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ABSTRACT
Objective: To investigate the prevalence of depression and anxiety in patients undergoing main-
tenance hemodialysis (MHD) in Hohhot, a large city on the northern border of China, and to
identify independent risk factors for depression and anxiety in these patients.
Methods: Patients receiving MHD for >3months were enrolled in the four largest hemodialysis
centers between September 2020 and December 2020. Depression and anxiety were assessed
using the Zung self-rated depression scale (SDS) and Zung self-rated anxiety scale (SAS), respect-
ively, with demographic and other data collected for logistic regression analyses.
Results: Among 305 MHD patients included in this study, the prevalence of depression was
55.1%, including 27.5%, 21.0%, and 6.6% with mild, moderate and severe cases, respectively. The
prevalence of anxiety was 25.9%, with 20.0%, 4.6%, and 1.3% having mild, moderate, and severe
cases, respectively. An independent protective factor for depression was family income of
�1415US dollars/month relative to <157US dollars/month (odds ratio [OR] 0.209, 95% confi-
dence interval [CI] 0.065–0.673), and predictors of depression included �3 comorbidities (OR
18.527, 95% CI 1.674–205.028) and severe pruritus (OR 15.971, 95% CI 5.173–49.315).
Independent predictors of anxiety included infrequent exercise (OR 3.289, 95% CI 1.411–7.664)
and severe pruritus (OR 5.912, 95% CI 1.733–20.168). The correlation between depression and
anxiety in these patients was significant (rs¼ 0.775, p< 0.001).
Conclusion: MHD patients in Northern China had high prevalence rates of depression (55.1%)
and anxiety (25.9%). Lower family income, more comorbidities, and a higher degree of pruritus
were predictors of depression, while infrequent exercise and severe pruritus were predictors of
anxiety. Depression correlated significantly with anxiety. Attention should be given to family
income, comorbidity, exercise, and pruritus severity for improved management of depression
and anxiety among MHD patients.
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Introduction

Chronic kidney disease (CKD) is defined by the presence
of kidney damage for more than 3months, originating
from various etiologies. A substantial proportion of
patients with CKD will eventually progress to having
the end-stage renal disease (ESRD), necessitating treat-
ment with renal replacement therapy (RRT). CKD is a
serious public health concern globally. According to
data from the Global Burden of Disease (GBD) Chronic
Kidney Disease Collaboration, the global prevalence of

CKD in 2017 reached as high as 9.1%, with a total of
697.5 million people having CKD, among whom one-
third resided in China and India (132.3 million and
115.1 million, respectively) [1]. Additionally, CKD also
brings forward high mortality. In 2017, the number of
deaths related to CKD worldwide was 1.23 million, with
age-standardized mortality of 0.16‰ [1]. Currently,
hemodialysis remains the mainstay of RRT for patients
with ESRD in most countries [2,3]. The population of
maintenance hemodialysis (MHD) patients is rapidly
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increasing in China; data from the Chinese National
Renal Data System (CNRDS) revealed that the number
of patients undergoing MHD in China increased from
0.235 million in 2011 to 0.447 million in 2016 (90.2%
within 5 years), and the prevalence increased from 174
cases per million in 2011 to 298 per million in 2016
(71.3% within 5 years).

Patients undergoing MHD suffer from psychiatric ill-
nesses of varying severity with adverse influences, espe-
cially depression and anxiety. A meta-analysis including
observational studies found by searching MEDLINE and
Embase reported that the prevalence rates of interview-
based and self- or clinician-rated depression in patients
undergoing MHD were 22.8% and 39.3%, respectively
[4]. Patients undergoing MHD in Greece also had high
prevalence rates of depression and anxiety, as a multi-
center study identified that 29.4% and 35.9% of
patients undergoing MHD had depression and anxiety,
respectively [5]. On the other hand, another meta-
analysis of cohort study indicated that depression sub-
stantially increases the risk of mortality in patients with
CKD, while effective anti-depressive treatments in
patients with CKD may reduce mortality [6]. A separate
meta-analysis suggested that depression is an inde-
pendent risk factor for mortality in patients undergoing
chronic dialysis [7]. A study from Japan suggested that
anxiety and depression significantly impair the quality
of life in older patients undergoing hemodialysis [8].
Furthermore, several studies indicated that depression
and anxiety are robust indicators of suicidal ideation
[9,10], and researchers have tried to reduce the risk of
suicidality [11,12].

