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Abstract

:

Declining gustatory function, nutrition, and oral health are important elements of health in older adults that can affect the aging process. The aim of the present work was to investigate the effect of age and oral status on taste discrimination in two different groups of elderly subjects living either in an Italian residential institution (TG) or in the community (CG). A total of 90 subjects were enrolled in the study (58 CG vs. 32 TG). Masticatory performance (MP) was assessed using the two-color mixing ability test. Taste function was evaluated using cotton pads soaked with six taste stimuli (salty, acid, sweet, bitter, fat and water). A positive correlation between age and missing teeth (r = 0.51, C.I. [0.33; 0.65], p < 0.0001), and a negative correlation between age and MP (r = −0.39, C.I. [−0.56; −0.20], p < 0.001) were found. Moreover, significant differences for salty taste, between TG and CG were detected (p < 0.05). Significant differences in bitter taste sensitivity between subjects wearing removable and non-removable prosthesis were also determined (p < 0.05). In addition, significant gender differences and between males in TG and CG were identified (p < 0.05). The best understanding of the relationship between MP, taste sensitivity, and nutritional factors is a necessary criterion for the development of new therapeutic strategies to address more effectively the problems associated with malnutrition in elderly subjects.
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1. Introduction


Aging is a progressive, intrinsic, and universal process that occurs in every living being as the result of the interaction between individual’s genetics and the environment [1]. The great socio-economic development of the last century, medical advances, a better lifestyle, and fertility rate decrease have led to an increase in life expectancy. The World Health Organization (WHO) has calculated demographic projections showing an increase in the population over 65. These predictions will have a significant impact on the delivery of general and oral health care and treatment strategies within the geriatric patient population [2].



Oral health is an integral part of general health and affects the quality of life of an individual [3]. Poor oral health status is considered to be a strong predictor of the onset of adverse clinical outcomes, including mortality, among the community dwelling elderly [4]. The maintenance of a healthy mouth is crucial, since the worsening of oral health status leads to functional loss [5]. With regard to poor functional capacity, it has been shown that masticatory performance (MP) decreases with the loss of dental elements. In particular, at least ten pairs of occluding teeth are necessary for adequate chewing capacity [6]. Effective prosthetic solutions have been proposed to restore dentition and oral function with a consequent greater subjective appreciation. Unfortunately, prosthetic rehabilitation does not restore chewing performance in its totality and cannot be compared to natural dentition. Therefore, preventive strategies aimed at maintaining a good oral health status are necessary to prevent oral hypofunction [7].



The loss of masticatory function is responsible for diet restriction and impaired bolus formation, leading to two main consequences. First of all, it can cause interference with digestion and nutrient extraction. Secondly, the exclusion of some basic food (e.g., meat, fruit and vegetables), can lead to the exclusion of foods considered difficult to chew in favor of soft, easily chewed foods (e.g., refined carbohydrates and fats), inducing bad dietary practices and poor nutritional intakes [8]. As stated in previous studies, malnourishment is prevalent in the elderly population, especially in elderly hospitalized patients [9,10]. Overall, the nutritional status is one of the most important modifiable factors capable of affecting the health, the well-being, and the overall QoL of an individual [11].



The effects of physiological aging on the perception of taste are represented by the alterations of taste cells, the reduction of salivary production, and inability to fully chew food. Taste alterations can be classified as qualitative, which include dysgeusia (e.g., an alteration of taste sensitivity for foods previously enjoyed and which later become unpleasant) and quantitative, which consist of ageusia (total deficit), hypogeusia, and hypergeusia, a decrease or increase in taste sensitivity, respectively [12]. Several geriatric pathological conditions could lead to dysgeusia or ageusia. Among older adults, taste loss is frequently caused by multiple factors, including physiological changes such as impairment in taste receptor cells, poor oral health condition, and a deteriorating olfactory function. In addition, it is worsened by events related to aging such as poor general health, polypharmacy, and systemic diseases. The existence of taste disorders is commonly observed in elderly hospitalized patients for acute conditions, and it is often associated with poor oral hygiene and infections [13,14].



Researchers are still debating the severity of the taste loss that older adults daily experience. Overall, sour and bitter tastes seem to be the most impaired ones. Several studies report an age-related decline in the perception of also salty and sweet flavors, with contradictory results, while other papers are in agreement with an increased perception of umami taste [15]. There is still no consensus whether the physiological changes in taste perception could affect food preferences among old people, even though many authors found them less interested in sour tastes and pungent flavors [16].



Thus, the present study aimed at (i) verifying the impact of oral health on the nutritional status of institutionalized elderly subjects compared to home-living ones; (ii) analyzing the taste discernment by the administration of taste stimuli in all enrolled subjects; (iii) assessing any association between taste perception and presence of removable dentures. Gender differences were also explored.




2. Materials and Methods


The present cross-sectional study included 90 adults, 65 years old and over, living either at home (control group—CG) or in a residential aged care facility (test group—TG). 58 patients (CG) in outpatient medical treatment were recruited at the Dental Clinic of Università Politecnica delle Marche, Ancona, Italy, during the period April 2017–December 2017, and 32 patients (TG), living at “Casa di Riposo Grimani Buttari”, Osimo, Italy, participated in a comprehensive geriatric health examination from December 2018 to May 2019. The study was performed in accordance with the principles of the Declaration of Helsinki as revised in 2013 and was approved by the Institutional Review Board of Dentistry Clinic, Università Politecnica delle Marche, Ancona, Italy (ODO-EXP-107/18, 19 June 2018). Written informed consent was obtained from all enrolled subjects after the procedures had been fully explained.



