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Abstract

To investigate olfactory identification and apolipoproteinc£& allele in patients with mild cognitive impairment (MCI), we used
Cross-Cultural Smell Identification Test (CC-SIT) from University of Pennsylvania to assess olfactory identification performance and
polymerase chain reaction (PCR) to detect apolipoproteid EApoE ¢4) allele in 28 patients with MCI and the 30 age-matched control
subjects in present study. The Mann—Whithéyest demonstrated that the MCI group performed significantly worse on CC-SIT than the
normal aging groupR<0.01). For MCI patients olfaction scores correlated positively with CAMCOG=€0(61,P<0.01), but not with
age, gender or years of education. In normal subjects, the CC-SIT score showed no significant associations with age, gender, years of
education, or CAMCOG-C. As the least common allele in Chinedayas found in 13.3% of controls and in 35.8% of MCI in this study.

ApoE &4 was significantly higher in MCI group than normal group®€4.65,P<0.01). There was a significant effect of allele status on

odor identification: subjects with4 allele were not able to identify as many odors as the subjects withballele P<0.01). These

results suggested that the decreased olfactory identification in MCI may be a marker for the early diagnosis of Alzheimer’s disease, and
ApoE genotype may be part of the basis of olfactory identification decline.

0 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction that of the general older population [2,20,24]. It is difficult
for clinicians to decide which persons are MCI since some

The transition from normal cognition to AD is gradual memory failure can be seen in normal aging [21]. More-
[8,10,11,20]. Affected individuals typically pass through a over, there is also a clinical problem of the non-specificity
disease state recognized as mild cognitive impairment of neuropsychometric testing for diagnosing MCI. Difficul-
(MCI), which refers to non-demented aged persons with ties on a memory task may be attributable to other
mild memory or cognitive impairment that cannot be cognitive difficulties, in particular attentional, central
accounted for by any recognized medical or psychiatric executive, and comprehension impairment [24]. Lack of
condition [2,9,18,19]. MClI is thought to be the transitional awareness of cognitive deficits is common in early stage of
state between normal aging and AD. The rate at which Alzheimer’s disease and may occur at the mild cognitive
MCI patients convert to AD is substantially greater than impairment stage before the diagnosis of AD is made.

Early detection of AD has clinical and potential therapeutic
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The processes of odor identification involve medial
temporal lobe structures, which are affected early in the
course of AD, and therefore olfactory deficit may be a
clinical manifestation of early pathology [1,30,34]. Studies
of olfactory tasks have generally shown olfactory identifi-
cation (discrimination among odors) deficits in AD [6,13].
The ability to identify odors is affected early in the disease,
whereas the ability to detect odors is affected later [6,27].

Little is known about olfactory identification test per-
formance in patients with mild cognitive impairment,
defined broadly as fitting into the category between being
‘normal’ and having ‘dementia’. In present study we
hypothesized that there may be olfactory identification
decline with MCI. It has been found that individuals with
the ApoEe4 genotype are at a higher risk for developing
AD than those in general population [16]. Investigating the
link between olfactory dysfunction and the presence of this
gene may, therefore, also vyield valuable information
concerning preclinical diagnosis. We hypothesized further
that persons with one or two Apo&4 alleles may be at
higher risk of olfactory identification decline.

2. Materials and methods
2.1. Recruitment and evaluation of subjects

The subjects for this study were recruited through the
Memory Clinic in the First Affiliated Hospital of Anhui
Medical University and Hefei Nursing Home using a
standardized clinical protocol. Informed consent was ob-
tained for participation in the studies. Criteria for the
diagnosis of MCI described by Peterson et al. were as
follows [18,19]: (1) memory complaints as documented by
the patient or collateral source; (2) normal general cogni-
tive function, as determined by measurements of general
intellectual function and screening instruments by Cam-
bridge Cognitive Examination Chinese version (CAM-
COG-C) and Mini-Mental State Examination (MMSE)
[25,32]; (3) normal activities of daily living, as docu-
mented by history and record of independent living; (4)
dementia ruled out by DSM criteria for probable or
possible AD, and met no NINCDS-ADRDA criteria for
AD; (5) objective memory impairment, defined by per-
formance at 1.5 standard deviations below age and
education-matched controls on indices of memory func-
tions (by Logical Memory in Wechsler Memory Scale-
Revised); (6) age 60 through 89 years; (7) Clinical
Dementia Rating scale (CDR) score of 0.5. General
physical examinations and neurological examinations were
done to all subjects. Laboratory studies were performed,
including measures of serum electrolytes, liver and renal
function, thyroid function, VDRL, complete blood cell
count, chest radiograph, and ECG. Brain imaging (CT or
MRI) was performed to all subjects. None of the subjects
had a history of a neurological or psychiatric disease.
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2.2. Assessment of olfactory identification

