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Abstract

Background: Quality of life (QoL) impairment is a well-known consequence of chronic kidney disease (CKD). The factors
influencing QoL and late life functional health are poorly examined.

Methods: Using questionnaires combined with neuropsychological examinations, we prospectively evaluated physical,
cognitive, and emotional factors influencing QoL, functional health and participation in community dwelling in 119 patients
with CKD stages 3-5 including hemodialysis (61.5*15.7years; 63% men) and 54 control patients of the same age without
CKD but with similar cardiovascular risk profile.

Results: Compared with control patients, CKD patients showed impairment of the physical component of QoL and overall
function, assessed by the SF-36 and LLFDI, whereas disability, assessed by LLFDI, was selectively impaired in CKD patients on
hemodialysis. Multivariable linear regressions (forced entry) confirmed earlier findings that CKD stage (B = —0.24; p=0.012)
and depression (B =—0.30; p=0.009) predicted the QoL physical component. Hitherto unknown, CKD stage (= —0.23;
p =0.007), cognition (3=0.20; p=0.018), and depression (f=—0.51; <0.001) predicted disability assessed by the LLFDI,
while age (B=—0.20; p =0.023), male gender (B=5.01; p =0.004), CKD stage (= —0.23; p=0.005), stroke history (B= —9.00;
p =0.034), and depression (= —0.41; p<<0.001) predicted overall function. Interestingly, functional health deficits, cognitive
disturbances, depression, and anxiety were evident almost only in CKD patients with coronary heart disease (found in 34.2%
of CKD patients). The physical component of QoL and functional health decreased with age and depressive symptoms, and
increased with cognitive abilities.

Conclusions: In CKD, QoL, functional health, and participation in community dwelling are influenced by physical, cognitive,
and emotional factors, most prominently in coronary heart disease patients.
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dialysis, where they predisposed to QoL impairment [11-14], but
less often in earlier stages of CKD [15-17]. Whether and how
cognitive performance affects QoL in CKD was hitherto
unknown.

For the evaluation of late life functioning, assessments of
functional health and participation in community dwelling are
widely used in health services research [18,19]. In age-related
diseases, the Late Life Function and Disability Instrument
(LLFDI), which consists of a disability and overall function
dimension that can be broken down into various subscales, is
particularly well validated [20,21]. Together with the Medical
Outcomes Study Short Form-36 (SF-36) health survey [22] and a
detailed neuropsychological examination, this tool allows partic-
ularly thorough QoL investigations.

Introduction

Chronic kidney disease (CKD) is a worldwide growing health
problem that is found in 23-35% of adults above 64 years [1].
Quality of life (QoL) is reduced in this population [2]. The
underlying reasons are largely unknown. A better understanding is
important, because QoL is closely linked to patient morbidity and
mortality [3]. QoL is also frequently used as outcome measure in
CKD treatment studies [3]. In CKD patients requiring dialysis,
QoL has previously been associated with compliance to dialysis,
hospitalization and survival [4-6].

CKD patients exhibit high loads of vascular risk factors and co-
morbidities [7-9], compromising QoL in this patient group [10].
As a matter of fact, vascular diseases are not the only factors

influencing QoL in CKD: CKD patients frequently present with
cognitive deficits and depressive symptoms [9]. Depressive
symptoms have frequently been studied in stage 5D patients on
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Considering the lack of a comprehensive study that examined
the effect of physical, cognitive and emotional factors on QoL,

March 2014 | Volume 9 | Issue 3 | 91176


http://creativecommons.org/licenses/by/4.0/

functional health and participation in community dwelling, we
prospectively studied 119 patients with CKD stages 3-5 and 5D,
which we compared with a control group consisting of 54 control
patients without CKD, but with similar age and vascular risk
profile. In these subjects, we investigated QoL and late life
functional health using the SF-36 and LLFDI questionnaires, and
performed a detailed neuropsychological examination, in which
we evaluated the patients’ cognitive performance.

Methods

Ethics Statement

This study was approved by the ethics committee of the faculty
of medicine at the University of Duisburg-Essen (08-3817). All
participants enrolled in the study provided written informed
consent.

Participants

The New Tools for the Prevention of Cardiovascular Disease in
CKD study (NTCVD) is a prospective study analyzing the effects
of risk factors and markers of cardiovascular disease in patients
with CKD [23]. 119 patients with CKD stages 3-5 (according to
K/DOQI-classification) [24] including hemodialysis were recruit-
ed together with 54 control patients with similar cardiovascular
risk profile but without CKD at the Department of Nephrology at
the University Hospital Essen with the help of local physicians. 30
of 119 patients had CKD stage 3A (45=estimated glomerular
filtration rate [eGFR]<60 ml/min/1.73m?), 21 had CKD stage
3B (30=e¢GFR<45 ml/min/1.73m?, 21 had CKD stage 4 (15=
eGFR<30 ml/min/1.78m?, 12 had CKD stage 5 not requiring
hemodialysis (¢GFR<15 ml/min/1.73m? and 35 had CKD stage
5D requiring hemodialysis (any eGFR). All patients underwent a
standardized interview to collect demographic data and a medical
history, followed by a physical examination, laboratory analyses
and neuropsychological testing. All patients completed standard-
ized questionnaires to assess quality of life, functional health and
participation in community dwelling, and mood disturbances.

Medical History and Laboratory Tests

The detailed medical history included information about the
onset and treatment of CKD, known cardiovascular risk factors,
associated 1illnesses (specifically coronary heart disease (CHD),
myocardial infarct, stroke, transient ischemic attack (TTA),
peripheral artery disease (PAD)), and current medications. Blood
and urine samples were collected, in which the stage of CKD and
vascular risk profile were evaluated in addition to routine blood
parameters. eGFR was calculated using the modification of diet in
renal disease formula (MDRD). Education was assessed by
evaluating the highest academic degree and patient years of
school education.

