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Abstract 

Background and Objectives: The University of Pennsylvania Smell Identification Test 

(UPSIT) is commonly used to assess olfaction and screen for early detection of disorders 

including Parkinson’s (PD) and Alzheimer’s disease.  Our objective was to develop updated 

percentiles, based on substantially larger samples than previous norms, to more finely 

discriminate age- and sex-specific UPSIT performance among ≥50-year-old adults who may be 

candidates for studies of prodromal neurodegenerative diseases.  

Methods: The UPSIT was administered cross-sectionally to participants recruited between 2007-

2010 and 2013-2015 for the Parkinson Associated Risk Syndrome (PARS) and Parkinson’s 

Progression Markers Initiative (PPMI) cohort studies, respectively. Exclusion criteria included 

age <50 years and a confirmed or suspected PD diagnosis. Demographics, family history, and 

prodromal features of PD including self-reported hyposmia were collected. Normative data 

including means, standard deviations, and percentiles were derived by age and sex. 



 

 

Results: The analytic sample included 9,396 individuals (5,336 females, 4,060 males), aged 50-

95, who were predominantly White, non-Hispanic US residents. UPSIT percentiles were derived 

and are provided across seven age categories (50-54, 55-59, 60-64, 65-69, 70-74, 75-79, and 

≥80) for females and males separately; relative to existing norms, subgroups included between 

2.4-20 times as many participants. Olfactory function declined with age and was better among 

women than men; accordingly, the percentile corresponding to a given raw score varied 

markedly by age and sex. UPSIT performance was comparable among individuals with vs 

without first-degree family history of PD. Comparisons of self-reported hyposmia vs UPSIT 

percentiles indicated a strong association (chi-squared P<0.0001), but minimal agreement 

(Cohen’s simple kappa [95% CI]: = 0.32 [0.28-0.36] for females; 0.34 [0.30-0.38] for males).  

Discussion: Updated age/sex-specific UPSIT percentiles are provided for ≥50-year-old adults 

who reflect a population likely to be recruited into studies of prodromal neurodegenerative 

diseases. Our findings highlight the potential advantages of evaluating olfaction relative to age 

and sex instead of in absolute terms (e.g., based on raw UPSIT scores) or based on subjective 

(i.e., self-reported) measures. This information addresses the need to support studies of disorders 

including PD and Alzheimer’s disease by providing updated normative data from a larger sample 

of older adults.  

 

Trial Registration Information  

NCT00387075, NCT01141023 

  



 

 

Introduction 

Detection of olfactory dysfunction can be an accessible indicator for medical conditions that 

feature smell loss, including several important neurodegenerative conditions. For example, 

olfactory dysfunction has been demonstrated to have predictive utility for the early detection of 

Parkinson’s disease (PD).
1, 2

 Similar findings have been shown for Alzheimer’s disease.
3, 4

 More 

recently, abnormal olfaction has been identified as a diagnostic feature of COVID-19, caused by 

the SARS-CoV-2 coronavirus.
5
  Thus, simple and scalable olfactory testing has substantial utility 

across medicine, including for public health considerations. 

 

The University of Pennsylvania Smell Identification Test (UPSIT) is frequently used to assess 

olfaction, and is suitable to widespread distribution to the general public.
6
 Use of the UPSIT is 

particularly convenient due to the ease of administration; it can be self-administered by the 

individual, and test materials can be sent through the mail to the recipient and back to the 

researcher or clinician.
7
 Results from at-home UPSIT collection have previously been shown to 

be comparable to UPSIT data collected in the clinic.
8
  

 

Originally characterized in 1984, the UPSIT is a 40-item scratch-and-sniff test developed 

following the recognition that a standardized method of assessment could be widely useful in the 

medical field.
6
 From the early experiments to develop and validate this assessment tool, the 

impact of demographic factors on UPSIT scores was recognized, with multiple regression 

analyses revealing relationships between both age and sex.
6
 More specifically, there is an age-

related decline in olfactory function, not attributable to cognition, that becomes evident above 



 

 

approximately 60 years of age; and females have been found to reliably, on average, have better 

olfactory function compared to males.
6
  

 

Previously reported guidelines use threshold values to assign a person’s UPSIT score to an 

olfactory diagnosis; the classifications for adults include normosmia (UPSIT ≥ 34 in males vs ≥ 

35 in females), mild microsmia (30-33 in males vs 31-34 in females), moderate microsmia (26-

29 in males vs 26-30 in females), severe microsmia (19-25), and total anosmia (UPSIT ≤ 18).
7, 9

 

Notably, these classifications describe olfactory dysfunction in an absolute sense and, 

accordingly, make minimal adjustments for sex and none for age (among adults). Depending on 

the context, this approach presents difficulty of interpretation. For example, an UPSIT score of 

25 is classified as severe microsmia both for an 80-year-old male and a 50-year-old female,
9
 yet, 

relative to age and sex, the former is far closer to “normal” whereas the latter is considerably less 

common and may have different clinical implications, e.g., in the setting of a screening test for 

prodromal neurodegenerative disease. This context is not represented by threshold values alone. 

