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Abstract 

Background: It is estimated that every third hospitalized patient is malnourished or at 

nutritional risk. This can lead to increased risk of complications, longer hospital stays, higher 

mortality and increased healthcare costs. Oral health includes several factors that can affect 

food intake, such as reduced chewing ability, swallowing problems, oral mucosal sores, 

decayed teeth, poorly functioning dentures or dry mouth. Dry mouth is a common side effect 

of medications and can manifest as xerostomia (subjective feeling of dry mouth) and/or 

hyposalivation (salivary flow rate below normal). Dry mouth is known to increase with age 

and can adversely affect other oral health factors. There is currently a lack of knowledge and 

priority with regard to oral health-related problems in the hospital setting, and as such the 

relationship between poor oral health and malnutrition may be neglected.  

Objectives: The first objective of this thesis is to investigate the prevalence of malnutrition, 

hyposalivation and other oral health problems among inpatients at St. Olavs hospital. The 

second objective is to contribute with knowledge within the field of malnutrition and oral 

health by investigating whether 1) hyposalivation is associated with malnutrition; 2) other oral 

health factors than hyposalivation are associated with malnutrition; 3) medication intake is 

associated with hyposalivation; 4) the inpatients categorized as malnourished in the present 

study also were screened to be at nutritional risk by the nutritional screening tool used at the 

hospital. 

Materials and methods: A cross-sectional study was conducted from October 2018 to March 

2019 on 118 inpatients (median age 68 years, 56% men) from 15 somatic and 3 psychiatric 

wards at St. Olavs hospital. Nutritional status was assessed with the Patient-Generated 

Subjective Global Assessment (PG-SGA), complemented with the mid-arm muscle 

circumference. Salivary flow rate was measured by collecting unstimulated whole saliva for 5 

minutes, with hyposalivation defined as flow rate <0.1 ml/min. Oral health was assessed with 

the Revised Oral Assessment Guide-Jönköping (ROAG-J) and with a self-administered 

questionnaire. Number and types of orally administered medications and nutritional screening 

data, Nutrition Risk Screening 2002 (NRS 2002), were obtained from medical journals. 

Logistic regression was performed to calculate odds ratios (ORs) of malnutrition and 

hyposalivation.   
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Results: Of the study patients, 57% were categorized as malnourished (PG-SGA B or C), 

19% had hyposalivation, 93% were assessed to have at least one oral health problem and 36% 

reported being bothered by dry mouth. The most frequent oral health problems were found 

regarding lips, teeth and the tongue. In adjusted models, increased risk of malnutrition was 

found in patients who had problems related to oral mucosa (OR 4.67, 95% CI 1.92-11.36), 

lips (OR 4.22, 95% CI 1.78-9.94) and teeth (OR 3.62, 95% CI 1.51-8.72). Hyposalivation was 

associated with risk of malnutrition in the unadjusted model (p=0.04), but the association 

disappeared when adjusting for age and gender (OR 2.26, 95% CI 0.74-6.87). Intake of orally 

administered medications per day was higher in patients with hyposalivation (median number 

8) compared with patients without hyposalivation (median number 4) (p=0.004). Of the 118 

study patients, 21 had not been screened at the hospital by the NRS 2002. Of the 97 screened 

patients, 11 were found to be at nutritional risk. Among the study patients categorized as 

malnourished by the PG-SGA (57%, n=67), nine had not been screened at the hospital by the 

NRS 2002. Of the 58 malnourished patients that had been screened, 11 (19%) were found to 

be at nutritional risk.   

Conclusion: The prevalence of malnutrition and oral health problems among the study 

patients were high, and several associations between poor oral health and malnutrition was 

found. Increased medication use was associated with hyposalivation. The quality of the 

nutritional screening practice at the hospital was poor, with the majority of malnourished 

patients screened to not to be at nutritional risk. Because of the high proportion of 

malnourished patients in the hospital, this suggests that an improvement in nutritional routines 

is needed. More attention should also be directed towards oral health in the hospital setting, 

particularly in the elderly and in patients using many medications. Furthermore, assessment of 

oral health status should be included as a natural part of patient care. There is a need for more 

research investigating the prevalence of oral health problems in hospitals, and the relationship 

between nutritional status and oral health should be explored further in future studies. 
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1 Background 

1.1 Malnutrition 

1.1.1 Defining and diagnosing malnutrition 

In its simplest form, malnutrition can be defined as any nutrition imbalance (1). There is 

however currently no universal agreement on its definition, but in a recent guideline from 

the European Society for Clinical Nutrition and Metabolism (ESPEN) malnutrition is 

defined as “a state resulting from lack of uptake or intake of nutrition leading to altered body 

composition (decreased fat free mass) and body cell mass leading to diminished physical 

and mental function” (2). Others refer to malnutrition as an umbrella term, encompassing 

not only deficiencies but also excesses or imbalances in intake of nutrients (3). Both 

undernutrition and overnutrition are therefore often classified as subtypes of malnutrition. 

For the purpose of this thesis, the term malnutrition will be synonymous with undernutrition.  

Diagnosing malnutrition is a two-step process (2). First, a patient must be screened by a 

validated screening tool and identified to be “at nutritional risk”. Further assessment of those 

who are at risk is then performed, however the diagnosis is dependent on which criteria is 

used as no standardized method for identification has reached global consensus. ESPEN 

published a consensus statement in 2015, suggesting that malnutrition is diagnosed based on 

either body mass index (BMI) <18.5 kg/m2 (alternative 1) or specific cut-off points for 

weight loss in combination with reduced BMI or fat-free mass index (alternative 2) (4). 

Recently, as a result of a collaborative effort between several of the major global clinical 

nutrition societies the “GLIM criteria for the diagnosis of malnutrition” was published (5). 

The consensus report aims to standardize the clinical practice of malnutrition diagnosis on a 

global scale, and proposes diagnosing malnutrition based on the presence of least one 

phenotypic criterion (weight loss/BMI/muscle mass) and one etiologic criterion (food 

intake/inflammation). For the time being, the diagnosis of malnutrition in Norway is based 

on the diagnostic codes in ICD-10 (The International classification of diseases and related 

health problems) and the national guidelines (6,7). The guidelines recommend that hospital 

patients are screened for nutritional risk upon admittance and then weekly with one of the 

following tools: Nutritional Risk Screening 2002 (NRS 2002), Malnutrition Universal 
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Screening Tool (MUST) or Mini Nutritional Assessment (MNA). A patient found to be at 

nutritional risk will then receive a diagnosis of either moderate malnutrition or severe 

malnutrition if the person fulfils one of the criteria listed in Table 1. 

 

Table 1. National diagnostic criteriaa of malnutrition. Adopted from (6). 

    E44.00 Moderate malnutrition   E43.00 Severe malnutrition 

1  Weight loss > 10% last 3-6 months 

   or >5% last 2 months 

 
Weight loss > 15% last 3-6 months 

   or >5% last month 
 

 

 

2 
 

BMIb < 18.5 kg/m2 (>70 years: BMI < 20) 
 

BMI < 16 kg/m2 (>70 years: BMI < 18.5) 

3 
 

BMI < 20.5 kg/m2 (>70 years: BMI < 22) 

   and weight loss > 5% last 6 months 

 
BMI < 18.5 kg/m2 (>70 years: BMI < 20) 

   and weight loss > 5% last 3 months 
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Food intake < 50% last week 

   and acute/chronic inflammatory conditions 

 
PG-SGAc Category C 

5   PG-SGA Category B   
 

a Malnutrition is diagnosed when one of the five criteria is fulfilled. 
b Body mass index. 
c Patient-Generated Subjective Global Assessment.  

 

1.1.2 Etiology and prevalence 

The causes for malnutrition are various, but can be divided into disease-related malnutrition 

(DRM) and malnutrition without disease (non-DRM) (2). In poor developing countries, 

hunger-related malnutrition is the main cause non-DRM. Two other examples of non-DRM 

in both affluent and poor developing countries are socioeconomic and psychologic 

malnutrition, as difficult situations such as social inequities, psychological distress or poor 

self-care can lead to a reduced energy intake. However, in developed countries the main 

cause of malnutrition is disease-related. Based on etiologic mechanisms, DRM can be 

classified according to inflammation; DRM without inflammation (e.g. anorexia nervosa or 

upper digestive obstruction resulting in dysphagia), chronic DRM with inflammation (e.g. 

inflammatory bowel disease or cancer resulting in loss of muscle mass with or without fat 

loss), and acute disease- or injury-related malnutrition (e.g. major infections or burns 

resulting in a proinflammatory state and increased metabolic demand). A low food intake 

can occur in all three classifications of DRM, as disease in combination with the medical 

treatment usually result in a reduced appetite (8). Other medication-related side effects (e.g. 

diarrhea and nausea) can also interfere with the ingestion of food, and the hospital setting 

can further aggravate the situation due to obligatory fasting before medical tests or adverse 
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hospital routines with regard to meal palatability, timing and frequency (9). Lastly, advanced 

aging is known to contribute to any form of malnutrition (2).  

The prevalence of hospital malnutrition is high, although the proportion depends on the patient 

populations and the criteria used in the diagnosis. A weighted mean of 17 US and European 

studies showed that 31.4% of hospital patients were malnourished or at nutritional risk (9). 

A recent systematic review examining 66 Latin American studies found a consistent 

prevalence of 40-60% on admission and an even higher prevalence among older adults, in 

addition to an increasing prevalence during hospitalization in the general population and 

especially in surgical and critically ill patients (10). In Norway, it is estimated that every 

third patient is malnourished or at nutritional risk (11,12). Among the hospitalized elderly 

the prevalence is even higher ranging from 40-60% in patients >70 years (12–14). 

1.1.3 Consequences and solutions 

The prognostic impact of malnutrition is serious, with numerous consequences demonstrated 

in several studies (15). Some of the clinical implications are impaired immune function and 

wound healing, increased convalescence, decreased functional status, longer hospital stays, 

greater complication rates and increased mortality (10). The economic impact is also vast, 

with one study demonstrating a mean daily cost of care being 61% higher in malnourished 

patients compared with well-nourished patients (16). Henriksen et al. found that only 41% of 

malnourished patients were receiving nutritional treatment, and an estimated potential cost 

saving of 250 million euros per year was calculated based on a reduction of hospital stay by 

one day for each patient receiving nutritional treatment (11). During the last years several 

national and international reports, programs and guidelines have been published discussing 

how the challenges with regard to malnutrition can be solved (17–23). Proper nutritional 

assessment of the patient is the first step, and interprofessional collaboration has been 

recommended when identifying and treating the cause(s) for the reduced food intake or poor 

nutritional status (24). The recent medical, social and economic advances have resulted in an 

aging population where the elderly are living longer, often with non-curable diseases or 

chronic diseases (25). As a result, improved nutritional care in the coming years will be of 

great importance, with an emphasis on proper nutritional screening of patients and 

identification of the underlying cause(s) in order to prevent and treat malnutrition.  
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1.2 Oral health 

1.2.1 Oral health and systemic health 

Unhealthy diets have been associated with oral diseases, and there is a close relationship 

between nutritional and oral health (26). Oral health is defined by WHO as “a state of being 

free from chronic 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” 

(27). It follows that oral health is not only related to the diet, but linked to the general health 

of a person and integral to a person’s quality of life (28). This is particularly evident in the 

geriatric population, where epidemiologic data indicate a reduced state of well-being related 

to increased caries prevalence, moderate periodontal disease and tooth loss (29). Complex 

interactions between systemic diseases and changes in the oral status have been explored, 

among them association between periodontal disease and diabetes mellitus and 

cardiovascular disease (30). Periodontal disease is a chronic multifactorial and inflammatory 

disease, associated with the colonization of the oral cavity by specific bacterial taxa. The 

oral microbiome is incredibly complex and contains approximately 700 predominant 

bacterial species in total, with about 200 species living in the oral cavity of the average adult  

(31). Owing to technological advances oral bacteria may also serve as biomarkers for 

systemic diseases. While development of periodontal disease can go unnoticed over a longer 

period of time, other oral health-related problems can have more immediate symptoms such 

as poorly fitted dentures or the pain from wounds or an abscessed tooth and the following 

problems with food intake. In the elderly, one of the most frequently reported oral health 

problems with a substantial impact on their daily life is dry mouth (29,32). 

1.2.2 Dry mouth: hyposalivation and xerostomia 

Saliva is produced by three pairs of major salivary glands (parotid, submandibular, 

sublingual) and numerous minor salivary glands. Secretion is regulated through interactions 

between the sympathetic and parasympathetic nervous system (33). Saliva consists of water, 

electrolytes and a complex mixture of organic molecules, e.g. enzymes, mucins and 

antimicrobial proteins. Saliva has several critical functions, as it protects the oral mucosa 

and teeth against mechanical, chemical and infectious damage, promotes the digestion of 
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food, remineralizes teeth, and it lubricates the mouth, making it easier to speak, chew and 

swallow. In addition to its protective and alimentary effect on the oral cavity, it can be 

regarded as an indicator of oral and systemic irregularities and diseases (34).  