Standardized Questionnaires
Three standardized self-report questionnaires were completed:

(1) QoL was assessed using the SF-36 health survey [22]. The SF-
36 consists of two summary scores, the physical component
score and mental component score, that are broken down in
eight subscales (‘physical function’, ‘physical role’, ‘bodily
pain’, ’general health perceptions’, ‘mental health’, ’emotional
role’, ‘social function’, ’vitality’). Raw values of all summary
scales were transformed into standardized 0-100 scales.
Higher scores indicate better QoL or less impairment for
each domain.
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(2) Functional health and participation in community dwelling
was evaluated by the LLFDI [20,21]. The LLFDI consists of a
total disability component score, composed of two summary
scales, the disability dimension and overall function. The
disability dimension is broken down in frequency of
performance (measuring social and personal role domains)
and limitation in capability (measuring instrumental and
management role domains). The function component assesses
overall function in three subcategories (upper extremity, basic
lower extremity and advanced lower extremity). All items are
scored on a 5-point ordinal scale. Component scores range
from 0-100, higher scores indicating less impairment. Raw
scores were transferred in scaled scores by summing up
subscale relevant items.

(3) Depression and anxiety were examined using the Hospital
Anxiety and Depression Scale (HADS) [25]. The HADS is a
14-item questionnaire, of which 7 items each examine
depressive and anxiety symptoms on a 4-point scale. As such,
scores from 0-21 points are obtained for both subscales,
higher scores indicating higher symptom prevalence. In
accordance with Zigmond and Snaith (1983) [25], categories
were formed with 0-7 points being interpreted as normal, 8—
10 points as borderline finding, and =11 points as suggestive
for depression or anxiety.

Neuropsychological Assessment

Participants were examined with a battery of ten standardized
tests, namely (a) the revised Wechsler memory scale (subtests digit
and block span, forward and backward; assessment of verbal and
spatial short-term and working memory) [26], (b) the trail making
test (I'MT) part A (assessment of information processing speed)
[27], (c) the trail making test part B (assessment of executive
flexibility) [27], (d) the Stroop test (assessment of executive
flexibility) [28], (e) the Regensburg word fluency test (subtests
‘animals’ and ‘s-words’; assessment of lexical and semantical word
fluency) [29] and (f) the Rey-Osterrieth complex figure test (copy
task, assessment of visuo-constructive function) [30]. For CKD
patients, z-scores were calculated for all ten neuropsychological
tests based on norm values generated in the control cohort [9]. A
global cognitive performance variable was formed by computing
mean values of these z-scores. This global cognitive performance
variable was used for further analyses. To rule out major
confounders of cognitive performance as a consequence of patient
tremor, the Whiget tremor rating scale was used. Examiners were
not notified about the medical condition of the participants by the
recruiting staff.

Statistical Analysis

Continuous data are expressed as mean®SD for normally and
median (Q1;Q3) for non-normally distributed variables, categor-
ical data as counts (%). For continuous data, group differences
between control patients and all CKD patients were calculated
with unpaired two-tailed t-tests (normally distributed data) or
Mann-Whitney tests (non-normally distributed data). To compare
control patients with CKD patients with or without dialysis, (a)
one-way analyses of variance (ANOVA) followed by Bonferroni
(equal variances) or Games-Howell (unequal variances) post-hoc
tests (normally distributed continuous data) and (b) Kruskall-Wallis
tests followed by Mann-Whitney tests with Bonferroni corrections
for multiple testing (non-normally distributed continuous data)
were used. Categorical data were evaluated by chi-square or
Fisher tests. Predictors of QoL, functional health and participation
in community dwelling, and depression were analyzed using
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univariate and multivariable linear regressions (forced entry
strategy). In the regression studies, SD values were used as unit
for determining B values. All comparisons were performed with

SPSS 19 for Windows (SPSS Inc., Chicago, IL).

Results

Study Cohort

The characteristics of the NTCVD cohort are summarized in
Table 1. CKD patients in this study had a mean age of 61.5+15.7
years, with a predominance of men (63%) in the sample. As
described before [9], the age and gender profile did not differ from
control patients. Compared with patients belonging to CKD stages
3-5 that did not receive renal replacement therapy, patients with
CKD stage 5D on hemodialysis were younger and slightly (though
not significantly) more often men. Education assessed as highest
academic degree did not differ between groups, although CKD
stage 3—5 patients not requiring dialysis had significantly less years
of school education than control patients. Handedness did not
differ between groups. CKD patients showed higher Whiget
tremor scores for the left hand (median (Q1;Q3)=0 (0;2))
compared with control patients (0 (0;0)).

Medical History and Laboratory Findings

Medical history and laboratory findings are also shown in
Table 1. As expected, CKD patients exhibited a high prevalence
of CHD or myocardial infarcts (34.2%) and PAD (10.2%). Only
5.9% reported strokes or TIAs. The prevalence of cardiovascular
diseases did not differ between control patients, CKD stage 3-5
patients not receiving hemodialysis, and CKD stage 5D patients
receiving hemodialysis. Stroke prevalence was higher in CKD
stage 3-5 patients (8.4%) than in control (0%) and stage 5D (0%)
patients. Hemoglobin (Hb) was lower in CKD stage 3-5
(12.5%1.7 g/dl) and stage 5D (12.5%1.6 g/dl) patients than in
control patients (14.1£1.3 g/dl). Creatinine was elevated in CKD,
more strongly in stage 5D (median (Q1;Q3)=5.9 (4.4;8.1) mg/dl)
than stage 3-5 (1.8 (1.3;3.2) mg/dl; control patients: 1.1 (0.9;1.2)
mg/dl). Mean eGFR in the CKD group not requiring dialysis was
35.2+16.0 ml/min/1.73 m?, compared with 70.9+9.6 ml/min/
1.73 m? in control patients.

Cognition and Mood

Neuropsychological test results, depression and anxiety scores
are also shown in Table 1. As previously shown [9], global
cognitive performance, evaluated by z-scores as mean of ten
neuropsychological tests, was worse in CKD stage 3-5 (—
0.56+0.81) and stage 5D (—0.46%0.90) than in control
(0.0%0.58) patients. 30.3% of CKD patients had a poor cognitive
performance that was more than one standard deviation below
controls.

Mean depression and anxiety scores, evaluated by HADS, did
not significantly differ between control patients and CKD groups.
Yet, stage 5D patients receiving hemodialysis had a higher
prevalence of depressive symptoms (31.4% with HADS score=11),
than control patients (5.6%) and CKD stage 3-5 patients not
receiving hemodialysis (8.3%). The prevalence of anxiety symp-
toms did not significantly differ between groups.

