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Abstract

This dissertation develops the concept of treatment intensity of asymptomatic conditions
(such as hypertension) by examining the potential link between drug treatment for
asymptomatic conditions and polypharmacy. Research addressing overtreatment has
typically focused on reducing either the total number of medications or identification of
potentially inappropriate medications. Multi-morbidity, including both symptomatic, e.g.
arthritis, and asymptomatic conditions, e.g. hypertension, increases with age and may
be an important driver of increased polypharmacy.

Hypothesis #1: There is an association between treatment intensity of hypertension and
general polypharmacy. Treatment of hypertension has shown that it can reduce the risk
of morbidity and mortality in studied populations. However, the evidence for benefit of
treatment in people ≥70 years old has not been consistent. To explore how
hypertension is treated and the possible relationship to polypharmacy, I designed two
cross sectional studies: a cohort of 214 nursing home patients where I found that
patients with treated systolic blood pressure (SBP) <128 mmHg had a RR 1.77 (1.072.96) of being prescribed ≥9 medications. And, a cohort of 25,737 community-dwelling
people ≥70 years old, where I found treated SBP <120 or DBP <70 mmHg also had
significant associations with increased prescribing.

Hypothesis # 2: Treatment of hypertension to SBP <120 mmHg is associated with
increased harm, specifically, an increase in incident dementia. Some observational
iii

studies have found an increased risk of dementia with lower SBP. I created a cox
proportional hazards model to examine risk for incident dementia and associations with
various treatment intensities of hypertension in a large cohort of Canadians and found a
significant decreased risk of incident dementia for every 1 mmHg increase in SBP, HR
0.991 (95%CI 0.987-0.995, p = <.0001).

Conclusion: In the populations studied, increased treatment of hypertension is
associated with increased polypharmacy and treatment of SBP to <120 mmHg is
associated with an increased hazard ratio for incident dementia. Treatment intensity,
and the use of upper and lower treatment thresholds, may aid future polypharmacy
research and general clinical care of older Canadians.

iv

Lay Summary

As people age they typically have more health conditions which can lead to the use of
multiple medications. Some research has suggested that taking too many medications
(polypharmacy) can increase the risk of side effects, costs and inconvenience. Some
diagnoses are made based on biomedical measurements rather than specific symptoms
a person feels. Hypertension is a common asymptomatic condition diagnosed using
measurements, not symptoms. It’s possible that asymptomatic conditions play a special
role with polypharmacy. This research describes how hypertension is currently being
treated in people ≥70 years old. We explore the possibility that hypertension treatment
patterns, in both nursing homes and the community, are related to polypharmacy, and
that too much hypertension treatment may increase specific harms, such as an earlier
diagnosis of dementia. We propose that hypertension treatment should use a specific
treatment range to reduce harms and polypharmacy.
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Preface

This dissertation is based upon a program of work inspired by my clinical work as a
family physician providing care in community and residential care facilities in
Vancouver. I identified and designed the research program with guidance from my
supervisor, Dr. Scott Garrison, and other members of my committee.

Chapters 1 and 2 describe the path of my work to get to this dissertation, and how it is
set in the context of current literature regarding polypharmacy and overtreatment of
older people. I argue for the need of a new approach to polypharmacy assessment with
consideration of asymptomatic conditions and set up how high blood pressure will be
used as the example as to how it may impact future research and clinical practice. I was
responsible for all of this work.

Chapter 3 is an extended version of a published manuscript. This project received
ethics approval from UBC Providence Research Ethics Board (certificate H14-00014)
and Vancouver Coastal Health Research Institute (certificate V14-00014). Creation of
the linked data set was organized by myself and data gathering from the paper charts
was completed in 2013 by Ms. Charmaine Lam (medical student hired through the UBC
Faculty of Medicine Summer Student Research Program). Paper chart referencing for
frailty score calculation was completed by Dr. Kate Foulds and Dr. Brittany Rance, UBC
family practice residents who completed this work as part of their academic
requirements for residency) in November 2014. I was responsible for the project design,
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all statistical analysis and writing of both the manuscript and this chapter. All authors
listed were involved in reviewing the manuscript. Early versions of this work were also
accepted, via peer review, for oral presentation at the Nov., 2015 Family Medicine
Forum, Toronto and Oct., 2015 North American Primary Care Research Group
Conference in Cancun, Mexico.

The studies presented in Chapters 4 and 5 were designed by myself with consultation
regarding the statistical analysis plan from my committee members, Dr.’s Scott Garrison
and James McCormack. Michael Law, Joel Singer, Ruth Lavergne and Lindsay Hedden
also provided advice regarding the exact formatting of the logistic and cox regression
models. The dataset was obtained from the Canadian Primary Care Sentinel
Surveillance Network (CPCSSN). Ms. Sandra Peterson programmed and formatted the
dataset into the variables needed for the proposed analysis. I wrote the statistics syntax
and performed the analysis myself. These two studies are covered by an ethics
approval from UBC Providence Research Ethics Board (certificate H15-02435). This
work has not yet been presented nor published beyond this dissertation.
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Glossary
“Just Right” treatment – Symptoms of the treated condition and/or adverse effects of
treatment are absent or manageable and/or surrogate measure is between targeted
upper and lower threshold and both harms of disease and treatment are minimized,
(and personal preferences are incorporated). See Section 1.7.

Overtreatment - Symptoms of the treated condition may be ameliorated but adverse
effects of treatment are not tolerable and/or the surrogate measure is below lower
threshold and/or the harms of treatment increased (could include personal preferences
being ignored). See Section 1.7.

Polypharmacy - There is no single definition for polypharmacy, however, generally,
most definitions presented in the literature refer to presence of excessive drug therapy
that should be ameliorated by reduction of the numbers of drugs prescribed. See
section 1.2.

Treatment intensity - the balance between amount of treatment (numbers and doses of
drugs) and effects of the treatment (symptom/condition modification and adverse
effects). See Section 1.12, 1.7 and Chapter 2.

Undertreatment – Symptoms of a treated condition persist to an unreasonable level or
the targeted surrogate measure remains above the targeted upper threshold and/or
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harms of disease increased (could also include personal preferences being ignored).
See Section 1.7.
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Chapter 1: Introduction

1.1

Overview

The purpose of this dissertation is to explore the possible relationships between
asymptomatic conditions, such as hypertension, and polypharmacy. This work may be
useful in developing research and clinical strategies to reduce the ill-effects of
polypharmacy. The following broad hypotheses were tested in three quantitative
observational studies: There is an association between treatment intensity of
hypertension and general polypharmacy (Chapters 3 and 4). Treatment of hypertension
to lower levels of surrogates is associated with increased harm; specifically, a decrease
in time to new diagnosis of dementia (Chapter 5).

The remainder of Chapter 1 provides rationale for the hypotheses examined, set out
definitions of polypharmacy, frailty, dementia, and treatment intensity, and review the
current literature in these areas. Chapter 2 will explain the rationale for choice of
hypertension treatment as the sample condition with which to conduct this work.

1.2

Research Chronology

I began practicing as family doctor in July 2008 and built a practice where I saw patients
in clinic, hospital, and nursing homes. Over the first few years, I had three experiences
in my nursing home work where I saw an unexpected improvement in a patient’s
condition when medications were stopped. These three patients were older and frail,
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and none had capacity to speak about their own experience due to the effects of
dementia. Figure 1.1 provides a description of one of these experiences.

Mrs. B was a 75-year-old woman who lived in a well-regarded, publicly-funded nursing
home for seven years. She had schizophrenia and as she aged, she developed
aggressive behaviors and personal neglect requiring 24/7 nursing care. She had no
living family members to support her. After five relatively stable years, her physical
condition slowly deteriorated to the point where, essentially, she sat in her wheelchair or
lay in her bed, looking out the window. She accepted food when offered but did not
participate in any facility activities nor speak aloud.
Her schizophrenia was treated with atypical antipsychotics, as would be prescribed to a
younger patient with similar illness. These agents had treated her reasonably well most
of her life. She also took medications for hypertension, diabetes, high cholesterol, joint
pain and osteoporosis. At her annual medication reviews her physician had simply
renewed her 10 separate prescriptions (= to 18 pills/day) as previously prescribed
because they “appeared to be working”, and her treatment typically followed published
clinical guidelines.
Mrs. B’s course of illness changed with an episode of vomiting of blood (a sign of a
potentially life-ending gastrointestinal bleed). Given her previously expressed wishes,
level of frailty, and apparent advanced dementia, the health care team, which included
an ethics advisor, decided to treat only her symptoms of pain and vomiting and not
investigate the cause of her bleeding. Everyone expected that she would die within a
week or two. The palliative plan meant stopping most of her regularly dosed
medications, except for the ones for pain. To the surprise of the care team, within ten
days, Mrs. B was sitting up in her bed on her own, smiling and saying good morning to
the nursing staff. She even asked if she could go play bingo with her roommates in the
dining hall. Some of her behavior symptoms returned and required small doses of the
same atypical antipsychotics that she had previously received, but she lived a much
more vibrant life for an additional 8 months.
(The patient name and some details of this story have been altered to protect the
patient’s identity, however, this is an actual clinical situation experienced by the author).
Figure 1.1 The story of Mrs. B
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There was little in the published literature to explain what was happening and I began
asking nursing home colleagues whether they had had similar experiences. Everyone I
spoke to had at least one story of a “miraculous” patient response to discontinuation of
medicines; however, there was no consensus for an approach that could reliably predict
when this would happen.

As I studied this issue more, I came to understand that the ideas of a) possible harms
from excessive drug prescription (polypharmacy) and b) treatment of the same by
“deprescribing” had been around at least since William Osler famously said, “One of the
first duties of the physician is to educate the masses not to take medicine.”1 These
concerns have reappeared in the medical literature since then,2–5 however, the quality
of studies has been mixed and clarity about how to transfer the concepts to regular
clinical care remained almost absent.

The lack of population-specific research in this area seemed unjust to me and I wanted
to learn how to generate evidence that could change practice and provide better care to
older, frail people, especially those who also had dementia. Initially, I proposed a
randomized controlled trial (RCT) of deprescribing for frail elders admitted to nursing
homes. However, this project ended up being not feasible for my doctoral studies due to
barriers to recruitment and resources available, as outlined in Appendix A. During the
failed recruitment efforts, I had noted that a smaller-than-expected proportion of
potential participants were taking more than five regular medications6 (an RCT inclusion
criteria) and almost everyone appeared to be treated for hypertension. I drew up a
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proposal to do a cross-sectional study to see exactly what kind of prescribing was going
on, with a special focus on blood pressure. I used the same six facilities and a
randomization mechanism to select a sample of 220 participants. This work is
presented in Chapter 3 and was key to informing the remainder of my doctoral
investigation. From this dataset, we observed that 70% of the sample had a diagnosis of
hypertension and 60% of the sample had a SBP <130 mmHg.7

1.1.1 Developing the specific questions for this dissertation
Could treatment of asymptomatic conditions be an important cause of polypharmacy?
Considering what I had learned so far about polypharmacy and the effects of
deprescribing, some new concepts began to emerge. An asymptomatic condition like
hypertension was diagnosed in 70% of the nursing home patients studied, even though
this population in BC has a life expectancy of only 24 months.8 Few nursing home
patients have the ability to verbalize treatment preferences or experiences of adverse
effects such as low blood pressure, dry mouth, cough, lethargy, dizziness and
headache. None of the clinical trials that inform our knowledge of harms and benefits of
hypertension treatment have included people with this level of co-morbidity. Even if we
assumed there may be some benefit from treatment, how could we tell if we were
overtreating this asymptomatic condition? And what if overtreatment were a source of
harm that could be negatively impacting people like Mrs. B.?

Discussions with my committee led me to realize that there was little published
knowledge of how hypertension was actually being treated for people over the age of 70
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in Canada (Chapter 4), and that clinicians did not have adequate data to provide
reasonable estimates of the harms and benefits of that treatment to patients or to their
proxy decision makers (Chapter 2 and 5). It appeared the research done on more well
and/or younger people was being applied to this less well and older population and we
weren’t sure what effects this was having.

With these observations in hand, I began to wonder about the possible connections
between asymptomatic chronic disease and polypharmacy and fortuitously was
introduced to Dr. Sabrina Wong, who is the Network Director of BC Canadian Primary
Care Sentinel Surveillance Network (CPCSSN) node. She had already worked with Dr.
Garrison and was able to describe the exciting potential of CPCSSN (section 1.2.2) for
research applications.8 Dr. Wong agreed to join my committee to facilitate the transition
of my program of research to its new focus.

In 2015, I developed a plan of study to expand my knowledge of overtreatment. I had
previously wanted to assess an intervention to address too many medications
(polypharmacy), and changed my focus to examining the amount of treatment for
asymptomatic conditions, specifically, hypertension (hypertension) as a source of
polypharmacy, and possibly harmful overtreatment. The goal being a fulsome
exploration of the amount and types of medications used to treat hypertension and their
effect on various blood pressure measures (e.g. SBP, DBP, pulse pressure).

5

1.2.1

Treatment intensity and hypertension

The combination of treatment choice, dose, and its effect is named treatment intensity
for this dissertation. This concept is used to study treated hypertension and explore the
potential utility of an upper treatment threshold (to start) and a lower threshold (to
reduce or stop). These thresholds could then communicate more accurate estimates of
harms and benefits of undertreatment, treatment and overtreatment to the patient or
their proxy and enable true shared decision making. Treatment intensity does not have
much presence nor an existing gold standard definition within medical literature. Section
1.6 and 1.7 will provide additional detail about how this concept will be used for this
dissertation and Chapter Two provides a complete definition and rationale for the use of
treatment intensity in this work.

In Mrs. B’s case, a treatment intensity approach might have led me to identify possible
overtreatment and taper medications until any symptoms re-emerged. Perhaps
discontinuing them altogether if the symptoms were not observed, given her high level
of co-morbidity and previously expressed wishes for minimal intervention. She might
have had more time feeling well. Certainly, her story and those of my colleagues’
patients, continued to inspire me to find some way to systematically explore these
possible effects.

1.2.2

Identifying an accessible study population

CPCSSN is a network of networks across Canada, where primary care clinicians
voluntarily participate in electronic medical record extraction of de-identified data for the
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purposes of chronic disease surveillance, quality improvement, and approved research
purposes. It is an actively growing database of clinical data on primary care activities for
over 1 million Canadians who receive care from more than one thousand participating
family physicians and nurse practitioners (sentinels).8

The CPCSSN database was able to provide a very large cohort, more than 200,000
people ≥70 years old, whose detailed medical records enabled my exploration of
treatment intensity for community-dwelling people in primary care (at this time,
CPCSSN does not include nursing home patients). With a sample this size we could
make a robust description of how hypertension is being treated along with concurrent
“other prescribing” (Chapter 4). The size and length of the cohort also lent themselves
well to using a Cox proportional hazards model to measure the associations between
treatment intensity of hypertension and serious risks, such as a new diagnosis of
dementia (Chapter 5). In 2016, I wrote the research protocols, gained data access
permissions and a new ethics application, and found appropriate mentorship to learn
the statistical methods needed for the planned analysis. Since January 2017, I have
been working on this dissertation.

The remainder of Chapter One outlines key concepts in this body of work, including:
polypharmacy, the role of aging, frailty and dementia in drug treatment and section 1.9
will introduce how treatment intensity could function as a novel marker for
polypharmacy.
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1.2

Polypharmacy, defined

With her ten daily prescriptions and potentially avoidable excessive sedation, there is no
doubt that Mrs. B (Figure 1.1) suffered ill-effects from what is known as polypharmacy.
The umbrella term “polypharmacy” captures an evolving field of study marked by
concern over the possible harms of excessive prescribed medication.7 Polypharmacy
has been found to be a risk factor for higher mortality and morbidity, particularly for
those who are very old and/or frail. However, it is unclear whether polypharmacy itself
poses a risk to patients or whether it serves as a marker for patients with more
comorbidity.9,10 There is little data available about the pharmacokinetics and dynamics
of most pharmaceuticals in older people, because the majority of commonly prescribed
medications have not been studied in older people.11,12 The existing literature suggests
that increased toxicity and unwanted adverse effects likely occur at higher rates13,14 due
to alterations in diffusion, distribution and excretion.15 Similarly, drug-drug interactions
are possibly more frequent and severe,6,16,17 but at this time we know little about how
and why certain types, numbers, or combinations of drugs may be harmful in older
people.

There is no single definition for polypharmacy, nor a guide for which conditions or for
which specific populations the many definitions should apply. However, there are two
broad categories into which most current research falls: 1) those that count drugs, and
2) those that name certain drug classes as “potentially inappropriate.” Counting drugs
results in the identification of a specific range or number of drugs that is considered
polypharmacy. Reducing the number of drugs is the desired outcome. “Potentially
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Inappropriate Medications” (PIM’s) are identified on lists and have been theorized, or
are actually known, to increase adverse effects for older people. Discontinuing the PIMs
is the desired outcome.

1.2.1 Identifying drugs to count
In order to count drugs, we must first identify what we are counting. This includes:
where the list of medicines comes from (e.g. administrative data set, patient self-report,
primary care health record, etc) and which substances will be counted.18–20 The time
period over which the counting is done should be clear. Ideally, the dose, route of
administration, frequency, and duration should be specified. Whether the substance
requires a prescription or not will also influence what the final count will be. Figure 1.3
summarizes the information elements that should be considered for accurate counting
of drugs. To date, there is no gold standard by which to define how medications are
counted, nor which specific number can be used to diagnose polypharmacy. Details of
how counting is done is not always clearly stated in published research findings and one
review reported as many as 138 definitions of polypharmacy being used in the
literature.21 Currently a systematic review of definitions is underway.22 The experiments
presented in this dissertation will clearly identify the number of drugs defined to be
polypharmacy, and how they were counted. Section 1.4 will discuss prevalence of
various definitions of polypharmacy.
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Figure 1.2 Information elements needed to accurately count drugs

1.2.2 Lists of Potentially Inappropriate Medications (PIMs)
Multiple approaches exist for the identification of PIMs. These approaches are based on
the theoretical discussions of how aging likely affects pharmacokinetics and dynamics
or prescribed medications.13 Drugs tolerated in someone younger or more well may
have negative effects in someone older or less well. Lists of PIMs were designed to
10

prevent adverse drug reactions that may occur more frequently in an older person. The
majority of methods (list-based tools) were developed using a modified Delphi
method23,24 and typically include a definition of the age group to which they apply. The
Beers criteria, often recognized as the first of these methods, was published in 199125
and has been revised many times by the American Geriatrics Society.26 The various
lists contain similar drug classes and have the highest concern raised for those drugs
with the most anticholinergic effects.23

Additionally, the modified Delphi process has been used to identify potentially
inappropriate drug lists that apply to people with advanced dementia. This work builds
on the Beers list by including medications which may be of questionable benefit, rather
than having a risk of causing an adverse effect, due to the patient’s prognosis.27–29 A
2016 systematic review by Todd et al.30 looked specifically at inappropriate prescribing
of preventative medication for patients with “life-limiting illness” (defined variably by the
19 studies included). This review noted most of the existing tools to assess medication
appropriateness do not include a way to address prevention medications. Prevalence of
PIMs has also been well established28,31 and reviews of the efficacy of these methods
and their ability to reduce harm for patients,23,32 these results will be reviewed in section
1.5. As an example of the limitation of current methods, Mrs. B would not have had any
medications removed with the use of the 2015 Beers list. Even her atypical
antipsychotic would be considered appropriate because she had a primary diagnosis of
schizophrenia.
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1.3

Prevalence of polypharmacy

We do not have an exact definition of what number of drugs equals polypharmacy
however, we do have some indications that medication use is increasing. In Canada, a
2014 report of nursing home residents found that two-thirds of residents were taking
more than 10 medications.6 An Irish study found that between 1997 and 2012, the
number of community-dwelling people ≥65 years old taking five or more medications
had increased from 17.8% to 60.4%, and those taking 10 or more medications had
increased from 1.5% to 21.9%.33 Studies based elsewhere have also found trends
towards increasing numbers of prescriptions over time.19,34,35

The literature remains divided over whether a higher number of drugs is itself a
problem. Concerns of possible under-prescribing in older people36 have also been
described.37,38 However, there appears to be emerging agreement there is a problem
with people taking medications that are not needed or unintentionally harmful.39,40

1.4

Harms associated with polypharmacy

The data regarding harms associated with polypharmacy come almost exclusively from
observational studies.10,41–43 An adverse drug event can be hard to define, variable in
intensity, and may not be recorded in regular clinical records.44 Information from people
presenting to emergency departments has provided a significant source of information
about what is known regarding adverse drug events (ADEs). ADEs requiring an
emergency department visit or hospitalization are better documented. A 2003 study of
older community-dwelling people found that 27.6% of 1,523 adverse drug events
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presenting to the emergency room were likely avoidable at the time of prescribing.45 A
2016 analysis of emergency visits caused by adverse drug events identified that
causative agents were rarely those that are included on the lists of “inappropriate”
medications.46

A 2014 systematic review of 50 studies found mixed results about the specific
relationships between polypharmacy and unwanted outcomes.42 However, studies
which adjusted for co-morbidity generally found an association between higher numbers
of medications and falls, fall outcomes, adverse drug events, hospitalization, mortality,
measures of personal function, and cognition. The authors raised important concerns
regarding the mixed results and heterogeneity of methods and, like many writers in this
field, called for robustly designed prospective trials from which more definitive results
might be obtained.

While the literature is unable to provide exact estimates of harms from too much
medication, neither can it accurately estimate any benefits from polypharmacy. Within
the emerging field of investigation of effects of “larger” or “inappropriate” amounts or
types of medication, there is a general consensus that more exact and reliable
information is needed to design future studies and guide shared decision making about
clinical treatments.
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1.3

Efficacy of interventions to address polypharmacy

There has been an almost fourfold increase in the number of new polypharmacy papers
indexed in PubMed in the last ten years (from 220 in 2006 to 839 in 2016).47 However,
there is no conclusive evidence about the best way to respond to polypharmacy. A
typical polypharmacy intervention has a medication review, using a standardized tool or
approach, performed by a pharmacist, physician or multidisciplinary team. The
medication review counts medications and looks for potentially inappropriate drugs or
drugs of questionable benefit, that could be discontinued based on published lists of
concerning drugs, for example the Beers criteria26 or STOPP/START.48 Outcome
measures usually include the numbers of medications prescribed, hospitalizations,
mortality and occasionally, falls, quality of life and adverse drug events.

