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Abstract
Introduction: Olfactory dysfunction is recognized as an early sign of dementia. Hypertension is a risk factor for

dementia in midlife, but it is less clear in old age.

Materials and methods: Fifty-two consecutive volunteers aged > 60 years (mean age, 71.0 = 4.8 years) were
enrolled in this study. We performed the Odor Stick Identification Test for the Japan (OSIT-J) as the olfactory test.
Cognitive function was evaluated with the Revised Hasegawa’s Dementia Scale (HDS-R), Mini-Mental State
Examination (MMSE), Trail Making Test B (TMT-B), and Touch Panel-type Dementia Assessment Scale (TDAS).
The systolic blood pressure (SBP), diastolic BP (DBP), and heart rate (HR) were measured using plethysmography.

Results: The TMT-B score was significantly correlated with the HR and OSIT-J score (HR: r = 0.306, p = 0.028;
OSIT-J score: r = 0.279, p = 0.045), and HR and OSIT-J score were the significant factors of TMT-B score (HR: =
0.295, p = 0.033; OSIT-J score: 5 = 0.281, p = 0.039). The TDAS score was significantly correlated with SBP and
DBP (SBP: r = 0.293, p = 0.035; DBP: r = 0.302, p = 0.029). The SBP and DBP were higher in participants with
TDAS scores > 7 than those with TDAS scores < 7 (SBP: 155.6 + 23.1 mmHg vs. 140.3 + 16.1 mmHg, p = 0.017;
DBP: 90.8 + 10.3 mmHg vs. 80.9 £ 9.9 mmHg, p = 0.006).

Conclusions: Decreased olfactory function, high BP, and increased HR were all associated with cognitive decline in

older adults.
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1. Introduction

Decreased olfactory function is very common among the older individuals [1]. Olfactory impairment, which is
recognized as an early sign of dementia [2], is one of the initial symptoms of several neurodegenerative diseases and
often occurs many years before the onset of motor symptoms and cognitive decline [3]. Symptoms of Alzheimer's
disease (AD) are preceded by memory deficits secondary to hippocampal atrophy; however, it has been shown that
olfactory nerve cells are also affected in these patients [4, 5]. A meta-analysis performed to assess olfactory
perception and AD symptoms reported that odor identification, recognition, and detection thresholds can predict AD
symptoms [6]. Olfactory impairment appears before the onset of motor symptoms and early in the onset of
symptoms in Parkinson's disease, [7-9]. Therefore, olfactory dysfunction would prove useful in the early detection
of various neurodegenerative disease, and it is essential to develop tests for accurate evaluation of olfactory
function.

The Revised Hasegawa’s Dementia Scale (HDS-R) [10] or Mini-Mental State Examination (MMSE) [11] is a
common screening test for dementia. The Trail Making Test B (TMT-B) [12] is used to evaluate executive function.
Executive function comprises high-level cognitive processes that facilitate an individual's behavior to optimize the
approach to unfamiliar circumstances [13]. The Touch Panel-type Dementia Assessment Scale (TDAS) is a
modified version of the Alzheimer's Disease Assessment Scale (ADAS)-Cognitive Subscale; subjects administered
this test are provided instructions to enter their answers directly into a touch panel-type computer [14]. The

association between olfactory function and these cognitive tests in the general population remains unclear.

Hypertension and dementia are common conditions observed in the general population [15]. Visit-to-visit in systolic
blood pressure (SBP) variability and the maximum SBP are strong predictors of stroke, independent of the mean
SBP [16]. Measurement of the heart rate (HR) is a noninvasive method to evaluate autonomic dysfunction and is
shown to be associated with the risk of cardiovascular events and all-cause mortality [17]. A growing body of
evidence from clinical trials and epidemiological studies has identified elevated resting HR as a predictor of clinical
events [18]. Therefore, measurement of the SBP and HR may provide useful information to prevent cognitive
decline.

In this study, we investigated the association between cognitive abilities and olfactory function, SBP, diastolic BP
(DBP), and HR in older adults.

