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Abstract 
Objectives: Swallowing dysfunction (dysphagia) is a common, but often 
neglected condition among geriatric patients that can cause severe complications 
such as malnutrition, aspiration pneumonia and death. The aims of this thesis 
were to (i) describe the study design and method of the multidisciplinary and 
multicenter project SOFIA (Swallowing function, Oral health, and Food Intake in 
old Age), (ii) study the prevalence of and the relationship between swallowing 
dysfunction and risk of undernutrition among older individuals in short-term 
care, (iii) study the effect of oral neuromuscular training on swallowing 
dysfunction among older individuals, and (iv) to investigate the association 
between poor oral health, swallowing dysfunction and mortality. 

Methods: This thesis includes four original papers that are all part of the SOFIA 
project. Paper I is the study protocol. In total, 391 individuals aged 65 or older, 
from 36 short-term care units were included in the project. At baseline the 
participants’ status regarding swallowing function (assessed with the Timed 
Water Swallow Test, TWST), oral health (using the Revised Oral Assessment 
Guide, ROAG) and nutrition (assessed with the Minimal Eating Observation and 
Nutrition Form-version II, MEONF-II) were assessed and collected by calibrated 
professionals. Clinical data were also collected. Paper II was a cross-sectional 
study where the baseline assessments of the participants’ swallowing function 
and nutritional status were obtained and the relationship analyzed. Paper III was 
a cluster randomized, controlled trial (cRCT) that included 116 participants 
identified with swallowing dysfunction in paper II. These participants were 
randomly assigned to either usual care (control group) or oral neuromuscular 
training (intervention group). All participants were assessed at baseline, after five 
weeks’ training and six months after end-of-treatment, regarding swallowing 
function and swallowing-related quality of life (QOL). Paper IV was a prospective 
cohort study where all participants were followed-up 1-year after inclusion to 
investigate risk factors for mortality by analysis of the associations between 
swallowing dysfunction, poor oral health, and 1-year survival.  

Results: Paper II: The median age of the 391 participants was 84 years 
(Interquartile range [IQR] 11) and 209 (53%) were females. In total, 248 of the 
385 (64%) participants showed swallowing dysfunction, and risk of 
undernutrition was observed in 91 of 390 (23%) participants. The adjusted 
logistics regression model revealed that participants with swallowing dysfunction 
had significantly higher odds of undernutrition than those with normal 
swallowing (Odds ratio [OR]: 1.74, 95% Confidence interval [CI] 1.04 to 2.92, 
P=0.034). Paper III: At end-of-treatment, a linear mixed model showed 
significant between-group differences of changes in swallowing efficacy between 
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baseline and after completed treatment period (Ratio 1.60, 95% CI 1.15 to 2.29, 
P=0.007); indicating a 60% higher swallowing efficacy in the intervention group 
compared with the control group. Paper IV: A mixed effects Cox model showed 
that swallowing dysfunction and poor oral health were both independently 
associated with 1-year mortality (adjusted Hazard Ratio [aHR]: 1.67, 95% CI 1.02 
to 2.75, P=0.041 and aHR: 1.98, 95% CI 1.07 to 3.65, P=0.029, respectively). In 
addition, swallowing dysfunction and poor oral health in combination predicted 
the highest mortality rate (35%, P<0.001). 

Conclusion: Swallowing dysfunction is highly prevalent and a risk factor for 
undernutrition among older people in short-term care. Oral neuromuscular 
training improves swallowing dysfunction and is thus a promising method of 
swallowing rehabilitation for older people with impaired swallowing. Swallowing 
dysfunction and poor oral health are independent risk factors for 1-year morality 
among older people in short-term care. Therefore, systematic screening and 
intervention to improve swallowing dysfunction and poor oral health are 
important to achieve healthy aging and to prevent undernutrition and early 
death. 
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Abbreviations and Glossary 
ADL  Activity of daily living 
 
aHR  adjusted Hazard Ratio 
 
ALS  Amyotrophic lateral sclerosis 
 
Aspiration  Material such as food, liquid, saliva or medication 

passes through the larynx and enters the airway 
below the vocal folds. 

 
BMI  Body mass index 
 
CI  Confidence interval 
 
CONSORT Consolidated Standards of Reporting Trials 
 
cRCT  cluster Randomized Controlled Trial 
 
Dysphagia-related diseases    Any condition that may contribute to  

dysphagia, e.g., neurological disease, stroke, 
traumatic brain injury, or chronic obstructive 
pulmonary disease 

 
FEES  Functional videoendoscopic evaluation of 

swallowing 
 
GLMM   Generalized linear mixed model 
 
HR  Hazard ratio 
 
ICC  Intraclass correlation coefficient 
 
IQR  Interquartile range 
 
Katz-ADL  The Katz index of activities of daily living 
 
LMM  Linear mixed model 
 
MAR  Missing at random 
 
MEONF-II  The Minimal Eating Observation and Nutrition 

Form –version II 
 
MS Multiple sclerosis 
 
OR  Odds ratio  
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Penetration  Material such as food, liquid, saliva or medicine 

moves into the larynx above the vocal folds  
 
RDH  Registered dental hygienist 
 
ROAG  Revised Oral Assessment Guide 
 
Sarcopenic dysphagia  Age-related reduction in muscle fibers affecting 

generalized skeletal muscles and swallowing 
muscles  

 
SLP  Speech-language pathologist 
 
STROBE STrengthening the Reporting of OBservational 

studies in Epidemiology 
 
SOFIA Swallowing function, Oral health, and Food Intake 

in old Age 
 
Swallowing-related QOL Swallowing-related quality of life 
  
SWAL-QOL Swallowing Quality of Life Questionnaire 
 
TOR-BSST  TORonto Bedside Swallowing Screening Test  
 
TWST  Timed Water Swallow Test 
 
VFS  Videofluroscopic evaluation of swallowing 
 
 V-VST  Volume-Viscosity Swallow Test 
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Enkel sammanfattning på svenska 
Sväljningsdysfunktion (ibland benämnt dysfagi) är ett vanligt, men ofta förbisett 
tillstånd bland äldre individer. Dysfunktion vid sväljning kan orsaka svåra 
komplikationer såsom näringsbrist, viktförlust, lunginflammation och för tidig 
död. Enkla behandlingsmetoder vid sväljsvårigheter saknas och är efterfrågade. 
Neuromuskulär behandling med munskärm innebär stimulering av muskler och 
nerver i ansiktet, munnen och svalget, och har nyligen visats vara effektivt vid 
behandling av sväljsvårigheter. Det saknas dock kunskap om metoden fungerar 
bland äldre personer. 

Syftet med avhandlingen är att i) beskriva metoderna och designen i det 
multidisciplinära, multicenter projektet SOFIA (Swallowing function, Oral 
health, and Food Intake in old Age), ii) beskriva förekomsten av och analysera 
samband mellan sväljningsdysfunktion och risk för undernäring bland äldre som 
vistas på korttidsboende, iii) undersöka utfallet av en ny träningsmetod med 
munskärm för äldre individer med sväljsvårigheter samt iv) analysera dödlighet 
relaterat till dålig munhälsa och sväljningsdysfunktion.  

Delstudie 1 är en metodstudie där det övergripande SOFIA-projektet beskrivs. 
Totalt inkluderades 391 äldre individer från 36 korttidsboende från fem regioner 
(län) i Sverige som uppfyllde inklusionskriterierna: 65 år eller äldre, vistats på 
korttidsboende minst tre dagar, förstår svenska och kan delta i de kliniska 
undersökningarna. Individer i livets slutskede eller med måttlig till svår kognitiv 
svikt exkluderades. Efter inklusion i SOFIA-projektet bedömdes samtliga 
deltagares status avseende sväljfunktion, risk för undernäring, munhälsa och 
delaktighet i sin allmänna dagliga livsföring (ADL). Kliniska och 
socioekonomiska data samlades också in för varje deltagare. Delstudie 2 var en 
deskriptiv tvärsnittsstudie, där förekomsten av sväljningsdysfunktion och risk för 
undernäring undersöktes bland de äldre. Vidare undersöktes om 
sväljningsdysfunktion ökade risken för undernäring. I Delstudie 3 erbjöds de 
äldre som uppvisade sväljningsdysfunktion vid basbedömningen deltagande i en 
behandlingsstudie. De som tackad ja till deltagande randomiserades till fem 
veckors munskärmsträning eller till rutinvård utan munskärm. Varje deltagares 
sväljfunktion och sväljrelaterad livskvalitet bedömdes före och efter 
munskärmsträningen samt sex månader efter avslutad intervention. Delstudie 4 
var en longitudinell kohortstudie. Ett år efter första bedömningen av deltagarna 
gjordes ett utdrag från dödsregistret och relationen mellan dålig munhälsa och 
sväljningsdysfunktion analyserades med överlevnad som utfall. 

Resultaten visade att nästan två tredjedelar (64%) av de äldre i korttidsboende 
har en sväljningsdysfunktion och var fjärde (23%) löper risk för undernäring 
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(delstudie 2). Sväljningsdysfunktion är en riskfaktor för undernäring (delstudie 
2). De äldre som tränade med munskärm i fem veckor visade sig förbättra 
sväljfunktionen signifikant jämfört med kontrollerna (delstudie 3). Både 
sväljningsdysfunktion och dålig munhälsa, oberoende av varandra, visade sig ge 
högre risk för dödlighet inom ett år bland äldre på korttidsboende (delstudie 4). 
Även att ha lågt kroppsmasseindex (BMI) visades vara en riskfaktor för tidig död.  

Resultaten i denna avhandling visar att både sväljningsdysfunktion och dålig 
munhälsa medför en högre risk för dödlighet bland äldre som vistas på 
korttidsboende. Detta ger starkt stöd för att diagnostik av och omvårdnad vid 
sväljsvårigheter och dålig munhälsa behöver förbättras bland äldre i 
korttidsboende. Vidare visar resultaten att sväljningsdysfunktion och risk för 
undernäring är vanligt förekommande och att munsskärmsträning är en ny 
potentiell behandlingsmetod vid nedsatt sväljfunktion bland äldre. 
Implementering av munskärmsträning vid sväljningsdysfunktion kan minska 
riskerna för näringsbrist, uttorkning och lungkomplikationer samt för tidig död.  
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descriptive study with a cluster randomized trial. BMC Geriatr. 
2017;17(1):78. 
 

II. Hägglund P, Fält A, Hägg M, Wester P, Levring Jäghagen E. 
Swallowing dysfunction as risk factor for undernutrition in older 
people admitted to Swedish short-term care: a cross- sectional study. 
Aging Clin Exp Res. 2019;31(1):85-94. 
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neuromuscular training on swallowing dysfunction among older 
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Introduction 
Oral and pharyngeal swallowing dysfunction (i.e., oropharyngeal dysphagia) is a 
highly prevalent condition in the older population, which increases with age but 
is seldom screened for or managed in care settings [1]. Swallowing dysfunction 
can result in two types of potentially severe and life-threatening complications; 
impaired swallowing efficacy that may cause malnutrition or dehydration, or 
impaired swallowing safety that may cause aspiration pneumonia.  

Although the aging population is increasing due to improved treatment and 
welfare system, there is little evidence that older people have an extended period 
of good health [2]. Swallowing dysfunction is a growing problem among older 
people due to age-related diseases and age-related changes that affect the 
swallowing function [1]. Older people are also often unaware of their swallowing 
dysfunction, making them even more vulnerable to its consequences [3]. In 
addition, although malnutrition is often recognized as a complication of 
swallowing dysfunction in older people, there are few original studies reporting 
their actual relationship [4]. Swallowing dysfunction has traditionally been 
treated with instructions in compensatory strategies [5]. At present, newer 
rehabilitation methods that aim to improve the swallowing physiology of the 
impaired swallowing are being explored [5, 6]. Swallowing dysfunction has also 
been associated with poor oral health [7], which additionally is associated with 
age-related diseases, medication, and disabilities. Thus, poor oral health is 
associated with conditions that may affect the ability to perform adequate oral 
self-care and hence increase care dependency. Our knowledge is, however, 
limited on whether swallowing dysfunction and poor oral health increases the risk 
of mortality in older people. 

Normal swallowing 
Normal swallowing or deglutition is defined as the process by which food, liquid, 
saliva or medication passes from the mouth to the stomach. Swallowing is one of 
the most frequent activities in the human body: between 580 to 2000 times per 
day ([8] p. 83). This activity is controlled by the swallowing center located in the 
brainstem and involves both voluntary and involuntary muscle contractions. 

Anatomy and neurophysiology of swallowing  
The swallowing aperture contains of three compartments: the oral cavity, the 
pharynx, and the esophagus. To achieve a successful swallowing these 
compartments needs to coordinate in a complex series of physiological, sensory 
and motor behavior. Briefly, the swallowing process is generated as follows; 
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stimuli from the bolus (i.e., food, liquid, saliva or medication) are perceived by 
the peripheral sensory receptors of the oral cavity and pharynx during swallowing 
and afferently sent by cranial nerves (trigeminus V, facialis VII, glossopharyngeus 
IX, and vagus X) to the central pattern generator located in the medulla oblongata 
of the brainstem, and to the somatosensory cortex and subcortical structures 
(e.g., the amygdala and the basal ganglia) (Figure 1) [8, 9]. The swallowing center 
is further composed of interneurons that modulate afferent signals to generate 
the swallowing motor pattern. The efferent part of the swallowing is mainly 
controlled by motor nuclei of the brainstem that innervates oral and pharyngeal 
muscles through cranial nerves (V, VII, IX, X and hypoglossus XII) and by 
cervical spinal cord (C1-C2) through the cervical spinal nerves (C1, C2, and C3) 
that compose the cervical plexus, which innervates the infrahyoid muscles 
(Figure 1). Approximately 30 pairs of muscles are involved in swallowing: among 
these are the masticatory, the lingual, the soft palate, the pharyngeal, the 
laryngeal, the suprahyoid and the infrahyoid muscles. 

Figure 1. Illustration of the neurophysiology of swallowing process.  

The three compartments of the swallowing aperture are tubular structures with 
muscular walls that in certain areas contain bone and cartilage ([8] p. 3). Each of 
these structures act as a hydrodynamic pump with interconnected valves between 
the pumps. These valves include the lips, the soft palate, the epiglottis, the vocal 
folds, and the upper and lower esophagus sphincter, that prevent the bolus from 
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leaking out, being misdirected or stuck during the transport from the oral cavity 
to the stomach (Figure 2). 

Figure 2. Anatomy of the oral cavity and pharynx.  

The swallowing phases 
The swallowing process is commonly subdivided into three phases: (1) the oral 
phase including; a preparatory part and an oral transit part, (2) the pharyngeal 
phase, and (3) the esophageal phase (Figure 3) [9-11]. The oral preparatory phase 
includes moistening and mastication of the bolus to appropriate size that enables 
the oral transit phase of swallowing. In the oral transit phase the bolus is 
propelled backwards in the oral cavity by the tongue and into pharynx. The 
backwards movement of the bolus into the pharyngeal space triggers the 
swallowing response. The pharyngeal phase of swallowing consists more or less 
of a pre-programmed activity, transiting the bolus through the pharynx towards 
esophagus. In the esophageal phase, the bolus passes the upper esophageal 
sphincter, and transits through the cervical and thoracic esophagus into the 
stomach (Figure 3). During the pharyngeal phase, breathing is temporarily 
inhibited, and normally closure of the entrance to the airway appears [9]. This 
closure prevents inhalation of bolus at four separate levels: at the vocal folds, the 
supraglottic portion of the laryngeal vestibule, the subepiglottic portion of the 
laryngeal vestibule, and the epiglottis ([8] p. 67). If material penetrates into the 
larynx and enters the airway below the vocal folds (i.e., aspiration), normally a 
strong cough reflex is elicited, in an attempt to clear the airways [9, 12]. 
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Figure 3. Normal swallowing: 1) the oral phase, preparing bolus; 2) transit into pharynx, swallowing 
is initiated; 3) the pharyngeal phase and; 4) the esophageal phase. 

Swallowing function in older people   
There are age-related physiological changes of the swallowing function that may 
appear in otherwise healthy older people, that affects the tissues and function 
important for swallowing (i.e., Prebyphagia) [13]. These changes include, e.g.,  
reduced isometric (i.e., static) tongue pressure, reduced tissue elasticity, changes 
of the cervical spine, reduced oral and pharyngeal sensitivity including reduced 
sensory input for taste, temperature, and tactile sensation, and reduced saliva 
reserve production [14, 15]. Hyposalivation in older people is, however, more 
related to the increased prevalence of age-related diseases and medication intake 
and not by age per se ([16] p. 195). Despite the age-related changes, swallowing 
usually maintain as a safe and effective function to transport bolus from the oral 
cavity to the stomach. 

The normal swallowing function in a healthy aging population is often 
characterized by a prolonged oral phase [10, 17], a slight delay in triggering the 
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pharyngeal swallowing [13, 17, 18], an increased frequency of penetration (i.e., 
food and liquid leaking into the larynx, but not below the vocal folds) [19], and 
loss of muscles reserve [20]. For example, Logemann et al. [21] observed a 
difference in the hyoid and laryngeal movements after upper sphincter opening 
between men aged 80 years and older and men aged 21-30 years, and according 
to a later study [22] the increased frequency of penetration was suggested to be 
due to reduction in hyolaryngeal lifting because of reduced muscular reserve. 
Almirall et al. [23] found that though healthy older subjects showed penetration 
on videofluroscopic evaluation of swallowing (i.e., VFS), none of the subjects 
exhibited severe penetration or aspiration. Thus, aspiration is less likely to be 
associated with healthy aging [17, 24], but rather with increased prevalence of 
age-related diseases that causes swallowing impairment [19]. 

