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Abstract
Introduction
Impairment of cognitive functions can commonly develop in patients with chronic kidney disease (CKD) and
increase morbidity and mortality. The antioxidant activity of selenium reduces cognitive decline by
protecting neurons from free radical damage. We aimed to explore the associations between serum selenium
levels, cognitive impairment, and depression in CKD patients in this research.

Methods
In this prospective cross-sectional research, 100 participants between the ages of 20 and 65 were included,
and four groups of 25 patients each were formed (control group, stage 3-4 CKD, peritoneal dialysis [PD],
hemodialysis [HD]). The Standardized Mini Mental Test (sMMT) was used to measure cognitive skills, and
the Beck Depression Inventory (BDI) was utilized to diagnose depression. Simultaneously, measurements of
serum selenium levels were done from collected blood samples.

Results
Cognitive impairment was detected in 4% of the control group, 16% of CKD patients (n=75), and 30% of the
dialysis patients (n=50). Depression was found in 16% of the control group, 40% of the stage 3-4 CKD
group, 50% of the PD group, and 44% of the HD group. In the control group, sMMT scores were higher than
the other groups (p<0.001 for all), while the BDI score was statistically significantly lower (p=0.003). Serum
selenium levels were found to be higher than HD and PD groups in patients with non-dialysis CKD and
control groups in the post hoc analyses (p=0.001, p<0.001, p<0.001, p<0.001, respectively).

Conclusion
Depression and cognitive impairment are particularly prevalent in CKD and dialysis patients. Our results
indicate serum selenium insufficiency may be related to depression and cognitive impairment in this patient
group. Nonetheless, these findings need to be confirmed by larger-scale studies.

Categories: Internal Medicine, Psychiatry, Nephrology
Keywords: selenium, dialysis, depression, cognitive impairment, chronic kidney disease

Introduction
Chronic kidney disease (CKD) is characterized by an irreversible, progressive decline in kidney function, and
is an important public health problem affecting the quality of life, morbidity, and mortality [1]. It is known
that cognitive impairment, which is reported to develop in 16-40% of CKD patients and up to 60% of dialysis
patients, also decreases the quality of life, decision-making ability, diet, and treatment compliance, while
increasing the need and duration of hospitalization, and consequently the morbidity and mortality. The
etiology of cognitive impairment in this patient population has not been fully elucidated and is considered
multifactorial. However, concomitant diabetes, hypertension (HT), dyslipidemia, and uremic toxins are also
thought to affect cognitive impairment [2].

It has been shown that selenium can influence the antioxidant process and neuromodulation against
oxidative stress. It has been suggested that selenium may slow down cognitive deterioration by preventing
the damage caused by free radicals in neurons [3]. Dietary selenium intake was also low in those with high
cognitive impairment [4]. On the other hand, hemodialysis (HD) patients had a significantly lower serum
selenium level (SSL) compared to healthy volunteers [5].

Many psychiatric and psychosocial problems are encountered during the course of CKD. Psychiatric
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disorders are associated with increased morbidity, mortality, frequency of hospitalization, and health
expenditures in end-stage renal disease (ESRD) patients [6]. There is a dilemma regarding the effects of
selenium on depression. In some studies, it was found that low dietary selenium intake may be a high-risk
factor for the development of major depression [7], while some studies did not find any significant
relationship between low selenium and depression in HD patients [8]; in contrast, some studies suggested
that high selenium exposure is associated with severe depression symptoms [9]. Because of this
inconsistency, more studies are needed to clarify the relationship of selenium with depression.

To the best of our knowledge, there are no published studies examining the associations between CKD
patients’ blood selenium levels and cognitive impairment and depression. However, it is known that
depression may also affect cognitive functions [10]. Therefore, this study aimed to contribute to the
literature by evaluating the effect of serum selenium on cognitive performance and depression in CKD
patients.

Materials And Methods
The study was started after the approval of the Hitit University Research Ethics Committee (Date/No:
08.01.2020/147). Participants were given detailed information about the study, and written consent was
obtained in accordance with the Declaration of Helsinki.

