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Abstract

Objective: Metabolic syndrome (MS) is a common clinical condition associated with cardiovas-

cular disease in patients undergoing peritoneal dialysis (PD); however, its prognostic implication

among patients receiving PD remains controversial.

Methods: In a prospective study from January 2013 and June 2016, we enrolled 190 patients

undergoing PD and followed them for 46.4� 30.7 months. We assessed the associations of

clinical characteristics and measurements with diabetes mellitus (DM) status, MS, and prognostic

outcomes among the included patients.

Results: We found that DM was associated with shortened duration of dialysis and poor sur-

vival. The prevalence of MS was 58.9% among all patients. We found significant differences in age,

body weight, body mass index, triglycerides, high-density lipoprotein cholesterol, fasting plasma
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glucose, leukocytes, platelets, neutrophil percentage, and pre-albumin between patients with and

without MS. We found a negative correlation trend between serum intact parathyroid hormone

and MS among our patients. The arteriosclerosis index was significantly elevated in the MS group

compared with the non-MS group. Serum calcium concentration and frequency of hospital

admissions were significantly associated with mortality and technique failure.

Conclusions: MS was positively associated with cardiovascular disease. DM, and hypocalcemia.

Frequent hospital admissions can predict poor prognosis in patients undergoing PD.
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Introduction

Metabolic syndrome (MS) is a common
clinical condition prevalent among patients

undergoing peritoneal dialysis (PD) with

end-stage renal disease (ESRD) owing

to chronic exposure to glucose-based solu-

tions. In the past few decades, the preva-

lence of MS has increased to over 50%

among patients receiving PD with or with-

out diabetes mellitus (DM). As expected,

this prevalence varies by ethnicity, geo-

graphical region, and the different defini-

tions used.1–4 MS refers to a constellation

of several risk factors for cardiovascular

disease (CVD), type II diabetes, systemic

inflammation, and the development of

chronic kidney disease (CKD). Among
them, CVD is the leading cause of death

in patients with ESRD under long-term

PD treatment.5–7 Therefore, MS has been

further linked to CVD mortality among

all patients receiving maintenance PD.8–11

However, controversy remains regarding

the clinical outcomes of MS, particularly

with respect to survival in patients with-

out DM.
Definitions of MS include abnormalities

of hyperglycemia (DM, insulin resistance,

impaired fasting glucose, impaired glucose

tolerance, non-DM fasting hyperinsuline-
mia, or fasting plasma glucose (FPG)), obe-
sity (increased body mass index (BMI),
waist-to-hip ratio, or waist circumference),
dyslipidemia (increased triglycerides (TG)
or reduced high-density lipoprotein choles-
terol (HDL-C)), hypertension, and microal-
buminuria.12 The concept of MS arose in
the early 1950s, and the World Health
Organization (WHO) first officially defined
MS in 1988.13 Based on the WHO proposal,
the European Group for the Study of
Insulin Resistance,14 the National
Cholesterol Education Program’s Adult
Treatment Panel III (NCEP-ATPIII) of
the United States,15 and the International
Diabetes Federation16 defined MS in differ-
ent ways in 1999, 2001, and 2005, respec-
tively, with a modified NCEP-ATPIII
definition proposed in 2008.17 The slight
variations among these definitions are
mainly focused around (central) obesity,
DM, and insulin resistance, with some fur-
ther details still being discussed.

Despite the variability in diagnosis and
prognosis, preventing MS in patients under-
going PD is important in clinical practice.
In this study, we aimed to investigate the
associations among MS, clinical measure-
ments, and their corresponding outcomes
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in patients receiving PD from a single center
in northern China.

Materials and methods

Patients and sampling

This study was approved by the Ethics
Committee of the Second Hospital of
Tianjin Medical University. Written
informed consent was provided by all
patients before they participated in this
study. We enrolled patients with ESRD
(age >18 years) who had received a conven-
tional glucose-based lactate-buffered PD
solution (Dianeal, Baxter Healthcare,
Guangzhou, China) from the start of PD
therapy at our dialysis unit between
January 2013 and June 2016 and who had
maintained treatment for more than 3
months. All patients underwent daytime
ambulatory PD with 1.5% dextrose dialy-
sate. Outpatient records were reviewed to
obtain participants’ demographic and clini-
cally relevant information.

