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Abstract

:

Malnutrition is associated with accelerated loss of physical function in old adults, but the assessment of malnutrition in primary prevention is challenging. This study aimed to investigate if malnutrition risk factors; poor appetite, dysphagia, and poor dental state, were associated with reduced physical function in community-dwelling adults ≥80 years. The study is based on data from two cross-sectional studies. Physical function was assessed by the Short Physical Performance Battery (score ≤ 9 indicate reduced physical function) and poor appetite, dysphagia and poor dental status was assessed by single questions. A total of 900 participants were included (age 85.1 ± 3.7 years; 60.9% females; 62.8% had reduced physical function). Participants with reduced physical function were older, had a higher BMI, more polypharmacy, more falls, and lower quality of life. Poor appetite was reported by 10.8% and associated with reduced physical function (adjusted-OR 1.93, 95%CI 1.18–3.15). No association was identified between dysphagia, poor dental state and reduced physical function (adjusted-OR 0.96, 95%CI 0.53–1.75 and adjusted-OR 0.99, 95%CI 0.41–2.35, respectively). The assessment of appetite during primary preventive strategies was feasible and may offer an opportunity for identification of very old community-dwelling adults at risk of reduced physical function.






Keywords:


appetite; physical function; weight loss; malnutrition; ageing; prevention












1. Introduction


The European population of adults ≥80 years is projected to undergo a dramatic two-and-a-half-fold increase by year 2100 [1]. Older age is associated with reduced physical function and increased risk of functional dependency [2,3], which translates into greater need for external support [4] and health care costs [5]. To limit the consequences of the ageing population on health care systems, prevention of loss of physical function in community-dwelling adults is a target of primary preventive strategies. Malnutrition, defined as insufficient intake or uptake of nutrition (energy and/or nutrients, e.g., protein), plays a central role in the accelerated decline in physical and mental function with ageing [6]. Malnutrition leads to altered body composition with loss of fat free mass and is associated with multiple negative health outcomes including increased risk of falls, frequent hospitalizations, longer recovery, increased need for in-home services, and reduced quality of life [7,8,9]. In addition, malnutrition may increase risk of geriatric syndromes such as sarcopenia, sarcopenic obesity and physical frailty [10,11,12,13]. In a recent systematic review, the pooled prevalence rate of malnutrition was 8.5% in European community-dwelling adults ≥65 years and the prevalence increased with increasing age [14]. Malnutrition has a multifactorial etiology and is characterized by multiple risk factors that may affect the desire or ability to eat an adequate diet, increase the risk of unintentional weight loss and ultimately translate into malnutrition [15,16,17]. Preventing or even reversing malnutrition is possible at an early stage [8] and may reduce the risk of accelerated loss of physical function in older adults. However, assessing the risk of malnutrition, especially at a population level is challenging. Self-reported unintentional weight loss is often used in national primary preventive services as an indicator of malnutrition and elevated risk of functional loss and dependency [18]. Regardless, self-reported unintentional weight loss may (i) be insufficient to identify inadequate intake of macro- or micronutrients which may affect body composition without reducing weight, and (ii) be detected relatively late in the progression of malnutrition and only where energy imbalance occurs. We previously reported that the prevalence of unintentional weight loss was relatively low in ≥80 years community-dwelling adults (6.9–13.2%) while prevalence of protein malnutrition was much greater (54%) [19]. In addition, we reported that different risk factors such as poor appetite, mouth dryness, and pain, and in particular the combination of such risk factors was associated with greater odds of protein malnutrition [19]. Poor appetite, dysphagia and poor dental state have previously been identified as malnutrition risk factors that may decrease the desire to eat, the enjoyments of meals or the ability to eat specific food items [15,16] and they are often reported in older adults [20,21,22,23,24]. Evaluating malnutrition risk factors such as poor appetite, dysphagia, poor dental state at population level through simple, inexpensive, and easy to administer questionnaires embedded in an existing nationally regulated primary preventive service seems feasible [25]. This may offer a potential for early identification of older adults at risk of malnutrition which may contribute to deteriorate physical function in community-dwelling adults. Regardless, the association between such malnutrition risk factors and reduced physical function in older adults and especially in the oldest old (≥80 years-old) is currently unknown. The aim of the present study is therefore to investigate the association between important risk factors for malnutrition (poor appetite, dysphagia, and poor dental state) and reduced physical function in community-dwelling adults ≥80 years. Malnutrition risk factors are assessed by a simple set of questions and embedded in the national primary preventive services. Results will indicate if assessment of further nutritional aspects, besides unintentional weight loss, may improve the early identification of older community-dwelling adults who are at risk of loss of physical function.




