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Abstract

Background: Secondary hyperparathyroidism (SHPT) is a common
and serious complication in patients with renal disease on maintenance
dialysis (RDMD) (incidence rate: 30%-80%). The main psychological
symptoms of patients with SHPT are depression and poor sleep quality
and memory; these seriously affect patient quality of life (QOL). However,
there is no large-scale systematic research on the psychological states of
patients with SHPT.

Objectives: To analyze a mediation hypothesis through a path
analysis, explaining the association of depression with QOL, considering
the effects of sleep quality, among patients with SHPT.

Methods: A sample of 320 SHPT patients with total parathyroidism
(t-PTX) answered questionnaires concerning sociodemographic status
(gender, age, marital status, occupation, degree of education, income,
residential area, medical insurance, years of renal failure, and dialysis
mode), depression, sleep quality, and QOL. Descriptive statistics,
Pearson’s correlation, t test, variance analysis, multiple linear regression
analysis, and structural equation modeling (SEM) were performed based
on the results of the normality test.

Results: The mean scores for depression, sleep quality, and QOL
were 46.04+8.98, 10.94%4.24, and 41.76%8.15, respectively. The
prevalence of depression and sleep disorder was 77.81% and 78.13%,
respectively. QOL negatively correlated with depression and sleep
disorders (r=-0.465, P<0.01; r=-0.468, P<0.01). Sleep quality acted as
a mediator between depression and QOL in SHPT patients (mediation
proportion: 38.55%). This suggests that it is important to establish self-
care practices, such as improved sleep quality, to improve psychological
status.

Conclusion: SHPT patients have high depression levels and poor
sleep quality and QOL. It is important to consider the association of sleep
quality with depression and QOL in SHPT patients and further to test
interventions for minimizing health impacts in this population.
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Introduction

SHPT is a common complication in the end of chronic
renal failure, which leads to bone pain, heterotopic
ossification, and pruritus. Because of the disorder of calcium
and phosphorus metabolism, the decrease of vitamin D
receptor activity, the down-regulation of calcium sensitive
receptor expression, and the decrease of 1,25(0H)2D3
synthesis, the hyperparathyroidism of parathyroid hormone
(PTH) was stimulated [1-3]. High PTH levels can easily
lead to multiple system damage, especially cardiovascular
events, bone metabolism disorders, nervous system damage,
calcification defense, and anemia, which seriously affect the
patient survival rate [4,5].

In a previous clinical investigation, we found that SHPT
patients have certain personality characteristics, such as
paranoia, anxiety, and depression [6]. Negative impacts of
sleep insufficiency and poor sleep quality on the physical,
emotional, mental, and social domains of life have been
reported, both on a short- and long-term basis [7,8].
Furthermore, a bi-directional relationship between sleep
and emotions has been demonstrated by Kahn, and has
been referred to as a vicious cycle [9]. Thus, sleep disorders
are a variable of great importance when considering
patients with SHPT, because they may impact several
issues, such as memory and concentration impairments,
increased symptoms of dialysis discomfort, hypercalcemia,
increased risk of falls leading to fractures, and decreased
ability to accomplish daily tasks [10]. Therefore, a better
understanding of the multitude of factors impacting sleep
quality is warranted to promote QOL.

Saei et al. showed that QOL has a strong correlation with
depression or anxiety [11]. Markarian et al. proposed a
protection model suggesting that poor sleep quality tended
to compromise emotional regulation, which in many case, led
to depression and nightmares, leading to new deficiencies
in QOL and increased temper [12]. Thus, further research is
needed to understand the relationship between sleep quality
and depression and impact that this relationship may have
on QOL [13]. In this study, we tested a mediation hypothesis
via SEM, explaining how depression is associated with QOL,
considering the effect of sleep quality, among patients with
SHPT.

