
Introduction

Cognition refers to the mental process of gaining 

knowledge and comprehension through thoughts, 
1

experiences, and sensory input.  It includes a number 

of advanced intellectual processes and functions, inclu-

ding language, focus, recall, understanding, problem-

solving, strategizing, logical thinking, evaluation, sen-

sory interpretation, and grasping concepts. Cognitive 

impairment (CI) is term used to describe acquired deficit 
1

in any of these cognition processes.  Chronic Kidney 

Disease (CKD), defined by gradual and permanent 

decline in kidneys functions, may be considered as an 
2

important potential risk factor for developing CI.  The 

prevalence of CI among CKD patients ranges from 17% 
3, 4

to 87%, depending on the stage of the disease.  The 
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Abstract   

Background: Cognitive Impairment (CI) is frequently observed in patients with Chronic Kidney Disease (CKD). 
There are many factors associated with CI in CKD patients in international studies but no study has been done 
previously in Pakistan on this important issue. 

Objective: To determine factors affecting Cognitive Impairment in Chronic Kidney Disease patients.  

Methods: This observational study was carried out in Nephrology Department of Mayo Hospital, Lahore (January 
2023 to March 2023). All CKD patients, regardless of cause, were included while patients on renal replacement therapy 
(RRT) were excluded. The Mini-Mental State Examination (MMSE) tool was employed to evaluate cognitive function. 

Results: A total of 100 patients were enrolled. The average age of the patients was 50.44±12.58 years, with diabetes 
mellitus (DM) being the leading cause of CKD in 53(53.0%) patients. CI was identified in 61(61.0%) patients while 
mild and moderate CI was found in 34 (34%) and 27 (27 %) respectively. Female gender (RR=1.40, 95%CI=1.01-193, 
p=0.042), low estimated glomerular filtration rate (eGFR) (RR=1.92, 95% CI=1.27-2.91, p=0.002), anemia (RR=1.23, 
95% CI=1.01-1.50, p=0.003) and lower educational qualifications (RR= 3.39, 95% CI=1.65-6.94, p=<0.001) were 
found significant factors of CI. Increasing age was associated with increased CI severity (r=-0.110, p=0.278) while 
eGFR has positive correlation with CI score (r=0.271,p=0.006) . 

Conclusion: CI was frequently prevalent among patients with CKD. Female gender, low eGFR, anemia and low level 
of education were independent predictors of CI in CKD patients. Advancing age has negative correlation while GFR 
has positive correlation with CI score.  
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likelihood of CI rises by 11% with each 10 ml/min/ 
5

1.73 m² decrease in Glomerular Filtration Rate (GFR).  

The cause of CI among CKD patients is multifactorial. 

The traditional risk factors for development of CI in 

CKD patients are older age, being female , illiteracy, 

ethnicity, Diabetes Mellitus (DM), Hypertension (HTN), 
6,7,8

and Cerebrovascular Diseases (CVD).  Additional 

risk factors are uremic  toxins, anaemia, calcium –phos-

phate disturbances, endothelial damage, chronic infla-

mmation, exaggerated cytokine release and oxidative 
2,9

stress which play a vital role in cognitive decline.  

Cognitive decline has been associated with non-adhe-

rence to medication, poorer somatic & psychosocial 
10

well-being, higher morbidity and mortality.  There is 

a lack of local research on CI in CKD patients, highligh-

ting a significant gap in understanding this crucial and 

often neglected fact of kidney diseases. The study aimed 

to identify the factors influencing Cognition in patients 

with CKD. 

Methods

This observational, analytical study was carried out at 

Mayo Hospital Nephrology Department in Lahore 
st thduring 1  January, 2023 to 31  March, 2023. After get-

ting ethical approval from King Edward Medical Uni-
thversity Institutional Review Board (IRB) on 17  Decem-

ber 2022, (IRB No.1063/ RC/ KEMU), Lahore, all 

patients of CKD with age ≥ 18 years were included in 

the study. However patients with pregnancy, Liver 

impairments, hypertensive encephalopathy, history of 

neurological diseases, psychosis substance abuse and 

who didn’t consented to participate were excluded. 

