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Introduction: Overall physical activity (PA) has been linked to decreased olfactory dysfunction and could improve olfactory function. Additionally, decreased olfactory function can contribute to reduced overall PA levels, given its association with neurodegenerative disorders. This study aims to examine the relationship between specific PA parameters (duration, frequency, intensity) and olfactory function in adults.



Methods: A total of 3,527 participants from the National Health and Nutrition Examination Survey (NHANES) 2013–2014 underwent assessments for weekly PA duration, frequency, and intensity, alongside a smell test (including odors such as chocolate, strawberry, grape, onion, smoke, natural gas, leather, and soap). Correlation analyses and binary logistic regressions using SPSS were used to evaluate associations.



Results: The total smell score exhibited small yet significant positive correlations with the duration, frequency, and volume of moderate PA (correlation coefficients ranging between 0.05 and 0.08; all p ≤ 0.05) and frequency of vigorous PA (correlation coefficient of 0.05; p < 0.05). For moderate PA, the duration, frequency, and volume were significantly and positively associated with the ability to correctly detect the smell of grapes while the frequency was significantly and positively associated with the ability to identify smoke and leather odors (odds ratios ranging from 1.01 to 1.07; p < 0.05). For vigorous PA, the frequency of PA was positively associated with the detection of grape smell (odds ratio of 1.05; p < 0.05).



Conclusion: Some parameters of an active lifestyle are associated with improved odds of accurately identifying odors by up to 7.4%. Moderate PA duration, frequency, and volume were linked to better olfactory scores, while high-intensity PA had limited associations.
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1 Introduction

An intact olfactory system is crucial for maintaining a good quality of life (1). In addition to detecting pleasant and unpleasant odors, our sense of smell plays an essential role in protecting us against environmental hazards, such as gas leaks, and regulating eating behaviors (2). For instance, the inability to smell food can impair taste perception, which can negatively affect appetite and lead to malnutrition (3). Moreover, olfactory loss or dysfunction could negatively impact physical and mental well-being, safety, appetite, and nutritional status (4, 5). Olfactory impairments are highly prevalent in the general population, as various factors can affect olfactory function, such as hunger, anthropometrics, sociodemographics, and health characteristics (5, 6). For example, higher levels of hunger can increase sensitivity to certain odors (7, 8), while a high body mass index has been associated with decreased olfactory sensitivity (9). Olfactory function can also decrease with age (10, 11) and is typically lower in males (12) and patients with neurological and cognitive disorders (13). These impairments became particularly important during the recent COVID-19 pandemic with an average of 47% of patients reporting chemosensory dysfunction (15).

In humans, regular PA in older adults has been associated with a lower incidence of olfactory dysfunction that was volume-dependent. In our study, the participants who engaged in more PA have a lower risk of olfactory dysfunction over 10 years (16). In 2016, Hoffman et al. (12) observed that a minimal amount of moderate-to-vigorous PA, with a threshold of 10 continuous minutes of moderate-to-vigorous activity for ≥3 days/week, was associated with a lower prevalence of olfactory dysfunction (8.9% for active individuals vs. 20% for inactive individuals). Other researchers have observed that regular participation in activities such as Tai Chi, dancing, or running (for over a year, >3 times/week, with each session lasting >30 min) can significantly improve odor detection and identification compared to individuals who rely solely on walking or engage in no PA (17). Furthermore, it has been observed that a higher frequency of these activities (i.e., ≥3 times/week or more, compared to one to two times/week or not at all) is associated with a greater reduction in olfactory dysfunction (17). In individuals with asthma and chronic sinusitis, olfactory function, particularly gas odor detection, was improved following a 12-week aerobic exercise program combined with nasal breathing exercises (18).

Despite the recent studies supporting the fact that PA can help maintain or improve olfaction, it is possible that in some cases reduced olfaction may contribute to, or be a marker of, subsequent reduced PA. For example, alterations in olfactory function have been proposed as early biomarkers of neurodegenerative disorders, such as Parkinson's and Alzheimer's disease (19), while these conditions are associated with disabling factors such as motor symptoms, rigidity, and postural instability (19).