In China, existing studies focusing on depression and
anxiety in patients undergoing MHD were mostly per-
formed in a single center with few patients included,
and most have been done in developed coastal regions
or central areas with very few regional or nationwide
reports. Compared with the central areas and coastal
regions, the northern border of China has unique geo-
graphical, social, economic, cultural and ethnic charac-
teristics. The population of this area consumes a high
salt diet, drinks alcohol frequently, has a high preva-
lence of obesity and has suboptimal economics and
limited medical resources, and the area has the geo-
graphic features of a cold and dry climate, with a large
minority subpopulation. From this perspective, data
from central and coastal China are not likely to be rep-
resentative of those from the northern border of China.
However, most data about the mental status of MHD
patients were derived in studies in the central and the
coastal areas of China, even though the area of the
northern border accounts for 20% of China’s

population. Therefore, it is epidemiologically important
to gain more understanding of the psychological health
of the MHD population living on the northern border of
China. Consequently, the current study aimed to inves-
tigate the prevalence of depression and anxiety in
patients undergoing MHD in Hohhot, the capital of the
northern border region of China, and to identify inde-
pendent predictors of depression and anxiety, for the
purpose of providing guidance for the prevention and
treatment of depression and anxiety in hemodialysis
patients in this region.

Materials and methods

Sample and setting

Prior to study initiation, 1313 patients were undergoing
MHD in 10 hemodialysis units in Hohhot in August
2020, based on the records from the Hohhot
Hemodialysis Quality Control Center. According to the
results from Gerogianni et al. [5], the prevalence of
depression in patients undergoing MHD in Greece was
29.4%. We extrapolated their data to our expected
cohort because the design of their study was found to
be rigorous. We further set the confidence degree 1-a
at 0.95 and set the permissible error at 1/6 of the popu-
lation rate, resulting in a calculated minimal sample size
of 332 for the analyses of depression, based on the cal-
culation formula for enumeration data sample size esti-
mation. Similarly, the expected prevalence of anxiety
was 35.9% according to findings from Gerogianni et al.
[5]. Using the same framework described above (confi-
dence degree at 0.95, permissible error at 1/6 of the
population rate), the calculated minimal sample size
was 247 for the analyses of anxiety. Consequently, we
set out to enroll 332 patients undergoing MHD in
this study.

According to the hemodialysis quality control center,
75.5% of patients undergoing MHD in Hohhot were
treated in the four largest dialysis rooms in the city,
including the First Hospital of Hohhot (353 patients),
the Affiliated Hospital of Inner Mongolia Medical
University (320 patients), the People’s Hospital of Inner
Mongolia Autonomous Region (210 patients), and the
Inner Mongolia International Mongolian Hospital (108
patients). To ensure the representativeness of enrollees
and study feasibility, we randomly sampled eligible
patients undergoing MHD from the four largest dialysis
units, with the patient number from each dialysis room
corresponding to the number of patients undergoing
MHD patients in each unit.
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Inclusion and exclusion criteria

This study was a multicenter and cross-sectional one.
Patients receiving regular hemodialysis for more than
3months were selected between September 2020 and
December 2020 from the four hemodialysis units. After
determining patients’ eligibility based on inclusion and
exclusion criteria, enrollees were asked to complete a
questionnaire survey, conducted in a separate room by
trained investigators. At the beginning of the interview,
the investigator introduced the study to eligible
patients and helped them sign the informed consent
form. Enrollees completed the survey in a mini program
of the WeChat application on their cellphone called the
questionnaire star. Enrollees’ personal information was
kept anonymized, with their names coded using initials
only. Those who were severely depressed were referred
for further treatment. This study was approved by the
Ethics Committee of the Affiliated Hospital of Inner
Mongolia Medical University (No. 2020025).

The inclusion criteria were as follows: age between
18 and 85 years; receiving MHD for more than
3months; having clear consciousness and being able to
communicate normally; and being willing to participate
and providing informed consent. The exclusion criteria
were as follows: unable to complete the survey because
of poor linguistic competence; visual, hearing or mental
impairment; age younger than 18 years or older than
80 years; serious diseases precluding their participation
in this study, including heart failure of New York Heart
Association functional class IV, recent or frequent attack
of angina pectoris, or having hypoxemia, defined by a
blood oxygen saturation less than 90% at rest; and
refusal to participate in this study.