When exploring olfactory dysfunction as an indicator of disease, such as PD, the ability to finely 

discriminate within the lower range of scores becomes important. This is unattainable when 

relying on threshold values and olfactory diagnostic categories only. A valuable alternative 

strategy is to utilize normative data expressed as percentiles. 

 

The availability of normative data enables interpretation of a given test result in the context of 

the broader population. However, there are some limitations to the previously published norms
9
 

when considering the utility of the UPSIT in the study of neurological conditions that typically 

have an onset later in life. It is known that age significantly impacts olfaction, but the older age 



 

 

categories are underrepresented in the cohorts utilized to generate existing norms, with sex-

specific percentiles for every age category ≥ 50 years derived from fewer than 100 individuals.  

This relatively small sample size resulted in a lack of precision, particularly at the lower tail of 

the distribution (e.g., ≤ 10th percentile).
9
 Additionally, these norms were reported over 25 years 

ago, and in that time, some key health behaviors impacting smell have likely changed. 

Specifically, smoking behavior has been consistently reported to impact olfaction starting from 

the original description of the UPSIT nearly 4 decades ago.
6
 Importantly, the prevalence of 

cigarette smoking within the United States population has continued to decrease over this time 

period.
10

  

 

Thus, to interpret UPSIT scores more precisely from individuals with, or at risk for, neurological 

conditions such as PD, it is important to generate updated normative data from a sample that is 

larger in size and more closely reflects the demographic characteristics of PD patients. As 

mentioned above, because the UPSIT is easily adapted to distribution through the mail and self-

administration at home, it is very well-suited to large-scale studies and has been utilized in the 

large Parkinson Associated Risk Syndrome (PARS) and Parkinson’s Progression Markers 

Initiative (PPMI) studies described here. The present study was designed to provide normative 

data for the UPSIT by age and sex using percentiles based on analyses of these two, large, 

prospectively collected cohorts.  

 

 

 

 



 

 

Methods 

Participants 

The study sample comprised participants from two distinct cohorts: PARS
2
 and PPMI 

(www.ppmi-info.org/).
11

 The PARS study recruited participants using a community-based 

strategy that combined purchased mailing lists (including homeowners, nurses, and veterans 

from the Northeastern US), postings on PD-related websites (e.g., PARS study website, National 

Parkinson Foundation, PatientsLikeMe), and direct recruitment of first-degree relatives by PD 

patients at 16 US-based movement disorder specialty clinics. Participants fell into two groups: 

one with a first-degree family history of PD and a second with no family history of PD. To be 

eligible, participants were required to not have any diagnosis of parkinsonism, other 

neurodegenerative disorder, or condition affecting olfaction (e.g., sinusitis). Of the 4,955 PARS 

participants who completed an UPSIT, a subset of 4,797 who were ≥ 50 years of age were 

selected for the analyses described herein; UPSIT scores from these participants were collected 

between May 2007 and June 2010. 

 

Similarly, within PPMI, UPSIT data were collected from a community population of 4,632 

individuals.  Recruitment methods have been described previously.
12

 Briefly, strategies included 

centralized efforts coordinated by The Michael J. Fox Foundation (e.g., targeted social media 

ads, emails, events, and veterans mailing lists) and local outreach (e.g., local media ads, direct 

distribution of surveys at PPMI site outpatient clinics to friends/family of PD patients). 

Participants were aged 60 years or older and completed a pre-screening survey to rule out 

diagnoses of parkinsonism or other neurodegenerative disorders, previous trauma to the nose or 

sinuses, or other sinus conditions affecting olfaction. From this sample, 33 participants were 

http://www.ppmi-info.org/


 

 

excluded because they responded either “yes” or “unsure” to a post-screening question asking if 

they had a diagnosis of parkinsonism. UPSIT scores were collected between March 2013 and 

September 2015 predominantly from throughout the United States (~3% of participants were 

from outside of the United States, including Germany and Italy). Combining the PPMI 

participants (n=4,599) with the selected PARS subset (n=4,797) yielded a total analytic sample 

of 9,396 individuals. 

 

Standard Protocol Approvals, Registrations, and Patient Consents 

All study participants provided written informed consent to participate in the associated studies 

(i.e., PARS or PPMI). Both studies were conducted in accordance with the Declaration of 

Helsinki and the Good Clinical Practice guidelines after approval of the local ethics committees 

of the participating sites. 