Definitions of MS

MS was defined based on the modified
NCEP-ATPIII diagnostic criteria,17 i.e.,
fulfillment of at least three of the
following: BMI> 25 kg/m2 for Asians;
TG �150mg/ dL (1.7mmol/L); HDL-C
<40mg/dL (1.03mmol/L) in men,
<50mg/dL (1.29mmol/L) in women;
blood pressure �130/85 mmHg or receiving
antihypertensive treatment; and FPG �100
mg/dL (5.6mmol/L) or a diagnosis of DM
and under treatment.

Clinical measurements

We collected general information including
age, sex, body weight, height, primary renal
diseases, the presence of DM, duration of
dialysis, and history of hypertension. BMI
was used to assess obesity. Body weight was
measured to calculate BMI among patients

undergoing PD, with either a dry abdomen

or with PD dialysate in the abdomen minus

the infused volume of PD dialysate, in

liters. A trained nurse measured brachial

blood pressure, with patients in a sitting

position after resting for at least 5 minutes

in a quiet room. Patients with hypertension

took their usual antihypertensive medica-

tions on the morning of each clinic visit,

and PD prescriptions for each patient

were recorded. Patients fasted overnight

for 10 hours, after which venous blood

samples were collected in the morning for

laboratory measurements, including hemo-

globin, serum albumin, pre-albumin, FPG,

calcium, phosphorus, TG, total cholesterol,

HDL-C, low-density lipoprotein cholesterol

(LDL-C), C-reactive protein, and intact

parathyroid hormone (iPTH). All biochem-

ical parameters were examined at the initi-

ation of PD therapy and assessed regularly

at 3-month intervals. iPTH was determined

by immunoassay. Serum albumin level was

used to reflect nutritional status. The arte-

riosclerosis index was calculated by dividing

LDL-C by HDL-C.

Outcomes and endpoints

All patients were followed until December

2017. The outcomes of interest included the

number of hospital admissions, duration of

hospitalization, peritonitis, CVD (ischemic

heart disease, cerebrovascular disease, con-

gestive heart failure, or peripheral vascular

disease), and mortality. Death, kidney

transplantation, and transfer to hemodialy-

sis were defined as technique failure. The

time from the start of peritoneal dialysis

to technique failure was considered the

duration of technique survival.

Statistical analysis

Statistical analyses were performed using

SPSS 19.0 software (IBM Corp, Armonk,

NY, USA). The mean and standard
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deviation (mean� SD) were computed for
continuous data. Data were compared
using chi-squared (v2) analysis or one-way
analysis of variance. Kaplan–Meier plots of
survival curves and comparisons between
groups with log-rank tests were used for
descriptive analysis of survival data.
Stepwise logistic regression was performed
for all variables, to identify independent
predictors. Hazard ratios (HRs) and 95%
confidence intervals were estimated using a
Cox regression model. All statistical analy-
ses were conducted with a significance level
of a¼ 0.05, and Bonferroni correction was
applied for multiple tests.

Results

In this study, we enrolled 190 patients
undergoing PD, including 28 patients with
primary hypertension, 64 with DM, 84 with
chronic glomerulonephritis, 5 with polycys-
tic kidney disease, and 9 with other diseases.
Patients’ clinical characteristics and bio-
chemical measurements are summarized in
Table 1. The median duration of PD was
46.4� 30.7 months. During this period, 75
(39.5%) patients experienced technique fail-
ure, including 51 (26.8%) who died, 15
(7.9%) who converted to hemodialysis,
and 9 (4.7%) who received kidney trans-
plantation. The causes of death were CVD
(myocardial infarction, sudden cardiac
arrest, and heart failure; 24 patients), diges-
tive tract disorders (4 patients), stroke
(2 patients), infection (14 patients), severe
malnutrition (6 patients), and cancer
(1 patient). The overall mortality in patients
with and without DM was 48.4% and
15.9% (P< 0.01), respectively. In the DM
group, mortality in patients with MS was
42.3% (22/52) whereas in the non-DM
group, this was 16.7% (10/60, DM with
MS vs. non-DM with MS: P< 0.01).
During this period, all patients had an aver-
age of 0.55� 0.69 hospital admissions and
10.2� 15.1 days of hospitalization per year.