Data collection and measurement

Socio-demographic profile
We collected demographic data including patients’
name initials, age, gender, occupation, nationality,
employment status, education level, marital status, type
of health insurance, monthly family income, and exer-
cise status.

Comorbidities and laboratory indices
Patient’s clinical history includes clinical features,
comorbidities and physical parameters, such as the dur-
ation of receiving dialysis, the dialysis hours per week,
ESRD origins, number of comorbidities, blood pressure
on non-dialysis days, pruritus severity, and sleep status.
The pruritus severity was divided into three grades,
“No,” “Sustainable” and “Unbearable.” Laboratory indi-
ces including hemoglobin were recorded.

Assessment of depression and anxiety
We used the Zung self-rating depression scale (SDS)
and Zung self-rating anxiety scale (SAS) to assess
depression and anxiety, respectively. The SDS was
developed by W.K. Zung in 1965, and the SAS was
developed by W.K. Zung in 1971. Both scales were
translated into Chinese versions shown to have a high-
reliability coefficient for different Chinese populations
[13]. Each scale contains 20 items each scored on a
four-point Likert scale that assesses the frequency or
severity of symptoms of either depression or anxiety:
“1” indicates no or little time, “2” represents a small
amount of time, “3” refers to a lot of time, and “4”
represents most or all of the time. Reverse scoring
questions were scored as “4, 3, 2, and 1.” The self-
assessment scale evaluation method involved first
explaining the evaluation method, meaning and
requirements to the participants, after which time the
participants completed the electronic questionnaires
according to the actual situation. Higher total scores
represent more severe depression or anxiety. The word-
ing of questionnaire items from the contents of the SDS
and SAS was adjusted in the Inner Mongolia Mental
Health Center, in order to adapt the content to the lan-
guage and habits of local citizens. The raw scores were
converted into standard scores by multiplying by 1.25
for further evaluation. The thresholds for identifying
depression and anxiety were 50 points [14,15], with
scores higher than 50 defined as having depression or
anxiety [16]. Scores of 50–59, 60–69, and >70 indicated
mild, moderate, and severe depression or anxiety,
respectively, based upon a study aimed at the Chinese
MHD population [17].

Statistical analysis

All analyses were performed using SPSS version 20.0.
Normally distributed quantitative data were expressed
as �x6s, while quantitative data with a skewed distribu-
tion were expressed as median with 25% and 75%
quartiles in parentheses. Categorical variables were
expressed using frequencies or rates. Univariate binary
logistic regression analysis was first performed with 26
independent variables, with variables found to be sig-
nificant (p< 0.05) included in the subsequent binary
multiple logistic regression analyses, to explore inde-
pendent predictors of depression or anxiety. Spearman
correlation analysis between depression and anxiety
scores was performed using enrollees’ standard scores
of SDS or SAS. A two-tailed test was used in statistical
analyses and a P value <0.05 was considered statistic-
ally significant.
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Results

Enrollee characteristics

A total of 305 (23.2%) of the 1313 patients undergoing
MHD were enrolled in this study, among whom 108, 95,
42, and 60 cases were recruited from the Affiliated
Hospital of Inner Mongolia Medical University, First
Hospital of Hohhot, People’s Hospital of Inner Mongolia
Autonomous Region, and Inner Mongolia International
Mongolian Hospital, respectively. The patients’ demo-
graphic data are presented in Table 1. Enrollees had a
mean age of 52 years (22–84 years), and 120 (39.4%)
were aged between 45 and 59 years. Approximately
55.1% (n¼ 168) were male, with the majority being of
Han ethnicity (n¼ 265, 86.9%). Most enrollees lived in
an urban area (n¼ 264, 86.9%), and most (78.4%) were
married. We found that 56.4% of enrollees had a senior
high school, vocational school, or higher level of educa-
tion. In addition, 57.7% were absent from work, while
28.2% had a family monthly income between 157 and
472US dollars.

With regard to clinical history, 69.2% had a daily
sleep duration longer than 7 h, and 26.6% were over-
weight or obese. Nearly half (47.0%) had one or more
co-morbid diseases, and 83.6% quit their work after
starting MHD. Other comorbidities, treatment informa-
tion, and laboratory indicators are shown in Table 1.