Quality of Life

In the SF-36 questionnaire, stage 3-5 (40.7%11.3) and stage 5D
(40.5%10.3) patients showed a significant lower physical compo-
nent score than control patients (47.4*11.2) (Table 2). The mental
component score did not differ between groups. In the physical
component, CKD patients showed impairments in physical
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function, physical role and general health. In the mental
component, CKD patients revealed impairments in social
function. In the latter score, stage 5D patients had significant
lower values than stage 35 patients not requiring dialysis.

Functional Health and Participation in Community
Dwelling

CKD patients had worse scores in the LLFDI disability
dimension (62.3%£9.9) and overall function (60.1%=12.8) scales
than control patients (disability dimension: 67.0%7.5, overall
function: 68.3%8.3), which was evident in all subscales except in
the social role domain (Table 2). In general, CKD stage 3-5
patients not on hemodialysis did not differ from stage 5D patients
on hemodialysis, except for the personal role domain, in which
stage 5D patients exhibited lower scores.

Predictors for Quality of Life: Role of Medical Conditions

To evaluate QoL predictors, univariate and multivariable linear
regressions were computed for the whole cohort using a variety of
models in which demographic factors (age, gender, education),
CKD-related factors (CKD stage, hemoglobin), vascular diseases
(CHD/myocardial infarct, stroke/TIA, PAD), cognitive perfor-
mance, depression and anxiety were inserted in different
combinations (Table 3). In univariate regressions, the factors age
(B=—0.22; p=0.005), education (B =0.18; p =0.020), CKD stage
(B=-0.21; p=0.006), CHD/myocardial infarct (B= —3.83;
p=0.041), PAD (B=-7.22; p=0.030), cognitive performance
(B=0.26; p=10.001) depression (B = —0.36; p<<0.001) and anxiety
(B=—0.21; p=0.001) were predictors of the physical component
of QoL, while the factors CHD/myocardial infarct (B= —4.12;
p=0.020), depression (B=—0.62; p<0.001) and anxicty (B=—
0.68 per SD; p<<0.001) were predictors of the mental component
of QoL.

In multivariable regressions (forced entry strategy), the physical
component of QoL was predicted by the factors age (B = —0.23;
p=0.018) and CKD stage (B=—0.30; p=0.002) (model 2 in
Table 3, which contains demographic factors, CKD-related
factors and vascular diseases), the latter of which disappeared,
while depression became predictive (B = —0.30; p =0.009), when
cognitive performance, depression and anxiety were inserted into
the regression analysis (full model 3 in Table 3). The mental
component of QoL was predicted by the factors depression (= —
0.35; p<0.001) and anxiety (B = —0.45; p<<0.001) only (full model
3 in Table 3).

Predictors of Functional Health and Participation in
Community Dwelling: Role of Medical Conditions

Since impairments in daily life activities have an impact on QoL
in other medical conditions [31], we next examined predictors of
functional health and participation in community dwelling using the
LLFDI disability dimension and overall function summary scores
with the same univariate and multivariable linear regression models
as above (Table 4). In univariate regressions, the factors age (B = —
0.22; p=0.007), male gender (B= —3.85; p=0.018), CKD stage
(B=-0.27; p=0.001), CHD/myocardial infarct (B=—4.46;
p=0.007), cognitive performance (= 0.39; p<0.001), depression
(B=—0.58; p<0.001) and anxiety (8 = —0.33; p<<0.001) predicted
the disability dimension of the LLFDI (in which higher scores
indicate better health), whereas the factors age (B=—0.29; p<
0.001), education (B=0.16; p=0.037), CKD stage (B=—0.25;
p=0.001), hemoglobin (B=0.17; p=0.025), CHD/myocardial
infarct (B=—5.78; p = 0.002), stroke/TIA B=—12.79; p=10.012),
PAD (B=—9.27; p=0.007), cognitive performance (B =0.36; p<
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0.001), depression (= —0.48; p<0.001) and anxiety (B = —0.26;
p = 0.001) predicted overall function.

In multivariable regressions, the factors age (B = —0.22 per SD;
p=0.021), CKD stage (3= —0.37; p<<0.001) and CHD/myocar-
dial infarct (B = —4.04; p=10.018) predicted the LLFDI disability
dimension, whereas age (B=-—0.29; p=0.001), male gender
(B=3.77; p=0.047), CKD stage (B=—0.32; p<0.001), CHD/
myocardial infarct (B = —5.54; p=0.005) and stroke/TIA (B= —
9.45; p=0.044) predicted overall function (model 2 in Table 4,
which contains demographic factors, CKD-related factors and
vascular diseases). When cognitive performance, depression and
anxiety were included into multivariable regression analyses
(model 3 in Table 4), CHD/myocardial infarct did not predict
the disability dimension and overall function any more. Instead,
cognitive performance (= 0.20; p=0.018) and depression (= —
0.51; p<<0.001) (disability dimension) or depression (B=—0.41;
p<<0.001) (overall function) became predictive.
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Table 1. Characteristics of control patients and CKD patients, the latter also split into patients not requiring and requiring
hemodialysis.
Controls CKD all CKD stages 3-5 CKD stage 5D
(n=54) (all, n=119) (n=84) (n=35)

Age (years) 62.3%10.1 61.5%15.7 64.5+13.5 54.6+18.41
Gender (male) 40 (74.1) 75 (63.0) 48 (57.1) 27 (77.1)
Highest academic degree

No degree 1(1.9) 10 (8.4) 8 (9.5) 2 (5.7)

Secondary School 40 (74.1) 94 (79.0) 66 (78.6) 28 (80.0)

Baccalaureate 7 (13.0) 9 (7.6) 5 (6.0) 4 (11.4)

