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Abstract

Introduction. In healthy organism, BP level in the periphery should not influence on the effectiveness of regulation of in-
tracranial blood pressure (BP) and hemodynamics. However, independence of these mechanisms could be disrupted during 
aging. Some hypothetical mechanisms describe how prolonged hypertension could affect cognitive functioning deterioration 
in older people. However, there is little evidence, which would confirm such coexistence between these variables. Aim. The 
aim of this study is to assess the level of correlation between results of cognitive tests with blood pressure level. Material and 
methods. In these preliminary studies 128 patients (21 men, mean age: 68.80, age range 58-88) were examined. Cognitive 
functioning was assessed by Mini–Mental State Examination (MMSE), Montreal Cognitive Assessment (MoCA) and Trail 
Making Test Part B (TMT B). Blood pressure: Systolic Blood Pressure (SBP) and Diastolic Blood Pressure (DBP), Mean 
Arterial Pressure (MAP) and Pulse Pressure (PP) were examined. Results. DBP, SBP and MAP were significantly and nega-
tively correlated with verbal fluency subtest of MoCA (r = -0.1945, -0,2414 and -0.2373), respectively. In group comparison, 
normotensive participants pronounced approximately 1.8 words more than their hypertensive counterparts in Verbal Fluency 
subtest. However, other results were not statistically significant (p > 0.05). Conclusions. In these preliminary studies we exa-
mined correlation of blood pressure with cognitive function tests. Only verbal fluency subtest of MoCA results were signifi-
cantly and negatively correlated with DBP, SBP and MAP. Longitudinal studies on larger samples are needed to estimate the 
level and direction of hypertension relations with cognitive functioning in older people. Gerontol Pol 2017; 25: 53-59)

Key words: Blood pressure, cognitive functioning, older people, Trail Making Test part B, MoCA, MMSE

Streszczenie

Wstęp. W zdrowym organizmie poziom ciśnienia tętniczego na obwodzie nie powinien wpływać na efektywność regulacji 
ciśnienia i hemodynamiki wewnątrzczaszkowej. Jednak niezależność tych mechanizmów może zostać zaburzona w pro-
cesie starzenia się. Niektóre hipotetyczne mechanizmy opisują w jaki sposób długotrwałe nadciśnienie może wpłynąć na 
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zaburzenie funkcji poznawczych u osób starszych. Jednak niewiele jest danych, które mogłyby potwierdzić współwystępo-
wanie tych zmiennych. Cel. Celem niniejszej pracy jest ocena poziomu korelacji pomiędzy wynikami testów poznawczych 
a ciśnieniem tętniczym krwi. Materiał i metody. W niniejszych, wstępnych badaniach 128 pacjentów zostało przebadanych 
(21 mężczyzn, średnia wieku: 68,80, przedział wiekowy 58-88). Funkcjonowanie poznawcze oceniano za pomocą testów: 
Mini–Mental State Examination (MMSE), Montreal Cognitive Assessment (MoCA) i Test Łączenia Punktów Część B (TMT 
B). Zmierzone zostało skurczowe (SBP) i rozkurczowe ciśnienie tętnicze (DBP), średnie ciśnienie tętnicze (MAP) oraz ci-
śnienie tętna (PP). Wyniki. DBP, SBP i MAP były istotnie ujemnie skorelowane z podtestem MoCA-Fluencji werbalnej 
(odpowiednio: r = -0,1945, -0,2414 -0,2373). Porównując grupy, uczestnicy z prawidłowym ciśnieniem wymawiali około 
1,8 słowa więcej, niż ich odpowiednicy z nadciśnieniem tętniczym. Jednakże, reszta wyników nie była statystycznie znaczą-
ca (p > 0,05). Wnioski. W niniejszych, wstępnych badaniach oceniono stopień korelacji ciśnienia krwi z wynikami testów 
funkcji poznawczych. Jedynie wyniki Fluencji werbalnej - podtestu MoCA - były istotnie, ujemnie skorelowane z DBP, SBP 
i MAP. Potrzebne są podłużne badania na większej grupie osób, aby oszacować poziom i kierunek korelacji nadciśnienia z 
poziomem funkcjonowania poznawczego u osób starszych. Gerontol Pol 2017; 25: 53-59)