There are multiple systematic reviews of these published interventions designed to
reduce/address polypharmacy and their effect on patient outcomes. Some reviews
focus only on patients who are community dwelling9,32,49,50 or who reside in nursing
homes51,52 and/or those with frailty53 or advanced dementia.54 While the exact question
addressed for each of these reviews varies slightly, they all mention the lack of clear
findings, heterogeneity of study designs and the need for more definitive research. The
patients studied in this work have complex health conditions and are often affected by
multiple illnesses. In addition, some of the conditions (e.g. dementia) reduce their ability
to provide direct report of their health status. Recruitment to studies is usually difficult
and inadequate sample sizes55 or use of convenience samples56 may further complicate
the ability to have reproducible results.
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1.4

Multi-morbidity and asymptomatic chronic conditions

Mrs. B had active psychiatric (schizophrenia) and joint disease (osteoarthritis),
diagnoses which affected her ability to function independently and for which drugs were
prescribed to reduce symptom burden. She had also accumulated a list of
asymptomatic risk factor conditions that were being treated, including hypertension,
diabetes and osteoporosis. Increases in the number of concurrent diagnoses
experienced by a patient (multimorbidity) with aging has been well-described.57 Each
new diagnosis can be treated using a disease-specific clinical practice guideline, with
drug therapies, which naturally increases numbers of drugs prescribed.58–60

Treatment of symptomatic conditions can be guided by monitoring of symptoms, even if
a patient is non-verbal, observations about her/his comfort and function provide
valuable information about a drug’s efficacy. In contrast, asymptomatic diseases rely on
surrogate markers and risk estimates. Treatment of these conditions does not relieve
e.g. pain or agitation, but rather modifies risks of theoretically unwanted sequelae, such
as stroke, fracture or death. The calculations of risk reduction are made on more well
and younger research participants.11,61 Few people who look like Mrs. B are included in
randomized controlled trials, so results are difficult to generalize to patients like her.
Section 2.1 will compare efficacy measures for symptomatic versus asymptomatic
conditions. Sections 1.7.3 and 1.7.4 will review how natural death and patient treatment
goals further complicate treatment of asymptomatic conditions.
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1.5

Aging, frailty, dementia and shared decision making

Advancing age has been found to be a significant factor in adverse drug reactions.62–64
However, there are no consensus definitions in the medical literature of what age
constitutes “old” or “elderly”. For the purposes of this thesis, older adults will be defined
as being

70 years old. Some observational studies of polypharmacy prevalence have

found increasing age to be associated with increased numbers of prescriptions.65

An increase in the proportion of the population that is elderly is a global phenomenon,
but is most prevalent in more developed countries.66 There is debate internationally and
in Canada about what impact, in terms of costs and health services utilization patterns,
the increasing numbers of older people will have on the health system.67,68 However, it
is reasonable to assume that with more older people, there would be an increase in the
number of people affected by polypharmacy, which would then add both costs69,70 and
the numbers experiencing potential harms from excessive prescribing.

Frailty
Frailty lacks a consensus definition, yet is widely recognized as a medical syndrome
negatively affecting function and prognosis of older adults.71–73 Most descriptions of
frailty refer to a loss of mental and physical resources that exceeds what would normally
be expected due to age.72 Older adults who are also frail have been found to have
higher rates of negative health outcomes; such as mortality, hospitalization, and
reduced independence.74 Multiple frailty indexes, or tools to diagnose frailty, have
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evolved and are used to describe prevalence, explain differences in outcomes and be
used as outcome measures themselves in intervention studies.71

Polypharmacy is associated with increased risk of developing frailty10 as well as being a
risk factor for increased harm from medications.75 Frailty instruments rely on either a
description of a person’s phenotype, or summation of her/his acquired deficits that
produce a score or grade that corresponds to a level of fitness or frailty.76 While each
tool has specific features, some work has been done to compare outcomes for tools
which has shown reasonable congruence.77,78 For this dissertation, use of the descriptor
frail will refer to a person or population who has met, or is presumed to have met, the
minimum score or level to be defined as frail, for whichever tool was used.

Dementia
Dementia is another condition that is of special relevance to older adults. While its
medical description is more definitive, its symptoms present along a wide and related
disability that complicates its utility in clinical practice.79 The incidence of dementia
increases with age80 and the increased demand on health care requirements, as the
disease progresses, are a concern for many health systems.81 Effect on quality of life,
personal relationships, and functional independence can be severe. Current treatments
for dementia are limited and do not provide any disease reversing component.82 The
disease process often reduces a patient’s ability to voice their preferences, wishes, and
physical reactions to drugs, either positive or negative. Some work has begun to explore
whether dementia may have specific associations with adverse drug effects.14 Co-
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morbidity and dementia are common83 and it follows that so is polypharmacy.84 For this
dissertation, use of the term dementia will refer to those people who have been
identified as meeting diagnostic criteria or are being prescribed a medication whose
sole indication is for dementia.

Inevitability of death
Modern medical treatments, including drug therapy, have conferred some undeniable
benefits; however, infinite deferral of death is not one of them.85 As one disease is
“cured” another will take its place as a rising cause of death. Common sense may
indicate that, unless faced by a sudden, unexpected death, there be some relevant
point at which medical intervention and pharmacological therapy shifts from a curative
approach to the offering of treatments intended to alleviate unwanted suffering.
However, definition of this point, as well as lack of clear evidence to guide the changes
to treatment alternatives, is lacking.

The manner of one’s dying, while possibly front of mind for a patient, is not typically part
of a treatment plan for an older person.86 In medicine culture, the general assumption
can be that all morbidity should be prevented if we have tools to allow us to do so.
Biomedical research generally has had a single disease perspective rather than a whole
life view, and avoidance of death from the disease under investigation is a win. This has
resulted in multiple treatment algorithms for single diseases being applied to a single
person, as discussed in section 1.6. The medications add up, and the possible causes
of death are theoretically reduced,85 but the inevitably of death is not.
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Dementia stands out in this process, given that we lack a cure and the symptoms are so
profoundly disabling. Associations between specific drug prescribing and changes to
incident dementia have been described;87–89 however, there are no clear conclusions
about specific agents, dose, exposure length or predisposing factors. Mrs. B’s cognitive
and behavioral decline may have been affected by the drugs prescribed to her, but at
the time I lacked both the awareness and evidence to attempt to address it. Having
clear, population-specific estimates of increased or decreased risks of certain drugs and
incident dementia would be of immediate and widespread interest.

Polypharmacy for people with dementia is a special problem where voicing symptoms,
such as pain that could be ameliorated with pharmacological treatment, might be
impaired by the disease’s effects and therefore distressing symptoms could go
untreated. Conversely, prior to having her/his insight affected by dementia, a patient
may state they do not wish to die from the disease and would prefer the opportunity to
die from e.g., a heart attack. However, their active neurological disease prevents them
from saying so and a well-intentioned physician who treats their asymptomatic
conditions with drugs may reduce their opportunity for such a death. Being able to
provide patients and their families reasonable estimates of harms and benefits of
specific treatments, and their combinations, would help move the “manner of dying”
component into the light.90 An informed choice that declined prescriptions to reduce
cardiovascular risk factors may naturally address unwanted or unintentionally harmful
polypharmacy.
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Shared Decision Making
The historical perspective of “doctor knows best” has evolved to include informed
consent and patient autonomy as more appropriate drivers for medical decision making.
Research in this area is often focused on the specific topic of “shared decision making”
and has seen a growing call for attention,91 where reasonable estimate of harms and
benefits of specific treatments may be conveyed to a patient and they can be guided,
using their own priorities and values, to make a well-informed decision about which
treatment they prefer and how much treatment is best for them. Concurrent research
has shown that patient and provider preferences are often discordant.92 A recently
updated systematic review showed that using decision aids with patients often resulted
in more conservative treatment choices.93

Processes to use shared decision making regarding polypharmacy have only begun to
be studied and are not well-established.94 Effective shared decision making for older
people regarding combining and adding medications to a treatment plan requires
reasonable estimates for effects (positive and negative) of particular drugs and
combinations of drugs that can be used for the design of appropriate decision aids.
These estimates of effects are currently quite limited. For patients like Mrs. B, it is hard
to imagine how she could have been included meaningfully, but perhaps having an
evidence-based expectation to try and include her might have presented the idea of
decreasing some of her medications.
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1.6

Treatment intensity and overtreatment reduction

There is ambiguity about the cause, accurate diagnosis and effective treatment of
polypharmacy. The ambiguity also extends to being able to describe the “right amount”
of medication for each individual. Yet the compelling story of patients like Mrs. B also
shows the need for clarity and evidence. Frailty, dementia, natural death and shareddecision-making add to the complexity of designing rigorous research to evaluate
possible solutions. Our existing methods of counting or identifying inappropriate drugs
do not have a mechanism to address the particularly opaque role of prescribing for
asymptomatic conditions in addressing polypharmacy.

The “right amount” of medication for each person would: treat troublesome symptoms,
maximize function, be consistent with personal values and neither hasten nor prolong
natural death. This is a tall order and perhaps not surprising that there is no clear
answer in the literature about how to accomplish it in real life. However, it seems that
the present polypharmacy approaches, using drug counting or avoidance of
“inappropriate” medications, are limited. This dissertation introduces the concept of
treatment intensity, and applied asymptomatic conditions give a new lens to observe
polypharmacy and overtreatment. Treatment intensity permits a more nuanced way to
define under, “just right” and overtreatment. Figure 1.4 shows the proposed link
between this new concept of treatment intensity and the traditional
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representations of polypharmacy as drug counting or identifying potentially
inappropriate medications (PIMs).

Figure 1.3 Treatment intensity definition as a new component in the description of
polypharmacy

1.7

Definition of treatment intensity

Treatment intensity is defined as the balance between amount of treatment (numbers
and doses of drugs) and effects of the treatment (symptom/condition modification and
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adverse effects). Treatment intensity does not have a consensus-based definition in the
published medical literature and has received very little explicit study. It is being
explored in this dissertation as a way to understand excessive medical treatment of
asymptomatic conditions.

To facilitate discussion of the measure, I introduce three categories: under treatment,
“just right” treatment, and overtreatment, which may be useful for research to inform
clinical decision making. The following examples illustrate how these concepts could be
applied. Chapter 2 provides a complete explanation of how treatment intensity is applied
to hypertension.

Example, symptomatic condition
For medication used for diffuse back pain, undertreatment would have the patient
experiencing pain at levels that negatively affected mood and/or function. Overtreatment
would result in e.g., excessive drowsiness that negatively affected function. “Just right”
would provide maximal pain relief with minimal adverse effects.

Example, asymptomatic condition
Asymptomatic conditions are typically “silent” to the patient and picked up by measuring
surrogate measures. For example, if an otherwise well 71 year old woman was found to
have systolic blood pressure (SBP) e.g. ≥180mmHg on two or more measures, current
guidelines95 would recommend treatment to reduce risk for unwanted sequelae such as
stroke and premature death. The 2017 Canadian Clinical Practice Guideline (CPG)
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suggests that her blood pressure should be treated to SBP <140 mmHg. Failure to
reach that target would designate her as “undertreated”. The CPG provides specific
instructions about how to augment therapy with additional medications and/or higher
dosing, so that the targeted SBP can be reached. Conversely, there is no mention in the
CPG of what specifically would constitute overtreatment. The CPG does not provide a
mechanism nor data source with which to quantify possible benefits and harms of the
recommended treatments for a particular individual. Similarly, there is no discussion
about how patient preference might modify treatment. An ideal definition of
overtreatment of hypertension would: suggest appropriate monitoring for symptoms of
adverse effects, e.g. increased falls, dry mouth or cognitive changes, clarify when
possible harms of treatment exceed possible benefits, and how to consider patient
preference (e.g., if this patient wishes to avoid death by cancer or dementia, and would
welcome a natural death by myocardial infarction, it may be most appropriate to not
treat her blood pressure).

The current evidence base for hypertension treatment lacks information to allow for
such a robust definition of overtreatment, which may help explain why such guidance is
missing from CPG’s. Without an ability to define overtreatment, “just right” treatment is
also difficult to specify for an individual. Current practice is to presume that anyone
whose SBP is below the targeted level, is receiving the correct amount of treatment.

Table 1.1 summarizes the proposed treatment intensity categories and the differences
between symptomatic and asymptomatic measures.
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Table 1.1 Definition of treatment intensity for symptomatic versus asymptomatic
disease
SYMPTOMATIC
DISEASE
e.g. joint pain

Undertreatment

“Just right”
treatment

Overtreatment

Symptoms persist

Symptoms treated
&
adverse effects of
treatment absent or
manageable

Symptoms treated
but adverse effects
of treatment not
tolerable

ASYMPTOMATIC
CHRONIC DISEASE
e.g. hypertension
Patient
Observed
Experience
Surrogate measure
ABOVE upper
threshold

Surrogate measure
BETWEEN upper
and lower threshold

Surrogate measure
BELOW lower
threshold

Harms of disease
increased
Both harms of
disease &
treatment are
minimized,
(& personal
preferences are
incorporated)
Harms of treatment
increased
(could include
personal
preferences being
ignored)

1.4.1 Gaps in current research
Hypertension lends itself well to exploring the potential relationship between treatment
intensity and polypharmacy given its prevalence, consistent reductions in absolute risks
for studied populations, ubiquitous clinical practice guidelines, and regularly collected
surrogates. However, the research in this field is nascent. Some work has described
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prevalence where early findings suggest that aggressive treatment of hypertension in
older people is not uncommon.96 Very little research to date has examined precisely
how hypertension is treated in Canada (including the type and number of agents) and to
what effect (level of surrogate measure and patient-relevant harms and benefits) in
people ≥70 years old. Therefore, a critical gap is an accurate description of how blood
pressure changes with hypertension treatment, for people older than 70.

Once the prevalence of treated blood pressures has been described, identifying a
possible relationship between treated levels of SBP and general polypharmacy
will inform whether efforts to address polypharmacy might usefully include deintensification of treatment for specific asymptomatic chronic disease (e.g.
hypertension). Defining the extent of such a relationship could help explain both the
rising numbers of prescriptions being given to older people worldwide and why many
existing polypharmacy interventions fail to be reproducible and consistent.

Experiments that define possible harms and benefits of various treatment
intensities will ultimately be needed to justify future interventions that would attempt to
intensify or de-intensify chronic disease treatment for older people. To date, there has
been very little study of the effects of de-intensification of treatment for asymptomatic
conditions.96–98

26

1.5

Overview of dissertation structure

The following is a brief overview of how each subsequent chapter relates to the
exploration of the relationships between asymptomatic conditions, such as hypertension
(hypertension) and polypharmacy, in the context of treatment intensity.

Chapter 2 more completely defines treatment intensity and provide a rationale for the
use of hypertension as a model condition.

Chapters 3 and 4 present two cross sectional studies that make observations of how
hypertension is treated in nursing home (Chapter 3) and community-dwelling (Chapter
4) older people and associations between treatment intensity of hypertension and
general polypharmacy.

Chapter 5 presents a cohort study that uses a Cox proportional hazards model to
estimate harms associated with treatment of hypertension to specific SBP
surrogate measures, specifically, the relationship to incident dementia diagnosis.

Chapter 6 summarizes the main findings and present ideas of how they may be used
in developing future research and clinical strategies to reduce the ill-effects of
polypharmacy.
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1.6

Data sources and ethics approval

The quantitative studies presented in Chapters 3, 4 and 5 draw on data from two
sources: an original linked, cross-sectional dataset (WiseMed) and a pan-Canadian
electronic medical record primary care data set from the Canadian Primary Care
Sentinel Surveillance Network (CPCSSN). Two separate certificates of ethics approval
were obtained from the Providence Health Care / University of British Columbia
Research Ethics Board (H14-00014 and H15-02435). All observations, opinions and
conclusions described in this dissertation are those of the author and do not reflect any
opinions or policies of CPCSSN, nor Providence Health Care.
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Chapter 2: Treatment intensity and hypertension

2.1

Overview

Chapter Two expands on the concept of treatment intensity introduced in Chapter One
and explains why the study of hypertension in older people could help develop a more
functional way to identify overtreatment and its potential harms. The public is routinely
exposed to information about the need to diagnose and treat hypertension. A 2015 New
York Times article referred to hypertension as a “silent killer”,99 a deadly asymptomatic
condition that can shorten lives unnecessarily, while explaining the SPRINT trial.100

The SPRINT Trial compared two treatment thresholds, SBP of <140mmHg versus <120
mmHg, and was stopped early due to the “potential to save lives”.101 Large randomized
control trials, such as SPRINT, have shown statistically significant benefits in treating
hypertension to reduce outcomes for trial participants, such as cardiovascular,
cerebrovascular, and mortality events. In light of this evidence, it may seem unusual—
even dangerous—to suggest that treating hypertension could be part of the problem of
overtreatment. This chapter explains why such an exploration is needed by way of a
discussion of condition prevalence, current treatment patterns, availability of data,
limitations of experimental studies, and contradictory observational data.
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2.2

Hypertension prevalence and diagnosis

High blood pressure rarely has noticeable symptoms; however, research has shown
that hypertension is a risk factor for cardiovascular morbidity and mortality.102–104
Reporting of prevalence of a symptom-less risk factor requires the use of a surrogate
measure feasibly collected for screening in primary care. Diagnosis of hypertension is
made using a measure of blood pressure that exceeds a specific upper threshold. Drug
treatments, to reduce the increased risks of unwanted sequelae (e.g. heart attack,
stroke or death), rely on repeat measures of this surrogate to assess the level of
response to therapy. Treatment of the surrogate below a certain threshold is theorized
to reduce the unwanted sequelae. There is global interest in estimating prevalence of
hypertension as an aid to designing public health interventions to reduce treatable
mortality and morbidity.105,106

Current estimates of hypertension prevalence come from population data sources and
are typically reported as four categories: prevalence, diagnosed, treated,
uncontrolled.107 A pre-specified single threshold of systolic blood pressure (SBP) is used
for diagnosis and as a binary indicator of controlled or uncontrolled hypertension. For
example, if the diagnosis threshold is defined as 140 mmHg, anyone in the population
found with a SBP of >140mmHg is diagnosed as having hypertension and being
uncontrolled. Use of one or more antihypertensive medications (data linkage to
prescribing records or patient self-report) is used as an indicator of treatment, so a
patient taking 2 antihypertensive medications and having a SBP of <140 mmHg would
be treated and controlled.
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2.2.1 Specific population estimates of prevalence
In 2015, Godwin et al. used a large sample of electronic medical records in primary
care, from the CPCSSN database, to estimate prevalence of systolic blood pressure
≥140mmHg to be as high as 70% in Canadians ≥70 years old.108 This was similar to the
estimates made by Robitaille et al. in 2012, 62.6%-74.6% for ages ≥70 years old using
the Canadian Chronic Disease Surveillance System.109 In the US, a 2014 report from
the National Health and Nutrition Examination Survey (NHANES) found that in a sample
of 10,190 people ≥60 years old diagnosed with hypertension, 53% had an SBP ≤140
mmHg (78% of whom were taking antihypertensive medication).110

A UK study that included 144,403 patients ≥80 years old followed by family practices
from 2001-2014 (Clinical Practice Research Datalink (CPRD)) found 53.1% had a
systolic blood pressure ≥140 mmHg, 63% of whom were prescribed antihypertensive
medications.111 This study also applied a Frailty Index112 and found that only 23% of
those with moderate or severe frailty had SBP ≥140 mmHg. A 2017 study from Korea
used a sample of 4352 community-dwelling adults ≥65 years old found that 62% were
“hypertensive” (defined as a blood pressure ≥140 mmHg).113 This study also designed
and applied a frailty index, and in contrast to the Ravindrarajah et al.111 study and found
that frail elders had higher rates of hypertension (67.8% versus 49.2% for robust
patients, p<0.001) and were more likely to receive an antihypertensive medication
(number not specified), but less likely to achieve a treatment goal of 150 mmHg
(P=0.005).
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2.2.2 Problems with prevalence estimates
The studies above provide prevalence estimates between 53%110 and 74.6%109 and use
heterogeneous methods to measure and report their findings. This includes variation in
instruments used to measure blood pressure, number of measures included per person
and reliability of linked data regarding whether people are receiving antihypertensive
medications. It is physiologically normal for blood pressure to fluctuate. Hypertension
Canada has defined the gold standard for accurate measurement of blood pressure to
be a 24-hour ambulatory test,114 which is an uncommon clinical method and unlikely to
be the usual source of recorded blood pressure measures in databases used for
prevalence estimates. This calls into question the accuracy of measures that are used
to make the estimate of the prevalence of the condition.

The current prevalence reporting strategy, i.e. formatting into categories of prevalence,
diagnosed, treated, and uncontrolled105 reduces patients to a single surrogate measure.
It does not acknowledge the potential for shared decision making where a patient is
given the information about harms and benefits of treatment, as would apply to her as a
unique individual and decides that s/he doesn’t wish to treat her blood pressure below a
particular threshold.

Despite these limitations, the existing evidence suggests there are large numbers of
people ≥ 70 years old whose SBP is ≥140 mmHg and may be receiving treatment to
reduce that surrogate measure. With such a large proportion of the population taking or
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potentially being targeted to take antihypertensive medication, it is reasonable to
examine possible connections between polypharmacy and harms of overtreatment.

2.3

The harms of hypertension, observational data

A population cohort study of more than a million people living in the UK by Rapsomaniki
et al.115 found that morbidity associated with blood pressure varied with age. Most
harms became less frequent with categories of higher systolic blood pressures as age
increased and almost all cardiovascular outcome harm ratios for those ≥80 years old
had confidence intervals that included 1.00. In 2002, the Prospective Studies
Collaboration found a more consistent increase in vascular mortality with both
increasing SBP and DBP for all age groups but the analysis excluded anyone with
previously diagnosed vascular disease. This study also described a less extreme
proportional difference in vascular mortality for those older (80-89 years old) versus
younger (40-49 years old).104 Both of these large cohort studies found lower risk
estimates as age increased.

2.4

Existing evidence for benefits of hypertension treatment

The possible prevalence of SBP ≥140 mmHg in more than half of people ≥ 70 years old,
as described in section 2.2, and the increase in morbidity and mortality with increased
SBP explains the drive to study of effects of treating blood pressure. There are two
types of research that have been designed to assess this. Comparison of single or
multiple antihypertensive drugs to placebo and comparison of a lower and higher
specific SBP target measure achieved using one or more antihypertensive medications.
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2.4.1 The benefits of hypertension treatment, randomized control trials
Treatment versus placebo
Trials examining benefits of treatment of hypertension began in the 1970’s. A 2009
Cochrane review116 collated data from all published trials that compared
antihypertensive drug treatment to placebo (or no treatment) in people ≥60 years old.
This review included 15 randomized control trials with 24,055 people with mean
baseline SBP of 172 mmHg for isolated systolic hypertension trials and 182mmHg for all
other trials. The intervention drug treatment was a thiazide(-like) diuretic in 11/15 of
these studies and had various other agents for secondary treatment. The other four
trials used methyldopa, a calcium channel blocker or a beta blocker as a first line agent.
Table 2.1 summarizes the results of the Cochrane review by Musini et al. and presents
the calculated absolute risk reduction and NNT for each finding. The authors also
examined the reported rates of withdrawal from trial due to adverse events, rate for
treatment group = 10.3%, rate for control group = 6.5%. Information regarding
withdrawals was not consistently reported and these calculations only include 6914 of
the total 24,055 trial participants. This Cochrane review provides a comprehensive
description of the statistically significant benefits of treating systolic blood pressure ≥
160 mmHg in people ≥ 60 years old.
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Table 2.1 Summary of calculated absolute risk reduction and number needed to
treat for multiple outcomes in published hypertension trials
Relative Risk
(95%
confidence
interval)
Total Mortality

Cardiovascular
Mortality

>60 years old
over 4.5 years
>80 years old
over 2.2 years
>60 years old
>80 years old

Noncardiovascular
Mortality

>60 years old

Cerebrovascular
Mortality

>60 years old

>80 years old

>80 years old
Coronary heart
disease mortality

>60 years old
>80 years old

Cardiovascular
Mortality and
Morbidity

>60 years old

Cerebrovascular
Mortality and
Morbidity

>60 years old

>80 years old

>80 years old

0.90
(0.84-0.97)
0.98
(0.87-1.10)
0.77
(0.68-0.86)
0.98
(0.81-1.19)
1.02
(0.92-1.14)
0.66
(0.53-0.82)
0.80
(0.58,1.11)
0.77
(0.65-0.90)
0.98
(0.69-1.40)
0.72
(0.68-0.77)
0.75
(0.65-0.87)
0.66
(0.58-0.74)
0.66
(0.52-0.83)

ARR Absolute
Risk
Reduction (%)
0.014 (1.4%)

NNT –
Number
Needed to
Treat
71

n/a

n/a

0.013 (1.3%)

76

n/a

n/a

n/a

n/a

-

-

0.007 (0.7%)

142

n/a

n/a

0.008 (0.8%)

125

n/a

n/a

0.039 (3.9%)

25

0.032 (3.2%)

31

0.020 (2.0%)

50

0.018 (1.8%)
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Relative Risk (95% CI) from select figures in Musini, et al. 2009 Cochrane Review 116
Absolute Risk Reduction (ARR) = Control rate - Intervention rate, from data in forest plots, only
calculated for P values <0.05
Number Need to Treat = 1/ARR, only calculated for P values <0.05

A 2010 metanalysis by Bejan-Anjoulvant, et al117 specifically examined heterogeneity of
hypertension trial results for available data on patients >80 years old and using linear
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meta-regression explored the relationship between intensity of treatment and blood
pressure reduction and their effect on mortality. Their results suggested that when
mortality reductions were achieved, it was in the trials with the least blood pressure
reduction and fewest medications prescribed, and the therefore the lowest intensity of
therapy. However, these results do not seem to have been recognized nor incorporated
into more recent trial protocol designs, such as SPRINT.118

Treatment to a higher versus lower blood pressure target.
A newer trial design compares lower versus higher treatment goals. Two systematic
reviews published in 2017, by Weiss et al.119 and Garrison et al.,120 provide summary
evidence from applicable trials including people ≥ 60 years old. The Weiss review
included 6 RCT’s to assess benefits and harms of trials that compared lower and higher
blood pressure treatment targets. They calculated RR for death, stroke and cardiac
events using data from 41,491 patients and their analytic approach named the lower
blood pressure to be the treatment and higher BP as the control in calculation of relative
risk for treatment benefit:
o Mortality, RR 0.86 (95% CI 0.69-1.06)
o Stroke, RR 0.79 (95% CI 0.59-0.99)
o Cardiac events, RR 0.82 (95% CI 0.64-1.00)
o Withdrawals due to serious events RR 1.25 (95% CI 0.94-1.67)
The trials were judged to have a low risk of bias and the analyses had measures of
heterogeneity between 13.3% and 16.2%. However, they deemed their findings of low
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strength due to inconsistent results between trials and confidence intervals wide enough
to vacillate between marked benefit and no effect.

