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Role of cognitive impairments and decreased muscle strength 
in cardiovascular mortality of 55 years and older population

Imaeva A. E.1, Kapustina A. V.1, Shalnova S. A.1, Balanova Yu. A.1, Shkolnikov V. M.2

Aim. To assess possible associations of impaired cognitive 
function (CF) with muscle strength, determined using hand-
grip test, as well as their role in cardiovascular mortality 
(CVM) in a population of 55 years and older. 
Material and methods. This work was carried out in the 
framework of the prospective cohort study “Stress, aging 
and health”. During the study 1876 men and women aged 55 
and older were examined. CF was estimated on the Mini-
Mental State Examination (MMSE) scale, the decrease of CF 
was recorded with scores of less than 24 points (overall 30 
points). Muscle strength was estimated according to hand-
grip test. To assess the role of muscle strength in CVM, hand-
grip test values, corresponding to the first quintile, were 
used — less than 19 kg for women, and less than 32 kg for 
men. Mortality was estimated on the basis of death register 
using standard methods. During the observation, 247 deaths 
from cardiovascular diseases were recorded. 
Results. The study included 1876 participants aged 55 
years and older (48% of men and 52% of women). CF 
parameters according to the MMSE questionnaire were 
within the normal range of more than 80% of those exam-
ined. According to the results of the regression analysis, 
only low values of handgrip test (at the level of 1 quintile) 
were reliably associated with cognitive impairments 
(p<0,05). These associations were more pronounced in 
women (odds ratio (OR): 3,17; 95% CI 1,31- 7,69), com-
pared with men (OR: 2,41; 95% CI 1,05-5,54). In 55 years 
and older men, cognitive impairments were significantly 
associated with CVM (OR: 1,97; 95% CI 1,40-2,78) and 
reduced muscle strength (OR: 1,63; 95% CI 1,18-2,25). 
Among women, only reduced muscle strength significantly 

increased the risk of CVM (OR: 1,77; 95% CI 1,19-2,61). 
The simultaneous presence of these pathologies was reli-
ably associated with CVM. 
Conclusion. The presented study revealed significant asso-
ciations of cognitive impairments with reduced muscle 
strength. The presence of both pathological disorders is 
prognostically unfavorable for cardiovascular death in a 
population of 55 years and older (both among men and 
women). Thus, it is recommended to consider the possibility 
of including of muscle strength and cognitive functioning 
assessment in prognostic scales.
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ment included questionnaire survey developed by the 
epidemiology department of the National Medical 
Research Center for Preventive Medicine with the 
participation of international experts [16]. The analysis 
included such socio-demographic parameters as gen‑
der, age, education (below secondary, secondary and 
above secondary) and marital status (never married, 
married, divorced (or separated) and widower/widow). 
CF was assessed using the Mini-Mental State Exami‑
nation (MMSE), a decrease in which was recorded 
with scores less than 24/30. Blood pressure was mea‑
sured on the right hand twice in a sitting position using 
an Omron HEM-712 electronic automatic tonometer. 
Hypertension (HTN) was established in systolic blood 
pressure ≥140 mm Hg or diastolic blood pressure ≥90 
mm Hg, or in the case of taking antihypertensives. The 
diagnosis of stroke and diabetes was established by the 
questionnaire. Alcohol intake status was determined 
depending on the consumption of alcoholic beverages 
during the last year. Muscle strength was evaluated 
according to handgrip test. This test was performed 

It is known that the prevalence of decreased cog‑
nitive function (CF) increases with age [1]. At the 
same time, every tenth one suffering from cognitive 
impairment has dementia in old age [2, 3]. In itself, 
cognitive pathology leads to functional disorders, 
quality of life decrements, and is also associated with 
premature mortality [4, 5].

According to studies conducted in different years, 
several risk factors of cognitive impairment were 
identified, such as old and senile age, lack of family, 
hypertension, diabetes and a low level of education 
[6]. Later, regarding to some of above-mentioned 
factors, contradictory and even paradoxical effects 
were presented. In particular, this concerned hyper‑
tension and high blood pressure (BP) [7, 8]. Con‑
versely, factors that can prevent cognitive impair‑
ment in the elderly were also identified (for example, 
high physical activity) [9, 10].

Regular physical activity helps maintain normal 
body weight, muscle function, and reduces the risk of 
falls and fractures in the elderly. On the contrary, 
insufficient physical activity along with age is one of 
the main determinants of a muscle strength decrease 
[11]. One of the safest and easily reproducible meth‑
ods for assessing muscle strength in the elderly is 
handgrip test [12]. At the same time, low values of 
muscle strength, measured by handgrip test, accord‑
ing to some reports, increase the risk of cardiovascu‑
lar diseases (CVD), as well as all-cause and cardio‑
vascular (CV) mortality [13-15].

However, there are only a few Russian studies that 
assessed the associations of cognitive functioning and 
handgrip strength test with CV mortality in middle-
aged and older people. The aim of this study was to 
assess the contribution of cognitive impairment and 
decreased muscle strength, measured by handgrip 
test, to CV mortality in Muscovites of 55 years and 
older.

