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Abstract

Background: The dementias are long-term, chronic conditions caused by progressive neurological degeneration. Current literature suggests that
cardiovascular disease risk factors may contribute to the onset of dementia; however, evidence of these associations is inconsistent.

Objectives: This study aimed to examine the impact of risk factors on dementia onset in older adults diagnosed and managed in Canadian pri-
mary care settings.

Methods: A retrospective cohort study was employed utilizing electronic medical records data in the Canadian Primary Care Sentinel Surveillance
Network (CPCSSN). Patients aged 65+ years with no dementia diagnosis at baseline who were followed from 2009 to 2017 with a run-in year to
exclude existing undiagnosed dementia cases. Multivariate Cox proportional hazard models were used to estimate risk.

Results: Age was associated with an increased incidence risk of dementia in both examined age groups: 65-79 years (13%) and 80+ years
(5%). History of depression increased dementia risk by 38% and 34% in the age groups. There were significant associations with lower social
deprivation area quintile, smoking history, osteoarthritis, and diabetes mellitus in patients aged 65-79 years but not in those aged 80+ years.
Sex, hypertension, obesity, dyslipidemia, and the use of antihypertensive medications and statins were not associated with risk of incident de-
mentia diagnosis.

Conclusions: The association between chronic health conditions and dementia onset is complicated. Primary care electronic medical record
data might be useful for research in this topic, though follow-up time is still relatively short to observe a clear causal relationship. Future studies

with more complete data may provide evidence for dementia preventive strategies within primary care practice.
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Background

Over the last 30 years, dementia has gained the attention of
researchers resulting in an increase in the quality and quan-
tity of studies assessing the impact of associated risk factors
and identifying areas of preventability.! Individual longitu-
dinal studies show that cardiovascular risk factors (e.g. phys-
ical inactivity, smoking, hypertension, obesity, diabetes) may
be associated with dementias.>® Many of these risk factors
are modifiable, which presents opportunities to prevent de-
mentia onset by controlling these risk factors. However,
meta-analyses and systematic reviews have mixed conclusions
about whether evidence indicates a clear causal relationship
between these factors and subsequent dementia incidence.**
This study explores the occurrence of risk factors prior to
a diagnosis of dementia using pan-Canadian primary care
data to quantify the potential effect of modifiable risk fac-
tors, comorbidities, and demographic characteristics on the
incidence of dementia in community-dwelling Canadians
aged 65 years and older. The use of routinely collected clin-
ical data, though subject to care-seeking bias, will overcome
difficulties clinical trials and prospective cohort designs
have faced in finding representative study samples.” It is to

minimize selection bias where patients with more serious
health conditions or who are at risk for dementia may be
excluded, and information bias where patients with cogni-
tive decline may have difficulty recalling their symptoms and
prior experience, or not respond at all to direct questioning.

Methods

Study design

This was a retrospective cohort design using primary care
EMR data obtained from the Canadian Primary Care Sentinel
Surveillance Network (CPCSSN). Participants included
people aged 65+ years at any time in 2009, whose records
included demographic data (sex, age, postal code, and depriv-
ation index) and a minimum of 6 years of recorded data from
2008 January 1 to 2013 December 31.

To ensure the accuracy of incident cases, we identify 2008
as a wash-out year; patients with a diagnosis of dementia at
any time before 2008 December 31 were considered preva-
lent cases and were excluded from the analysis. The index
date for the study was 2009 January 1, and the end date
was the earliest of either the date of dementia diagnosis,
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Key messages

e The association between dementia and its risk factors are complicated.
e Primary care data might be useful to study dementia and its comorbidities.
e Age, smoking, depression, osteoarthritis, diabetes may increase risk of dementia.
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Figure 1. Flowchart of cohort identification.

the time point 2 years after the last recorded visit, or 2017
December 31. Figure 1 present a flowchart of the cohort
development.