Individual sociodemographic data and general health information were recorded for all participants. All included subjects had to be ≥65 years old and compliant. Subjects were excluded if they were <65 years, suffered from neurodegenerative conditions (e.g., Alzheimer, Parkinson, Dementia), had a diagnosis of diseases and disorders affecting the muscular system, had oro-facial pain, or were not compliant. The Institute’s healthcare team selected participants on the basis of subjects’ medical history. All the enrolled subjects underwent dental examination in which the number of retained teeth, the number of missing teeth, and the number of occlusal tooth unit were recorded. Moreover, the presence or lack of dental prostheses was noted. In addition, a masticatory test was carried out, using the two-color mixing test as described elsewhere [17]. Briefly, the test consists in the chewing of two-colored chewing gums (Hue-check Gum®, Orophys GmbH, Muri bei Bern, Switzerland). Each sample was chewed for 20 chewing cycles, as this number of strokes allows the assessment of MP. Boluses were collected, inserted between two sheets of transparent plastic, yielding samples of 1 ± 0.1 mm of thickness. Standardized photos were taken from both sides of each bolus, and all the obtained images were processed by computer, analyzing the measure of the area of pixels of different colors using the K-means clustering method [18]. At the end of the analysis, the software revealed the ratio between mixed and unmixed areas of the boluses, discriminating between the different MPs of the subjects.



The taste test was based on filter paper strips as described by Landis et al. [19] and modified as reported elsewhere [20,21]. Briefly, cotton pads, soaked with four substances (sodium chloride, citric acid, sucrose, and quinine hydrochloride) were applied to the protruded tongue, immediately posterior to its first third, either to the left or right side, in order to study lateralization too; each basic taste quality (salty, sour, sweet, and bitter) was presented at 4 different concentrations (Table 1).



In addition, pure rapeseed oil and water were administered to evoke fat and neutral taste, respectively. Rapeseed oil is a neutral oil which has a pale-yellow color and is almost odorless; the rapeseed oil was chosen instead of olive oil since this latter has a specific texture and increased volatility in the oral cavity, making it easily recognizable. Distilled water was used as a solvent, and taste solutions were freshly prepared on the morning of each testing session. Since gustatory stimulation also causes the activation of other sensory system (e.g., touch receptors), the test was performed so as to minimize the activation of other receptors. Subjects were required to wash their mouth with deionized water between samples to avoid carryover effects. Administration was randomized for the four concentrations, and the side of presentation was alternated: 36 cotton pads (18 for the left side and 18 for the right side) were used. The enrolled subjects had to identify the taste by choosing from a list that included eight descriptions: sweet, salty, bitter, sour, water, fat, nothing, I do not know (forced multiple choice). The test took about 20 min.



Data were analyzed using R statistical software (R Foundation for Statistical Computing, Vienna, Austria). The normal distribution of continuous variables was tested by the Kolmogorov-Smirnov test. For continuous data, Mann-Whitney test and t-student with Welch correction test were used. Chi-square test was used for significance of associations with categorical variables. Pearson correlation coefficient was used to assess correlations between the tested variables. The dichotomous dependent variable, taste stimuli perception, was introduced in a multiple logistic regression model to estimate its variation according to the independent variables and to verify the presence of possible confounders. Data were expressed as Mean ± SD. A value of p < 0.05 was considered statistically significant.




3. Results


Out of a total of 190 subjects attending “Casa di Riposo Grimani Buttari”, Osimo, Italy, only 32 (16.8%) subjects (8 males and 24 females) (TG) met the inclusion criteria and were enrolled in this study. The CG comprises 58 subjects (32 males and 26 females) in outpatient medical treatment recruited at the Dentistry Clinic of Università Politecnica delle Marche, Ancona, Italy. The CG group mean age was 74.6 ± 4.8, while the TG one was 86.4 ± 7.0 years (p < 0.001). In the CG, a mean loss of 5.3 ± 4.7 teeth was recorded, while in the TG it was 19.3 ± 9.1, p < 0.001. Table 2 shows oral health related data of the enrolled subjects.



The MP test results were analyzed in relation to the number of missing teeth, both in the CG and in the TG. The test showed a negative correlation between MP and missing teeth both in the TG and in the CG, r = −0.87, C.I. [−0.94; −0.76], p < 0.001, and r = −0.51. C.I. [−0.68; −0.28], p < 0.001, respectively. Overall, a negative correlation was showed between MP and missing teeth, r = −0.77, C.I. [−0.84; −0.66], p < 0.001. Furthermore, when correlating age with the number of missing teeth, a positive relationship was found (r = 0.51, C.I. [0.33; 0.65], p < 0.001). Conversely, when comparing age with MP, a negative correlation was found (r = −0.39, C.I. [−0.56; −0.20], p < 0.001). The multiple logistic regression model showed no influence of the statistically different characteristics of the study groups in the perception of taste stimuli (p > 0.05).



When assessing taste perception, the number of correct answers in the CG and in the TG were analyzed. Table 3 summarizes the results of the taste perception test in the two study groups, also pointing out correct answers for males and females within CG and TG.



