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The aim of this article is to present the research protocol for a prospective cohort study that will assess the olfactory function and the effect of an intervention based on olfactory training in healthy very old adults (≥75 years old). A convenience sample of 180 older people (50% female) will be recruited in three different environments: hospitalized control group (CH) with stable acute illness (n = 60); ambulatory control group (CA) of community-based living (n = 60); and an experimental odor training group (EOT) from nursing homes (n = 60). The odor training (OT) intervention will last 12 weeks. All the volunteers will be assessed at baseline; CA and EOT groups will also be assessed after 12 weeks. The primary end point will be change in olfactory capacity from baseline to 12 weeks period of intervention or control. The intervention effects will be assessed with the overall score achieved in Sniffin Sticks Test (SST) – Threshold, Discrimination, and Identification (TDI) extended version. Secondary end points will be changes in cognitive tasks, quality of life, mood, immune status, and functional capacity. All these measurements will be complemented with an immune fitness characterization and a deep proteome profiling of the olfactory epithelium (OE) cultured ex vivo. The current study will provide additional evidence to support the implementation of olfactory precision medicine and the development of immunomodulatory nasal therapies based on non-invasive procedures. The proposed intervention will also intend to increase the knowledge about the olfactory function in very elderly people, improve function and quality of life, and promote the recovery of the health.
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INTRODUCTION

Europe is aging. In 2050, more than 28% of the population will be over the age of 65 (United Nations, 2019). The continuous declining of birth rates and the increasing of life expectancy are converting European regions into increasingly aging area. Neurodegenerative diseases (ND) are a significant portion of neurological disorders and these already account for 1/3 of the cost of illness in Europe furthermore social and economic burden will continue to increase as the population ages (Deuschl et al., 2020). Addressing the human and economic challenge of aging and neurodegenerative diseases requires clinical and research tools that facilitate precision medicine. We need disruptive approaches that generate innovative tools for early detection and diagnosis of ND and non-invasive interventions to slow and/or stop its progression in women and men, highlighting their differences if any, and incorporating a gender perspective in the solutions.

The olfactory function is responsible for detecting and processing odors, and is one of the oldest and most important senses for living organisms (Delgado-Losada et al., 2020). The sense of smell provides important information about the air we breathe, the foods we eat and alert us to dangers in the environment (Schiffman, 1997; Hadley et al., 2004; Schriever et al., 2014). Beyond the risks that the smell loss may entail for older people, moreover the consequent reduction in quality of life, the olfactory dysfunction may be an important early indicator of ND such as Parkinson’s and Alzheimer’s (Djordjevic et al., 2008; Haehner et al., 2013; Knudsen et al., 2015; Doty, 2017; Marin et al., 2018; Kondo et al., 2020), as well as COVID-19 (Moein et al., 2020; Sedaghat et al., 2020). In addition, olfactory system dysfunctions have been found in other neurological disorders such us schizophrenia, or depression (Sanna et al., 2021) ultimately related to alterations of the immune system, suggesting that olfactory system abnormalities may be also associated with the immune system (reviewed in Strous and Shoenfeld, 2006). During the last years, olfactory proteomics has been postulated as a powerful approach to characterize global proteome dynamics in order to unravel the modulation of cell-signaling networks during odor processing (Lachén-Montes et al., 2016), as well as during the neurodegenerative process (Lachén-Montes et al., 2017, 2019a,b, 2020a).

In the literature, there is a full consensus stating that sense of smell gradually decreases with age, especially after the age of 60 (Doty et al., 1984; Murphy et al., 2002; Doty et al., 2011; Mullol et al., 2012; Hummel, 2014; Sorokowska et al., 2015; Masala et al., 2018; Doty, 2019; Kondo et al., 2020). In relation to sex differences, by one side Doty et al. (1984) have observed that women outperformed men at all ages in healthy subjects, and a recent meta-analysis has confirmed the female olfactory superiority, although authors emphasized the effect sizes observed were notably small (Sorokowski et al., 2019). By other side, when comparing healthy control subjects with Parkinson’s disease patients, new findings (Melis et al., 2019; Solla et al., 2020) have remarked the importance of sex effect analysis. Regarding smoking, there is no consensus indicating that it accelerates olfactory dysfunction (Vennemann et al., 2008; Fjaeldstad et al., 2021). However, there is evidence that current smoking, but not former smoking, was associated with posttraumatic olfactory loss; namely, a history of smoking was not associated to impairment of olfactory function (Vennemann et al., 2008). Related to lifestyle and behavior factors, the regular exercise was associated with a lower 10-year cumulative incidence of olfactory impairment; in addition, the association with exercise was more robust among those who exercised three or more times per week than among those who only exercised 1–2 times per week (Schubert et al., 2013).