Garrison et al.’s Cochrane review included 3 trials comparing specific SBP treatment
targets of <150-160/95-100 mmHg versus <140/90 mmHg (higher versus lower) and
compared risk of a higher blood pressure versus lower blood pressure (i.e. inverse of
the Weiss approach) and found:
o Mortality, RR 1.24 (95% CI 0.99-1.54)
o Stroke, RR 1.25 (95% CI 0.94-1.67)
o Cardiac events, RR 1.19 (95% CI 0.98-1.45)
o Withdrawals due to serious events, RR 0.83 (95%CI 0.58-1.19)
This review found rates of heterogeneity to be 59%-79% and concluded the quality of
evidence for all estimates was low. The conclusions of the systematic reviews were
guarded about the possible additional benefit and harms that a lower target may bring to
a person ≥ 60 years old.
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Table 2.2 Comparison between two recent systematic reviews of mortality, stroke
and cardiac events and trial withdrawals for adults ≥60 years old in hypertension
treatment target trials
Weiss et al., 2017119
Benefit of treatment to
lower target

Garrison et al., 2017120
Harm of higher systolic
blood pressure

ACCORD, 2010
Cardio-Sis, 2009
HOT, 1998
SPRINT, 2015
JATOS, 2008
VALISH, 2010

VALISH, 2010
Wei, 2013
JATOS, 2008

Mortality

RR 0.90
(95% CI 0.83-0.98)

RR 1.24
(95% CI 0.99-1.54)

Stroke

RR 0.79
(95% CI 0.59-0.99)

RR 1.25
(95% CI 0.94-1.67)

Cardiac events

RR 0.82
(95% CI 0.64-1.00)

RR 1.19
(95% CI 0.98-1.45)

Withdrawals due to
serious events

RR 1.25
(95% CI 0.94-1.67)

RR 0.83
(95%CI 0.58-1.19)

Trials included in review

2.5

Limitations of current evidence

The randomized controlled trial and systematic review results presented above reflect
the highest quality of evidence available to inform clinical practice. However, this
evidence has limitations when applied to the idea of overtreatment.121 Recalling Mrs. B
from Chapter One, those patients who are older, frail, have dementia, and/or are
experiencing multi-morbidity are not usually included in RCTs. The lack of
representation in research studies, as well as some aspects of study design (e.g. choice
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of outcome measures) and reporting (e.g. variable quality of data regarding adverse
events), may limit the utility of applying these results to older people in general.122,123

2.5.1 Exclusion criteria
Both types of hypertension trials (i.e. those comparing any treatment to placebo and
those comparing more and less intense blood pressure treatment goals) have
comprehensive exclusion criteria. Table 2.3 summarizes the exclusion criteria for 5
commonly referenced hypertension trials that compare treatment intensities. Single
disease clinical trials, by design, rarely include older adults, or those who are unwell,
particularly those frail or demented.62,125-127 Without adequate representation in the
trials, this means that research results from the more well, and often younger,
populations are applied to older people where the results may not be consistent with
what was found in the trials.11,12,127
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Table 2.3 Participant exclusion criteria for hypertension trials that compare
treatment targets
Frailty or
dementia

Diabetes

Chronic kidney
disease

CHF

Other reasons for
exclusions

FEVER128

Unclear if
excluded, but
required a
“willingness to
cooperate”

Included,
unless
“uncontrolled”

Not specified

Cardiomyopathy, CVA or
MI in last 6 months,
unstable angina, gout,
“serious” pulmonary or
hepatic disease

JATO129

Excluded if
“considered
unsuitable as
subjects”

Excluded
if A1c
>8%

Excluded if
creatinine >177
umol/l, or
Men GFR < 32
Women GFR
<24
Excluded if
creatinine > 133
umol/l, or
Men GFR <44
Women GFR
<33

Excluded if
NYHA II or
higher

SPRINT101

Excluded for
dementia, or if
living in nursing
home, or if factors
present that are
“judged likely to
limit adherence to
interventions”
Excluded if
judged “to be
inappropriate” by
investigator

Excluded

Excluded if GFR
<20

Any
symptomatic
HF within 6
months or
EF <35%

Included

Excluded if
creatinine >177
umol/l, or
Men GFR <32
Women GFR
<24

Excluded if
NYHA III or
higher

Excluded if
diagnosis of
Alzheimer’s
disease

Included

Excluded if
creatinine >265
umol/l, or
Men GFR <20
Women GFR
<15

Excluded if
NYHA III or
higher or if
EF<40%

MI/angioplasty in last 6
months, atrial fibrillation,
hypertensive
retinopathy, AST or ALT
>2x upper limit of
normal, malignancy,
collagen disease
History of CVA, or
medical condition “likely
to limit survival to less
than 3 years” or any
cancer diagnosed or
treated in prior 2 years
that is likely to limit trial
completion.
CVA or MI in last 6
months, angioplasty
within 6 months or
planned, atrial fibrillation
or flutter, “severe” aortic
stenosis or other
valvular disease or
“serious” liver
dysfunction
Valvular heart disease,
CVA or MI in last 6
months, hepatic
dysfunction,
autoimmune disorders,
malignant tumors, other
“non-cardiovascular
diseases potentially
causing death before the
end of the study.”

VALISH130

Wei, et
al.131

Adapted, with authors’ permission, from supplemental material of Weiss et al.120
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Possible harm from applying trial results too broadly: the RALES study
The RALES study132 provides an example of this disconnect and the real harms that
may result. RALES was a heart failure RCT that found adding spironolactone to usual
treatment reduced death by 30% and lowered hospital admission by 35% and found
only “minor” incidence of hyperkalemia.132 These landmark trial findings were observed
to change clinical practice of heart failure prescribing in Ontario, Canada.133 In 2004,
Juurlink et al. showed that increasing rates of spironolactone prescription after RALES
(34/1000 in 1994 to 149/1000 in 2001) were actually associated with increased rates of
hospitalization for hyperkalemia (2.4 per 1000 patients in 1994 to 11.0 per 1000 patients
in 2001 (P<0.001)) and mortality (0.3 per 1000 to 2.0 per 1000 patients (P<0.001)).133
The expected benefit reported in RALES was not seen and in fact, signals of increased
harm were observed. Juurlink et al. suggested that the “real life” finding of increased
harm may be due to the application of trial findings to people who would not have been
included in the trial.

Hypertension trials exclude many categories of people who routinely receive
hypertension treatment in the community. It is possible that application of the findings
from the trials outlined in section 2.3 may have unintended effects that were not found
with the trial participants.
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2.5.2 Trial design
Many of the pivotal hypertension treatment trials mentioned above used a composite
end point of cardiovascular events, including death. The use of composite endpoints is
common in cardiovascular research134 and usually include 3 to 4 individual end points
that vary in clinical significance. Previous analyses have noted discrepancies between
the total number of individual events in a trial and those reported for composite
outcomes. A composite outcome aids a researcher by increasing the number of events
observed during an experiment, but may distort the overall estimate of effect as it could
be applied to individuals. Some work has been done to understand the potential
disconnect between what a trial finds as “significant result” and what is most meaningful
to patients. There appears to be potential for difference between what is most important
to the patient and measures of effect across all the included components. Importantly,
treatment effects for a less patient-relevant component may result in misleading
impressions of the impact of treatment.135

When we consider that at least some of the patients treated for hypertension will be
naturally close to death, what they value as a treatment outcome should be considered
when offering treatment choices. For an older person with multiple co-morbidities,
avoidance of death might not be seen as the most important treatment outcome. As
discussed in Section 1.7, they could prefer an increase in function or quality of life, or
even being spared pill burden as a goal of treatment.136 The use of composite endpoints
makes communication of relevant harms and benefits more difficult for shared decision
making in clinical settings.
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2.5.3 Unpublished data
In their systematic review, Su Golder and colleagues137 study the completeness of
adverse event reporting, mainly associated with pharmaceutical interventions, in
published articles as compared with other information sources. They concluded: “that
much of the information on adverse events remains unpublished and that the number
and range of adverse events is higher in unpublished than in published versions of the
same study”. For example, in 11 studies that compared the numbers of adverse events
in studies where matching of published and unpublished data was possible, 43-100%
(median 63%) of adverse events were not reported in the published findings. While this
work by Golder et al. was not limited to cardiovascular research, there is some
indication that hypertension research may have similar issues. A review of 41
hypertension trials found that only 41% of published results papers138 adhered to the ten
recommendations of harms reporting outlined by CONSORT.139 These reports raise
concern regarding the validity of the study results, especially as a tool to estimate
possible harms of treatments.

The combined issues of exclusion criteria, trial design, and possible underreporting of
adverse events in published studies raises concerns about reliance on RCTs to inform
treatment of hypertension in older people.140,141 The next section will explain how this
reliance is compounded when these trials are used for clinical practice guidelines.
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2.6

Clinical practice guidelines and expert consensus

Hypertension clinical practice guidelines (CPG’s) provide a “treatment road map” for
primary care clinicians. CPG’s identify thresholds at which treatments should be initiated
or intensified based on existing research. Where specific trial evidence is not available,
expert consensus is often used to provide specific advice for treatment,142 usually by
disease-specific specialists.143 These CPG’s are intended to collate and simplify the
best available evidence to allow for more consistent treatment in primary care and,
theoretically, reduce disease burden in populations overall.

A common criticism of CPGs is that they are usually single-disease focused and often
recommend multiple medications to achieve guideline targets for a single surrogate
measure, e.g. SBP. Someone having multiple diagnoses of chronic conditions, for
example, hypertension, diabetes, osteoporosis and dyslipidemia may easily accrue
multiple long-term medications.59,96 Concern about use of these CPGs in older, more
frail people has previously been raised.144–146 CPGs do not routinely mention their
potential limitations regarding older, frailer people. A 2015 systematic review of 47
CPG’s for cardiovascular disease prevention found that only 49% of the CPG’s
mentioned benefits for older people and only 38% mentioned possible harms of
following the guidelines.144 The lack of representation of people with multi-morbidity,
frailty and dementia in trials is a possible explanation for the occasionally divergent or
converse outcome associations seen in observational research of this population.
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2.6.1 Diagnosis, treatment, control definitions
High blood pressure CPG’s rely on blood pressure measures to identify specific
thresholds at which the potential benefit of the treatments theoretically exceeds the
potential harms. They also include cues for when treatment should be intensified with a
dose increase or addition of a new medication. These thresholds are used to indicate
“success” of treatment, where blood pressure is “controlled,” and conversely being in
excess of the threshold is labelled “uncontrolled”.37,147

Current CPG’s rarely mention at which point (i.e. lower threshold) treatment should be
stopped or reduced. Some CPG’s provide a comment that “clinical judgment” should be
used to determine at which point treatment is no longer beneficial.144,145 According to
the current Canadian Hypertension treatment guidelines, once a diagnosis of
hypertension is made in any non-diabetic person, at any age or level of frailty96 a
systolic blood pressure below 140 mmHg is considered “controlled” and if above that is
“uncontrolled”. The Canadian guideline includes the following sentence, “Practitioners
are advised to consider patient preferences, values, and clinical factors when
determining how to best apply these guidelines at the bedside,”96 but no additional
information about how this might be done is provided, nor is any additional reference to
patient preference or shared decision making made. Figure 2.1 shows the current
Canadian Hypertension Education Program (CHEP) guideline threshold for controlled
(<140 mmHg) and uncontrolled SBP (≥140 mmHg)96 that is in wide use across the
country.
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Figure 2.1 2017 Canadian Hypertension Education Program (CHEP) treatment
threshold recommendations for people ≥70 years old

2.6.2 Guideline modification for older, frailer people
A recent review of hypertension guidelines for older people by Parekh et al.148
compared four international guidelines published between 2011 and 2014, Figure 2.2
provides a visual comparison of the guideline recommendations.149–152 The authors of
this review also note that in 2016, the European Society for Hypertension and the
European Union Geriatric Medicine Group published a joint statement saying that if
treated blood pressure falls below 130 mmHg, treatment should be reduced or
stopped.153 This is the only lower threshold that was found in the published literature.
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Figure 2.2 Comparison of treatment targets for 4 international hypertension
guidelines

2.6.3 Reasonableness of clinical practice guideline systolic blood pressure
thresholds
The use of a single SBP upper threshold as definition of controlled and uncontrolled is
widely used in epidemiological research108,154,155 as was presented in section 2.6.
However, there is conflicting evidence as to whether treating below the thresholds
outside of trials is even a reasonable goal.156 An Australian trial of people aged 65-84
comparing the efficacy of ACE-I versus diuretic based drug regimens and using a
‘Target BP’ definition of a reduction of systolic/diastolic BP of at least 20/10 mm Hg and
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BP <160/90 mm, found that only 50% could meet it after 60 months of follow up and that
there was no difference in reaching that goal between the treatment groups.157

The majority of current CPG’s for hypertension do not identify a lower threshold at which
harms of treatment are likely to outweigh benefits. Figure 2.3 provides an example of
how a more nuanced use of a treatment intensity approach to hypertension CPG’s
would possibly identify both over and under treatment.

Figure 2.3 Example of potential integration of lower and upper systolic thresholds
for hypertension clinical practice guidelines
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For patients like Mrs. B, being able to estimate the harms and benefits of treatment
between an upper and lower SBP threshold, in the context of her multi-morbidity, frailty,
and dementia may have reduced her drug burden earlier. At this time, there are few
studies that consider a lower threshold to be able to present such a decision tool.
Making a reasonable estimate of the possible harms and benefits associated with
varying levels of treatment intensity is necessary for informed shared decisions at a
clinical level.

2.7

Concerns raised by observational studies of hypertension treatment

In contrast to the large randomized controlled trials finding benefit from treating
hypertension, and that largely inform CPG’s, some observational studies have found
that certain lower levels of blood pressure are unexpectedly associated with negative
outcomes such as increased rates of cognitive decline or death. The following
paragraphs will provide an overview of these studies.

Globally, there are several large cohort studies of older people, collecting
comprehensive datasets158–161 and investigators have published reports noting inverse
relationships between some surrogate measures and mortality and morbidity. For
example, the Leiden 85 plus study has been following people over 85 years old in
Leiden, Netherlands since 1987. They have an ongoing recruitment process that has
resulted in approximately 85% of the population being included and have found inverse
relationships between systolic blood pressure and negative outcomes159 where people
90 years old with a SBP ≤150 mmHg have a 1.62 increased mortality risk than if SBP
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>150 mmHg.162 The Milan 75+ Cohort Study, which recruited from a community-based
sample in a similar manner to the Leiden 85 study, reported a mortality HR 1.64 (95%CI
1.21-2.23) for SBP <120 mmHg and HR 1.32 (95%CI 1.10-1.60) for SBP 120-139
mmHg.161

A ten-year UK cohort study of 11,167 community-dwelling adults ≥70 years old found
that one year unadjusted survival for those people with index SBP >120mmHg was
97.1% compared to 83.6% in those with index SBP <100mmHg. 69.5% of those with a
SBP <100 mmHg (n=128 (1.2% of sample)) were taking at least one
antihypertensive.163

The Ravindrarajah study, reviewed in section 2.2.1, found that mortality in people ≥80
years old was lowest with SBP 140-159 mmHg and mortality was 2-3 times higher when
SBP was <120 mmHg.112 Being treated with antihypertensive agents, or not, did not
modify these results. This is similar to findings from Shih et al. which included a cohort
of 128,765 people ≥65 years from the Taipei City Elderly Health Examination Database
that found the adjust risk of all-cause mortality to be higher for SBP <110 mmHg, HR
1.12 (95%CI 1.05-1.20) when compared to 130-139 mmHg.164 Odden et al. used
NHANES data to examine blood pressure and mortality risk based on walking speed.
They found that for participants who could not complete the specified walking test a
SBP ≥140 mmHg was associated with a lower risk of death (HR 0.38 (95% CI 0.230.62).165
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These observational study results are not concordant with the RCTs which raises
questions about both representativeness of trial participants, as presented in section
2.4, or possible bias associated with observational studies.

2.7.1 Dementia and treatment intensity of hypertension
Dementia is a progressive disease that has a large effect on quality of life, morbidity,
mortality and health care resource consumption. Prevalence of dementia increases with
age and in Canada, a 2016 report from the Alzheimer Society of Canada said that in
2014, 514,000 people over the age of 65 had dementia at a cost of $9.5 billion in direct
and indirect costs.166 Our available treatments have only modest disease modifying
potential in a fraction of those affected.83 Being able to modify potential risk factors for
development and/or progression of cognitive disease would be of great interest to
society in general.

Hypertension, and systolic blood pressure in particular, and their relationship to
incidence and progression of dementia have been closely studied. However, the
resulting conclusions are mixed.167–174 There have been analyses of both blood
pressure levels and risk of dementia as well as antihypertensive treatment and risk of
dementia. Few studies have specifically looked at levels of treated blood pressure and
risk of dementia. The SPRINT trial101 included an arm to specifically examine the
associations between blood pressure treatment and cognitive function, but publication
of results have been delayed and are now expected in 2019.174
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In the meantime, a 2009 Cochrane review looked at 4 trials (HYVET,176 SHEP,177
SystEur178 and SCOPE179) that included people over the age of 60 and concluded that
there was not sufficient evidence to support lowering blood pressure in older people to
prevent cognitive decline.171 A more inclusive systematic review of 18 observational
studies by Power et al. in 2011169 had similar findings. Rouch et al. produced a review
of 38 studies in 2015 examining the link between hypertensive medication use and
cognitive decline found possible associations of protection from cognitive decline due to
specific hypertension medications but note the lack of homogeneity of study designs
and populations studied to be a barrier to definitive conclusions.174 In summary, the
quality of evidence to guide a treatment discussion of the dementia-related harms and
benefits of hypertension treatment, to a particular systolic blood pressure target, is
limited.

2.8

Hypertension treatment intensity among older people

The preceding sections of this chapter have explained why it is appropriate use
hypertension as an example asymptomatic condition to explore the relationship
between treatment intensity and polypharmacy. Hypertension’s prevalence, robust
experimental and observational research history, frequently collected surrogate
measure of blood pressure and widespread CPGs provide an opportunity to explore the
concept and postulate about potential implications of positive or negative findings.
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As outlined above, despite accumulated evidence, clinicians do not have populationspecific estimates of benefits and harms that might be made when hypertension is
treated in people ≥70 years old, particularly those that are frail and/or have dementia.120
Table 2.4 shows the how current guidelines relate to treatment intensity compared to
the proposed new approach. The red areas of the table indicate current absence and
the yellow areas, the proposed new aspects of treatment intensity definition.
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Table 2.4 Current versus proposed approach to hypertension treatment intensity
to be used in clinical practice guidelines
CURRENT GUIDELINE
DEFINITIONS

Undertreatment

“Just right”
treatment

Overtreatment

PROPOSED
TREATMENT INTENSITY
APPROACH
e.g. hypertension

Observed

Patient
Experience

Observed

Patient
Experience

Blood pressure
ABOVE certain
threshold

Harms of
disease
increased

Blood pressure
ABOVE upper
threshold

Harms of
disease more
than tolerable

Blood pressure
BELOW “target”
threshold

Harms of
disease
decreased

Blood pressure
BETWEEN
upper and lower
threshold

Both harms of
disease &
treatment are
minimized
according to
patient
preferences

Not defined

Not defined,
may have
reference to
“clinical
judgement”

Blood pressure
BELOW lower
threshold

Harms of
treatment more
than tolerable

The above modifications to guideline recommendations could facilitate the work of a
diligent clinician, caring for a patient like Mrs. B, and directly raise the idea that there
may be relevant evidence to support reduction or discontinuation of treatment for
hypertension.
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2.9

Summary

Hypertension is a prevalent condition and treatment decisions and surrogate measure
targets are common for people ≥70 years old. Unfortunately, an accurate estimate of
the harms and benefits associated with antihypertensive treatment, particularly for those
with co-morbidity or frailty, is not available. Despite this, CPG’s emphasize particular
systolic blood pressure treatment targets for all adults, regardless of their overall health
status. There is a possibility that hypertension is being treated to levels of systolic blood
pressure that may have increased harms and contribute to polypharmacy. Awareness
and definition of various treatment intensities may help improve patient care.
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Chapter 3: Association between polypharmacy and treatment
intensity of asymptomatic conditions in nursing home patients

3.1

Overview

What is already known: Polypharmacy is highly prevalent in Canadian nursing home
patients.180 Multi-morbidity is also highly prevalent,181 and concurrence of multiple
diagnoses may result in higher numbers of medications.182

What this study adds:
1. I describe how hypertension and diabetes are treated for a randomly selected
sample of 214 nursing home patients using a linked data set of patient charts,
acute care utilization data and dispensed medications.
2. I describe numbers of medications prescribed and whether treatment intensity
was associated with polypharmacy, or independently associated with treatment
intensity for those single diseases. Both diabetes and hypertension were found to
have a higher prevalence of lower surrogate markers than expected. General
polypharmacy was also found to be associated with more intense diseasespecific treatment.

Limitations: This is a small study from a relatively contained geography in a single
Canadian province. The study used only single readings for blood pressure and
glycosylated hemoglobin, having multiple measures over time would improve accuracy.
There are no consensus definitions of what constitutes overtreatment for hypertension
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and diabetes, this study used an arbitrary starting point that maybe inaccurate or
contentious.

Link to overall thesis: This study generated the hypothesis that an increased amount
of treatment intensity for an asymptomatic condition may be related to increased
polypharmacy an older nursing home older population.