The importance and clinical significance of dry mouth is considered to be severely under-

appreciated, underdiagnosed and undermanaged (35). Hyposalivation refers to a reduction in 

salivary flow rate and diagnosis is based on objective measures of saliva (36). Xerostomia is 

the subjective perception and complaint of dry mouth, and normally occurs when the 

salivary output for an individual is reduced by more than 50% (37). Hence, dry mouth 

diagnosis consists of two components, where one is objective and the other is subjective.  

A patient may complain of xerostomia without being diagnosed with hyposalivation when 

salivary flow rate is measured, but at the same time not everyone with hyposalivation will 

experience xerostomia (33). To identify xerostomia and hyposalivation, single-item (known 

as “global” item) approaches and several questionnaires (multi-item approaches) have been 

developed in order assess the severity of dry mouth and predict hyposalivation (38–41). One 

common method used to diagnose hyposalivation is sialometry, a non-invasive process 

where salivary flow is measured by collecting saliva from the patient according to a 

standardized procedure (42). Collection of saliva can be performed either unstimulated or 

stimulated. For unstimulated saliva, the patient accumulates saliva in the mouth for 5-15 

minutes, and either allow it to passively drain into a funnel (draining method) or spit into a 

collecting vessel 1-2 times per minute (spitting method) (34). For stimulated saliva, the 

patient can chew paraffin wax (masticatory method) or have citric acid dropped onto the 

tongue (gustatory method) while actively spitting into the collecting vessel for 5 minutes. 

Although there is high individual variability in saliva production, a common classification of 

unstimulated and stimulated salivary flow rate is presented in Table 2.  

 

Table 2. Classification of unstimulated and stimulateda salivary flow rate in adults. 

Adopted from (33,42). 

    
Normal salivation 

(ml/min) 
 Low salivation 

(ml/min) 
 

Hyposalivationb 

(ml/min) 

Unstimulated  > 0.25  0.1 - 0.25  < 0.1 

Stimulated  > 1.0  0.7 - 1.0  < 0.7 
a By chewing paraffin wax. 
b Hyposalivation defined by these threshold values is a criterion that automatically 

qualifies for coverage of dental care expenses in Norway (43). 
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The causes and consequences of dry mouth are many. The most common iatrogenic causes 

are medication use and radiotherapy (44). Several diseases can also cause salivary 

hypofunction, by affecting salivary glands (Sjögren's syndrome, cystic fibrosis), neural 

control of salivary secretions (e.g. Alzheimer's disease, dysautonomia) or by causing 

dehydration (diabetes mellitus). Because women have a lower salivary gland capacity than 

men, they are more vulnerable to factors causing salivary hypofunction (45). Although aging 

is linked to dry mouth it is unclear whether age is a direct cause or whether it is the age-

related increase in medication use and certain medical conditions that drive the salivary flow 

changes (42), but age appears to play a role in the secretion of unstimulated saliva (34). The 

prevalence of hyposalivation is difficult to estimate due to variation in measurement 

methods and the cut-off values used for each method (46). Among older adults, the 

prevalence has been shown to range from 5% to 47% (47). The range of reported xerostomia 

estimates is wide too, but the prevalence is estimated to be around 20% in the general 

population and 40% in older adults (33,46). Symptoms of dry mouth, i.e. xerostomia and/or 

hyposalivation, include rapid development of caries, oral mucosal sores, fungal infections, 

difficulty speaking and swallowing, bleeding gums, cracked lips, dry tongue, altered taste, 

reduced masticatory function, sleep disturbances, decline in quality of life, denture 

discomfort, and more (37). In addition to affecting the whole oral cavity and its constituents, 

dry mouth in the form of hyposalivation has also been associated with increased mortality in 

elderly (48). As none of the current treatment strategies for dry mouth (e.g. proper 

hydration, chewing gum, oral lubricants) are entirely satisfactory, addressing the underlying 

cause(s) is important (35). In some cases, the symptoms can be decreased by medication 

changes or by reducing dosage of medications that can cause dry mouth (36,49).  

1.2.3 Medications’ impact on oral health 

Medication use can adversely affect all oral tissues and is considered the most important risk 

factor for dry mouth (44,50). Many commonly prescribed medications are xerogenic, i.e. can 

reduce salivary flow or reduce the threshold for perception of dry mouth, and more than 500 

medications have been associated with salivary hypofunction. The mechanisms are complex, 

as the presence of xerostomia or hyposalivation is not only dependent on how xerogenic 

each medication is, but also on the overall number of medications the patient is using 

(51,52). Furthermore, the medication doses, their form, time of ingestion, length of time on 

each medication and possible interactions between different medications are all factors 
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affecting the salivary output (34). Polypharmacy, most commonly defined as five or more 

medications daily (53), is therefore an area for concern with regards to the development of 

dry mouth. Polypharmacy may also increase the risk of adverse drug reactions (54) and may 

be associated with poor nutritional status and malnutrition (55). 

1.3 The relationship between nutritional and oral status 

1.3.1 Results from earlier studies  

The ingestion and digestion of food starts in the oral cavity. Poor oral health may therefore 

adversely affect food intake in multiple ways, and several studies in hospitalized or 

institutionalized elderly people (mean age >65 years) have shown that oral health-related 

problems are associated with poor nutritional status or difficulties eating food.  

In a group of geriatric rehabilitation patients, problems with regard to the lips, tongue, saliva 

and swallow function were associated with malnutrition (56). In another group of elderly 

rehabilitation patients, low saliva production and tongue alterations were associated with 

being malnourished (57). In a third group of patients undergoing rehabilitation, the best 

predictor in univariate analyses for weight loss greater than 10% the last year was the total 

number of general oral problems, including but not limited to poor oral hygiene, xerostomia, 

inability to chew, pain in the mouth and lesions (58). In a final group of rehabilitation 

patients, those without any oral problems had lower risk of malnutrition compared with 

those with at least one problem (59) 

Elders from private geriatric centers reporting at least one problem in a questionnaire 

measuring oral health-related quality of life (OHRQoL) had a higher risk of malnutrition 

compared to those with no problems (60). Another study found a significantly worse 

OHRQoL in oral cancer patients with malnutrition or risk of malnutrition (61). Both 

xerostomia and hyposalivation were associated with low BMI in hospitalized elderly 

patients (62), and in another group low number of own teeth was associated with a low body 

cell mass (consisting of mainly muscle tissue) (63). In a group of institutionalized older 

adults, the two strongest factors associated with malnutrition were dentures with defective 

bases or not wearing dentures at all, and adults with compromised oral health (poor 

periodontal state, poor denture quality, caries prevalence or oral mucosal lesions) had a 
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lower BMI and serum albumin concentration (64). Nursing home residents reporting denture 

or chewing problems were 1.6 and 1.3 times more likely to be malnourished, respectively, 

compared with those without problems (65). Reduced chewing ability and number of teeth 

was also found in malnourished adults living at home (66). Lastly, in community-based 

elderly the intake of several micronutrients was lower in those with hyposalivation (67). 

1.3.2 More research is needed 

In light of the high prevalence of hospital malnutrition and the known adverse associations 

between nutritional and oral status, there is a lack of knowledge and priority with regard to 

oral health-related problems in the hospital setting (68,69). Proper nutritional assessment 

includes identifying the underlying causes in patients at nutritional risk. Although 

malnutrition is often caused by disease (DRM), socioeconomic or psychologic malnutrition 

should not be neglected since difficult life situations can lead to a lack of oral care and poor 

oral status. At the same time, disease itself can influence oral health (e.g. diabetes mellitus 

affecting salivary flow) and can cause polypharmacy, which may result in even further 

reduced oral health.  

In Norway, there is a lack of data on dental health among adults over 20 years (70). Data on 

the prevalence of dry mouth is also lacking, but one study conducted in 1996-1998 (71) and 

one study from 2004 (70) showed that around 35% and 30% of nursing home residents had 

dry mouth, respectively. Very little is known, however, about oral health and its effect on 

nutritional status in hospitals. Previous studies have shown that the prevalence of 

malnutrition or risk of malnutrition at St. Olavs hospital in Trondheim was 21% (72) and 

65% (73) in cancer patients. In St. Olavs hospital’s nutritional strategy for 2010-2020, it is 

stated that under 1% of patients at the hospital were assigned diagnosis codes for 

malnutrition in 2006-2009, indicating that many patients are underdiagnosed (74). Two 

objectives in the strategy is to implement a research and development program and to study 

the prevalence of malnutrition. In the Ministry of Health and Care Services’ action plan 

“Sammen om kunnskapsløft for oral helse (2017 -2027)”, an increased number of 

multidisciplinary projects looking at oral health in the context of other health and disease 

conditions is recommended (75). This, together with the objectives in St. Olavs hospital’s 

nutritional strategy, forms the background for this thesis and the study “Nutritional status 

and oral health in patients at St. Olavs hospital, Trondheim University Hospital”.  
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2 Objectives 

The first objective of this thesis is to investigate the prevalence of malnutrition, 

hyposalivation and other oral health problems among inpatients participating in the study at 

St. Olavs hospital. The second objective is to contribute with knowledge within the field of 

malnutrition and oral health by answering the following research questions:  

1) Is hyposalivation associated with malnutrition? 

2) Are oral health factors other than hyposalivation associated with malnutrition?  

3) Is medication intake associated with hyposalivation? 

4) Were the inpatients categorized as malnourished in the present study also screened to 

be at nutritional risk by the nutritional screening tool used at St. Olavs hospital? 
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3 Materials and methods 

3.1 Study design 

The project was designed as a cross-sectional study with informed consent, led by the 

Nutrition Committee at St. Olavs hospital in collaboration with Center for Oral Health 

Services and Research, Mid-Norway (TkMidt) and the Norwegian University of Science and 

Technology (NTNU). Patients were recruited between October 2018 - December 2018 and 

between February 2019 - March 2019. The study was conducted at one ward per week, from 

Tuesday to Thursday or Friday. 

Eligible patients were men and women aged 18 years and older, hospitalized before the end 

of Tuesdays and available at the ward 1-3 days after consenting to the study. Exclusion 

criteria were situations where patients or guardians/relatives would feel discomfort when 

asked to participate, e.g. terminally ill patients, instability or unresolved medical conditions. 

Further exclusion criteria were contact, droplet or airborne isolation, and having an 

unhealthy relationship with food or fear of dentistry. Nurses at the wards were asked if any 

of the patients met these criteria before recruitment started. All eligible patients received 

verbal and written information about the study from the master student in clinical nutrition. 

After signing the consent form (Appendix 1), patients still had the opportunity to withdraw 

at any point during the study. The study was approved by the Regional Committees for 

Medical and Health Research Ethics (REC Protocol Approval 2018/621) (Appendix 2, 3, 4). 

3.1.1 Data collection 

Data in the form of two self-administered questionnaires (available in Norwegian and 

English), clinical data (saliva test, oral health assessment, forehead temperature 

measurement) and anthropometric measurements (height, weight, triceps skinfold thickness, 

mid-upper arm circumference) were collected at the ward. Data on nutritional screening, 

diagnoses and medication use were collected from the medical records. The master student 

and four study nurses from the Department of Research and Development 

(Forskningsposten) at the hospital were responsible for gathering data at each ward. Data 

from medical records were collected by the master student. WebCRF, an electronic solution 

for data collection made by Section for Applied Clinical Research, Faculty of Medicine and 
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Health Sciences at NTNU, was used by the master student to plot collected data into a 

database (76). An overview of the study design and methods used is presented in Figure 1 

and expanded upon in the following sections.  

  

 

  

Figure 1. Overview of the study design. The study was conducted at one ward per week, and ward managers 

were contacted by e-mail one week in advance in order for them to prepare and inform the nurses at the ward. 
a Patient-Generated Subjective Global Assessment.  
b Revised Oral Assessment Guide-Jönköping. 
c Performed by nurses at the hospital with the screening instrument Nutrition Risk Screening 2002 (NRS-2002). 
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3.2 Subjects and recruitment 

Subjects were recruited from 18 wards, of which 15 were somatic and 3 were psychiatric. In 

total, 118 patients were included in the study. Except for four participants, all who produced 

more than 0 ml saliva signed a second consent document agreeing to give biological 

material (i.e. their saliva) to the regional research biobank Biobank1 (Appendix 5). The 

recruitment process is illustrated in Figure 2. Major reasons for exclusion (n=63) after 

speaking to the nurses were as follows: having a very bad day, drug abuse, critically ill, does 

not speak Norwegian or English, severe dementia, alcoholic, preoperative anxiety. 

