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Abstract : 

Introduction : High Blood pressure may lead to memory impairment in old age. Present study had been 

conducted to know relation between cognition and blood pressure in geriatric people. Method : A cross 

sectional study was conducted among 600 study participants aged of 60 years or more in villages of 

Vadodara district. Blood pressure was measured by sphygmomanometer and cognition was screened 

through Mini Mental State Examination (MMSE). Results: The overall prevalence of high blood pressure 

among study participants was 42.7%. Cognitive impairment (MMSE score < 22) was prevalent in 23.5% of 

study participants. High SBP was significantly associated with low MMSE score even after adjusting potential 

confounders in multiple linear regression models. Conclusion:- SBP is related to poorer performance on 

Mini-Mental State Exam in the geriatric population aged 60 years and above in absence of any apparent 

neurological deficit. Diastolic blood pressure does not find any significant relation between MMSE score. 
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Introduction :

No man on earth can escape of growing old. Aging 

is certain and all you can do is protect it, promote it 

and extend it. Aging is an integral part of the growth 

and development which is terminated by death. Old 

age persons are a valuable asset for any country and 

community as they are rich in their experience and 

wisdom. They can guide youth what are dos and 

don'ts of life.  Nowadays there are improvements in 

health care services which increases life 

exparectancy. The ratio of older persons has changed 

dramatically from approximately one in fourteen in 
[1-3]the fifties as in past to about one in four at present. 

E p i d e m i o l o g i c a l  s t u d i e s  h ave  i n d e e d  

demonstrated that mean blood pressure increases 
[4-9]with age , not only in old age but also in young 

[10]
adults.  Other underlying mechanisms for the 

increase in blood pressure with age include age-

related reductions in blood volume and cardiac 

output, alterations in the function of and response to 

the sympathetic nervous system and reduced 

baroreceptor sensitivity, the latter leading to 
[11-12]

increased blood pressure variability. 

Original Article

Cardiovascular risk factors like diabetes, 

hypertension, hyperlipidemia and smoking are 

modifiable risk factors and highly prevalent, leading 

to mortality and disability. These risk factors are 

associated with increased risk of cognitive decline 

and dementia. There is increasing evidence from 

India and other countries that cerebrovascular risk 

factors are associated with an increased risk of 

cognitive decline and dementia. Hypertension is one 

of the risk factors that can cause cognitive decline 
[13]even in the absence of the stroke. 

The relationship between blood pressure (BP) 

and cognitive outcomes in the elderly has gained 

attention because of its implications for global 

healthcare. There is a deficit of regular screening and 

unawareness about complications of long-term high 

blood pressure in old age, in arural area. Cognitive 

decline is one of the major complications of the long 
[13-16]standing hypertension.  So the purpose of this 

study was to find the prevalence of hypertension and 

cognitive decline and the association of cognitive 

impairment and hypertension in elderly people.
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Method:

Study setting, Study type, and study participants: 

-After getting approval from the Institutional Ethical 

Committee, study was started. A Cross-sectional 

study was done in the villages of Vadodara district 

from October 2010 to July 2012. The study included 

the Geriatric population: person having age ≥ 60 

years.

Sample size and sampling : A sample size of 600 
2

was obtained using the formula Z PQ/l : Where Z = a

95% confidence intervals (1.96 table value), the 

prevalence of cognitive decline in geriatric 

population in a rural area India is (p) 14.89 from the 
[17]

previous study  (so q=1-p) and L= 3% margin of 

error. The calculated minimum sample had been 

inflated by 10% to account for anticipated subject 

non-response. Six Talukas were selected by simple 

random sampling from the 12 Talukas of the 

Vadodara district. From each of these selected 6 

talukas, 4 villages were selected by simple random 

technique. From each of the selected village, 25 study 

participants were selected conveniently by the house 

to house survey. The survey was started on the right-

hand side of the Village Panchayat Office. The village 

next to that in the random list was selected to fulfill 

the study subjects if study participants were not 

enough in a selected village.

