

133



88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

the Diagnosis and Treatment of Dementia (CCCDTD4). Canadian
Geriatrics Journal. 2012;15(4):120-6.

Gelber RP, Petrovitch H, Masaki KH, Abbott RD, Ross GW, Launer LJ, et
al. Lifestyle and the Risk of Dementia in Japanese-American Men. Journal
of the American Geriatrics Society. 2012;60(1):118-23.

Gillam S, Siriwardena A, Steel N. Pay-for-performance in the United
Kingdom: impact of the quality and outcomes framework: a systematic
review. Ann Fam Med. 2012;10(5):461-8.

Gorospe EC, Dave JK. The risk of dementia with increased body mass
index. Age and Ageing. 2007(1):23.

Goverment of Canada. Dementia: Goverment of Canada; 2019 [updated
2019-12-09. Available from: https://www.canada.ca/en/public-
health/services/diseases/dementia.html#a5.

Greiver M, Williamson T, Bennett T-L, Drummond N, Savage C, Aliarzadeh
B, et al. Developing a method to estimate practice denominators for a
national Canadian electronic medical record database. Family Practice.
2013;30(3):347-54.

Grundman M. Weight Loss in the Elderly May Be a Sign of Impending
Dementia. Archives of Neurology. 2005;62(1):20-2.

Gu Y, Scarmeas N, Cosentino S, Brandt J, Albert M, Blacker D, et al.
Change in body mass index before and after Alzheimer's disease onset.
Current Alzheimer Research. 2014;11(4):349-56.

Gudala K, Bansal D, Schifano F, Bhansali A. Diabetes mellitus and risk of
dementia: A meta-analysis of prospective observational studies. Journal of
Diabetes Investigation. 2013;4(6):640-50.

Gustafson DR, Backman K, Joas E, Waern M, Ostling S, Guo X, et al. 37
Years of Body Mass Index and Dementia: Observations from the
Prospective Population Study of Women in Gothenburg, Sweden. Journal
of Alzheimers Disease. 2012;28(1):163-71.

Gustafson DR, Backman K, Joas E, Waern M, Ostling S, Guo XX, et al. 37
Years of Body Mass Index and Dementia: Observations from the
Prospective Population Study of Women in Gothenburg, Sweden.
JOURNAL OF ALZHEIMERS DISEASE. 2012;28(1):162-71.

Gustafson DR, Backman K, Waern M, Ostling S, Guo X, Zandi P, et al.
Adiposity indicators and dementia over 32 years in Sweden. Neurology.
2009;73(19):1559-66.

Guyonnet SG, Van Kan GA, Alix E, Andrieu S, Belmin J, Berrut G, et al.
IANA (International Academy on Nutrition and Aging) Expert Group: weight
loss and Alzheimer's disease. J Nutr Health Aging. 2007;11(1):38-48.

134



100.

101.

102.

103.

104.

105.

106.

107.

108.
109.

110.

111.

112.

113.

Hall CB, Verghese J, Sliwinski M, Chen Z, Katz M, Derby C, et al. Dementia
incidence may increase more slowly after age 90. Neurology.
2005;65(6):882.

Han J-Y, Besser LM, Xiong C, Kukull WA, Morris JC. Cholinesterase
Inhibitors May Not Benefit Mild Cognitive Impairment and Mild Alzheimer
Disease Dementia. Alzheimer disease and associated disorders.
2019;33(2):87-94.

Haroon NN, Austin PC, Shah BR, Wu J, Gill SS, Booth GL. Risk of dementia
in seniors with newly diagnosed diabetes: a population-based study.
Diabetes care. 2015;38(10):1868-75.

Hassing LB, Dahl AK, Thorvaldsson V, Berg S, Gatz M, Pedersen NL, et al.
Overweight in midlife and risk of dementia: a 40-year follow-up study.
International Journal of Obesity. 2009(8):893.

Hayden KM, Zandi Pp Fau - Lyketsos CG, Lyketsos Cg Fau - Khachaturian
AS, Khachaturian As Fau - Bastian LA, Bastian La Fau - Charoonruk G,
Charoonruk G Fau - Tschanz JT, et al. Vascular risk factors for incident
Alzheimer disease and vascular dementia: the Cache County study.
2006(0893-0341 (Print)).

Hayden KM, Zandi PP, Lyketsos CG, Khachaturian AS, Bastian LA,
Charoonruk G, et al. Vascular risk factors for incident Alzheimer disease
and vascular dementia: the Cache County study. Alzheimer Disease and
Associated Disorders. 2006;20(2):93-100.

Hernan M, Alonso A, Logroscino G. Cigarrete smoking and dementia:
potential selection bias in the elderly. Epidemiology. 2008;19(448-450).

Hessler JB, Ander K-H, Bronner M, Etgen T, Forstl H, Poppert H, et al.
Predicting dementia in primary care patients with a cardiovascular health
metric: a prospective population-based study. BMC Neurology. 2016(1).

Hipp R, al. e. SQLite. North Carolina: SQLite Development Team; 2015.

Huang C-C, Chung C-M, Leu H-B, Lin L-Y, Chiu C-C, Hsu C-Y, et al.
Diabetes Mellitus and the Risk of Alzheimer's Disease: A Nationwide
Population-Based Study. PLoS ONE. 2014;9(1):1-7.

Hughes TF, Borenstein AR, Schofield E, Wu Y, Larson EB. Association
between late-life body mass index and dementia: The Kame Project.
Neurology. 2009;72(20):1741-6.

Husain M, Schott JM. Oxford Textbook of Cognitive Neurology and
Dementia. Husain M, Schott JM, Kennard C, editors. Oxford, New York:
Oxford University Press; 2016.

Information Centre. National Quality and Outcomes Framework Statistics
for England 2006/07. Government Statistical Service; 2007.

Jakobsen JC, Gluud C, Wetterslev J, Winkel P. When and how should
multiple imputation be used for handling missing data in randomised clinical

135



114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

trials — a practical guide with flowcharts. BMC Medical Research
Methodology. 2017;17(1):162.

Jimenez A, Pegueroles J, Carmona-Iragui M, Vilaplana E, Montal V, Alcolea
D, et al. Weight loss in the healthy elderly might be a non-cognitive sign of
preclinical Alzheimer's disease. Oncotarget. 2017;8(62):104706-16.

Joas E, Backman K, Gustafson D, Ostling S, Waern M, Guo X, et al. Blood
Pressure Trajectories From Midlife to Late Life in Relation to Dementia in
Women Followed for 37 Years. Hypertension. 2012;59(4):796-801.

Jorm AF. History of depression as a risk factor for dementia: an updated
review. Australian & New Zealand Journal of Psychiatry. 2001;35(6):776.

Kadhim-Saleh A, Green M, Williamson T, Hunter D, Birtwhistle R. Validation
of the diagnostic algorithms for 5 chronic conditions in the Canadian Primary
Care Sentinel Surveillance Network (CPCSSN): a Kingston Practice-based
Research Network (PBRN) report. Journal of the American Board of Family
Medicine: JABFM. 2013;26(2):159-67.

Kalbe E, Kessler J, Calabrese P, Smith R, Passmore A, Brand M, et al.
DemTect: a new, sensitive cognitive screening test to support the diagnosis
of mild cognitive impairment and early dementia. Int J Geriatr Psychiatry.
2004;19(2):136-43.

Kalmijn S, Foley D, White L, Burchfiel CM, Curb JD, Petrovitch H, et al.
Metabolic cardiovascular syndrome and risk of dementia in Japanese-
American elderly men. The Honolulu-Asia aging study. Arteriosclerosis,
Thrombosis, and Vascular Biology. 2000;20(10):2255-60.

Katsanos Aristeidis H, Filippatou A, Manios E, Deftereos S, Parissis J,
Frogoudaki A, et al. Blood Pressure Reduction and Secondary Stroke
Prevention. Hypertension. 2017;69(1):171-9.

Kimm H, Lee PH, Shin YJ, Park KS, Jo J, Lee Y, et al. Mid-life and late-life
vascular risk factors and dementia in Korean men and women. Archives of
Gerontology and Geriatrics. 2011;52(3):e117-e22.

Kimm H, Lee PH, Shin YJ, Park KS, Jo J, Lee Y, et al. Mid-life and late-life
vascular risk factors and dementia in Korean men and women. Archives of
Gerontology and Geriatrics. 2011;52(3):117.

Kirk S, Cramm C, Price S, Penney T, Jarvie L, Power H. BMI: A vital sign
for patients and health professionals. Can Nurse. 2009;105(1):25-8.

