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Abstract
Incidence rates of chronic kidney disease (CKD) are found to increase with age as well as in those elderly
patients undergoing renal replacement therapy. Using glomerular �ltration rate as a sole predictor of CKD
progression in the elderly is highly biased, unless other changes to patient health are accounted for.

Aim: To determine the interrelated dependencies between chronic kidney disease with the functional
status of patients aged over 65 years and to elucidate differences in functional status between CKD
patients and controls.

Methods: Patient subjects were quali�ed according to their assessed outcomes from the study protocol,
which were achieved by: geriatric interview, assessing functional status by the IADL, Barthel and Tinetti
tests together with assessing kidney function by performing laboratory tests of glomerular �ltration rate,
creatinine and urea. Subjects were divided into two groups: method 1 - according to GFR and method 2 -
according to GFR and functional test results. The data were statistically analysed by structural equation
modelling and k-means.

Results: Positive relationships were found between the CKD stage and comorbidity (β = 0.551, p <0.0005),
along with the number of medications taken and age (respectively β = 0.194, p = 0.007 and β = 0.301, p
<0.0005). A highly negative relationship was observed between the CKD stage and the Tinetti test results
(β = -0.716, p <0.0005), whilst more moderate ones were found with the IADL and Barthel scores
(respectively β = -0.49, p <0.0005 and β = -0.402, p <0.0005). The patient groups demonstrated
differences in health status when selected by method-2 for: age, comorbidity, number of medications
taken, �tness test outcomes (Tinetti, Barthel and IADL tests at p <0.005). Those groups divided according
to GFR, however only showed differences in age, comorbidity and the number of medication taken (p
<0.005).

Conclusions: The functional status worsens in geriatric patients suffering from CKD. It may thus be
important to also account for disruptions to functional status when assessing CKD advancement in the
elderly in addition to the GFR. The biggest problems for the over 80s suffering from CKD are gait and
balance disorders, leading to a high risk of falls. Another common problem is polypharmacy, found in
both the geriatric population and particularly in those suffering from CKD.  

Introduction
Study context and background

Diagnosing CKD and monitoring the progression of CKD in the elderly are  not only achieved by
measuring changes in the levels of biological markers that re�ect kidney function (i.e. creatinine, urea and
GFR), but also by assessing changes in functional, emotional, cognitive and nutritional status.
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Making such diagnoses requires having the right knowledge and skills to use appropriate scales and
tests for performing a comprehensive geriatric assessment. Incidence rates of CKD increases with age
and thus becomes a social problem in the elderly. Almost 50% of people aged over 70 years  are
diagnosed with CKD grade 3-5 (1).

Study aims

To determine: 1), the mutually interrelated dependencies between CKD with the functional status of
patients aged over 65 years by using the IADL, Barthel, Tinetti tests and 2), to elucidate differences in
functional status between CKD patients and controls.

A summary of relevant studies to date

Patients suffering from advanced CKD will be also frequently suffering from many other diseases,
particularly diabetes, cardiovascular disease and vascular diseases of the central nervous system. A high
morbidity rate is associated with a high mortality rate in such patients (2). Comorbidity is mentioned by
the Bansal risk prediction model, as presented in the ERBP report, where it is one of the predictors
determining the probability of death in CKD patients at stages 3-5 who are not undergoing any dialysis
therapy (1), (3).

Other studies have also shown that morbidity is associated with polypharmacy and mortality in the
elderly (4). Polypharmacy is taken to mean any patient taking more than �ve drugs, including prescription
drugs, as well as the so-called dietary supplements (5). Taking many drugs increases the risk of harmful
interactions, including those directed against the kidneys which could thereby lead to acute kidney injury
or an exacerbation of CKD.

Physical �tness (functional) of elderly patients is the ability to perform daily life activities, whether
independently, with the aid auxiliary devices or from people such as eating and preparing meals,
maintaining personal hygiene and that of their surroundings as well as moving around, the ability to take
medications independently, using the telephone and exercising personal control over �nances.
Progressive aging however leads to a gradual loss of both �tness and being able to independently
execute daily activities. A comparative study has shown that the ability of being able to carry out complex
everyday activities (Instrumental Activity of Daily Living; IADL) had decreased to 9.9% in 90-year-olds
compared to rates of 79.4% in those aged 65-69 years (6). Moreover, assistance is needed by 1:10
persons aged above 80 years in performing basic self-activities, such as personal hygiene and walking or
eating (ADL); indeed, more often than not by women than men (7). This however relates to the general
population of the elderly without CKD, but there are haven’t been any studies in this area on people with
renal insu�ciency. Mobility problems (e.g. gait and balance) contribute to falls, which affects 30-50% of
the elderly living outside of care institutions, with half having falling-accidents more than once yearly (8).
The 2016 ERBP report states that CKD is associated with patients’ state of physical �tness and frailty
syndrome, and therefore with the level of exercises performed and mobility (1).
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Reasons why the study is important.

