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Abstract

Original Article

INTRODUCTION
Chronic kidney disease  (CKD) is a major health problem 
that afflicts more than 10% of the global population 
and is associated with poor health‑related outcomes.[1‑4] 
Worldwide, the prevalence of CKD has been increasing, 
which is likely related to the rising incidence of diabetes 
mellitus and hypertension.[5,6] CKD‑related mineral and 
bone disorder  (CKD‑MBD) constitutes one of the main 
complications experienced by CKD patients and refers to a 
complex systemic disorder that arises from dysregulation of 
calcium, phosphorus, intact parathyroid hormone (iPTH) and 
vitamin D levels.[7] These mineral derangements can manifest 

as vascular or soft tissue calcification and abnormalities in 
bone turnover or growth.[7]

Among patients with CKD‑MBD, alterations in calcium levels, 
such as hypercalcaemia, are common.[8‑11] Consequently, 
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the Kidney Disease Improving Global Outcomes (KDIGO) 
and the National Kidney Foundation‑Kidney Disease 
Outcomes Quality Initiative (NKF‑KDOQI) guidelines have 
recommended the routine monitoring of calcium levels.[12,13] 
The prevalence of hypercalcaemia among CKD patients on 
peritoneal dialysis and haemodialysis (HD) has been estimated 
to be 16.7%–36.6%.[10,11] Conversely, hypocalcaemia has been 
estimated to affect 23.8% of CKD patients.[8] A study which 
evaluated hypercalcaemia among CKD patients showed that 
previous history of hypercalcaemia, lower iPTH levels and 
immobility were independent risk factors associated with 
hypercalcaemia.[9] Another study by Vikrant et  al.[8] found 
that hypocalcaemia tends to occur more frequently among 
pre‑dialysis patients compared to dialysis patients.

Overall, positive calcium balance among CKD patients on 
dialysis has been shown to increase the risk of extraskeletal 
calcification and is associated with poor patient outcomes.[14] In a 
study by  Obi et al.[15] involving 876 HD patients, hypercalcaemia 
was shown to increase the risk of mortality by 70%. Similar 
findings were also reported in two separate studies which 
enrolled end‑stage renal disease patients.[16,17] At the other 
end of the spectrum, results pertaining to outcomes of 
hypocalcaemia in dialysis patients have been conflicting. 
A study by Miura et al.[18] which examined hypocalcaemia in 
CKD patients with heart failure showed that hypocalcaemia 
was an independent predictor of all‑cause mortality. Another 
study which evaluated hypocalcaemia in incident dialysis 
patients similarly showed that hypocalcaemia was associated 
with increased risk of mortality and cardiovascular diseases.[19] 
However, a separate study by Fouque et al.[20] involving 8377 
HD patients failed to find a significant association between 
hypocalcaemia and mortality. The reasons for these differing 
findings currently remain unclear.

Among the CKD pre‑dialysis population, fewer studies have 
evaluated outcomes associated with hypercalcaemia and 
hypocalcaemia. A study conducted in the USA showed that 
hypercalcaemia and hypocalcaemia were associated with 
increased long‑term and short‑term mortality, respectively.[21] 
The study authors postulated that patients with higher calcium 
levels had a higher propensity of developing vascular 
calcification and cardiovascular events, while patients who 
had hypocalcaemia were more likely to develop cardiac 
arrhythmias, especially those not on calcium‑based phosphate 
binders.

To date, there is paucity of data evaluating alterations in 
calcium levels and their associated outcomes, especially 
among Asian CKD pre‑dialysis patients. Hence, the primary 
objective of the study was to determine the prevalence of 
hypocalcaemia and hypercalcaemia among CKD stage 4 and 
stage 5 pre‑dialysis patients in our local patient population. 
Secondary objective of the study was to study the association 
of calcium dysregulation with clinical outcomes such as 

all‑cause mortality and occurrence of cardiovascular events 
in this population of patients.