We compared all observations between
patients with and without DM. Patients
with DM were significantly older (P¼
0.001), had more hospital admissions
(P¼ 2.2� 10�5), longer hospitalization
(P¼ 0.002), more technique failures (P¼
2.3� 10�4), and a higher mortality rate
(P¼ 1.7� 10�6), FPG (P¼ 3.3� 10�7),
and neutrophil percentage (P¼ 0.029) than
those without DM. In contrast, the dura-
tion of dialysis (P¼ 0.003), HDL-C (P¼
0.002), hematocrit percentage (P¼ 0.013),
total protein (P¼ 0.003), hemoglobin
(P¼ 0.013), pre-albumin (P¼ 0.015), albu-
min (P¼ 0.002), creatinine (P¼ 0.026), and
iPTH (P¼ 0.005) were significantly lower in
patients with DM.

The prevalence of MS, as defined using
the modified NCEP-ATPIII criteria, was
58.9% (112/190) among all patients. We
compared clinical findings between patients
with and without MS (Table 2). Aside from
some MS-related items, such as body weight,
BMI, TG, HDL-C, and FPG, there were
significant differences with respect to age
(P¼ 0.012), percentage of DM (P¼ 8.4�
10�6), leukocytes (P¼ 0.022), platelets
(P¼ 0.043), neutrophil percentage (P¼
0.028), and pre-albumin (P¼ 0.024). The
arteriosclerosis index was significantly
increased in the MS group (3.52� 1.07) in
comparison with the non-MS group (2.79
� 0.80; P¼ 9.4� 10�7).

Kaplan–Meier plots of overall and tech-
nique survival in a comparison of patients
with and without MS (modified NCEP-
ATPIII criteria) are shown in Figure 1.
There was no significant difference in over-
all and technique survival between patients
with and without MS. However, a slight
decrease was observed between months 60
and 80 in overall survival. Cox regression
analysis of risk factors revealed that high
systolic pressure, HDL-C level, leukocyte
content, platelet content, hematocrit, aspar-
tate transaminase level, uric acid level, and
hospital admissions were significantly
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Table 1. Clinical characteristics and biochemical measurements of patients.

