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Background. Cognitive impairment with its negative effect on quality of life has been reported in chronic kidney disease (CKD).The
paucity of the literature on cognitive impairment in Africans with CKDprompted this study.Objectives. To determine the frequency
and pattern of cognitive impairment in patients with stages 3 to 5CKD.Methods.We studied 79 consecutive consenting adults with a
National Kidney Foundation (NKF) stage 3 to 5 CKD based on their estimated glomerular filtration rate using the Cockcroft-Gault
formula. The controls consisted of healthy demographically matched subjects. Community screening instrument for dementia
(CSI’D), trail making test A (TMTA), and trail making test B (TMTB) were used for cognitive assessment. Results. More CKD
patients had cognitive impairment compared with controls using CSI’D (51.9% versus 2.5%, 𝑃 < 0.001); TMTA (53.2% versus 0%,
𝑃 < 0.001); and TMTB (40% versus 0%, 𝑃 < 0.001). The odds of having cognitive impairment increased in the presence of CKD
when assessed using CSI’D (OR= 2.026; CI = 1.607–2.555); TMTA (OR= 3.13; CI = 2.40–4.09) and TMTB (OR= 3.22; CI = 2.42–
4.25). CKDpatients performedpoorer on tests of executive functionTMTA(𝑃 < 0.001) andTMTB (𝑃 < 0.001)whileCSI’D showed
significantly lower scores on multiple cognitive domains. Conclusions. Significant cognitive impairment in multiple domains exists
among Nigerians with CKD.

1. Introduction

Chronic kidney disease (CKD) is a growing public health
problem [1–4] with evidence pointing to an increasing inci-
dence and prevalence worldwide [5, 6]. However, it is grossly
underdiagnosed in Nigeria and other developing countries.
The hospital frequency in Nigeria ranges between 1.6 and 8%
of hospital admissions [7]. Although CKD affects all races
equally, end-stage renal disease (ESRD) is four times more
prevalent in blacks than whites in the United States [1].

CKD is found in persons of all ages, but higher incidence
rates occur in patients at or above 65 years of age [8–
10], an age range that is traditionally associated with a
high prevalence of cognitive impairment. However, a lower
average age has been reported among Nigerians with CKD
[7]. Although data on prevalence and pattern of cognitive
impairment among Nigerians with CKD is scanty, in other
climes a high incidence of cognitive impairment has been

reported among patients with CKD [1, 11–13]. Murray et al.
[14] observed in their study of 338 haemodialysis patients that
37.0% had severe cognitive impairment which was more than
three times the 5–10% estimated prevalence of dementia in
the US population-based studies. Sehgal et al. [15] reported
a prevalence of 22% of mild mental impairment among
haemodialysis patients.

Cognitive impairment has been defined as a deficit in at
least two aspects of cognitive function [1]. The key areas of
cognition are attention,memory, language, visuospatial skills,
and frontal/executive functions [14, 16]. When activities of
daily living are not affected, cognitive impairment is said to
be mild. Dementia, on the other hand, affects activities of
daily living and behavior [1, 17]. There are no clearly stated
guidelines on the ideal instrument or frequency of assessing
cognitive impairment in patients with chronic kidney disease
(CKD) [17]. Hence, several test instruments have been used
in assessing cognitive impairment in CKD [1, 11, 18].
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Furthermore, the lack of proper understanding of the
pattern and risk factors for cognitive impairment has greatly
affected the availability of treatment for this group of patients
[1]. Therefore, cognitive impairment in CKD worsens the
prognosis in patients [1, 19] and also increases the burden on
medical and nonmedical care givers. It may hinder adherence
to the complex regimens often prescribed to CKD patients,
increase the risk of adverse events, and impair informed
decision making [18]. It is associated with an increased
number of hospital days and greater staff time after the
termination of a dialysis session [20]. Moreover, cognitive
impairment in CKD is independently associated with an
increased mortality [20, 21] and dialysis withdrawal.

To mitigate these undesirable consequences more studies
of cognitive dysfunction in CKD patients are required,
particularly in Africa where few and inadequate reports are
available. We aimed to evaluate the prevalence and pattern
of cognitive impairment among Nigerians with stages 3 to 5
CKD in comparison with demographically matched controls
while classifying CKD according to gold standard methods
for estimating GFR.

2. Materials and Methods

2.1. Subjects. The study was a case-control study involving
CKD patients at the University College Hospital (UCH),
Ibadan, Nigeria. We included 79 consecutive adult patients
aged 15 years and above seen in the medical wards, medical
outpatient clinic, and dialysis unit of UCH with a National
Kidney Foundation (NKF) [12] stage 3 to 5 CKD based on
their estimated glomerular filtration rate (GFR) using the
Cockcroft-Gault equation [22, 23]. Patients with a history
of cerebrovascular disease, other neurological or psychiatric
disorders, visual or auditory impairment, or delirium were
excluded. The controls consisted of apparently healthy sub-
jects matched for age, gender, and educational status, chosen
from the hospital environment including patient relatives,
medical and paramedical staff, with no history or laboratory
parameters suggestive of CKD.