Training and repeated exposure to odorants leads to enhanced olfactory sensitivity (Al Aïn et al., 2019). The olfactory or odor training (OT) is a non-invasive technique with no significant side effects. Previous studies have proven the usefulness of OT in handling olfactory deficits with various etiologies (Hummel et al., 2009; Patel, 2016; Pekala et al., 2016; Al Aïn et al., 2019). The OT may be considered a simple protocol, which has proven efficacy in some patients with olfactory dysfunction. Despite increasing acceptance as an appropriate intervention, questions related to both efficacy and mechanism of action have persisted (Hummel et al., 2009; Turner, 2020).

In non-expert individuals with a normal sense of smell, a short-term OT improves olfactory performance (Dalton et al., 2002), and repeated exposure to an odorant enhances odor detection (Engen, 1960; Doty et al., 1981; Rabin and Cain, 1986; Dalton et al., 2002). Along the same lines, a few seconds of OT daily is considered as a behavioral therapy in patients with olfactory dysfunction (Abolmaali et al., 2002; Mueller et al., 2005; Rombaux et al., 2006; Hummel et al., 2009; Fleiner et al., 2012; Haehner et al., 2013; Konstantinidis et al., 2013; Damm et al., 2014; Schriever et al., 2014; Al Aïn et al., 2019). There is evidence that OT may increase olfactory sensitivity in Parkinson’s disease (Haehner et al., 2013). Notably, it has been also shown in animal models that odor training may have an impact on their cognitive functions (Lasarte-Cia et al., 2018). Finally, the evidence about OT in healthy older population and its efficacy is scarce (Schriever et al., 2014; Birte-Antina et al., 2018). Table 1 shows a brief survey of OT protocols found in the literature.


TABLE 1. Review of odor training protocols.
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 Although there are important findings showing that intensive OT can improve olfactory function and in addition, this improvement is associated with changes in the structure of olfactory processing areas of the brain (Al Aïn et al., 2019). More research is needed to establish the optimal protocols i.e., quantity of odorants, training duration, associated-molecular events, and the target patient population most likely to improve using this technique (Patel, 2016). Therefore, the aim of this pilot study is to examine the effects of a well-controlled and semi supervised 12-weeks OT on olfactory function, OT-associated OE proteostatic changes, cognitive, immune and functional status, and quality of life in very elderly adults.



MATERIALS AND METHODS


Study Design and Participants

The sample is a convenience sample and is composed by three groups (N = 180, 50% females). Sixty hospitalized patients with acute illness (hospitalized control group – CH), sixty ambulatory patients from the community (ambulatory control group – CA) and, sixty from nursing home – the experimental odor training group (EOT). The study follow the principles of the Declaration of Helsinki (World Medical Association, 2013) and was approved by the Complejo Hospitalario de Navarra Clinical Research Ethics Committee on October 21, 2020 (PI_2020/113). All volunteers or their legal representatives will be asked to sign a written informed consent form, also approved in advance by the ethics committee. There will be no financial compensation.

Following the literature procedures (Delgado-Losada et al., 2020) all the volunteers will be previously evaluated by an expert otolaryngologist including anamnesis and nasal endoscopic examination to exclude the possibility of an otorhinolaryngology alteration or pathology that may modify the results of the olfactory test. Therefore, sinusitis, prior nasal surgery, nasal polyps, presence of nasal congestion at the moment of test administration or recent upper respiratory tract infection within two weeks, medication intake with repercussion in olfactory performance or to have reported COVID-19 compatible smell symptomatology are exclusion criteria.

The inclusion criteria are: (i) ≥ 75 years old; (ii) compliance with testing procedure; (iii) Mini-Mental State Examination (MMSE) equal to or greater than 21 points (Pi et al., 1994; Ostrosky-Solís et al., 2000; Reyes-de-Beaman et al., 2004); (iv) Barthel index ≥ 60; (v) participants from acute hospitalized group must be clinically stable. The exclusion criteria are positive diagnosis of any kind of neurodegenerative disease and/or nasosinusal pathology (described before).



