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ABSTRACT 
Introduction: Chronic Kidney Disease are related to inflammation and stress levels 
therefore depression is a predictor that will increase the morbidity and mortality of 
patients with chronic kidney disease undergoing hemodialysis. 
Method: This research is an analytical study with a cross-sectional design which carried 
out in Januari until February 2023, at Hemodialysis Installation of RSUP. H. Adam 
Malik. To analyze the correlation between the Depression Level and Red Blood Cell 
Distribution Width (RDW) and Erythrocyte Sedimentation Rate (ESR), the Pearson 
correlation test was used if the data was normally distributed. If the data is not normally 
distributed, Spearman's correlation test is performed. Statistical analysis using 95% 
confidence level (p<0.05).  
Results: In this research, demographic characteristics of 85 patients with mean age of 
the patients was 49.56 years old with a standard deviation of 13.46. Based on Spearman 
rho test it was found that there was a significant correlation between RDW and the BDI 
II score with p value 0.003. The degree of correlation or r value was 0.318. This indicates 
that there is a weak correlation between the RDW score and the BD II score. Based on 
Pearson test it was found that there was a significant correlation between ESR and the 
BDI II score with p value 0.009. The degree of correlation or r value was 0.280. This 
indicates that there is a weak correlation between the ESR value and the BD II score. 
Conclusion: Level of depression were found to be correlated with Red Blood Cell 
Distribution Width (RDW) and Erythrocyte Sedimentation Rate (ESR) in CKD patients 
whose undergoing regular hemodialysis. 
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INTRODUCTION 
Based on data by Centers for Disease Control (CDC) in 2007-2010, the highest prevalence of depression was 
in the age group 40-59 years, which was 9.45%. Data on the incidence of depression in Indonesia varies greatly 
and differs in each research area [1]. 

Disorders of Chronic Kidney Disease are related to inflammation and stress levels thus activating the 
Hypothalamic-Pituitary-Adrenal Axis (HPA) and autonomic nerves which will increase pro-inflammatory 
production [2]. Release of cytokines cell pro-inflammation will activate corticotropin releasing hormone 
(CRH) in the hypothalamus which will result in the secretion of adrenocorticotropic hormone (ACTH) and 
finally the HPA axis system will release cortisol glucocorticoids into the blood circulation [3]. 
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Various biomarkers have been studied to assess the inflammatory process that occurs in depressed and 
chronic kidney disease(CKD) patients. Recently, the Red Blood Cell Distribution Width (RDW) and 
Erythrocyte Sedimentation Rate (ESR) values are said to be good inflammation indicators. Oxidative stress 
and chronic inflammation in Chronic Kidney Disease will suppress the process of erythropoiesis and shorten 
the life of erythrocytes, resulting in heterogeneous circulating size of erythrocytes (anisocytosis) and seen as 
an increase in the Red Blood Cell Distribution Width (RDW) value. Increased Erythrocyte Sedimentation Rate 
(ESR) was also reported in patients with depressive disorders compared to normal people. This is because it 
is supported by the theory that chronic inflammation plays an important role in depression pathogenesis [4]. 

Depression is a predictor that will increase the morbidity and mortality of patients with chronic kidney 
disease undergoing hemodialysis which affects the level of adherence to treatment or hemodialysis and the 
patient's immunity. The prevalence of depression varies from 7% to 50%. From this data, countries with mostly 
CKD patients suffer depression are in Europe [5]. 
 
METHOD 
This research is an analytical study with a cross-sectional design which carried out in Januari until February 
2023, at Hemodialysis Installation of RSUP. H. Adam Malik with the approval from Research Ethics 
Commission, Faculty of Medicine University of North Sumatera. Sampling by means of consecutive sampling. 

Samples were chronic kidney disease patients undergoing regular hemodialysis and meets the inclusion 
criteria, namely men or women aged > 18 years, CKD patients undergoing regular hemodialysis, received 
information and gave consent to participate voluntarily and in writing (informed consent) and did not meet 
exclusion criteria , namely patients with impaired consciousness, previously used antidepressants, BDI-II score 
= 0-13, active infectious disease, autoimmune, malignancy and patients not willing to give informed consent. 

