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Abstract: Background: Low calcium dialysate with 1.25 mmol/I calcium concentration has been proposed to replace
standard calcium dialysate in peritoneal dialysis patients taking calcium-containing phosphate binder to prevent
hypercalcaemia. We conducted a meta-analysis to evaluate long term effects on mineral and bone metabolism by
low versus standard calcium dialysate in peritoneal dialysis. Method: Clinical studies comparing low versus stan-
dard calcium dialysate in peritoneal dialysis patients were identified by searching PubMed (from 1990 to October
2013) and EMBASE (from 1990 to October 2013). Major outcomes extracted for meta-analysis were: serum total
and ionized calcium, phosphate, parathyroid hormone and bone metabolism. Statistical analyses were performed
using the Review Manager, version 5.1.0 (Cochrane Collaboration, Oxford, UK). Results: Four studies were identified
for meta-analysis. A total of 240 peritoneal dialysis patients received standard calcium dialysate and 106 patients
were given low calcium dialysate. 1-2 year after peritoneal dialysis, both serum total and ionized calcium were lower
in low calcium dialysate patients as compared with standard dialysate patients (Total calcium: MD, 0.09; 95% Cl,
0.05 0.13; P < 0.0001; lonized calcium: MD, 0.04; 95% Cl, 0.02 0.06; P < 0.0001). No statistical difference was
observed in phosphate level between two groups (MD, -0.05; 95% Cl, -0.13 0.02; P = 0.19). Intact parathyroid hor-
mone level was significantly increased in low calcium dialysate patients. No clinically significant long term change
of bone metabolism was observed between low and standard calcium dialysate treated patients. Conclusion: Long
term (1-2 year) use of low calcium dialysate with 1.25 mmol/I calcium concentration in peritoneal dialysis patients
results in decrease of serum total and ionized calcium level and does not change serum phosphate level. No clinical
significance in the change of bone metabolism was observed between low and standard calcium dialysate patients
despite the increase of serum parathyroid hormone in low calcium dialysate group.
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Introduction serious side effect of this treatment in patients
dialyzed with standard calcium dialysate (SCD)
of 1.75 mmol/I calcium concentration. To pre-

vent hypercalcaemia, low calcium dialysate

Chronic kidney disease (CKD)-induced system-
ic abnormal mineral metabolism leads to

severe disruption in bone turnover and mineral-
ization [1]. One of the clinical consequences of
CKD is hyperphosphatemia, which is an impor-
tant risk factor of chronic kidney disease-min-
eral and bone disorder (CKD-MBD) [2].
Peritoneal dialysis (PD) is the major option to
maintain the normal mineral and bone metabo-
lism in patients with end-stage of CKD. Whereas
a calcium-containing phosphate binder has
become the preferred choice to control hyper-
phosphatemia, hypercalcaemia is a common

(LCD) of 1.25 mmol/I calcium concentration
has been proposed to replace SCD in PD
patients [3]. However, LCD was reported to
accelerate secondary hyperparathyroidism and
progression of bone disease [4]. Despite the
popular use of LCD, there are few studies on its
long term effects on bone metabolism. To
address this problem, we conducted a meta-
analysis from four studies comparing long term
(12-24 month) clinical effects on mineral and
bone metabolism between SCD and LCD.
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Methods
Database and search strategy

We searched the following database for rele-
vant studies: PubMed (from 1990 to October
2013), and EMBASE (from 1990 to October
2013). Our search terms for PubMed are: (“peri-
toneal dialysis” [MeSH Terms] OR (“peritoneal”
[All Fields] AND “dialysis” [All Fields]) OR “perito-
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Figure 1. Flow diagram of study selection.

“bone and bones” [All Fields]
OR “bone” [All Fields]) AND
(“minerals” [MeSH Terms] OR
“minerals” [All Fields] OR “min-
eral” [All Fields]) OR (“metabo-
lism” [Subheading] OR
“metabolism” [All Fields] OR
“metabolism” [MeSH Terms]
OR “metabolism” [All Fields]
OR “metabolic networks and
pathways” [MeSH Terms] OR
(“metabolic” [All Fields] AND
“networks” [All Fields] AND
“pathways” [All Fields]) OR
“metabolic  networks and
pathways” [All Fields])) AND
(low[All Fields] AND (“calcium”
[MeSH Terms] OR “calcium”
[All Fields])). Search terms for
EMBASE are: ‘peritoneal dialy-
sis’/exp or ‘peritoneal dialysis’
and ‘low calcium’ and (‘bone’/
exp or ‘bone’) and [1990-
2014]/py.