A total of 100 participants followed in the nephrology clinic and dialysis unit between the ages of 20 and 65
were included in this controlled cross-sectional study. Volunteers were categorized into four groups: Group
1 as HD treatment patients, Group 2 as patients with continuous peritoneal dialysis (PD), Group 3 as patients

with stage 3-4 CKD (glomerular filtration rate [GFR]: 59-15 mL/dL/1.73 m2), Group 4 as non-CKD patients.
Participants in the dialysis treatment group had received HD or PD treatment for at least six months.

Those who do not have any known diagnosis of cerebrovascular disease, major depression, dementia, acute
or chronic active infections, active malignancy, pregnancy, thyroid dysfunction, auditory and visual
problems that may cause participants to have difficulty performing the Standardized Mini Mental Test
(sMMT) and depression assessment tests, and individuals who can speak in the native language and are
literate were included. Patients using any multivitamin or trace element supplements were also excluded.
Somatometric and demographic characteristics of the participants, laboratory tests used in routine follow-
up, accompanying additional diseases, medications, and habits were recorded. The education levels of the
participants were questioned and recorded as primary school (1-5 years), middle school (6-8 years), high
school (9-12 years), and university (over 12 years).

After overnight fasting, complete blood count, glucose, blood urea nitrogen, creatinine, GFR, albumin,
calcium, phosphorus, uric acid, parathormone, ferritin, bicarbonate, lipid profile, and C-reactive protein
(CRP) levels were analyzed. Blood samples were taken before the middle dialysis session of the week for HD
patients, at outpatient clinic control for PD patients, and at the time of inclusion for the control group.
Estimated glomerular filtration rate (eGFR) values were determined using the Chronic Kidney Disease
Epidemiology Collaboration equation [11]. Kt/Vurea was calculated to evaluate HD and PD qualifications.

The blood sample taken into the vacutainer tube was kept at room temperature for 30 minutes, then
centrifuged at 1.310 g for 10 minutes, and the separated serum was stored at -80 °C until analysis.
Measurement of SSL was done by mass spectrometry method in ICP-MS (Agilent-7500) device [12].

Application and interpretation of the sMMT
In the week following the collection of blood samples, sMMT was applied to HD patients before the mid-
week dialysis session and PD patients under outpatient control to evaluate cognitive functions.

sMMT assesses orientation, memory, attention, language, and visuospatial skills. It consists of 10 points of
time and space orientation, 3 points of recording, 3 points of recall, 6 points of memory, 5 points of
attention, 8 points of language, and 1 point of visual-spatial functions, as a total of 30 points. Normal
cognitive function is defined as at least 24 points, while 23 or fewer points as dysfunction in sMMT [13].

Application and interpretation of the Beck Depression Inventory
Since cognitive functions may be affected in the presence of depression, the Beck Depression Inventory (BDI)
was applied to evaluate depression simultaneously with the application of the sMMT.

It has been shown that the BDI can be applied reliably to detect symptoms of depression in people with CKD
[14]. Using this inventory, we aimed to objectively determine the degree of depression symptoms in
patients. The BDI is a 21-item self-report rating inventory that assesses depression-related attitudes and
symptoms. BDI’s sub-groups are emotion, pessimism, the feeling of failure, joylessness, guilt, punishment,
self-dislike, self-blame, suicidal thoughts, crying, anger, social withdrawal, instability, change in body
image, working disability, sleep disturbance, fatigue, anorexia, weight loss, somatic complaints, and loss of
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libido. Each item on the inventory was scored between 0 and 3. A total score between 11 and 17 was
determined to indicate mild depression, between 18-29 was determined to indicate moderate depression,
and between 30-63 was determined to indicate severe levels of depression [15].