The presented study emphasises the role of undertaking a comprehensive geriatric assessment,
particularly to detect changes in the patient's functional status when assessing CKD advancement. It also
suggests a reversal from the current trend of relying only on laboratory parameters in such an
assessment. This research is also highly relevant and needed because there are as yet still no guidelines
for medical practitioners in geriatric nephrology on which is the most appropriate tool for assessing
functional status in the elderly suffering from CKD.

Methods
Study protocol

The study subjects were assessed according to the developed protocol, which included the following
procedures:

1. Geriatric interview including, inter alia, age, comorbidity (number of diseases), the recorded history of
medications taken.

2. Geriatric physical examination, including:

Assessing the patient's functional status using the Lawton IADL test , the Barthel test and the Tinetti test
to assess the risk of falls.
 3. Additional blood tests for creatinine, urea and GFR assessment (short version MDRD).

The scoring scales assessing functional status by the IADL, Barthel, Tinetti methods can be found in the
footnotes at the end of this paper.

Characteristics of the study subjects

The study group were patients aged over 65 years of age, hospitalised at the Nephrology Clinic of the
Military Institute of Medicine and those patients under long-term care at the Dialysis Center, also from the
Military Institute of Medicine.

The participants were divided into groups by using two methods: 1) according to GFR division and, 2)
according to division by GFR and functional test results.

The following groups were obtained when the GFR criterion was used:

Group-1, the haemodialysis, with CKD stage V (GFR of  <15    ml/min 1.73 m2); n=28.

Group-2, with CKD stage III-IV (GFR of 15-60 ml / min / 1.73 m2);    n= 62.

Group-3, controls, subjects without CKD, n=23, (patients with a          GFR of > 60 ml / min were
quali�ed for this study, without any        past history of CKD nor with any additional tests suggesting
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a   past   CKD  diagnosis).

The following groups were obtained when the GFR criterion was used together with functional test
outcomes:

Group i.1 with CKD stage IV-V, n=28, who were on haemodialysis    together with n=16 subjects with
CKD stage IV that had similar  functional test results; giving a total of n=44. 

Group i.2 with CKD stage II-III and similar functional test results;        n= 34.

Group i.3, the controls (n=23 CKD-absent and n=12 subjects with a         GFR of 50-59 ml / min that
had similar functional test outcomes to those with CKD absent); giving a total of n=35.

The group breakdowns distinguished 3 clusters of patients, corresponding to the 3 patient groups so
formed by the primary division according to the GFR described earlier: the CKD group, the hemodialysis
group and the control group. Similar results were observed for each group in terms of both renal function
markers and the geriatric evaluation tests.

Statistics methods

A hypothetical model was created for this study, which was based on the literature, that presents the
interrelationship between CKD (latent variable) and functional status (endogenous variables) of patients
with their age, number of medications taken and comorbidity (exogenous variables). This structural
model is shown in Figure 1.

Structural equations were used to verify the model and how well the obtained data �tted in using the ADF
(Asymptotically Distribution Free estimator) (9). Using parametric statistics were precluded because the
data were not normally distributed and therefore cluster analysis (k-means method) was used enabling
similar clusters to be distinguished according to the intensity of the variables (10). The selected groups
were compared with each other using ANOVA (11).

Results
Theoretical model

Positive relationships were found between the CKD stage and comorbidity (β = 0.551, p <0.0005), the
number of medications taken (β = 0.194, p = 0.007) and age (β = 0.301, p <0.0005). Whereas a highly
negative relationship was observed between the CKD stage and outcome from the Tinetti test (β = -0.716,
p <0.0005), whilst the IADL and Barthel scores showed more moderate levels at respectively β = -0.49, p
<0.0005 and β = -0.402, p <0.0005.