Variables

Patients with

diabetes mellitus

Patients without

diabetes mellitus Total

Size (n) 64 126 190

Metabolic syndrome (%) 81.3 47.6 58.9

Female sex (%) 48.4 40.5 56.8

Age (years)** 62.6� 13.0 54.5� 17.1 57.2� 16.3

Height (cm) 165.7� 8.1 163.7� 10.1 164.3� 9.5

Weight (kg) 63.4� 11.3 59.8� 12.1 61.0� 11.9

Body mass index (kg/m2) 23.3� 3.3 22.6� 4.8 22.8� 4.4

Duration of dialysis (months)** 37.1� 27.8 51.2� 31.1 46.4� 30.7

Systolic blood pressure 141.7� 27.1 140.1� 28.4 140.7� 27.9

Diastolic blood pressure 80.1� 16.3 83.3� 17.5 82.2� 17.1

Hospital admissions (n/year)** 0.85� 0.84 0.40� 0.55 0.55� 0.69

Duration of hospitalization (days/year)** 14.9� 17.3 7.8� 13.3 10.2� 15.1

Technique failure (%)** 57.8 30.2 39.5

Mortality rate (%)** 48.4 15.9 26.8

Total cholesterol (mmol/L) 5.00� 1.38 5.30� 1.26 5.20� 1.31

Triglycerides (mmol/L) 2.37� 1.97 2.35� 1.67 2.36� 1.76

High-density lipoprotein cholesterol (mmol/L)** 0.99� 0.28 1.13� 0.31 1.08� 0.31

Low-density lipoprotein cholesterol (mmol/L) 3.15� 0.98 3.39� 0.93 3.31� 0.95

Fasting plasma glucose (mmol/L)** 7.57� 4.16 5.45� 0.99 6.15� 2.70

Leukocytes (109/L) 8.41� 3.29 7.61� 2.65 7.88� 2.90

Platelets (109/L) 218.1� 82.2 207.8� 72.6 211.3� 75.9

Neutrophils (%)* 72.2� 10.9 68.9� 8.7 70.0� 9.6

Hematocrits (%)* 29.3� 5.3 31.2� 4.9 30.6� 5.1

Total protein (g/L)** 63.2� 10.2 67.4� 8.0 66.0� 8.9

Hemoglobin (g/L)* 96.5� 17.5 103.0� 16.7 100.8� 17.2

Pre-albumin (mg/L)* 258.3� 37.6 341.5� 66.1 302.7� 56.6

Albumin (g/L)** 32.4� 7.1 35.2� 5.3 34.3� 6.1

Sodium (mmol/L) 139.0� 4.3 138.6� 3.7 138.7� 3.9

Potassium (mmol/L) 4.11� 0.90 4.18� 0.72 4.16� 0.78

Calcium (mmol/L) 2.17� 0.26 2.24� 0.29 2.22� 0.28

Phosphorus (mmol/L) 1.86� 0.69 1.91� 0.58 1.89� 0.61

Magnesium (mmol/L) 0.98� 0.29 0.94� 0.26 0.95� 0.27

Carbon dioxide combining power (mmol/L) 26.8� 3.8 27.4� 3.6 27.2� 3.7

Alanine transaminase (U/L) 15.3� 11.7 13.0� 7.7 13.8� 9.3

Aspartate transaminase (U/L) 14.0� 7.3 15.2� 6.3 14.8� 6.7

Alkaline phosphatase (U/L) 101.9� 65.9 110.9� 62.4 107.7� 63.6

Blood urea nitrogen (mmol/L) 21.1� 6.3 20.1� 5.8 20.4� 6.1

Creatinine (lmol/L)* 806.9� 276.7 899.5� 263.6 868.2� 271.0

Uric acid (lmol/L) 413.3� 87.1 403.4� 77.8 406.7� 80.9

Parathyroid hormone (pmol/L)** 30.9� 38.6 54.1� 48.4 46.8� 46.6

C-reactive protein (lg/L) 65.3� 69.6 59.9� 79.4 62.0� 75.4

Arteriosclerosis index 3.43� 1.32 3.15� 0.82 3.24� 1.03

*< 0.05. **< 0.01.
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Table 2. Comparison analysis between patients with and without metabolic syndrome (MS).

