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First Affiliated Hospital of Nanjing Medical University, Nanjing, China

Objectives: This study aimed to explore the risk factors and develop
a prediction model of sleep disturbance in maintenance hemodialysis
(MHD) patients.

Methods: In this study, 193 MHD patients were enrolled and sleep quality
was assessed by Pittsburgh Sleep Quality Index. Binary logistic regression
analysis was used to explore the risk factors for sleep disturbance in MHD
patients, including demographic, clinical and laboratory parameters, and that
a prediction model was developed on the basis of risk factors by two-way
stepwise regression. The final prediction model is displayed by nomogram and
verified internally by bootstrap resampling procedure.

Results: The prevalence of sleep disturbance and severe sleep disturbance
in MHD patients was 63.73 and 26.42%, respectively. Independent risk factors
for sleep disturbance in MHD patients included higher 0.1*age (OR = 1.476,
95% CI: 1.103-1.975, P = 0.009), lower albumin (OR = 0.863, 95% C/: 0.771—-
0.965, P = 0.010), and lower 10*calcium levels (OR = 0.747, 95% CI: 0.615-
0.907, P=0.003). In addition, higher 0.1*age, lower albumin levels, and anxiety
were independently associated with severe sleep disturbance in MHD patients.
A risk prediction model of sleep disturbance in MHD patients showed that
the concordance index after calibration is 0.736, and the calibration curve is
approximately distributed along the reference line.

Conclusions: Older age, lower albumin and calcium levels are higher risk
factors of sleep disturbance in MHD, and the prediction model for the
assessment of sleep disturbance in MHD patients has excellent discrimination
and calibration.
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Introduction

Chronic kidney disease (CKD) is a global public health
problem with increasing incidence and prevalence (1).
According to statistical analyses, the prevalence of CKD in
China is about 10.8%, and it is as high as 18.3% in some areas
of China (2). When CKD progresses to the end stage, the main
treatment options for patients are maintenance hemodialysis
(MHD) and kidney transplantation. At the same time, MHD
has become the main treatment for patients with end-stage
kidney disease (ESKD) due to the serious shortage of donors
for kidney transplantation. However, accumulating evidence
indicates that sleep disturbance is frequently observed in MHD
patients, and the prevalence rate is up to 49-98% (3-5). In
addition, studies have found that sleep disturbance can lead
to poor quality of life in MHD patients (6), as well as an
increased risk of cardiovascular disease and all-cause mortality
(7, 8). Unfortunately, sleep disturbance in MHD patients have
not attracted the attention of clinicians, and lack of effective
diagnosis and treatment (9). Therefore, more studies are needed
to focus on sleep disturbance in MHD patients, in order to find
better management strategies for the clinic.

Sleep occupies approximately one-third of human life span
and is crucial for body health (10). However, the occurrence
of sleep disturbance is common. Studies have found that sleep
disturbance is a risk factor for of CKD (11), and is also
related to the progression of CKD to ESKD (12). In MHD
patients, there are various manifestations of sleep disturbance,
including insomnia, restless legs syndrome (RLS) and sleep-
related breathing disorders (4). As mentioned above, sleep
disturbance has adverse effects on MHD patients. However, the
mechanism of sleep disturbance in MHD patients is still unclear,
and many phenomena are difficult to be explained by sleep
itself. Therefore, it is important to explore the factors to improve
sleep quality.

Currently, a series of studies have collected the demographic
parameters and laboratory indexes of MHD patients to analyze
the factors of sleep disturbance, and obtained different results.
A study has found that gender, age, education level, diabetes
history, blood phosphorus level and depression are associated
with the sleep quality of MHD patients (13). Another study
has confirmed that compared with MHD patients with good
sleep, there are more males, lower serum parathyroid hormone
(PTH) and 25-hydroxy vitamin D levels, and a higher incidence
of depression in patients with poor sleep, while there is no
significant difference in age between groups (14). Although both
studies showed that gender and depression were associated with
sleep disturbance in MHD patients, there were differences in age.
In addition, a study has showed that old age and low serum
selenium level are risk factors for sleep disturbance in MHD
patients, and also found that high serum PTH level is associated
with sleep disturbance in MHD patients (15). This contradictory
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result has blurred the role of serum PTH level in the sleep
disturbance associated with MHD. Furthermore, studies have
shown that diet regulation and melatonin can improve the sleep
quality of MHD patients (16, 17). These lines of evidence suggest
that there are many factors associated with sleep disturbance in
MHD patients, and the role of some factors, such as age and
PTH, needs to be confirmed by more studies.