Measurement tools :

Measurement of blood pressure: Blood pressure 

was measured by Random Zero mercury 

sphygmomanometer and stethoscope in sitting 

position in right brachial artery after 5-minuteof 

rest. Korotkoff sound 1 and 5 were considered as 

systolic and diastolic blood pressure respectively. 

Pulse pressure was calculated as the difference 

between systolic and diastolic blood pressure. Mean 

arterial blood pressure was calculated by using 

following formula: DBP+1/3 Pulse pressure. 

Measurement of blood pressure of all participants 

was done by a single investigator.

Assessment of cognitive status : The Folstein Mini-

Mental State Exam (MMSE) is a widely used and well-

validated tool for the evaluation of cognitive 

impairment. It briefly measures orientation to time 

and place, registration, immediate recall, short-term 

verbal memory, calculation, language and constructs 
[15]ability.  The MMSE includes following items: the 

maximum score is 30 points (10 points for 

orientation,3 for registration, 5 for attention and 

calculation, 3 for recall, 4 for naming the objects, 1 for 

repetition, 1 for following the command, 1 for 

reading ability, 1 for writing ability and 1 for 

visuospatial construction). Scores of > 27 are 

generally considered normal, 22-26 as mild cognitive 

impairment and those less than 22 as possible 

dementia. Hindi16 and Guajarati17 version of MMSE 

were used. 

Data Collection: House to house survey was done to 

find the study subjects from the selected villages. 

After acquiring the study subject the details 

regarding the study viz. purpose of the study, method 

of the study was explained in the vernacular 

language to each participant and head of the family. 

Written consent was taken from the each subject 

with assuring that their name was not be disclosed 

other than the person's concern with the study. The 

questionnaire was filled by personal interview. 

Questionnaires were of two parts. The first part 

included socio-demographic details regarding age, 

sex, religion, marital status, education, occupation, 

income, addiction (tobacco and alcohol) and drug 

using for any chronic illness etc. The second part of 

the questionnaire was of Gujarati version of mini-

mental state examination for cognitive assessment.   

Blood pressure was measured at the start of the 

study after 5-minute rest and again after in between 

socio-demographic and MMSE interview.  The mean 

of two reading was taken into account. 

Statistical analysis : Data were cleaned, validated 

and analyzed with Epi-info 7. For continuous 

variables range, mean and standard deviation were 

calculated and for categorical variables proportion 

and percentage were obtained. To know the 

association between two variable, tests of 

significance were applied. Chi-square test was 

applied for proportions and t- test was applied for 
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Table 1:  Prevalence of Hypertension and cognitive impairment (MMSE score < 22) 

                   among study participants (n=600)

Table 2 : Factors affecting impaired cognition among study participants (n=600)

 Hypertension Impaired 

Cognition  
(MMSE <22)  

Age group    

60-69
 

years
 

198 (46.8%)
 

93 (22%)
 

70-79 years
 

28 (21.9%)
 

18 (14.1%)
 

≥ 80 years
 

30 (61.2%)
 

30 (61.2%)
 

Sex
   

Male
 

142 (38.90%)
 

56 (15.3%)
 

Female
 

114 (48.51%)
 

85 (36.2%)
 

Total prevalence

 
256 (42.7%)

 
141 (23.5%)

 

   

Variables

 

Cognition in form of MMSE 

score

 
p-value

 

Impaired 

cognition

 
(MMSE<22)

 
n=141

  

Normal 

cognition

 
(MMSE≥22)

 
n=459

  
Age

 
60-69

 

years

 

93 (22%)

 

330 (78%)

 

p  < 0.001

 

70-79 years

 

18 (14.1%)

 

110 (85.9%)

 

≥ 80

 

30 (61.2%)

 

19 (38.8%)

 

Sex

 

Male

 

56 (15.3%)

 

309 (84.7%)

 

p  < 0.001

 

Female

 

85 (36.2%)