Swallowing dysfunction 
Swallowing dysfunction or dysphagia are the terms used when someone has 
difficulties in any of the phases of the swallowing process [25]. Difficulties in the 
swallowing process may be caused by anatomical or physiological alterations 
and/or have psychosomatic origin ([8] pp. 69-75). The term dysphagia refers to 
a symptom of difficulty in swallowing, whereas swallowing dysfunction is the 
objective finding [25]. Swallowing difficulties caused by anatomical or 
physiological deficits in the oral cavity, pharynx, larynx, and esophagus may thus 
be defined as dysphagia due to swallowing dysfunction. People with swallowing 
dysfunction may or may not have subjective symptoms of dysphagia, while others 
experience subjective dysphagia without objective swallowing dysfunction [3].  

Oral and pharyngeal swallowing dysfunction 
Oral and pharyngeal swallowing dysfunction, often referred to as oropharyngeal 
dysphagia, is the difficulty to effectively and/or safely transport the bolus from 
the oral cavity to the esophagus. Signs and symptoms of oral and pharyngeal 
swallowing dysfunction may be classified as direct or indirect symptoms ([8] p. 
89). Direct symptoms occur during swallowing, e.g., aspiration, coughing and 
drooling, whereas indirect symptoms are not directly related to the swallowing 
itself, but a consequence of its presence, e.g., weight loss and aspiration 
pneumonia [8, 26]. Common symptoms of impaired swallowing efficacy are oral 
or pharyngeal residue, need for repeated swallowing or drooling ([8] pp. 830-
833). Rofes et al. [27] found that impaired efficacy and residue in the oral cavity 
or in pharynx in older people are mainly related to weak tongue bolus propulsion 
forces and slow hyoid motion. Symptoms of impaired safety are coughing before, 
during or after swallowing, a choking sensation, shortness of breath, and changes 
in voice quality after swallowing (i.e., wet or gurgly voice) ([8] pp. 830-833). 
Symptoms such as these indicate that the bolus is penetrating into the larynx 
above the vocal folds or is being aspirated into trachea below the vocal folds 
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(Figure 4). Impaired safety of swallowing in older people is mainly caused by 
delayed closure of the larynx [27]. A common problem in older people with 
swallowing dysfunction is that up to 40% show aspiration during the pharyngeal 
phase of swallowing, and one-third of them experience silent aspiration (i.e., a 
cough reflex is not elicited when aspirating) [28].  

 

Figure 4. Pharyngeal swallowing dysfunction resulting in aspiration during swallowing and residue 
in pharynx. 

Esophageal dysfunction  
Swallowing dysfunction in esophagus (i.e., esophageal dysphagia) may 
sometimes cause symptoms referred to pharynx, like a burning sensation or 
aspiration due to esophageal reflux, food obstructing in the upper esophageal 
sphincter with symptom in hypopharynx, or in the chest after a swallow ([8] pp. 
539-540). Esophageal dysphagia can be caused by, e.g., achalasia, hiatal hernia, 
esophageal stricture or esophageal tumors. Esophageal swallowing dysfunction 
is, however, beyond the scope of this thesis. Therefore, esophageal swallowing 
dysfunction is not further described. 



Introduction 

7 

Prevalence of swallowing dysfunction  
In the literature the prevalence of oral and pharyngeal swallowing dysfunction 
among older people varies from 11 to 80%. This wide range of prevalence 
estimates may result from methodological differences between studies regarding 
participant selection, screening or assessment tools used, and the way in which 
dysphagia was defined [1]. The prevalence among independently living older 
people has been estimated up to 34% [1, 29, 30]. In specific care settings, such as 
nursing homes, an even higher prevalence, up to 55%, have been found [31, 32]. 
In acute care settings, up to 55% of hospitalized older people showed clinical signs 
of swallowing dysfunction [33].  

In age-related neurological and neurodegenerative diseases, oral and pharyngeal 
swallowing dysfunction is highly prevalent. In Parkinson’s disease up to 82% 
suffers from swallowing dysfunction [34], in multiple sclerosis (MS) 34% [35], 
and in amyotrophic lateral sclerosis (ALS) up to 86% [36]. After acute stroke, the 
reported prevalence varies between 37%-78%; depending on how the swallowing 
function has been assessed. When explored instrumentally, e.g., with VFS or by 
functional videoendoscopic evaluation of swallowing (FEES), a higher prevalence 
is found [1]. Among people with dementia the prevalence of swallowing 
dysfunction can reach up to 84%, depending on the stage and type of condition 
[37]. The frequency and severity of swallowing dysfunction increases with 
increased cognitive impairment and is most common in moderate to severe 
cognitive impairment [32, 38, 39].  

Factors associated with swallowing dysfunction 
Age-related diseases associated with swallowing dysfunction are mostly diseases 
that cause physiological alterations affecting the swallowing process (e.g., stroke, 
Parkinson’s disease, ALS, MS, malignancies, and severe head or neck injury). 
Other factors associated with swallowing dysfunction in older people are, e.g., 
degree of activity of daily living (ADL, i.e., functional status or care dependency) 
[29, 33, 40], multimorbidity [40] and multiple geriatric syndromes [33, 40, 41] 
(i.e., “clinical conditions in older persons that do not fit into disease categories 
but are highly prevalent in old age, multifactorial, associated with multiple co-
morbidities and poor outcomes and are only treatable when a multidimensional 
approach is used”) [1]. Additional associated factors are sarcopenia [42], and 
polymedication [43].  

Sarcopenic dysphagia is a new concept that refers to swallowing dysfunction 
caused by sarcopenia of muscles involved when swallowing [42, 44-46]. 
Sarcopenia is considered a major source to reduce reserve capacity due to an age-
related diminishment of muscles mass and strength [41, 47]. It is considered a 
multifactorial syndrome that can primarily be caused by aging, or secondarily by 
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other condition such as disease (e.g., organ failure or inflammatory disease), 
activity (e.g., bed rest) or nutrition (e.g., protein deficiency) [41]. Nicosia et al. 
[48] showed that sarcopenia in older people affects the oral aspect of the tongue, 
making it a less effective pressure generator during the oral phase of swallowing. 
Oral and pharyngeal swallowing dysfunction is also more common in people with 
polymedication than in controls without medication [14, 33, 40, 43]. In addition, 
there are certain medications that might have specific negative effect on 
swallowing function, e.g., antipsychotic, antidepressant and sedatives that can 
reduce cough reflex and/or cause xerostomia (dry mouth) [33, 49]. 

Assessments of swallowing dysfunction 
Swallowing dysfunction is usually assessed in one of the three following ways: 
screening, clinical assessment or instrumental assessment (e.g., by VFS or FEES) 
[1, 8, 50]. The methods vary in purpose, scope and accuracy. The best way to 
verify swallowing dysfunction is by using an instrumental assessment, which 
gives the highest accuracy [1, 51]. The objective of swallowing function 
assessment is to examine two components of swallowing: 1) efficacy, which refers 
to a patient’s ability to consume the required nutrition (calories and water); and 
2) safety, which refers to a patient’s ability to safely consume the required 
nutrition without risk of respiratory complications.  

Screening 
The purpose of screening is to identify those at the highest risk of swallowing 
dysfunction, and therefore high sensitivity is required (i.e., a high proportion of 
patients with swallowing dysfunction who are correctly identified) rather than 
high specificity (i.e., a high proportion of patients without swallowing dysfunction 
correctly identified) [1]. A screening tool should also be reliable, easy to use and 
quick to perform. Most screening tools are questionnaires that include subjective 
perceptions of swallowing difficulties [1, 52-55]. 

Clinical assessment 
The purpose of a clinical assessment is to evaluate the safety and efficacy of 
swallowing and to establish a clinical diagnosis by assessing the pathophysiology 
of the swallowing dysfunction. The clinical assessment also serves to select 
appropriate treatment for those patients who are not suitable to undergo 
instrumental assessment, e.g., older people admitted to nursing homes [1]. It is 
recommended that swallowing diagnostic tools should include: a water test or 
other tests including liquids combined with oximetry, as well as an assessment of 
coughing, choking, and voice alterations as endpoints [56]. The test should have 
a minimum sensitivity of 70% and specificity of 60% [57]. The test also needs to 
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be uncomplicated, informal, non-invasive, non-technical, quickly interpretable, 
reliable, and accurate.  

Traditional clinical assessment tools for swallowing dysfunction are the Burk’s 3-
oz water swallow test [58], the timed water swallow test (TWST) [59], and the 
standardized swallowing assessment [60]. In these tests, swallowing dysfunction 
is evaluated while the patient is asked to swallow water in one go. The amount of 
water used varies between 50, 60 (3 oz) and 150 mL, and abnormal swallowing is 
identified as cough before, during or after swallow, wet/gurgly voice, or as an 
inefficient swallow (i.e., a swallowing rate <10 mL/s) [1, 15, 58-60]. Patients with 
impaired swallowing safety have been reported to compensate by reducing bolus 
size to prevent aspiration, which as a consequence reduces the swallowing rate 
[61]. In addition, an inefficient swallow (<10 mL/s) in patients with neurological 
diseases is strongly associated with an abnormal swallowing with a sensitivity of 
97%, and specificity of 88% [59].  

Other recently introduced clinical tests that have shown high sensitivity and 
specificity are the volume-viscosity swallow test (V-VST) [62] and the Toronto 
Bedside Swallowing Screening Test (TOR-BSST) [63]. While the V-VST uses 
several viscosities, the TOR-BSST is a two-step test, including an oral 
examination and a water swallow test. The advantage of using several viscosities 
is that it can provide more information than water alone, concerning both 
diagnostics and therapeutic management of swallowing dysfunction. The V-VST 
minimizes non-oral feeding administration, since safe viscosities can be 
identified [62]. 

Instrumental assessments - FEES and VFS 
The third way to assess swallowing dysfunction is to use an instrumental 
assessment tool, such as FESS or VFS [50]. These instrumental evaluation 
methods, especially VFS are considered to be the gold standard to evaluate 
swallowing dysfunction ([8] pp. 317-330, 532-539). The advantage of 
instrumental evaluations is that they give us objective information on both the 
pathophysiology behind the swallowing dysfunction, and the effect of a treatment 
or the response to a therapy, e.g., swallowing maneuvers. Thus, the methods are 
useful as both diagnostic and therapeutic tools. Instrumental assessments are of 
particularly use when pharyngeal or upper esophageal swallowing dysfunction is 
suspected. However, instrumental testing requires trained professional and 
specialized equipment that are neither accessible nor feasible in a non-hospital 
setting.  
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Complication of swallowing dysfunction 
Swallowing dysfunction in older people causes severe complications that have 
negative impact on their health, nutritional status, functional status, morbidity, 
mortality, and swallowing-related quality of life (QOL) [4, 25, 27, 29, 33, 64, 65]. 
The main complications of impaired swallowing include malnutrition, 
dehydration, respiratory infections, and aspiration pneumonia [8, 66]. Thus, an 
impaired swallowing efficacy may lead to malnutrition and/or dehydration, 
whereas an impaired swallowing safety with aspiration may cause respiratory 
infections and aspiration pneumonia.  

Malnutrition and dehydration 
Older people with impaired efficacy of swallowing are at a high risk of developing 
malnutrition and/or dehydration due to lack of a balanced oral intake [4, 15, 40]. 
Malnutrition is widely defined as an imbalance of body composition (decreased 
fat free mass) and body cell mass that leads to decreased physical and mental 
function and impaired clinical outcome from disease [67]. Malnutrition is highly 
associated with decreased functionality, reduced immunity, impaired wound 
healing, sarcopenia, frailty, and higher morbimortality, which in turn increases 
mortality. Although malnutrition is not a side-effect of aging per se, many 
changes associated with the process of aging can induce malnutrition; body 
composition and energy stores change during aging [68, 69] and other changes 
such as reduced taste and smell [70] resulting in a loss of appetite [71]. 

For malnutrition to be considered as a potential diagnosis, at least two of the 
following six basic criteria are recommended to be fulfilled: insufficient energy 
intake, weight loss, loss of muscle mass, loss of subcutaneous fat, localized or 
generalized fluid accumulation, and diminished functional status [72]. The 
criteria are intended to be applied independently of clinical setting and etiology 
[67]. Prevalence of malnutrition among older people is reported to differ between 
settings: 50% in rehabilitation, 38.7% in general hospital, 13.8% in nursing 
homes, and 5.8% in community [73]. In acute, chronic, or intermediate (short-
term) care settings, the detection and management of adult undernutrition is of 
primary concern, as undernutrition is associated with poorer health and 
increased mortality [72]. The term adult undernutrition is used synonymously 
with adult malnutrition [67, 72].  

Dehydration (i.e., defined as loss of water from intracellular space) is a common 
problem in the older population in different care settings [74]. Complications of 
dehydration include hypotension, decreased cardiac output, and perfusion of 
organs and tissues ([8] p. 867). Dehydration has been linked to swallowing 
dysfunction and more specifically the inability to swallow liquids. Dehydration is 
considered to be both a consequence of the impaired swallowing itself, which 
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entails a reduced capacity for fluid intake, but also a consequence of the 
compensatory strategy with thickening of liquids [75, 76]. 

Aspiration pneumonia 
There is no uniform definition of aspiration pneumonia. However, one definition 
is a respiratory infection with radiological evidence of condensation in patients 
with impaired swallowing safety. Aspiration pneumonia appears when liquid, 
saliva, or food colonized with oral and/or pharyngeal microorganisms and 
respiratory pathogens are aspirated into the airways below the vocal folds [1, 43, 
77, 78]. Aspiration pneumonia is highly prevalent among older people with 
swallowing dysfunction, and it is the most severe complication of swallowing 
dysfunction with high mortality risk [33, 51, 78, 79]. 

Swallowing-related quality of life 
To eat and drink are, in addition to life-sustaining, also social events that relate 
to friendship, acceptance, entertainment, and communication in human beings. 
Impaired swallowing may result in negative responses and feelings such as 
shame, anxiety, depression, and isolation, resulting in declined swallowing-
related QOL [80-82]. One study that analyzed the social and psychological 
burden of dysphagia among the residents in nursing homes, found that over 50% 
experienced that their swallowing difficulties affected their eating habits and 
made their life less enjoyable [64]. Additionally, most residents also believed that 
their swallowing difficulties were untreatable.  

Treatment of swallowing dysfunction 
Swallowing dysfunction is commonly managed by compensatory strategies that 
aim to compensate for impaired swallowing function by avoiding or reducing it. 
Swallowing therapy based on compensatory strategies may include postural 
adjustments of the patient, swallowing maneuvers, modifying the consistency of 
solid and/or liquid food, and when required, non-oral feeding options [5, 14].   

In the last decades, research on swallowing rehabilitation strategies has been 
carried out aiming to improve the physiology of the impaired swallowing 
function. Different potential swallowing rehabilitation approaches have been 
described: behavioral with strengthening [83, 84], behavioral with biofeedback 
[85-87], neuromodulatory [88, 89], as well as pharmacological approaches [90-
92].  

Most new behavioral rehabilitation methods involve exercises that train specific 
muscles or muscle groups [1]. Exercise-based swallowing intervention has shown 
to improve nutritional status and reduce pneumonia in a variety of populations 
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with swallowing dysfunction [93, 94]. One promising method of swallowing 
rehabilitation is oral neuromuscular training with an oral training device (Figure 
5). The method aims to strengthen the orofacial and pharyngeal muscles. In a 
small non-randomized study without controls, 30 stroke patients with oral and 
pharyngeal swallowing dysfunction improved their swallowing function after 5-8 
weeks of oral neuromuscular training [95]. However, there is a lack of evidence 
for most swallowing rehabilitation methods due to methodological 
considerations; small and non-randomized samples, no control group, and 
undefined outcomes [96]. Thus, larger randomized control trials are required.   

 

 

 

Figure 5. Oral neuromuscular training device (IQoro®, MYoroface AB, Hudiksvall, Sweden). 

Oral health 
Oral health is an important indicator of overall health, wellbeing and quality of 
life. The World Health Organization [97] define oral health as “a state of being 
free from mouth and facial pain, oral and throat cancer, oral infection and sores, 
periodontal (gum) disease, tooth decay, tooth loss, and other diseases and 
disorders that limit an individual’s capacity in biting, chewing, smiling, speaking, 
and psychosocial wellbeing”. 

Oral health in older people 
Today, an increased proportion of older people keep their natural teeth 
throughout their lives due to better oral health care and treatment, but are also 
left with extensive restorations, including bridges and implants [98]. As a result, 
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oral diseases such as caries and periodontal diseases in older people have 
increased [99, 100]. The deteriorated oral health is often associated with age-
related diseases, medication and disabilities [101, 102]. Poor oral health may also 
cause changes in the oral bacterial flora and increases the risk of oral infection. 
Additionally, there is a complex relationship between oral infections and 
initiation or progression of myocardial infarction, stroke, diabetes, Alzheimer's 
disease and rheumatoid arthritis [103]. 

Mortality in the aging population 
The health status of older people is complex, and a single aspect can rarely serve 
as the sole predictor of outcomes like mortality [2]. Mortality risk factors among 
older people in different care settings have been related to, e.g., care dependency 
[104-106], malnutrition [33, 104], low body mass index (BMI) [107], 
multimorbidity [2, 33], cognitive impairment [33, 104], male sex [105, 107, 108], 
advanced age [104, 105, 108], smoking [107, 108], and frailty [109]. Although 
limited in number, there are studies that have reported impaired swallowing 
function [27, 40, 66, 110] and poor oral health, including poor oral hygiene [111] 
and periodontal disease [107, 111-113] as risk factors for mortality.  