Study selection criteria and
quality assessment

Studies comparing clinical
effects on mineral and bone
metabolism between SCD and
LCD in PD patients were
selected for meta-analysis.
The quality of included trials
was assessed using the Jadad
scale score (0 to 5), including
method of randomization, use
of control and description of
withdraws and dropouts. A
score of 3 or above indicated
high quality [5]. XC and JZ
independently conducted database search and
study selection. Any discrepancy between their
results was resolved by group discussion of all
participants.

DATA extraction and statistical analysis

Following information was extracted from
selected studies: author, publication year, study
design, number of subject enrolled, blood total
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Table 1. Study characteristics and quality assessment

Study (year) Study design Patient (n) Outcomes (mo) Jadad score
Kang (2012) Retrospective Observational 236 (SCD = 190, LCD = 46) Total BMD; Calcium; ionized Calcium; i-PTH; ALP (24 month) 1
Sanchez (2004) Prospective study; randomized 24 (SCD = 10, LCD = 14) Calcium; ionized calcium; i-PTH; phosphate; ALP (12 month) 3
Weinreich (1996) Prospective; randomized; controlled 64 (SCD =29, LCD = 35) lonized calcium; i-PTH; phosphate; ALP (24 month) 3
Johnson (1996) RCT; DB 22 (SCD =11,LCD =11) Phosphate; magnesium; calcium; ionized calcium; i-PTH; 5

BMD z-score (12 month)

RCT = randomized controlled trial; DB = double blinded; SCD = standard calcium dialysate; LCD = low calcium dialysate; BMD = bone mineral density; i-PTH = intact parathyroid
hormone; ALP = Alkaline Phosphatase.

Table 2. Comparison of long term i-PTH level and bone metabolism change between LCD and SCD patients after 1-2 yr PD

study Serum |-PTH Bone Metabolism

Kang (2012) SCD = 145.2 + 155.4 (ng/l) The adjusted 2 yr decrement of BMC, L-spine BMD, subtotal BMD and total BMD from base
LCD = 213.2 + 147.7 (ng/I) line was greater in the LCD group than in the SCD group
At 2 yr; P=0.008

Sanchez (2004)  APTH (SCD) = 21.3 + 88.1 (pg/ml) The rise in dynamic parameters (mineral apposition rate and bone formation rate) in LCD
APTH (LCD) = 174.4 + 254.2 (pg/ml) at 1 yr; P < 0.05 patients almost reached statistical significance (P = 0.07)

Weinreich (1996) SCD = 7.5 (1-100) (pmol/I) No difference was observed in radiological findings between LCD and SCD patients at 2 yr
LCD = 17 (1-175) (pmol/l) at 2 yr; P < 0.05 after PD

Johnson (1996) At the 3-month and 6-month intervals, mean PTH levels were significantly higher in the LCD  Z-scores for total and regional BMDs did not differ between LCD and SCD group at 1 yr.
patients compared with SCD patients (P = 0.004 and 0.016 respectively). No significant
differences were detected between the two groups in the last six months of the study.

SCD = standard calcium lysate; LCD = low calcium lysate; PTH = parathyroid hormone; BMC = bone mineral content; BMD = bone mineral density; PD = peritoneal dialysis.
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SCD LCD Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Johnson 1996 255 02 11 249 014 11 81% 0.06[-0.08,0.20]
Kang 2012 222 013 190 212 045 46 76.0% 0.10(0.05, 0.15)
Sanchez 2004 25 011 10 246 027 14 69% 0.04[-0.120.20)

Weinreich 1996 241 03 29 24 025 35 9.0% 0.07[-0.07,021)

Total (95% Cl) 240
Heterogeneity: Chi? = 0.81, df =3 (P = 0.85); P = 0%
Test for overall effect: Z = 4.29 (P < 0.0001)

106 100.0% 0.09[0.05,0.13]

400 50 0 50 100
Favours [SCD] Favours [LCD]

Figure 2. Forest plot of weighted mean difference with 95% confidence interval comparing total calcium level be-
tween SCD and LCD treatment in PD patients.