 

150 (63.8%)

 

Marital status

 

Unmarried

 

9 (50%)

 

9 (50%)

 

p  < 0.0037

 

Married

 

94 (21.3%)

 

347 (78.7%)

 

Separated/divorced

 

0 (0)

 

10 (100%)

 

Widow/widower

 

38 (29%)

 

93 (71%)

  

Living arrangement

 

Living alone

 

28 (43.1%)

 

37 (56.9%)

 

p  < 0.001

 

Living with spouse

 

38 (39%)

 

93 (71%)

 

Living with children

 

9 (9.6%)

 

85 (90.4%)

 

Living with both spouse and children 66 (21.3%) 244 (78.7%)

Education

Illiterate/ Just literate 102 (47.3%) 111 (52.1%) p  < 0.001

Primary 39 (18.1%) 176 (81.9%)

Healthline Journal Volume 9 Issue 1 (January-June 2018)

:: 63 ::



Secondary/Higher  secondary 0 (0) 37 (100%) 

Graduate/post graduate 0 (0) 135 (100%) 

Occupation  

Working  27 (17%) 132 (83%)  

p  = 0.024  Not working 114 (25.9%) 327 (74.1%) 

Smoking habit  

Never used  141 (30.5%) 321 (69.5%) p  < 0.02  

Ever used  28(20.28%) 110(79.72%) 

Smokeless tobacco use 

Never used  121 (26.4%) 375 (75.6%) p = 0.26  

Ever used  20 (23.5%) 84(76.5%) 

Alcohol consumption  

Never consume  141 (26.3%) 375 (73.7%) p = 0.01  

Ever consume  8(12.5%) 56(87.5%) 

Poly-pharmacy  

No  102(24.3%) 318(75.7%) p = 0.488  

Yes  39(21.7%) 141(78.3%) 

Depression 

Yes  123 (37.8%) 202(62.2%) p <0.001  

No  18 (6.5%) 257 (93.5%) 

Systolic blood pressure 

Normal (<120mm Hg)  9(31%) 20(59%) p  < 0.001  

 Pre-Hypertension (120-139 mm Hg)  46 (14.2%) 279 (85.8%) 

Hypertension stage 1  

(140-159 mm Hg)  

77 (43%) 102 (57%) 

Hypertension stage 2 (≥160 mm Hg)  9 (13.4%) 58 (86.6%) 

Diastolic blood pressure 

Normal (<80 mm Hg)  27 (41.5%) 38 (58.5%) p < 0.001  

 Pre-Hypertension (80-89 mm Hg)  75 (18.3%) 335 (81.7%) 

Hypertension stage 1 (90 -99 mm Hg)  39 (40.6%) 57 (59.4%) 

Hypertension stage 2 (≥100 mm Hg)  0 (0) 29 (100%) 

Jadav & Bavarva Association between Blood Pressure...

:: 64 ::



Normal (<120 and < 90 mm Hg)  9(31%) 20(59%) p < 0.001  

 
Pre-Hypertension (120-139 mm Hg 

and/or 80-89 mm Hg)  

46 (14.6%) 

 

269 (85.4%) 

 

Hypertension stage 1 (140 -159mm Hg 

and or 90-99 mm Hg)  

77 (40.7%) 

 

112 (59.3%) 

 

Hypertension stage 2 (≥160 mm Hg 

and/or ≥ 100 mm Hg ) 

9 (13.4%) 58 (86.6%) 

Table 3: Simple Linear relation between blood pressure and MMSE score among study   

                  participants (n=600)

Variables  Correlation 

coefficient 

(r) 

R 2 

Constant  

(Intercept 

on y axis) 

Regression 

coefficient 

 

p-value 

Systolic BP  -0.239 0.0565 37.34 - 0.081 < 0.005  

Diastolic BP  0.022 0.0005 25.13 0.014 0.587 

Pulse pressure -0.317 0.0992 33.44 -0.135 < 0.005  

Mean arterial blood 

pressure 

-0.284 0.0131 32.65 -0.063 < 0.005  

continuous variables. First simple linear regression 

was done between blood pressure variables and 

MMSE score. Multiple linear regressions was done 

for adjustment of age, sex, education, use of anti-

hypertensive medications and depression. A p-value 

< 0.05 was considered as statistically significant.