Słowa kluczowe: ciśnienie tętnicze, funkcjonowanie poznawcze, starsze osoby, Test Łączenia Punktów Część B, MoCA, 
MMSE

Introduction

Nowadays, more and more attention is focused on re-
lationship of cardiovascular system and cognitive func-
tioning. In a normal, healthy organism an effective re-
gulation of intracranial blood pressure (BP) and hemo-
dynamics should not be influenced by the peripheral BP 
standardly measured by sphygmomanometer on upper 
arm. However, this ‘classic’ view on BP auto-regula-
tion comes from older studies, before implementation of 
methods such as a continuous, beat-to-beat BP measu-
rement or transcranial Doppler which allows to directly 
measure cerebral blood flow [1]. Moreover, as review 
from 2013 showed, [1] intracranial BP is not so con-
stant, as it was believed to be, contrary, it appears that 
intracranial BP tends to fluctuate. Noteworthy, several 
brain autoregulation mechanisms are classically descri-
bed in terms of ‘homeostasis’ what could be misleading; 
‘stasis’ might not reflects well the dynamics of intracra-
nial hemodynamic and pressure regulation processes.

During aging, several pathological processes could 
contribute to homeostasis disruption. Interestingly, lon-
gitudinal studies [2] showed, that older patients with 
chronic hypertension (defined as > 140/90 mmHg) had 
lower regional cerebral blood flow measured by resting-
-state PET scans. Measurements were done several times 
during 7 years; comparing results from year 1 to year 7, 
chronic hypertensive patients showed diminished regio-
nal cerebral flow in inferior frontal, precentral, middle 
temporal, parahippocampal, and fusiform gyri [2]. The-
se regions were identified countless times in functional 
MRI examinations as active while performing cognitive 
tests. Therefore, many epidemiological researches from 
last decades had examined and showed associations be-
tween level of blood pressure and cognitive performance 
[3-8].

One of so-called Geriatric Giants is dementia. Low ef-
fectiveness in word retrieval during verbal fluency may 
be one of the initial signs of dementia [9]. Studies from

2015, incorporating 1052 patients 51 years old and 
over without diagnosed dementia, noted an increased 
functional hemodynamics in right prefrontal and bila-
teral parietal cortex, and decreased in bilateral inferior 
frontal junction during phonological fluency using func-
tional near-infrared spectroscopy. Despite no statistically 
significant results, some factors, inter alia, hypertension 
was correlated with decreased blood flow in left inferior 
frontal junction during phonological fluency [10]. Un-
derlying mechanisms, in which BP is associated with co-
gnitive functions could be various. To explain it further, 
researchers used MRI to examine brain geometry of 40 
participants with hypertension-diagnosis and their 40 
sex and ethnicity-matched normotensive controls [11]. 
Results showed that participants with hypertension had 
diminished area of gray matter in prefrontal cortex and 
underlying white matter volumes and increased frontal 
white-matter hyperintensities occurrence, which poten-
tially could be associated with continuous exposure on 
hypertension. Moreover, other studies using structural 
MRI [12] showed that elevated SBP is a predictor of di-
minished volume of several grey matter structures, inter 
alia, supplementary motor area. In male participants, di-
minished volume in this area predicted worse results in 
Trail Making Part B Test and in Four-word Short-term 
Memory Test.

Most studies with regard to BP in older patients are 
based on correlations, therefore results could not tell 
anything about the direction of influence. Considering 
above mentioned information, it is not the surprising, 
that several researches examined influence of the hyper-
tension treatment on cognitive functioning. Results were 
conflicting, from improved cognitive functioning and lo-
wered rate of vascular dementia occurrence [13,14], to 
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diminishing cognitive performance due to intervention 
[15,16].  However, in the case of the above-mentioned 
interventions some methodological problem could oc-
cur, namely: drugs, which actions is supposed to lower 
blood pressure could, in fact, influence also on cognitive 
functions. For example, Ca2+ antagonists have potential 
to improve cognitive performance not only in hyperten-
sive but also in normotensive participants [13].