All patients

Variables MS No MS P value

Size (n) 112 78

Female sex (%) 58.0 55.1 0.691

Age (years) 59.7� 14.4 53.7� 18.2 0.012*

Height (cm) 163.9� 9.8 164.3� 9.2 0.781

Weight (kg) 63.6� 12.2 57.2� 10.2 0.001**

Diabetes (%) 46.4 15.4 8.4� 10�6**

Body mass index (kg/m2) 24.1� 4.6 21.2� 2.9 2.5� 10�6**

Duration of dialysis (months) 46.9� 31.0 45.8� 30.4 0.807

Systolic blood pressure 142.5� 28.6 138.2� 26.7 0.330

Diastolic blood pressure 82.4� 17.0 81.6� 17.1 0.767

Hospital admissions (n/year) 0.62� 0.73 0.45� 0.62 0.098

Duration of hospitalization (days/year) 11.0� 14.9 8.9� 15.4 0.343

Technique failure (%) 39.3 39.7 0.949

Mortality rate (%) 28.6 24.4 0.519

Cardiovascular mortality (%) 12.5 12.8 0.945

Total cholesterol (mmol/L) 5.15� 1.34 5.23� 1.29 0.655

Triglycerides (mmol/L) 2.90� 2.03 1.53� 0.70 4.3� 10�8**

High-density lipoprotein cholesterol (mmol/L) 0.97� 0.24 1.25� 0.32 1.5� 10�10**

Low-density lipoprotein cholesterol (mmol/L) 3.26� 0.96 3.35� 0.96 0.512

Fasting plasma glucose (mmol/L) 6.84� 3.20 5.07� 0.79 3.8� 10�6**

Leukocytes (109/L) 8.27� 3.22 7.29� 2.27 0.022*

Platelets (109/L) 220.1� 76.9 197.5� 73.0 0.043*

Neutrophils (%) 71.3� 9.8 68.2� 9.1 0.028*

Hematocrit (%) 30.1� 5.4 31.3� 4.7 0.130

Total protein (g/L) 66.5� 10.0 65.3� 7.1 0.375

Hemoglobin (g/L) 99.3� 18.0 103.2� 15.7 0.119

Pre-albumin (mg/L) 280.5� 35.7 354.4� 96.4 0.024*

Albumin (g/L) 34.1� 6.5 34.4� 5.4 0.771

Sodium (mmol/L) 138.5� 3.9 139.0� 3.9 0.407

Potassium (mmol/L) 4.17� 0.81 4.12� 0.75 0.688

Calcium (mmol/L) 2.21� 0.29 2.23� 0.26 0.721

Phosphorus (mmol/L) 1.90� 0.60 1.88� 0.64 0.759

Magnesium (mmol/L) 0.95� 0.26 0.96� 0.29 0.995

Carbon dioxide combining power (mmol/L) 27.1� 3.6 27.3� 3.7 0.846

Alanine transaminase (U/L) 14.4� 10.5 12.8� 7.2 0.240

Aspartate transaminase (U/L) 14.7� 8.9 15.9� 6.2 0.308

Alkaline phosphatase (U/L) 135.7� 77.9 101.2� 50.5 0.106

Blood urea nitrogen (mmol/L) 20.6� 6.7 20.0� 5.0 0.519

Creatinine (mmol/L) 861.0� 268.9 879.3� 273.6 0.647

Uric acid (mmol/L) 414.8� 88.6 393.5� 69.2 0.055

Parathyroid hormone (pmol/L) 42.0� 42.7 53.9� 51.9 0.131

C-reactive protein (mg/L) 61.7� 78.0 62.7� 71.6 0.945

Arteriosclerosis index 3.52� 1.07 2.79� 0.80 9.4� 10�7**

*< 0.05. **< 0.01.
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associated with increased risks of mortality
and technique failure; high diastolic pres-
sure, total protein content, calcium concen-
tration, creatinine level, and parathyroid

hormone were significantly associated with
adverse outcomes (Table 3). HDL-C levels
(technique failure: HR¼ 4.152, P¼ 0.001),
calcium concentration (technique failure:

Figure 1. Kaplan–Meier survival plots. (a) Overall survival and (b) technique survival of patients with and
without metabolic syndrome (MS). There was no significant difference in overall and technique survival
between patients with and without MS.

Table 3. Hazard ratios (HRs) and 95% confidence intervals (CIs) of significant risk factors (P< 0.05) for
mortality and technique failure in patients undergoing peritoneal dialysis.

Mortality Technique failure

Variables HR 95% CI P value HR 95% CI P value

Systolic blood pressure 1.039 1.021–1.057 1.7� 10�5

Diastolic blood pressure 0.966 0.937–0.995 0.025 0.976 0.968–0.983 1.9� 10�10

High-density lipoprotein

cholesterol

4.152 1.744–9.882 0.001

Leukocytes 1.150 1.053–1.256 0.002

Lymphocytes 0.947 0.913–0.983 0.005

Platelets 1.003 1.000–1.006 0.042

Hematocrit 1.003 1.000–1.006 0.027 1.006 1.003–1.009 4.0� 10�6

Total protein 0.972 0.957–0.987 3.3� 10�4

Calcium 0.196 0.078–0.493 0.001

Aspartate transaminase 1.004 1.001–1.007 0.011 1.004 1.001–1.007 0.007

Creatinine 0.996 0.995–0.998 2.1� 10�6

Uric acid 1.006 1.002–1.009 4.6� 10�4

Parathyroid hormone 0.985 0.974–0.996 0.013 0.985 0.974–0.995 0.005

Hospital admissions 6.171 3.558–10.704 9.3� 10�11 3.143 2.242–4.407 3.1� 10�11
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HR¼ 0.196, P¼ 0.001), and hospital
admission (mortality: HR¼ 6.171, P¼
9.3� 10�11; technique failure: HR¼ 3.143,
P¼ 9.1� 10�11) were the three most impor-
tant factors related to technique failure or
mortality in patients receiving PD.

