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ABSTRACT
This study aimed to explore the prevalence and risk factors of poor sleep quality in patients
undergoing continuous ambulatory peritoneal dialysis (CAPD) at the peritoneal dialysis center of
the First Affiliated Hospital of Nanchang University. This cross-sectional study was conducted
from March 2019 to December 2019. The Pittsburgh Sleep Quality Index (PSQI) was used to
evaluate the sleep quality of patients undergoing CAPD. A PSQI score of �5 was defined as poor
sleep quality, whereas a PSQI of <5 was defined as good sleep quality. Logistic regression ana-
lysis was used to analyze risk factors for poor sleep quality. In total, 456 patients undergoing
CAPD were investigated. The average PSQI score was 5.0 ± 2.9. Among the participants, 46.3%
had poor sleep quality, and 45.6% were female patients. The average age was 49.4 ±13.3 years.
Compared with good sleepers, poor sleepers included a higher proportion of females and cal-
cium–phosphorus (Ca� P) product, longer dialysis durations, lower total endogenous creatinine
clearance rates, less residual renal function, and lower albumin levels. Multivariate logistic regres-
sion analysis showed that a long dialysis duration, low albumin level, and high Ca� P product
were independent risk factors for poor sleep quality in patients undergoing CAPD. Odds ratios
(95% confidence interval) for these risk factors were 1.01 (1.00–1.02), 0.95 (0.91–1.00), and 1.02
(1.00–1.03), respectively. Interventions aimed at improving albumin and Ca� P product levels
may improve quality of life for CAPD patients.
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Introduction

Sleep disorders are common complications of end-
stage renal disease (ESRD), and they are the main fac-
tors leading to death and decline in quality of life in
patients with ESRD [1,2]. It is estimated that about
45%–85% of patients undergoing hemodialysis and
43%–80% of patients undergoing continuous ambula-
tory peritoneal dialysis (CAPD) have various sleep dis-
orders [1,3–6]. Sleep disorders include insomnia, sleep
apnea syndrome, hypopnea syndrome, central sleep
apnea, central drowsiness, diurnal sleep awakening
disorder, unconscious sleep, and restless leg syndrome
[1,7–9]. Most dialysis patients have at least one sleep
disorder [7]. The main manifestations are difficulty fall-
ing asleep, sleep maintenance disorder, early awaken-
ing, decreased sleep quality, and decreased total
sleep time.

The causes of poor sleep quality in patients under-
going CAPD are not fully understood and may be

multifactorial. Previous studies have shown that male
sex [10], old age [11], depression [12], anemia [13],
uremic pruritus [14], low serum vitamin D [15], and dur-
ation of dialysis [16] all contributed to sleep disturban-
ces in dialysis patients. In addition, Li et al. [4] found
that high calcium–phosphorus (Ca� P) product, low
subjective global assessment scores, and high malnutri-
tion–inflammation scores predicted poor sleep quality
in patients with CAPD. However, due to discrepancies
in race, region, center, and socioeconomic status, there
may be differences in the management of patients
undergoing peritoneal dialysis (PD), which eventually
lead to inconsistencies in the prevalence and risk fac-
tors of poor sleep quality. Furthermore, related research
on poor sleep quality is limited to the underdeveloped
areas of China.

Since poor sleep quality are the main complaints
and strong predictors of mortality of patients under-
going PD, it is necessary to determine coexisting clinical
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and modifiable biochemical disorders. Therefore, this
study aimed to investigate the prevalence and potential
risk factors of poor sleep quality in patients undergoing
PD in Southeast China.

Materials and methods

Study population

To investigate the prevalence and risk factors of poor
sleep quality at the First Affiliated Hospital of
Nanchang University, a survey was conducted from
March 2019 to December 2019. A total of 456 patients
undergoing CAPD were enrolled in this study. The
inclusion criteria included age of �18 years and CAPD
of �3months. Exclusion criteria included mental ill-
ness, malignant history, cardiovascular history, and
trauma or surgery in the month prior to the study. The
study was approved by the Human Ethics Committee
of Nanchang University (Application ID: [2019] 032),

and written informed consent was obtained from each
participant.