Statistical analysis
The SPSS package software (version 22.0, SPSS Inc, Chicago, IL, USA) was used for the statistical analyses.
For normally distributed continuous data, the descriptive statistics were reported as mean ± standard
deviation; for non-normally distributed continuous data, the median (min-max) was used; and for
categorical data, the numbers and percentages (%) were used. The normality distribution was analyzed by
the Shapiro-Wilk test. In the comparison of continuous variables between two independent groups, the
student’s t-test was used for normally distributed variables in independent groups, and the Mann-Whitney U
test was used for variables not normally distributed. One-way analysis of variance (ANOVA) was used for
normally distributed variables, and the Kruskal-Wallis test was used for variables not normally distributed in
comparing continuous variables among more than two independent groups. For identifying the cause of the
difference in ANOVA and Kruskal Wallis tests, multiple Mann-Whitney U post hoc comparison tests with
Tukey or Bonferroni correction were used. Relationships between categorical variables were investigated
with either the chi-square test or Fisher's exact test, depending on the number of data in the crosstab cells.
Depending on the data distribution, Pearson's or Spearman's correlation coefficient was used to assess the
relationships between numerical variables. The cause-and-effect relationship between two numerical
variables with strong correlations was determined using simple linear regression analysis. The statistical
significance level was determined as p <0.05.

Results
The mean age of 100 participants (53 men, 53%) was 48±11 years, and the male-female ratios and mean ages
were statistically similar between the groups (p=0.066, p=0.161, respectively). Table 1 displays demographic
information and general characteristics of all patients in the study. A statistically significant relationship
was found between education level and residence between research groups (p<0.001, p=0.002, respectively).
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Variables  Group 1 (n=25) Group 2 (n=25) Group 3 (n=25) Group 4 (n=25) p-Value

Gender, n (%)
Male 16 (64) 17 (68) 9 (36) 11 (44)

0.066a

Female 9 (36) 8 (32) 16 (64) 14 (56)

Level of education, n (%)

Literate 0 (0) 1 (4) 1 (4) 0 (0)

<0.001b

Primary 15 (60) 14 (56) 13 (52) 3 (12)

Middle 3 (12) 3 (12) 3 (12) 0 (0)

High school 4 (16) 6 (24) 5 (20) 6 (24)

University 3 (12) 1 (4) 3 (12) 16 (64)

Age  49±10 51±11 49±13 44±10 0.161a

Diabetes, n (%)  2 (8) 10 (40) 6 (24) 3 (12) 0.025a

Hypertension, n (%)  21 (84) 24 (96) 23 (92) 3 (12) <0.001a

CAD, CHF, n (%)  6 (24) 8 (32) 4 (16) 3 (12) 0.314a

Smoking, n (%)  7 (28) 2 (8) 4 (16) 9 (36) 0.080a

Alcohol, n (%)  1 (4) 0 (0) 0 (0) 1 (4) 1.000b

BMI, kg/m2  23.5±4.69 27.2±6.86 28.2±7.57 27.7±5.17 0.021b

SBP, mmHg  121±21 137±25 126±21 119±14 0.018b

DBP, mmHg  75±13 80±10 79±13 76±8 0.298b

TABLE 1: Comparison of the general characteristics of the research groups
aChi-square test, bFisher exact test.

CAD: coronary artery disease; CHF: congestive heart failure; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure.

Categorical variables were presented as frequency and percentage, and continuous variables as median, min-max, and mean±standard deviation
according to distribution characteristics.

 

sMMT scores were statistically significantly higher in the non-CKD group than in the HD, PD, and stage 3-4
CKD groups (p<0.001 for all). sMMT scores were similar between HD and PD and stage 3-4 CKD groups
(p=1.000, for both). sMMT scores were similar between PD and stage 3-4 CKD groups (p=1.000). BDI scores in
the HD and PD groups were statistically significantly higher than in the non-CKD group (p=0.011, p=0.003,
respectively). BDI scores were similar between HD and PD and stage 3-4 CKD groups (p=1.000, for both)
(Table 2). SSLs were statistically significantly different between the groups (p<0.001). According to the post
hoc analysis results, the SSLs of stage 3-4 CKD and non-CKD groups were statistically significantly higher
than the SSLs of the HD and PD groups (p=0.001, p<0.001, p<0.001, p<0.001, respectively) (Table 3, Figure 1,
Figure 2).
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Variables Group 1 Group 2 Group 3 Group 4 p-Value Post hoc p-value

