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Background: Depression and anxiety are common psychological conditions in end-stage renal disease
(ESRD) patients and contribute to poor quality of life and increased mortality. Six Sigma methodology is a
novel method of hospital management. The aim of the present study was to determine whether Six Sigma
methodology could reduce the incidence of depression and anxiety in ESRD patients.

Methods: ESRD patients undergoing hemodialysis from March 2018 to February 2020 were enrolled
in the study. They were divided into the control group or study group according to whether they received
conventional nursing care or Six Sigma methodology, respectively. Data on patients’ demographic
characteristics were retrospectively collected. The conditions of depression and anxiety were assessed by the
Self-Rating Depression Scale and the Self-Rating Anxiety Scale, and the severity of depression and anxiety
was defined according to the scores of the scales. Univariable and multivariable logistic regression analyses
were used to determine the risk factors of depression and anxiety at discharge in ESRD patients and the
effects of Six Sigma methodology on them.

Results: A total of 251 patients were retrospectively enrolled in the study, with 112 patients in the
control group and 139 patients in the study group. There were no significant differences in the collected
demographic characteristics between the two groups. Six Sigma methodology was shown to relieve mild and
moderate depression and anxiety at discharge; however, severe depression and anxiety was hardly affected
by Six Sigma methodology. The results from multivariable logistic regression analysis identified Six Sigma
methodology as an important protective factor of psychological conditions at discharge. Depression and
anxiety status at admission and older age are also independent risk factors for anxiety at discharge in ESRD
patients. Marital status may also play a role in the incidence of depression.

Conclusions: Six Sigma methodology is significantly useful to reduce the incidence of mild and moderate
depression and anxiety at discharge, and should be extended to improve psychological conditions in ESRD
patients.
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Introduction

End-stage renal disease (ESRD) is stage 5 of chronic kidney
disease and severely worsens the quality of life in these
patients (1). Current treatments for ESRD mainly depend
on hemodialysis or kidney transplant, and hemodialysis is
most commonly used due to insufficient kidney donors.
During the long-term treatment of dialysis, some comorbid
psychological conditions may occur in ESRD patients
psychological and financial pressures, with depression
and anxiety being the most common and important
conditions (2). Depression is the second comorbid
diagnosis after hypertension in ESRD patients undergoing
hemodialysis treatment. It has been reported that 23.2%,
86.5%, and 69.1% of ESRD patients were diagnosed with
depression in Saudi Arabia, Iran, and China, respectively
(3-5). The incidence of depression was found to be related
to poor quality of life and increased mortality in ESRD
patients (6). Anxiety is the second comorbid psychological
condition in ESRD patients, accounting for 36.9% of
cases in China, and also affects patients’ quality of life (5).
Depression and anxiety in ESRD patients are reported to
be underdiagnosed and undertreated worldwide (7), and
the effects of psychological conditions on ESRD patients
may be more serious than known. The treatment and
management of depression and anxiety should be improved
in ESRD patients.

Six Sigma methodology was first proposed for quality
control of industry (8), and was then applied in hospital
management. There are five procedures in Six Sigma
methodology. These are definition, measurement, analysis,
improvement, and control, and they aim to eliminate
unnecessary steps and process variabilities to reduce errors
and improve quality in treatment procedures and nursing
care. Six Sigma methodology has been found to reduce
the length of hospital stay by minimizing the possible
variabilities (9). The rate of cesarean section in pregnancy
was reported to decrease from 41.83% to 32% by Six Sigma
methodology (10). Moreover, Six Sigma methodology
has been used in the nursing care of patients with hip
fractures (11). The results suggested that Six Sigma
methodology contributed to a greater percentage of timely
surgical care, lower incidence of complications, and reduced
need for resources (11). However, to the best of our
knowledge, there is no related study investigating the effects
of Six Sigma methodology on comorbid psychological
conditions in ESRD patient undergoing hemodialysis.