University degree 6 (11.1) 6 (5.0) 5 (6.0) 1(2.9)
Education (years of school) 10 (8;10) 9 (8;10)* 8 (8;10)* 9 (8;10)
Handedness (right hand) 45 (83.3) 99 (83.2) 67 (79.8) 32 (91.4)
Tremor right hand (score) 0 (0;0) 0(0;1) 0 (0;1) 0 (0;1)
Tremor left hand (score) 0 (0;0) 0 (0;2) 0 (0;2)* 0 (0;3)*
CHD/myocardial infarct 22 (40.7) 40 (34.2) 25 (30.5) 15 (42.9)
PAD 2 (3.7) 12 (10.2) 7 (8.4) 5(14.3)
Stroke/TIA 0 7 (5.9)* 7 (84) o’
Hemoglobin (g/dl) 141x13 12.5+£1.7* 12.5+1.6* 12.5+£1.9*
Creatinine (mg/dl) 1.1£0.2 3.6+2.7% 2.5+1.9% 6.2+2.3+
eGFR (ml/min/1.73m?) 70.9+9.6 28.2+17.6% 35.2+16.0* n.a.
Time since first dialysis (months) n.a. na n.a. 21.0 (5.3;42.4)
Time since last dialysis (hours) n.a. na n.a. 28.0 (22.5;35.5)
Cognitive Performance (mean z-scores) 0.00+0.58 —0.53+0.84* —0.56+0.81* —0.46+0.90*
Cognitive Impairment (more than 1 z-score below Reference 36 (30.3)* 26 (31.0)* 10 (28.6)*
controls)
HADS-depression scale (mean score) 5.0 (2.0;6.5) 4.0 (2.0;8.0) 4.0 (2.0;7.0) 6.0 (2.0;13.0)
HADS-depression scale (score =11) 3 (5.6) 18 (15.1) 7 (8.3) 11 (31.4)*"
HADS-anxiety scale (mean score) 5.0 (3.0;8.0) 5.0 (2.0;7.0) 5.0 (2.0;7.0) 6.0 (4.0;12.0)
HADS-anxiety scale (score =11) 7 (13.0) 19 (16.0) 10 (11.9) 9 (25.7)
Data are means *+ SD for normally distributed continuous data or median (Q1;Q3) for non-normally distributed continuous data, categorical data are presented as n (%).
Continuous data were evaluated by unpaired two-tailed t-tests for comparisons between control patients and all CKD patients. Continuous data were evaluated by
oneway ANOVA followed by Bonferroni or Games-Howell (in case of non-equal variances) tests (normally distributed data) or Kruskall-Wallis followed by Mann-Whitney
tests (non-normally distributed data) for comparisons between control patients, CKD patients requiring hemodialysis and CKD patients not requiring hemodialysis.
Categorical data were evaluated by chi-square or Fisher exact tests.
*p<<0.05 compared with control patients,
fp<0.05 compared with CKD patients not requiring hemodialysis. CHD, coronary heart disease; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate;
ESRD, end stage renal disease; HADS, Hospital Anxiety and Depression Scale; PAD, peripheral artery disease; TIA, transient ischemic attack.

Predictors of Quality of Life in CKD: Role of Functional
Health and Participation in Community Dwelling

To evaluate how functional health and participation in
community dwelling influenced QoL in CKD patients, univariate
and multivariable linear regressions were again evaluated, in
which demographic factors, CKD-related factors (both as above)
and LLFDI scores were inserted (Table 5). In univariate
regressions, the factors age (B=—0.22; p=0.005), CKD stage
(B=—0.21; p=0.006), disability dimension (= 0.56; p<<0.001),
overall function (B=0.80; p<0.001), cognitive performance
(B=0.26; p<<0.001), depression (B=—0.38 per SD; p<<0.001)
and anxiety (3= —0.21; p=10.008) predicted the physical compo-
nent of QoL that was assessed by the SIF-36, whereas the factors
disability dimension (=0.35; p<0.001), overall function
(B=0.21; p=0.001), depression ( = —0.62; p<<0.001) and anxiety
(B=—0.68; p<0.001) predicted the mental component of QoL.

In multivariable regressions, the factor overall function
(3=0.78; p<0.001) was the only predictor of the physical
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Table 2. Quality of life data of control subjects and CKD patients, the latter also split into patients not requiring and requiring

SF-36: Role Physical
SF-36: Bodily Pain
SF-36: General Health

100.0 (50.0;100.0)
82.0 (41.0;100.0)
61.0+22.9
49.9+10.7

76.0 (59.0;88.0)
100.0 (66.7;100.0)
100.0 (75.0;100.0)

SF-36: Mental Component
SF-36: Mental Health
SF-36: Role Emotional

SF-36: Social Function

SF-36: Vitality 58.7+17.7
LLFDI: Disability Component 135.2+13.6
LLFDI: Disability Dimension 67.0+7.5
LLFDI: Frequency of Performance 30.5+4.0
LLFDI: Social Role Domain 13.2+2.7
LLFDI: Personal Role Domain 17.3%22
LLFDI: Limitation in Capability 38.0 (35.0;40.0)
LLFDI: Instrumental Role Domain 19.0 (17.5;20.0)
LLFDI: Management Role Domain 19.0 (19.0;20.0)
LLFDI: Overall Function 68.3+8.3
LLFDI: Upper Extremity 25.0 (24.0;25.0)
LLFDI: Basic Lower Extremity 29.0 (27.0;30.0)
LLFDI: Advanced Lower Extremity 17.0 (14.0;19.0)

75.0 (0;100.0)*
74.0 (41.0;100.0)
46.3+19.9*
49.4+11.0

73.5 (55.6;88.0)
100.0 (66.7;100.0)
87.5 (56.3;100.0)*
52.7*214
121.4£21.4%
62.319.9%
28.7+5.0%
12.2%31
16.5+2.9*

36.0 (29.0;40.0)*
18.0 (15.0;20.0)*
18.0 (15.0;20.0)*
60.1+12.8*

24.0 (20.0;25.0)*
27.0 (22;30.0)*
14.0 (9.0;18.0)*

75.0 (0;100.0)*
74.0 (51.0;100)
48.4+18.5*
51.1£93

76.0 (57.0;88.0)
100.0 (66.7;100.0)
87.5 (62.5;100.0)*
54.2%20.1
122.9%20.1*
63.5+9.3
29.1+£4.8
12.3%3.1
16.9+2.8

