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It has been assumed that olfactory sensitivity is relatively consistent in different populations 
worldwide. Emerging, yet fragmented evidence lends credit to the hypothesis that olfactory sensitivity 
may be geographically diverse. To gain deeper insight regarding the interplay between geographical, 
demographic, and health factors in the context of olfactory sensitivity, we conducted a multicenter 
study comprising data from 1046 participants inhabiting 19 locations around the world. Our results 
revealed that location accounted for 17–20% of the variance in chemosensory sensitivity. Demographic 
and psychological factors related to working memory and depressive symptoms also contribute to 
explaining sensitivity to odors, accounting for 1.6–2.9% of the variance in chemosensory sensitivity. 
Thus, we conclude that inhabitants of different geographical regions may present different sensitivities 
to chemical stimuli. We discuss the factors that could potentially be included in future investigations to 
pinpoint even more precisely what factors determine differences in chemosensory sensitivity around 
the globe.
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Olfactory threshold is a reliable indicator of an individual’s sensitivity to odor concentrations in the environment. 
High sensitivity to odors serves as an alert system to environmental hazards such as leaking gas or spoiled food1. 
Despite the widespread belief that the human olfactory system is less sensitive than that of animals2, human 
olfactory sensitivity is on par with that of animals considered to rely heavily on their ability to detect odors3. 
Odor threshold reflects the function of the peripheral olfactory system, which is crucial for interaction with the 
physical environment and signal transmission to the central olfactory system. Unlike the suprathreshold ability 
to distinguish between odors (i.e. odor discrimination) and label them (i.e. odor identification)4–9 the olfactory 
threshold has been thought to be more independent of cultural background.

Most evidence of the cultural variability in chemosensory perception includes suprathreshold odor 
perception and self-reported measures of odor awareness and importance5,10–19. Recent cross-cultural studies20 
showed that although there are some individual and cultural differences in the perception of odors, a significant 
part of the variability in odor pleasantness stems from the physicochemical properties of odorants21. At the same 
time, factors such as familiarity with smell and ecological context have a significant influence on cross-cultural 
differences in olfactory perception22. These results emphasize that olfactory experiences are shaped by universal 
biological constraints but modulated by culture and environment.

Emerging, yet fragmented evidence lends credit to the hypothesis that olfactory sensitivity may also be 
ethnically and geographically diverse. Research conducted in New York City found that African-Americans 
had higher olfactory sensitivity compared to Asians and Caucasians, while no difference was observed between 
Hispanic and non-Hispanic individuals23. Another study noted that members of the indigenous Tsimane tribe in 
Bolivia had a higher olfactory threshold compared to modern Germans24, and so were inhabitants of the Cook 
Islands, marginally exposed to ambient air pollution25. A study comparing Dutch and Japanese participants found 
no significant difference in sensitivity to six different odors26. Although ethnicity accounted for approximately 
20% of the variation in olfactory perception, it has been suggested that factors such as previous upper respiratory 
infections, trauma, and environmental toxins play a more significant role than ethnicity23.

In 2020, Oleszkiewicz et al. attempted to examine global differences in human olfactory sensitivity, utilizing 
olfactory sensitivity data from 11 chemosensory laboratories across four continents27. Their findings attributed 
roughly 25% to 32% of the variation in olfactory/trigeminal and olfactory sensitivity (respectively) to geographic 
location, with gender and self-reported olfactory performance also predicting odor sensitivity. A second study 
(of the same paper) reaffirmed these results, indicating that changing a place of residence (i.e., moving from Asia 
to Europe) can impact the ability to detect odors27. The same research group observed that our sense of smell 
interplays with the olfactory landscape. Odors consciously detected in the environment can effectively stimulate 
the human olfactory system, potentially enhancing olfactory sensitivity27.

Understanding how environmental, demographic, and health factors shape olfactory sensitivity is relevant 
for the scientific public, medical practitioners, and policy makers. Understanding global diversity in olfactory 
sensitivity can inform public health policymakers of the need to adjust reference norms to the regional specificity 
and inspire more careful monitoring of the environmental exposure on population health. Results may turn out 
useful for product design to customize fragrant products to the regional variation in olfactory sensitivity.

To gain deeper insight regarding the interplay between environmental, demographic, and health factors in 
the context of olfactory sensitivity, we extended the previous global study on olfactory sensitivity27 in terms of 
the sample size, the number of locations, and the number of covariates considered. A network of specialized 
chemosensory laboratories conducted multicenter data collection. Care was taken to record individual 
characteristics hypothesized to explain the observed differences, such as demographics, health, and self-reported 
odor awareness. We intended to build a comprehensive, multilevel model explaining variability in human 
olfactory sensitivity across geographical regions, accounting for individual and regional factors. The current 
investigation focuses on the olfactory and olfactory/trigeminal sensitivity as the two chemosensory systems 
complement each other in aroma perception1,28–31 and interact with each other affecting olfactory perception32,33. 
Despite their relationship, little is known about the differential (or similar) cross-cultural variability of olfactory 
and olfactory/trigeminal sensitivity.

Methods
Ethical approval
The study was performed in accordance with the Declaration of Helsinki on Biomedical Studies Involving Human 
Subjects. Informed written consent was obtained from all participants. The study design and consent approach 
were approved by the Ethics Board at the Institute of Psychology (2021/RHYNA) and the Institutional Review 
Board of the University of Wroclaw (3/2021). The local institutional review board approvals were obtained where 
required.

Study sample and eligibility criteria
The sample size was determined using G*Power software34. We anticipated small effects (f2 = 0.1) in this study, 
considering the inclusion of various relevant covariates and despite previous observations of large effect sizes27. 
We expected a small effect size because of the additional measures taken to increase random variance control 
(see Discussion for details). Exclusion criteria were pregnancy, smoking, regular exposure to chemical agents, 
neurodegenerative or metabolic diseases, infections on the day of measurement, diagnosed or self-reported 
olfactory dysfunction, and cognitive impairments.

The total sample of 1,046 participants (Mage = 32.2; SDage = 12.3, 18–82 years) included 660 women (Mage = 32.4; 
SDage = 12.3) and 382 men (Mage = 31.7; SDage = 12.2) from 18 countries (Argentina, Australia, Brazil, Canada, 
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China, Cuba, Egypt, Germany, India, Iran, Italy, Japan, Malaysia, Poland, the Philippines, Tunisia, Türkiye, 
United States of America). Two local samples were recruited in Canada (Trois-Rivières and Victoria), thus the 
study includes 19 locations. Table 1 summarizes the demographic characteristics of the population examined in 
each location.

All subjects represented the urban population, because our partnering laboratories are located in the 
cities. In each subsample, the fraction of university students did not exceed 50%. The remaining participants 
were recruited from the general population and constituted a sample of convenience. An equal gender ratio 
was assumed at each location. To ensure that the recent change in residency did not alter the chemosensory 
perception, the participants included in this study resided in the area for more than 6 months. Our previous 
research has shown that this period appears sufficient to alter sensitivity to odors27. Data was collected between 
October 2022 and September 2024.