A review from 2009 [7] shows, that the results of cor-
relation of BP with cognitive functioning is observed 
in studies in the manner of a traditional cross-sectional 
study and noted conflicting results: some of the rela-
tionships were positive, some negative as well as J- and     
U-shape nonlinear correlations were noted. On the other 
hand, longitudinal studies showed that increased BP is 
positively correlated with rate of cognitive decline. Re-
sults of only a few available randomized controlled trials 
indicate heterogeneous effects of BP lowering on cogni-
tive function. Authors explain these conflicting results 
[7] by a yet-unknown and complicated nature of a bio-
logical mechanism in which chronic elevated or lowered 
blood pressure can influence on cognitive functioning.

 Considering the above-mentioned issues, there is 
strong need for further development of this topic. Howe-
ver, due to the conflicting results, it would be necessary 
to examine a direct correlation of BP and cognitive func-
tioning. Moderate or severe dementia seems to co-occur 
with lower BP values [3]. Interestingly, other studies [4] 
showed no correlation between BP and cognitive func-
tioning; however, when data from follow-up (20 years) 
were included, average BP over 20 years was negative-
ly correlated with cognitive performance [4]. Kuo [5] et 
al found positive correlation between SBP and relative 
risk of diminished performance in Trail Making Test 
Part B. The highest risk was established in group with 
the highest SBP (146-185 mmHg). However, BP and 
neuropsychological tests (Logical memory I & II, Visual 
reproduction I & II recall, Copy and discrimination tests) 
were not correlated [5].

Studies examined sixty hypertensive patients, ages 65 
and older, control groups were composited of 30 normo-
tensive participants [6]. Normotensive group outperfor-
med hypertensive group in, inter alia, Trail Making Test 
part B [6]. In advanced stages of cognitive decline, this 
could be attributed as secondary phenomenon [17], pro-
bably due to pathological changes in functioning of me-
dullary cardiovascular center. Therefore, in our studies, 
we made two analyses: one with all participants, and 
second with excluded patients with diagnosis of MCI or 
dementia.

Aim

The aim of this study is to assess the level of correla-
tion between results of cognitive tests with blood pressu-
re level.

Material and methods

Patients were enrolled into studies on base of regional 
radio and TV advertisements, during public health-pro-
moting lectures, in Day Care Centers for the Elderly, 
and on various meeting-groups for older people. Asses-
sment was conducted at Collegium Medicum Univer-
sity Hospital in Bydgoszcz, in Department and Clinic 
of Geriatrics and Department of Hygiene, Epidemio-
logy and Ergonomics and was approved by the local 
ethics committee at the Collegium Medicum University 
(KB 340/2015). The first visit consisted of blood collec-
tion, neuropsychological, medical, social, economical, 
dietary and physiotherapy assessments, what together 
took three hours per one patient. Schedule of the exa-
minations was arranged in a way to set blood collection, 
followed by neuropsychological assessment as first exa-
minations.

In these preliminary studies 128 patients (21 men, 
mean age: 68.80, age range 58-88) were examined. Co-
gnitive functioning was assessed with Mini–Mental Sta-
te Examination (MMSE), Montreal Cognitive Asses-
sment (MoCA) and Trail Making Test Part B (TMT B). 
MMSE is a well-known 30-points questionnaire used in 
neuropsychological assessment, it measures orientation 
to time and place, immediate recall and short-term ver-
bal memory, calculation, language, and construct ability. 
The higher score indicates better cognitive performance. 
We assumed 24 point as cut-off score for Mild Cogni-
tive Impairment diagnosis. MMSE is characterized by 
rather worse specificity and sensitivity than MoCA, ho-
wever, plenty of similar researches are based on this test, 
therefore, MMSE has been incorporated into studies.

The MoCA assesses several cognitive domains. It me-
asures all main cognitive domains; namely visuospatial 
skills, short-term memory recall, executive functioning 
(examined by a mini-form of trail-making B task, pho-
nemic fluency task and a two-item verbal abstraction 
task). Attention, and working memory as well as naming 
and other language skills were evaluated. In MoCA test 
result of two subtests (Verbal Fluency subtest and delay-
ed recall of five nouns) were taken into account separa-
tely during analysis.