3.2

Introduction

The right amount of treatment for frail elders living in nursing homes is a complicated
formula that includes awareness of a patient’s experience of quality of life, personal
values and thorough knowledge of the capability of our modern medical interventions.
Concern regarding possible harms of excessive prescribed medication has evolved into
a field of study captured by the umbrella term “polypharmacy”. Observational studies
have shown associations between polypharmacy and adverse events such as
hospitalizations and falls.183

Thus far, studies designed to reduce polypharmacy have typically used interventions to
reduce overall numbers of drugs, or avoid certain categories of drugs thought to be
inappropriate.184 To date, we lack both a consensus definition of polypharmacy23 and
reliable tools to affect polypharmacy and improve patient outcomes.32,185 To our
knowledge, no previous studies examine the potential role of greater treatment intensity
(i.e. attempts to achieve lower blood pressure in people with hypertension or lower A1c
in people with diabetes) as potential reasons for polypharmacy. Diabetes and
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hypertension are prevalent and lend themselves well to an exploration of treatment
intensity as those conditions have routinely collected surrogate markers (e.g., systolic
blood pressure and A1c) that give an objective measure of treatment intensity.

3.3

Project Objectives

The objective of this study was to examine, within a typical sample of nursing home
patients, whether polypharmacy associates with lower surrogates – and in particular,
whether it associates with blood pressure and A1c below a threshold which might be
considered overtreatment of diabetes and hypertension in such a frail population. This
exploration may suggest a relationship between overtreatment and more general
polypharmacy tendencies which could serve as an adjunct to current approaches that
identify unnecessary medications and facilitate deprescribing.

3.4
3.4.1

Methods
Setting and Participants

This is a cross-sectional study of a sample of 220 nursing home patients in Vancouver,
Canada. The patients resided at one of six not-for-profit nursing homes (total population
954 patients) that share a similar clinical staffing and pharmacy model. The random
sample was selected using an automated program to provide proportional
representation from all six facilities. Participants were eligible to participate based on
admission to facility on date of initial data gathering. The University of British ColumbiaProvidence Health Care clinical research ethics board approved the procedures of this
minimal risk study and waived the requirement of patient consent.
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3.4.2

Data Sources

Previous studies have established typical measures related to prevalence of
polypharmacy and were used here as a framework for data collection.186 Prescribing
data from the hospital pharmacy on a single date (June 24, 2014) was augmented with
patient demographics, medical history and chronic disease diagnoses from the patient’s
paper chart (collected July-November 2014). Acute care system use (emergency
department visits and hospital admissions) for the subset of patients admitted prior to
the date of pharmacy data collection (n= 147) was obtained from a local health authority
database (October 2014). These three data sources were linked using a unique
identifier. Appendix B provides details about the specific data collection and how data
sources were linked.

3.4.3

Variable definitions

Disease diagnoses, frailty and hospital transfer status
The included facilities do not use an electronic medical record and the available paper
chart diagnosis summary sheet was variable in its completeness. However, the disease
diagnoses of interest for treatment intensity, namely hypertension and diabetes, have a
locally available incentive fee code that requires regular documentation.187 Dementia is
often the disease that necessitates nursing home placement and was anticipated to be
reliably noted. Congestive heart failure was identified using: a) mention on the diagnosis
summary sheet; and/or b) prescription of furosemide188 and was included to identify
alternative reasons for observations of low blood pressure.
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Systolic blood pressure (SBP) and glycosylated hemoglobin (A1c) were single readings
recorded from the paper chart within 30 and 90 days, respectively, prior to the
pharmacy data collection date. Given the anticipated issues with completeness of the
paper chart medical history documentation, additional description of morbidity for the
sample is provided with: a calculation of frailty, and hospital transfer status. The Canada
Health Study of Aging-Clinical Frailty Scale (CHSA-CFS)73 was calculated using
standard functional assessments made by facility therapists. Possible scores are from
1-9, ≥7 is severely frail. Frailty score calculation was not possible for those who died
during data collection (n=35). “Do not hospitalize” status was included to provide
information about shared patient/family and provider expectations of medical
intervention and was identified by re-coding of a standard health authority “do not
attempt resuscitation” form.189

3.4.4

Polypharmacy definition and medication counting

Polypharmacy was defined as taking ≥9 regular medications, as this measure has often
been used in previous nursing home prevalence studies.180,186 Regular medications, the
sum of which equals the polypharmacy measure, is defined as all regularly prescribed
items requiring a physician’s order, regardless of route and including vitamins and
supplements. This definition was selected for the main analysis to describe both
regimen complexity and resources required by facilities to dispense and monitor
medications.19
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3.4.5

Treatment intensity and overtreatment definitions

For the purpose of this study we wished to identify patients whose surrogate measures
were lower than the ideal for such a frail, end of life population. Excessive treatment of
diabetes was defined as taking at least one hypoglycemic medication and having an
A1c of ≤7.5. This A1c threshold was chosen as evidence suggests lower A1c is
associated with a higher risk of serious harm due to hypoglycemia than potential
treatment benefit.190 Overtreatment of hypertension was defined using a study of frail
elders by Mossello et al.191 who found that an older (mean age 79) cohort of cognitively
impaired (mean MMSE 22.1) people had increased harm for an accelerated cognitive
decline if SBP was ≤128 mmHg (MMSE reduction -2.8 points versus -0.7 with higher
SBP (p=.003)). A measure of polypharmacy, independent of disease specific treatment,
was created by subtracting the number of disease specific medications from the total
number of prescribed medications. This allowed exploration of a potential causal
relationship between disease-specific overtreatment and more general polypharmacy
prescribing tendencies.

3.4.6

Analysis

Previous reported estimates of population prevalence of polypharmacy have had wide
variation (2%–91%).186 Therefore, we used an estimate of prevalence of 50%, based on
previous unpublished quality work done in the region, to calculate a sample size of 220
that would provide a precision level of 5%–6% with a 95% CI.192 Descriptive statistics
were used to describe the study population according to polypharmacy status, and the
prevalence of polypharmacy and diabetes and hypertension. Tests of association used
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analysis of variance (ANOVA), unpaired t-tests, " and Mann-Whitney U test, where
appropriate. Values of p<0.05 were considered statistically significant. All statistical
analyses were performed with IBM Statistical Package for the Social Sciences software
(V.24.0; IBM).

3.5

Results

Data gathering was completed for 214 patients (6 died between date of randomization
and accessing paper charts). Demographic and medical history characteristics of the
study participants are presented in Table 3.1. The mean number of regular medications
prescribed was 8.7 (SD ±3.9, 95% CI 8.2-9.2). Possible associations between facilities
or prescribing doctors and the mean number of medications were assessed using an
ANOVA calculation and were not statistically different.
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Table 3.1 Patient characteristics by polypharmacy status
≤8 medications
(n=110)
86 ± 9

≥9 medications
(n=104)
84 ± 10

P value

33 (30)

34 (32)

p=0.67

861 (276, 1905)

741 (274, 1721)

p=0.50

Frailty score (CHSA-CFS)*,
Median (IQR)

n=93
7 (7,7)

n=86
7 (7,7)

p=0.73

Dementia, n (%)

78 (71)

59 (57)

p=0.03

Hypertension, n (%)

72 (66)

81 (78)

p=0.04

Congestive heart failure, n (%)

10 (9)

25 (24)

p=0.003

Diabetes, n (%)

24 (22)

33 (33)

p=0.07

Systolic blood pressure, mmHg, mean ±SD

126 ±18

127 ±18

p=0.54

Diastolic blood pressure, mmHg, mean ±SD

66 ±12

66 ±10

p=0.94

n=28
6.2 (5.9, 7.0)

n=46
6.2 (5.6, 6.7)

p=0.43

35 (32)

27 (26)

p=0.35

Characteristic
Age in years, mean ±SD&
Male, n (%)
Length of Stay in nursing home in days,
Median (IQR) &

A1c†, %
Median (IQR)
Do Not Hospitalize Designation (stay at
facility for all care, even in case of acute
illness), n (%)

p=0.72

&

mean and standard deviation (SD) are used to describe normally distributed data and median and
interquartile range are used for non-normally distributed data.
* Calculation of Canada Health Study of Aging-Clinical Frailty Scale (CHSA-CFS)73 was done OctoberNovember 2014, data are missing for 35 participants due to their deaths and subsequent loss of chart
access. A higher score=increasing frailty; ≥7 is severely frail.
† A1c measured on 74 patients, but only 57 have a diagnosis of diabetes.

Acute care health services use (hospital admissions and emergency department (ED)
visit) were analyzed for those patients who were admitted to the nursing homes during
the 365 day acute care use data collection period, n=147. There was no difference in
acute care service use between those with polypharmacy versus not. Of the 147
included patients, 117 (80%) had no transfers to the ED and 128 (87%) had no hospital
admissions.
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Blood pressure measurements were available for all patients in this sample, 92% had a
SBP of ≤150 mmHg, 60% ≤130 mmHg. There was no significant difference in mean
SBP between those patients with or without a diagnosis of CHF. At least one
hypertension medication was prescribed to 120 people, 16 of those did not have a
diagnosis of hypertension in their chart. Eighty-five percent of the patients with diabetes
had an A1c ≤8.5%, 74% had an A1c ≤7.5% and 26% had an A1c ≤6%.

In figure 3.1, each dot represents an individual’s systolic blood pressure (mmHg) and
total number of hypertension medications prescribed. The horizontal line inserted on the
figure is for 128 mmHg, the value that was used to determine overtreatment.191
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Figure 3.1 Systolic blood pressure and number of hypertension treatment
medications

3.5.1

Prevalence of overtreatment and association with polypharmacy.

Twenty-five of the 57 patients with a diagnosis of diabetes were prescribed at least one
regularly dosed hypoglycemic medication, and 13 of these 25 (52%) patients met our
definition of overtreatment (A1c ≤7.5%).190 The mean number of hypoglycemic drugs
did not differ between the treated and over treated groups (1.5 ±1.2 versus 2.1 ±0.6). Of
the 153 patients with a listed diagnosis of hypertension, 110 were prescribed at least
one hypertension treatment medication, and 48 (44%) met the study-defined criteria191
for overtreatment (SBP ≤128 and ≥1 hypertension medication). The mean number of
hypotensive drugs did not differ between those treated and over treated (1.9 ± 0.9
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versus 1.9 ±0.8). Table 3.2 presents two measures of association between
overtreatment and polypharmacy. In patients with diabetes, those over treated received
3.8 more medications (excluding hypoglycemic medications) compared to those not
over treated. For hypertension the over treated patients received 0.7 more medications
but this difference was not statistically significant.
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Table 3.2 Diabetes and hypertension overtreatment and associations with
polypharmacy
a. Diagnosis of disease and polypharmacy
Patients with presence of disease
Regular
diagnosis in chart
meds ≤8
Overtreated diabetes‡
2/24 (8.3%)
Overtreated hypertension§

Regular
meds≥9
11/33 (33%)

16/72 (22%) 32/81 (40%)

Relative Risk
(95% CI)
4.00 (0.97-16.41)

p value
(z statistic)
0.054

1.77 (1.07-2.96)

0.027

b. Intensity of disease-specific treatment and general polypharmacy
Patients receiving at least one
Total medications prescribed
drug for disease treatment
MINUS hypoglycemic drugs||, mean ±SDSD
Overtreated diabetes, n=13
11.0 ±3.7
Treated diabetes, n=12
7.2 ±3.1
Total medications prescribed MINUS
hypotensive drugs¶, mean ±SD
Overtreated hypertension, n=50
8.4 ±3.8
Treated hypertension, n=60
7.7 ±2.9

P value (ttest)
.01
.285
-

‡ Overtreated diabetes = having a diagnosis of diabetes, taking at least one hypoglycemic medication and having a
A1c ≤7.5%193
§ Overtreated hypertension = having a diagnosis of hypertension, a SBP ≤ 128 and hypertension medications ≥ 1191
|| where hypoglycemic drugs = biguanides, sulfonylureas, alpha-glucosidase inhibitors, any insulin and/or dipeptidyl
peptidase-4
¶ where hypotensive drugs = angiotensin-converting enzyme inhibitors, calcium channel blockers, diuretics, βblockers, angiotensin II type 1 receptor antagonists and α-adrenergic blocking agents, older agents including:
methyldopa, reserpine and hydralazine were not found to be used in this cohort.

3.6

Discussion

This study demonstrates that polypharmacy is associated with a greater (potentially
excessive) lowering of surrogates (SBP, A1c). Not surprisingly, and consistent with
previous polypharmacy studies,186,194 we found that patients prescribed ≥9 medications
were more likely to have diagnoses of hypertension (p=.04) and CHF (p=.003).
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Severe frailty and chronic disease treatment
The majority of this study’s participants were severely frail (7/9 score on CHSA-CFS)73
and had a diagnosis of dementia, which was expected given the strict requirements for
nursing home admission in British Columbia. Clinical practice guidelines for older adults
with hypertension and diabetes have begun to include discussion of frailty-informed
treatment decisions with relaxed surrogate marker targets,195,196 but lack specific
thresholds for overtreatment or guidance on “de-intensifying”. Our results show that
54% of treated diabetics have an A1c ≤7.5% and 44% of treated hypertensives have an
SBP ≤128. In our view, frailty-specific guidelines that both identify a lower surrogate
measure threshold that would define overtreatment and outline steps for deprescribing
of blood pressure and glucose lowering drugs could be indicated in such patients.

Overtreatment as an indicator of inappropriate polypharmacy
We have demonstrated a statistically significant association between overtreatment of
blood pressure and polypharmacy. We have similarly found an association between
polypharmacy and overtreatment of blood sugar (4.0 RR) that borders on statistical
significance (p = 0.054). Conceivably, these associations may be causal, with lower BP
and lower A1c being indicators of a more aggressive overall treatment mindset on the
part of the prescriber.

Harm reduction in the setting of polypharmacy has often focused on categories of
“inappropriate” medications. However, recent research suggests that “appropriate”
medications, such as those used to treat diabetes and hypertension, are more
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frequently the cause of adverse drug reactions that result in emergency room visits and
hospitalizations.47 For patients ≥80 years old presenting to the emergency room with an
adverse drug event, 15.2% (95%CI 11.4-19.0) were due to diabetic agents, whereas
only 3.4%. were due to Beers criteria medications.27 Focusing harm reduction on the
intensity with which common medications are employed in the elderly might have as
much (or more) utility than searching for drugs that are deemed inappropriate.

Limitations
This study took place in a single geographic region (British Columbia’s lower mainland)
and used a cross sectional format which provides only a “snap shot” observation of the
data. Mortality rate is high in this population and loss of access to charts upon death
affected some data collection. Inclusion of surrogate markers, A1c and SBP, are unique
in this study however a limitation was having only a single measure for each. Measureto-measure variability is common in this frail population, and a mean of at least three
readings could have provided a more robust measure of treatment intensity, such as
would be possible with a longitudinal design.

The definitions of overtreatment used in this study are arbitrary. Given the lack of
current evidence on which to create such definitions, the specific thresholds used are
debatable and will likely evolve for research purposes as new evidence emerges. They
are proposed here, with rationale, as a starting point from which to reconsider the
approach to polypharmacy. Finally, our sample size was not large enough to conduct
more sophisticated statistical testing (e.g. regression modeling), therefore, there are
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unmeasured variables that could also account for treatment intensity. We suggest more
work needs to be done using a larger sample inclusive of a diversity of nursing homes
and community dwelling residents.

3.7

Conclusions

Additional research that provides concrete quantifications of benefits and harms for
ranges of treatment intensity are needed. In the meantime, this study is useful in two
ways: 1) it suggests that overtreatment in this population may be quite prevalent and 2)
that the presence of polypharmacy is to some degree associated with more intensive
treatment of surrogate markers. Reduction in treatment-specific medications could both
reduce potential of harms of overtreatment and reduce the overall number of
prescriptions. Future studies to reduce polypharmacy and improve pharmacological
appropriateness may benefit from consideration of treatment intensity for hypertension
and diabetes.
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Chapter 4: Treating hypertension in Canada: a cohort study of
treatment intensity and polypharmacy for patients ≥70 years old

4.1

Overview

Relationship to overall dissertation: This chapter describes how hypertension in
community-dwelling Canadians ≥70 years old is being treated by primary care
clinicians. An accurate baseline measure could increase accuracy for estimates of the
potential harms and/or benefits of interventions related to treatment of hypertension.
This study also tests the hypothesis generated in Chapter Three: that greater treatment
intensity of an asymptomatic condition increases general prescribing in a communitydwelling older population.

What is already known: Hypertension is a risk factor for increased cardiovascular
mortality and morbidity176 and has been estimated to affect as many as 70% of
Canadians ≥ 70 years old.109 Multi-morbidity is also highly prevalent,181 and
concurrence of multiple diagnoses may result in higher numbers of medications.182
Polypharmacy is a widespread concern in Canada, a 2012 study found 27% of people
>65 years old had claims for 10 or more drug classes.197 Polypharmacy has been linked
to increased adverse drug reactions198 and admissions to hospital.l199
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What this study adds:
1. A detailed description of how hypertension is being treated in primary care for
Canadians ≥ 70 years old, including types of drugs and resulting blood pressure
measures.
2. An exploration of associations between intensity of hypertension treatment and
rates of non-hypertension prescriptions (i.e. prescriptions for conditions other
than hypertension), specifically the relationship between a treated systolic blood
pressure (SBP) <120 or diastolic blood pressure (DBP) <70 mmHg and the
numbers of non-hypertension prescriptions.
3. A comparison of the characteristics of the patients included in this study to those
included in recent hypertension treatment trials to estimate ability to generalize
RCT results to a non-experimental primary care population.

Link to overall thesis: Treatment of hypertension has rarely been considered as
inappropriate or contributing to overtreatment. Observations about associations
between hypertension treatment intensity and previously described forms of
overtreatment, like polypharmacy, may help identify areas for effective interventions to
reduce overtreatment.
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4.2

Introduction

Hypertension is associated with increased cardiovascular morbidity and mortality.105
Treatment of hypertension has been found to reduce these events in some
studies;102,176,200 however, there are concerns about the generalizability of the
interventions to a heterogeneous population of older adults typically found in primary
care, given trial exclusion criteria,201 outcome selection134 and selective results
reporting.202

The recent SPRINT trial that compared hypertension treatment targets of 140 mmHg
and 120 mmHg (introduced more fully in this dissertation, in Chapter 2), included a
subset of community dwelling people ≥75 years, and found a significant reduction in a
composite cardiovascular event outcome.203 This has resulted in the Canadian
hypertension guidelines now including a recommendation that “high-risk patients” be
considered for intensive management to target a systolic BP <120mmHg.204 This
recommendation comes with specific caveats around who should be considered for the
target (people with clinical or sub-clinical cardiovascular disease, chronic kidney
disease, a 10 year global cardiovascular risk >15% or age ≥75 years old) and a
description of the possible risks (e.g. hospitalization for electrolyte disturbance, acute
kidney injury, etc). Having an accurate description of how hypertension is being treated
in primary care and how the characteristics of the population compare to those included
in randomized trials, like SPRINT, could improve estimates of possible population
benefits and harms.
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Existing published reports of hypertension treatment patterns in Canada are limited to
descriptions of proportions of the population screened, diagnosed, treated and having a
treated systolic blood pressure below 140 mmHg.38,109,110 Having a more detailed
source that describes specific use of drugs (number and type of agents) and details of
resulting effects, including systolic blood pressure (SBP) <120 mmHg, diastolic blood
pressure, pulse pressure, and coefficient of variation may give a more detailed
description that could explain variation in expected treatment effects between people
enrolled in trials and those treated more generally in primary care.

The results from Chapter 3 described a significant association between the most
intense treatment of hypertension and increased non-hypertension polypharmacy in
frail, nursing home-dwelling older people. If this association is found in a larger,
community-dwelling sample it could help clarify the possible reasons behind
polypharmacy and direct future research to reduce unnecessary prescribing or
overtreatment.

4.2.1

Research Questions Addressed by this Study

This study addressed two questions regarding blood pressure treatment for community
dwelling Canadians ≥ 70 years old, observed over a two-year period.
1) How is blood pressure treated in Canada? and
2) What are the demographic and health status characteristics and quantities of nonhypertension prescribing that are associated with having “most intensely treated”
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hypertension (defined as blood pressured treated to SBP <120 mmHg or DBP <70
mmHg)?

Data are presented using the four systolic blood pressure categories in the 2017
Canadian Hypertension Education Program guideline96 and include: patient
characteristics, which medications are used to treat blood pressure the resulting
measures of systolic and diastolic blood pressure, pulse pressure and coefficient of
variation of blood pressure.

4.3
4.3.1

Methods
Study design and data source

Data for this cohort study were obtained from the Canadian Primary Care Sentinel
Surveillance Network (CPCSSN), which provided a representative sample of
community-dwelling older adults being treated for hypertension.205 CPCSSN is a
network of networks across Canada, where primary care clinicians voluntarily
participate in electronic medical record extraction of de-identified data for the purposes
of chronic disease surveillance, quality improvement and approved research purposes.
It is an actively growing database of clinical data on primary care activities for over 1.6
million Canadians across seven provinces, who receive care from the more than 1400
participating family physicians and nurse practitioners (sentinels).10
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Each patient record includes age, sex, CPCSSN validated diagnoses206 (including:
hypertension, diabetes, osteoarthritis, depression, dementia, epilepsy, Parkinsonism,
chronic obstructive pulmonary disease (COPD)), all ICD-9 diagnostic codes associated
with primary care billing and drug prescriptions (categorized according to World Health
Organization’s Anatomic Therapeutic Chemical (ATC) Classification System codes207).
A complete description of the precise ICD-9 codes, free text entries, medication
prescriptions and lab results are available at the CPCSSN.ca website.208 The project
received ethics approval from the Providence Health Care’s UBC Clinical Research
Ethics Board. A consent waiver was granted because the data are anonymized.

4.3.2

Participants

Inclusion criteria for the cohort required age ≥ 70 years, a diagnosis of hypertension,
prescription of at least one renewed hypertension medication treatment and at least
three measures of blood pressure during the observation period. Hypertension
diagnosis used a validated algorithm206 that included searches from diagnosis and
billing codes, string text entries for both patient visits (encounters) and prescription data.
Data for this analysis included eligible patients who were observed for two years. The
specific start and end times for each participants’ observation varied depending on their
age and at what point the patient joined the participating clinician or when the clinician
started using an EMR, whichever came first. Figure 4.1 describes how the observation
time period was defined.
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Figure 4.1 Definition of the cohort observation period and inclusion criteria

4.3.3

Patient characteristics and variables of interest

Patient characteristics, including: age, sex, weight, smoking status, LDL cholesterol and
glycosylated hemoglobin (A1c) are taken directly from the patient record.

Hypertension diagnosis and antihypertensive medication therapy
Diagnosis of hypertension was determined with the CPCSSN algorithm, which uses a
combination of diagnosis codes, EMR string text entries, and medication prescribing.
This process has previously been shown to have sensitivity of 84.9%, specificity of
93.5%, and positive predictive value of 92.9%.206 A participant was defined as having
treated hypertension if prescribed at least one renewed hypertension medication during
the observation period. Categories of drugs with hypertension medication effect were
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identified from clinical practice guideline recommendations209 and a meta-analysis of
drug class effect on blood pressure.210 WHO ATC codes211 were used to identify
prescription of these agents, where: C02 (Antiadrenergic agents), C03(diuretics), C07
(Beta Blocking Agents), C08 (Calcium Channel Blockers), C09 (Agents acting on the
renin angiotensin system). See Figure 4.2 for a complete list. This list is more
comprehensive than the list of drugs typically considered in published clinical practice
guidelines for treatment of hypertension, as we wished to identify all drugs which may
be lowering blood pressure.
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Figure 4.2 List of included hypertension medications
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Blood pressure measures
Systolic and diastolic blood pressure (SBP and DBP) were taken directly from the
patient clinical record and were reported as mean values. Inclusion criteria required at
least 3 blood pressure readings over two years as this was felt to be the minimum
frequency reasonable to accurately describe actual blood pressure and variation
between readings. There is little published literature to guide this definition; however,
reference to other studies that recorded blood pressure results suggested this was a
reasonable minimum.212–214 Similarly, we chose two years over which to make our
observations as we felt this was a reasonable length of time for primary care providers
to adjust drug therapy.