Procedure
Local collaborating laboratories were recruited for the CROss-CUltural Study on Variability in Chemosensory 
Sensitivity (CROCUS) project using a professional network of colleagues who perform chemosensory research. 
All researchers contributing to this study have been previously trained or visited the Interdisciplinary Center 
for Smell and Taste at TU Dresden, Germany, and were all proficient in chemosensory testing and had extensive 
experience with the Sniffin’ Sticks. To ensure data quality, before data collection began, the researchers met 
twice for training and discussion on the study protocol. Additionally, the entire procedure was video recorded 
(including the procedure to calculate scores) and shared with each local research collaborator to ensure the 
coherence of the protocol across the locations. All chemosensory materials were purchased in Germany and sent 
to the local collaborators via courier.

At each location, all participants underwent individual testing sessions conducted in well-ventilated and 
properly lit rooms. Breaks were offered to the participants at any time in case of signaled fatigue. Questionnaires 
and methods with documented psychometric properties were employed to assess dependent and control 
variables. In cases where native language adaptations of scales were unavailable, bilateral translations were 
conducted. The duration of each session was estimated to be 60 min.

Dependent variables
Olfactory sensitivity
For the measurement of olfactory sensitivity, we used the Sniffin’ Sticks threshold test7. The test employs a triple-
forced choice paradigm, where participants must differentiate the odorous target pen from two blanks filled with 
propylene glycol solvent. The odorous pen was filled with a mixture of ten odorants mixed in equal volumes (see 
Table 2 for details). The highest concentration was 0.25%, and further dilutions were prepared in a 1:3 fashion, 
resulting in a total of 8 concentrations. The use of an 8-step version of the olfactory sensitivity test (instead of 
the full 16-step) served to shorten the examination procedure and avoid errors resulting from the fatigue of the 
subjects. Both the odor and blanks are presented about 2 cm in front of the participant’s nostrils for 3 s. Starting 
with the lowest odor concentration, a staircase paradigm adjusts the concentration based on the participant’s 

City Country Sample size % Females

Age

M SD

Buenos Aires Argentina 65 54% 39.2 13.60

Cagliari Italy 60 50% 29.2 10.83

Cairo Egypt 66 50% 30.8 8.95

Chicago USA 39 69% 32.8 18.37

Dresden Germany 51 59% 26.4 5.57

Guangzhou China 61 70% 32.4 12.60

Havana Cuba 12 58% 44.3 14.94

Izmir Türkiye 32 59% 33.4 15.44

Kuala Lumpur Malaysia 65 78% 35.1 10.88

Londrina Brazil 66 52% 30.5 13.86

Manila The Philippines 60 62% 31.8 7.37

Pune India 60 53% 31.3 10.60

Sydney Australia 62 63% 25.2 10.60

Tehran Iran 60 65% 34.3 10.92

Tokyo Japan 65 60% 37.3 13.25

Trois-Rivières Canada 22 86% 32.9 12.58

Tunis Tunisia 65 74% 34.9 12.39

Victoria Canada 70 76% 28.3 10.51

Wroclaw Poland 65 69% 31.0 11.66

TOTAL 1046 63.1% 32.2 12.3

Table 1.  Descriptive statistics summary.
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responses. Two correct or one incorrect answer led to a decrease or increase in concentration, respectively, 
termed a turning point. The test completes seven turning points, with the final score being an average value of 
the last four. To ensure reliability, the test was performed twice with each participant with a 15-min break35.

Olfactory/trigeminal sensitivity
An analogous method was used to measure olfactory/trigeminal sensitivity; however, Sniffin’ Sticks were filled 
with dilutions of Eucalyptol (highest concentration 0.03125%). Olfactory/trigeminal sensitivity was measured 
once.

Predictors of olfactory and olfactory/trigeminal sensitivity
Olfactoryrelated health
Olfactory-related health conditions were checked using a standardized medical form used in chemosensory 
studies36 regarding general health and past medical conditions. The interview included all exclusion criteria 
established for this study, such as nasal polyps or a history of head trauma. The participants assessed their sense 
of smell on a six-point Likert-type scale (ranging from 1—very good to 6—no smell perception) and nasal 
breathing by determining the patency of each nostril. In addition, questions about COVID-19 were added to the 
questionnaire to document potential infections, symptoms (such as loss of smell), and treatment.

Peak nasal inspiratory flow (PNIF)
Peak nasal inspiratory flow (PNIF) is a rapid and easy-to-use objective measure that directly measures nasal 
airflow during maximal inspiration37. We measured PNIF to control for nasal airway obstructions in our 
participants. We asked each participant to inhale air through the nose at maximum speed and effort. The 
measurement was taken in a standing position three times, and the maximum score of the three trials was 
included in the analyses.

Depression
Depressive symptoms are associated with reduced olfactory abilities38. We used PHQ-9 Questionnaire, a self-
administered tool for assessment of depressive symptoms. PHQ-9 includes 9 items which focus on DSM- IV 
criteria, such as anhedonia (reduced ability to experience pleasure), weight (less or more appetite), sleep (more or 
less than usual sleep), psychomotor changes, fatigue (loss of energy), worthlessness (feeling of being unworthy), 
concentration (lack of concentration), suicidal thoughts and behaviors39,40.

Digit span
The Digit Span test was used to assess attention and auditory short-term memory41. In this task, the participants 
listened to a series of digits presented verbally and were asked to repeat them in the same order. The test began 
with a sequence of three digits, the length of which increased by one digit on each successive trial up to 11 digits. 
The test ended if the participant made an error on two successive trials of the same length. The total score was 
determined by the number of sequences correctly recalled, with possible scores ranging from 0 to 9 points.

Verbal fluency
Verbal fluency was checked by using the Controlled Oral Word Association Test42. COWAT is a verbal fluency 
test that measures the spontaneous production of words belonging to the same category or beginning with 
some designated letter. It is thought to measure linguistic abilities and executive functions43. In our study, the 
participants were asked to name as many animals as they could within 30 s.

Individual significance of olfaction
The Individual Significance of Olfaction scale was employed to evaluate the personal importance of the sense of 
smell44. This scale comprises 18 items divided into three subscales: ‘Association’, ‘Application’, and ‘Consequence’. 
Additionally, two items from the ‘Aggravation’ subscale were included to detect any tendency of the participants 
to overestimate the significance of their sense of smell. The ‘Association’ subscale assesses emotions, memories, 
and evaluations triggered by olfactory experiences. The ‘Application’ subscale measures how individuals use 

Name Manufacturer Product code

p-Cymene Sigma-Aldrich C121452

4-(4-Hydroxyphenyl)−2-butanone Sigma-Aldrich 178,519

Cinnamaldehyde Sigma-Aldrich C80687

Sandalwood oil Sigma-Aldrich W300500

Octanal Sigma-Aldrich O5608

Heptanal Sigma-Aldrich W254002

Benzylalcohol Sigma-Aldrich 402,834

1-Phenylethyl acetate Sigma-Aldrich 8.43785

Acetophenone Sigma-Aldrich 8.00028

Propylene glycol Sigma-Aldrich 424,927-1L

Table 2.  Odorants constituting the threshold test mixture.
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their sense of smell in everyday life. The ‘Consequence’ subscale examines the role of olfaction in daily decisions. 
The reliability of the questionnaire is reported to be α = 0.77. The results from this scale were analyzed separately 
for each subscale to provide a comprehensive understanding of the significance of olfaction in daily life. The 
overall score is the average value of all items and ranges from 0 to 3 points.