 

Olfactory Testing 

Olfactory function was assessed in all study participants using the UPSIT, a standardized, 

forced-choice assessment of odor identification in which each participant is exposed sequentially 

to 40 odorants. For each odorant, the participant is asked to select among four choices to identify 

the odorant presented. Scoring of the UPSIT is based on the number of odorants that are 

correctly identified. Therefore, a lower score reflects worse olfactory function.
6
 The UPSIT was 

sent to all participants via mail to be completed at home; the test is amenable to self-

administration outside of a healthcare setting due to the inclusion of easy-to-follow instructions. 

All participants completed the test as instructed and returned the results to the investigators by 

mail.  



 

 

Self-Report Questionnaires 

All study participants were provided self-report questionnaires to evaluate demographics and risk 

factors for PD. The PARS and PPMI studies administered different questionnaires; however, 

several items overlapped between protocols.  For instance, participants in both studies self-

reported age, sex assigned at birth, race, ethnicity, family history of PD or parkinsonism, bowel 

movement frequency, laxative use, and REM sleep behavior disorder (RBD) symptoms (e.g., 

violent movements during sleep).  Additionally, participants were asked to subjectively assess if 

they had noticed a decrease in their sense of smell.  Response options included yes, no, and 

unsure. 

 

Statistical Analysis 

Normative data were computed using the UNIVARIATE procedure in SAS v9.4 (SAS Institute 

Inc., Cary, NC; www.sas.com; RRID:SCR_008567). Descriptive statistics (means, standard 

deviations, percentiles) were derived separately by sex and across seven age categories (50-54, 

55-59, 60-64, 65-69, 70-74, 75-79, and ≥ 80). To calculate percentiles, the default method (based 

on an empirical distribution function with averaging) was applied. Several rules were 

implemented to address ambiguous scenarios. First, if a raw value corresponded to multiple 

percentile values, the median percentile value was selected. Second, if a given raw score was not 

assigned a percentile but fell in between two raw scores that were assigned percentiles, the upper 

and lower bordering percentiles were averaged and then rounded up to the nearest integer value. 

Lastly, if the 100th percentile corresponded to a raw value below 40, all higher raw scores were 

also assigned to the 100th percentile; and, conversely, if a raw value fell below the one that 

corresponded to the 1st percentile, it was also assigned to the 1st percentile. Demographics were 

http://www.sas.com/


 

 

compared between cohorts, separately for males and females, using chi-squared and t tests. 

Separately for females and males, the association between self-reported hyposmia and UPSIT 

percentile subgroup (≤ 10, 11-25, 26-50, > 50) was measured using chi-squared tests and the 

agreement between self-reported hyposmia and UPSIT percentile (≤ 10 vs > 10) was evaluated 

using Cohen’s simple kappa.
13

 The SAS scripts used to perform the analyses described above 

can be found at <insert Zenodo DOI link here>. 

 

Data availability 

PPMI is an open access dataset; data used in the preparation of this manuscript and 

documentation of the self-report questionnaire were downloaded from the PPMI database 

(www.ppmi-info.org/access-data-specimens/download-data) on June 30, 2020. Study protocol 

and manuals are available at www.ppmi-info.org/study-design. For PARS, the protocol, self-

report questionnaire and a subset of the de-identified data may be shared at the request of any 

qualified investigator for purposes of replicating procedures and results. The raw tabular datasets 

underlying each finding reported as a figure or table can be found at <insert Zenodo DOI link 

here>. 

 

Results 

Characteristics of Study Participants 

The inclusion of study participants from PARS and PPMI is characterized in Figure 1. 

Demographics are summarized in Table 1. The mean age was younger among PARS 

participants, both for females (61.5 in PARS vs 67.8 in PPMI) and males (67.4 vs 69.5). Nearly 

all participants in the 50-59-year-old age range came from PARS. The cohorts were comparable 

http://www.ppmi-info.org/study-design


 

 

with respect to race and ethnicity. Overall, participants were predominantly White (98%) and 

non-Hispanic (99%). A first-degree family history of PD was more common in the PARS cohort, 

both among females (53% in PARS vs 28% in PPMI) and males (33% vs 21%). Smoking status 

data (collected in PARS only) indicated that just 5% of females and 9% of males were current 

smokers, although an additional 40% of females and 54% of males were former smokers. 

Regarding other prodromal features of PD (data not shown), 9.4% of females vs 6.5% of males 

self-reported regular (≥ 3 months) use of laxatives; 21% of females vs 13% of males endorsed 

constipation (operationalized as < 1 bowel movement per day); and 7.9% of females vs 20% of 

males reported RBD symptoms, as defined by a history of either violent, purposeful movements 

during sleep including “grabbing, arm flailing,  punching, kicking, sitting, jumping out of bed, 

crawling, or running” (PARS question) or acting out one’s dream during sleep as evidenced by 

“punching, flailing your arms in the air, making running movements, etc.” (PPMI question). 