Methods
Participants

A cross-sectional study was conducted at a third-class
hospital in Liaoning province, China, from January 2017 to
December 2019. The inclusion criteria for the participants
were as follows: (a) PTH level > 800 pg/ml; (b) diagnosis of
SHPT; (c) hyperparathyroidism in at least one parathyroid
gland observed via imaging; (d) ability to understand, read,
and write in Chinese; and (e) voluntary participation. And
the exclusion criteria was severe cardiac insufficiency
and cognitive dysfunction.In all, 325 questionnaires were
distributed. Of these, the forms that were missing more

than 20% of values or those with low writing quality were
excluded from this survey. Finally, 320 questionnaires were
considered valid (effective response rate: 98.46%). The
application process took place in the department where
the participants were informed of the research purpose.
Informed consent was obtained from all participants and
anonymity confidentiality standards were assured.

Instruments

Measurement of depression: The self-rating depression
scale (SDS) was used to evaluate depression by Dr W.K.
Zung. This scale is comprises 20 items and 4 dimensions:
psychoemotional symptoms, somatic disorders, neuromotor
disorders, and psychological disorders. The SDS includes
questions that help determine the degree of depression in
patients using a 4-point Likert scale that ranges from 1 point
(never) to 4 points (always), with the total score ranging
from 20 to 80 [14]. In this study, the value of the Cronbach’s
a coefficient of internal consistency for the overall scale was
0.842.

Measurement of sleep quality: We measured sleep
quality using the Pittsburgh Sleep Quality Index (PSQI).
This index comprises 19 items grouped into 7 dimensions
(subjective sleep quality, sleep latency, sleep duration,
habitual sleep efficiency, sleep disorders, sleep medication,
and daytime dysfunction) graded between 0 and 3, with
the total score ranging from 0 to 21; a score of 27 indicates
sleep disorder [15]. In this study, the value of Cronbach’s a
coefficient of internal consistency for the overall scale was
0.906.

Measurement of QOL: We measured QOL using the
brief table of the quality of life measurement scale (QOL-
BREF). The QOL-BREF, a self-reported scale, has 24 items
scored on a 5-point Likert-type scale ranging from 1 to
5, with the total score ranging from 16 to 80 and higher
scores indicating better QOL. This index includes four
dimensions: physiological, psychological, social relation, and
environmental dimensions [16]. The value of the Cronbach’s
a coefficient of internal consistency for the overall scale in
this study was 0.857.

Statistical analysis

SPSS 21.0 and AMOS 23.0 were used for data entry, data
cleaning, and statistical analyses. All study variables were
summarized descriptively, including means and standard
deviations or frequencies and percentages. Descriptive
analysis, t test, variance analysis, and Pearson’s correlation
analysis were used to analyze the collected data. We first
performed a confirmatory factor analysis, including 3
dimensions and 15 measurement topics (Figure 1; Table
1), and examined their reliability with the Cronbach’s a
coefficient. Multiple linear regression analysis was used to
test the mediating effect, and the bootstrap method in the
AMOS structural equation model was used to further verify
the mediating effect. The initial model in this study can be
divided into a structural model and a measurement model.
Before building the model, the role of each variable and the
relationship between variables needed to be determined
via the structural model. Following this, it was necessary to
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Figure 1: Confirmatory factor analysis model.

Figure 2: Mediating effect of PSQI on SDS and QOL.

measure the model and determine the relationship between
each latent variable and its observation variable in advance,
as shown in figure 2.

Results
Demographic characteristics of participants

There were 320 patients with SHPT in this study (males:
172 (53.8%); females: 148 (46.2%)). The age of the patients
ranged from 20 to 70 years. The mean duration of renal
failure was 10.71+4.64 years (range: 2-30 years). The mean
duration of SHPT was 3.07+2.13 years (range: 1-9 years).
Descriptive statistics of the study variables are shown in
table 1.

Descriptive statistics

The mean preoperative PTH level was 1729.15+376.20
pg/ml (range: 588-2934 pg/ml). The mean serum calcium

level was 2.43+0.19 mmol/L (range: 1.95-2.93 mmol/L).
The mean serum phosphorus level was 2.38+0.52 mmol/L
(range: 1.30-3.59 mmol/L). The mean SDS score was
46.04+8.98 (range: 20-65). The mean PSQI score was
10.94+4.24 (range: 0-21). The mean QOL score was
41.76+8.15 (range: 25-68). The prevalence of depression
and sleep quality was 77.81% and 78.13%, respectively. The
comparative statistics for each scale in SHPT patients with
different demographic characteristics are shown in table 2.