Treatment intensity
Categories of SBP were based on the 2017 Canadian hypertension treatment
guidelines: <120, 120-140, 140-160 and >160 mmHg.96 Hypertension treated to <120
mmHg was the lowest category used in the presented analyses as it is the lowest
treatment target identified in the Canadian guideline. This category was referred to as
having the highest treatment intensity.

Quantification of polypharmacy and antihypertensive drug counting
There is no gold standard for the definition of polypharmacy.23 Many Canadian studies
have used a cut-off of 9 medications or more to indicate polypharmacy.180 CPCSSN
prescription information is limited to date prescribed, agent, dose, frequency and
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quantity for all agents that were prescribed, not those that were necessarily dispensed
and consumed.

The total number of prescriptions written during the observation period was called “total
prescriptions”. To count hypertension medication (complete list in Figure 4.2), we used
the presence of a repeat prescription for the same agent, within the observation period,
as a surrogate for confirmation that the prescribed medication was being dispensed and
used. This process was not possible for all the non-hypertension prescriptions due the
quantity and diversity of different drugs prescribed and the subsequent data programing
requirements. As we were interested in the possible relationships between excessive
prescribing for non-hypertension-related conditions and treated hypertension, we
created a measure of non-hypertension prescribing which is equal to the total number of
prescriptions during the observation period minus the total number of repeated
hypertension medications. This quantity was called “total non-hypertension
prescriptions” and was used in three ways: as a continuous variable, as a binary
variable of <9 or ≥9; and quintiles.

Outcome and predictor variables
The study I carried out in Chapter 3 found an association between increased nonhypertension related prescribing when blood pressure was treated most intensely in
nursing home patients.7 To see if this relationship persisted in community-dwelling
people, I used quintiles of non-hypertension medications as the independent predictor
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variable and treated SBP <120mmHg or DBP <70mmHg as the dependent outcome
variables.

Covariates for multivariate logistic regression model
Covariates were identified and included to adjust for potentially confounding effects. The
literature was reviewed to identify which characteristics and disease states could be
expected to be associated with lower blood pressure measures. Female sex, increasing
age,215 congestive heart failure216 and Parkinson’s disease217 have all previously been
found to be associated with decreased SBP and were included. Dementia has been
found to be associated with higher blood pressure,218 and hypertension treatment
guidelines for people with known cardiovascular conditions and risk factors, including
diabetes, often include lower SBP targets.95,195 Depression has been hypothesized to
be aggravated by low blood pressure219 and osteoarthritis and COPD often require
multiple prescriptions,220 so these conditions were included to explore other
associations.

Comorbidity information was collected directly from CPCSSN data using either a
previously validated CPCSSN disease algoritms,8,206 or a search for specific ICD-9
billing codes. ICD-9 code searches were added to better describe cardiovascular comorbidities and included: congestive heart failure,188 other cardiovascular disease and
cerebrovascular disease. Diagnoses were considered present if recorded in the health
record at least once in the baseline period. Figure 4.3 provides additional detail about
identification of the comorbidities reported in this study, including specific ICD9 codes.
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The number of changes to the electronic medical record is included as a surrogate
measure of health services utilization, these changes to the record which include: visits
to primary care, notes added by other team members, results from lab tests being
added, etc and a larger number of changes are assumed to be associated with a higher
level of co-morbidity.

CPCSSN algorithm details available from: CPCSSN_DiseaseDefinitionsFINAL_July16-2014.pdf208

Figure 4.3 Comorbidity variable definitions and data sources
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Burden of Illness
People being more sick, and generally unwell, is a possible explanation for having a
lower blood pressure.221 Ideally, we would calculate a standardized measure of comorbidity (e.g. the Charlson Comorbidity Index222,223) to identify those participants who
were more generally unwell. However, this calculation was not possible within the
CPCSSN data. Instead, using a directed literature search and the variables available,
we identified four variables that could help identify those participants with an increased
burden of: the count of all co-morbidities of interest (Figure 4.3),224 changes made to the
medical record,225 number of blood pressure measures and variation between an
individual’s SBP readings, expressed as the coefficient of variation.226 Increased
variability in blood pressure has been found to be associated with poorer prognosis and
increased all-cause mortality.213,226–229

4.3.4

Statistical Analysis

Measures of central tendency and variation were examined for all continuous variables:
mean and SD for normally distributed variables and median and IQR for non-normal
results. All continuous variables were tested for normality of distribution using the
Kolmogorov-Smirnov test. Comparisons of frequencies of patient characteristics
between categories of SBP are presented using a t-test, analysis of variance (ANOVA),
chi-squared or Kruskal Wallis tests, as appropriate.

We used a multivariate logistic regression model to assess the relationship between the
dependent outcome variable, treated SBP to <120 mmHg or DBP to <70 mmHg, on the
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independent predictor variable, numbers of non-hypertension prescriptions. At present
there is insufficient evidence to say whether increased prescribing is the cause of a
lower treated SBP/DBP or vice versa. This dataset allowed for a precise definition of
treated blood pressure whereas our ability to describe prescribing was less precise.
Therefore, we used treated SBP <120 mmHg or DBP <70 mmHg as the dependent
outcome variable. Covariates in the model, including: age, sex, co-morbidities of interest
and surrogate measures for burden of illness, were selected a priori due to what is
known about their relationships with treated blood pressure and other prescribing.

In secondary analyses, we performed a sub group analysis by the presence or absence
of ≥3 comorbidities and all statistical tests were performed using IBM SPSS Statistics
for Macintosh, Version 24.

4.4

Results

A total of 25,737 cohort members with treated hypertension were included. Figure 4.4
shows how the inclusion criteria were applied to create our cohort.
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4.4.1

Members of cohort

Figure 4.4 Cohort creation, flow diagram

4.4.2

Cohort Characteristics

The mean age of this cohort was 82.3 +/- 6.7 years and 61.2% were female. All
variables reported in Table 4.1 were found to have normal distribution, with the

86

exception of number of: EMR record changes, hypertension medications and comorbidities. Smoking data was missing for 17,560 (68.2%) members of the cohort.
Weight, LDL and A1c were present for 22,856 (88.8%), 21,019 (81.7%) and 17,487
(67.9%) participants, respectively. Twenty-seven percent of participants (n=6937) had a
concurrent diagnosis of diabetes and 3578 (14.6%) had CHF. Table 4.1 presents the
cohort characteristics by SBP category.

When compared to the participants in the other three categories, participants with
treated SBP <120 mmHg were more likely to be male (51.4%), current or past smokers
(17.2%), and had higher rates of most co-morbidities, including the highest proportion of
people (36.3%) with 3 or more co-morbidities (in addition to hypertension). This group
was also more likely to receive ≥ 9 non-hypertension prescriptions (48.0%).
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Table 4.1 Cohort characteristics, by systolic blood pressure (SBP) category

Total participants, N=25,737, n (%)

SBP
<120 mmHg

SBP
120-139 mmHg

SBP
140-159 mmHg

SBP
>160 mmHg

2300 (9)

14,603 (57)

7,843 (30)

991 (4)

1104 (48.0)

5416 (37.1)

2533 (32.3)

266 (26.8)

82.4 ±6.9

82.0 ±6.6

82.7 ±6.7

84.0 ±7.0

% female

1118 (48.6)

8696 (59.4)

5220 (66.6)

720 (72.7)

Female weight, (kg) mean ±SD

72.2 ±22.8

73.2 ±22.6

73.5 ±23.1

71.8 ±22.3

Male weight, (kg) mean ±SD

86.1 ±24.0

88.7 ±24.3

88.5 ±24.5

86.5 ±24.3

Smoking#, Current or Past, n (%)

393 (17.1)

2073 (14.2)

1077 (13.7)

126 (12.7)

≥9 non-htn prescript. (polypharmacy), n (%)
Age, mean ±SD

LDL, median, (IQR) n =21,019

2.0 (1.5,2.6)

2.3 (1.7,2.9)

2.6 (1.8,3.2)

2.7 (2.0,3.4)

A1c, % median (IQR) n =17,487

6.0 (5.7,6.5)

6.0 (5.7, 6.5)

6.0 (5.7, 6.4)

6.0 (5.7,6.5)

Diabetes, n (%)

730 (31.7)

4018 (27.5)

1931(24.6)

258 (26.0)

Congestive heart failure (=CHF), n (%)

633 (27.5)

2040(14.0)

962 (12.3)

123 (12.4)

Other cardiovascular disease, n (%)

781 (34.0)

3208(22.0)

1281(16.3)

136 (13.7)

Cerebrovascular disease, (incl. stroke) n(%)

113 (4.9)

700 (4.8)

303 (3.9)

29 (2.9)

Dementia, n (%)

407 (17.7)

2019 (13.8)

994 (12.7)

115 (11.6)

Depression, n (%)

426 (18.5)

2100 (14.4)

902 (11.5)

91 (9.2)

39 (1.7)

160 (1.1)

65 (0.8)

9 (0.9)

Chronic obs. pulm. dz. (COPD), n (%)

448 (19.5)

1907(13.1)

852 (25.9)

83 (8.4)

Osteoarthritis, n (%)

700 (30.4)

4382(30.0)

2382(30.4)

237 (23.9)

19 (13,29)

CONCURRENT COMORBIDITIES

Parkinson’s disease, n (%)

BURDEN of ILLNESS & BP MEASURES
# health record changes, median, (IQR)

25 (16,37)

22 (15,33)

21 (14,31)

≥ 3 co-morbidities, n (%)

834 (36.3)

3297 (22.6)

1391 (17.7)

136 (13.7)

Co-efficient of variation for SBP, mean ±SD

0.09 ±0.04

0.08 ±0.04

0.09 ±0.04

0.10 ±0.10

Diastolic blood pressure, mmHg, mean ±SD

66.9 ±6.4

72.8 ±6.9

76.3 ±7.8

81.2 ±9.5

Pulse pressure, mean ±SD

47.3 ±6.8

58.5 ±7.9

70.8 ±9.0

87.2 ±11.4

7 (5,11)

7 (5,11)

8 (5,13)

7 (4,11)

1 antihypertensive medication n (%)

799 (34.7)

5848 (40.0)

2921 (37.2)

331 (33.4)

2 antihypertensive medications, n (%)

776 (33.7)

4904 (33.6)

2578 (32.9)

311 (31.4)

3 antihypertensive medications, n (%)

472 (20.5)

2579 (17.7)

1480 (18.9)

193 (19.5)

≥4 antihypertensive medications, n (%)

253 (11.0)

1272 (8.7)

864 (11.0)

156 (15.7)

Thiazide(-like) diuretics, n (%)

603 (26.2)

5525 (37.8)

3338 (42.6)

432 (43.6)

Angiotensin Convert. Enzyme Inhibitors, n (%)

1011 (44.0)

5809 (39.8)

3075 (39.2)

382 (38.5)

Angioreceptor Blockers, n (%)

575 (25.0)

3778 (25.9)

2278 (29.0)

327 (33.0)

Calcium Channel Blockers, n (%)

734 (31.9)

5836 (40.0)

3446 (43.9)

466 (47.0)

Beta blockers, n (%)

# BP readings, median, (IQR)
ANTIHYPTERTENSIVE* PRESCRIBING

1114 (48.4)

5118 (35.0)

2572 (32.8)

384 (38.7)

Spironolactone, n (%)

130 (5.7)

268 (1.8)

118 (1.5)

17 (1.7)

Furosemide, n (%)

524 (22.8)

1670 (11.4)

779 (9.9)

94 (9.5)

28 (1.2)

155 (1.1)

120 (1.5)

16 (1.6)

Alpha-blockers, n (%)

# Smoking data missing for 16,422 members of cohort
* Figure 4.2 has a complete list of hypertension medications that were included. If drug class was present more than once, was only
counted once.
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Blood pressure treatment measures and classes of prescriptions
Table 4.1 also provides a detailed description of blood pressure measures and classes
of drugs used for treatment. The largest proportion of people being prescribed ≥4
classes of hypertension medications were those who had a SBP >160 mmHg (15.7%).
For those in the lowest SBP category, there were the highest prescribing rates for
furosemide (22.8%) and spironolactone (5.7%), which are often used in combination to
treat congestive heart failure (CHF). For the entire cohort, frequency of prescription of
classes of hypertension medications suggested by the Canadian Hypertension
Education Program,96 was as follows: thiazide 38.9%, ACE-I 39.9%, ARB 27.0%, CCB,
42.0% and beta blockers 36.7%. To assess for influence of a CHF diagnosis on
prescribing patterns for hypertension, we removed the cohort members with a diagnosis
of CHF and found these proportions were only slightly changed, where thiazide 41.4%,
ACE 39.5%, ARB 26.7%, CCB 41.1% and for beta-blockers 33.4%.

Number of total prescriptions and comorbidity
An increase in the number of total prescriptions was significantly associated with having
a higher number of disease diagnoses. An ANOVA (p<.0001) comparing the mean
number of prescriptions to the sum of comorbidities (0 for just hypertension to a
maximum of 9 comorbidities) shows the same pattern where an increasing number of
diagnoses results in a higher mean number of prescriptions (Figure 4.5). The mean
number of prescriptions for those participants with just hypertension (n=6824) versus
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those with three or more additional comorbidities (n=5658) was 6.97 versus 13.25, t-test
<.0001, mean difference 6.28 (95% CI 6.10-6.46).

Figure 4.5 Mean of total prescriptions and number of co-morbidities in addition to
hypertension

Figures 4.6 and 4.7 presents the adjusted logistic regression model results where the
binary outcome of treated SBP <120 and DBP <70 mmHg were explored for
associations with various participant characteristics. Less than or equal to 3 was used
as the reference category for comparison with quintiles of non-hypertension
prescriptions. A significant association was seen for all comparison quintiles in both
SBP and DBP.
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Figure 4.6 Multivariate logistic regression model: odds ratios associated with
systolic blood pressure treated to <120 mmHg
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Figure 4.7 Multivariate logistic regression model: odds ratios associated with
diastolic blood pressure treated to <70 mmHg
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The logistic regression model found that having blood pressure that is treated to SBP
<120 or DBP <70 mmHg was significantly associated with also receiving more nonhypertension prescriptions.

4.5

Discussion

In this study of more than 25,000 Canadians ≥70 years old, I found that having a treated
SBP <120 or DBP <69 mmHg was associated with an increased likelihood of being
prescribed more non-hypertension medications. Further, we found that 9% (2300)
members of the cohort have a treated systolic blood pressure <120 mmHg, and also
appear to be generally more unwell.

Association between treated systolic blood pressure and polypharmacy
To my knowledge, there is limited literature describing associations between
polypharmacy and hypertension treatment intensity. Similarly, the exploration of how
treatment of asymptomatic risk factors, like hypertension, may affect polypharmacy has
only recently garnered attention.230 Benetos et al. published a systemic review of
hypertension guidelines for “very old and frail people” (≥80 years old) that included a
discussion about the concern of polypharmacy and the potential contribution of
hypertension medications to adverse effects,231 but did not include any analysis
demonstrating observed associations. Larger numbers of prescriptions for participants
might be explained by a larger burden of illness (whether with chronic or symptomatic)
and requiring more drugs on that basis, i.e. that those whose SPB is treated to <120
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mmHg in this study are more unwell than the rest of the sample. This is potentially
supported by the observations in Table 4.1 that there are more EMR record changes,
more prescriptions, and a higher prevalence of dementia and depression. Most notably,
the prevalence of CHF is almost twice as high as in any other category of blood
pressure. If patients are more generally unwell, it may be the physiological processes
that result in a lower blood pressure, rather than an intentional hypertension treatment
strategy. The use of hypotensive medications may be used for treatment of symptoms,
for example CHF exacerbations. However, the covariates used to describe burden of
illness used in the logistic regression models did not show this, which could indicate a
problem with the choice of variables or that the presence of ≥4 non-hypertension
prescriptions, other cardiovascular disease and congestive heart failure are in fact
better predictors of who will have a treated SBP <120 or DBP <70 mmHg.

Alternatively, it could be that the same philosophy of prescribing that results in someone
having a treated SBP <120 mmHg or DBP ≤70 mmHg also translates to more
aggressively prescribing for other conditions. At this time, I am unaware of any other
literature identifying/exploring this relationship. If it is related to a “prescribing
philosophy”, identifying a lower threshold above which the surrogate should remain
could possibly translate to decreased prescribing for other conditions as well. For
example, if a patient is being treated for hypertension with 25 mg of hydrochlorothiazide
and 5mg of ramipril and has a blood pressure of 110/62 mmHg, a guideline that
included both a lower and upper threshold for a treatment target, could advise
considering discontinuing one or both of the prescribed medications, until the blood
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pressure measurement is consistently between the lower and upper thresholds
recommended. By reducing the treatment of blood pressure in this way, it is possible
that the prescriber may give consideration to other prescriptions which may be
“excessive”. Previous drug class-specific deprescribing studies have not reported on
effects on numbers of prescriptions for additional drug categories.11

Prevalence of systolic <120 mmHg or diastolic blood pressure <70 mmHg
Our cohort inclusion requirement of having 3 blood pressure readings over two years
provides a level of detail regarding surrogate measure response to prescription
treatment that has not been included in other observational studies of this size. Nine
percent of this sample had a blood pressure ≤119 mmHg. In the UK, Ravindrarajah et
al. found a similar proportion (9.3%), but of people >80 years old, with a diagnosis of
hypertension.112 They used a primary care database cohort of 144,403 people who
were diagnosed with hypertension and 62% of who received treatment. They reported
the median number of BP readings was 0.84-3.04 across the 20 categories included in
their Supplementary Table 2. Morrisey et al. found 12.2% to have a SBP ≤119 mmHg,
in a sample of 6912 primary care patients ≥70 with treated hypertension.163 This work
showed an increased association between death and a SBP ≤119 mmHg (OR 2.006.51), and also noted that for the 313 people with a treated SBP <100 mmHg, just 34%
had a reduction (de-intensification) of their hypertension medications.

Regardless, everyone in this sample is receiving at least one hypertension medication
which may be considered overtreatment if SBP is <120 mmHg. The work by Morrissey

95

et al. shows that older people with treated blood pressure <120 mmHg have increased
mortality and hospital admission.163 Shih et al. used a retrospective cohort of 128,765
people ≥65 in Taiwan, 34.1% who used hypertension medications and found a Jshaped curve for mortality, with increasing harm at ≤130 mmHg and ≥ ~150mmHg.
There is conflicting observational evidence about the possibility of increased harms from
blood pressure that is treated to a level that is either “too low” or “too high”. More
research is needed to be able to accurately estimate harms and benefits of treatment of
blood pressure to specific ranges.

Comparison of findings from similar studies
This study presents a detailed description of hypertension treatment by family
physicians of Canadians ≥70 years old. Forty-three percent of the 217,540 people ≥70
years old in the CPCSSN dataset had diagnosis of hypertension. This is lower than a
previous estimate of 62.6%-74.6% by Robataille et al. in a study110 that used a similar
method to identify people with hypertension, but whose sample came from different
sources, including the Canadian Chronic Disease Surveillance System, which may have
higher proportion of people with chronic diseases than are typically seen in a sample
more representative of the general population.

Godwin et al. used an earlier dataset (June 2012) from CPCSSN to describe
hypertension prevalence and treatment in Canada. While this paper provided a broad
description of the frequency of diagnosis of hypertension and comorbidities, it included
adults of all ages and those who did not have any blood pressure reading nor any
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recorded prescriptions for hypertension medications. Just 79% of their sample had at
least one recorded blood pressure and they found 79.8% to have SBP ≤140 mmHg and
94.5% to have DBP <90 mmHg. The difference between our results (65.7% with a SBP
≤140 mmHg) and theirs is likely due to those with a lower blood pressure and not being
prescribed hypertension medications being excluded from our study.

Comparing this cohort to participants of recent hypertension trials
Generalizability of trial results to primary care populations is a well-described
concern.232 In this actively treated, community-dwelling primary care population, we
found that 66.0% were treated to <140mmHg and 9.0% to <120 mmHg. There were no
co-morbidity exclusion criteria and the 2-year observation period is similar to that
typically used for hypertension trials. Table 2.3 in Chapter 2 summarizes the exclusion
criteria from 5 studies that compare intensities of blood pressure treatment in older
people (in this case via differing allocated BP targets). For example, the SPRINT study,
which compared a “usual care” treatment target of <140 mmHg to <120 mmHg, had a
diabetes exclusion criteria that would have removed 27.0% of our cohort. In general,
individuals being treated for hypertension in the context of primary care have a broader
set of health issues and comorbidities than are represented within the trials that
ultimately inform the clinical guidelines that guide the treatment for this population.

Limitations
While the sample is large (25,737), the study is subject to the usual potential biases
associated with observational data,233 including selection due to practice style
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differences between physicians providing care to patients in this cohort.205 We were
unable to link to other databases to measure important outcomes such actual
medications dispensed, acute hospital use, admission to nursing home, and death.

The validity of the comorbidity recording is a limitation of this study, a recent published
study said that Canadian primary care EMR records have been found to under report,
so it is possible that we do not have an accurate understanding of levels of overall
health.234 There could be appropriate patient care reasons for the trends of increased
prescribing for those patients with treated SBP <120 mmHg. Similarly, without being
able to link this data with actual medication dispensing information, we have used a
non-specific measure of total prescriptions dispensed over a defined time period, rather
than a measure of prescriptions filled or prescriptions actually taken. It is possible that
the polypharmacy measure used does not reliably and consistently correlate to the
number of prescriptions filled.

4.6

Conclusion

This study of >25,000 Canadians receiving hypertension treatment in primary care
provides insight into the drugs used and the effects that can be observed on blood
pressure, including that 9% are treated to the lowest category of systolic blood
pressure, <120mmHg. This group has a significant association with being prescribed
more non-hypertension medications. More research is needed to explore the possible
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relationship between excessive general prescribing (polypharmacy) and possible
excessive treatment of hypertension.
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Chapter 5: Blood pressure treatment and incident dementia

5.1

Overview

What is already known: There are mixed results about the relationship between
treated blood pressure and incident dementia. In secondary analyses of hypertension
trial participants, there is generally a finding of lower blood pressures being protective
against cognitive decline. However, there is some observational evidence of populations
more heterogeneous than trial participants that suggests an inverse relationship. This
study will see if there is increased incident dementia with different levels of treated
systolic blood pressure (SBP) in a sample representative of Canadians >70 years old
and treated for hypertension.

What this study adds:
1. This is a large heterogeneous sample of community-dwelling people being
treated for hypertension. Many people in this sample have characteristics that
would cause them to be excluded from the hypertension trials whose results are
used to create the widely applied primary care hypertension treatment guidelines.
2. We found a significant increase in incident dementia with decreasing treated
systolic and diastolic blood pressures. If this is in fact a causal relationship, being
able to define a specific treatment threshold as overtreatment of hypertension in
>70 years old, could reduce or delay new diagnoses of dementia. This could be
translated to a recommendation to target treatment effects between an upper and
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lower thresholds in clinical practice guidelines which would facilitate maximizing
treatment benefit while minimizing harms.

Link to overall thesis: Treatment of asymptomatic conditions, such as hypertension
have rarely been considered as inappropriate or contributing to overtreatment. These
results raise real concern about the role of treating asymptomatic conditions in
addressing harms of overtreatment.

