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Abstract: Background: Multimorbidity is a common problem worldwide. It carries the risk of
reduced quality of life, disability, frequent hospitalizations, and death. The present study was
designed to assess the relationships that exist between multimorbidity and disability in elderly
patients. Methods: The study included 100 patients and was conducted between October 2020 and
January 2021. Inclusion criteria included age >65 years, presence of a minimum of two comorbidities
in the subject, and consent to participate in the study. Standardized survey instruments such as
Tilburg Frailty Indicator (TFI), Charlson Comorbidities Index (CCI), Assessment of Basic Activities of
Daily Living—Katz Scale (ADL), and Assessment of Complex Activities of Daily Living—Lawton
Scale (IADL) were used in the study. Results: The majority of the subjects (92) had a frailty syndrome
(TFI). A small group of respondents (8%) suffered from severe comorbidities (CCI). Among the
subjects surveyed, 71% maintained full function in performing simple activities of daily living (ADL),
while 29% demonstrated moderate disability on the scale. Full independence in performing complex
activities of daily living (IADL) was present in 33% of the respondents, and 67% were partially
independent. Independence in complex activities of daily living (IADL) was significantly higher in
patients with fewer comorbidities. The severity of comorbidities (CCI) had a significant effect on
the decrease in the level of independence (ADL and IADL). Independence in performing complex
activities (IADL) was worse among older patients. Conclusions: An increase in the number of
comorbidities contributes to a decrease in the level of performance of complex activities of daily
living. The severity of comorbidities significantly reduces the level of independence of the subjects
in simple and complex activities of daily living. In patients with a higher level of independence in
performing simple and complex activities, the co-occurrence of frailty syndrome was less severe. As
the age of the subjects increases, the frequency in which they show moderate dependence on third
parties in performing complex activities of daily living increases.

Keywords: multimorbidity; functional disability; old age; frailty syndrome

1. Introduction

The aging process has been a big challenge in geriatric care. The aging process causes
the human body to change irreversibly. Changes caused by aging are correlated with the
increased risk of the onset of chronic diseases and the limitation of functional efficiency [1,2].
Older people are also the fastest and most significantly growing social group [3].

Multi-disease is the co-existence of two or more chronic diseases in one person. This
phenomenon increases with age and is associated with high mortality, decreased quality
of life, and limited of the functional state [4,5]. People with multiple chronic conditions
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have a higher risk of hospitalization and their need for medical care increases [6,7]. Socio-
demographic factors predominantly influence the occurrence of various diseases. Older
people living in the countryside and people with low income often have worse access to
medical care and knowledge [7].

Functional disability is a state of partial or complete dependence and dependence on
the performance of life activities. This phenomenon often occurs in the elderly. It appears
to result from the aging organism and the coexistence of many diseases [8,9]. Disability risk
factors include gender, age, socioeconomic status, and chronic diseases. Each case should
be considered individually [10]. The risk of disability increases with age, and the most
significant functional limitations are observed in people aged 80 and over; it results from
limiting the operating organ reserves [11,12].

Frailty syndrome, also known as the weakness syndrome, is a geriatric condition
that reduces the body’s reserves. Weakness significantly accelerates the deterioration of
the fitness of the elderly. Therefore, people suffering from this syndrome are at risk of
developing adverse health effects, such as falls, frequent hospitalizations, disability and
dependence on other people, and in the worst case, death [13-15].

The purpose of this study was to find the associations that exist between the variables
described above—elderly age, multimorbidity, disability, and frailty syndrome.

2. Materials and Methods
2.1. Participants and Settings

The research was carried out among patients hospitalized at the University Teaching
Hospital in Wroctaw, in the Department of Cardiology, due to cardiovascular diseases (hy-
pertension, coronary artery disease, arrhythmias, heart failure). The study was conducted
between October 2020 and January 2021. Participation in the study was voluntary and
anonymous. Researchers preliminarily chose 176 people to participate in the study based
on the inclusion criteria. The inclusion criteria for the study were: elderly age—65 years or
older; and the presence of multimorbidity—patients diagnosed with two or more diseases.
Out of 176 patients meeting the inclusion criteria, 76 failed to fill out the questionnaires
correctly and were excluded from the study. The final sample consisted of 100 subjects
(48 men, 52 women) with a mean age (71.89 + 5.46).

