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Abstract

Eating and maintaining optimal nutrition are essential to health and quality of life. In both
health and disease, eating is influenced by multiple factors including swallowing, oral health,
and saliva production. Perturbations to any, or all, of these inter-related factors may result in
consequences that negatively affect the health and wellness of an individual. Eating and
swallowing impairment are common symptoms of neurodegenerative diseases such as
dementia, and these symptoms are associated with a host of negative sequelae such as
malnutrition, dehydration, aspiration pneumonia, and reduced quality of life. The studies
reported in this dissertation explored elements of eating and swallowing, saliva production,

and saliva modulation in healthy individuals and in persons with Alzheimer’s disease (AD).

This dissertation is composed of three studies. First, a scoping review methodology was used
to examine literature that addressed autonomic nervous system and/or swallowing
dysfunction in individuals with AD. Then, systematic review and meta-analysis
methodologies were used to examine a potential effect of aging on saliva production. Finally,
a within-subjects methodology was used to examine the modulation of salivary flow by tooth

brushing in healthy older adults.

In the first study, swallowing dysfunction and autonomic nervous system dysfunction,
including salivary flow dysfunction, were found to occur in persons with AD. In the second
study, salivary flow was found to be reduced in adults aged 60 years and older who were free
of major systemic disease. In the third and final study, the use of manual and electric tooth
brushing was found to increase whole salivary flow rates in adults aged 60 years of age and

older who were free of major systemic disease.

The results of this dissertation have very important implications for the future research and
management of eating and swallowing, oral health, and saliva production in a variety of

populations, including aging individuals and persons with AD.
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Chapter 1

1 Introduction

1.1 Eating

The ability to eat in order to meet one’s metabolic requirements is a basic human need
(Maslow, 1954), an integral part of homeostatic regulation (Langhans & Geary, 2010),
and fundamental to survival. Eating and maintaining optimal nutrition are essential to
health (Waxman & World Health Assembly, 2004) and quality of life (Vailas, Nitzke,
Becker, & Gast, 1998). Being unable to eat results in dietary imbalances, which are
known to contribute to disease (Waxman & World Health Assembly, 2004), as well as
malnutrition, which can result in physical, mental, and social disability (La Rue et al.,
1997; Muhlethaler, Stuck, Minder, & Frey, 1995). The inability to eat often results in an
individual receiving nutrition via another route, such as parenterally (intravenous
nutrition) or enterally (tube feeding). Even when other routes are used to provide
nutrition, however, the inability to eat significantly detracts from an individual’s quality

of life (Winkler, 2005).

Eating disability, or the inability to eat, may occur as a symptom of many neurologic
(Bakke, Moller, Thomsen, Dalager, & Werdelin, 2007; Benfer et al., 2014), anatomic
(Patterson, McColl, Wilson, Carding, & Rapley, 2015), or psychological conditions and
diseases (Baijens, Koetsenruijter, & Pilz, 2013). Eating impairment is a common
symptom of neurodegenerative conditions such as dementia (Affoo, Foley, Rosenbek,
Shoemaker, & Martin, 2013) and may be characterized by distraction during meals,
refusal to eat, agitation/aggression at mealtimes, using food as nonfood play objects,
expectorating food/refusing to swallow, inability to masticate, choking, or aspiration
(Durnbaugh, Haley, & Roberts, 1996; Morris, Hope, & Fairburn, 1989; Priefer &
Robbins, 1997).

There are several physiological components that are fundamental to eating. Eating
involves transportation of food and fluid to the mouth, salivary secretion in order to

lubricate the mouth and initiate chemical digestion of starches, preparation of the material



in the oral cavity such as mastication of solid food material, and swallowing to transport

food or fluid from the mouth to the stomach (Miller, 2013).

1.2 Swallowing

Swallowing is a fundamental component of eating and is the process by which saliva,
food, and fluid is safely transported from the mouth to the stomach. Swallowing involves
the integration of volitional and sensorimotor events. The process begins with the
preparation and softening of food or fluid into a bolus through mastication and
manipulation in the oral cavity. During this process, the salivary glands secrete saliva into
the oral cavity, which initiates the process of chemical digestion. Once formed, the bolus
is propelled through the oral cavity towards the pharynx and the ascending sensory
information associated with preparing and transporting the bolus trigger the pharyngeal
phase of swallowing. A complex and coordinated series of muscular contractions results
in airway closure and movement of the bolus through the pharynx and into the

esophagus, where it is eventually transported to the stomach (Matsuo, 2013).

1.3 Dysphagia

The term dysphagia refers to deficits in transporting saliva, food, or fluid from the mouth
to the stomach (Logemann, 1998). Dysphagia is a symptom of many congenital
abnormalities, acquired neurologic or physical dysfunctions, progressive degeneration,
and psychiatric disorders (Murry, 1999) and often contributes to impaired eating in these
populations. A host of negative physiological consequences are associated with
dysphagia, such as dehydration (Whelan, 2001), and malnutrition (Namasivayam &
Steele, 2015). Dysphagia may lead to aspiration, which is the misdirection of
oropharyngeal or gastric contents into the larynx and lower respiratory tract. Aspiration is
associated with aspiration pneumonia, which occurs when bacteria colonize the
misdirected contents and infect the lung (Marik, 2001), and results in suboptimal patient
outcomes and increased mortality (Foley, Affoo, & Martin, 2014). Dysphagia and eating
impairment often lead to an increased sense of isolation and loss of self-esteem,

avoidance of social eating situations, and anxiety or panic during mealtimes (Ekberg,



Hamdy, Woisard, Wuttge-Hannig, & Ortega, 2002), all of which negatively impact a

person’s social and psychological well being, and quality of life.

Estimates of the prevalence of dysphagia vary by setting, population, disease state,
country, and manner in which dysphagia is assessed. The prevalence of self-reported
dysphagia in primary care patients has been found to be 22% (Wilkins, Gillies, Thomas,
& Wagner, 2007). Dysphagia prevalence has been reported anywhere from 0.35% to 55%
in the acute care in-patient setting (Altman, Yu, & Schaefer, 2010; Cabre et al., 2010) and
68% in long-term care (Steele, Greenwood, Ens, Robertson, & Seidman-Carlson, 1997).
Up to 78% of individuals experience dysphagia after a stroke (Martino et al., 2005),
between 35% and 82% of persons with Parkinson’s disease have dysphagia (Kalf, de
Swart, Bloem, & Munneke, 2012), and the prevalence of dysphagia in individuals with
Alzheimer’s disease is anywhere from 45% to 93% (Affoo et al., 2013).

1.4 Oral Health

The oral health of an individual is defined as “a state of being free of mouth and facial
pain, oral and throat cancer, oral infection and sores, birth defects such as cleft lip and
palate, periodontal disease, tooth decay and tooth loss, and other disease and disorders
that limit an individual’s capacity in biting, chewing, smiling, speaking, and
psychological wellbeing” (WHO, 1992). The relationship between oral health and overall
health is complex, however, links between poor oral health and oral preparatory and oral
stage dysphagia (Liedberg & Owall, 1991), malnutrition (Daly, Elsner, Allen, & Burke,
2003; Poisson, Laffond, Campos, Dupuis, & Bourdel-Marchasson, 2014), aspiration
pneumonia (Langmore et al., 1998), and increased mortality from pneumonia (Awano et

al., 2008) have been documented.

1.5 Saliva

One essential component necessary for adequate oral health is salivary flow. Saliva is
important for maintaining oral and general health (Mandel, 1989) and has many and
varied functions including protection against mechanical, thermal and chemical irritation,

reducing demineralization and facilitating remineralization of the teeth, facilitating



antimicrobial actions and clearance of bacteria, initiating chemical digestion, and

facilitating taste (Whelton, 2004).

Saliva production is often limited by disease or pharmaceutical use (Sreebny, 2000).
Reduced saliva production results in rapid deterioration of oral health and increased
bacterial colonization in the oral cavity. Many of the diseases and disorders associated
with dysphagia may also be associated with reduced salivary flow. Additionally,

individuals with reduced salivary flow may experience dysphagia (Poisson et al., 2014).

In an individual experiencing hyposalivation and associated increased bacterial
colonization and oral pathology, the co-occurrence of dysphagia may increase the risk of
the individual aspirating bacteria-rich oral contents and developing aspiration pneumonia
(Ortega et al., 2014). Aspiration pneumonia is associated with increased risk of mortality
in certain populations (Foley et al., 2014). Thus, there appears to be a critical relationship
between factors associated with eating and swallowing function, oral health, and saliva
production. Perturbations to any, or all, of these factors may result in consequences that

negatively affect the health and wellness of an individual (Figure 1).
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Figure 1. Inter-Related Factors Associated with Impaired Eating and Swallowing,

Oral Health, Saliva Production, and Respiratory Health

1.6 Alzheimer’s Disease

Alzheimer’s disease (AD) and other dementias are a growing epidemic in Canada.
Alzheimer’s disease currently affects approximately 747,000 Canadians. This number is
expected to nearly double to 14 million Canadians by 2031 (Alzheimer Society of
Canada, 2012). Dysphagia (Affoo et al., 2013), poor oral health (Foley, Affoo, Siqueira,
& Martin, 2015 unpublished), and reduced saliva production (Ship, DeCarli, Friedland, &
Baum, 1990; Ship & Puckett, 1994) have been reported in individuals with AD. There is
also evidence to suggest that this population is at increased risk of pneumonia-associated
mortality (Foley et al., 2014), and it is well documented that pneumonia is the primary
cause of mortality in AD (Beard et al., 1996). Therefore, in individuals with AD, it

appears that impairments in eating and swallowing, oral health, and saliva production



together increase the risk of morbidity, including aspiration pneumonia, as well as

suboptimal health outcomes and mortality (Figure 2).