Six Sigma methodology was gradually applied in hospital
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management since 1999 in China (12), and it was applied at
our hospital within recent several years. In the present study,
we retrospectively collected data of ESRD patients receiving
different nursing care and investigated whether Six Sigma
methodology could reduce the incidence of depression and
anxiety in these patients. We present the following article in
accordance with the STROBE reporting checklist (available
at http://dx.doi.org/10.21037/apm-21-254).

Methods
Study setting and participants

The present study was a retrospective study conducted at
Haian People’s Hospital (Nantong, China) and comprised
ESRD patients undergoing hemodialysis from March
2018 to February 2020. All adult patients who underwent
hemodialysis for at least 3 months prior to the study
were enrolled. The following patients were excluded:
those older than 80 years old, suffering from other life-
threating comorbid diseases or psychological diseases, and
participating in other clinical trials. Patients were divided
into the control and study groups according to the type of
nursing care they received. The present study was approved
by the Ethics Committee of Haian People’s Hospital, but
informed consent was not necessary due to it retrospective
design. All procedures performed in this study involving
human participants were in accordance with the Declaration
of Helsinki (as revised in 2013).

Management

Patients in the control group received routine nursing
care, and those in the study group received Six Sigma
methodology, which comprised five steps as follows:
definition, measurement, analysis, improvement, and
control. First, management was defined to reduce the
level of psychological conditions in ESRD patients so
that patients were willing to cooperate with medical stuff
and improve their quality of life. Second, a psychological
nursing team was established to focus on the psychological
management of ESRD patients. Third, a team meeting
was held every week to discuss and analyze the causes
of psychological conditions, such as lack of knowledge,
economic burden, and decreased self-evaluation. Fourth,
improvement measures were discussed and implemented
based on the results of the analysis; for example, increasing
patients’ understanding of the necessity, reliability, and
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safety of hemodialysis, helping patients to use positive self-
reward to increase positive behaviors, guiding patients to
learn relaxation techniques to promote feelings of comfort,
and encouraging patients to identify and reduce their
negative thinking. Finally, the function of the control step
was the implementation of health education, strengthening
the importance of psychological nursing.

Data collection

Demographic and clinical data were collected, including
age, sex, body mass index (BMI), education status (none,
primary, secondary, tertiary), marital status (married, single,
divorced, widowed, separated), employment status, and
duration of renal failure, to investigate their relationship
with the incidence of depression and anxiety.

Outcome assessment

The outcomes in the present study were the incidences of
depression and anxiety in ESRD patients at admission and
discharge. The incidence and level of depression and anxiety
were assessed using the Self-Rating Depression Scale
(SDS) and the Self-Rating Anxiety Scale (SAS). There were
four grades in both scales; 1 point indicated no or seldom,
2 points indicated sometimes, 3 points indicated most of
the time, and 4 points indicated almost all of the time. The
cut-off value of the SDS was 53 points, 53-62 points for
mild depression, 6372 points for moderate depression, and
>72 points for severe depression. The cut-off value of
the SAS was 50 points, 50-59 points for mild anxiety,
60-69 points for moderate anxiety, and >70 points for severe
anxiety.

Statistical analysis

Continuous variables in the present study were converted
into categorical variables according to defined cut-
off. Categorical variables were reported as number and
percentage, and the comparisons between categorical
variables were based on y’-test. To determine the risk
factors of depression and anxiety at discharge in ESRD
patients and the effects of Six Sigma methodology on them,
univariable and multivariable logistic regression analyses
were performed. P<0.05 indicated statistically significant
differences, and all statistical analyses was performed using

SPSS 20.0 (IBM, Armonk, NY, USA).
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Results

We collected data from 251 ESRD patients undergoing
hemodialysis during a period of 2 years. These patients
were then divided into two groups, with 112 patients in
the control group receiving conventional nursing care and
139 patients study group receiving Six Sigma methodology.
The characteristics of the enrolled patients were listed
in Table 1. The majority of patients were relatively older
patients; patients >40 years old accounted for 64.5% of
the total number of patients. Around 68.1% patients were
males, and the BMI of nearly half of patients was <20. Only
18.7% patients had a tertiary education and 80.1% patients
were married and lived with their partner. More than half
of the enrolled patient had undergone hemodialysis for
more than 1 year and <3 years, and 34.2% patients had
undergone hemodialysis for more than 3 years. We also
recorded the patients’ psychological conditions and found
that that 47.8% and 36.3% of patients were diagnosed as
having depression and anxiety at admission, respectively.
There were no significant differences in the collected
characteristics between the study group and the control
group.