Age
Olfactory sensitivity changes with age. A significant development of olfactory function is observed during the 
first 20 years of life45,46, whereas a decline in olfactory sensitivity occurs after 60 years of age45,47,48. Variations in 
age demographics and life expectancy rates across populations49 may influence olfactory sensitivity in different 
countries.

Gender
Differences in olfactory sensitivity are observed between the genders. Women exhibit slightly higher olfactory 
performance50–52 and value odors more than men44.

Statistical analyses
Data were analyzed using RStudio software Version 2024.12.0 + 467 (packages “lme4”, “lmerTest”, “MuMin”, 
“tidyverse”, “ggplot2”, “ggpubr”). First, we assessed the reliability of the olfactory threshold test with Pearson’s 
r correlation calculated for the first and the second measurement of olfactory sensitivity. To reflect the nested 
structure of the data set, separate within- and between-location variance, and to allow generalization beyond 
the sampled locations, we used multilevel linear modeling (MLM) with random intercepts and random slopes. 
Gender and health status were included as fixed factors (nominal variables). Age, PNIF, depressive symptoms, 
individual significance of olfaction, digit span, and verbal fluency were included as fixed covariates (scale 
variables). Location was treated as a random factor. Two models were tested separately for olfactory and 
olfactory/trigeminal thresholds. Conditional R2 was used to quantify the proportion of variance explained by 
the fixed and random effects (total variance explained by the model). Marginal R2 indicated the proportion 
of variance explained by the fixed factors and fixed covariates (Gender, Age, Health status, PNIF, Depressive 
Symptoms, Individual Significance of Olfaction, Digit Span, and Verbal Fluency). Thus, the difference between 
Marginal R2 and Conditional R2 indicated the proportion of variance explained by location20,27,53.

Results
Reliability of olfactory threshold testing
The overall correlation coefficient for olfactory threshold first and second measurement was r1044 = 0.65, which 
was similar to the test–retest reliability for odor threshold tests based on odor mixtures (r = 0.56 for six and 
r = 0.56 for ten odors)54,55. Figure 1 shows correlations between scores in olfactory threshold for the first and 
second attempts across the tested locations. In all the locations, these two measurements were positively and 
robustly correlated; therefore, we assumed the reliability of the test across the locations. Further analyses were 
based on the score from the first olfactory threshold test attempt.

Descriptive statistics across the locations
Table S1 in the Supplementary Materials presents the descriptive statistics for the test and retest olfactory 
threshold test scores across the locations. Pairwise mean differences in olfactory threshold and trigeminal 
threshold across the locations are summarized in the heatmap in the left panel of Fig. 2. In the right panel of 
Fig. 2, bar graphs display mean sensitivity scores for olfactory and trigeminal modalities across locations.

Geographical variability in olfactory sensitivity
The linear mixed model accounted for 19.5% of the variability in olfactory thresholds (as indicated by the 
Conditional R2, i.e. the variance explained by fixed and random effects), with 17.9% of this variability being 
explained by the location (as indicated by the difference between Conditional R2 and Marginal R2, the latter 
accounting for the variance explained only by fixed factors) (see Table 3). The remaining 1.6% of the variance 
(R2 Marginal) was attributed to the individual characteristics of the participants. Olfactory sensitivity decreased 
with age (B = −0.01; p = 0.02); and depressive symptoms, wherein higher levels of depressive symptoms were 
associated with reduced ability to detect odors (B = −0.02; p = 0.01). There were no other significant predictors 
within the tested model, although Gender, PNIF bordered significance, pointing to the elevated olfactory 
sensitivity in women and individuals with increased nasal airflow.

Geographical variability in olfactory/trigeminal sensitivity
The model predicting olfactory/trigeminal threshold accounts for 19.7% of the variability in olfactory/trigeminal 
thresholds (as indicated by the Conditional R2 i.e. the variance explained by fixed and random effects) with 
16.8% attributed to the location (as indicated by the difference between Conditional R2 and Marginal R2, the 
latter accounting for the variance explained only by fixed factors) (see Table 4). The remaining 2.9% of the 
variance (R2 Marginal) was linked to individual participant characteristics. Women exhibited higher olfactory/
trigeminal threshold scores compared to men (B = 0.43; p = < 0.001); olfactory/trigeminal sensitivity increased 
in the absence of comorbid health issues (B = −0.27; p = 0.02); higher scores on the digit span test were associated 
with an increase in trigeminal olfactory sensitivity thresholds (B = 0.11; p = 0.04). No additional significant 
predictors were identified within the tested model.

Forest plots illustrating city-level effects around the covariate-adjusted grand mean for olfactory and 
olfactory/trigeminal sensitivity are shown in Fig. 3.
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Discussion
The current study examined global olfactory sensitivity in 19 locations, taking into account individual factors 
and geographical location. Our results revealed that location accounted for 16.8–17.9% of the variance in 
chemosensory sensitivity.

Current findings in the context of previous work
Despite a larger sample size and broader geographic coverage, several additional covariates considered, more 
rigorous protocol standardization, and a modelling approach, the obtained results are consistent with the initial 
study our network has published27. Previously, we observed a slightly higher variance attributed to the location 
than in the current study (32% vs 20% in olfactory sensitivity and 25% vs 17% in olfactory/trigeminal sensitivity). 
The lower variance between the study sites, despite the extended collaboration network, can be attributed to a 
more rigorous protocol, corroborated by video conferences to discuss nuances of the study protocol and the 
video recording of the protocol. Furthermore, in the current study, we used an odor mixture to quantify olfactory 
sensitivity54,55 while in the pilot study27 we used the Sniffin’ Sticks test based on the single-molecule PEA odor. 
We controlled some of the variance by testing olfactory sensitivity twice during the testing sessions and found 
robust test–retest correlations in all regional subsamples. Thus, we conclude that the diminished variance in 
thresholds between the locations results from minimizing the experimenter’s effect and additional efforts to 
standardize the protocol. Despite our best efforts, we acknowledge that a portion of the variance attributed in 
this study to the location may still result from subtle differences in protocol execution between the testing sites. 
An ideal solution to address this problem would be to collect data by the same person across various locations, 
but such an approach would entail language barriers, confounds attributable to the cultural differences between 
the experimenter and the participants, and potentially language issues. Although we find some locations to 
have strong and other locations to have moderate correlations between the olfactory threshold test and retest, 
it must also be acknowledged that its reliability should be assessed somewhat more liberally than the classic 
psychometric benchmark56,57.

