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Abstract-To
ascertain the generality of a sex difference noted in odor identification ability, the
University of Pennsylvania Smell Identification Test (UPSIT) was administered to four groups of
subjects: Black Americans (n=438), White Americans (n= 1559), Korean Americans (n= 106), and
Native Japanese (n = 308). The women of all four groups outperformed the men to the same relative
degree. The Korean American group performed better than the Black and White American groups,
which, in turn, outperformed the Native Japanese. Analyses of the proportions of subjects
correctly answering each of the test items revealed considerable similarity of relative item difficulty
among the subject groups. Taken together, these data suggest that sex differences in odor
identification ability are probably not due to ethnic or cultural factors, per se.

INTRODUCTION
RECENTstudies of olfactory function have revealed that women surpass men in their ability to
identify odors in both forced-choice and free recall test paradigms [3,8, 14]. Furthermore,
such sex differences have been found to occur across both prepubertal and postpubertal age
ranges [8]. Since these studies have focussed mainly upon Caucasian subjects, however, the
generality of their findings to other ethnic groups is not known. The demonstration of
comparable sex differences in persons of different ethnic and cultural backgrounds would
suggest a biologic, rather than an experiential, basis.
The present study sought to determine if the sex difference noted on a recently developed
standardized odor identification test is present in each of four ethnic/cultural groups: (a)
American Blacks; (b) American Whites; (c) American Koreans; and (d) Native Japanese.
Although cross-cultural studies have been performed previously within the chemical senses
[e.g. 1,25], this work is the first to focus on sex differences in chemosensory function among
such groups.

METHODS
Subjects
The study population consisted of 660 male and 899 female White Americans (i ages=39.1 and 41.1 yr,
respectively), 210 male and 228 female Black Americans (i ages =29.7 and 36.0 yr), 53 male and 53 female Korean
Americans (i ages= 14.1 and 14.3 yr),and 117 male and 191 female Native Japanese (i ages=25.5 and 21.8 yr). The
proportions of male and female cigarette smokers were similar within each of the samples, with the exception of the
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Japanese group, which had many more male than female smokers (% male and female current smokers,
respectively: White Americans, 8.4,9.8; Black Americans, 15.8,16.2; Korean Americans, 0,0; Native Japanese, 20.5,
1.3).
The White American and Black American subject groups consisted mainly of (a) University of Pennsylvania
employees, (b) resideqts of homes for the elderly, (c) persons attending regional health fairs, (d) university students,
(e) primary and secondary grade school students, and (f) youngsters enrolled at summer camps and day care centers
in the Philadelphia area. The data from 97%ofthe white subjects and 80% of the black subjects have been presented
in previous publications [13, 14]. The Korean Americans were recruited from a Sunday school population at a local
Korean church. The Japanese subjects were members of the staff and faculty of a hospital in a medium-sized
Japanese metropolitan city (Kawasaki-shi).
Odor identification test
The University of Pennsylvania Smell Identification Test (UPSIT; commercially available as the Smell
Identification TestTM, Sensonics, Inc., Philadelphia) was administered in this study [14]. This test consists of four
envelope-sized booklets containing 10 odorants apiece, one odorant per page. The "scratch 'n snitT" stimuli are
embedded in 10-50-Jlm-diameter microencapsulated crystals located at the bottom of each page [5, 14]. A multiplechoice question with four alternative answers for each item is located immediately above each odorant. For example,
one of the test items reads, "This odor smells most like: (a) chocolate; (b) banana; (c)onion; or (d) fruit punch". The
subject is required to answer one of the four alternatives, even ifno smell is perceived (i.e. the test is forced-choice).
The stimuli and the criteria for their selection are presented elsewhere [14]. This test is internally consistent
(odd-even r after Spearman-Brown correction =0.94), highly reliable (short-term test-retest reliability coefficient
r=0.95; six-month test-retest reliability r=0.92), and sensitive to a number of subtle aberrations of smell function,
including those associated with KorsakotT's psychosis and multiple sclerosis [12,14]. Indeed, scores on this test have
been shown to correlate strongly with cerebral spinal fluid levels of a major metabolite of norepinephrine in
KorsakotT's psychosis patients [21].
Procedure
The UPSIT was self-administered by the majority of the subjects following detailed instructions by a trained test
administrator. The tests were administered in English to all groups but the native Japanese, who received a Japanese
version of the test.

