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Abstract
The aim of this work was to study the prevalence of hypocalcemia in cancer patients based on ionized calcium and, as a 
secondary aim, the influence that hypocalcemia may have on survival. For this retrospective study, a representative sample of 
all the records of low and normal ionized calcium measured in 2014 was studied. Patients under 18 years and patients from 
the bone marrow transplantation service were excluded. The number of patients included in this study was 471. The median 
patient age was 63 years (18 to 91), and 247 (52%) were female. The most represented cancers were thyroid, colorectal, and 
breast. Ionized calcium was in the normal range in 331 (70%) patients and low in 140 (30%). In a univariable analysis, there 
were no significant differences in survival at 4 years between normal (47%) and low-level (42%) ionized calcium (p = 0.192), 
but there were differences in gender, age, the primary site, the number of metastatic sites, and the level of albumin. In the 
multivariable analysis, only the primary cancer, the number of metastatic sites, and the albumin levels were associated with 
survival. In a multivariable analysis excluding thyroid cancer, hypocalcemia remained not associated with survival. Hypoc-
alcemia occurs in a variety of cancer types, and  it does not have an influence on survival.

Keywords  Cancer · Hypocalcemia · Ionized calcium · Total calcium · Corrected calcium

This article is part of the Topical Collection on Medicine

 *	 José António Ferraz‑Gonçalves 
	 ferrazg@netcabo.pt

1	 Palliative Care Service, Instituto Português de Oncologia 
Do Porto Francisco Gentil EPE, Faculdade de Medicina da 
Universidade Do Porto, Porto, Portugal

2	 Medical Oncology Service, Instituto Português de Oncologia 
de Coimbra Francisco Gentil EPE, Coimbra, Portugal

3	 Medical Oncology Service, Instituto Português de Oncologia 
Do Porto Francisco Gentil EPE, Porto, Portugal

4	 Medicine‑Oncology Service, Unidade Local de Saúde Do 
Alto Minho EPE, Viana do Castelo, Portugal

5	 Palliative Care Service, Centro Hospitalar de 
Trás-Os-Montes E Alto Douro EPE, Vila Real, Portugal

6	 Medical Oncology Unit, Hospital Dr. Nélio Mendonça, 
Funchal, Portugal

7	 Internal Medicine Service, Centro Hospitalar Do Médio Ave, 
Famalicão, Portugal

8	 Onco-Hematology, Instituto Português de Oncologia Do 
Porto Francisco Gentil EPE, Porto, Portugal

9	 Pain and Palliative Care Unit, Hospital Central de Maputo, 
Maputo, Mozambique

10	 Internal Medicine Service, Centro Hospitalar Tâmega E 
Sousa, Penafiel, Portugal

11	 Hospital Pedro Hispano, Sra. da Hora, Portugal
12	 Medical Oncology Service, Centro Hospitalar Universitário 

de São João, Porto, Portugal
13	 Hemato‑Oncology, Hospital CUF Descobertas, Lisbon, 

Portugal
14	 Internal Medicine Service, Centro Hospitalar de Entre O 

Douro E Vouga EPE, Santa Maria da Feira, Portugal
15	 Instituto Português de Oncologia Do Porto Francisco Gentil 

EPE, North Region Cancer Registry of Portugal, Porto, 
Portugal

16	 Medical Oncology Service, Centro Hospitalar de Leiria, 
Leiria, Portugal

17	 Medical Oncology Service, Centro Hospitalar Universitário 
Do Porto EPE, Porto, Portugal

/ Published online: 8 November 2021

SN Comprehensive Clinical Medicine (2021) 3:2520–2524

http://orcid.org/0000-0002-9506-7106
http://crossmark.crossref.org/dialog/?doi=10.1007/s42399-021-01053-5&domain=pdf


Introduction

The prevalence of hypocalcemia in cancer patients is a topic 
which is not often addressed in the medical literature, unlike 
hypercalcemia. Most data on hypocalcemia in cancer comes 
from case reports, case series, or reviews of specific syndromes 
involving hypocalcemia [1]. We found only 3 articles on the 
prevalence of hypocalcemia in cancer patients; 2 of them were 
published in 1986 [2] and 1991 [3]; the third was carried out 
by the lead author of this article and was published in 2019 [4].