2. Materials and Methods


2.1. Study Design


This study was based on cross-sectional data from two Danish studies in old community-dwelling adults: (i) the Welfare Innovation in Primary Prevention (WIPP) study, and (ii) the I’m Still Standing (ISS) study.



Details of the WIPP-study has previously been described [25]. In brief, the WIPP study aimed to promote active and healthy ageing. One initiative was to test an innovative screening model during the preventive home visits which is a nationally regulated service offered to older adults who are on retirement and do not rely on in-home health care services. Data were collected from June 2017 to September 2019 in the Municipalities of Odense, Slagelse, and Esbjerg, Denmark. A total of 784 participants ≥80 years were included.



Detailed description of the ISS study has previously been published [19]. Briefly, the ISS study aimed to characterize the nutritional intake, physical function, and health status in the group of community-dwelling adults ≥80 years that are offered preventive home visits in the Municipality of Odense, Denmark. A total of 141 participants were included in the study. Data were collected from January 2017 to August 2018. The handling of data agreed with the legislation on protection of personal data as instructed by the Danish Data Protection Agency (WIPP: reg. no. 10.583; ISS: reg. no. 18/12126). Reporting of the present study followed the Strengthening of Reporting of Observational Studies in Epidemiology (STROBE) guidelines for cross-sectional studies [26].




2.2. Study Population


Inclusion criteria for participants in the present study were: (i) ≥80 years community-dwelling adults, with (ii) available data on the Short Physical Performance Battery (SPPB).




2.3. Data Collection


In the WIPP study, the collection of data was carried out through interviews led by health care personnel employed in the municipality. In the ISS study trained research assistants from the University of Southern Denmark collected data in the homes of the participants. In addition, participants were instructed to fill-out questionnaires. (Supplementary Table S1 for details).



2.3.1. Reduced Physical Function


The SPPB is an objective measure of physical function based on three tests: balance (side-by-side, semi-tandem and tandem), gait (3 m walk at usual pace) and chair rise (5 chair stand as quickly as possible). Scores ranges from 0 (worst performance) to 12 (best performance) [27]. In the present study, a SPPB score ≤ 9 was used to classify participants with reduced physical function. SPPB has previously been thoroughly validated in community-dwelling adults as a measure of physical function and indicator of independence in activities of daily living as well as a predictor of loss of mobility, and use of in-home services [28,29,30,31]. The applied cut-off of ≤9 has previously been verified as an indicator of mobility limitations and limited ability to perform activities of daily living [29,30].




2.3.2. Poor Appetite


Appetite was assessed from the appetite domain in the SHARE-FI75+ frailty assessment tool [32] which includes two questions. Participants were asked: “What has your appetite been like?” with response categories being (i) “diminution in desire for food”, (ii) “no change in desire for food and/or eating the same as usual” or (iii) “increase in desire for food and/or eating more than usual”. Reduced appetite was operationalized by the answer: “diminution in desire for food”. In case of a non-specific answer to the first question participants were asked: “Have you been eating more or less than usual?”. Reduced appetite was identified by the response “less” to the second question.




2.3.3. Dysphagia


Dysphagia was assessed by asking: “Do you have any difficulties swallowing foods or drinks, or do you cough while eating?”. Response categories were “yes”, “no”, and “do not know”. Participants replying “yes” were categorized as having dysphagia.




2.3.4. Poor Dental State


Poor dental state was assessed by asking: “Is it difficult or painful to eat due to your dental state?”. Response categories were “yes”, “no”, and “do not know”. Participants replying “yes” were categorized as having poor dental state.