In addition, few studies on factors influencing severity
of sleep disturbance in MHD patients have been reported.
However, a previous study has found that the severity of sleep
disturbance in hemodialysis patients is positively correlated
with the severity of depression and negatively correlated with
the quality of life (18), which indicates that the severity of
sleep disturbance can directly affect the prognosis of MHD
patients. Moreover, no study has established a prediction model
for the risk of sleep disturbance in MHD patients, which
leads to the failure of early intervention. Therefore, exploring
the influencing factors of the severity of sleep disturbance
and developing a prediction model for the risk of sleep
disturbance may be a key strategy to improve the sleep quality
of MHD patients.

The purpose of this study was to explore the risk factors
and to construct a risk prediction model of sleep disturbance in
MHD patients, in order to provide strategies for the prevention
and treatment of sleep disturbance in MHD patients.

Methods
Study participants

This was a single-center and cross-sectional study involving
193 MHD patients who underwent hemodialysis from April
2020 to March 2021 at the Blood Purification Center of
the Department of Nephrology, The Third Affiliated Hospital
of Soochow University. This study was approved by the
Ethics Committee of the Third Affiliated Hospital of Soochow
University and registered in the Chinese Clinical Trial Register
(clinical trial number: ChiCTR2100042093).

The inclusion criteria were (1) age > 18 years; (2) regular
hemodialysis therapy >3 months; (3) ability to complete
questionnaires on sleep disturbance, anxiety and depression;
(4) signed an informed consent form. The exclusion criteria
were (1) the history of sleep disturbance before CKD; (2) the
history of dementia, anxiety, depression, Alzheimer’s disease or
schizophrenia before CKD; (3) A history of trauma, surgery
or infection within the past 3 months; (4) complicated with
malignant tumor; (5) declined to participate.

All MHD patients enrolled in the study received blood
purification 3 times per week (hemodialysis once weekly plus
hemodiafiltration twice weekly or hemodialysis twice weekly
plus hemodiafiltration once weekly). The low-flux polysulfone
membrane dialyzer (B. Braun Diacap LOPS15, Germany) was
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TABLE 1 Clinical characteristics of MHD patients with or without sleep disturbance.

10.3389/fneur.2022.955352

Variables Total (n =193) Sleep disturbance ~ No sleep disturbance t/Z/x>? P value
(n=123) (n=70)
Age (years) 53.09 £ 11.68 54.80 £ 11.50 50.09 £ 11.46 2.744 0.007*
Male [ (%)] 127 (65.8) 77 (62.6) 50 (71.4) 1.545 0.214°¢
BMI (kg/mz) 21.93 £3.26 21.98 £3.13 21.86 £3.51 0.242 0.809*
Primary diseases 2.984 0.394¢
Chronic glomerulo-nephritis [n 40 (20.7) 24 (19.5) 16 (22.9)
(%)]
Diabetic nephropathy [# (%)] 26 (13.5) 18 (14.6) 8(11.4)
Hypertensive nephropathy [n 39 (20.2) 21(17.1) 18 (25.7)
(%)]
Others [n (%)] 88 (45.6) 60 (48.8) 28 (40.0)
Duration of dialysis —1.161 0.246°
<3 years 1 (%)] 40 (20.7) 22(17.9) 18 (25.7)
3-5 years [n (%)] 20 (10.4) 13 (10.6) 7 (10.0)
>5 years [ (%)] 133 (68.9) 88 (71.5) 45 (64.3)
Smoking [1 (%)] 52 (26.9) 33(26.8) 9(27.1) 0.002 0.962°
Drinking [# (%)] 19 (9.8) 9(7.3) 0(14.3) 2.441 0.118°
Married [ (%)] 188 (97.4) 120 (97.6) 68 (97.1) 0.031 0.860°
High school or above [1 (%)] 103 (53.4) 68 (55.3) 35 (50.0) 0.501 0.479¢
Hypertension [n (%)] 163 (84.5) 104 (84.6) 59 (84.3) 0.002 0.961°¢
Diabetes mellitus [r (%)] 35(18.1) 25(20.3) 0(14.3) 1.096 0.295°¢
Cardiovascular and 33(17.1) 24 (19.5) 9(12.9) 1.394 0.238°
cerebrovascular diseases [n (%)]
Hb (g/L) 108.73 £ 18.47 108.75 4 19.36 108.69 £ 16.92 0.022 0.982¢
WBC (10°/L) 5.75 (4.85-6.92) 5.86 (4.68-6.88) 5.63 (5.04-7.01) —0.176 0.861°
RBC (10'?/L) 3.68 £ 0.66 3.71 £0.69 3.63 £ 0.62 0.762 0.447*
Het (L/L) 0.33 £ 0.06 0.33 £ 0.06 0.33 £+ 0.05 0.158 0.875°
PLT (10°/L) 177.86 & 58.66 175.54 £ 62.01 181.93 £ 52.44 —0.726 0.469*
TG (mmol/L) 1.60 (1.17-2.50) 1.62 (1.25-2.40) 1.60 (1.11-2.84) —0.405 0.686°
TC (mmol/L) 4.11£0.97 4.05+0.97 4.21 £0.96 —1.098 0.274*
HDL-C (mmol/L) 0.90 (0.76-1.15) 0.87 (0.74-1.11) 0.98 (0.80-1.16) ~1.540 0.124"
LDL-C (mmol/L) 230 £0.74 2.25+0.73 2.38£0.76 —1.168 0.244*
Alb (g/L) 38.30 (36.30-40.15) 38.00 (36.20-39.60) 39.55 (36.78-41.43) —3.303 0.001°
P (mmol/L) 1.97 (1.61-2.34) 2.11 (1.62-2.43) 1.89 (1.59-2.26) —1.576 0.115"
Ca?* (mmol/L) 228 £0.18 2.25+0.18 2.34+01.7 —3.497 0.001*
CRP (mg/L) 2.70 (2.20-3.40) 2.80 (2.20-3.60) 2.60 (2.10-3.10) —1.628 0.103°
PTH (ng/L) 370.60 (197.35-609.25) 388.60 (199.50-614.20) 341.25 (185.08-591.45) —0.525 0.599°
Cr (umol/L) 896.08 + 186.95 891.84 +188.19 903.52 + 185.87 —0.416 0.678°
BUN (mmol/L) 22.08 (18.11-26.30) 22.61 (18.10-26.30) 22.02 (18.51-25.43) —0.549 0.583°
Anxiety n (%) 30 (15.5) 25(20.3) 5(7.1) 5.905 0.015¢
Depression n (%) 34 (17.6) 27 (22.0) 7 (10.0) 4.390 0.036¢