After obtaining written informed consent from those 

who were eligible for inclusion, CI was assessed using 

Urdu Variant of Mini Mental State Examination (MMSE) 
11scale.  This scale consists of questions assessing posi-

tioning (10 points), enrollment (3 points), focus, com-

putation (5 points), recollection (3 points), speech, and 

implementation (9 points). Based on the cognitive status 

score, patients were categorized as having normal (≥24), 

mild (19-23), moderate (10-18), or severe (≤ 9) CI.  

Demographics (patient’s age, gender, education, marital 

and socioeconomic statuses) and Clinical information, 

including the cause and duration of CKD, was collected 

using a standardized questionnaire. Blood samples were 

obtained and analyzed for hematological (hemoglobin) 

and biochemical markers (renal function tests and serum 

electrolytes) and urine complete analysis was done. 

The Chronic Kidney Disease Epidemiology Collabo-

ration (CKD-EPI) equation was used to calculate the 

estimated glomerular filtration rate (eGFR). CKD was 

staged as I (≥90), II (60-89), IIIa (45-59), IIIb (30-44), 

IV (15-29), and V (<15) based on the eGFR in 
2 12

ml/min/1.73m .  A hemoglobin level below 13 g/dL in 

males and below 12 g/dL in females was considered 
13indicative of anemia.

The entered data were evaluated by using Med Calc Ver 

-20.009 and IBM-SPSS Ver-23. While Categorical 

variables were summarized using frequencies and per-

centages, continuous variables were presented as mean 

± standard deviation. To identify significant predictors 

of CI, relative risk (RR) with a 95% confidence interval 

was calculated. Pearson correlation coefficients were 

used to examine the linear relationship between the CI 

score and other continuous variables. A p-value less 

than 0.05 was considered statistically significant.   

Results 

Initially, 150 participants were recruited, however only 

100 patients fulfilled inclusion criteria and enrolled in 

study. Most participants (71%, n=71) were over 45 years 

old, with an average age of 50.44 ± 12.58 years. A signi-

ficant number of patients were male (51%, n=51), not 

employed (84%, n=84), and had less than a 10th-grade 

education (78%, n=78).DM was most common cause 

of CKD in 53(53%) and the mean Haemoglobin level 

was 10.24±2.26 g/dl.CI was prevalent in 61% (n=61) 

of the patients, with most cases being mild (34%, n=34) 

and moderate (27%, n=27).Female gender (RR=1.40, 

95%CI=1.01-193, p=0.042), low eGFR (RR=1.92, 

95% CI=1.27-2.91, p=0.002), anaemia (RR=1.23, 95% 

CI=1.01-1.50, p=0.003) and low educational attainment 

(RR=3.39, 95% CI=1.65-6.94, p<0.001) was found to 

be a strong predictor of CI (Table-I). Significant positive 

relationship (r=0.271, p=0.006.) of CI score was found 

with eGFR (Figure 1 and 2) and negative association 

(r=-0.110,p=0.278) was found between CI score and 

age of patients (Figure 3).
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Table 1:  Factors Associated with Cognitive Impairment 
(n=100)

Sr# Parameters

Cognitive Status

R
R

9
5
%

 C
I

p
-v

a
lu

e

Impaired 

(n=61) %

Normal 

(n=39) %

1 Gender

1. Male

2. Female 

26 (42.6)

35 (57.4)

25 (64.1)

14 (35.9)

1
.4

0

1
.0

1
-1

.9
3

0
.0

4
2

2 Education (grades)

1. < 10th

2. ≥ 10th

55 (90.2)

6 (9.8)

18 (46.2)

21(53.8)

3
.3

9

1
.6

5
-6

.7
4

<
0
.0

0
1

3 Marital Status

1. Married

2. Unmarried

52 (85.2)