Reduced Quality of Life

[ Reduced Saliva } { Poor Oral Health }

Pneumonia

A

Increased Mortality Increased Morbidity

4

Swallowing
Deficits

Figure 2: Proposed Model of the Relationship between Reduced Salivary Flow, Poor
Oral Health, Dysphagia, and Suboptimal Outcomes

1.7 Eating and Swallowing, Oral Health, and Saliva
Production

Eating and swallowing, oral health, and saliva production are crucial factors for
maintaining a person’s overall health and an optimal quality of life (Sreebny & Vissink,
2010; Vailas et al., 1998; Waxman & World Health Assembly, 2004; WHO, 1992).
While published evidence suggests that these factors are inter-related in both health and
disease, there is a paucity of evidence that has explored these factors and their potential
relationships. Generating new knowledge of these factors and the relationships between
them has the potential to positively impact health care provision for a variety of patient

populations, including older adults and persons with dementia. Thus, the goal of the



present research was to broaden current understanding of eating and swallowing function

and dysfunction, saliva production, and saliva modulation.

Three studies were conducted as part of this dissertation. In the first, eating and
swallowing dysfunction and autonomic nervous system dysfunction, including salivary
flow dysfunction, were examined in individuals with AD through a scoping review. In
addition to gaining a better understanding of the current knowledge on eating and
swallowing impairment and autonomic nervous system impairment in individuals with
AD, the study identified gaps in the literature. One gap that was identified pertained to
the rate of saliva production, or salivary flow rate, in individuals with AD. Saliva, a
secretion crucial for maintaining oral homeostasis and for completing the oral preparatory
and oral phases of swallowing, may be reduced as part of the disease process. This

finding led us to question whether salivary flow rate is reduced as a function of aging.

In the second study in this dissertation, published literature examining salivary flow rate
in adults of different ages was reviewed, described, and meta-analyzed in order to
determine whether aging is associated with a change in saliva production. We found that,
despite conflicting findings previously recorded in the literature, unstimulated and
stimulated whole and submandibular/sublingual salivary flow rates were decreased in

adults aged 60 years and older compared with younger adults aged 18 to 40 years.

Given that saliva is important for maintaining oral and general health (Mandel, 1989) and
salivary flow rates have been found to be decreased in older adults compared with
younger adults, it would be beneficial to elucidate whether salivary flow rates in older
individuals can be modulated. One approach to modulating salivary flow rates is to use
sensory stimulation. Previous studies examining the effects of sensory stimulation in the
oral cavity have found that oral stimulation is associated with increased salivary flow
rates (Karami Nogourani, Janghorbani, Kowsari Isfahan, & Hosseini Beheshti, 2012;
Ligtenberg, Brand, Bots, & Nieuw Amerongen, 2006; Papas et al., 2006). Therefore, in
the third study in this dissertation, the potential effects of manual and electric tooth
brushing on whole salivary flow rates were examined in adults 60 years of age and older

who were free of major systemic disease. We found that tooth brushing stimulates saliva



production for up to 5 minutes. A moderate, positive correlation was observed between

age and maximum salivary flow rate increase associated with tooth brushing.

The knowledge generated from the three studies presented in this dissertation has the
potential to improve the current understanding of oral physiology and inform the design
of future research. It also has important implications for preventative, acute, and
rehabilitative care for a number of patient populations, including aging individuals and

individuals with dementia.
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Chapter 2

2  Swallowing Dysfunction and Autonomic Nervous
System Dysfunction in Alzheimer’s Disease: A Scoping
Review of the Evidence

This scoping review aims to describe, synthesize, and interpret literature on swallowing
impairment (dysphagia) and autonomic nervous system (ANS) dysfunction in

Alzheimer’s disease (AD), and to identify gaps in the existing literature .

2.1 Introduction

Alzheimer’s disease (AD) is a neurodegenerative condition marked by cognitive and
behavioural decline (Wimo et al., 2013). Currently, AD affects more than 3.4 million
North Americans and its incidence is expected to exceed 5.5 million by 2030
(Alzheimer's Association, 2013; Rising tide: The impact of dementia on Canadian
society, 2010). People with AD experience significant eating problems, particularly as the
disease progresses (Njegovan, Hing, Mitchell, & Molnar, 2001). Although these eating
problems arise from deficits across a range of dimensions, swallowing impairment
(dysphagia) may be a critical factor; however, its impact is unknown. Understanding the
contribution of dysphagia to altered eating in AD is especially important since the risk of
AD increases with age and dysphagia in the elderly is associated with increased
morbidity, including pneumonia (Loeb, McGeer, McArthur, Walter, & Simor, 1999) and
malnutrition (Serra-Prat et al., 2012), and mortality (Groher & Crary, 2010).

Swallowing is regulated by both the somatic-voluntary nervous system and the
autonomic nervous system (ANS) (Jean, 2001; Miller, 1999). The somatic-voluntary
nervous system plays a fundamental role in the voluntary oral preparatory and oral stages
of swallowing, during which ingested material is formed into a bolus and transported

posteriorly across the tongue surface (Miller, 1999). The somatic-voluntary and ANS

%

A version of this chapter has been published (Affoo et al., 2013)
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mediate the semi-automatic pharyngeal stage, during which the bolus is transported
through the pharynx as the airway closes to protect against entry of material into the
lower respiratory tract (Miller, 1999). The ANS then regulates contraction of the smooth
muscle esophagus during the esophageal stage of swallowing (Miller, 1999). However,
both animal and human studies have documented ANS involvement in all stages of
swallowing, including salivary secretion required for the oral breakdown and lubrication
of ingested material (Stuchell & Mandel, 1988), sensory processing of laryngeal and
esophageal inputs necessary for swallowing (Aziz et al., 2000; Kalia & Mesulam, 1980),
and esophageal peristalsis (Camilleri, 2004).

The AD literature has focused primarily on the voluntary nervous system, as documented
by several systematic reviews (Marlatt & Lucassen, 2010; Nordberg, Rinne, Kadir, &
Langstrom, 2010). Nevertheless, ANS dysfunction in AD has been reported, although
systematic reviews are lacking (Lampe et al., 1989; Otsuka et al., 1990).

Given (i) the probability that swallowing impairment contributes to eating problems in
AD, (ii) that ANS mechanisms play a fundamental role in swallowing regulation, and (iii)
ANS dysfunction occurs in AD, a broad literature review examining dysphagia and ANS
dysfunction in AD could provide important insights into these deficits and their potential

associations.

The objectives of this study were to (i) describe, synthesize, and interpret literature on
dysphagia/ANS dysfunction in AD, and (ii) identify gaps in the existing literature,
utilizing a scoping review, a technique aimed at mapping relevant literature in a broad
field of interest where several study designs may be represented (Arksey & O'Malley,
2005; Landa, 2011).

2.2 Methodology

Relevant studies were identified through a literature search encompassing the years 1978
to July 2012. Three searches of the PubMed, EBSCOhost, PsychINFO, Cochrane,
EMBASE, and Scopus databases were conducted to identify studies of (i) dysphagia in

AD, (search terms: dementia, Alzheimer’s disease, swallowing, deglutition disorders,
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aspiration pneumonia, choking, and dysphagia) (ii) ANS dysfunction in AD, (search
terms: dementia, Alzheimer’s disease, autonomic nervous system, parasympathetic
nervous system, sympathetic nervous system), and (iii) dysphagia and ANS dysfunction
in AD, combining the search terms above. Reference lists of the retrieved articles were

manually searched.

The inclusion criteria were: (i) clinical studies, (ii) physiological reports (including
neuroanatomical studies) wherein any portion of the sample met the study author’s
criteria for having AD, and ANS dysfunction or dysphagia was examined; (iii) reviews,
(iv) commentaries, or (v) case studies of dysphagia or ANS dysfunction in AD, and (vi)
English language studies. Animal studies, human trials examining pharmacological
treatment effects on dysphagia/ANS dysfunction, and studies on cerebral hemodynamics

were excluded. Two reviewers (RA and RM) evaluated the surviving literature.

Clinical and physiological reports were evaluated using the Oxford Centre for Evidence-
Based Medicine Levels of Evidence' ("CEBM Levels of Evidence," 2009) (OCEBM)
criteria. Where possible, studies were classified as: treatment/prevention, prognosis,
diagnosis, prevalence, or decision making/economic evaluation. Following
categorization, the literature was synthesized and interpreted by the same two reviewers
in order to form conclusions and identify knowledge gaps. Results were categorized and

analyzed according to topics identified post hoc.

One expert in each of the fields of dysphagia, ANS physiology, and epidemiology was
then consulted to verify the completeness of the literature retained for final review, to
identify references that were not captured in the searches, and to comment on the

appropriateness of the literature synthesis, interpretation, and gap identification.

2.3 Results

The initial search returned 7,422 results of which 95 met the study criteria and were

reviewed (Figure 3). Summaries of all the included articles can be found in Appendix A —

f CEBM Levels of Evidence 2009 (online). Available at http://www.cebm.net/index.aspx?0=1025
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D. Thirty-one studies examined dysphagia in AD, 64 examined ANS dysfunction in AD.
No studies were identified that examined both dysphagia and ANS dysfunction in AD.