Basic characteristics data of the study population are presented in graphs/tables of frequency distribution 
and analyzed descriptively. The Kolmogorov-Smirnov test is used to test data normality. To analyze the 
correlation between the Depression Level and Red Blood Cell Distribution Width (RDW) and Erythrocyte 
Sedimentation Rate (ESR), the Pearson correlation test was used if the data was normally distributed. If the 
data is not normally distributed, Spearman's correlation test is performed. Statistical analysis using 95% 
confidence level (p<0.05). 
 
RESULT 
In this research, demographic characteristics of 85 patients included in the analysis were described which 47 
patients (55.3%) were male while 38 patients (44.7%) were female. The mean age of the patients was 49.56 
years old with a standard deviation of 13.46. The median age was 58 years with the youngest patient was 20 
years old and the oldest patient was 78 years old. Mean hemodialysis duration in all patients was 19.35 months 
with a standard deviation of 27.7. 

 
Table 1. Demographic Characteristics of the Research Sample 

Parameter Total (n) 
Gender (n,%) 

Male 
Female 

 
47 (55,3%) 
38 (44,7%) 

Age (years old) 
Mean ± Standard Deviation 
Median (min-max) 

 
49,56 ± 13,46 
58 (20-78) 

Hemodialysis duration (months) 
Mean ± Standard Deviation 
Median (min-max) 

 
19,35 ± 27,7 
7 (1-132) 
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Patients were examined for RDW and ESR value as 2 haematological parameters which were included 
in this research. The mean RDW in all patient samples was 15.04 with a standard deviation of 1.83. The median 
value of the RDW is 14.8 with the minimum value was 11.9 and the maximum value was 18.8.  

The depression level of the research sample was measured in this research. Depression assessment 
using BDI II. Scores range from 0 to 63. Interpretation of scores; 14-19 indicates mild depression, 20-28 
indicates moderate depression, 29-63 indicates severe depression. In the descriptive analysis based on the 
patient's depression category, it was found that there were 37 patients with mild depression (43.5%). 18 patients 
with moderate depression (21.2%) and 30 patients with major depression (35.3%). This shows that patients 
with chronic kidney disease undergoing chronic hemodialysis tend to experience mild depression. 

 

 
Figure 1. Scatter Plot Graph of RDW to BDI II Score 

 

 
Figure 2. Scatter Plot Graph of ESR to BDI II Score. 

 
DISCUSSION 
Patients were examined for RDW and ESR value as 2 haematological parameters which were included in this 
research. The mean RDW in all patient samples was 15.04 with a standard deviation of 1.83. The median value 
of the RDW is 14.8 with the minimum value was 11.9 and the maximum value was 18.8. This is consistent 
with research by Tekce et al in 2014 which found that mean RDW of the entire study population was 13.2% 
(reference range: 12–16%).[6] The RDW is a quantitative measure of anisocytosis, is a parameter that is easy, 
inexpensive, and is reported routinely as part of a complete blood count. Other studies have also reported that 
increased RDW is associated with poor prognosis in patients with cardiovascular disease (ie heart failure, 
myocardial infarction and other coronary artery disease) regardless of hemoglobin value. The correlation 
between RDW and inflammatory markers, hs-CRP and erythrocyte sedimentation rate (ESR), suggests that 
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increased RDW may arise from an underlying inflammatory state that is associated with poor clinical 
prognosis.[7] 

The mean ESR in patients was 70.02 with a standard deviation of 29.84. The median value of ESR was 
68 with the minimum value was 15 and the maximum value was 156. This is consistent with Alsomaili's study 
in 2015 which showed an increase in ESR in patients undergoing hemodialysis with ESR value was 55.6 ± 
30.4. The usefulness of measuring ESR in nephrology patients is unclear and the literature suggests that 1-
17% of patients with very high ESR (>100 mm/hour) are associated with kidney disease of various 
etiologies.[8] 