Trail Making Test part B is a fast-to-assess neuropsy-
chological tool, which measures various skill from exe-
cutive functioning domain: visuospatial skills, task swit-
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ching and working memory to mention a few). We as-
sumed > 26 score for MoCA as a cut-off score for Mild 
Cognitive Impairment (MCI) diagnosis. However, if pa-
tient had score 25 and lower in MoCA, but MMSE sco-
re was 28-30 points, the cognitive functioning of patient 
was described as normal. Blood pressure: Systolic Blood 
Pressure (SBP) and Diastolic Blood Pressure (DBP) were 
measured on one followed by another upper limb. All 
of the examinations were done in doctor’s office, while 
physician was casually dressed most often, to minimize 
possible influence of ‘white-coat’ effect [18]. Mean va-
lue for each patient’s SBP and DBP from these two me-
asurements were analyzed. Hypertension diagnosis was 
diagnosed based on SBP > 140 or DBP > 90. Moreover, 
Pulse Pressure (PP) PP=SBP-DBP as well as mean arte-
rial pressure (MAP=DB+1/3(SBP-DBP) were calculated.

Correlation of above mentioned variables was measu-
red with r-Pearson test. For group comparison (Mild Co-
gnitive Impairment vs. cognitively intact) between dif-
ferences in blood pressure scores independent-samples 
t-test was used. All statistical analyses were performed 
using statistical package (StatSoft, Inc. (2014). STA-
TISTICA (data analysis software system), version 12. 
www.statsoft.com). 

Results

Description of participants

Table I. Correlation of blood pressure with cognitive 
function tests results in older people

Participants age ranged from 58 to 88 years old. Mean 
Body Mass Index (BMI) in our study-group was calcula-
ted as 26.94. Our participants were well educated, their 
mean years of education is 14.12 (ranged 7-23 years). 24 
of them were working in past, or still working as a phy-
sical employee, rest were white-collar workers or owner 
of a craft, service, entrepreneur or maintained other jobs. 
23 participants still maintain a job position. There was 
58 participants with diagnosed hypertension based on 
measurement in our study (SBP > 140 or DBP > 90). 
Moreover, there were 9 current smokers in this group. 
Mild Cognitive Impairment was diagnosed in 47 parti-
cipants.

Cognitive functioning tests and blood pressure in 
all (normal + MCI)

Significant, moderate positive correlation between 
MoCA and MMSE results (r = 0.45611, p < 0.05), and 
weak positive correlation between MMSE and Verbal 
Fluency subtest of MoCA (r = 0.2718, p = 0.05) were 
observed. TMT B results correlated with MMSE and 
MoCA (r = -0.4111 and r = -0.5616, p < 0.05 respecti-
vely).

DBP, SBP and MAP were negatively correlated 
with Verbal Fluency subtest of MoCA (r = -0.1945, 
p = 0.049), (r = -0.2414, p = 0,014) and (r = -0.2373, 
p = 0.016), respectively. Pulse Pressure was sligh-
tly negatively correlated with Verbal Fluency subtest 
(r = -0.1531), however this result was not statistically si-
gnificant (p > 0.05).

Characteristics (n1. n2) Percentage/Mean (SD)

Age 68.80 (6.08)

BMI 26.94 (4.20)

Education years>14 41.4%

Worked/working as physical 
worker

18.75%

Still maintain a job position 17.96%

Hypertension diagnosis 45.31%

Current smokers 7.03%

SBP (n1=122) 140.94 (21.11)

DBP (n1=122) 83.77 (10.94)

TMT B (n1=116. n2=107) 125.61 (57.74)

MoCA (n1=128. n2=128) 23.89 (3.20)

MoCA Verbal Fluency 
(n1=127. n2=124)

12.86 (4.22)

MoCA Delayed Recall 
(n1=128. n2=128)

2.21 (1.61)

MMSE (n1=128. n2=128) 27.46 (2.26)

MCI diagnosed 36.71 %

Description of Participants (n = 128) 
The n in circle brackets after tests name indicates number of participants 
before (n1) and after (n2) ignoring outliers

Figure 1. Correlation of blood pressure with cognitive 
function tests results in older people
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Figure 2. Correlation of blood pressure with cognitive 
function tests results in older people

Figure 3. Correlation of blood pressure with cognitive 
function tests results in older people

Other correlations were statistically nonsignificant: 
SBP and DBP were slightly, positively correlated with 
MMSE (r = 0.0909, r = 0.0218), MoCA results were 
slightly negatively correlated with SBP and positively 
with DBP (r = -0.0613, r = 0.0280). TMT B results were 
positively correlated with SBP (r = 0.0602) and DBP 
(r = 0.0440). 