According to the different types of stimuli, we found that only the salty taste perception was significantly different between the two groups (p < 0.05). In particular, the CG had a better taste performance than the TG. Furthermore, the comparison between the taste perceived by the wearers of removable and non-removable prosthesis was performed. In this case, only the bitter taste was statistically significant between the two groups (p < 0.05). In particular, those who did not formerly wear a dental prosthesis had a better taste perception performance than removable prostheses wearers. Finally, gender differences were analyzed in order to evaluate alterations in the perception of all tastes (Table 4). Bitter, sour, and sweet tastes were better recognized by females than males (p < 0.05).




4. Discussion


In the present study, performed on 32 older adults living in an Italian residential aged care facility and 58 autonomous controls, data relating to oral health status, MP, as well as taste perception were analyzed. A relationship between the number of missing teeth and the MP, and impairment in taste perception between CG and TG, between removable and non-removable prostheses wearers, and between genders were found.



In accordance with the literature, and with our previous work, in the present paper we found that as the number of missing teeth increases, the MP decreases [22,23,24]. Since in the CG the number of missing teeth was overall smaller than that of the TG, the MP was higher in first group of subjects than in the second one. An explanation of this could lie in the fact that tooth loss is associated with the aging process, and being progressive and cumulative, is more likely to diagnose both partial and total edentulism in the oldest age classes. Tooth loss leads to changes in eating habits, commonly attributed also to changes in the hedonistic quality of food [25,26]. With advancing age, it is more frequent that older adults present, even simultaneously, exhibit a low masticatory function and poor appetite [27]. Good oral health is essential for an adequate nutritional status, because the maintenance of a natural dentition can ensure an adequate masticatory function related to a balanced diet, that in turn affect the QoL in the elderly [28].



Aging is characterized by a reduction in overall sensory perception. The decline in taste and smell can lead to poor appetite and malnutrition, improper food choices, and inadequate nutrient intake [29]. Poor oral health can determine the onset of malnourishment, and the latter can in turn affect oral health. Indeed, insufficient nutrient consumption was associated with a reduction of muscle strength and physical capacity, and, as in a vicious circle, old age can increase the risk of low nutritional intake. In the last decades, several studies investigated the changes in taste perception that occur with aging with inconsistent results [30,31,32]. In the present paper, although in some cases no statistically significant differences were found between groups, CG was able to recognize a greater number of taste stimuli than TG, except for sweet taste that was perceived in the same proportion by both groups. Our findings are in accordance with previous studies, as most of them reported that older subjects required a higher concentration of primary tastes than young people [33,34]. However, the decrease in taste perception is not the same for all taste stimuli; in fact, if it becomes difficult to perceive bitterness, the ability to recognize the sweet taste is kept even in advanced age, with a consequent liking of sweet and high-calorie meals.



The reported statistically significant decrease in salty taste between the two analyzed groups may be related to the fact that in Italy the habitual salt intake is well above the recommended amounts [35]. The CG was composed by autonomous subjects, and they were able to prepare meals by their own. They used more salt in food than the TG, which on the contrary eats what is prepared by the cooks of the aged care facility. The cooks of the aged care facility reduce dietary salt intake to lower blood pressure and prevent deaths due to stroke or cardiovascular disease. Our findings may indicate that individuals who are living at home may be at risk for injuring their health by involuntary over-intake of a salty diet. On the other hand, institutionalization of older adults can also lead to nutritional deficiency if nutrient intake is not well managed, or taste sensation issues are not properly evaluated.



When comparing taste perception between subjects with and without denture prosthesis, removable prostheses wearers were less sensitive to the recognition of overall taste stimuli than those without prosthesis. These results are in accordance with those by da Silva et al. that showed that the presence of the denture is able to change the recognition of taste when compared to its absence, mainly for the bitter taste [36]. Our findings are also in agreement with data present in the literature, according to which the taste sensitivity is greatly reduced in people wearing dentures [37]. Conversely, some reports have shown that prosthetic carriers have an increased threshold to detect the sweet in solid foods [38]. This can be explained by the fact that prosthetic carriers have a reduced ability to grind food and a reduced rate of salivary secretion. In this context, sweet substances dissolve in a non-optimal way and thus reach the taste cells less easily.



The results showed gender differences in the ability to recognize different tastes, showing that on average females are more sensitive in the recognition of all tastes (except fat, p > 0.05).



Overall, in the average of the results between males and females, only bitter and sweet tastes reached statistical significance. These results provide new insights into the identification of the taste sensitivity related to gender. In general, gender differences in taste-related behaviors are associated with circulating estrogen levels, which can modulate the detectability and preference of taste. Hormones, in fact, can modulate the responses to the taste stimuli, performing both organizational and activation roles in the regulation of gustatory responses [39]. Regardless of estrogen status, peripheral taste perception differs between males and females, indicating that the same taste stimuli produce differential inputs in the brains of males and females. Mechanisms contributing to differences in gustatory processing, and the extent to which male and female gustatory function vary, are awaiting further clarification, which should include the analysis of electrophysiological responses caused by taste in each of the gustatory nerves. A previous study attempted to analyze the differentiation of the spatial distribution of different taste perception frequencies between the two genders, through the use of magnetoencephalography (MEG) [40]. Thanks to this neuroimaging technique it was possible to deduce that females show more channels with high frequencies due to the stimulation with the sweet and bitter taste, guaranteeing a better gustatory response. On the contrary, as for the salty taste, they show channels with low frequencies and, consequently, a lesser gustatory response.