2.3.5. Descriptive Characteristics


Age and sex were obtained by interview in both studies. Body weight and height were self-reported in the WIPP study. In the ISS study, weight was measured on a transportable scale (Tanita BC 420 SMA, Frederiksberg Vægtfabrik, Søborg, Denmark). Participant wore light clothing and no shoes. To take the weight of clothes into consideration 0.5 kg were subtracted from the measured weight. Height was measured standing against a wall barefooted. BMI was calculated by dividing weight (kg) with height (m2). Participants were categorized with low, normal, or high BMI using the cut-points of <22 kg/m2, ≥22–27 kg/m2, and >27, respectively [17,33,34]. Unintentional weight loss was in both studies assessed by the question “Have you had an unintentional weight loss during the last month?” (“yes”, “no”, and “do not know”). Participants replying “yes” were categorized as having an unintentional weight loss.



Chronic conditions were in WIPP assessed by the questions: “Are you diagnosed with one or more chronic conditions (e.g., diabetes, arthritis, chronic obstructive pulmonary disease)?” If participants answered yes, then “How many?”. In ISS participants were asked to report if they have been diagnosed with chronic conditions from a list of seventeen medical conditions. Recent acute illness was assessed by the question: “Have you been ill within the last month (e.g., pneumonia, fever, diarrhea, vomiting)?”. For the ISS study assessment of acute illness or exacerbation of chronic conditions were performed as part of the nutritional screening, using the Eating Validation Scheme [35]. Answers were dichotomized into recent acute illness (yes or no).



Polypharmacy was addressed by the question: “Do you have a daily intake of 5 or more medications, or do you use sleeping pills?” in the WIPP study. In the ISS study polypharmacy was obtained from the Mini Nutritional Assessment tool by the question: “takes more than 3 prescription drugs per day” [36]. Questions were dichotomized into polypharmacy (yes or no).



Health-related quality of life was assessed by the EQ-5D-3L [37] in both studies. The EQ-5D-3L is composed of (i) a descriptive part that can be converted into a health state index score, and (ii) a visual analogue scale [37,38]. In the present study, the visual analogue scale was used. It ranges from 100 (best imaginable health state) to 0 (worst imaginable health state) and participants were asked to mark their health today between the two endpoints.



Falls were assessed by the question “Have you experienced a fall within the last year?” Response categories were “no”, “once”, and “more than once” for the WIPP study, and “yes” and “no” for the ISS study (dichotomized into falls yes or no).




2.3.6. Statistical Methods


Descriptive statistics was performed to summarize participants characteristics. The distribution of data was checked, and continuous variables were presented as mean ± standard deviations (SD) or median, interquartile range (IQR), as appropriate. Categorical variables were presented as number of respondents (n), percentage of total. Differences between participants with normal and reduced physical function were tested by Student’s t-test, Mann–Whitney U-test and Chi-squared test, as appropriate. Multivariable logistic regression analyses were conducted to test if the risk factors for inadequate nutritional intake (poor appetite, poor dental state, and dysphagia) were associated with physical function (model I). Analyses were adjusted for age and sex (Model II) and additionally adjusted for recent illness and BMI-categories (Model III). Model assumptions were validated, by investigating linearity of the continuous variables, variance inflation factor analysis, the link test, and the Hosmer and Lemeshow goodness of fit test (groups of 5, 10 and 15). If continuous variables failed to meet the assumption of linearity of the log odds the variables were categorized. Accordingly, BMI was categorized as low, normal, and high using the cut-points <22 kg/m2, ≥22–27 kg/m2, and >27, respectively, as previously applied in older adults [17,33,34]. Analyses were repeated in weight stable only (without participants who reported an unintentional weight loss). Lastly, a sensitivity analysis was performed where participants who answered “do not know” to the question about unintentional weight loss were also removed. Results were presented as Odds Ratio (OR) and 95% Confidence Interval (95%CI). Missing data were not imputed. Number of participants included in each variable and analysis was added to the tables. The present study was an secondary explorative analysis of cross-sectional data from the WIPP and the ISS studies. Sample size calculations were performed on the studies primary aims. Statistical significance level was p < 0.05. Statistical analysis was performed in the Stata Statistical Software (Release 17, StataCorp 2021).






3. Results


A total of 900 participants fulfilled the inclusion criteria for the present study (Figure 1). Mean age was 85.1 ± 3.7 years, 60.9% were female, 6.2% reported an unintentional weight loss, 54% had ≥one chronic condition, and 45.7% of the population had reduced physical function. For more characteristics of the study population, see Table 1.