Short-term care 
Short-term care, commonly known as intermediate care, is a type of a health care 
that provides nursing for people that are: recovering after being discharged from 
a hospital, waiting for care-home placement, undergoing rehabilitation, given 
respite care or end-of-life care [114]. Short-term care can be provided in a specific 
short-term care facility, a residential setting, or in a hospital. It can be provided 
for days to months. In Sweden, approximately 8000 older people are admitted 
yearly to Swedish short-term care.  

According to a report by the National Board of Health and Welfare in Sweden 
[115], there is an increased need for care among people in short-term. This is 
mainly explained by the present ambition to shorten the time in hospital 
combined with the increasing number of older people with more severe diseases 
such as stroke and cancer. Despite the high frequency of older individuals with 
high care demands admitted annually to short-term care, the care context is 
unexplored. Thus, the limited knowledge calls for studies concerning the context 
of care and the residents’ health status in short-term care. 
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Aims 
The overall aim of this thesis was to gain a broader understanding of the 
prevalence of swallowing dysfunction among older individuals with different 
diagnoses treated in short-term (intermediate) care, and to evaluate a new 
method for rehabilitation of swallowing dysfunction. A further aim was to study 
swallowing dysfunction and poor oral health in relation to survival. 

The specific aims of this thesis were: 

Paper I. To describe the study protocol of the project: Swallowing function, 
Oral health, and Food Intake in old Age (SOFIA). 

Paper II. To study the prevalence of and the relationship between 
swallowing dysfunction and risk of undernutrition among older 
individuals with different diagnosis in short-term care. Further, to 
analyze potential gender-related differences. 

Paper III. To investigate the effect of oral neuromuscular training on 
swallowing function in older people with impaired swallowing 
function in short-term care. 

Paper IV.  To investigate the association between poor oral health, 
swallowing dysfunction, and 1-year mortality in older individuals 
in short-term care. 
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Materials and Methods 

Study design and settings 

This thesis is a part of the multidisciplinary and multicenter project SOFIA 
(Swallowing function, Oral health, Food Intake in old Age) which is conducted in 
36 short-term care units in five regions in Sweden, both rural and urban. The 
participating regions are Dalarna, Gävleborg, Värmland, Västerbotten and 
Örebro. The SOFIA-project was approved by the Uppsala Regional Ethics Review 
Board, Sweden (Dnr 2013/100/1-3), and registered at ClinicalTrial.gov identifier: 
NCT02825927. The study was conducted according to the recommendations for 
STROBE (Paper II; IV), Interventional Trials, and the CONSORT extension for 
cluster randomized controlled trials guidelines (Paper III). 

This thesis comprises four original papers including one study protocol, paper I. 
Paper II is a cross-sectional study, paper III a cluster randomized controlled trial 
(cRCT) and paper IV a prospective cohort study.   

Subjects 
In paper II and IV we included 391 short-term care residents that fulfilled the 
initial inclusion criteria: aged 65 years or older, admitted to short-term care for 
at least three days, able to understand Swedish, and ability to participate in 
clinical assessments. Individuals that received end-of-life care or with moderate 
to severe cognitive impairment were excluded (Figure 7). Written informed 
consent was obtained from all participants.  

Paper III included 116 of the 391 short-term care residents that beside the initial 
inclusion criteria as mentioned in paper II and IV, also were identified with 
swallowing dysfunction (objective dysphagia) at baseline. The participants were 
randomized based on cluster (i.e., which short-term care unit they were admitted 
to at inclusion) to either usual care (control group) or additional oral 
neuromuscular training (intervention group). Swallowing function was assessed 
with the TWST and diagnosed as dysfunction when the swallowing rate was less 
than 10 mL/s, in accordance with previous studies [59, 116]. 
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Oral neuromuscular training 
The neuromuscular training of orofacial and pharyngeal muscles with an oral 
device is described in detail in paper I. The IQoro® (MYoroface AB, Hudiksvall, 
Sweden) oral device was used in the cRCT (Paper III). The device is also 
commonly called oral screen [117], and is designed to stimulate sensory input and 
strengthen the facial, oral, and pharyngeal muscles [95, 118]. The training is 
carried out for 30 s before meals, three times a day in an upright position and 
performed as follows: 1) the device is placed in the mouth, predentally, behind 
closed lips; 2) the participant pulls the handle of the device straight forward, as if 
to pull it out of the mouth, for approximately 5–10 s (Figure 6). The duration’s 
extension results in the force-generating capacity needed to gain neuromuscular 
adaption, since a longer duration results in fatigue of the orofacial and pharyngeal 
muscles. The manoeuvre is performed three times, with a 3 s rest between the 
maneuvers. The pulling force should be as high as possible without losing grip of 
the device. 

 

Figure 6. Neuromuscular training of orofacial and pharyngeal muscles with an oral training device.  

Hägg et al. [95] has suggested that the mechanism by which training with an oral 
device may improve swallowing function, is afferent stimulation of the brainstem 
swallowing center through sensory receptors of the lips combined with the motor 
function to create lip closure and increased activity of the buccinator mechanism. 
This would activate the muscles in the floor of the mouth and in the tongue that 
in turn would stimulate the anterior pharyngeal pillars, the soft palate, and 
intraoral mucous membranes. Further to activate and strengthen the pharyngeal, 
the suprahyoid and the infrahyoid muscles, that are all involved in swallowing.  
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Procedure 
The clinical assessment was conducted in the short-term care unit where the 
participants were resident at the time of inclusion. The clinical assessments were 
performed by nine professionals that had been calibrated prior study start. 
Among these, eight were registered dental hygienists (RDHs) and one was a 
speech-language pathologist (SLP); of whom two were doctoral students. 
Additionally, the responsible nurse at each short-term care unit assessed and 
provided the professionals with clinical data regarding the participants’: age, sex, 
height, weight, medical diagnosis including dysphagia-related diseases and 
multimorbidity, cause of stay, and education level based on social service and 
nursing documentation. Dysphagia-related diseases included any condition that 
may contribute to dysphagia, e.g., neurological disease, stroke, or chronic 
obstructive pulmonary disease. The participants were considered multimorbid if 
suffering from at least three diagnoses from a minimum of three different 
organ/organ systems [119]. The participants’ weight and height were used to 
calculate BMI (kg/m2) and was considered low if <20 (age ≤69) or <22 (age ≥70) 
[120, 121] and high, including overweight or obesity if <29 in accordance with 
BMI recommendations for people aged ≥65 [122, 123].  

After inclusion, the participants’ swallowing function, oral health, nutritional 
status and care dependency were assessed (baseline assessments). The 
swallowing function was assessed by either a RDH or the SLP, whereas the oral 
health assessments were only carried out by a RDH. The responsible nurse 
assessed and provided the data on functional status and nutritional status. 
Individuals identified with swallowing dysfunction at baseline (Paper II) were 
invited to participate in the cRCT (Paper III). Eligible participants were 
randomized based on cluster to either usual care (control group) or oral 
neuromuscular training (intervention group). All participants were assessed at 
baseline, directly after five weeks of training and six months post-treatment 
regarding swallowing function and swallowing-related QOL. In the cRCT, the 
assessments were conducted by one of the professionals in the environment 
where the participant was staying at the time of assessment (e.g., in the short-
term care unit, in the participant’s home, or in a care home). The professionals 
also provided instructions about the oral neuromuscular training. If the 
participant had difficulties performing the training, staff or family members were 
instructed how to assist the training. All participants that were assessed for 
swallowing function and oral health at baseline were also followed for one year 
after inclusion to assess survival time (Paper IV). The data collection procedure 
is described chronologically in Figure 7. 
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Figure 7. Flow-chart over the inclusion, data collection and data analysis for paper II-IV in the thesis. 

5 weeks oral neuromuscular training
(n=16 care units; n=49 participants)

5 weeks usual care 
(n=18 care units; n=67 participants)

End-of-treatment analysis:
49 modified intention-to-treat
36 in per-protocol

Enrollment

Declined to participate (n=97) 

Allocation

Lost to follow-up (n=13 participants)
3 pain in orofacial regions 
7 withdrawal by participant
1 deceased
2 hospitalized

Residents in short-term care assessed for 
eligibility (n= 931)

Cluster randomized (n=116 participants) 

Lost to follow-up (n=18 participants)
5 withdrawal by participant
5 deceased
3 hospitalized
5 reason unknown

Lost to follow-up (n=5 participants)
2 withdrawal by participant 
2 deceased
1 reason unknown

End-of-treatment analysis:
67 modified intention-to-treat
49 in per-protocol

Lost to follow-up (n=18 participants)
9 withdrawal by participant
9 deceased

End-of-treatment analysis

6 month post-treatment analysis:
49 modified intention-to-treat
31 in per-protocol

6 month post-treatment analysis:
67 modified intention-to-treat
31 in per-protocol

6 months post-treatment 
analysis

Residents with swallowing dysfunction and eligible for the cluster 
randomized control trial (Paper III)                                                 
(n=36 care units; n=213 residents) 

Excluded (n=477)
• Not meeting inclusions criteria:

• Palliative n=61
• Insufficient cognitive capacity n=309
• Other reasons n=107

Eligible participants (n=454)

Declined to participate (n=63)

Follow-up

SOFIA study population (n=391) 
Baseline assessments: swallowing function, oral health, and 

nutritional status (Paper II and IV)

Follow-up

1-year follow-up to assess survival time (n=391) 
(Paper IV)
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Measurements 
The following section will describe the measurements used in paper II-IV. 
Detailed description of all measurements used in the SOFIA project is found in 
paper I. 

Swallowing function 
In paper II-IV, the TWST [59] was used to evaluate swallowing dysfunction by 
assessing: 1) ‘swallowing efficacy’, where an impaired swallowing efficacy was 
defined as a swallowing rate <10mL/s, and 2) ‘swallowing safety’, where an 
impaired swallowing safety was defined as aspirations signs present (i.e., if the 
participant coughed or had a wet or gurgly voice during or after the TWST). 

The TWST was performed as follows: 1) initially, the participant was given three 
teaspoons of water, 2) if successfully managed with no signs of aspiration, the 
participant was given 150 mL water in a glass with instructions to drink the water 
as fast as possible, but to stop if any difficulties aroused. The participants were 
requested to use their normal swallowing behavior, including any swallowing 
compensatory strategy they used in daily life, e.g., postural adjustment. If the test 
was interrupted, the residual volume in the glass was measured. The swallowing 
rate was calculated as the amount of water swallowed divided by the time in 
seconds it took to swallow the amount (mL/s). 

Nutritional status 
In paper II, nutritional status of the participant was assessed using the Minimal 
Eating Observation and Nutrition Form –version II (MEONF-II) [121]. The form 
evaluates the risk of undernutrition based on: unintentional weight loss, low BMI 
or short calf circumference if information on BMI was not available, eating 
difficulties including food intake, chewing/swallowing, decreased 
energy/appetite, and clinical signs of undernutrition. Calf circumference was 
measured in centimeter on the thickest part of the calf and considered short if 
less than 31 centimeters. The MEONF-II score ranges from 0 to 8: a score of 0–2 
is defined as no or low risk of undernutrition, 3–4 moderate risk of 
undernutrition, and ≥ 5 high risk of undernutrition. The cut-off for risk of 
undernutrition was set to a MEONF-II score ≥ 3. 

Swallowing-related quality of life 
In paper III, swallowing-related QOL was assessed using the Swallowing Quality 
of Life Questionnaire (SWAL-QOL) [55]. The SWAL-QOL was used to evaluate 
the participant’s self-perceived swallowing-related QOL. The SWAL-QOL 
includes 44 items that assess 10 swallowing-related QOL domains: food selection 
(2 items), burden (2 items), mental health (5 items), social functioning (5 items), 
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fear (4 items), eating duration (2 items), eating desire (3 items), communication 
(2 items), sleep (2 items), and fatigue (3 items). A total SWAL-QOL score is 
obtained from 23 items including the first seven domains listed above. For the 
purpose of paper III, a total SWAL-QOL score was calculated as a measure of 
swallowing-related QOL. 

Each item in SWAL-QOL is rated on a 5-point Likert scale that ranges from 1-5 
(least to most favorable state) and aims to reflect the preceding month. All scales 
of the SWAL-QOL were linearly transformed from a 5-point Likert scale and 
ranged from 0 to 100, according to the validation by McHorney [54]. A score 
below 86 was considered a clinically relevant subjective dysphagia [124]. 

Oral health 
In paper IV, the Revised Oral Assessment Guide (ROAG) was used to evaluate 
oral health [125]. Eight categories were included: voice, lips, mucous membranes, 
tongue, gums, teeth/dentures, saliva, and swallowing sensation (e.g., pain or 
dryness when swallowing saliva). Each category was described and rated from 
healthy (score 1) to severe (score 3), giving a total score range from 8 (healthy) to 
24 (severe oral health problems).  

Functional status 
In paper II-IV, functional status (i.e., care dependency) was assessed by the 
modified Katz Index of Activities of Daily Living (Katz-ADL; that is bathing, 
dressing, toileting, transferring, continence, and feeding) [126, 127]. The Katz-
ADL ranges from A-G; A indicates independence (score yes in all six functions), 
B-D indicates moderate dependency, and E-G indicates severe to total 
dependency [127, 128]. 
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 Table 1. Overview of the method and material used in the four papers in the thesis. 

Abbreviations: TWST=Timed Water Swallow Test; MEONF-II=Minimal Eating Observation and Nutrition 
Form –version II; SWAL-QOL=Swallowing Quality of Life Questionnaire; ROAG=Revised Oral Assessment 
Guide 

 
 

 Paper I Paper II Paper III Paper IV 

Design Study protocol Cross-sectional 
study 

Cluster 
randomised 
control trial 

Prospective 
cohort study 

Setting Short-term care Short-term care Short-term care Short-term care 

Study 
population 

Descriptive n=391 n=116 n=391 

Timepoint 
assessment 

Descriptive Baseline Baseline 

After 5 weeks 

6 months post-
treatment 

Baseline 

After 1-year  

Main 
Measurement 

Descriptive TWST 

MEONF-II  

TWST  

SWAL-QOL 

TWST 

ROAG 

Outcome Descriptive i) Prevalence of 
swallowing 
dysfunction 

ii) Prevalence of 
undernutrition 

iii) Association 
between 
swallowing 
dysfunction and 
risk of 
undernutrition  

i) changes in 
swallowing 
efficacy  

ii) changes in 
swallowing 
safety, and 
swallowing- 
related QOL 

i) 1-year 
survival time 
and its 
association to 
poor oral health 
and swallowing 
dysfunction 
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Outcomes 

Paper II 
The outcome was prevalence of swallowing dysfunction and risk of 
undernutrition, and the association between swallowing dysfunction and 
undernutrition; whether older people with abnormal swallowing rate had higher 
odds of being undernourished than those with normal swallowing rate. 

Paper III 
The primary outcome was a change in swallowing efficacy measured by the TWST 
at the end-of-treatment compared with baseline, and six months post-treatment, 
comparing the intervention group with the control group. 

Secondary outcomes were changes in swallowing safety (i.e., changes in 
aspiration signs when swallowing water during the TWST) and changes in 
swallowing-related QOL assessed using the SWAL-QOL. 

Paper IV 
The outcome was 1-year survival time and its association to poor oral health based 
on ROAG and swallowing dysfunction based on impaired swallowing efficacy 
assessed with the TWST among older individuals. 

Statistical analysis (Paper II-IV) 
Statistical analyses were performed using IBM/SPSS Statistics 23 (Paper II) or R 
version 3.5.1 (Paper III and IV). The significance level was set at 0.05 in all 
statistical tests. Descriptive statistics was used to describe the characteristics of 
the study population (Paper II-IV) that were presented as numbers and 
percentage (%) or median and interquartile range [IQR]. 

Paper II 
The Chi-squared test or Fisher exact test (categorial variables) and the Mann–
Whitney U or Kruskal–Wallis (continuous variables) test were used to compare 
differences between groups. Logistic regression was used to calculate the odds 
ratio (OR) with 95% confidence interval (CI) for the association between 
swallowing dysfunction and risk of undernutrition. Adjustments were made for 
possible confounding variables: age, sex, functional status, and multimorbidity. 

Paper III 
The primary outcome of swallowing efficacy was analyzed using a linear mixed 
model (LMM), with the logarithm of the outcome being the dependent variable 
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due to non-normality. The LMM included the group (control or intervention), 
time (five weeks or six months), group-by-time interaction, and baseline value as 
fixed effect factors, and cluster and subject as random effect factors. The pre-
specified covariate age was also included as a fixed effect factor. 

For secondary outcome, the binary variable swallowing safety (aspirations signs 
present/not present) was analyzed with a generalized linear mixed model 
(GLMM) with a logit link function. The GLMM included the group (control or 
intervention), time (five weeks or six months), group-by-time interaction, and 
baseline value as fixed effect factors, and the cluster and subject as random effect 
factors. Also, the secondary outcome swallowing-related QOL was analyzed with 
a LMM with the same structure as described for the primary variable; except age, 
which was not included as a fixed factor. 

The LMM and GLMM were fitted using the R-function lmer from the lme4 
package and provided the mean change of each outcome for both groups, between 
baseline and the end-of-treatment, and at six months post-treatment. Further, 
differences in the mean change of the outcomes for the intervention group were 
compared with the control group (treatment effect).  