METHODS
A single‑centre, retrospective cohort study was conducted 
in Singapore General Hospital, the largest tertiary medical 
centre in Singapore. The study included all adult CKD stage 
4–5 pre‑dialysis patients (i.e. estimated glomerular filtration 
rate  [eGFR] <15–29  mL/min/1.73 m2) of age  ≥21  years 
who were on treatment for CKD‑MBD from 1 June 2016 to 
31 May 2017. Patients were considered to be on CKD‑MBD 
treatment if they had been prescribed phosphate binder(s) and/
or vitamin D and its analogue(s). Types of phosphate binders 
included calcium carbonate, calcium acetate, sevelamer 
carbonate and lanthanum carbonate. Vitamin D and its 
analogues included calcitriol, alfacalcidol, cholecalciferol and 
ergocalciferol. Post‑renal transplant or post‑parathyroidectomy 
patients or those initiated on renal replacement therapy before 
the start of study or had no calcium levels performed during 
the study period were excluded from the study. Patient‑related 
characteristics were charted between 1 June 2016 and 1 June 
2019. Approval from the institutional review board was 
obtained before the initiation of study (CRIB 2020‑2188).

Baseline characteristics including patients’ demographics, 
clinical comorbidities, CKD‑MBD–related laboratory test 
results and medication treatment were collected. Laboratory 
parameters related to CKD‑MBD were monitored routinely 
in patients as per the recommendations by international 
guidelines, or more frequently as clinically indicated. For 
example, calcium levels were monitored at least every 
3–6 months or 1–3 months for CKD stage 4 or 5 (non‑dialysis) 
patients, respectively. During the study period, baseline and 
subsequent levels of serum calcium, phosphate and parathyroid 
hormone  (PTH) were recorded at six‑monthly intervals. 
Previous history of hypocalcaemia or hypercalcaemia episode 
was defined as the presence of at least one or more episodes of 
hypocalcaemia or hypercalcaemia experienced by each patient 
in the past 1 year from the study’s start date.

Corrected calcium was computed using the following formula:

corrected calcium  (mmol/L) = serum calcium  (mmol/L) + 
0.02 [40 − albumin (g/L)].[22]

The normal reference range for serum calcium in the institution 
is between 2.10 and 2.46 mmol/L. Patients were deemed to 
have a hypocalcaemia episode if the serum corrected calcium 
was less than 2.10 mmol/L. Severity of hypocalcaemia 
episode was classified as ‘mild’ if the serum corrected calcium 
was between 1.9 and 2.1 mmol/L and ‘severe’ if the serum 
corrected calcium was less than 1.9 mmol/L.[23] Patients 
were deemed to be have a hypercalcaemia episode if the 
serum corrected calcium level was greater than 2.46 mmol/L. 
Severity of hypercalcaemia episode was classified as ‘mild’ 
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if the corrected calcium was between 2.47 and 3.00 mmol/L, 
‘moderate’ if the corrected calcium was between 3.01 and 
3.50 mmol/L and ‘severe’ if the corrected calcium was greater 
than 3.50 mmol/L.[24] For patients who were commenced on 
renal replacement therapy or those who underwent renal 
transplant or parathyroidectomy during the study period, data 
were censored after the occurrence of these events.

Primary outcome measure included the proportion of 
hypocalcaemia and hypercalcaemia episodes. Secondary 
outcome measures included events of all‑cause mortality, 
development of cardiovascular events, development of skeletal 
events and development of calciphylaxis. Development of 
cardiovascular events was defined as the presence of acute 
coronary syndrome or history of myocardial infarction or 
angina or coronary revascularisation or stroke or atherosclerotic 
transient ischaemic attack or peripheral arterial disease.[25] 
Development of skeletal events was defined as the presence 
of any skeletal fracture.

All statistical analyses were carried out using the Stata 
software, version  14.0  (Stata Corporation, College Station, 
TX, USA; 2016). Descriptive statistics was used to report the 
baseline characteristics of patients. Continuous variables were 
reported as mean ± standard deviation or median (interquartile 
range  [IQR]), while categorical variables were reported 
as number  (percentage). Shapiro–Wilk test was used 
to test for normality of data. Descriptive statistics was 
performed on patients’ demographic data and patients’ clinical 
characteristics. Chi‑square test, Kruskal–Wallis and analysis 
of variance (ANOVA) test were used to test for differences, 
where appropriate. Univariate analysis was done to evaluate 
the association of hypocalcaemia and/or hypercalcaemia 
episodes with clinical outcomes. Multivariate Cox analysis 
was done to evaluate the association between hypocalcaemia 
and/or hypercalcaemia with all‑cause mortality and the risk of 
cardiovascular events. In this study, as the incidence of skeletal 
events and calciphylaxis was low in the institution, these 
outcomes were excluded from multivariate Cox regression 
analysis. The analyses were adjusted for age and CKD 
staging. Survival probabilities were segregated by calcium 
status  (presence of hypocalcaemia and/or hypercalcaemia 
episodes) and analysed using Kaplan–Meier curve. The results 
were compared using log‑rank test. A two‑tailed P value <0.05 
was considered statistically significant.