Participants with reduced physical function were older and had a higher BMI compared to participants with normal physical function. Furthermore, more participants with reduced physical function reported polypharmacy and falls during the last year and they reported lower health-related quality of life (Table 1). There were no significant differences in the prevalence of unintentional weight loss between participants with normal and reduced physical function (Table 1).



3.1. Prevalence of Malnutrition Risk Factors


Prevalence rates for poor appetite, dysphagia, and poor dental state are presented in Table 2 for the entire group and separately for participants with normal and reduced physical function. Participants with reduced physical function had a higher prevalence of poor appetite compared to participants with normal physical function.



Results on the accumulation of malnutrition risk factors showed that the prevalence varies between participants with normal and reduced physical function, respectively (Table 2).




3.2. Associations between Low Physical Function and Malnutrition Risk Factors


Participants who reported poor appetite had increased odds of reduced physical function in all models of the logistic regression analyses (model III, OR 1.97). However, no associations between dysphagia or dental state and reduced physical function were identified (Table 3). Fifty-six participants reported an unintentional weight loss during the last month. Within this sub-group 46.4% reported poor appetite (n = 26), 18.0% reported dysphagia (n = 9) and 8.0% reported poor dental state (n = 4). Further, 46.4% reported one of these risk factors (n = 26) and 10.7% reported that they had ≥2 risk factors (n = 6). The logistic regression analyses were repeated in weight stable patients only (n = 792). Results from these analyses are presented in Table 4. Conclusions from the analyses in the full sample were reproduced.




3.3. Sensitivity Analysis


Eleven participants were unaware if they had an unintentional weight loss during the last month. Analyses in weight stable participants (Table 4) were repeated without these participants (included participants n = 733). The OR were not markedly affected and conclusions from the initial analyses were reproduced (data not shown).





4. Discussion


The primary findings of this study were that poor appetite reported by 10.8% of the participants was independently associated with odds of reduced physical function (OR 1.93, p = 0.008) (Table 2 and Table 3). In comparison, self-reported unintentional weight loss had a lower prevalence (6.2%) and was evenly distributed in the normal and reduced physical function groups (Table 1). Additionally, self-reported unintentional weight loss did not alter the association between poor appetite and reduced physical function (Table 4). Finally, dysphagia and poor dental state were less frequently reported (6.3% and 3.2%, respectively) and were not associated with odds of reduced physical function (Table 3). Participants with reduced physical function were older, had a higher BMI, higher prevalence of polypharmacy, experienced more falls during the last year and reported poorer health-related quality of life (Table 1).



Unintentional weight loss is included as a phenotypic criteria of malnutrition by the international nutritional societies included in the Global Leadership Initiative on Malnutrition, GLIM [17] and self-reported unintentional weight loss is recommended as one of the early indicators of malnutrition in community-dwelling older adults [18]. Unintentional weight loss (>5% of body weight) has previously been associated with a two-fold increased risk of mobility limitations in community-dwelling women (mean age 80 years) [39]. Regardless, in the present study we did not find any significant differences in the prevalence of unintentional weight loss between participants with normal and reduced physical function (5.5% and 7.1%, respectively, p = 0.328). The results may potentially be affected by the methodology of this study as self-report of unintentional weight loss may underestimate actual weight changes. However, previous studies have documented that self-reported weight is a reliable measure in patients living with diabetes and in older adults [40,41] and conclusions from the present study were not changed in the sensitivity analysis where participants unaware of any unintentional weight loss during the last month were excluded. Further, in the framework of primary prevention reliance on self-reported variables is a premise. Importantly, pronounced unintentional weight losses often represents severity of disease or is a symptom of undiagnosed illness [42] and in this population of very old adults, would most likely result in demands for health care services. This would make such participants ineligible for the preventive home visit and thereby exclude them from taking part of this study. Regardless, in our population the unintentional weight loss was not a sensitive indicator of reduced physical function.



Age-related decline in appetite (often referred to as anorexia of ageing) is a well-known condition. However, it is often overlooked by clinicians or accepted as an inevitable part of the ageing process [43]. Results from the present study showed that 10.8% of very old community-dwelling adults experienced poor appetite and that poor appetite was independently associated with increased odds of low physical function (Table 2 and Table 3). Poor appetite has previously been associated with risk of malnutrition [15,44], lower muscle mass and reduced muscle strength [45], sarcopenia [46,47] and physical frailty [46] which support the identified association with physical function.