Preliminary correlation analyses

The results showed that SDS was significantly (P<0.01)
positively correlated with PSQI (r=0.467) and negatively
correlated with QOL (r=-0.465). Further, PSQI score was
significantly (P<0.01) positively correlated with QOL
(r=0.468). Pearson’s correlation analysis results for SDS
score, PSQI score, and QOL are presented in table 3.

Testing for mediation effect

The variables were normalized first, and three regression
equations were established based on the purpose of this
study: Equation 1: QOL as the dependent variable and SDS as
the independent variable; Equation 2: PSQI as the dependent
variable and SDS as the independent variable; and Equation
3: QOL as the dependent variable, and SDS and PSQI as the
independent variables. The results showed that SDS could
significantly predict QOL (B=-0.345, P=0.000) and PSQI
(B=0.125, P=0.000). When QOL was predicted based on SDS
and PSQI at the same time, the predictions were significant
(B=-0.234, P=0.000; B=-0.890, P=0.000). This indicated that
the direct or indirect effects of SDS on QOL were significant;
that is, PSQI plays an intermediary role between SDS and
QOL. The results of this analysis are shown in table 4.

SEM models

Confirmatory factor analysis: Three dimensions were
included in the confirmatory factor analysis: namely SDS,
PSQI, and QOL. Meanwhile, 15 measurement topics were
included in all (Figure 1; Tables 5 and 6).

SEM showed the following outcomes: CMIN/DF=2.558
(<3); AGFI=0.861, GFI=0.893, TLI=0.961/0.994, 1F1=0.933,
and CFI=0.933 (>0.8); and SRMR=0.052 and RMSEA=0.070
(<0.08), indicating that the model fit well.

The standardized factor load of each measurement
index of the three dimensions was greater than 0.6, CR was
0.913, 0.841, and 0.862 (i.e., greater than 0.7), the ave was
0.6, 0.572, and 0.613 (i.e., greater than 0.5), suggesting that
each variable has good convergence efficiency. The results of
confirmatory factor analysis are shown in table 5.

Discriminant validity: In this study, a rigorous AVE
method was used to evaluate the validity of the difference.
The results showed that the AVE root number of each factor
was greater than the standardized correlation coefficient
outside the diagonal. The discriminant validity is shown in
table 6.

Verification of the mediating effect: Based on
multivariate regression analysis, the bootstrap method was
used to further test the intermediary effect of PSQI scores. To
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Attribute Category N Percentage (%)
Male 172 53.8
Gender
Female 148 46.3
<35 48 15.0
36-50 115 35.9
Age (years)

51-65 128 40.0
>65 29 9.1
Married 236 73.8
Single 39 12.2

Marital status
Divorce 35 10.9
Widowed 10 3.1
Cadre 12 3.8
Worker 51 15.9
Farmer 38 11.9

Occupation

Retired 87 27.2
Unemployed 103 322
Other 29 9.1
Primary school 25 7.8
Junior middle school 162 50.6
Education level High school 77 24.1
College 54 16.9
Master 2 0.6
<1000 127 39.7
1000-3000 157 49.1

Income status
3000-5000 25 7.8
>5000 11 34
Rural 72 22.5
Town 5 1.6

Residential area

Suburb 17 53
Urban 226 70.6
Railway 2 0.6
New rural 73 22.8
Insurance City 224 70.0
Provincial 12 3.8
Own 9 2.8

Table 1: Descriptive statistics of the study variables (N=320).