To the best of our knowledge, no study has comprehensively addressed specific PA parameters concerning olfactory function, as our group recently did for taste (20). In the latter study, we found that frequency and duration of VPA were generally more important than moderate-intensity parameters and that the associations differed depending on the taste being tested. The subgroup analysis also showed that individuals who were not living with advanced stages of obesity had better associations between an active lifestyle and taste integrity. Knowledge of the relationship between PA parameters and chemosensory (taste and smell) integrity is important to support intervention strategies and/or to understand specific changes following olfactory impairment. Therefore, the present study aims to investigate the association between distinctive PA parameters and olfactory function, taking advantage of the National Health and Nutritional Examination Study (NHANES) study that provides information on PA's intensity, duration, frequency, and volume. A secondary objective of the study was to study associations according to body weight status.



2 Materials and methods


2.1 Study design and population

The NHANES aims to assess the health and nutrition status of a representative sample of the US population. In this study, a secondary analysis of NHANES data from the 2013–2014 cycle that includes smell assessments was conducted. A total of 3,527 adults aged between 40 and 80 years who completed the smell test and answered the self-report questionnaire on PA were included. Body measurements [body weight in kilograms and standing height in meters were used to calculate body mass index (kg/m2)] were collected by the investigator team. The body mass index of the participants was used as the main stratifying variable and was divided into four different categories: normal weight (<24.99 kg/m2), overweight (25.00–29.99 kg/m2), obesity class 1 (30.00–34.99 kg/m2), and obesity classes 2 and 3 (>35.00 kg/m2). The NHANES agreement received approval from the National Center for Health Statistics Research Ethics Committee, and all adult participants provided written informed consent. Each participant was assessed using a computer-assisted personal interview system operated by registered health technicians.



2.2 Smell test

This study used the eight-item NHANES pocket test (PST, Sensonics International, Inc., Haddon Heights, NJ, USA) to assess olfactory function. This test incorporates four nutrient-related odors (chocolate, strawberry, grape, and onion), two warning odors (smoke and natural gas), and two common household odors (leather and soap). The test is fully described in Hoffman's 2016 paper (12). Based on the number of correct identifications of odors, the total smell score ranged from 0 to 8. A score of 0–5 (≥3 incorrect responses) indicates an olfactory disorder, and a score of 6–8 is considered normal.



2.3 PA questionnaire

Within the NHANES, the participants completed a self-report questionnaire on PA based on the Global PA Questionnaire (21). This questionnaire covered daily, leisure, and sedentary activities and was administered at home before the physical examination. For the analysis, moderate-intensity activities were those that caused small increases in breathing or heart rate, such as brisk walking or carrying light loads for at least 10 min. Activities that caused an increase in heart rate or respiration rate—such as carrying or lifting heavy loads, digging, or building work—continuously for at least 10 min during the week were considered vigorous PA (21). PA duration was defined in bouts of 10 min for OR calculations, and the number of PA sessions determined the frequency of PA in a typical week (day/week). The volume of PA was calculated by metabolic equivalent (METs*h/week), with four METs attributed to moderate activity and eight METs for vigorous work-related activity (21). For the presentation, the total volume of PA in logistic regression was divided by 100.



2.4 Statistical analysis

Pearson correlations and binary logistic regressions were used to estimate the associations between olfaction and PA parameters. Age and sex were considered covariates in logistic regression because they are associated with both olfactory function and PA. Odds ratios (ORs) represented the constant effect of PA on the probability of detecting odors correctly in the eight-item NHANES pocket smell test to evaluate the effect of PA parameters on the chance of detecting odors correctly. A p-value of ≤0.05 was considered statistically significant. The statistical analyses were performed using SPSS 27.0 (SPSS Inc., USA).




3 Results

A total of 3,527 participants (47.6% men aged 40–80 years old) responded to the PA questionnaire and performed the smell test (Table 1). They were categorized as underweight/normal weight (26.5%), overweight (34.1%), obesity class 1 (21.7%), or obesity class 2 or 3 (16.6%).


TABLE 1 Characteristics of the participants.

