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♦  Introduction:  Although previous studies have suggested 
associations between serum intact parathyroid hormone 
(iPTH), 25-hydroxyvitamin D (25(OH)D) and metabolic syn-
drome (MS) in the general population, these associations are 
still uncharacterized in peritoneal dialysis (PD) patients. 
♦  Methods:  In total, 837 prevalent PD patients from 5 
centers in China were enrolled between April 1, 2011 and 
November 1, 2011. The demographic data, biochemical 
parameters and medical records were collected, except 
for serum 25(OH)D which was measured in 347 of 837 
patients. The definition of MS was modified from National 
Cholesterol Education Program Third Adult Treatment Panel 
(NCEP-ATPIII). 
♦  Results:  55.4% of 837 patients were found to have MS. 
The median concentration of iPTH, 25(OH)D and doses of oral 
vitamin D analogs for participants with MS was significantly 
lower than those without MS. The iPTH, 25(OH)D values and 
doses of vitamin D analogs were all associated with one or 
more components of MS. After multivariate adjustment, 
low serum iPTH values and oral vitamin D analogs, rather 
than serum 25(OH)D, were significantly associated with 
the presence of MS, abnormal fasting blood glucose (FBG) 
and high-density lipoprotein cholesterol (HDL-C). Compared 
to iPTH < 130pg/mL, iPTH 130–585 pg/mL and > 585pg/mL 
were associated with a lower risk of MS with adjusted odds 
ratio (OR) of 0.59 and 0.33, respectively. Taking vitamin 
D analogs was also associated with a lower risk of MS with 
adjusted OR of 0.55. 
♦  Conclusions:  Serum iPTH and the use of active vitamin D 
supplements rather than serum 25(OH)D were independent-
ly associated with the presence of MS in patients on PD. 
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Metabolic syndrome (MS) consists of a cluster of 
metabolic and hemodynamic abnormalities. The 

components of MS such as abdominal obesity, high blood 
pressure, insulin resistance and dyslipidemia are risk 
factors for chronic kidney disease (CKD) (1,2), diabetes 
(3), cardiovascular disease (4) and high cardiovascular 
mortality (5). On the other hand, the components of 
MS develop early in CKD and are exacerbated during the 
progression to end-stage renal disease (ESRD) (6,7). 
The prevalence of MS is remarkably high in CKD patients, 
being approximately 30% – 65% for non-dialysis patients 
(6–8) and 47% – 69% for dialysis patients (9–12). MS 
represents a global epidemic and it is clearly important 
to explore new, non-traditional risk factors.

In the general population, MS has been positively 
associated with serum intact parathyroid hormone 
(iPTH) (13–15) and negatively with vitamin D status, 
as measured using 25-hydroxyvitamin D (25(OH)D) 
concentrations (16–20). Decreased vitamin D levels 
and elevated iPTH levels may play critical roles in the 
etiology of MS, either through an association with the 
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individual components of MS or via insulin resistance 
(21,22). Given that abnormalities in serum iPTH and 
vitamin D levels exist throughout the stages of CKD 
and predict the mortality of dialysis patients (23–25), 
determining the associations between iPTH, 25(OH)D 
and MS is important. 

Oral vitamin D supplements are widely used in dialysis 
patients to treat hyperparathyroidism, and have been 
strongly associated with the serum iPTH and 25(OH)
D levels. The benefits of oral vitamin D supplements 
on cardiovascular disease and death risk have been 
discussed broadly in recent years but results are not 
consistent in the general population (26–28). The impact 
of oral vitamin D supplements on the prevalence of MS 
and its components has not been well documented in 
dialysis patients.

We therefore aimed to determine whether serum iPTH, 
25(OH)D levels and the use of oral vitamin D analogs 
are associated with the prevalence of MS in peritoneal 
dialysis (PD) patients in this large, multi-center, cross-
sectional study. 