The incidences of depression and anxiety at discharge
were recorded as outcome variables, as shown in Table 2. It
was found that the incidence of depression was 50.9% in
the control group and 39.6% in the study group, indicating
a significant difference between them (P=0.018). Similarly,
the incidence of anxiety was 27.6% in the study group,
which was much lower than the 44.6% reported in the
control group (P=0.002). The change in different levels of
depression in both groups is shown in Figure 1. It was noted
that some patients with mild and moderate depression
could be relieved after Six Sigma methodology, and routine
nursing care was found to not have a significant impact
on patients’ emotion. The change in different levels of
anxiety is shown in Figure 2. Six Sigma methodology was
effective in relieving mild and moderate anxiety according
to the results. However, Six Sigma methodology was not
significantly beneficial to the relief of depression and
anxiety in the present study.

Finally, we determined the risk factors of depression
using logistic regression analysis, as shown in Table 3. The
results from the multivariable regression analysis indicated
that depression and anxiety status at admission was related
to the incidence of depression at discharge. Older age and
living alone were also important risk factors of depression
at discharge. Most importantly, Six Sigma methodology was
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Table 1 Characteristics of study population at admission

Variables Total (%) Control group (%) Study group (%) P value
Number 251 112 139
Age (years) 0.471
<40 89 (35.5) 37 (33.0) 52 (37.4)
>40 162 (64.5) 75 (67.0) 87 (62.6)
Sex 0.605
Male 171 (68.1) 76 (67.9) 90 (64.7)
Female 80 (31.9) 36 (32.1) 49 (35.3)
Body mass index 0.870
<20 123 (49.0) 55 (49.1) 64 (46.0)
20-24 86 (34.3) 39 (34.8) 50 (36.0)
>24 42 (16.7) 18 (16.1) 25 (18.0)
Education status 0.593
None 28 (11.2) 12 (10.7) 19 (13.7)
Primary 62 (24.7) 26 (23.2) 39 (28.1)
Secondary 114 (45.4) 51 (45.5) 59 (42.4)
Tertiary 47 (18.7) 23 (20.5) 22 (15.8)
Marital status 0.242
Married 201 (80.1) 89 (79.5) 121 (87.1)
Single 18(7.2) 8(7.1) 5 (3.6)
Divorced or widowed 32 (12.7) 15 (13.4) 13 (9.4)
Employment status 0.124
Yes 216 (86.1) 95 (84.8) 127 (91.4)
No 35(13.9) 17 (15.2) 12 (8.6)
Duration of hemodialysis (years) 0.911
<1 28 (11.2) 13 (11.6) 18 (12.9)
1-3 137 (54.6) 60 (53.6) 71 (51.1)
>3 86 (34.2) 39 (34.8) 50 (36.0)
Depression at admission 0.749
None 131 (52.2) 60 (53.6) 71 (51.1)
Mild 22 (8.9) 11(9.8) 11(7.9)
Moderate 41 (16.3) 19 (17.0) 22 (15.8)
Severe 57 (22.7) 22 (19.6) 35 (25.2)
Anxiety at admission 0.829
None 160 (63.7) 69 (61.6) 91 (65.5)
Mild 21 (8.4) 11(9.8) 10(7.2)
Moderate 33(13.2) 16 (14.3) 17 (12.2)
Severe 37 (14.7) 16 (14.3) 21 (15.1)
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Table 2 Incidence of depression and anxiety of study population at discharge
Variables Total (%) Control group (%) Study group (%) P value
Number 251 112 139
Depression at discharge 0.018
None 139 (65.4) 55 (49.1) 84 (60.4)
Mild 21 (8.4) 14 (12.5) 5(5.0)
Moderate 37 (14.7) 20 (17.9) 16 (12.2)
Severe 54 (21.5) 23 (20.5) 34 (22.3)
Anxiety at discharge 0.002
None 164 (65.3) 62 (55.4) 102 (73.4)
Mild 22 (8.8) 15 (13.4) 4 (5.0)
Moderate 30 (12.0) 17 (15.2) 11 (9.4)
Severe 35 (13.9) 18 (16.1) 22 (12.2)
Italic values indicate significant difference.
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Figure 1 Severity of depression at admission and discharge in
two group. (A) Control group; (B) study group. 0, none; 1, mild