2. Materials and Methods

2.1 Participants

Fifty-two consecutive volunteers aged > 60 years (28 males, 24 females; mean age, 71.0 + 4.8 years) were enrolled
in this study. We used a questionnaire to collect data on age, body mass index, smoking status, alcohol intake;
history of hypertension, diabetes mellitus, and hyperlipidemia; and current medications; Epworth Sleepiness Scale
(ESS) [19]; Pittsburgh Sleep Quality Index (PSQI) [20]; and Beck Depression Inventory Second edition (BDI-II)

[21]. An active smoker was defined as any participant who was either currently smoking or had quit it within the last

J Psychiatry Psychiatric Disord 2020; 4 (6): 427-436 428



Journal of Psychiatry and Psychiatric Disorders doi: 10.26502/jppd.2572-519X0124
4 years [22]. Alcohol intake referred to regular intake of alcoholic drinks [23]. SBP, DBP, and HR were measured
using plethysmography (BP-203RPEIIl, OMRON COLIN Co., Ltd., Tokyo, Japan). Those with > 140 mmHg SBP
or > 90 mmHg DBP, or those receiving antihypertensive therapy were considered to have hypertension [24].
Diabetes mellitus and hyperlipidemia were defined by the use of oral hypoglycemic and lipid-lowering agents,
respectively. The participants had no history of myocardial infarction; angina pectoris; heart failure; cerebral
infarction; cerebral hemorrhage; chronic obstructive pulmonary disease; sinusitis; or use of antidepressants,
benzodiazepines, and sleep medications. This study was approved by the ethics committee of Chubu University
(Number 270098). After explaining the nature of the study and procedures involved, we obtained written informed

consent from all participants.

2.2 Odor Stick ldentification Test for the Japan (OSIT-J)

We performed the OSIT-J (Daiichi Yakuhin Sangyo Co., Ltd., Tokyo, Japan) as the olfactory test [25]. The
experimenter applied an odorous semisolid cream from an odor stick to a 2 cm circle on a thin paraffin paper, folded
the paper in half, rubbed it to grind the microcapsules and passed it to the participant. The participant then opened
and sniffed the paper and chose one of the six possible answers: four odors, detectable but not recognized’ and ‘no
smell detected’. This test included 12 odors that were familiar to Japanese people (Indian ink, wood, perfume,
menthol, Japanese orange, curry, cooking gas, rose, Japanese cypress, sweaty smelling clothes/fermented soybeans,
condensed milk, and roasted garlic). A score of 12 and 0 points indicated that the participant’s answers were all
correct, and incorrect respectively.

2.3 Cognitive function tests

2.3.1 HDS-R: The HDS-R is commonly used as a screening test for dementia. It consists of nine simple questions,
with the maximum score of 30 points. The participants were asked to state the age, date, and location; repeat three
words, and perform a serial subtraction of seven starting at 100. Then they were asked to recall digits backwards,
three words, and five objects, and state the names of vegetables [10].

2.3.2 MMSE: The MMSE was a widely used brief screening test for dementia and a measure of global cognitive
function. It is a measure of general cognitive function that measures orientation to time and place, attention and
calculation, language and memory [11]. It comprises 11 questions, and the score ranges from 0 to 30, with lower
scores indicating worse global cognitive ability.

2.3.3 TMT-B: The TMT provides information on visual search, scanning, speed of processing, mental flexibility,
and executive function [12]. In the TMT-B, participants drew lines to connect numbers and letters in alternating
patterns by connecting the first number with the first letter, continuing to connect the number-letter pairs until the
last number of 13 was reached. Participants were required to perform these procedures sequentially as quickly as

possible. Time to completion (score, in seconds) was recorded.

2.3.4 TDAS: The TDAS (NIHON KODEN, Co., Ltd., Tokyo, Japan) was developed by modifying the ADAS-

Cognitive Subscale [14]. The following nine test items were included: word recognition, following a command,
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visual-spatial perception, accuracy of the order of a process, naming fingers, orientation, money calculation, object
recognition, and clock time recognition (non-digital). A total score of zero was defined as perfect. Incorrect answers

were scored higher and when all answers were incorrect, the score was 101.

2.4 Statistical analyses

All data are expressed as mean =+ standard deviation. Pearson’s correlation analyses were performed to evaluate the
relationships between cognitive function and OSIT-J score, SBP, DBP, and HR. Additionally, multiple regression
analyses were performed to determine the independent parameters that correlated with cognitive function (as
assessed by the HDS-R, MMSE, TMT-B, and TDAS), in relation to age, SBP, DBP, HR, and OSIT-J score. We
compared the data on SBP, DBP, HR, smoking status, alcohol intake, hypertension, diabetes mellitus,
hyperlipidemia, ESS, PSQI, BDI-II, and cognitive performance parameters between the groups (participants with
TDAS score < 7 (normal group) vs. those with TDAS score > 7 [mild cognitive impairment (MCI) group]) [26]
using the chi-square test or non-paired t-test. A probability value less than 0.05 was considered statistically
significant. All statistical analyses were performed using SPSS Statistics Version 25.0 (IBM Corporation, Armonk,
New York, USA).