Table 1. Patients’ characteristics (N¼ 305).
Characteristics n (%)

Gender 　
Male 168 (55.1)
Female 137 (44.9)

Age group (years) 　
18–44 93 (30.5)
45–59 120 (39.4)
60–79 86 (28.2)
80–85 6 (1.9)

Race 　
Han ethnicity 265 (86.9)
Mongol ethnicity 27 (8.9)
Hui ethnicity 5 (1.6)
Other ethnicity 8 (2.6)

Education level 　
Primary school and below 43 (14.1)
Junior high school 90 (29.5)
Senior high/vocational school 75 (24.6)
Junior college 51 (16.7)
Bachelor or above 46 (15.1)

Marital status 　
Married 239 (78.4)
Never married 39 (12.8)
Divorced or separate 17 (5.6)
Widowed 10 (3.2)

Occupation 　
Mental worker 76 (24.9)
Manual worker 53 (17.4)
Others 176 (57.7)

Family monthly income (US dollars/month)
<157 74 (24.3)
157–472 86 (28.2)
472–943 85 (27.9)
943–1415 28 (9.2)
�1415 32 (10.4)

Daily sleep duration (hours)
�7 211 (69.2)
<7 94 (30.8)

Number of co-morbid illnesses
0 157 (51.5)
1 110 (36.1)
2 28 (9.2)
�3 10 (3.2)

Employment status
Yes 50 (16.4)
No 255 (83.6)

Health care type 　
New rural cooperative medical care 101 (33.1)
Medical insurance for urban residents 44 (14.4)
Medical insurance for urban workers 122 (40.0)
Provincial health care 38 (12.5)

Exercise status 　
Often 75 (24.6)
Occasionally 155 (50.8)
Never 75 (24.6)

Dialysis duration (years) 　
�2 74 (24.3)
3—5 95 (31.1)
6—9 82 (26.9)
�10 54 (17.7)

Duration of dialysis per week (hours)
<11.5 67 (22.0)
�11.5 238 (78.0)

Primary disease 　
Diabetes mellitus 42 (13.8)
Glomerulonephritis 63 (20.7)
Primary hypertension 95 (31.1)
Tubulointerstitial disease 0 (0.0)
Autoimmune disease 12 (3.9)
Polycystic kidney 19 (6.2)
Unknown 59 (19.4)
Drug-induced kidney injury 15 (4.9)

With diabetes mellitus or not

(continued)

Table 1. Continued.
Characteristics n (%)

Yes 52 (17.0)
No 253 (83.0)

With heart disease or not
Yes 87 (28.5)
No 218 (71.5)

Pruritus severity 　
No 60 (19.7)
Sustainable 202 (66.2)
Unbearable 43 (14.1)

Systolic blood pressure (mmHg)
>160 72 (23.6)
141–159 76 (24.9)
130–140 96 (31.5)
89–129 61 (20.0)

Diastolic blood pressure (mmHg)
�100 42 (13.8)
90–99 90 (29.5)
80–89 88 (28.9)
<80 85 (27.8)

Mean arterial pressure (mmHg)
�105 154 (50.5)
>105 151 (49.5)

*Hemoglobin (g/L)
<100 98 (32.1)
100–130 151 (49.5)
>130 37 (12.1)

Notes: �Total percentage did not equal to 100% because of missing data.
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Prevalence of depression and anxiety among
study participants

The prevalence of depression in patients undergoing
MHD in this study was 55.1%, with 27.5%, 21.0, and
6.6% having mild, moderate, and severe depression,
respectively. The prevalence of anxiety in these patients
was 25.9%, with 20.0%, 4.6%, and 1.3% having mild,
moderate, and severe anxiety, respectively.

Univariate analysis of predictors of depression
and anxiety

Univariate binary logistic regression analysis was first
performed to assess determinants of depression or anx-
iety, respectively. During the analysis of depression, “No
depression” was taken as one variable, while mild, mod-
erate and severe depression were combined into the
other. During the analysis of anxiety, “No anxiety” was
taken as one variable, while mild, moderate and severe
anxiety were combined into the other. On univariate
analysis with depression as the dependent variable,
nine variables were found to be statistically significant,
including monthly family income (p< 0.001), daily sleep
duration (p< 0.001), number of comorbidities
(p< 0.001), type of medical insurance (p¼ 0.023), exer-
cise status (p¼ 0.002), heart disease history (p< 0.001),
pruritus severity (p< 0.001), systolic blood pressure
(p¼ 0.026) and diastolic blood pressure (p¼ 0.046;
Table 2). Figure 1 shows the results for the relationships
between monthly family income, number of comorbid-
ities, pruritus severity, and depression.

