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ABSTRACT

Background and Objective: The negative effect of hypertension has overshadowed possible health
problems associated with hypotension. The purposes of this study were to describe the prevalence of
hypotension in older adults and to determine the association between hypotension and cognitive
function, after adjusting for possible covariates.

Methodology: The data for the study consisting of 1067 community-dwelling older adults were
obtained from a national survey entitled “Identifying Psychosocial and Identifying Economic Risk
Factor of Cognitive Impairment among Elderly”, conducted in Malaysia. The hypotension was
considered as blood pressure <120/75 mm Hg, measuring by standard mercury manometer. Data
analysis was performed using the SPSS Version 22.0.

Results: The mean age of the respondents was 68.27 (SD = 5.93). Mean score of cognitive function as
measured by MMSE was 22.70 (SD = 4.95). The prevalence of hypotension was 29.3%. The prevalence
of cognitive impairment for hypotension group was 25.6%. Results of multiple linear regression
analysis revealed that hypotension is negatively associated with cognitive function (Beta=—0.11,
p<.01), after adjusting for age, gender, education, marital status, employment status, diabetes, heart
disease, stroke and gastritis.

Conclusion: The study showing hypotension is significantly associated with decreased cognitive
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function in later life, implies more attention to low blood pressure in old age.

Introduction

Scientific investigation on blood pressure has mostly focused
on hypertension. The potential negative effect of hyperten-
sion as a leading risk factor for disability and mortality has
overshadowed the possible health problems related to hypo-
tension. Through decades, hypotension has been viewed as
an ideal blood pressure level and as an example of a nondi-
sease (Hildrum et al., 2007). Given the importance of cognitive
abilities in old age, many studies have investigated the effect
of hypertension on cognitive function and found that hyper-
tension significantly contributes to cognitive function in old
age (Hamid, Krishnaswamy, Abdullah, & Momtaz, 2010; Yang,
Roe, & Morris, 2011; Zou et al., 2014). Several mechanisms
such as atherosclerotic mechanism and hemodynamic mech-
anism have been proposed to explain the association
between hypertension and cognitive impairment in old age.
According to atherosclerotic mechanism, hypertension can
cause severe atherosclerosis and large-artery stiffness in old
age, which may contribute to cognitive impairment. More-
over, hypertension as a major risk factor for stroke and white
matter lesions can promote clinical manifestations of cogni-
tive dysfunction (Qiu, Winblad, & Fratiglioni, 2005). Another
process that may be involved in the pathogenesis, progres-
sion, and clinical presentation of dementia is hemodynamic
mechanism. Severe atherosclerosis can induce several condi-
tions such as cerebral hypoperfusion, ischemia, and hypoxia
which may sequentially destabilize neurons and synapses.
Thus, the poor cerebral perfusion may initiate or promote

neurodegeneration in the aging brain and promote cognitive
impairment (Qiu et al., 2005).

Since the brain might be more vulnerable to ischemic
insults when systemic blood pressure dips below a critical
threshold for maintaining cerebral perfusion (Guo, Viitanen,
Fratiglioni, & Winblad, 1996; Kennelly, Lawlor, & Kenny, 2009),
hypotension may also adversely affect cognitive function.
However, the problem has been generally neglected and rela-
tively little attention has been ascribed to hypotension in clin-
ical and research literature. Because of the lower mortality
rate, clinicians often neglect people with hypotension and
consider it as a nondisease, in spite of its association with con-
siderable morbidity at the community level (Robbins, Korda, &
Shapiro, 1982). One reason for this comes from the current
doctrine that hypotension is compensated by autoregulatory
processes which prevent reduced cerebral perfusion (Duschek
& Schandry, 2007). Although a number of studies have pro-
vided strong evidence for the association between hypoten-
sion with syncope, falls, stroke, personal well-being, and
quality of life (Aronow & Ahn, 1997; Klein et al., 2013; Rose-
ngren, Tibblin, & Wilhelmsen, 1993; Wessely, Nickson, & Cox,
1990), there is limited knowledge on the extent to which
hypotension is associated with cognitive function in old age
and existing studies are inconsistent (Viramo et al, 1999).
Rose et al. (2006), in their study entitled ‘Atherosclerosis Risk
In Communities (ARIC)’, assessed the impact of hypotension
on cognitive function on a cohort of 12,702 participants over
12 years of follow-up. Although the findings revealed an
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association between hypotension and cognitive impairment,
this association was not independent of other cardiovascular
and socioeconomic factors. Therefore, the present study
aimed to investigate the prevalence of hypotension in older
adults and its possible association with cognitive function in
older adults.