RESULTS
The mean correct UPSIT scores, associated standard deviations, and age-adjusted means
for the four groups are presented in Table 1. A sex by culture analysis of covariance
(covariates = age and age2) revealed significant sex and culture main effects [Fsex (1,
2402)=39.80, P<0.001, % variance accounted for using coefficient of partial determination=0.46, and Fculture(3,2402) = 78.11, P<0.001, % variance accounted for= 5.41], cf.
[27]. No sex by culture interaction effect was present [F (3,2402)=0.13]. The two covariates
were included because scores on the UPSIT are non-linearly related to age [13, 14]. As
expected, both age and age2 were statistically significant [F age(1, 2402) = 393.46, P < 0.001
and Fage2(1,2402)=750.88, P<0.001].

Table

University of Pennsylvania Smell Identification Test (UPSIT) raw score means, standard deviations.
and means adjusted for age by analysis of covariance (see text for details)
Males

Native Japanese
Black Americans
White Americans
Korean Americans

Raw
mean
31.8
33.6
33.2
37.2

Females

S.D.

Adjusted
mean

Raw
mean

3.52
5.53
5.53
2.14

29.5
32.4
33.6
36.6

33.5
34.7
34.9
38.6

S.D.

Adjusted
mean

Raw
mean

3.18
5.61
6.32
1.21

31.8
34.0
35.8
38.0

32.9
34.1
34.2
37.9

Combined
Adjusted
S.D.
mean
3.41
5.59
6.85
1.86

31.0
33.2
34.9
37.3
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On the average, women outperformed men in all four groups, correctly answering between
3% and 5% more of the test items in each case (Table 1). A Tukey B multiple-comparison
post hoc analysis revealed that the means for all of the cultural groups differed significantly
from one another (Ps<0.01), with the exception of those of the American Black and White
groups, which did not differ. Overall, the Korean Americans outperformed the Black and
White Americans who, in turn, outperformed the Native Japanese. Despite these significant
differences, however, the means of three of the four groups were within four points of one
another.
To ascertain whether the various test items were missed in similar relative degree among
the four groups, Kendall Coefficients ofConcordance [30] were calculated for the male and
female groups across the test items ranked, within each culture, according to the proportion
of the group correctly answering them. Considerable similarity existed among the relative
rankings of the four ethnic groups [for males, W (39)=0.67, P<0.001; for females,
W(39)=0.64, P<0.001], suggesting that the "hard" and "easy" items were similar among
the groups. Spearman correlations computed between such ranks for the males and females
of each culture revealed that males and females tended to miss the same items to the
same relative degree (Native Japanese r =0.84, P<0.001 ; Black American r =0.82, P<0.001 ;
Caucasian American r=O.90, P<0.001; Korean American r=0.52, P<0.001). The lower r
value for the Korean Americans reflects, in part, the extremely large number of tied ranks in
this highly performing group (over 50 ties were distributed among 12 values for the males
and eight values for the females).
Although there was general agreement in the performance of the four groups across the 40
items of the test, a few of the items were disproportionately missed by the Japanese nationals,
possibly reflecting cultural differences in familiarity. Those items which were incorrectly
identified most often by the Japanese group were "cherry" (65.5% of the Japanese group
missed this item, vs 10.5,7.5, and 8.8% of the Caucasian American, Black American, and
Korean American groups, respectively), "fruit punch" (54.6 vs 19.9, 18.3 and 24.6%),
"wintergreen" (25.6 vs 10.5,11.6 and 2.8%), and "dill pickle" (32.5 vs 19.8,18.3 and 24.6%).~

DISCUSSION
The present data demonstrate that women from four different ethnic/cultural groups
outperform their male counterparts to the same degree in a forced-choice odor identification
task. This finding suggests the sex difference in olfactory identification ability is a general
trait.
Although some previous studies (limited to Caucasian subjects) have noted sex differences
in olfactory function, others have not, leading to controversy on this point [8]. The present
data suggest that the sex difference in odor identification ability, even though statistically
significant, is subtle. As has been noted for sex differences in verbal and spatial abilities, cf.
[6,23], this difference accounts for only a small proportion of the total variance. The use of
over 2000 subjects in the present work probably resulted in a clear detection of this
difference-a difference not robust enough to be detected by small sample sizes and less
reliable olfactory measures.
Since approximately equal proportions of males and females in the White American and
Black American groups smoked, and none of the subjects in the Korean American group
smoked, the sex difference noted in these three groups is unlikely to be due to cigarette
smoking. In the relatively young Japanese group, significantly more men than women
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