sMMT (total) (0-30 points) 24 (12-30) 25 (15-30) 27 (19-30) 30 (24-30) <0.001

1-4: <0.001

2-4: <0.001

3-4: <0.001

Orientation (0-10 points) 9 (6-10) 10 (4-10) 10 (7-10) 10 (9-10) 0.001

1-4: 0.001

2-4: 0.046

3-4: 0.014

Registration (0-3 points) 3 (1-3) 3 (3-3) 3 (3-3) 3 (1-3) 0.568 -

Attention and calculation (0-5 points) 3 (0-5) 3 (0-5) 3 (0-5) 5 (0-5) <0.001

1-4: 0.002

2-4: 0.004

3-4: 0.003

Recall (0-3 points) 2 (0-3) 2 (0-3) 2 (1-3) 3 (1-3) 0.019 2-4: 0.039

Language (0-9 points) 7 (4-9) 8 (5-9) 9 (6-9) 9 (7-9) <0.001
1-3: 0.011

1-4: <0.001

BDI score (total) (0-63 points) 15 (0-52) 17 (2-34) 12 (2-27) 6 (0-36) 0.002
1-4: 0.011

2-4: 0.003

TABLE 2: Comparison of sMMT scores and BDI scores among research groups
sMMT: Standardized Mini Mental Test; BDI: Beck Depression Inventory.

Continuous variables were reported as median and min-max according to distribution characteristics.

Variables n
Group 1 median
(min-max)
(mean±SD)

Group 2 median
(min-max)
(mean±SD)

Group 3 median
(min-max)
(mean±SD)

Group 4 median
(min-max)
(mean±SD)

p-Value
Post
hoc p-
value

BUN, mg/dL (Ref:
3.73-23)

100 69±16 46±15 34±16 12±3 <0.001a

1-2:
<0.001

1-3:
<0.001

1-4:
<0.001

2-3:
0.011

2-4:
<0.001

3-4:
<0.001

Creatinine,
mg/dL (Ref: 0.6-1.3)

100 9.8 (5.6-14.5) 7.5 (3.3-11.2) 1.9 (1.2-7.1) 0.8 (0.5-0.9) <0.001b

1-3:
<0.001

1-4:
<0.001

2-3:
0.002

2-4:
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<0.001

3-4:
0.010

Glucose, mg/dL (Ref:
70-110)

100 90 (67-190) 100 (60-360) 94 (40-175) 93 (73-187) 0.126b -

Triglyceride,
mg/dL (Ref: 40-150)

98 149 (64-698) 150 (80-530) 135 (62-280) 143 (47-270) 0.829b -

LDL cholesterol,
mg/dL (Ref: 0-160)

97 86±28 119±56 126±44 127±30 0.002a

1-2:
0.029

1-3:
0.006

1-4:
0.004

Uric acid, mg/dL (Ref:
3.5-7.2)

100 6.74±1.12 5.77±1.60 6.69±1.69 5.28±1.29 0.001a

1-4:
0.003

3-4:
0.005

Sodium, mEq/L (Ref:
136-146)

100 139 (130-142) 138 (129-142) 140 (134-145) 140 (134-144) <0.001b

1-4:
0.011

2-3:
0.021

2-4:
0.001

Potassium,
mEq/L (Ref: 3.5-5.5)

100 5.6 (3.7-8) 4.5 (3.4-5.8) 4.8 (3.5-5.7) 4.4 (3.9-5.4) <0.001b

1-2:
<0.001

1-3:
0.044

1-4:
<0.001

Calcium, mg/dL (Ref:
8.6-10.2)

100 8.5 (7.2-10.3) 8.5 (7.4-10) 9 (8.3-10.2) 9.3 (8.9-10.4) <0.001b

1-4:
<0.001

2-4:
<0.001

Phosphorus,
mg/dL (Ref: 2.5-4.5)

100 5.1 (2.9-8.3) 4.5 (2.5-6.3) 3.5 (2.4-5) 3.4 (2.6-4.4) <0.001b

1-3:
<0.001

1-4:
<0.001

2-3:
0.010

2-4:
0.003

Hemoglobin,
g/dL (Ref: 13.5-16.9)

100 10.7 (8.5-13) 10.8 (7.5-14.2) 11.5 (9.8-16) 14.7 (8.3-16.9) <0.001b

1-4:
<0.001

2-4:
<0.001

3-4:
0.004

1-4:
<0.001
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Neutrophil/lymphocyte
ratio (Ref: 0.78-3.53)