Kivimaki M, Luukkonen R, Batty GD, Ferrie JE, Pentti J, Nyberg ST, et al.
Body mass index and risk of dementia: Analysis of individual-level data from
1.3 million individuals. Alzheimer's & dementia : the journal of the
Alzheimer's Association. 2018;14(5):601-9.

Kivipelto M, Helkala E-L, Laakso MP, Hanninen T, Hallikainen M, Alhainen
K, et al. Midlife Vascular Risk Factors And Alzheimer's Disease In Later Life:
Longitudinal, Population Based Study. 2001:1447.

136



126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

Kivipelto M, Ngandu T, Fratiglioni L, Viitanen M, Kareholt I, Winblad B, et
al. Obesity and vascular risk factors at midlife and the risk of dementia and
Alzheimer disease. Archives of neurology. 2005;62(10):1556-60.

Kivipelto M, Ngandu T, Fratiglioni L, Viitanen M, Kareholt |, Winblad B, et
al. Obesity and vascular risk factors at midlife and the risk of dementia and
Alzheimer disease. Archives of Neurology. 2005;62(10):1556-60.

Kivipelto M, Ngandu T, Laatikainen T, Winblad B, Soininen H, Tuomilehto
J. Risk score for the prediction of dementia risk in 20 years among middle
aged people: a longitudinal, population-based study. Lancet Neurology.
2006(9):735.

Koehn S, Badger M, Cohen C, McCleary L, Drummond N. Negotiating
access to a diagnosis of dementia: Implications for policies in health and
social care. Dementia. 2014;15(6):1436-56.

Kukull WA, Higdon R, Bowen JD, McCormick WC, Teri L, Schellenberg GD,
et al. Dementia and Alzheimer Disease Incidence. Archives of Neurology.
2002;59(11):1737.

Kuo S-C, Lai S-W, Hung H-C, Muo C-H, Hung S-C, Liu L-L, et al.
Association between comorbidities and dementia in diabetes mellitus
patients: population-based retrospective cohort study. Journal Of Diabetes
And Its Complications. 2015;29(8):1071-6.

Launer LJ, Hughes T, Binbing Y, Masaki K, Petrovitch H, Ross GW, et al.
Lowering midlife levels of systolic blood pressure as a public health strategy
to reduce late-life dementia: perspective from the Honolulu Heart
Program/Honolulu Asia Aging Study. Hypertension. 2010;55(6):1352-9.

Launer LJ, Hughes T, Yu B, Masaki K, Petrovitch H, Ross GW, et al.
Lowering midlife levels of systolic blood pressure as a public health strategy
to reduce late-life dementia: perspective from the Honolulu Heart
Program/Honolulu Asia Aging Study. Hypertension (Dallas, Tex : 1979).
2010;55(6):1352-9.

Launer LJ, Ross GW, Petrovitch H, Masaki K, Foley D, White LR, et al.
Midlife blood pressure and dementia: the Honolulu—Asia aging studys.
Neurobiology of Aging. 2000;21(1):49-55.

Lebel A, Hallman S. Mortality: Overview, 2012 and 2013. Statistic Canada;
2017.

Li G, Shofer JB, Kukull WA, Peskind ER, Tsuang DW, Breitner JCS, et al.
Serum cholesterol and risk of Alzheimer disease: a community-based
cohort study. Neurology. 2005;65(7):1045-50.

Li J, Wang M, Steinbach MS, Kumar V, Simon GJ, editors. Don't do
imputation: Dealing with informative missing values in EHR data analysis.
9th IEEE International Conference on Big Knowledge; 2018; Singapore.

137



138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

Ligthart SA, Moll van Charante EP, Van Gool WA, Richard E. Treatment of
cardiovascular risk factors to prevent cognitive decline and dementia: a
systematic review. Vascular health and risk management. 2010;6:775-85.

Lindsay J, Hebert R, Rockwood K. The Canadian Study of Health and Aging
: Risk Factors for Vascular Dementia. Stroke. 1997;28(3):526-30.

Liu D, Green E, Kasteridis P, Goddard M, Jacobs R, Wittenberg R, et al.
Incentive schemes to increase dementia diagnoses in primary care in
England: a retrospective cohort study of unintended consequences. British
Journal of General Practice. 2019;69(680):e154.

Lopez O, Kuller L, Fitzpatrick A, lves D, Becker J, Beauchamp N. Evaluation
of dementia in the cardiovascular health cognition study. 2003;22(1):1-12.

Luchsinger JA, Cheng D, Tang MX, Schupf N, Mayeux R. Central obesity
in the elderly is related to late-onset Alzheimer disease. Alzheimer Disease
And Associated Disorders. 2012;26(2):101-5.

Luchsinger JA, Reitz C, Honig LS, Tang MX, Shea S, Mayeux R.
Aggregation of vascular risk factors and risk of incident Alzheimer disease.
Neurology. 2005;65(4):545-51.

Mangialasche F, Kivipelto M, Solomon A, Fratiglioni L. Dementia
prevention: current epidemiological evidence and future perspective.
Alzheimers Research & Therapy. 2012;4(1):6.

Manitoba Health. Manitoba’s Framework for Alzheimer’s Disease and Other
Dementias. 2014.

Mason A, Liu D, Kasteridis P, Goddard M, Jacobs R, Wittenberg R, et al.
Investigating the impact of primary care payments on underdiagnosis in
dementia: A difference-in-differences analysis. International Journal of
Geriatric Psychiatry. 2018;33(8):1090-7.

Matthews FE, Arthur A, Barnes LE, Bond J, Jagger C, Robinson L, et al. A
two-decade comparison of prevalence of dementia in individuals aged 65
years and older from three geographical areas of England: results of the
Cognitive Function and Ageing Study | and Il. The Lancet.
2013(9902):1405.

Mattis S. Dementia Rating Scale professional manual. Odessa, FL:
Psychological Assessment Resources; 1988.

Mattus H, Wendy S. Strategy for Alzheimer's Disease and Related
Dementias in Manitoba. Manitoba Health; 2002.

Mayeda ER, Haan MN, Kanaya AM, Yaffe K, Neuhaus J. Type 2 diabetes
and 10-year risk of dementia and cognitive impairment among older
Mexican Americans. Diabetes Care. 2013;36(9):2600-6.

McDowell I. Mental Status Testing. In: McDowell |, editor. Measuring Health:
Aguide to Rating Sacles and Questionnaires. Third ed. Oxford: Oxford
University Press; 2006.

138



152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

McKhann GM, Knopman DS, Chertkow H, Hyman BT, Jack CR, Kawas CH,
et al. The diagnosis of dementia due to Alzheimer's disease:
Recommendations from the National Institute on Aging-Alzheimer’'s
Association workgroups on diagnostic guidelines for Alzheimer’s disease.
Alzheimer's & dementia : the journal of the Alzheimer's Association.
2011;7(3):263-9.

McLean C, Ransom J, Galaznik A. Evaluation of Missing Data Imputation
Strategies in Clinical Trial and EMR Data Using Standardized Data Models.
ISPOR Europe; 2019-11-2; Copenhagen, Denmark2019.

Medicare. Joining a health or drug plan 2017 [Available from:
https://www.medicare.gov/sign-up-change-plans/when-can-i-join-a-health-
or-drug-plan/when-can-i-join-a-health-or-drug-plan.html.

Mejia S. Promoting multilevel primary prevention of depression and
diabetes during midlife may protect against dementia. Evidence Based
Mental Health. 2016;19(1):e4.

Middelaar Tv, Vught LAv, Gool WAv, Simons EMF, Born BHvd, Charante
EPMyv, et al. Blood pressure-lowering interventions to prevent dementia: a
systematic review and meta-analysis. Journal of Hypertension.
2018;36(9):1780-7.

Mielke MM, Zandi PP, Sjogren M, Gustafson D, Ostling S, Steen B, et al.
High total cholesterol levels in late life associated with a reduced risk of
dementia. Neurology. 2005;64(10):1689-95.

Milajerdi A, Djafarian K, Shab-Bidar S, Speakman JR. Pre- and post-
diagnosis body mass index and heart failure mortality: a dose—response
meta-analysis of observational studies reveals greater risk of being
underweight than being overweight. Obesity Reviews. 2019;20(2):252-61.

Mocarski M, Tian Y, Smolarz BG, McAna J, Crawford A. Use of International
Classification of Diseases, Ninth Revision Codes for Obesity: Trends in the
United States from an Electronic Health Record-Derived Database.
Population health management. 2018;21(3):222-30.

Moore A, Frank C, Chambers LW. Role of the family physician in dementia
care. Canadian Family Physician. 2018;64(10):717.