 

UPSIT Percentiles 

Percentiles derived from this data set are presented in Table 2 and Table 3 for females and males, 

respectively. Percentiles for UPSIT scores are provided across seven different age categories 

(50-54, 55-59, 60-64, 65-69, 70-74, 75-79, and ≥ 80). The corresponding percentile value for any 

UPSIT score can be identified from these tables using knowledge of a person’s age and sex 

(eAppendix 1 includes a data file containing a separate row for every combination of age 

category, sex, and UPSIT score—which can be used to compute percentile values 

programmatically). Tables 2 and 3 also include mean (SD) raw score values for each age and sex 

category. In this total cohort of 4060 men and 5336 women, women had better olfactory function 

than men and olfactory function declined with age.  



 

 

Figure 2 depicts the UPSIT percentile corresponding to selected raw scores, separately for 

females and males, within each age category. The raw values chosen (18, 25, 30, and 34 for 

females; 18, 25, 29, and 33 for males) reflect the upper thresholds of the score ranges defining 

olfactory diagnoses of total anosmia, severe microsmia, moderate microsmia, and mild 

microsmia, respectively.
9
 This visualization of the data from Tables 2 and 3 illustrates several 

points. If olfactory function did not differ by age or sex, then the percentiles corresponding to 

each given threshold value would be flat across the age categories (i.e., parallel with x-axis) and 

congruent among males vs females (e.g., a score of 29 would be at the same percentile across all 

age by sex categories rather than varying from the 4
th

 percentile in 50-54-year-old females to the 

52
nd

 percentile among ≥ 80-year-old males). In fact, the percentiles increased with age and were 

higher for males than females. That is, a given threshold value tended to correspond to a “better” 

percentile for older (relative to younger) and male (relative to female) participants. It is also 

apparent that a given percentile aligns with highly variable raw scores depending on an 

individual’s age and sex. For instance, an 80-year-old male with a raw score of 18 and a 60-year-

old female with a raw score of 30—two individuals whose olfactory function differs markedly in 

an absolute sense—are both near the 15th percentile relative to age and sex. 

 

Self-Reported Sense of Smell 

An impaired sense of smell was reported by 12% of females and 16% of males. As shown in 

Table 4, there was a significant association (chi-squared p < 0.0001) between UPSIT 

performance and self-reported olfactory dysfunction, both for females and males, with 

participants in worse UPSIT percentile categories being more likely to subjectively endorse 

hyposmia. However, discordance between self-reported olfactory impairment and UPSIT was 



 

 

observed. For example, among those whose UPSIT score fell at or below the 10th percentile, 

only 43% of females and 52% of males self-reported an impairment in their sense of smell. Also, 

Cohen’s simple kappa analyses of UPSIT percentile (dichotomized as ≤ 10th vs > 10th) by self-

reported hyposmia (“yes” vs “no” or “unsure”) yielded estimates of 0.32 (95% CI 0.28-0.36) for 

females and 0.34 (95% CI 0.30-0.38) for males, indicating a minimal level of agreement.
13

 

 

Family History of Parkinson’s Disease 

As per Table 1, 34% (3203/9396) of the combined PARS/PPMI cohort reported a first-degree 

relative with PD. Given that first-degree family history is a risk marker for PD,
14, 15

 we derived a 

second set of percentiles that excluded these participants (data not shown). Comparisons were 

limited by a small number of non-relatives among males aged 50-54 (n=22) and 55-59 (n=56). 

Across the remaining age by sex categories, the results were comparable, with mean raw scores 

differing by no more than 0.3 points depending on whether first-degree relatives were included 

or excluded, and the raw score that delineated being at or below the 15th percentile matching in 

six cases and differing by one in the other six cases.  Of note, where differences were evident, 

they tended to be in the direction of non-relatives performing slightly worse than those with a 

family history of PD. 

 

Discussion 

We report on an analysis combining two large cohorts of community-dwelling volunteers who 

completed the UPSIT for the purpose of screening for hyposmia related to PD.  Because the vast 

majority of respondents did not have incipient neurodegeneration but may carry an elevated risk 

for PD based on their participation in PARS or PPMI, the responses from these cohorts may be 



 

 

viewed as a very large sample of typical UPSIT results across a range of ages for both men and 

women who are believed to be representative of individuals likely to be recruited into studies of 

prodromal neurodegenerative disease.  We have used these datasets to derive normative data for 

the UPSIT, reporting percentile values for older men and women with diverse presentation of 

prodromal features of PD. In addition, we have created lookup tables by age and sex for this 

population.  This information addresses the need to support studies of disorders including PD 

and Alzheimer’s disease by providing updated normative data from a larger sample of older 

adults who would typically participate in this type of clinical research.  

 

Our data represent a substantial methodological advance over existing normative data.  