3. Results

3.1 Subject characteristics, olfactory function, and cognitive function

Table 1 summarizes participants’ characteristics, OSIT-J score and cognitive function from the HDS-R, MMSE,
TMT-B and TDAS. Ten participants (19.2%) had a TDAS score of seven points or more. There were seven

participants (13.5%) with a BDI-II score of 14 points or more.

Subject characteristics
Age (years) 71.0+438
Height (cm) 160.0+7.9
Weight (kg) 57.0+£9.3
BMI (kg/m?) 222427
SBP (mmHg) 143.2+185
DBP (mmHg) 82.8+10.6
HR (bpm) 702 +11.2
Smoking (%) 17.3
Alcohol intake (%) 404
Hypertension (%) 67.3
Diabetes mellitus (%) 5.8
Hyperlipidemia (%) 26.9
ESS 51+29
PSQI 56+3.0
BDI-II Score 6.2+54
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Olfactory function
OSIT-J score 85+25
Cognitive function tests
HDS-R 284+1.6
MMSE Score 290+14
TMT-B Score (s) 111.8 +40.8
TDAS 33+31

Data are expressed as mean + standard deviation.

BMI = body mass index, SBP = systolic blood pressure, DBP = diastolic blood pressure, HR = heart rate, ESS = Epworth Sleepiness Scale, PSQI
= Pittsburgh Sleep Quality Index, BDI-1I = Beck Depression Inventory Second edition, OSIT-J = Odor Stick Identification Test for the Japan,
HDS-R = Revised Hasegawa’s Dementia Scale, MMSE = Mini-Mental State Examination, TMT-B = Trail Making Test B, TDAS = Touch

Panel-type Dementia Assessment Scale.

Table 1: Subject characteristics, olfactory function, and cognitive function.

3.2 Relationships among cognitive function, SBP, DBP, HR, and OSIT-J score

The TMT-B score was significantly correlated with the HR and OSIT-J score (HR: r = 0.306, p = 0.028; OSIT-J
score: r = 0.279, p = 0.045), and HR and OSIT-J score were the significant factors of TMT-B score (HR: g = 0.295,
p = 0.033; OSIT-J score: g = 0.281, p = 0.039). The TDAS score was significantly correlated with SBP and DBP
(SBP: r=0.293, p = 0.035; DBP: r = 0.302, p = 0.029) (Table 2).

Simple correlation Multiple regression | Simple correlation Multiple regression
analysis analysis analysis analysis
Factor r p B ‘ p r P b P
HDS-R MMSE
Age -0.088 0.533 -0.058 0.708 -0.014 0.919 0.094 0.520
SBP -0.079 0.577 -0.145 0.477 -0.130 0.358 -0.373 0.058
DBP 0.043 0.763 0.127 0.536 0.084 0.556 0.393 0.048
HR 0.079 0.575 0.052 0.734 -0.109 0.443 -0.210 0.153
OSIT-J score 0.045 0.751 0.028 0.854 0.131 0.355 0.154 0.288
TMT-B TDAS
Age 0.261 0.061 0.224 0.102 0.220 0.117 0.232 0.106
SBP 0.078 0.584 0.213 0.237 0.293 0.035 0.126 0.501
DBP -0.030 0.834 -0.135 0.454 0.302 0.029 0.251 0.188
HR 0.306 0.028 0.295 0.033 0.124 0.379 0.071 0.614
OSIT-J score 0.279 0.045 0.281 0.039 0.011 0.939 0.092 0.511

HDS-R = Revised Hasegawa’s Dementia Scale, MMSE = Mini-Mental State Examination, SBP = systolic blood pressure, DBP = diastolic blood
pressure, HR = heart rate, OSIT-J = Odor Stick Identification Test for the Japan, TMT-B = Trail Making Test B, TDAS = Touch Panel-type
Dementia Assessment Scale.

Table 2: Relationships among cognitive function and SBP, DBP, HR, and olfactory function.
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3.3 Subject characteristics and cognitive function based on TDAS score

The SBP and DBP were higher in MCI group than normal group (SBP: 155.6 + 23.1 mmHg vs. 140.3 + 16.1 mmHg,
p =0.017; DBP: 90.8 + 10.3 mmHg vs. 80.9 £ 9.9 mmHg, p = 0.006). The prevalence of hypertension was higher in
MCI group than normal group (100.0% vs. 59.5%, p = 0.014). ESS score was lower in MCI group than normal
group (3.3 £25vs. 55 %29, p =0.032). The TMT-B score was higher in MCI group than normal group (142.9
44.9 sec vs. 104.4 + 36.6 sec, p = 0.006) (Table 3).