Selected individual-level factors, namely gender, age, health status, PNIF, depression, individual significance 
of olfaction, digit span, and verbal fluency, accounted for a smaller proportion of variance than the location (for 
olfactory threshold 1.6% and for olfactory/trigeminal threshold 2.9% of variance). We corroborated previously 
reported small gender differences in olfactory/trigeminal sensitivity in favor of women51,52,58 and demonstrated 
a well-established decline in olfactory sensitivity with age47,59. Beyond these demographical characteristics of 
our subjects, we found that working memory, depressive symptoms, and general health status to determine 
chemosensory acuity. Specifically, individuals with better memory for digits presented lower olfactory/trigeminal 
thresholds. Working memory is a marker of cognitive functions. It is known to decline with aging, development 
of mild cognitive impairment, and neurodegenerative diseases60–62, similar to chemosensory sensitivity63–65. 
The nature of both tests – the digit span and olfactory/trigeminal threshold task, both engage working memory. 

Fig. 1.  Test–retest reliability was adequate and comparable across the locations.
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Model A Estimate Std. error df t Sig R2
partial

Intercept 6.43 .30 354.6 20.3  <.001

Age -.01  <.01 1034 −2.37 .02 .004

Gender (ref. = men) .16 .09 1030 1.87 .06 .003

PNIF .002  <.01 1036 1.95 .06 .004

Health status (ref. = healthy) -.084 .08 1038 −1.01 .31  <.001

Digit span -.04 .03 954 −1.54 .12 .002

Verbal fluency -.01 .01 1035 −1.29 .20  <.001

Depression -.02 .01 1040 −2.50 .01 .006

Individual significance of olfaction .02 .10 1040 .26 .80 .0001

Model fit

AIC 3447.69

BIC 3502.13

−2LL −1712.85

Variance explained 19.5%

R2 marginal (fixed factors) .016

R2 conditional
(fixed + random factors) .195

Table 3.  Model predicting olfactory threshold based on individual-level predictors and location. ref = reference 
category, PNIF = Peak nasal inspiratory flow, AIC = Akaike information criterion, BIC = Bayesian information 
criterion, −2LL = −2 log likelihood, R2—variance.

 

Fig. 2.  Heatmap (left panel) presenting differences between mean scores obtained across locations for 
olfactory sensitivity (in blue) and trigeminal sensitivity (in green). Bar graph (right panel) showing mean 
scores in olfactory (in blue) and olfactory/trigeminal (in green) tests across the study locations. Heatmap: 
Y-axis represents a gradient of blue color to mark the pair-wise distances between the locations in olfactory 
sensitivity. The X-axis represents the gradient of green color to mark the pair-wise distances between the 
locations in olfactory/trigeminal sensitivity. Each tile represents a single pairwise comparison. Darker tiles 
indicate larger differences between the locations. Bar chart: Y-axis maps the locations. The X-axis represents 
the possible score range in the olfactory and olfactory/trigeminal threshold test. Bars depict mean scores in 
both threshold tests for each location. Error bars denote the standard error of the mean. Lower scores indicate 
lower sensitivity to odors (i.e. higher thresholds) and higher scores indicate higher sensitivity to odors (i.e. 
lower thresholds).
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The participant was either memorizing digits or chemosensory sensations in the sequence of the presented pens. 
Because our models accounted for age and at least half of our sample recruits from the general population, the 
digit span is likely a marker of cognitive abilities that may have been compromised in some of the participants, 
along with the performance in the olfactory/trigeminal threshold task66. This, however, cannot be verified 
in more depth as we did not collect any data that would explain the potential cause of diminished working 

Fig. 3.  Forest plots mapping the spread of locations (random effects) around the covariate-adjusted grand 
mean (marked with dashed black line) for olfactory (left panel, blue color) and olfactory/trigeminal (right 
panel, green color) sensitivity. Error bars denote 95% confidence intervals. The world map (right panel) 
summarizes testing locations. Figure 3 was created by Aleksandra Reichert with Canva Software (version: 
Canva 2025; link: https://www.canva.com/).

 

Model B Estimate Std. error df t Sig R2
partial

Intercept 4.99 .45 370.4 11.14  <.001

Age -.01 .01 1034 −1.25 .21 .001

Gender (ref. = men) .43 .12 1029 3.50  <.001 .011

PNIF .002 .002 1035 1.14 .25 .002

Health status (ref. = healthy) -.27 .12 1037 −2.26 .02 .006

Digit span .11 .04 940.5 2.66 .01 .011

Verbal fluency -.01 .01 1032 -.69 .49 .001

Depression -.004 .01 1039 -.33 .74  <.001

Individual significance of olfaction -.16 .13 1039 −1.20 .23 .001

Model fit

AIC 4177.76

BIC 4232.17

−2LL −2077.88

Variance explained 19.7%

R2 marginal (fixed factors) .029

R2 conditional
(fixed + random factors) .197

Table 4.  Estimated for the model predicting olfactory/trigeminal threshold based on individual-level 
predictors and location. Note. ref = reference category, PNIF – Peak nasal inspiratory flow,AIC = Akaike 
information criterion, BIC = Bayesian information criterion, −2LL = −2 log likelihood, R2—variance.
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memory. Given that olfactory threshold is less dependent on executive functions than olfactory discrimination 
and identification67, we treat this finding with caution.

More severe depressive symptoms were associated with lower olfactory sensitivity. The body of evidence links 
depression with compromised olfactory abilities. Evidence gathered for this study is correlational. We cannot 
draw any causal statements of whether the observed relationship reflects the overall anhedonia and reluctance 
to participate in chemosensory tasks in the participants with elevated depressive symptoms, or whether their 
olfactory function reflected structural and functional changes in the olfactory system38,68–73.

In line with previous reports, we did not observe nasal airflow to be associated with olfactory sensitivity27. 
Our subjects were recruited from the academic/general populations and considered themselves healthy enough 
to participate in the olfactory study. In contrast, patients with chronic rhinitis complain about nasal airflow 
and present decreased olfactory sensitivity; however, their objective nasal airflow appears not to correlate with 
olfactory sensitivity. Thus, in a clinical sample, factors such as inflammatory states, trigeminal dysfunction, and 
anatomical features may relate to decreased olfactory perception rather than PNIF74.

The presence of health issues potentially related to olfactory dysfunction, such as head injuries, allergic 
rhinitis, bronchial asthma, nasal polyps, or frequent respiratory infections, was negatively associated with 
olfactory/trigeminal sensitivity. We did not observe the olfactory threshold to be related to the health problems. 
Potentially, our test was not sensitive enough to differentiate people varying in health status23,75,76. In the future, 
the use of a full 16-step olfactory threshold test (instead of an 8-step) could yield more consistent results.