On univariate analysis with anxiety as the dependent
variable, eight variables reached statistical significance,
including daily sleep duration (p< 0.014), number of
comorbidities (p< 0.001), exercise status (p< 0.001),
ESRD origins (p< 0.001), heart disease history
(p¼ 0.001), pruritus severity (p< 0.001), diastolic blood
pressure (p¼ 0.045) and mean blood pressure
(p¼ 0.034). Figure 2 shows the results for the relation-
ships between exercise status, pruritus severity,
and anxiety.

Multivariate logistic regression analysis results for
depression predictors

Variables with a P value <0.05 from univariate analysis
were included in the multivariate logistic regression
analysis (Table 3). We found that lower monthly family
income, more comorbidities, and a higher degree of
pruritus were independent predictors of depression in
patients undergoing MHD. Higher monthly family
income was protective against depression; the risk of
depression in patients with a monthly family income
between 944 and 1414US dollars was about one-fifth
that of patients with a monthly family income of less
than 157US dollars (95% confidence interval [CI]
0.063–0.769). The risk of depression in patients with a
monthly family income of more than 1415US dollars
was about one-fifth that of patients with a monthly

Figure 1. Univariate analysis of the relationship between monthly family income (A), number of comorbidities (B), pruritus sever-
ity (C), and depression, using univariate logistic regression.

Figure 2. Univariate analysis of the relationship between
exercise status (A), pruritus severity (B) and depression, using
univariate logistic regression.
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family income of less than 157US dollars (95% CI
0.065–0.673). In addition, patients with one, two, and
three comorbidities had 3.352 (95% CI 1.551–7.243),
4.146 (95% CI 1.232–13.949), and 18.527 (95% CI
1.674–205.028) times higher risks of depression than
those without any comorbidity. Patients with self-
reported intermittent and severe pruritus had 4.364
(95% CI 2.075–9.137) and 15.971 (95% CI 5.173–49.315)
times higher risks of depression than those with-
out pruritus.

Multivariate logistic regression analysis results for
anxiety predictors

Variables with a P value <0.05 from univariate analysis
were included in the multivariate logistic regression
analysis (Table 4). We found two independent predic-
tors of anxiety, including infrequent exercise status and

a higher degree of pruritus. The risks for anxiety in
patients undergoing MHD who occasionally exercised
(OR 1.635, 95% CI 0.750–3.565) and who never exer-
cised (OR 3.289, 95% CI 1.411–7.664) were higher than
those for patients who often exercised. Patients with
occasional pruritus (OR 3.849, 95% CI 1.403–10.556) or
severe pruritus (OR 5.912, 95% CI 1.733–20.168) had a
significantly higher risk of anxiety than those with-
out pruritus.

Correlation analysis between depression
and anxiety

Among the enrollees, 76 patients (24.9%) suffered from
both depression and anxiety. Spearman correlation
analysis showed a significant correlation between
depression and anxiety (rs¼ 0.775, p< 0.001; Figure 3).

Table 3. Multivariate analysis of factors predicting depression (N¼ 305).

　 　 　 　 　 　
95% CI

Characteristics B S.E. Wald P OR Lower Upper

Family monthly income (US dollars/month) 　 　 　 　 　
<157 　 　 　 　 1.000 　 　
157–472 0.297 0.392 0.572 0.449 1.346 0.624 2.904
473–943 �0.485 0.421 1.329 0.249 0.616 0.27 1.404
944–1414 �1.516 0.639 5.623 0.018 0.22 0.063 0.769
�1415 �1.564 0.596 6.885 0.009 0.209 0.065 0.673

Daily sleep duration (hours) 　 　 　 　 　 　
�7 　 　 　 　 1.000 　 　
<7 �0.042 0.074 0.323 0.57 0.959 0.830 1.108

