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Abstract

Introduction: Assessing cognitive function could help to provide appropriate care for nursing
home residents. The aim of the study was to identify the factors affecting cognitive function
in nursing home residents in Poland and assess how it influenced the mortality rate during a
3-year observational period. Methods: This study included 202 elderly individuals from a
nursing home in 2015. The investigation included examination of cognitive function using the
MMSE and bioelectrical impedance analysis. Collected data included sex, age, blood pressure
(BP), heart rate, number of comorbidities, years spent in the nursing home, educational level,
and cigarette-smoking. Results: The mean MMSE score was 21.36 + 6.35, which was nega-
tively correlated with age and diastolic BP (p = 0.001 and p = 0.024, respectively) and posi-
tively correlated with body mass, BMI, fat-free mass, fat, muscle mass, and education level
(p = 0.004, p = 0.004, p = 002, p = 0.049, p = 0.005, and p < 0.001, respectively). Patients who
died during the observational period had lower MMSE scores than those who survived (23.34
+ 5.68 vs. 20.16 £ 6.45; p < 0.001). Smokers had better MMSE results than nonsmokers (23.34
+ 5.98 vs. 20.08 + 4.94; p < 0.001). Discussion: Polish nursing home residents had mild cog-
nitive impairment depending on their age, sex, educational level, and nutritional status. Low-
er MMSE score was a prognostic factor for mortality in the 3-year observational period.
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Introduction

Older people can suffer from a number of different conditions, including comorbidity and
dementia, which result in susceptibility to different stimuli that are detrimental to their
health.
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Dementia encompasses a loss of cognitive function and the ability to perform the activ-
ities of daily living. It results from neurodegenerative disorders and includes several subtypes.
The symptoms of dementia are progressive and long-lasting [1], and affect 6-8% of indi-
viduals >60 years of age, and up to 25% of individuals >85 years of age [2]. Since old age is a
major risk factor for dementia, the dementia rate will rise in the coming years as the popu-
lation ages [3]. [t is estimated that 50 million people globally had dementia in 2018, and that
this number will rise to 152 million by 2050 [4].

People suffering from dementia have special care needs resulting from cognitive and
functional impairment, difficulty communicating, and other neuropsychiatric symptoms.
Diagnosis of dementia can have numerous benefits. It can potentially enable immediate initi-
ation of treatment and adjustment of medications to reduce any side effects that influence
cognitive functions. [t may also help to ensure adequate support for patients and their families
and allow them to make plans for the future [5]. In nursing practice, knowledge about cognitive
impairments and rehabilitation techniques is crucial since each type of activity may have a
therapeutic effect on the patient. Assessment of the cognitive functions of elderly patients
enables customization of the type of care provided according to the severity of the cognitive
impairment, potentially including assistance with everyday living, home-based care, institu-
tional daycare, or round-the-clock care in a residential facility.

Residents of nursing homes have a higher burden of dementia that those found in the
general population [6]. Despite the benefits of an early diagnosis of cognitive impairment, a
missed diagnosis could lead to inappropriate treatment and even increase the incidence of
challenging behaviors due to the patient’s needs not being met. The Mini-Mental State Exam-
ination (MMSE) is used to assess cognitive impairment in the clinical and research settings.
It is a short, easy to apply, commonly accepted, and available tool.

The aim of this study was to assess cognitive function in the elderly residents of a nursing
home in Poland, by identifying the factors affecting it, and determining its influence on the
mortality rate.

Methods

Participants and Procedure

The cross-sectional study was conducted at a nursing home in Warsaw, Poland, in 2015.
The investigated group comprised 202 residents. The inclusion criterion was the capacity of
the patient to give informed consent. To assess the influence of cognitive function on the
mortality rate, an assessment of the number of survivors and those who had died was made
after 3 years. During this period, 126 (62.37%) patients died. The study protocol included a
cognitive function evaluation using the MMSE, Polish version [7], and bioelectrical impedance
analysis using the BioScan 920-2 (Maltron Int. Ltd., Rayleigh, UK). The MMSE consists of 11
items that test 5 areas of cognitive function: orientation registration, attention and calculation,
recall, and language. The possible score ranges from 0 to 30, where >24 = normal cognitive
function, 19-23 = mild, 9-18 = moderate, and <9 = severe impairment of cognitive function.