Assessment of sleep quality

The Pittsburgh Sleep Quality Index (PSQI) [17] is a com-
mon tool for assessing sleep problems associated with
anxiety, stress, depression, and schizophrenia. It is div-
ided into seven parts: subjective sleep quality, sleep
latency, sleep duration, habitual sleep efficiency, sleep
disorders, the use of sleep medications, and daytime
dysfunction caused by sleep disorders. The score of
each part is 0–3, and the highest total score is 21. A
score of <5 indicates good sleep quality, and >5 indi-
cates poor sleep quality. A higher score indicates worse
sleep quality.

Questionnaires

Questionnaires were administered at the outpatient vis-
its of patients who were regularly followed up.

Figure 1. Enrollment flow chart of this study. PD: Peritoneal dialysis; PSQI: Pittsburgh Sleep Quality Index.
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Otherwise, nurses telephoned the patients to gather
information. At the outpatient visit, the questionnaires
were issued, explained, and recycled by PD nurses. The
questionnaires were filled out by the patients or nurses,
if patients were illiterate, when they were available to
answer questions without interfering with the answers
of the participants. Finally, data were independently
extracted by two PD doctors.

Basic information collection

Demographic, clinical and laboratory information were
extracted from the patients’ medical records, retro-
spectively. The data included sex, age, duration of
CAPD, Charlson Comorbidity Index (CCI) score, body
mass index (BMI), diabetes, hypertension, total Kt/V,
total endogenous creatinine clearance rate (Ccr), esti-
mated glomerular filtration rate (eGFR), hemoglobin,
creatinine, uric acid, albumin, total cholesterol, triglycer-
ide, Ca� P product, intact parathyroid hormone (iPTH),
and C-reactive protein. Baseline residual renal function
(RRF) was assessed by eGFR using the Chronic Kidney
Disease Epidemiology Collaboration creatinine equa-
tion [18].

Statistical analysis

SPSS (version 22.0; IBM Corp., Armonk, NY, USA) was
used for the statistical analysis. A p-value of <0.05 was
regarded as statistically significant. Categorical variables
were expressed as frequencies and percentages, and
continuous variables were expressed as means and

standard deviations or medians and interquartile
ranges. Student’s t test, Mann-Whitney U test, and chi-
squared test were used for comparisons. Univariate and
multivariate logistic analyses were also performed.
Covariates considered to be clinically significant or with
a p-value of <0.05 in the univariate logistic regression
were chosen for multivariate logistic regression.

Results

Baseline characteristics of participants
undergoing CAPD

Among the 456 participants in the study, the average
PSQI score was 5.0 ± 2.9. While 245 patients were good
sleepers (PSQI < 5), 211 were poor sleepers (PSQI � 5)
(Figure 1). The prevalence of poor sleep quality was
46.3%, the mean age was 49.4 ± 13.3 years, and 45.6%
were female. The baseline eGFR was 1.05mL/min/1.73
m2 (range, 0.00–3.12). The baseline characteristics of
the participants, stratified by PSQI score, are shown in
Table 1. The average PSQI scores of poor sleepers and
good sleepers were 7.4 ± 2.6 and 3.0 ± 0.9, respectively.
The duration of CAPD was significantly longer in poor
sleepers (33.2 vs. 24.9months; p< 0.001). The mean val-
ues of total Ccr, eGFR, albumin, and the proportion of
men were significantly lower in poor sleepers. The
mean Ca� P product of poor sleepers was higher than
that of good sleepers at baseline (p¼ 0.014).

Table 1. Comparison of demographic and laboratory data between good sleepers and poor sleepers.