In the last article, hypocalcemia measured by the total cal-
cium corrected for serum albumin was not a negative prognostic 
factor. Other factors, such as age, primary cancer, and serum 
albumin were significantly associated with survival, but cor-
rected calcium was not. However, the correction of total calcium 
for serum albumin is not a very accurate method for determining 
the level of calcium. Particularly, in some clinical situations, 
such as patients receiving transfusions with citrated blood, in 
critically ill patients, in late stages of chronic kidney disease, in 
hyperparathyroidism, and in hypercalcemia of malignancy, the 
direct measurement of ionized calcium is clearly more accurate 
than the total calcium corrected for the albumin level [5]. For 
example, in a study carried out in a surgical intensive care unit, 
the sensitivity and specificity of the corrected serum calcium 
for evaluating hypocalcemia were 53% and 85%, respectively; 
corrected calcium underestimated the prevalence of hypocal-
cemia and overestimated the prevalence of normocalcemia, 
and no factors were able to distinguish which patients could be 
evaluated by corrected calcium levels [6]. Another study, carried 
out on adult patients admitted to a trauma intensive care unit 
who received specialized nutrition support, also concluded that 
predictive methods for estimating ionized or corrected serum 
concentrations should not be used. Therefore, direct measure-
ment of serum ionized calcium concentration is indicated for 
assessing calcium status for this population [7].

Thus, the preferred method for assessing the calcium level is 
ionized calcium, as it is not influenced by the albumin level and 
it is the functioning part of calcium.

However, the direct measurement of ionized calcium is costly 
and technically challenging, but especially in patients with com-
plex illnesses, it is a more accurate method relative to the cor-
rected total calcium level. Our previous study was based on the 
level of calcium corrected for albumin. This time, we tried to 
confirm, or not, the results obtained with this study based on 
ionized calcium.

Methods

This study was carried out in a comprehensive oncology 
center. The primary aim of this study was the prevalence 
of hypocalcemia in cancer patients. The secondary aim 

was to study the possible influence of hypocalcemia on 
survival. For this retrospective study, a representative 
sample of the patients with all the records of ionized cal-
cium measured in 2014 was used, excluding patients under 
18 years and patients in the bone marrow transplantation 
service. Patients in this service were excluded because 
they constitute a special group of patients who undergo 
particularly aggressive treatments and therefore are not 
comparable with other patients.

The sample included 471 patients, roughly one-third, 
randomly selected. This sample was representative of the 
full cohort since there were no significant differences in 
the mean of ages (p = 0.963), gender (p = 0.312), primary 
cancer (p = 0.058), or mean calcium level (p = 0.054).

For the secondary aim of this study, survival of patients 
with hypocalcemia was compared with patients with nor-
mal calcium levels; patients with hypercalcemia were 
excluded. When more than one measurement was avail-
able, as frequently occurred, the first one was chosen.

The factors included for analysis in this study were the 
same as in the previous one (age, gender, primary site, 
metastases, serum calcium level, and serum albumin), 
except for the addition of the number of metastatic sites.

To verify if the prevalence of hypocalcemia in the sam-
ple studied was similarly distributed among all types of 
cancer, a comparison with the mean of cancer diagnoses 
made in 2013 and 2014 was made.

Descriptive statistics methods were used for analyzing 
the data. To evaluate the existence or not of associations 
between variables, the chi-squared test was used. Survival 
curves were calculated using the Kaplan–Meier estimator 
and compared using the log-rank test. For multivariable 
analysis, Cox regression was used. The level of signifi-
cance was deemed to be 0.05. Data were analyzed using 
the software IBM SPSS version 26.

This study was approved by the ethics committee of 
the hospital.

Results

The median patient age was 63 years (18 to 91) and 247 
(52%) were female. The most represented cancers were: 
thyroid—90 (19%), colorectal—71 (15%), and breast—60 
(13%), and the most frequent metastasized sites were 
lymph nodes and bone (Table 1).