SCD LCD Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI

Johnson 1996 162 033 11 184 04 11 60% -0.22[-053,009]
Kang 2012 144 028 190 146 0256 46 822% -0.02[:0.10, 0.06] I
Sanchez 2004 177026 10 203 048 14 63% -0.26[-0.56,0.04]
Weinreich 1996 189 044 29 197 083 35 55% -0.08[-0.40,024]

Mean Difference
IV, Fixed, 95% Cl

Total (95% CI) 240
Heterogeneity: Chi? = 3.62, df =3 (P = 0.31); = 17%
Test for overall effect: Z=1.32 (P = 0.19)

106 100.0% -0.05[-0.13, 0.02]

A0 5 0 5 10
Favours [SCD] Favours [LCD)

Figure 3. Forest plot of weighted mean difference with 95% confidence interval comparing ionized calcium level

between SCD and LCD treatment in PD patients.

calcium, ionized calcium, phosphate, intact
parathyroid hormone (i-PTH) and a variety of
data on bone metabolism. Extracted data on
mineral metabolism that were presented as
mean * standard deviation (SD) were pooled
and analyzed using the Review Manager, ver-
sion 5.1.0 (Cochrane Collaboration, Oxford,
UK). Extracted data that were presented as
mean + standard error (SEM) were converted to
mean *= SD using the same software.
Continuous outcomes were presented as a
mean difference (MD) with a 95% confidence
interval (Cl). The presence of heterogeneity
across trials was also evaluated. A P value <
0.10 was considered statistically significant.
Random-effects models were used for the
meta-analysis in case heterogeneity was statis-
tically significant; otherwise, fixed-effects mod-
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els were applied. Extracted data that could not
be pooled for meta-analysis were qualitatively
summarized in tables.

Results
Study identification and characteristics

A total of 108 unique records were identified by
our search strategy. After initial screening by
title and abstract, 5 relevant studies were
selected for full text retrieving. One study was
excluded as no fulltext was available. Remaining
4 studies were selected for data synthesis and
meta-analysis [6-9]. (Figure 1) Among these
studies, a total of 240 PD patients received
SCD and 106 patients were given LCD. Jadad
score for Kang [6] is 1 as it was not a random-
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SCD LCD Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% ClI IV, Fixed, 95% CI
Johnson 1996 162 0.33 1 184 04 11 6.0% -0.22[-0.53, 0.09]
Kang 2012 144 028 190 146 0.25 46 82.2% -0.02[-0.10, 0.06]
Sanchez 2004 1.77 0.26 10 203 048 14  6.3% -0.26 [-0.56, 0.04] —_—= 1
Weinreich 1996 1.89 0.44 29 1.97 083 35 5.5% -0.08[-0.40, 0.24] R
Total (95% CI) 240 106 100.0% -0.05[-0.13, 0.02]

Heterogeneity: Chi* = 3.62,df =3 (P=0.31); P = 17%
Test for overall effect: Z = 1.32 (P = 0.19)

—
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Figure 4. Forest plot of weighted mean difference with 95% confidence interval comparing phosphate level between

SCD and LCD treatment in PD patients.

ized trial. Other three studies were all random-
ized trials with Jadad score range from 3 to 5,
indicating high quality of these studies. Study
characteristics were summarized in Table 1.

Mineral metabolism and i-PTH level

To make data consistent across all studies,
mineral concentration was normalized to
mmol/l. Meta-analysis showed 12-24 months
after PD, both total and ionized calcium serum
levels were lower in LCD patients as compared
with SCD patients (Total calcium: MD, 0.09;
95% CI, 0.05 0.13; P < 0.0001; lonized calci-
um: MD, 0.04; 95% ClI, 0.02 0.06; P < 0.0001)
(Figures 2 and 3). No statistical difference was
observed in phosphate level between SCD and
LCD group (MD, -0.05; 95% Cl, -0.13 0.02; P =
0.19) (Figure 4). No heterogeneity was detect-
ed across these studies and fixed effects model
was applied for the meta-analysis (Total calci-
um: 12 = 0%, P = 0.85; lonized calcium: I> = 31%,
P = 0.22; Phosphate: I? = 17%, P = 0.31).