 

 

  

Figure 2. Flow diagram showing the recruitment process.  Fifteen somatic and three psychiatric wards 

were included. In chronological order, the participating wards were: 1) Geriatric Medicine  

2) Gynaecological Oncology 3) Infectious Diseases  4) Cardiology 5) Pulmonary Medicine 6) Orthopaedic 

Surgery 7) Rheumatology 8) Ear Nose Throat & Eye 9) Oncology 10) Gastrointestinal Surgery  

11) Nidaros District Psychiatric Center 12) Special Ward 3 (Psychosis) 13) Spinal Cord Injuries  

14) Neurology 15) Neurosurgery 16) Cardiothoracic Surgery 17) Vascular-Breast-Endocrine surgery  

18) Geriatric Psychiatry.   

Patients excluded (n=149) 

Reasons:  

Traveling home or relocating to 

another ward (n=66) 

Nurses at the ward advised not to 

ask the patient (n=63) 

Contact, droplet or airborne 

isolation (n=20) 

 

Eligible for participation and asked to 

participate 

 (n=188) 

 

Included in the study 

(n=118) 

 

Total number of patients hospitalized 

before the end of Tuesday at all 

eighteen wards 

 (n=337) 

 

Declined to participate (n=52) 

 

Unable to complete (n=18)     

Reasons:  

Discharged from the hospital or 

worsening of health (n=12) 

Withdrew consent (n=6) 

Signed written consents 

(n=136) 
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3.3 Assessment of nutritional status 

3.3.1 Patient-Generated Subjective Global Assessment (PG-SGA) 

The patient-generated subjective global assessment (PG-SGA) is a validated nutritional 

assessment tool classifying patients to be well-nourished, moderately/suspected 

malnourished or severely malnourished. Ottery et al. (77) adapted the PG-SGA from the 

subjective global assessment (SGA), earlier developed and described by Detsky et al. (78). 

PG-SGA contains additional questions and was designed so that the four components of the 

medical history in SGA (weight history, food intake, symptoms and activity level) could be 

completed by patients using a check box format. A health care professional then completes 

the professional component of the PG-SGA (physical examination, diagnosis, age and 

metabolic stress) in order to give the patient a global rating. A scored version of PG-SGA 

was further developed, incorporating a numerical score in addition to the categorical global 

rating of well-nourished (PG-SGA A), moderately or suspected malnourished (PG-SGA B) 

and severely malnourished (PG-SGA C) (79). The total score provides guidelines as to 

which nutrition intervention is required, while the global rating provides an overall 

assessment of the patient’s nutritional status. The scored PG-SGA with its components and 

their contribution to the global rating and numerical score is summarized in Figure 3.  

Although the PG-SGA was originally developed for use in patients with cancer, it is not an 

oncology-specific instrument. It covers all domains of the malnutrition definition by ESPEN 

(2) and has been validated and utilized in both cancer and non-cancer populations (80,81). In 

the present study, the Norwegian version of the scored PG-SGA (18-004 v03.13.18) was 

used in the majority of patients (Appendix 6) and the English version (v3.22.15) in a few 

patients. The professional component (including summing up the total score and classifying 

each patient according to the global rating) was carried out by the master student, who prior 

to study start received training from a clinical dietitian experienced with both the SGA and 

the PG-SGA. The training included a lecture from the dietitian, performing the physical 

examination on a patient under supervision, and suggestions for relevant literature for the 

examination (82,83). In worksheet 4 (Figure 3), muscle status, fat stores and fluid status 

were evaluated by palpation and/or visual inspection of all components listed in the 

worksheet (e.g. muscle wasting in temples, thigh, scapula; loss of subcutaneous fat in 

triceps, orbital fat pads; presence of edema in ankles or ascites). The degree of muscle 
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deficit, fat depletion and fluid excess were individually rated as 0 (no deficit) to 3 (severe 

deficit), and a total score of 0-3 was awarded based on a subjective evaluation where muscle 

deficit took precedence over fat depletion and fluid excess.  

The Norwegian 2019 edition of ICD-10 includes a rating of PG-SGA B as a criterion for 

“Moderate malnutrition”, as mentioned in Table 1 (6). In light of this, a patient who received 

a rating of PG-SGA B (moderately malnourished/suspected malnourished) is hereafter 

referred to as (moderately) malnourished, and not suspected malnourished. 
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Figure 3. The Patient-Generated Subjective Global Assessment. Page 1 of the instrument contains the 

patient-generated component, where patients are asked to write down their height and weight development in 

Box 1 and to check all relevant boxes in Box 2-4. The master student handed out page 1 to the patients and 

helped fill out the form if anyone was not able to do it themselves. Page 2 contains the professional 

component and was filled out by the master student after collecting the patient-generated component. A 

global rating and total PG-SGA score was then awarded based on both components.  
a When calculating the score for weight loss in Worksheet 1, 6-month data is only used if no 1-month data 

are available.  
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3.3.2 Anthropometric measurements 

Four anthropometric measurements were obtained: weight, height, triceps skinfold (TSF) 

thickness and mid-upper arm circumference (MUAC). Weight and height were measured by 

the study nurses. Weight (kg) was measured using a seca 877 flat scale for mobile use, with 

patients wearing light hospital clothing and no shoes. Height (cm) was measured using a 

seca 217 stable stadiometer for mobile height measurement. Weight and height were used to 

calculate BMI (weight[kg]/height2[m2]). When unable to obtain measurements at the ward 

(e.g. patient not able to stand up), BMI was calculated from recent weight and height 

measurements obtained from the medical records. When classifying patients according to 

BMI, the classification by the WHO was used (84,85). TSF and MUAC on the nondominant 

side of the body were measured by the master student at the same time as the physical 

examination in PG-SGA was performed. TSF was measured by a conventional Holtain 

caliper. Three measurements were taken of the TSF and one measurement of MUAC, 

midway between the tip of the acromion process and the olecranon. Mean TSF was used 

together with MUAC to calculate the mid-arm muscle circumference (MAMC), using the 

formula: MAMC (cm) = MUAC (cm) − (TSF (mm) × 3.14). Values of MAMC below the 

tenth percentile (p10) and the fifth percentile (p5) of a reference population (86) were 

classified as moderately malnourished and severely malnourished, respectively. 

3.3.3 Nutrition risk screening 2002 (NRS 2002) 

Nutrition Risk Screening 2002 (NRS 2002) is a standardized screening tool recommended 

for use in hospitals when screening patients for nutritional risk (7,87,88). It is divided into 

two main parts (89). The first part is the introductory screening and consists of four 

questions: (1) is BMI <20.5? (2) has the patient lost weight within the last 3 months? (3) has 

the patient had a reduced dietary intake in the last week? (4) is the patient severely ill? If the 

answer is “Yes” to any of these questions, the formal screening is carried out. In the formal 

screening, the patient is given a score of 0-3 for nutritional status and 0-3 for disease 

severity according to a scoring system. In patients older than 70 years 1 score is added to the 

total score, for a final score of 0-7. Patients with a score >3 is considered at nutritional risk 

and need a plan for nutritional support.  

A modified version of the original NRS 2002 is used at St. Olavs hospital. It includes one 

additional question in the formal screening, where symptoms affecting food intake is 
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assessed and included in the scoring when evaluating the disease severity. NRS 2002 data 

from patients included in the study were obtained from medical records by the master 

student, and data on diagnoses and number and types of orally administered medications on 

the day before the saliva test for each patient were collected at the same time (Appendix 7).  

3.4 Assessment of oral health status 

3.4.1 Unstimulated salivary flow rate 

Unstimulated whole saliva was collected by the study nurses according to a standardized 

protocol (Appendix 8). The technique used for collecting saliva was the spitting method 

(section 1.2.2), where the patient is allowed to spit into a collecting vessel 1-2 times per 

minute instead of letting saliva passively drain into a funnel (34). Collecting vessels were 

Sarstedt tubes (30 ml, 107 x 25 mm, conical base with smear edge) and collections were 

made between 09.00 and 14.00 (the majority before 12.30). The standardized protocol 

required patients to not put anything in their mouth (food, fluid, chewing gum, medications) 

30 minutes before the test.  Saliva was collected for 5 minutes and measured by comparing 

the volume of spit in the sample with calibration tubes. Saliva samples for biobanking were 

placed on ice until they were sent via pneumatic tube for biobanking to Biobank1.  

To obtain the salivary flow rate, saliva volume was divided by collection time (5 minutes in 

all patients). Patients with an unstimulated salivary flow rate <0.1 ml/min were classified as 

having hyposalivation, while patients with a value >0.1 ml/min was classified as without 

hyposalivation. Patients without hyposalivation were also classified according to Table 2: a 

value between 0.1-0.25 ml/min was classified as low salivation and a value >0.25 ml/min 

was classified as normal salivation (33,42).  

3.4.2 Revised Oral Assessment Guide-Jönköping (ROAG-J) 

The Revised Oral Assessment Guide (ROAG) is an internationally standardized instrument 

for non-dental professionals that can be used to investigate, assess and document oral health-

related problems (57). The Oral Assessment Guide (OAG) was originally developed by 

Eilers et al. to be used in patients undergoing bone marrow transplantation, receiving high-

dose radiation and/or chemotherapy (87), but was later revised by Andersson et al. to be 
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used among elderly patients (56). The revised version is reported to be a reliable and 

clinically useful tool (90). The ROAG-J, used in the present study with permission from Pia 

Andersson, has been further developed in Jönköping and is presented in Table 3. 

Recommendations for healthcare professionals on which measures should be taken when 

oral health problems are detected is listed in the ROAG-J manual (91).  

 

 

Table 3. The Revised Oral Assessment Guide-Jönköping. Adopted from (91).  

 
  

Gradinga 

Category 0  1  2  3 

Voice 
 

Not 

applicable 

 
Normal 

 
Dry, hoarse, 

smacking 

 
Difficulty speaking 

Swallowing 
 

Not 

applicable 

 
No problems 

 
Some swallowing 

problems 

 
Severe swallowing 

problems 

Lips 
   

Soft, pink, 

moist 

 
Dry, cracked or 

angular cheilitis 

 
Ulcerated, bleeding 

Mucous 

membranes 

   
Pink, moist, no 

sores 

 
Red, dry, colour 

changes or coating 

 
Sores or blisters 

Tongue 
   

Pink and moist 
 

Red or dry, with 

or without coating 

 
Sores and/or 

blisters 

Saliva 
   

No friction 

between lower 

end of tooth-

brushb and oral 

mucosa 

 
Increased friction 

Between lower 

end of toothbrush 

and oral mucosa 

 
Significantly 

increased friction 

between lower end 

of toothbrush and 

oral mucosa 

Gums 
 

No gums 
 

Pink and firm 
 

Oedematous and 

red 

 
Spontaneous 

bleeding 

Teeth 
 

No natural 

teeth 

 
Clean, no 

debris 

 
Plaque or debris 

on some teeth 

 
Plaque or debris on 

most teeth, or 

severely damaged 

teeth 

Dentures 
 

No partial 

or complete 

dentures 

 
Clean, 

working fine 

 
Unclean with 

debris, does not fit 

well 

 
Does not use them 

a A grade of 2 or 3 on one of the nine categories indicates a problem for that particular category and 

are to be treated by nursing staff (grade 2) or a dentist/physician (grade 3). A grade of 0 or 1 

indicates no problems and does not require any clinical intervention. 
b A mouth mirror can also be used. 
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Nine categories are included in the assessment: voice, swallowing, lips, mucous membranes, 

tongue, saliva, gums, teeth and dentures. The categories are evaluated and given a grading of 

0 = not relevant to assess; 1 = healthy or normal condition; 2 = moderate 

changes/deviations; 3 = severe changes/deviations. A person who scores 2 or 3 on at least 

one category is considered to have an oral health problem, with a 3 being more serious. The 

grading for each of the 9 categories can be added together, for a maximum score of 27 

points and a total number of 9 oral health problems. The ROAG-J also contains additional 

observations regarding number of teeth in the upper and lower jaw (more or fewer than 6 

teeth) and the presence of denture or implants (upper jaw, lower jaw or both).  

The ROAG-J assessment was carried out by the four study nurses after the unstimulated 

salivary flow test had been performed. Before the study, they attended a lecture on how to 

use the ROAG-J and received training from the dentist who held the lecture. The dentist 

(from TkMidt) also assisted the nurses in performing the ROAG-J on several geriatric 

patients on the first day of the study. One of the study nurses had the main responsibility for 

the ROAG-J in the present study and carried out most of the assessments (about 80-85% of 

all patients). Equipment was brought to the ward and consisted of a form to fill in the results 

from the salivary flow test and anthropometric and clinical measurements (weight, height, 

temperature) (Appendix 9), the ROAG-J form (Appendix 10) and the required equipment for 

performing the oral assessment in a hygienic manner (Appendix 11). Plastic toothbrushes 

were used for assessing the category “saliva” in the ROAG-J by sliding the lower end of the 

toothbrush against the patient’s oral mucosa (Table 3).  