Ethical certification was obtained from the Research
and Ethical Committee of the University College Hospital,
Ibadan, Nigeria. Written informed consent was obtained
from all the subjects. Participants were assured of confiden-
tiality regarding all information given by them including their
biodemographic data and other features of their illness.

Demographic data including age, sex, and level of educa-
tion were obtained using a self-administered questionnaire.
Clinical information including dryweight, duration of illness,
and clinical features was obtained from theirmedical records.
A general physical and detailed neurological examinationwas
carried out on all subjects. Blood samples were taken within
two days of assessment of cognitive function.

2.2. Assessment of Cognitive Function. Cognitive function
was assessed using some items of the Community Screening
Interview for Dementia (CSI’D) and the Trail Making Tests
A and B (TMTA and TMTB). The CSI’D was developed
by the Indianapolis-Ibadan Dementia Project group. It was

validated at the University College Hospital, Ibadan, and in
communities for the Ibadan-Indianapolis Dementia Project.
Satisfactory validity and reliability have been reported in
several populations with a sensitivity of 87% and specificity of
83% [24].The CSI’D was designed specifically for use in non-
literate and literate populations.The adaptation of its items to
local language and culture makes it one of the most suitable
instruments in our African setting [24].

The Trail Making Test A (TMTA) and Trail Making Test
B (TMTB) are well-established tests sensitive to impairment
in multiple cognitive domains [25–27]. Cognitive domains
tested by the TMTA and TMTB include attention, concen-
tration, visual scanning, psychomotor speed, and sequencing
[28–30].

The selected items of the CSI’D and the Trail Making
Testswere validated for the diagnosis of cognitive impairment
in a subsample of normal subjects and normative values
and cut-off scores were obtained. For the CSI’D, a score 2
standard deviation below the mean scores obtained from the
pretest population was regarded as cognitively impaired. The
cut-off points for the TMTA and TMTB in keeping with
predetermined values were 90 and 180 seconds, respectively
[26, 27].

In patients who had dialysis, the cognitive function was
assessed at least twelve hours after the last dialysis session
because the worst time to communicate with dialysis patients
is usually during the dialysis session [17, 18].

2.3. Data Analysis. Numerical data were summarized as
means and standard deviation, while categorical data were
presented as frequencies and proportions. The difference in
frequencies was analysed using chi-square test among the
categorical variables, while the difference betweenmeans was
tested using the Student’s 𝑡-test. Significant level was set at 𝑃
value less than 0.05. Data were analysed using the Statistical
Package for the Social Sciences (SPSS) version 18.

3. Results

3.1. Characteristics of Study Subjects. Table 1 shows the demo-
graphic characteristics of the subjects. The male-to-female
ratio was 1.9 : 1. There was no statistically significant differ-
ence in age between the patients (mean age ± SD) (39.7 ±
11.0 years) and controls (39.0 ± 11.9 years). All the CKD
patients had at least primary school education. Although
there was a slight difference in the educational levels attained
by the controls, it was not statistically significant (Table 1).
The greater proportion of the patients 42 (53.2%) had stage
5 CKD, while 28 (35.4%) were in stage 4 and 9 (11.4%) were
in stage 3.

3.2. Frequency of Cognitive Impairment. More CKD patients
(51.9%) had cognitive impairment compared with controls
(2.5%), using CSI’D (chi-square test = 𝑃 < 0.001 Figure 1,
Table 2). The odds of having cognitive impairment increased
in the presence of CKD when assessed using CSI’D (OR
= 2.026; CI = 1.607–2.555); TMTA (OR = 3.13; CI =
2.40–4.09), and TMTB (OR = 3.22; CI = 2.42–4.25, Table 2).
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Table 1: Sociodemographic characteristics of subject.

Variable Controls (𝑛 = 79) CKD patients (𝑛 = 79) Total (𝑛 = 158) Test statistic P value
Age group (years)

11–20 2 (2.5) 2 (2.5) 4

Fisher’s test 1.000

21–30 20 (30.5) 20 (30.5) 40
31–40 19 (24.1) 19 (24.1) 38
41–50 25 (31.6) 25 (31.6) 50
51–60 7 (8.9) 7 (8.9) 14
61–70 4 (5.6) 4 (5.6) 8
≥71 2 (2.5) 2 (2.5) 4

Sex
Male 52 (65.8) 52 (65.8) 104 Chi-square test (0.0) 1.000
Female 27 (34.2) 27 (34.2) 54

Education
None 0 (0.0) 0 (0.0) 0

Chi-square test (0.0) 1.000Primary 20 (25.3) 19 (24.1) 39
Secondary 24 (30.4) 25 (31.6) 49
Tertiary 35 (44.3) 35 (44.3) 70
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Figure 1: Frequency (%) of cognitive impairment among CKD
patients and controls using CSID, TMTA and, TMTB.