Previously published norms were derived from nearly 4,000 participants; however, that sample 

included only 1,221 participants (544 males, 677 females) aged 50 or above and percentiles for 

all applicable age categories (50-54, 55-59, etc.) were derived from subgroups of less than 100 

individuals (range: 57-98).
9
 In comparison, among overlapping age categories (i.e., 50-54, 55-59, 

60-64, 65-69, 70-74, 75-79), the percentiles described herein were derived from between 2.4 

times (50-54-year-old males) and 20 times (65-69-year-old females) as many participants. These 

larger sample sizes enable a greater degree of precision, especially at the lower end of the 

distribution (e.g., ≤ 10th percentile). To illustrate this point, we cite a specific example. The 

original percentile values for 60-64-year-old males were derived from a sample of 68 

individuals; here, a raw score of 17 corresponded to the 9th percentile, a score of 16 to the 5th 

percentile, and a score below 16 to the < 5th percentile range.
16

 In the context of screening for 

incipient neurodegeneration, it is a limitation to only be able to partition this range in a small 

number of ways. By contrast, our percentiles were derived from a considerably larger cohort of 



 

 

60-64-years-old males (n=1041; Table 3); here, the ≤ 10th percentile range can be subdivided 

into 10 categories (i.e., 1st-10th). A novel aspect of our work is this ability to finely discriminate 

within the range of percentiles that is of greatest interest clinically in neurodegenerative research.  

 

Our analysis also addresses possible changes in response to the UPSIT that may have occurred 

since the time that normative data for this test were first developed.
6
 Importantly, the prevalence 

of cigarette smoking, which is known to affect olfactory performance,
6, 17, 18

 has changed 

substantially over time.
10

 Between 1985 and 2015, the estimated prevalence of current cigarette 

smoking in the US roughly halved, dropping from 33% (28%) to 17% (14%) among males 

(females).
19, 20

 In our cohort, current smoking rates (available for PARS participants only) were 

9% for males and 5% for females. Notably, an additional 54% of males and 40% of females in 

PARS reported former smoking; however, a 2017 meta-analysis reported that only current (and 

not former) smoking was associated with olfactory dysfunction.
18

        

 

Furthermore, our results highlight the potential advantages of utilizing age- and sex-specific 

UPSIT percentile values instead of thresholding methods based primarily on raw scores. The 

latter approach has been reported extensively in the literature. For instance, previous PPMI 

analyses have adapted existing olfactory diagnosis guidelines
9
 to classify participants into three 

categories: normosmia (UPSIT ≥ 34/35 males/females), hyposmia (19-33/34), and anosmia (≤ 

18).
12, 21, 22

 However, our findings reported here extend that prior work by applying the updated 

norms expressed in the percentile lookup tables, which suggest that classifying smell dysfunction 

using olfactory diagnoses alone may be biased towards overcounting older individuals 

(particularly males) and undercounting younger individuals (particularly females).  



 

 

A recent study that used our percentiles to assign a cohort of 162 LRRK2 G2019S PD 

participants to three clusters of olfactory performance reported that the worst-performing UPSIT 

subgroup (mean [SD] percentile: 4.8 [3.2]) had an earlier age at PD onset and more rapid motor 

progression than those with better olfactory performance.
23

 Notably, a previous cross-sectional 

analysis of 126 individuals from the same LRRK2 G2019S PD cohort, which defined olfactory 

clusters using raw UPSIT scores, did not observe a significant association with age at onset.
24

 In 

tandem, these results suggest that stratification based on percentiles may yield greater 

discriminatory value than methods using raw scores alone. 

 

The UPSIT percentiles reported not only are an advancement beyond the absolute threshold 

values previously utilized, but also provide an advantage over self-reported loss of sense of 

smell. To illustrate, among those who fell at or below the 10th percentile on the UPSIT, only 

approximately half of respondents self-reported impaired smell. The discordance observed 

between self-report and the UPSIT result supports the need for use of standardized, validated 

assessment tools in the clinic.  

 

While this study benefits from a very large study population from which the percentiles were 

derived, some limitations must be noted. First, a large majority of the population is from the 

United States (100% of PARS, ~97% of PPMI), White (98%), and non-Hispanic (99%). 

Therefore, it is possible that the data presented here are not generalizable to populations outside 

of the United States or to non-White or Hispanic populations. For instance, previous studies have 

reported cross-cultural differences in odorant recognition
25-28

 as well as differences by race and 

ethnicity in the prevalence of olfactory dysfunction in the US.
29, 30

 An important focus of future 



 

 

research would be to learn more about olfaction in the broader population by recruiting a more 

culturally, racially, and ethnically diverse sample. 

 

Second, the study population was a combination of two population-based studies focused on 

investigating risk factors for PD, recruitment strategies included outreach to the wider PD 

community (e.g., postings on PD-related websites, distribution of surveys to friends/family of PD 

patients), and participants reported the presence of several prodromal features at various 

frequencies. For these reasons, it must be acknowledged that this cohort cannot be assumed to be 

a purely unselected population. As reported in Table 1, 39% of females and 29% of males in the 

combined cohort reported first-degree relatives with PD. In a sensitivity analysis, percentiles 

were also derived after exclusion of study participants who reported a first-degree relative with 

PD; importantly, this exercise yielded only a small impact on the percentile rankings. 