3.4.3 Questionnaire on oral health  

Prior to study start, a questionnaire was developed to obtain self-reported data on oral health 

(Appendix 12). The questionnaire included questions used in the HUNT4 Oral health 

questionnaire (permission given by HUNT) and additional questions commonly used to 

assess xerostomia/hyposalivation (92). Four of the additional questions were developed by 

Fox et al. for assessing the severity of dry mouth and identifying those with a reduced 

unstimulated salivary flow rate (38). They were as follows: (1) Does the amount of saliva in 

your mouth seem to be too little? (2) Do you have difficulties swallowing any foods? (3) 

Does your mouth feel dry when eating a meal? (4) Do you sip liquids to aid in swallowing 
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dry foods? All four questions can individually be regarded as single (global) items used in 

assessing xerostomia. 

Patients were given the questionnaire on oral health by the master student, at the same time 

as receiving the patient-generated part (page 1) of the PG-SGA. When needed, the master 

student assisted patients fill out the forms. 

3.5 Statistical analyses 

All statistical analyses were performed using SPSS (IBM SPSS Statistics 25). Analyses were 

performed by the master student, with input from two statisticians from TkMidt during two 

meetings in March 2019. P-values (2-sided) < 0.05 were regarded as statistically significant. 

All data were plotted into WebCRF throughout the study. When exporting the data, the 

electronic database presented the results in an SPSS file. Continuous data were checked for 

normality with the Kolmogorov-Smirnov test and interpreted in conjunction with visual 

inspection of Q-Q plots and histograms. Normally distributed data were presented as means 

and standard deviations, and non-normally distributed data as medians and interquartile 

range (25th–75th -percentiles). For categorical data, frequencies and percentages were 

presented. Descriptive analyses were carried ouwort, followed by bivariate analyses between 

different groups. For categorical data, group differences were explored using the chi-square 

test, or Fisher’s exact test when not all cells had expected values >5. When one category 

contained ordinal data (2xk table) and the expected cell count was not >5 for at least 80% of 

the cells, the linear-by-linear association test was used instead of the chi-square test. For 

continuous variables, the independent samples t-test was used to explore differences in 

means between groups with normally distributed data. The Mann-Whitney test was used to 

explore differences in medians between groups with non-normally distributed data.  

Binary logistic regression analyses were performed to explore associations with nutritional 

status. The ratings in PG-SGA were dichotomized and included as the dependent variable:  

0 = well-nourished (PG-SGA A), 1 = malnourished (PG-SGA B or C). The categories in the 

ROAG-J were also dichotomized: 0 = no problem (grade 0 or 1), 1 = problem (grade 2 or 3). 

Seven of the nine categories in the ROAG-J and the unstimulated salivary flow rate (0 = 

normal salivation, 1 = hyposalivation) were examined one by one as independent variables 

in univariate logistic regression analyses. A hierarchical method was then used by first 
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entering age (continuous variable) into the model as an independent variable (model 1), and 

then entering both age and gender (0 = man, 1 = woman) into the model as independent 

variables (model 2). The category saliva in ROAG-J was excluded and not entered as an 

independent variable due to few patients having problems (grade >1) with this category, the 

category dentures was excluded because few of the patients had partial or complete dentures. 

Binary logistic regression analyses were also performed to explore associations between 

salivary gland function and medication intake. Unstimulated salivary flow rate was included 

as the dependent variable (0 = normal salivation, 1 = hyposalivation), independent variables 

entered into the model (forced entry) were age, gender and number of orally administered 

medications on the day before the saliva test (continuous variable). The residuals for the 

logistic regression models and influence statistics (Cook’s distance, DFBeta, leverage) were 

examined in order to assess if the models were a good fit of the data and if any cases exerted 

undue influence on each model (93). 

Because of the pilot nature of the study, no classic sample size calculation was performed. It 

was expected that 13 wards had been included in the project by the end of week 4 in 2019. If 

around 10 people (50% of average number of hospital beds per ward) consented to 

participate at each ward, the sample size would end up being close to 130.  
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4 Results 

4.1 Subject characteristics and participating wards 

One hundred and eighteen patients from 18 different wards were included in the study. 

Subject characteristics and participating wards are presented in Table 4.  

Median age was 68 years (range 21-94 years). Age distribution was 10% < 30 years, 43% 

30-69 years and 47% ≥70 years. Age and age distribution did not differ between gender 

(56% men and 44% women). Mean (± SD) weight and BMI was 78.8 (± 20.4) kg and 26.5 

(± 6.1) kg/m2, respectively. BMI did not differ between gender. Fifty-seven percent of the 

patients were classified as either overweight or obese, 36% as normal weight and 7% as 

underweight. Weight and height were measured in 89 patients by the study nurses, data on 

weight and height for the remaining 29 patients were collected from the medical records.  

The 18 wards are presented chronologically in Table 4 according to the number of 

participants. Eighty-six percent of patients came from somatic wards, the remaining 14% 

from psychiatric wards. The three wards with the biggest number of participants were the 

respiratory (n=12), orthopaedic (n=10) and gastrointestinal surgery (n=10) wards.  
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Table 4. Characteristics of the study population. 

  

All 

participants 

(n=118)   

Men   

(n=66)   

Women 

(n=52)   

  P-   

  valuea 

Ageb, median years (IQRc) 68 

(49-75)  

67  

(49-74)  

70  

(46-78)  

  0.35d 

Age categories         0.19e 

18-29 years, n 12  7  5   

30-69 years, n 51  33  18   

>70 years, n 55  26  29   

Weight, mean, kg (SD) 78.8 (20.4)  83.7 (20.6)  72.7 (18.5)    0.003f 

Height, mean, m (SD) 1.72 (9.9)  1.78  1.64  <0.001f 

BMIg, mean, kg/m2 (SD) 26.5 (6.1)  26.2 (5.9)  26.8 (6.4)    0.60f 

Somatic wards n=101  n=57  n=44    0.40h 

Pulmonary Medicine, n 12 
 

7 
 

5 
  

Gastrointestinal Surgery, n 10 
 

7 
 

3 
  

Orthopaedic Surgery, n 10 
 

2 
 

8 
  

Oncology, n 9 
 

2 
 

7 
  

Rheumatology, n 9 
 

5 
 

4 
  

Geratric Medicine, n 8 
 

5 
 

3 
  

Cardiology, n 7 
 

5 
 

2 
  

Infectious Diseases, n 7 
 

6 
 

1 
  

Spinal Cord Injury, n 7 
 

5 
 

2 
  

Neurology, n 6 
 

4 
 

2 
  

Neurosurgery, n 6 
 

4 
 

2 
  

Ear Nose Throat & Eye, n 3 
 

1 
 

2 
  

Cardiothoracic Surgery, n 3 
 

2 
 

1 
  

Gynaecological Oncology, n 2 
 

0 
 

2 
  

Vascular-Breast-Endocrine Surgery, n 2 
 

2 
 

0 
  

Psychiatric wards n=17  n=9  n=8    0.77h 

Geriatric Psychiatry, n 9   5   4   
Nidaros District Psychiatric Center, n 5 

 
2 

 
3 

  
Special Ward 3 (Psychosis), n 3 

 
2 

 
1     

a Significance level p<0.05. 
b Mean age was 62 years. 
c Interquartile range (25th–75th -percentiles). 
d Mann-Whitney test between men and women.  
e Chi-square test between men and women. 

f Independent samples t-test between men and women.  
g Body mass index. 
h Linear-by-linear test between men and women. 
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4.2 Nutritional and oral health status among participants 

4.2.1 Malnutrition 

The nutritional status of the study patients is presented in Figure 4. In total, 43% were 

categorized as well-nourished (n=51), 51% as moderately malnourished (n=60) and 6% as 

severely malnourished (n=7) (Figure 4a). The categories moderately (B) and severely 

malnourished (C) are grouped together and presented as the total number of malnourished 

patients in the results of this thesis, and will be compared with the category well-nourished 

(A) (Figure 4b). Compared with well-nourished patients, malnourished patients were older 

(p=0.002), with a median age of 70 years versus 62 years for well-nourished patients. 

  

 

 

Regarding the scoring system of the PG-SGA (Figure 3, page 14), in total and 31% (both 

well- and malnourished) had a score in the range of 4-8 indicating a need for an intervention 

by a dietitian, and 38% (malnourished only) had a score >9 indicating a critical need for 

nutritional intervention and improved symptom management. 

Figure 4. Nutritional status in participants. a) Global rating category measured by the 

Patient-Generated Subjective Global Assessment (PG-SGA) (n=118). b) Category B and C are 

combined into one category representing malnourished patients. 
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Data from the patient-generated component of the PG-SGA were further analyzed in more 

detail. Most importantly, 15% of all patients reported a weight loss of 5% or greater the last 

month, and 36% reported weight loss during the past two weeks. Furthermore, 42% reported 

a reduced food intake the last month, and 51% reported having at least one problem that had 

kept them from eating enough during the past two weeks.  

Details of anthropometric measurements are presented in Table 5. Malnourished patients 

had lower values for all measurements. Regarding BMI categories, 46% overweight and 

38% obese patients were classified as malnourished, as were all underweight patients. 

According to the mid-arm muscle circumference (MAMC), five patients were classified as 

moderately malnourished and eight patients as severely malnourished. The PG-SGA 

classified all these 13 patients as malnourished (B or C). Furthermore, the physical 

examination in PG-SGA identified 12 of these 13 to have a mild to severe total body deficit. 

 

Table 5. Anthropometric measurements according to malnutritiona. 

  

All 

participants 

(n=118) 

 Well-

nourished (A) 

(n = 51)   

Malnourished  

(B or C)  

(n = 67)   

P-

valueb 

Weight, mean, kg (SD) 78.8 (20.4)  86.7 (17.5)  72.9 (20.4)  <0.001c 

BMId, mean, kg/m2 (SD) 26.5 (6.1)  28.7 (5.3)  24.7 (6.2)  <0.001c 

BMI categories   
    <0.001e 

Underweight (BMI <18.5), n 8  0  8   

Normal (BMI 18.5-24.9), n 43  12  31   

Overweight (BMI 25-29.9), n 35  19  16   

Obese (BMI >30), n 32  20  12   

MUACf, mean, cm (SD) 30.4 (5.0)  32.9 (4.6)  28.5 (4.4)  <0.001c 

TSFg, mean, mm (SD) 16.2 (7.3)  19.3 (7.8)  13.8 (6.0)  <0.001c 

MAMCh, mean, cm (SD) 25.3 (3.8)  26.9 (3.8)  24.2 (3.4)  <0.001c 

MAMC percentilesi        0.002e 

Severely malnourished (p5), n 8  0  8   

Moderately malnourished (p10), n 5  0  5   

Well-nourished (>p10), n 105  51  54   
a Measured by the Patient-Generated Subjective Global Assessment (PG-SGA). 
b Significance level p<0.05. 
c Independent samples t-test between well- and malnourished patients.  
d Body mass index. 
e Linear-by-linear test between well- and malnourished patients.  
f Mid-upper arm circumference. 

g Triceps skinfold thickness. 

h Mid-arm muscle circumference. 

i Limit values for malnutrition is set at the 5 and 10-percentile for severe and moderate malnutrition, 

respectively, from reference data by Symreng (86).  
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4.2.2 Hyposalivation 

The salivation status of the study patients is presented in Figure 5. In total, 19% of patients 

had hyposalivation (n=22). Six of the 22 patients with hyposalivation produced 0 ml of 

saliva during the test. The mean unstimulated salivary flow rate in study patients was 0.35 

ml/min. Compared with patients with low or normal salivation, patients with hyposalivation 

tended to be older (p=0.06), with a median age of 67 for patients with low and normal 

salivation versus 70 years for those with hyposalivation. 

 

 

 

 

4.2.3 Oral health problems 

Of the 118 patients, 93% were assessed as having at least one moderate or severe oral health 

problem (grade 2 or 3) by the ROAG-J (n=110). Eight patients had no problems (grade 0 or 

1), while number of problems in the remaining 110 patients ranged from 1 to 7. For the 

patients having one or more problems, the most frequently occurring number of problems 

was 3, assessed in 33 patients. Further details of the distribution are presented in Figure 6. 