Morris MC, Scherr PA, Hebert LE, Glynn RJ, Bennett DA, Evans DA.
Association of Incident Alzheimer Disease and Blood Pressure Measured
From 13 Years Before to 2 Years After Diagnosis in a Large Community
Study. Archives of Neurology. 2001;58(10):1640.

Muliyala KP, Varghese M. The complex relationship between depression
and dementia. Annals of Indian Academy of Neurology. 2010;13(Suppl
2):S69-S73.

Muthee V, Bochner AF, Osterman A, Liku N, Akhwale W, Kwach J, et al.

The impact of routine data quality assessments on electronic medical record
data quality in Kenya. PLOS ONE. 2018;13(4):e0195362.

139



164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

Nagai M, Hoshide S, Kario K. Hypertension and Dementia. American
Journal of Hypertension. 2010;23(2):116-24.

Nam GE, Park YG, Han K, Kim MK, Koh ES, Kim ES, et al. BMI, Weight
Change, and Dementia Risk in Patients With New-Onset Type 2 Diabetes:
A Nationwide Cohort Study. Diabetes Care. 2019;42(7):1217.

Nasreddine Z, Phillips N, Bédirian V, Charbonneau S, Whitehead V, Collin
I, et al. The Montreal Cognitive Assessment, MoCA: a brief screening tool
for mild cognitive impairment. J Am Geriatr Soc. 2005;53(4):695-9.

Neergaard JS, Dragsbaek K, Hansen HB, Henriksen K, Christiansen C,
Karsdal MA. Late-Life Risk Factors for All-Cause Dementia and Differential
Dementia Diagnoses in Women: A Prospective Cohort Study. Medicine.
2016;95(11):e3112.

Neergaard JS, Dragsbeek K, Hansen HB, Henriksen K, Christiansen C,
Karsdal MA. Late-Life Risk Factors for All-Cause Dementia and Differential
Dementia Diagnoses in Women: A Prospective Cohort Study. Medicine.
2016;95(9):e3112-e.

Newfoundland and Labrador Department of Health and Community
Services. Provincial Strategy for Alzheimer Disease & Other Dementias.
2004.

NICE. Dementia: National Institute for Health and Care Excellence 2017
[Available from: https://www.nice.org.uk/guidance/conditions-and-
diseases/mental-health-and-behavioural-conditions/dementia.

Nicholson K, Terry AL, Fortin M, Williamson T, Thind A. Understanding
multimorbidity in primary health care. Canadian Family Physician.
2015;61(10):918.

Ninomiya T, Ohara T, Hirakawa Y, Yoshida D, Doi Y, Hata J, et al. Midlife
and Late-Life Blood Pressure and Dementia in Japanese Elderly: The
Hisayama Study. Hypertension. 2011;58(1):22-8.

Norton S, Matthews FE, Barnes DE, Yaffe K, Brayne C. Potential for primary
prevention of Alzheimer's disease: an analysis of population-based data.
Lancet Neurology. 2014(8):788.

Nourhashémi F, Deschamps V, Larrieu S, Letenneur L, Dartigues JF,
Barberger-Gateau P. Body mass index and incidence of dementia: the
PAQUID study. Neurology. 2003;60(1):117-9.

Nourhashemi F, Deschamps V, Larrieu S, Letenneur L, Dartigues JF,
Barberger-Gateau P, et al. Body mass index and incidence of dementia: the
PAQUID study. Neurology. 2003;60(1):117-9.

Ogunniyi A, Lane KA, Baiyewu O, Gao S, Gureje O, Unverzagt FW, et al.
Hypertension and incident dementia in community-dwelling elderly Yoruba
Nigerians. Acta Neurologica Scandinavica. 2011;124(6):396-402.

140



177.

178.

179.

180.

181.

182.

183.

184.
185.

186.

187.

188.

189.

190.

Ontario Ministry of Health. Ontario’s Strategy for Alzheimer Disease and
Related Dementias: Preparing for our Future. 1999.

Orpana HM, Berthelot J-M, Kaplan MS, Feeny DH, McFarland B, Ross NA.
BMI and Mortality: Results From a National Longitudinal Study of Canadian
Adults. Obesity. 2010;18(1):214-8.

Ott A, Breteler MMB, Harskamp Fv, Stijnen T, Hofman A. Incidence and
Risk of Dementia: The Rotterdam study. American Journal of Epidemiology.
1998;147(6):574-80.

Ott A, Stolk RP, van Harskamp F, Pols HA, Hofman A, Breteler MM.
Diabetes mellitus and the risk of dementia: The Rotterdam Study.
Neurology. 1999;53(9):1937-42.

P. Gelber R, J. Launer L, R. White L. The Honolulu-Asia Aging Study:
Epidemiologic and Neuropathologic Research on Cognitive Impairment.
Current Alzheimer Research. 2012;9(6):664-72.

Paganini-Hill A. Hypertension and Dementia in the Elderly: The Leisure
World Cohort Study. International Journal of Hypertension.
2012;2012:205350.

Park S, Jeon S-M, Jung S-Y, Hwang J, Kwon J-W. Effect of late-life weight
change on dementia incidence: a 10-year cohort study using claim data in
Korea. BMJ Open. 2019;9(5):e021739.

Pearce N. Analysis of matched case-control studies. BMJ. 2016;352:i1969.

Pedditizi E, Peters R, Beckett N. The risk of overweight/obesity in mid-life
and late life for the development of dementia: a systematic review and meta-
analysis of longitudinal studies. Age & Ageing. 2016;45(1):14-21.

PEl Alzheimer Society. Provincial Dementia Strategy Journey Prince
Edward Island2018 [updated 2018-03-29. Available from:
https://alzheimer.ca/en/pei/Get-involved/Raise-your-voice/Provincial-
Dementia-Strategy.

Peila R, Rodriguez BL, Launer LJ. Type 2 diabetes, APOE gene, and the
risk for dementia and related pathologies: The Honolulu-Asia Aging Study.
Diabetes. 2002;51(4):1256-62.

Peila R, Rodriguez BL, Launer LJ, Honolulu-Asia Aging S. Type 2 diabetes,
APOE gene, and the risk for dementia and related pathologies: The
Honolulu-Asia Aging Study. Diabetes. 2002;51(4):1256-62.

Pham A, Cummings M, Lindeman C, Drummond N, Williamson T.
Recognizing misclassification bias in research and medical practice. Family
Practice. 2019;36(6):804-7.

Posner HB, Tang MX, Luchsinger J, Lantigua R, Stern Y, Mayeux R. The
relationship of hypertension in the elderly to AD, vascular dementia, and
cognitive function. NEUROLOGY. 2002;58(8):1175-81.

141



191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

Power BD, Alfonso H, Flicker L, Hankey GJ, Yeap BB, Almeida OP, et al.
Changes in body mass in later life and incident dementia. International
Psychogeriatrics. 2013;25(3):467-78.

Power MC, Weuve J, Gagne JJ, McQueen MB, Viswanathan A, Blacker D.
The Association Between Blood Pressure and Incident Alzheimer Disease
A  Systematic Review and Meta-analysis. @ EPIDEMIOLOGY.
2011;22(5):646-59.

Prince M, Comas-Herrera A, Knapp M, Guerchet M, Karagiannidou M.
World Alzheimer Report 2016 London: Alzheimer’s Disease International
(ADI); 2016 [Available from:
http://scholar.aci.info/view/14ad954126c0014000¢/1577ceb9e99000129a6
75bd.

Profenno LA, Porsteinsson AP, Faraone SV. Meta-Analysis of Alzheimer's
Disease Risk with Obesity, Diabetes, and Related Disorders. Biological
Psychiatry. 2010(6):505.

Province of New Brunswick. We are all in this together: An Aging Strategy
for New Brunswick. Fredericton: Province of New Brunswick; 2017.

Province of Nova Scotia. Towards Understanding A Dementia Strategy for
Nova Scotia. Province of Nova Scotia; 2015.

Public Health Agency of Canada. Healthy Aging in Canada: A New Vision,
A Vital Investment. Ottawa, ON: Public Health Agency of Canada; 2006.

Public Health Agency of Canada. Report from the Canadian Chronic
Disease Surveillance System: Hypertension in Canada, 2010 Public Health
Agency of Canada; 2010.

Public Health Agency of Canada. Mapping Connections: An understanding
of neurological conditions in Canada. Ottawa, ON; 2014.

Public Health Agency of Canada. Dementia in Canada, including
Alzheimer's disease: Highlights from the Canadian Chronic Disease
Surveillance System. Public Health Agency of Canada; 2017.

Public Health Agency of Canada. Dementia in Canada, including
Alzheimer's disease. Highlights from the Canadian Chronic Disease
Surveillance System. Public Health Agency of Canada; 2017.