2.2. Research Tools

The study’s authors collected clinical data using the patient’s medical database. The
following standardized questionnaires were also used: (1) Tilburg Frailty Indicator (TFI),
(2) Charlson Coexistence Index (Charlson Comorbidity Index—CClI), (3) Assessment Scale
for Basic Life Activities—Katz Scale (ADL), (4) Assessment Scale for Complex Daily Life
Activities—Lawton Scale (IADL).

2.2.1. Tilburg Frailty Indicator (TFI)

The Tilburg Frailty Indicator (TFI) tool can be used to assess frailty syndrome by taking
into account the physical, psychological, and social domains. The questionnaire consists of
two parts—part A contains 10 questions that concern socio-demographic characteristics
(including gender, age, marital status, country of birth, education, monthly income, etc.)
and part B considers the attributes of frailty syndrome. There are 15 questions in part B—
8 questions from the physical domain, four questions from the mental field, three questions
from the social domain. The total score is between 0 and 15 points. Frailty syndrome is
diagnosed when TFl is five or above. The higher the overall score obtained, the higher the
weakness index [16,17].

2.2.2. Charlson’s Comorbidity Index (CCI)

The Charlson Coexistence Index (CCI) is a scale that helps to assess a patient’s burden
of comorbidities. It allows calculation of the risk of death within one year based on
comorbidities and the current health condition. The scale includes 19 conditions. Each
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of them was assigned a severity level from 1 to 6 points. Based on the sum of the CCI
scores, the burden of comorbidities can be divided into three grades: mild—1-2 points,
moderate—3—4 points, severe—> 5 points; it also means a very high risk of death within
one year [18]. When adding an age criterion to the scale, the age—comorbidity score will
help determine the survival percentage for the next ten years. For each decade over 50,
1 point is awarded. The maximum number of points is 4 for age equal to or greater than
80 [19,20].

2.2.3. Activity of Daily Living (ADL)

The ADL scale is commonly used in the comprehensive geriatric assessment to assess
performance. It contains six questions concerning patients” independence in carrying out
basic life activities, such as washing, getting dressed, using the toilet, moving around,
controlling the sphincter, and eating meals. The interpretation of the results is as fol-
lows: 0-2 points—significant disability; 3—4 points—moderate disability; 5-6 points—full
efficiency. A maximum of 6 points can be obtained [21].

2.2.4. Instrumental Activities of Daily Living (IADL)

The IADL is a tool for assessing a patient's ability to exercise complex activities of daily
living. It contains eight questions, which cover the span of phone usage, independent travel,
shopping, preparing meals, doing housework, laundry, making repairs, self-medicating,
and managing money. The IADL score is in the range of 8-24 points, and higher the results
indicate greater patient independence. The IADL scoring system does not include point-
range criteria indicating high and low patient independence. However, it is often assumed
that the maximum result (24 points) means complete independence and the minimum
results (8 points) total dependence. Results in-between the maximum and the minimum
results indicate partial independence [22].

2.3. Data Analyses

A significance level of 0.05 was adopted in the analysis. All p values < 0.05 were
interpreted as showing significant relationships. Comparison of the values of quantitative
variables in two groups was performed using the Mann-Whitney test. Comparison of
the values of quantitative variables in three and more groups was performed using the
Kruskal-Wallis test. After detecting statistically significant differences, post hoc analysis
with Dunn’s test was performed to identify statistically significantly different groups.
Correlations between quantitative variables were analyzed using the Spearman correlation
coefficient. Multivariate analysis of the influence of many variables on the quantitative
variable was performed using the linear regression method. The results are presented
as the values of the regression model parameters with a 95% confidence interval. One-
and multivariate analysis of the influence of many variables on the binary variable was
performed using the logistic regression method. The results are presented as OR parameter
values with a 95% confidence interval. The analysis was conducted using the R software
(R Foundation for Statistical Computing, Vienna, Austria), version 4.0.4. [23].