Variable
Gender -3.156 0.002 -2.488 0.013 2.066 0.040
Age 2.524 0.058 1.052 0.370 1.635 0.181
Marital status 0.309 0.819 1.172 0.320 5.783 0.001
Occupation 10.076 0.000 6.021 0.000 2.339 0.042
Education 2.949 0.020 0.847 0.497 0.688 0.601
Income 5.659 0.001 1.276 0.282 2.185 0.090
Residential area 0.955 0.414 0.711 0.546 0.207 0.892
Insurance 2.884 0.023 1.252 0.289 1.866 0.116

Table 2: Descriptive statistics (N=320).
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Variable SDS PSQI QOL
SDS 1
PSQI 0.467** 1
QOL -0.465%* -0.468** 1
Note:**P<0.01
Table 3: Correlation among the main variables (N=320).
: Dependent .
Equation variable Independent variable B SE t P
Equation 1 QOL SDS -0.345 0.037 -9.365 0.000
Equation 2 PSQI SDS 0.125 0.013 9.428 0.000
Equation 3 QOL SDS -0.234 0.040 -5.914 0.000
PSQI -0.890 0.148 -6.015 0.000
Table 4: The moderating effects of PSQI.
Variable Item Factor load CR AVE
PSQIV1 0.763
PSQIV2 0.707
PSQIV3 0.753
PSQI PSQIV4 0.745 0.913 0.600
PSQIVS 0.852
PSQIV6 0.703
PSQIV7 0.881
SDSV1 0.83
SDSV2 0.802
SDS 0.841 0.572
SDSV3 0.617
SDSV4 0.759
QOLV1 0.771
QOLV2 0.86
OL 0.862 0.613
Q QOLV3 0.642
QOLV4 0.839
Table 5: Confirmatory factor analysis.
PSQI SDS QOL
PSQI 0.775
SDS 0.467** 0.756
QOL -0.468** -0.465%* 0.783
**P<0.01

Table 6: Discriminant validity.

Bias-corrected Percentile
95% CI 95% CI

Lower Upper Lower Upper
Total effect

SDS-QOL \ -0.511 20701 | -0342 0680 | -0323

Indirect effect

SDS-PSQI-QOL \ -0.197 0345 | -0.104 0331 | -0.09
Direct effect

SDS-QOL \ -0315 . 0524 0109 | 0506 | -0.088

Table 7: Results for total, indirect, and direct effects of SDS on QOL with PSQI as a mediator.

test the intermediary effect, the establishment of a structural
equation model was required; AMOS 23.0 was used to test
the model. Figure 2 shows the specific path analysis diagram.

The structural equation model fit results showed the
following: CMIN/DF=2.521 (<3); AGFI=0.888, GFI=0.919,
TLI=0.941,1F1=0.952,and CFI1=0.951 (>0.8);and SRMR=0.051
and RMSEA=0.069 (<0.08), indicating that the model fit well.
The results showed that the confidence intervals for both
the direct and indirect effects of SDS on QOL did not reach

0. The mediating effect model for PSQI was established, and
the mediating effect was -0.197, accounting for 38.55% of
the total effect (Table 7).

Next, a hypothesis test was conducted. SDS had a
significant positive effect on PSQI ($=0.539, P<0.05), and
the hypothesis was tenable. PSQI and SDS scores had a
significant negative effect on QOL (B=-0.365, P<0.05; B=-
0.315, P<0.05, respectively), and the hypothesis was tenable.
The path coefficient is shown in table 8.
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PSQI <-- SDS 0.539
QOL <-- PSQI -0.365
QOL <-- SDS -0.315

Table 8: Path coefficient.

Discussion

The present study found that 77.81% patients with
SHPT have depressive symptoms and 78.13% have sleep
disorders, which were significantly higher percentages than
the norm for other disease [17]. Most of SHPT patients in
this sample (60.94%) slept between 3 to 4.5 hours, which
is a lower duration than that recommended by WHO. The
variation in prevalence may be attributed to a number of
factors including differences in disease, severity of disease,
basic health level, illness duration, economic situation,
and screening instruments used [18]. In addition, a vast
majority of SHPT patients have skin pruritus, bone pain,
and electrolyte disorder coupled with long-term dialysis,
leading to disturbances of various bodily systems, such
as sleep disturbances, fatigue, loss of energy, and poor
appetite, complicating the screening process [19,20]. Our
results suggested that a large proportion of patients with
SHPT had depression and sleep disorder, which would lead
to poor QOL, influence prognosis, delay discharge, increase
the incidence rate of acute heart failure, and increase
perioperative mortality. This highlights the importance of
timely recognition and effective management of depression
and sleep disorders [21].