Articles |dentified: 7422

1 Articles Screened and Removed: 5452

| Articles Evaluated: 1970

————— Articles Not Meeting Evaluation Criteria: 1875 |

| Articles Meeting Evaluation Criteria: 95

(Dysphagia in AD: 31

| Clinical Reports: 22

+—————— Instrumental Assessment of Dysphagia: 9

| Clinical A ment of Dysphagia: 10 |
L {Treatment of Dysphagia: 3 |
L Reviews/Commentaries/Case Studies: 9

| ANS Dysfunction in AD: 64 |

———————— Clinical Reports: 51
———— Physiological Studies: 7|
L | Reviews/Commentaries/Case Studies: 6 |

L Dysphagia and ANS Dysfunction in AD: 0

Figure 3. Flow Chart of Scoping Review

2.3.1 Diagnosis of Alzheimer’s Disease

Eighty clinical reports addressed either dysphagia or ANS dysfunction in AD. In 56 of
these, the diagnosis of AD was based on (i) the National Institute of Neurological and
Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders
Association (NINCDS-ARDRA) diagnostic criteria (Algotsson, Nordberg, Almkvist, &
Winblad, 1995; Algotsson, Viitanen, Winblad, & Solders, 1995; L. Allan, McKeith,
Ballard, & Kenny, 2006; L. M. Allan et al., 2007; L. M. Allan, Ballard, Rowan, &
Kenny, 2009; L. M. Allan et al., 2005; Andersson, Hansson, Minthon, Ballard, &
Londos, 2008; Benedetti et al., 2004; Durnbaugh et al., 1996; Elmstahl et al., 1992;
Elmstahl & Winge, 1993; Fotiou et al., 2009; Franceschi, Ferini-Strambi, Minicucci,
Sterrazza-Papa, & Smirne, 1986; Horner, Alberts, Dawson, & Cook, 1994; Idiaquez,
Alvarez, Villagra, & San Martin, 1994; Idiaquez, Rios, & Sandoval, 1997; Idiaquez,
Sandoval, & Seguel, 2002; Ikeda, Brown, Holland, Fukuhara, & Hodges, 2002; Pascualy
et al., 2000; Rainero, Vighetti, Bergamasco, Pinessi, & Benedetti, 2000; Ransmayr et al.,
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2008; Shinagawa et al., 2009; Ship et al., 1990; Taki, Yoshita, Yamada, & Tonami, 2004;
Vitiello et al., 1993; Wada et al., 2001; Watanabe et al., 2001; Zakrzewska-Pniewska,
Gawel, Szmidt-Salkowska, Kepczynska, & Nojszewska, 2012), (ii) the Diagnostic and
Statistical Manual of Mental Disorders (DSM) III or IV criteria (Borson, Barnes, Veith,
Halter, & Raskind, 1989; Davidson, Borrie, & Crilly, 1991; Del-Ser, Munoz, &
Hachinski, 1996; Guo, Viitanen, Fratiglioni, & Winbland, 1998; Lampe et al., 1989;
Morris et al., 1989; Raskind, Peskind, Halter, & Jimerson, 1984), (iii) both the NINCDS-
ARDRA and DSM-III/IV criteria (Aharon-Peretz, Harel, Revach, & Ben-Haim, 1992;
Ahlskog et al., 1996; de Vilhena Toledo & Junqueira, 2008; Jhee, Sramek, Wardle, &
Cutler, 1995; Mehrabian et al., 2010; Passant, Warkentin, & Gustafson, 1997; Peskind et
al., 1998; Peskind et al., 1995; Toledo & Junqueira, 2010; Volicer et al., 1989; S. J. Wang
et al., 1994; Zulli et al., 2005), or (iv) neuropathology (Andin, Passant, Gustafson, &
Englund, 2007; Bonthius, Solodkin, & Van Hoesen, 2005; Burke, Coronado, Schmitt,
Gillespie, & Chung, 1994; Chu, Tranel, Damasio, & Van Hoesen, 1997; Orimo et al.,
2005; Rub et al., 2001; Shankle et al., 1993; Wakabayashi et al., 1999). Five (5) of the
studies used the NINCDS-ARDRA criteria as well as a score of < 5 on Hachinski’s Index
to rule out vascular pathology (Hornqvist, Henriksson, Back, Bucht, & Winblad, 1987;
Humbert et al., 2010; Humbert, McLaren, Malandraki, Johnson, & Robbins, 2011;
Otsuka et al., 1990; Priefer & Robbins, 1997). The remaining nineteen (19) studies
reported physician-specific diagnostic criteria (Bautmans, Demarteau, Cruts, Lemper, &
Mets, 2008; Chouinard, Lavigne, & Villeneuve, 1998; Edahiro et al., 2012; Eisdorfer &
Cohen, 1978; Feinberg, Ekberg, Segall, & Tully, 1992; Logemann et al., 2008; Robbins
et al., 2008; Suh, Kim, & Na, 2009) or did not report diagnostic criteria (Bordier, Colsy,
Robert, & Bourenane, 2007; Burge, 1994; Choi, Kim, & Kim, 2009; Correia, 2010;
Garon, Sierzant, & Ormiston, 2009; Grunberger et al., 1999; Khurana & Garcia, 1981;
Mizushima, 2005; Suski & Nielsen, 1989; Szili-Torok et al., 2001).

2.3.2 Dysphagia in Alzheimer’s Disease

Thirty-one studies addressed dysphagia in AD, including identification of dysphagia
(n=11), descriptions of swallowing difficulties (n=22), and treatment (n=3) (Figure 3). Of

22 clinical reports, nine employed an instrumental assessment of swallowing in
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individuals with AD. Seven studies used videofluoroscopic swallow studies (VFSS)
(Feinberg et al., 1992; Garon et al., 2009; Horner et al., 1994; Humbert et al., 2010;
Humbert et al., 2011; Priefer & Robbins, 1997; Suh et al., 2009) and two used
electromyography (EMG) following water injection into the pharynx (Mizushima, 2005;
Wada et al., 2001). In contrast, 10 clinical reports employed a clinical evaluation of
dysphagia or feeding difficulties (Burge, 1994; Chouinard et al., 1998; Correia, 2010;
Durnbaugh et al., 1996; Edahiro et al., 2012; Ikeda et al., 2002; Morris et al., 1989;
Shinagawa et al., 2009; Suski & Nielsen, 1989; Volicer et al., 1989) including
observation at mealtimes, caregiver interview, and questionnaire. Three studies examined
the treatment of dysphagia in AD (Bautmans et al., 2008; Logemann et al., 2008; Robbins
et al., 2008).

2.3.2.1 Dysphagia in Alzheimer’'s Disease: Oxford Centre for

Evidence-Based Medicine Levels of Evidence (OCEBM)
Classification using the OCEBM system was possible for eight studies of dysphagia in
AD (Tables 1-3).

2.3.2.2 Studies Employing Instrumental Assessment of Swallowing
in Alzheimer’s Disease

The nine studies (Feinberg et al., 1992; Garon et al., 2009; Horner et al., 1994; Humbert

et al., 2010; Humbert et al., 2011; Mizushima, 2005; Priefer & Robbins, 1997; Suh et al.,

2009; Wada et al., 2001) that employed instrumental assessment of swallowing in AD

provide preliminary evidence to support the following conclusions:

. The prevalence of dysphagia in moderate-to-severe AD is 84% (Horner et al., 1994) to
93% (Feinberg et al., 1992). Only one study failed to identify significant swallowing
dysfunction in AD (Mizushima, 2005); it examined swallow-related and cough-related
EMG responses to graded volumes of water injected into the pharynx through a nasal

catheter.

. Dysphagia may occur early in AD. Three studies using VFSS documented swallowing
alterations in small groups of patients with mild AD, compared with healthy age-matched

controls (Humbert et al., 2010; Humbert et al., 2011; Priefer & Robbins, 1997).
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3. Dysphagia occurring early in AD may be associated with functional changes in the

cortical swallowing network (i.e., pre- and post-central gyrus, and frontal and Rolandic

operculum) as measured with functional magnetic resonance imaging (fMRI) (Humbert

et al., 2010; Humbert et al., 2011; Priefer & Robbins, 1997).

4. The oral and pharyngeal stages of swallowing may be affected in AD (Feinberg et al.,
1992; Garon et al., 2009; Horner et al., 1994; Humbert et al., 2010; Humbert et al., 2011;
Priefer & Robbins, 1997; Suh et al., 2009; Wada et al., 2001). Oral deficits include

prolonged bolus preparation and oral transit times. Pharyngeal deficits include delayed

pharyngeal swallow initiation, reduced hyo-laryngeal excursion, laryngeal penetration,

tracheal aspiration, and pharyngeal residue post swallow.

5. Dysphagia severity and AD severity may be associated. One study (Wada et al., 2001)

reported that subjects with severe AD demonstrated greater pharyngeal swallow delay

than patients with mild and moderate AD. Another study (Horner et al., 1994) identified a

non-significant trend wherein subjects with lower Mini-Mental State Examination

(MMSE) scores had more severe dysphagia.