Outcomes

The primary clinical outcome will be the overall score achieved in Sniffin Sticks Test (SST) extended version, which objectively assess the olfactory function through the Threshold, Discrimination, and Identification (TDI) score (Hummel et al., 1997). This olfactory test is comprised of three different components: olfactory threshold, odor discrimination, and odor identification. The olfactory threshold represents the level of detection of odors from low to high concentrations, the odor discrimination is the non-verbal distinction between different odors, and odor identification represents the ability to name or associate an odor. Using commercially available felt-tip pens, the odorants will be presented approximately 2 cm in front of both nostrils for 2 s (Hummel et al., 1997, 2007, 2009; Gudziol et al., 2006; Rumeau et al., 2016). Following the previous literature, we have established a 6 points improvement as a significant change (Hummel et al., 2009; Fleiner et al., 2012; Konstantinidis et al., 2013; Schriever et al., 2014; Pekala et al., 2016).

The functional capacity will be assessed with Short Physical Performance Battery (SPPB), which assessed balance, gait velocity, and leg strength (from 0 worst to 12 best scale) (Guralnik et al., 1994). In addition, to measure disability, the Barthel Index of independence during activities of daily living (ADLs) at the moment of assessment will be employed. This index ranges from 0 worst to 100 best (Mahoney and Barthel, 1965; van Bennekom et al., 1996). The magnitude of meaningful change (i.e., clinically significant) will be 1 point for SPPB (Perera et al., 2006) and 5 points for the Barthel Index (Shah et al., 1989; van Bennekom et al., 1996). Lastly, the changes in handgrip strength measured with a dynamometer (Takei 5401 Digital Dynamometer) will also be used to assess the functional capacity. The handgrip strength is a powerful predictor of disability (Rantanen et al., 1999), an indicator of overall muscle strength and is associated with a variety of clinically relevant health outcomes in aging adults (McGrath et al., 2018).

Cognitive function will be assessed by Mini-mental State Examination (MMSE) one of the most used instrument for screening cognitive impairment. The MMSE assesses domains of orientation, memory, attention, language, and visuospatial ability and is scored out of 30 points. Scores ≤ 23 points are indicative of likely cognitive decline (Folstein et al., 1975; Pi et al., 1994). The Trail Making Test part A (TMT-A) is a neuropsychological test that provides information on visual search, scanning, speed of processing, mental flexibility, and executive functions (Tombaugh, 2004). As the TMT-A is sensitive to a variety of neurological impairments and processes it will be employed to characterize the subjects and to observe changes in the groups that will be assessed at different point in time. The Symbol Digit Modalities Test (SDMT) is easily administered and sensitive to the presence of cerebral dysfunction (Smith, 1973). The score of this test is the number of correct substitutions completed within the time limit, with the maximum score of 110 (Smith, 2002). It is also sensitive to spontaneous recovery of brain functions and to improvements resulting from therapeutic treatments (Smith, 2002; Cancela et al., 2012).

The nasal exfoliation, OE cell culture and subsequent quantitative proteomics will be performed in an ISO 9001:2015 quality environment as previously described (Lachén-Montes et al., 2020b; Barrera-Conde et al., 2021). The mass-spectrometry-based comparative protein analysis together with the corresponding bioinformatic phase (pathways and functional interactomes) will be specifically done in the EOT and CA environments (Figure 1).
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FIGURE 1. Olfactory proteomics workflow to be implemented in parallel with the EOT.


To perform the Immune characterization, peripheral blood (PB) samples will be obtained from all groups at baseline and after 12 weeks from CA and EOT groups. EDTA blood collection tubes (Vacuette®, Greiner Bio-One) will be used. All PB samples will be processed according to the EuroFlow bulk lysis standard operating protocol (SOP) (available at www.EuroFlow.org). In brief, up to 2 ml of blood will be incubated with 50 ml of ammonium chloride (NH4Cl) at room temperature (RT) on a roller bank to lyse non-nucleated red blood cells. After a washing step, cells will be stained for 30 min in the dark with the following BD antibody combination: CD27, CD45RA, CD8, IgD, CD16, CD56, CD4, IgM, CD19, CD3, CD45, and either TCRαβ or preferably TCRγδ, wherein the following antibody pairs CD8/IgD, CD16/CD56, CD4/IgM, and CD19/TCRγδ or CD19/TCRαβ will be conjugated to the same fluorochrome (van Dongen et al., 2019). Finally, cells will be incubated for 10 min (in the dark; RT) with 2 ml of BD FACS™ Lysing Solution (BD Biosciences), washed once and re-suspended in 500 μl PBS prior to acquisition. Data acquisition will be using a BD FACSCanto II. For data analysis, the Infinicyt software (Cytognos, version 2.0) will be used. It provides a data integration and a multidimensional analysis of flow cytometry data.