Data source

CPCSSN is the largest pan-Canadian data platform for
EMR-based primary care research. A copy of deidentified,
patient-level clinical information, including diagnoses, pre-
scribed medications, demographics, medical examinations,
laboratory test results, referrals, and risk factors, is extracted
every 6 months from primary care EMRs supported by a var-
iety of vendors. It is cleaned and processed into a standard
format.®

As of 2017, CPCSSN included 373,373 patients aged 65+
years (20.4% of its total population) compared to 14.8% in
the Canadian general population 2011 census.’” These num-
bers may reflect that older adults have more health concerns
and hence are more likely to visit their family physicians to
receive care. The ratio of sex in people aged 65+ years in
the CPCSSN was 0.79 males to females, approximating the
census ratio of 0.80.1

Case definition
Dementia

The CPCSSN case definition for dementia is a comprehensive
algorithm, 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 (Rivastigmine, Galantamine, or
Donepezil) or an N-methyl-D-aspartate (NMDA) receptor
antagonist (Memantine). The date of dementia diagnosis was
defined as a clinical encounter recorded in the EMR at which
a patient first met the validated CPCSSN case criteria for the
condition. All CPCSSN case definitions have been validated

using either EMR chart or CPCSSN record review as the ref-
erence standard.!! Validation metrics are presented in Table
1 for the dementia and selected covariate (hypertension,
diabetes mellitus, osteoarthritis, depression) CPCSSN case
definitions.

Covariates

Dyslipidemia cases were defined in this analysis as having a
combination of one prescription of lipid-lowering medica-
tions (ATC code C10) and one abnormal blood lipid reading
for any type of cholesterol, or one occasion of being diag-
nosed with dyslipidemia (ICD-9 code 272.4)."

Being underweight was defined as median prior to base-
line (2009 January 1) body mass index (BMI) less than 20.0;
and being obese was defined as median prior to baseline
BMI greater than or equal to 30.0 or a physician diagnosis
of obesity (ICD-9 code 278.00, 278.01, 278.03). Patients
who were not identified as being either underweight or obese,
including those without a BMI measurement, were assumed
not to have these conditions. Any record of BMI less than
10.0 or greater than 70.0 was assumed to be a recording
error, values of these magnitudes were therefore removed.

Patients were identified as smokers if they had at least
one indicator of smoking in their EMR (e.g. documented in
CPCSSN as being a current or past smoker prior to base-
line). Non-smokers were those documented as having never
smoked before baseline or with no record of smoking.

Social and material deprivation indices were calculated
using the six-digit postal code recorded in CPCSSN and the
Canadian Index of Multiple Deprivation derived from the
Canadian 2011 census data. Deprivation indices are calcu-
lated as quintiles, with 1 being least deprived and 5 being
most deprived. Given that scores are calculated for small areas
(e.g. dissemination areas containing approximately 400-700
people in each),'® this method has shown to be adequate for
community research.

Medication use was defined as having received at
least one prescription within the 2 years prior to base-
line. Relevant medications included antihypertensives
(ATC code C02+); diuretics (C03*) except for furosemide
(C03CA01), bumetanide (C0O3CA02), and metolazone
(CO3BAO0S), those used primarily for heart failure or other
oedematous states; peripheral vasodilators (C04+); beta-
blocking agents (C07+); calcium channel blockers (C08*);
agents acting on the renin-angiotensin system (C09%); and
statins (atorvastatin, cerivastatin, fluvastatin, lovastatin,
pravastatin, rosuvastatin, and simvastatin [C10AA* and
C10B+]).

Statistical analysis

Incidence of dementia was compared among those exposed
and those unexposed to the selected risk factors to identify
demographic and health characteristics of patients who did
and did not develop incident dementia during follow-up.
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Table 1. Validity metrics of CPCSSN case definition.™

Risk factors for incidence of dementia

Condition Sensitivity % Specificity % Positive predictive value % Negative predictive value %
(95% CI) (95% CI) (95% CI) (95% CI)

Dementia® 96.8 (93.3-100.0) 98.1 (97.5-98.7 72.8 (65.0-80.6) 99.8 (99.6-100.0)

Hypertension 84.9 (82.6-87.1) 93.5 (92.0-95.1 92.9 (91.2-94.6) 86.0 (83.9-88.2)

Diabetes 95.6 (93.4-97.9) 97.1 (96.3-97.9 87.0 (83.5-90.5) 99.1 (98.6-99.6)

Depression 81.1(77.2-85.0) 94.8 (93.7-95.9 79.6 (75.7-83.6) 95.2 (94.1-96.3)

Osteoarthritis 77.8 (74.5-81.1) 94.9 (93.8-96.1 87.7 (84.9-90.5) 90.2 (88.7-91.8)

Dyslipidemia'2®® 98 100 100 93

“The case definition of dementia by CPCSSN includes Alzheimer’s disease, frontotemporal dementia, Pick’s disease, senile degeneration of the brain,
corticobasal degeneration, cerebral degeneration, dementia with Lewy bodies, mild cognitive impairment, senile dementia, presenile dementia, vascular

dementia, and senility without mention of psychosis.'*
295% CIs for validity are not provided in the cited paper.