Table 1. Clinical Reports Employing Instrumental Assessment of Swallowing in
Alzheimer's Disease (AD)

Conclusion Supporting Study Description Level of

Studies Evidence
Prevalence of Horner et al. Prospective Case Series 4
dysphagia in AD 1994

Feinberg et al. Retrospective Cohort 2b

1992

Mizushima et al. | Described/characterized dysphagia in AD | NA

2005

through comparison of two or more groups

of individuals
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Dysphagia occurs | Humbert et al. Described/characterized dysphagia in AD | NA
early in AD 2010 through comparison of two or more groups
of individuals
Priefer &
Robbins 1997
Humbert et al.
2011
Dysphagia in early | Humbert et al. Described/characterized dysphagia in AD | NA
AD may be 2010 through comparison of two or more groups
associated with of individuals
: Humbert et al.
functional change
2011
of the cortical 0
swallowing
network
Dysphagia occurs | Garon et al. Retrospective Cohort 2b
in both the oral 2009
and pharyngeal
Horner et al. Prospective Case Series 4
phases of
. 1994
swallowing
Suh et al. 2009 | Described/characterized dysphagia in AD | NA
through comparison of two or more groups
Wada et al. 2001 o
of individuals
Priefer &
Robbins 1997
Humbert et al.
2010
Disease severity Wada et al. 2001 | Described/characterized dysphagia in AD | NA




21

may be associated through comparison of two or more groups
with dysphagia of individuals
severity
Horner et al. Prospective Case Series 4
1994

NA = not applicable. See Appendix A for more details.

2.3.2.3 Studies Employing Subjective Assessment of Swallowing in
Alzheimer’s Disease

Eleven studies (Burge, 1994; Chouinard et al., 1998; Correia, 2010; Durnbaugh et al.,

1996; Edahiro et al., 2012; Ikeda et al., 2002; Morris et al., 1989; Priefer & Robbins,

1997; Shinagawa et al., 2009; Suski & Nielsen, 1989; Volicer et al., 1989) assessed

eating or swallowing in AD through clinical assessments, including one clinical report

that also used an instrumental swallowing evaluation. These studies provide preliminary

support for the following conclusions:

1. Prevalence estimates of dysphagia in AD based on clinical assessments are lower than
estimates based on instrumental swallowing assessments. One study reported that 32% of
residents with AD living in a long-term care facility were observed to choke on food and
drink (Volicer et al., 1989). Another group (Chouinard et al., 1998) reviewed the health
records of 47 institutionalized patients with dementia (45% AD) who had died over a
two-year period and reported that 45% of the entire dementia sample had dysphagia,

which was correlated with death from pneumonia.

2. Dysphagia occurs in all stages of AD and may be a marker of disease severity. One study
(Correia, 2010) reported delayed swallowing and difficulty with ingestion of specific
consistencies in moderate to severe AD. Another study (Edahiro et al., 2012) found signs
of dysphagia in all stages of AD, although the frequency of signs increased in the

advanced stages.

3. Behavioural eating difficulties occur in all stages of AD. Individuals with mild AD

required and received significantly more cueing during a meal assessment compared to
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controls (Priefer & Robbins, 1997) and demonstrated problematic mealtime behaviors
such as attempting to eat pieces of food too big for the oral cavity (Durnbaugh et al.,
1996; Morris et al., 1989). Difficulty initiating a meal, as well as severity of AD,
significantly predicted eating dependence (Edahiro et al., 2012) and individuals with
severe AD in long-term care facilities tended to receive mechanically altered diets and

feeding assistance (Burge, 1994; Suski & Nielsen, 1989).

4. Eating and swallowing difficulties are less severe in AD than in other types of dementia.
Two studies compared caregiver perceptions of eating and swallowing difficulties in AD,
frontotemporal lobe dementia (Ikeda et al., 2002) and Lewy body dementia (Shinagawa et
al., 2009) at similar stages. Both reported that AD caregivers perceived fewer abnormal
eating and swallowing behaviours; however, AD caregivers also reported that eating and

swallowing problems appear to develop earlier in AD progression.

Table 2. Clinical Reports Employing Clinical Assessment of Swallowing in

Alzheimer's Disease (AD)

Conclusion Supporting Study Description Level of
Studies Evidence
Prevalence of Volicer et al. Described/characterized an aspect of eating | NA
dysphagia in AD 1989 or swallowing dysfunction through the
examination of a single group of patients
with AD
Chouinard et al. | Retrospective Cohort 2b
1998
Dysphagia may Correia et al. Described/characterized dysphagia in AD | NA
occur in all stages | 2010 through comparison of two or more groups
of AD of individuals
Edahiro et al. Prospective Cohort Study 2b

2012
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Behavioural eating | Priefer & Described/characterized dysphagia in AD | NA
difficulties may Robbins, 1997 through comparison of two or more groups
occur in all stages of individuals
of AD
Edahiro et al. Prospective Cohort Study 2b
2012
Durnbaugh et al. | Described/characterized an aspect of eating | NA
1996 or swallowing dysfunction through the
examination of a single group of patients
Morris et al.
ormscta with AD
1989
Burge 1994
Suski & Nielsen
1989
Dysphagia and Ikeda et al. 2002 | Described/characterized dysphagia in AD | NA

eating difficulties
in AD may be less
severe than in
other types of

dementia

Shinagawa et al.

2009

through comparison of two or more groups

of individuals

NA = not applicable. See Appendix B for more details.

23.24

Treatment of Dysphagia in Alzheimer’s Disease

Three randomized trials assessed the efficacy of intervention strategies on outcomes

related to dysphagia in individuals with dementia (Bautmans et al., 2008; Logemann et

al., 2008; Robbins et al., 2008). These studies provide support for the following

conclusions:

1. Providing honey-thickened liquids to individuals with AD may eliminate thin liquid
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aspiration; however, this intervention may not reduce long-term morbidity or mortality.
One study (Logemann et al., 2008) compared the effects of chin-down posture during
swallowing, honey-thickened liquids, and nectar-thickened liquids, on thin liquid
aspiration during VFSS in patients with dementia (15% AD), Parkinson’s disease (PD),
or PD with dementia. Aspiration was most successfully eliminated through use of the
honey-thickened liquids for each diagnostic category. In a second study, the same authors
also reported a non-significant trend towards reduced incidence of pneumonia favouring
patients drinking nectar-thickened liquids compared to those drinking honey-thickened
liquids, as well as a longer median length of hospital stay for participants randomly
assigned to the honey-thickened liquid intervention who developed pneumonia (Robbins

et al., 2008).

2. A physiotherapist-administered cervical spine mobilization protocol may improve
“dysphagia limit” (defined as the maximum bolus of water that can be swallowed in a
single movement) in individuals with severe AD and altered neck posture, based on a
single crossover design randomized controlled trial (Bautmans et al., 2008). Dysphagia
limit improved significantly following one treatment session and remained improved one

week following the intervention.

Table 3. Clinical Reports Examining the Treatment of Dysphagia in Alzheimer's

Disease (AD)

Conclusion Supporting Study Description Level of
Studies Evidence
Thickening liquids | Logemann et al. | Randomized Clinical Trial 2b
to a honey- 2008
thickened
Robbins et al. Randomized Clinical Trial 2b

consistency may
- . 2008
eliminate thin

liquid aspiration in

individuals with
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AD, however this
intervention may
not affect long-

term morbidity

and mortality
A physiotherapist | Bautmans etal. | Randomized Controlled Crossover Trial 2b
administered 2008

cervical spine
mobilization
protocol may
improve
“dysphagia limit”
in individuals with
severe AD and
altered neck

posture

See Appendix C for more details.

2.3.2.5 Reviews

One narrative review (Chouinard, 2000) and one systematic review (Alagiakrishnan,
Bhanji, & Kurian, 2013) were identified. While published 12 years apart, these reviews
came to similar conclusions: dysphagia may occur early in AD, however, studies
investigating prevalence, assessment, management and treatment of dysphagia in
individuals with dementia are lacking; the existing literature is heterogeneous in design,
methodology, type of assessment, and outcomes (Alagiakrishnan et al., 2013; Chouinard,

2000).

2.3.2.6 Commentaries

Four commentaries (Brush, Slominski, & Boczko, 2006; Clibbens, 1996; Kalia, 2003;

Sumer, Sumer, & Sumer, 2005) covered a wide array of topics associated with dysphagia
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and support the following conclusions:

The ethical issues surrounding eating and feeding in the final stages of AD are complex.
One author (Clibbens, 1996) suggested that evidence-based decision-making is vital when

providing clinical care to individuals with AD.

. Dysphagia, aspiration pneumonia, and oral care are important issues when caring for
individuals with AD. One author (Kalia, 2003) reported that dysphagia and aspiration
pneumonia are severe and growing issues in the AD population. One group (Brush et al.,
2006) cited mealtime strategies and caregiver education as useful management strategies
for AD. Another group (Sumer et al., 2005) noted that diminishing cognitive function
results in neglect of oral hygiene leading to increased prevalence of dental problems;
reduced submandibular salivary flow, increased the risk of gingivitis, tooth decay, oral

infections, as well as dysfunctional speech, chewing, and swallowing.

2.3.2.7 Case Studies

Three (3) case studies (Asplund, Norberg, & Adolfsson, 1991; Barratt, 2000; Yamaguchi,
Maki, & Maki, 2010) described treatments for eating and swallowing impairments in five

individuals with AD:

One group (Asplund et al., 1991) examined sucking behaviour in two patients with severe
AD. Patients were observed to suck at different rates and pressures, and one
demonstrated improved sucking over time. The authors concluded that the sucking

method could be of value for end-of-life nutritional care in severe AD patients.

One case report (Barratt, 2000) described a 70-year-old woman with AD who exhibited
eating deficits and severe dysphagia yet minimal communication and mobility deficits.
She was treated with a percutaneous endoscopic gastrostomy for non-oral feeding, the

most ethical choice given the patient’s level of function.