Public Health Agency of Canada. A strategy for Canada: Together We
Aspire. Ottawa: Public Health Agency of Canada; 2019.

Public Health Infobase. Canadian Chronic Disease Surveillance System
(CCDSS). Public Health Agency of Canada; 2017.

Purnell C, Gao S, Callahan CM, Hendrie HC, Purnell C, Gao S, et al.
Cardiovascular risk factors and incident Alzheimer disease: a systematic
review of the literature. Alzheimer Disease & Associated Disorders.
2009;23(1):1-10.

142



205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

Purnell C, Sujuan GAO, Callahan CM, Hendrie HC. Cardiovascular Risk
Factors and Incident Alzheimer Disease : A Systematic Review of the
Literature. Alzheimer disease and associated disorders. 2009(1):1.

Purves D, Augustine GJ, Fitzpatrick D, Katz LC, LaMantia A-S, McNamara
JO, et al. Acetylcholine. 2 ed. Sunderland (MA): Sinauer Associates; 2001.

Qiu C. Low blood pressure and risk of dementia in the Kungsholmen
Project: a 6-year follow-up study. The Journal of the American Medical
Association. 2003(17):2192.

Qiu C, Fratiglioni L. Aging without Dementia is Achievable: Current
Evidence from Epidemiological Research. Journal of Alzheimer's disease :
JAD. 2018;62(3):933-42.

Qiu C, von Strauss E, Winblad B, Fratiglioni L, Qiu C, von Strauss E, et al.
Decline in blood pressure over time and risk of dementia: a longitudinal
study from the Kungsholmen project. Stroke 2004;35(8):1810-5.

Qiu C, Xu W, Winblad B, Fratiglioni L. Vascular Risk Profiles for Dementia
and Alzheimer's Disease in Very OIld People: A Population-Based
Longitudinal Study. Journal of Alzheimer's Disease. 2010;20(1):293-300.

Qizilbash N, Gregson J, Johnson ME, Pearce N, Douglas |, Wing K, et al.
BMI and risk of dementia in two million people over two decades: a
retrospective cohort study. The Lancet Diabetes & Endocrinology.
2015;3(6):431-6.

Quebec Ministry of Health and Social Services. Relever le défi de la maladie
d’Alzheimer et des maladies apparentées: Une vision centrée sur la
personne, I'hnumanisme et I'excellence. 2009.

Queenan JA, Williamson T, Khan S, Drummond N, Garies S, Morkem R, et
al. Representativeness of patients and providers in the Canadian Primary
Care Sentinel Surveillance Network: a cross-sectional study. CMAJ Open.
2016;4(1):E32.

Raffaitin C, Gin H, Empana J-P, Helmer C, Berr C, Tzourio C, et al.

Metabolic syndrome and risk for incident Alzheimer's disease or vascular
dementia: the Three-City Study. Diabetes care. 2009;32(1):169-74.

Raffaitin C, Gin H, Empana J-P, Helmer C, Berr C, Tzourio C, et al.
Metabolic syndrome and risk for incident Alzheimer's disease or vascular
dementia: the Three-City Study. Diabetes Care. 2009;32(1):169-74.

Rajana KB, Weuveb J, Barnesc LL, Wilsonc RS, Evansd DA. Prevalence
and incidence of clinically diagnosed Alzheimer’s disease dementia from
1994 to 2012 in a population study. Alzheimer's & Dementia. 2019;15(1):1-
7.

Rantanen KK, Strandberg AY, Pitkala K, Tilvis R, Salomaa V, Strandberg
TE. Cholesterol in midlife increases the risk of Alzheimer's disease during
an up to 43-year follow-up. European Geriatric Medicine. 2014;5(6):390-3.

143



218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

Rastas S, Pirttila T, Mattila K, Verkkoniemi A, Juva K, Niinistd L, et al.
Vascular risk factors and dementia in the general population aged >85
years: prospective population-based study. Neurobiol Aging. 2010;31(1):1-
7.

Rastas S, Pirttila T, Mattila K, Verkkoniemi A, Juva K, Niinistd L, et al.
Vascular risk factors and dementia in the general population aged >85
years: prospective population-based study. Neurobiology of Aging.
2010;31(1):1-7.

Rea S, Bailey KR, Pathak J, Haug PJ. Bias in recording of body mass index
data in the electronic health record. AMIA Jt Summits Transl Sci Proc.
2013;2013:214-8.

Reitz C, Tang M-X, Schupf N, Manly JJ, Mayeux R, Luchsinger JA. A
summary risk score for the prediction of Alzheimer disease in elderly
persons. Archives Of Neurology. 2010;67(7):835-41.

Richard E, Ligthart SA, Moll van Charante EP, van Gool WA.
Methodological issues in a cluster-randomized trial to prevent dementia by

intensive vascular care. The Journal Of Nutrition, Health & Aging.
2010;14(4):315-7.

Rigobon AV, Birtwhistle R, Khan S, Barber D, Biro S, Morkem R, et al. Adult
obesity prevalence in primary care users: An exploration using Canadian
Primary Care Sentinel Surveillance Network (CPCSSN) data. Can J Public
Health. 2015;106(5):€283-9.

Robinson L, Tang E, Taylor J-P. Dementia: timely diagnosis and early
intervention. BMJ : British Medical Journal. 2015;350.

Roehr S, Pabst A, Luck T, Riedel-Heller SG. Is dementia incidence declining
in high-income countries? A systematic review and meta-analysis. Clinical
epidemiology. 2018;10:1233-47.

Roland M. Linking Physicians' Pay to the Quality of Care — A Major
Experiment in the United Kingdom. New England Journal of Medicine.
2004;351(14):1448-54.

Roland M, Guthrie B. Quality and Outcomes Framework: what have we
learnt? BMJ. 2016;354:i4060.

Rothman KJ, Lash TL, Greenland S. Modern Epidemiology. 3rd ed:
Lippincott Williams & Wilkins; 2008.

Salgado CM, Azevedo C, Proenca H, Vieira SM. Missing Data. In: Data
MITC, editor. Secondary Analysis of Electronic Health Records. Cham:
Springer International Publishing; 2016. p. 143-62.

Salinas RM, Hiriart M, Acosta |, Sosa AL, Prince MJ. Type 2 diabetes
mellitus as a risk factor for dementia in a Mexican population. Journal of
Diabetes and Its Complications. 2016;30:1234-9.

144



231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

Santé et services seuciaux Québec. Relever le défi de la maladie
d’Alzheimer et des maladies apparentées Une vision centrée sur la
personne, I'humanisme et I'excellence. Montreal: Santé et services
seuciaux Québec; 2015.

Santos R, Barsanti S, Seghieri C. Pay for Performance in Primary Care: The
Use of Administrative Data by Health Economists. In: Crato N, Paruolo P,
editors. Data-Driven Policy Impact Evaluation: How Access to Microdata is
Transforming Policy Design. Cham: Springer International Publishing; 2019.
p. 313-32.

Saskatchewan Provincial Advisory Committee of Older Persons. A strategy
for Alzheimer disease and related dementias in Saskatchewan. 2004.

Satizabal CL, Beiser AS, Chouraki V, Chene G, Dufouil C, Seshadri S.
Incidence of dementia over three decades in the Framingham Heart Study.
The New England Journal of Medicine. 2016(6):523.

Satizabal CL, Beiser AS, Chouraki V, Chéne G, Dufouil C, Seshadri S.
Incidence of Dementia over Three Decades in the Framingham Heart Study.
New England Journal of Medicine. 2016;374(6):523-32.

Schilling S, Tzourio C, Soumaré A, Kaffashian S, Dartigues J-F, Ancelin M-
L, et al. Differential associations of plasma lipids with incident dementia and
dementia subtypes in the 3C Study: A longitudinal, population-based
prospective cohort study. PLoS Medicine. 2017;14(3):1-17.

Schnaider Beeri M, Goldbourt U, Silverman JM, Noy S, Schmeidler J,
Ravona-Springer R, et al. Diabetes mellitus in midlife and the risk of
dementia three decades later. Neurology. 2004;63(10):1902-7.

Sharp SlI, Aarsland D, Day S, Sonnesyn H, Alzheimer's Society Vascular
Dementia Systematic Review G, Ballard C. Hypertension is a potential risk
factor for vascular dementia: systematic review. International journal of
geriatric psychiatry. 2011;26(7):661-9.

Sibbett A, Russ C, Deary J, Starr M. Risk factors for dementia in the ninth
decade of life and beyond: a study of the Lothian birth cohort 1921. BMC
Psychiatry. 2017;17(1):205-15.