3.3. Pattern of CSI’D Performance in CKD Patients Compared
to Controls. The mean CSI’D score was significantly lower
among CKD patients compared to controls (Table 3). All
the cognitive domains assessed by the elements of CSI’D
recorded lower scores for the CKD patients compared to
controls (Table 4). However, statistically significant lower
scores were only obtained for language (naming) (𝑡 = 13.100,
𝑃 < 0.001), language (fluency) (𝑡 = 9.760, 𝑃 < 0.001),
attention and calculation (𝑡 = 3.098, 𝑃 < 0.001), orientation
in place (𝑡 = 4.048, 𝑃 < 0.001), immediate recall (𝑡 = 8.497,
𝑃 < 0.001), and praxis (𝑡 = 10.504, 𝑃 < 0.001).

3.4. Comparison of the Mean Time Taken to Complete TMTA
and TMTB between Controls and CKD Patients. It took the
CKD patients a mean of 102.6 ± seconds to complete the
TMTA, which was much longer than the time taken by the

Table 2: Differences in frequency of cognitive impairment among
CKD patients and controls.

Cases 𝑛 = 79
(% with
cognitive

impairment)

Controls
𝑛 = 79

(% with
cognitive

impairment)

𝜒
2

value
P

value
Odds
ratio 95% CI

CSID 41 (51.9) 2 (2.5) 48.59 <0.001 2.03 1.61–2.56
TMTA 42 (53.2) 0 (0.0) 57.21 <0.001 3.13 2.40–4.09
TMTB 22 (40.0)♣ 0 (0.0) 35.26 <0.001 3.22 2.42–4.25
♣Only 55 patients were able to complete TMTB on account of educational
status.

controls (44.6± seconds,𝑃 < 0.001, Table 4). It took theCKD
patients an average of 169.5 seconds to complete the TMTB
compared to 78.3 second taken by the controls (𝑃 < 0.001).

4. Discussion

This cross-sectional study examined neurocognitive func-
tion using CSID, TMTA, and TMTB among patients with
stages 3 to 5 CKD and compared the findings with those
of demographically matched controls. We studied patients
across all age ranges, with majority of the patients (31.6%)
being between the ages of 41–50 years. This is similar to the
age distribution of the patients studied by Ogunrin et al.
[11, 31] and is therefore different from most studies carried
out in Caucasian subjects which mostly assessed cognitive
function in elderly patients with CKD [8, 13, 29].

The previous Nigerian study [32] had more female
respondents with a female-to-male ratio of 1.3 : 1, but there
were more males in this study at ratio of almost 2 : 1. Just
like the study by Ogunrin et al. [31, 32] this study was based
on consecutive renal patients in the hospital, while most of
the studies in the western climes such as the INVADE study
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Table 3: Comparison of the mean CSI’D performance between
controls and CKD patients.

Variable Mean (SD) t-value P value
Total CSI’D

Control
CKD

54.0 (5.0)
42.6 (5.9) 13.10 <0.001∗

Language (naming)
Controls
CKD

6.9 (0.4)
5.7 (0.8) 11.78 <0.001∗

Language (definition)
Controls
CKD

4.0 (0.1)
3.9 (0.4) 1.73 0.164

Language (fluency)
Control
CKD

15.6 (4.2)
9.4 (3.8) 9.76 <0.001∗

Attention and calculation
Controls
CKD

3.0 (0.1)
2.8 (0.6) 3.10 <0.001∗

Orientation (time)
Controls
CKD

4.9 (0.3)
4.6 (1.1) 2.26 0.019∗

Orientation (place)
Controls
CKD

4.9 (0.5)
4.5 (0.8) 4.05 <0.001∗

Memory (immediate recall)
Controls
CKD

4.6 (0.5)
4.5 (1.3) 8.50 <0.001∗

Memory (registration)
Controls
CKD

3.1 (0.4)
3.0 (0.3) 0.47 0.256

Praxis
Controls
CKD

6.9 (0.4)
5.3 (1.3) 10.50 <0.001∗

∗Statistically significant.

Table 4: Comparison of the mean time taken to complete TMTA
and TMTB among the controls and CKD patients.