. Another group (Yamaguchi et al., 2010) reported 3 cases of concurrent dementia and
dysphagia, two of which had late-stage AD and severe dysphagia. Treatment with

dopamine agonists and angiotensin-converting enzyme inhibitors (ACEIs) resulted in
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positive outcomes in swallowing and feeding, with associated prolonged oral intake and

weight maintenance.

2.3.3  Autonomic Nervous System Dysfunction in Alzheimer’s
Disease

The review identified 64 studies that investigated autonomic function in AD (Figure 3).

2.3.3.1  Autonomic Nervous System Dysfunction in Alzheimer’s
Disease: Oxford Centre for Evidence-Based Medicine
Levels of Evidence (OCEBM)

Two studies met the OCEBM criteria for classification (Table 4).

2.3.3.2 Autonomic Nervous System Dysfunction in Alzheimer’s
Disease
Of the 51 clinical reports and seven physiological studies, 49 studies identified at least
one variable reflecting ANS dysfunction in AD (Aharon-Peretz et al., 1992; Ahlskog et
al., 1996; Algotsson, Nordberg, et al., 1995; Algotsson, Viitanen, et al., 1995; L. Allan et
al., 2006; L. M. Allan et al., 2007; L. M. Allan et al., 2009; Andersson et al., 2008; Andin
et al., 2007; Benedetti et al., 2004; Bonthius et al., 2005; Bordier et al., 2007; Borson et
al., 1989; Burke et al., 1994; Chu et al., 1997; Davidson et al., 1991; de Vilhena Toledo
& Junqueira, 2008; Del-Ser et al., 1996; Eisdorfer & Cohen, 1978; Elmstahl et al., 1992;
Elmstahl & Winge, 1993; Fotiou et al., 2009; Franceschi et al., 1986; Grunberger et al.,
1999; Guo et al., 1998; Hornqvist et al., 1987; Idiaquez et al., 1994; Idiaquez et al., 1997;
Idiaquez et al., 2002; Jhee et al., 1995; Kalman et al., 2002; Lampe et al., 1989;
Mehrabian et al., 2010; Otsuka et al., 1990; Pascualy et al., 2000; Passant et al., 1997,
Peskind et al., 1998; Peskind et al., 1995; Rainero et al., 2000; Ransmayr et al., 2008;
Raskind et al., 1984; Rub et al., 2001; Ship et al., 1990; Szili-Torok et al., 2001; Vitiello
etal., 1993; S. J. Wang et al., 1994; Zakrzewska-Pniewska et al., 2012; Zulli et al., 2005).
These included measurements of blood pressure, heart rate, baroreflex sensitivity,
vasomotor function, plasma norepinephrine levels, pupillary dilation, skin responses,
urinary incontinence, constipation, blood pressure and heart rate responses to pain

stimuli, and salivary flow. The remaining nine controlled studies failed to find significant
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differences in autonomic function in individuals with AD compared with controls or
patients with other types of dementia (L. M. Allan et al., 2005; Choi et al., 2009; Khurana
& Garcia, 1981; Orimo et al., 2005; Raskind, Peskind, Holmes, & Goldstein, 1999;
Shankle et al., 1993; Taki et al., 2004; Wakabayashi et al., 1999; Watanabe et al., 2001).

Twenty-eight studies were identified that provide evidence for the occurrence of

cardiovascular ANS dysfunction in AD, supporting the following conclusions:

. Individuals with AD demonstrate blood pressure differences compared with controls
(Bordier et al., 2007; Burke et al., 1994; Elmstahl et al., 1992; Guo et al., 1998; Idiaquez
et al., 1997; Kalman et al., 2002; Lampe et al., 1989; Otsuka et al., 1990). These include
blunted diastolic pressor responses to thyrotropin stimulating hormone (Lampe et al.,
1989), higher baseline systolic blood pressure in bedridden patients with advanced AD
(Otsuka et al., 1990) and, in contrast, lower baseline systolic and diastolic blood pressure
was documented in mild to moderate AD (Elmstahl et al., 1992). Yearly systolic,
diastolic, and mean arterial blood pressures decreased in 3 AD subjects every year
following diagnosis (Burke et al., 1994) and lower systolic and diastolic blood pressures

were associated with greater AD severity and shorter survival (Guo et al., 1998).

. AD patients exhibit orthostatic hypotension, that is, significant decreases in blood
pressure when transitioning from supine to standing position (L. M. Allan et al., 2007; L.
M. Allan et al., 2009; Andersson et al., 2008; Andin et al., 2007; Jhee et al., 1995;
Mehrabian et al., 2010; Passant et al., 1997; Vitiello et al., 1993; S. J. Wang et al., 1994;
Zakrzewska-Pniewska et al., 2012), which may contribute to the risk of falls (L. M. Allan
et al., 2009). Compared with controls, AD patients showed greater increases in heart rate,
and greater decreases in mean systolic blood pressure in response to a tilting test
(Elmstahl et al., 1992) and reduced change in diastolic blood pressure during an isometric

handgrip exercise (Kalman et al., 2002).

. Resting heart rate variability is significantly reduced in AD (Aharon-Peretz et al., 1992;
Algotsson, Viitanen, et al., 1995; de Vilhena Toledo & Junqueira, 2008; Franceschi et al.,
1986; Idiaquez et al., 2002; Szili-Torok et al., 2001; Toledo & Junqueira, 2010; Zulli et
al., 2005). Although the interpretation of heart rate variability as a marker of sympathetic
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nervous system (SNS) function is debated (Eckberg, 1997), some studies reported
increased SNS activation (Aharon-Peretz et al., 1992; de Vilhena Toledo & Junqueira,
2008; Toledo & Junqueira, 2010) and decreased parasympathetic nervous system (PNS)
activation (Aharon-Peretz et al., 1992; de Vilhena Toledo & Junqueira, 2008), whereas
others reported decreased SNS and PNS activation in relation to heart rate variability

(Algotsson, Viitanen, et al., 1995; Franceschi et al., 1986).

Blood pressure and heart rate responses to pre-stimulus pain and stimuli delivered at just
above the pain threshold are blunted in AD (Rainero et al., 2000). Autonomic responses

to pain appear to be related to the severity of cognitive impairment, as measured by the

MMSE (Benedetti et al., 2004).

Twenty studies were identified that examined other aspects of ANS function in AD,

supporting the following conclusions:

ANS dysfunction in AD may be subtle compared with other types of dementia such as
Parkinson’s disease dementia or Lewy body dementia. Clinical complaints of ANS
dysfunction are less common among AD patients (L. Allan et al., 2006; L. M. Allan et
al., 2007).

Baseline plasma norepinephrine levels are significantly higher in severe AD patients
compared with moderate AD patients and controls (Pascualy et al., 2000; Raskind et al.,
1984). Basal plasma norephinephrine levels and plasma norepinephrine levels in response
to an alpha-2 adrenergic antagonist may be increased in AD, potentially indicating
increased SNS activation (Peskind et al., 1998; Peskind et al., 1995), however decreased
SNS activation in response to thyrotropin stimulating hormone has also been reported
(Lampe et al., 1989). Modulation of plasma norepinephrine levels following stimulation

with a cognitive task may be blunted in early AD (Borson et al., 1989).

Vasomotor function may be reduced in AD (Algotsson, Nordberg, et al., 1995; Hornqvist
et al., 1987; Kalman et al., 2002) in response to vasodilating substances, adrenergic
agonists, and maximal contraction. Skin vessel vasodilation in response to iontophoresis

of acetylcholine and isoprenaline was significantly reduced in AD (Algotsson, Nordberg,



30

et al., 1995; Hornqvist et al., 1987). Decreased skin blood flow and increased change in
cutaneous vascular resistance was reported in AD subjects compared to age-matched

controls following an isometric handgrip exercise (Kalman et al., 2002).

. Individuals with AD demonstrate anhydrosis (impaired sweating) (Elmstahl & Winge,
1993) following stimulation with a receptor agonist. Estimated mean sweat sodium
concentration was significantly higher among women with AD compared with healthy
controls and significantly more AD patients (27%) did not demonstrate a sweat response

following stimulation (Elmstahl & Winge, 1993).

. Increased pupillary sensitivity to a parasympathomimetic receptor agonist and a
sympathomimetic receptor antagonist are seen in AD (Fotiou et al., 2009; Grunberger et
al., 1999; Idiaquez et al., 1994). Pupillary dilatation following application of
acetylcholine was greater in AD subjects at all measurement points (Grunberger et al.,
1999; Idiaquez et al., 1994), indicating AD-induced changes in post-junctional receptor
function. Functional stimulation with a pupil light reflex evaluation which engages the
integrated reflex response, revealed a significantly slower reflex among AD patients

compared to controls (Fotiou et al., 2009).

. AD patients may experience constipation (Zakrzewska-Pniewska et al., 2012) and urinary
incontinence (Davidson et al., 1991; Del-Ser et al., 1996; Ransmayr et al., 2008),

indicating PNS dysfunction.

. Individuals with AD may experience heightened cardiovascular arousal during learning

(Eisdorfer & Cohen, 1978).

. Resting and stimulated submandibular salivary flow is reduced in AD (Ship et al., 1990).
Forty-six percent of a sample of AD patients had flow rates below the 10" percentile

compared to 11% of a control group.
Four studies examined AD neuropathology, supporting the following conclusions:

. AD neuropathology may infiltrate central ANS structures, including the ventromedial

frontal cortex (Chu et al., 1997), pons (Rub et al., 2001) medial parabrachial nucleus,
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subpeduncular pigmented nucleus, and intermediate zone of the brainstem medullary

reticular formation (Burke et al., 1994).