Based on Spearman rho test it was found that there was a significant correlation between RDW and the 
BDI II score with p value 0.003. The degree of correlation or r value was 0.318. This indicates that there is a 
weak correlation between the RDW score and the BD II score. Diagnostic research conducted by Demircan et 
al in 2016 showed an AUC value was 0.62 with a significance 0.007. This is consistent because AUC 0.62 
indicates that although RDW can be used as a diagnostic parameter, its effectiveness is quite weak.[9] 

In CKD patients, high RDW values are associated with increased mortality.[10] Increased RDW values 
can be found in inflammatory or infectious conditions due to premature release of reticulocytes into the 
circulation, especially in chronic conditions. Oxidative stress and chronic inflammation in chronic kidney 
disease will suppress the process of erythropoiesis and shorten the life of erythrocytes, resulting in 
heterogeneous circulating size of erythrocytes (anisocytosis) and seen as an increase in the red blood cell 
distribution width (RDW) value.[9]Many studies have reported a positive relationship between depression and 
inflammation, in which some suggest the possibility that depression is an inflammatory disease. A higher 
RDW value in individuals with depressive and anxiety symptoms can be used as a predictor of an increased 
risk of developing cardiovascular disease in patients.[11] In addition, increasing the RDW value in patients 
with depression is also important for clinical improvement because a high RDW is associated with an increased 
risk of stroke, anemia and atherosclerosis.[12] 

Research by Feng shows that the red cell distribution width (RDW) is related to depressive symptoms, 
where the group with mild depressive symptoms is found to be higher than the group without depressive 
symptoms.[13] However, another study that compared individuals with depressive symptoms with those 
without any mental illness reported that there was no significant difference in the RDW values of the two 
groups. This could be due to differences in the number of study samples, thereby reducing statistics 
significance.[14] 

Based on Pearson test it was found that there was a significant correlation between ESR and the BDI II 
score with p value 0.009. The degree of correlation or r value was 0.280. This indicates that there is a weak 
correlation between the ESR value and the BD II score. The correlation between ESR and depression has also 
not been studied before, but Setyaningrum et al's study found that high ESR was found in patients with anxiety 
disorders compared to healthy people. This is supported by the statement that chronic inflammation plays an 
important role in the pathophysiology of depression. Inflammation is an important body mechanism to protect 
from foreign bodies. This inflammatory mechanism will release various pro-inflammatory cytotoxins, namely 
CRP (C-Reactive Protein) and fibrinogen. Then, the increase in fibrinogen levels is then a factor that increases 
the erythrocyte sedimentation rate (ESR).[15] 

Bathon et al concluded that the ESR value was high in these patients and there was no significant 
difference between pre and post hemodialysis. However, the study by Brouillard et al was not in line with 
Barthon et al, where Brouillard et al found that the ESR in patients undergoing hemodialysis would increase 
slightly. Also maili et al's study showed that as many as 79.5% of patients failed end-stage renal disease 
(ESRD) experienced an increase in ESR values (≥ 25 mm/hour).[8] Research by Vargas showed an increase 
in ESR values in smokers who experienced depression compared to non-smokers who were not depressed.[16] 
Chang showed that the group who had suicidal ideation had increased levels of hs-CRP and ESR compared to 
those who did not have suicidal ideation.[17] 
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The strength of this research is that it is new in terms of linking ESR and RDW to depression. This 
research method also uses a correlation test therefore strength of the degree of correlation can be assessed in 
addition to significance. Hopefully, this research can become the basis for other research in the future. 

The limitation of this research is the cross-sectional research design which only allows to determine the 
correlations between variables and not a causal relationship. Single-center research can also be a limitation of 
this research. Several other important aspects for the assessment of depression such as family history, social 
life background, and other comorbidities were not evaluated. 
 
CONCLUSION 
Level of depression were found to be correlated with Red Blood Cell Distribution Width (RDW) and 
Erythrocyte Sedimentation Rate (ESR) in CKD patients whose undergoing regular hemodialysis.  
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