Group comparison between normal and 
hypertensive group

Hypertension was diagnosed on basis of measure-
ments by physician during examination at our studies. 
SBP > 140 or DBP > 90 was a criteria for hypertension. 
Based on these diagnoses, two groups: normotensive 
and hypertensive were separated. To examine differen-
ces between mean scores of cognitive functioning test, T 
test for independent variables was selected. 

Normotensive group mean score in Verbal Fluency 
subtest of MoCA was significantly better than hyperten-
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sive group (14.04 vs. 11.72, t = 3.07, p = 0.002). Rest of 
differences were not statistically significant (p > 0.05). 
Statistically significant result is marked with double 
asterisk (Figure 4).

Blood pressure according to MCI diagnosis

According to what has been said in the Introduction sec-
tion, diminished level of BP could be a secondary cause 
of dementia development, probably Alzheimer Disease in 
particular [17]. Therefore, to exclude patients which may 
have first signs of dementia in functional dimension, re-
sults of screening tests were used. MCI were diagnosed 
in 47 patients, BP measurements were available in 42. 
Number of cognitively intact participants were 81, in 77 
of them BP measurements were available (Table II).

Table II. Correlation of blood pressure with cognitive 
function tests results in older people
Diagnosis of patients with BP measurement available (n = 119) according 
to cognitive functioning

-up [8]. The strongest correlation was shown in group of 
untreated men. However, composite score of cognitive 
functions was not used in our studies. Contrary, we have 
evaluated scores from two single subtests of MoCA, to 
check what specific cognitive functioning domains could 
be most vulnerable to hypertension. In fact, participants 
with higher blood pressure did not show worse perfor-
mance in all cognitive domains, but, instead, perform 
worse in Verbal Fluency test only. Interestingly, MCI 
is an umbrella term. Following years of researches re-
sulted in creation of classification of patients into spe-
cific types, e.g.: amnestic MCI, multiple-domain MCI, 
single non-memory MCI and other. Such specification 
seems to be reasonable because of valuable prognostic 
value of estimating the risk of progress to dementia of 
patients with specific MCI type [19]. Therefore, lower 
BP in a group of MCI-diagnosed patients is a phenome-
non, which is worth to consider in further studies with 
making a distinction between specific MCI types. More-
over, it would be worth to examine this phenomenon in 
longitudinal manner on larger samples with current treat-
ment and medical history incorporated into analysis.

Conclusions

1. Significant and negative correlation between Diastolic 
Blood Pressure, Systolic Blood Pressure and results of 
Verbal Fluency subtest of MoCA test was observed. 

2. Mean score of normotensive group was significantly 
better that mean score of hypertensive group in Ver-
bal Fluency subtest (13.94 vs. 12.08 words). 

3. Participants with elevated systolic blood pressure 
have tend to perform worse on Verbal Fluency Test

4. Mean results of BP in group of MCI is slightly lower 
than in cognitively intact people. 

5. We did not notice any statistically significant correla-
tion between BP and TMT B.
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MCI-diagnosed (n=47) Cognitively intact 

(n=81)

DBP 83.09 84.14
SBP 139.88 141.52
PP 56.79 57.37
MAP 101.83 103.08

All BP measurements are slightly higher in cogniti-
vely intact group, however, this group outnumbers MCI 
group (77 to 42 participants in a MCI group). Mean re-
sults of BP in group of MCI is slightly lower than in co-
gnitively intact people.

Discussion

Results obtained in Verbal Fluency test are in line with 
the assumptions of studies mentioned in the Introduction 
section [10]. Observed results could be attributed to the 
fact, that worse performance in verbal fluency is one of 
the initial signs of dementia [9]. Besides, hypertension 
could be regarded as a factor, which contributes to de-
mentia development in older people [17].

Moreover, according to what has been shown else-
where [17], mean results of BP in group of MCI is sli-
ghtly lower, than in cognitively intact people. Probably, 
this mechanism could be caused by a secondary effect of 
dementia development, however, we are not able to pro-
ve such assumptions based on available data.

Interestingly, longitudinal studies showed significant 
association between hypertension and composite cogni-
tive score calculated for each subject as the mean sum 
of the test scores in group of 999 men at 20-year follow-



59CORRELATION OF BLOOD PRESSURE WITH COGNITIVE FUNCTION TESTS’ RESULTS...