Group results

Group outcomes divided according to GFR and other variables
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Three similar clusters of test subjects were distinguished according to the intensity of variables as
described in the theoretical model. The �rst group consisted of 44 subjects who had the highest
concentrations of creatinine (normalised mean value) and urea but the lowest GFR i.e. Those with
advanced CKD stage IV-V. This group had the lowest mean age among all the groups distinguished but
the highest comorbidity and they took the most drugs. Outcomes from the Tinetti test were average,
whilst they were high for everyday activities (according to the IADL and Barthel tests) (Figure 2, Table 1). 

Table 1. Cluster group arithmetic mean values according to GFR and function tests

  HD CKD Control

Creatinine 4.98 2.13 1.07

Urea 129.45 92.111 43.49

GFR 13.43 34.39 69.77

Age 72.43 84.64 76.8

Comorbidities 5.22 4.55 2.8

Medication 10.15 7.02 5.42

Tinetti 22.65 17.38 26.6

IADL 7.54 5.5 7,6

Barthel 97.5 82.05 99.14

Number of cases 44 34 35

Percentages (%) 38.93 30.08 30.97

A second cluster was classi�ed by algorithms into 34 people with average study levels of creatinine, urea
and GFR; this being subjects with stage II-III CKD (Figure 2,Table 1). This group had the highest mean
study age, the highest score comorbidity ascores of all groups, medication at average study levels and
had the lowest Tinetti test scores as well as on the daily activities tests (IADL, Barthel).

The algorithms classi�ed 35 subjects in the third cluster with the lowest creatinine and urea
concentrations but the highest GFR value. These were subjects without CKD (Figure 2, Table 1). They had
average ages compared to the other groups, the lowest comorbidity and  took the least drugs, achieving
the highest outcomes in the Tinetti test as well as the highest scoring of daily activities by the I-ADL and
Barthel tests.

These clusters so identi�ed showed statistically signi�cant differences with in all variables (Table 2).
Large effects between the clusters were observed for creatinine, urea, GFR, age, comorbidity, medications
and the Tinetti, IADL and Barthel test scores.There were signi�cantly differences in all variables between
the identi�ed; 
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Table 2. ANOVA performed on variables between groups divided according to GFR and function testing.

  Intra-group
variation

f Inter- group
variation

df F p-
value

η2 Int.

Creatinine 329.1 2 188.6 10 95.9 <0.005 0.635 Large

Urea 144064.9 2 122889.8 10 64.4 <0.005 0.539 Large

GFR 62245.8 2 23286.0 10 147.0 <0.005 0.727 Large

Age 2883.9 2 3752.2 10 42.2 <0.005 0.434 Large

Comorbidities 118.8 2 469.7 10 13.9 <0.005 0.201 Large

Medication 461.6 2 909.4 10 27.9 <0.005 0.336 Large

Tinetti 1475.0 2 3252.3 10 24.9 <0.005 0.312 Large

IADL 101.9 2 241.8 10 23.1 <0.005 0.296 Large

Barthel 6267.0 2 33505.2 10 10.2 <0.005 0.157 Large

Description of symbols used in Tables 2 & 4 (and in text): df = degrees of freedom (either between or
within groups), F = variance ratio, η2 = a measure of the proportion of total variance (related to the effect
size index), Int = the magnitude of the effect size index, ie.; 0.01-0.06 (Small), 0.06-0.14 (Medium) and
>0.14 (Large), (29).

Group outcomes divided according to GFR

A cluster analysis was also performed on the variables described in the theoretical model by using the k-
means method where a modelled grouping of variables was introduced for those undergoing dialysis,
with and without renal failure, in such a way that only subjects belonging to groups selected on the basis
of eGFR values were classi�ed to the clusters.

This aimed to determine whether there are signi�cant differences between these groups and what pro�le
is characteristic for each of these groups, in terms of the variables described in the theoretical model. The
solution to the cluster analysis is presented in Figure 3.

People belonging to the group with renal insu�ciency (n = 62, Table 3) have average results among all
groups in terms of creatinine, urea and GFR, they are characterized by the highest mean age, lower than
the group of patients on hemodialysis (n=28, Table 3) comorbidity and the number of drugs taken. The
remaining differences between the groups were statistically insigni�cant (Table 4).

Control subjects, without CKD (n = 23, Table 3), had the lowest creatinine and urea, whilst having the
highest GFR. They were of average study age, had the lowest comorbidity index and took the fewest
drugs. All other differences found between the groups were statistically insigni�cant (Table 4).