Sibbett R, Russ T, Deary |, Starr J. Risk factors for dementia in the ninth
decade of life and beyond: a study of the Lothian birth cohort 1921. BMC
Psychiatry. 2017;17(1):205.

Sibbett RA, Russ TC, Deary IJ, Starr JM. Risk factors for dementia in the
ninth decade of life and beyond: a study of the Lothian birth cohort 1921.
BMC psychiatry. 2017;17(1):205.

Simodes do Couto F, Lunet N, Gin6 S, Chester C, Freitas V, Maruta C, et al.
Depression with melancholic features is associated with higher long-term
risk for dementia. Journal of Affective Disorders. 2016;202:220-9.

145



243.

244,

245.

246.

247 .

248.

249.

250.

251.

252.

253.

254.

255.

256.

Singh-Manoux A, Dugravot A, Fournier A, Abell J, Ebmeier K, Kivimaki M,
et al. Trajectories of Depressive Symptoms Before Diagnosis of Dementia:
A 28-Year Follow-up Study. JAMA Psychiatry. 2017;74(7):712-8.

Skoog |, Borjesson-Hanson A, Kern S, Johansson L, Falk H, Sigstrom R, et
al. Decreasing prevalence of dementia in 85-year olds examined 22 years
apart: the influence of education and stroke. Scientific reports.
2017;7(1):6136.

Skoog |, Lernfelt B, Landahl S, Palmertz B, Andreasson L, Nilsson L, et al.
15-year longitudinal study of blood pressure and dementia. Journal of the
American Medical Association. 1996;347(9009):1141-5.

Skoog |, Nilsson L, Palmertz B, Andreasson L, Svanborg A. A population-
based study of dementia in 85-year-olds. N Engl J Med. 1993;328(3):153-
8.

Solfrizzi V, Panza F, Colacicco AM, D'Introno A, Capurso C, Torres F, et al.
Vascular risk factors, incidence of MCI, and rates of progression to
dementia. Neurology. 2004;63(10):1882-91.

Solomon A, Mangialasche F, Richard E, Andrieu S, Bennett DA, Breteler M,
et al. Advances in the prevention of Alzheimer's disease and dementia.
Journal of Internal Medicine. 2014;275(3):229-50.

Solomon P, Pendlebury W. Recognition of Alzheimer's disease: the 7
Minute Screen. Fam Med. 1998;30(4):265-71.

Sposato LA, Kapral MK, Fang J, Gill SS, Hackam DG, Cipriano LE, et al.
Declining Incidence of Stroke and Dementia: Coincidence or Prevention
Opportunity? JAMA Neurology. 2015;72(12):1529.

Srikanthan P, Karlamangla AS. Muscle mass index as a predictor of
longevity in older adults. The American journal of medicine.
2014;127(6):547-53.

StataCorp. clogit College Station, TX: Stata Press; 2013 [Available from:
https://www.stata.com/manuals13/rclogit.pdf.

StataCorp. Stata Statistical Software: Release 14. College Station, TX:
StataCorp LP; 2015.

Statistics Canada. Section 2: Age and sex: Statistics Canada; 2010
[Available from: https://www150.statcan.gc.ca/n1/pub/91-215-
x/2010000/part-partie2-eng.htm.

Statistics Canada. Section 2: Population by age and sex: Statistic Canada;
2015 [Available from: http://www.statcan.gc.ca/pub/91-215-x/2012000/part-
partie2-eng.htm.

Statistics Canada. Analysis: Population by age and sex: Statistics Canada;
2017 [Available from: https://www150.statcan.gc.ca/n1/pub/91-215-
x/2017000/sec2-eng.htm.

146



257.
258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

Statistics Canada. Table 13-10-0096-10 Smokers, by age group 2018 [

Statistics Canada. Table 13-10-0096-01 Canadian health characteristics,
annual estimates 2018 [Available from:
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310009601&pickM
embers%5B0%5D=1.1&pickMembers%5B1%5D=2.6&pickMembers%5B2
%5D=3.1.

Sterne JAC, White IR, Carlin JB, Spratt M, Royston P, Kenward MG, et al.
Multiple imputation for missing data in epidemiological and clinical research:
potential and pitfalls. BMJ. 2009;338:b2393.

Stiglic G, Kocbek P, Fijacko N, Sheikh A, Pajnkihar M. Challenges
associated with missing data in electronic health records: A case study of a
risk prediction model for diabetes using data from Slovenian primary care.
Health Informatics Journal. 2017;25(3):951-9.

Szymczynska P, Innes A, Mason A, Stark C. A Review of Diagnostic
Process and Postdiagnostic Support for People With Dementia in Rural
Areas. Journal of Primary Care & Community Health. 2011;2(4):262-76.

Tan ZS, Seshadri S, Beiser A, Wilson PWF, Kiel DP, Tocco M, et al. Plasma
total cholesterol level as a risk factor for Alzheimer disease: the
Framingham Study. Archives of Internal Medicine. 2003;163(9):1053-7.

Teel CS. Rural practitioners' experiences in dementia diagnosis and
treatment. Aging & Mental Health. 2004;8(5):422-9.

Tolppanen A-M, Ngandu T, Kareholt |, Laatikainen T, Rusanen M, Soininen
H, et al. Midlife and Late-Life Body Mass Index and Late-Life Dementia:
Results from a Prospective Population-Based Cohort. Journal of
Alzheimer's Disease. 2014;38(1):201-9.

Toro P, Degen C, Pierer M, Gustafson D, Schroder J, Schonknecht P.
Cholesterol in mild cognitive impairment and Alzheimer's disease in a birth
cohort over 14 years. European Archives of Psychiatry & Clinical
Neuroscience. 2014;264(6):485-92.

van der Flier WM, Scheltens P. Epidemiology and risk factors of dementia.
Journal of Neurology, Neurosurgery &amp;amp; Psychiatry. 2005;76(suppl
5):v2-v7.

van Himbergen TM, Beiser AS, Ai M, Seshadri S, Otokozawa S, Au R, et
al. Biomarkers for insulin resistance and inflammation and the risk for all-

cause dementia and alzheimer disease: results from the Framingham Heart
Study. Archives Of Neurology. 2012;69(5):594-600.

Verberne LDM, Nielen MMJ, Leemrijse CJ, Verheij RA, Friele RD.
Recording of weight in electronic health records: an observational study in
general practice. BMC Family Practice. 2018;19(1):174.

147



269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.
280.

281.

282.

Verghese J, Lipton RB, Hall CB, Kuslansky G, Katz MJ. Low blood pressure
and the risk of dementia in very old individuals. Neurology.
2003;61(12):1667-72.

Viswanathan A, Rocca WA, Tzourio C. Vascular risk factors and dementia:
How to move forward? Neurology. 2009;72(4):368-74.

Walters K, Hardoon S, Petersen |, lliffe S, Omar RZ, Nazareth |, et al.
Predicting dementia risk in primary care: development and validation of the
Dementia Risk Score using routinely collected data. BMC Medicine.
2016;14(6).

Wang K-C, Woung L-C, Tsai M-T, Liu C-C, Su Y-H, Li C-Y. Risk of
Alzheimer's disease in relation to diabetes: a population-based cohort
study. Neuroepidemiology. 2012;38(4):237-44.

Weber A, Mak SH, Berenbaum F, Sellam J, Zheng Y-P, Han Y, et al.
Association between osteoarthritis and increased risk of dementia: A
systemic review and meta-analysis. Medicine. 2019;98(10):e14355.

Wells BJ, Chagin KM, Nowacki AS, Kattan MW. Strategies for handling
missing data in electronic health record derived data. EGEMS (Wash DC).
2013;1(3):1035-.

Whitmer RA, Gunderson EP, Barrett-Connor E, Quesenberry CP, Jr., Yaffe
K. Obesity in middle age and future risk of dementia: a 27 year longitudinal
population based study. BMJ 2005;330(7504):1360.

Whitmer RA, Sidney S, Selby J, Johnston SC, Yaffe K. Midlife
cardiovascular risk factors and risk of dementia in late life. Neurology.
2005;64(2):277-81.

WHO. The ICD-10 classification of mental and behavioural disorders:
clinical descriptions and diagnostic guidelines. In: Statistics NCfH, editor.
Geneva: World Health Organization; 1992.

WHO. The global burden of disease: 2004 update. World Health
Organization; 2004.

WHO. Dementia: a public health priority. World Health Organization; 2012.

WHO. Dementia: World Health Organization; 2017 [Available from:
http://www.who.int/mediacentre/factsheets/fs362/en/.

Williamson T, Green M, Birtwhistle R, Khan S, Garies S, Wong S, et al.
CPCSSN Disease Definitions: Canadian Primary Care Sentinel
Surveillance Network (CPCSSN) 2014 [Available from:
http://cpcssn.ca/research-resources/case-definitions/.