2. Telencephalic structures such as the insula may also be affected (Bonthius et al., 2005).

Table 4. Clinical/Physiological Reports Examining Autonomic Nervous System
(ANS) Dysfunction in Alzheimer's Disease (AD)

Conclusion Supporting Study Description Level of
Studies Evidence
Individuals with Lampe et al., Described/characterized ANS dysfunction | NA
AD demonstrate 1989 in AD through comparison of two or more
blood pressure groups of individuals
differences at Otsuka et al.
baseline and 1990
following Elmstahl et al.
stimulation, as 1992
compared with
controls Burke et al. Retrospective chart review and NA
1994 neuroanatomical analysis of 3 postmortem
AD subjects and characterization of an
aspect of ANS dysfunction in AD through
comparison of two or more groups of
individuals, one or more of these groups
being comprised of AD patients
Idiaquez et al. Described/characterized ANS dysfunction | NA
1997 in AD through comparison of two or more
groups of individuals
Guo et al. 1998 | Prospective cohort study 2b
Kalman et al. Described/characterized ANS dysfunction | NA




32

2002

Bordier et al.

2007

in AD through comparison of two or more

groups of individuals

Individuals with
AD demonstrate
significantly
greater falls in
blood pressure
(particularly
systolic) when
transitioning from
supine to standing
(orthostatic
hypotension)
compared with
healthy age-

matched controls

Elmstahl et al. Described/characterized ANS dysfunction | NA

1992 in AD through comparison of two or more
groups of individuals

Vitiello et al.

1993

Wang et al.

1994

Jhee et al. 1995 | Retrospective description of ANS NA
dysfunction in AD through examination of
a single group of AD subjects

Passant et al. Described/characterized ANS dysfunction | NA

1997 in AD through comparison of two or more
groups of individuals

Kalman et al.

2002

Andin et al.

2007

Allan et al. 2007

Andersson et al.

2008

Allan et al. 2009 | Prospective Cohort Study 2b

Mehrabian et al. | Described/characterized ANS dysfunction | NA

2010

in AD through comparison of two or more
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Zakrzewska-
Pniewska et al.

2012

groups of individuals

Significantly less
heart rate
variability has
been reported in
individuals with

AD

Franceschi et al.

1986

Aharon-Peretz

et al. 1992

Algotsson et al.
1995 a

Szili-Torok et
al. 2001

Idiaquez et al.

2002

Zulli et al. 2005

Zakrzewska-
Pniewska et al.

2012

Toledo and
Junqueira Jr,

2008

Described/characterized ANS dysfunction
in AD through comparison of two or more

groups of individuals

NA

Toledo and
Junqueira Jr.

2010

Described/characterized an aspect of ANS
dysfunction through the examination of a

single group of patients with AD

NA

Individuals with

Rainero et al.

Described/characterized ANS dysfunction

NA
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AD also 2000 in AD through comparison of two or more
demonstrate groups of individuals
altered blood
pressure and heart Benedetti et al. | Described/characterized an aspect of ANS | NA
rate responses to 2004 dysfunction through the examination of a
pain stimuli single group of patients with AD
Autonomic Allan et al. 2007 | Described/characterized ANS dysfunction | NA
nervous system in AD through comparison of two or more
dysfunction Allan et al. 2006 groups of individuals
appears to be
subtle in patients
with AD when
compared with
other types of
dementia
Plasma Borson et al. Described/characterized ANS dysfunction | NA
norepinephrine 1989 in AD through comparison of two or more
levels may be groups of individuals
altered in AD Raskind et al.
1984
Lampe et al.
1989
Peskind et al.
1995
Ahlskog et al.
1996
Peskind et al.

1998
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Pascualy et al.

2000

Vasomotor Algotsson et al. | Described/characterized ANS dysfunction | NA
function may be 1995 in AD through comparison of two or more
reduced in groups of individuals
individuals with | o man etal
AD 2002

Horngqvist et al.

1987
Individuals with Elmstahl and Described/characterized ANS dysfunction | NA
AD may Winge 1993 in AD through comparison of two or more
demonstrate an groups of individuals
impaired sweat
response
Pupillary Idiaquez et al., Described/characterized ANS dysfunction | NA
responses in AD 1994 in AD through comparison of two or more
are altered in AD groups of individuals

Grunberger et

al. 1999

Fotiou et al.

2009
Constipation and | Davidson et al. | Described/characterized an aspect of ANS | NA
urinary 1991 dysfunction through the examination of a
incontinence may single group of patients with AD
occur in AD

Del-Ser et al. Described/characterized ANS dysfunction | NA

1996

in AD through comparison of two or more
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Ransmayr et al.

2008

Zakrzewska-
Pniewska et al.

2012

groups of individuals

Heightened Eisdorfer and Described/characterized an aspect of ANS | NA

arousal during Cohen in 1978 | dysfunction through the examination of a

learning may single group of patients with AD

occur in AD

Salivary flow is Ship et al. 1990 | Described/characterized ANS dysfunction | NA

decreased in AD in AD through comparison of two or more
groups of individuals

The Chuet al. 1997 | Neuroanatomical and Described/ NA

neuropathology of characterized ANS dysfunction in AD

AD may affect through comparison of two or more groups

central ANS of individuals

control mediated

by the

ventromedial

frontal cortex

The Rub et al. 2000 | Neuroanatomical and Described/ NA

neuropathology of
AD may affect
central ANS
central control
mediated by the

pontine regions of

characterized an aspect of ANS
dysfunction through the examination of a

single group of patients with AD
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the brainstem

The Bonthius et al. Neuroanatomical and Described/ NA
neuropathology of | 2005 characterized an aspect of ANS
AD may affect the dysfunction through the examination of a
insula single group of patients with AD
The Burke et al. in See Above See Above
neuropathology of | 1994
AD may affect the
C-1 neurons of the
rostral
ventrolateral
reticular nucleus
No significant Khurana and Described/characterized ANS dysfunction | NA
differences Garcia 1981 in AD through comparison of two or more
between groups of individuals
individuals with
AD and controls Shankle et al. Neuroanatomical and Described/ NA
1993 characterized ANS dysfunction in AD
through comparison of two or more groups
Wakabayashiet | e dividuals
al. 1999
Taki et al. 2001 | Described/characterized ANS dysfunction | NA
in AD through comparison of two or more
Allen et al. 2004 groups of individuals
Orimo et al. Neuroanatomical and Described/ NA
2005 characterized ANS dysfunction in AD

through comparison of two or more groups

of individuals
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Choi et al. in Described/characterized ANS dysfunction | NA

2009 in AD through comparison of two or more

groups of individuals
Watanabe et al.

2001

Raskind et al.
1999

NA = not applicable. See Appendix D for more details.

2.3.3.3 Reviews

Four non-systematic, narrative reviews (Borson et al., 1989; Idiaquez & Roman, 2011;

Kenny, Kalaria, & Ballard, 2002; Royall, 2008) were identified.

One review (Borson et al., 1989) described studies of ANS function in AD that were
published between 1978 and 1990 and concluded that:

SNS over-arousal may be a feature of advanced AD, whereas SNS arousal in mild to

moderate AD appears to be significantly reduced.

Studies of heart-rate variability in AD have indicated reduced SNS activity, as well as

SNS and PNS dysfunction.

. Disordered vascular skin reactivity and reduced basal and stimulated salivary flow may

occur in AD.

One narrative review described “neurocardiovascular instability” among patients with
dementia, including AD, and suggested that this disorder may result in autonomic
dysregulation (Kenny et al., 2002). Another review reported on the association of right
cerebral hemisphere dysfunction, insular pathology, and mortality secondary to
cardiovascular and autonomic dysregulation in AD (Royall, 2008). One further review
suggested that dysautonomia is mild in AD and primarily manifests as cardiovascular and

urinary dysfunction (Idiaquez & Roman, 2011).
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2.3.3.4 Case Studies

Two case studies addressed ANS dysfunction in AD (Diamond & Diamond, 1991;
Novak, Novak, Li, & Remillard, 1994). One described a patient with AD who developed
thermoregulatory dysfunction (Diamond & Diamond, 1991). The other described an AD
patient in whom spontaneous hypotension, accompanied by cardio-acceleration, occurred

repeatedly in the supine position and/or during applied hyperventilation (Novak et al.,

1994).

2.3.4 Dysphagia and Autonomic Nervous System Dysfunction in
Alzheimer's Disease

The literature search did not identify any studies that directly examined both dysphagia

and ANS dysfunction in AD. While one clinical report identified significantly decreased

submandibular salivary flow in AD (Ship et al., 1990), its potential impact on swallowing

was not examined. One commentary on oral health in AD suggested that reduced salivary

flow might result in dysfunctional swallowing (Sumer et al., 2005).

2.3.5 Gap Analysis

2.3.5.1  Dysphagia in Alzheimer’s Disease

. Demographics — While there is preliminary evidence that dysphagia occurs in AD, few
studies have examined its prevalence, or variations in prevalence as a function of disease

progression.

. Nature of dysphagia — While the evidence indicates that both the oral and pharyngeal
stages of swallowing may be affected in AD, studies examining the esophageal stage of

swallowing in AD are lacking.

Contribution of dysphagia to eating problems — The functional significance of dysphagia

to eating problems in AD has not been elucidated.