9 (14.8)

32 (82.1)

7 (17.9)

1.
1
0

0.
69

-1
.7

4

0.
68

5
4

47 (77.0)

14(23.0)

22(56.4)

17 (43.6)

1.
92

1.
27

-2
.9

1

0.
00

2

5 Cause of ESRD

1. Diabetic

2. Non-Diabetic

30 (49.2)

31 (50.8)

23(59.0)

16 (41.0)

0.
85

0.
62

-1
.1

7

0.
33

7

6 Anaemia

1. Yes

2. No

56 (91.8)

5   (8.2)

29 (74.4)

10 (25.6)

1.
23

1.
01

-1
.5

0

0.
03

8

7 Urinary Proteins

1. Yes

2. No

49 (80.3)

12 (19.7)

25 (64.1)

14 (35.9)

1.
43

0.
91

-2
.2

4

0.
11

eGFR(ml/min)

1. ≤ 30

2. > 30

Figure 1: Box plot demonstrating relationship 
among CI score and CKD stage.

Figure 2: Scatter plot displaying association among 
CI score and GFR. 

Figure 3: Scatter plot presenting relationship among 
CI score and age of patients

Discussion

The prevalence of CI in our study was comparable with 
studies conducted in developing countries like India 

14 15 16
(68.0%),  Nigeria (51.9%)  and Ethiopia (49.1%).  
But this was very high as compared with studies conduc-

17ted in United Kingdom (20%).  It is possible that socio-
economic factors and the choice of assessment tool for 
CI could potentially contribute to these results. Deve-
loping countries like Pakistan has amalgamation of 
exclusive risk factors that lead to development of CI 
such as air pollution, poverty, lack of basic health faci-
lities, illiteracy and gender inequality. Astonishingly 
99% of the world population live in areas where air 
quality does not meet guidelines set by WHO. Emerging 

18
studies suggest that pollution is associated with CI.  
Lahore, the Pakistan second thickly populated city, 
remains most time of the year at top in air quality index 
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which lies in the range of unhealthy to hazardous ratio. 
Illiteracy is another important risk factor causing CI. 
According to UNICEF, Pakistan currently has the 
world second highest out of school children with an 
estimation of 44%, between the age of 5-16 years (22.8 
million). Illiterate people are not well versed about 
the disease and its manifestations ending up with advan-
ced complications. Issues related to hemodialysis are 
also important in these patients like depression, infre-
quent social contact, physical inactivity and poor diets. 
According to study conducted by Anees et al, prevalence 

19
of depression was 70% in dialysis patients.  Quality of 
the life of the dialysis patients is very underprivileged, 
most of the patients are unemployed and socially inac-
tive which aggravates the condition of CI.

CKD is considered as a major causative factor for 
3

development of CI.  With progression of CKD, the 
kidney function of filtration and tubular secretion gra-
dually deteriorates which leads to collection of various 
uremic metabolites in the body. These uremic toxins 
could potentially traverse the blood-brain barrier and 
lead to CI. In this study, decrease in eGFR was signifi-

14,15
cant determinant of CI as observed in previous studies.  
In the present study, the patients who had eGFR ≤30ml/ 

2
min/1.73m  developed CI as compared to those who 

2had eGFR > 30ml/min/1.73m . It was due to the 
nephrogenic risk factors playing a prominent role in 
advanced CKD. The toxic effects of uraemia, 
endothelial dysfunction, calcium phosphate 
disturbances and other metabolic disorders due to 
CKD also affects brain vasculature and cause 
cognitive dysfunction. The important toxins are 
phosphate, para cresyl sulphate (PCS), indoxyl sulfate 
(IS), xanthine, hypoxanthine, 2,8-dihyroxyadenine, 
fibroblast growth factor 23(FGF 23), hyperhomo-
cystenemia and high level of cytokines  found in CKD 

20patients.