Methods
Study design

The data for the study consisting of 1067 community-dwelling
older adults were obtained from a nationally representative
population-based survey entitled ‘ldentifying Psychosocial
and Identifying Economic Risk Factor of Cognitive Impairment
among Elderly’, conducted in Malaysia. The details of the
methodology have previously been published elsewhere
(Momtaz, Hamid, Haron, & Bagat, 2016). Briefly a multi-stage
proportional cluster random sampling technique was used
to obtain a representative sample of community-dwelling
Malaysian older adults. Data collection was conducted using a
face-to-face interview by trained enumerators in respondents’
homes from May 2013 to April 2014, with a response rate of
90%. Only one resident aged 60 years and above from each
household was interviewed; and if more than one person in a
house qualified, the person interviewed was randomly
chosen.

Measures

Cognitive function

The main outcome variable for this study was cognitive func-
tion. The Malay Version Mini Mental State Examination
(MMSE) was used to measure cognitive function of older
adults. The MMSE as a primary screening test consists of 20
items assessing five areas of cognitive function including ori-
entation, attention, calculation, language, and recall. Total
scores range from 0 to 30; higher scores indicate better cogni-
tive functioning. Although MMSE has been widely used for
screening of cognitive function, it has certain limitations such
as educational, language, and cultural bias. Since MMSE cut-
off point varies according to population, based on local find-
ings, a cut-off point <19 was considered as cognitive
impairment (Ibrahim et al., 2009).

Blood pressure

Blood pressure was measured in the seated position using
standard mercury manometer. At least two readings at five-
minute intervals as per World Health Organization guidelines
were recorded. The mean of two readings was used for analy-
sis. According to geriatric studies, hypotension was defined as
blood pressure < 120/75 mm Hg; 120-139/75-84 mm Hg as
normal and >140/85 mm Hg as hypertension (Hildrum et al.,
2007; Jorm, 2001; Robbins et al., 1982; Stroup-Benham, Mar-
kides, Black, & Goodwin, 2000).

Covariates

Covariates were selected on the basis of previous work in
examining risk factors affecting cognitive function. Covariate
factors including age, years of schooling (Momtaz, Hamid,
Yusoff, & lbrahim, 2013), gender, employment status, marital
status, history of diabetes, heart disease, stroke (Hamid et al.,
2010), and gastritis (Momtaz, Hamid, & Ibrahim, 2014) were

assessed by self-report. Years of education was categorized
as no formal education (0 year), primary education (attended
1-6 years), secondary (attended 9-12 years), and tertiary
(attended >12 years). Employment status was defined as cur-
rently employed or not employed (homemaker, retired, or dis-
abled). Heart disease, stroke, and gastritis were assessed using
self-report method.

Statistical analysis

Two statistical methods including descriptive and inferential
statistics using Statistical Package for Social Sciences Version,
22.0 were used to fulfill study purposes. Descriptive statistics
including frequencies, percentages, means, standard devia-
tions, and cross-tabulation were used to describe data. After
checking for assumptions of linearity, independence of errors,
homoscedasticity, normality of residuals, and multicollinearity,
a multiple linear regression was performed to determine the
independent effect of hypotension on cognitive function. The
p-value criteria used for evaluating statistical significance was
0.05.