Sociodemographic data were obtained from the study-specific questionnaire and medical
documentation. Data collected included age, sex, blood pressure (BP), heart rate, comorbid-
ities, years spentin the nursinghome, educational level, and cigarette-smoking. In the analysis,
comorbidities were generalized to “number of comorbidities.” Due to only a few different
diseases being identified, i.e.,, cardiovascular diseases, diabetes, and respiratory disease,
separate analyses were not possible. Smokers were those who smoked on a daily basis. The
participants’ names were not recorded on the questionnaire, thus rendering the data anon-
ymous. All investigations were completed on one occasion and on site.
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Table 1. Characteristics of the investigated group, stratified by sex

Total group (n = 202)

Males (n = 45)

Females (n = 157)

mean + SD median; min-max mean + SD median; min-max mean + SD median; min-max

Age, years 82.16+8.58 83; 65-99 81.67+9.21 83; 65-96 82.31+8.41 83; 65-99
Body mass, kg 65.53+14.75 65; 34-118 71.4+14.25 73;39-98 63.85+14.50 64; 34-118
BMI 25.11%5.61 24.95;13.2-42.2 25.364.64 25.4;16.2-33.9 25.03+5.87 24.8;13.2-42.2
FFM, kg 43.37+7.55 42.06; 28.05-74.05 51.70+8.61 52.67;30.66-74.05 40.98+5.18 41.04; 28.05-56.83
Fat, kg 22.16+10.56 21.75; 4.36-61.17 19.77+8.64 18.24; 8.04-40.27 22.84+10.98 22.07;4.63-61.17
Muscle mass, kg 20.40+10.97 18.21; 10.77-94.97 26.01+9.67 25.43;12.97-83.62 18.79+£10.81  17.31;10.77-94.97
SBP, mm Hg 120.07+20.09 119; 75-186 118.51+25.09 111; 86-186 120.52+18.48 120; 75-167
DBP, mm Hg 71.29+12.42 70; 42-134 69.87+13.39 66; 42-105 71.70+12.12 70; 50-134
HR, beats/min 74.24+12.00 74;51-112 72.38+11.69 73;53-105 74.77x12.07 74;51-112
Years resident in nursing

home 3.44+4.04 2;1-44 3.22+2.98 2;1-14 3.49+4.30 2;1-44
Smokers, n (%) 66 (32.67) 24 (53.33) 42 (26.75)
Alcohol consumption, n (%)

None 162 (80.2) 17 (37.78) 145 (92.36)

<2 units/week 16 (7.92) 10 (22.22) 6(3.82)

>2 units/week 24 (11.88) 18 (40) 6 (3.82)
Comorbidities, n (%)

0 10 (4.95) 3(6.67) 7 (4.46)

1 122 (60.4) 28 (62.22) 94 (59.87)

2 65 (32.18) 11 (24.44) 54 (34.40)

3 5(2.47) 3(6.67) 2(1.27)
Education level, n (%)

Elementary school 94 (46.54) 18 (40) 76 (48.41)

Vocational school 21(104) 3(6.67) 18 (11.46)

High school 71 (35.15) 19 (42.22) 52 (33.12)

University 16 (7.91) 5(11.11) 11 (7.01)
Place of residence, n (%)

Village 30 (14.85) 10 (22.22) 20 (12.74)

Town 172 (85.15) 35(77.78) 137 (87.26)

BMI, body mass index; FFM, fat-free mass; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate.

Statistical Analysis

Statistical analysis was performed using IBM SPSS v23. Descriptive statistics were
generated using standard parameters, including percentage, mean and standard deviation,
and median and range. The Kolmogorov-Smirnov test revealed that the MMSE results did not
show a normal distribution, so nonparametric tests were used for all calculations.