Number of co-morbid illnesses 　 　 　 　 　 　
0 　 　 　 　 1.000 　 　
1 1.21 0.393 9.47 0.002 3.352 1.551 7.243
2 1.422 0.619 5.278 0.022 4.146 1.232 13.949
�3 2.919 1.227 5.665 0.017 18.527 1.674 205.028

Health care type 　 　 　 　 　 　 　
New rural cooperative medical care 　 　 　 1.000 　 　
Medical insurance for urban residents �0.108 0.45 0.058 0.81 0.897 0.372 2.167
Medical insurance for urban workers �0.476 0.375 1.614 0.204 0.621 0.298 1.295
Provincial health care �0.48 0.551 0.761 0.383 0.619 0.21 1.821

Exercise status
Often 　 　 1.000 　 　
Occasionally 0.424 0.376 1.267 0.260 1.528 0.730 3.195
Never 0.607 0.430 1.987 0.159 1.834 0.789 4.263

With heart disease or not 　 　 　 　 　 　
Yes 　 　 　 　 1.000 　 　
No �0.06 0.434 0.019 0.891 0.942 0.403 2.204

Pruritus condition 　 　 　 　 　 　 　
No 　 　 　 　 1.000 　 　
Sustainable 1.473 0.377 15.275 <0.001 4.364 2.085 9.137
Unbearable 2.771 0.575 23.202 <0.001 15.971 5.173 49.315

Systolic blood pressure(mmHg) 　 　 　 　 　 　 　
>160 　 　 　 　 1.000 　 　
141–159 �0.385 0.452 0.726 0.394 0.68 0.281 1.65
130–140 �0.508 0.478 1.126 0.289 0.602 0.236 1.537
89–129 �0.187 0.524 0.127 0.722 0.83 0.297 2.317

Diastolic blood pressure (mmHg) 　 　 　 　 　 　
�100 　 　 　 　 1.000 　 　
90–99 �0.415 0.482 0.741 0.389 0.66 0.256 1.7
80–89 �0.807 0.494 2.666 0.103 0.446 0.169 1.175
<80 �0.696 0.551 1.599 0.206 0.498 0.169 1.467

Notes: CI, confidence interval; OR, odds ratio.
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Discussion

In this study, we investigated the prevalence of depres-
sion and anxiety in patients undergoing MHD in a large
city in Northern China and identified predictors for
depression and anxiety in these patients. We found that
MHD patients in Northern China had high prevalence

rates of depression (55.1%) and anxiety (25.9%). Lower
family income, more comorbidities, and a higher degree
of pruritus were predictors of depression, and infre-
quent exercise and a higher degree of pruritus were
predictors of anxiety. Depression was correlated with
anxiety obviously.

Prior studies showed that patients undergoing MHD
have a significantly higher prevalence of depression or
anxiety than the general population. A meta-analysis
showed that the prevalence of clinical interview-
identified depression in patients undergoing MHD was
22.8% and that the prevalence of self- or clinician-rated
depression in patients undergoing MHD was 39.3% [4].
Another meta-analysis suggested the prevalence of
depression among Iranian patients undergoing MHD
was 62.0% [18], while a multicenter study identified the
prevalence rates of depression and anxiety to be 29.4%
and 35.9%, respectively, in Greek patients undergoing
MHD [5]. Reports have shown that the prevalence rates
of depression and anxiety among Kuwaiti patients
undergoing MHD were 21.7% and 21.4%, respectively
[19], and those among patients in Saudi Arabia were

Table 4. Multivariate analysis of factors predicting anxiety (N¼ 305).

　 　 　 　 　 　
95% CI

Characteristics b S.E. Wald P OR Lower Upper

Daily sleep duration (hours) 　 　 　 　 　
�7 　 　 　 　 1.000 　 　
<7 0.302 0.339 0.793 0.373 1.352 0.696 2.627

Number of co-morbid illnesses 　 　 　 　 　 　
0 　 　 1.000 　 　
1 0.623 0.410 2.312 0.128 1.865 0.835 4.166
2 0.408 0.655 0.388 0.534 1.503 0.417 5.423
�3 1.261 0.986 1.634 0.201 3.527 0.511 24.372

Exercise status
Often 　 　 　1.000 　 　
Occasionally 0.492 0.894 1.592 0.216 1.635 0.750 3.565
Never 1.191 0.432 7.608 0.006 3.289 1.411 7.664