5.2

Introduction

Hypertension is a widely prevalent risk factor for increased cardiovascular mortality and
morbidity, and a Canadian estimate suggests 70% of people ≥ 70 years old meet
diagnosis criteria.109 Chapters 2 and 4 introduced basic background in this area,
including that several randomized controlled trials (RCTs) suggest that treatment of
hypertension may reduce the frequency of cardiovascular events.100,176 Recently, the
SPRINT Trial found a composite outcome of: myocardial infarction, acute coronary
syndrome, stroke, acute decompensated heart failure, or death from cardiovascular
causes, was decreased in the ≤120 mmHg BP target group from to 5.2% compared to
6.8% in the ≤140 mmHg BP target group, relative risk (RR) 0.76 [95% CI 0.65, 0.90],
absolute risk reduction (ARR) 1.6%, number needed to treat (NNT) 63 for 3.3 years.101
However, post hoc analysis of all serious adverse events related to the intervention
showed they were increased in the low target group, 4.7% versus 2.5% in the standard
BP target group, RR 1.87 [95%CI 1.50-2.33] and the Absolute Risk Increase (ARI) was
2.2%, number need to harm (NNH) 46 for 3.3. years.235 Despite this, the 2017 Canadian
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Hypertension Guidelines have included a recommendation to consider a treatment
target of <120 for some people, including those >70 years old.96 This balance between
benefits and harms of treatment, especially when considering intensity of treatment, is
relevant to older people with multimorbidity and/or frailty who are often not included in
these trials.201,236

Treatment of hypertension and its relationship to incident dementia and/or worsening
cognitive function are outcomes of particular interest to people over 70. Dementia is a
terminal, progressive disease characterized by profound disability, poor quality of life
and increased health resources use.166 Current medical treatments for dementia are of
limited utility,83 and a more precise understanding of how hypertension treatment could
prevent or ameliorate dementia would be of great use. Insight into dementia-related
harms and benefits associated with various hypertension treatment thresholds that
inform clinically-useful risk modification strategies could be incorporated into clinical
guidelines and decision aids.

To our knowledge, there is no trial for hypertension treatment that has examined the risk
of dementia as a primary outcome. However, sub-analyses of major hypertension trials
have had mixed findings about the connection between hypertension treatment and
dementia incidence.89,171,237 Some observational studies of older adults have found a
higher incidence of dementia169,173 with lower blood pressure, although a definitive level
at which this happens has not been identified. Mechanisms related to cerebral
perfusion, where age-related vascular dysfunction and blood pressure fluctuation may
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hinder sufficient perfusion for best cognitive function, have been suggested as an
explanation for this apparent paradox.238 The lack of agreement between the RCT’s and
observational studies could be related to flaws in observational study design.
Alternatively, the difference in findings may be a reflection of the heterogeneous
features of this age group that RCT exclusion criteria weeded out or were
underpowered to detect.

5.1.1

Objective of this study

The objective of this study is to answer the research question: Is there an association
between treated systolic or diastolic blood pressure and time to incident dementia, as
observed in a pan-Canadian cohort of people ≥70 years old being treated for
hypertension in primary care?

5.3
5.3.1

Methods
Study design and Sample.

This study uses a cohort design applied to data from the Canadian Primary Care
Sentinel Surveillance Network (CPCSSN).8,206 At the time of this study, CPCSSN was
routinely collecting data from electronic medical records of more than 1.6 million
community-dwelling patients across Canada, except Saskatchewan and the territories.
Each patient record includes age, sex, CPCSSN validate diagnoses206 (including:
hypertension, diabetes, osteoarthritis, depression, dementia, epilepsy, Parkinsonism,
chronic obstructive pulmonary disease (COPD)), all ICD-9 diagnostic codes associated
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with primary care billing and drug prescriptions (categorized according to World Health
Organization’s Anatomic Therapeutic Chemical (ATC) Classification System codes207).
A complete description of the precise ICD-9 codes, free text entries, medication
prescriptions and lab results are available at the CPCSSN.ca website.208 All patient
records collected prior to June 30, 2015 were included in this study, the length of each
record is different due to being included to the CPCSSN database, each patient record
includes all data from the time of initial visit recorded on the electronic medical record,
as opposed to the date at which CPCSSN membership was started. The project
received approval from the CPCSSN research committee and ethics approval from the
Providence Health Care’s UBC Clinical Research Ethics Board.

5.3.2

Cohort identification criteria

The start dates for entry into the cohort were variable and Figure 5.1 describes how the
baseline and observation periods were defined. We included patients who were ≥70
years at time of data collection, had a diagnosis of hypertension at any time in their
health record before the start of the observation period, at least one repeated
prescription for ≥1 hypertension medication and ≥3 blood pressure measures during the
baseline period. Patients with a diagnosis of dementia during the baseline period were
excluded. Diagnoses of hypertension and dementia were defined using the validated
CPCSSN algorithms as has been presented in detail in Section 4.33 and Figure
4.3.108,239
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Figure 5.1 Inclusion criteria and definition of baseline and observation periods for
cohort members

5.3.3

Blood pressure treatment - exposure

The independent variable is treated blood pressure and is explored to see if there are
significant predictions that it can make about the dependent outcome variable, incident
dementia.

Blood pressure medications
Treated blood pressure was defined using the same method described in Chapter 4
where a participant needed to have both a diagnosis of hypertension present in the
record plus be prescribed ≥1 of antihypertensive during the 730-day baseline period
(Figure 4.2 contains a complete list of antihypertensive drugs). Prescription information
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was limited to date prescribed, agent, dose, frequency and quantity. Prescription data
reports medications that were prescribed, not those that were dispensed, therefore, a
repeat prescription of the same agent within the baseline period was used as a
surrogate for confirmation that the prescribed medication was being dispensed and
being used.

Blood pressure measurements
We calculated the mean of a minimum of three separate measures during the baseline
period to address potential bias of a single reading of blood pressure, given that blood
pressure is inherently variable.240 We determined that two years was a sufficient period
of time to capture most shared efforts between patient and practitioner to achieve a
desired blood pressure target. Many members of the cohort will have had blood
pressure treated for longer than the baseline period, but the selection of this two year
period allows for collection of exposure data to be consistent for analysis of all end
points, including those with the incident dementia and those censored. This period also
mitigates a possible survivor bias effect.241 There are few published studies, outside of
clinical trials, about the time to effect and stability of blood pressure. The Canadian
hypertension treatment guildelines96 suggest primary care visits every 3 months to
monitor blood pressure treatment, and the only available study242 concluded that a
patient-centered approach is likely to take longer than one aimed at research outcomes.
No details of methods (e.g. AOBP, etc) used for capturing blood pressure measures
were available in the CPCSSN dataset.
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Blood pressure categories
Systolic blood pressure (SBP) is used in the main analysis as both a continuous
variable and clinically meaningful categories. The majority of international hypertension
guidelines recommend targeting prescription therapy below specific systolic threshold
levels. Less than 120 mmHg and ≥120 mmHg were chosen to test the potential for a
lower threshold at which harms may exceed benefits for hypertension therapy. There is
no consensus in published medical literature on the most appropriate categories for
SBP.209 Thus, we based our 4 categories on 2017 Canadian guidelines:96 <120, 120139.9, 140-159.9 and ≥160 mmHg which are widely used in primary care settings in
Canada.

Both low and high diastolic blood pressure (DBP)243,244 have been implicated as a cause
of dementia in previous studies, but are typically not targeted in treatment. For diastolic
blood pressure, the categorical separation between ≤69 and ≥70 mmHg is based on
review of observational studies describing the “j-curve” which theorizes that there is a
lower threshold of blood pressure after which harms exceed benefits.244,245

Earlier work has suggested that the variation of SBP may have an association with
dementia onset.246,247 However, only a single trial248 has assessed the effect of an
intervention to reduce variability and to observe whether there is an effect on incident
dementia. Treatment to reduce blood pressure variability is not widely performed in
primary care; therefore SBP variability is included only as a baseline characteristic.

107

Patients were censored upon occurrence of the primary outcome (a CPCSSN dementia
diagnosis), or upon reaching the last date of primary care service available in the
CPCSSN data record up to and including June 30, 2015.

5.3.4

Diagnosis of Dementia - Outcome

Diagnosis of dementia was recorded as the first date on which any of the conditions of
the CPCSSN algorithm for dementia were met. The CPCSSN definition of dementia
includes both a range of ICD9 codes as well as ATC codes for dementia specific
medications (cholinesterase inhibitors) and has been found to have a sensitivity of
96.8% (95%CI 93.3-100) and specificity of 98.1 (95%CI 97.5%-98.7%).206,208,239

5.3.5

Baseline measures of potential confounding factors

To address the potential for confounding by other factors, we reviewed the literature
and, a priori, selected covariates that have been previously studied and shown to have
plausible associations with the risk for incident dementia.249–251 These included baseline
measures of:
1. age,
2. sex,
3. presence of these diagnoses at any time in the record prior to end of baseline
period (Figure 5.1):
a. congestive heart failure
i. ICD9=428 or prescription of furosemide188
b. other cardiovascular disease
i. see Figure 4.3 for detailed description, includes: ICD9 codes, 410,
411, 412, 413, 414, 427, 441.4, 441.3, 441.9, 441.01, 443.9 or
440.21
c. cerebrovascular disease
i. ICD9 codes430, 431, 432, 433, 434, 435, 436, 437, 438 or V12.54
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d. diabetes
i. CPCSSN algorithm206
e. depression
i. CPCSSN algorithm206
f. Parkinson’s disease
i. CPCSSN algorithm206
4. Exposure to anticholinergic medication, which has been found to affect
cognition:251 counted as present if found to have a repeated prescription of an
anticholinergic medication (complete list in Figure 5.2) within the baseline period;
5. Measure of concurrent burden of illness, where increased health instability
has been found to be associated with earlier diagnosis of dementia.252 A
validated measure of co-morbidity was not available using CPCSSN data, so the
following 4 variables were used as a surrogate:
a. Health record changes: the total number of changes made to the medical
record during the baseline period; and
b. Polypharmacy:85 the number of prescriptions written during the baseline
period.
c. Variability in systolic blood pressure measures,253 where increased
variation is associated with higher risk of dementia.
d. Having at least 3 co-morbidities, in addition to hypertension.252
Diagnoses were considered present if reported at any time prior to or during the
baseline period. The sum of changes to the health record, prescriptions written,
variability in systolic blood pressure, and sum of co-morbidities were used as a
surrogate measure of overall burden of illness254 since calculation of a standardized
measure of co-morbidity (e.g. the Charlson Comorbidity Index),222 was not possible
within the CPCSSN dataset. Changes to the health record include: visits to primary
care, notes added by other team members, results from lab tests being added, etc, a
larger number of changes are assumed to be associated with a higher level of comorbidity.255,256
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Anticholinergic Medications

World Health Organization Anatomic Therapeutic Chemical (ATC) code, name
Categories from Anticholinergic section of 2015 American Geriatrics Society Updated Beers Criteria.

Skeletal Muscle Relaxants
M03BX08 cyclobenzaprine
N04AB02 orphenadrine (chloride)
Antiarrythmic
C01BA03 disopyramide
Antihistamines
R06AB01 brompheniramine
R06AA08 carbinoxamine
R06AB04 chlorphenamine
R06AA04 clemastine
R06AX02 cyproheptadine
R06AB02 dexchlorpheniramine
R06AA02 diphenhydramine
R06AA52 diphenhydramine, comb.
R06AA09 doxylamine
N05BB01 hydroxyzine
R06AE05 meclozine
R06AX07 triprolidine
Antidepressants
N06AA09 amitriptyline
N06AA04 clomipramine
N06AA01 desipramine
N06AA12 doxepin
N06AA02 imipramine
N06AA03 imipramine oxide
N06AA10 nortriptyline
N06AA11 protriptyline
N06AA06 trimipramine
N06AB05 paroxetine

Antimuscarinics
G04BD10 darifenacin
G04BD11 fesoterodine
G04BD02 flavoxate
G04BD04 oxybutynin
G04BD08 solifenacin
G04BD07 tolterodine
G04BD09 trospium
Antipsychotics
N05AA01 chlorpromazine
N05AH02 clozapine
N05AH01 loxapine
N05AH03 olanzapine
N05AB03 perphenazine
N05AC02 thioridazine
N05AB06 trifluoperazine
Antispasmodics
A03BA01 atropine
A03BA03 hyoscyamine
A03BA04 belladonna tot. alkaloids
A03AB05 propantheline
S01FA05 homatropine
S01FA02 scopolamine
N05BA02 chlordiazepoxide
A03AA07 dicyclomine
Anti-emetic
N05AB04 prochlorperazine
R06AD02 promethazine

Antiparkinsonian agents
N04AA01 trihexyphenidyl
N04AC01 benzatropine

Figure 5.2 List of included anticholinergic medications
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5.3.6

Statistical Analysis

Patient characteristics are presented in groups according to the mean SBP in the
baseline period. Statistical differences between the groups were examined using t-tests,
chi-squared and Kruskal Wallis tests, where appropriate. The hazard ratio for risk of
incident dementia associated with an increase or decrease in blood pressure was
measured with a Cox proportional hazards model and is presented with 95% confidence
intervals. The Cox model was selected for its ability to investigate the relationship of
multiple predictors and the time to event calculated by the hazard function, in addition to
the typical inclusion of censored data, that is provided through all survival functions.257
Hazard ratios (HR) that are greater than zero indicate a variable to indicate an
increased risk, and inversely, a HR less than zero identifies a protective factor.

The Cox model was used with DBP and SBP as both a continuous (per 1 mmHg) and
two types of categorical variables (binary and four categories) to allow for maximal
comparison with previous work in this area. We identified several covariates a priori
based on previously studied associations with incident dementia, including: age, sex,
congestive heart failure, ischemic heart disease, cerebrovascular disease (including
stroke), Parkinson’s disease, depression, diabetes, repeated anticholinergic
prescription, burden of illness. A sensitivity analysis was done (by repeating the analysis
with removal of the variable ≥3 co-morbidities) to observe possible collinearity between
presence of single diseases and a categorical measure of ≥3 co-morbidities which was
derived from the sum of all individual co-morbidities.
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The proportional hazards assumption was tested using the Kaplan Meier method and
Schoenfeld residuals.258 A p-value of 0.05% was considered statistically significant. All
statistical analyses were performed using IBM SPSS Statistics for Mac, Version 24.0.
Armonk, NY: IBM Corp.

5.4
5.4.1

Results
Demographics

Of the 24016 eligible cohort members, 1814 (7.6%) were diagnosed with dementia
during the observation period. Figure 5.3 provides details of cohort exclusion for
medication, measurement, or record length/quality requirements.
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hypertension = High blood pressure, as per CPCSSN algorithm
hypertension medications = angiotensin-converting enzyme inhibitors, calcium channel blockers, thiazide-like
diuretics, β-blockers, angiotensin II type 1 receptor antagonists, spironolactone, furosemide & α-adrenergic blocking
agents, nitrates

Figure 5.3 Members of cohort, flow diagram

The length of the observation period varied between 1 and 4327 days with a median of
898 days (IQR 433, 1581). Median number of days from the start of the observation
period (Date 2) to time of dementia was 784 days (IQR 345, 1464) time in cohort). Mean
age at time of diagnosis of dementia was 90.1 years (SD ±6.7, IQR 86.3, 95.6).
113

Table 5.1 provides a description of the cohort, by systolic blood pressure categories.
Distributed in the SBP categories as follows: <120 mmHg, 8.6%, 120-139.9 mmHg,
56.7%, 140-159.9 mmHg 30.8% and >160 mmHg, 3.9% and were found to have
significant differences for almost all characteristics observed. Those with SBP <120
mmHg had more co-morbidities, including higher frequencies of depression,16.8%,
diabetes, 32.2%, chronic obstructive pulmonary disease (COPD) 19.5%, congestive
heart failure (CHF), 34.5%, cardiovascular disease, 34.5% and cerebrovascular
disease, 4.7%. This group, also had the fewest women, 47.8% and the shortest
observation period, 2.1 years, versus 2.4-2.8 years for the other categories.
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Table 5.1 Characteristics of cohort members, by systolic blood pressure (mmHg)
categories
SBP

SBP

SBP

SBP

<120

120-139

140-159

160

Participant count, n (%)

2064 (8.6)

13,613(56.7)

7,395 (30.8)

944 (3.9)

age, mean ±SD

82.4 ±6.7

81.7 ±6.5

82.5 ±6.6

83.8 ±6.9

Female sex

987(47.8)

8051(59.1)

4885(66.1)

685 (72.6)

female weight (kg) n=12,870

72.4 ±23.0

73.7 ±22.9

73.8 ±23.0

71.2 ±22.6

male weight (kg) n=8465

86.2 ±23.8

89.0 ±24.3

88.7 ±24.6

86.9 ±24.4

2.12 (0.98, 3.89)

2.41(1.18-4.23)

2.66(1.25-4.61)

2.75(1.32-4.74)

350 (17.0)

1921 (14.1)

1008(13.6)

123 (13.0)

Low density cholesterol (LDL), median, (IQR) n =19731

2.0 (1.5,2.6)

2.3 (1.7,2.9)

2.6 (1.9,3.2)

2.7 (2.0,3.5)

Glycosylated hemoglobin (A1c), % median (IQR) n =16374

6.0 (5.7,6.5)

6.0 (5.7, 6.5)

6.0 (5.7, 6.4)

5.9 (5.7,6.5)

11.2 ±5.7

9.6 ±5.4

9.2 ±5.3

8.8 ±4.9

2 (1,3)

2 (1,3)

2 (1,3)

2 (1,3)

281 (13.6)

1682(12.4)

815 (11.0)

80 (8.5)

depression, n (%)

346 (16.8%)

1781(13.1%)

790 (8.6%)

81 (8.6%)

diabetes, n (%)

664 (32.2%)

3761(27.6%)

1828(24.7%)

244 (25.8%)

chronic obstructive pulmonary disease, n (%)

403 (19.5%)

1755(12.9%)

802(10.8%)

80 (8.5%)

osteoarthritis, n (%)

613 (29.7%)

4035 (29.6%)

2215(30.0%)

227 (24.0%)

congestive heart failure(CHF), n (%)

553 (26.8%)

1855 (13.6%)

874 (11.8%)

115 (12.2%)

other cardiovascular disease n (%) (not including CHF)

Years observed*, median, (IQR)
Smoking#, current or past, n=3402

PRESCRIBING
# prescriptions, mean ±SD
# renewed hypertension medications, median, (IQR)
anticholinergic drug, n (%)
CONCURRENT COMORBIDITIES

713 (34.5%)

2977(21.9%)

1202(16.3%)

125 (13.2%)

cerebrovascular disease, n (%) (including stroke)

97 (4.7%)

604 (4.4%)

252 (3.4%)

24 (2.5%)

Parkinson’s disease, n (%)

30 (1.5%)

126 (0.9%)

58 (0.8%)

6 (0.6%)

epilepsy, n (%)

30 (1.5%)

150 (1.1%)

60 (0.8%)

12 (1.3%)

BURDEN OF ILLNESS & BP MEASURES
# health record changes, median, (IQR)

24 (16,36)

21 (14,32)

21 (14,30)

19 (13,28)

hypertension + ≥3 co-morbidities, n (%)

688 (33.3%)

2796 (20.5%)

1176 (15.9%)

118 (12.5%)

Co-efficient of variation for SBP, mean ±SD

0.09 ±0.04

0.08 ±0.04

0.09 ±0.04

0.10 ±0.09

diastolic blood pressure, mmHg, mean ±SD

67.0 ±6.4

72.9 ±6.8

76.4 ±7.8

81.3 ±9.5

pulse pressure, mean ±SD

47.2 ±6.7

58.2 ±7.7

70.7 ±8.9

87.1 ±11.2

7 (5,11)

7 (5,11)

8 (5,12)

7 (4,11)

# BP readings, median, (IQR)

* Observation period starts 731 days after the start of the baseline period, observation ends on the date of the event of interest
(dementia diagnosis) or at the last recorded office visit, Reference Figure 5.1.
# Smoking data missing for 16,422 members of cohort
SD = standard deviation; BP = blood pressure; IQR = interquartile range
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5.4.2

Associations between blood pressure treatment and incident dementia

Blood pressure as continuous variable in the adjusted model
The Cox proportional hazards model assessed the possible association between SBP
and DBP and incident dementia. Using blood pressure as a continuous variable in our
Cox model, we found a significant decreased risk of dementia for every 1 mmHg
increase in SBP, hazard ratio (HR) 0.991 (95%CI 0.987-0.995, p = <.0001). Similarly,
for DBP, there was a decreased risk with every 1 mmHg increase, HR
0.989 (95%CI 0.983-0.995 p = <.0001). Tables 5.2 and 5.3 present the details of the
Cox proportional hazard model results for both SBP and DBP.

Blood pressure as categorical variable
When we examined the association between binary categories of SBP and incident
dementia in our adjusted Cox proportional hazards model, we found having a SBP <120
mmHg (versus ≥120 mmHg) had a HR 1.278 (95% CI 1.089 -1.500, p=0.003) for risk of
incident dementia. Similarly, DBP <70 mmHg (versus ≥70 mmHg) has a HR of 1.229
(95% CI 1.111-1.360, p = <.0001) for increased risk of incident dementia. The
proportional hazards assumption was maintained for the models with 2 categories of
SBP and DBP as demonstrated by the Kaplan Meier survival curves in Figures 5.4 - 5.7.

To evaluate the associations with additional categories of SBP, we used 120-139.9
mmHg as the reference range and applied the adjusted model. We found <120mmHg
HR 1.179 (95%CI 1.001-1.389 p=0.049), 140-159 mmHg HR 0.813 (95%CI 0.732-0.903
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p= <0.0001) ≥160 mmHg HR 0.760 (95%CI 0.593-0.974 p=0.030). In this model, there
is concern about the maintenance of the proportional hazards assumption as the top
lines (≥160 mmHg) of the Kaplan Meier curve crossed (Figure 5.5). This category also
has the smallest number of cohort members and therefore predictably shows the
greatest variability over time.259

Sensitivity Analysis for ≥3 co-morbidities
Tables 5.4 and 5.5 show the entire Cox model for both SBP and DBP repeated with
removal of the variable ≥3 co-morbidities. The effect on hazard ratios for various
presentations of blood pressure is minimal. However, the hazard ratios for the specific
diseases listed are affected. Specifically, in the original model, the inclusion of ≥3 comorbidities suggests either collinearity between the single disease and the summary
variables or a protective effect of single diagnoses, except Parkinson’s disease. The
answer is most likely collinearity as the sensitivity analysis removes the apparent
“protective effect” of some diagnoses and shows a more expected pattern of increased
risk, in particular for cerebrovascular disease, depression, and Parkinson’s.

Figure 5.2 shows all measures of SBP have a significant result but that ≥3 comorbidities is the only measure of burden of illness (composed of: # health record
changes, # of prescriptions, SBP variability) that is significant with a HR 8.125 (95%CI
7.011-9.416, p<.001) . In Figure 5.4, SBP variability is not significant, but # of health
record changes and # of prescriptions have a small but statistically significant result.