Low/normal salivation

81 %

Hyposalivation

19 %

Figure 5. Salivary gland function in participants. Measured by the unstimulated salivary flow test.  

a) Salivation status of the participants (n=115). b) Normal and low salivation are combined into one 

category. 
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The number of individual oral health problems is presented in Table 6. The highest 

proportion of oral health problems in patients was found regarding teeth (67%), lips (66%), 

dentures (56%) and the tongue (53%), respectively. The most severe problems (grade 3) 

were within teeth and the oral mucosa. Unclean or poorly functioning dentures was found in 

56% of patients wearing dentures. Low saliva flow was the least frequent oral health 

problem, as only four patients were assessed to have increased friction when sliding the 

lower end of the plastic toothbrush along their buccal mucosa. All 22 patients identified with 

hyposalivation had at least one other oral health problem when assessed by the ROAG-J, 

with four problems being the most common.   

The present study also included self-reported data of oral health. Results are presented in 

Table 7. 

93%
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Figure 6. Oral health problems in participants. a) Number of problems measured by the 

Revised Oral Assessment Guide-Jönköping (ROAG-J) (n=118). A grade of 2 or 3 on one of the 

nine categories indicates a problem for that particular category. b) Patients with at least one 

problem are combined into one group. 

a b 
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4.2.4 Malnutrition, hyposalivation and oral health problems in individual 

wards 

An overview of the prevalence of malnutrition, hyposalivation and oral health problems in 

somatic wards, psychiatric wards and each separate ward is presented in Table 8. No 

differences between malnutrition, hyposalivation or oral health problems in somatic wards 

versus psychiatric wards were found (p-values between 0.38 and 1).

Table 6. Measureda oral health problems. 

  Problemb 

Grade 2  

Moderate changes 

Grade 3 

Severe changes 

Category n  % n n 

Voice 36  31 35 1 

Swallowing 18  15 17 1 

Lips 78  66 77 1 

Mucous membranes 46  39 34 12 

Tongue 62  53 61 1 

Saliva 4  3 4 0 

Gums 37  31 36 1 

Teethc 73  67 49 24 

Denturesd,e 14  56 13 1 
a By the Revised Oral Assessment Guide-Jönköping (ROAG-J), n=118.  

b A grade of 2 or 3 on one of the nine categories indicates a problem for that particular category, 

while a grade of 0 (not relevant to assess) or 1 (healthy condition) indicates no problems.  
c n= 109. 
d n=25.  
e Sixteen patients had partial dentures and 9 had complete dentures. Some participants had both 

dentures and teeth (n=16). 

Table 7. Self-reporteda oral health problems. 

 Yes 

Question n % 

1. Does the amount of saliva in your mouth seem to be too little? 35 30 

2. Do you have difficulties swallowing any foods? 24 21 

3. Does your mouth feel dry when eating a meal? 26 22 

4. Do you sip liquids to aid in swallowing dry foods? 50 43 

5. Are you bothered by dry mouth? 42 36 

6. Are you able to chew all kinds of foods? 101 86 
a Reported in the self-administered questionnaire on oral health. Missing data in one 

patient, n=117. 
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Table 8. Prevalence of malnutrition, hyposalivation and oral health problems in individual wards.a 

  

All 

participants 

(n=118)  

Well-

nourished 

(n = 51)  

Mal-

nourished

(n = 67)  

Low or 

normal 

salivation

(n = 67)  

Hypo-

salivation 

(n = 22)  

Without 

oral health 

problems 

(n =8)  

With oral 

health 

problems                 

(n = 110) 

Somatic wards, n 101  42  59  79  19  8  93 

Psychiatric wards, n 17  9  8  14  3  0  17 

Separate wards              

Pulmonary Medicine, n 12  3  9  9  3  12  0 

Gastrointestinal Surgery, n 10  2  8  7  2  10  0 

Orthopaedic Surgery, n 10  4  6  7  3  9  1 

Oncology, n 9  4  5  8  1  9  0 

Rheumatology, n 9  9  0  7  1  5  4 

Geriatric Psychiatry, n 9  3  6  7  2  9  0 

Geratric Medicine, n 8  0  8  5  2  8  0 

Cardiology, n 7  3  4  5  2  6  1 

Infectious Diseases, n 7  4  3  6  1  5  2 

Spinal Cord Injury, n 7  4  3  7  0  7  0 

Neurology, n 6  2  4  6  0  6  0 

Neurosurgery, n 6  4  2  5  1  6  0 

Nidaros District Psychiatric Center, n 5  4  1  4  1  5  0 

Ear Nose Throat & Eye, n 3  1  2  3  0  3  0 

Cardiothoracic Surgery, n 3  1  2  2  1  3  0 

Special Ward 3 (Psychosis), n 3  2  1  3  0  3  0 

Gynaecological Oncology, n 2  0  2  0  2  2  0 

Vascular-Breast-Endocrine Surgery, n 2  1  1  2  0  2  0 
a Malnutrition measured by the Patient-Generated Subjective Global Assessment (PG-SGA) and defined as PG-SGA B or C; hyposalivation measured by 

the unstimulated salivary flow test and defined as salivary flow rate <0.1 ml/min (missing data in three patients); oral health problems defined as at least 

one problem (grade 2 or 3) on one of the nine oral health factors examined in the Revised Oral Assessment Guide-Jönköping (ROAG-J).  
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4.3 Associations between oral health and malnutrition 

4.3.1 Hyposalivation and malnutrition 

Salivation status for patients categorized as well- versus malnourished are presented in 

Table 9. Among the 22 participants measured to have hyposalivation, 77% were categorized 

as malnourished compared with 53% in patients without hyposalivation (p=0.04). 

 

 

4.3.2 Oral health assessment and malnutrition 

Problems with different oral health factors were more common in malnourished patients 

(Table 10). This included problems regarding the lips, mucous membranes and teeth. Each 

category in the ROAG-J is graded, and the total score and number of patients scoring a 2 or 

3 at least once was higher in malnourished patients compared with well-nourished patients 

(p<0.001 for both). Problems with dentures tended to be more common in malnourished 

patients (p=0.08), as did the presence of less than 12 teeth in the mouth (p=0.07) when 

compared to those well-nourished.  

As shown in Figure 6a, eight of the 118 patients were assessed to have no oral health 

problems. All eight were well-nourished, whereas 67 of the remaining 110 patients with at 

least one oral health problem were malnourished (p=0.001). For the categories voice, 

swallowing, lips, tongue, gums and dentures, a grade of 3 (severe changes/problems) was 

given to malnourished patients only. The majority of patients who received grade 3 for the 

mucous membranes and teeth were also malnourished.   

Table 9. Hyposalivation according to malnutritiona. 

  

Well-nourished 

(A) (n = 51)   

Malnourished  

(B or C) (n = 67)   

P-

valueb 

Unstimulated salivary flowc     0.04 

Hyposalivation (<0.1 ml/min), n=22 5  17   

Low/normal salivation (>0.1 ml/min), n=93 44  49   
a Measured by the Patient-Generated Subjective Global Assessment (PG-SGA). 
b Chi-square test between well- and malnourished patients. Significance level p<0.05. 
c Missing data in three of 118 patients, n=115. 
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Table 10. Oral health problemsa according to malnutritionb. 

Categoryc 

Well-nourished 

(A) (n = 51)   

Malnourished  

(B or C) (n = 67)   

  P-   

  valued 

Voice, n 13  23    0.30e 

Swallowing, n 8  10    0.91e 

Lips, n 26  52    0.002e 

Mucous membranes, n 11  35    0.001e 

Tongue, n 25  37    0.50e 

Saliva, n 0  4    0.13f 

Gums, n 13  24    0.23e 

Teethg, n 25  48    0.001e 

Denturesh, n 2  12    0.08f 

Total scorei, median (IQRj) 11 (9-12)  12 (11-14)  <0.001k 

With oral health problemsl, n 43  67  <0.001f 
a Measured by the Revised Oral Assessment Guide – Jönköping (ROAG-J), n=118.  
b Measured by the Patient-Generated Subjective Global Assessment (PG-SGA). 
c Dichotomised categories, where a score of 2 or 3 indicates a problem for each of the nine 

categories. 
d Significance level p<0.05. 
e Chi-square test between well- and malnourished patients. 
f Fisher’s exact test between well- and malnourished patients.  
g n=109. 
h n=25. 

i Obtained by summarizing each grade (0, 1, 2 or 3) for all 9 categories, maximum 27 points. 
j Interquartile range (25th–75th -percentiles). 
k Mann-Whitney test between well- and malnourished patients. 
l Participants scoring a 2 or 3 at least once on the ROAG-J.      

 

4.3.3 Self-reported oral health and malnutrition 

The associations between oral health and malnutrition when the former was self-reported are 

presented in Table 11. Answering “Yes” to needing liquids to aid in swallowing dry foods 

and “No” to being able to chew all kinds of foods was associated with malnutrition. 

Answering “Yes” to being bothered by dry mouth tended to be associated with malnutrition.  

Among the seven patients categorized as severely malnourished (PG-SGA category C, 

Figure 4b), the majority answered “Yes” to questions 1-5 and “No” to question 6 (Table 11). 

With nutritional status divided into three categories (PG-SGA A, B and C), a linear 

association was found for perception of too little saliva in the mouth (p=0.047), dryness in 

the mouth while eating (p=0.038), needing liquids to aid in swallowing dry foods (p=0.009), 

being bothered by dryness in the mouth (p=0.016) and not being able to chew all kinds of 

foods (p=0.008). 
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Table 11. Self-reporteda oral health problems according to malnutritionb. 

Question   

Well-

nourished  

(A) 

(n = 50) 

Mal-

nourished 

(B or C)             

(n = 67) 

  P-  

  valuec 

1. Does the amount of saliva in your mouth seem to 

be too little?    

  0.23d 

Yese  12 23  
Noe 

 
38 44 

 

2. Do you have difficulties swallowing any foods?      0.30d 

Yese  8 16  
Noe 

 
42 51 

 

3. Does your mouth feel dry when eating a meal?      0.34d 

Yese  9 17  
Noe 

 
41 50 

 

4. Do you sip liquids to aid in swallowing dry foods?      0.02d 

Yese  15 35  
Noe 

 
35 32 

 

5. Are you bothered by dry mouth?      0.05d 

Yese  13 29  
Noe 

 
37 38 

 

6. Are you able to chew all kinds of foods?    <0.01d 

Yese  48 53  
Noe  2 14  
a Reported by the patients with the self-administered oral health questionnaire. Missing data in one 

of the 118 participants, n=117. 
b Measured by the Patient-Generated Subjective Global Assessment (PG-SGA). 
c Significance level p<0.05. 

d Chi-square test between well- and malnourished patients. 
e All cells contain number of participants answering “Yes” or “No” to each respective question.   

 

4.4 Medication intake 

4.4.1 Number of medications 

Medication intake in patients is presented in Figure 7. Median number of different 

administered medications on the day before the saliva test in patients was 5 (IQR 3-8). 

Polypharmacy, defined as taking >5 medications per day, was present in 53% of patients 

(n=55). Excessive polypharmacy, defined as taking >10 medications, was present in 14% of 

patients (n=16) (Figure 7b).  
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Figure 8. Number of medications per day according to salivary gland function. a) Boxplots 

show the number of different orally administered medications on the day before the saliva test for 

those without and with hyposalivation (n=118). Statistics were performed with the Mann-Whitney 

test, significance level p<0.05. b) Prevalence of hyposalivation in patients, shown according to 

medication intake grouped into three categories. 
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4.4.2 Associations between medication intake and hyposalivation 

The intake of orally administered medications per day was higher in patients with 

hyposalivation (median number 8) compared with patients without hyposalivation (median 

number 4) (Figure 8a). Furthermore, the prevalence of hyposalivation increased with 

increasing medication intake (Figure 8b). 

 

 

 

 

 

  

  

 

 

Figure 7. Medication intake in participants. a) Number of different medications administered 

orally in patients on the day before the saliva test (n=118). b) Concurrent use of multiple orally 

administered medications grouped into three categories.  
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Among the 22 patients with hyposalivation, 73% (n=16) received polypharmacy (>5 

medications). In patients without hyposalivation, polypharmacy was present in 48% (p=0.04 

compared with patients with hyposalivation). Excessive polypharmacy (>10 medications) 

was present in 36% of patients with hyposalivation and 9% of patients without 

hyposalivation (p=0.003).The most common medications in patients with hyposalivation 

were analgesics (16 patients), hypnotics (13 patients), antihypertensives (11 patients), 

cardiac medications (10 patients), anticoagulants (9 patients), antacids (8 patients) and 

nutritional supplements (8 patients).  

4.5 Nutritional risk and malnutrition 

4.5.1 Screening of nutritional risk at the hospital  

Results of the data collection process from patients’ nutritional risk screening in their 

medical records is presented in Figure 9. Out of all 118 patients, 21 had not been screened at 

the hospital during either the last seven days or the next seven days after consenting to 

participate in the study. Among the 97 patients screened with the NRS 2002 tool, 11 patients 

had a score of 3 or higher. In other words, 11% of the 97 participants screened at the 

hospital were found to be at nutritional risk.  