Primary disease 　 　 　 　 　 　 　
Diabetes mellitus 　 　 1.000 　 　
Glomerulonephritis �0.228 0.558 0.167 0.683 0.796 0.267 2.375
Primary hypertension 0.073 0.518 0.020 0.888 1.076 0.390 2.967
Autoimmune disease 0.113 0.558 0.167 0.683 0.796 0.207 6.068
Polycystic kidney �1.303 0.916 2.026 0.155 0.272 0.045 1.634
Drug-induced kidney injury �0.975 0.894 1.188 0.276 0.377 0.065 2.177
Unknown �0.270 0.572 0.222 0.637 0.764 0.249 2.343

With heart disease or not 　 　 　 　 　 　
Yes 　 　 　 　 1.000 　 　
No �0.287 0.423 0.461 0.497 0.750 0.327 1.719

Pruritus condition 　 　 　 　 　 　
No 　 　 1.000　 　 　
Sustainable 1.348 0.515 6.856 0.009 3.849 1.403 10.556
Unbearable 1.777 0.626 8.056 0.005 5.912 1.733 20.168

Diastolic blood pressure (mmHg) 　 　 　 　 　 　
�100 　 　 1.000 　 　
90–99 �0.159 0.519 0.093 0.760 0.853 0.309 2.360
80–89 0.346 0.575 0.362 0.547 1.413 0.458 4.357
<80 0.283 0.659 0.184 0.668 1.327 0.365 4.834

Mean arterial pressure (mmHg) 　 　 　 　 　
�105 　 　 　 　 1.000 　 　
>105 �0.352 0.460 0.586 0.444 0.703 0.285 1.733

Notes: CI, confidence interval; OR, odds ratio.

Figure 3. Correlation results between depression and anxiety.
The x-axis represents the standard scores for depression, and
the y-axis represents the standard scores for anxiety.
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23.3% and 21.1%, respectively [20]. The prevalence
rates of depression and anxiety in Chinese patients
undergoing MHD in the present study ranged from
21.7% to 62.0% and from 21.1% to 35.9%, respectively,
and these rates may be higher than those in other pop-
ulations [21,22].

We did not find any literature regarding a nation-
wide epidemiological survey on the prevalence of
depression or anxiety in patients undergoing MHD in
China in the literature search. Few regional studies
existed, while multiple single-center reports were found
for depression alone, anxiety alone or the two together.
A study from Kashgar, Xinjiang, China showed that the
prevalence rates of depression and anxiety in patients
undergoing MHD were 66.7% and 53.3%, respectively
[23]. Most single-center studies from coastal and central
China revealed a 40%–50% prevalence of depression
and a 15%–30% prevalence of anxiety in a patient
undergoing MHD. We found that the prevalence rates
of depression and anxiety in patients undergoing MHD
on the northern border of China were 55.1% and
25.9%, respectively. This finding for depression preva-
lence was mildly higher than those reported in coastal
and central China, while our finding for anxiety preva-
lence was similar to those reported in coastal and cen-
tral China. We considered that these differences in
depression and anxiety prevalence may reflect true dif-
ferences in their prevalence or be due to differences in
the assessment approaches for depression and anxiety,
as studies that used other scales and survey results
from the same population gathered using different
scales showed different results. Such scales included
the symptom check list-90, the Center for
Epidemiologic Studies depression scale, the state-trait
anxiety inventory, and the Beck depression inventory.
We believe that true differences may exist in the
depression and anxiety prevalence of our
study population.

We showed that suboptimal economic status might
be an important contributor to the higher prevalence
of depression on the northern border of China, based
on the multivariate regression analyses result that fam-
ily monthly income independently predicted depres-
sion. Monthly family income is relatively lower on the
northern border than in central and coastal China. Our
findings of high prevalence rates of depression and
anxiety on the northern border of China suggest that
medical workers and healthcare-relevant personnel
should pay attention to the prevention and treatment
of depression and anxiety in patients undergoing MHD,
in order to reduce the associated harm. We plan to
establish an intervention group to treat MHD patients

with psychological disorders and foster a partnership
with the regional mental health centers.