[image: Table 1]

The total volume of PA was correlated to the total smell score (r = 0.047, p = 0.006). Small and positive correlations were present between the total smell score and duration, frequency, and volume of moderate PA (Table 2). The total smell score was positively correlated with the frequency of vigorous PA (Table 2). The total smell scores by volume of moderate and vigorous PA (Figure 1), frequency of moderate and vigorous PA (Figure 2), and duration of moderate and vigorous PA (Figure 3) are presented graphically.


TABLE 2 Correlations between total smell score and physical activity parameters.
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FIGURE 1
Total smell score by volume of moderate and vigorous physical activity.



[image: Figure 2]
FIGURE 2
Total smell score by frequency of moderate and vigorous physical activity.



[image: Figure 3]
FIGURE 3
Total smell score by number of days of moderate and vigorous physical activity.


When the analyses were stratified by body weight status, there was no significant correlation for underweight/normal weight individuals. However, there were three significant correlations for individuals living with overweight [number of days of moderate (r = 0.097, p < 0.001) and vigorous (r = 0. 076, p = 0.009) intensity PA per week and duration of vigorous PA per week (0.060, p = 0.039)], one for individuals living with class 1 obesity [duration of vigorous PA per week (r = 0.072, p = 0.047)], and none for individuals living with obesity classes 2–3.

The results of the logistic regressions for PA total volume with individual odors are presented in Table 3. The results showed no significant association between all eight olfactory detections and the total volume of PA. The absence of significant association was confirmed for analysis performed per subgroups of bodyweight status.


TABLE 3 The effect of total physical activity volume on the ability to correctly detect the odors.
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While total PA level yielded no significant results, specific PA parameters emerged. The duration of moderate PA (bouts of 10 min/day) showed a small and significant association with the ability to correctly detect the smell of grapes [OR = 1.010, CI 95% (1.002–1.017), p = 0.015] (Table 4). The frequency of moderate PA (day/week) showed small associations with the detection of grape smell [OR = 1.047, CI 95% (1.013–1.082), p = 0.007], smoke [OR = 1.074, CI 95% (1.019–1.131) p = 0.008], and leather [OR = 1.060, CI 95% (1.019–1.103), p = 0.004]. The volume of moderate PA (METs*h/week) was associated with the ability to correctly detect the smell of grapes [OR = 1.002, CI 95% (1.000–1.005), p = 0.028]. For vigorous PA, the frequency of PA (day/week) was associated with the detection of grape smell [OR = 1.051, CI 95% (1.004–1.101), p = 0.034].


TABLE 4 Relation between participants’ ability to correctly identify specific odors and moderate and vigorous physical activity parameters.

[image: Table 4]

Specificities were found when the analysis was stratified by a subgroup of body weight status. For underweight/normal weight individuals, significant ORs for chocolate of 0.998 (p = 0.010) for duration and of 0.994 (0.022) for volume of MPA were obtained, while they were of 1.003 (p = 0.006) for duration and 1.008 (p = 0,012) for volume of MPA for grape. For overweight individuals, the OR for frequency of MPA was 1.097 (p = 0.037) for smoke. For individuals belonging to obesity class 1, the ORs for frequency of MPA were 1.355 (p = 0.020) for onion, 1.121 (p = 0.016) for leather, and 1.221 (p = 0.023) for soap. No significant ORs were found for VPA or in individuals belonging to obesity classes 2–3.



4 Discussion

This study aimed to investigate the association between frequency, duration, and volume of PA performed at both moderate and vigorous intensities and the detection of eight distinct odors related to nutrition, warning, and everyday household groups. Our findings first indicated that the total volume of PA was rarely associated with smell outcomes, and all three components (duration, frequency, and volume) of moderate intensity are worth considering. Among those, frequency was more often associated with better smell recognition. High PA intensity components also deserve attention but generally yield borderline significant results, with lower associations or fewer significant ORs than those found for moderate PA components. Correlation and OR analysis also showed that people who were overweight or who belonged to obesity class 1 had higher associations between their PA levels and olfactory performances.