Subjects and Methods

Study design and subjects

This is an add-on multi-center cross-sectional study 
of SSOP (socioeconomic status and outcome in patients 
on peritoneal dialysis (PD)). Five PD centers from 4 prov-
inces (Beijing, Heilongjiang, Ningxia Hui Autonomous 
Region, Shanghai) located in 4 geographical regions 
(north, northeast, northwest, and east) in China, were 
selected for the study because they have professional 
PD clinicians providing regular clinical visits for patients 
every 1 to 3 months. Inclusion criteria for participants 
were: age ≥ 18 years; prevalent patients between April 1, 
2011, and November 1, 2011; able to undergo dialysis 
adequacy and biochemical parameter measurements as 
needed during the study period. Patients were excluded 
if they had a history of systemic infection, cardiovascular 
event, active hepatitis, cancer, surgery, or trauma in the 
month prior to the study. All the subjects received con-
ventional glucose-based, lactate-buffered PD solutions 
(Ultrabag, Baxter Healthcare, Guangzhou, China). Data 
from each center were collected in a strict quality con-
trol framework and further inspected and optimized to 
maintain integrity and accuracy of the database. All study 
investigators and staff members completed a training 
program that taught them the methods and processes of 
the study. A manual of detailed instructions for data col-
lection was distributed. The Ethics Committees of Peking 
University First Hospital, Second Affiliated Hospital of 

Harbin Medical University, General Hospital of Ningxia 
Medical University, Peking University People’s Hospital 
and Huashan Hospital of Fudan University approved 
this study protocol and written informed consent was 
obtained from each participant.

MS definition

MS was defined on the basis of the National Cholesterol 
Education Program Third Adult Treatment Panel (NCEP-
ATPIII) (29), i.e. fulfillment of at least three of the 
following: abnormal waist circumference; triglyceride 
(TG) ≥ 1.7 mmol/L; high-density lipoprotein cholesterol 
(HDL-C) < 1.0 mmol/L in male or < 1.3 mmol/L in female; 
blood pressure (BP) ≥ 130/85 mmHg (or drug treatment), 
and fasting blood glucose (FBG) ≥ 6.1 mmol/L (or previ-
ously diagnosed type 2 diabetes). Due to the presumed 
impact of instilled PD solution, we used body mass index 
(BMI) ≥ 25 kg/m2 rather than waist circumference as the 
marker of central obesity according to Asian standards 
(30) and previous references (31–33). 

Clinical characteristics

General information including age, gender, body 
weight, height, primary renal diseases, the presence of 
diabetes, duration of dialysis, and history of hyperten-
sion was collected. Body weight and height were mea-
sured with the subject barefoot, without PD solution in 
the abdomen and wearing light clothing, and was used 
to calculate the BMI using the formula, body weight/
(body height)2 (kg/m2). Systolic and diastolic blood 
pressure (SBP and DBP) were measured according to the 
guidelines presented in the Seventh Report of the Joint 
National Committee on Prevention, Detection, Evaluation 
and Treatment of High Blood pressure (34). Patients 
took usual antihypertensive medications  the morning 
of each clinic visit. A trained nurse measured patients’ 
brachial blood pressures with a mercury sphygmoma-
nometer in a sitting position after resting for at least 5 
minutes in a quiet room. In addition, antihypertensive 
and diabetic medication regimens and oral vitamin D 
supplements as well as PD prescription for each patient 
were recorded. Whether glucose-containing dialysate 
dwell was used during the night prior to blood sampling 
was also recorded. Alfacacidol doses were converted to 
the calcitriol equivalent by multiplying by 0.75 (35). 

Laboratory methods

After  overnight fasting while continuing PD therapy, 
venous blood was sampled for routine and biochemical 
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measurements for each subject. All laboratory samples 
except for serum 25(OH)D were analyzed by standard 
laboratory techniques in the local hospitals including 
hemoglobin, serum albumin, fasting blood glucose, 
calcium, phosphorus, TG, HDL-C, LDL-C, total choles-
terol (TCHO), iPTH and C-reactive protein (CRP). Dialysis 
adequacy and residual renal function (RRF) were also 
measured. RRF was defined as the mean of residual creati-
nine and urea clearance. Dialysis adequacy was presented 
as total Kt/V and total creatinine clearance. Serum iPTH 
was measured by the chemiluminescence assay in each 
local hospital (reference range: 15~65pg/mL). The mea-
surement of serum 25(OH)D was not the primary goal of 
study and was performed in a subset of volunteers who 
were prepared to have extra blood samples and signed 
an appropriate consent form and subject to separate 
ethics review. Only 347 patients provided extra serum 
samples for vitamin D measurement. They all were from 
the cities of Harbin or Peking, in the northern region 
of China. Blood samples for 25(OH)D were collected 
during April to June and centrifuged at 3000 rpm for 
10 minutes before storing at –80°C until analysis. All 
samples for 25(OH)D were measured by enzyme-linked 
immunosorbent assay (Immunodiagnostic Systems 
Ltd., Bolden, UK) in the laboratory of Peking University  
First Hospital. 