Material and methods
This research was conducted in the framework of 

the prospective cohort study “Stress, Aging and Health 
in Russia” (SAHR), carried out at National Medical 
Research Center for Preventive Medicine (Moscow, 
Russia), with the direct involvement of the Max Insti‑
tute for Demographic Research Planck (Rostock, 
Germany) and Duke University (Durham, USA). 
This study was approved by the Independent Ethics 
Committee of the National Medical Research Center 
for Preventive Medicine and the Expert Council of 
Duke University. In the period from 2007 to 2009, all 
participants were examined at the National Medical 
Research Center for Preventive Medicine. The assess‑

Table 1
Gender characteristics of study participants

Parameter Men
(n=898) 

Women
(n=978)

Age (years) 69,4 (±8,14) 67,7 (±7,26)

Education (%)
primary
secondary
higher

13,9
37,2
48,9

8,1
39,1
52,9

Marital status  (%)
never married
married
divorced
widower/widow

1,5
79,7
7,2
11,7

7,1
42,2
15,8
35

Alcohol consumption (%) 71,6 34

Hypertension (%) 75,0 72,3

History of stroke (%) 10,3 5,9

History of diabetes (%) 10,3 12,2

Reduced EF (%)
55-64 years old
65-74 years old
75-84 years old
85 years and older

8,2
11,82
29,6
50,0

6,2
9,1
29,5
41,7

Muscle strength measured by 
handgrip test (kg)
55-64 years old
65-74 years old
75-84 years old
85 years and older

43,0
38,1
32,5
27,3

24,6
22,2
18,4
16,2
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Table 2
Associations between reduced EF and muscle strength  

measured by handgrip test* among men and women

Quintiles of muscle strength (M/W) OR 95% CI p OR 95% CI p

Men (n=898) Women (n=974)

Q1 (<32 kg/<19 kg) 2,41 1,05-5,54 0,03 3,17 1,31-7,69 0,01

Q2 (32-36 kg/19-21 kg) 1,46 0,64-3,32 0,36 2,51 0,99-6,36 0,05

Q3 (37-40 kg/22-24 kg) 1,50 0,65-3,45 0,35 2,09 0,82-5,32 0,12

Q4 (41-45 kg/25-27 kg) 0,89 0,36-2,22 0,80 1,56 0,57-4,25 0,39

Q5 (>45 kg/>27 kg) 1 (reference range) 1 (reference range)

Note: * Q1-Q5 — quintiles of muscle strength; data are given after adjusting for age, education, marital status, alcohol use, hypertension 
presence, stroke and diabetes.
Abbreviations: OR — odds ratio, CI — confidence interval.

three times with each hand in a standing position. The 
final analysis used the maximum values obtained dur‑
ing the survey. Mortality was estimated on the basis of 
a mortality register using standard methods. During 
the observation, 411 deaths were recorded, including 
247 as a result of CVD. To assess the contribution of 
muscle strength to CVD mortality, values of handgrip 
test corresponding to the first quintile were used — less 
than 19 kg for women and less than 32 kg for men.

Statistical analysis of the results was performed 
using the STATA® Software. Methods of standard 
descriptive statistics, such as calculating of average 
values, standard deviations and standard errors, and 
rank statistics were used. Associations were evaluated 
using logistic regression; mortality was studied using 
the Cox proportional hazards.

Results
The study included 1876 participants aged 55 years 

and older, including 898 (48%) men. Table 1 presents 
the socio-demographic characteristics, as well as the 
prevalence of risk factors for the study population 
included in the analysis. The average age of the subjects 
was 68,4 (±7,6) years. More than half of the participants 
had higher education (51%) and at the time of assessing 
were married (60%). Gender differences in marital sta‑
tus are noteworthy: men are less likely to be single, they 
are much more likely to be married than women, less 
divorced and almost three times less likely to remain 
widowers. HTN was diagnosed in 70% of participants, 
while about 8% had a history of stroke.

According to the MMSE questionnaire, CF 
parameters were within normal limits for more than 
80% of subjects. As expected, the prevalence of cog‑
nitive impairment increased with age. So, if in the 
group of 55-60 years old people every tenth one suf‑

fered from cognitive impairment, then in the group of 
≥85 years already half of the participants had this 
pathology. Along with a CF decrease, muscle strength 
measured by handgrip test decreased with age.

The results of a regression analysis of associations 
between cognitive impairment and muscle strength 
measured by handgrip test, after adjusting for age, 
education, marital status, alcohol intake, HTN, 
stroke and diabetes are presented in Table 2. It was 
revealed that only low values of handgrip test (at 
quintile level 1) were significantly associated with 
cognitive impairment (p<0,05). These associations 
were more pronounced in women (odds ratio (OR): 
3,17; 95% confidence interval (CI) 1,31-7,69) com‑
pared with men (OR: 2,41; 95% CI 1,05-5,54).