RESULTS
Of the 688  patients eligible for recruitment into the study, 
400 (58.1%) patients were included after excluding the patients 
who did not fulfil the inclusion criteria [Figure 1].

The demographics and clinical characteristics of the study 
patients are shown in Table  1. The median age of patients 
was 77  (IQR: 67–85) years. There were 187  (46.8%) and 
213  (53.3%) patients who had CKD stage 4 and stage 5, 

respectively. Majority of the patients were Chinese (72.5%), 
female  (53.5%), and the most common aetiology of renal 
dysfunction was diabetic nephropathy  (n  =  240, 60.0%). 
The median follow‑up duration for all patients was 445.5 
(IQR: 255.5–950.5) days.

The baseline characteristics of patients with CKD stage 4 
and stage 5 were largely comparable, except for the presence 
of ischaemic heart disease  (CKD stage 4:  97  [51.9%] vs. 
CKD stage 5: 75  [35.2%], P = 0.001). With regard to the 
baseline laboratory parameters, CKD stage 5 patients had 
lower baseline‑corrected calcium level  (CKD stage 5: 2.2 
mmol/L [IQR: 2.1–2.3] vs. CKD stage 4: 2.3 mmol/L [IQR: 
2.2–2.4], P  =  0.0001), higher baseline phosphate levels 
(CKD stage 5: 1.5 mmol/L  [IQR: 1.3–1.8] vs. CKD stage 
4: 1.4 mmol/L [IQR: 1.1–1.5], P < 0.0001) and higher iPTH 
levels  (CKD stage 5:  23.9 pmol/L  [IQR: 10.9–33.9] vs. 
CKD stage 4:  13.1 pmol/L  [IQR: 7.9–21.9], P  <  0.0001) 
compared to patients who were CKD stage 4. The total 
elemental calcium per day from the phosphate binders was 
significantly lower for CKD stage 4 patients compared to 
CKD stage 5 patients (CKD stage 4: 683.4 mg/day [standard 
deviation {SD}: 534.1] vs. CKD stage 5: 888.3 mg/day [SD: 
738.2], P = 0.002).

Table  2 shows the proportion of patients who experienced 
hypocalcaemia and hypercalcaemia episodes during the 
study period. A higher proportion of CKD stage 5 patients 
had the presence of at least one episode of hypocalcaemia 
in the past year compared to CKD stage 4  patients  (CKD 
stage 5: 43 [20.2%] vs. CKD stage 4: 19 [10.2%], P = 0.006). 
Approximately half  (169  [42.2%]) of the patients included 
in the study had at least one episode of hypocalcaemia 
experienced during the study period.

A total of 376 hypocalcaemia episodes and 162 hypercalcaemia 
episodes were documented among patients during the study 
period  [Table 3]. CKD stage 5 patients had fewer episodes 
of mild hypocalcaemia (CKD stage 5: 141 [59.5%] vs. CKD 
stage 4: 103 [74.1%], P = 0.004), but more episodes of severe 
hypocalcaemia  (CKD stage 5:  96  [40.5%] vs. CKD stage 
4: 36 [25.9%], P = 0.004) compared to CKD stage 4 patients. The 
severity of hypercalcaemia did not differ between patients who 
were CKD stage 4 and stage 5. Majority of the hypercalcaemia 
episodes were of mild severity (n = 156, 96.3%).