Survival analysis using Cox proportional hazard model was
performed to estimate hazard ratios (HRs). Denominators of
person-years at risk were the total of the number of years
since the index date to the last date eligible of each partici-
pant. All steps of the analysis from data management to in-
ferential analysis were conducted using SQLite'* and STATA
14.15

Ethics

The CPCSSN database has received ethics approval from each
contributing local Practice Based Research Network’s local
Research Ethics Board, including waivers of individual patient
consent for their deidentified data to be used for surveillance
and research. This study received specific approval from the
University of Alberta Research Ethics Board (Pro00083659).

Results

Over a follow-up period of 9 years (2009-2017), 39,067 eli-
gible patients contributed a total of 329,731 person-years at
risk, with 4,935 (12.6 %) incident cases of dementia identified.
Since previous evidence found a sharp increase in dementia
incidence after the age of 80 years,'¢ this analysis examined
two age groups, patients aged 65-79 years and those aged 80
years and over at baseline.

There were 31,185 (79.8%) patients aged 65-79 years and
7,881 (20.2%) aged 80 years and over. The older group in-
cluded 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 patients aged 65-79 years. The per-
centage of patients recorded as having ever smoked was
21.4% of those 80 years and older and 26.8% (P < 0.001)
of the 65-79 years. Except for hypertension and osteoarth-
ritis, which had higher prevalence in the older group, lower
prevalence was found among the 80+ years for other chronic
conditions, including diabetes mellitus, dyslipidemia, obesity,
and depression. Table 2 presents baseline characteristics of
the two age groups, and of the entire cohort under study.

Patients aged 65-79 vyears included 267,996 person-
years at risk with 3,012 dementia cases. After adjusting for
comorbidities and demographic characteristics, the risk of de-
mentia onset increased by 13% for every additional year in
age, HR = 1.13 (95% confidence interval [CI], 1.12-1.14).
Patients living in more socially deprived postal codes (depriv-
ation quintile 3, 4, and 5) had a higher risk of a dementia
diagnosis than patients in the least deprived quintiles (1 and

2; P = 0.001), with 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, hyper-
tension, obesity, underweight, and dyslipidemia had no statis-
tically significant association with dementia onset.

In the older group, 7,881 patients contributed 61,737
person-years at risk; only three variables significantly pre-
dicted dementia onset. Age increased the risk at a lower rate
of 5% for every one additional year in age, HR = 1.05 (95%
CI, 1.03-1.06). Patients with a diagnosis of depression were
at higher risk, HR = 1.33 (95% CI, 1.11-1.60) than those
without, and older underweight adults were at higher risk
than those of normal weight, HR = 1.84 (95% CI, 1.26-
2.67). Table 3 presents adjusted HRs of dementia onset for
the two groups.

Two subanalyses, replacing hypertension and dyslipidemia
with antihypertensive and statin use, one at a time, were per-
formed. After controlling for demographic characteristics and
other chronic diseases, no significant association was found in
either age group (Table 4).

Testing the proportional hazard assumptions (HR is
constant throughout follow-up) using log-minus-log plots
(LML plots) and phtest command (# estat phtest, detail)
showed violation of assumption for depression and hyperten-
sion. Therefore, interactions of these two predictors with time
were included in the model to account for the change of effect
produced by time. However, these interactions did not signifi-
cantly change the main effect of depression and hypertension
on incidence of dementia.