Results were expressed as observed geometric mean (meang) and geometric 
standard deviation (SDg). Between-group comparisons were expressed as ratios 
of the geometric mean (Ratio) or OR with 95% CIs. The intraclass correlation 
coefficient (ICC) of the cluster effect was also calculated for each outcome. The 
intention-to-treat principle was applied for between-group comparisons for the 
primary outcome analysis. Missing data were handled as missing at random 
(MAR) and using multiple imputation [129]. Additionally, per-protocol analysis 
was performed on both primary and secondary outcomes. Model assumptions of 
normality of residuals and random effects, and equality of variance across factors 
were assessed from graphs. 

Paper IV 
Prior to statistical analysis the following variables were dichotomized to 
harmonize with standard cut-offs: swallowing function as normal (≥10 mL/s) or 
dysfunctional (<10 mL/s) swallowing [59], and oral health as good (score 8) or 
poor (score 9-24) oral health [102, 125]. To explore the combined effects of poor 
oral health and swallowing dysfunction on mortality, participants were also 
classified into the following four groups: normal swallowing and good oral health; 
swallowing dysfunction and good oral health; normal swallowing and poor oral 
health; and swallowing dysfunction and poor oral health.  
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Group comparison at baseline (survivors vs. deceased) was analyzed with the Chi-
squared test (categorical variables) or the Mann–Whitney U test (continuous 
variables). To estimate the impact of oral health and swallowing function 
(separately and combined) on survival, we performed a Kaplan–Meier analysis 
and compared groups with a log-rank test. To estimate hazard ratio (HR) with 
95% CI for oral health and swallowing function a mixed effect Cox regression 
model was fitted including cluster (i.e., care units) as a random effect and all other 
factors as fixed effects. The model was fitted using the R-function coxme from the 
coxme package. In addition to univariable analysis, an adjusted hazard ratio 
(aHR) with 95% CI was estimated using a multivariable model adjusting for age, 
sex, multimorbidity, BMI, and mild cognitive impairment. Age was modeled 
using restricted cubic splines with knots at the 10th, 50th and 90th percentiles, 
allowing a non-linear relationship between age and mortality hazard.  
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Results 
Between Oct 2013 and Feb 2016, 391 individuals enrolled at 36 short-term care 
units were included in the SOFIA-project. At inclusion, the participants were 
assessed for swallowing function, oral health and nutritional status. The median 
age of the participants was 84 years [IQR 11] and 209 (53%) were females. The 
three main diagnoses causing short-term care were: stroke (22 %), muscle 
skeletal diseases (22%), and mild cognitive impairment (12%). More than half of 
the participants (53%) suffered from multimorbidity, and 192 (50%) participants 
scored severe to total dependency according to Katz-ADL (Table 2). The causes 
of admission for short-term care were as follows: 76 (19%) respite care, 70 (18%) 
acute short-term care, 58 (15%) recovery after hospitalization, 50 (13%) 
rehabilitation, 33 (8%) waiting for care placement, 26 (7%) further assessment, 
and 78 (20%) unknown reason. The main results for paper II-IV are presented in 
this section. For more detailed results, please see each separate paper.  

Paper II 
Swallowing assessment was carried out in 385 of the 391 participants (missing 
n=6) and nutritional assessment in 390 participants (missing n=1) (Table 2).  
Baseline characteristics of the participant and distribution of results between 
sexes are presented in Table 2 and in paper II, Table 1.   

Prevalence and associated factors for swallowing dysfunction 
In total, 248 of the 385 (64%) participants showed swallowing dysfunction with 
either impaired efficacy and/or impaired safety on the TWST (Table 2). 
Swallowing dysfunction was associated with decreased functional status 
(moderate or severe to total care dependency; P=0.015; Paper II, Table 2) and 
higher age (75–84 years or ≥ 85 years, P=0.027; Paper II, Table 2). However, 
swallowing dysfunction was not associated with sex, multimorbidity, dysphagia-
related diseases, or mild cognitive impairment (Paper II; Table 2).  

When swallowing efficacy and safety was separately analyzed, an impaired 
efficacy was found in 213 of 385 (55%) participants, including 11 with an unsafe 
teaspoon test that was registered as swallowing rate 0 mL/s. An impaired 
swallowing efficacy was more common among women than in men (P=0.030; 
Table 2). There was, however, no significant association between an impaired 
efficacy and age (P=0.123), multimorbidity (P=0.291), dysphagia-related 
diseases (P=0.472), mild cognitive impairment (P=0.o73) or functional status 
(P=0.o73) (Paper II; Table 3). An impaired swallowing safety was found in 127 of 
377 (34%) participants (Table 2). In total 92 of 127 (72%) participants with an 
impaired swallowing safety also had an impaired swallowing efficacy, and an 



Results 

26 

impaired swallowing safety was significantly associated with impaired 
swallowing efficacy (P<0.001; Paper II; Table 3). An impaired safety was 
significantly more common among men than in women (P=0.034; Table 2). 

 Table 2. Characteristics of the participants in total and distributed by gender. 
 Total 

n=391 
Men 
n=182 

Woman 
n=209 

P-value 

Median age [IQR] 84 [11] 81 [12] 85 [10] 0.001a 

Age, years    0.004b 

   <75 63 (16.1)                                                                            39 (21.4) 24 (11.5)  

   75-84 149 (38.1) 74 (40.7) 75 (35.9)  

   ≥85 179 (45.8) 69 (37.9) 110 (52.6)  

Multimorbidity*    0.982b 

   Yes 206 (52.7) 96 (52.7) 110 (52.6)  

   No  185 (47.3) 86 (47.3) 99 (47.4)  

Dysphagia-related disease** (n=389)    <0.001b 

   Yes 154 (39.6) 96 (53.0) 58 (27.9)  

   No 235 (60.4) 85 (47.0) 125 (72.1)  

Katz-ADL(n=385)    0.005b 

   A 28 (7.3)  14 (7.8) 14 (6.8)  

   B-D 165 (42.8)  61 (34.1) 104 (50.5)  

   E-G 192 (49.9)  104 (58.1) 88 (42.7)  

Swallowing dysfunction***(n=385)    0.991b 

   Yes 248 (64.4) 116 (64.4) 132 (64.4)  

   No 137 (35.6) 64 (35.6) 73 (35.6)  

Swallowing efficacy**** (n=385)    0.030b 

   <10 mL/s 213 (55.3) 89 (49.4) 124 (60.5)  

   ≥10 mL/s 172 (44.7) 91 (50.6) 81 (39.5)  

Swallowing safety***** (n=377)    0.034b 

   Impaired 127 (33.7) 70 (39.1) 57 (28.8)  

   Normal 250 (66.3) 109 (60.9) 141 (71.2)  

Risk of undernutrition (n=390)    0.007b 

   Yes 91 (23.3) 31 (17.1) 60 (28.7)  

   No 299 (76.7) 150 (82.9) 149 (71.3)  

Data are given as n (%) or median [interquartile range]. Abbreviations: ADL=Activity of daily living. 
 aMann Whitney U test; bchi-squared test.  
*Three or more diagnoses from minimum three different organs/organ systems. 
**Any condition that may contribute to dysphagia, e.g., neurological disease, stroke, and chronic obstructive 
pulmonary disease.  
***Impaired swallowing efficacy and/or impaired swallowing safety. 
****Defined as normal (≥10mL/s) or abnormal (<10mL/s) swallowing rate on the timed water swallow test. 
****Impaired swallowing safety was defined as any signs of aspiration i.e., cough, voice change, and/or voice 
change without cough during or after the timed water swallow test. 
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Prevalence and associated factors for risk of undernutrition 

A risk of undernutrition was found in 91 of 390 (23%) participants (Table 2). The 
risk of undernutrition was significantly higher among women (60/209, 29%) 
compared to men (31/181, 17%, P=0.007). No association was found between risk 
of undernutrition and age (P=0.563), functional status (P=0.387), 
multimorbidity (P=0.215), dysphagia-related diseases (P=0.945), or mild 
cognitive impairment (P=0.278) (Paper II; Table 3). 

Logistic regression model 
The adjusted logistic regression model revealed that participants with impaired 
swallowing efficacy had 1.74 times higher odds for undernutrition than 
participants with normal swallowing (OR 1.74; 95% CI 1.04–2.92; P=0.034; 
Table 3). The model also showed that women had 1.93 times higher odds for 
undernutrition than men (OR 1.93; 95% CI 1.18–3.25; P=0.010; Table 3). 

 
Table 3. Relationship between the binary outcome risk of undernutrition and impaired swallowing 
efficacy. 

Abbreviations: CI=Confidence interval. For the logistic regression model (univariable and multivariable) the 
reference categories were: swallowing efficacy ≥ 10 mL/s and male sex. 
aUnivariable model. 
bMultivariable model, adjusted for age, functional status, multimorbidity and based on 378   
  participants without missing data. 

 

Paper III 
At baseline 213 of 385 older individuals were identified with impaired swallowing 
efficacy (Paper II). Of the 213 available, 97 declined to participate in the 
intervention. Thus, 116 participants from 34 short-term care units were randomly 
assigned to receive oral neuromuscular training (n=49) or usual care (n=67) 
(Figure 7). The baseline characteristics were similar between the intervention 
group and the control group and are presented in paper III, Table 1. After the 
treatment-period, 85 participants (73.3%) were alive and available for per-
protocol analysis. At six months post-treatment, 62 participants (53.4%) were 

 CI (95% Confidence Interval) 

Variables  Unadjusteda P-value Adjustedb P-value 

Swallowing efficacy 
 

    

   <10 mL/s 1.90 (1.15–3.13) 0.012 1.74 (1.04–2.92) 0.034 

Sex     

   Woman 1.95 (1.20–3.18) 0.008 1.93 (1.18–3.25) 0.010 
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alive and available (Figure 7). Three participants experienced adverse events 
during the intervention: Two had temporary pain in the orofacial region during 
the training period that disappeared after the treatment was stopped, and one 
participant with previously known trigeminal neuralgia had a relapse of 
trigeminal neuralgia. 

Primary outcome 
At the end-of-treatment, the observed meang of swallowing efficacy in the 
intervention group was 6.22 mL/s (SDg 2.16) and 3.64 mL/s (SDg 2.72) in the 
control group (Table 4). In total, 31% in the intervention group gained normal 
swallowing efficacy (≥10mL/s) at end-of-treatment compared to 12% in the 
control group. The LMM showed significant between-group differences of 
changes in swallowing efficacy between baseline and after completed treatment 
period (Ratio 1.60, 95% CI 1.15 to 2.29; P=0.007; Table 4); the intervention group 
indicated a 60% higher swallowing efficacy compared with the control group. At 
six months post-treatment, the swallowing efficacy was also significantly higher 
in the intervention group in comparison with the control group (Ratio 1.51, 95% 
CI 1.04 to 2.19; P=0.031). The intention-to-treat analysis showed similar results 
for the between-groups treatment effect as the per-protocol analysis at both end-
of-treatment (Ratio 1.61, 95% CI 1.12-2.31; P=0.023) and at six months post-
treatment (Ratio 1.56, 95% CI 1.10-2.21; P=0.023) (Paper III; Supplementary; 
Appendix 3). 

Secondary outcomes 

Swallowing safety 
Signs of aspiration in the intervention group was significantly reduced after end-
of-treatment in comparison with the control group (OR 6.11, CI 1.82-28.45, 
P=0.01; Table 4). There was no significant between-group difference in changes 
of swallowing safety at six months post-treatment compared with baseline (OR 
0.63, CI 0.14 to 2.36; P=0.46; Table 4). 

Swallowing-related QOL 
The LMM showed no significant between-groups differences in changes of 
swallowing-related QOL score at end-of treatment compared with baseline (Ratio 
0.97 CI 0.60-1.57; P=0.90; Table 4) or at six months post-treatment (Ratio 1.01 
CI 0.61-1.66; P=0.98; Table 4). 
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Paper IV 
During the 1-year follow-up, 98 of 391 (25.1%) participants died, of whom 55 
(56.1%) were women (Paper IV; Table 1). The participants in the diseased group 
were significantly older than the survivors (median age 86 vs. 82 years, P=0.002), 
were more care dependent (63.3 vs. 45.3%, P=0.003), had more frequently low 
BMI (51.1 vs. 31.8%, P=0.001), had a more inefficient swallowing (median 
swallowing rate 6.36 mL/s vs. 9.81 mL/s, P<0.001), and poorer oral health 
(median oral health score 11 vs. 10, P<0.001).  

Association with mortality 
The Kaplan-Meier analysis showed that participants with swallowing dysfunction 
had higher mortality rate compare to participants with normal swallowing (31% 
vs. 17%; P=0.002; Paper IV, Figure 1a). The same pattern was seen among 
participants with poor oral health compared to those with good oral health; thus, 
older people with poor oral health had a higher mortality rate (28.5% vs. 15%; 
P=0.007; Paper IV, Figure 1b). The highest mortality rate was obtained among 
the participants with both swallowing dysfunction and poor oral health combined 
(35% vs. 13%, P<0.001; Figure 8). 

 
Figure 8. Kaplan-Meier cumulative mortality curves according to various combinations of 
swallowing and oral health in which Swallow+ represents normal swallowing and Swallow- represents 
swallowing dysfunction. Oral health+ represents good oral health and Oral health- poor oral health. 
Survival differed significantly between the combinations, where swallowing dysfunction combined 
with poor oral health showed the highest mortality. 
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Risk factors for 1-year mortality 
Results from the univariable and multivariable Cox models with mixed effects are 
shown in Table 5. Univariable mixed effects Cox models, showed that the HR for 
mortality was 2.09 (95% CI 1.20 to 3.65, P=0.010) among participants with poor 
oral health, and 2.02 (95% CI 1.29 to 3.17, P=0.002) among participants with 
swallowing dysfunction. In the multivariable mixed effects Cox model, the aHR 
for mortality among participants with poor oral health and swallowing 
dysfunction remained significant (aHR 1.98, 95% CI 1.07 to 3.65, P=0.029; aHR 
1.67, 95% CI 1.02 to 2.75, P=0.041, respectively). Additional independent 
predictor for 1-year mortality was low BMI (aHR 1.65, 95% CI 1.04 to 2.61, 
P=0.034); however, age, sex, multimorbidity, and mild cognitive impairment 
were not associated with mortality over the 1-year follow-up. Adding an 
interaction between oral health and swallowing dysfunction failed to find 
evidence of effect modification (aHR 0.98, 95% CI 0.93 to 1.05, P=0.600). 

 

Table 5. Predictors of mortality among older individuals in short-term care during the 1-year follow-
up, according to Cox mixed effects regression model. 

Abbreviations: HR=hazard ratio; BMI=body mass index; NA= not applicable. For the mixed effects Cox model with 
cluster as random effect, the reference categories were: normal swallowing, good oral health, male sex, normal BMI, 
no multimorbidity and no cognitive impairment.  
aUnivariable model. 

bMultivariable model based on 354 participants without missing data. 
cInteraction model between oral health and swallowing dysfunction with adjustments for same variables as in the 
multivariable model. 
†Age was modeled using restricted cubic splines with knots at the 10th, 50th and 90th percentiles of the population’s 
age distribution (77, 84, 88.5 years, respectively), allowing non-linear relationship between age and mortality. HR 
for age cannot be obtained from the mixed effects Cox model, only p-value. 

 HR (95% Confidence Interval) 

Variables  Unadjusteda P-value Adjustedb P-value 

Swallowing (<10mL/s) 2.02 (1.29–3.17) 0.002 1.67 (1.02–2.75) 0.041 

Oral health (poor) 2.09 (1.20–3.65) 0.010 1.98 (1.07–3.65) 0.029 

Age† - - NA 0.059 

Sex (woman) - - 0.93 (0.59–1.45) 0.740 

BMI      

    Low - - 1.65 (1.04–2.61) 0.034 

    High   0.36 (0.14–0.92) 0.033 

Multimorbidity (yes) - - 1.51 (0.97–2.36) 0.066 

Cognition (mild impairment) - - 0.68 (0.32–1.44) 0.310 

Swallowing*Oral healthc 1.63 (0.51–5.23) 0.410 0.98 (0.93–1.05) 0.600 
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Discussion 

Originality and representativeness 
This thesis comprises new knowledge regarding swallowing function, oral health, 
and nutritional status among older people in Swedish short-term care, an 
unexplored care context for these conditions. The thesis also comprises 
knowledge regarding mortality in relation to oral health and swallowing 
dysfunction. It includes the first study revealing the effect of oral neuromuscular 
training on swallowing dysfunction in older individuals with various diagnoses. 
The cohort represents an older Swedish population, with different socio-
economical and demographical background. 

Main findings 
The main findings of the thesis are that swallowing dysfunction is highly 
prevalent among older people in short-term care, it is a risk factor for 
undernutrition and, like poor oral health, results in a greater mortality risk. A new 
treatment method with an oral device for neuromuscular training that aims to 
improve swallowing function was evaluated with promising results among older 
people with impaired swallowing. 