Williamson T, Green ME, Birtwhistle R, Khan S, Garies S, Wong ST, et al.
Validating the 8 CPCSSN case definitions for chronic disease surveillance

in a primary care database of electronic health records. Annals of Family
Medicine. 2014;12(4):367-72.

148



283.

284.

285.

286.

287.

288.

289.

290.

291.

292.

Wu Y-T, Beiser AS, Breteler MMB, Fratiglioni L, Helmer C, Hendrie HC, et
al. The changing prevalence and incidence of dementia over time - current
evidence. Nature Reviews Neurology. 2017;13(6):327-39.

Xu W, Qiu C, Gatz M, Pedersen NL, Johansson B, Fratiglioni L. Mid- and
late-life diabetes in relation to the risk of dementia: a population-based twin
study. Diabetes. 2009;58(1):71-7.

Xu W, Qiu C, Winblad B, Fratiglioni L. The effect of borderline diabetes on
the risk of dementia and Alzheimer's disease. Diabetes. 2007;56(1):211-6.

Xu WL, Qiu CX, Wahlin A, Winblad B, Fratiglioni L. Diabetes mellitus and
risk of dementia in the Kungsholmen project: a 6-year follow-up study.
Neurology. 2004;63(7):1181-6.

Xu WL, von Strauss E, Qiu CX, Winblad B, Fratiglioni L. Uncontrolled
diabetes increases the risk of Alzheimer's disease: a population-based
cohort study. Diabetologia. 2009;52(6):1031-9.

Yaffe K, Vittinghoff E, Lindquist K, Barnes D, Covinsky KE, Neylan T, et al.
Posttraumatic stress disorder and risk of dementia among US veterans.
Archives of General Psychiatry. 2010(6):608.

Yamada M, Kasagi F, Mimori Y, Miyachi T, Ohshita T, Sasaki H. Incidence
of dementia among atomic-bomb survivors — Radiation Effects Research
Foundation Adult Health Study. Journal of the Neurological Sciences.
2009;281(1-2):11-4.

Yamada M, Kasagi F, Sasaki H, Masunari N, Mimori Y, Suzuki G.
Association between dementia and midlife risk factors: the Radiation Effects
Research Foundation Adult Health Study. Journal of the American
Geriatrics Society. 2003;51(3):410-4.

Yang YH, Roe CM, Morris JC. Relationship Between Late-Life
Hypertension, Blood Pressure, and Alzheimer's Disease. AMERICAN
JOURNAL OF ALZHEIMERS DISEASE AND OTHER DEMENTIAS.
2011;26(6):457-62.

Yoshitake T, Kiyohara Y, Kato |, Ohmura T, lwamoto H, Nakayama K, et al.
Incidence and risk factors of vascular dementia and Alzheimer's disease in
a defined elderly Japanese population: the Hisayama Study. Neurology.
1995;45(6):1161-8.

149



APPENDIX

Appendix 1a. Summary of studies of hypertension and dementia

Study Population Sample Number Age range Length of  Predictors Outcomes Confounders Estimates
(Study) (N) of cases (mean *SD) follow-up
(years)
Kivipelto et al Finland 1,409 48 (50.4 + 6) 21+49 SBP, DBP AD Age, BMI, OR =2.8 [1.1-7.2] for
(2001)(46) education, MI, SBP 2 160

smoking status,

alcohol consumption

Launer et al USA (HHSA) 7,878 491 50+ (56.5) ~25 HTN (SBP = Dementia Age, education, RR = 0.76 [0.65-0.93] for
(2010) (47) 140) smoking, BMI, DM, treated
CHD, CVA RR =1.05 [0.86-1.27] for
untreated
Morris et al USA (EPESE) 642 99 65+ 13 SBP, DBP AD Age, sex, education, OR =1.13[0.24-5.37] for
(2001) (48) interval to disease SBP = 160
diagnosis OR =1.56 [0.46-5.32] for
DBP 2 90
Ninomiya et Japan 668 232 65-79 (7214) 15 (mid- Mid-life and  All-D, VaD, Age, sex, education,  For late life:
al (2011) (49) life) late life BP AD HTN drugs, DM, HR = 0.84[0.54-1.29] for
+ 17 (late CKD, total- pre-HTN
life) cholesterol, BMI, HR. =1.08[069-1.68] for
stroke, smoking, stage1 HTN
alcohol HR =1.12[0.68-1.87] for
stage 2 HTN
For mid-life:
HR =0.92 [0.60-1.40] for
pre-HTN
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Verghese et
al (2003) (50)

Whitmer
(2005) (51)

Bermejo-
Pareja et al
(2010) (52)

Fujishima et
al (2002) (53)

Kivipelto et al
(2005)

Luchsinger et
al (2005) (54)

USA (Bronx
Aging Study)

USA

Spain
(NEDICES)

Japan

(Hisayama)

Finland

USA

306

8,845

3,824

614

1,883

1,138

122

721

159

103

117

246

75-85

40-44

65+
(72.7 £6.2)

65+

(50.616.0)

65+
(76.215.9)

21 (6.7)

30+

3.2
[0.05-6.6]

21+4.9

5.543.2

SBP, DBP

Mid-life HTN

Treated/
untreated-
HTN

SBP

SBP

HTN

All-D, AD,
VaD

All-D

Dementia,
AD, non-AD

VaD

All-D

AD (pp)

Age, sex, education,
HTN, DM, stroke,
smoking, HTN drugs

Age, sex, education,
race, TC, DM,

smoking

Age, sex,
geographical area,
educational level,
HL, DM, stroke,
heart disease,
depression, sleep
duration

Age, SBP, stroke,
alcohol, PA,
Hasegawa’s
dementia scale, sex,
DM

Age, sex, education,
follow-up time, BMI,
DBP, TC, smoking
Age, sex, race,
education, APOE¢4,

HR =1.51 [1.00-2.29] for
stage 1

HR =1.79 [1.11-2.90] for
stage 2

HR = 0.55[0.32-0.96] for
AD, stage 2 SBP

HR = 1.64 [1.04-2.61] for
All-D low DBP

HR =1.91 [1.05-3.48] for
AD, low DBP

HR =1.24 [1.04-1.48]

RR =2.37 [1.32-4.27] for
untreated-HTN

RR =1.28 [0.87-1.90] for
treated HTN

HR =1.61[1.19-2.19]

OR = 1.97[103-3.77] for
SBP = 140

HR = 1.5 [0.9-2.4]
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Ogunniyi et al
(2011) (55)

Posner et al
(2002) (56)

Qiu et al
(2010) (57)

Raffaitin et al
(2009) (58)

Nigeria

USA

Sweden

(Kungsholmen)

France (3-City)

1,733

1,259

1,270

7,077

120

157 AD,
56 VaD

428

208

70+

65+

75+
(81.5%5.0)

65+
(73.414.9)

(?-10.5)

4+

HTN, SBP,
DBP

HTN, SBP,
DBP

SBP, DBP,
PP, DM,
stroke, HF

Blood

pressure

All-D

AD, VaD

All-D, AD

All-D, AD,
VaD

DM, heart disease,
smoke
Age, sex, education,

smoking, stroke

Age, education,

race, heart disease,

Age, sex, education,
APOEz¢g4, survival
status, MMSE
score, BMI, CHD,
HTN drugs, DM
Metabolic

syndrome, WC,

OR =1.52[1.01-2.30] for
HTN

OR =1.09 [1.03-1.16] for
10-mmHg SBP

OR =1.22[1.07-1.38] for
10 mmHg DBP

OR =2.36 [1.20-4.62] for
SBP = 160

OR =1.65[1.01-2.69] for
DBP 2 90

RR = 0.8 [0.6-1.1] for AD
RR = 1.6 [0.9-2.9] for
VaD

RR = 0.8 [0.5-1.3] for
stage2 SBP

RR = 0.9 [0.5-1.5] for
stage3 SBP

RR = 0.4 [0.1-1.4] for
stage2 DBP

RR =2.5[1.3-4.7] for
stage3 DBP

HR = 1.47 [1.02-2.12] for
stage1 SBP

HR = 1.84 [1.06-3.18] for
stage2 SBP

HR = 1.06 [0.65-1.70]
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TGs, glycemia,

HDL-C
Reitz et al USA 1,051 92 65+ 40£136 HIN AD (pp) Age, sex, DM, HR = 1.158 [0.64-2.11]
(2010) (59) (75.666.32) smoking, HDL-C,

WHR, education,
race, APOE¢4

Salinas et al Mexico (10/66 1,193 73.2+5.9 3 HTN All-D Sex, age, education, RR =0.9[0.7-1.3]
(2016) (60) Dementia study area,