36.0 (30.0;40.0)
18.0 (14.5;20.0)
19.0 (16.0;20.0)*
60.9+12.0%

24.0 (21.0;25.0)*
27.0 (23.0;30.0)*
14.0 (9.0;18.0)*

Controls CKD all

(n=54) (n=119) CKD stages 3-5 (n=84) CKD stage 5D (n=35)
SF-36: Physical Component 47.4+11.2 40.6+11.0% 40.7+11.3*% 40.5+10.3%
SF-36: Physical Function 90.0 (70.0;96.3) 67.5 (41.9;90.0)* 67.5 (40.0;90.0)* 62.5 (45.0;90.0)*

62.5 (0;100.0)*
67.0 (31.0;100.0)
412+223%
453+13.6

68.0 (36.0;84.0)
100.0 (0;100.0)
62.5 (50.0;100.0)*"
48.9+24.1
118.3+24.0%
59.7+10.9%
27.6+5.1*
12.1+3.0
15.5+2.9*

34,5 (27.0;37.8)*
17.0 (15.0,20.0)
17.2 (12.3;20.0)*
582+14.6%

23.0 (19.0;25.0)*
26.0 (20.0;30.0)*
14.0 (8.0;18.0)*

patients requiring hemodialysis and CKD patients not requiring hemodialysis.
*p<<0.05 compared with control subjects,

Instrument; SF-36, 36-ltem Short Form Health Survey.
doi:10.1371/journal.pone.0091176.t002

component of Qol, while the factors cognitive performance
(B=0.17; p=0.035), depression (B=-0.34; p=0.001) and
anxiety (B=0.44; p<<0.001) predicted the mental component
(model 1 in Table 5). When inserting subscales of overall function
into the regression analysis, basic lower extremity (f=0.42; p<
0.001) and advanced lower extremity ( =0.50; p<<0.001) function
predicted the physical component (model 3 in Table 5).

Predictors of Depressive Symptoms in CKD: Role of

Medical Conditions

In view of the eminent effect of depression on QoL in CKD, we
subsequently analyzed predictors of depressive symptoms in CKD
patients using univariate and multivariable linear regressions, in
which demographic factors, CKD-related factors, vascular diseases
and cognitive performance (all as above) were inserted (Table 6).
In univariate regressions, the factors CKD stage (f=0.18;
p=0.017), CHD/myocardial infarct (B=2.22; p=0.001) and
cognitive performance (= —0.19; p=0.012) were predictors of
depressive symptoms as evaluated by the HADS depression scale,
whereas in multivariable regressions the factor CHD/myocardial
infarct alone (B=1.77; p=10.018) predicted depressive symptoms
(full model 3 in Table 6).

PLOS ONE | www.plosone.org

Data are means = SD for normally distributed data or median (Q1;Q3) for non-normally distributed data. Data were evaluated by unpaired two-tailed t-tests for
comparisons between control patients and all CKD patients. Data were evaluated by oneway ANOVA followed by Bonferroni or Games-Howell (non-equal variances)
tests (normally distributed data) or Kruskall-Wallis followed by Mann-Whitney tests (non-normally distributed data) for comparisons between control subjects, CKD

fp<0.05 compared with CKD patients not requiring hemodialysis. CKD, chronic kidney disease; ESRD, end stage renal disease; LLFDI, Late-Life Function and Disability

Predictors of Depressive Symptoms in CKD: Role of
Functional Health and Participation in Community

Dwelling

To evaluate how functional health and participation in

community dwelling affect depression in CKD, we finally analyzed
predictors of depressive symptoms using univariate and multivar-
iable linear regressions, in which demographic factors, CKD-
related factors and LLFDI scores (all as above) were included
(Table 7). In univariate regressions, the factors CKD stage
(B=0.18 per SD; p=0.017), disability dimension (f=—0.58;
p<<0.001), overall function (B=—0.50; p<<0.001) and cognitive
performance (B=—0.10; p=0.012) predicted depressive symp-
toms, whereas in multivariable regressions, the factors disability
dimension (B=—0.45; p<<0.001), overall function (B=—0.21;
p=0.036) and cognitive performance (f=0.05; p=0.036) pre-
dicted depressive symptoms (model 1 in Table 7). Further analyses
revealed that both frequency of performance (B=—0.33; p<
0.001) and limitation in capability (= —0.35; p<<0.001) influ-
enced depressive symptoms within the disability dimension (model
2 in Table 7), whereas upper extremity function (f= —0.22;
p =0.025) influenced depressive symptoms in the overall function
dimension (model 3 in Table 7).
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0.295

—0.07
0.02

0.84 0.401 0.03 0.746 0.04 0.674 0.04 0.677
0.237
0.00
0.75
0.12

—0.24
—0.01

0.650

0.04
—0.30

0.01
3.

0.08 0.292
0.001
0.951

0.020

0.18

Education

0.818

0.344
0.544
0.066
0.770
0.332

—0.01
—0.06

0.184
0.324

—0.13
—0.09

—0.10
—0.04

0.012
0.974
0.369
0.434

0.002
0.961

—0.31
0.01

0.006

0.217

—0.21
0.10
3.83

CKD stage

0.978
0.619

0.659

Hemoglobin

3,87
1,32

0.020
0.971

4.12
0.15

1.83
3.39
1.28
0.06

0.089
0.340
0.649

53

0.041
0.104

CHD/myocardial infarct (yes vs. no)

0.969
0.143
0.214

4.26
1.61

7.18

Stroke/TIA (yes vs. no)

—3.69

0.