The mood status will be assessed through the 15-item Yesavage Geriatric Depression Scale (GDS-VE), Spanish version, comprising ten affirmative and five negative items (from 0 best to 15 worst scale). The range between 0 and 5 suggest normal results and, scores greater than 5 indicates depression symptoms (Martínez et al., 2002).

Quality of life and the economic evaluation will be measured using the Spanish version of the EuroQol 5-Dimension 3-Level questionnaire (EQ5D-3L) (Badia et al., 1999; García-Gordillo et al., 2015). This instrument measures 5 dimensions of health status: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. In addition, the visual analog scale (VAS) will used to quantify perceived health (from 0, worst health state imaginable; to 100, best health state imaginable).

In order to have a complete phenotyping of subjects, sociodemographic variables (i.e., education level) will be studied. Finally, other end points included will be geriatrics syndromes, Cumulative Illness Rating Scale for Geriatrics (CIRS-G), polypharmacy and International Classification of Diseases (ICD-10). The analysis of all these variables will contribute to characterize the volunteers in the most comprehensive way. The full assessment will last in average 1 h and 20 min.



Data Analysis

Demographic and outcome data will be summarized for the whole sample and for each group using mean and standard deviation or median and interquartile range for continuous variables and via frequencies and percentages for categorical ones. For the CH group only a descriptive characterization of the measured variables will be performed. In the CA and EOT groups, baseline data will be compared using t-test or Mann-Whitney U test for continuous variables and with chi-square test and Fisher test for categorical ones. For each group, within group pre-post differences will be computed using t-test for dependent samples or Wilcoxon rank sum test. Linear models will be computed in order to compare outcome data between groups, adjusting by baseline outcome data and also by the variables that showed baseline differences.

Further, the association between olfactory level measured with TDI score and marked OE protein modifications (based on fold-change), cognitive, neurological, functional, mood status and quality of life will be analyzed using Pearson or Spearman correlation coefficients. All significant, nearly significant, clinically relevant or potentially confounding variables will be considered in a multiple linear regression model with TDI as dependent variable. In this global model non-significant variables will be removed, which, when eliminated, do not change the estimators of the effect of the rest of the variables in the model. The biochemical analysis, the immune information of each subject and the data associated with pharmacological treatments, fragility, cognition, will also be correlated with olfactory level, with the aim of testing the precision olfactory medicine as a useful tool in the day-to-day context of the Geriatrics Unit. To exclude the effect of sex and age, correlations will be performed as partial correlations, including sex and age as covariates. The statistical analysis will be performed with SPSS (version 26; SPSS Inc., Chicago, IL, United States).

Sample size was calculated based on previous literature (Hummel et al., 2009) on the effects of OT on olfactory function, a medium effect size (d = 0.5) and a standard deviation of the outcome of SD = 0.8 were assumed (Birte-Antina et al., 2018).



Intervention


Control

The control group will be composed by sixty ambulatory patients from the community (CA). This group will undergo a complete assessment at baseline and after 12 weeks. The volunteers of CA group will receive usual health care assistance; therefore they will not participate in any kind of olfactory training.



Training Protocol

The experimental odor training group (EOT) will be composed by sixty older adults from nursing home. This group will undergo a complete assessment at baseline and after 12 weeks. The training intervention will be performed over a period of 12 weeks and will involve patients exposing themselves once daily to 4 different scents of the four commonly used odors during 20 s each (phenyl ethyl alcohol (PEA): rose, eucalyptol: eucalyptus, citronellal: lemon, and eugenol: cloves). These four odorants were chosen to be representative of four odor categories that tried to identify/represent primary odors (Amoore, 1977; Haehner et al., 2013). These categories are flowery (e.g., rose), foul, fruity (e.g., lemon), aromatic (e.g., cloves), burnt, and resinous (e.g., eucalyptus). Training patients received four vial topaz (total volume 5 ml) with one of the four odors in each (1 ml each, soaked in cotton pads to prevent spilling). All vials will be labeled with the odor name. Patients will be asked to sniff the odors in the morning for approximately 20 s each. Participants will be asked to refrain from smoking, eating, or drinking (except water) during the hour prior to training and testing (Al Aïn et al., 2019). Figure 2 shows a summary outline of the proposed protocol.
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FIGURE 2. Odor training protocol (own elaboration).