3. Results
3.1. Characteristics of the Studied Group

One hundred patients with multiple diseases participated in the study. The respon-
dents were 48% men and 52% women. The average age of the respondents was 72 years.
The most numerous group were people living with a spouse or partner—48%; single people
constituted 19%. Every second person earned more than PLN 2100 per month, 30% of
respondents earned between 1800 and 2100, and only 4% earned the lowest amount—
between PLN 900 and 1200. We obtained the number of comorbidities using clinical data.
Of the subjects tested, 20% had two diseases, 59% had three chronic diseases, and 21% had
four or more diseases. Brittleness syndrome occurred in 92% of respondents. More than half
of the respondents had mild comorbidities on the CCI scale—64%; only 8% suffered from
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severe comorbidities. Seventy-one percent of the respondents remained fully functional,
and 29% were moderately disabled on the ADL scale. Thirty-three percent of respondents
had complete independence on the IADL scale, and 67% were partially independent. The
socio-demographic and clinical data and the results of standardized tools are presented in
Table 1.

Table 1. Socio-demographic and clinical characteristics of the study group.

Parameter Total (N = 100)
S Women 52 (52%)
ex Men 48 (48%)
Up to 70 years 49 (49%)
Age 71-75 years 30 (30%)
Over 75 years 21 (21%)
Alone 19 (19%)
Living With your spouse or partner 48 (48%)
With family 33 (33%)
PLN 2101 or more 50 (50%)
PLN 1801-2100 30 (30%)
Salary PLN 1501-1800 11 (11%)
PLN 1201-1500 5 (5%)
PLN 901-1200 4 (4%)
2 diseases 20 (20%)
Chronic diseases 3 diseases 59 (59%)
4 or more diseases 21 (21%)
TFI No frailty syndrome 8 (8%)
Frailty syndrome 92 (92%)
Mild worsening of comorbidities 64 (64%)
CCI Moderate aggravation of comorbidities 28 (28%)
Severe aggravation of comorbidities 8 (8%)
ADL Moderate disability 29 (29%)
Full efficiency 71 (71%)
IADL Partial independence 67 (67%)
Full independence 33 (33%)

PLN—Polish Zloty; 1 PLN = 0.22 EUR; TFI—Tilburg Frailty Indicator; CCI—Charlson’s Comorbidity Index;
ADL—Activities of Daily Living; IADL—Instrumental Activities of Daily Living.

3.2. The Impact of Individual Variables on the Tilburg Frailty Indicator (TFI)

Due to the prevalence of frailty syndrome in most patients, it is impossible to inves-
tigate the effect of comorbidities on the occurrence of frailty syndrome. Therefore, the
influence of multiple morbidities (CCI) on the overall result of TFI, physical components,
psychological components, and social components was checked. An analysis of the Spear-
man correlation between the frailty score (TFI) and the Charlson Coexistence Index (CCI),
the Katz score (ADL), and the Lawton score (IADL) was performed. No significant corre-
lations were found between TFI and CCI (all p > 0.05). The correlation analyses showed
that the score on the scale of physical features of brittleness decreased due to the ADL scale
increase (greater independence). It was also revealed that the higher the IADL score (greater
autonomy), the lower the overall TFI score (lower severity of the brittleness syndrome) and
the score on the scale of physical components of brittleness (Table 2).
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Table 2. Coefficient of correlation between the frailty score (TFI) and the Charlson Coexistence Index
(CCI), the Katz score (ADL) and the Lawton score (IADL).

TFI CCI1 ADL IADL
TFI's overall result r=0.083.p=0412 r=-0.166.p=0.099 r=-0.261.p=0.009
Physical ingredients r=0.112.p=0269 r=-0.324.p=0.001 r=-0.573.p<0.001
Psychological components  r=0.014. p = 0.887 r=0.033. p=0.743 r=0.102. p=0.312
Social components r=0.081. p=0.426 r=0.002. p =0.986 r=0.055. p=0.588

TFI—Tilburg Frailty Indicator; CCI—Charlson’s Comorbidity Index; ADL—Activities of Daily Living; IADL—
Instrumental Activities of Daily Living.