Limitations
The estimated location effects likely conflate several factors, including length of residence, ethnicity and ancestry, 
socio-economic and cultural practices, all potentially mediating chemosensory experience and vigilance to 
odors. Our study warrants a potentially interesting avenue of research focusing on cultural embeddedness and 
chemosensory sensitivity. Although some facts have been established, the dominant conclusions are limited to 
the mere fact of cultural differences in chemosensory sensitivity24,27, and more detailed investigations are needed 
to increase our understanding of the chemosensory experience and performance in different cultures. Efforts to 
recruit locations across cultural regions (e.g., North America, Europe, Asia) or climatic zones (e.g. Equatorial, 
Tropical, Temperate, Polar) or to incorporate geographic or cultural distance measures (but see Sorokowska et 
al. 2018) would further clarify the role of location in shaping chemosensory sensitivity.

Certain factors remained beyond our control, but their potential contribution to a better understanding of the 
factors that shape regional diversity in olfactory sensitivity deserves discussion. The total sample is likely to be 
rather educated (half of the sample is academic, the other, non-academic half is a sample of convenience), and in 
relatively good health, as no clinical groups were targeted. To participate in an olfactory study, a certain interest 
in odors is also likely to occur, leaving out of the sample individuals with little interest in odors. Although we 
conducted a standard medical interview regarding olfactory function, our models were based on self-assessment 
of health status. We did not take into account objective health indicators or clinical data that could have increased 
the accuracy of our results. Nevertheless, this interview allowed us to exclude individuals with evident olfactory 
disorders and other acute health problems, which increases the validity of the study sample. In sum, our local 
samples should not be regarded as representative to the local population.

Our study is missing control over genetic factors likely explaining part of the variability in olfactory 
thresholds. Although our understanding of how genes determine our perception of odors is far from complete, 
preliminary evidence appears to show evidence shows that genes can shape olfactory acuity. Behavioral research 
in twins demonstrated that olfactory sensitivity to specific odors is not heritable76, but the expression of certain 
olfactory receptors can result from specific stimulation77,78. Polymorphisms in OR11H7P, TRPA1 or SCN9A 
genes may partially shape sensitivity towards particular odorants79. Individuals with functional alleles of these 
genes typically exhibit heightened olfactory sensitivity. In contrast, those with non-functional alleles may show 
reduced sensitivity or anosmia for specific odors80. Regrettably, our study does not encompass the genetic 
profiles of the participants.

The sample can also be assessed as relatively young. Age span was not a significant predictor of sensitivity to 
eucalyptus. The trigeminal system is less vulnerable to age-related functional decline than the olfactory system; 
therefore, in our sample, a potential decrease in olfactory/trigeminal sensitivity with age may not have been 
detected81. With a more age-diverse sample size, we could potentially explain more variance with individual-
level factors.

Another uncontrolled factor that could potentially explain more variability in chemosensory sensitivity 
may be the ethnicity of participants. Keller and colleagues23 established that the perception of odors varies 
significantly across demographic groups, also as a function of ethnicity. According to a meta-analysis82 ethnicity 
may account for up to 20% of the variability in olfactory perception, but its impact appears to be smaller than that 
of environmental factors. It remains unclear to what proportion of unexplained variance ethnicity accounted for 
in our study focusing on olfactory sensitivity, and to what extent this variance is unique from location. Future 
studies would benefit from combining these two factors. The participants in our study resided in the investigated 
location for at least 6 months. This requirement was set to assure sensory adaptation27, however, six months may 
still be relatively short to treat the participants as representative residents of a city or cultural region in a broader 
cultural and lifestyle sense. This is a potential limitation that could be mitigated in the future by additionally 
controlling for the length of residence and the assessment of cultural assimilation.

Future directions
All local subsamples in this study were recruited among urban dwellers. Studies have shown significant 
differences in olfactory sensitivity between urban and rural populations83 and Indigenous and modernized 
societies25,84. In this context, our study sample may appear homogenous, yet olfactory sensitivity can also 

Scientific Reports |         (2026) 16:9713 9| https://doi.org/10.1038/s41598-026-38727-w

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


change with air pollution specific to different urban regions85. Modeling air pollution composition together 
with atmospheric conditions such as air pressure, humidity, temperature, and insolation is extremely complex. 
It should rather be systematically examined with its impact on human chemosensory abilities in controlled lab 
settings than in natural settings. Evidence so far suggests rather negligible effects of atmospheric conditions on 
human olfactory sensitivity86. A major challenge is controlling for the ambient air pollution exposure before the 
event of chemosensory threshold testing, to account for toxic agents causing potential damage to the peripheral 
olfactory system.

Most people spend most of their time indoors, where pollution levels can exceed outdoor levels due to 
significant indoor emissions87,88. Surprisingly, the knowledge about the harmful effects of indoor air pollution 
on human health is scarce. Indoor air pollution has been shown to have adverse effects on the respiratory and 
neurological systems, exacerbate asthma and allergy symptoms, and cause throat and nasal irritation89. It can 
therefore be assumed that exposure to such factors may also impair the sense of smell, including olfactory 
sensitivity, but direct evidence on this relationship is missing. An intriguing line of research would be measuring 
exposure to ambient air pollution with personal devices monitoring indoor and outdoor air quality in the 
proximity of the subject.

Practical implications
Results of our investigation have applicational potential. The functional olfaction is relevant for nutrition, 
environmental safety, and social well-being1,90. Thus, more careful monitoring of the environmental exposures, 
and screening of olfaction-related health in the regions where individuals exhibit compromised chemosensory 
sensitivity should be of public health policy makers’ interest. Based on these results, medical professionals may 
want to revisit reference norms in the future to adjust them to the population level of olfactory sensitivity. 
Finally, our findings may turn out to be useful for the product designers, who can adjust the intensity of smell in 
their products to the regional variability in olfactory and olfactory/trigeminal sensitivity.

Conclusion
With a broader and more rigorous approach, our study replicated and extended the preliminary findings 
suggesting that a unique portion of the variance in olfactory sensitivity can be attributed to one’s geographical 
location. Additionally helpful in predicting olfactory acuity are demographic and psychological factors related to 
working memory and depressive symptoms. People inhabiting different regions may have different sensitivities 
to chemical stimuli due to varying exposures to atmospheric conditions and different chemosensory experiences 
in daily life.

Data availability
All data associated with this manuscript are publicly available: https://osf.io/m95z4/

Received: 9 September 2025; Accepted: 30 January 2026

References
	 1.	 Stevenson, R. J. An Initial Evaluation of the Functions of Human Olfaction. Chem Senses 35, 3–20 (2010).
	 2.	 Firestein, S. How the olfactory system makes sense of scents. Nature 413, 211–218 (2001).
	 3.	 Laska, M. Human and Animal Olfactory Capabilities Compared. in Springer Handbook of Odor 81–82 (Springer International 

Publishing, Cham, 2017). https://doi.org/10.1007/978-3-319-26932-0_32.
	 4.	 the Romanian cultural adaptation. Catana, I., N. S., M. A., P. M., & C. M. A modified version of “Sniffin’Sticks” odor identification 

test. Med Pharm Rep 85, 218–223 (2012).
	 5.	 Cavazzana, A. et al. A Cross-Cultural Adaptation of the Sniffin’ Sticks Olfactory Identification Test for US children. Chem Senses 

42, 133–140 (2017).
	 6.	 Hedner, M., Larsson, M., Arnold, N., Zucco, G. M. & Hummel, T. Cognitive factors in odor detection, odor discrimination, and 

odor identification tasks. J Clin Exp Neuropsychol 32, 1062–1067 (2010).
	 7.	 Hummel, T., Sekinger, B., Wolf, S. R., Pauli, E. & Kobal, G. ‘Sniffin’ Sticks’: Olfactory Performance Assessed by the Combined 

Testing of Odour Identification, Odor Discrimination and Olfactory Threshold. Chem Senses 22, 39–52 (1997).
	 8.	 Konstantinidis, I. et al. Cultural adaptation of an olfactory identification test: the Greek version of Sniffin’ Sticks. Rhinology 46, 

292–296 (2008).
	 9.	 Oleszkiewicz, A. et al. Development of the Arabic version of the “Sniffin’ Sticks” odor identification test. Eur. Arch. Otorhinolaryngol. 