Additionally, of the nearly 5,000 PARS participants who completed UPSITs, a subgroup of 

203/669 hyposmic individuals (defined as ≤ 15th percentile) consented to a longitudinal clinical 

imaging protocol,
8
 185/203 subsequently completed at least one follow-up visit, and 26/185  

clinically converted to manifest disease (25 to PD, 1 to dementia with Lewy bodies) over a mean 

(SD) follow-up period of 6.3 (2.2) years.
31

 In the case of PPMI, similar longitudinal data are 

currently being collected on an enriched subgroup of 26 hyposmic participants (out of the 4,632 

who completed UPSITs).
12

 However, in certain contexts (e.g., studies aimed at identifying at-risk 

individuals for neurodegenerative diseases), it may be desirable to have a reference population 

that includes individuals with various prodromal features. 

 



 

 

Third, the UPSIT was revised in 2020 to modify some of the odorants and response distractors, 

whereas the scores and percentiles collected in this study reflect the originally described UPSIT.
6
 

Since the revised UPSIT is still relatively new and not yet in widespread use (given limitations to 

translation availability), the majority of datasets that would be accessible to investigate the role 

of olfaction in identifying risk for PD would have utilized the original UPSIT. Many important 

ongoing longitudinal cohort studies have used and/or continue to use the original version, 

including PPMI, the LRRK2 Cohort Consortium, the NINDS Parkinson’s Disease Biomarkers 

Program, and PREDICT-PD.
24, 32, 33

 These all reflect rich datasets that will continue to be 

investigated for quite some time to come, making our development of percentile look-up tables 

based on the original instrument still valuable today and continuing into the foreseeable future. 

In addition, new research is underway by the authors to determine percentiles for the 2020 

revised UPSIT and to compare data for the same individuals with both versions of the UPSIT to 

evaluate performance differences. It should also be noted that while smell identification, such as 

with the UPSIT, may be the most commonly utilized assessment of olfaction in the clinic, there 

are also other methods of olfactory assessment such as threshold testing or smell discrimination 

that are utilized in research and clinical settings that have not been explored in this study.
7
  

 

The potential for non-response bias should also be noted. In PARS, 53% of eligible participants 

completed and returned an UPSIT and, relative to non-responders, completers were more likely 

to be younger, female, White, have a family member with PD, and not report a decreased sense 

of smell.
2
 In PPMI, approximately 60% of those eligible returned an UPSIT; however, 

comparable comparisons between responders and non-responders could not be performed. 

Finally, our conclusions regarding the prevalence of smoking in this combined cohort are limited 



 

 

by this data being available for PARS participants only. This also hinders our ability to evaluate 

whether smoking, which is associated with an increased risk of olfactory dysfunction but a 

decreased risk of PD,
14, 15

 could be an important modifier in our results. An interesting area of 

future research would be to investigate more fully the interactions between smoking behavior, 

olfaction, and PD risk. 

 

The UPSIT is currently being deployed in the ongoing PPMI study with the goal of reaching up 

to 100,000 respondents (www.ppmi-info.org). For this effort, and consistent with the PARS 

study,
2
 hyposmia is being operationally defined by an UPSIT percentile at or below the 15th 

percentile for age and sex. Evaluation of alternative cutoffs could be an area of future research.  

 

The work reported herein provides information to further support the interpretation of this 

convenient olfactory assessment tool in PD, as well as in various other conditions impacting 

people sharing the demographics of the combined cohort described in this study. It is the hope 

that the lookup tables provided within this manuscript will enable researchers to perform refined 

investigations of existing datasets to more deeply explore olfactory function and its connection to 

neurodegenerative disease. 
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Figure titles and legends 

 

Figure 1. Flow Diagram of PARS and PPMI Participants Included in Analytic Sample 

PARS = Parkinson Associated Risk Syndrome; PD = Parkinson’s disease; PPMI = Parkinson’s 

Progression Markers Initiative; UPSIT = University of Pennsylvania Smell Identification Test. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure 2. UPSIT Percentile by Raw Score, Age Category, and Sex 

Selected raw scores correspond to upper cutoffs for olfactory diagnoses of total anosmia (18), 

severe microsmia (25), moderate microsmia (29 for males, 30 for females), and mild microsmia 

(33 for males, 34 for females). UPSIT = University of Pennsylvania Smell Identification Test 

.
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Table 1. Demographics of Participants in PARS, PPMI, and Combined Cohorts 

 

 Females by cohort  Males by cohort 

Variable 

Combine

d 

(N = 

5336) 

PARS 

(N = 

2314) 

PPMI 

(N = 

3022) 

p 

Valu

e  

Combine

d 

(N = 

4060) 