In the study, the ORs for duration indicated the increased probability of success for every increment of a 10-min block of PA per week, while the ORs for frequency represented the increased probability of success for each additional day of PA practice per week. The ORs for volume reflected the increased probability of success for every additional MET per week related to PA practice. In this case, every additional block of moderate PA was associated with a 1% increase in the odds of accurately identifying the smell of grape, while frequency and volume were associated with increases of 4.7% and 0.2%, respectively. The frequency of moderate PA was also linked to increases of 7.4% and 6% in the odds of accurately identifying the odors of smoke and leather, respectively. Moreover, few advantages emerged from the practice of high-intensity PA, where the only observed increase in the probability of successfully identifying the smell of grape (+5.1%) was seen with its frequency. According to this data set, each component of the active lifestyle investigated could increase the odds of accurately identifying odors by up to 7.4%.

As mentioned previously, Hoffman et al. (12) had previously observed that individuals who regularly engaged in PA had at least half the prevalence of smell impairment compared to inactive individuals. Regular exercise, defined as at least 10 continuous minutes of vigorous- or moderate-intensity activity for ≥3 days/week, seemed to confer protection against smell impairment (12). Another study, which examined the olfactory function over 10 years, also mentioned that regular exercise might positively affect olfactory function in older adults (16). The present study observed similar results with various components of PA. While Sollai and colleagues (20) had previously reported a positive correlation between olfactory scores and the number of hours devoted to PA per week, we observed a significant association with the chance of detecting odors correctly but more often for moderate intensity. This finding remained consistent for both total smell scores and specific odors (i.e., grape). It is worth noting that the importance of moderate intensity appears specific to smell integrity. In contrast, a secondary analysis conducted by our group, using the same dataset, revealed that more intense PA is of greater interest for taste integrity (20), which is the other sense included in chemosensory response. The results of this study align with those of the longitudinal studies assessing this matter (12, 14), and our secondary analysis on taste (20) also revealed that the frequency of PA is essential to consider for chemosensory integrity. The present study highlights frequency as the most important parameter, both for moderate and vigorous PA, to obtain better total scores and results specific to odors. For all three types of odors (warning, food, and household), the better profile occurred when frequent PA was performed at a moderate level. The importance of frequency may explain why vigorous PA did not yield as interesting results as moderate PA because it is performed 50% less frequently, as shown in Table 1. Given that the amounts of PA were similar for moderate and vigorous PA, we can hypothesize that for a given amount of PA, lower-intensity PA performed more frequently may be more interesting for olfactory integrity than higher-intensity PA performed less frequently.

The differential response by a subgroup of body weight status suggests that an active lifestyle is not associated with different olfactory outcomes or that it produces mixed results for individuals without excess body weight (i.e., underweight and normal weight), some positive results for individuals living with overweight, and more substantial positive findings for individuals living with obesity class 1. In contrast to recent work from our group on taste and PA, where adverse associations were found for individuals who belonged to obesity classes 2 and 3 (20), it was interesting that no adverse effects were found for these individuals for smell. While the relationship between obesity and olfactory integrity is increasingly being investigated, it remains unclear why the associations between PA and olfaction differ according to body mass index groups. The fact that higher associations were found between PA and olfaction in individuals with obesity, at least in class 1, is intriguing, and further studies are needed in this area of investigation.

Doty (23), in 2019, stated that the evidence supporting strategies such as exercise to combat age-related dysfunction in smell was compelling. However, it remains unclear if chronic practice of PA could reverse deficits in chemosensation once they are present. The current study adds valuable information regarding which intensity of PA could be beneficial. In this context, moderate PA was associated with better odor recognition than high-intensity PA. In NHANES 2013–2014, it was reported that the prevalence of smell disorder was associated with overall PA volume (METs*min/week), with more impairments in lower tertiles of PA (24). In our study, vigorous PA volume was not significantly associated with odor recognition, while moderate PA volume was associated with correctly detecting food-related odors. It seems prudent at this stage to conduct randomized controlled trials where the intensity of PA is strictly controlled to better understand the role that PA can play in both olfactory preservation and improvement.

A growing body of literature using longitudinal and experimental designs supports the fact that PA may be a strategy to maintain or improve smell, with potential mechanisms including reduced hypertension, reduced cell and neurotransmitter loss, and hormonal modulation including insulin sensitivity (25–29). However, the cross-sectional design of the current study does not allow us to confirm the direction of the association. As mentioned in the introduction, it is theoretically possible that smell reduction may contribute to, or be a marker of, subsequent reduced PA levels. In addition, a recent systematic review conducted by our group highlighted that odor exposure in most cases acutely improves PA performance (30). If performance is improved, this could theoretically help to maintain PA levels, and therefore the reduction in smell could reduce PA levels. At this stage, these remain hypotheses to be tested.