273, 1179–1184 (2016).
	10.	 Sorokowska, A., Drechsler, E., Karwowski, M. & Hummel, T. Effects of olfactory training: A meta-analysis. Rhinology 55, 17–26. 

https://doi.org/10.4193/Rhino16.195 (2017).
	11.	 Schriever, V. A. et al. Development of an International Odor Identification Test for Children: The Universal Sniff Test. J. Pediatr. 

198, 265-272.e3 (2018).
	12.	 Ferdenzi, C., Coureaud, G., Camos, V. & Schaal, B. Human awareness and uses of odor cues in everyday life: Results from a 

questionnaire study in children. Int J Behav Dev 32, 422–431 (2008).
	13.	 Ayabe-Kanamura, S. et al. Differences in Perception of Everyday Odors: A JapaneseGerman CrossCultural Study. Chem. Senses 23 ​h​t​

t​p​s​:​​​/​​/​a​c​a​d​e​m​i​​c​.​o​u​​p​.​c​​​o​m​/​c​h​e​​m​​s​e​/​a​​r​t​i​​c​l​e​​​/​​2​3​/​​​1​/​3​1​/​3​6​0​5​9​9 (1998).
	14.	 Saxton, T. K. et al. Sex Differences in Olfactory Behavior in Namibian and Czech Children. Chemosens Percept 7, 117–125 (2014).
	15.	 Seo, H. S. et al. Attitudes toward olfaction: A cross-regional study. Chem Senses 36, 177–187 (2011).
	16.	 Ferdenzi, C. et al. Affective dimensions of odor perception: A comparison between Swiss, British, and Singaporean populations. 

Emotion 11, 1168–1181 (2011).
	17.	 Ferdenzi, C. et al. Variability of affective responses to odors: Culture, gender, and olfactory knowledge. Chem Senses 38, 175–186 

(2013).
	18.	 Distel, H. Perception of Everyday OdorsCorrelation between Intensity, Familiarity and Strength of Hedonic Judgement. Chem 

Senses 24, 191–199 (1999).

Scientific Reports |         (2026) 16:9713 10| https://doi.org/10.1038/s41598-026-38727-w

www.nature.com/scientificreports/

https://osf.io/m95z4/
https://doi.org/10.1007/978-3-319-26932-0_32
https://doi.org/10.4193/Rhino16.195
https://academic.oup.com/chemse/article/23/1/31/360599
https://academic.oup.com/chemse/article/23/1/31/360599
http://www.nature.com/scientificreports


	19.	 Ferdenzi, C. et al. Individual differences in verbal and non-verbal affective responses to smells: Influence of odor label across 
cultures. Chem Senses 42, 37–46 (2016).

	20.	 Drnovsek, E. et al.  Demographic and geographical determinants of human olfactory perception of 909 individuals inhabiting 16 
regions. iScience https://doi.org/10.1016/j.isci.2025.113455.

	21.	 Keller, A. et al. Predicting human olfactory perception from chemical features of odor molecules. Science 1979(355), 820–826 
(2017).

	22.	 Ayabe-Kanamura, S., Saito, S., Distel, H., Martínez-Gómez, M. & Hudson, R. Differences and similarities in the perception of 
everyday odors. A Japanese-German cross-cultural study. Ann N Y Acad Sci 855, 694–700 (1998).

	23.	 Keller, A., Hempstead, M., Gomez, I. A., Gilbert, A. N. & Vosshall, L. B. An olfactory demography of a diverse metropolitan 
population. BMC Neurosci 13, 122 (2012).

	24.	 Sorokowska, A., Sorokowski, P., Hummel, T. & Huanca, T. Olfaction and environment: Tsimane’ of bolivian rainforest have lower 
threshold of odor detection than industrialized german people. PLoS One 8, (2013).

	25.	 Sorokowska, A., Sorokowski, P. & Frackowiak, T. Determinants of human olfactory performance: A cross-cultural study. Sci. Total 
Environ. 506–507, 196–200 (2015).

	26.	 Hoshika, Y. et al. International Comparison of Odor Threshold Values of Several Odorants in Japan and in The Netherlands. in 
Neurobehavioral Methods and Effects in Occupational and Environmental Health 283–288 (Elsevier, 1994). ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​1​6​
/​B​9​7​8​-​0​-​1​2​-​0​5​9​7​8​5​-​7​.​5​0​0​2​9​-​6​​​​​.​​​

	27.	 Oleszkiewicz, A. et al. Global study of variability in olfactory sensitivity. Behav. Neurosci. 134, 394–406 (2020).
	28.	 Albrecht, J. et al. Activation of olfactory and trigeminal cortical areas following stimulation of the nasal mucosa with low 

concentrations of S(−)-nicotine vapor-An fMRI study on chemosensory perception. Hum Brain Mapp 30, 699–710 (2009).
	29.	 Brand, G. Olfactory/trigeminal interactions in nasal chemoreception. Neurosci Biobehav Rev 30, 908–917 (2006).
	30.	 Cain, W. S. & Murphy, C. L. Interaction between chemoreceptive modalities of odour and irritation. Nature 284, 255–257 (1980).
	31.	 Doty, R. L. et al. Intranasal trigeminal stimulation from odorous volatiles: Psychometric responses from anosmic and normal 

humans. Physiol Behav 20, 175–185 (1978).
	32.	 Bensafi, M. et al. Dissociated Representations of Pleasant and Unpleasant Olfacto-Trigeminal Mixtures: An fMRI Study. PLoS ONE 