Beside this, gender differences may be due to the fact that females have higher papillae density (FPD) than males, in accordance with literature [41]. Furthermore, a regular reducing of FPD is observed with age, an effect more evident in males than in females, thus confirming males higher susceptibility to FPD lowering with age [42], in agreement with the present results.



In our study, we also analyzed differences between male and female within TG and CG. Remarkably, only males showed alterations inside the two groups, with CG more able to recognize tastes than TG. The data herein presented thus show the interplay of gender and age in defining interindividual variations in gustatory responsiveness.



The present report has some limitations that provide opportunities for future studies. The small number of the enrolled subjects living in the residential aged care facility restricted the sample of this study, due to the non-compliance of most of the residents. The cross-sectional design of the study provided only a picture of the situation, making it difficult to generalize our results to the whole older adult population. Regardless, cross-sectional studies are a useful tool for establishing preliminary evidence in planning future research that should aim at enlarging the sample size and deeply investigating the relationship among taste stimuli perception, age, and oral health status in older adults. Finally, the statistically significant differences between CG and TG and other confounding factors, that might not have been accounted for, may have influenced the results of the study. Although the results of this study should be interpreted with caution, multiple logistic regression models showed no influence of the statistically different characteristics of the study groups in the perception of taste stimuli. The best understanding of the relationship between masticatory performance, taste sensitivity, and nutritional factors is a necessary prerequisite for the development of new therapeutic strategies to more effectively address the problems associated with malnutrition of the geriatric patient. In light of these considerations, the importance of continuous training of operators in the field of oral health of elderly patients is warranted in order to implement treatment plans aimed at preserving natural teeth.




5. Conclusions


Within the limitation of this study, the analyses carried out allow us to confirm that masticatory performance is associated with the number of missing teeth. In particular, masticatory performance is statistically significantly lower in older adults living in a residential aged care facility compared to autonomous subjects, as a result of the fewer number of retained teeth and their poorer oral health status.



Taste results depict a complex interplay of different factors affecting gustatory acuity, among which oral health, age and sex may have a role. Though the association between perception and food intake still requires a more comprehensive analysis, the present data may be important for precision nutrition, as they support the hypothesis that inter-individual differences in taste perception must be taken into account so as to better understand food preferences and food intake and so achieve a tailored adherence to nutritional recommendations.







Author Contributions


Conceptualization, A.V. and G.R.; Data curation, S.A. and L.A.; Formal analysis, A.D.P.; Investigation, S.A., S.P. and L.A.; Writing—original draft, S.A. and L.A.; Writing—review and editing, A.V. and G.R. All authors have read and agreed to the published version of the manuscript.




Funding


The present work was funded by RSA Università Politecnica delle Marche to A.V.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Institutional Review Board of Dentistry Clinic, Università Politecnica delle Marche, Ancona, Italy (ODO-EXP-107/18, 19 June 2018).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data sets generated and/or analysed during the present study are available from the corresponding author on reasonable request.




Acknowledgments


The authors wish to thank all the staff of “Casa di Riposo Grimani Buttari” for their kind assistance and support.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Misra, B.B. The Chemical Exposome of Human Aging. Front. Genet. 2020, 11, 1351. [Google Scholar] [CrossRef]

	



Halpern, L.R. The Geriatric Syndrome and Oral Health: Navigating Oral Disease Treatment Strategies in the Elderly. Dent. Clin. N. Am. 2020, 64, 209–228. [Google Scholar] [CrossRef]

	



Gerritsen, A.E.; Allen, P.F.; Witter, D.J.; Bronkhorst, E.M.; Creugers, N.H.J. Tooth Loss and Oral Health-Related Quality of Life: A Systematic Review and Meta-Analysis. Health Qual. Life Outcomes 2010, 8, 126. [Google Scholar] [CrossRef] [PubMed]

	



Tanaka, T.; Takahashi, K.; Hirano, H.; Kikutani, T.; Watanabe, Y.; Ohara, Y.; Furuya, H.; Tetsuo, T.; Akishita, M.; Iijima, K. Oral Frailty as a Risk Factor for Physical Frailty and Mortality in Community-Dwelling Elderly. J. Gerontol. A Biol. Sci. Med. Sci. 2018, 73, 1661–1667. [Google Scholar] [CrossRef]

	



Moynihan, P.J. The Relationship between Nutrition and Systemic and Oral Well-Being in Older People. J. Am. Dent. Assoc. 2007, 138, 493–497. [Google Scholar] [CrossRef] [PubMed]

	



Hatch, J.P.; Shinkai, R.S.; Sakai, S.; Rugh, J.D.; Paunovich, E.D. Determinants of Masticatory Performance in Dentate Adults. Arch. Oral Biol. 2001, 46, 641–648. [Google Scholar] [CrossRef]

	



van der Bilt, A.; Olthoff, L.W.; Bosman, F.; Oosterhaven, S.P. Chewing Performance before and after Rehabilitation of Post-Canine Teeth in Man. J. Dent. Res. 1994, 73, 1677–1683. [Google Scholar] [CrossRef] [PubMed]

	



Nowjack-Raymer, R.E.; Sheiham, A. Numbers of Natural Teeth, Diet, and Nutritional Status in US Adults. J. Dent. Res. 2007, 86, 1171–1175. [Google Scholar] [CrossRef]

	