Eligible patients
(n = 688)

Included patients
(n = 400)

Excluded patients (n = 288)
–  eGFR>30 ml/min/1.73m2 (n = 238)
–  Dialysis/transplant (n = 21)
–  Not on regular follow-up at SGH (n = 17)
–  Nil calcium levels (n = 8)
–  Post parathyroidectomy (n = 2)
–  Nil phosphate binders or vitamin D 

and its analogues (n = 2)

Figure 1: Flowchart of patients included in the study. eGFR: estimated 
glomerular filtration rate, SGH: Singapore General Hospital.
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Table 1. Demographics and clinical characteristics of patients.

Characteristicsa CKD stage 4 (n=187) CKD stage 5 (n=213) Overall (n=400) P 
Age (years) 77 (67-85) 76 (67-85) 77 (67-85) 0.50

Gender
Male 86 (46.0) 100 (47.0) 186 (46.5) 0.85

eGFR (mL/min/1.73 m2) 19.9 (17.4-23.4) 10.6 (8.2-12.8) 14.3 (10.2-19.7) <0.001

Race
Chinese
Malay
Indian
Eurasian
Others

127 (67.9)
28 (15.0)
27 (14.4)

1 (0.5)
4 (2.1)

163 (76.5)
31 (14.6)
13 (6.1)
2 (0.9)
4 (1.9)

290 (72.5)
59 (14.8)
40 (10.0)

3 (0.8)
8 (2.0)

0.09

Body mass index (kg/m2) 24.8 (21.4-28.0) 24.2 (21.2-27.9) 24.4 (21.3-28.0) 0.34

Smoking status
Non‑smoker
Current smoker
Ex‑smoker

156 (83.4)
9 (4.8)

22 (11.8)

179 (84.0)
9 (4.2)

25 (11.7)

335 (83.8)
18 (4.5)

47 (11.8)

0.96

Aetiology of chronic kidney disease
Diabetic nephropathy
Chronic glomerulonephritis
Hypertensive nephrosclerosis
Polycystic kidney disease
Lupus nephritis
Obstructive uropathy
Others

121 (64.7)
19 (10.2)
23 (12.3)

1 (0.5)
1 (0.5)
2 (1.1)

20 (10.7)

119 (55.9)
38 (17.8)
34 (16.0)

3 (1.4)
0 (0)

2 (0.9)
17 (8.0)

240 (60.0)
57 (14.3)
57 (14.3)

4 (1.0)
1 (0.3)
4 (1.0)

37 (9.3)

0.17

Comorbidities
Hypertension
Hyperlipidaemia
Type 2 diabetes mellitus
Cerebrovascular accident
Ischaemic heart disease
Liver disease
Heart failure
History of malignancy
Osteoarthritis
Hyperthyroidism
Rheumatoid arthritis

169 (90.4)
143 (76.5)
138 (73.8)
29 (15.5)
97 (51.9)
13 (7.0)

36 (19.3)
24 (12.8)
33 (17.7)

6 (3.2)
4 (2.1)

196 (92.0)
146 (68.5)
143 (67.1)
42 (19.7)
75 (35.2)
18 (8.5)

27 (12.7)
24 (11.3)
27 (12.7)

6 (2.8)
1 (0.5)

365 (91.3)
289 (72.3)
281 (70.3)
71 (17.8)

172 (43.0)
31 (7.8)

63 (15.8)
48 (12.0)
60 (15.0)
12 (3.0)
5 (1.3)

0.56
0.08
0.15
0.27

0.001
0.58
0.07
0.63
0.17
0.82
0.13

Baseline lipid panel
Total cholesterol, mmol/L
HDL, mmol/L
LDL, mmol/L
TG, mmol/L

4.2 (3.4-4.9)
1.2 (1.0-1.4)
2.2 (1.7-2.7)
1.5 (1.1-2.0) 

4.3 (3.6-5.1)
1.1 (1.0-1.4)
2.3 (1.8-3.0)
1.6 (1.2-2.2)

4.3 (3.6-5.0)
1.2 (1.0-1.4)
2.3 (1.7-2.8)
1.6 (1.2-2.1)

0.15
0.79
0.11
0.09

Baseline CKD‑MBD parameters
Serum corrected calcium-mmol/L
Serum phosphate-mmol/L
Serum iPTH-pmol/L
25‑Hydroxyl vitamin D-ng/mL

2.3 (2.2-2.4)
1.4 (1.1-1.5)

13.1 (7.9-21.9)
18.9 (13.1-24.5)