Study design  
This thesis comprises different study designs; paper II is cross-sectional, paper 
III is a cRCT, and paper IV has a prospective cohort design. Each design has been 
chosen to accomplish the separate aims. In paper II, the cross-sectional design 
provides good control over the measurement process, it can estimate prevalence 
of outcome, and multiple outcomes and risk factors can be analyzed [130, 131]. 
However, the design does not provide data about causal relationships, only that 
there are associations [131]. In paper III, the purpose was to determine the effect 
of oral neuromuscular training on swallowing dysfunction. For that aim, a cRCT 
design was appropriate, since randomized controlled trials provide the strongest 
evidence concerning causation and with minimum bias ([132] p. 19). One 
problem with cluster randomization compared with individual randomization is 
the recruitment bias; the risk that individuals from one cluster are different from 
another cluster ([133] pp. 1-19). However, there was no cluster effect on the 
primary or the secondary outcomes as shown by the LMM. In paper IV, the aim 
was to investigate whether older people with swallowing dysfunction and poor 
oral health would die earlier than older people with sufficient swallowing function 
and oral health during a 1-year follow-up. Thus, a prospective cohort study design 
was accurate when the aim was to study time to an event, and with the research 
question “what will happen?”([134] pp. 106-115). 
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Discussion of findings 

Prevalence and associated factors of swallowing dysfunction 
Swallowing dysfunction was highly prevalent among older people in short-term 
care. In total, 248 of 385 (64%) participants presented clinical signs of swallowing 
dysfunction (Paper II). This finding is in accordance with that of nursing homes 
settings and acute care settings when assessed clinically [31-33, 135]. Thus, our 
findings combined with previous studies indicate that regardless of care setting, 
swallowing dysfunction is highly prevalent among older people. It is, however, 
important to consider where and how studies are conducted when interpreting 
results of prevalence. The prevalence of swallowing dysfunction may not only be 
affected by care settings (e.g., acute care or independently living older people), 
but also by study groups (e.g., individuals with or without dysphagia-related 
diseases), the selection criteria, assessment tool used (e.g., screening, clinical or 
instrumental), and also the definition of dysphagia [1].  

We also found that swallowing dysfunction was associated with age and 
functional status (Paper II). These findings are in agreement with earlier results 
showing that age and functional status are commonly associated with swallowing 
dysfunction [40]. In contrast to other studies, our results did not show any 
association between swallowing dysfunction and multimorbidity, dysphagia-
related disease or mild cognitive impairment [30, 38, 40]. This inconsistency may 
be due to the fact that we included only participants with mild cognitive 
impairment and excluded those with moderate and severe impairments. We 
might have found an association between swallowing dysfunction and cognitive 
impairment if subjects with moderate to severe cognitive impairment had been 
included, since swallowing dysfunction is seen to increase with the severity of 
cognitive impairment [38]. Further, our definition of multimorbidity differed 
from Carrion et al. [40]. They used an index assessing comorbidity, the Charlson 
Comorbidity Index [136], whereas we defined multimorbidity as suffering from 
at least three diagnoses from a minimum of three different organ/organ systems 
[119, 137]. 

There are also other factors that can contribute to a swallowing dysfunction that 
was not evaluated in paper II, e.g., sarcopenia and polymedication [14]. 
Sarcopenia is of particular interest, since an older individual diagnosed with 
sarcopenic dysphagia does not necessarily have a diagnosed dysphagia-related 
disease [138], and as mentioned dysphagia-related diseases were not associated 
with swallowing dysfunction in paper II. 

In accordance with previous studies [29, 30, 33], sex was not associated with 
swallowing dysfunction when including assessments of both impaired swallowing 
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efficacy and safety (Paper II). We did, however, find sex differences when 
analyzing swallowing efficacy and safety separately (Paper II). An impaired 
swallowing rate was significantly more common among women, whereas 
aspiration signs were more prevalent among men than women. Although women 
have been observed to have a longer oropharyngeal transit than men [139], 
women have not shown an abnormal swallowing rate below 10 mL/s more 
frequently than men [59, 116, 140]. Correspondingly, men have not shown more 
signs of aspiration than women according to previous studies [29, 33]. Thus, it 
was somewhat surprising that the characteristics of the swallowing dysfunction 
differed between the sexes. A possible explanation for the significantly higher 
occurrence of aspiration signs among men may be that dysphagia-related 
diseases was more frequent among men compared with women (Paper II). 
Another explanation may be that women compensated for or adapted to their 
dysfunction to a greater extent than the men, as suggested by Buchholz et al. [61]. 
Thus, the women examined in our study may have reduced their swallowing rate 
to avoid aspiration, whereas the men more often continued to drink with normal 
rate, with aspiration signs as a result. Regardless of this, our results indicate that 
it is important to evaluate both swallowing efficacy and safety when assessing 
swallowing function among older individuals in short-term care. 

Prevalence and associated factors for risk of undernutrition 
One-fourth of the participants were identified to be at risk of undernutrition 
(Paper II). This finding corresponds to previous studies of prevalence rate of 
malnutrition among older people in different care settings [7, 73, 141, 142]. 
Suominen et al. [141] found an even higher prevalence rate of malnutrition 
among nursing home residents: 29% were malnourished, and 60% were at risk 
for malnutrition. In accordance with our findings, they also found that 
malnutrition was associated with female sex and impaired functioning. Further 
associated factors in their study were a longer stay in nursing homes, dementia, 
stroke, constipation and swallowing difficulties. In contrast to our study, 
Suominen and colleagues used much wider inclusion criteria; they included all 
residents in the care ward, e.g., older people with dementia and in end-of-life 
care, which might explain the higher prevalence of malnutrition.  

A declined functioning status is often highlighted in the literature as an associated 
factor of malnutrition [40, 141, 142]; however, the association between sex and 
malnutrition is less clear [7, 141]. Thus, the results in this thesis (Paper II) 
strengthen previous evidence that malnutrition is highly frequent in older people 
in different care settings and is often associated with declined functioning, and in 
some studies also female sex [40, 141, 142].  
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Due to the high frequency of malnutrition among older individuals in care 
settings and its severe consequences with impaired wound healing, increased 
length of hospital stays, increased treatment costs, and re-admission to hospital 
rates [69] early identification and management is of great importance.   

Swallowing dysfunction as risk factor for undernutrition 
Participants with impaired swallowing efficacy were found to have 1.74 times 
higher odds of undernutrition risk compared with those with normal swallowing 
efficacy (Paper II). This finding indicates that swallowing dysfunction is a 
prevalent risk factor for undernutrition among older people, and it also 
strengthens the recognition of the relationship between swallowing dysfunction 
and undernutrition. Other studies have also found an association between 
swallowing dysfunction and malnutrition. In nursing homes, swallowing 
difficulties, assessed using a structured questionnaire, was shown to be a 
predictor of malnutrition; the odds of being malnourished was three times higher 
in participants with swallowing difficulties compared with their counterparts 
with normal swallowing [141]. This relationship was also observed by Serra-prat 
et al. [4] in an independently-living population (aged 70 years and over). The 
researcher found that older people with a clinically assessed impaired swallowing 
efficacy were at 2.73 times higher odds of malnutrition compared with those with 
normal swallowing. In hospitalized patients (aged 70 years and over) an even 
higher odds of malnutrition have been observed; patients with swallowing 
dysfunction were at 12 times higher odds of being malnourished [40]. Our 
findings combined with previous studies indicate that if an individual has 
difficulty in swallowing it may be difficult to achieve adequate nutritional intake, 
which causes malnutrition/undernutrition.   

An interesting discussion that has captured the spotlight recently is that the 
relationship between swallowing dysfunction and malnutrition could be two-
jointed. Not only could an inadequate nutritional intake due to impaired 
swallowing associated with dysphagia-related diseases cause malnutrition, but a 
nutrition-related sarcopenia could also potentially cause sarcopenic dysphagia 
[45-47]. This hypothesis is further interesting, since some of the older people in 
our study were observed with impaired swallowing without a known cause (Paper 
II). However, before any conclusions can be drawn on whether nutrition-related 
sarcopenia appears prior swallowing dysfunction, we need reliable and valid 
methods to assess sarcopenia [47], and more longitudinal studies investigating a 
possible causal relationship. 

Treatment effect on swallowing function 
The intervention group showed a significant improvement in swallowing efficacy 
and safety after five weeks of neuromuscular training of their orofacial and 
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pharyngeal muscles when compared with controls (Paper III). The findings 
indicate that while the swallowing efficacy increased, the aspirations signs 
reduced in the intervention group compare with the controls.  

Lasting treatment effects of the primary outcome ‘swallowing efficacy’ was also 
seen six months after the completed training period in the intervention group 
compared with controls. It can thus be suggested that the oral neuromuscular 
training is a new promising method for improving and maintaining 
pathophysiology of swallowing function [9, 95, 143]. There was no maintained 
effect on the secondary outcome ‘swallowing safety’ at six months after the 
training period. This finding might be due to different factors since the 
mechanism causing a swallowing dysfunction might be related to either a slow 
neural response and/or weak muscles [144]. One factor possibly affecting the 
result is thus sarcopenia, since it contributes to decreased muscle strength in 
swallowing during normal aging [145]. Previous studies on the effect of strength 
training in older people have shown that continued training at least once per week 
is needed to maintain both strength and muscle size [146, 147]. Another factor 
that may affect lasting long-term treatment effect on swallowing function is age-
related diseases that cause swallowing dysfunction. For example, older people 
with degenerative diseases might benefit from consistent oral neuromuscular 
training, since there is a decline in their functional capacity over time [148]; 
while, a shorter training period may have a more lasting effect on people suffering 
from a stroke due to regained function by swallowing network reorganization 
[143]. Additionally, normal age-related physiological changes on the swallowing 
function may also contribute to reduced swallowing safety, e.g., reduced tissue 
elasticity and reduced oral and pharyngeal sensitivity as well as polymedication 
[14, 43]. It can thus be hypothesized that continued oral neuromuscular training 
is needed to maintain swallowing safety in older people with various underlying 
etiology of swallowing impairments (Paper III). 

Regarding the secondary outcome swallowing-related QOL, there were no 
significant effects on the quality of life for neither the intervention nor the control 
group at any time point. These results might be explained by the high baseline 
QOL-score indicating that there was no clinically relevant subjective dysphagia in 
neither of the participating groups. Despite showing a clinical, objective 
swallowing dysfunction, the participants did not complain or show awareness of 
the swallowing impairment to a corresponding degree. Thus, our findings in 
paper III combined with the results from the study of Ding and Logemann [3] 
emphasizes that subjective dysphagia should not be the only criterion when 
identifying people at risk for swallowing dysfunction, a clinical evaluation is also 
needed. This is especially important among people with neurological disorders, 
since many may be unaware of their swallowing dysfunction [3] including life-
threatening silent aspiration. 
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In paper III, the effect of oral neuromuscular training was evaluated among older 
people with swallowing dysfunction due to different etiologies. In addition, most 
new studies evaluate specific methods among patient with a specific diagnosis, 
e.g., Parkinson’s diseases, MS, Stroke, or spinal cord injuries [149-152]. It is 
important to consider that patients with similar swallowing dysfunction, but with 
different underlying etiology, might benefit from the same type of swallowing 
therapy. For example, a patient with a traumatic brain injury and a patient with 
anterior spinal cord surgery might both show residual in pharynx due to a delayed 
swallowing response and slow hyoid motion [153, 154]. Thus, hypothetically these 
patients might equally benefit from pharmacological approaches to speed up the 
neural control [91, 155]. On the other hand, two patients with the same underlying 
etiology may need different types of swallowing therapy due to different 
swallowing dysfunction. For example, one patient that have suffered from stroke 
might show unilateral pharyngeal residue due to unilateral pharyngeal 
dysfunction, while another might show delayed initiation of the oral phase due to 
reduced oral sensitivity. Thus, the differences in swallowing dysfunction might 
result in different choices of swallowing therapy to reduce the impairment [5, 15, 
88, 91]. It is thus necessary to consider both the underlying etiology and the 
pathogenesis of the swallowing dysfunction when deciding on and evaluating the 
effect of a swallowing rehabilitation method. In the present study, the underlying 
etiology was not considered, only that an inefficient swallow was present initially. 
The lack of maintained effect on swallowing safety in our study may be a result of 
different etiology behind the dysfunction.  

1-year mortality risk factor 
Swallowing dysfunction and poor oral health were identified as independent risk 
factors for 1-year mortality among older people in short-term care (Paper IV). 
These findings are similar to that of previous studies [40, 110, 156]. In a study by 
Carrion et al. [40] the researchers found that older people with swallowing 
dysfunction were at 70% higher risk of mortality within 1-year compared with 
older people with normal swallowing function. A similar pattern was revealed 
among older people with poor oral health, where Klotz et al. [156] found that 
older people were at 90% higher risk of 1-year mortality compared to those with 
good oral health. We found the highest 1-year mortality rate (35%) was found 
among older people with swallowing dysfunction combined with poor oral health; 
and in contrast, 13% mortality rate was observed among participants with normal 
swallowing and good oral health. Thus, our findings together with previous 
studies indicate that swallowing dysfunction and poor oral health might be 
markers of frailty and risks of higher mortality in an older population. 

We hypothesize that an impaired swallowing may result in either a direct risk of 
mortality due to aspiration, especially in combination with poor oral hygiene [66, 



Discussion 

38 

78] or indirectly by increasing the risk for undernutrition [4, 40, 110, 141]. The 
latter resulting in an increased risk of sarcopenia, weak immune system, and 
impaired wound healing [47, 67, 90]. This in turn results in even further 
deterioration in frailty including impaired functional capacity, increased risk of 
pressure ulcers, immunodepression, intercurrent infections, and morbidity; all 
conditions that are associated with increased risk of mortality [90]. In the present 
study, care dependency was thus not adjusted for in the multivariable model due 
to possible over-adjustment. Additionally, poor oral health, including 
periodontitis, has been associated with higher risk of cardiovascular diseases 
[103, 157, 158]. The oral infection may increase the amount and composition of 
bacteria that can leak into the blood circulation adding to the inflammatory 
process in the cardiovascular structures. Moreover, when mixed with saliva, 
liquid or solid food, the microbes can leak into trachea and cause aspiration 
pneumonia, especially if swallowing dysfunction is present [24, 78]. Thus, as 
suggested by our findings in paper IV, poor oral health and swallowing 
dysfunction might play a more important role than earlier antcipated among 
factors that reduce a healthy aging [1, 159] .  

Additional predictor of mortality during the 1-year follow-up was low BMI (Paper 
IV). Several other studies have found low BMI to be an independent predictor of 
mortality among older people in various care settings [107, 110, 122, 160], 
indicating that higher BMI is beneficial for healthy aging in old age. It has been 
shown that older people (65 years and over), in contrast to younger people, 
benefit from a higher BMI, whereas a low BMI in old age increases the risk of 
mortality [160]. Thus, our result is in accordance with previous studies; low BMI 
is a risk factor for mortality and an indicator of decreased health in old age. 

This study failed to find evidence of multiplicative interaction of poor oral health 
and swallowing dysfunction. This does, however, not imply that there is no 
additive interaction between the two exposures (swallowing dysfunction and poor 
oral health) on outcome (mortality): If both of the two exposures have an effect 
on the outcome, then absence of interaction on the multiplicative scale implies 
the presence of additive interaction [161, 162]. In paper IV, both swallowing 
dysfunction and poor oral health are suggested to independently have an effect 
on mortality among older people in short-term care during the 1-year follow-up. 
Presence of additive interaction of swallowing dysfunction and poor oral health 
is thus expected. To harmonize with the STROBE guidelines for presentation of 
joint effects, analysis on additive interaction will be undertaken [163]. 

Other common confounders of mortality such as age, sex, multimorbidity, and 
mild cognition, which was adjusted for in the present study, were not associated 
with increased mortality during the 1-year follow-up. However, regarding mild 
cognitive impairment, previous studies have shown discrepancies concerning the 
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impairment as risk factor of mortality [109, 164, 165]. Cano et al. [109] found that 
cognitive impairment was not a predictor of mortality among older people when 
adjusting for frailty status. In contrast, Nguyen et al. [164] showed that both mild 
and moderate to severe cognitive impairment increased mortality risk among 
older people. However, important to consider when interpreting these results is 
that the studies used different diagnostic methods, studied different survival 
times, and adjusted for different variables in their models. 

Our findings imply that, to enable healthy aging and to reduce mortality, it is 
highly relevant to include systematic screening and management of poor oral 
health and swallowing dysfunction in a care program among older people in 
short-term care. Further randomized control studies are, however, required to 
verify potential improvement of swallowing dysfunction by specific swallowing 
rehabilitation methods before the methods can be implemented in care 
guidelines [96]. In addition, to reduce the risk of aspiration pneumonia, oral care 
should to a higher degree be assessed and implemented in care settings of older 
people with poor oral health [166, 167]. 

Methodological considerations 
All papers in this thesis are part of the multidisciplinary and multicenter SOFIA-
project, an overall strength. There are, however, some methodological 
considerations that are general for all papers within this thesis that need to be 
acknowledged. The external validity is limited to the inclusion criterion used; 
while excluding participants with moderate to severe cognitive impairment 
minimizes ethical challenges and ensures compliance with performing the oral 
neuromuscular training, it also weakens the generalizability of the results. The 
cohort only represented half of the residents in short-term care (Figure 7). 
Additionally, the assessment of cognitive impairment was based on medical 
records and judgments made by the nurse in charge. It would have been more 
accurate to assess cognitive impairment using standardized validated 
evaluations, preferable a Mini-Mental State Examination (MMSE) [168]. 
However, the study protocol would have become too extensive for the 
participants if we had added MMSE.  

Some observations on some participants were missing and accounted for in paper 
II-IV. When handling missing values, there are two important factors that need 
to be considered; the percentage of the observations missing and whether these 
are randomly missing or due to a causal factor ([132] p. 255).  In this thesis, the 
missing values were handled differently in the separate papers due to statistical 
accepted propositions. In paper II and IV, missing data were drop-outs in the 
multivariable analysis. In paper III, missing values were handled by MAR [129], 
which is one of the advantages of using mixed models; the model is able to handle 
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missing values in the analysis without excluding subjects with an incomplete 
dataset ([169] chap. 12).  

We used dichotomization of continues variables in paper II and IV to harmonize 
with standard cut-offs for abnormality, but also to simplify data presentation. 
However, this also reduces the statistical power to detect a relationship between 
the outcome and the predicted variable. It also underestimates the extent of 
variation in outcome between groups, and by using two groups it conceals any 
non-linearity in the relation between variable and outcome [170]. 