100 2.57 (0.973-9.20) 3.10 (0.842-7.44) 2.46 (1.03-9.36) 1.56 (0.846-5.12) <0.001b 2-4:
<0.001

3-4:
0.005

CRP, mg/dL (Ref: 0-5) 98 7 (0.9-31) 6 (3-26) 3 (3-67) 3 (3-15) 0.018b 1-4:
0.019

Parathormone,
pg/mL (Ref: 15-65)

94 540 (1-1494) 290 (1-1660) 154 (15-776) 38 (5-968) <0.001b

1-3:
<0.001

1-4:
<0.001

2-3:
0.035

2-4:
<0.001

Ferritin level,
ng/mL (Ref: 13-150)

100 653 (57-2000) 410 (103-1227) 63 (5-567) 48 (6-510) <0.001b

1-3:
<0.001

1-4:
<0.001

2-3:
<0.001

2-4:
<0.001

Vitamin B12 level,
pg/mL (Ref. 191-663)

91 565 (150-1290) 425 (240-2000) 360 (140-2000) 313.5 (134-630) 0.033b 1-4:
0.041

TSH, µU/mL (Ref:
0.27-4.1)

88 1.30 (0.33-5.70) 2.20 (0.80-8.70) 1.65 (0.60-5.30) 2 (0.30-4.5) 0.550b -

Serum selenium level,
µg/L (Ref: 63-160)

100 62±13 57±12 76±15 78±12 <0.001a

1-3:
0.001

1-4:
<0.001

2-3:
<0.001

2-4:
<0.001

Kt/Vurea 50 1.42 (0.90-2.51) 2.18 (1.39-4.93) - - <0.001c -

TABLE 3: Comparison of laboratory values between research groups
aOne-way ANOVA, bKruskal Wallis, cMann-Whitney U test.

ANOVA: analysis of variance; BUN: blood urea nitrogen; LDL: low-density lipoprotein; CRP: C-reactive protein; TSH: thyroid-stimulating hormone; Ref:
Reference.
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FIGURE 1: Comparison of sMMT scores among research groups
sMMT: Standardized Mini Mental Test; CKD: chronic kidney disease.

FIGURE 2: Comparison of serum selenium levels among research
groups
CKD: chronic kidney disease.

In correlation analysis, a statistically significant negative correlation was found between SSL and BDI scores
(r=-0.301; p=0.002) (Table 4). A statistically significant negative correlation was found between BDI and
sMMT scores (r=-0.359; p<0.001). A statistically significant positive correlation was found between SSL and
sMMT scores (r=0.299; p=0.003). According to simple linear regression analysis, a 10-unit increase in SSL
increased the sMMT score by 0.6 units (Figure 3).
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Variables BDI score sMMT score

SSL
r -0.301** 0.299**

p 0.002 0.003

BDI
r  -0.359**

p  <0.001

TABLE 4: Results of correlation analysis between serum selenium level, BDI, and sMMT
**p<0.01.

SSL: serum selenium levels; BDI: Beck Depression Inventory; sMMT: Standardized Mini Mental Test.

FIGURE 3: Relationship between sMMT score and serum selenium level
sMMT: Standardized Mini Mental Test.

Discussion
Cognitive impairment is commonly observed in CKD patients but is usually diagnosed after clinical
progression since its importance is not known enough. Early diagnosis of cognitive dysfunction is crucial
because it has negative effects on morbidity, mortality, and quality of life of the patients [16]. In one study,
cognitive impairment, which was 2.9% in the initial evaluation of patients receiving HD treatment, was
found to be 87.3% as a result of further and detailed evaluation, indicating that non-severe cognitive
impairment is often overlooked [17]. Adding cognitive function assessment to routine examination in
patients diagnosed with CKD may increase compliance with CKD treatment by providing early detection and
management of cognitive impairment [18].