All subjects were screened for cognitive, medical, and
psychiatric disorders that might interfere with olfactory
score and thus preclude their participation [26]. These
disorders included head trauma, hypothyroidism, insulin-
dependent diabetes mellitus, Cushing's disease, active
hepatitis, cirrhosis, chronic renal failure, multiple sclerosis,
vitamin B  deficiency, and local respiratory tract factors
such as active rhinitis or sinusitis (allergic or infectious),
active asthma, and history of nasal polyps or surgery.
Potential subjects were also not included if they were
currently taking antidepressants, neuroleptics, antihis-
tamines, or anticholinergics. Current smokers were ex-
cluded from participation. Olfactory identification perform-
ance was assessed using the 12-item Cross-Cultural Smell
Identification Test (CC-SIT) from University of Penn-
sylvania. The CC-SIT is a standardized, four-alternative,
forced-choice test of olfactory identification. The stimuli

are embedded in ‘scratch and sniff microcapsules fixed

and positioned on strips at the bottom of each page. The
items of this test are well known in most non-English-
speaking cultures, making it a popular item in Europe,
South America and Asia [5]. The number of correct odors
identified out of the 12 was summed for a total score. All
missing items were assigned a value of 0.25, which is the
same probability as a random guess.

2.3. APOE genotype

Genomic DNA was extracted from peripheral blood
with a Genomix DNA extraction kit according to the
manufacturer’'s protocol. The genotype of each extracted
DNA sample was determined by PCR amplification using
the primetsTCEAAGAGCTGCAGGCGGCGCA-3
aACBGAATTCGCCCGGCCTGTACACTGCCT-3

Then, the PCR product was digested by Cfol using
previously described methods [33].

2.4, Satigtic analysis

We used Statistic 6.0 to analyze the data. Difference in
CC-SIT, CAMCOG-C, age, education, and MMSE be-
tween controls and MCI were tested using the Mann—

Whithegst. The deference in the frequency of ApoE

alleles between controls and MCI was testet by
analysis. Correlations of years of education, age, and
CAMCOG-C vs. CC-SIT were analyzed by Correlation

matrices. Difference were considered statistically signifi-
cant &<t@=05 level.

3. Resaults

In the present study, no difference was found in age,
education and gender distribution between normal aging
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group and MCI group (see Table 1). There was a signifi-
cant decline in the function of orientatioR<€0.01), praxis
(P<0.01) and languagé”&0.01) besides memory impair-
ment P<0.01) in patients with MCI (see Table 1).
Though general cognitive function in MCI group is in
normal range (the cut-off of CAMCOG-C is 79/80), there
was a significant decline in general cognitive function in
MCI group P<0.01).

We compared the performance on CC-SIT of the 28
MCI patients and the 30 aged-matched control subjects.
The Mann-WhitneyJ test demonstrated that MCI group
performed significantly worse on CC-SIT than the normal
aging group P<0.01) (see Table 1). For MCI patients
olfaction scores correlated positively with CAMCOG-C
(r=0.61,P<0.01), but not with ager&—0.39, P=0.09),
years of educationr £0.38, P=0.09). In normal subjects,
the CC-SIT score showed no significant associations with
age (=0.12,P=0.54), years of educatiom=—0.18,P=
0.35), or CAMCOG-C (=0.03,P=0.35).

As the least common allele in Chineg#, was found in
13.3% of controls and in 35.8% of MCI in this study.
ApoE &4 was significantly increased in MCI group vs.
Normal group °=4.65, d=1, P<0.01). (see Table 2).