Research depression, MCI,

Group) DM, dyslipidemia,

obesity, heart

disease, stroke,

smoking
Wang et al Taiwan 733,394 8,488 60.0+12.8 9 Matched AD Age, sex, insurance HR = 1.38[1.30-1.48]
(2012) (61) DM cohort premium,
(1:1), HTN geographic area,

urbanization status,

cerebrovascular

disease, CVD,
hyperlipidemia
Yoshitake et Japan 828 103 65+ 7 SBP VaD, AD Age, sex, DM, HR =1.61[1.19-2.19]
al (1995) (62) (Hisayama stroke, alcohol, PA,
Study) Hasegawa’s

dementia scale,

hematocrit
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Appendix 1b. Summary of studies of diabetes and dementia

Study

Beeri et al
(2004) (63)

Whitmer
(2005) (51)

Cheng et al
(2012) (64)

Huang et al
(2014)(65)

Haroon et al
(2015) (66)
Kuo et al
(2015) (67)

Population
(Study)

Israel

USA

Taiwan

Taiwan

Canada

Taiwan

Sample Number
(N) of cases
1,892 309

men

8,845 721
40,887

142,744

893,115 169,114
100,775

Age range

(mean * SD)

40-65

40-44

45-85

58.7£14.0

69-78

40+

Length of
follow-up
(years)
35

30+

5.5+3.1

7.2

11

Predictors

DM

Mid-life DM

Matched
DM cohort

Matched
DM cohort

Matched
DM cohort
Matched
DM cohort

Outcomes

All-D

All-D

All-D

All-D

All-D

All-D

Confounders

Age, area of birth, SES,
BMI, TC, HDL-C, SBP,

DBP, smoking

Age, sex, education,
race, HTN, TC,

smoking

Age, sex, HTN, AF,
dyslipidemia, mood
disorder, use of
antithrombotic

Age, sex, geographic

area, rurality, HTN,

hyperlipidemia, stroke,

CAD, arrhythmia, HF,

depression

CAD, CVD, PVD, HTN,

CKD, SES
HTN, hyperlipidemia,
CAD, stroke, CKD

Estimates

OR =2.87[0.66-
12.45] for treated
DM

OR =2.89[1.28-
6.53] for untreated
DM

HR =1.46 [1.19-
1.79]

HR = 1.47[1.16-
1.85] for age < 65
HR =2.30[1.51-
3.51] for age > 65
HR = 1.76[1.50-
2.07]

HR =1.16[1.15-
1.18]

HR =1.26[1.19-
1.33] for all age
but RR gets

smaller over time
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Mayeda et al
(2013) (68)

Neergard et
al (2016) (69)

Peila et al
(2002) (70)

Salinas et al

(2016) (60)

Wang et al
(2012) (61)

Yoshitake et
al (1995) (62)

USA
(Sacramento
Area
Longitudinal

Study on Aging)

Denmark

USA (HHP)

Mexico (10/66
Dementia
Research

Group)

Taiwan

Japan
(Hisayama
Study)

1,617

5,612

women

2,574

1,193

733,394

828

159

592

8,488

103

60-98

70+

70-91

73.245.9

60.0£12.8

65+

Up to 10

years

15
(11.93.9)

DM

DM

DM

DM

Matched
DM cohort

(1:1)

DM

All-D

All-D, AD, VaD

All-D, AD, VaD,
AD without CVD

All-D

AD

VaD, AD

Age, sex, education,
WC, stroke

Age, education,
smoking, alcohol, PA,
SBP, BMI, TC,
depression, other
vascular and neural
disorders

Age, education,
APOEe4, midlife SBP,
TC, BMI, ABI, stroke

Sex, age, education,
study area, depression,
MCI, HTN,
dyslipidemia, obesity,
heart disease, stroke,
smoking

Age, sex, insurance
premium, geographic
area, urbanization
status, cerebrovascular
disease, CVD, HTN,
hyperlipidemia

Age, sex, SBP, stroke,
alcohol, PA,

HR = 1.88[1.15-
3.07] for untreated
DM

HR = 2.38[1.65-
3.34] for treated
DM

HR = 1.25[1.05-
1.49] for all-D

HR =1.33[1.02-
1.74] for AD

HR = 1.23[0.63-
2.36] for VaD

RR = 1.4[0.8-2.4]
for incident DM
RR =1.6[0.97-2.5]
for prevalent DM
RR =2.4[1.4-2.9]

HR = 1.45[1.38-
1.52]

HR = 2.09[0.91-
4.81]
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Xu et al
(2004) (71)

Xu et al
(2007) (72)

Xu et al
(2009) (73)

Xu et al
(2009) (74)

Fujishima
et al (2002)
(53)

Sweden

(Kungsholmen)

Sweden

(Kungsholmen)

Sweden

(Kungsholmen)

Sweden
(HARMONY)

Japan

(Hisayama)

1,301

1,173

1,248

13,693

614

350

397

420

467

103

75+

75+

75+

65+

65+

4.7 (0.01-
8.3)

DM

Incidence
borderline
DM

Borderline
DM, DM

Mid and
late life DM

DM

All-D, VaD, AD

All-D, VaD, AD

All-D, VaD, AD

All-D, VaD, AD

VaD

Hasegawa’s dementia
scale, hematocrit

Age, sex, education,
heart disease, stroke,
SBO, DBP, HTN drugs,
BMI

Age, sex, education,
MMSE, follow-up
survival status, BMI,
heart disease, stroke,
SB, DBP, HTN drugs
Age, sex, education,
MMSE, APOE, follow-
up survival status, BMI,
heart disease, stroke,
SB, DBP, HTN drugs

Age, sex, education,
stroke, heart disease,
HTN, BMI

Age, SBP, stroke,
alcohol, PA,
Hasegawa’s dementia

scale, sex, HTN

HR = 1.5[1.0-2.1]

HR =1.61[1.19-
2.19] for all-D
HR =1.98[1.12-
3.50] for AD

HR =1.77[1.10-
2.84] for
borderline DM
HR = 3.37[1.48-
7.68] undiagnosed
DM

OR =1.89[1.51-
2.38]

OR =2.76[1.97-
3.87] for mid-life
DM

OR =1.63[1.23-
2.16] for late life
DM

HR =1.61[1.19-
2.19]
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Luchsinger
et al (2005)
(54)

Qiu et al
(2003) (75)

Reitz et al
(2010) (59)

Raffaitin et
al (2009) (58)

USA

Sweden

(Kungsholmen)

USA

France (3-City)

1,138

1,270

1,051

7,077

246

428

92

208

65+
(76.215.9)

75+
(81.5%5.0)

65+
(75.666.32)

65+
(73.414.9)

5.543.2

(?-10.5)

4.0 +1.36

4+

DM

DM

DM

DM

AD (pp)

All-D, AD

AD (pp)

All-D, AD, VaD

Age, sex, race,
education, APOE¢4,
HTN, heart disease,
smoking

Age, sex, education,
APOEz¢g4, survival
status, MMSE score,
BMI, CHD, HTN drugs,
HTN

Age, sex, HTN,
smoking, HDL-C, WHR,
education, race,
APOEe4

Metabolic syndrome,
WC, TGs, glycemia,
HDL-C, blood pressure

HR = 3.8 [1.8-4.2]

HR =1.50 [1.08-
2.10] for all-D
HR =1.52[1.03-
2.25] for AD

HR = 1.586 [0.83-
3.01]

HR = 1.58 [1.05-
2.38]
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Appendix 1c. Summary of studies of dyslipidemia and dementia

Study

Kivipelto et

al (2005) (76)

Mielke et al
(2005) (77)

Whitmer
(2005) (78)

Li et al (2005)
(79)

Salinas et al
(2016) (60)

Reitz et al
(2010) (59)

Population
(Study)

Finland

Sweden

USA

USA (Adult
Changes in
Thought)
Mexico (10/66
Dementia
Research

Group)

USA

Sample
(N)

1,883

382

8,845

2,141

1,193

1,051

Number

of cases

117

93

721

273

92

Age range
(mean * SD)

(50.616.0)

70

40-44

65+

73.245.9

65+
(75.666.32)

Length of

follow-up
(years)
21+4.9

18

30+

5.6 (+1.8)

4.0 +1.36

Predictors Outcomes
TC All-D

TC, TGs All-D
Mid-life high  All-D

TC

TC, HDL All-D, AD
dyslipidemia  All-D

Low HDL-C  AD (pp)