3.3. Relationship between the Number of Comorbidities and the IADL Score

An analysis of the correlation between the number of comorbidities and the IADL
score was also performed using the Kruskal-Wallis test and post hoc analysis (Dunn’s test).
Independence in complex daily activities was significantly greater in the group with two or
three diseases than those with four or more diseases (Table 3).

Table 3. Relationship between the number of comorbidities and the IADL score.

Comorbidities
IADL [Points] 2 Diseases 3 Diseases 4 or More Diseases p-Value
(N =20)-A (N =59)-B (N =21)-C
Mean + SD 21.35 £ 3.07 20.63 + 3.49 18.52 £+ 3.89 p =0.041
Median 225 21 19
Quartiles 18.75-24 19-24 15-21 AB>C

ITADL—Instrumental Activities of Daily Living.

3.4. Relationship between the Severity of Comorbidities

Another analysis performed was the Spearman correlation between the severity of co-
morbidities (CCI) and the level of independence in performing simple (ADL) and complex
everyday activities (IADL). It has been shown that the greater the severity of comorbidities,
the lower the independence in simple (ADL) and complex daily activities (IADL) (Table 4).

Table 4. Relationship between the severity of comorbidities (CCI) and the ADL and IADL scores.

Tested Features Spearman’s Correlation Coefficient p-Value
CCI and ADL —0.403 p <0.001
CCI and IADL —0.242 p=0.015
CCI—Charlson’s Comorbidity Index; ADL—Activities of Daily Living; IADL—Instrumental Activities of
Daily Living.

3.5. The Influence of Age on the IADL Score

Then, an analysis of the Spearman correlation between the age of the respondents and
the IADL scale result was performed. It has been shown that the older the age, the less
independent in complex everyday activities (Table 5).

Table 5. Influence of age on the IADL result.

Tested Features Spearman’s Correlation Coefficient p-Value

Age and IADL —0.387 p <0.001
IADL—Instrumental Activities of Daily Living.
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3.6. Results of Univariable and Multivariable Regression Analysis—Multimorbidity and IADL

A one-way and multi-factor analysis of the relationship between multimorbidity
and disability in performing complex everyday life activities (IADL) was also carried
out. During the univariate analysis, logistic regression models (separate for each of the
analyzed features) showed that significant (p < 0.05) predictors of the chance of only
partial independence are living with family (OR = 9) and remuneration of PLN 1801-2100
(OR = 0.316). Living with a family increases the chances of only partial independence nine
times compared to living alone. A salary of PLN 1801-2100 lowers the chances of only
partial independence by 68.4% compared to a salary of over PLN 2100.

The multivariate logistic regression model showed that a significant (p < 0.05) in-
dependent predictor of the chance of only partial independence is living with family
(OR =21.485), so it increases the likelihood of only partial independence 21.485 times
compared to living alone (Table 6).

Table 6. Results of univariable and multivariable regression analysis—multimorbidity and IADL.

One-Factor Models Multivariable Model
Characteristic N (%)
OR 95% CI p-Value OR 95% CI p-Value
S 36 (69.23%) 1 ref. 1 ref.
ex 31 (64.58%) 0.81 0.352 1.867 0.622 0.933 0.3 2.899 0.905
Up to 70 years old 27 (55.10%) 1 ref. 1 ref.
Age 71-75 years old 19 (63.33%) 1.407 0.554 3.574 0.472 1.019 0.34 3.056 0.973
Over 75 years old 21 (100.00%) - - - - - - - -
10 (52.63%) 1 ref. 1 ref.
Living With a spouse or partner 27 (56.25%) 1.157 0.399 3.36 0.788 4.239 0.631  28.467 0.137
With family 30 (90.91%) 9 2.029 39918 0.004 21.485 2.25 205.16 0.008
PLN 2101 or more 38 (76.00%) 1 ref. 1 ref.
PLN 1801-2100 15 (50.00%) 0.316 0.12 0.83 0.019 0.368 0.116 1.161 0.088
Salary PLN 1501-1800 5 (45.45%) 0.263 0.068 1.018 0.053 0.739 0.086 6.334 0.783
PLN 1201-1500 5 (100.00%) - - -—- - - - - -
PLN 901-1200 4 (100.00%) -—- --- - --- -—- --- --- -
2 diseases 11 (55.00%) 1 ref. 1 ref.
Comorbidities 3 diseases 39 (66.10%) 1.595 0.568 4.481 0.375 1.275 0.366 4.437 0.703
4 or more diseases 17 (80.95%) 3.477 0.857  14.113 0.081 2.991 0.547  16.347 0.206

PLN—Polish Zloty; 1 PLN = 0.22 EUR.