According to the proportional risk analysis (Table 
3), after adjusting for age, socio-demographic indica‑
tors and risk factors, it turned out that in a population 
of men ≥55 years, cognitive impairment was signifi‑
cantly associated with CV mortality (risk ratio (RR): 
1,97; 95% CI 1,40-2,78) and decreased muscle 
strength (RR: 1,63; 95% CI 1,18-2,25). In a female 
cohort of the same age, only decreased muscle 
strength significantly increases the risk of CV mortal‑
ity (RR: 1,77; 95% CI 1,19-2,61). Regardless of gen‑
der, after adjusting for age and other risk factors, the 
combination of cognitive impairment and decreased 
muscle strength was significantly and independently 
associated with CV mortality (p=0,01).

Discussion
The etiology of age-related dementia is not fully 

understood, but there is no doubt that it is multifac‑
torial disease. The difficulty lies in the fact that some 
parameters, in addition to being risk factors, may be 
the results of dementia. For example, meta-analysis 
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mortality among men and women, while the contri‑
bution of reduced CF to CV mortality in a multi‑
variate model was significant only in the male 
cohort. 

In recent decades, a number of studies devoted to 
the effect of cognitive impairment on CV mortality 
were conducted. However, the results of these studies 
regarding the elderly population are often controver‑
sial. So, in a study by Ji An, et al. significant associa‑
tions between cognitive impairment and all-cause 
and CV mortality have been shown [21]. However, 
Kerola T, et al. found that the contribution of reduced 
CF to CV mortality remained significant only after 
adjusting for gender and age, while in the multivariate 
model this parameter became insignificant [22]. As 
for the associations of decreased muscle strength and 
mortality, the results of studies in this field indicate 
the significant prognostic value of this risk factor. 
Moreover, some authors propose using this parame‑
ter as an indicator of the elders’ health in clinical 
practice [23].

Thus, the results of our analysis showed that with 
a decrease in muscle strength in people ≥55 years of 
age, we can expect a decrease in CF three times more 
often in women and 2 times more often in men com‑
pared to those with  high values of handgrip strength 
test (Q5).

Low muscle strength along with both pathological 
disorders, is the most unfavorable prognostic factor 
for CV mortality in the male and female population 
of the studied age. An isolated CF decrease increases 
the risk of death only in men. Given the results 
obtained, inclusion an assessment of muscle strength 
and CF as independent risk factors in the practical 
prognostic scales should be considered.

Conflicts of Interest: nothing to declare.

by Rockwood K. and Middleton L. (2007) showed 
that low physical activity, being a risk factor for obe‑
sity, diabetes and HTN, together with these diseases 
leads to cognitive impairment [17]. On the other 
hand, some authors believe that cognitive impair‑
ment itself can lead to decreased physical function 
and muscle strength. For example, according to 
Rosso AL, et al., decreased motion in some older 
people may be associated with cognitive impairment 
[18]. According to other authors, reduced muscle 
strength is not a risk factor, but an early marker of CF 
reduction [19]. However, all authors agree that CF 
decrease is associated with low physical activity and 
low muscle strength.

The results of this study are consistent with data 
obtained previously by foreign researchers. So, in a 
recent study by Vancampfort D, et al. it was shown 
that in the middle-aged and older population, low 
muscle strength measured by handgrip test is signifi‑
cantly associated with cognitive impairment, regard‑
less of gender, age and other risk factors [20]. In con‑
clusion, the authors write that further studies are likely 
to provide evidence that low muscle strength is a clini‑
cally reliable marker for CF disorders, and the devel‑
opment and implementation of exercise programs will 
allow modifying cognitive health along with physical. 
Although we share this view, the results of our study do 
not allow us to determine whether muscle strength 
measured by handgrip test is a risk factor for cognitive 
impairment or a result of this pathology. That is 
because the study of the associations between cognitive 
impairment and low muscle strength was carried out 
on the data of one-time survey. Further prospective 
studies are required to clarify the nature of the interac‑
tion of cognitive function and muscle strength.

At the same time, we obtained significant asso‑
ciations between decreased muscle strength and CV 

Table 3
Contribution of cognitive impairment  

and decreased muscle strength to cardiovascular mortality

Parameter Model 1
а
 Model 2

b
 Model 3

a
 Model 4

b

Men Women

HR (95% ДИ) HR (95% ДИ) HR (95% ДИ) HR (95% ДИ)

Reduced CF 2,01 (1,43-2,81)* 1,97 (1,40-2,78)* 1,61 (1,01-2,56)* 1,40 (0,87-2,27)

Reduced MS 1,80 (1,32-2,45)* 1,63 (1,18-2,25)* 1,93 (1,31-2,86)* 1,77 (1,19-2,61)*

Reduced CF+MS 2,03 (1,48-2,79)* 1,91 (1,38-2,64)* 1,90 (1,27-2,85)* 1,66 (1,10-2,51)*

Note: 
a
 — after adjusting for age and education, 

b 
— after adjusting for age, education, marital status, alcohol use, hypertension presence, 

stroke, diabetes, risk factors, * — p<0,05.
Abbreviations: MS — muscle strength, CF — cognitive function.
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