Between-group differences were analyzed using the Mann-Whitney U test or the Kruskal-
Wallis test. The Spearman test was used to analyze correlations between MMSE scores and
the investigated parameters. The preliminary selection of variables for logistic regression
models was carried out based on the prior statistical tests. The assumed level of significance
of potential variables that could be included in the model was p < 0.1. Subsequently, the
stepwise selection algorithm with the Akaike information criterion was applied to the vari-
ables selected in the above manner. Survivability curves were plotted using the Kaplan-Meier
estimator. Results were considered statistically significant when p < 0.05.

Results

The investigated group consisted of 202 participants, including females (n = 157, 77,
72%) and males (n = 45, 22, 78%). The demographic and clinical characterization of the
participants stratified by sex is shown in Table 1.
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Table 2. Mini-Mental State Examination (MMSE) results stratified by sex and differences between females and males

166

MMSE scores Total (n =202) Males (n = 45) Females (n =157) p value
mean + SD  median mean + SD  median mean * SD median
(range) (range) (range)
Total/task 21.36+6.35 22.50 (4-30) 22.78+5.83  25(8-30) 20.95+6.43 22 (4-30) 0.081
Orientation to time 4.21+1.24 5 (0-5) 4.56+0.89 5 (2-5) 4.11£1.31 5 (0-5) 0.030
Orientation to place 4.31+1.08 5(1-5) 4.62+0.75 5 4.22+1.15 5(1-5) 0.057
Registration 2.50£1.08 3(0-3) 2.58+0.97 3(0-3) 2.48+1.11 3(0-3) 0.786
Attention and calculation 2.34+2.09 2 (0-5) 2.91+2.08 4 (0-5) 2.18+2.08 1(0-5) 0.035
Recall 0.6+1.02 0 (0-3) 0.53+0.94 0 (0-3) 0.62+1.04 0 (0-3) 0.746
Naming 1.95+0.32 2 (0-2) 1.93+0.33 2 (0-2) 1.95+0.32 2 (0-2) 0.523
Repetition 0.84+0.37 1(0-1) 0.84+0.37 1(0-1) 0.83+0.37 1(0-1) 0.873
Comprehension 2.56£1.05 3(0-3) 2.62+0.98 3(0-3) 2.54+1.07 3(0-3) 0.660
Reading 0.72+0.45 1(0-1) 0.73+0.45 1(0-1) 0.72+0.45 1(0-1) 0.858
Writing 0.67+0.47 1(0-1) 0.71+0.46 1(0-1) 0.66+0.47 1(0-1) 0.540
Drawing 0.64+0.48 1(0-1) 0.73+0.45 1(0-1) 0.62+0.49 1(0-1) 0.155

Table 3. Correlations between Mini-Mental State Examination (MMSE) results and selected parameters, with
stratification by sex

MMSE
whole group males females
(n=202) (n=45) (n=157)
Age, years p=-0.234 p=-0.308 p=-0.209
p=0.001 p =0.040 p=0.009
Body mass, kg p=0.201 p=0.100 p=0.216
p=0.004 p=0513 p=0.006
BMI p=0.201 p=0.155 p=0.210
p=0.004 p=0.311 p=0.008
FFM, kg p=0.213 p=0.157 p=0.189
p=0.002 p=0.303 p=0.018
Fat, kg p=0.138 p=-0.005 p=0.198
p=0.049 p=0.976 p=0.013
Muscle mass, kg p=0.197 p=0.106 p=0.190
p=0.005 p=0.487 p=0.017
SBP, mm Hg p=-0.082 p=-0.059 p=-0.083
p =0.244 p=0.698 p=0.303
DBP, mm Hg p=-0.158 p=-0.125 p=-0.173
p=0.024 p=0414 p=0.030
HR, beats/min p=-0.071 p=-0.226 p=-0.024
p=0.317 p=0.135 p=0.768
Level of education p=0.326 p=0.079 p=0.383
p<0.001 p=0.608 p<0.001
Years resident in nursing home p=-0.050 p=-0.009 p=-0.043
p=0.481 p=0.952 p=0.592

BM]I, body mass index; FFM, fat-free mass; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart

rate.
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Fig. 1. Kaplan-Meyer survival curves for patients with different impairment of cognitive function assessed
with the use of the MMSE.