Discussion

In the present study, we diagnosed MS
using the modified NCEP-ATPIII criteria.17

Using BMI for the definition of obesity is
more convenient in clinical practice than
using waist circumference, especially in
patients undergoing PD, owing to intraper-
itoneal infusion of dialysis solution.18 The
prevalence of MS in our patients receiving
PD was 58.9%, which is generally in agree-
ment with that of previous studies.3,19,20

DM was associated with shortened dura-
tion of dialysis and poor survival, and
high prevalence of MS (81.3%) was
observed in patients with DM (non-DM:
47.6%, Table 1). The core findings of our
study are that leukocytes, platelets, and
neutrophils were positively associated with
MS prevalence whereas pre-albumin was
inversely associated with MS prevalence
(Table 2). Patients with MS who are receiv-
ing PD always have low-grade, chronic
inflammation.21,22 Our findings may indi-
cate a stronger inflammatory reaction in
patients with MS than in those without
MS. MS has been reported as an indepen-
dent risk marker for CVD morbidity and
mortality in patients without DM who are
undergoing PD.1,23 Patients with MS had a
higher risk of arteriosclerosis incidence than
those without MS. Although we did not
find higher mortality or technique failure
in patients with MS undergoing PD, we
did observe a higher arteriosclerosis index
in this group.1,24 The arteriosclerosis index
can reflect overall arterial elasticity in
patients with MS. In our study, a signifi-
cantly lower HDL-C level was observed in
patients with MS. Low HDL-C has been

shown to be important in increasing the
risk for CVD.25 Moreover, we observed
that elevated HDL-C levels were associated
with an increased presence of tech-
nique failure.

It has been reported that endogenous
serum calcium is independently associated
with insulin sensitivity.26 Healthy people
with low calcium levels have the lowest con-
centration of glucose and the least insulin
resistance.27 Positive relationships between
serum calcium concentrations and MS have
been described previously.28 In this study,
the serum calcium levels of patients with
DM (2.17� 0.26 mmol/L) were at the
lower limit of the recommendations (2.1–
2.5 mmol/L) according to Kidney Disease:
Improving Global Outcomes.29 We found
no significant variation in calcium concen-
trations between the MS and non-MS
groups. However, we did observe that low
calcium concentrations in our cohort were
significantly associated with increased mor-
tality and technique failure in patients
undergoing PD. Both higher calcium con-
centrations and hypocalcemia are associat-
ed with increased mortality in patients with
CKD or receiving dialysis.30–32 Low serum
calcium indicates poor prognosis; therefore,
we advocate intake of vitamin D to main-
tain serum calcium concentrations in
patients undergoing PD. Further, greater
attention is needed for patients with more
hospital admissions. Patients receiving PD
often present with inflammatory or cardio-
vascular diseases, as well as other risk fac-
tors that can increase their rates of hospital
admission. In addition, these patients
appear to have higher mortality.

Serum iPTH is positively correlated with
the risk of MS.33–36 However, the opposite
trend was reported by Dong et al. among
Chinese patients undergoing PD 3 in a
large, multi-center, cross-sectional study.
Here, we found the same trend of negative
correlation between serum iPTH and MS
among our patients receiving PD (patients
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with MS: 42.0� 42.7 pmol/L; patients with-

out MS: 53.9� 51.9 pmol/L), although the

difference was not significant. Limited by

our cohort size, the large variation affects

the significance. Thus, this finding requires

confirmation using a larger sample size in

future studies.

Conclusion

In patients undergoing PD, overall survival

and technique survival did not differ between

patients with and without MS, as defined by

the modified NCEP-ATPIII criteria.

Calcium deficiency and frequent hospital

admissions were related to poor prognosis.
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