There were significant differences in the SDS score
among patients with different genders, occupations, income
statuses and insurances. This may be because most male
patients are unable to work because of hemodialysis and
are under more pressure; this finding in our study was
consistent with the results reported by Marlous [22]. PSQI
scores were significant different among SHPT patients with
different genders and occupations; this may be associated
with the perception of low probability of achieving life goals
that are meaningful to an individual. The QOL significantly
differed among SHPT patients with different genders,
marital statuses, and occupations, which may be because
the patients with a good job and high social status generally
receive good dialysis equipment and are administered
cinacalcet and lanthanum carbonate to alleviate SHPT.

The result of Pearson’s correlation analysis showed
that SDS, PSQI, and QOL were significantly correlated with
each other. This was consistent with the results obtained
by Brandolim et al. and laid the foundation for subsequent
analyses of mediating effects [23]. The present study aimed
to conform whether sleep quality mediates the relationship
between depression and the QOL among patients with SHPT.

The results of confirmatory factor analysis showed that
each variable has good convergence and differentiation
validity, and the initial model was established to lay the
foundation for further empirical verification of intermediary

0.355 0.042 8.363 Hokk Tenable
-1.131 0.215 -5.25 Hkx Tenable
-0.642 0.143 -4.487 HkE Tenable

effect. This study presented novel findings concerning
the protective role of QOL for depression among patients
with SHPT and explained how sleep quality worked as a
mediator. To the best of our knowledge, this is the first
study evaluating the mediating role of sleep quality between
depression and QOL in SHPT patients. The SEM used in this
study demonstrated that PSQI was capable of mediating the
relationship between SDS and QOL. Accordingly, Liu et al.
showed that sleep disorder has been observed to have along-
term negative impact on the physical, mental, emotional, and
social life domains [24]. Regression analysis showed that
depression had a negative predictive effect on QOL, that is,
the higher the SDS score, the poorer the QOL, which was the
same as that reported by Kim [25]. Consistently, previous
studies have demonstrated that QOL and sleep quality were
predictors of depression [26]. A longitudinal study including
outpatients with chronic renal failure reported that lower
baseline sleep quality was associated with greater increases
in depression over time [27].

Limitations

This study presented a major limitation with regard
to sample size. First, brain structure changes in long-term
dialysis patients and whether such changes cause depression
and sleep disorders temporarily were unknown. Second, this
study included a relatively small cohort (320 patients with
SHPT), and consequently this specific group may be under-
represented, limiting the generalizability of the findings.
Further, the number of total parathyroidectomy patients
was less. We can form a national Multi Center Alliance to
solve this problem. Third, this was a cross-sectional study;
a longitudinal study should be conducted on this topic in the
future.

Conclusions and Recommendations

Sleep quality is suggested to be an intermediary
variable that can alleviate the effect of depression on QOL.
Our findings indicate that detection and management of
depression and treating sleep disorders should be a part
of the comprehensive approach for treating patients with
SHPT. Medical staff should guide family members to actively
participate in all aspects of the patients’ life and treatment,
grasp the psychological function of patients in a timely
manner, and improve patient care. Encouraging patients to
participate in more social activities can buffer the negative
effects of various pressures on the body and mind, improve
sleep quality, and reduce depression and other psychological
disorders. Measures such as setting up Wechat groups for
SHPT patients for answering their medical problems and
concerns (e.g., concerns about adjusting blood calcium
levels) online after discharge and ensuring regular follow-
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up within the group should be undertaken. The department
should carry out the corresponding mental health surveys
regularly and undertake timely interventions in patients
with severe pain, pruritus, sleep disorders, and depression
tendency, and take positive and effective measures to
improve mental health in time.
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