Statistical analysis

Continuous data are presented as mean ± standard 
deviation for parametric data or median values with 
their lower and upper quartiles for nonparametric data. 
Categorical variables were expressed as a percentage or 
ratio. Patients’ data were compared by using the t-test 
or ANOVA F-test for normally distributed continuous 
variables, chi-square test for categorical variables, and 
Mann-Whitney U test for skewed continuous variables.

Spearman correlation analysis was used to examine 
the coefficient correlations between serum iPTH, 25(OH)
D, doses of oral vitamin D analogs and components of 
MS, respectively. In order to determine risk factors of 
MS, binary logistic multivariable regression models were 
constructed to explore the relationship between serum 
iPTH, 25(OH)D, doses of oral vitamin D analogs, and the 
prevalence of MS adjusted for age and gender. At the 
next step, dialysis duration, serum calcium, phosphorus, 
albumin, CRP, hemoglogin, total Kt/V and RRF were also 
included. Finally, the confounding effect of oral vitamin 
D supplements on associations of serum iPTH, 25(OH)D 
and MS risk was explored. Associations between serum 
iPTH, 25(OH)D and oral vitamin D and the presence of 
MS were examined as continuous variables as well as 

categorized variables according to recognized cut-off 
points or tertiles. Next, we examined the association 
between iPTH, 25(OH)D and oral vitamin D supple-
ments and the individual components of MS including 
BMI, FBG, BP, TG and HDL-C respectively after adjust-
ment for age, gender, dialysis duration, serum calcium, 
phosphorus, albumin, CRP, hemoglobin, total Kt/V and 
RRF. All models determining the correlations between 
components of MS and iPTH/25(OH)D were additionally 
adjusted for the doses of oral vitamin D analogs. Models 
determining the correlations of FBG and iPTH/25(OH)
D/doses of oral vitamin D were additionally adjusted 
for the presence or absence of an overnight dwell of  
glucose-containing dialysate.

We report the multivariable adjusted odds ratios (ORs) 
with 95% confidence intervals (CIs). All probabilities were 
two-tailed, and the level of significance was set at 0.05. 
Statistical analysis was performed by SPSS for Windows 
software version 13.0 (SPSS Inc., Chicago, IL).

Results 

Demographic data and clinical characteristics

We enrolled 837 prevalent PD patients (407 men 
and 430 women; mean age, 59.47 ± 14.21 years). Data 
on serum 25(OH)D levels was only available in 347 of 
the 837 patients. MS was identified in 464 of the 837 
(55.4%) patients. The median (lower and upper quartiles) 
of serum concentrations of iPTH and 25(OH)D, and the 
dose of oral vitamin analogs were 148.6 pg/mL (56.7 – 
307.1 pg/mL), 16.1 nmol/l (12.1 – 21.6 nmol/l) and 
0 μg/week (0 – 0.5 μg/week), respectively. Comparison 
of demographic data and clinical characteristics between 
patients with and without 25(OH)D measurements did 
not reveal any significant differences in age, gender, 
BMI or MS prevalence. However, patients with 25(OH)D 
measurements had been on dialysis for a longer duration 
than patients without these measurements; median of 28 
months (13 – 52months) vs 23 months (12 – 43 months) 
(p = 0.048).

Compared to patients without MS, those with MS 
tended to be older, female, diabetic and on dialysis for 
a longer duration. As expected, patients with MS had 
significantly higher BMI, FBG, DBP, TG and lower HDL-C 
levels, which are typical features of MS. In addition, the 
values of CRP were significantly higher in the MS group. 
By contrast, the serum iPTH and 25(OH)D concentrations 
were significantly lower in the MS group. The dose of oral 
vitamin D analogs was significantly lower in patients 
with MS than in those without MS. In addition, the 
percentage of patients taking oral vitamin supplements 
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The correlations of serum iPTH, 25(OH)D, doses of 
oral vitamin D analogs and risk for MS or  
components of MS

By binary logistic multivariate analysis, serum iPTH, as 
a continuous variable, was found to be an independent 
risk factor for MS prevalence after adjusting for age and 
gender or additionally for dialysis duration, serum cal-
cium, phosphorus, albumin, CRP and hemoglobin levels, 
total Kt/V urea and RRF. Further adjustment for oral 
vitamin D supplements weakened this correlation. For 
each 100 pg/mL increase in serum iPTH, MS risk decreased 
by 8% (Table 3). We therefore categorized patients into 
three groups according to iPTH in line with the KDIGO 
(Kidney Disease: Improving Global Outcomes) guideline 
(36): < 130 pg/mL, 130 – 585 pg/mL and > 585 pg/mL. 
Compared to serum iPTH < 130 pg/mL, 130 – 585 pg/mL or 

was significantly lower in the MS group. These data are 
shown in Table 1. 