depression; 2, moderate depression; 3, severe depression.

found to be a protective factor of depression at discharge in
ESRD patients (P=0.032). Logistic regression analysis was
then used to determine the risk factors of anxiety, as shown
in 7able 4. Depression and anxiety status at admission and
older age were also independent risk factors for anxiety
at discharge in ESRD patients. Living alone showed no
relationship with anxiety at discharge after adjusting with
other confounding factors in the multivariable regression
analysis. Six Sigma methodology was found to reduce the
incidence of anxiety at discharge (P=0.003).
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Figure 2 Severity of anxiety at admission and discharge in two
groups. (A) Control group; (B) study group. 0, none; 1, mild

anxiety; 2, moderate anxiety; 3, severe anxiety.

Discussion

In the present study, we summarized the data of ESRD
patients undergoing hemodialysis at a single center
within a period of 2 years. The incidence of depression at
discharge was 44.6% and that of anxiety at discharge was
34.7%. These incidences were similar to those reported
in previously published studies (5,13), indicating that
psychological conditions are common in ESRD patients.
Previous studies have indicated that depression and anxiety
worsen quality of life in ESRD patients (14,15). Efforts
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Table 3 Univariable logistic regression analysis of risk factors of depression in end-stage renal disease patients

Variables

Univariable analysis

Multivariable analysis

OR (95% Cl)

Six Sigma vs. conventional care
Age (<40 vs. >40 years)

Female vs. male

Body mass index <20 vs. >20
Tertiary education vs. other

Married vs. other

Employed vs. unemployed

>3 years of renal failure vs. <3 years
Depression at admission

Anxiety at admission

0.484 (0.292-0.804)
0.423 (0.254-0.705)
1.023 (0.600-1.744)
0.875 (0.468-1.638)
0.810 (0.425-1.543)
0.558 (0.331-0.941)
1.053 (0.514-2.156)
1.250 (0.759-2.059)
2.144 (1.262-3.643)
2.388 (1.411-4.040)

P value OR (95% ClI) P value
0.005 0.553 (0.321-0.951) 0.032
0.001 0.400 (0.232-0.690) 0.001
0.934 - -
0.677 - -
0.521 - -
0.029 0.582 (0.376-0.982) 0.045
0.889 - -
0.380 - -
0.005 2.246 (1.267-3.980) 0.006
0.001 2.242 (1.269-3.961) 0.005

Italic values indicate significant difference. Cl, confidence interval; OR, odds ratio.

Table 4 Univariable logistic regression analysis of risk factors of anxiety in end-stage renal disease patients

Variables

Univariable analysis

Multivariable analysis

OR (95% Cl)

Six Sigma vs. conventional care
Age (=40 vs. >40 years)

Female vs. male

Body mass index <20 vs. >20
Tertiary education vs. other
Married vs. other

Employed vs. unemployed

>3 years of renal failure vs. <3 years

0.418 (0.246-0.711)
0.504 (0.285-0.892)
1.108 (0.636-1.930)
0.862 (0.445-1.669)
1.085 (0.560-2.102)
0.444 (0.261-0.756)
0.722 (0.330-1.582)
0.988 (0.574-1.701)