Results

The study sample consisted of 1067 older adults aged 60 years
and above. The mean age of the respondents was 68.27
(SD = 5.93), with a range between 60 and 91 years. Sex distri-
bution was almost equal, where 537 of the participants
(50.3%) were females. Mean score of cognitive function as
measured by MMSE was 22.70 (SD = 4.95). Table 1 presents
sociodemographic characteristics of the study respondents
by blood pressure. Hypotension occurred in 29.3% of older
adults, equally in men and women (28.7% in men vs 29.8% in
women). Diabetes was reported by 22.2% of the participants,
heart disease by 8.6%, and 1.2% were stroke survivors.

A one-way ANOVA was used to assess for cognitive func-
tion differences among three levels of blood pressure. Cogni-
tive function significantly differed across the three levels of
blood pressure (F = 3.38, p < 0.05). Tukey post-hoc compari-
sons of the three groups indicated that the hypotension
group (M = 22.16, SD = 5.66) had significantly lower cognitive
function than normal group (M = 23.28, SD = 4.50) at 0.05
level of significance (see Figure 1). No significant difference
was observed in cognitive function for hypertension group
(M = 22.77, SD = 4.65) compared to the other two groups. As
Figure 1 illustrates, older adults with hypotension had worse
cognitive function.

The overall prevalence of cognitive impairment using a
cut-off point <19 on the MMSE (lbrahim et al., 2009) was
21.7%. Table 2 presents the association between blood pres-
sure category and cognitive function by age group. In total
sample, hypotension group (25.6%) reported higher level of
cognitive impairment compared to the normal group (16.0%)
and hypertension group (21.8%). This pattern was also
observed for age groups 60-74 years and 75 years and above.
As can be seen from Table 2, the prevalence rates of cognitive
impairment were higher among hypotension groups com-
pared to normal and hypertension groups.

A multiple linear regression analysis using the entered
method was utilized to determine the unique impact of blood
pressure on cognitive function. Before conducting analysis,
the assumptions for multiple linear regression analysis such
as linearity, homoscedasticity, and collinearity were tested,
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Table 1. Study variables by blood pressure.

Blood pressure category

Total Hypotension Normal Hypertension
Variable Category n % n % n % n %
Age group Young-old 884 82.9 267 30.2 193 21.8 424 48.0
Old-old 172 16.1 44 25.6 26 15.1 102 59.3
Oldest-old 1 1 1 9.1 0 0 10 90.9
Gender Female 537 50.3 160 29.8 121 22.5 256 47.7
Male 530 49.7 152 28.7 98 18.5 280 52.8
Education No formal 201 18.8 51 254 41 204 109 54.2
Primary 632 59.3 184 29.1 118 18.7 330 52.2
Secondary tertiary 234 21.9 77 329 60 25.6 97 41.5
Marital status Unmarried 322 30.2 88 27.3 74 23 160 49.7
Married 745 69.8 224 30 145 19.5 376 50.5
Employment status Unemployed 814 77 230 28.2 173 213 41 50.5
Employed 243 23 78 321 46 18.9 119 49
Heart disease No 975 91.4 286 293 197 20.2 492 50.5
Yes 92 8.6 26 28.3 22 239 44 47.8
Diabetes No 830 77.8 244 29.4 175 21.1 411 49.5
Yes 237 222 68 28.7 44 18.6 125 52.7
Stroke No 1054 98.8 310 29.4 218 20.7 526 49.9
Yes 13 1.2 2 154 1 7.7 10 76.9
Gastritis No 980 91.8 286 29.2 198 20.2 496 50.6
Yes 87 8.2 26 29.9 21 241 40 46
23.254
23.00
[11]
2
22,75
=
c
o
]
=
22,50
2225
22,00

T T T
Hypotension Normal Hypertension

Blood Pressure Category

Figure 1. The association between cognitive function and blood pressure category.

and the findings revealed that the assumptions were satisfied.
Table 3. Results of multiple linear regression analysis.