Some flaws in the hospital screening were detected. In eight patients, the formal screening in 

NRS 2002 had been performed even though the answer to all four questions in the 

introductory screening was “No”. In 21 patients, the formal screening had not been 

performed even though the introductory screening contained at least one “Yes”. In 30 

patients, many of the four introductory questions remained unanswered, e.g. 26 nutrition 

screenings contained three unanswered question. The only question answered in the majority 

of these 26 screenings was the first out of the four questions (“Is BMI <20.5?”), which was 

calculated automatically when the values of weight and height were registered. 
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4.5.2 Associations between malnutrition and nutritional risk 

In total, 67 of the study patients were categorized as malnourished (PG-SGA B or C). Of the 

67 patients with malnutrition, 58 had been screened for nutritional risk at the hospital. 

Among these 58 inpatients, 11 were screened to be at nutritional risk (score >3). The 

proportion of malnourished patients (PG-SGA B or C) screened and classified as at 

nutritional risk by NRS 2002 used at the hospital, was therefore 19%.  

All well-nourished patients (PG-SGA A) screened at the hospital were classified as not at 

nutritional risk by the NRS 2002, but the negative predictive value was 45%, meaning that a 

patient screened to not be at nutritional risk at the hospital had a probability of 55% of being 

malnourished.  

Number of medical records assessed for 

nutritional risk screening at the hospital  

 (n=118) 

 

Number of patients not screened 

during the last ±7 days after study 

inclusion 

(n=21) 

Patients screened for nutritional risk by  

NRS 2002 

(n=97) 

 

Patients assessed for nutritional risk by the 

formal screening in NRS 2002 

(n=35)a 

 

Patients with a score >3 and at nutritional risk 

(n=11) 

 

Patients with a score <3 and not at 

nutritional risk 

(n=24) 

 

Patients included in the study and screened 

with the PG-SGA 

 (n=118) 

 

Patients not at nutritional risk based 

on the introductory screening 

consisting of four questions 

(n=70) 

Figure 9. Nutritional risk screening of patients. Flow diagram showing number of patients at nutritional 

risk based on the Nutritional risk screening (NRS 2002) results collected from 118 medical records.  
a The formal screening was carried out in eight patients even though the answer was “No” to all four 

questions in the introductory screening. None of these patients got a score >3. 
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4.6 Logistic regression analyses 

4.6.1 Associations between oral health and malnutrition 

Oral health factors and their association with malnutrition according to binary logistic 

regression analyses is presented in Table 12. The four factors significantly associated with 

malnutrition in the univariate analyses were hyposalivation measured by the unstimulated 

salivary flow test, and problems with the lips, mucous membranes and teeth measured by the 

ROAG-J.  

 

Table 12. Odds ratiosa for malnutritionb in relation to oral health problems. 

 Unadjusted Adjusted, model 1c Adjusted, model 2c 

Independent 

variabled 

Odds ratio 

(95% CI)  

P-

valuee 

Odds ratio  

(95% CI) 

P-

valuee 

Odds ratio  

(95% CI) 

P-

valuee 

Hyposalivationf,g 3.05 

(1.04, 8.96) 

0.04 2.34 

(0.77, 7.10) 

0.13 2.26 

(0.74, 6.87) 

0.15 

Voice 1.53 

(0.68, 3.42) 

0.30 1.11 

(0.47, 2.61) 

0.82 1.05 

(0.44, 2.55) 

0.91 

Swallowing 0.94 

(0.34, 2.59) 

0.91 0.80 

(0.28, 2.31) 

0.68 0.85 

(0.29, 2.47) 

0.76 

Lips 3.33 

(1.51, 7.38) 

0.003 3.98 

(1.71, 9.25) 

0.001 4.22 

(1.78, 9.94) 

0.001 

Mucous 

membranes 

3.98 

(1.75, 9.05) 

0.001 4.50 

(1.86, 10.84) 

0.001 4.67 

(1.92, 11.36) 

0.001 

Tongue 1.28 

(0.62, 2.66) 

0.50 1.27 

(0.59, 2.72) 

0.54 1.22 

(0.57, 2.64) 

0.61 

Gums 1.63 

(0.73, 3.65) 

0.23 1.88 

(0.80, 4.42) 

0.15 1.85 

(0.78, 4.37) 

0.16 

Teethh 3.38 

(1.65, 8.94) 

0.002 3.65 

(1.53, 8.72) 

0.004 3.62 

(1.51, 8.72) 

0.004 

a Binary logistic regression. 
b Measured by the Patient-Generated Subjective Global Assessment (PG-SGA), n=118. 
c Model 1 adjusted for age, model 2 adjusted for age and gender. Age was entered as a conti-

nuous variable. Reference category for the dependent variable is well-nourished (PG-SGA A). 
d Hyposalivation measured by the unstimulated salivary flow test, and 7 dichotomised 

categories from the ROAG-J (no problem = 0 set as a reference).  
e Significance level p<0.05. 
f Statistics for the adjusted model 2 with hyposalivation as the independent variable: R2 = 0.10 

(Cox–Snell), 0.13 (Nagelkerke). Model χ2(3) = 12.04, p=0.007. Hosmer and Lemeshow 

goodness-of-fit statistic, p=0.90. 
g Missing data in three patients.  

h Missing data in nine patients. 
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Compared to patients without hyposalivation, patients with hyposalivation had 3.05 higher 

odds of malnutrition in the univariate analysis (95% CI 1.04-8.96). After adjusting for age 

and gender in model 2, the odds ratio (OR) decreased to 2.26 (95% CI 0.74-6.87). The 

variables included in the model explained 13% of the variance according to Nagelkerke’s R2. 

Problems related to the mucous membranes (OR 4.67), lips (OR 4.22) and teeth (OR 3.62) 

remained significantly associated with malnutrition after adjusting for age and gender 

(p<0.01 for all three categories). 

4.6.2 Associations between medication intake and hyposalivation 

By adjusting for age and gender, the number of orally administered medications per day was 

still significantly associated with increased risk of hyposalivation. The outcome of the final 

logistic regression model is presented in Table 13. As the number of different medications 

increased by one, the odds of hyposalivation increased with 22% (95% CI 1.05-1.42). Age 

also tended to be associated with risk of hyposalivation, as the odds increased by 4% with 

each unit increase in age (p=0.05). The variables included in the model explained 23% of the 

variance according to Nagelkerke’s R2. 

 

Table 13. Regression model predicting whether a patient had hyposalivationa based on medication 

intakeb. 

              

95% CI for Odds 

ratio 

Predictorsc B (SE)   P-valued   Odds ratio    Lower   Upper 

Number of medicationse 0.20 (0.08)  0.01  1.22  1.05  1.42 

Age 0.04 (0.02)  0.05  1.04  1.00  1.09 

Gender -0.52 (0.55)   0.35   0.60   0.20   1.76 

R2 = 0.14 (Cox–Snell), 0.23 (Nagelkerke). Model χ2(3) = 17.56, p=0.001. Hosmer and Lemeshow 

goodness-of-fit statistic, p=0.86.  
a Defined as an unstimulated salivary flow rate <0.1 ml/min (n=22).  
b One case excluded from the final model after analyzing the residuals (standardized residual of 

4.6) and influence statistics (Cook’s distance substantially larger than the rest at 0.6). Reason for 

case being unusual: recent abuse of drugs causing hyposalivation. N=114. 
c Number of medications and age were entered as continuous variables. Gender was coded as: 

male = 0, female = 1.  
d Significance level p<0.05. 
e Number of different medications administered orally on the day before the saliva test.  
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5 Discussion 

5.1 Methodology 

5.1.1 Nutritional assessment methods 

The tool used to assess malnutrition in this study was the PG-SGA, a widely used method 

that is quick and noninvasive. Originally developed for use in an oncologic setting and 

demonstrated to predict clinical outcomes in cancer patients (81,94–96), the PG-SGA can 

also be used as a prognostic tool in non-cancer patients (97–99). As such, it is not only 

applicable in an oncology setting but can be used in the general hospital setting as in the 

present study, where the tool was chosen primarily to diagnose malnutrition. The PG-SGA 

has recently been shown to be one of the few assessment tools that covers all three domains 

within the definitions of malnutrition as defined by ESPEN (4) and the American Society for 

Parenteral and Enteral Nutrition (1) (ASPEN) (100). The domains include 1: nutrient 

balance; 2: body weight, body area and body composition; 3: function. PG-SGA Category B 

or C were also recently added as criteria for malnutrition in the Norwegian edition of ICD-

10 in 2019 (101). 

Compared to a number of other screening tools, PG-SGA can not only be used for early 

detection of malnutrition, but has been described as a 4-in-1 instrument capable of both 

screening patients, assessing nutritional status, triaging interventions and monitoring 

intervention outcomes (80). The screening tool NRS 2002 used as a St. Olavs hospital on the 

other hand, was not designed as an assessment instrument capable of diagnosing 

malnutrition, but as a tool to identify patients at nutritional risk and in need of nutritional 

support (87). NRS 2002 is quick and easy to use, making it an ideal tool in the hospital 

setting when the goal is to identify patients at nutritional risk (102). The national guidelines 

specify that all patients are to be screened when admitted to a hospital (7), and as such, 

information on the patients was collected from the medical records of the hospital NRS 2002 

screening, in order to assess whether participants categorized as malnourished by the PG-

SGA had been screened to be at nutritional risk.   
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The most recent Norwegian version of PG-SGA was used in the present study. This version 

has been translated and culturally adapted, and the previous version was shown to have a 

clear comprehensibility and to be easy to complete by a group of cancer patients (103). A 

qualitative study in a group of cancer patients showed that the majority had no problems 

understanding how to complete and fill out the questionnaire (104). A few challenges were 

noted, however. Patients tended to read and respond quickly to some of the questions, 

resulting in them not noticing which time period the questions were referring to when asking 

about changes in food intake. To overcome this and hopefully minimize response errors in 

the present study, each patient had the opportunity to ask the master student questions if 

anything was unclear. When collecting each form, the answers were also briefly reviewed by 

the student to see if any questions were unanswered or incorrectly filled out. All of the 

physical examinations performed as part of the professional component was carried out by 

the master student, strengthening the reliability of the assessments. 

Additional measurements were taken for both TSF thickness and the MUAC when 

performing the physical examination in PG-SGA, in order to obtain an objective measure of 

muscle mass in the form of the MAMC. The measurements of TSF thickness and the 

MUAC were chosen as they are quick to perform and can easily be completed by the 

bedside of patients (105). Although not as accurate as a method such as bioelectrical 

impedance analysis (BIA), MAMC is a non-invasive and inexpensive method that can 

function as an early indicator of depletion of muscle protein stores. Lower values have been 

associated with increased risk of mortality in different clinical and public health settings 

(106), and reference values can be used to classify patients as moderately or severely 

malnourished (19). In support of obtaining an objective estimation of muscle mass, a recent 

study found low agreement between PG-SGA global category and reduced fat free mass 

index (FFMI) measured by BIA in patients with colorectal cancer (107). Only 50% of 

patients with a low FFMI were categorized as malnourished. The authors further found that 

the physical examination in the professional component was not sensitive enough to detect 

muscle mass depletion, particularly in overweight and obese individuals. The authors 

concluded by recommending that the PG-SGA should be supplemented with a method 

capable of assessing muscle mass in order to identify low FFM in their patient group.  

Portable weight and height scales were brought to each ward in order to obtain standardized 

weight and height measurements. When measurements could not be performed at the ward, 
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data were collected from the medical journals in order to obtain data of all patients. The 

BMI could then be calculated for each patient. A BMI under 18.5 kg/m2 is the cut-off for 

underweight as advocated by the WHO and one of the accepted criterions by ESPEN to 

diagnose malnutrition (4,84). The BMI value does however not differentiate between 

subcutaneous fat, visceral fat and fat free mass, and studies utilizing computed tomography 

have demonstrated that sarcopenic patients classified as overweight or obese may have an 

equally low muscle mass as underweight patients (108,109). The BMI may therefore not be 

sensitive enough to detect muscle mass depletion. By measuring weight and height however, 

the BMI classification of the participants could be used to explore the relationship with the 

PG-SGA, e.g. how many malnourished patients were classified as overweight and obese. 