GERONTOLOGIA POLSKA, 2017, 1

References

1. Tzeng YC, Ainslie PN. Blood pressure regulation IX: cerebral autoregulation under blood pressure 
challenges. Eur J Appl Physiol. 2014;114(3):545-59. 

2. Beason-Held LL, Moghekar A, Zonderman AB, Kraut MA, Resnick SM. Longitudinal changes in cerebral 
blood flow in the older hypertensive brain. Stroke. 2007;38(6):1766-73.

3. Farmer ME, White LR, Abbott RD, Kittner SJ, Kaplan E, Wolz MM, et al. Blood pressure and cognitive 
performance. The Framingham Study. Am J Epidemiol. 1987;126(6):1103-14.

4. Farmer ME, Kittner SJ, Abbott RD, Wolz MM, Wolfs PA, White LR. Longitudinally measured blood 
pressure, antihypertensive medication use, and cognitive performance: the Framingham Study. J Clin 
Epidemiol. 1990;43(5):475-80.

5. Kuo HK, Sorond F, Iloputaife I, Gagnon M, Milberg W, Lipsitz LA. Effect of blood pressure on cognitive 
functions in elderly persons. J Gerontol A Biol Sci Med Sci. 2004;59 (11):1191-4.

6. Vicario A, Martinez CD, Baretto D, Casale AD, Nicolosi L. Hypertension and cognitive decline: impact on 
executive function. J Clin Hypertens (Greenwich). 2005;7(10):598-604.

7. Birns J, Kalra L. Cognitive function and hypertension. J Hum Hypertens. 2009;23(2):86-96.

8. Kilander L, Nyman H, Boberg M, Hansson L, Lithell H. Hypertension is related to cognitive impairment a 
20-year follow-up of 999 men. Hypertension. 1998;31(3):780-6.

9. Henry JD, Crawford JR, Phillips LH. Verbal fluency performance in dementia of the Alzheimer’s type: a 
meta-analysis. Neuropsychologia. 2004;42(9):1212-22.

10. Heinzel S, Metzger FG, Ehlis AC, Korell R, Alboji A, Haeussinger FB, et al. Age and vascular burden 
determinants of cortical hemodynamics underlying verbal fluency. PLoS One. 2015;10(9): e0138863.

11. Raz N, Rodrigue KM, Acker JD. Hypertension and the brain: vulnerability of the prefrontal regions and 
executive functions. Behav Neurosci. 2003;117(6):1169-80.

12. Gianaros PJ, Greer PJ, Ryan CM, Jennings JR. Higher blood pressure predicts lower regional grey matter 
volume: Consequences on short-term information processing. Neuroimage. 2006;31(2):754-65.

13. Rigaud AS, Seux ML, Staessen JA, Birkenhäger WH, Forette F. Cerebral complications of hypertension. J 
Hum Hypertens. 2000;14(10-11):605-16.

14. Forette F, Seux ML, Staessen JA, Thijs L, Birkenhäger WH, Babarskiene MR, et al. Prevention of dementia 
in randomised double-blind placebo-controlled Systolic Hypertension in Europe (Syst-Eur) trial. Lancet. 
1998;352(9137):1347-51.

15. Maxwell CJ, Hogan DB, Ebly EM. Calcium-channel blockers and cognitive function in elderly people results 
from the Canadian Study of Health and Aging. CMAJ. 1999;161(5):501-6.

16. Skinner MH, Futterman A, Morrissette D, Thompson LW, Hoffman BB, Blaschke TF. Atenolol compared 
with nifedipine: effect on cognitive function and mood in elderly hypertensive patients. Ann Intern Med. 
1992;116(8):615-23.

17. Guo Z, Viitanen M, Fratiglioni L, Winblad B. Low blood pressure and dementia in elderly people: the 
Kungsholmen project. BMJ. 1996;312(7034):805-8.

18. Pickering TG, Friedman R. The White Coat Effect: A Neglected Role for Behavioral Factorsin Hypertension. 
In: Mccabe PM, Schneiderman N, Field TM, Skyler JS. (ed.). Stress, coping, and disease. 2013:35-49.

19. Alexopoulos P, Grimmer T, Perneczky R, Domes G, Kurz A. Progression to dementia in clinical subtypes of 
mild cognitive impairment. Dement Geriat Cogn Disord. 2006;22(1):27-34.