The correlations of serum iPTH/25(OH)D, doses of 
oral vitamin D analogs and MS components 

Doses of oral vitamin D analogs were significantly 
and positively associated with values of serum 25(OH)D 
and iPTH. The fasting blood glucose was weakly inversely 
associated with serum iPTH/25(OH)D/doses of oral 
vitamin D analogs (r: –0.07 to –0.11, p < 0.05). The SBP 
was negatively correlated with the doses of oral vitamin 
D analogs, while the DBP was positively associated with 
the serum iPTH level. The serum iPTH and doses of oral 
vitamin D analogs were positively associated with HDL-C 
(r: 0.15 to 0.18, p < 0.001). These data are shown in 
Table 2. 

Table 1 
Comparison of Demographic and Laboratory Parameters of Patients With and Without MSa 

	 MS(–)	 MS(+)
	 Parameter	 (n=373)	 (n=464)	 P

Age (years)	 56.8±14.9	 61.8±13.1	 <0.001e

Male, n (%)	 198(53.1%)	 209(45.0%)	 0.02c

BMI (kg/m2)	 21.5±2.73	 24.4±3.12	 0.004d

Diabetes, n (%)	 69(18.5%)	 262(56.5%)	 <0.001e

Duration (months)	 21(11–41.5)	 29(13.3–49)	 0.005d

FBG (mmol/L)	 5.47±2.74	 6.52±2.69	 <0.001e

SBP (mmHg)	 132±23.5	 132±20.2	 0.72
DBP (mmHg)	 80.5±13.8	 77.2±12.0	 <0.001e

Hemoglobin (g/L)	 107±18.6	 110±16.9	 0.02c

Albumin (g/L)	 35.4±5.38	 35.9±5.21	 0.17
Calcium (mmol/L)	 2.24±0.24	 2.29±0.26	 0.02c

Phosphorus (mmol/L)	 1.56±0.49	 1.54±0.45	 0.33
TG (mmol/L)	 1.35±0.71	 2.77±1.83	 <0.001e

HDL-C (mmol/L) 	 1.47±0.58	 1.08±0.52	 <0.001e

LDL-C (mmol/L)	 2.55±1.07	 2.46±1.07	 0.29
TCHO (mmol/L)	 4.79±1.17	 4.93±1.41	 0.13
CRP (mg/dL)	 2.25(0.71–6.07)	 3.82(1.47–9.81)	 <0.001e

iPTH (pg/mL)	 196(58.8–334)	 126(54.1–270)	 0.004d

25(OH)D(nmol/L)	 17.3(13.2–24.5)	 14.7(11.3–20.4)	 0.004d

Doses of oral vitamin D analogs (ug/week)b	 0(0–0.87)	 0(0-0)	 0.002d

Percentage of patients taking oral vitamin D analogs	 31.9%	 23.3%	 0.005d

MS = metabolic syndrome; FBG = fasting blood glucose; SBP = systolic blood pressure; DBP = diastolic blood pressure; TG = trig-
lyceride; HDL-C = high-density lipoprotein cholesterol = LDL-C: low-density lipoprotein cholesterol; TCHO = total cholesterol; 
CRP = C-reactive protein; iPTH = intact parathyroid hormone; 25(OH)D = 25-hydroxyvitamin D; NCEP-ATPIII = National Cholesterol 
Education Program Third Adult Treatment Panel.
a	 According to the NCEP-ATPIII definition.
b	 Alfacacidol doses were converted to the calcitriol equivalent by multiplying by 0.75.
c	 p<0.05.
d	p<0.01.
e	 p<0.001 between two groups.
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> 585 pg/mL had a lower risk of MS, with ratios ORs of 0.53 
(0.34 – 0.82) and 0.35 (0.15 – 0.79), respectively. There 
was no difference in MS risk between patients with 130 – 
585 pg/mL and > 585 pg/mL of iPTH levels (Figure 1).