Limitations of paper II-IV 
In paper II, swallowing dysfunction was obtained clinically with the use of a timed 
water swallow test, whereas different viscosities of boluses or assessment of 
subjective dysphagia were not included. This might have had an impact on the 
accuracy of the prevalence of swallowing difficulties in this population. 
Individuals may be able to swallow liquids without dysfunction, but have 
difficulties in managing (e.g., chewing) and swallowing semisolid or solid food 
[32], leading to overestimation of swallowing ability. Thus, suggesting a possible 
underestimation of swallowing dysfunction in the present study. However, the 
most common swallowing problem is the opposite; patients have difficulties 
managing liquids but swallow semisolids safely [32].   

On the other hand, older people’s swallowing ability might have been 
underestimated since 0 mL/s was registered when they failed during the 
teaspoon test, meaning that the exact swallowing ability was not measured. 
However, the aim of this paper was to identify people with swallowing 
dysfunction and not to estimate the exact severity, and for that purpose the use 
of a water swallow test is suitable. 

The analysis of swallowing dysfunction being a prevalent risk factor for 
undernutrition needs to be interpreted with some caution. The MEONF-II is a 
valid tool to measure the risk of undernutrition, but it also includes a parameter 
that evaluates swallowing ability [121]. Although a score in MEONF-II due to 
swallowing difficulties alone would not result in an estimated risk of 
undernutrition, the interpretation of the results might be misleading. The TWST 
and MEONF-II are consequently to some extent related, since they aim to 
measure the same characteristics. 

A limitation of paper III is that the follow-up assessments were, for practical 
reasons not performed blinded since local assessors were used. The most accurate 
swallowing assessment would have been by using VFS or FEES, since it could 
have contributed with objective information on the pathophysiology behind the 
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dysfunction and, at follow-up, on possible improvement [12, 50, 171, 172]. 
Instrumental assessment was, however, not feasible in the context of multiple 
short-term care units. The drop-out rate was high, which was expected in a care 
context of frail older people (Paper I) and indicates the complexity when 
implementing and assessing rehabilitation methods in that population. The 
number of participants that were lost at follow-up was also higher in the control 
group compared with the intervention group (54% vs. 37%). This could probably 
be explained by less motivation to continue participation when no intervention is 
given, but also the fact that more controls died before follow-up (controls 21% 
vs. intervention 6%). 

In paper IV, the cause of death was not registered, only that a participant had 
died. It would have been interesting to explore the association between 
swallowing dysfunction and poor oral health in relation to pneumonia-related 
death. This was, however, not possible in the present study, since reliable 
information on cause of death is difficult to obtain. There are also other potential 
confounders that was not accounted for in the multivariable model that could 
have an impact on mortality, e.g., depression and socioeconomic deprivation.  

Reliability and validity of measurements 
Although the reliability and validity of the instruments used in this thesis are 
good, they also have limitations to be discussed.  

The TWST 
The TWST is considered a valid tool with high test-retest reliability to assess 
swallowing dysfunction in a varied aged population with neurological disorders 
[59, 116, 173]. The tool has shown high sensitivity [59], and high criterion validity 
[116], which is important when the aim is to identify subjects at risk for a 
condition. The tool has, however, not been validated with an instrumental 
assessment in healthy older people or among individuals with other dysphagia-
related diseases or disorders. The cut-off rate for dysfunction (<10mL/s) is based 
on clinical validations [59, 173] and radiological confirmation in older people with 
abnormal swallowing rate [116]. Wu et al. [116] confirmed that older people with 
a swallowing rate below 10mL/s are also identified with swallowing dysfunction 
on VFS; 47 of 49 participants showed radiographic signs of impaired swallowing 
and with 12 showing aspiration. The accuracy of using a cut-off at 10mL/s in older 
people is further supported by the findings from a master thesis at Uppsala 
University [140]. The authors found that healthy women (n=43) and men (n=35) 
in the oldest age group (70-95 years) had a mean swallowing rate of 14.8 mL/s 
(SD 5.8) and 21.3 mL/s (SD 7.0), respectively. Thus, the cut-off 10mL/s is 
considered accurate as an indicator of swallowing dysfunction for both women 
and men over 70 years. 
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The SWAL-QOL  
The Swedish validation study of SWAL-QOL has shown good construct validity 
(i.e., SWAL-QOL is demonstrated to correlate to other instruments that assess 
the same characteristics) [54, 55], but the SWAL-QOL’s content-and face validity 
for the studied population can be discussed. A questionnaire about swallowing 
difficulties in older people should have questions related to the environment of 
older people; however, some of the domains studied in SWAL-QOL (e.g., social 
functions related to work) are not clinically relevant in older people above 
retirement age. The tool is also time-consuming containing 44 items.  

MEONF-II  
MEONF-II has been shown to be valid when compared with the clinical test Mini 
Nutritional Assessment [174], with a sensitivity of 73% and specificity of 88% 
[121]. The use of MEONF-II in a non-hospital care context to assess individuals 
at risk for undernutrition may therefore be considered highly accurate. Another 
advantage of using the MEONF-II is that the tool also takes into account age when 
assessing BMI. One limitation with the tool is, however, that unintentional weight 
loss is based on self-reported weight loss. Thus, this can introduce a bias due to 
memory impairments common in old age and lead to misclassification of 
nutritional risk [175].  

ROAG 
ROAG has shown moderate to very good inter-rater agreements between 
registered nurses and dental hygienist in geriatric rehabilitation ward [125]. 
However, an accurate validation against a dental examination is lacking. It may 
also be important to consider that the original assessment tool, the Oral 
Assessment Guide [176] was developed for use in head and neck cancer patients. 
Thus, some of the parameters evaluated in ROAG are perhaps more valid for an 
oncologic population than a general older population. For example, the 
description of abnormality when assessing voice is based on commonly oncologic 
treatment side-effects and does not consider normal alterations of voice that 
occur during healthy aging. Although the RDHs had been calibrated on how to 
perform the oral assessments, an inter-rater reliability test might have 
strengthened the reliability of the results further. 

Considering the non-hospital, short-term care context, the instruments that were 
chosen are the most feasible with high validity according to previous assessments 
[55, 59, 121, 125]. The instruments were also feasible for assessments in a 
multidisciplinary, multicenter design. 
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Conclusion 

• Swallowing dysfunction is highly prevalent (64%) among older people 
in short-term care, and risk of undernutrition was found in 23%. 
 

• The characteristics of the swallowing dysfunction differ between the 
sexes; women exhibit impaired swallowing efficacy (rate) more 
frequently than men, whereas men exhibit an impaired swallowing 
safety (signs of aspiration) more often than women. 

 
• Swallowing dysfunction is a prevalent risk factor for undernutrition in 

older people in short-term care.  
 

• Orofacial and pharyngeal neuromuscular treatment with an oral 
training device is a new potential rehabilitation method for older people 
with impaired swallowing. 
 

• Five weeks of neuromuscular treatment with an oral training device 
improves swallowing efficacy and safety in older people with impaired 
swallowing. 

 
• Five weeks of neuromuscular treatment with an oral training device has 

lasting effects on swallowing efficacy at six months post-treatment. 
 

• Continued oral neuromuscular training may be necessary to maintain a 
safe swallow among older people with impaired swallowing. 

 
• Swallowing dysfunction and poor oral health are independent risk 

factors of 1-year mortality among older people in short-term care.  
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Clinical implications and future research  
Today, there is no systematic screening of swallowing dysfunction among older 
people in short-term care in Sweden. The results of this thesis show that it should 
be strongly recommended to assess older people for swallowing dysfunction in 
short-term care settings. This is based on the high prevalence of swallowing 
dysfunction (Paper II) and the fact that it is an independent risk factor of 1-year 
mortality (Paper IV). To include an overall assessment of swallowing function 
among older people is further supported by the fact that individuals without 
dysphagia-related diseases also show swallowing dysfunction (Paper II).  

The findings of this thesis also show that older people’s swallowing dysfunction 
is significantly improved by five weeks of oral neuromuscular training (Paper III). 
Although further research with improved methodology is needed to confirm and 
generalize the reported findings in paper III, our results are promising. The 
findings of paper II and III, emphasize that older people with impaired 
swallowing in short-term care should be considered for and offered swallowing 
therapy, and oral neuromuscular training may be one option. To maintain normal 
swallowing function and good oral health in older people we also suggest 
comprehensive multidisciplinary management. This should be implemented both 
on an educational level for students and in interdisciplinary teams. Thus, 
professionals from different disciplines should work together, share expertise, 
knowledge, and skills to improve older peoples’ care and quality of aging. 

Future studies should consider the possible two-jointed relationship between 
swallowing dysfunction and undernutrition. This requires a large cohort of a 
healthy general population that is followed prospectively for a longer extent of 
time, starting before swallowing dysfunction appears. The presence of swallowing 
dysfunction among residents with moderate to severe cognitive impairment also 
needs to be highlighted, to evaluate to what extent swallowing dysfunction is 
present, and to minimize severe complications. However, studies among patients 
with severe cognitive impairment constitute ethical challenges concerning 
personal integrity and informed consent.   

Studies should evaluate short- and long-term effects of the oral neuromuscular 
training to optimize neuromuscular training of orofacial and pharyngeal muscles 
in older people. Further studies should evaluate the treatment effect among 
dysphagia-related diseases separately (e.g., stroke and Parkinson’s disease), but 
should also consider studying the treatment effect on specific swallowing 
dysfunction, regardless of underlying etiology. For best accuracy, the studies 
should be conducted using instrumental assessments of the treatment effect on 
the swallowing dysfunction. In addition, aspiration pneumonia and mortality 
may preferably be included in study protocols as secondary outcomes.  
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A further study with sufficient power to explore potential interaction effects 
between swallowing dysfunction and poor oral health should be considered. 
Researchers might also consider investigating the interaction between impaired 
safety (rather than impaired efficacy) and oral infection (rather than oral health 
in general), since aspiration pneumonia is highly related to mortality.  



Acknowledgement 

46 

Acknowledgement 
Eva Levring Jäghagen, my main supervisor. I am beyond grateful for 
everything that you have invested in me and my research. For your endless time 
and support, great knowledge, and motivation. You have an outstanding ability 
to teach. Thank you for many inspiring discussions during my doctoral studies 
and for all the “Tyrkisk Peber” that have given me strength during intensive 
research periods. You are the definition of a Superwoman with the personality of 
a peacemaker, an extremely accomplished woman especially one able to do many 
things well and often; one equally successful in dealing with struggles of life, and 
still can manage to keep a smile on her face.  

Per Wester, my co-supervisor. Thank you for always believing in me and for 
giving me a platform to grow upon. You are such an admirable person and a great 
researcher. I am grateful for all the constructive (feedforward) comments you 
have given me on the manuscripts and assignments during my doctoral studies.  

Mary Hägg, my co-supervisor. Thank you for all of your energy, passion and 
commitment to research. You have such a caring heart with a desire to help all 
the patients you meet in your clinical work.    

Karin Brunnegård, my co-supervisor. Thank you for your inspiration and the 
support you have given me during my PhD time, and for proof-reading my thesis. 

Susanne Koistinen, my co-author and friend. Thank you for all this time that 
we have shared together. This journey would not have been the same without you. 
It has been a very rewarding and inspiring time. Apart from learning a lot about 
oral health, I have also gained a new beautiful friendship. I wish you the best of 
luck with your research.  

The SOFIA-research group, Lena, Katri, Mona and Eva C. For creating 
this beautiful, caring and important project, and thus giving me the opportunity 
to pursuit my dreams and grow as researcher. Thank you for all of your kindness, 
support and laughter during this project. 

Nils Gustafsson, my roommate and friend. The diplomat. The art-director. I 
am grateful for all of your endless support and creativeness (and the time I have 
used you as a sounding board) during my PhD time. I wish you the best of luck 
with your research. Remember to keep calm and as Professor Smith once said; 
the only thing that matter is to look miserable. The good part is that even if you 
throw your manuscript into the forest, you will have submitted it to Nature. 



Acknowledgement 

47 

Per Liv, PhD and certified statistician. For his brilliant mind of handling and 
tutor statistics, and for giving the aphorism “all models are wrong, but some are 
useful” a great meaning; the idea is to understand the real world and a statistical 
model can help us explain, predict and understand the universe, but it can never 
represent the exact real one. 

Linda Sandström, my former co-author and friend. I am beyond words in 
gratitude for you as a human. You are a role model. You are my zone of proximal 
development. Thank you for always being there! Cheers beautiful! 

Christina Lindén, my examiner, professor at the Department of Clinical 
Sciences, for supporting me during this thesis project. 

Thorbjörn Holmlund, my colleague and tutor. For your inspiration, your 
passion for research and teaching, and for always believing in me. Around you I 
always see the light and hope for the future, as a researcher and as a person.  

The staff at the Department of Odontology and the unit of Oral and 
Maxillofacial Radiology. Thank you for all of your love and kindness, and for 
teaching me some manners to at least have “fredagsfika”. Special thanks to Jan 
Ahlqvist for being the stand-in “good-looking elderly” patient, and for proof-
reading my thesis.  

The staff at Department of Clinical Science and at the Clinic for 
Speech-language Pathology. Thank you for your great laughter and support. 
Special thanks to Anders Asplund for all of what you are and always being my 
helping hand, and Fredrik Karlsson for introducing me to research. 

The staff at the clinic for neuro-rehabilitation. Thank you for all these 
years of sharing knowledge across professional boundaries. You always make me 
feel useful and I feel blessed to work with you guys. 

To the staff at Kahls, for all the coffee and laughter. Every new friend is a start 
of a new adventure, and coffee is a very good way to start friendships. Thank you 
for all these years Elisabeth and Stina. 

To my beautiful, intelligent and funny university classmates, for making the 
university studies a wonderful time and for all the good times that we have shared 
after, Amanda R, Sandra, Sara Å, Veronica, Elin, Lina, Sanna W, 
Johanna, Agnes and Sofia. 

 To our friends in Umeå, Caisa & Martin, Pedram & Elsa, Hani & Karin, 
Anna, Leila & Jabbar, Tobias, Johan & Ida, Niklas & Susanne, Martin & 



Acknowledgement 

48 

Linda, Markus & Sofia, and Rebecka, Evelina and Maria T for all the trips, 
dinners and adventures, and for all the joy and the years to come. Cheers! 

To my loving childhood friends, for your endless support, your beautiful laughter 
and for always being there, although sometimes miles apart Linda F, Victoria, 
Sanna J, Sara K, Amanda N, Emelie, Viktoria, Maria L and Melinda. 

Moa Westermark, my dear beloved friend. For all that you are, the endless 
support and the faith you always have in me. You inspire me to have the courage 
to pursue my dreams.  Among millions of ways to describe you and the friendship 
of ours there is one word purer than all:  W H O L E H E A R T E D L Y. 

Amanda Almroth, my dear beloved friend. My batwoman. The adventurer. You 
are the strongest, wisest and most magnificent woman I know- for better, for 
worse, for richer, for poorer, in sickness and in health, until death do us part. 

My aunties, uncles and cousins. For the great love, laughter and support you 
have given me in life.  

Anna & Bo, my parents-in-law to be. For always caring and being there for me. 

My parents, Helén & Michael. For their endless love and support throughout 
my life. For always believing in me and giving me strength to reach for the stars, 
but also to be strong and never fear failure- I am the luckiest daughter to have 
you as my parents. 

My brothers, Christian & Alexander. The greatest gift our parents have 
given me is you. My funny, street-smart, hardworking and kindhearted brothers. 
You two complete my double rainbow; with you I have experienced all the colors 
of life. 

My sister-in-law Josefin & Sandra, and nieces Mollie & Mija. I am so 
thankful for all the love and laughter you have brought into our lives. You give 
greater happiness to the life of my brothers, and that makes my heart sparkle. 

My grandmother Birgith, for never giving up. 

To Greg, you are my dearest friend and my deepest love. You are my human 
diary and my other half. I do not treasure those things I never had; every moment 
I spend with you is a moment I treasure. I treasure those moments on a board 
catching waves with you by my side; I treasure those moments of training with 
you in the rain; I treasure each morning with you kissing my forehead; I treasure 
those ordinary moments of life that are nobody else’s but mine. 



References 

49 

References 
 

1. Baijens LW, Clave P, Cras P et al. European Society for Swallowing 
Disorders - European Union Geriatric Medicine Society white 
paper: oropharyngeal dysphagia as a geriatric syndrome. Clin 
Interv Aging. 2016;11:1403-28. 

2. Beard JR, Officer AM, Cassels AK. The World Report on Ageing 
and Health. Gerontologist. 2016;56:S163-S6. 

3. Ding R, Logemann JA. Patient self-perceptions of swallowing 
difficulties as compared to expert ratings of videofluorographic 
studies. Folia Phoniatr Logop. 2008;60(3):142-50. 

4. Serra-Prat M, Palomera M, Gomez C et al. Oropharyngeal 
dysphagia as a risk factor for malnutrition and lower respiratory 
tract infection in independently living older persons: a population-
based prospective study. Age Ageing. 2012;41(3):376-81. 

5. Speyer R, Baijens L, Heijnen M, Zwijnenberg I. Effects of therapy 
in oropharyngeal dysphagia by speech and language therapists: a 
systematic review. Dysphagia. 2010;25(1):40-65. 

6. Cabib C, Ortega O, Kumru H et al. Neurorehabilitation strategies 
for poststroke oropharyngeal dysphagia: from compensation to 
the recovery of swallowing function. Ann N Y Acad Sci. 
2016;1380(1):121-38.  