117

Table 5.2 Cox proportional hazards model, systolic blood pressure
SBP, per 1mmHg

SBP, < or ≥120 mmHg

95% CI

SBP, 4 categories

95% CI

95% CI

p

HR

Upper

Lower

p

HR

Upper

Lower

p

HR

Upper

Lower

SBP per 1mmHg

0.000

0.991

0.987

0.995

-

-

-

-

-

-

-

-

SBP <120 mmHg

-

-

-

-

0.003

1.278

1.089

1.500

0.049

1.179

1.001

1.389

SBP 120-139.9 mmHg

-

-

-

-

-

-

-

-

reference

SBP 140-159.9 mmHg

-

-

-

-

-

-

-

-

0.000

0.813

0.732

0.903

SBP >160mmHg

-

-

-

-

-

-

-

-

0.030

0.760

0.593

0.974

male sex

0.812

0.988

0.894

1.091

0.623

0.975

0.883

1.077

0.000

1.078

1.070

1.086

age

0.000

1.078

1.071

1.086

0.000

1.077

1.069

1.085

0.797

0.987

0.893

1.090

# of health record changes

0.928

1.000

0.997

1.003

0.828

1.000

0.997

1.004

0.953

1.000

0.997

1.003

# of prescriptions

0.441

1.004

0.993

1.015

0.417

1.005

0.994

1.016

0.420

1.005

0.994

1.016

SBP variability

0.203

2.096

0.672

6.542

0.481

1.494

0.489

4.571

0.226

1.979

0.656

5.971

hypertension + ≥3 co-morbidities

0.000

8.125

7.011

9.416

0.000

8.102

6.992

9.388

0.000

8.130

7.016

9.421

anticholinergic prescription

0.000

1.254

1.113

1.413

0.000

1.255

1.114

1.415

0.000

1.257

1.116

1.416

congestive heart failure

0.000

0.466

0.403

0.540

0.000

0.471

0.407

0.545

0.000

0.468

0.404

0.542

cerebrovascular disease (incl. stroke)

0.000

0.611

0.496

0.753

0.000

0.618

0.502

0.762

0.000

0.612

0.496

0.754

other cardiovascular disease

0.000

0.319

0.276

0.368

0.000

0.324

0.281

0.373

0.000

0.319

0.277

0.368

diabetes

0.000

0.671

0.596

0.755

0.000

0.676

0.601

0.760

0.000

0.673

0.598

0.757

depression

0.000

0.678

0.585

0.785

0.000

0.689

0.596

0.798

0.000

0.678

0.585

0.785

Parkinson’s disease

0.004

1.607

1.164

2.218

0.005

1.591

1.153

2.197

0.004

1.609

1.165

2.221

Characteristics and burden of illness

Specific co-morbidities
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Table 5.3 Cox proportional hazards model, diastolic blood pressure
DBP, per 1mmHg

DBP, < or ≥70 mmHg

95% CI

DBP, 4 categories

95% CI

95% CI

p

HR

Upper

Lower

p

HR

Upper

Lower

p

HR

Upper

Lower

DBP per 1mmHg

0.000

0.987

0.981

0.993

-

-

-

-

-

-

-

-

DBP <70 mmHg

-

-

-

-

0.000

1.229

1.111

1.360

0.001

1.195

1.075

1.329

DBP 70-79.9 mmHg

-

-

-

-

-

-

-

-

reference

DBP 80-89.9 mmHg

-

-

-

-

-

-

-

-

0.139

0.906

0.794

1.033

SBP >90mmHg

-

-

-

-

-

-

-

-

0.343

0.830

0.565

1.220

male sex

0.499

0.966

0.875

1.067

0.514

0.967

0.876

1.068

0.500

0.966

0.875

1.067

age

0.000

1.075

1.067

1.083

0.000

1.075

1.067

1.083

0.000

1.075

1.067

1.083

# health record changes

0.841

1.000

0.997

1.004

0.782

1.000

0.997

1.004

0.820

1.000

0.997

1.004

# of prescriptions

0.578

1.003

0.992

1.014

0.528

1.004

0.993

1.015

0.577

1.003

0.992

1.014

SBP variability

0.445

1.541

0.508

4.671

0.543

1.417

0.461

4.355

0.480

1.495

0.489

4.568

hypertension + ≥3 co-morbidities

0.000

8.152

7.035

9.446

0.000

8.181

7.060

9.481

0.000

8.169

7.049

9.466

anticholinergic drug

0.000

1.265

1.122

1.425

0.000

1.264

1.122

1.424

0.000

1.262

1.120

1.422

congestive heart failure

0.000

0.470

0.406

0.544

0.000

0.469

0.405

0.543

0.000

0.469

0.405

0.543

cerebrovascular disease (incl. stroke)

0.000

0.615

0.499

0.758

0.000

0.621

0.504

0.765

0.000

0.619

0.503

0.763

other cardiovascular disease

0.000

0.323

0.280

0.373

0.000

0.323

0.280

0.373

0.000

0.323

0.280

0.373

diabetes

0.000

0.658

0.584

0.740

0.000

0.660

0.586

0.743

0.000

0.657

0.583

0.739

depression

0.000

0.694

0.600

0.803

0.000

0.695

0.601

0.804

0.000

0.695

0.601

0.804

Parkinson’s disease

0.003

1.635

1.184

2.257

0.004

1.604

1.162

2.214

0.003

1.623

1.175

2.241

Characteristics and burden of illness
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Table 5.4 Cox model, systolic blood pressure, ≥3 co-morbidities removed
SBP, per 1mmHg

SBP, < or ≥120 mmHg

95% CI

SBP, 4 categories

95% CI

p

HR

Upper

Lower

SBP per 1mmHg

0.000

0.991

0.988

0.995

SBP <120 mmHg

-

-

-

SBP 120-139.9 mmHg

-

-

SBP 140-159.9 mmHg

-

SBP >160mmHg

p

HR

95% CI

Upper

Lower

p

HR

Upper

Lower

-

-

-

-

0.029

1.200

1.019

1.414

-

-

-

-

-

0.002

1.289

1.098

1.513

-

-

-

-

-

-

reference

-

-

-

-

-

-

-

0.001

0.837

0.754

0.930

-

-

-

-

-

-

-

-

0.013

0.731

0.570

0.937

male sex

0.940

0.996

0.901

1.101

0.741

0.983

0.890

1.086

0.000

1.079

1.071

1.087

age

0.000

1.079

1.071

1.087

0.000

1.078

1.070

1.086

0.921

0.995

0.900

1.100

# of health record changes

0.033

1.003

1.000

1.007

0.026

1.004

1.000

1.007

0.035

1.003

1.000

1.007

# of prescriptions

0.040

1.012

1.001

1.023

0.032

1.012

1.001

1.023

0.037

1.012

1.001

1.023

SBP variability

0.366

1.678

0.546

5.157

0.773

1.176

0.391

3.538

0.429

1.556

0.521

4.645

anticholinergic prescription

0.000

1.267

1.124

1.429

0.000

1.273

1.129

1.435

0.000

1.268

1.125

1.430

congestive heart failure

0.097

0.889

0.774

1.022

0.122

0.896

0.780

1.030

0.104

0.891

0.775

1.024

cerebrovascular disease (incl. stroke)

0.006

1.326

1.085

1.620

0.005

1.335

1.092

1.631

0.006

1.327

1.086

1.622

other cardiovascular disease

0.423

0.953

0.847

1.072

0.536

0.964

0.856

1.084

0.421

0.953

0.847

1.072

diabetes

0.160

1.082

0.969

1.207

0.140

1.086

0.973

1.212

0.161

1.082

0.969

1.207

depression

0.002

1.245

1.086

1.427

0.001

1.256

1.095

1.439

0.002

1.246

1.086

1.428

Parkinson’s disease

0.000

2.897

2.108

3.983

0.000

2.860

2.081

3.932

0.000

2.890

2.102

3.973

Characteristics and burden of illness
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Table 5.5 Cox model, diastolic blood pressure, ≥3 co-morbidities removed
DBP, per 1mmHg

DBP, < or ≥70 mmHg

95% CI

DBP, 4 categories

95% CI

95% CI

p

HR

Upper

Lower

p

HR

Upper

Lower

p

HR

Upper

Lower

DBP per 1mmHg

0.000

0.989

0.983

0.995

-

-

-

-

-

-

-

-

DBP <70 mmHg

-

-

-

-

0.002

1.172

1.059

1.296

0.016

1.139

1.025

1.267

DBP 70-79.9 mmHg

-

-

-

-

-

-

-

-

DBP 80-89.9 mmHg

-

-

-

-

-

-

-

-

0.148

0.908

0.797

1.035

SBP >90mmHg

-

-

-

-

-

-

-

-

0.282

0.81

0.551

1.189

male sex

0.591

0.973

0.881

1.075

0.600

0.974

0.881

1.076

0.584

0.973

0.880

1.074

age

0.000

1.076

1.068

1.084

0.000

1.077

1.069

1.084

0.000

1.076

1.068

1.084

# of health record changes

0.026

1.004

1.000

1.007

0.024

1.004

1.000

1.007

0.027

1.004

1.000

1.007

# of prescriptions

0.049

1.011

1.000

1.022

0.037

1.012

1.001

1.023

0.046

1.011

1.000

1.022

SBP variability

0.746

1.198

0.402

3.571

0.823

1.134

0.376

3.416

0.758

1.188

0.397

3.557

anticholinergic prescription

0.000

1.285

1.140

1.450

0.000

1.281

1.136

1.444

0.000

1.281

1.136

1.445

congestive heart failure

0.122

0.896

0.780

1.030

0.123

0.896

0.780

1.030

0.124

0.897

0.780

1.030

cerebrovascular disease (incl. stroke)

0.005

1.335

1.093

1.631

0.004

1.344

1.100

1.642

0.004

1.338

1.095

1.635

other cardiovascular disease

0.588

0.968

0.861

1.089

0.618

0.970

0.863

1.092

0.598

0.969

0.861

1.090

diabetes

0.289

1.062

0.951

1.186

0.251

1.067

0.955

1.191

0.289

1.062

0.950

1.186

depression

0.001

1.263

1.102

1.448

0.001

1.264

1.102

1.449

0.001

1.264

1.102

1.449

Parkinson’s disease
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Figure 5.4 Kaplan Meier survival curve: systolic blood pressure, 2 categories

Figure 5.5 Kaplan Meier survival curve: systolic blood pressure, 4 categories
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Figure 5.6 Kaplan Meier survival curve, diastolic blood pressure, 2 categories

Figure 5.7 Kaplan Meier survival curve, diastolic blood pressure, 4 categories
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5.5

Discussion

In this single study of 24,016 community-dwelling Canadians, ≥70 years old, and being
treated for hypertension, we found an association between lower systolic and diastolic
blood pressure and increased risk of incident dementia. The association persisted when
we assessed blood pressure as both a continuous variable (reported per 1 mmHg), and
as a binary category and as 4 categories. Significant comorbidity, where a cohort
member has ≥3 co-morbidities, in addition to hypertension was found to be most
predictive of an increased risk of incident dementia, other measures of burden of illness
were inconsistently predictive. However, despite this fluctuation, the sensitivity analyses
still found the blood pressure risks for incident dementia remained almost the same and
statistically significant. Risk of incident dementia is increased with lower blood pressure
and risk is reduced with higher blood pressure. Greater than three co-morbidities is also
significantly associated with increased risk of dementia.

Other longitudinal studies examining the link between blood pressure and incident
dementia have had mixed results, particularly for systolic blood pressure. In 2015,
Mossello et al191 studied blood pressure treatment in a cohort of 193 cognitively
impaired community dwelling people ≥65 years old (Mini Mental Status Exam (MMSE),
mean score 22.1 (SD 4.4), range 10-27)). They found that those people treated with
antihypertensive drugs, to a daytime SBP <=128 mmHg, had a faster cognitive decline
that those with SBP 129-144 or >145 mmHg over 6-18 months (<=128 mmHg mean
MMSE score change -3.9 (SD 3.5) versus 129-144 mmHg -0.6 (SD 2.2) and ≥145
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mmHg -0.4 (SD 3.7)). Our results are also similar to those found in the 2011 metaanalysis by Power et al (2011) who reported a summary estimate of HR 0.95 (95% CI
0.91-1.00) for each 10mmHg increase of SBP and HR 0.94 (95% CI 0.85-1.04) for each
10mmHg increase of DBP.169

In a 2009 Cochrane review, McGuinness et al combined the results of 4 hypertension
trials (SHEP 1991,177 Syst Eur 1997,260 SCOPE 2003,179 HYVET 200890) that compared
active hypertensive treatment to placebo and that had dementia as a secondary
outcome.171 Their meta-analysis, whose participants had a mean age 75.4 years and
were subject to the exclusion criteria of the reviewed trials, found no difference between
placebo and treatment groups for incidence of dementia, OR 0.89 (95%CI 0.74, 1.07)
(favoring treatment). The authors concluded that they could not estimate the optimal
blood pressure for dementia prevention. Mean blood pressure at entry was 171/86
mmHg with an end of trial SBP of (weighted mean difference) -10.22 mmHg (95%CI 10.78 to -9.66). Previous studies have suggested that age-related atherosclerosis and
consequent cerebral hypo-perfusion may explain why some studies have found the
inverse relationship.243 However, despite review and study, the exact physiological
explanation has not yet been determined.261

In contrast to our findings, a recent study looking at potential racial differences in
hypertension mortality and morbidity by Hajjar et al262 reported that there was a
protective effect on long term cognitive trajectories for older people with lower blood
pressure. Repeated measures of the Modified Mini Mental State Exam (3MSE) and
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Digit Symbol Substitution Test (DSST), over 10 years, were used to track cognitive
trajectories. Specifically, they found that the decreases in 3MSE was 3.7 when SBP
≥150 mmHg (P<.001) and 3.0 if SBP <120 mmHg. However, while the difference was
statistically different, clinically meaningful differences in the 3MSE have been validated
as ≥5.0.263,264 The cohort was drawn from the Healthy Aging and Body Composition
Study, which collected data between 1997-2007 from well-functioning, cognitively intact
participants age 70-79. The sample raised concerns about attrition bias when compared
to a representative community-dwelling sample that we were able to access.265

While our study does not provide information regarding causality, our results allow
hypothesis generation about the potential benefits of prescribing or discontinuing
antihypertensives to treat blood pressure between both an upper and lower threshold.
Our study looked only at those receiving blood pressure lowering medications. The
Dante trial266 looked at nursing home dwelling participants who already had dementia
and were being treated for hypertension with a blood pressure below 140 mmHg. The
intervention was to reduce treatment to permit a higher systolic pressure (up to 160
mmHg) in an effort to improve cognition. After 16 weeks, there was no difference in
cognition between groups, but there was also no increase in cardiovascular events. A
recent review of this topic168 found only two studies and found insufficient evidence to
make recommendations about the safety or utility of antihypertensive withdrawal.
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Limitations
There are important limitations of this study that should factor into the interpretation of
results. This study is a secondary analysis of data routinely collected in clinical
encounters. The study design was limited to the information that was available within
the record and what could be standardized for analysis. This has particular importance
related to the two diseases of interest, dementia and hypertension. To identify incident
dementia, we needed to rely on a diagnosis code or prescription of a dementia-related
medication. Without having a specific measure of cognitive function, it is impossible to
know at what point in the disease trajectory these codes or medications started being
used. If diagnoses and prescriptions are being recorded in the medical record at later
stages of dementia, people with earlier dementia symptoms that will progress are not
reported in this cohort. This could translate to an under- or over-report of incident cases
for any level of SBP or DBP. However, the sensitivity and specificity of our dementiaidentifying algorithm206 gives confidence that the cases we are describing are most
likely true diagnoses.

Similarly, we were not able to include information about midlife hypertension history and
treatment. Previous studies have found that midlife (age 44-66 years) hypertension
(SBP ≥140 mmHg) has been associated with increased risk for dementia, e.g.
Gottesman et al, HR 1.39 (95% CI 1.22-1.59).267 It would have been ideal to compare
length of diagnosis of hypertension with incident dementia when over age 70 to see if
there was a difference between those whose BP had been high in mid-life, versus those
whose diagnosis was newer. Neither did we have accurate information about
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medication switching and we were unable to link to other sources of data which would
have allowed a more robust picture of medications actually dispensed, visits to specialty
care, admissions to nursing homes or hospitals, and deaths.

Those with a SBP of 120 mmHg (n= 2064) appear to have higher rates of most comorbidities when compared with individuals in other SBP categories. They also have a
significantly shorter time in the observation period (2.12 years (IQR 0.98-3.89) versus
the e.g. ≥160 mmHg category (2.75 (IQR 1.32-4.74)). This may be due to both earlier
deaths and leaving the cohort due to admission to a nursing home facility and could
support alternate explanations, such as a higher burden of illness, rather than low
SBP/DBP, as the cause for increased hazard for incident dementia.

Interpretation
Routine prescription of antihypertensive medications to lower blood pressure,
particularly <120mmHg systolic or <70 mmHg diastolic, may have an increased risk for
an earlier diagnosis of dementia. We found that higher treated SBP and DBP are both
associated with decreased hazard of dementia. The risk was small, but significant even
when co-morbidity was considered. This suggests that it may be possible to either
ameliorate risk or delay onset of incident dementia, even in those people with ≥3 comorbidities.

Current clinical practice guidelines do not include information about risks of lower blood
pressure nor guidance on when and how to consider discussing decreasing or
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discontinuing antihypertensive medication when intensity of treatment may actually
increase harms, and reasonably be called overtreatment. When considering communitydwelling people ≥ 70 years old with hypertension, who do not meet the inclusion criteria
used for e.g. SPRINT and HYVET, these results may help inform discussion of risks
and benefits and selection of most appropriate treatment targets.

Generalizability
This large study included a heterogeneous primary care population that has previously
been validated as being representative of the broader Canadian population.206 We had
a follow-up period up to 11.8 years and a large number of incident dementia endpoints
(n=1814). Randomized controlled trials that have been used to inform current Canadian
guidelines have had more exclusive populations, and have been criticized for not being
representative.268 For example, SPRINT excluded individuals with diabetes, those who
required nursing care or who had a previous stroke.101 While our study is observational
and cannot be used to define causality, our results do raise questions about the
possible harms associated with treating blood pressure to <120 mmHg SBP and <70
mmHg DBP. To prevent overtreatment, adequate informed and shared decision-making
should include consideration of both harms and benefits of various treatment intensities.
Future rigorous study of blood pressure treatment targets in general primary care
populations, with dementia and cognition as primary outcomes, are needed.
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5.6

Conclusion

This study provides additional information related to the potential harms of blood
pressure treatment on the risk of dementia. Specifically, our results suggest that after
the age of 70, is an increase in incident dementia associated with treating SBP to <120
mmHg or DBP to <70mmHg. Studies exploring effects of maintaining treated blood
pressure within specific upper and lower thresholds could delay or prevent onset of
dementia.
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Chapter 6: Conclusion

6.1

Treatment intensity as a new way to address polypharmacy

I began this work to learn how to provide better clinical care to patients like Mrs. B
(Figure 1.1). She suffered from the effects of overtreatment of both symptomatic and
asymptomatic conditions that was supported by existing published evidence. People her
age with similar burdens of frailty and co-morbid diagnoses are still rarely included in
research studies, yet they are prescribed the drug regimens that have only been
adequately studied in younger and healthier people.201 Traditional approaches to
polypharmacy, that of drug counting and application of lists of inappropriate drugs
(Figure 1.4), would likely not have made a difference given her particular set of comorbidities.

In this dissertation, the concept of treatment intensity for asymptomatic conditions, i.e.
how much treatment and to what effect, could be a valuable approach to addressing
polypharmacy and overtreatment of people ≥70 years old in Canada. The studies
included in this dissertation suggest that the most intense treatment of hypertension
was associated with increased polypharmacy, for both nursing home patients (Chapter
3) and community-dwelling elders (Chapter 4). To explore specific harms that may be
associated with varying levels of treatment intensity, I measured the associations
between incident dementia and treated blood pressure (Chapter 5). This results of this
study suggest treatment intensity of hypertension is a modifiable risk factor that could
potentially reduce incident dementia. These compelling findings support the idea that
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use of treatment intensity to guide prescribing for asymptomatic conditions could lead to
a meaningful and important reduction in overtreatment.

This work has developed lines of evidence to demonstrate the potential utility of
treatment intensity as a useful approach to address a) polypharmacy and b) harms of
overtreatment of asymptomatic conditions in older people. Further study of treatment
intensity for asymptomatic conditions could elucidate the harms and benefits of an
acceptable range of treatment outcomes. Our current approach uses a binary ‘treat or
not treat’ decision. A treatment range, with an upper and lower threshold, could
encourage the consideration of targets most appropriate for each person. In the case of
hypertension, the surrogate measure of systolic blood pressure (SBP) could be an
indicator of when to increase or decrease the intensity of treatment (Figure 2.3). At a
population level, the addition of a lower threshold as a signal of when to decrease
treatment intensity, could reduce the incidence of dementia. Mrs. B may have benefited
from such an approach to treatment of her asymptomatic conditions, and it is also
possible that using treatment intensity could have created a cascade of decisions
reconsidering her other prescribing.

6.1.1

Establishing an association between hypertension treatment intensity and

polypharmacy
Study One (Chapter 3) - The nursing home-based cross-sectional study had 220 very
frail, older people and used a linked dataset consisting of a full pharmacy record, paper
charts and health authority acute care admission records. This exploratory study
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examined general prescribing and associations with diabetes and hypertension
treatment. With no consensus on measuring overtreatment, the definitions for
overtreatment used in this study were created using existing literature. I found that 52%
of people with diabetes were overtreated (defined as being prescribed at least one
hypoglycemic medication and having an A1c of ≤7.5%) and 44% of people being
treated for hypertension were overtreated (defined as SBP ≤128 mmHg and ≥1
hypertension medication). Those that had overtreated diabetes were prescribed more
non-hypoglycemic medications (mean= 11.0 (SD3.7) versus 7.2 (SD3.1), p=0.01), but a
similar relationship for hypertension was not statistically significant (mean= 8.4 (SD3.8)
versus 7.7 (SD 2.9), p=0.285). The prevalence of diabetes and/or hypertension
overtreatment (regardless of definition) had not been described in the nursing home
population before, and as far as I know this study remains the only published work that
looks at a potential relationship between overtreatment and more general
polypharmacy.

Study Two (Chapter 4) - A similar approach was taken with 25,737 community-dwelling
people ≥70 years old being treated for hypertension (hypertension) using the Canadian
Primary Care Sentinel Surveillance Network (CPCSSN) dataset (Chapter 4). I found
that 2300 (9%) of the sample had blood pressure treated to <120 mmHg and 48% of
this group also received ≥9 non-hypertension prescriptions, versus 35% for the rest of
the sample. The overtreated cohort members were also more unwell. We applied a
logistic regression model, adjusted for age, sex, co-morbidities and burden of illness to
observe associations with an outcome of SBP <120 versus ≥ 120 mmHg and DBP <70
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versus ≥ 70 mmHg. We found that both overtreated SBP and DBP had odds ratios that
were associated with increased prescribing (Figures 4.6 and 4.7) in this communitydwelling population.

6.1.2

Harm associated with increased treatment intensity of hypertension

Asymptomatic conditions are treated to reduce risk of unwanted sequelae, like strokes,
heart attacks and earlier deaths. However, we lack accurate estimates of the actual
risks and benefits of treatments prescribed widely in primary care, as most were tested
only on more well and/or younger people.126,201,269 Further, the inevitability of death and
personal preferences about how death might occur have not been factored into
traditional risk calculations for these treatments. The CPCSSN database provided an
opportunity to not only describe disease frequencies and prescribing patterns, but also
to observe interactions for a large pan-Canadian sample that receives primary care in
the community.

Study Three (Chapter 5) - This study used an adjusted Cox proportional hazards model
to estimate changes to risk of incident dementia based on how high (or low) blood
pressure was treated for 24,016 people ≥70 years old. When looking at SBP as a
continuous variable a 1mmHg increase in SBP was associated with a decreased risk of
dementia, HR 0.991 (95%CI 0.987-0.995, p = <.0001). I found a persistent, significant
increased risk of incident dementia with having SBP or DBP treated more intensely
(Table 5.2-5.5). Importantly, having ≥ 3 co-morbidities also had an unexpectedly strong
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association with increased dementia (for SBP as continuous, Figure 5.4, HR 8.125,
(95%CI 7.011-9.416)).