5.1.2 Oral health assessment methods 

Sialometry is a commonly used method in academic settings, as it is a non-invasive and 

reliable method that can identify patients with salivary hypofunction (110). The method is 

also used among dentists to identify patients with salivary gland disorders and 

hyposalivation(110). In the present study, the unstimulated salivary flow test was performed 

by using the spit method, as the draining method where patients drools into a funnel is often 

perceived as unpleasant (46). Unlike the draining method were saliva is crystal clear, 

however, the sample tends to be somewhat opalescent with the spit method, indicating that 

the sample is not performed completely unstimulated and may somewhat overestimate the 

salivary flow rate. A standardized protocol was followed by the study nurses performing the 

test. Standardization is important, as small deviations from a standard can lead to large 

differences in volume (42). Unstimulated saliva is significantly influenced by different 

factors such as the position of the body, temperature, previous stimulation, hydration status 

and time of day. Except for after an overnight fast, the best time for collecting saliva is said 

to be between 08.00-11.00. Because of the study design and the study nurses’ schedule, 

most collections were made between 08.00-12.30. It is recommended that patients should 

refrain from eating or drinking preferably 90 minutes prior to the test (34), but due to the 

hospital setting and design of the study 30 minutes were chosen as a minimum, as having 

patients refrain from putting anything in their mouth for one and a half hours or more would 

not be feasible. The collection time was set to 5 minutes, which is the minimum time for 

obtaining reliable results. Ten to fifteen minutes would have been even better, but since the 
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anthropometric measurements (weight and height) and the ROAG-J had to be performed 

after the saliva test this would have added too much time to each patient visit.  

The ROAG-J assessment covers a wide range of oral health factors, can be used by the 

hospital bed and is relatively easy to use. Other alternative tools such as the Oral Health 

Assessment Tool (111) is also available for assessing oral health, but in Sweden, the ROAG 

is commonly used within daily nursing care (112) and has been demonstrated to be a useful 

tool for identifying oral health problems in geriatric patients (56). It has also been shown to 

have a moderate to very good inter-rater reliability for all categories, with a high percentage 

agreement between a registered nurse and a dental hygienist in all categories (70-91%) 

except for the combined category of teeth/dentures (58%) (90). The study nurses in the 

present study received training from a dentist in the form of a lecture, training session and 

assistance at the first ward. Most of the assessments (80-85%) were carried out by one of the 

study nurses, and a visual guide consisting of oral pictures matched to the different gradings 

in ROAG was also brought to each ward. A previous study showed that the inter-rater 

reliability for all the categories was considered either poor or fair according to Cohen's 

Kappa coefficient (113), but nurses performing the assessment received no training prior to 

study start. High intra-rater reproducibility was observed between community health 

workers (CHW) in another study for all categories except saliva, teeth and dentures (114). In 

addition, CHWs and a dentist independently evaluated individuals in order to assess the 

validity, showing a good specificity for all categories (range 0.69 to 0.98) and a good 

sensitivity for most categories (1.0 for swallow) except oral mucosa (0.33), lips (0.25) and 

saliva; the saliva test performed using a gloved finger had a sensitivity of only 0.17, and a 

sensitivity of 0 when performed with a mouth mirror (114).  

The self-administered questionnaire used in the present study was developed by combining 

several questions from HUNT4 questionnaires and the literature, such as the four simple 

yes/no questions (Table 7) from the questionnaire by Fox et al. (38) intended for use in 

detecting hyposalivation. More comprehensive questionnaires to assess dry mouth have been 

developed and would have been valid alternatives to the four selected questions, such as the 

Xerostomia Inventory, consisting of an eleven-item summated rating scale assessing the 

severity of xerostomia (39). In the end, the questions from Fox et al. were chosen based on 

their simplicity, strong association with hyposalivation and relevance with regard to 

nutrition related problems (e.g. “do you sip liquids to aid in swallowing dry foods”). 
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Considered the most important risk factor for dry mouth, medication use was collected from 

the medical journals by the master student. For every patient, information on orally 

administered medications ingested on the day before the saliva test were written down and 

transferred to WebCRF. As such, this provided a comprehensive snapshot in time of what 

the patients were ingesting and the overall number of different medications. Some 

limitations with this approach are apparent, as the hospital setting could result in an 

increased number and type of prescribed medications compared to the out-of-hospital 

situation. At the same time, depending on the time of admission and the xerogenic effect of 

each medication, some medications may not have been ingested long enough to have an 

effect on the salivary output. 

5.1.3 Study design and generalizability 

The cross-sectional study design is advantageous in that it provides a relatively quick 

method when combined with the validated instruments to assess the prevalence of 

malnutrition and oral health problems at the hospital. Associations between any of the 

collected variables can be described, but at the same time no causality can be inferred since 

temporality is not known, i.e. malnutrition and an oral health factor may be associated but 

since the outcomes were measured simultaneously it is difficult to infer whether one or the 

other came first.  

All data were plotted into WebCRF. In this database, each physical questionnaire had been 

converted into digital questionnaires consisting of checkboxes, radio buttons and text fields 

prior to study start. This allowed for easy transfer of data into a digital form, and greatly 

minimized the risk of errors when transferring the dataset to SPSS for statistical analysis.  

Based on previous studies (56,57), a sample size of >100 was preferred. Of the 188 patients 

asked to participate in the study, 130 ended up consenting and 118 ended up completing the 

assessments (Figure 2). Almost 150 patients could not be included due to either disease 

isolation, hospital discharge/transfer or exclusion as a result of talking with the nurses at the 

wards. As no information about the excluded patients was available, this is a limitation of 

the study since these patients could have differed from the ones who were included 

(selection bias). Still, the several included wards in the study are a major strength, as the 

study ended up including patients from 18 different wards. A wide variety of patients with 

different diseases were therefore assessed, including patients from both somatic and 
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psychiatric wards, meaning the results of the assessments should have good generalizability 

to the hospital as a whole. 

5.2 Discussion of results 

5.2.1 Prevalence of malnutrition and oral health problems 

According to the PG-SGA Global rating results obtained in this study, 57% of a sample of 

118 hospitalized patients were malnourished. The highest prevalence was found in the wards 

of Geriatric Medicine, Gynaecological Oncology and Gastrointestinal Surgery, respectively. 

The unstimulated salivary flow test showed that 19% of patients had hyposalivation, with 

the highest prevalence found in the wards of Gynaecological Oncology, Cardiothoracic 

Surgery, Orthopaedic Surgery, Geriatric Medicine and Cardiology, respectively. According 

to the ROAG-J assessment, oral health problems were found in 93% of patients. In 14 of 18 

wards all patients were found to have problems. The most frequent oral health problems 

were related to lips, teeth and the tongue, respectively. Subjective oral health problems were 

also reported, with the most prevalent problems being the need to sip liquids to aid in swall-

owing dry foods in 43% of patients and being bothered by dry mouth in 36% of patients. 

Considering the number of malnourished patients in hospitals ranges from 20-60%  

(10,115), the number of patients with malnutrition in the present study was relatively high. 

In comparison to recent studies in Norwegian hospitals it was even higher, with estimates of 

malnutrition or risk of malnutrition usually reported to 30% (11,12). In hospitalized patients 

with a mean age of 80 years compared to 62 years in the present study, the prevalence of 

patients at nutritional risk was reported to be 45% (14). Studies performed over a decade ago 

reported estimates between 50-75% (13,116), among them a study performed at St. Olavs 

hospital in cancer patients where 65% of patients were malnourished (73). In the present 

study the prevalence was 55% in the ward of Oncology, albeit with a smaller sample size.  

In comparison to a previous study performed at the hospital where 41% reported problems 

that had kept them from eating enough during the past weeks (72), a slightly higher pro-

portion of patients (51%) reported problems in the present study. Weight loss during the last 

two weeks was reported in 36% of patients, similar to a point-prevalence study performed at 

Oslo University Hospital and University Hospital of Northern Norway where 37% of 
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patients reported losing weight within the last three months (11). The high prevalence of 

weight loss and problems related to food intake in patients indicate a great need for 

nutritional support, and by calculating the PG-SGA total score is was found that 69% of 

patients in the present study were in need for a nutrition intervention by a clinical dietitian. 

Unsurprisingly, all anthropometric measurements were lower in malnourished patients. 

Every underweight patient (BMI <18.5 kg/m2) was malnourished, but of the 67 

malnourished patients only 8 were underweight, indicating that routine weighing alone is not 

sufficient to detect malnourished patients. Malnutrition was common in overweight and 

obese patients too, with 24% of patients with BMI >25 kg/m2 classified as malnourished. 

This is in line with a previous study at Haukeland University hospital, where 23% of 

overweight and obese patients were found to be at nutritional risk (12). According to the 

reference values for the MAMC (86), all 13 malnourished patients (below the 10-percentile) 

were classified as malnourished by the PG-SGA. This is in contrast to Ræder et al. (107), 

where 50% of cancer patients with low FFMI were classified as malnourished by the PG-

SGA. Although MAMC is not an ideal measurement of fat free mass, it can be used as a 

surrogate of total body muscle mass and has been shown to correlate well (r = 0.54) with 

dual-energy X-ray absorptiometry measured lean body mass in hemodialysis patients (117). 

A high agreement was therefore found in the present study between the PG-SGA and low 

muscle mass in patients with a variety of diseases. In addition, of the 13 patients classified 

as malnourished according to the MAMC, 12 were identified to have a mild to severe total 

body deficit (score 1-3) by the physical examination in PG-SGA, with only one patient 

below the 10-percentile classified as having no deficit (score 0).  

One in five patients were measured to have hyposalivation, in line with the range of 5-47% 

estimated in older institutionalized and non-institutionalized adults (47). Few studies have 

been performed on hospitalized patients, however. One study reported a prevalence of 17% 

and 27%  in hospitalized elders for unstimulated and stimulated saliva, respectively (62). 

Another study in long-term hospitals found 43% of patients to have hyposalivation, 

measured by the stimulated salivary flow test (118). A third study also measured stimulated 

saliva, and reported hyposalivation in 58% of hospital patients (119). Although the 

prevalence was under twice as low in the present study, the result was similar to the first 

study measuring unstimulated saliva. Still, the number of patients with reduced salivary flow 

may have been underestimated due to the aforementioned problem with the unstimulated 
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spit method possibly causing some stimulated saliva to be secreted in the collecting vessel. 

In line with the salivary test result, 21-43% of the patients answered “Yes” to one or more of 

the four questions from Fox et al. (38) (Table 7). This is also within the known range of 20-

40% for xerostomia prevalence in institutionalized and non-institutionalized adults, where 

older adults tend to lie toward the higher end of the range (33,46). Together with the salivary 

flow test, these results indicate that dry mouth is a common problem at the hospital.   

The main finding from the assessment performed by the study nurses (ROAG-J) was that 

93% of all patients had moderate or severe oral health problems. This is higher compared to 

many other studies, where the prevalence in the elderly has been reported in the range of 29-

85% (56,57,59,112,120,121). Contrary to the prevalence of hyposalivation and xerostomia 

in the present study, only 3% of patients were evaluated to have a low saliva flow by the 

ROAG-J. This finding was similar to a recent study where the prevalence was 

approximately 5% in individuals receiving elder care (112), but in contrast to previous 

studies where the prevalence in elderly patients ranged from 19-64% (56,57,120). There 

may be several reasons for this, e.g. different populations or varying degrees of experience 

with the assessment in staff conducting the examination. Another explanation is 

methodological differences, as the instrument used to evaluate saliva in the present study 

was a plastic toothbrush, used by sliding its lower end against the buccal mucosa in patients. 

A mouth mirror or spoon is also recommended (91), which may adhere more strongly to the 

mucosa due to the larger surface area. Despite this, the mirror method has been shown to 

have lower sensitivity (0) compared to evaluating saliva with a gloved finger (0.17) when 

trained community health workers and a dentist performed independent oral examinations 

(114). Excluding the mirror method, the gloved finger method still had the lowest sensitivity 

out of all categories in the ROAG-J. Another study showed moderate inter-rater agreement 

between a trained registered nurse and a dental hygienist using the mouth mirror (90), 

indicating that staff performing the saliva flow evaluation should be aware of these 

discrepancies and receive sufficient training and education beforehand.  

The remaining oral health problems measured by the ROAG-J ranged from 15% 

(swallowing) to 67% (teeth). Problems related to the lips were found in 66% of patients, a 

relatively high proportion as findings from other studies have ranged from 5-29% 

(56,112,120,122), with the exception of Andersson et al. who reported a prevalence of 55% 

(57). The most severe problems were found regarding the teeth, with 20% of patients 
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receiving a grade of 3 and found to have plaque/generalized debris or severely damaged 

teeth. This is concerning, as poor teeth status may cause pain, loss of self-esteem and 

dysfunction (123). In patients with hyposalivation the situation is even worse, as the reduced 

salivary output can lead to a rapid worsening of caries development, tooth loss and 

eventually edentulism if not treated (37). 

5.2.2 Associations between oral health problems and malnutrition 

When studying the association of malnutrition and poor oral health in hospitalized patients, 

this study found a positive association between malnutrition and the presence of at least one 

oral health problem. Poor nutritional status was furthermore associated with several 

individual oral health factors. Specifically, hyposalivation and problems with the lips, oral 

mucosa and teeth were associated with malnutrition. When adjusting for age and gender, 

associations for all problems except for hyposalivation remained significant. In addition, 

malnutrition was higher in patients reporting a need to sip liquids to aid in swallowing dry 

foods and in patients who reported not being able to chew all kinds of foods. Taken together, 

these findings reveal that oral health may be a neglected health area for many patients at the 

hospital and that oral health assessments should be included in the general care of patients. 