The mean MMSE score was 21.36 * 6.35, indicating mild cognitive impairment. The
results of MMSE subscales stratified by sex are shown in Table 2. Total MMSE results did not
significantly differ between women and men. However, men had significantly better MMSE
scores for “orientation to time” (p = 0.03) and “attention and calculation” (p = 0.035).

The correlations between MMSE results and selected parameters with stratification by
sex is shown in Table 3.

MMSE scores were negatively correlated with age, both in the whole investigated group
and men and women separately. In the whole group and among women, but not among men,
MMSE results were positively correlated with body mass, body mass index (BMI), fat-free
mass (FFM), fat, muscle mass, and education level, and negatively correlated with diastolic
BP (DBP).

Smokers had better MMSE scores than nonsmokers (23.34 = 5.98 vs. 20.08 * 4.94; p <
0.001). MMSE score was not significantly associated with the number of comorbidities.

Compared to patients who died during the observational period (n = 126), survivors
(n = 76) had significantly better MMSE scores (23.34 + 5.68 vs. 20.16 + 6.45; p < 0.001).
Applying backward stepwise regression, the model explaining the risk of dying during the
3-year observation was obtained (and covers MMSE, age, and DBP). Each point scored on the
MMSE scale decreased the risk of the patient’s death by 9.19% on average, assuming that the
other factors remained unchanged. Each subsequent year lived by the patient increased the
risk of death by 6.4% on average, assuming that the other factors remained unchanged. DBP
found to be higher by 1 unit (Hg) decreased the risk of death by 3.13% on average, assuming
that the other factors remained unchanged.

Survival curves in groups with normal cognitive function, or mild, moderate, or severe
impairment of cognitive function, were plotted using the Kaplan-Meier estimator and appear
in Figure 1. The log rank test revealed a statistically significant difference between the groups
(p=0.0011).
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Discussion

The average MMSE score among study participantsindicated mild cognitive impairment
and was higher than the results obtained by Kowalska et al. [8] who investigated 254 people
admitted to a nursing home in Wroctaw (Poland) between 2007 and 2010. Similar study of
residents in care homes in Spain [9] and the UK [10] also indicated lower scores than in our
study. MMSE scores of our participants were similar to the results obtained by Weidung et
al. [11], who investigated very elderly people who were not resident in of nursing homes.
In our study, BP, heart rate, and BMI were all in the normal range, suggesting that our
participants enjoyed good health, in contrast to those in the abovementioned studies. Our
participants had, on average, only 1 disease. In general, the median number of chronic
conditions in the population of people >65 years of age is 3 [12]. Differences in MMSE scores
may be attributable to the different criteria for admission to nursing homes in Poland and
other countries, and that Polish nursing home residents are generally in a better cognitive
and physical condition than patients admitted to such facilities in other countries.

Our results showed a higher general MMSE score for men than women, although this
difference was not significant. Other researchers have also reported better cognitive results
in men [13, 14]. We found that men had significantly higher scores in the categories of
“orientation to time” and “attention and calculation.” This could be related to the fact that
our study included more women than men. However, we cannot exclude the role of
confounding factors such as social life, lower education level, or type of work [13, 14].

MMSE score wasnegatively correlated with age and positively correlated with education
level, in line with findings by other authors [15, 16]. The correlation with age was expected
since age is the most well-recognized risk factor for dementia [13]. To explain the rela-
tionship between low education level and cognitive decline, various mechanisms have been
proposed, including a hypothesis involving lower brain reserve and a lack of occupational
activities leading to lower intellectual demands, a proposal relating to low cognitive stimu-
lation throughout life [16] and the concept that lower education level is related to reduced
access to intellectually stimulating entertainment [15].