—3,48

—2.36 0.456

0.15

0.705

0.030

7.22
0.26

PAD (yes vs. no)

09

0.065

0.558

0.001

Cognitive performance

<0.001
<0.001

—0.35
—0.45

<0.001
<0.001

0.009 —0.62
—0.68

0.922

—0.30

<0.001
<0.001

—0.36
—0.21

HADS-depression scale

1 -

0.0

HADS-anxiety scale

doi:10.1371/journal.pone.0091176.t003
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Effect of Age, Cognition and Depression on Quality of
Life and Related Outcome Measures

To elucidate how age, cognition and depression influenced
quality of life and related outcome measures, we stratified the data
based on age categories (=55 years, 55<x=70 years, >70 years),
cognitive performance terciles (<—0.620 z-scores, —0.620=x<—
0.016 z-scores, =—0.016 z-scores) and HADS depression catego-
ries (<7 points, 7=x<11 points, =11 points). These analyses
showed that the physical component of QoL, overall function of
the LLIDI and cognitive performance decreased with increasing
age, while the mental component of QoL, the disability dimension
of the LLFDI, depression and anxiety did not change with age
(Fig. 1A). The physical component of QolL, the disability
dimension of the LLFDI and the overall function dimension of
the LLFDI increased with cognitive capabilities, whereas depres-
sion scores were higher in subjects with low than intermediate
cognitive function (Fig. 1B). Both the physical and mental
component of QoL and the disability and overall function
dimension of the LLFDI decreased with increasing depression
scores, as did anxiety (Fig. 1C).

Effect of CHD/myocardial Infarcts on Quality of Life and
Related Outcome Measures

To elucidate how the presence of CHD or myocardial infarcts
modified quality of life related outcome measures, we compared
patients with and without CHD/myocardial infarcts in their
history. These studies showed that while the mental component of
QolL, the disability dimension of the LLFDI, the overall function
dimension of the LLFDI and cognition were reduced in CKD
patients with CHD/myocardial infarcts (most strongly and in case
of the disability dimension significant only in CKD stage 5D
patients), depression was increased in stage 5D patients with
CHD/myocardial infarcts (Fig. 2A). Notably, the latter relation-
ships were not at all noticed in CKD patients not exhibiting
CHD/myocardial infarcts in their history (Fig. 2B). These CKD
patients did not reveal a reduced mental component of QoL or a
reduced disability dimension of the LLFDI, and they did not
exhibit an impaired cognitive performance or an increased
depression score.

Discussion

We for the first time provide a comprehensive analysis of
physical, cognitive and emotional factors influencing QoL,
functional health and participation in community dwelling using
a cohort of 119 patients with CKD stages 3-5 (including stage 5D
requiring hemodialysis) that we compared with 54 control patients
of the same age with similar cardiovascular risk profile without
CKD. As such, we confirmed previous findings that the physical
component of QoL, which is impaired both in CKD stage 3-5 and
stage 5D patients, is predicted by CKD stage and depressive
symptoms, furthermore showing that the disability dimension of
functional health and participation in community dwelling, which
assesses socially defined life tasks as part of the LLFDI, is in
addition influenced by cognitive performance. Age, male gender,
CKD stage, stroke history and depression are predictors of overall
function, which measures the ability to perform discrete actions
and activities without assistance within the LLFDI. Functional
health deficits, cognitive and emotional disturbances were found
mainly in CKD patients suffering from CHD, thus further
corroborating the close relationship between physical factors,
cognition and emotion and health-related QoL in CKD.

Our observation that QoL is reduced in the physical, but not
mental domain, is well in line with previous studies

March 2014 | Volume 9 | Issue 3 | 91176



Quality of Life and Functional Health in CKD

¥00¥9/LL600"duod [euInol/L L€ L 0L:I0p

‘AaAINS Yi|eaH w04 UoYS W)-9€ ‘9¢-4S ‘aseasip A1aue jesayduad ‘Qyd “Auswnisul A)jigesiq pue uondund aji-a1e7 ‘|d411 ‘9jeds uoissaidaq pue A1eixuy [eudsoH ‘SQyH ‘esessip Asupiy

31u04Yd ‘gyD ‘aseasip ueay A1euoiod ‘gH) “A1aixue pue uolssaidap ‘@duewiopad aANUB0D [Bqo|b ‘Qyd ‘VIL 10 93041s “121ejul [elpJedoAw 1o dHD ‘ulqojboway ‘abeis gy ‘uonesnpa ‘4apuab ‘aby € [SPOW ‘dVd ‘VIL 10 90.1s ‘1iejul
|e1paed0Aw 40 gHD ‘uiqojboway ‘abeis gy ‘uoneonps ‘1spuab ‘8by :z [9poN "uiqojbowsay ‘abeis gy ‘uonesnpa ‘1apuab ‘eby :| [9poy "Abalesis Aiua padioy e buisn palendjed a1am suolssaibal Jeaul| ‘slppow paisnipe ay Jo4

LZ80 <00 - - - - 1000 90— S€9'0 S0'0 - - - - L00°0> €€0— ajes>s fyaixue-savH
1L00°0> Ly'0— - - - - 100°0> 8¥'0—  100°0> L5°0— - - - - 1L00°0> 85°0— 9|eds uoissaidap-savH
8910 (A0} - - - - 1L00°0> 9¢€'0 8L0°0 0T0 - - - - L00°0> 6€°0 @>ueunopad aanu6od
6610 90— TS0 06'L— - - £00°0 LT6— 1414 LE'E 00T°0 LS'€ - - S6C°0 18C— (ou 'sA sak) avd
¥€0°0 00'6— ¥¥0°0 SV6— - - cLoo 6LCL 1200 8L's— 180°0 99— - - 7500 S9'L (saA *sA ou) y|L/jons
6800 [ARE S00°0 7S99 — - - <000 8L'G— 1244%Y 18'L— 8L0°0 70— - - S00°0 o'y — (ou sA sak) 3daejul [eipiedoAw/QHD
7120 €00 S€9°0 700 €LED 800 S20°0 £1°0 L¥6'0 L0'0— 9560 L0'0— 606'0 L0'0 €CC0 oLo uiqoj6owsH
S00°0 €C0— 100°0> 7€0—  100°0> LE0— 1000 ST0— £00°0 €C0— 100°0> LE0—  100°0> YE€0— 1000 LT0— abeys a)d
€480 L00— 0260 100— €940 200 LEO'O 910 88€°0 L0°0— €S0 90'0— LLLO €00— 9/T0 600 uonesnp3y
00°0 L0's LY0°0 LLE 444\ 81T SLS0 6CL ove0 0€'L— ¥80°0 9T~ 7900 v6'T— 8L00 S8'€— (9]ewWdy *sA 3jew) sspusn
€200 00— 1000 60— 100°0> 6£0— L00°0> 60— 14540 00— 1200 70—  100°0> LE0— £00°0 70— aby

d diog d diog d diog d diog d diog d diog d diog d diog

€ ISPON C PO L ISPoN aelieAlun € IPPON T I3PON L ISpon ajeliealun

uonpuNg [[e4dA0 uojsuawiq Ajiqesiq

'SUOINIPUOD [edIpaW Jo 3|0y :sjuaned |e ul buljdmp Allunwwod u uoneddiyed pue yjeay [euollduny Joj siopIpald v dqel

