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Purpose: With rising healthcare costs limiting access to care, the judicious use of diagnostic 
tests has become a critical issue for many jurisdictions. Calcium, magnesium and phosphorus 
serum levels are regularly performed tests in the emergency department, but their clinical 
relevance have come into question. Authors sought to determine risk factors that could 
predict abnormal calcium, magnesium and phosphorus serum levels, as well as identify 
patients who may need corrective interventions.
Methods: A retrospective cohort study was conducted in two academic hospitals in Québec 
City. Demographic and clinical characteristics of 1008 patients who had serum calcium and/ 
or magnesium and/or phosphorus levels drawn by an emergency physician were collected. 
Multivariate logistic regression models were fitted to obtain adjusted odds ratios for each risk 
factor for abnormal calcium or magnesium or phosphorus blood levels, and for a required 
intervention.
Results: Among patients for whom calcium, magnesium and phosphorus were tested in the 
Emergency Department, the most significant risk factors (OR>2) for electrolytic abnormality 
were as follows: hypocalcemia – respiratory distress, diuretics (excluding loop and thiazide), 
anti-neoplastic medication, long QTc, chronic kidney disease (CKD); hypercalcemia – bone 
pain, vitamin D, hallucinations; hypomagnesemia – diabetes, corticosteroids; hypermagne-
semia – poor extremity perfusion, CKD, furosemide; hypophosphatemia – seizure; hyperpho-
sphatemia – phosphate-binders, CKD, peripheral vascular atherosclerotic disease. Of all 
patients tested, 3.4% received a corrective intervention initiated by the emergency physician. 
Predictors of intervention on an electrolyte abnormality include poor peripheral perfusion, 
nausea and chronic obstructive pulmonary disease (COPD).
Conclusion: Emergency physicians can potentially reduce the unnecessary testing of 
calcium, magnesium and phosphorus blood levels by targeting patients with high-acuity 
conditions or chronic comorbidities such as CKD, diabetes and COPD.
Keywords: emergency medicine, metabolic, electrolyte, biochemistry

Introduction
As rising healthcare costs limit access to care, the judicious use of diagnostic tests has 
become a critical issue for many jurisdictions. Unnecessary laboratory testing may 
have a number of negative effects at a system-level (eg, waste of limited healthcare 
resources) and a patient-level (eg, false-positive tests triggering inappropriate 
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treatments).1 In the Emergency Department (ED), overuse of 
laboratory tests has also been linked to an increased length of 
stay.2 National and international initiatives led by the Institut 
d’excellence en santé et services sociaux in Québec 
(Canada)3 and other leading medical societies promoting 
the Choosing Wisely Campaign around the world4–6 have 
issued specific recommendations for the judicious use of 
laboratory tests in clinical practice.

Calcium (Ca+2), magnesium (Mg+2) and phosphorus 
(PO4

−3) serum levels are regularly performed tests in the 
ED, but their relevance and added value to patient care 
have been questioned.7–9

These three assays are ordered in up to 20% of ED 
patients,7,10 and their costs vary widely between jurisdictions, 
from USD 1.69 in the province of Québec (Canada)11 to USD 
26.62 in Australia and USD 96.00 in the United States of 
America.12 With over 3.4 million ED visits per year in the 
province of Québec, this represents an estimated annual 
expenditure of over USD 340000.13 No specific guidelines 
address the clinical indications for ordering these tests and 
their use may partly be driven by non-medical motives,14 such 
as fear of litigation,15 patient pressure, and a lack of time to 
rationalize the tests.14 The most frequent signs and symptoms 
of abnormal calcium, magnesium or phosphorus serum levels 
are related to cardiovascular, neurologic and musculoskeletal 
systems, but any system can be involved.16 As such, the 
medical history and physical examination have a low specifi-
city for electrolyte abnormalities, and considering that signifi-
cantly abnormal electrolyte levels can be life threatening, it is 
not always obvious when physicians should order these tests.

Our hypothesis is that certain clinical features (eg, 
altered mental status) or comorbidities (eg, chronic kidney 
disease) predict abnormal test results and if an intervention 
is needed. We sought to identify these features and risk 
factors that predict abnormal calcium, magnesium and 
phosphorus serum levels, and the need for corrective 
interventions.