7, e38358 (2012).
	33.	 Kobal, G. & Hummel, C. Cerebral chemosensory evoked potentials elicited by chemical stimulation of the human olfactory and 

respiratory nasal mucosa. Electroencephalography and Clinical Neurophysiology/Evoked Potentials Section 71, 241–250 (1988).
	34.	 Faul, F., Erdfelder, E., Lang, A.-G. & Buchner, A. G*Power 3: A flexible statistical power analysis program for the social, behavioral, 

and biomedical sciences. Behav Res Methods 39, 175–191 (2007).
	35.	 Philpott, C. M., Wolstenholme, C. R., Goodenough, P. C., Clark, A. & Murty, G. E. Olfactory clearance: what time is needed in 

clinical practice?. J Laryngol Otol 122, 912–917 (2008).
	36.	 Welge-Lüssen. A, Leopold. D & Miwa. T. Smell and Taste Disorders—Diagnostic and Clinical Work-Up. in Management of Smell 

and Taste Disorders (Georg Thieme Verlag, Stuttgart, 2014). https://doi.org/10.1055/b-0034-91132.
	37.	 Xavier, R. Peak Nasal Inspiratory Flow (PNIF) for Nasal Breathing Evaluation. Facial Plast. Surg. 40, 310–313 (2024).
	38.	 Croy, I. & Hummel, T. Olfaction as a marker for depression. J Neurol 264, 631–638 (2017).
	39.	 American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. (American Psychiatric Association, 

2013). https://doi.org/10.1176/appi.books.9780890425596.
	40.	 Kroenke, K., Spitzer, R. L. & Williams, J. B. W. The PHQ-9. J Gen Intern Med 16, 606–613 (2001).
	41.	 Wechsler, D. Wechsler Memory Scale. PsycTESTS Dataset https://doi.org/10.1037/t27207-000 (2014).
	42.	 Benton, A. L., Hamsher, de S. K. & Sivan, A. B. Controlled Oral Word Association Test. PsycTESTS Dataset. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​3​

7​/​t​1​0​1​3​2​-​0​0​0 (2017).
	43.	 Aita, S. L. et al. Executive, language, or both? An examination of the construct validity of verbal fluency measures. Appl Neuropsychol 

Adult 26, 441–451 (2019).
	44.	 Croy, I., Buschhüter, D., Seo, H.-S., Negoias, S. & Hummel, T. Individual significance of olfaction: development of a questionnaire. 

Eur. Arch. Otorhinolaryngol. 267, 67–71 (2010).
	45.	 Oleszkiewicz, A. & Hummel, T. Whose nose does not know? Demographical characterization of people unaware of anosmia. Eur. 

Arch. Otorhinolaryngol. 276, 1849–1852 (2019).
	46.	 Sorokowska, A. et al. Changes of olfactory abilities in relation to age: odor identification in more than 1400 people aged 4 to 80 

years. Eur. Arch. Otorhinolaryngol. 272, 1937–1944 (2015).
	47.	 Doty, R. L. & Kamath, V. The influences of age on olfaction: a review. Front Psychol 5, (2014).
	48.	 Larsson, M. et al. Age-related loss of olfactory sensitivity: Association to dopamine transporter binding in putamen. Neuroscience 

161, 422–426 (2009).
	49.	 Kontis, V. et al. Future life expectancy in 35 industrialised countries: projections with a Bayesian model ensemble. The Lancet 389, 

1323–1335 (2017).
	50.	 Brand, G. & Millot, J.-L. Sex differences in human olfaction: Between evidence and enigma. Q. J. Exp. Psychol. B 54, 259–270 

(2001).
	51.	 Oleszkiewicz, A., Schriever, V. A., Croy, I., Hähner, A. & Hummel, T. Updated Sniffin’ Sticks normative data based on an extended 

sample of 9139 subjects. Eur. Arch. Otorhinolaryngol. 276, 719–728 (2019).
	52.	 Sorokowski, P. et al. Sex Differences in Human Olfaction: A Meta-Analysis. Front Psychol 10, (2019).
	53.	 Sorokowska, A. et al. Global Study of Social Odor Awareness. Chem Senses 43, 503–513 (2018).
	54.	 Oleszkiewicz, A., Würfel, H., Han, P. & Hummel, T. Molecularly diverse odors advance olfactory threshold testing. J Sens Stud 33, 

(2018).
	55.	 Oleszkiewicz, A., Pellegrino, R., Pusch, K., Margot, C. & Hummel, T. Chemical complexity of odors increases reliability of olfactory 

threshold testing. Sci Rep 7, 39977 (2017).
	56.	 Waters, W. F., Williamson, D. A., Bernard, B. A., Blouin, D. C. & Faulstich, M. E. Test-retest reliability of psychophysiological 

assessment. Behav. Res. Ther. 25, 213–221 (1987).
	57.	 Arena, J. G., Blanchard, E. B., Andrasik, F., Cotch, P. A. & Myers, P. E. Reliability of psychophysiological assessment. Behav. Res. 

Ther. 21, 447–460 (1983).
	58.	 Doty, R. L. & Cameron, E. L. Sex differences and reproductive hormone influences on human odor perception. Physiol Behav 97, 

213–228 (2009).
	59.	 Olofsson, J. K., Ekström, I., Larsson, M. & Nordin, S. Olfaction and Aging: A Review of the Current State of Research and Future 

Directions. Iperception 12, 20416695211020332 (2021).
	60.	 Kirova, A.-M., Bays, R. B. & Lagalwar, S. Working Memory and Executive Function Decline across Normal Aging, Mild Cognitive 

Impairment, and Alzheimer’s Disease. Biomed Res Int 2015, 1–9 (2015).
	61.	 Kiewel, N. A., Wisdom, N. M., Bradshaw, M. R., Pastorek, N. J. & Strutt, A. M. A Retrospective Review of Digit Span-Related Effort 

Indicators in Probable Alzheimer’s Disease Patients. Clin Neuropsychol 26, 965–974 (2012).
	62.	 Consonni, M. et al. Executive dysfunction affects word list recall performance: Evidence from amyotrophic lateral sclerosis and 

other neurodegenerative diseases. J Neuropsychol 11, 74–90 (2017).
	63.	 Doty, R. L. Olfactory dysfunction in neurodegenerative diseases: is there a common pathological substrate?. Lancet Neurol 16, 

478–488 (2017).
	64.	 Doty, R. L. Olfaction in Parkinson’s disease and related disorders. Neurobiol Dis 46, 527–552 (2012).

Scientific Reports |         (2026) 16:9713 11| https://doi.org/10.1038/s41598-026-38727-w

www.nature.com/scientificreports/

https://doi.org/10.1016/j.isci.2025.113455
https://doi.org/10.1016/B978-0-12-059785-7.50029-6
https://doi.org/10.1016/B978-0-12-059785-7.50029-6
https://doi.org/10.1055/b-0034-91132
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1037/t27207-000
https://doi.org/10.1037/t10132-000
https://doi.org/10.1037/t10132-000
http://www.nature.com/scientificreports


	65.	 Haehner, A. et al. Olfactory Training in Patients with Parkinson’s Disease. PLoS ONE 8, e61680 (2013).
	66.	 Mesholam, R. I., Moberg, P. J., Mahr, R. N. & Doty, R. L. Olfaction in Neurodegenerative Disease. Arch Neurol 55, 84 (1998).
	67.	 Challakere Ramaswamy, V. M. & Schofield, P. W. Olfaction and Executive Cognitive Performance: A Systematic Review. Front 

Psychol 13, 871391 (2022).
	68.	 Kohli, P., Soler, Z. M., Nguyen, S. A., Muus, J. S. & Schlosser, R. J. The Association Between Olfaction and Depression: A Systematic 