The association between poor appetite and reduced physical function was maintained when participants with unintentional weight loss were removed from the analyses (Table 4). Different scenarios may explain this finding; (i) poor appetite precede unintentional weight loss, (ii) the reduction in energy intake resulting from declines in appetite is compensated by a reduction in physical activity whereby weight is stable, or (iii) poor appetite results in inadequate intake of nutrient, independent from energy balance. Poor appetite has been associated with reduced energy intake in older adults which over time may result in unintentional weight loss [48]. However, ageing is also associated with declining levels of physical activity [48] and high levels of sedentary behavior [49] which decrease energy requirements and thereby may translate in energy balance and explain why body weight is maintained despite appetite is reduced. Lastly, poor appetite may reduce the quality of the diet resulting in an inadequate intake of nutrients, e.g., due to age-related changes in the perception and enjoyment of protein-rich foods [20,50,51] which over time may accelerate loss of muscle mass despite weight stability. This is supported by findings from a previous study in community-dwelling adults aged 70–79 years where participants with poor appetite had a lower consumption of protein and dietary fibers compared to older adults with normal appetite (adjusted for energy intake) [52]. Further, in community-dwelling adults ≥80 years poor appetite was associated with inadequate intake of protein, even though most participants did not report unintentional weight loss [19]. Our results indicate that assessment of appetite is potentially an opportunity for early detection of older adults at risk of loss of physical function. Nevertheless, the cross-sectional design of the present study does not allow us to investigate the order of events.



Dysphagia describes difficulties moving food from the mouth to the stomach [53] and is associated with multiple negative health outcomes, such as malnutrition, dehydration, pneumonia, frailty, functional impairments, reduced quality of life, and mortality [21,22,53]. Nevertheless, no association between dysphagia and reduced physical function was found in the present study (Table 3 and Table 4). This is most likely explained by the low prevalence of dysphagia in the present study (6.3% in the entire group, Table 1). In contrast, prevalence rates of 30–40% have been reported in self-reliant community-dwelling adults [22] and rates of 50% in older adults at the time of an acute hospital admission [21]. Previous studies have demonstrated that prevalence rates of dysphagia vary considerably by assessment method (5–72%) [54] e.g., among very old community-dwelling women an objective test of swallowing ability identified 72% of very old community-dwelling women with dysphagia compared to 15% identified by the self-report [55].



Previous studies highlight that with increasing age the importance of daily oral care increase while the ability to manage oral hygiene often decrease [56] and that poor dental state is associated with unintentional weight loss [57,58] and malnutrition [59]. Further, dental state was previously associated with functional measures (e.g., leg power, stepping-rate and balance) in Japanese community-dwelling adults [60]. Nevertheless, reduced physical function was not associated with self-reported poor dental state in the present study (Table 3 and Table 4). These findings may partially be explained by the sensitivity of the screening question. In the applied question chewing ability and oral pain was addressed. Recent studies have highlighted that mouth dryness is a frequent symptom of reduced oral health in older adults in primary setting [19] and at time of hospital admission [61] and has been associated with low protein intake and malnutrition [19,61]. The variables assessed in the present study have different time perspectives, which may add to the explanation of results (Supplementary Table S1). Deterioration of physical function may have happened over weeks, months or years and is objectively tested, whereas poor dental state and dysphagia reflect a current self-reported status and may only affect physical function over time. More methodological research is needed on the assessment of dental state in primary care setting.



4.1. Strengths


Screening was performed during the nationally regulated primary preventive home visits and performed by heath care personnel (WIPP study). This highlights the ecological validity of the study as this strategy improved representativeness of the sample, generalizability of results and allowed testing of the feasibility of the questionnaires in primary prevention. Additionally, the study has a large sample of community-dwelling adults ≥80 years who are generally underrepresented in the literature. Furthermore, it is a strength that physical function was objectively assessed by the SPPB. This assessment battery has previously been demonstrated to be a predictor of loss of mobility [30], functional disability [29,62], institutionalization [27,62] and use of health care services [31] in older community-dwelling adults and hence, is a very relevant reference in primary prevention.