Although serum 25(OH)D was also associated with  
MS risk adjusted for age and gender, this relationship 
weakened after multivariate adjustments (Table 3). There 
were no differences in the risk for MS across tertiles of 
serum 25(OH)D (Figure 1). 

Patients taking oral vitamin D analogs had a sig-
nificantly lower risk of MS, with an adjusted OR of 0.55 
(0.36 – 0.83) (Figure 1). For a 1-μg/week increase in the 
doses of oral vitamin D analogs, the adjusted risk of MS 
decreased by 26% (Table 3). 

Next, we examined the association between values of 
iPTH, 25(OH)D and doses of oral vitamin D supplements 
and the individual components of MS, i.e. BMI, FBG, 

BP, TG and HDL-C (Table 4). After adjustment for age, 
gender, dialysis duration, serum calcium, phosphorus, 
albumin, CRP, hemoglobin, total Kt/V, RRF and whether 
a glucose-containing dialysate dwell was used during 
the night prior to the blood draw, serum iPTH/25(OH)
D and doses of oral vitamin D analogs independently 
predicted FBG meeting the criteria of MS. Serum iPTH/
doses of oral vitamin D analogs also independently 
predicted abnormal HDL-C. Only oral vitamin D analogs 
was an independent risk factor for BP ≥ 130/85 mmHg. 
Neither serum iPHT/25(OH)D nor oral vitamin D could 
predict BMI and TG meeting criteria for MS. 

Discussion

The prevalence of MS in PD patients in this large, 
multi-center, cross-sectional study was 55.4%, which 

Table 2 
Coefficient Correlations between Serum iPTH, 25(OH)D, Doses of Oral Vitamin D Analogs and Components of MS

				    Doses of oral 
				    vitamin D 
	 Variables	 	 iPTH	 25(OH)D	 analogsa

iPTH
	 r	 —	 0.07	 0.22

	 p	 —	 0.20	 <0.001d

25(OH)D
	 r	 0.07	 —	 0.12

	 p	 0.20	 —	 0.04b

Doses of oral vitamin D analogsa
	 r	 0.22	 0.12	 —

	 p	 <0.001d	 0.04b	 —

BMI
	 r	 0.02	 -0.06	 -0.04

	 p	 0.62	 0.27	 0.22

FBG
	 r	 -0.11	 -0.11	 -0.07

	 p	 0.002c	 0.05b	 0.05b

SBP
	 r	 -0.03	 0.01	 -0.08

	 p	 0.46	 0.80	 0.02b

DBP
	 r	 0.10	 0.07	 -0.05

	 p	 0.005c	 0.19	 0.16

TG
	 r	 -0.05	 -0.10	 0.02

	 p	 0.16	 0.06	 0.55

HDL-C
	 r	 0.15	 0.07	 0.18

	 P	 <0.001d	 0.18	 <0.001d

iPTH = intact parathyroid hormone; MS = metabolic syndrome; 25(OH)D = 25-hydroxyvitaminD; BMI = body mass index; FBG = 
fasting blood glucose; SBP = systolic blood pressure; DBP = diastolic blood pressure; TG = triglyceride; HDL-C = high-density 
lipoprotein cholesterol.
a	 Alfacacidol doses were converted to the calcitriol equivalent by multiplying by 0.75.
b	p<0.05.
c	 p<0.01.
d	 p<0.001.
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is in agreement with previous studies (9–12). The key 
finding of our study is that serum iPTH and oral vitamin 
D supplementation rather than serum 25(OH)D levels 
were inversely associated with MS prevalence and some 
MS components after adjustment for multivariates. 

In the general population, serum iPTH has been posi-
tively correlated with the risk of MS, with ORs ranging 
from 1.9 to 3.7 (13–15). By contrast, our study is the 
first to show the opposite trend among PD patients. We 

hypothesized that the relationship between iPTH and 
MS risk is described by a non-linear curve. The iPTH at a 
relatively low range is directly associated with MS risk in 
the general population. However, when iPTH increases to 
a higher level in dialysis populations, it might be inversely 
associated with MS risk. Our data did not confirm this 
since serum iPTH higher than 585 pg/mL was not associ-
ated with a lower risk for MS than in the 130 – 585 pg/mL 
group. However, only relatively few patients (55 of 837) 
had a serum iPTH level > 585 pg/mL, and this might have 
reduced the power to demonstrate an effect. Therefore, 
our observational data do not clarify whether the tar-
get of iPTH levels recommended by KDIGO (36) favors 
MS prevalence. 