7. Poisson P, Laffond T, Campos S, Dupuis V, Bourdel-Marchasson 
I. Relationships between oral health, dysphagia and 
undernutrition in hospitalised elderly patients. Gerodontology. 
2016;33(2):161-8. 

8. Ekberg O. Dysphagia: Diagnosis and Treatment. Second edition 
ed. Kauczor H-U, Parizel PM, Peh WCG, editors. Switzerland: 
Springer; 2019. 

9. Ertekin C, Aydogdu I. Neurophysiology of swallowing. Clin 
Neurophysiol. 2003;114(12):2226-44. 

10. Dodds WJ. Physiology of swallowing. Dysphagia. 1989;3(4):171-8.  
11. Dodds WJ, Stewart ET, Logemann JA. Physiology and radiology 

of the normal oral and pharyngeal phases of swallowing. AJR Am 
J Roentgenol. 1990;154(5):953-63.  

12. Robbins J, Coyle J, Rosenbek J, Roecker E, Wood J. 
Differentiation of normal and abnormal airway protection during 
swallowing using the penetration-aspiration scale. Dysphagia. 
1999;14(4):228-32. 

13. Robbins J, Hamilton JW, Lof GL, Kempster GB. Oropharyngeal 
swallowing in normal adults of different ages. Gastroenterology. 
1992;103(3):823-9. 

14. Ney DM, Weiss JM, Kind AJ, Robbins J. Senescent swallowing: 
impact, strategies, and interventions. Nutr Clin Pract. 
2009;24(3):395-413. 



References 

50 

15. Wirth R, Dziewas R, Beck AM et al. Oropharyngeal dysphagia in 
older persons - from pathophysiology to adequate intervention: a 
review and summary of an international expert meeting. Clin 
Interv Aging. 2016;11:189-208. 

16. Fejerskov O, Kidd E. Dental Caries: The Disease and Its Clinical 
Management. 2nd ed: John Wiley & Sons; 2008. 640 p. 

17. Yoshikawa M, Yoshida M, Nagasaki T et al. Aspects of swallowing 
in healthy dentate elderly persons older than 80 years. J Gerontol 
A Biol Sci Med Sci. 2005;60(4):506-9.  

18. Tracy JF, Logemann JA, Kahrilas PJ, Jacob P, Kobara M, Krugler 
C. Preliminary observations on the effects of age on oropharyngeal 
deglutition. Dysphagia. 1989;4(2):90-4. 

19. Daggett A, Logemann J, Rademaker A, Pauloski B. Laryngeal 
penetration during deglutition in normal subjects of various ages. 
Dysphagia. 2006;21(4):270-4. 

20. Logemann JA, Pauloski BR, Rademaker AW, Kahrilas PJ. 
Oropharyngeal swallow in younger and older women: 
videofluoroscopic analysis. J Speech Lang Hear Res. 
2002;45(3):434-45. 

21. Logemann JA, Pauloski BR, Rademaker AW, Colangelo LA, 
Kahrilas PJ, Smith CH. Temporal and biomechanical 
characteristics of oropharyngeal swallow in younger and older 
men. J Speech Lang Hear Res. 2000;43(5):1264-74.  

22. Logemann JA, Curro FA, Pauloski B, Gensler G. Aging effects on 
oropharyngeal swallow and the role of dental care in 
oropharyngeal dysphagia. Oral Dis. 2013;19(8):733-7.  

23. Almirall J, Rofes L, Serra-Prat M et al. Oropharyngeal dysphagia 
is a risk factor for community-acquired pneumonia in the elderly. 
Eur Respir J. 2013;41(4):923-8. 

24. Won HK, Yoon SJ, Song WJ. The double-sidedness of cough in the 
elderly. Respiratory Physiology & Neurobiology. 2018;257:65-9. 

25. Cook IJ, Kahrilas PJ. AGA technical review on management of 
oropharyngeal dysphagia. Gastroenterology. 1999;116(2):455-78. 

26. Langmore SE, Terpenning MS, Schork A et al. Predictors of 
aspiration pneumonia: how important is dysphagia? Dysphagia. 
1998;13(2):69-81. 

27. Rofes L, Arreola V, Romea M et al. Pathophysiology of 
oropharyngeal dysphagia in the frail elderly. Neurogastroenterol 
Motil. 2010;22(8):851-8, e230. 

28. Splaingard ML, Hutchins B, Sulton LD, Chaudhuri G. Aspiration 
in rehabilitation patients: videofluoroscopy vs bedside clinical 
assessment. Arch Phys Med Rehabil. 1988;69(8):637-40. 

29. Serra-Prat M, Hinojosa G, Lopez D et al. Prevalence of 
oropharyngeal dysphagia and impaired safety and efficacy of 
swallow in independently living older persons. J Am Geriatr Soc. 
2011;59(1):186-7. 

30. Yang EJ, Kim MH, Lim JY, Paik NJ. Oropharyngeal Dysphagia in 
a community-based elderly cohort: the korean longitudinal study 
on health and aging. J Korean Med Sci. 2013;28(10):1534-9. 



References 

51 

31. Kayser-Jones J, Pengilly K. Dysphagia among nursing home 
residents. Geriatr Nurs. 1999;20(2):77-82; quiz 4. 

32. Park YH, Han HR, Oh BM et al. Prevalence and associated factors 
of dysphagia in nursing home residents. Geriatr Nurs. 
2013;34(3):212-7. 

33. Cabre M, Serra-Prat M, Palomera E, Almirall J, Pallares R, Clave 
P. Prevalence and prognostic implications of dysphagia in elderly 
patients with pneumonia. Age Ageing. 2010;39(1):39-45. 

34. Kalf JG, de Swart BJ, Bloem BR, Munneke M. Prevalence of 
oropharyngeal dysphagia in Parkinson's disease: a meta-analysis. 
Parkinsonism Relat Disord. 2012;18(4):311-5. 

35. Calcagno P, Ruoppolo G, Grasso MG, De Vincentiis M, Paolucci S. 
Dysphagia in multiple sclerosis - prevalence and prognostic 
factors. Acta Neurol Scand. 2002;105(1):40-3. 

36. Chen A, Garrett CG. Otolaryngologic presentations of amyotrophic 
lateral sclerosis. Otolaryngology-Head and Neck Surgery. 
2005;132(3):500-4.  

37. Horner J, Alberts MJ, Dawson DV, Cook GM. Swallowing in 
Alzheimers-Disease. Alzheimer Disease & Associated Disorders. 
1994;8(3):177-89. 

38. Rosler A, Pfeil S, Lessmann H, Hoder J, Befahr A, von Renteln-
Kruse W. Dysphagia in Dementia: Influence of Dementia Severity 
and Food Texture on the Prevalence of Aspiration and Latency to 
Swallow in Hospitalized Geriatric Patients. Journal of the 
American Medical Directors Association. 2015;16(8):697-701. 

39. Alagiakrishnan K, Bhanji RA, Kurian M. Evaluation and 
management of oropharyngeal dysphagia in different types of 
dementia: a systematic review. Arch Gerontol Geriatr. 
2013;56(1):1-9. 

40. Carrion S, Cabre M, Monteis R et al. Oropharyngeal dysphagia is 
a prevalent risk factor for malnutrition in a cohort of older patients 
admitted with an acute disease to a general hospital. Clin Nutr. 
2015;34(3):436-42. 

41. Cruz-Jentoft AJ, Baeyens JP, Bauer JM et al. Sarcopenia: 
European consensus on definition and diagnosis: Report of the 
European Working Group on Sarcopenia in Older People. Age 
Ageing. 2010;39(4):412-23. 

42. Maeda K, Akagi J. Sarcopenia is an independent risk factor of 
dysphagia in hospitalized older people. Geriatr Gerontol Int. 
2016;16(4):515-21.  

43. Ortega O, Sakwinska O, Combremont S et al. High prevalence of 
colonization of oral cavity by respiratory pathogens in frail older 
patients with oropharyngeal dysphagia. Neurogastroenterol Motil. 
2015;27(12):1804-16. 

44. Wakabayashi H, Maeda K, Shamoto H. Swallowing function, 
skeletal muscle mass and sarcopenia in older adults requiring 
long-term care. Geriatr Gerontol Int. 2016;16(10):1175-6. 



References 

52 

45. Wakabayashi H, Takahashi R, Murakami T. The Prevalence and 
Prognosis of Sarcopenic Dysphagia in Patients Who Require 
Dysphagia Rehabilitation. J Nutr Health Aging. 2019;23(1):84-8.  

46. Wakabayashi H. Presbyphagia and Sarcopenic Dysphagia: 
Association between Aging, Sarcopenia, and Deglutition 
Disorders. J Frailty Aging. 2014;3(2):97-103. 

47. Cruz-Jentoft AJ, Bahat G, Bauer J et al. Sarcopenia: revised 
European consensus on definition and diagnosis. Age Ageing. 
2019;48(1):16-31. 

48. Nicosia MA, Hind JA, Roecker EB et al. Age effects on the 
temporal evolution of isometric and swallowing pressure. J 
Gerontol A Biol Sci Med Sci. 2000;55(11):M634-40. 

49. Stoschus B, Allescher HD. Drug-induced dysphagia. Dysphagia. 
1993;8(2):154-9. 

50. Langmore SE. Evaluation of oropharyngeal dysphagia: which 
diagnostic tool is superior? Curr Opin Otolaryngol Head Neck 
Surg. 2003;11(6):485-9.  

51. Martino R, Foley N, Bhogal S, Diamant N, Speechley M, Teasell R. 
Dysphagia after stroke: incidence, diagnosis, and pulmonary 
complications. Stroke. 2005;36(12):2756-63. 

52. Belafsky PC, Mouadeb DA, Rees CJ et al. Validity and reliability of 
the Eating Assessment Tool (EAT-10). Ann Otol Rhinol Laryngol. 
2008;117(12):919-24. 

53. Moller R, Safa S, Ostberg P. Validation of the Swedish translation 
of eating assessment tool (S-EAT-10). Acta Otolaryngol. 
2016;136(7):749-53.  

54. McHorney CA, Robbins J, Lomax K et al. The SWAL-QOL and 
SWAL-CARE outcomes tool for oropharyngeal dysphagia in 
adults: III. Documentation of reliability and validity. Dysphagia. 
2002;17(2):97-114. 

55. Finizia C, Rudberg I, Bergqvist H, Ryden A. A cross-sectional 
validation study of the Swedish version of SWAL-QOL. Dysphagia. 
2012;27(3):325-35. 

56. Bours GJ, Speyer R, Lemmens J, Limburg M, de Wit R. Bedside 
screening tests vs. videofluoroscopy or fibreoptic endoscopic 
evaluation of swallowing to detect dysphagia in patients with 
neurological disorders: systematic review. J Adv Nurs. 
2009;65(3):477-93. 

57. Kertscher B, Speyer R, Palmieri M, Plant C. Bedside screening to 
detect oropharyngeal dysphagia in patients with neurological 
disorders: an updated systematic review. Dysphagia. 
2014;29(2):204-12. 

58. DePippo KL, Holas MA, Reding MJ. Validation of the 3-oz water 
swallow test for aspiration following stroke. Arch Neurol. 
1992;49(12):1259-61.  

59. Nathadwarawala KM, Nicklin J, Wiles CM. A timed test of 
swallowing capacity for neurological patients. J Neurol Neurosurg 
Psychiatry. 1992;55(9):822-5. 



References 

53 

60. Perry L. Screening swallowing function of patients with acute 
stroke. Part one: Identification, implementation and initial 
evaluation of a screening tool for use by nurses. J Clin Nurs. 
2001;10(4):463-73. 

61. Buchholz DW, Bosma JF, Donner MW. Adaptation, 
compensation, and decompensation of the pharyngeal swallow. 
Gastrointest Radiol. 1985;10(3):235-9. 

62. Clave P, Arreola V, Romea M, Medina L, Palomera E, Serra-Prat 
M. Accuracy of the volume-viscosity swallow test for clinical 
screening of oropharyngeal dysphagia and aspiration. Clin Nutr. 
2008;27(6):806-15. doi: 10.1016/j.clnu.2008.06.011. 

63. Martino R, Silver F, Teasell R et al. The Toronto Bedside 
Swallowing Screening Test (TOR-BSST): development and 
validation of a dysphagia screening tool for patients with stroke. 
Stroke. 2009;40(2):555-61. 

64. Ekberg O, Hamdy S, Woisard V, Wuttge-Hannig A, Ortega P. 
Social and psychological burden of dysphagia: its impact on 
diagnosis and treatment. Dysphagia. 2002;17(2):139-46. 

65. Altman KW, Yu GP, Schaefer SD. Consequence of dysphagia in the 
hospitalized patient: impact on prognosis and hospital resources. 
Arch Otolaryngol Head Neck Surg. 2010;136(8):784-9. 

66. Smithard DG, O'Neill PA, Parks C, Morris J. Complications and 
outcome after acute stroke. Does dysphagia matter? Stroke. 
1996;27(7):1200-4. 

67. Cederholm T, Barazzoni R, Austin P et al. ESPEN guidelines on 
definitions and terminology of clinical nutrition. Clin Nutr. 
2017;36(1):49-64. 

68. Buffa R, Floris GU, Putzu PF, Marini E. Body composition 
variations in ageing. Coll Antropol. 2011;35(1):259-65. 

69. Hickson M. Malnutrition and ageing. Postgrad Med J. 
2006;82(963):2-8. 

70. Schiffman SS. Taste and smell losses in normal aging and disease. 
JAMA. 1997;278(16):1357-62. 

71. Donini LM, Savina C, Cannella C. Eating habits and appetite 
control in the elderly: the anorexia of aging. Int Psychogeriatr. 
2003;15(1):73-87.  

72. White JV, Guenter P, Jensen G et al. Consensus statement of the 
Academy of Nutrition and Dietetics/American Society for 
Parenteral and Enteral Nutrition: characteristics recommended 
for the identification and documentation of adult malnutrition 
(undernutrition). J Acad Nutr Diet. 2012;112(5):730-8. 

73. Kaiser MJ, Bauer JM, Ramsch C et al. Frequency of malnutrition 
in older adults: a multinational perspective using the mini 
nutritional assessment. J Am Geriatr Soc. 2010;58(9):1734-8. 

74. Allison SP, Lobo DN. Fluid and electrolytes in the elderly. Curr 
Opin Clin Nutr Metab Care. 2004;7(1):27-33. 

75. Whelan K. Inadequate fluid intakes in dysphagic acute stroke. Clin 
Nutr. 2001;20(5):423-8. 



References 

54 

76. Vivanti AP, Campbell KL, Suter MS, Hannan-Jones MT, 
Hulcombe JA. Contribution of thickened drinks, food and enteral 
and parenteral fluids to fluid intake in hospitalised patients with 
dysphagia. J Hum Nutr Diet. 2009;22(2):148-55. 

77. Ortega O, Martin A, Clave P. Diagnosis and Management of 
Oropharyngeal Dysphagia Among Older Persons, State of the Art. 
J Am Med Dir Assoc. 2017;18(7):576-82. 

78. Marik PE, Kaplan D. Aspiration pneumonia and dysphagia in the 
elderly. Chest. 2003;124(1):328-36. 

79. Johnson ER, McKenzie SW, Sievers A. Aspiration pneumonia in 
stroke. Arch Phys Med Rehabil. 1993;74(9):973-6. 

80. Tibbling L, Gustafsson B. Dysphagia and its consequences in the 
elderly. Dysphagia. 1991;6(4):200-2. 

81. Verdonschot RJ, Baijens LW, Serroyen JL, Leue C, Kremer B. 
Symptoms of anxiety and depression assessed with the Hospital 
Anxiety and Depression Scale in patients with oropharyngeal 
dysphagia. J Psychosom Res. 2013;75(5):451-5. 

82. Verdonschot RJCG, Baijens L, Vanbelle S, Florie M, Kremer B, 
Leue C. The relationship between fiberoptic endoscopic evaluation 
of swallowing outcome and symptoms of anxiety and depression 
in dysphagic patients. Laryngoscope. 2016;126(5):E199-E207. 

83. Kim J, Sapienza CM. Implications of expiratory muscle strength 
training for rehabilitation of the elderly: Tutorial. The Journal of 
Rehabilitation Research and Development. 2005;42(2):211. 

84. Shaker R, Easterling C, Kern M et al. Rehabilitation of swallowing 
by exercise in tube-fed patients with pharyngeal dysphagia 
secondary to abnormal UES opening. Gastroenterology. 
2002;122(5):1314-21. 

85. Robbins J, Gangnon RE, Theis SM, Kays SA, Hewitt AL, Hind JA. 
The effects of lingual exercise on swallowing in older adults. J Am 
Geriatr Soc. 2005;53(9):1483-9. 

86. Huckabee ML, Steele CM. An analysis of lingual contribution to 
submental sEMG measures and pharyngeal biomechanics during 
effortful swallow. Dysphagia. 2006;21(4):296-. 

87. Crary MA, Carnaby GD, LaGorio LA, Carvajal PJ. Functional and 
physiological outcomes from an exercise-based dysphagia 
therapy: a pilot investigation of the McNeill Dysphagia Therapy 
Program. Arch Phys Med Rehabil. 2012;93(7):1173-8. 

88. Rofes L, Arreola V, Lopez I et al. Effect of surface sensory and 
motor electrical stimulation on chronic poststroke oropharyngeal 
dysfunction. Neurogastroenterol Motil. 2013;25(11):888-e701. 

89. Suntrup-Krueger S, Ringmaier C, Muhle P et al. Randomized trial 
of transcranial direct current stimulation for poststroke 
dysphagia. Ann Neurol. 2018;83(2):328-40. 