Variables
All patients
N¼ 456

Good sleepers
(PSQI< 5) N¼ 245

Poor sleepers
(PSQI � 5) N¼ 211 p values

PSQI 5.0 ± 2.9 3.0 ± 0.9 7.4 ± 2.6
Men, n (%) 248 (54.4) 145 (59.2) 103 (48.8) 0.027
Age (year) 49.4 ± 13.3 48.7 ± 13.6 50.1 ± 12.9 0.298
Duration of CAPD (months) 27.5 (13.3� 55.3) 24.9 (11.9� 42.1) 33.2 (14.0� 70.5) <0.001
CCI score 2.58 ± 0.91 2.58 ± 0.90 2.57 ± 0.93 0.861
BMI 21.6 ± 3.6 21.5 ± 3.7 21.8 ± 3.5 0.411
Diabetes, n (%) 82 (18.0) 41 (16.7) 41 (19.4) 0.455
Hypertension, n (%) 369 (80.9) 198 (80.8) 171 (81.0) 0.951
Total Kt/V 1.73 (1.34� 2.25) 1.79 (1.39� 2.24) 1.69 (1.30� 2.26) 0.530
Total Ccr 55.09 (45.93� 72.02) 59.89 (47.49� 75.35) 51.36 (44.06� 63.61) <0.001
eGFR (mL/min/1.73 m2) 1.05 (0.00� 3.12) 1.64 (0.01� 3.77) 0.45 (0.00� 2.37) <0.001
Hemoglobin (g/L) 106 ± 22 108 ± 21 105 ± 23 0.153
Creatinine (lmol/L) 889 (657� 1138) 876 (644� 1151) 907 (676� 1124) 0.718
Uric acid (lmol/L) 396 ± 88 402 ± 94 389 ± 81 0.138
Albumin (g/L) 38.6 (35.2� 41.8) 39.4 (39.4� 42.2) 37.8 (34.6� 40.9) 0.005
Total cholesterol (mmol/L) 4.73 ± 1.04 4.76 ± 1.11 4.69 ± 0.96 0.456
Triglyceride (mmol/L) 1.54 (1.13� 2.26) 1.57 (1.15� 2.24) 1.50 (1.12� 2.33) 0.472
Ca� P product (mg2/dL2) 42.5 (34.3� 53.1) 41.4 (32.7� 51.7) 44.4 (36.2� 55.1) 0.014
iPTH (pg/mL) 487 (269� 881) 504 (276� 877) 469 (242� 931) 0.748
C-reactive protein (mg/L) 0.70 (0.30� 2.00) 0.63 (0.30� 1.72) 0.79 (0.35� 2.37) 0.160

BMI: Body mass index; Ca� P product: calcium-phosphorus product; CAPD: Continuous ambulatory peritoneal dialysis; CCI: Charlson comorbidity index;
Ccr: Endogenous creatinine clearance rate; eGFR: Estimated glomerular filtration rate; iPTH: Intact parathyroid hormone; PSQI: Pittsburgh sleep qual-
ity index.
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Risk factors for poor sleep quality in patients
undergoing CAPD

Table 2 shows the risk factors for poor sleep quality in
patients undergoing CAPD. Several factors were univari-
ately associated with poor sleep quality, including
female sex, duration of CAPD, total Ccr, eGFR, albumin,
and Ca� P product. In the multivariable analysis, the
duration of CAPD (odds ratio [OR]¼ 1.01, 95% confi-
dence interval [CI]¼ 1.00–1.02, p¼ 0.003), albumin (OR
¼ 0.95, 95% CI ¼ 0.91–1.00, p¼ 0.034), and Ca� P prod-
uct (OR ¼ 1.02, 95% CI ¼ 1.00–1.03, p¼ 0.046) were
independently associated with poor sleep quality.

Discussion

This study shows that the prevalence of poor sleep
quality in our center is 46.3%, similar to previous stud-
ies [5,6]. In addition, patients with poor sleep quality
are usually characterized by female sex, long CAPD dur-
ation, low total Ccr, low eGFR, low albumin level, and
high Ca� P product. Combined with the results of uni-
variate and multivariate analyses, this study found that
a long CAPD duration, low albumin level, and high
Ca� P product were independent risk factors for poor
sleep quality.

Many factors presumably contribute to the high
prevalence of sleep disturbances in patients under-
going PD, including demographic, clinical, psycho-
logical, metabolic, and nutritional abnormalities. In the
present study, patients with poor sleep quality tended
to be female, which is inconsistent with a previous
study [10]. A plausible explanation is that during times
of hormonal changes, women are at an increased risk
of sleep disturbances [19]. Another study showed that
women were more prone to anxiety and depression

[20]. Moreover, RRF was poorer in poor sleepers. In gen-
eral, a decline in RRF is accompanied by an increased
risk of metabolic and cardiovascular complications, min-
eral and bone disorders, and poor nutritional status
[21–23]. In addition to the aforementioned confounding
factors that may affect sleep quality, deterioration of
RRF could lead to uremia-induced neuropathy or myop-
athy, altered chemosensitivity, and hypervolemia,
resulting in sleep disorders [24].

Our study demonstrated a significantly higher risk of
poor sleep quality in patients with a longer dialysis dur-
ation and a higher Ca� P product. These findings are
consistent with those of the previous studies. Generally,
long dialysis duration is often accompanied by inad-
equate dialysis [25], malnutrition [26], depression [27],
or abnormal calcium and phosphorus metabolism [11],
which are well-known risk factors for sleep disturban-
ces. A high Ca� P product may be related to secondary
hyperparathyroidism, uremic pruritus, bone pain, coron-
ary artery calcification, and increased cardiovascular dis-
eases [11,28], which may further affect the sleep quality
of patients undergoing CAPD.