Another novel finding in this study is that doses of oral 
vitamin D analogs were significantly inversely associated 
with the prevalence of MS. Indeed adjusting for oral 
vitamin D supplementation weakened the association 
of iPTH with MS prevalence, providing further evidence 
of the relationship between oral vitamin D and MS. 
Since vitamin D supplementation has been reported to 
improve glycemic control (37), reduce proteinuria (38) 
and inflammation, and improve cardiac dysfunction 
(39), nephrologists would be very interested to know if 
oral vitamin D supplementation is an easy and relatively 
inexpensive way to mitigate MS risk. 

Although some studies have indicated that serum 
25(OH)D levels independently predict MS (16–20), 
this association was not proved in our study. Our find-
ing supports previous studies performed in severely 
obese subjects (25,40,41) and older adults (42), which 

Table 3 
Adjusted OR of Serum iPTH, 25(OH)D, Oral Vitamin D Analogs for Prevalence of MS in PD Patients

	 Model 1	 Model 2	 Model 3
　	 Adjusted OR	 p	 Adjusted OR	 p	 Adjusted OR	 p

iPTH, 100 pg/mL
	 0.92		  0.91		  0.93

	 (0.87–0.98)	
0.01

	 (0.84–0.98)	
0.013

	 (0.86–1.07)	
0.11

25(OH)D, 10 mmL/L
	 0.69		  0.76		  0.78

	 (0.54–0.90)	
0.006

	 (0.56–1.05)	
0.09

	 (0.56–1.07)	
0.12

Oral vitamin D analogs, 1ug/weeka
	 0.79		  0.74

	 (0.67–0.92)	
0.003

	 (0.59–0.91)	
0.005	 —	 —

OR = odds ratio; iPTH = intact parathyroid hormone; MS = metabolic syndrome; PD = peritoneal dialysis; 25(OH)D = 25-hydroxyvi-
taminD; C = C-reactive protein; RRF = residual renal function.
Model 1: adjusted for age and gender.
Model 2: adjusted for age, gender, dialysis duration, serum calcium, phosphorus, albumin, CRP, hemoglobin, total Kt/V urea and 
RRF.
Model 3: adjusted for age, gender, dialysis duration, serum calcium, phosphorus, albumin, CRP, hemoglobin, total Kt/V urea, RRF 
and doses of oral vitamin analogs.
a Alfacacidol doses were converted to the calcitriol equivalent by multiplying by 0.75.

Figure 1 — Adjusted ratio of varied levels of serum iPTH, 
25(OH)D, oral vitamin D analogs for risk of MS. All models are 
adjusted for age, gender, body mass index, dialysis duration, 
serum calcium, phosphorus, albumin and C-reactive protein, 
hemoglobin, total Kt/V urea and residual renal function. iPTH = 
intact parathyroid hormone; 25(OH)D = 25-hydroxyvitaminD; 
CI = confidence interval.
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showed that the significance of serum 25 (OH)D in 
MS prevalence disappeared after adjustments for age, 
gender, BMI and season (43). Of note, both ours and 
previous studies indicating no association of 25(OH)
D and MS included subjects with obvious vitamin D 
deficiency (14,40,41), whereas other studies reporting 
an inverse correlation of 25(OH)D with MS prevalence 
enrolled subjects with > 50 nmol/L of serum 25(OH)
D levels (16–20). This suggests that the relation-
ship between 25 (OH)D and MS prevalence might also  
be non-linear.

From out data, serum iPTH levels were associated with 
the risk for some but not all of the individual components 
of MS, i.e. FBG and HDL-C, and oral vitamin D supplements 
with FBG, HDL-C and BP. The underlying mechanisms for 
these findings are not clear. Some studies have shown 
that insulin resistance is closely associated with vitamin 
D deficiency in dialysis patients and active vitamin D 
supplements improved insulin resistance (44–46). This 
data may explain  the correlation of iPTH/oral vitamin 
D and FBG in this study. However, the relationship 
between iPTH, vitamin D status and BP or HDL has not 
been indicated.  