. Assessment of dysphagia — A variety of assessment approaches have been employed to
examine dysphagia in AD. However, an optimized swallowing assessment,

contextualized with respect to the manifestations of AD, has not been examined.
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5. Treatment of dysphagia —Three studies have examined interventions for dysphagia in AD
patients. The treatment paradigms were limited and long-term outcomes were either not
measured or not identified. Sensory stimulation, or motor training approaches, to
dysphagia treatment that have been examined in other neurodegenerative conditions,

have not been examined in AD.

6. Relationship of dysphagia to other manifestations of AD — While there is preliminary
evidence suggesting that dysphagia severity may be related to overall AD severity, or
cognitive or executive dysfunction, associations between dysphagia and other signs of

AD, such as independence in activities of daily living (ADL), have not been elucidated.

7. Neural mechanisms underlying dysphagia — A small number of studies have shown that
changes in the cortical swallowing network occur early in AD and may be correlated with
early functional changes in swallowing. However, the neuropathophysiology of

dysphagia in AD is unclear.

2.3.5.2 Autonomic Nervous System Dysfunction in Alzheimer’s
Disease
1. Demographics — While a substantial literature has identified ANS dysfunction in AD, its

prevalence remains unclear.

2. Relationships between ANS functions — The relative extent of impairment across a range

of ANS functions in AD is not understood.

3. Functional significance of ANS dysfunction — The functional significance of ANS
dysfunction in AD in terms of, for example, ability to perform ADLs, including eating, is

unclear.

4. Neuropathophysiology of ANS dysfunction — The neural mechanisms that contribute to
ANS dysfunction, how they relate to the disease process, and whether the severity

changes as the disease progresses, remain unclear.
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2.3.5.3 Dysphagia and Autonomic Nervous System Dysfunction in
Alzheimer’s Disease

Although it is known that ANS function is important in regulating swallowing, the

relationship between oropharyngeal dysphagia and ANS dysfunction in AD has not been

examined directly. No study has examined oropharyngeal dysphagia in relation to

swallow-related ANS functions such as salivary flow, or esophageal smooth muscle

function.

2.4 Discussion

This scoping review was undertaken to (i) describe, synthesize, and interpret literature on

dysphagia and/or ANS dysfunction in AD, and (ii) identify gaps in the existing literature.

The review identified an emergent literature on dysphagia in AD, with 31 articles
matching our search criteria. These articles provide preliminary evidence on the
prevalence, nature, and treatment of dysphagia in AD. The available prevalence data
suggest that oropharyngeal dysphagia may be a significant problem in AD, even early in
the disease progression. However, knowledge gaps were also identified with respect to
demographics, nature of dysphagia including the potential of an esophageal component,
significance in relation to eating problems, assessment, treatment, and underlying

mechanisms of dysphagia in AD.

The review identified 64 articles that examined ANS dysfunction in AD. While the
literature on ANS dysfunction in AD is larger and broader than the literature on
dysphagia in AD, there are inconsistent findings regarding the presence, severity, and
nature of ANS dysfunction. Current evidence suggests that a variety of ANS functions,
particularly cardiovascular regulation, may be impaired in AD, but the impact of
dysfunction among multiple ANS systems remains unknown. Knowledge gaps were
identified with respect to demographics, functional significance, relationships between
ANS functions, and underlying neural mechanisms. No systematic reviews of ANS

dysfunction in AD have been published previously.



No studies were identified that examined both dysphagia and ANS dysfunction in AD.
Given the, albeit limited, evidence that salivary flow is reduced in AD, a relationship

between oropharyngeal dysphagia and ANS dysfunction might be expected.

2.5 Conclusions

A scoping review of the literature revealed that dysphagia, as well as ANS dysfunction,
may occur in AD. However, the potential relationship between dysphagia and ANS
dysfunction in AD has not been explored. Moreover, the functional significance of
dysphagia and eating-related ANS dysfunction, for example, reduced saliva, to eating

problems in AD is not clear.
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Chapter 3

3 A Meta-Analysis of Salivary Flow Rates in Young and
Older Adults

This meta-analysis aims to determine whether salivary flow decreases as a function of

agingi.

3.1 Introduction

Saliva plays a vital role in maintaining oral homeostasis (Mandel, 1989). Saliva is a clear,
slightly acidic oral fluid composed of more than 99% water. The remaining 1% is
composed of a variety of electrolytes including sodium and potassium, proteins, and
nitrogenous products such as urea and ammonia (Humphrey & Williamson, 2001). The
electrolytes and proteins in saliva modulate pH levels in the oral cavity. Proteins
contribute to cleaning the oral cavity and metabolizing dental plaque (i.e., oral biofilm).
Calcium, phosphate and proteins combine to interfere in demineralization and promote
remineralization of the teeth. Immoglobulins and proteins combine to provide
antibacterial protection (Humphrey & Williamson, 2001). Decreased salivary flow, or
hyposalivation, leads to drying of the oral mucosa, inefficient food bolus formation and
transport, demineralization of dentition, mucosal ulceration, altered oral flora, dysphonia,

impaired taste and smell while eating, and discomfort (Baum, 1989).

Saliva is secreted from three pair of major salivary glands: the parotid, submandibular,
and sublingual glands, as well as numerous minor salivary glands. Another constituent of
saliva is an exudate called gingival crevicular fluid (Sreebny & Vissink, 2010). The
combination of all these fluids, as well as oral bacteria, and their products, is referred to
as whole saliva. Glandular saliva is secreted in response to neurotransmitter stimulation
from innervating sympathetic and parasympathetic nerves. The minor salivary glands

function continuously day and night (Eliasson & Carlen, 2010) during wake and sleep.

: A version of this chapter has been published (Affoo, Foley, Garrick, Siqueira, & Martin, 2015).
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The major salivary glands, in contrast, secrete in response to low-grade mechanical
stimulation associated with movements of the tongue and lips, and in response to mucosal
dryness to lubricate and protect the oral cavity (Baum, 1987; Ekstrom, Khosravani,
Castagnola, & Messana, 2012). Although this major salivary gland basal, or resting
secretion is produced in response to nervous activity, it is known as “unstimulated
salivary flow rate” (Ekberg, 2012; Ekstrom et al., 2012). Approximately 75% of
unstimulated, whole saliva is derived from the submandibular/sublingual glands, about
15-20% from the parotid, and 5-8% from the minor salivary glands (Edgar, 1992;
Humphrey & Williamson, 2001; Sreebny, 2000). At mealtimes, in response to taste,
smell, visual, and mechanical stimuli, salivary flow rates increase by 5 to 50 times. The
percentage contribution from the parotid gland increases to more than 50% of total
salivary secretions. This increased flow rate is referred to as “stimulated salivary flow

rate”.

Age-related degenerative changes in the cellular structure of the submandibular and the
parotid salivary glands have been previously identified (Scott, 1977; Scott, Flower, &
Burns, 1987). A 20-40% decrease in the volume of cells responsible for saliva secretion
and a corresponding increase by fatty and fibrous tissue in the glandular area has been
reported (Baum, 1989; Scott, 1977; Scott et al., 1987; Sreebny, 2000). Comparable
changes have been described for the labial minor glands (Drummond & Chisholm, 1984;
Syrjanen, 1984). This evidence of age-related salivary gland degeneration suggests that
functional reductions of salivary flow may also occur. Many studies have examined
salivary flow rates in the context of aging. The results, however, are conflicting. Some
authors have reported significantly decreased salivary flow with age (Ben-Aryeh, Miron,
Szargel, & Gutman, 1984; Billings, Proskin, & Moss, 1996; Chang, Chang, Kim, Lee, &
Kho, 2011; Cowman, Frisch, Lasseter, & Scarpace, 1994; Fenoll-Palomares et al., 2004;
Flink, Bergdahl, Tegelberg, Rosenblad, & Lagerlof, 2008; Ghezzi, Lange, & Ship, 2000;
Ghezzi & Ship, 2003; Gutman & Ben-Aryeh, 1974; Hershkovich, Shafat, & Nagler,
2007; Johnson, Yeh, & Dodds, 2000; Marotta et al., 2012; Meurman & Rantonen, 1994;
Moritsuka et al., 2006; Nagler & Hershkovich, 2005a, 2005b; Navazesh, Mulligan,
Kipnis, Denny, & Denny, 1992; Pedersen, Schubert, [zutsu, Mersai, & Truelove, 1985;
Percival, Challacombe, & Marsh, 1994; Sawair, Ryalat, Shayyab, & Saku, 2009; Smith et
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al., 2013; Streckfus, Bigler, & O'Bryan, 2002; Tanida et al., 2001; Toida et al., 2010; X.
P. Wang et al., 2012; Yaegaki, Ogura, Kameyama, & Sujaku, 1985; Yeh, Johnson, &
Dodds, 1998; Yeh et al., 2000), while others have not (Bakke et al., 2004; Baum, 1981;
Baum, Costa, & Izutsu, 1984; Ben-Aryeh et al., 1986; Bourdiol, Mioche, & Monier,
2004; Chauncey, Feller, & Kapur, 1987; Eliasson, Birkhed, Heyden, & Stromberg, 1996;
Fischer & Ship, 1997, 1999; Gandara, Izutsu, Truelove, Ensign, & Somers, 1985; Heft &
Baum, 1984; Malhotra, Wood, & Sachse, 2009; Ogura et al., 1983; Parvinen & Larmas,
1982; Salvolini et al., 2000; Shern, Fox, & Li, 1993; Ship & Baum, 1990; Ship &
Fischer, 1997; Sonnenberg et al., 1982; Takada, Suzuki, Okada, Nakashima, & Ohsuzu,
2006; Tylenda, Ship, Fox, & Baum, 1988; Yoshikawa et al., 2012). Variations in study
designs, saliva collection methods, and selection of outcome measures may account for
the lack of consistent findings among studies. This variation has been acknowledged in
several narrative reviews, which themselves have drawn conflicting conclusions (Baum,
Ship, & Wu, 1992; de Almeida Pdel, Gregio, Machado, de Lima, & Azevedo, 2008;
Dodds, Johnson, & Yeh, 2005; Ekstrom et al., 2012; Eliasson & Carlen, 2010; Sreebny,
2000). The results from some reviews suggest that the flow of unstimulated whole saliva
and unstimulated and stimulated submandibular/sublingual saliva (Dodds et al., 2005;
Sreebny, 2000) decreases with increasing age. Other reviews have suggested that no age-
related decreases in either unstimulated or stimulated parotid saliva occur. (Baum et al.,
1992) Still other reviews have reported no age-related effects on any type of salivary flow
(de Almeida Pdel et al., 2008; Ekstrom et al., 2012). To date, the issue remains
unresolved, in part, because no pooled analyses have been undertaken. Therefore, the
objective of this study was to determine whether there is an effect of age on salivary flow
rates, using a meta-analytic approach. We hypothesized that salivary flow rates decrease