Table 3. Cluster means in groups according to GFR
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  HD CKD Control

Creatinine 5.87 2.31 0.92

Urea 130.35 93.98 37.96

GFR 10.35 32.62 82.17

Age 71.71 80.40 76.52

Comorbidities 5.28 4.45 2.56

Medication 10.78 7.19 5.56

Tinetti 21.89 21.66 24.47

IADL 7.25 6.66 7.34

Barthel 96.78 91.53 94.13

Number of cases 28 62 23

Percentages (%) 24.77 54.86 20.35

The differences between groups were large for creatinine, urea, GFR, age, comorbidity, and medications,
but small for Tinetti test outcomes and those measuring daily activities (ie. I-ADL and Barthel tests)
(Table 4).

Table 4. ANOVA performed on variables between groups divided according to GFR.

  Inter-group
variation

df Intra-group
variation

D  
f

          F p-
value

η2 Int.

Creatinine 358.8 2 158.9 110 124.19 <0.005 0.693 Large

Urea 108575.5 2 158379.2 110 37.70 <0.005 0.407 Large

GFR 67994.3 2 17537.5 110 213.23 <0.005 0.795 Large

Age 1481.7 2 51544 110 15.81 <0.005 0.223 Large

Comorbidities 97.8 2 490.7 110 10.95 <0.005 0.166 Large

Medication 387.0 2 984.0 110 21.63 <0.005 0.282 Large

Tinetti 139.1 2 4588.3 110 1.66 0.193 0.029 Small

IADL 11.3 2 332.4 110 1.87 0.158 0.033 Small

Barthel 549.4 2 39222.8 110 0.77 0.465 0.014 Small

Description of symbols used in Tables 2   & 4 (and in text): df = degrees of freedom (either between or
within groups), F = variance ratio, η2 = a measure of the proportion of total variance (related to the effect
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size index), Int = the magnitude of the effect size index, ie.; 0.01-0.06 (Small), 0.06-0.14 (Medium) and
>0.14 (Large), (29).

Discussion
Relationship of chronic kidney disease with functional status

The analysis using structural equations demonstrated the different extents by which CKD is associated
with all the studied variables in the elderly (i.e. numbers of medications taken, comorbidity, age and
physical �tness).
 As an independent factor, having CKD worsens the physical condition of elderly patients and results in a
two-fold increase in the risk of impaired functional status compared to those elderly people without CKD
(12), (13), (14), (15), (16) .

The mechanisms underlying this relationship are complex. Some studies have associated CKD with
increased comorbidity, especially with cardiovascular diseases, which in turn reduces physical activity
and thereby an impaired functional status (17). Indeed, our study showed that CKD is moderately
associated with comorbidity and patient performance in functional tests. Other studies have explained
this association by the presence of the so-called fragility syndrome which occurs three times more often
in patients with CKD and end-stage renal disease than subjects with normal renal function (13), (18), (19).
The fragility phenotype is characterised by a tendency for unintentional weight loss, muscle weakness,
subjective exhaustion, slow walking speed and decreased physical activity (20). One of its causes is
considered to be high comorbidity. It is also responsible for increasing the body’s energy consumption
thereby leading calori�c de�ciency and, consequently to protein-energy malnutrition. Other causes of the
fragility syndrome in CKD include anaemia, chronic in�ammation, metabolic acidosis, endocrine and
calcium-phosphate disorders (21). Remedying such disorders improves the functional status in post-
kidney transplant patients and is another piece of evidence to show that CKD worsens the functional
status of patients (22).

The relationship between CKD and patient age is unclear. A multicentre meta-analysis by S. Hallan (JAMA
in 2012), demonstrated that low eGFR and high albuminuria are associated with mortality and ESRD
(End-Stage Renal Disease) irrespective of age (26). Nonetheless, our study in fact showed an association
of CKD with patient age. Reasons for this disagreement are most likely because mean age in the former
study was 49.4 years compared to our study mean of 80.4 years.

The problem of polypragmasy is common among older patients, but there are only a few scienti�c reports
regarding any direct relationship between the number of medications taken with CKD. The presented
study however showed a weak relationship between CKD and the number of medications taken, whereas
an English study showed that approximately 20% of patients with CKD take more than 10 different
medications daily (27).

Differences in patients’ health status in groups divided according to GFR and functional test outcomes
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Our study has revealed that the patient groups with renal failure, without renal failure and haemodialysis
signi�cantly differed from each other in terms of: age, comorbidity, number of medications taken and
�tness test outcomes (Tinetti test, Barthel's scale, IADL scale); p <0.005. As expected, the control group
outcomes showed the lowest comorbidity, patients taking the least drugs, highest scoring in gait and
balance tests (Tinetti test) along with the �tness tests (IADL, Barthel).