4.2. Limitations


The cross-sectional design of the study did not allow us to investigate causal relations or directions of actions. In ageing, loss of physical function and reduction in appetite are complex multifactorial conditions, and we were not able to conclude if the most likely scenario is that consequences of poor appetite over time deteriorate physical function, or if limitations following reduced physical function negatively impact appetite. Longitudinal studies are required to understand the consequences of malnutrition risk factors on physical function over time in this population. In addition, using simple self-reported questions and test without specialized equipment may be a limitation in terms of establishing prevalence of risk factors, such as previously discussed on unintentional weight loss, dysphagia, and poor dental state. However, physical examination and specialized equipment are not feasible in large-scale screening such as the nationally regulated primary preventive home visits. More methodological research is needed to establish the agreement between self-reported and measured malnutrition risk factors, and to develop and validate simple, time-effective, and feasible screening questions for dysphagia and poor dental state in the oldest old population.





5. Conclusions


In conclusion, poor appetite was associated with reduced physical function in community-dwelling adults ≥80 years whereas self-reported unintentional weight loss was not. Appetite was assessed with a simple and easy to administer questionnaire which was embedded in a nationally regulated service (preventive home visit). This indicates that introducing the assessment of appetite during preventive strategies is not only feasible but may offer an opportunity for early detection of older adults at risk of malnutrition and functional limitations. Regardless, the causal relationship between poor appetite and physical function should be further investigated.
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Figure 1. Participant Flow Chart. WIPP—Welfare Innovation in Primary Prevention, ISS—I’m Still Standing, SPPB—Short Physical Performance Battery. 
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Table 1. Characteristics of study population.
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	Variables
	All
	n
	Normal Physical Function *
	n
	Reduced Physical Function **
	n
	p-Value





	Age, years
	85.1 ± 3.7
	900
	84.4 ± 3.3
	489
	85.9 ± 4.0
	411
	p < 0.001



	Females, n (%)
	548 (60.9%)
	900
	290 (59.3%)
	489
	258 (62.8%)
	411
	p = 0.288



	Physical function
	9.1 ± 2.7
	900
	11.1 ± 0.8
	489
	6.7 ± 2.3
	411
	p < 0.001



	BMI, kg/m2
	25.9 ± 4.1
	850
	25.5 ± 3.8
	470
	26.3 ± 4.4
	380
	p = 0.006



	BMI categories, n (%)
	
	850
	
	470
	
	380
	p = 0.002



	Low
	151 (17.8%)
	
	93 (19.8%)
	
	58 (15.3%)
	
	



	Normal
	401 (47.2%)
	
	236 (50.2%)
	
	165 (43.4%)
	
	



	High
	298 (35.1%)
	
	141 (30%)
	
	157 (41.3%)
	
	



	Unintentional weight loss, n (%)
	56 (6.2%)
	897
	27 (5.5%)
	489
	29 (7.1%)
	408
	p = 0.328



	Chronic conditions, n (%)
	
	875
	
	480
	
	395
	p = 0.295



	None
	403 (46.1%)
	
	229 (47.7%)
	
	174 (44%)
	
	



	One
	210 (24%)
	
	120 (25%)
	
	90 (22.8%)
	
	



	Two
	123 (14.1%)
	
	63 (13.1%)
	
	60 (15.2%)
	
	



	Three or more
	139 (15.9%)
	
	68 (14.2%)
	
	71 (18%)
	
	



	Recent illness
	68 (7.6%)
	896
	36 (7.4%)
	488
	32 (7.8%)
	408
	p = 0.529



	Polypharmacy
	323 (36%)
	897
	160 (32.8%)
	488
	163 (39.9%)
	409
	p = 0.028



	Quality of life, VAS
	76 (60–90)
	873
	80 (70–90)
	481
	70 (50–80)
	392
	p < 0.001



	Fall during the last year, n (%)
	262 (29.3%)
	895
	122 (25%)
	488
	140 (34.4%)
	407
	p = 0.002







Continuous variables are presented as mean ± SD and median (IQR), as appropriate. Categorical variables were presented as n (%). Differences between participants with normal and low physical function were tested by Student’s t-test, Mann–Whitney U-test and Chi-squared test, as appropriate. * Normal physical function: SPPB score > 9. ** Reduced physical function: SPPB score ≤ 9. BMI—Body Mass Index; SPPB—Short Physical Performance Battery; VAS—Visual Analogue Scale.
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Table 2. Prevalence and combination of malnutrition risk factors.
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	All
	n
	Normal Physical Function *
	n
	Reduced Physical Function **
	n
	p-Value