Alb, albumin; BMI, body mass index; BUN, blood urea nitrogen; Ca?*, calcium; Cr, creatinine; CRE, C-reactive protein; Hb, hemoglobin; Hct, hematocrit; HDL-C, high-density lipoprotein

cholesterol; LDL-C, low-density lipoprotein cholesterol; MHD, maintenance hemodialysis;

cholesterol; TG, triglyceride; WBC, white blood cell.

@ Calculated by Student’s t test.

b Calculated by Mann-Whitney U-test.

¢ Calculated by chi-squared test.
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P, phosphorus; PLT, blood platelet; PTH, parathyroid hormone; RBC, red blood cell; TC, total
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used for hemodialysis and the high-throughput polysulfone
membrane dialyzer (B. Braun Diacap HIPS15, Germany) was
used for hemodiafiltration. Each blood purification treatment
was ~4h and low molecular weight heparin was used for
anticoagulation. The dialysate was bicarbonate with a flow rate
of 500 ml/min, and the average blood flow velocity was 200-
280 ml/min. Displacement volume using post-replacement was
calculated by ~30% of the ultrafiltration flow rate.

Data collection

Patients were informed of the studys objectives and
instructed to complete questionnaires. The data collection
instruments were structured questionnaires, the Hospital
Anxiety and Depression Scale (HADS), and the Pittsburgh Sleep
Quality Index (PSQI).

Demographic, clinical, and laboratory
data

Demographic and clinical data were collected from
face-to-face interviews conducted by trained nurses using
structured questionnaires when MHD patients were awaiting
hemodialysis treatment. The following information was
recorded: age, duration of dialysis, gender, body mass
index (BMI),

consumption,

primary diseases, smoking and alcohol

marital status, educational level, history
of hypertension, history of diabetes mellitus, and history
of cardiovascular and cerebrovascular diseases. Venous
blood samples were collected before the hemodialysis.
The following laboratory parameters were measured:
hemoglobin (Hb), white blood cell (WBC), red blood cell
(RBC), hematocrit (Hct), platelet (PLT), C-reactive protein
(CRP), triglyceride (TG), total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), albumin (Alb), creatinine (Cr), blood
urea nitrogen (BUN), serum phosphorus (P), calcium (Cat)

and PTH.