Variable B SE Beta t
Table 2. Association between blood pressure and cognitive function by age Age —0.06 0.03 —0.07 —2.26"
group. Gender (male) 0.40 0.34 0.04 1.18
Normal Cognitive impairment Marital status (married) 0.64 0.35 0.06 1.84
Employment status (employed) 0.38 0.36 0.03 1.07
Age category Bloodpressure _n % n % Education (primary) 249 040 025 6.25"
Total sample Hypotension 232 744 80 256 Education (secondary/tertiary) 428 049 0.36 8.677""
Normal 184 840 35 16.0 Heart disease 0.46 0.51 0.03 0.90
Hypertension 419 782 117 21.8 Diabetes 0.12 0.35 0.01 0.34
60-74 years Hypotension 205 768 62 23.2 Stroke —1.00 1.30 —0.02 —-0.77
Normal 167 865 26 13.5 Gastritis —0.56 0.52 —0.03 —1.07
Hypertension 347 818 77 18.2 Hypotension —1.16 041 —-0.1 —2.82""
75 years and above  Hypotension 27 600 18 40.0 Hypertension —0.24 0.38 —0.02 —0.65
Normal 17654 9 346 Note: p < 005, “p < 0.01, ***p < 0.001.

Hypertension 72 643 40 357 F(12, 1038) = 12.84, p < 0.001, R* = 0.13.
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The results of multiple linear regression analysis are shown in
Table 3. A significant model emerged (F(12, 1038) = 12.84, p
< 0.001). As can be found from Table 3, hypotension group,
compared to normal group, significantly contributed to cogni-
tive function (Beta = —0.11, p < 0.01), after adjusting for age,
gender, education, marital status, employment status, diabe-
tes, heart disease, stroke, and gastritis. Compared to no formal
education as reference group, primary education (Beta = 0.25,
p < 0.001) and secondary/tertiary education (Beta = 0.36,
p < 0.001) were significantly related to cognitive perfor-
mance. As expected, age was negatively and significantly
associated with cognitive function (Beta = —0.07, p < 0.05).

Discussion

In recent decades, the association between hypertension and
cognitive function in old age has received substantial atten-
tion; however, hypotension has not commonly been consid-
ered as a severe condition in old age. This study was
conducted to determine the prevalence of hypotension and
its association with cognitive function among older adults.
The present study was conducted on a sample of 1067 com-
munity-dwelling older adults in order to accomplish two pur-
poses. The first aim was to describe the prevalence of
hypotension in older adults and the second aim was to ana-
lyze the possible association between hypotension and cogni-
tive performance. With regard to the first objective of the
study, results indicated that almost one-third (29%) of the
respondents had hypotension. Generally, there are few data
available on the prevalence of hypotension among commu-
nity-dwelling older adults. The prevalence of hypotension in
this study was higher than what was reported by Swan, Car-
melli, and Larue (1998) (13%) and Saks, Kolk, Soots, Takker,
and Vask (2003) (11%).

The results of multiple linear regression analysis using the
entered method revealed that hypotension significantly con-
tributed to cognitive function, adjusted for possible covari-
ates. Our results are in line with studies reporting an
association between low blood pressure and poor global cog-
nitive functioning (Kahonen-Vare et al., 2004; Launer, Masaki,
Petrovitch, Foley, & Havlik, 1995; Ogliari et al.,, 2015; Pandav,
Dodge, DeKosky, & Ganguli, 2003; Zuccala et al., 2001). For
example, the findings from a study conducted by Guo et al.
(1996) showed older adults with systolic pressure <140 mm
Hg and subjects with diastolic pressure <75 mm Hg were
more often diagnosed as demented than those with higher
systolic and diastolic pressure, after controlling for age, sex,
and education. Similarly, results from a study in Italy among
1540 outpatients showed patients in the highest BP tertile
(170 mm Hg) had significantly higher average scores on the
MMSE than patients in the lowest tertile (130 mm Hg), after
adjustment for demographic variables, antihypertensive drug,
and comorbidities (Ogliari et al.,, 2015). Our results also sup-
port ‘The Helsinki Aging Study’, which was conducted on 650
older adults and it was found that hypotension contributes to
low MMSE scores (Kahonen-Vare et al., 2004).