90. Rofes L, Arreola V, Almirall J et al. Diagnosis and management of 
oropharyngeal Dysphagia and its nutritional and respiratory 
complications in the elderly. Gastroenterol Res Pract. 2011;2011. 



References 

55 

91. Rofes L, Arreola V, Martin A, Clave P. Natural capsaicinoids 
improve swallow response in older patients with oropharyngeal 
dysphagia. Gut. 2013;62(9):1280-7. 

92. Rofes L, Arreola V, Martin A, Clave P. Effect of oral piperine on the 
swallow response of patients with oropharyngeal dysphagia. 
Journal of Gastroenterology. 2014;49(12):1517-23. 

93. Sura L, Madhavan A, Carnaby G, Crary MA. Dysphagia in the 
elderly: management and nutritional considerations. Clin Interv 
Aging. 2012;7:287-98.  

94. Carnaby G, Hankey GJ, Pizzi J. Behavioural intervention for 
dysphagia in acute stroke: a randomised controlled trial. Lancet 
Neurol. 2006;5(1):31-7. 

95. Hagg M, Anniko M. Lip muscle training in stroke patients with 
dysphagia. Acta Otolaryngol. 2008;128(9):1027-33. 

96. Bath PM, Lee HS, Everton LF. Swallowing therapy for dysphagia 
in acute and subacute stroke. Cochrane Database of Systematic 
Reviews. 2018;(10). 

97. Petersen PE. The World Oral Health Report 2003: continuous 
improvement of oral health in the 21st century--the approach of 
the WHO Global Oral Health Programme. Community Dent Oral 
Epidemiol. 2003;31 Suppl 1:3-23.  

98. Norderyd O, Koch G, Papias A et al. Oral health of individuals aged 
3-80 years in Jonkoping, Sweden during 40 years (1973-2013). 
Swedish Dental Journal. 2015;39(2):69-86. 

99. Andersson P, Renvert S, Sjogren P, Zimmerman M. Dental status 
in nursing home residents with domiciliary dental care in Sweden. 
Community Dental Health. 2017;34(4):203-7. 

100. National Board of Health and Welfare. Vård och omsorg om äldre. 
Sweden. 2017. 

101. Ghezzi EM, Ship JA. Systemic diseases and their treatments in the 
elderly: Impact on oral health. Journal of Public Health Dentistry. 
2000;60(4):289-96. 

102. Andersson P, Westergren A, Karlsson S, Hallberg IR, Renvert S. 
Oral health and nutritional status in a group of geriatric 
rehabilitation patients. Scandinavian Journal of Caring Sciences. 
2002;16(3):311-8. 

103. Scannapieco FA, Cantos A. Oral inflammation and infection, and 
chronic medical diseases: implications for the elderly. 
Periodontology 2000. 2016;72(1):153-75. 

104. Naseer M, Forssell H, Fagerstrom C. Malnutrition, functional 
ability and mortality among older people aged 60 years: a 7-year 
longitudinal study. Eur J Clin Nutr. 2016;70(3):399-404. 

105. Kim MS, Shin DS, Kim S. One-year mortality among newly 
admitted older patients in a long-term care hospital in South 
Korea. Australasian Journal on Ageing. 2018;37(3):232-5. 

106. Stineman MG, Xie DW, Pan Q et al. All-Cause 1-, 5-, and 10-Year 
Mortality in Elderly People According to Activities of Daily Living 
Stage. Journal of the American Geriatrics Society. 
2012;60(3):485-92. 



References 

56 

107. Awano S, Ansai T, Takata Y et al. Oral health and mortality risk 
from pneumonia in the elderly. J Dent Res. 2008;87(4):334-9. 

108. Fried LP, Kronmal RA, Newman AB et al. Risk factors for 5-year 
mortality in older adults - The cardiovascular health study. Jama-
Journal of the American Medical Association. 1998;279(8):585-
92. 

109. Cano C, Samper-Ternent R, Al Snih S, Markides K, Ottenbacher 
KJ. Frailty and cognitive impairment as predictors of mortality in 
older Mexican Americans. Journal of Nutrition Health & Aging. 
2012;16(2):142-7. 

110. Wirth R, Pourhassan M, Streicher M et al. The Impact of 
Dysphagia on Mortality of Nursing Home Residents: Results From 
the nutritionDay Project. J Am Med Dir Assoc. 2018;19(9):775-8. 

111. DeStefano F, Anda RF, Kahn HS, Williamson DF, Russell CM. 
Dental disease and risk of coronary heart disease and mortality. 
BMJ. 1993;306(6879):688-91. 

112. Holmlund A, Holm G, Lind L. Number of teeth as a predictor of 
cardiovascular mortality in a cohort of 7,674 subjects followed for 
12 years. J Periodontol. 2010;81(6):870-6.  

113. Abnet CC, Qiao YL, Dawsey SM, Dong ZW, Taylor PR, Mark SD. 
Tooth loss is associated with increased risk of total death and 
death from upper gastrointestinal cancer, heart disease, and 
stroke in a Chinese population-based cohort. Int J Epidemiol. 
2005;34(2):467-74. 

114. National Board of Health and Welfare. Primärvårdens ansvar och 
insatser för de mest sjuka äldre. Kartläggning av korttidsboenden 
samt utbud av primärvård och övrig vård och omsorg. Sweden 
2013. 

115. National Board of Health and Welfare. Åtgärdsförslag för att 
utveckla vården och omsorgen för de mest sjuka äldre. Primärvård 
och korttidsboende – vad behöver förändras? Sweden. 2015. 

116. Wu MC, Chang YC, Wang TG, Lin LC. Evaluating swallowing 
dysfunction using a 100-ml water swallowing test. Dysphagia. 
2004;19(1):43-7.  

117. Thuer U, Ingervall B. Effect of muscle exercise with an oral screen 
on lip function. Eur J Orthod. 1990;12(2):198-208. 

118. Hagg M, Tibbling L. Effect of oral IQoroR and palatal plate training 
in post-stroke, four-quadrant facial dysfunction and dysphagia: A 
comparison study. Acta Otolaryngol. 2015;135(9):962-8. 

119. Marengoni A, Angleman S, Melis R et al. Aging with 
multimorbidity: a systematic review of the literature. Ageing Res 
Rev. 2011;10(4):430-9. 

120. Cederholm T, Bosaeus I, Barazzoni R et al. Diagnostic criteria for 
malnutrition - An ESPEN Consensus Statement. Clinical 
Nutrition. 2015;34(3):335-40. 

121. Vallen C, Hagell P, Westergren A. Validity and user-friendliness of 
the minimal eating observation and nutrition form - version II 
(MEONF - II) for undernutrition risk screening. Food Nutr Res. 
2011;55. 



References 

57 

122. Beck AM, Ovesen L. At which body mass index and degree of 
weight loss should hospitalized elderly patients be considered at 
nutritional risk? Clinical Nutrition. 1998;17(5):195-8. 

123. National Board of Health and Welfare. Näring för god vård och 
omsorg en vägledning för att förebygga och behandla undernäring. 
Sweden. 2011. 

124. Rinkel RN, Verdonck-de Leeuw IM, Langendijk JA, van Reij EJ, 
Aaronson NK, Leemans CR. The psychometric and clinical validity 
of the SWAL-QOL questionnaire in evaluating swallowing 
problems experienced by patients with oral and oropharyngeal 
cancer. Oral Oncol. 2009;45(8):e67-71. 

125. Andersson P, Hallberg IR, Renvert S. Inter-rater reliability of an 
oral assessment guide for elderly patients residing in a 
rehabilitation ward. Spec Care Dentist. 2002;22(5):181-6. 

126. Katz S, Ford AB, Moskowitz RW, Jackson BA, Jaffe MW. Studies 
of Illness in the Aged. The Index of Adl: A Standardized Measure 
of Biological and Psychosocial Function. JAMA. 1963;185:914-9. 

127. Brorsson B, Asberg KH. Katz index of independence in ADL. 
Reliability and validity in short-term care. Scand J Rehabil Med. 
1984;16(3):125-32.  

128. Wallace M, Shelkey M, Hartford Institute for Geriatric N. Katz 
Index of Independence in Activities of Daily Living (ADL). Urol 
Nurs. 2007;27(1):93-4.  

129. van Buuren S, Groothuis-Oudshoorn K. MICE: Multivariate 
Imputation by Chained Equations in R. Journal of Statistical 
Software. 2011;43(3):1-67. 

130. Levin KA. Study design III: Cross-sectional studies. Evid Based 
Dent. 2006;7(1):24-5. 

131. Sedgwick P. STATISTICAL QUESTION Cross sectional studies: 
advantages and disadvantages. Bmj-British Medical Journal. 
2014;348. 

132. Dawson B, Trapp R. Basic & Clinical Biostatistics. 4th ed. New 
York: McGraw-Hill Education / Medical; 2004. 

133. Eldridge S, Kerry MS. A Practical Guide to Cluster Randomised 
Trials in Health Services Research: John Wiley & Sons, 
Incorporated; 2012. 

134. Greenberg SR. Medical Epidemiology: Population Health and 
Effective Health Care. 5th ed: McGraw-Hill Education; 2015. 288 
p. 

135. Lin LC, Wu SC, Chen HS, Wang TG, Chen MY. Prevalence of 
impaired swallowing in institutionalized older people in taiwan. J 
Am Geriatr Soc. 2002;50(6):1118-23. 

136. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method 
of classifying prognostic comorbidity in longitudinal studies: 
development and validation. J Chronic Dis. 1987;40(5):373-83. 

137. Batstra L, Bos EH, Neeleman J. Quantifying psychiatric 
comorbidity--lessions from chronic disease epidemiology. Soc 
Psychiatry Psychiatr Epidemiol. 2002;37(3):105-11. 



References 

58 

138. Maeda K, Akagi J. Decreased tongue pressure is associated with 
sarcopenia and sarcopenic dysphagia in the elderly. Dysphagia. 
2015;30(1):80-7.  

139. Dantas RO, de Aguiar Cassiani R, dos Santos CM, Gonzaga GC, 
Alves LM, Mazin SC. Effect of gender on swallow event duration 
assessed by videofluoroscopy. Dysphagia. 2009;24(3):280-4. 

140. Anerfält J, Bladh E AM. Vattensväljtest som screening för dysfagi 
hos vuxna. Normer som funktion av ålder, kön och vattenmängd: 
Uppsala university; 2012. 

141. Suominen M, Muurinen S, Routasalo P et al. Malnutrition and 
associated factors among aged residents in all nursing homes in 
Helsinki. Eur J Clin Nutr. 2005;59(4):578-83. 

142. Saka B, Kaya O, Ozturk GB, Erten N, Karan MA. Malnutrition in 
the elderly and its relationship with other geriatric syndromes. 
Clin Nutr. 2010;29(6):745-8. 

143. Hamdy S, Rothwell JC, Aziz Q, Singh KD, Thompson DG. Long-
term reorganization of human motor cortex driven by short-term 
sensory stimulation. Nat Neurosci. 1998;1(1):64-8. 

144. Clave P, Rofes L, Carrion S et al. Pathophysiology, relevance and 
natural history of oropharyngeal dysphagia among older people. 
Nestle Nutr Inst Workshop Ser. 2012;72:57-66.  

145. Burkhead LM, Sapienza CM, Rosenbek JC. Strength-training 
exercise in dysphagia rehabilitation: principles, procedures, and 
directions for future research. Dysphagia. 2007;22(3):251-65. 

146. Hakkinen K, Alen M, Kallinen M, Newton RU, Kraemer WJ. 
Neuromuscular adaptation during prolonged strength training, 
detraining and re-strength-training in middle-aged and elderly 
people. Eur J Appl Physiol. 2000;83(1):51-62. 

147. Trappe S, Williamson D, Godard M. Maintenance of whole muscle 
strength and size following resistance training in older men. J 
Gerontol A Biol Sci Med Sci. 2002;57(4):B138-43. 

148. Jankovic J, Kapadia AS. Functional Decline in Parkinson Disease. 
Arch Neurol. 2001;58:1611-5. 

149. Troche MS, Rosenbek JC, Okun MS, Sapienza CM. Detraining 
outcomes with expiratory muscle strength training in Parkinson 
disease. J Rehabil Res Dev. 2014;51(2):305-10. 

150. Chiara T, Martin AD, Davenport PW, Bolser DC. Expiratory 
muscle strength training in persons with multiple sclerosis having 
mild to moderate disability: effect on maximal expiratory 
pressure, pulmonary function, and maximal voluntary cough. 
Arch Phys Med Rehabil. 2006;87(4):468-73. 

151. Eom MJ, Chang MY, Oh DH, Kim HD, Han NM, Park JS. Effects 
of resistance expiratory muscle strength training in elderly 
patients with dysphagic stroke. NeuroRehabilitation. 
2017;41(4):747-52. 

152. Roth EJ, Stenson KW, Powley S et al. Expiratory muscle training 
in spinal cord injury: a randomized controlled trial. Arch Phys 
Med Rehabil. 2010;91(6):857-61. 



References 

59 

153. Mackay LE, Morgan AS, Bernstein BA. Swallowing disorders in 
severe brain injury: risk factors affecting return to oral intake. 
Arch Phys Med Rehabil. 1999;80(4):365-71. 

154. Anderson KK, Arnold PM. Oropharyngeal Dysphagia after 
anterior cervical spine surgery: a review. Global Spine J. 
2013;3(4):273-86. 

155. Wirth R, Dziewas R. Dysphagia and pharmacotherapy in older 
adults. Curr Opin Clin Nutr Metab Care. 2019;22(1):25-9. 

156. Klotz AL, Hassel AJ, Schroder J, Rammelsberg P, Zenthofer A. Is 
compromised oral health associated with a greater risk of 
mortality among nursing home residents? A controlled clinical 
study. Aging Clinical and Experimental Research. 2018;30(6):581-
8. 

157. Ryden L, Buhlin K, Ekstrand E et al. Periodontitis Increases the 
Risk of a First Myocardial Infarction: A Report From the 
PAROKRANK Study. Circulation. 2016;133(6):576-83. 

158. Blaizot A, Vergnes JN, Nuwwareh S, Amar J, Sixou M. Periodontal 
diseases and cardiovascular events: meta-analysis of observational 
studies. Int Dent J. 2009;59(4):197-209. 

159. van der Putten GJ, de Baat C, De Visschere L, Schols J. Poor oral 
health, a potential new geriatric syndrome. Gerodontology. 
2014;31:17-24. 

160. Winter JE, MacInnis RJ, Wattanapenpaiboon N, Nowson CA. BMI 
and all-cause mortality in older adults: a meta-analysis. Am J Clin 
Nutr. 2014;99(4):875-90. 

161. VanderWeele TJ, Knol MJ. A tutorial on interaction. 
Epidemiologic Methods. 2014; 3(1):[33-72 pp.] Retrieved 2 Mar. 
2019, from doi:10.1515/em-2013-0005. 

162. de Mutsert R, Jager KJ, Zoccali C, Dekker FW. The effect of joint 
exposures: examining the presence of interaction. Kidney Int. 
2009;75(7):677-81.  

163. Vandenbroucke JP, von Elm E, Altman DG et al. Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE): explanation and elaboration. Int J Surg. 
2014;12(12):1500-24. 

164. Nguyen HT, Black SA, Ray LA, Espino DV, Markides KS. Cognitive 
impairment and mortality in older Mexican Americans. Journal of 
the American Geriatrics Society. 2003;51(2):178-83. 

165. Connors MH, Sachdev PS, Kochan NA, Xu J, Draper B, Brodaty H. 
Cognition and mortality in older people: the Sydney Memory and 
Ageing Study. Age and Ageing. 2015;44(6):1049-54. 

166. van der Maarel-Wierink CD, Vanobbergen JN, Bronkhorst EM, 
Schols JM, de Baat C. Meta-analysis of dysphagia and aspiration 
pneumonia in frail elders. J Dent Res. 2011;90(12):1398-404. 

167. Watando A, Ebihara S, Ebihara T et al. Daily oral care and cough 
reflex sensitivity in elderly nursing home patients. Chest. 
2004;126(4):1066-70. 



References 

60 

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

169. Weiss ER. Modeling Longitudinal Data. New York: Springer-
Verlag New York Inc.; 2005. 432 p. 

170. Altman DG, Royston P. The cost of dichotomising continuous 
variables. BMJ. 2006;332(7549):1080. 

171. Rosenbek JC, Robbins JA, Roecker EB, Coyle JL, Wood JL. A 
penetration-aspiration scale. Dysphagia. 1996;11(2):93-8. 

172. Warnecke T, Ritter MA, Kroger B et al. Fiberoptic endoscopic 
Dysphagia severity scale predicts outcome after acute stroke. 
Cerebrovasc Dis. 2009;28(3):283-9. 

173. Hughes TA, Wiles CM. Clinical measurement of swallowing in 
health and in neurogenic dysphagia. QJM. 1996;89(2):109-16. 

174. Vellas B, Guigoz Y, Garry PJ et al. The Mini Nutritional 
Assessment (MNA) and its use in grading the nutritional state of 
elderly patients. Nutrition. 1999;15(2):116-22. 

175. Grady CL, Craik FI. Changes in memory processing with age. Curr 
Opin Neurobiol. 2000;10(2):224-31. 

176. Eilers J, Berger AM, Petersen MC. Development, testing, and 
application of the oral assessment guide. Oncol Nurs Forum. 
1988;15(3):325-30.  



 

Department of Odontology  
Umeå University, SE-901 87 Umeå, Sweden 
www.umu.se 

 

 

UMEÅ UNIVERSITY

ISBN 978-91-7855-034-0 
ISSN 0345-7532 
 

 