Normal group MCI group P
(n=42) (n=10)
Subject characteristics
Age (years) 704 +4.4 735+5.6 0.063
Male (%) 52.4 60.0 0.664
Height (cm) 160.3+8.3 158.4+55 0.487
Weight (kg) 57.9+9.1 53.1+9.9 0.145
BMI (kg/m?) 225+25 21.1+3.1 0.134
SBP (mmHg) 1403 +16.1 155.6 +23.1 0.017
DBP (mmHg) 80.9+9.9 90.8 +10.3 0.006
HR (bpm) 69.3+9.8 738+159 0.259
Smoking (%) 14.3 30.0 0.238
Alcohol intake (%) 38.1 50.0 0.490
Hypertension (%) 59.5 100.0 0.014
Diabetes mellitus (%) 4.8 10.0 0.523
Hyperlipidemia (%) 23.8 40.0 0.300
ESS 55+29 3325 0.032
PSQI 54+30 6.3+3.2 0.387
BDI-1I Score 6.4+55 54+52 0.610
Olfactory function
OSIT-J score 8526 89+25 0.621
Cognitive function tests
HDS-R 28517 283+15 0.765
MMSE Score 29.0+£15 29.0+£1.2 1.000
TMT-B Score (s) 104.4 + 36.6 142.9 £44.9 0.006

Data are expressed as mean + standard deviation.

TDAS = Touch Panel-type Dementia Assessment Scale, BMI = body mass index, SBP = systolic blood pressure, DBP = diastolic
blood pressure, HR = heart rate, ESS = Epworth Sleepiness Scale, PSQI = Pittsburgh Sleep Quality Index, BDI-II = Beck
Depression Inventory Second edition, OSIT-J = Odor Stick Identification Test for the Japan, HDS-R = Revised Hasegawa’s
Dementia Scale, MMSE = Mini-Mental State Examination, TMT-B = Trail Making Test B.

Table 3: Comparison of subject characteristics and cognitive function based on TDAS score.
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4. Discussion

We found that olfactory function evaluated by the OSIT-J and HR were associated with the TMT-B score.
Moreover, the TDAS score was significantly correlated with BP. Our findings suggest that screening of olfactory

function and BP monitoring may facilitate the early detection of executive dysfunction in older adults.

Olfactory function evaluated by the OSIT-J was associated with the TMT-B score. Over 50% of individuals aged
>60 years’ experience difficulties with smell; the prevalence of olfactory impairment is higher in patients with AD
than in the general population [27]. Olfactory loss or dysfunction can occur in AD prior to the development of
neuropathology and cognitive dysfunction [28]. The OSIT-J tool uses odors that familiar to the Japanese; therefore,
this test shows good sensitivity for evaluation of olfactory function in Japanese patients with AD [29]. Moreover, it
is a noninvasive test and is less time consuming. Olfactory dysfunction should be considered a marker for AD and
this evaluation can help to determine the level of AD. OSIT-J tool can serve as a useful tool for the early detection

of cognitive decline in community-dwelling older adults.

In this study, the TDAS score was significantly associated with SBP and DBP. Moreover, both SBP and DBP were
significantly higher in participants with TDAS scores >7, which indicates MCI. A previous study reported that
elevated SBP was linked to cognitive dysfunction and cognitive decline in patients with cardiovascular disease [30].
However, the association between late-life high BP and incident cognitive decline was inconsistent [31], and could

have been affected by age, duration, and administration of antihypertensive medication, among other such factors.

Hypertension has been recognized as a risk factor for cardiovascular disease [32, 33] and dementia [34]. We recently
showed that hypertension negatively affected cognitive function in community-dwelling older adults [35]. A
previous study reported an association between hypertension and cognitive impairment in individuals with the allele
of apolipoprotein E [36]. Future studies are warranted to conclusively establish whether treatment of hypertension

can help reverse cognitive decline and prevent the onset of dementia.