Discussion

Overall, after a mean follow-up of 8.4 = 1.4 years, in 39,066
patients aged 65 years and over, this study found that inci-
dence of dementia was associated with age but not with sex
or rurality in either age groups. There was a positive associ-
ation with history of smoking, higher levels of social depriv-
ation, depression, osteoarthritis, and diabetes mellitus among
patients aged 65-79 years at baseline. However, among those
aged 80 years and over at baseline, only associations with
higher material deprivation and depression were statistic-
ally significant. Compared to Statistics Canada reports,!”!®
the prevalence of chronic conditions in this cohort, including
smoking, hypertension, diabetes, dyslipidemia, and obesity,
was slightly lower in those living in urban settings. A possible
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Table 2. Demographic and health characteristics at baseline of patients by age group (2009-2017).

All patients 65-79 years old 80+ years old
n 39,066 31,185 7,881
Person-years at risk 329,731 267,996 61,737
Age at baseline (mean = SD) 74.1+6.2 71.6 +4.0 83.8+3.4
Female, n (%) 22,484 (57.6) 17,454 (56.0) 5,031 (63.8)
Urban, 7 (%) 29,699 (76.0) 23,467 (75.3) 6,232 (79.1)
Smokers, 7 (%) 10,042 (25.7) 8,355 (26.8) 1,687 (21.4)
Social index
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
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, 7 (%) 2,274 (5.8) 1,848 (5.9) 426 (5.4)
Osteoarthritis, 7 (%) 6,220 (15.9) 4,707 (15.1) 1,513 (19.2)
Hypertension, 7 (%) 13,900 (35.6) 10,638 (34.1) 3,262 (41.4)
Diabetes mellitus, 7 (%) 5,644 (14.5) 4,586 (14.7) 1,058 (13.4)
Dyslipidemia, 7 (%) 15,013 (38.4) 12,277 (39.4) 2,736 (34.7)
Underweight, 7 (%) 249 (0.6) 178 (0.6) 1(0.9)
Obesity, 7 (%) 3,858 (9.9) 3,326 (10.7) 516 (6.6)

explanation is that the case definitions used for these condi-
tions in this study were more stringent and thus more con-
servative. 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
mainly used self-reported data.'® 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 pro-
portion of Canadian people aged 65 years and older increased
from 13.9% in 2009 to 16.9% in 2017. This might be asso-
ciated with an increased prevalence of other chronic diseases
in the community.

Hypertension

Evidence regarding the effect that hypertension has on de-
mentia incidence is conflicting. Some studies suggest a positive
association'”* while others found negative effects,?’*> both
directions having statistically and non-statistically significant
associations. We found a non-significant association between
hypertension and subsequent dementia diagnosis for pa-
tients in all ages. This concurs with several other longitudinal
studies on both vascular dementia and Alzheimer’s disease.® A
potential explanation may be that most hypertensive patients
recorded in primary care data are treated and have reason-
ably well-controlled blood pressure which reduces damage
and complications to a point where hypertension ceases to be
a risk factor; the same scenario has been claimed for stroke.??

However, among uncontrolled hypertensive patients, pre-
vious studies have found that more severe high blood pressure
was not a statistically significant predictor.?*?’ The relation-
ship between hypertensive medication and dementia is also
unclear as meta-analyses have found inconsistent evidence for
the association between blood pressure drug treatment and
dementia incidence.?* Antihypertensive medication prescrip-
tion during the last 2 years before baseline had no significant
association with subsequent dementia incidence.

Diabetes mellitus

Evidence for an increased risk of incident dementia in patients
with diabetes is consistent with most published studies.”” We
found that patients in the younger group with a diabetes diag-
nosis before baseline were 1.19 times at higher risk of de-
mentia than those without diabetes compared to 1.33 times
found in a British study which also used health data from
primary care.?® Our study found a non-significant association
between diabetes and dementia onset in the oldest group.
This finding may be due to an effect of survival bias for those
who were considered “healthier” until the age of 80 were less
likely to develop dementia in their later years regardless to be
diagnosed with diabetes or not.

Dyslipidemia
Consistent with other studies, patients with dyslipidemia
experienced a non-significant 4% greater risk of incident
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Table 3. HRs of dementia onset by age groups at baseline (2009-2017).

Risk factors for incidence of dementia

Characteristics 65-79 years old 80+ years old
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 [1.12-1.4S5] <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

AHR, adjusted hazard ratio.

Table 4. Subanalysis to access the association between related
medication and the risk of dementia onset (2009-2017).