2.2 (2.1-2.3)
1.5 (1.3-1.8)

23.9 (10.9-33.9)
17.2 (11.7-24.5)

2.3 (2.2-2.3)
1.4 (1.2-1.6)

18.2 (9.3-30.1)
17.6 (12.1-24.5)

0.0001
<0.0001
<0.0001

0.32

Baseline medication‑related parametersb

Vitamin D analogue use
Phosphate binder use
Calcium‑based phosphate binder
(calcium acetate and calcium carbonate)
Non-calcium‑based phosphate
binder (lanthanum)

Total elemental calcium per day (mg/day)
Phosphate binder only

60 (32.1)

106 (56.7)

1 (0.5)

683.4 (534.1)

56 (26.3)

139 (65.3)

3 (1.4)

888.3 (738.2)

116 (29.0)

245 (61.3)

4 (1.0)

799.7 (664.3)

0.20

0.08

0.38

0.002
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CKD patients who had experienced both hypocalcaemia 
and hypercalcaemia episodes during the study period had 
a higher incidence of cardiovascular events compared to 
the other three patient groups: patients who experienced 
neither hypocalcaemia episodes nor hypercalcaemia 
episodes, patients who experienced only hypocalcaemia 
episodes and patients who experienced only hypercalcaemia 
episodes (P = 0.001) [Table 4]. No difference was observed 
between the groups for the occurrence of events of all‑cause 
mortality, presence of skeletal events and presence of 
calciphylaxis [Table 4].

Figure  2 shows the Kaplan–Meier curve for the all‑cause 
mortality stratified by the patients who experienced 

hypocalcaemia and/or hypercalcaemia episodes. There 
was no difference in 3‑year mortality rates between the 
groups (P = 0.53). In the Cox regression model for incident 
cardiovascular event, the incidence of cardiovascular event 
was significantly higher in patients who experienced both 
hypocalcaemia and hypercalcaemia episodes compared to 
other patients (P = 0.04) [Figure 3].

After adjustment for covariates which included patients’ 
age and CKD stage  [see Appendix], hypocalcaemia and/or 
hypercalcaemia episodes were not associated with outcomes 
such as all‑cause mortality  (P  >  0.05) and occurrence of 
cardiovascular event (P > 0.05) [Table 5].

Table 1. Demographics and clinical characteristics of patients.

Characteristicsa CKD stage 4 (n=187) CKD stage 5 (n=213) Overall (n=400) P 
Phosphate binder + calcium supplement

<1500 mg
≥1500 mg

169 (90.4)
18 (9.6)

179 (87.0)
34 (13.0) 

348 (87.0)
52 (13.0)

0.06

aVariables are expressed as number (percentage) or median (interquartile range) where appropriate. bThere were no patients who were on calcimimetics 
in the study. Bold values denote statistical significance at the P < 0.05 level. CKD: chronic kidney disease, CKD‑MBD: chronic kidney disease‑mineral 
and bone disorder, eGFR: estimated glomerular filtration rate, HDL: high‑density lipoprotein, iPTH: intact parathyroid hormone level, LDL: low‑density 
lipoprotein, TG: triglyceride. 

Table 2. Proportion of patients who experienced hypocalcaemia and hypercalcaemia episodes and their corresponding 
risk factor.

Characteristics CKD stage 4 
(n=187)

CKD stage 5 
(n=213)

Overall 
(n=400)

P 

Presence of at least one hypocalcaemia episode in the past 1 year 19 (10.2) 43 (20.2) 62 (15.5) 0.006

Presence of at least one hypercalcaemia episode in the past 1 year 19 (10.2) 26 (12.2) 45 (11.3) 0.52

Proportion of patients who experienced hypocalcaemia during the study period
1 episode
2-3 episodes
>4 episodes

67 (35.8)
36 (19.3)
20 (10.7)
11 (5.9)

102 (47.9)
44 (20.7)
38 (17.8)
20 (9.4) 

169 (42.2)
80 (20.0)
58 (14.5)
31 (7.8)

0.40

Proportion of patients who experienced hypercalcaemia during the study period
1 episode
2-3 episodes
>4 episodes 

53 (28.3)
39 (20.9)
11 (5.9)
3 (1.6)

41 (19.2)
21 (9.9)
15 (7.0)
5 (2.3)

94 (23.5)
60 (15.0)
26 (6.5)
8 (2.0)

0.08

Bold values denote statistical significance at the P < 0.05 level. CKD: chronic kidney disease

Table 3. Characteristics of patients’ hypocalcaemia and hypercalcaemia episodes.