Variable Mean time in
seconds (SD) t-value P value

TMTA
Controls
CKD patients

44.6 (16.7)
102.6 (43.6) 67.848 <0.001

TMTB
Controls
CKD patients

78.3 (28.9)
169.5 (56.0) 27.20 <0.001

[2] were community-based studies. This is a pioneer study
where cognitive function in patients with chronic kidney
disease was assessed using the CSI’D. Other investigators
had used TMTA [12], TMTB [8, 15], Iron Psychological Test
Battery (FePsy) [32], the 6-item Cognitive Impairment Test
(6CIT) [2], Modified Mini-Mental Scale Examination (3MS)

[13, 14, 29], Mini Mental State Examination (MMSE), Event-
Related Potential (ERP), and California Verbal Learning Trial
(CVLT), among others [12].

A few studies evaluated mainly predialysis CKD patients
[1, 33], while others enrolled CKD patients undergoing
dialysis [22, 23]. This study, like that undertaken by Alebiosu
andAyodele [3] and Stivelman [28], included both predialysis
and dialysed patients, but only about 25% of the patients
had undergone dialysis.The proportion of CKDpatients with
cognitive impairment compared with that of controls from
these studies is slightly different. Stivelman [28] comparing
cognitive performance of eighty patients in stages 3 to 4
CKD with that of 80 patients in stage 5 CKD, observed that
38% of the patients with end-stage renal disease, 23% of the
patients with advanced kidney disease, and 5% of the patients
with mild-to-moderate CKD had cognitive impairment. The
proportions of cognitive impairment among patients with
moderate-to-severe CKD from our study on the different
instruments were higher: 51.9% (CSI’D), 53.2% (TMTA),
and 40.0% (TMTB). The higher proportion of cognitive
impairment in our patients is due to the hospital-based nature
of this study, the instruments used, and the fact that patients
were mainly those in stages 3 to 5 chronic kidney disease of
whom a greater proportion could not afford dialysis despite
the fact that more than 50% of them had stage 5 CKD.

The INVADE study [2], on the other hand, reported 9.9%
among patients with mild CKD and 21.5% among patients
with advanced CKD. Interestingly, however, they observed
that 5.8% of the normal subjects had cognitive impairment,
which was higher than the 2.5% observed among controls in
this study. This slightly higher proportion might be due to
the fact that the INVADE study considered mainly elderly
community dwellers, unlike this studywhich had only 7.6% of
the patients above 60 years. Advanced age is associated with
most of the traditional risk factors for cognitive impairment
and cerebrovascular diseases such as hypertension, diabetes
mellitus, and dyslipidemia [2, 8, 34]. In another study,Murray
et al. [14] classified 38% of the primary sample of 338
haemodialysis patientswith cognitive impairment, whichwas
also lower than the proportions observed in this study.

The CSI’D like MMSE and 3MS is a neuropsychological
tool for assessing global cognitive function, while TMTA
and TMTB predominantly evaluate attention, concentra-
tion, psychomotor speed, cognitive shifting, and complexing
which are functions localised in the frontal lobe. It has been
hypothesised that in the early stages of CKD, frontal lobe
functions are selectively impaired, but at the later stages
global cognitive function is impaired [8, 29, 35].

This study showed that in most cognitive domains
assessed by the CSI’D including language (naming/fluency),
attention and calculation, orientation (place/time), memory
(immediate recall), and praxis, the CKD patients performed
significantly poorer than the controls. Furthermore, the
total CSI’D scores of CKD patients were lower than those
of controls and the pretest population. This study further
demonstrated statistically significant poorer performance on
TMTA and TMTB in CKD patients than controls demon-
strating the presence of impairment of frontal lobe executive
functions in CKDpatients with stages 3 to 5 CKD.Onewould
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conclude therefore that this study, in addition to demonstrat-
ing impairment in executive function, demonstrates that the
CKD patients also had some impairment of global cognitive
function.

Sehgal et al. [15] and Murray [33] had demonstrated that
CKD patients performed poorly on visual/auditory reaction
time task and verbal/nonverbal memory task compared to
controls. With respect to concentration and attention, the
renal failure patients in their study compared favourably with
the controls on binary choice reaction task. Their findings
regarding concentration and attention are not in keeping
with our study and reports from other studies which showed
global cognitive impairment amongCKDpatients [27]. Slinin
et al. [29] and Stivelman [28] found an association between
mild-to-moderate kidney disease and poor performance on
TMTB, thus supporting our finding. Gelb et al. [36] observed
that when cognitive functions in CKD patients were com-
pared between controls and posttransplant renal patients,
CKD patients had significantly worse verbal learning, verbal
memory, and set-shifting task compared to other groups of
subjects. This supports our finding of poorer performance in
memory by the CKD patients.

5. Conclusions

This study shows that cognitive impairment is more frequent
in Nigerian patients with stages 3 to 5 CKD patients than
in demographically matched nonchronic kidney disease sub-
jects. Chronic kidney disease is a risk factor for impairment
of executive function, language, attention, calculation, orien-
tation in place, immediate recall, and praxis. It is therefore
recommended that cognitive function should be routinely
assessed among patients with CKD.
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