The TMT-B score was significantly associated with the HR. SBP variation and the mean HR were independent
predictors of cognitive decline and dysfunction in patients at a high risk of cardiovascular disease [37]. A meta-
analysis showed that a higher resting HR was independently associated with an increased risk of all-cause and
cardiovascular mortality, which indicates that the resting HR is a predictor of all-cause and cardiovascular mortality
in the general population [38]. Autonomic imbalance, characterized by a hyperactive sympathetic system and a
hypoactive parasympathetic system, is associated with various pathological conditions. Cardiovascular disease is a
known risk factor for the development of AD and vascular dementia. A low resting HR is usually an indicator of
good health; therefore, it is reasonable to conclude that a high HR likely contributes to an increased risk of cognitive

decline.
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5. Limitations

Following are the methodological limitations of this study; (a) The relatively small sample size is a drawback of this
study. (b) The observational design is also a limitation of this research. Future trials with larger sample sizes are
warranted to conclusively establish the association between olfactory dysfunction and executive function in older

adults.

6. Conclusions
Olfactory dysfunction and high SBP, DBP, and HR were associated with cognitive decline. Evaluation of olfactory

function and BP could be a valuable screening tool for cognitive decline in community-dwelling older adults.

Acknowledgements
The study was supported by the Japan Society for the Promotion of Science (KAKENHI Grant Number 25282210)
and Chubu University research grant (Number 19M27A1, 20M25A1).

Conflict of Interest

All authors have no conflict of interest to declare.

References

1. Doty RL, Kamath V. The influences of age on olfaction: a review. Front Psychol 5 (2014): 20.

2. Schubert CR, Carmichael LL, Murphy C, et al. Olfaction and the 5-year incidence of cognitive impairment
in an epidemiological study of older adults. J Am Geriatr Soc 56 (2008): 1517-1521.

3. Marin C, Vilas D, Langdon C, et al. Olfactory Dysfunction in Neurodegenerative Diseases. Curr Allergy
Asthma Rep 18 (2018): 42.

4. Braak H, Braak E. Neuropathological stageing of Alzheimer-related changes. Acta Neuropathol 82 (1991):
239-259.

5. Growdon ME, Schultz AP, Dagley AS, et al. Odor identification and Alzheimer disease biomarkers in
clinically normal elderly. Neurology 84 (2015): 2153-2160.

6. Mesholam RI, Moberg PJ, Mahr RN, et al. Olfaction in neurodegenerative disease: a meta-analysis of
olfactory functioning in Alzheimer's and Parkinson's diseases. Arch Neurol 55 (1998): 84-90.

7. Doty RL. Olfaction in Parkinson’s disease and related disorders. Neurobiol Dis 46 (2012): 527-552.

8. Baba T, Kikuchi K, Hirayama K, et al. Severe olfactory dysfunction is a prodromal symptom of dementia
associated with Parkinson's disease: a 3 year longitudinal study. Brain 135 (2012): 161-1609.

9. lijima M, Kobayakawa T, Saito S, et al. Smell identification in Japanese Parkinson's disease patients: using
the odor stick identification test for Japanese subjects. Intern Med 47 (2008): 1887-1892.

10. Imai Y, Hasegawa K. The revised Hasegawa’s dementia scale (HDS-R): evaluation of its usefulness as a
screening test for dementia. J Hong Kong Coll Psychiatr 4 (1994): 20-24.

11. Folstein MF, Folstein SE, McHugh PR. Mini-mental state. a practical method for grading the cognitive
state of patients for the clinician. J Psychiatr Res 12 (1975): 189-198.

J Psychiatry Psychiatric Disord 2020; 4 (6): 427-436 434



Journal of Psychiatry and Psychiatric Disorders doi: 10.26502/jppd.2572-519X0124

12

13.
14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
217.

28.
29.

30.

31

32

. Tombaugh TN. Trail Making Test A and B: normative data stratified by age and education. Arch Clin
Neuropsychol 19 (2004): 203-214.

Gilbert SJ, Burgess PW. Executive function. Curr Biol 18 (2008): R110-R114.

Inoue M, Jimbo D, Taniguchi M, et al. Touch Panel-type Dementia Assessment Scale: a new computer-
based rating scale for Alzheimer’s disease. Psychogeriatrics 11 (2011): 28-33.

lulita MF, Girouard H. Treating hypertension to prevent cognitive decline and dementia: Re-opening the
debate. Adv Exp Med Biol 956 (2017): 447-473.

Rothwell PM, Howard SC, Dolan E, et al. Prognostic significance of visit-to-visit variability, maximum
systolic blood pressure, and episodic hypertension. Lancet 375 (2010): 895-905.

Sen J, McGill D. Fractal analysis of heart rate variability as a predictor of mortality: A systematic review
and meta-analysis. Chaos 28 (2018): 072101.