Results :

The overall prevalence of high blood pressure 

among study participants was 42.7%. As shown in 

Table 1 high blood pressure is more prevalent in 

advanced age and female sex. Cognitive impairment 

(MMSE score < 22) was prevalent in 23.5% of among 

study participants. Prevalence was as higher as 

61.2% in age group of more than 80 years of the 

population as compared to other age groups and also 

high (36.2%) in female sex (Table 1).

Overall blood pressure

While calculating simple linear regression 

between MMSE score and blood pressure variables, 

it has been observed that systolic blood pressure, 

Pulse pressure and mean arterial blood pressure 

were negatively correlated with an MMSE score 

which was statistically significant. Diastolic blood 

pressure has a positive correlation with the MMSE 

score and it was statistically insignificant (Table 3).

To counter the effect of confounding variables, 

blood pressure was adjusted for age, sex, education, 

use of anti-hypertensive medication and depression. 

In these models, age and depression were inserted as 

continuous variables while sex, education and anti-

hypertensive medication were inserted as dummy 

variables. From table 4 it has been revealed that 

systolic blood pressure remains negatively 

correlated even after adjusting for major 
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Table 4: Multiple linear regression models of systolic blood pressure as a predictor of the    

                 MMSE score after adjusting for major confounding variables.

morbidity and mortality in the elderly population 

and is a risk factor for many other diseases. The 

present study reports a prevalence rate of 

hypertension as 42.7% which compares well with 
[18]other studies carried out by Kokiwaret al  at rural 

community of central India (38.1%) and Agrawal et 
[13]al from Rajasthan (42.1%). While a higher 

prevalence of 69% was reported among the elderly 

population aged sixty and above (Bulletin of WHO 

Variables  Regression 

coefficient  

p value R2 Constant  

Model1  

SBP  -0.078 <0.001 0.08 44.85 

Age  -0.118 <0.001 

Model 2  

SBP  -0.069 <0.001 0.21 46.30 

Age  -0.139 <0.001 

Sex  -3.368 <0.001 

Model 3  

SBP  -0.067 <0.001  

0.31 

 

45.63 Age  -0.177 <0.001 

Sex  -1.955 <0.001 

Education  3.612 <0.001 

Model 4  

SBP  -0.069 <0.001  

0.32 

 

45.41 Age  

Sex  

-0.169 

-2.022 

<0.001 

<0.001 

Education  3.383 <0.001 

Anti -HT medication  0.729 0.04 

Model 5  

SBP  -0.036 0.001  

 

0.477 

 

 

36.80 

Age  -0.038 0.112 

Sex  -0.402 0.232 

Education  2.604 <0.001 

Anti -HT medication  0.376 0.248 

Depression -1.014 <0.001 

confounding factors. Model 5 has R2 of 0.477 means 

47.7% change in MMSE score can be explained by 

this model and it is statistically significant (p<0.005)

Discussion

The present cross-sectional study was conducted 

to know the association between blood pressure and 

cognition changes among old age population (≥ 60 

years). Hypertension is an important cause of 
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have reported mixed results regarding the 

relationship of cognitive impairment and BP. Cross-
[35]

sectionally, Scherr et al  found no association 

between either SBP or DBP and cognitive 
[36] [37]

performance; Wallace et al  and the Tsivgoulisge  

at al found that only elevated DBP was associated 
[38]

with poor memory performance, and Budge et al  

reported that higher MMSE scores were significantly 
[39]

associated with lower SBP. A prospective study  by 

found that elevated midlife SBP was a significant 

predictor of poor cognitive functioning in later life. In 

a large community-based elderly Swedish cohort, 
[38]Guo ET al  found that those with lower baseline SBP 

had an almost 2-fold elevated risk of low MMSE 

scores at 3-year follow-up. In another cohort study, 
[40]