Serum I-PTH level and bone metabolism

Results of long term change of serum i-PTH
level and bone metabolism from four studies
could not be pooled together for meta-analysis
and were summarized in Table 2. |I-PTH level at
1-2 year after PD was significantly increased in
LCD patients in three studies [6-8]. Johnson et
al. observed increase of i-PTH at the 3-month
and 6-month intervals in LCD patients [9].
However, No significant differences were
detected between the two groups in the last six
months of the study. For bone metabolism,
Kang et al. showed decrease of BMD in LCD
patients whereas Sanchez et al. observed a
trend of rise in dynamic parameters (mineral
apposition rate and bone formation rate) in LCD
patients. Weinreich et al. and Johnson et al. did
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not show any difference in bone metabolism
between LCD and SCD patients after 1-2 yr PD.

Publication bias assessment

Begg’'s funnel plot was used for the assess-
ment of the publication bias of selected studies
for meta-analysis. No publication bias was
detected (Figure 5).

Discussion

LCD has become the first choice for PD patients
taking calcium-containing phosphate binder to
avoid aluminum exposure and reduce the inci-
dence of hypercalcemia [10, 11]. Indeed, our
meta-analysis showed that after 1-2 year PD,
serum total and ionized calcium level were
much lower in LCD patients than in SCD
patients. No difference was observed in serum
phosphate level between LCD and SCD
patients, indicating LCD in replacement of SCD
is safe. In accordance with previous studies,
serum PTH level increased in LCD patients
after PD [11, 12]. Interestingly, no correlation
was observed between PTH level and bone
metabolism in our study. High PTH level was
accompanied by reduced BMD as reported in
Kang et al.'s study but increased bone forma-
tion rate in Sanchez et al.’s study whereas no
difference in bone metabolism was observed
between LCD and SCD patients in other two
studies.

PTH is a calciotropic hormone which usually
enhances calcium reabsorption and calcium
release. However, its action on skeleton is
much more complex. It can stimulate both bone
formation and reabsorption with net effect
depending on the pattern of its administration
[14-186]. Intermittent exposure to PTH leads to a
net increase in bone formation, whereas its

Int J Clin Exp Med 2015;8(2):2031-2037
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despite the increase of serum
parathyroid hormone in LCD
group.

Acknowledgements

This work was supported by
the National Key Technologies
R&D Program during the
Twelfth Five-year Plan Period
(2011BAI10B08, 2014BAI11-
B16) and the Foundation for
National Clinical Research
Center (2015BAI12B06, 20-
13BAI09B05).

MD

Lo T Y YR e

-100 -50

100 . . .
Disclosure of conflict of inter-

Figure 5. Funnel plot for qualitative estimation of publication bias of the se- est

lected studies.

continuous administration results in bone loss.
These effects may explain the different bone
metabolism changes in response to increase of
PTH in CLD patients. Despite the statistical dif-
ference in the change of bone metabolism
existed in some of selected studies, none of
these changes had reached clinical signifi-
cance. The difference in the decline in total
BMD between the LCD and SCD patients was
only 3% per year in Kang et al.s study. The
increase of bone formation rate in LCD group in
Sanchez et al.’s study did not reach statistical
significance (P = 0.07).

The major limitation of our meta-analysis was
lack of large size and randomized studies. Most
of the patients included in the current analysis
were from Kang et al., which was a prospective
cohort study. Any patient selection bias or inac-
curate endpoint results within this specific
study would have significant impact on the
accuracy of final meta-analysis result.
Therefore, caution should be taken when con-
sidering long term efficacy and safety of LCD on
PD patients based on our analysis results.

Conclusion

Long term (1-2 year) use of low calcium dialy-
sate with 1.25 mmol/I calcium concentration in
peritoneal dialysis patients results in decrease
of serum total and ionized calcium level and
has no effect on phosphate level. No clinical
significance in the change of bone metabolism
was observed between LCD and SCD patients
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