	Poor appetite
	97 (10.8%)
	899
	36 (7.4%)
	489
	61 (14.9%)
	410
	p < 0.001



	Dysphagia
	53 (6.3%)
	843
	28 (6.1%)
	457
	25 (6.5%)
	386
	p = 0.835



	Poor dental state
	27 (3.2%)
	846
	13 (2.8%)
	459
	14 (3.6%)
	387
	p = 0.517



	No risk factors
	694 (82.3%)
	843
	388 (84.9%)
	457
	306 (79.3%)
	386
	p = 0.034



	Any risk factor
	132 (15.7%)
	
	64 (14.0%)
	
	68 (17.6%)
	
	



	Two or more risk factors
	17 (2.0%)
	
	5 (1%)
	
	12 (3.1%)
	
	







Malnutrition risk factors include poor appetite, dysphagia, and poor dental state. * Normal physical function: SPPB score > 9. ** Reduced physical function: SPPB score ≤ 9. SPPB—Short Physical Performance Battery. Data are presented as number of participants and percentage of the total number of participants within the given group. Differences between participants with normal and low physical function were tested by Chi-squared test.
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Table 3. Associations between reduced physical function and malnutrition risk factors.
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Logistic Regression Analyses




	
Reduced Physical Function #

(Ref. Normal Physical Function ##)

	
Model I *

	
Model II **

	
Model III ***




	

	
n = 843

	
OR (95%CI)

	
p-Value

	
n = 843

	
OR (95%CI)

	
p-Value

	
n = 789

	
OR (95%CI)

	
p-Value






	
Poor appetite

	

	
2.01 (1.27–3.16)

	
0.003

	

	
1.80 (1.13–2.86)

	
0.014

	

	
1.93 (1.18–3.15)

	
0.008




	
Dysphagia

	

	
1.01 (0.58–1.78)

	
0.964

	

	
1.01 (0.57–1.80)

	
0.971

	

	
0.96 (0.53–1.75)

	
0.900




	
Poor dental state

	

	
1.15 (0.53–2.52)

	
0.723

	

	
1.05 (0.47–2.37)

	
0.898

	

	
0.99 (0.41–2.35)

	
0.978








Logistic regression analyses with normal physical function as reference category. # Reduced physical function: SPPB score ≤ 9. ## Normal physical function: SPPB score > 9. * Model I is unadjusted. ** Model II is adjusted for age and sex. *** Model III is adjusted for age, sex, recent illness, polypharmacy, and BMI categories (low, normal, high). OR—Odds Ratio, 95% CI—95% Confidence Interval. SPPB—Short Physical Performance Battery.
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Table 4. Associations between reduced physical function and malnutrition risk factors in weight stable participants only.
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Logistic Regression Analyses




	
Reduced Physical Function #

(ref. Normal physical function ##)

	
Model I *

	
Model II **

	
Model III ***




	

	
n = 792

	
OR (95%CI)

	
p-Value

	
n = 792

	
OR (95%CI)

	
p-Value

	
n = 744

	
OR (95%CI)

	
p-Value






	
Poor appetite

	

	
2.36 (1.39–4.02)

	
0.002

	

	
2.24 (1.30–3.86)

	
0.004

	

	
2.21 (1.26–3.87)

	
0.006




	
Dysphagia

	

	
0.76 (0.40–1.42)

	
0.383

	

	
0.78 (0.41–1.47)

	
0.439

	

	
0.73 (0.38–1.41)

	
0.370




	
Poor dental state

	

	
0.98 (0.42–2.31)

	
0.964

	

	
0.90 (0.37–2.16)

	
0.809

	

	
0.84 (0.33–2.13)

	
0.719








Logistic regression analyses with weight stable participants only and normal physical function as reference category. # Reduced physical function: SPPB score ≤ 9. ## Normal physical function: SPPB score > 9. * Model I is unadjusted. ** Model II is adjusted for age and sex. *** Model III is adjusted for age, sex, recent illness, polypharmacy, and BMI categories (low, normal, high). OR—Odds Ratio, 95%CI—95% Confidence Interval, SPPB—Short Physical Performance Battery.
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