Cognitive impairment was detected in 20-87% of patients receiving HD treatment [19]. In one study,
cognitive impairment was found in 28.7% of patients receiving PD treatment [20]. Another study observed
that those who received PD treatment for ESRD had better cognitive functions than those who received HD
treatment. The authors link this result to the fact that they may have selected patients with more cognitive
function competence because the patients are required to participate actively in PD treatment. Concomitant
diabetes, HT, dyslipidemia, anemia, and uremic toxins are thought to affect cognitive impairment [21]. In
addition, it is stated that hypotensive attacks, cerebral microhemorrhages due to anticoagulation, and
sudden electrolyte changes that can be seen during the HD session may cause more cognitive impairment in
HD patients [22]. In our study, we excluded cases in which dialysis-related hypotension, changes in
consciousness, and known cerebrovascular events exist. Even though similar to the literature, cognitive
impairment was found in 30% of those who received dialysis treatment and in 16% of all CKD patients
(n=75). Moreover, sMMT scores were found to be lower in HD, PD, and stage 3-4 CKD patients, respectively,
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and reached statistical significance. We think that the higher diagnosis of diabetes in CKD patients
participating in the study in PD and stage 3-4 CKD patients may have led to this result.

Depression is very common in ESRD patients and is seen at a rate of 20-25% [23]. In addition, depression in
ESRD patients has been associated with increased morbidity and mortality [24]. Similar to the literature, in
this study, moderate or severe depression was detected in 44% of HD patients, 50% of PD patients, and 40%
of stage 3-4 CKD patients. While BDI scores were statistically significantly higher in HD and PD groups than
in controls, there was no statistically significant difference in BDI scores between stage 3-4 CKD and
controls. When the participants were evaluated according to the BDI groups, it was seen that the group with
the highest sMMT value was the minimal depression group, which shows that depression may affect
cognitive functions.

Oxidative stress is known to play a role in neurodegenerative diseases such as Alzheimer's disease and
cognitive impairment [25]. It is known that selenium in the structure of selenoproteins exhibits
neuroprotective effects with its antioxidation property. Derbeneva et al. [4] found that selenium effectively
improves cognitive functions, and dietary selenium intake is also low in people with low cognitive functions.
In CKD patients, especially those receiving dialysis treatment for ESRD, oxidative stress was statistically
significantly higher [26] and dialysis patients had lower SSD than healthy volunteers [5]. Some studies have
emphasized that as the CKD stage progresses, the selenium level decreases [27], which may be related to the
kidney proximal tubule epithelium’s effectiveness in the absorption of selenium [28]. In addition, it is stated
that animal protein-restricted diets, one of the most important sources of selenium in these patients, may
cause low selenium levels due to renal protein loss and related malnutrition [29].

In our study, SSLs of stage 3-4 CKD and control groups were statistically significantly higher than those of
HD and PD groups. We also found a statistically significant positive correlation between SSL and sMMT
scores. This finding suggests that selenium may be effective in preserving cognitive functions in CKD
patients. In addition, a statistically significant negative correlation was found between SSL and BDI scores,
which supports a relationship between low SSL and depression in the study population.

When the literature was examined, it was seen that the relationship between selenium and depression could
not be clearly revealed before [30]. In some studies, it was found that low dietary selenium intake may be a
high-risk factor for the development of major depression [7], but in some studies, no statistically significant
correlation was found between low selenium and depression in HD patients [8]. Some studies have even
suggested that high selenium exposure is associated with symptoms of severe depression [9]. It will be
possible to obtain more precise results with future research on this subject.

Limitations
Our study has some limitations due to the design of the study; it has a relatively small sample size and a
single ethnic origin. Also, it was a single-center study. However, the study group's specificity increases the
study's power.

Conclusions
Both cognitive impairment and depression are common in patients receiving dialysis treatment for ESRD,
and depression may affect cognitive impairment. Selenium deficiency is correlated to the emergence of
cognitive impairment and depression in dialysis patients. Investigation of the effects of selenium
supplementation and increasing dietary selenium intake on cognitive functions and depression in patients
with the impaired renal function will increase the strength of our findings.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Hitit Üniversitesi Tıp
Fakültesi Klinik Araştırmalar Etik Kurulu (Hitit University Faculty of Medicine Clinical Research Ethics
Committee) issued approval Date: 08.01.2020, Number: 147. "The documents related to the application given
above have been examined and found appropriate considering the rationale, purpose, approach, and
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