Nutritional status is a risk factor for poor sleep qual-
ity in patients with CAPD. Serum albumin level, a well-
known nutritional indicator, was significantly lower in
poor sleepers than in good sleepers in the present
study. In the multivariate logistic regression analysis,
albumin level was negatively correlated with poor sleep
quality. In a study conducted by Li et al. [4], the PSQI
score was found to be negatively correlated with serum
albumin and subjective global assessment score, but
positively correlated with malnutrition–inflammation
score. Both were measures of protein-energy wasting in
CAPD patients. Similar findings have been reported pre-
viously [6,29,30]. The possible mechanisms by which
nutritional status affects sleep quality are as follows:

Table 2. Risk factors related to poor sleep quality in patients undergoing CAPD: univariate logistic and
multivariate logistic regression analysis.

Variables

Univariate logistic regression Multivariate logistic regression

OR (95% CI) p value OR (95% CI) p value

Male 0.67 (0.45� 0.95) 0.027 0.78 (0.52� 1.16) 0.221
Age (year) 1.01 (0.99� 1.02) 0.289 1.00 (0.99� 1.02) 0.682
Duration of CAPD (month) 1.02 (1.01� 1.02) <0.001 1.01 (1.00� 1.02) 0.003
CCI score 0.98 (0.80� 1.20) 0.861
BMI 1.02 (0.97� 1.08) 0.411
Total Kt/V 0.98 (0.97� 1.01) 0.786
Total Ccr 0.99 (0.98� 1.00) 0.002 0.91 (0.79� 1.06) 0.228
eGFR (mL/min/1.73 m2) 0.89 (0.82� 0.96) 0.002 2.43 (0.56� 10.59) 0.238
Hemoglobin (g/L) 0.99 (0.99� 1.00) 0.153
Albumin (g/L) 0.94 (0.91� 0.98) 0.004 0.95 (0.91� 1.00) 0.034
Total cholesterol (mmol/L) 0.93 (0.78� 1.12) 0.455
Triglyceride (mmol/L) 0.93 (0.78� 1.12) 0.446
Ca� P product (mg2/dL2) 1.02 (1.00� 1.03) 0.010 1.02 (1.00� 1.03) 0.046
C-reactive protein (mg/L) 1.04 (0.97� 1.13) 0.269

BMI: Body mass index; Ca� P product: calcium-phosphorus product; CAPD: Continuous ambulatory peritoneal dialysis; CCI:
Charlson comorbidity index; Ccr: Endogenous creatinine clearance rate; eGFR: Estimated glomerular filtration rate.
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first, nutrition can directly or indirectly contribute to
poor sleep quality by affecting the hormones and
inflammation status [31]; second, serum albumin level
was negatively related to the intensity of uremic prur-
itus, which affects the quality of sleep in patients under-
going CAPD [14]; and third, low serum albumin level is
an important determinant of overhydration in CAPD
patients [32], which contributes to obstructive sleep
apnea, not only by its effects on upper airway collaps-
ibility but also by potentially affecting ventilatory
instability [24].

Effective intervention and treatment of risk factors
for poor sleep quality may improve the sleep quality of
patients undergoing CAPD. This study confirms that a
long dialysis duration, low albumin level, and high
Ca� P product are the main factors affecting sleep
quality in patients undergoing CAPD. Therefore, these
factors can become new predictors of poor sleep qual-
ity and have important clinical significance. However,
this study has some limitations. First, the PSQI question-
naire is a commonly used tool to evaluate only sleep
quality, and there may be some errors due to recall bias
and subjective judgment. Second, the present study
was a cross-sectional study, the sample size was insuffi-
cient, and other potential risk factors that may affect
sleep quality were not evaluated, such as monocytes,
neutrophils, oxidative stress, and other inflammatory
cells or factors related to poor sleep quality. Third, this
study did not fully assess the nutritional status of
patients or the presence of depression and other com-
mon factors affecting sleep quality.

Conclusions

In conclusion, this study showed that long dialysis dur-
ation, low albumin level, and high Ca� P product are
the main predictors of poor sleep quality. Our findings
may be helpful for the treatment of poor sleep quality
in patients undergoing CAPD.
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