Adherence to the OT intervention will be documented in an Odor training diary (P.R.O-V1.1E, 2020). By one side, some protocols in literature (Table 1) performed the training sessions twice a day or 12 weeks of OT (Hummel et al., 2009; Haehner et al., 2013; Schriever et al., 2014; Fornazieri et al., 2019). However, by other side, Schriever et al. (2014) and Fornazieri et al. (2019) have indicated that only half part of the sample strictly follow the protocol. In this regard, our main objective is to propose a protocol that can be followed in an easy and manageable way by our sample of very old adults. For this reason, we propose only one training session per day during a 12 weeks period. In the same way, seems important to highlight that at least once a week a researcher of our staff will supervise the training sessions and furthermore participants will receive a follow up call per week. Lastly, participants who do not experience a subjective perceived improvement in olfactory function tend to lose motivation, so there will be an intermediate smell test with SST at 6 weeks to assess objectively the evolution of performance.





EXPECTED RESULTS

Following the overall evidence (Hummel et al., 2009; Pekala et al., 2016; Al Aïn et al., 2019) about OT, we expect EOT group increased their olfactory function measured by the TDI score, when compared to baseline assessment of both, intervention and control groups. The scarce evidence and its controversial results on elderly OT (Schriever et al., 2014; Birte-Antina et al., 2018) support the needed for further studies to confirm its efficacy.

Schriever et al. (2014) only have observed statistical significant difference between groups afterward the 12 weeks period, when training group have improved olfactory function and control group obtained lower results than the baseline. But the results of inter-group analysis (baseline and final assessment of OT group) are not significant. The authors (Schriever et al., 2014) suggest that there are several reasons for the lack of olfactory improvement and they are related with regular aging process: (i) the reduction of regenerative ability of the olfactory mucosa; (ii) the decreasing of olfactory receptor neurons (Conley et al., 2003; Suzukawa et al., 2011); (iii) the slowing down of cell turnover in the olfactory epithelium (Conley et al., 2003).

Birte-Antina et al. (2018) have found that despite the loss of olfactory function is largely found with aging, discontinuous exposure to odors improves general olfactory function. Olfactory training in older people improved general olfactory function, verbal function, subjective well-being, and, in a subgroup, also depressive symptoms. Kondo et al. (2020) remarked that the mechanism underlying odor stimulation-dependent improvement is unclear but the number of interneurons in the olfactory bulb is regulated depending on odor stimulation (Yokoyama et al., 2011).

Therefore, although the protocol proposed follows the main guidelines of the protocols founded in the literature, our target sample is older than the previously studied and, the training protocol proposed presents possible improvements in terms of simplicity, follow-up and adherence comparing to the existent evidence. In addition, the expected sensorial improvement will be accompanied by unprecedented personalized OE proteotypes (composed around quantitative data from 4500 to 5000 proteins) that will help us to understand the unknown molecular mechanisms triggered by the OT. Moreover, this workflow has the capacity to unveil protein mediators that may be targeted by future therapies in order to improve the odor capacity and the olfactory recovery.

Research in the field of immunology, as well as in various neurological disorders, indicate the increasing relevance of smell. In this study, we pretend to implement olfactory precision medicine through immunodulatory nasal therapies, so the results obtained from immune populations, before and after OT, could shed a light on the brain-smell-immune system axis.

To sum-up our hypothesis indicates that the structured, short-term exposure to odors may increase olfactory sensitivity (Hummel et al., 2009). However, the magnitude of this effect and its causality are still unknown in the elderly population. Following the literature, the main management strategies for age-related olfactory dysfunction are odor stimulation (Yokoyama et al., 2011; Kondo et al., 2020), OT (Schriever et al., 2014) and exercise regularly (Schubert et al., 2013).
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The Hospital Universitario de Navarra Clinical Research Ethics Committee approved the protocol on October 21, 2020 (PI_2020/113). Regarding molecular analysis, cell cultures, protein extraction, precipitation, digestion, and peptide desalting/cleaning protocols are optimized to analyze human OE. Preliminar mass-spectrometry analysis have allowed to generate a first draft of the human OE proteome, identifying 4500 proteins using a 5600 triple-TOF mass-spectrometer (ABSciex). This dataset has allowed us to optimize different bioinformatic tools and pathway databases to extract functional information from protein-centric olfactory studies.
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