PARS 

(N = 

2483) 

PPMI 

(N = 

1577) 

p 

Valu

e 

Age, mean (SD) 65.1 (7.7) 61.5 (8.4) 67.8 (5.8) <.00

01 

 68.2 (7.8) 67.4 (8.3) 69.5 (6.6) <.00

01 

Median (min, max) 65 (50, 

95) 

60 (50, 

95) 

67 (60, 

92) 

  67 (50, 

94) 

67 (50, 

94) 

68 (60, 

94) 

 

Age category, n (%)    <.00

01 

    <.00

01 

50-54 557 

(10%) 

557 

(24%) 

0 (0%)   191 (5%) 191 (8%) 0 (0%)  

55-59 533 

(10%) 

531 

(23%) 

2 (0%)   190 (5%) 190 (8%) 0 (0%)  

60-64 1620 

(30%) 

474 

(20%) 

1146 

(38%) 

  1041 

(26%) 

584 

(24%) 

457 

(29%) 

 

65-69 1302 

(24%) 

347 

(15%) 

955 

(32%) 

  1015 

(25%) 

537 

(22%) 

478 

(30%) 

 

70-74 769 

(14%) 

202 (9%) 567 

(19%) 

  724 

(18%) 

396 

(16%) 

328 

(21%) 
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 Females by cohort  Males by cohort 

Variable 

Combine

d 

(N = 

5336) 

PARS 

(N = 

2314) 

PPMI 

(N = 

3022) 

p 

Valu

e  

Combine

d 

(N = 

4060) 

PARS 

(N = 

2483) 

PPMI 

(N = 

1577) 

p 

Valu

e 

75-79 352 (7%) 118 (5%) 234 (8%)   590 

(15%) 

413 

(17%) 

177 

(11%) 

 

≥ 80 203 (4%) 85 (4%) 118 (4%)   309 (8%) 172 (7%) 137 (9%)  

Race (White), n (%) a 4897 

(98%) 

1983 

(98%) 

2914 

(97%) 

0.15

50 

 3790 

(98%) 

2258 

(98%) 

1532 

(98%) 

0.31

06 

Missing 324 292 32   185 179 6  

Ethnicity (Hispanic), n (%) 60 (1.5%) 23 (1.2%) 37 (1.7%) 0.15

11 

 24 (0.7%) 10 (0.4%) 14 (1.3%) 0.00

86 

Missing 1199 348 851   715 248 467  

1st-degree relative(s) with PD 

(yes), n (%) 

2053 

(39%) 

1226 

(53%) 

827 

(28%) 

<.00

01 

 1150 

(29%) 

819 

(33%) 

331 

(21%) 

<.00

01 

Missing 57 0 57   34 0 34  

Smoking status, n (%) b    —     — 

Current smoker — 107 (5%) —   — 219 (9%) —  

Former smoker — 916 

(40%) 

—   — 1315 

(54%) 

—  

Never smoker — 1252 

(55%) 

—   — 897 

(37%) 

—  
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 Females by cohort  Males by cohort 

Variable 

Combine

d 

(N = 

5336) 

PARS 

(N = 

2314) 

PPMI 

(N = 

3022) 

p 

Valu

e  

Combine

d 

(N = 

4060) 

PARS 

(N = 

2483) 

PPMI 

(N = 

1577) 

p 

Valu

e 

Missing — 39 —   — 52 —  

 

Abbreviations: PARS = Parkinson Associated Risk Syndrome; PD = Parkinson’s disease; PPMI = Parkinson’s 

Progression Markers Initiative. 

P values were found using chi-square and t-tests comparing PARS vs PPMI participants. 
a Across PARS and PPMI, 13 individuals self-reported as American Indian/Alaska Native, 51 as Asian, 115 as Black or 

African American, 4 as Native Hawaiian/Pacific Islander, and 17 as multiracial. 
b Smoking status data collected from PARS participants only. 
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Table 2. Age-Specific UPSIT Percentile Values for Females 

 

 Percentile values by age category (females) 

UPSIT 

score 

50-

54 

55-

59 

60-

64 

65-

69 

70-

74 

75-

79 ≥ 80 

40 100 99.5 100 100 100 100 100 

39 97.5 96 98.5 98.5 100 100 100 

38 91.5 89.5 94 95.5 98 98.5 98.5 

37 78.5 78.5 84 88.5 93 96 96 

36 60.5 62.5 70 77 84.5 90 91 

35 44 45 55 63 73 80.5 84 

34 31 30.5 42 50 59.5 70 75.5 

33 21 20.5 32 40 47 59.5 66.5 

32 15 14 24 32.5 37.5 50 57 

31 10.5 10 18.5 27 31.5 42 46.5 

30 6 7.5 15 22.5 26.5 34 39 

29 4 5.5 12 18.5 22 28.5 35 

28 3 4 10 15 18.5 25 32 

27 2 3 9 12.5 15.5 21.5 27.5 

26 2 3 8 11 14 18.5 23 

25 2 2 7 10 12.5 16.5 19.5 

24 1 2 6 9 11 15 17 

23 1 2 5 8 10 13.5 15.5 

22 1 2 5 7 9 11 13.5 

21 1 2 4 6 8 9 13 

20 1 2 4 5 7 8 11 

19 1 2 3 5 7 6.5 9 

18 1 1 3 5 6 6 8 

17 1 1 3 4 5 6 6.5 
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 Percentile values by age category (females) 