Depression and anxiety

The HADS includes 14 items

and anxiety in general hospital patients. It was divided

assessing depression

into depression subscale (HADS-D) and anxiety subscale
(HADS-A). The two subscales each contain 7 items, with
scores ranging from 0 to 3 points (19). The score for each
subscale is computed by total score of the corresponding
7 items (0-21 points). The recommended cut-off is 8
points for anxiety or depression, with a higher score
indicating more severe depression or anxiety. The HADS
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has acceptable reliability in Chinese (Cronbachs o =
0.776) (20).

Sleep quality

The PSQI was used to assess the sleep quality of the subjects
over the past month (21). The PSQI included 19-items that
are composed of seven components: subjective sleep quality,
sleep latency, total sleep duration, habitual sleep efficiency, sleep
disturbance, use of sleep drugs and daytime dysfunction. Each
component was scored 0 to 3 points, with a score greater than 1
indicating a sleep problem in that component. The total scores
of PSQI ranged from 0 to 21, with greater than 5 indicating sleep
disturbance in the last month, and greater than 10 indicating
severe sleep disturbance in the last month (15). The PSQI has
acceptable reliability in Chinese (Cronbachs a = 0.713) (22).

Statistical analysis

In the analysis of factors influencing, SPSS 25.0 (IBM
Corp., Armonk, NY, USA) was used for statistical analyses and
GraphPad Prism 8 (GraphPad Software Inc., San Diego, CA,
USA) was used for plotting. The normality of data distribution
was assessed using the Shapiro-Wilk test. Continuous variables
with normal distribution were shown as mean =+ standard
deviation, and data with a skewed distribution were shown
as medians (25-75% interquartile ranges); categorical variables
were expressed as frequency (percentage). The differences
between the two groups were evaluated by the Students t
test, Mann-Whitney U-test or chi-squared test. According
to the actual clinical significance, variables with P < 0.1
in the comparison between groups were transformed and
analyzed by univariate binary logistic regression analysis.
Variables with P < 0.5 in univariate binary logistic regression
analysis were further included in multivariate binary logistic
regression analysis to obtain independent risk factors for sleep
disturbance in MHD patients. A P < 0.05 was considered to be
statistically significant.

The prediction model was developed using R software
(version 4.1.2). The initial prediction model was established
by using the variables with P < 0.1 in univariate binary
logistic regression analysis and variables considered to be
meaningful in previous studies, and optimized by two-
way stepwise regression. A nomogram was developed
based on the results of the two-way stepwise regression.
The

carried out by 1,000 bootstrap resampling procedure. The

internal validation of the prediction model was
discrimination and calibration of the prediction model

were evaluated with the concordance index (C-index) and
calibration curve.
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Results

Recruitment process and general clinical
characteristics of MHD patients

Of the 236 MHD patients were enrolled, 43 were excluded
from this study: 11 patients with hemodialysis therapy <3
months, 13 patients failed to complete PSQI and HADS,
6 patients with a history of sleep disturbance, 3 patients
with a history of dementia, 2 patients with a history of
depression, 1 patient had malignant tumor, 5 patients declined
to participate, and 2 patients withdrew from the study
(Supplementary Figure 1).

Table 1 shows the clinical characteristics of 193 ultimately
enrolled MHD patients. All participants ranged in age from 27
to 79, with an average age of 53.09 £ 11.68 years. Male patients
accounted for 65.8%, and the average BMI of all patients was
21.93 + 3.26 kg/m?. The main primary disease was chronic
glomerulonephritis followed by hypertensive nephropathy and
diabetic nephropathy. The duration of hemodialysis was <3
years in 20.7% of patients, and more than 5 years in 68.9%
of patients. Smoking and alcohol consumption accounted for
26.9 and 9.8%, respectively. Almost all the patients were
married and 53.4% had high school or above. Patients with
hypertension, cardiovascular and cerebrovascular, and diabetes
mellitus diseases were 84.5,17.1 and 18.1%, respectively. Anxiety
occurred in 15.5% of patients and depression in 17.6% of
patients.

Sleep survey results in MHD patients

Table 2 shows the scores of PSQI in MHD patients. The
average total PSQI score was 7.98 £ 4.74 points, with 123
(63.73%) patients > 5 points and 51 (26.42%) patients > 10
points. In addition, the average score of PSQI components
in the sleep disturbance group was from high to low: sleep
latency, daytime dysfunction, total sleep duration, subjective
sleep quality, habitual sleep efficiency, sleep disturbance, and
use of sleep drugs were 2.07 £ 0.91, 1.71 £ 0.93, 1.59 &+ 1.01,
1.55 £ 0.75, 1.45 £ 1.18, 1.23 £ 0.49, and 1.03 £ 1.34 points,
respectively.