CI primarily affects females in the general population. 
Women may experience a more rapid cognitive decline 
with age, potentially due to decreased gonadal hormone 
production, structural brain development, genetics and 
psychosocial factors. In present study, CI was prevalent 
among most female CKD patients as observed in pre-

15,16vious studies.  In this patriarchal society, the idea of 
dutiful wife and devoted mother hinders women’s parti-
cipation in higher education and professional occupa-

tions by keeping them busy in domestic work. Lower 
educational attainment in women, compared to that in 
men, contributes to lower cognitive functioning at base-
line and a higher risk of cognitive decline later in life. 
The gender inequality also causes increased depression, 
anxiety among females and predisposes them to develop 
CI. 

21Ageing is associated with CI among general population.  
With increasing age, the brain experiences structural 
changes, including brain atrophy, reduced hippocampal 
volume, and thinning of the cerebral cortex, inner cap-
sule, and thalamus, potentially affecting cognitive func-

21tion.  It has been observed in previous studies that cog-
nitive decline is rapid in CKD patients and CI begins 
to develop at relatively younger age in CKD patients 

15,16as compared with general population.  Similar findings 
were established in this study, where the average age of 
the patients was relatively young and increasing age 
was associated with CI. The rapid decline in cognition 
in CKD patients is further supported by presence of 
multiple comorbidities, anaemia, bone mineral disease, 
polypharmacy, depression, inflammation and oxidative 
stress.

In Pakistan, prevalence of iron deficiency anemia is very 
high even among general population due to malnutri-

22
tion.  In CKD patients anaemia is further worsened 
due to anorexia, poor absorption of iron, folic acid and 
Vitamin B12, chronic inflammation and erythropoietin 
(EPO) deficiency. Anemia is linked with higher morbi-
dity and mortality among CKD patients and negatively 

23impacts patients’ health-associated quality of life.  
The present study revealed a significant correlation 
between anemia and CI, with a majority of patients 
exhibiting low hemoglobin levels. Low concentration 
of Hb contributes to cerebral hypo perfusion, brain 
hypoxia and altered brain metabolism thus increasing 
the risk of cognitive decline. The literature suggests 
that treating anemia may contribute to a reduction in 

23CI.  Majority of CKD patients in Pakistan rely on non-
pharmacological and self-treatment due to lack of aware-
ness and financial constrains that creates hurdle in timely 
management of anaemia and worsens CI.

According to estimates, DM patients have a 1.5 times 
higher risk of developing CI than do healthy, normal 

24people.  DM was considered as significant aggravating 
factor for development of CI in CKD patients in earlier 
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17studies.  It is because of its vascular and neurodegene-
rative effects through insulin resistance, accumulation 
of advanced glycation end products, both hyperglyce-
mia and hypoglycemia, dyslipidemia, HTN and infla-

2mmation.  Although the majority of diabetic patients 
have CI in our study, but DM was not statistically sig-
nificant with CI. The small sample size of the present 
study may have contributed to the observed results.

Proteinuria is hallmark of clinical manifestation of CKD 
and is considered as important marker of micro vascular 
disease in CKD patients. It was assumed in literature 
that proteinuria was linked to a decline in cognitive 

2function among patients with CKD.  It seemed to be 
interceded by aggravating risk factors such as HTN, 
DM, exaggerated inflammatory response, oxidative 

2stress and metabolic disturbances.  However, proteinuria 
was not associated with CI in this study as supported 

25
by another study . Barzilay JI et al found  that albumin-
uria in patients with type 2 DM at initial presentation 
and its continuous presence during follow-up were not 
significantly related with an escalation in abnormal 
white matter hyper intensity volume or changes in brain 

25
volume and supported our finding.

Beside the various significant factors found in the study, 
even though there are certain limitations of our findings 
as it was a single centre, small sample size and cross 
sectional study.  

Conclusion 

CI was found very prevalent in patients with CKD. 
Female gender, low eGFR, anemia and low level of 
education were independent predictors of CI in CKD 
patients. Advancing age has negative correlation while 
GFR has positive correlation with CI score.  
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