UPSIT 

score 

50-

54 

55-

59 

60-

64 

65-

69 

70-

74 

75-

79 ≥ 80 

16 1 1 3 4 5 4.5 5 

15 1 1 2 3 4 4 4 

14 1 1 2 3 3 3 4 

13 1 1 2 3 3 3 3 

12 1 1 2 2 2 2 2 

11 1 1 1 1 2 1 1 

10 1 1 1 1 1 1 1 

≤ 9 1 1 1 1 1 1 1 

N 557 533 1,62

0 

1,30

2 

769 352 203 

Mean 34.8 34.7 33.3 32.2 31.4 30.3 29.4 

Std 

Deviation 

3.2 3.7 5.1 5.8 6.0 6.0 6.4 

 

Abbreviation: UPSIT = University of Pennsylvania Smell Identification Test. 

If a raw UPSIT score corresponded to multiple percentile values, the median percentile 

value was selected; as a result, some percentile values are non-integers. 
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Table 3. Age-Specific UPSIT Percentile Values for Males 

 

 Percentile values by age category (males) 

UPSIT 

score 

50-

54 

55-

59 

60-

64 

65-

69 

70-

74 

75-

79 ≥ 80 

40 100 99.5 100 100 100 100 100 

39 97.5 97 99 99 99 100 100 

38 91.5 91.5 96.5 97.5 97.5 99 100 

37 81 84 90.5 93 94 96.5 99 

36 66.5 74 80.5 85 88.5 91.5 97 

35 50.5 62 69.5 75.5 81 85 93.5 

34 38 51 59.5 65 72.5 78.5 88.5 

33 30 40 49 55.5 64 70.5 82 

32 22.5 31 39.5 47 55 60.5 75 

31 15.5 25 32.5 39 47.5 52.5 66 

30 10.5 20.5 27 33 41 46.5 57.5 

29 9 16.5 22.5 28 34.5 41 52 

28 7 13.5 19 23.5 29 36 47.5 

27 6 11.5 16.5 20 24.5 31.5 42.5 

26 5 9 14.5 17.5 21.5 27.5 38.5 

25 5 8 13 15.5 18.5 24 36 

24 4 7 12 13.5 16 21.5 33.5 

23 3 7 11 12 14.5 19 31 

22 3 6 10 11 12.5 16.5 28 

21 2 6 9 10 11 15 24.5 

20 1 5 8 9 10 14 20 

19 1 5 7 8 9 12.5 16.5 

18 1 4 6 8 8 11 14 

17 1 4 5 7 7 9.5 12 
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 Percentile values by age category (males) 

UPSIT 

score 

50-

54 

55-

59 

60-

64 

65-

69 

70-

74 

75-

79 ≥ 80 

16 1 3 4 6 6 7.5 10 

15 1 3 4 5 6 6 9 

14 1 3 3 5 5 6 7.5 

13 1 2 3 4 4 5 6 

12 1 2 2 3 3 3.5 4.5 

11 1 1 1 2 2 2 4 

10 1 1 1 2 1 1 2.5 

≤ 9 1 1 1 1 1 1 1 

N 191 190 1,04

1 

1,01

5 

724 590 309 

Mean 34.0 32.6 31.4 30.5 29.7 28.6 26.5 

Std 

Deviation 

4.0 5.6 6.1 6.6 6.6 6.9 7.1 

 

Abbreviation: UPSIT = University of Pennsylvania Smell Identification Test. 

If a raw UPSIT score corresponded to multiple percentile values, the median percentile 

value was selected; as a result, some percentile values are non-integers. 
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Table 4. Self-Reported Hyposmia by Sex and UPSIT Percentile 

 

 UPSIT percentile p Value 

 ≤ 10 11-25 26-50 > 50  

Females, n 546 803 1398 2570 <.0001 

Self-reported decreased sense 

of smell, n (%) 

233 

(43%) 

147 

(18%) 

105 

(8%) 

153 

(6%) 

 

Males, n 423 616 1025 1987 <.0001 

Self-reported decreased sense 

of smell, n (%) 

222 

(52%) 

141 

(23%) 

121 

(12%) 

150 

(8%) 

 

 

Abbreviation: UPSIT = University of Pennsylvania Smell Identification Test. 

19 females and 9 males are excluded due to missing values for self-reported hyposmia. 
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