3.7. Results of Univariable and Multivariable Regression Analysis—Multimorbidity and ADL

Then, univariate and multivariate analyses of the relationship between multimorbid-
ity and disability in basic life activities (ADL) were performed. The univariate analysis
showed that the predictors of the odds of only moderate disability are living with family
(OR =7.083), thus increasing the odds of only mild disability 7.083 times compared to
living alone; and remuneration PLN 1801-2100 (OR = 0.3), reducing the chances of only a
moderate disability by 70.0% concerning salary of over PLN 2100. The multivariate logistic
regression model showed that none of the analyzed features are a significant independent
predictor of the odds of only moderate disability (as all p > 0.05) (Table 7).
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Table 7. Results of univariable and multivariable regression analysis—multimorbidity and ADL.

One-Factor Model Multivariable Model
Characteristic N (%)
OR 95% CI p-Value OR 95% CI p-Value
S Women 17 (32.69%) 1 ref. 1 ref.
exX Men 12 (25.00%) 0.686 0.287 1.643 0.398 0.731 0.272 1.964 0.534
Up to 70 years old 15 (30.61%) 1 ref. 1 ref.
Age 71-75 years old 6 (20.00%) 0.567 0.192 1.671 0.303 0.486 0.148 1.593 0.233
Over 75 years old 8 (38.10%) 1.395 0.478 4.066 0.542 1.451 0.351 6 0.608
Alone 2 (10.53%) 1 ref. 1 ref.
Living With a spouse or a partner 12 (25.00%) 2.833 0.57 14.092 0.203 4437 0.509  38.676 0.177
With family 15 (45.45%) 7.083 1.405 35.7 0.018 7.397 0.75 72.93 0.087
PLN 2101 or more 20 (40.00%) 1 ref. 1 ref.
PLN 1801-2100 5 (16.67%) 0.3 0.098 0.914 0.034 0.311 0.093 1.037 0.057
Salary PLN 1501-1800 3(27.27%) 0.563 0.133 2.38 0.434 1.627 0204 12952 0.645
PLN 1201-1500 1 (20.00%) 0.375 0.039 3.605 0.396 0.431 0.028 6.754 0.549
PLN 901-1200 0 (0.00%) - -—- - --- - --- -—- -—-
2 diseases 4 (20.00%) 1 ref. 1 ref.
Comorbidities 3 diseases 17 (28.81%) 1.619 0.472 5.55 0.443 1.684 0.435 6.519 0.45
4 or more diseases 8 (38.10%) 2462 0.604 10.04 0.209 2.019 0.428 9.532 0.375

PLN—Polish Zloty; 1 PLN = 0.22 EUR.

4. Discussion

The presence of multiple diseases in elderly patients may significantly reduce efficiency,
contributing to the phenomenon of dependence on third parties in performing complex and
straightforward everyday activities. In the conducted research, disability in performing
simple daily activities occurred in 29% of respondents, and a partial disability in complex
activities of everyday life in 67% of respondents. Disability is also influenced by significant
geriatric syndromes and the increasingly frequent frailty syndrome [24].

The relationship between polymorphism and frailty syndrome is challenging to prove.
No statistically significant associations were found between the frailty syndrome and mul-
timorbidity in the authors’ research. Similarly, studies conducted in the elderly population
in Mexico by Rivera-Almaraz et al. did not show any association between weakness and
multiple diseases [25]. Additionally, a study by Fried et al. showed that 26.6% of subjects
with the frailty syndrome were not diagnosed with multiple diseases. These results indicate
an independent development of weakness [26].