Confounders

Age, sex, education,
follow-up time, SBP, DBP,
BMI, smoking

Sex, education, smoking,
BMI, DBP, stratified by 5-

year age range

Age, sex, education, race,
HTN, DM, smoking

Age, sex, education, CASI
score, BMI, HTN, CAD,
CVD, DM

Sex, age, education,
study area, depression,
MCI, HTN, DM, obesity,
heart disease, stroke,
smoking

Age, sex, HTN, smoking,
DM, WHR, education,
race, APOE¢4

Estimates

OR =1.89 [1.02-
3.49] for TC > 251
mg/dL

TC 70: HR = 0.62
[0.46-0.83] for 75-79
TC 75: HR =0.71
[0.51-1.00] for 75-79
TC 70: HR=0.77
[0.61-0.96] for 79-88
TC 75: HR=0.70
[0.52-0.93] for 79-88
TC 80: HR=0.73
[0.55-0.98] for 79-88
HR =1.42 [1.22-
1.66]

Not significant

RR = 1.0[0.6-1.5]

HR = 1.6 [0.77-3.32]
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Raffaitin et al
(2009) (80)

Tan et al
(2003) (81)

France (3-
City)

USA

(Framingham)

7,077

1,026

208

77

65+ (73.424.9)

(76.1%5.3)

4+

9

Low HDL-C

TC, HDL

All-D, AD,
VaD

AD

Metabolic syndrome, WC,
TGs, glycemia, blood
pressure, DM

Age, sex, APOEe4, CHD,
lower lipid agents, BMI

HR = 1.05 [0.68-
1.62]

HR = 0.97 [0.90-
1.05] for TC

HR =1.10 [0.93-
1.31] for HDL

HR =1.01[0.92-1.11]
for TC15-20
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Appendix 1d. Summary of studies of obesity and dementia

Study

Beydoun et al
(2008) (82)

Gustafson et
al (2009) (83)

Hassing et al
(2009) (84)

Population
(Study)

USA (Baltimore
Longitudinal
Study of Aging)

Sweden
(Prospective
Population
Study of

Women)

Sweden

Sample

(N)

2,322

(last exam)
660

women

1,152

Number

of cases

187

110

312

Age range

(mean * SD)

50+

38-60

(52.5+4.6)

Length of
follow-up
(years)
23.4[0.01-
66.01]

32

40

Predictors

BMI, WC

BMI, WHC

BMI

Outcomes

AD

All-D

All-D, AD,
VaD

Covariates

Age, sex, race,
education, smoking,
year of birth, HTN,
DM, CVD,
dyslipidemia

Age, education,
alcohol, TGs, TC

Age, sex, education,

smoking, alcohol,
HTN, CHF, MI, DM,

stroke

Estimates

HR =6.05 [2.14-
17.09] for
underweight at age
30

HR = 11.89 [2.82-
50.05] for
underweight at age
40

HR = 11.21[2.65-
47.30] for
underweight at age
45

HR =0.91 [0.65-
1.27] for BMI 2 25
at age 38-60

OR =0.50 [0.26-
0.96] for BMI = 25
at age 62-84

OR =0.26 [0.12-
0.59] for BMI = 25
at age 70-92

OR =1.55[1.18-
2.04] for all-D
OR =1.68 [1.21-
2.33] for AD
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Kivipelto et al
(2005) (76)

Qizilbash et al
(2015) (85)

Salinas et al
(2016)(60)

Whitmer et al
(2005) (78)

Finland
(CAIDE)

UK (CPRD)

Mexico (10/66
Dementia
Research

Group)

USA

1,883 117
1,958,191

1,193

10,276 713

45,507

(50.66.0)

40+

73.245.9

40-45

21+4.9

15 (9.1[6.3-
12.6])

30+

BMI

Underweight,
overweight,

obese

Central

obesity

Underweight,
overweight,

obese

All-D

All-D

All-D

All-D

Age, sex, education,
follow-up time, SBP,
DBP, TC, smoking

Age, sex, smoking,

alcohol, DM, MlI, statin

use, HTN drugs

Sex, age, education,

study area,

depression, MCI, HTN,

dyslipidemia, DM,
heart disease, stroke,
smoking

Age, race, marital

status, sex, HTN, DM,

TC

OR =1.36 [0.82-
2.56] for VaD

OR =2.10[0.97-
4.55] for BMI > 30

RR =1.34 [1.30-
1.39] for
underweight

RR =.81[0.79-
0.83] for overweight
RR =0.74 [0.72-
0.76] for obese |
RR =0.69 [0.66-
0.74] for obese Il
RR = 0.67 [0.60-
0.74] for obese lll
RR =0.9[0.6-1.3]

HR =1.24 [0.70-
2.21] for
underweight

HR =1.35[1.14-
1.60] for overweight
HR =1.74 [1.34-
2.26] for obese
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Fitzpatrick et
al (2009) (86)

Tolppanen et
al (2014) (87)

Atti et al
(2008) (88)

Dahl et al
(2008) (89)

USA
(Cardiovascular
Health Study)

Finland
(CAIDE)

Sweden

(Kungsholmen)

Finland

2,798

1,304

646

605

480

99

86

40+ (5.4) Mid- and late

65+ (74.7) life BMI and
obesity

50.2+6.0 Mid- and late
life BMI and
obesity

75+ 9 BMI

70.8+5.5 8 BMI

All-D, AD,
VaD

All-D, AD

All-D

All-D

Age, sex, race,
education, C-reactive
protein level,
interleukin 6 level,
HTN, DM, CHD, TC,
ankle-arm index,
smoking, activities,
APOEe4

Age, sex, APOEe4,
FSA, smoking,
education, income,
DM, CVD, SBP, TC

Age, sex, education,
baseline MMSE,

depression, chronic

disease, impairment in

daily activities

Age, sex, education,

CHD, HTN, AF, stroke,

DM, smoking, alcohol

Mid-life:

HR =1.01[0.98-
1.04]

Late life:

HR =0.95 [0.92-
0.98]

HR =1.07 [1.00-
1.4] for mid-life BMI
HR = 0.94 [0.86-
1.03] for lte life BMI
HR =1.14 [1.03-
1.25] for decease in
BMI

HR =1.81[0.91-
3.57] for mid-life
obesity

HR = 0.55 [0.23-
1.34] for late life

obesity

HR = 0.75 [0.59-
0.96] for BMI 2

25HR = 0.97 [0.71-
1.34] for BMI < 20

HR = 0.92 [0.87-
0.97]
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Hughes et al USA (Kame)
(2009) (90)

Luchsingeret  USA

al (2012) (91)

Neergaard et Denmark

al (2016) (92)

Nourhashémi France

et al (2003) (PAQUID)
(93)

Acronyms in tables

HTN: Hypertension

DM: Diabetes mellitus
DL: Dyslipidemia

HL: Hyperlipidemia

AD: Alzheimer's disease

VaD: vascular dementia

1,478 129
1,459 145
5,612 592
women

3,657

65+ (71.8)

65+ (75.9 %

6.5)

70+

77.616.4

Mixed-D: mixed-dementia

7.840.3 BMI, BMI
change
BMI, WC,
WHR
quartiles

15 BMI

(11.943.9)

1-8 BMI

All-D: dementia of all types

HHP: Honolulu Heart Program
HAAS: Honolulu Asia Aging Study

CHD: coronary heart disease

CVA: cerebrovascular accident

pp: probable and possible dementia

Age, race, education,
alcohol, smoking,
HTN, DM, angina

pectoris, stroke, TIA,

education, APOE¢4,
DM, HTN, heart

disease, non-HDL-C,

Age, education,

smoking, alcohol, PA,

depression, other

vascular and neural

All-D, AD,
VaD

PA APOE:4
Alzheimer's  Age, sex, race,
disease

HDL-C, stroke
All-D, AD,
VaD

SBP, DM, TC,

disorders
All-D

Age, sex, age-sex
interaction, education,

alcohol, smoking

CKD: chronic kidney disease

BMI: Body-mass index

SBP: Systolic blood pressure

DBP: Diastolic blood pressure

PP: Pulse pressure

CASI score: Cognitive Abilities Screening

Instrument score

HR =0.80 [0.38-
1.68] for baseline
BMI

HR = 0.31[0.09-
1.02] for BMI
change

HR = 0.4[0.2-0.7]
for 2™ quartile
HR = 0.7[0.4-1.2]
for 3™ quartile
HR = 0.6[0.3-1.1]
for 41 quartile
HR = 0.88 [0.45-
1.72] for BMI <
18.5

HR =0.75 [0.62-
0.89] for BMI [25-
30]

HR = 0.79[0.62-
1.01] for BMI = 30
RR =1.19 [0.72-
1.96] for BMI < 21
RR =0.72[0.43-
1.20] for BMI = 27
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