Kagansky, N.; Berner, Y.; Koren-Morag, N.; Perelman, L.; Knobler, H.; Levy, S. Poor Nutritional Habits Are Predictors of Poor Outcome in Very Old Hospitalized Patients. Am. J. Clin. Nutr. 2005, 82, 784–791. [Google Scholar] [CrossRef] [PubMed]

	



Izawa, S.; Kuzuya, M.; Okada, K.; Enoki, H.; Koike, T.; Kanda, S.; Iguchi, A. The Nutritional Status of Frail Elderly with Care Needs According to the Mini-Nutritional Assessment. Clin. Nutr. Edinb. Scotl. 2006, 25, 962–967. [Google Scholar] [CrossRef]

	



Bianchetti, A.; Rozzini, R.; Carabellese, C.; Zanetti, O.; Trabucchi, M. Nutritional Intake, Socioeconomic Conditions, and Health Status in a Large Elderly Population. J. Am. Geriatr. Soc. 1990, 38, 521–526. [Google Scholar] [CrossRef]

	



Landis, B.N.; Lacroix, J.-S. Postoperative/Posttraumatic Gustatory Dysfunction. Adv. Otorhinolaryngol. 2006, 63, 242–254. [Google Scholar] [CrossRef]

	



Langan, M.J.; Yearick, E.S. The Effects of Improved Oral Hygiene on Taste Perception and Nutrition of the Elderly. J. Gerontol. 1976, 31, 413–418. [Google Scholar] [CrossRef]

	



Solemdal, K.; Sandvik, L.; Willumsen, T.; Mowe, M.; Hummel, T. The Impact of Oral Health on Taste Ability in Acutely Hospitalized Elderly. PLoS ONE 2012, 7, e36557. [Google Scholar] [CrossRef] [PubMed]

	



Sergi, G.; Bano, G.; Pizzato, S.; Veronese, N.; Manzato, E. Taste Loss in the Elderly: Possible Implications for Dietary Habits. Crit. Rev. Food Sci. Nutr. 2017, 57, 3684–3689. [Google Scholar] [CrossRef] [PubMed]

	



Spence, C.; Youssef, J. Aging and the (Chemical) Senses: Implications for Food Behaviour Amongst Elderly Consumers. Foods 2021, 10, 168. [Google Scholar] [CrossRef] [PubMed]

	



Schimmel, M.; Christou, P.; Miyazaki, H.; Halazonetis, D.; Herrmann, F.R.; Müller, F. A Novel Colourimetric Technique to Assess Chewing Function Using Two-Coloured Specimens: Validation and Application. J. Dent. 2015, 43, 955–964. [Google Scholar] [CrossRef] [PubMed]

	



Aquilanti, L.; Scalise, L.; Mascitti, M.; Santarelli, A.; Napolitano, R.; Verdenelli, L.; Rappelli, G. A Novel Color-Based Segmentation Method for the Objective Measurement of Human Masticatory Performance. Appl. Sci. 2020, 10, 8626. [Google Scholar] [CrossRef]

	



Landis, B.N.; Welge-Luessen, A.; Brämerson, A.; Bende, M.; Mueller, C.A.; Nordin, S.; Hummel, T. “Taste Strips”—A Rapid, Lateralized, Gustatory Bedside Identification Test Based on Impregnated Filter Papers. J. Neurol. 2009, 256, 242–248. [Google Scholar] [CrossRef]

	



Vignini, A.; Borroni, F.; Sabbatinelli, J.; Pugnaloni, S.; Alia, S.; Taus, M.; Ferrante, L.; Mazzanti, L.; Fabri, M. General Decrease of Taste Sensitivity Is Related to Increase of BMI: A Simple Method to Monitor Eating Behavior. Dis. Markers 2019, 2019, e2978026. [Google Scholar] [CrossRef]

	



Pugnaloni, S.; Alia, S.; Mancini, M.; Santoro, V.; Di Paolo, A.; Rabini, R.A.; Fiorini, R.; Sabbatinelli, J.; Fabri, M.; Mazzanti, L.; et al. A Study on the Relationship between Type 2 Diabetes and Taste Function in Patients with Good Glycemic Control. Nutrients 2020, 12, 1112. [Google Scholar] [CrossRef] [PubMed]

	



Kosaka, T.; Ono, T.; Kida, M.; Kikui, M.; Yamamoto, M.; Yasui, S.; Nokubi, T.; Maeda, Y.; Kokubo, Y.; Watanabe, M.; et al. A Multifactorial Model of Masticatory Performance: The Suita Study. J. Oral Rehabil. 2016, 43, 340–347. [Google Scholar] [CrossRef] [PubMed]

	



Aquilanti, L.; Alia, S.; Pugnaloni, S.; Coccia, E.; Mascitti, M.; Santarelli, A.; Limongelli, L.; Favia, G.; Mancini, M.; Vignini, A.; et al. Impact of Elderly Masticatory Performance on Nutritional Status: An Observational Study. Med. Kaunas Lith. 2020, 56, 130. [Google Scholar] [CrossRef] [PubMed]

	



Montero, J.; Dib, A.; Guadilla, Y.; Blanco, L.; Flores, J.; Gómez-Polo, C. Responsiveness of the Different Methods for Assessing the Short-Term within-Subject Change in Masticatory Function after Conventional Prosthetic Treatments. J. Prosthet. Dent. 2020, 123, 602–610. [Google Scholar] [CrossRef] [PubMed]

	