Methods
Design and Study Population
We conducted a retrospective cohort study of patients 18 
years and older who had serum calcium and/or magnesium 
and/or phosphorus levels requested by an emergency phy-
sician, in the ED of two hospitals in Québec City, between 
January 1st 2016 and May 1st 2016.

The “Centre hospitalier de l’Université Laval” (CHUL) 
is a tertiary care center in pediatrics and provides acute 

general care to the adult population. The “Hôtel-Dieu de 
Québec” (HDQ) provides specialized care in oncology and 
nephrology. Respectively, around 46,000 and 21,000 adult 
patients seek care in these EDs each year. Both hospitals 
are sites of the CHU de Québec-Université Laval, the 
third-largest academic healthcare institution in Canada.

Data Collection
Demographic (age, sex) and clinical (comorbidities, medica-
tion, vital signs, presenting complaint, symptoms, physical 
exam findings, ECG findings, laboratory results, clinical 
intervention) characteristics were manually extracted by 6 
evaluators from electronic patient records using 
a standardized Excel report form. The Canadian Emergency 
Department Information Systems presenting complaint list 
(version 1.1) was used to classify the reasons for visiting the 
ED.17 Accompanying signs and symptoms were collected 
based on their potential association with calcium, magnesium 
and phosphorus abnormalities, as identified with a literature 
review.16,18 Supplementary File A1 presents the legend for 
the variables collected. At the beginning of data collection, 
we measured a Kappa score, a coefficient aiming to measure 
interobserver reliability for categorical values, for 10 patient- 
files each charted by all evaluators. A median Kappa of 1 
(IQR: 0.7; 1) reflecting substantial to almost perfect inter-
observer agreement was obtained, and any individual data 
where the kappa statistic was lower than 0.6 was further 
discussed to ensure standardization. To ensure quality of 
data extraction between evaluators, the first author coordi-
nated data collection. Any missing data for each patient file 
was also recorded in the Excel report form.

Outcomes
The primary outcome was the identification of predictive 
factors for abnormal calcium, magnesium or phosphorus 
serum level in the ED. We defined “abnormal” as any test 
value falling outside the reference range predefined by 
local institutional laboratories for each electrolyte 
(Supplementary File A2).

Secondary outcome measures were 1) the proportion of 
targeted therapeutic interventions following abnormal cal-
cium, magnesium or phosphorus serum levels; and 2) the 
identification of predictive factors of the need for such 
interventions. A targeted therapeutic intervention was 
defined as any of the following:

● For a depleted electrolyte: per os (po) or intra- 
venous (iv) supplementation
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● For an electrolyte in excess: stopping electrolyte 
supplementation, iv hydration, loop diuretic, hemo-
dialysis or peritoneal dialysis

● Specific to hypercalcemia: po or iv bisphosphonate, 
calcitonin, corticosteroid, emergent parathyroidect-
omy or iv phosphate

● Specific to hypermagnesemia: calcium gluconate 
(life-threatening magnesium toxicity)

● Reference to a family physician or a specialist, as 
an inpatient or outpatient, because of an abnormal 
calcium, magnesium or phosphorus serum level.

Sample Size
A sample size of 713 observations was sufficient to detect 
an odds ratio of 2.0 and achieve 80% power at 5% sig-
nificance level in a univariate logistic regression model. 
A sample size of 950 observations was adequate for 
a multivariate logistic regression model with 25% of 
R-Squared due to confounding factors. The parameters 
for this estimation (10% of abnormality and 25% of 
comorbidity or symptom prevalence) were issued from 
a pilot study of 63 patients where prevalence of abnorm-
ality ranged from 3.0% to 11.9% and prevalence of dia-
betes was 25%. The sample size was estimated using 
PASS 13 Power Analysis and Sample Size Software 
(2014, NCSS, LLC. Kaysville, Utah, USA).