The major strength of our study is that this is the 
first study to explore the relationships between serum 
iPTH, 25(OH)D, oral vitamin D supplements and MS in 
a PD cohort. A prospective study design within a strict, 

quality-control framework is also a merit of this report. 
Our analysis took into account a number of potential 
covariates that might confound the observed associa-
tions, such as age, gender, BMI, dialysis duration and 
biochemical parameters. All measurements of serum 
25(OH)D concentrations were made in the same season, 
thus avoiding the seasonal variations in this hormone.

Nevertheless, our study had several limitations. First, 
the cross-sectional design makes it difficult to establish 
a cause-effect relationship. Second, the enrolled patients 
for the measurement of 25(OH)D concentrations might 
not be representative of the characteristics of all PD 
patients. Finally, the definition of MS still has certain 
limitations in terms of the measurement of plasma 
glucose levels. The inherent continuous absorption of 
glucose from dialysate is a risk factor for hyperglycemia 
and hyperinsulinemia. The timing of blood collection for 
the measurement of fasting glucose (PD fluids drained 
out or dwelled) and the dwell times were inconsistent 
across the participants. Unfortunately, this is a common 
limitation of studies on MS in PD patients (47).

In conclusion, this study indicated that elevated iPTH 
levels were associated with a lower risk of MS and some of 
MS components in dialysis patients. Further exploration 
is required to determine whether the current iPTH target 
recommended by KDIGO favors MS and cardiovascular 
disease risk. Since oral vitamin D supplementation was 

Table 4 
Adjusted OR of Serum iPTH, 25(OH)D, Oral Vitamin D Analogs for Components of MS in PD Patientsa

　	 BMI	 FBG	 BP	 TG	 HDL-C
　	 Adjusted		  Adjusted		  Adjusted		  Adjusted		  Adjusted
	O R	 p	 OR	 p	 OR	 p	 OR	 p	 OR	 p

iPTH,100pg/mL
	 1.03	

0.52
	 0.85	

0.003
	 0.97	

0.78
	 1.03	

0.44
	 0.89	

0.01
	 (0.94–1.13)		  (0.76–0.95)		  (0.84–1.13)		  (0.94–1.13)		  (0.82–0.97)

25(OH)D,10mmol/L
	 0.86	

0.42
	 0.52	

0.001
	 0.66	

0.15
	 0.94	

0.74
	 0.95	

0.79
	 (0.60–1.23)		  (0.36–0.75)		  (0.38–1.16)		  (0.69–1.29)		  (0.68–1.34)

Oral vitamin D analogs,	 0.72	
0.14

	 0.78	
0.03

	 0.68	
0.01

	 1.19	
0.12

	 0.62	
<0.001

 
  1ug/weekb	 (0.47–1.11)		  (0.62–0.98)		  (0.49–0.93)		  (0.96–1.49)		  (0.48–0.78)

OR = odds ratio; iPTH = intact parathyroid hormone; 25(OH)D = 25-hydroxyvitaminD; MS = metabolic syndrome; BMI = body mass 
index; FBG = fasting blood glucose; BP = blood pressure; TG = triglyceride; HDL-C = high-density lipoprotein cholesterol.
a The iPTH, 25(OH)D and oral vitamin D analogs were examined respectively for determining if BMI, FBG, BP, TG or HDL-C met the 

criterion of MS. Namely is, BMI≥25 kg/m2; FBG≥6.1 mmol/L (or previously diagnosed type 2 diabetes); BP≥130/85 mmHg (or 
drug treatment); TG≥1.7 mmol/L; HDL-C <1.0 mmol/L in male or <1.3 mmol/L in female. 

	 All models are adjusted for age, gender, dialysis duration, serum calcium, phosphorus, albumin, C-reactive protein, hemoglobin, 
total Kt/V urea and residual renal function. All models determining the correlations of components of MS and iPTH/25(OH)D 
were additionally adjusted for the doses of oral vitamin D analogs. Models determining the correlations of FBG and iPTH/25(OH)
D/doses of oral vitamin D were additionally adjusted for the presence or absence of an overnight dwell of glucose-containing 
dialysate.

b Alfacacidol doses were converted to the calcitriol equivalent by multiplying by 0.75.

This single copy is for your personal, non-commercial  use only. 
For permission to reprint multiple copies or to order presentation-ready  copies 

for distribution, contact Multimed Inc. at marketing@multi-med.com 



454

DONG et al.	 june  2014 - Vol. 34, No. 4	 PDI

an important protective factor against MS, interventional 
trials are necessary to explore this effect. 
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