Donini, L.M.; Dominguez, L.J.; Barbagallo, M.; Savina, C.; Castellaneta, E.; Cucinotta, D.; Fiorito, A.; Inelmen, E.M.; Sergi, G.; Enzi, G.; et al. Senile Anorexia in Different Geriatric Settings in Italy. J. Nutr. Health Aging 2011, 15, 775–781. [Google Scholar] [CrossRef] [PubMed]

	



Bugone, É.; Vicenzi, C.-B.; Cardoso, M.-Z.; Berra, L.; de Carli, J.-P.; Franco, A.; Paranhos, L.-R.; Linden, M.-S.-S. The Impact of Oral Rehabilitation with Implants in Nutrition and Quality of Life: A Questionnaire-Based Survey on Self-Perception. J. Clin. Exp. Dent. 2019, 11, e470–e475. [Google Scholar] [CrossRef]

	



Senoo, S.; Iwasaki, M.; Kimura, Y.; Kakuta, S.; Masaki, C.; Wada, T.; Sakamoto, R.; Ishimoto, Y.; Fujisawa, M.; Okumiya, K.; et al. Combined Effect of Poor Appetite and Low Masticatory Function on Sarcopenia in Community-Dwelling Japanese Adults Aged ≥ 75 Years: A 3-Year Cohort Study. J. Oral Rehabil. 2020, 47, 643–650. [Google Scholar] [CrossRef]

	



Baniasadi, K.; Armoon, B.; Higgs, P.; Bayat, A.-H.; Mohammadi Gharehghani, M.A.; Hemmat, M.; Fakhri, Y.; Mohammadi, R.; Fattah Moghaddam, L.; Schroth, R.J. The Association of Oral Health Status and Socio-Economic Determinants with Oral Health-Related Quality of Life among the Elderly: A Systematic Review and Meta-Analysis. Int. J. Dent. Hyg. 2021, 19, 153–165. [Google Scholar] [CrossRef] [PubMed]

	



Somekawa, S.; Mine, T.; Ono, K.; Hayashi, N.; Obuchi, S.; Yoshida, H.; Kawai, H.; Fujiwara, Y.; Hirano, H.; Kojima, M.; et al. Relationship between Sensory Perception and Frailty in a Community-Dwelling Elderly Population. J. Nutr. Health Aging 2017, 21, 710–714. [Google Scholar] [CrossRef] [PubMed]

	



Batisse, C.; Bonnet, G.; Eschevins, C.; Hennequin, M.; Nicolas, E. The Influence of Oral Health on Patients’ Food Perception: A Systematic Review. J. Oral Rehabil. 2017, 44, 996–1003. [Google Scholar] [CrossRef] [PubMed]

	



Doty, R.L. Age-Related Deficits in Taste and Smell. Otolaryngol. Clin. N. Am. 2018, 51, 815–825. [Google Scholar] [CrossRef]

	



Doty, R.L. Epidemiology of Smell and Taste Dysfunction. Handb. Clin. Neurol. 2019, 164, 3–13. [Google Scholar] [CrossRef]

	



Mojet, J.; Christ-Hazelhof, E.; Heidema, J. Taste Perception with Age: Generic or Specific Losses in Threshold Sensitivity to the Five Basic Tastes? Chem. Senses 2001, 26, 845–860. [Google Scholar] [CrossRef]

	



Ogawa, T.; Uota, M.; Ikebe, K.; Arai, Y.; Kamide, K.; Gondo, Y.; Masui, Y.; Ishizaki, T.; Inomata, C.; Takeshita, H.; et al. Longitudinal Study of Factors Affecting Taste Sense Decline in Old-Old Individuals. J. Oral Rehabil. 2017, 44, 22–29. [Google Scholar] [CrossRef]

	



D’Elia, L.; Manfredi, M.; Strazzullo, P.; Galletti, F. MINISAL-SIIA Study Group Validation of an Easy Questionnaire on the Assessment of Salt Habit: The MINISAL-SIIA Study Program. Eur. J. Clin. Nutr. 2019, 73, 793–800. [Google Scholar] [CrossRef]

	



da Silva, R.O.C.; Lacerda, W.F.; Henn, I.W.; Chaiben, C.L.; Machado, M.Â.N.; de Lima, A.A.S. Relationship between Taste Perception and Use of Upper Complete Dentures. Spec. Care Dent. Off. Publ. Am. Assoc. Hosp. Dent. Acad. Dent. Handicap. Am. Soc. Geriatr. Dent. 2021, 41, 244–250. [Google Scholar] [CrossRef]

	



Tango, R.N.; Arata, A.; Borges, A.L.S.; Costa, A.K.F.; Pereira, L.J.; Kaminagakura, E. The Role of New Removable Complete Dentures in Stimulated Salivary Flow and Taste Perception. J. Prosthodont. Off. J. Am. Coll. Prosthodont. 2018, 27, 335–339. [Google Scholar] [CrossRef]

	



Henkin, R.I.; Christiansen, R.L. Taste Thresholds in Patients with Dentures. J. Am. Dent. Assoc. 1967, 75, 118–120. [Google Scholar] [CrossRef] [PubMed]

	



Martin, L.J.; Sollars, S.I. Contributory Role of Sex Differences in the Variations of Gustatory Function. J. Neurosci. Res. 2017, 95, 594–603. [Google Scholar] [CrossRef] [PubMed]

	