Compared with the mean number of the diagnoses of 
patients admitted in 2013 and 2014, the proportion of cases 
of hypocalcemia was significantly higher in patients with 
thyroid cancer and significantly lower in patients with breast 
and prostate cancers (Table 2).
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Several drugs are associated with hypocalcemia. In this 
study, patients taking two or more of such drugs had more 
frequently hypocalcemia than patients taking one or none 
(p = 0.016). The most frequently used drugs, which may 
lower the calcium level were proton pump inhibitors—192 

(41%) and corticosteroids—93 (20%). Patients on bisphos-
phonates, 29 (6%), were not more likely to have hypocalce-
mia than the other patients (p = 0.873). Denosumab was not 
used in any patient.

Ionized calcium was in the normal range in 331 (70%) 
patients and low in 140 (30%). The overall 4-year survival 
rate was 46%. In a univariable analysis, there were no sig-
nificant differences in survival at 4 years between normal 
(47%) and low-level (42%) ionized calcium (p = 0.192), even 
when calcium is divided in quartiles (p = 0.050), but there 
were differences in gender, with 36% of males alive vs. 55% 
of females (p < 0.001), in age with 58% of under 64 s alive 
vs. 33% of older patients (p < 0.001), in the primary site 
(p < 0.001), number of metastatic sites with lower survival 
related with the increase in that number (p < 0.001), and the 
level of albumin, with lower survival associated with lower 
levels of albumin (p < 0.001). In the multivariable analysis 
only the primary cancer, the number of metastatic sites and 
the albumin levels were associated with survival (Table 3).

As the percentage of thyroid neoplasm was relatively high 
and hypocalcemia related to them may result from surgery 
and not from advanced cancer, an analysis excluding thyroid 
neoplasms was performed. In the multivariable analysis, the 
level of calcium remained without prognostic value. The 
main difference was the exclusion of the primary cancer as 

Table 1   Demographic data

N %

Primary cancer
  Thyroid 90 19
  Colorectal 71 15
  Breast 60 13
  Lung 39 8
  Hematological 37 8
  Head and neck 35 7
  Stomach 30 6
  Prostate 29 6
  Gynecological 15 3
  Other 65 14
  Total 471 100

Metastases
  Lymph nodes 104 22
  Bone 81 17
  Liver 62 13
  Lung 62 13
  Locally advanced 34 7
  Peritoneum 28 6
  CNS 23 5
  Other 42 9

Gender: female 247 (52%); male 224 (48%)
Age: median 63 years (18 to 91)

Table 2   Proportion of hypocalcemia by cancer type compared with 
the mean number of patients admitted in 2013 and 2014

P-values marked with bold indicate statistically significant differ-
ences between the groups

Patients with 
hypocalcemia

Mean number of 
patients admitted 
in 2013 and 2014

p

Thyroid 42 30% 324 5%  < 0.001
Colorectal 16 11% 928 13% 0.584
Breast 10 7% 1217 17% 0.005
Lung 15 11% 583 8% 0.351
Hematological 12 9% 562 8% 0.819
Head and neck 8 5% 529 8% 0.554
Stomach 7 5% 476 7% 0.435
Prostate 6 4% 783 11% 0.018
Gynecological 6 4% 399 6% 0.502
Other 18 13% 1230 17% 0.220
Total 140 100% 7029 100%

Table 3   Multivariable analysis

CI marked with bold indicate statistically significant variables

HR 95.0% CI

Primary cancer
  Thyroid 1
  Colorectal 2.18 0.50–9.40
  Breast 3.46 0.79–15.14
  Lung 6.79 1.49–30.99
  Hematological 4.05 0.89–18.37
  Head and neck 2.77 0.59–19.94
  Stomach 4.55 1.00–20.73
  Prostate 5.86 1.14–30.12
  Gynecological 5.07 1.01–25.48
  Other 5.04 1.16–21.89

Number of metastatic sites
  0 1
  1 2.66 1.66–4.25
  2 4.33 2.57–7.26

   ≥ 3 3.16 1.71–5.86
Albumin level (quartiles)
  1 1
  2 0.70 0.45–1.09
  3 0.35 0.21–0.56
  4 0.20 0.11–0.36
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a significant factor, remaining the number of metastatic sites 
and the albumin levels associated with survival (Table 4).

Discussion

Hypocalcemia is a frequent occurrence in many diseases and 
in many settings, particularly cancer. In our previous study, 
the median age was the same (63 years) with a similar range 
(18 to 93). There was a small difference between genders, 
and there was also a bigger difference in the primary sites. 
However, the lack of influence of low serum calcium on 
survival was confirmed [4]. That observation was also made 
in one of the older studies [2].