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

AHR, adjusted hazard ratio.

dementia in people aged 65-79 years and also a non-significant
4% lower risk in people aged 80 and older.”?* However, some
studies report a lower risk of dementia in people older than
85 years associated with higher cholesterol level, while others
show increment in risk.*® As dyslipidemia case definitions
are not consistent between studies, different classification
may lead to different findings. This study applied a rela-
tively broad (although validated) case definition, but blood

cholesterol levels are relatively easily changed according to
dietary variation, and this may have overestimated the preva-
lence of dyslipidemia.

The use of statins was not significantly associated with de-
mentia onset, replicating the finding from the UK.?® This is
unsurprising as 98% of patients with dyslipidemia in this co-
hort were treated with a statin.

Obesity and underweight

Median baseline BMI > 30.0 and/or having a diagnosis of
being obese of any type recorded in the medical records was
negatively, though non-significantly, associated with dementia
onset. It was associated with a reduction in risk of 7% and
8%, respectively, in the younger and older age groups. This
contrasts with evidence that obese patients have a greater risk
of dementia than those who have a “normal” BML3!
However, we found that BMI lower than 20.0 in patients
older than 79 years old significantly increased the risk of sub-
sequent dementia by 84%; this association was not statistic-
ally significant in the younger group. This aligns with previous
studies which found that lower BMI increased the risk of de-
mentia®? and patients who were underweight had a relatively
higher risk of subsequent dementia than those of normal
weight.? This could become apparent years before diagnosis
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since dementia has a relatively long latency without percep-
tible symptoms.>* Under-diagnosis of dementia is common
due to limited resources in primary care, where physicians
are often reluctant to commit to a diagnosis prematurely,>
and/or patients and their families may also be hesitant to
identify a problem,* which may lead to the suggestion that
dementia has already occurred (though not been diagnosed)
among the oldest old whose weight is significantly lowered.
It is of interest to understand whether 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 unclear, the
association itself is known?®” and replicated in this study. As
for osteoarthritis, a recent meta-analysis which included pa-
tients from a variety of age ranges found that its occurrence
increases the risk of dementia.’® Our study found the same
result for patients aged 65-79 but not for the very old group.

Strengths and limitations

In conducting a retrospective longitudinal follow-up study
using available and accessible information with CPCSSN-
processed EMR data, the challenge of a non-representative
sample of the Canadian population is minimized; while
implementing a dementia-free cohort allows us to have a
highly precise denominator for incidence rate calculation and
survival analysis.

However, secondary use of clinical data is limited to the
availability and quality of data, which was collected by health
care providers for non-research purposes. This may introduce
information bias due to misclassification as dementia might
have been misdiagnosed, while case definitions rarely achieve
validation metrics of 100%. Conversely, other information
biases, such as recall bias or interviewer bias, are expected to
occur at very low frequency as information was routinely en-
tered by clinicians at the time of providing health care. Our
study is subjected to risk of unmeasured confounding, where
the current database limits the opportunity of accurately
evaluating competing risks from other possible factors in de-
mentia incidence, such as inherited genetic conditions, phys-
ical inactivity, mental illnesses other than depression, as well as
mortality. Other medications, including prescription opioids
and benzodiazepines, are potential confounders’** but were
not included in this analysis. Further investigation into the re-
lationship between the use of drugs to treat chronic pain or
anxiety and dementia onset in primary care will be beneficial.

Another limitation is that dementia subtypes are not dis-
tinguished in this study due to the current lack of subtype
case definitions. Being able to separate vascular dementia,
Alzheimer’s disease and other dementias may contribute to
the improved understanding of risk factors.

Conclusion

This study found that diabetes mellitus, depression, osteo-
arthritis, and being underweight were associated with an
increased risk for incident dementia diagnosis, but hyperten-
sion, obesity, or dyslipidemia managed in primary care were
not. Used with caution, routinely collected clinical data are
useful for studies with models that include more related vari-
ables to provide a more complete picture of dementia risk and
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protective factors. We have focused on cardiovascular-related
comorbidities in this study. Further work to investigate the
relationship between laboratory test results, medications, or
other treatment activity recorded in primary care might be
useful to better understand the apparent association between
other chronic diseases and incidence of dementia.
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