Gemousakakis, T.; Kotini, A.; Anninos, P.; Zissimopoulos, A.; Prassopoulos, P. MEG Evaluation of Taste by Gender Difference. J. Integr. Neurosci. 2011, 10, 537–545. [Google Scholar] [CrossRef] [PubMed]

	



Fischer, M.E.; Cruickshanks, K.J.; Schubert, C.R.; Pinto, A.; Klein, R.; Pankratz, N.; Pankow, J.S.; Huang, G.-H. Factors Related to Fungiform Papillae Density: The Beaver Dam Offspring Study. Chem. Senses 2013, 38, 669–677. [Google Scholar] [CrossRef] [PubMed]

	



Pavlidis, P.; Gouveris, H.; Anogeianaki, A.; Koutsonikolas, D.; Anogianakis, G.; Kekes, G. Age-Related Changes in Electrogustometry Thresholds, Tongue Tip Vascularization, Density, and Form of the Fungiform Papillae in Humans. Chem. Senses 2013, 38, 35–43. [Google Scholar] [CrossRef] [PubMed]








[image: Table] 





Table 1. Concentrations of taste stimuli.






Table 1. Concentrations of taste stimuli.










	Stimulus
	Substance
	Concentration





	Sweetness
	Sucrose
	0.05 g/mL



	
	
	0.1 g/mL



	
	
	0.2 g/mL



	
	
	0.5 g/mL



	Saltiness
	Sodium Chloride
	0.016 g/mL



	
	
	0.04 g/mL



	
	
	0.1 g/mL



	
	
	0.25 g/mL



	Bitterness
	Quinine
	0.0004 g/mL



	
	
	0.0009 g/mL



	
	
	0.0024 g/mL



	
	
	0.006 g/mL



	Sourness
	Citric Acid
	0.05 g/mL



	
	
	0.09 g/mL



	
	
	0.165 g/mL



	
	
	0.3 g/ml



	Fat
	Rapeseed oil
	Pure



	Neutral
	Deionized water
	Pure
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Table 2. Sociodemographic and Oral health related data of the studied groups. Data are expressed as Mean ± Standard Deviation.






Table 2. Sociodemographic and Oral health related data of the studied groups. Data are expressed as Mean ± Standard Deviation.











	
	Control Group
	Test Group
	p-Value





	Age (years)
	74.6 ± 4.8
	86.4 ± 7.0
	<0.001



	Sex (M/F)
	32/26
	8/24
	



	Height (cm)
	162.9 ± 8.5
	154.1 ± 9.9
	<0.001



	Weight (Kg)
	74.9 ± 15.1
	63.8 ± 11.8
	<0.001



	BMI (Kg/m2)
	28.1 ± 4.6
	27.0 ± 5.2
	NS 2



	No. of drugs
	3.7 ± 2.3
	8.2 ± 3.2
	<0.001



	Missing Teeth
	5.3 ± 4.7
	19.3 ± 9.1
	<0.001



	Occlusal Units
	10.9 ± 2.5
	3.6 ± 4.4
	<0.001



	DMFT 1
	13.3 ± 5.4
	20.1 ± 8.3
	<0.01



	Masticatory Performance
	0.43 ± 0.17
	0.23 ± 0.18
	<0.001







1 Decayed Missing Filled Teeth; 2 Not statistically significant.
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Table 3. Taste stimuli test: percentage of correct answer in the study groups.






Table 3. Taste stimuli test: percentage of correct answer in the study groups.





	
Stimuli

	
Control Group (CG)

	
Test Group (TG)

	
p-Value

	
Males

	
p-Value

	
Females

	
p-Value




	
CG

	
TG

	
CG

	
TG






	
Sweetness

Sucrose (0.05 g/mL)

	
22.4%

	
31.3%

	
NS 1

	
19.4%

	
37.5%

	
NS 1

	
26.1%

	
29.2%

	
NS 1




	
Sweetness

Sucrose (0.1 g/mL)

	
44.8%

	
50.0%

	
NS 1

	
36.1%

	
25.0%

	
NS 1

	
56.5%

	
58.3%

	
NS 1




	
Sweetness

Sucrose (0.2 g/mL)

	
56.9%

	
53.1%

	
NS 1

	
52.8%

	
37.5%

	
NS 1

	
60.9%

	
58.3%

	
NS 1




	
Sweetness

Sucrose (0.5 g/mL)

	
63.8%

	
50.0%

	
NS 1

	
52.8%

	
25.0%

	
NS 1

	
78.3%

	
58.3%

	
NS 1




	
Saltiness

Sodium Chloride (0.016 g/mL)

	
19.1%

	
12.5%

	
NS 1

	
19.4%

	
0.0%

	
<0.01

	
17.4%

	
16.7%

	
NS 1




	
Saltiness

Sodium Chloride (0.04 g/mL)

	
46.6%

	
34.4%

	
NS 1

	
38.9%

	
37.5%

	
NS 1

	
56.5%

	
33.3%

	
NS 1




	
Saltiness

Sodium Chloride (0.1 g/mL)

	
53.5%

	
34.4%

	
NS 1

	
50.0%

	
0.0%

	
<0.0001

	
56.5%

	
45.8%

	
NS 1




	
Saltiness

Sodium Chloride (0.25 g/mL)

	
55.2%

	
34.4%

	
<0.05

	
50.0%

	
0.0%

	
<0.0001

	
60.9%

	
45.8%

	
NS 1




	
Bitterness

Quinine (0.0004 g/mL)