Although there is no clear mechanism linking hypotension
and cognitive impairment, it is speculated that hypotension
may induce cerebral hypoperfusion, which in turn is impli-
cated in the pathogenesis of cognitive dysfunction. It has
been suspected that cerebral hypoperfusion associates with
deficits in several cognitive domains such as short-term mem-
ory, verbal and visual memory, attention, spelling, and

abstract thinking. Furthermore, the possible cerebral hypoper-
fusion resulted from hypotension is associated with the pres-
ence of white matter lesions, which can lead to cognitive
decline (Mehrabian et al.,, 2010). Additionally, hypoperfusion
leads to a decrease in vascular reserve capacity, which in
turn is implicated in the pathogenesis of cognitive decline
(Novak & Hajjar, 2010). In addition, hypotension may contrib-
ute to frontal brain changes and worsen cognitive function
(Siennicki-Lantz, Lilja, & Elmstahl, 1999).

Although at bivariate analysis, hypertension group, com-
pared to normal group, had lower level of cognitive perfor-
mance, the results of multiple regressions analysis showed no
significant association between hypertension and cognitive
function after controlling for possible covariates. In contrast
to the biological theories (Qiu et al., 2005), the results of the
current study showed no significant association between
hypertension and cognitive. This finding is in agreement with
previously published studies showing no significant associa-
tion between hypertension and cognitive decline (Di Carlo
et al,, 2000; Kim, Lee, Lee, Jacobs, & Lee, 2015; Nguyen, Black,
Ray, Espino, & Markides, 2002; Posner et al., 2000; van Boxtel
et al, 1997). For example, the findings from a study con-
ducted by Di Carlo et al. (2000) on a large sample of 3425 par-
ticipants aged 65-84 years, hypertension was not associated
with cognitive function (Di Carlo et al,, 2000). The results of
another study conducted on a sample of 936 adults ranging
from 24 to 81 years of age showed no significant association
between hypertension and cognitive performance, after
adjustment for age, sex, educational level, and taking antihy-
pertensive medication (van Boxtel et al., 1997). Furthermore,
Posner et al. (2000) conducted a longitudinal study covering a
seven-year period on 1259 Medicare recipients and found no
relationship between hypertension and changes in memory,
language, or general cognitive function. There are some
explanations for our observations. It seems that association
between hypertension and cognitive performance is moder-
ated or mediated by several socioeconomic factors and health
status. For example, studies show that lower education is
related to hypertension, and people with lower education are
more likely to have lower cognitive performance (Momtaz
et al, 2013). Therefore, it is possible that the association
between hypertension and cognitive function can be moder-
ated by socioeconomic factors (Reitz, Tang, Manly, Mayeux, &
Luchsinger, 2007). Another explanation is that some health
conditions such as stroke and diabetes mediate the effect of
hypertension to cognitive decline (Nguyen et al, 2002).
Results of our study showed hypertension did not appear to
contribute to cognitive performance, after adjusting for health
status. An alternative explanation is that with increasing age
cerebral arteries become stiffer; therefore, high blood pres-
sure may be required for adequate perfusion to the brain
(Kim et al., 2015).

The main limitation of this study is its cross-sectional
design, which made it difficult to infer causal relationship
between hypotension and cognitive function, because hypo-
tension may be the result of the dementing process and be a
marker of a more severe neurodegenerative process (Mossello
et al,, 2015; Novak & Hajjar, 2010; Ruitenberg et al., 2001).
Another limitation of the current population-based study
which should be addressed is the absence of some informa-
tion regarding antihypertensive drug use and medication for
cognitive impairment. However, large sample size gave an
opportunity to explore the association between hypotension



and cognitive function, after controlling for relevant covari-
ates. The last limitation that should be acknowledged,
although the present study employed a population-based
design, there may have been inclusion bias because of
increased mortality associated with cognitive impairment and
blood pressure changes with age.

Conclusions

Contrary to hypertension, which is considered as a significant
risk factor for cardiovascular disease, low blood pressure is
generally not regarded as a severe condition (Duschek &
Schandry, 2007). The finding from the present study showed
hypotension is associated with cognitive decline; therefore,
more attention should be devoted to the issue of prevention
and treatment of hypotension in old age. In addition, these
findings may dispel the notion that ‘the lower the blood pres-
sure is, the better the prognosis’ (Moretti et al., 2008).
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