Glynn et al  showed that those with lower SBP were 

more likely to have an incident cognitive impairment. 
[41]

In Farmer et al  a found that participants 75 years 

and older with isolated systolic hypertension had 

better cognitive performance than those without 

systolic hypertension, but not after adjusting for 

confounding variables. In contrast, our findings were 

significant even after adjusting the confounding 

variables. In Indo-US cross-national epidemiologic 
[26]study , every 10 mm HG difference in DBP or SBP 

was related to more than 10% decrement in 

cognitive impairment.

Diastolic blood pressure in the present study was 

not independently associated with cognition while 
[42] [43]Schmidt R et al  and Deleeuv F E et al  found that 

higher DBP (not SBP or PP) was an independent 

predictor of white matter hyperintensity 

progression in elderly individuals, both without 

neuropsychiatric disease and Alzheimer's disease.

The exact mechanism of how hypertension leads 

to impaired cognition is still unclear but Biologically 

plausible explanations are: hypertension-induced 

proliferation of smooth muscle cells, basal lamina 

alterations, luminal narrowing, endothelia-

hyalinosis, and ultimately fibrosis; hypertension-

related microvascular degeneration and cerebral 

amyloid angiopathy can cause alteration in the 

cerebral endothelium and become an important 

dementia precursor; hypertension-induced 

[19]
2011)  and 54% among persons aged ≥ 40 from 

[20]
Chennai.  Prevalence of hypertension in the present 

study was as high as 48.5% in females compared to 

males 38.9%. Similar findings were reported by 
[21] [22]Hazarika N C et al  and Malhotra P et al while 

[23] [24]
Gupta R et al  and Guang Hui Dong et al  found it 

was more in males. A study done in Surat city of 

Gujarat by Power AB et al reported Prevalence of 

hypertension among elderly women was 33.3%. 

The overall prevalence of cognitive decline was 

23.5% (Table 1) in the study population. Prevalence 

of cognitive decline among male study participants 

was 15.3%. Prevalence of cognitive decline among 

female study participants was 36.2%. A hospital 
[25]

based study done by Begda AA  in the same city 

found the overall prevalence of cognitive impairment 

39.2% which was 31.7% in male subjects and 47.9% 

in female subjects. This may be due to sampling 

variability.  In a rural community-based study from 
[26]Ballabhdhgarh  among non-demented people aged 

55 years and above, cognitive impairment was 

reported to be present in 10.2 %. In two communities 
[27] [28]

based study in rural areas, from Spain  and Japan  

cognitive impairment was reported to be 7.1 % and 

8.6 % respectively, which was lower than the present 

study.

It has also been found in present study that the 

prevalence of cognitive impairment was significantly 

associated especially with advancing age. The similar 

association found in a hospital based study done in 
[25]2006 in the same city  and also found in other 

[29]
study.  The economic dependence and loneliness 

are two important factors which are associated with 

old age and also believed to have an influence on 

cognitive changes.

This cross-sectional study showed a linear 

relationship between higher SBP and impaired 

cognitive levels in individuals without prior history 

of any neurological damage. This relationship 

persisted even after adjustment for age, sex, 

education, use of anti-hypertensive medication and 

depression, which is consistent with the result from 
[30-34]

most of the previous studies. Previous studies 
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endothelial dysfunction in the small cerebral vessels 

may also cause chronic cerebral oxygen deprivation 
[44-47].

and greater susceptibility to hypoxia  

Conclusions :

In conclusion, the findings from the present study 

provide evidence that increased resting SBP is 

related to poorer performance on Mini-Mental State 

Exam in thegeriatric population aged 60 years and 

above in absence of any apparent neurological 

deficit. Diastolic blood pressure does not find any 

significant relation between MMSE score. 
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