Clinical characteristics of MHD patients
in the sleep disturbance and no sleep
disturbance groups

Table 1 shows the clinical characteristics of MHD patients
with or without sleep disturbance. The age (P = 0.007) of MHD
patients in the sleep disturbance group was significantly higher
than those in the no sleep disturbance group. Conversely, Alb
and Ca?* levels (P = 0.001) were significantly higher in the
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TABLE 2 PSQI score of MHD patients.

Total Sleep No sleep

Dimensions (n=193) disturbance disturbance
(n=123) (n=70)

Subjective evaluation of 1.19 £0.82 1.55+£0.75 0.56 + 0.50
sleep quality (points)
>1 point 49 (25.39)
Sleep latency (points) 1.58 + 1.09 2.07 +£0.91 0.714+0.82
>1 point 110 (56.99)
Total sleep duration 1.17 £ 1.07 1.59 £+ 1.01 0.44 +0.75
(points)
>1 point 82 (42.49)
Habitual sleep efficiency 0.98 + 1.15 145+ 1.18 0.17 £ 0.42
(points)
>1 point 56 (29.02)
Sleep disturbance (points) 1.06 + 0.54 1.23 +0.49 0.77 + 0.49
>1 point 32 (16.58)
Use of sleep drugs (points) 0.67 +1.19 1.03+1.34 0.04 + 0.36
>1 point 45 (23.32)
Daytime dysfunction 1.33 £0.97 1.71 £0.93 0.66 + 0.63
(points)
>1 point 75 (38.86)
Total PSQI score (points) 7.98 +4.74 10.62 4 3.86 3.36 + 1.44
>5 points 123 (63.73)
>10 points 51 (26.42)

MHD, maintenance hemodialysis; PSQI, Pittsburgh Sleep Quality Index.

no sleep disturbance group than those in the sleep disturbance
group. In addition, anxiety (P = 0.015) and depression (P =
0.036) were decreased significantly in the no sleep disturbance
group compared with the sleep disturbance group. It should
be noted that CRP and PTH levels were higher in the sleep
disturbance group compared with the no sleep disturbance
group, although the differences did not show a statistical
significance.

Supplementary Table 1 shows the univariate binary logistic
regression analyses between sleep disturbance of MHD patients
and clinical characteristics. Age and Ca®>t were transformed
into 0.1* age and 10¥Ca®*, respectively. The higher 0.1 * age
(OR = 1.435, 95% CI: 1.100-1.873, P = 0.008), anxiety (OR =
3.316, 95% CI: 1.208-9.106, P = 0.020), and depression (OR
= 2.531, 95% CI: 1.040-6.164, P = 0.041) were risk factors for
sleep disturbance in MHD patients. Conversely, lower Alb (OR
= 0.827, 95% CI: 0.743-0.921, P = 0.001) and 10*Ca** levels
(OR = 0.731, 95% CI: 0.607-0.880, P = 0.001) were associated
with an increased risk of sleep disturbance in MHD patients.

The multivariate binary logistic regression analysis between
sleep disturbance of MHD patients and clinical characteristics
(Supplementary Figure 2). Higher 0.1*age (OR = 1.476, 95% CI:
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1.103-1.975, P = 0.009), lower Alb (OR = 0.863, 95% CI: 0.771-
0.965, P = 0.010) and lower 10*CaZ™ levels (OR = 0.747, 95%
CI: 0.615-0.907, P = 0.003) were independent risk factors for
sleep disturbance in MHD patients.

Clinical characteristics of MHD patients
in the severe sleep disturbance and no
severe sleep disturbance groups

Supplementary Table 2 shows the clinical characteristics of
MHD patients with or without severe sleep disturbance. The age
(P =0.005) and TG (P = 0.020) of MHD patients in the severe
sleep disturbance group was significantly higher than those in
the no severe sleep disturbance group. In contrast, HDL-C (P
= 0.017) and Alb levels (P = 0.006) were significantly higher in
the no severe sleep disturbance group than those in the severe
sleep disturbance group. Additionally, anxiety (P < 0.001) and
depression (P = 0.010) were increased significantly in the severe
sleep disturbance group compared with the no severe sleep
disturbance group. It is worth noting that the duration of dialysis
was longer in the severe sleep disturbance group compared with
the no severe sleep disturbance group, although the differences
did not show a statistical significance.