March 2014 | Volume 9 | Issue 3 | 91176

PLOS ONE | www.plosone.org



Quality of Life and Functional Health in CKD

50039/ L1600 3uod [euInol/LLgL "0 L0
"AOAINS Y1jesH wio4

10yS Wia)-9€ ‘9¢-4S Quawniisul Aljigesig pue uonound aji1-a3e7 ‘417 ‘91eas uoissaidaqg pue A1aixuy [eadsoH ‘SQyH ‘aseasip Asupiy J1uoayd ‘gyD eauewouad saniubod [eqolb pue A1sixue ‘uoissaidap ‘AlWR.1IXg JaMOT padueApY
‘Awa11x3 Jamo diseq ‘Alwaaixg saddn “‘abels gy ‘uonednpa ‘4apuab ‘aby :¢ aduewiopad aAniubod [eqo|b pue A1aixue ‘uoissaidap ‘Alljigede ul uoneywi ‘@duewlopa Jo Adouanbaid ‘abeis gy ‘uonesnpa 4apuab ‘9by iz |9po
aduewlouad aAnubod jeqolb pue A1vixue ‘uoissaidap ‘uondung [esaAQ ‘uoisuswiq Aujigesiq ‘@bels gy ‘uonesnpa Japuab ‘eby :| [9poy ‘ABa1eils A1jus padioy e Buisn palendjed aiam suolssaibal Jeaul| ‘sppow paisnipe syl Jo4

1880 200 - - - - 100 6L'0 L00°0> wo - - - - 1L00°0> 90 Awanxg 1amo diseg:|a411
(9740} 0L0— - - - - 9L0'0 610 887°0 00— - - - - L00°0> €950 Awanxz saddn:iad11
- - - - 6/T0  ¥60°0— L00°0 Lzo - - - - 100°0> 8,0 1L00°0> 080 uondung [je4dA0:A4T
- - 0790 700 - - 1L00°0> LE0 - - L00°0> €0 - -  L00°0> SS90 Aypiqede) ur uoneywITA4T]
- - €490 S0'0— - -  1L00°0> 8C°0 - - 0s0°0 610 - - 1L00°0> LEO aduewniopiad jo A>usanbauiiiadT
- - - - ¢6S°0 6700 L00°0> SE0 - - - - SS90 S00 LOO0> 950 uoisuswi@ Aupiqesia:ia41l
S¥8°0 100 1950 ¥0'0 90 €00 LETO 60°0— 94X £L0°0— £LZ0°0 L1°0— [49X0} 80°0— 900°0 Lz0— abeys a)d
8€L°0 0L'0— £81°0 60°0— CETO0  1800— ovL0 €00 1800 600 £Z1°0 [4%Y} yA4N(} 600 [{v4y] 810 uonesnp3y
LEV'O €Ll 960 oLo 0€5°0 S€6°0 69€°0 S9L— [474(} LE0 LS00 09°€ 8860 00— 0L60 o (9]ewd) *sA 3jew) sspusdn
89€°0 £0°0 LLLo €10 00Z°0 S0L0 6£9°0 700 (4440} 00— LEO0 00— 6690 €00— S00°0 70— aby
d diog d diog d diog d diog d diog d diog d diog d diog
€ ISPON C PO L ISPoN aelieAlun € IPPON T I3PON L ISpon ajeliealun

jusuodwo) eyua |y

juauodwo) jedisAyd

‘Buljemp Ayunwwod ul uoneddiyed pue yljesy [euonduny Jo sjoy :syusned |e ul 3)1 Jo Aljenb oy sioipald S djqel

March 2014 | Volume 9 | Issue 3 | 91176

PLOS ONE | www.plosone.org



0 -
5 <
oy M
Qo o
)
T | =
T | =
0|0 |8 &
2 |lo s o
NS
O ©
N
Q|oc o
o~
| =
-g'o';:m
2 oo
0 un
O —
=
Q|oc o
=
T | =
|5 |e g
S oS <
K
©
v
c 2
o - <
. ‘% Q|o o
2 wn
5| | &
- — wd‘
T 5 |8
o mga
= Q|2 =
© < |E€|° |2 &
c I (D || |c ~
wv
£
[®]
b
Q.
S
>
(%]
]
=
v
wv
]
=
(o
(]
©
=
Nel
wv
2
[®]
]
L
el
7]
=
o
-
c
©
> —_
Q 9
2 :
g k]
© “
2 :
o s
o E
9 ]
-] v £
[ o o
= < O

0.688

0.04

0.708
0.061

0.03
0.18

0.869

0.01
0.22
0.00

0.621

—0.04
0.18

Education
CKD stage

0.114

0.153
—0.01

0.013
0.960

0.017
0.511

0.958

0.267
0.011
0.897

—0.01

—0.05

Hemoglobin

0.018
0.990
0.995

—-1.77

—1.89

0.001
0.903

—2.22

CHD/myocardial infarct (yes vs. no)

0.02

—0.21
0.01

—0.01

Stroke/TIA (yes vs. no)

—0.01
—0.10

0.992

0.303
0.012

—-1.17
—0.19

PAD (yes vs. no)

0.328

Cognitive Performance

For the adjusted models, linear regressions were calculated using a forced entry strategy. Model 1: Age, gender, education, CKD stage, hemoglobin. Model 2: Age, gender, education CKD stage, hemoglobin, CHD or myocardial
infarct, stroke or TIA, PAD. Model 3: Age, gender, education, CKD stage, CHD or myocardial infarct, stroke or TIA, PAD, global cognitive performance. CHD, coronary heart disease; CKD, chronic kidney disease; HADS, Hospital

Anxiety and Depression Scale; PAD, peripheral artery disease; TIA, transient ischemic attack.