Characteristicsa CKD stage 4 CKD stage 5 Overall P 
Total number of hypocalcaemia episodes during the study period 139 237 376

Total number of hypercalcaemia episodes during the study period 80 82 162

Severity of hypocalcaemia episodea

Mild
Severe 

103 (74.1)
36 (25.9)

141 (59.5)
96 (40.5)

244 (64.9)
132 (35.1)

0.004

Severity of hypercalcaemia episodeb

Mild
Moderate
Severe 

78 (97.5)
2 (2.5)
0 (0)

78 (95.1)
4 (4.9)
0 (0)

156 (96.3)
6 (3.7)
0 (0)

0.68

aSeverity of hypocalcaemia is defined as ‘mild’ if the corrected calcium is between 1.90 and 2.10 mmol/L and ‘severe’ if the corrected calcium is less 
than 1.90 mmol/L. bSeverity of hypercalcaemia is defined as ‘mild’ if the corrected calcium is between 2.47 and 3.00 mmol/L, ‘moderate’ if the corrected 
calcium is between 3.01 and 3.50 mmol/L and ‘severe’ if the corrected calcium is greater than 3.50 mmol/L. Bold values denote statistical significance at 
the P < 0.05 level. CKD: chronic kidney disease.
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DISCUSSION
To the best of our knowledge, this is the first study 
done to examine the prevalence of hypocalcaemia and 
hypercalcaemia and their associated outcomes among CKD 
patients on MBD treatment in Singapore. Prevalence rates of 
hypocalcaemia (42.2%) and hypercalcaemia (23.5%) among 
pre‑dialysis patients were high.

Pertaining to hypocalcaemia, the prevalence among our 
study population was significantly higher than that reported 
in other studies. The reported prevalence of hypocalcaemia 
among dialysis patients in the literature was 15%–25%, 
while a small study which evaluated CKD non‑dialysis 
patients in India showed that hypocalcaemia affected 23.8% 
of patients.[8,11,17] Potential reasons for this differing finding 
may be due to higher rates of vitamin D insufficiency in 
our study population (median 25‑hydroxyl vitamin D level: 
17.6 ng/mL). A total of 60.0% (n = 90) of the patients in the 
study population had vitamin D levels less than 20 ng/mL. 
Vitamin D plays an important role in the regulation of 
CKD‑MBD parameters, as vitamin D deficiency may worsen 
hypocalcaemia and lead to a compensatory increase in iPTH. 
Vitamin D deficiency is generally prevalent among patients 
with CKD, with the current literature citing an estimated 

prevalence of 60%–80% with a higher incidence observed 
to be present in patients with poorer kidney function.[26,27] 
A study by Massart et al.[28] done among dialysis patients 
proposed that correction of vitamin D deficiency via vitamin 
D supplementation can lead to improvements in CKD‑MBD 
parameters, particularly increasing the proportion of patients 
attaining normalisation of serum calcium levels by up to 
twofold. Another potential reason for our findings could 
be attributed to the lower amounts of elemental calcium 
received from phosphate binders and supplementation in 
the study population. In a meta‑analysis done by Palmer 
et  al.,[29] which compared phosphate‑binding agents in 
adults with CKD, the risk of hypercalcaemia was estimated 
to be 90% lower with the use of non–calcium‑based 
phosphate binders  (lanthanum and sevelamer) compared 
to calcium‑based phosphate binders. Among the trials 
in the review, the mean calcium carbonate doses ranged 
from 2200 to 4800  mg/day  (translating to 880–1920  mg 
elemental calcium per day), while the calcium acetate 
doses ranged from 2300 to 5300  mg/day  (translating to 
529–1219 mg elemental calcium per day).[29] As compared 
to the trials included in the meta‑analysis, patients in the 
study population were observed to have a lower baseline 
serum phosphate level. Consequently, majority of our study 

Table 4. Breakdown of outcomes associated with hypocalcaemia and/or hypercalcaemia episodes.