Supplementary Table 3 shows the univariate binary logistic
regression analyses between severe sleep disturbance of MHD
patients and clinical characteristics. Age was transformed into
0.1 age, and duration of dialysis was converted into grade
variable. The higher 0.1 * age (OR = 1.493, 95% CI: 1.121-1.989,
P = 0.006), the longer the duration of dialysis [3-5 years (OR
= 3.769, 95% CI: 1.015-14.003, P = 0.048), >5 years (OR =
2.904, 95% CI: 1.059-7.963, P = 0.038)], anxiety (OR = 4.180,
95% CI: 1.861-9.385, P = 0.001) and depression (OR = 2.697,
95% CI: 1.246-5.838, P = 0.012) were risk factors for severe sleep
disturbance in MHD patients. The lower HDL-C (OR = 0.212,
95% CI: 0.058-0.774, P = 0.019) and Alb (OR = 0.865, 95% CI:
0.778-0.963, P = 0.008) were associated with an increased risk
of severe sleep disturbance in MHD patients.

The multivariate binary logistic regression analysis between
severe sleep disturbance of MHD patients and clinical
characteristics (Supplementary Figure 3). Higher 0.1%age (OR =
1.476, 95% CI: 1.076-2.023, P = 0.016), lower Alb (OR = 0.877,
95% CI: 0.778-0.989, P = 0.032) and anxiety (OR = 3.442, 95%
CI: 1.204-9.839, P = 0.021) were independent risk factors for
severe sleep disturbance in MHD patients.

The risk prediction model for sleep
disturbance in MHD patients

Age, duration of dialysis, CRP, TG, HDL-C, Alb, Ca>*, PTH,
anxiety and depression were screened out to establish initial
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predictive model based on univariate binary logistic regression
analyses between sleep disturbance or severe sleep disturbance
and clinical characteristics, combined with variables considered
to be meaningful in previous studies. Furthermore, age, CRP,
Alb, Ca®T, PTH and anxiety were screened by two-way stepwise
regression. A collinearity test showed that no collinearity existed
among these variables. Multivariate binary logistic regression
analysis was conducted with the selected age, CRP, Alb, Ca®™,
PTH and anxiety as variables (Figure 1), and then the risk
prediction model for sleep disturbance in MHD patients was
developed, and a nomogram was constructed according to the
parameters of the prediction model (Figure 2).

Taking the original data of the prediction model as the
data set, the ROC curve for predicting sleep disturbance in
MHD patients was plotted, and the area under the curve was
0.764 (Figure 3A). The 1,000 bootstrap resampling procedure
was used for internal validation of the prediction model, and the
C-index after calibration was 0.736. Subsequently, calibration
curve plots indicated that the calibration curve is approximately
distributed along the reference line (y = x), with a mean absolute
error of 0.032 (Figure 3B), the Hosmer-Lemeshow test (P =
0.434), demonstrated that the predictive probabilities of the
model fit the actual probabilities well.

Discussion

According to statistical analyses, CKD patients account
for ~9.1% of the global population, and the prevalence of
ESKD is as high as 550 people per million (23). At present,
hemodialysis is the main treatment for ESKD patients except
kidney transplantation. However, complications caused by
hemodialysis, especially sleep disturbance, are often ignored
(24). Studies have shown that there are many factors associated
with sleep disturbance in MHD patients, such as gender, diet,
depression and serum PTH levels (14, 16). In this study, we
found that age, Alb and CaZt were independent risk factors
for sleep disturbance in MHD patients, and confirmed that
age, Alb and anxiety were associated with the severity of sleep
disturbance in MHD patients. In this regard, we developed for
the first time a risk prediction model for sleep disturbance in
MHD patients.

The incidence of sleep disturbance in 193 MHD patients
included in this study was 63.73%, which is similar to previous
study results (25). Meanwhile, it should be noted that the
incidence of severe sleep disturbance in MHD patients is as
high as 26.42%. In addition, we found that prolonged sleep
latency was the most common form of sleep disturbance in
MHD patients, followed by daytime dysfunction with less use
of sleep drugs. Previous study has also found that sleep latency
has the greatest impact on MHD patients, and fewer patients
use hypnotic drugs (16). This may be due to the increased
daytime sleep in MHD patients during hemodialysis, resulting
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FIGURE 1