From the multivariate analysis in the present study,
three factors can independently increase the incidence
rate of depression, including a lower monthly family
income, more comorbidities, and a higher degree of
pruritus. Existing studies suggest that family income
has a close relationship with depression [24–26], with a
lower family income corresponding to a higher inci-
dence of depression. However, most studies were cross-
sectional studies, and very few cohort studies or
randomized controlled trials (RCTs) exist. It is likely that
enhancing economic stability can provide patients with
better medical accessibility and better medical care,
thereby reducing depression. Multiple studies suggest
that the number and severity of comorbidities are lin-
early associated with depression in patients undergoing
MHD [25,27], but we did not find any cohort studies or
RCTs addressing this issue. We considered that this rela-
tionship exists not only in patients with ESRD but also
in patients with other chronic diseases. For example, a
number of comorbidities are positively correlated with
the occurrence of depression in patients with other
conditions, such as diabetes [28]. It is likely that the
number and severity of comorbidities significantly
increase patients’ suffering, reduce their quality of life,
increase difficulties encountered during treatment, and
increase medical costs, all of which could contribute to
the relationship between the number of comorbidities
and the development of depression.

Pruritus is common in patients undergoing MHD.
Among 219 patients undergoing MHD, Inbar et al.
found that 66% reported experiences of pruritus and
48% had ongoing pruritus during the study [29].
Contemporary studies mostly concur that pruritus is
closely associated with the prognosis of patients under-
going MHD. Among 1773 Japanese patients under-
going MHD, Narita et al. found that severe pruritus was
an independent risk factor for mortality after 2 years of
follow-up [30]. Another prospective study in Germany
also found that among 860 patients undergoing MHD,
severe pruritus independently predicted mortality after
4 years of follow-up [31]. However, similar studies have
not been conducted in China. From the above informa-
tion, we believe that pruritus in patients undergoing
MHD is an independent risk factor for depression.
Interestingly, there are reports suggesting that treat-
ment with anti-pruritus drugs can alleviate anxiety in
patients undergoing MHD [32]. Nonetheless, clinicians
serving in dialysis units in China pay little attention to
pruritus, and the management of pruritus in patients
undergoing MHD should be emphasized in the future.
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In the present study, two independent predictors of
anxiety were found, including infrequent exercise and a
higher degree of pruritus. Others also found that exer-
cise status is closely associated with anxiety. A prior
cross-sectional study reported that exercise correlates
with anxiety and depression [33]. Another small-scale
study indicated that the institution of an exercise pro-
gram can improve anxiety and quality of life in patients
undergoing MHD [34].

We further discovered factors that were associated
with depression or anxiety on univariate analysis but
not on multivariate analysis, including occupation,
daily sleep duration, health insurance type, history of
heart disease, and systolic and diastolic blood pres-
sure. Some of the above factors, such as sleep dur-
ation, were identified by others as independent risk
factors for depression or anxiety in patients under-
going MHD. We hope that in the future, prospective
studies can be undertaken to further explore the valid-
ity of our findings.

Several limitations of this study must be noted. First,
although this was a multi-center study, the number of
enrolled centers and the distribution area of enrolled
centers were limited. Second, this cross-sectional study
could not determine the causal relationship between
the independent variable and the dependent variable.
More studies including more centers across broader
areas are needed to investigate the prevalence of
depression an anxiety in MHD patients, and prospective
studies are needed to identify risk factors or new thera-
peutic approaches for depression and anxiety.

In conclusion, we found that the prevalence of
depression in patients undergoing MHD on the north-
ern border of China was 55.1%, including 27.5%, 21.0%,
and 6.6% with mild, moderate, and severe cases,
respectively, and the prevalence of anxiety in the same
area was 25.9%, including 20.0%, 4.6%, and 1.3% with
mild, moderate, and severe cases, respectively.
Multivariate regression analyses confirmed that high
monthly family income was an independent protective
factor for depression in patients undergoing MHD,
while an increasing number of comorbidities and
higher pruritus severity were independent risk factors
for depression. Infrequent exercise and higher pruritus
severity were two independent risk factors for anxiety
in patients undergoing MHD. Depression was correlated
with anxiety. The findings of this article indicate that
MHD patients have high prevalence rates of depression
and anxiety and that efforts to increase family income,
manage comorbidities and pruritus, and promote exer-
cise among patients may ameliorate depression and
anxiety in these patients in the future.
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