Arnold JM, Fitchett DH, Howlett JG, et al. Resting heart rate: a modifiable prognostic indicator of
cardiovascular risk and outcomes? Can J Cardiol 24 (2008): 3A-8A.

Johns, MW. A new method for measuring daytime sleepiness: the Epworth sleepiness scale. Sleep 14
(1991): 540-545.

Buysse DJ, Reynolds CF, Monk TH, et al. The Pittsburgh Sleep Quality Index: a new instrument for
psychiatric practice and research. Psychiatry Res 28 (1989): 193-213.

Beck AT, Steer RA, Brown GK. Manual for the Beck Depression Inventory-Second Edition. San Antonio,
TX: The Psychological Corporation (1996).

Kondo T, Osugi S, Shimokata K, et al. Smoking and smoking cessation in relation to all-cause mortality
and cardiovascular events in 25,464 healthy male Japanese workers. Circ J 75 (2011): 2885-2892.

Cho Y, Shin SY, Won S, et al. Alcohol intake and cardiovascular risk factors: a Mendelian randomisation
study. Sci Rep 5 (2015): 18422.

Umemura S, Arima H, Arima S, et al. The Japanese Society of Hypertension Guidelines for the
Management of Hypertension (JSH 2019). Hypertens Res 42 (2019): 1235-1481.

Saito S, Ayabe-Kanamura S, Takashima Y, et al. Development of a smell identification test using a novel
stick-type odor presentation kit. Chem Senses 31 (2006): 379-391.

Urakami K. Early detection and prevention of dementia. Nihon Rinsho 72 (2014): 607-611.

Westervelt HJ, Carvalho J, Duff K. Presentation of Alzheimer's disease in patients with and without
olfactory deficits. Arch Clin Neuropsychol 22 (2007): 117-122.

Murphy C. Loss of olfactory function in dementing disease. Physiol Behav 66 (1999): 177-182.

Jimbo D, Inoue M, Taniguchi M, et al. Specific feature of olfactory dysfunction with Alzheimer's disease
inspected by the Odor Stick Identification Test. Psychogeriatrics 11 (2011): 196-204.

Joas E, Backman K, Gustafson D, et al. Blood pressure trajectories from midlife to late life in relation to
dementia in women followed for 37 years. Hypertension 59 (2012): 796-801.

Walker KA, Power MC, Gottesman RF. Defining the relationship between hypertension, cognitive decline,
and dementia: a review. Curr Hypertens Rep 19 (2017): 24.

. The SPRINT Research Group. A randomized trial of intensive versus standard blood-pressure control. N

J Psychiatry Psychiatric Disord 2020; 4 (6): 427-436 435



Journal of Psychiatry and Psychiatric Disorders doi: 10.26502/jppd.2572-519X0124

33.

34.

35.

36.

37.

38.

Engl J Med 373 (2015): 2103-2116.

Yildiz M, Oktay AA, Stewart MH, et al. Left ventricular hypertrophy and hypertension. Prog Cardiovasc
Dis 63 (2020): 10-21.

Mansukhani MP, Kolla BP, Somers VK. Hypertension and cognitive decline: implications of obstructive
sleep apnea. Front Cardiovasc Med 6 (2019): 96.

Kato K, Noda A, Yasuma F, et al. Effects of sleep-disordered breathing and hypertension on cognitive
function in elderly adults. Clin Exp Hypertens 42 (2020): 250-256.

Andrews S, Das D, Anstey KJ, et al. Interactive effect of APOE genotype and blood pressure on cognitive
decline: the PATH through life study. J Alzheimers Dis 44 (2015): 1087-1098.

Béhm M, Schumacher H, Leong D, et al. Systolic blood pressure variation and mean heart rate is
associated with cognitive dysfunction in patients with high cardiovascular risk. Hypertension 65 (2015):
651-661.

Zhang D, Shen X, Qi X. Resting heart rate and all-cause and cardiovascular mortality in the general
population: a meta-analysis. CMAJ 188 (2016): E53-E63.

Citation: Masato Okuda, Akiko Noda. Olfactory Dysfunction and High Blood Pressure Serve as Early Markers of
Cognitive Decline in Older Adults. Journal of Psychiatry and Psychiatric Disorders 4 (2020): 427-436.

@ @ This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution (CC-BY) license 4. 0

J Psychiatry Psychiatric Disord 2020; 4 (6): 427-436 436



http://creativecommons.org/licenses/by/4.0/