Binary logistic regression analysis between sleep disturbance of MHD patients and predictors. AIC, Akaike information criterion; Alb, albumin;
BIC, Bayesian information criterion; Ca>*, calcium; CRP, C-reactive protein; PTH, parathyroid hormone; Ref., reference.
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in difficulty in falling asleep at night, and thus significantly
prolonged sleep latency. Additionally, MHD patients have a
high prevalence of depression (26), and depression is related to
prolonged sleep latency (27), which may be another reason for
prolonged sleep latency in MHD patients. Meanwhile, studies
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have found that the severity of RLS is positively correlated with
PSQI score in hemodialysis patients, and the sleep latency of
hemodialysis patients with RLS is significantly prolonged (28,
29). Therefore, improving RLS may be an important direction
to shorten the sleep latency of MHD patients. Furthermore,
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FIGURE 3
Internal validation of the prediction model. (A) The receiver operating characteristic curve. (B) Calibration curve. AUC, area under the curve.

the renal function of MHD patients is almost lost, and it is
widely believed that most drugs are mainly metabolized through
kidney, which may make MHD patients resistant to drug
administration. Therefore, it is known that sleep disturbance is
common and serious in MHD patients, and shortening sleep
latency may be an important strategy to improve sleep quality
in MHD patients.

The association between poor sleep quality and old age
has long been recognized among the general population and
has also been shown in MHD patients (30, 31). In addition, a
study has confirmed that sleep disturbance in MHD patients is
independently related to age (32), and this result has also been
verified in this study. In the current study, we found the age of
MHD patients in the sleep disturbance group was significantly
higher than those in the no sleep disturbance group, and further
statistical analysis suggested that age was an independent risk
factor for sleep disturbance in MHD patients. Furthermore, this
study found that age was associated with the severity of sleep
disturbance, showing that the risk of severe sleep disturbance
increased by 0.476 times for each additional 10 years of age.
Additionally, the risk of sleep disturbance was increased with the
duration of dialysis (33). Although the present study found there
was no significant difference in the duration of dialysis between
the sleep disturbance and no sleep disturbance group, our results
suggested that the duration of dialysis may be a risk factor for
the severity of sleep disturbance in MHD patients. These results
demonstrate that elderly patients with long dialysis age are more
likely to have sleep disturbance.

Alb in MHD patients with sleep disturbance was
significantly lower than that in without sleep disturbance,
and the incidence of severe sleep disturbance was significantly
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reduced with the increase of Alb. Ling et al. (34) also found
that hypo-albuminemia was associated with poor sleep quality
in MHD patients. Furthermore, a cohort study found that Alb
level was positively correlated with total sleep time in MHD
patients, and that regulating hypo-albuminemia could improve
their sleep disturbance (35). In addition, it is important to note
that vitamin D deficiency is thought to be a potential cause of
sleep disturbance (36). A meta-analysis showed that vitamin D
deficiency is associated with a higher risk of sleep disturbance,
and subgroup analysis suggested that vitamin D deficiency not
only reduced the sleep quality, but also affected sleep duration
(37). Importantly, the association between vitamin D and sleep
disturbance was validated in MHD patients. Hejazian et al. (38)
showed that vitamin D deficiency was an independent predictor
of sleep disturbance in MHD patients. It is well known that
Vitamin D is closely related to Ca?T metabolism in the body.
Meanwhile, the results of the current study showed a significant
difference in Ca2t between the sleep disturbance and the no
sleep disturbance group. Therefore, regulating Ca>* and Alb
levels may be an important strategy for improving sleep quality
in MHD patients.

The relationship between blood lipid and sleep quality
in MHD patients is still unclear. A clinical study suggested
that increased TG is associated with increased risk of sleep
disturbance in MHD patients (39). In addition, a study has found
that MHD patients with poor sleep quality have lower HDL-
C levels than those with good sleep quality (25). However, a
recent study suggested that TG and TClevels were not associated
with the sleep disturbance in MHD patients (15). Although the
results of the current study suggested that HDL-C may be a
risk factor for severe sleep disturbance in MHD patients, there
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were no significant differences in TG, TC, HDL-C and LDL-C
levels between the sleep disturbance and the no sleep disturbance
group. These lines of evidence suggest that the role of lipid in
sleep disturbance in MHD patients is ambiguous, and further
studies will be needed to confirm the relationship.