6.2

6.2.1

Utility of research findings

Limitation and opportunity: accurate identification of the burden of illness

Measuring the burden of illness in primary care population and accurately describing its
effect, is a new area of research. Being able to accurately identify those patients with
similar observable characteristics, such as age, gender and medical co-morbidities who
are more unwell versus more well does not have a consensus approach, even in
prospective studies.270 For all 3 of my studies, I relied on existing medical records
created for clinical purposes. This added a layer of difficulty in creating a proxy or
surrogate measure. My review of the literature suggested that it was reasonable to
assume that higher values of polypharmacy,271 blood pressure variability213,272 and
number of health record changes/blood pressure measures225 may correlate to people
who are generally more unwell. However, I found that the variable that was most
reliable in these studies was a simple sum of additional co-morbidities,224 specifically, if
there were ≥3 co-morbidities, in addition to hypertension.

Calculation of ≥3 co-morbidities was straightforward using CPCSSN data. Future work
to validate this as a reasonable surrogate would be a great contribution to more
accurately identify those people with a higher burden of illness. Identification of a
reliable measure of burden of illness will facilitate adjusting future cohort analyses for
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the potential confounding influence of some cohort members simply being more unwell
than their health record may otherwise indicate.

6.2.2

Harms and benefits framework for asymptomatic conditions

Being able to refine an estimate of harms and benefits for treatment of an asymptomatic
condition will allow clinicians, patients, and their families to make better shared
decisions. Current guideline recommendations and reviews of guidelines273 rely heavily
on expert consensus, instead of actual observations from populations receiving the
treatments advised. Being able to appropriately estimate harms and benefits for people
who typically are not represented in randomized clinical trials could possibly improve
patient outcomes and reduce harms.

The common assumption that all prescribing to reduce risks is good, as we see with
treating asymptomatic conditions like hypertension, has possibly created unexpected
harm. The study by Shehab et al.47 showed that even drug therapies not usually thought
of as “potentially inappropriate” can be problematic. For example, the blood pressure
medications, renin angiotensin inhibitors (ACE-I or ARB) were implicated in 2870 (or
2.9% (95%CI1.7-4.1) of all US emergency department visits for adverse drug events
that resulted in hospitalization. However, there are few published estimates of harms
and benefits for treatment of asymptomatic conditions in people older than 70 years.
Using the model of treatment intensity, with consideration of an upper and lower
threshold, the results presented in this dissertation could be considered for development
of more accurate risk calculators.
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6.2.3

Incorporating treatment intensity into clinical practice guidelines

High blood pressure is treated widely by primary care clinicians. These clinicians
diagnose, treat, and follow patients who present with a wide array of undifferentiated
illness, as well as variants of normal that may be perceived as an illness. It would be
impossible for any primary care clinician to stay current on every diagnostic and
treatment standard without some mechanism to synthesize the data. Clinical practice
guidelines (CPGs) have emerged over the last 50 years to standardize approaches to
various conditions.274 At their best, they provide a simplified, accessible treatment
pathway that saves time for clinicians and improves outcomes for many people. At their
worst they may provide a treatment approach for a particular patient that is
inappropriate or harmful.143 The work described in this dissertation provides a) an
estimate of specific harms for people ≥70 years old being treated for hypertension and
b) more generally, an approach to studying effects of disease treatment in primary care,
on a heterogeneous population that is unlikely to ever be represented in clinical trials.

Figure 4.4 shows that 24% (53,231/217,540) of Canadians ≥70 years old are being
treated for hypertension in primary care. At least 27% of this group would have been
excluded from SPRINT due to a concurrent diagnosis of diabetes. Frailty, dementia,
kidney disease and CHF are also common reasons to be excluded from hypertension
trials (Table 2.3). By developing this CPCSSN cohort, representative of “typical”
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Canadian primary care patients,205 we are able to observe prevalence of harms and
benefits in a fashion that could increase the accuracy of individual estimates.

Similarly, Chapter 4 informs us that 66% of the cohort has an achieved blood pressure
<140 mmHg and would be considered “controlled” as defined by some previous
studies.110 Having access to information about treatment agents and outcomes
(treatment intensity) also allows for a more robust and accurate population description
of hypertension treatment in Canada.

6.2.3.1

De-intensification of treatment

Clinical Practice Guidelines (CPGs) typically have only limited guidance for deintensifying treatment. They usually emphasize intensification, often with only a single
disease perspective (i.e. not acknowledging the presence or possible effects of
multimorbidity). Markovitz et al. reviewed 22 American guidelines for diabetes and
cardiovascular diseases (including hypertension) and found that of the total 361
recommendations that were made, only 105 (29%) could be classified as deintensification.275 They found substantial variability in how de-intensification was
presented in guidelines and that even when evidence was considered weak,
recommendations for intensification were more numerous. Instead, they suggest that
the imbalance could be explained by “the widespread predilection for generalizing
benefits in homogenous populations to broader populations.”276 As described in section
2.5.1 of this dissertation, there are some examples of how inappropriate this approach
can be. The fallout from the application of a RALES study finding for use of
138

spironolactone in advanced heart failure132 to a heterogeneous community-based
population resulted in increased hospitalizations and deaths.133

We have only a handful of studies, mostly on diabetes patients, that have reported on
frequency of blood pressure treatment intensity and subsequent de-intensification.97
There is also little research about the effects of de-prescribing of blood pressure
medications to guide this work. van der Wardt et al.277 conducted a review of 66
heterogeneous studies of discontinuation of hypertension medications and found that at
2 years, in 26% (95%CI 26-27%) remained “successfully withdrawn from [blood
pressure] medications”. However, the diversity of these studies makes summary data
difficult to interpret.

6.2.3.2

Current Canadian guidelines

The SPRINT trial has introduced a blood pressure treatment target of <120 mmHg more
widely.278 In Canada, the CHEP guidelines have been modified to include consideration
of the lower target,96 but does not mention a threshold at which de-intensification should
be considered. The 2017 guideline has also removed the suggestion that there should
be different goals for the elderly, because “evidence suggests that older patients with
hypertension benefit similarly from intensive BP reductions as younger adults”. This
recommendation only cites findings from randomized control trials.100,279–281 There is no
guidance about when or how to de-intensify treatment, nor what the harms and benefits
of doing so might be.
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6.2.3.3

Addition of a lower treatment threshold to treatment guidelines

The findings of increased polypharmacy associated with blood pressure being treated to
lower SBP and DBP, as well as increased incidence of dementia, are important
potential harms that could change a clinical recommendation or the course of a shared
decision about treatment goals. Addition of a lower threshold, at which harms likely
exceed benefits, could provide a range of most appropriate treatment. To my
knowledge, only one hypertension guideline has included a lower threshold.149
In light of the possible increased harm of incident dementia with increased treatment
intensity, the potential to modify this risk factor is intriguing. A lower threshold of 120
mmHg could affect as many as 9% of those ≥70 years old currently treated for
hypertension in Canada. The potential risk reduction for the composite outcome
(myocardial infarction, acute coronary syndrome, acute decompensated heart failure or
death from CV causes) measured in SPRINT, 5.2%, vs. 6.8% in the standard BP target
group, RR 0.76 [0.65, 0.90], ARR 1.6%, NNT 63 for 3.3 years. Given the poor prognosis
and limited treatment options for dementia, an opportunity to reduce the risk of
dementia by choosing a higher treatment target (lower treatment intensity) could be well
received by appropriate patients and providers.

6.3

Limitations

The results of these studies should be interpreted with caution. The relationship
between polypharmacy and overtreatment of asymptomatic conditions is nascent. And
while the study of the relationship between blood pressure treatment and incident
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dementia is more developed, there is no consensus on the exact nature and direction of
the connection. Observational studies cannot reliably identify causality.

The datasets used for these studies were constructed from information collected for
other purposes (primary care encounters). The ability to create ideal variables was
limited by the use of secondary data. For example, the diagnosis of dementia relied on
an algorithm with high sensitivity and specificity.290 But, there was no mechanism to
identify early stages of cognitive change. Mossello et al.191 found an increased cognitive
decline with increased blood pressure treatment intensity in those who already have
cognitive impairment. We were unable to measure progress of cognitive change and it
is possible that clinically meaningful cognitive change was underestimated as we could
not detect it early enough.282

Prescribing information in the CPCSSN database was limited only to prescription
details, not whether the drugs were dispensed, nor if consumed. There is current work
to link CPCSSN records to dispensing data in British Columbia. Future studies that can
validate assumptions about prescriptions being dispensed will be valuable to better
understanding actual exposures. Similarly, this work had limited resources for data
programming and we were unable to create a robust process to count all repeated
prescriptions. Instead a total number of prescriptions over a two-year period was used
as a surrogate. It would be a valuable addition to CPCSSN to have a programmed
algorithm for more accurate drug counting. The elements identified in Figure 1.3 could
be used to establish the algorithm.
141

6.3.1

Missing data

Data collected for clinical purposes is known to have higher prevalence of missing
data.283 For this work, having only partially reported data on smoking status, and
inability to report neither on length of time of having a diagnosis of hypertension nor
socio-economic status may have had confounding effects that could alter the results.

6.3.1.1

Smoking

Smoking is a well-known risk factor for many negative health outcomes, including
hypertension284 and dementia.285 Identification of smoking history and provision of
treatment for smoking cessation is a common clinical activity in primary care, however,
there are not documentation standards nor diagnosis codes in common use to facilitate
identification of this important piece of medical history.286 In this work, we found that
only 32% of cohort members had a smoking history identified in their record. This is
consistent with other assessments of primary health care records.287 Given the health
effects of tobacco and the benefits seen with tobacco cessation, it is unlikely that
primary care clinicians are not including this element in their treatment plans. Rather,
the CPCSSN dataset does not have an accurate way to identify the activity. For this
work, it also means that we could not test whether smoking status had an impact on
time to dementia in the cox model presented in Chapter 5.
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6.3.1.2

Timing of individuals’ diagnosis of hypertension

Being diagnosed with hypertension in mid-life versus in later life has been postulated to
have a different effect on incident dementia.172 There are few longitudinal studies that
have followed hypertension treatment from middle age to older age. In the studies that
are available there appears to be an increased incidence of dementia (OR 2.8 (95%CI
1.1-7.2)) in older age if SBP in >160 mmHg (versus <140 mmHg).288 While there is not
a clear answer about this, being able to include it as a variable in the cox proportional
hazards analysis for Chapter 5 would have been a very valuable contribution to the
literature.

The CPCSSN database currently does not have a reliable way to identify the first date
of most diagnoses. The date of diagnosis of dementia is a special case given there are
a set of drugs uniquely used for treatment of dementia and that the disease only rarely
occurs before the age of 70. Parkinson’s disease has a similar profile and likewise can
be identified with high specificity and sensitivity. Exact, or even approximate, date of
diagnosis of hypertension has some specific challenges. “Mid-life” hypertension usually
refers to age ~40-65 and CPCSSN records only go back to the time when a provider
started using their electronic health record (EHR), e.g. If a provider got their EHR in
2002, only records generated from that time forward to the date of data extraction (June
30, 2015) would be included, meaning the date of incident hypertension may already be
several years past.

143

Future work may benefit from exploring this, and perhaps examining the historical blood
pressure readings to be able to describe the course of blood pressure over the available
record. This dissertation looked specifically at the role of treated hypertension, and it
may be possible to combine historical blood pressure readings with first incidence of
prescription of any one class of antihypertensives as a possible indicator of incident
hypertension.

6.3.1.3

Socio-economic status

In contrast to smoking, socio-economic status is not routinely reported in primary care
records. This is despite the well-described effects on almost all health outcomes,289
including dementia.290 At present, there are no indicators to reliably report
socioeconomic status on clinical records in CPCSSN. A designed study with primary
data collection could address such an absence and the information could be factored
into a model like the one presented in Chapter 5.

6.3.2

Potential future methods to mitigate effect of missing data

The above specific limitations regarding data quality and availability could be addressed
with the use of a randomization process, which would decrease or eliminate possible
bias that could be arising from the inability to identify these elements as confounders.
Other study designs, such as creating a comparator group, where people without a
specific diagnosis of hypertension, (but with blood pressures still recorded in CPCSSN
data), could be compared to those with treated blood pressure for associations with
polypharmacy and incident dementia, could help mitigate some of the possible
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confounding described above. This work ended up looking almost exclusively on treated
blood pressure, which while it created a cohort of comparable individuals, it may also
have introduced a sampling bias that comparison to a “non-treatment” group could help
reveal.

6.3.3

Sample size in nursing home study

The sample size in the nursing home study was small, which limited the type of analysis
that we could effectively do. We only sampled a particular kind of facility (publicly run,
hospital-affiliated), which has been found to offer the highest standard of care291 but is
likely not representative of care provided at all nursing homes in British Columbia or the
rest of Canada.

6.3.4

Lack of data linkage

The CPCSSN dataset was not linked to important additional data sources, including:
pharmacy dispensing, acute care use, vital statistics (for deaths), nursing home
admissions, home care use, etc. As a result, we have only a limited picture of the cohort
members. For the cox model in Chapter 5, censoring variables were unable to
incorporate death or hospitalization both of which are a) common in this age group and
b) directly linked to a diagnosis of dementia. Future work in this area would ideally be
able to incorporate linked data. Such linkages are in process for data collected in British
Columbia, Ontario and Manitoba.
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6.4

Next steps

Developing appropriate definitions of treatment intensity, combined with the use of both
lower and upper thresholds to guide specific treatment decisions for asymptomatic
conditions, could reduce overtreatment in people ≥70 years old. Additional study of
hypertension, as well as other common asymptomatic conditions, such as diabetes and
osteoporosis, should include: defining parameters of treatment intensity (e.g. surrogates
and medicines prescribed), accurately describing various levels of treatment intensity,
and the harms and benefits observed at each level/increment. These studies should
include a representative sample of the population that is as inclusive as possible.
Ideally, the sample would be large enough to allow for exploration of subgroup effects.

This work found a persistent association between the most intensely treated blood
pressure and higher general prescribing, however the harms of such an association with
polypharmacy are not easy to specify. In contrast, if the increased harm of an earlier
diagnosis of dementia due to a lower achieved blood pressure, is be found to be true,
this could have wide spread effects on how hypertension is treated in Canadians older
than 70.Though the associations found in this dissertation were small, it directly
challenge how the benefits of a lower target, like the one used in SPRINT, are being
portrayed and integrated into the American292 and Canadian.96 Repeating this study in
other data sets to see if the result is replicable would be very valuable.

In conclusion, polypharmacy, overtreatment and treatment intensity are overlapping
concepts that have been developed in this dissertation, but still lack precise, robust
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definitions. Progressing these definitions, towards consensus, and using them in welldesigned studies, with patient-centered outcomes applicable to heterogenous
populations, requires ongoing focus and debate. This dissertation has provided a
framework of the scope and considerations that are required and that this framework
could be used by other researchers to design studies that will benefit people ≥70 years
old, like Mrs. B, facing possible harms from treatment intensity of asymptomatic
conditions.
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Appendix A - Changes to research plan for doctoral studies

Proposed randomized controlled trial of deprescribing

In June 2011, I enrolled in the UBC Department of Family Medicine Clinician Scholar
program where Dr. Scott Garrison agreed to provide mentorship. We discussed the idea
of a randomized controlled trial to assess patient-oriented outcomes, like morbidity and
mortality, with a systematic process of deprescribing. I stepped away from this project in
July 2011 for a maternity leave and when I returned in September 2012, Dr. Garrison
encouraged me to do this work as part of the requirements for a PhD offered at UBC by
Experimental Medicine. This would provide structure and access to the classes I
needed to gain skills in quantitative analysis. Dr. Margaret McGregor, a fellow GP and
researcher with experience studying nursing home populations, and Dr. James
McCormack, a professor in Pharmaceutical Sciences and expert in translation of
research to clinical practice, also agreed to be on my committee.

Over the next year, while continuing my practice part-time and taking the PhD courses, I
wrote up the research protocols and obtained required permissions from the UBC
Clinical Research Ethics Board and the facilities where we would be recruiting patients.
We would use six well-regarded, hospital-affiliated nursing homes in Richmond and
Vancouver. With all materials complete and permissions gathered, we began recruiting
patients in the summer of 2013.
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Unfortunately, after approaching 40 families, we failed to recruit a single person. Almost
all residents in BC nursing homes are affected by dementia and, as such, we needed to
use proxy decision-makers to consent. The proxy refusals fell into two general
categories: “My loved one has an excellent doctor, I am sure that s/he needs every
medication prescribed” and “s/he has been through enough, I don’t want my loved one
to be a guinea pig”. In hindsight, these responses were reasonable given the lack of
public discourse about polypharmacy and deprescribing and the emotionally intense
idea of a vulnerable loved one possibly being given medicines that could harm them.
We stopped the trial and reflected on the intentions of the project. In early 2014, I took
an RCT design course and a research ethics course to consider if there was a way to
restructure the project to have it be successful. As shown in the below Figure, despite
efforts to redesign the trial, we ultimately decided that given the poor general public
knowledge of polypharmacy, the ethical requirement to use proxy decision makers, my
academic timeline and resources available, it would not be possible to run a successful
trial at this time.
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CLINICIAN REALIZATION (July 2008-July 2011): “overtreatment” may cause harm
REVIEW LITERATURE (Sept 2012-Dec 2014) to see what is known about “overtreatment”:
1. “too many drugs” research = polypharmacy
2. “bad drugs” research (e.g. Beers List, STOPP/START, etc) also = polypharmacy
3. Clinical guidelines are single disease focused and most older people have multimorbidity.
4. Effects of polypharmacy needs research due to aging of population and ↑ #’s of medications/person.
RESEARCH GAPS (Sept 2012-Dec 2014):
1. Effective ways to reduce drugs per patient in Canadian health care model.
2. Reliable estimates of +ve/-ve effects of #’s or combinations of treatments for older adults.
3. Reliable estimates of +ve/-ve effects on patients when reducing pharmacological treatment.

RCT ROAD BLOCK
1. Zero patients enrolled
2. < expected patients
prescribed ≥5
medications.
(June-Oct 2013)

DESIGN AN RCT, set in nursing homes, “usual care” versus an intervention to
reduce polypharmacy, frequency of “bad drugs”. Use patient-relevant
outcomes, e.g. mortality, morbidity, quality of life.
(RCT Protocol, (Sept 2012 to Sept 2013))
CLARIFY ASSUMPTIONS (Jan-April 2014)
1. X-sectional survey of proposed RCT population (Chapter 3):
a. Describe actual prescribing patterns
b. Observe number of drugs, “bad drugs” prescribed and
chronic disease treatment.
2. Explore novel ways to engage population in research, re:
consent

Redesign RCT as cluster RCT trial:
1. Propose consent at facility level
2. Local ”polypharmacy reduction”
initiatives may affect “usual care”.
(April 2014)

Resources are not
available for RCT of
this complexity.
RCT design is
retired.
(July 2014)

POLYPHARMACY & TREATMENT INTENSITY:
1. >50% of nursing home patients receive >9 meds
2. BP & A1c levels <expected & appear to be
associated with ↑ medications (Nov-Dec 2014)
IDENTIFY ACCESSIBLE POPULATION (March 2015)
Identify CPCSSN as source of patient data and outcomes for
large sample of older adults (consent already obtained).

Construct cohort studies (April 2016-June 2017)
1. Explore association between treatment intensity of hypertension and
volume of more general prescribing (Chapter 4).
2. Estimate effects of treatment intensity on patient relevant outcomes
(outcome = incident dementia) (Chapter 5)

Figure:
Evolutionofofmy
my graduate
program ofprogram
research
Evolution

of research
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Appendix B - Data sources and collection plan for cross sectional study

Objectives for Data collection:
Provide baseline information about existing prescribing practices in 6 designated
residential care facilities, specifically, the prevalence of polypharmacy.
Detect signals about risks and benefits of numbers and classes of medications.
Help inform elements needed for an economic model of the impact of polypharmacy
and potential savings of reductions that may be clinically relevant.
Provide community level data for design of a more informative pragmatic clinical trial.
Potentially provide information to immediately change clinical practice and
administrative policies.
Summary List of all data collected per patient
(details of sources and methods below):
1

Name

2
3
4

Health Insurance number and
hospital unique identifier
Sex
Date of birth

5

Facility

6

Precise location in facility

7

Prescribing/Attending physician

8

All medications prescribed

9

# of patient transfers to acute care
in previous 12 month period

10

Code status

11
12
13

Last recorded HgbA1c
Last recorded blood pressure
Presence of a diagnosis of
dementia, hypertension, diabetes or
congestive heart failure
Date of first admission to facility

14

for matching records between data sources, removed in
dataset used for analysis
for matching records between data sources, removed in
dataset used for analysis
Female or male
To calculate AGE to nearest year, removed in dataset
used for analysis
Transformed into numbered categorical variable, for
comparison of patterns between facilities.
Needed to locate paper chart, removed in dataset used for
analysis
Transformed into numbered categorical variable, for
comparison of patterns between prescribers.
drug name, drug dose, drug dose frequency, whether
given regular or per re nata (PR).
Also included, dates of each transfer – to determine acute
care episodes happened before or after admission to
nursing home.
Transformed into a transfer/no transfer variable. Health
authorities use a shared “do not attempt resuscitation”
template, previous research has identified level 1 and 2 to
mean “no transfers to acute care”, and 3 and higher to be
“transfer to acute care”.
Percent, %
Systolic/diastolic, mmHg
– yes or no – listed as diagnosis in paper chart
Transformed into a “length of stay” variable.
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POPULATION – random sample of frail elders living in all 5 Providence Healthcare
(PHC) residential care facilities and the Minoru residential care (Vancouver Coastal
Health (VCH) –Richmond)
RESEARCH DESIGN - Cross sectional survey retrospective patient data available on
existing hospital and pharmacy databases and patient charts. Measured at a single time
point in time for prevalence of polypharmacy. The single point in time must be identified
as close as possible to first day of data collection beginning given the significant
fluctuation to how pharmacy data is presented in the regional health authority databases
(i.e. records are overwritten, rather than saved as a day by day snapshot). Once ethics
and institutional approval are obtained, a specific date in the near future will be chosen
(i.e. within 4 weeks of approval.) The 12 month period requested from Decision Support
for the mortality and transfers data will be measured backwards from the specified date.
DATA SOURCE #1 - Decision Support (regional BC health authority patient database,
“EDAD”)
For 1 year period prior to date on which prescription data is collected:
• # of transfers to acute care and/or admissions to hospital
DATA SOURCE #2 - Regional health authority (PHC and VCH) pharmacy
databases
List of pharmacy data a specified single date close to the time of request (i.e. once
ethics approved and VCRI approval obtained) includes:
• Date of birth
• Health insurance number (to be used exclusively for data matching with Decision
Support and paper charts)
• Attending MD
• Exact facility location (used to group data by facility and to direct researcher to
appropriate location to collect chart data)
• Sex
• Medications
o Name of each drug prescribed
o Whether it is regular or PRN
o Dose
o Dosing frequency
DATA SOURCE #3 - Patient paper chart: (to be collected by PI or med student
research assistant). Patient name, (first and last) and specific facility location will be
needed to select the correct paper chart as that is how they are organized at facility. A
sample data collection sheet is included below and includes:
1. Date of admission to facility (unavailable from computer systems due to “restart”
of clinical record every time a patient is transferred to acute care for both
Decision Support and pharmacy databases)
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2. DNAR status noted on Level of Intervention form (assumed to be a very strong
predictor of # of transfers, also suspected to be associated with less
pharmaceutically intense care of patients)
3. Most recent HgbA1c from last 6 months (to check associations with # and dosing
of hypoglycemic drugs)
4. Most recent BP from last 6 months (to check associations with # and dosing of
antihypertensive drugs)
5. Diagnoses
a. any variant of dementia
b. hypertension
c. diabetes
d. congestive heart failure
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