with advancing age.

3.2 Methodology

Potentially relevant studies that examined salivary flow rate in adults of different ages
were identified through literature searches of the PubMed, EBSCOhost, Web of Science,
Cochrane, EMBASE, Dissertations and Theses, and Scopus databases, published from
the inception of the databases through June 2013. Although search terms varied slightly
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across databases, the terms “saliva” and “salivation” or “secretion” and “aged” or “aging”
and “normal” or “disease-free” were used as MeSH terms, key words, or subject headings
(Appendix E). Hand searching of the bibliographies of the included studies was

conducted to identify potentially relevant articles not recovered using the search terms.

Inclusion/Exclusion Criteria: Our inclusion criteria were intentionally broad to capture as
many studies as possible. Studies were included if saliva had been collected on at least
one occasion, among participants aged 18 to 60 + years who had been classified in some
manner to form “younger” and “older” groups. Additional inclusions were a sample size
of at least 6 participants, studies published in the English language and sufficient
reporting detail to enable extraction (or calculation) of data needed for pooled analysis.
Studies that examined salivary flow rates from any/all sources (whole, parotid,
submandibular/sublingual, and/or minor glands), in either physiological condition
(stimulated and/or unstimulated condition), and using any established collection method
(draining, expectoration, cotton rolls, suction, Carlson Crittenden/Curby/Lashley cup,
mastication stimulated, or gustatory stimulated) were included. Studies that examined a
therapy or medication were used if baseline measures of salivary flow rates were
conducted prior to the introduction of the intervention, and reported. Normal aging was
not defined a priori; instead studies were included if the participants were described as
“healthy” by the authors, or if the participants were free of major systemic diseases.
Reviews, commentaries, opinion pieces, case reports, case series, studies examining

salivary flow in individuals with disease, and animal studies were excluded.

Two authors (RA and RG) independently reviewed titles and abstracts to determine initial
eligibility. If an abstract was in question by either reviewer, the full article was retrieved
and reviewed. Following this initial screen, the same authors reviewed the full text of the
remaining articles to determine final eligibility. A third author (NF) resolved
discrepancies. The degree of agreement between the two independent reviewers was

calculated using a kappa value.

One author (RA) extracted data on trial design, sample sizes, participant characteristics,

salivary flow rate (volume/collection time) for each of the salivary sources of interest
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under unstimulated and stimulated conditions for the young and the older groups, as well
as method of saliva collection, health status, and medication use from each study, and a

second reviewer verified them for accuracy.

To enable comparisons of young and older subjects, the age groups operationally defined
in individual studies were used. The two comparison groups were: (i) subjects closest in
age to 18 — 40 years (i.e., young); and (ii) subjects closest to >60 years (i.e., old). Studies
where little separation between age data occurred (e.g. young subjects were aged 18 to 64
years, and old subjects were aged 65 years and older) were excluded. Differences in
salivary flow rates between age groups were calculated for each salivary source and
condition and the results pooled using the software Comprehensive Meta-Analysis
(version 2, Biostat Inc., 2007)§. This software enables the calculation of a pooled
estimate of a treatment effect using differing forms of summary level data. Standardized
mean differences (SMDs), standard errors (SEs), and 95% confidence interval (Cls) was
calculated using the reported means and standard deviations of the two groups, or using
the formula (Standardized Difference equals 2 times the correlation divided by the square
root of 1, minus the correlation squared) for conversion when a Pearson’s correlation co-
efficient for salivary flow rates across the age continuum was reported. Separate analyses
were conducted for each salivary source and condition, with subgroup analyses
completed for collection method, gender, and health status, providing at least four studies
were available for analysis. A separate analysis including subjects from studies where
authors excluded those taking prescription and/or nonprescription medication was also
conducted. The younger subject group data were used as the basis of comparison;
therefore, differences between the younger and older subject groups observed to be
greater than zero indicated that younger subjects had greater salivary flow rates than the
older subjects. Cohen has suggested the following guide to interpretation of effect sizes:
0.80 = large; 0.50 = moderate; 0.20 = small (Cohen, 1988). A Cohen’s d value of zero
indicates no effect. Where possible, the effect size was also converted to more clinically

interpretable measurement (mL/min) using a standard technique (Lipsey & Wilson,

3 Suppliers Version 2; Biostat Inc, 14 N. Dean St, Englewood, NJ 07631.
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2001). A random effects model was used to address two sources of potential variance:
within-study error in estimating the effect in each study, as well as the variation in the
true effects across studies (Borenstein, 2009). In order to examine the observed
dispersion in true effect sizes, and to estimate both the true variance and random error
within the observed dispersion, a standardized weighted sum of squares (Q) was
calculated and compared with the expected weighted sum of squares in order to yield a
test of the null. Heterogeneity was considered statistically significant if p < 0.05. An
estimate of the variance (T?), the standard deviation (T), and confidence intervals of the
true effects were calculated. Additionally, the proportion of true variance found within
the observed variance was also calculated (I%) (Borenstein, 2009). A rough guide to the
interpretation of the I” statistic is: 0 to 40% may not be important, 30 to 60% may
represent moderate heterogeneity, 50 to 90% may represent substantial heterogeneity, 75

to 100% considerable heterogeneity (Higgins et al., 2011).
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3.3 Results

Titles and Abstracts
Screened:
n=7030

A 4

Articles included

following title and

abstract screening:
n=187

Articles excluded following
full article review: n=142

Did not include the
appropriate age range: n=49
Did not report salivary flow
rate with respect to age: n=37
Review/commentary/letter
non-data publication: n=21
Did not include extractable
data: n=31
Contained duplicate data: n=4

\

Articles included
following full article

review:
n=45
LS Articles included following
e hand searching: n=2
A 4

Articles included in
Meta-Analysis:
n=47

Figure 4. Flow Chart of Meta-Analysis

The initial search returned 7,030 results, of which 187 were selected for full review
(Figure 4). After elimination of an additional 138 articles, 51 studies remained, four of
which reported duplicate data. Forty-seven studies met the inclusion criteria and were
included (Bakke et al., 2004; Baum, 1981; Baum et al., 1984; Ben-Aryeh et al., 1984;
Ben-Aryeh et al., 1986; Billings et al., 1996; Bourdiol et al., 2004; Chang et al., 2011;
Chauncey et al., 1987; Cowman et al., 1994; Eliasson et al., 1996; Fenoll-Palomares et
al., 2004; Fischer & Ship, 1997, 1999; Flink et al., 2008; Gandara et al., 1985; Ghezzi et
al., 2000; Ghezzi & Ship, 2003; Gutman & Ben-Aryeh, 1974; Heft & Baum, 1984;
Henkin, Velicu, & Papathanassiu, 2007; Hershkovich et al., 2007; Johnson et al., 2000;
Malhotra et al., 2009; Marotta et al., 2012; Meurman & Rantonen, 1994; Moritsuka et al.,
2006; Nagler & Hershkovich, 2005a, 2005b; Navazesh et al., 1992; Ogura et al., 1983;
Parvinen & Larmas, 1982; Pedersen et al., 1985; Percival et al., 1994; Salvolini et al.,
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2000; Sawair et al., 2009; Shern et al., 1993; Ship & Baum, 1990; Ship & Fischer, 1997;
Smith et al., 2013; Sonnenberg et al., 1982; Streckfus et al., 2002; Takada et al., 2006;
Tanida et al., 2001; Toida et al., 2010; Tylenda et al., 1988; X. P. Wang et al., 2012;
Yaegaki et al., 1985; Yeh et al., 1998; Yeh et al., 2000; Yoshikawa et al., 2012).
Agreement between raters as to which studies should be retained was good to excellent

(kappa: k=0.836, SE=0.420).

The details of all studies included in the analyses are presented in Appendix F and
summarized in Table 5. The 47 studies included sample sizes ranging from 15 to 1427
participants, arranged into two to seven age groupings. Young subjects ranged in age
from 15 to 59 years and elderly subjects ranged in age from 60 to 97 years. Twenty-four

studies examined the salivary flow rates of males and females