Nil 
hypocalcaemia or 
hypercalcaemia 

episodes 
(n=169)

Only 
hypocalcaemia 

episodes 
experienced 

(n=137)

Only 
hypercalcaemia 

episodes 
experienced 

(n=62)

Both hypocalcaemia 
and hypercalcaemia 

episodes 
experienced (n=32)

P

Number of patients who died 73 (43.2) 51 (37.2) 24 (38.7) 18 (56.3) 0.23

Number of patients with occurrence of cardiovascular event 33 (19.5) 34 (24.8) 19 (30.6) 17 (53.1) 0.001a

Number of patients with occurrence of skeletal event 12 (7.1) 13 (9.5) 4 (6.5) 3 (9.4) 0.83

Number of patients with occurrence of calciphylaxis 1 (0.01) 0 0 0 1.00a 
aPairwise comparison showed that statistical difference was observed for patients who experienced both hypocalcaemia and hypercalcaemia episodes 
against the other three groups. Bold values denote statistical significance at the P < 0.05 level.

Figure 2: Kaplan–Meier curve for survival probability stratified by presence 
of hypocalcaemia and/or hypercalcaemia. Figure 3: Cox regression model for incident cardiovascular event.
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population (87.0%) had a total elemental calcium of less than 
1500 mg/day and the mean dose of calcium‑based phosphate 
binders used was 799.7 mg of elemental calcium daily.

On the other hand, prevalence of hypercalcaemia among our 
study population was noted to be lower than that reported 
among Chinese dialysis patients, but similar to that of the 
CKD non‑dialysis patients in the USA and in India. In the 
literature, prevalence of hypercalcaemia was noted to range 
from 30% to 40% among dialysis patients and from 5% to 
27% among CKD non‑dialysis patients.[8,11,21] Hypercalcaemia 
among CKD patients may be attributed to the use of vitamin 
D supplementation. Recent meta‑analyses have supported the 
positive association between vitamin D usage and the risk of 
development of hypercalcaemia.[30,31] Additionally, results from 
the PRIMO and OPERA trials done among CKD non‑dialysis 
patients showed that vitamin D usage predisposes patients to 
be at higher risk for hypercalcaemia without improvements 
in clinically relevant outcomes.[32,33] As such, the lower rates 
of hypercalcaemia seen in the present study compared to 
Chinese dialysis patients may have arisen from a more cautious 
prescribing of vitamin D. In this study, vitamin D usage among 
the study population was at 29.0% (n = 116), which was lower 
compared to another study done in China among dialysis 
patients, where vitamin D usage was reported to be at 67.4% 
of the study population.[11]

Concerning the association of hypercalcaemia with all‑cause 
mortality, various epidemiological studies done among HD and 
pre‑dialysis CKD patients have shown that hypercalcaemia is 
associated with increased risk of all‑cause mortality.[16,17,21,34] A 
study by Zhu et al.[16] reported a threefold increase in mortality 
rates with serum calcium levels between 2.72 and 3.00 mmol/L. 
Studies looking at the association between hypocalcaemia 
and all‑cause mortality have otherwise shown conflicting 
results.[16,17,34] In the present study, patients with hypocalcaemia 
and/or hypercalcaemia were not observed to be at increased 
risk of death. Potential reasons for the differing findings 
could be partly explained by the age of the patients recruited 
into the study and the characteristics of hypocalcaemia and 
hypercalcaemia episodes. Patients recruited in the present study 
were considerably older. Median age of patients recruited in 
the study was 77 years, compared to the patients from the other 

studies which had a mean age range of 60–68 years.[16,17,21,34] 
Clinically significant outcomes among CKD patients have 
been shown to differ between age groups, with older patients 
experiencing higher rates of death.[35] Additionally, majority 
of the hypocalcaemia (64.9%) and hypercalcaemia (96.3%) 
episodes documented were mild, which reduced patients’ 
exposure to extreme ranges of calcium values. A  study by 
Kovesdy et  al. showed that higher time‑averaged calcium 
levels were associated with a 30.0% higher mortality rate, and 
it was hypothesised that higher time‑averaged calcium  levels 
lead to prolonged exposure of patients to hypercalcaemia, and 
thereby predispose them to be at risk of vascular calcification 
and mortality.[21] More studies are required in this area to better 
understand the association of different calcium levels across 
various time points with mortality outcomes.