Review. Chem Senses 41, 479–486 (2016).
	69.	 Yuan, T.-F. & Slotnick, B. M. Roles of olfactory system dysfunction in depression. Prog Neuropsychopharmacol Biol Psychiatry 54, 

26–30 (2014).
	70.	 Liu, D. T. et al. Depression Symptoms and Olfactory-related Quality of Life. Laryngoscope 132, 1829–1834 (2022).
	71.	 Negoias, S. et al. Olfactory bulb volume predicts therapeutic outcome in major depression disorder. Brain Imaging Behav 10, 

367–372 (2016).
	72.	 Negoias, S. et al. Reduced olfactory bulb volume and olfactory sensitivity in patients with acute major depression. Neuroscience 

169, 415–421 (2010).
	73.	 Pabel, L. D., Murr, J., Weidner, K., Hummel, T. & Croy, I. Null Effect of Olfactory Training With Patients Suffering From Depressive 

Disorders—An Exploratory Randomized Controlled Clinical Trial. Front Psychiatry 11, 593 (2020).
	74.	 Hernandez, A. K., Uhl, C., Haehner, A., Cuevas, M. & Hummel, T. Objective nasal airflow measures in relation to subjective nasal 

obstruction, trigeminal function, and olfaction in patients with chronic rhinosinusitis. Rhinol. J. (2024).
	75.	 Fernandez-Garcia, J. C. et al. An increase in visceral fat is associated with a decrease in the taste and olfactory capacity. PLoS ONE 

12, e0171204 (2017).
	76.	 Hubert, H. B., Fabsitz, R. R., Feinleib, M. & Brown, K. S. Olfactory Sensitivity in Humans: Genetic Versus Environmental Control. 

Science 1979(208), 607–609 (1980).
	77.	 Wysocki, C. J., Dorries, K. M. & Beauchamp, G. K. Ability to perceive androstenone can be acquired by ostensibly anosmic people. 

Proc. Natl. Acad. Sci. 86, 7976–7978 (1989).
	78.	 Broillet-Olivier, E. et al. Development of an rpS6-Based Ex Vivo Assay for the Analysis of Neuronal Activity in Mouse and Human 

Olfactory Systems. Int J Mol Sci 25, 13173 (2024).
	79.	 Sadoul, B., Blumstein, D. T., Alfonso, S. & Geffroy, B. Human protection drives the emergence of a new coping style in animals. 

PLoS Biol 19, e3001186 (2021).
	80.	 Martinez, Q., Amson, E. & Laska, M. Does the number of functional olfactory receptor genes predict olfactory sensitivity and 

discrimination performance in mammals?. J Evol Biol 37, 238–247 (2024).
	81.	 Frasnelli, J. & Hummel, T. Age-related decline of intranasal trigeminal sensitivity: Is it a peripheral event? Brain Res 987, (2003).
	82.	 Khan, S. et al. The impact of race on olfaction: A systematic review and meta-analysis. Int Forum Allergy Rhinol 13, 2063–2072 

(2023).
	83.	 Guarneros, M., Hummel, T., Martinez-Gomez, M. & Hudson, R. Mexico City Air Pollution Adversely Affects Olfactory Function 

and Intranasal Trigeminal Sensitivity. Chem Senses 34, 819–826 (2009).
	84.	 Majid, A., Speed, L., Croijmans, I. & Arshamian, A. What makes a better smeller?. Perception 46, 406–430 (2017).
	85.	 Oleszkiewicz, A., Pozzer, A., Williams, J. & Hummel, T. Ambient air pollution undermines chemosensory sensitivity – a global 

perspective. Sci Rep 14, 30462 (2024).
	86.	 Philpott, C., Goodenough, P., Passant, C., Robertson, A. & Murty, G. The effect of temperature, humidity and peak inspiratory 

nasal flow on olfactory thresholds. Clin Otolaryngol Allied Sci 29, 24–31 (2004).
	87.	 Huang, Y. et al. Household PM2.5 pollution in rural Chinese homes: Levels, dynamic characteristics and seasonal variations. Sci. 

Total Environ. 817, 153085 (2022).
	88.	 Wang, J. et al. Quantifying the dynamic characteristics of indoor air pollution using real-time sensors: Current status and future 

implication. Environ Int 175, 107934 (2023).
	89.	 Pillarisetti, A., Ye, W. & Chowdhury, S. Indoor Air Pollution and Health: Bridging Perspectives from Developing and Developed 

Countries. Annu Rev Environ Resour 47, 197–229 (2022).
	90.	 Oleszkiewicz, A., Croy, I. & Hummel, T. The impact of olfactory loss on quality of life: a 2025 review. Chem Senses 50, (2025).

Author contributions
Conceptualization: AO, TH Methodology: AO, TH Project administration: AR, AO, TH Investigation: All au-
thors Formal analysis: DM, BZ, AR, AO Visualization: AR, AO Supervision: AO, TH Writing—original draft: 
AR, AO Writing—review & editing: All authors.

Funding
Open Access funding enabled and organized by Projekt DEAL. This work was supported by National Science 
Center (Poland) Grant Number: OPUS 20 #2020/39/B/HS6/01533 (AO).

Declarations

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​
0​.​1​0​3​8​/​s​4​1​5​9​8​-​0​2​6​-​3​8​7​2​7​-​w​​​​​.​​

Correspondence and requests for materials should be addressed to A.R. or A.O.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Scientific Reports |         (2026) 16:9713 12| https://doi.org/10.1038/s41598-026-38727-w

www.nature.com/scientificreports/

https://doi.org/10.1038/s41598-026-38727-w
https://doi.org/10.1038/s41598-026-38727-w
http://www.nature.com/scientificreports


Open Access   This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give 
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and 
indicate if changes were made. The images or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy 
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2026 

Scientific Reports |         (2026) 16:9713 13| https://doi.org/10.1038/s41598-026-38727-w

www.nature.com/scientificreports/

http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/scientificreports

	﻿Human olfactory sensitivity varies across geographical locations
	﻿Methods
	﻿Ethical approval
	﻿Study sample and eligibility criteria
	﻿Procedure
	﻿Dependent variables
	﻿Olfactory sensitivity
	﻿Olfactory/trigeminal sensitivity


	﻿Predictors of olfactory and olfactory/trigeminal sensitivity
	﻿Olfactory-related health
	﻿Peak nasal inspiratory flow (PNIF)
	﻿Depression
	﻿Digit span
	﻿Verbal fluency
	﻿Individual significance of olfaction
	﻿Age
	﻿Gender

	﻿Statistical analyses
	﻿Results
	﻿Reliability of olfactory threshold testing
	﻿Descriptive statistics across the locations
	﻿Geographical variability in olfactory sensitivity
	﻿Geographical variability in olfactory/trigeminal sensitivity

	﻿Discussion
	﻿Current findings in the context of previous work
	﻿Limitations
	﻿Future directions
	﻿Practical implications

	﻿Conclusion
	﻿References