MMSE scores were positively correlated with body mass, BMI, FFM, muscle mass, and
fat. Higher BMI and fat may contribute to maintaining better cognitive functions during the
ageing process [17]. However, the associations of body mass and BMI with the risk of
dementia are far from clear. Overweight and obese individuals carry a higher risk of devel-
oping diseases that influence cognitive function [18]. However, in later life, the detrimental
consequences of being obese or overweight are less apparent, and there may even be
protective effects [19]. Importantly, weight loss is a frequent side effect of dementia and
might worsen outcomes in elderly patients. Therefore, patients with cognitive dysfunction
should be regularly screened for malnutrition to enable early nutritional intervention.

MMSE scores were negatively correlated with DBP, in line with the findings of other
studies [20]. Surprisingly, we did not detect an association between systolic BP (SBP) and
cognitive function level. The mechanisms underlying the association between arterial
hypertension and impaired cognition are not completely understood. High DBP may
decrease tissue perfusion. It is possible that a higher SBP is needed to maintain brain
perfusion in older individuals [21]. On the other hand, high BP directly or indirectly causes
cerebral vascular damage which can lead to dementia [22].

Previous evidence indicates that impaired cognitive function is an independent
predictor of mortality in elderly individuals, after accounting for numerous different vari-
ables [23, 24]. Ithas been suggested that the association between cognitive dysfunction and
mortality reflects a global deterioration of health status that both affects cognitive functions
and directly contributes to mortality [25]. Our data confirm that the patients who died
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during the 3-year observation period had worse MMSE results than those who survived the
entire observation period. Cognitive impairment complicates neurological and cerebrovas-
cular diseases, and other chronic illnesses, which are known risk factors for mortality [26].
However, while higher mortality isreportedly associated with moderate-to-severe cognitive
impairment, its correlation with milder cognitive impairments is less obvious [27]. We did
not show a correlation between multiple morbidity and the MMSE results, which has been
identified in other studies [28]. Such correlations are in line with the dynamic polygon
hypothesis, which considers that several pathological processes (e.g., amyloid aggregation
or vascular damage), interlinked with the positive or negative consequences of environ-
mental exposure (e.g., exercise or obesity), will potentially influence the size and func-
tioning of the brain [29].

Cigarette-smoking was correlated with a higher MMSE score, which has not been previ-
ously reported [30]. The mechanisms by which smoking affects cognitive performance
remain unclear [31]. Some evidence suggests that the impact of smoking on adverse
cognitive outcomes may be underestimated due to the selection effects resulting from the
higher midlife mortality of smokers [32]. Our findings may have been affected by the
selection of the sample group. On the other hand, nicotine increases acetylcholine release,
elevates the number of nicotinic receptors, and improves attention and information-
processing, although these actions may be opposed by the high oxidative stress caused by
smoking [31].

The study has some limitations. The inclusion criterion was the capacity to give
informed consent for participation, which could have resulted in an underestimation of the
prevalence of cognitive impairment in the nursing home residents. We also conducted our
study in only 1 nursing home in Warsaw. Our assessment was based only on the MMSE and
not on a full cognitive evaluation. The results may partly be explained by the effect of the
selective survival of the study participants. Mortality rate is also influenced by other factors
and conditions not assessed in this study, e.g., frailty syndrome and metabolic disorders.

Conclusions

Our findings showed that nursing home residents in Poland had higher cognitive function,
as indicated by MMSE score, than nursing home residents in other countries. This may be
attributable to variable admission criteria and our patients being in a better cognitive and
physical condition than the patients admitted to such facilities in other countries. We demon-
strated that the MMSE scores were associated with patients’ sex, age, education, and nutri-
tional status. The relationship found between MMSE score and cigarette-smoking could be
coincidental.

A lower MMSE score was associated with a higher mortality rate during 3-year observa-
tional period. We propose using MMSE as a tool for screening cognitive function and deter-
mining prognostic factors for the mortality of nursing home residents.
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