Table 3 illustrated the significant effect of allele status
on odor identification and cognitive function: when sub-
jects were grouped according ! allele, there was a
significant decline #<0.01) in CMCOG-C in the group
with ApoE 4. Moreover, the group with Apok4 allele

Table 1
Descriptive information of normal aging group and MCI group

Normal group MCI group

(n=30) n=28)
Age (years) 73.845.90 71.9:7.78
Sex, FIM 16/14 15/13
Education (years) 9.002.63 8.713.78
WMSR
LM’ 20.60+1.44 13.34:0.87*
Lm" 14.85+0.78 5.23-0.81**
Subscales of CAMCOG-C
Orientation 9.730.50 9.40:0.73
Language 26.1831.68 24.412.13*
Memory 23.7:1.25 19.79%1.40**
Attention 6.17-1.12 5.34:1.37*
Praxis 10.430.86 9.871.29
Calculation 1.9%20.18 1.94-0.21
Abstract thinking 5.481.71 5.20:1.38
Perception 6.9721.35 6.95-1.34
CAMCOG-C 90.2£4.80 82.70:4.39**
MMSE 26.20+1.51 25.531.39
CC-SIT 9.27:1.26 7.25:1.41%

Data represent mear5.D. f=20). *P<0.05 compared with normal
aging group. **P<0.01 compared with normal aging group.
Abbreviations: MMSE, mini-mental state examination; WMS-R, Wechsler
memory scale-revised; LM, Logical Memory; CAMCOG-C, Cambridge
cognitive examination Chinese version; and CC-SIT, Cross-Cultural
Smell Identification Test.
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Table 2
The ApoE genotype and4 frequency in controls and MCI patients
Normal group MCI group
(n=30) h=28)
Genotype
e2/2 1 1
e2/3 4 3
e3/3 18 6
e2/4 2 7
e3/4 4 9
ed/4 1 2
Frequency (%)
&2 13.3 21.4
e3 73.4 42.8
el 13.3 35.8*%

* P<0.05 compared with control.

was not able to identify as many odors as the group
without ApoEe4 allele £<<0.01).

4, Discussion

There is high vulnerability of episodic memory in MCI
and the most prominent, and perhaps the only specific,
age-related cognitive decline in normal aging is a decrease
in episodic memory performance [2,28,32]. The present
study shows markedly lower scores in CC-SIT of MCI
patients, which indicated a significant olfactory identifica-
tion impairment in MCI. Since the presence of olfactory
dysfunction is very well established in prevalent AD
patients, some researchers have hypothesized its potential
usefulness as a possible biological marker of AD
[3,14,17,23]. The decreased olfactory identification in MCI

Table 3
Descriptive information of cognitive performance in the group with and
without ¢4 allele

Group withoute4 Group withe4

(n=33) (h=25)
Age (years) 71.6%26.28 70.76:7.36
Sex, F/IM 18/15 13/12
Education(years) 8.82.51 8.43:3.39
Subscales of CAMCOG-C
Orientation 9.5%20.51 9.410.58
Language 25.981.76 23.65:-1.97*
Memory 21.9¢1.87 21.2@:2.19*
Attention 5.86:1.32 5.67:1.13
Praxis 10.380.76 9.71.41
Calculation 1.950.26 1.96-0.13
Abstract thinking 5.301.76 5.3%1.30
Perception 7.281.23 6.71+1.37
CAMCOG-C 88.27-5.28 83.7@:5.23*
CC-SIT 9.11%+1.37 7.3451.43%

Data represent@dant P<<0.05 compared with normal aging group.
P0.01 compared with normal aging group.
Abbreviations: CAMCOG-C, Cambridge cognitive examination Chinese
version; CC-SIT, Cross-Cultural Smell Identification Test.
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makes it to be a possible biomarker for the early diagnosis
of AD.

Odor detection refers to a person’s ability to determine
the presence or absence of an odor, while odor identifica-
tion refers to one’s ability to produce and attach a verbal
label to an odor or to identify an odor that matches a
verbal por nonverbal (picture) label provided by another
person. Odor identification is generally found to be im-
paired in the early stage of AD. The two studies that found
no impaired detection recruited patients with mild AD. The
change in olfactory detection is a later phenomenon that
appears in advanced stages of AD [13,27]. Serby found

neuropsychological tests are usually affected by education

level. A weakness of this approach is that olfactory

impairment is not specific for AD type dementia [5,26]. We
view olfactory testing as a potentially useful adjunctive
technique; its ultimate diagnostic value remains to be
cross-validated empirically in future research. Whether, in
combination with other tests (such as APOE genotyping)
and perhaps neuropsychological testing, the specificity of
olfactory dysfunction in MCI may be enhanced, should be
shown by follow-up studies.
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