Three in four patients with low unstimulated salivary flow rate were malnourished, 

compared to two in four patients without hyposalivation. This indicate that malnutrition is 

prevalent in hospital patients with reduced salivary gland function, and that hyposalivation is 

a risk factor for poor nutritional status. Patients with hyposalivation had 3.1 higher odds of 

malnutrition compared with patients without hyposalivation, but after adjusting for age and 

gender in logistic regression analyses the association disappeared (OR 2.26, 95% CI 0.74-

6.87). However, the wide confidence interval suggests that there may still be an association, 

but that the sample size was too small in order to detect a significant difference. 

Unfortunately, few other studies in Norwegian hospitals have measured salivary gland 

function of inpatients, making comparisons difficult. Dormenval et al. found that 

malnutrition (defined as BMI <21) was more common in Swiss hospital patients with 

hyposalivation compared to those without (62), and Srinivasulu et al. found a significantly 

decreased stimulated salivary flow rate in malnourished (mean 0.5 ml/min) compared to 

well-nourished (mean 0.9 ml/min) institutionalized Indian elderly assessed with the MNA 

screening tool (124). In elderly and in visually impaired elderly Thai, subjects with 
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hyposalivation had significantly lower scores when assessed with the MNA (125,126). 

Among Finnish elderly assessed with the MNA, however, no relationship was found 

between malnutrition and hyposalivation (OR 1.3, 95% CI 0.5–3.9) (127). The researchers 

noted that saliva was collected at different times of the day, and this may have affected the 

results since circadian rhythms are known to influence the secretion of saliva, with the 

highest values obtained in the afternoon (128).  

The strongest associations with malnutrition was found for problems with the oral mucosa, 

lips and teeth, respectively. It is plausible that a compromised oral status with mucosal sores, 

cracked/ulcerated lips or poor dental status can contribute to a reduced food intake, and 

these findings are in accordance with previous studies assessing oral health with the ROAG, 

where problems with the oral mucosa (120), lips (56,120) and teeth (120) were found to be 

associated with malnutrition. However, in contrast to the present study these studies reported 

associations for some of the remaining six categories too. Andersson et al. found problems 

related to the voice, swallowing function, tongue and saliva flow to be associated with 

malnutrition in the elderly patients (56), and Lindmark et al. found associations for all the 

nine categories in elderly adults (120). Surprisingly, the strongest association with 

malnutrition in these two studies was found for swallowing function, the category which had 

the weakest association in the present study. Poor oral status is known to adversely affect 

swallowing in older individuals, as wearing dentures or having dry mouth can impair the 

swallowing process (129). Indirectly, problems with the teeth can impair swallowing too by 

affecting chewing ability. As such, it would be expected that patients with swallowing 

difficulties had higher risk of malnutrition considering the high proportion of oral health 

problems and especially teeth-related problems in the study. The inter-rater agreement and 

sensitivity for swallowing in the ROAG-J has been demonstrated to be very good (90,114), 

but it is possible that identifying patients with problems still requires a more thorough 

evaluation. According to the assessment, 18 patients had trouble swallowing. In contrast, 24 

patients reported having difficulties swallowing foods in the self-administered questionnaire 

on oral health, although no differences were found between malnourished and well-

nourished patients there either. Differences were found regarding the need to use liquids to 

aid in swallowing dry foods, so one possible explanation may be that malnourished patients 

compensated for a reduced swallowing function by utilizing liquids to make the chewing 

and swallowing process easier. As such, they may not have felt the need to report any 

problems with swallowing foods. The higher need to sip liquids when eating dry foods in 
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malnourished patients compared to well-nourished patients further indicated that saliva 

production was reduced, and was consistent with the results from the unstimulated salivary 

flow test. Problems in the saliva flow assessment in the ROAG-J was however not 

associated with increased risk of being malnourished in the present study, in contrast to all 

three aforementioned studies (56,57,120) where one of them reported an OR of 2.7 between 

saliva problems and risk of malnutrition (57). This again reinforces the importance of 

sufficient training and appropriate assessment instruments, as discussed in section 5.2.1. 

Only 25 patients wore partial or complete dentures, but of the 14 patients assessed to have 

problems with them the majority were malnourished. Poorly fitted dentures or denture 

discomfort because of dry mouth can make eating difficult, and problems related to dentures 

showed the strongest association with malnutrition in a study in nursing home residents (65). 

Although the sample size was much smaller, the present study indicates that increased 

attention should be given to elderly patients wearing dentures at the hospital.  

5.2.3 Medication intake and hyposalivation 

By obtaining data from the medical records, the median intake of orally administered 

medications per day was found to be 5, with polypharmacy (>5 medications per day) present 

in 53% of patients. The high prevalence of polypharmacy was expected, since median age of 

included participants was 68 years and use of multiple medications is common in older 

populations with multimorbidity (53). In line with previous studies, medication use was 

more prevalent in patients with hyposalivation (127,130). Since age and gender are known 

to influence the salivary output, i.e. older people and women commonly produce less saliva 

(34), a regression model adjusting for these confounding variables was constructed. The 

association between medication use and hyposalivation remained, indicating that the number 

of different medications was an independent risk factor for low saliva production in patients. 

Increasing age tended to be significant in the model. Several studies have also investigated 

the association between xerostomia and medication exposure, and found that the incidence 

and prevalence of self-perceived dry mouth are strongly associated with number of 

medications (52,131,132).  

However, due to the complex relationship between medication exposure and dry mouth the 

result in the present study should be interpreted with caution. Analgesics, hypnotics, 

antihypertensives, cardiac medications, antacids and nutritional supplements were the most 
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commonly used medications in patients with hyposalivation, and each category is known to 

be associated with dry mouth (36,45,50). Even so, associations between the overall number 

of medications taken and hyposalivation does not reveal which medications are actually 

responsible for the dry mouth (47). Unknown drug-drug interactions complicate things even 

further, as polypharmacy can cause dry mouth independent of each medications xerogenicity 

(51). Furthermore, it can be difficult to assess whether medications or the underlying disease 

conditions are the causative factor.  

Still, with so many categories of medications associated with xerostomia and with 

hyposalivation known to be associated with most of the common medication classes (133), 

increased attention should be paid to medications’ impact on oral health in order to identify 

patients at risk for dry mouth. Not all persons with hyposalivation will experience 

xerostomia, and patients with xerostomia may underestimate their symptoms. Consequently, 

the problem can go unnoticed unless healthcare professionals choose to ask the patients 

about their symptoms. Particular attention should be given to older patients and patients 

receiving polypharmacy, especially when the number of medications exceeds ten (Figure 

8a). Once diagnosed, appropriate treatment requires an understanding of the underlying 

cause(s), i.e. whether the cause is medication-related, the result of a health condition, or 

related to something else (36). Given the many adverse effects of dry mouth, a multi-

disciplinary approach adapted to the individual needs of each patient is recommended (133). 

5.2.4 Nutritional screening at the hospital 

Of the 67 patients categorized as malnourished by the PG-SGA, 9 had not been screened at 

the hospital. Of the 58 malnourished patients that had been screened, 11 (19%) were found 

to be at nutritional risk and 47 (81%) were found to not be at nutritional risk by the hospital 

screening. In other words, four out of every five malnourished patients were not identified as 

at nutritional risk when screened at the hospital. Upon examination of the screening forms in 

the medical records several flaws in the screening process were detected. Tangvik et al. has 

pointed out the heterogeneity of patients at nutritional risk, suggesting that identification of 

patients at risk is not possible without performing a nutritional risk screening or assessment 

according to guidelines (12). Identification of patients at nutritional risk is furthermore a 

prerequisite for initiation of individualized nutritional support. No data were collected on the 

number of referrals to a dietitian in the present study, but because of the low prevalence of 
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patients being assigned diagnosis codes for malnutrition at the hospital in 2006-2009 (74) it 

is likely that many patients are underdiagnosed and undertreated. In a study performed at 

Haukeland University Hospital, only 53% of patients at nutritional risk received nutritional 

treatment and 5% were seen by a dietitian (134). Data from nutritionDay 2014 showed that 

59% of malnourished patients at Oslo University Hospital and University Hospital of 

Northern Norway did not receive any nutritional treatment (11). 

A randomized clinical trial recently found strong support for systematic screening of 

nutritional risk and subsequent initiation of nutritional support in hospital patients at-risk 

(135). Compared to patients receiving standard hospital food, patients receiving 

individualized nutritional support to reach caloric and protein goals had better quality of life 

and lower risk of adverse outcomes. In the present study, the finding that few malnourished 

patients were detected by the hospital screening is concerning and suggests that factors 

affecting food intake and causing poor nutritional status are less likely to be identified. Oral 

problems were shown to be very common in patients and associated with malnutrition, 

adding support to the body of evidence suggesting poor oral health to be an important risk 

factor for poor nutritional status. As with nutritional interventions, oral health interventions 

have also been demonstrated to have an effect. Screening for oral health problems in 

geriatric patients was performed using the ROAG and followed by taking measures when 

problems were detected (136); the prevalence of problems was found to be significantly 

lower at discharge (51%) compared to at admission (86%). In elderly home care clients who 

had xerostomia and were malnourished or at risk of malnutrition, a combined nutritional and 

xerostomia counseling intervention resulted in a 30% decrease in xerostomia and a 61% 

decrease in malnutrition or risk of malnutrition (137).  

In the hospital setting, the responsibility for screening patients for nutritional risk falls upon 

the nurses. Routines in nutritional practice among nurses and doctors in Norway were 

demonstrated to have improved from 2004 to 2014, but several barriers to nutrition therapy 

including nutritional screening were still prevalent (138,139). The findings from the present 

study supports this and may therefore serve to increase awareness around nutrition-related 

challenges at the hospitals. In addition, the findings suggest that increased attention should 

be given to oral health problems, and that the relationship between malnutrition and poor 

oral health in hospital patients may be underappreciated. 
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6 Conclusion 

This thesis explored the nutritional and oral health status in 118 patients from 18 different 

wards at St. Olavs hospital. Malnutrition and oral health problems were prevalent, with  

• one in two patients found to be malnourished 

• one in five patients measured to have hyposalivation 

• nine in ten patients assessed to have at least one oral health problem  

• one in three patients reporting having a dry mouth.  

Hyposalivation and problems regarding the lips, oral mucosa and teeth showed the strongest 

association with malnutrition. By assessing the number of orally administered medications 

per day, medication intake was found to be positively associated with hyposalivation. 

Several study patients had not been screened for nutritional risk at the hospital, and only one 

in five malnourished patients were found to be at nutritional risk when they had been 

screened. As such, nutritional practice was poor. In summary, these findings add to the 

growing body of evidence showing that malnutrition is a serious problem in hospitalized 

patients, and demonstrates that oral health problems are very common and associated with 

poor nutritional status in a Norwegian hospital.  

The implications are several. Since individualized nutritional support is demonstrated to 

improve clinical outcomes in hospital patients at nutritional risk, the high prevalence of 

malnutrition and poor nutritional screening practice strengthens the findings from previous 

studies and show that an improvement in nutritional routines is needed. More attention 

should also be directed towards oral health problems and their relationship with malnutrition 

in the hospital setting, particularly in the elderly and in patients receiving polypharmacy. 

Assessment of oral health status should be included as a natural part of nursing practice, and 

dietitians should also be able to evaluate the oral health of patients when performing 

nutritional assessments. Presuming sufficient education and training is given, a screening 

tool like the ROAG-J appears to be a useful tool for assessing oral health. In conclusion, 

there is a need for more research to investigate the prevalence of oral health problems in 

hospitals, and the relationship between nutritional status and oral health should be explored 

further in future studies. 
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Appendix 5. Biobanking consent form 
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Appendix 6. The Patient-Generated Subjective Global 

Assessment (PG-SGA) 
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Appendix 7. Data collection form for medical records (NRS 

2002, medication use) 
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Appendix 8. Standardized protocoll for the saliva test 
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Appendix 9. Assessment form used by study nurses 
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Appendix 10. The Revised Oral Assessment Guide-

Jönköping (ROAG-J) 
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Appendix 11. Equipment used for performing the ROAG-J 

assessment 

 

- Digital timer 

- Vaselin (for application on lips) 

- Disinfectant wipes 

- Flashlight 

- Disposable plastic toothbrushes 

- Medical gloves 

- Also depicted: Two forms (assessment form, the ROAG-J), medical forehead 

thermometer, Sarstedt tube 
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Appendix 12. The self-administered questionnaire on oral 

health 

 



81 

 

 

 





 

 

 