	
24.1%

	
18.8%

	
NS 1

	
19.4%

	
0.0%

	
<0.001

	
30.4%

	
25.0%

	
NS 1




	
Bitterness

Quinine (0.0009 g/mL)

	
53.5%

	
40.6%

	
NS 1

	
41.7%

	
25.0%

	
NS 1

	
69.6%

	
45.8%

	
NS 1




	
Bitterness

Quinine (0.0024 g/mL)

	
58.6%

	
62.5%

	
NS 1

	
55.6%

	
50.0%

	
NS 1

	
60.9%

	
66.7%

	
NS 1




	
Bitterness

Quinine (0.006 g/mL)

	
77.9%

	
59.4%

	
NS 1

	
66.7%

	
62.5%

	
NS 1

	
91.3%

	
58.3%

	
<0.01




	
Sourness

Citric Acid (0.05 g/mL)

	
37.9%

	
31.3%

	
NS 1

	
25.0%

	
12.5%

	
NS 1

	
56.5%

	
37.5%

	
NS 1




	
Sourness

Citric Acid (0.09 g/mL)

	
53.5%

	
34.4%

	
NS 1

	
47.2%

	
12.5%

	
<0.05

	
60.9%

	
41.7%

	
NS 1




	
Sourness

Citric Acid (0.165 g/mL)

	
50.0%

	
50.0%

	
NS 1

	
50.0%

	
12.5%

	
<0.05

	
56.5%

	
62.5%

	
NS 1




	
Sourness

Citric Acid (0.3 g/mL)

	
58.6%

	
46.9%

	
NS 1

	
55.6%

	
25.0%

	
NS 1

	
60.9%

	
54.2%

	
NS 1




	
Fat

Rapeseed Oil

	
17.2%

	
9.4%

	
NS 1

	
19.4%

	
0.0%

	
<0.01

	
13.0%

	
12.5%

	
NS 1




	
Neutral

Deionized Water

	
13.8%

	
9.4%

	
NS 1

	
13.9%

	
0.0%

	
<0.05

	
13.0%

	
12.5%

	
NS 1








1 Not statistically significant.
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Table 4. Taste stimuli test: percentage of correct answer in the study groups.
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Stimuli

	
Control Group

	
p-Value

	
Test Group

	
p-Value




	
Male

	
Female

	

	
Male

	
Female

	






	
Sweetness

Sucrose (0.05 g/mL)

	
19.4%

	
26.1%

	
NS 1

	
37.5%

	
29.2%

	
NS 1




	
Sweetness

Sucrose (0.1 g/mL)

	
36.1%

	
56.5%

	
NS 1

	
25.0%

	
58.3%

	
NS 1




	
Sweetness

Sucrose (0.2 g/mL)

	
52.8%

	
60.9%

	
NS 1

	
37.5%

	
58.3%

	
NS 1




	
Sweetness

Sucrose (0.5 g/mL)

	
52.8%

	
78.3%

	
<0.05

	
25.0%

	
58.3%

	
NS 1




	
Saltiness

Sodium Chloride (0.016 g/mL)

	
19.4%

	
17.4%

	
NS 1

	
0.0%

	
16.7%

	
<0.05




	
Saltiness

Sodium Chloride (0.04 g/mL)

	
38.9%

	
56.5%

	
NS 1

	
37.5%

	
33.3%

	
NS 1




	
Saltiness

Sodium Chloride (0.1 g/mL)

	
50.0%

	
56.5%

	
NS 1

	
0.0%

	
45.8%

	
<0.001




	
Saltiness

Sodium Chloride (0.25 g/mL)

	
50.0%

	
60.9%

	
NS 1

	
0.0%

	
45.8%

	
<0.001




	
Bitterness

Quinine (0.0004 g/mL)

	
19.4%

	
30.4%

	
NS 1

	
0.0%

	
25.0%

	
<0.05




	
Bitterness

Quinine (0.0009 g/mL)

	
41.7%

	
69.6%

	
<0.05

	
25.0%

	
45.8%

	
NS 1




	
Bitterness

Quinine (0.0024 g/mL)

	
55.6%

	
60.9%

	
NS 1

	
50.0%

	
66.7%

	
NS 1




	
Bitterness

Quinine (0.006 g/mL)

	
66.7%

	
91.3%

	
<0.05

	
62.5%

	
58.3%

	
NS 1




	
Sourness

Citric Acid (0.05 g/mL)

	
25.0%

	
56.5%

	
<0.05

	
12.5%

	
37.5%

	
NS 1




	
Sourness

Citric Acid (0.09 g/mL)

	
47.2%

	
60.9%

	
NS 1

	
12.5%

	
41.7%

	
NS 1




	
Sourness

Citric Acid (0.165 g/mL)

	
50.0%

	
56.5%

	
NS 1

	
12.5%

	
62.5%

	
<0.01




	
Sourness

Citric Acid (0.3 g/mL)

	
55.6%

	
60.9%

	
NS 1

	
25.0%

	
54.2%

	
NS 1




	
Fat

Rapeseed Oil

	
19.4%

	
13.0%

	
NS 1

	
0.0%

	
12.5%

	
NS 1




	
Neutral

Deionized Water

	
13.9%

	
13.0%

	
NS 1

	
0.0%

	
12.5%

	
NS 1








1 Not statistically significant.
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