Depression, anxiety and sleep disturbance are usually
associated with a lower quality of life in MHD patients.
Studies have found that depression is widespread in MHD
patients and is a risk factor for sleep disturbance in MHD
patients (26, 40). However, our study found that depression
was not associated with sleep disturbance in MHD patients
after adjusting for multiple covariates such as age, Alb and
Ca®t. Such inconsistent results may be related to the fact
that fewer MHD patients with depression were included in
this study. It has been well recognized that sleep deprivation
can lead to anxiety (41), which in turn can contribute to
decreased sleep quality (42). In addition, Dikici et al. (43) found
that anxiety was associated with sleep disturbance in MHD
patients. Meanwhile, the results of this study also showed that
anxiety can significantly increase the occurrence of severe sleep
disturbance in MHD patients. Therefore, although our data
did not find that anxiety and depression were independent
risk factors for sleep disturbance in MHD patients, the
impact of anxiety and depression on sleep disturbance requires
our attention.

Although a series of previous studies have focused on
prediction models related to sleep quality, no study has
discussed the risk prediction models for sleep disturbance in
MHD patients. Li et al. (44) incorporated Hb, respiratory
rate, diastolic blood pressure, delirium and cardiovascular
diseases into the prediction model for assessing the risk of
sleep disturbance in ICU patients, which provided clinical
decision support for improving the sleep quality of ICU
patients. Yang et al. (45) developed a prediction model to
assess the risk of postoperative sleep disturbance in non-
cardiac surgery patients, and then to provide reasonable
prevention and treatment measures. In addition, a study has
developed and verified the mathematical model for predicting
sleep latency and sleep duration, providing a basis for
developing personalized optimal sleep plans (46). This study
was the first to explore the risk prediction model of sleep
disturbance in MHD patients, in order to improve their
sleep quality.

In the present study, age, CRP, Alb, Ca’T, PTH and
anxiety were used as predictors to develop a prediction
model for sleep disturbance in MHD patients. As previously
mentioned, age, Alb, Ca? and anxiety play important roles
in MHD patients with sleep disturbance. The relationship
between CRP and sleep quality has been demonstrated in
multiple studies, with higher CRP levels indicating poorer sleep
quality (47, 48). Furthermore, MHD patients are commonly
associated with chronic inflammatory responses, and therefore
often have elevated CRP levels. It is worth noting that
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CRP levels has been confirmed to be significantly negatively
correlated with sleep quality of MHD patients (49). In
addition, a clinical study has found that the incidence of
sleep disturbance in MHD patients with hyperparathyroidism
is significantly increased (50). Moreover, the sleep quality
of MHD patients with hyperparathyroidism was significantly
improved after parathyroidectomy (51). Therefore, although
the current study did not find that CRP and PTH are the
independent risk predictors for sleep disturbance in MHD
patients, CRP and PTH were included in the prediction model
based on previous evidence. Meanwhile, according to the
actual clinical significance, age and Ca®>t were transformed
into 0.1* age and 10*Ca®T, respectively, and PTH was
transformed into a categorical variable with a cut-off value
of 300 ng/L. The internal validation of the prediction model
was carried out by bootstrap resampling. The discrimination
and calibration of the prediction model were evaluated with
the C-index and calibration curve. In the present study, the
prediction model has better discrimination and calibration.
The C-index after calibration was 0.736, and the calibration
curve was approximately distributed along the reference line
(x=y).

There are some limitations in our study. First, this
study had a single-center and cross-sectional design, which
was not representative of the population and did not allow
confirming causal relationship between sleep disturbance and
risk factors. Further multicenter prospective cohort studies are
needed to clarify the clinical value of risk factors in sleep
disturbance in MHD patients. Second, our study developed
a risk prediction model for sleep disturbance in MHD
patients, providing a clinical guidance tool for improving
sleep quality. However, this model has not been verified
externally. In the future, external validation is needed to further
improve the prediction efficiency of the model. Third, fewer
patients with depression and anxiety were included in this
study, which failed to adequately describe the relationship
between depression, anxiety and sleep disturbance in MHD
patients. Future studies should expand the sample size to
further verify the interaction between depression, anxiety and
sleep disturbance. Finally, our study relied on the scale to
evaluate sleep quality, and we expect to use sleep monitoring
devices such as polysomnography in the future, so as to
provide better objective indicators for sleep monitoring of
MHD patients.

In conclusion, sleep disturbance in MHD patients may be
associated with age, Alb, Ca?t and anxiety. In addition, we
developed a risk prediction model for sleep disturbance in
MHD patients, and early intervention with reversible predictors,
such as CRP, Alb, Ca?t and PTH, will contribute to the
prevention and treatment of sleep disturbance in MHD patients.
Subsequent studies should elucidate the exact pathogenesis
of sleep disturbance in MHD patients and develop effective
therapeutic strategies.
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