Various factors often limit functional performance in simple and complex activities
in the elderly. In this study, the relationship between disability and frailty syndrome
was demonstrated. Efficiency in daily activities, assessed using the ADL scale, correlates
significantly with the physical components of frailty syndrome. In contrast, performance in
complex activities, assessed using the IADL scale, correlates with the overall TFI score and
frailty syndrome’s physical components. This means that in patients with higher ADL and
IADL scores, the severity of the frailty syndrome was less severe. In many other studies,
conducted by Rivera-Almaraz et al. [25], Papachristou et al. [27], Avila-Funes et al. [28],
similar correlations were found between the frailty syndrome and performance scores on
the ADL and IADL scales. In the study conducted by Avila-Funes et al., it was additionally
noted that weakness was associated with functional disability and hospitalizations that
occurred in the period before the study [28]. On the other hand, the work of Papachristou
et al. found that weakness and its determinants may affect the incidence of disability in the
elderly and increase the frequency of falls and mortality [27].

The present study showed a significant correlation between the number of chronic
diseases and the reduction in functional capacity in complex activities of daily living,
assessed using the IADL scale. In patients with an increasing number of multiple diseases,
the independence of these activities was decreased. It was significantly higher in people
with two or three comorbidities than in the group with four or more diseases. Research
showed that the higher the severity of comorbidities, the lower the level of independence
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in everyday and complex activities. Similar results were obtained in the studies carried
out by St John et al. [29], Boeckxstaens et al. [30], and Wang et al. [31]. In the research
work of St John et al., it was proved that multimorbidity predicts deterioration of the
functional state in the elderly, thus leading to death. The occurrence of disability is a
symptom of deteriorating health due to the worsening of multiple diseases. Doctors should
consider that comorbidities carry a risk of disability over time. In addition, a study by
St John et al. indicated that comprehensive geriatric care reduces the risk of functional
deterioration, frequent hospitalizations, and the use of nursing homes [29]. A study by
Wang et al. suggested that many diseases may be related to disability. Specific patterns
have also been noted in cardiometabolic and degenerative psychiatric illnesses that are
particularly strongly associated with functional disabilities among the elderly. The results
obtained in the study provided information that will help to develop prevention of the
development of chronic diseases and functional disability [31].

With age, the biological reserves of the organism decrease, which contribute to limi-
tations in human functioning and the risk of disability and death. The authors’ research
shows that the aging process of the patients decreased their functional ability to perform
complex everyday life activities. Similar results were obtained in the studies of St John
et al. [28] and Su P. et al. [32].

This study also showed the influence of some socio-demographic data on the incidence
of disability. The high earnings of the respondents had an impact on the occurrence of a
higher independence score on the ADL and IADL scales. On the other hand, living with
family increased the risk of reduced functionality compared to living alone. A study by Su
P. et al. showed that women with low incomes more often experienced disability resulting
from the IADL scale. Older people living alone had better fitness than those living with
relatives [32].

A more extensive research group should be gathered when planning future research,
and most treatment centers should be included. This will allow for a considerable diver-
sification of the statistical analysis results and the testing of new hypotheses. Measuring
multiple morbidities will remain a challenge as assessing the scales are too general and
complex. Further research on comorbidities and disabilities in elderly patients could
bring many benefits in preventing chronic disease and preventing reduced performance in
the elderly.

Study Limitations

This study was performed at one site only. In addition, the research group was not
large—as many as 76 patients incorrectly completed the questionnaires, so 100 people were
included in the study. In such a small research group, it was not possible to identify several
relationships, e.g., between the gender of people with multiple diseases and independence
in performing complex activities of everyday life. There was also no knowledge about the
duration of comorbidities, which may affect functional limitations and weaknesses.

5. Conclusions

The increase in the number of comorbidities contributes to reducing the fitness level
in the performance of complex everyday life activities. The severity of comorbidities signif-
icantly reduces the level of independence of the respondents in the field of complex and
straightforward daily activities. In patients with a higher level of independence in perform-
ing simple and complex tasks, the coexistence of frailty syndrome was less pronounced. As
the age of the subjects increases, the frequency in which they show moderate dependence
on third parties in carrying out complex activities of daily life increases.
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