doi:10.1371/journal.pone.0091176.t006
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[11,13,15,16,32-34]. Interestingly, stage 3-5 and stage 5D
patients did not differ to major extent in the physical component
of QoL and the overall function dimension of functional health
and participation in community dwelling. In case of QoL
assessments, patients with advanced (stages 4 and 5) CKD not
requiring dialysis previously exhibited either slightly better [15] or
comparable [32] QoL scores than stage 5D patients on dialysis.
Differences in the constitution of CKD cohorts and dialysis
protocols may account for diverging findings in the past.
Systematic analyses of functional health and participation in
community dwelling have not yet been performed in CKD
patients. For assessments of daily life activities, the Karnofsky score
has mainly been used in the past [11,34]. The Karnofsky score has
been developed for the evaluation of chemotherapies in oncology
patients [35]. Unlike the LLFDI, the Karnofsky score represents a
rough scale of independence stages ranging from 0 to 100% that
does not provide more differentiated insights into late life function
and disabilities.

Linear regressions revealed that CHD and myocardial infarcts
were the most important predictors both for the disability
dimension and overall function dimension of the LLFDI in
addition to age and CKD stage, when age, gender, education,
CKD stage, hemoglobin and vascular diseases were inserted into a
multivariable analysis. Interestingly, CHD and myocardial infarcts
did not continue to be predictive for both functional health scales
any more, when cognitive performance, depression and anxiety
were included into the regression analyses. Thus, depression and -
in case of the disability dimension - cognition and anxiety were
identified as predictors of functional health and participation in
community dwelling. That CHD and myocardial infarcts indeed
potently influenced functional health in CKD was confirmed in
subsequent studies showing that the mental component of Qol,
the disability dimension of the LLFDI, overall function of the
LLFDI and cognitive performance decreased with progressive
CKD severity in patients suffering from CHD, but not in those
without. Moreover, depression and anxiety were selectively
increased in CKD stage 5D patients suffering from CHD. That
cardiovascular diseases are major factors influencing QoL in CKD
has previously been shown [24,36]. In addition to earlier studies,
we herein demonstrate that CHD modifies cognitive performance,
depression and anxiety in CKD patients. We have previously
reported that the inflammation marker fibrinogen predicts
cognitive performance in CKD patients in multivariable regression
analyses [9]. Whether inflammation associated with CHD is
responsible for CKD-related Qol. and functional health deficits
remains to be shown.

Our observation of a link between CHD, functional health and
QoL argues in favor of the so-called ‘concept of loss’, upon which
the loss of physical strength and social activities contributes to
depression that in turn compromises QoL [37]. In that study,
patients with CKD were characterized using a so-called Kidney
Disease Loss Scale that aimed to identify the most severe
individual-defined losses and subsequently evaluated grief respons-
es associated with these losses. That depression is highly prevalent
in CKD and that it contributes to QoL deficits, i1s well established
[32,37-40]. Although the link between physical deficits and
depression is plausible, assessments of overall function in our study
revealed that upper extremity deficits were particularly associated
with depressive symptoms, whereas lower extremity deficits were
associated with reduced QoL. Our observations suggest that
physical conditions may affect depression and QoL in different
ways.

It is known that the physical component of QoL decreases with
age [32,33,41,42] and depressive symptoms [32,36] in CKD. In
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Figure 1. Quality of life, functional health and participation in community dwelling, cognition, depression and anxiety: Role of age,
cognition and depressive symptoms. Note that (A) QoL, functional health and participation in community dwelling, and cognitive performance
decrease with age. (B) Patients with higher cognitive performance show better physical abilities. Patients with (C) higher depression scores show
impairment in QoL and functional health. Data are means and standard deviations. Significance was evaluated by one-way ANOVA followed by
Bonferroni (equal variances) or Games-Howell (non-equal variances) tests (in case of normally distributed data) or Kruskall-Wallis followed by Mann-
Whitney tests with Bonferroni corrections (in case of non-normally distributed data). *p<<0.05/**p<<0.01. Cognitive compound score represents z-
scores (calculated based on norm values generated in the control cohort), which cover ten neuropsychological tests. First tercile: <—0.620 z-scores,
second tercile: —0.620=x<—0.016 z-scores, third tercile: =—0.016 z-scores. CKD, chronic kidney disease; HADS, Hospital Anxiety and Depression
Scale; LLFDI, Late-Life Function and Disability Instrument; SF-36, 36-Item Short Form Health Survey.

doi:10.1371/journal.pone.0091176.g001

line with these findings, our studies revealed that the QoL physical only age and depressive symptoms, but also cognitive performance
component and overall function of the LLFDI decreased with age were found to modify health-related QoL. Thus, the physical
and depressive symptoms. Interestingly and hitherto unknown, not component of QoL, the disability dimension of the LLFDI and the
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Figure 2. Quality of life, functional health and participation in community dwelling, cognition, depression and anxiety: Role of CKD
and CHD. Note that compared with control patients, CKD patients with CHD show impairment in all domains except the physical component of the
SF-36. Such impairment is almost absent in patients without CHD. Data are means and standard deviations. Significance was evaluated by one-way
ANOVA followed by Bonferroni (equal variances) or Games-Howell (non-equal variances) tests (in case of normally distributed data) or Kruskall-Wallis
followed by Mann-Whitney tests with Bonferroni corrections (in case of non-normally distributed data). *p<<0.05/**p<0.01. Cognitive compound
score represents z-scores (calculated based on norm values generated in the control cohort), which cover ten neuropsychological tests. CHD,
coronary heart disease; CKD, chronic kidney disease; HADS, Hospital Anxiety and Depression Scale; LLFDI, Late-Life Function and Disability

Instrument; SF-36, 36-ltem Short Form Health Survey.
doi:10.1371/journal.pone.0091176.g002

overall function dimension of the LLFDI increased with cognitive
performance. An obvious strength of this study is the recruitment
of an own control group of patients without CKD with similar
cardiovascular risk profile. In fact, all except three [10,43,44]
previous studies used healthy control subjects for evaluating QoL
in CKD. Given that this cross-sectional study establishes
associations and not causal relationships, longitudinal studies are
urgently needed for evaluating the role of physical, cognitive and
emotional factors in CKD.
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