4.1 Strengths and limitations

The current study utilized a large sample size and objectively assessed smell using the eight-item NHANES pocket test, which includes various odors categorized as nutrition, warning, and common household odors. Additionally, the PA questionnaire allows for a distinctive analysis of PA parameters. Furthermore, covariates affecting PA and olfactory function (i.e., sex and age) were considered while analyzing the data. Although our study assessed the smell of a wide range of adults aged between 40 and 80 years, future investigations may benefit from including younger and older individuals to cover the full spectrum. Older adults may have pathological changes in the central olfactory processing area due to age or cognitive disorders related to olfactory function (6), which could affect odor smell scales. Another limitation of the current study is that there may be a sampling bias, as participation was voluntary, and that very few odors were used with a very narrow cutoff, probably to compensate for the time required to test such a large sample size. As this is the first study to explore the possible association between specific PA parameters and smell detection, simple analyses have been conducted, and results could underline false positive results.




5 Conclusion

Based on secondary analyses of NHANES data, associations between total smell score and PA total volume and parameters of mainly moderate intensity were observed. Specifically, at moderate intensity, the frequency had more associations with accurate smell detection in all three odor categories (nutrition, warning, and common household), while the frequency of vigorous PA was associated only with better results for the nutrition group odors. Given that moderate levels of PA have been found to enhance the ability to detect odors correctly, it could be advisable to consider moderate PA for interventions and future research.
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activity 10 min/week) 1.009) 1.006) 1.017) 1.028) 1014) 1.016) 1.016) 1018)
Frequency (days/ 3521 | 1014 (0972~ | 3519 | 0.992 (0954 | 3513 | 1.047 (1.013- | 3513 | 1057 (0.976- | 3513 | 1001 (0.954- | 3517 | 1074 (1.019- | 3,514 | 1060 (LO19- | 3514 | 1031 (0.967-
week) 1.057) 1032) 1.082) 1.145) 1051) 1131) 1.103) 1.099)
Volume (METs*h/ | 3,517 | 1.000 (0.997- | 3,515 | 0.999 (0.997- | 3,509 | 1.002 (1.000- | 3,509 | 1.004 (0.997- | 3,509 | 1.000 (0.997- | 3,513 | 1.002 (0.999- | 3,510 | 1.002 (0999~ | 3,510 | 1000 (0.996-
week) 1.002) 1.002) 1.005) 1.010) 1.004) 1.006) 1.005) 1.004)
Vigorous physical | Duration (bouts 3522 | 0999 (0997~ | 3,520 | 1.000 (0.998- | 3514 | 1000 (0999~ | 3514 | 1.000 (0.996- | 3,514 | 1003 (0.999- | 3518 | 1.000 (0.998- | 3,515 1.001 (0999~ | 3,515 | 0999 (0.996-
activity 10 min/week) 1.001) 1.002) 1.002) 1.004) 1.006) 1.003) 1.004) 1.002)
Frequency (days/ 3526 | 0985 (0932~ | 3,524 | 0.984 (0.934 | 3518 | 1051 (1.004- | 3518 | 1027 (0.922- | 3518 | 1052 (0.976- | 3,522 | 1059 (0.985- | 3,519 | 1041 (985~ | 3519 | 0962 (0.887-
week) 1.042) 1.038) 1.101) 1.142) 1.134) 1139) 1.099) 1.045)
Volume (METs*h/ | 3,522 | 0.999 (0998~ | 3,520 | 1.000 (0.999- | 3,514 | 1000 (0999~ | 3,514 | 1.000 (0.997- | 3,514 | 1002 (1.000- | 3,518 | 1.000 (0.999- | 3,515 1.000 (0998~ | 3,515 1000 (0.998-
week) 1.001) 1.002) 1.002) 1.003) 1.005) 1.003) 1.003) 1.002)

OR, odds ratio:

§, confilence interval. Boid highliolits Scrificant o-valss G« 0I05)
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