Haemodialysis patients are however younger, have the highest comorbidity, take the most medications,
and have average study results in for the �tness tests. The average study outcomes in tests of daily
activities in this group can be explained by their lower age compared to the ages of the CKD subjects
(72.4 years vs 84 years). Nevertheless, the high scores from the IADL test (7.5 pp. / 8 pp.) and Barthel test
(97.5 pp. / 100 pp.) did not correlate with the low score in the Tinnetti test (22.6 pp. / 28 pp.). These
results suggest there is an additional factor present that increases the risk of falls within this patient
group; this might be the large number of drugs taken (average of 10 /day) or the high concentrations of
creatinine (average 4.98 mg /dl) or urea (average 129.45 mg /dl).

The CKD group have the highest mean age (84 years), take less drugs than dialysis patients, and have a
lower comorbidity compared to dialysis patients. Furthermore, they scored the lowest in the gait and
balance test (17.3p. / 28p in the Tinetti test) and also the lowest results in the �tness tests (IADL test,
Barthel). Such low scoring in the functional tests are due to the presence of advanced CKD (stage III) and
the age of the respondents. Similar observations have been presented by D. Weiner and S. Seliger (28).
 One can assume that the low scores obtained by patients aged over 80 years  in the Tinetti test will lead
to more frequent falls in these patients. Indeed, yearly falls are observed in around 30% of people aged
over 75 years without CKD, in about 38% of people with CKD and about 50% of patients  on
haemodialysis (23), (24), (25). Disorders in gait arise from the following in these patients: weakening of
muscle strength when suffering from the fragility syndrome, sensation impairment furing diabetic
neuropathy, visual disturbances whilst suffering from cataracts, glaucoma, macular degeneration,
diabetic and hypertensive retinopathy, disorders of the vestibular system (caused by hyper- and arterial
hypotension), water and electrolyte disruption, polypragmasy and cerebral circulatory disorders.

Both CKD patient groups, (i.e. stage III of CKD and the HD - stage IV-V of CKD) gave more inferior test
scores for the functional test compared to controls thus providing evidence that CKD signi�cantly
worsens the functional status of patients irrespective of age.

Differences in patients’ groups health status divided according to GFR

Our results demonstrate that those subject groups with renal failure, without renal failure and those
undergoing haemodialysis signi�cantly differ from each other in terms of: age, comorbidity and number
of medications taken; p <0.005. Differences in daily activities were found to be insigni�cant as measured
by the Tinetti, IADL and Barthel scales which shows that assessing the severity and progression of CKD
should be made not only on the basis of eGFR values, but also by assessing changes in the functional
status of patients.
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Finally, the amount of medications taken by the patient groups also needs commenting on. The most
drugs were taken by the HD patients (~ 10), regardless of group breakdown, whilst slightly fewer were
taken by CKD patients (~ 7), and the least by the control group (~ 5). This means that the problem of
polypragmasy concerned all subjects and therefore it is necessary to take remedial measures to reduce
this unfavourable phenomenon.

Conclusion
CKD in the geriatric population worsens their functional status. Disruptions to the functional status of
such patients may also play a role when assessing the advancement of CKD in the elderly, in addition to
the GFR value. Gait and balance disorders were found to be the biggest problems in the CKD group aged
over 80 years resulting in a high risk of falls. Polypharmacy is also another common problem in the
elderly, especially in patients with CKD.
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Figure 1

The theoretical model in the author's own elaboration describing the interrelationships between CKD and
the patient's age, comorbidity, the number of medications taken and the functional status measured
using the IADL, Tinetti, and Barthel tests.
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Figure 2

Normalised variable means according to GFR and function tests. Legend: HD group (i.1 group), CKD
group (i.2 group), Control group (i.3 group) Y-axis: Change to decimal point notation, ie. 1.2, 1.0, 0.8, 0.6,
0.4, 0.2 & 0.0 X-axis: Creatinine, Urea, GFR, Age, Comorbidities, Medication, Tinetti, IADL, Barthel
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Figure 3

Grouped clusters developed by the k-means method according to GFR. Legend: HD (group 1), CKD (group
2), Control (group 3) Y-axis: Change to decimal point notation, ie. 1.2, 1.0, 0.8, 0.6, 0.4, 0.2 & 0.0 X-axis:
Creatinine, Urea, GFR, Age, Comorbidities, Medication, Tinetti, IADL, Barthel