Age did not influence survival as it did in the previous 
study. Concerning the primary sites, the composition of the 
sample was different from the former one, and the selection 
of patients was different. The former study was based on 
total low calcium level, and the present study was based on 
all patients with an ionized calcium measured in 2014 with 
normal or low calcium. These results are also different from 
the results of older studies on hypocalcemia [2, 3], making 
the studies hard to compare.

Concerning the mean number of diagnoses made in 2013 
and 2014 [4], patients with thyroid cancer had a significantly 
higher incidence of hypocalcemia relative to the patients 
admitted with that cancer type, whereas breast and pros-
tate cancers had a lower incidence. This finding was also 
observed in the former study. Differences between the two 
studies were seen in lung cancer, which was marginally sig-
nificantly lower in the previous study, but not in the cur-
rent one, and hematological cancer, which was significantly 
higher in the previous study but not in this one.

The association of thyroid cancer with hypocalcemia 
is well-known, due to postsurgical hypoparathyroidism 
[8], and not necessarily to advanced disease. In fact, in the 
analysis excluding thyroid cancer, the primary site has no 

longer influence on survival, what seems to support that 
fact. Hypocalcemia is also associated with prostate cancer, 
which often metastasizes to bone, usually as osteoblastic 
metastases that cause increased deposition of calcium and 
phosphate in bone, tending to decrease the serum concen-
trations [9]. This may be aggravated by treatment with bis-
phosphonates or denosumab [1]. However, in the patients 
studied, we observed that the percentage of patients with 
prostate cancer is significantly lower than the population of 
patients diagnosed in 2013 and 2014. Breast cancer is more 
frequently associated with hypercalcemia [10] and therefore, 
naturally, is not often associated with hypocalcemia.

The prevalence of hypocalcemia in cancer patients is 
unknown, but it seems not to be rare. Even the few studies 
carried out so far, including this study, cannot shed light on 
this point because it would be necessary to systematically 
assess serum calcium in oncology patients to reach a conclu-
sion on the prevalence of hypocalcemia in these patients.

Hypocalcemia in cancer patients may have several mecha-
nisms. Mild transient hypocalcemia may be due to multiple 
transfusions, as ionized calcium binds to citrate. Hypocal-
cemia may be caused by tumor lysis syndrome due to acute 
hyperphosphatemia; deficiency of parathyroid hormone due 
to surgery for thyroid or laryngeal cancer or neck radio-
therapy; magnesium depletion due to chemotherapy or anti-
biotics; malabsorption due, for example, to surgery or radio-
therapy involving the bowel; osteoblastic metastases which 
uptake calcium and may cause hungry bone syndrome; 
acute or chronic renal failure; and patients in critically ill 
situations, such as overwhelming infection. There are other 
possible causes, and hypocalcemia is often multifactorial 
[1]. Hypocalcemia may be false, due to hypoalbuminemia 
or recent MRI with gadolinium, which cause interference 
with assay [1]. However, ionized calcium is not affected by 
hypoalbuminemia.

Hypocalcemia in cancer patients is usually mild and 
asymptomatic [11]. There are, however, some cases of 
severe and heavily symptomatic hypocalcemia, but in the 
few studies carried out on this topic, hypocalcemia seems to 
have no influence on survival, at least in most cases.

Conclusion

Hypocalcemia seems not to be a rare occurrence in cancer 
patients. However, the data suggests that it does not influ-
ence survival, as the few studies on this topic have shown.

Author Contribution  Corresponding author: idea, initial conception, 
first draft of the protocol, first draft of the manuscript and final approval 
of the manuscript. All other authors: review of the different versions 
and final approval of the protocol, data collection, review of the differ-
ent versions, and final approval of the manuscript.

Table 4   Multivariable analysis excluding thyroid cancer

CI marked with bold indicate statistically significant variables

HR 95.0% CI

Number of metastatic sites
  0 1
  1 1.93 1.21–3.10
  2 2.53 1.49–4.32
   ≥ 3 2.15 1.17–3.95

Albumin level (quartiles)
  1 1
  2 0.77 0.49–1.21
  3 0.37 0.23–0.60
  4 0.40 0.21–0.73
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