Depression at admission

Anxiety at admission

2.357 (1.369-4.057)
2.362 (1.379-4.046)

P value OR (95% CI) P value
0.001 0.419 (0.238-0.739) 0.003
0.019 0.541 (0.318-0.919) 0.023
0.718 - -
0.659 - -
0.810 - -
0.003 0.586 (0.329-1.044) 0.070
0.416 - -
0.967 - -
0.002 2.131(1.188-3.824) 0.011
0.002 2.028 (1.130-3.642) 0.018

Italic values indicate significant difference. Cl, confidence interval; OR, odds ratio.

have been made to relieve psychological conditions using
psychotropic medications or non-pharmacological therapy
(16,17). According to a previous study, only a small group of
ESRD patients with depression received either psychotropic
medications or non-pharmacological therapy (18). It is still
unclear whether psychotropic medications are tolerable
and efficacious in ESRD patients. The effectiveness of non-
pharmacological therapy, which mainly refers to cognitive-
behavioral therapy, was confirmed in several studies with
small sample sizes (19,20).

© Annals of Palliative Medicine. All rights reserved.

Six Sigma methodology was applied in the present
study and showed significantly positive effects on the
psychological conditions of ESRD patients. To the best of
our knowledge, the present study is the first to investigate
the effects of Six Sigma methodology on the incidence
of depression and anxiety in ESRD patients. Previous
studies have confirmed that Six Sigma methodology could
improve the timeliness of care and the overall quality
of nursing care in several departments (21,22). We then
modified conventional Six Sigma methodology and added
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some cognitive-behavioral therapy into it to focus on the
improvement of psychological conditions in ESRD patients.
Our results further confirmed the effectiveness of cognitive-
behavioral therapy in ESRD patients, with modified
Six Sigma methodology being identified as a protective
factor of depression and anxiety at discharge. In contrast,
conventional nursing care without specific psychological
treatment would worsen psychological conditions to some
degree.

After further analysis, it was found that Six Sigma
methodology mainly relieved mild depression and anxiety in
the present study. Severe depression and anxiety were hard
to eradicate completely or could only be slightly relieved,
which was a shortcoming of Six Sigma methodology. The
addition of psychotropic medications may be helpful.
However, treatment using psychotropic medications is
difficult to implement in practice. The main reason is that
patients are reluctant to accept psychotropic medications.
A lack of studies investigating the effects of psychotropic
medications on ESRD patients at present also hinders their
application for the treatment of depression and anxiety.
Such studies are necessary for the treatment of ESRD
patients with depression and anxiety.

Other risk factors of depression and anxiety were
also identified in the present study. Age was a significant
predictor of anxiety and depression, which was similar to
the results of a previous study (3). Married patients were
more likely to be depressed or anxious according to our
study. However, previous studies have different opinions
on the impacts of marital status on psychological condition
(7,13). We believe that marital status and living with
family is more conducive to the psychological condition of
patients, as they provide patients with support and reduce
their psychological stress.

The present study has some limitations. First, most
patients underwent hemodialysis for a relatively short
period (<3 years, 65.8%). Therefore, it was unclear whether
these results are applicable to patients who have undergone
hemodialysis for longer periods of time. Second, we did
not record the prognosis and quality of life due to the
short follow-up of less than 3 years. Third, depression and
anxiety were diagnosed by the SAS and SDS scores instead
of a psychiatrist. Some novel scales to assess depression and
anxiety have been proposed in recent years, which may be
superior to the SDS and SAS (2,23,24). Further studies are
needed to verify their effectiveness in ESRD patients.
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Conclusions

In total, 251 ESRD patients undergoing hemodialysis
were enrolled in the present study and the incidence of
depression and anxiety at discharge was 44.6% and 34.7%,
respectively. Six Sigma methodology was significantly
useful to reduce the incidence of depression and anxiety
at discharge, especially mild and moderate depression and
anxiety. The findings of the present study indicated that
Six Sigma methodology should be extended to improve
psychological conditions in ESRD patients.
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