In our study, initial analysis showed possible positive association 
between calcium dysregulation and occurrence of short‑term 
risk of cardiovascular events. Subsequent multivariate Cox 
regression analysis after adjustment of covariates for age 
and CKD stage found no association of hypercalcaemia 
and hypocalcaemia events with these cardiovascular events. 
Numerous randomised control trials have reported the effects 
of calcium‑based phosphate binders on arterial calcification 
among dialysis patients.[36‑38] Collectively, these studies suggest 
that the use of calcium‑based phosphate binders may predispose 
the patient to the risk of hypercalcaemia and may accelerate 
coronary arterial calcification, leading to an increased risk of 
cardiovascular events. As most studies which have evaluated 
long‑term risk of cardiovascular disease with hypocalcaemia 
and hypercalcaemia were conducted in dialysis patients, more 
studies are required to evaluate if these risks present similarly 
among pre‑dialysis CKD patients. A recent meta‑analysis has 
suggested that there are other factors besides calcium, which 
may predispose CKD patients to be at risk for the occurrence 
of cardiovascular events.[39] These risk factors may include 
traditional general population cardiovascular risk factors, for 
example, age, gender, smoking, serum urate, haemoglobin and 
others. Additionally, other CKD‑MBD studies have shown that 
derangements in other factors such as iPTH and phosphate levels 
may predispose patients to be at an increased risk of mortality and 
development of cardiovascular events.[16,34] Future studies could 

Table 5. Multivariable Cox regression analysis.

All‑cause mortality Occurrence of cardiovascular event

Unadjusted HR 
(95% CI)

P Adjusted HRa 
(95% CI)

P Unadjusted HR 
(95% CI)

P Adjusted HRa 
(95% CI)

P

Nil hypocalcaemia or hypercalcaemia episodes Reference group

Only hypocalcaemia episodes experienced 0.86 (0.60, 1.24) 0.42 1.11 (0.70, 1.78) 0.64 1.34 (0.83, 2.16) 0.24 1.33 (0.72, 2.44) 0.37

Only hypercalcaemia episodes experienced 0.71 (0.45, 1.13) 0.15 0.74 (0.41, 1.34) 0.33 1.40 (0.80, 2.46) 0.24 1.13 (0.54, 2.40) 0.74

Both hypocalcaemia and hypercalcaemia 
episodes experienced

0.91 (0.54, 1.52) 0.71 0.80 (0.38, 1.70) 0.57 2.35 (1.31, 4.22) 0.004 1.68 (0.72, 3.94) 0.23

aHazard ratio was adjusted for covariates: age and CKD stage. Bold values denote statistical significance at the P < 0.05 level. CI: confidence interval, 
CKD: chronic kidney disease, HR: hazard ratio.  
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consider exploring the interplay of these factors in the occurrence 
of mortality and the development of cardiovascular events.

Limitations of the present study include the following. Firstly, 
the study only evaluated stage 4 and 5 CKD patients. While 
the prevalence of CKD‑MBD is expected to be low in CKD 
stage 1–3 patients, more studies are required to evaluate the 
prevalence and outcomes associated with hypercalcaemia and 
hypocalcaemia in these patients. This would provide insight 
for physicians to better manage these patients in the early 
stages and mitigate their long‑term risk. Secondly, as this 
is a single‑centre study, results from the present study may 
not be generalisable to all other patients with CKD‑MBD 
in Singapore. Lastly, patients in this study were followed 
up for 3  years. While our study showed no association of 
hypercalcaemia and hypocalcaemia with short‑term mortality 
and cardiovascular events, more studies are needed to evaluate 
the long‑term outcomes associated with dysregulation of 
calcium levels.

The prevalence of hypocalcaemia and hypercalcaemia was 
relatively high in our pre‑dialysis CKD patients. While 
hypocalcaemia and hypercalcaemia were not associated with 
increased risk of short‑term mortality and cardiovascular events 
among pre‑dialysis CKD patients, more studies are required 
to analyse the impact of hypercalcaemia and hypocalcaemia 
on these patients’ long‑term clinical outcomes.
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