Statistical Analysis
Continuous variables were reported as means with 95% 
confidence intervals, and dichotomic and categorical vari-
ables as frequencies and proportions. F-test, Wilcoxon rank 
sum and Kruskal–Wallis tests were used when appropriate 
for continuous data comparisons; Pearson Chi-squared or 
Fisher exact tests were used for categorical data. Normality 
of distribution has been verified to perform parametric or 
non-parametric bivariate tests. Multivariate stepwise logis-
tic regression models were fitted for comorbidities, medica-
tion, presenting complaints, findings on clinical 
examination and other test results to obtain adjusted odds 
ratios for each risk factor of a calcium or magnesium or 
phosphorus abnormality, and for a corrective intervention. 
The classical stepwise-forward selection algorithm was 
applied in all our logistic models with a 0.05 p-value cut- 
off for entered into and removed from the model. The 
algorithm was stopped when no further effect could be 
added. Multicollinearity was verified before all multivariate 
regression models: all variance inflation coefficients were 
<10 for all analyses. Statistical analyses were performed 

using SAS Statistical Software v.9.4 (SAS Institute, Cary, 
NC, USA), and a value of P < 0.05 was considered as 
statistically significant.

A waiver of consent was approved by the CHU de 
Québec-Université Laval Research Ethics Board (Nagano 
no. 2017–3104).

Results
A total of 1008 patients were included from hospital 
databases. Of these, 476 (47.2%) were from the CHUL 
and 532 (52.8%) from HDQ. Table 1 shows their baseline 
characteristics. Patients were not particularly elderly 
(mean age of 65 years old) but had a significant number 
of comorbidities, as evidenced by their elevated Charlson 
index score: fifty-four percent of patients in our whole 
cohort had a score of ≥5 (estimated survival at 10 years 
of less than 21%), while only 16.2% had a score of 0 
(estimated survival at 10 years of 98%).

Serum levels of calcium, magnesium and phosphorus 
were concomitantly tested 93% of the time. A selective 
approach was seldom used, as only 4.4% and 2.6% of 
patients had one or two electrolytes ordered, respectively.

Table 2 reports the prevalence of each electrolytic 
abnormality. Except for hypercalcemia, all abnormal levels 
were more prevalent in patients from the reference centre 
for oncology and nephrology. Of the 1008 study patients, 
436 received at least one abnormal test result: 301 (29.9%) 
had a single electrolyte abnormality and 135 (13.5%) had 
2 or more. Multiple abnormal results were also more 
prevalent in the specialized center than the general hospital 
(17.3% and 9.2%, respectively).

Table 3 shows the most frequent presenting complaints 
and signs in patients for which serum levels of calcium, 
magnesium or phosphorus were ordered. Neurological (eg, 
weakness) and gastro-intestinal (eg, nausea) manifesta-
tions were reported by 65.1% and 47.3% of all included 
patients.

Predictive factors of patients with abnormal electrolyte 
levels were identified from multivariate analyses (Table 4 
and Supplementary File A3). The random effect of hospi-
tal was tested using multilevel logistic models and rejected 
for all abnormalities. Among all comorbidities assessed, 
chronic kidney disease (hypocalcemia, hypermagnesemia 
and hyperphosphatemia), diabetes (hypomagnesemia), 
alcohol abuse (hypocalcemia) and peripheral atherosclero-
tic disease (hyperphosphatemia) were the only chronic 
conditions significantly associated with at least one elec-
trolytic abnormality. Although chronic obstructive 
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pulmonary disease (COPD), neoplasia, endocrine diseases, 
osteoporosis and coronary artery disease appeared to be 
associated with at least one electrolyte abnormality on 

bivariate analyses, all these associations were lost after 
fitting our multivariate logistic regression models.

Among the signs and symptoms tested in these models, 
abdominal pain (hypocalcemia, hyperphosphatemia) and 
nausea (hypomagnesemia) were associated with at least one 
abnormal electrolyte. Our analyses confirmed that hypercal-
cemia is associated with bone pain and hallucinations, but 
failed to demonstrate an association between hypocalcemia 
and either paresthesia or musculoskeletal pain. No associa-
tion was found between abnormal calcium, magnesium or 
phosphorus and common ED presenting complaints such as 
palpitations or syncope. Finally, seizures were associated 
with hypophosphatemia, but no association was found with 
either hypocalcemia or hypomagnesemia, which are more 
commonly recognized causes of seizures.

Patients’ regular medications were also assessed for 
potential association with calcium, magnesium or phos-
phorus imbalance. Our results suggest that furosemide 
may be an independent predictive factor of hypermagne-
semia, as well as vitamin D intake for hypercalcemia.

Among the 1008 tested patients, 3.4% received 
a corrective intervention initiated by the emergency phy-
sician. This number reaches 6.9% when adding treatments 
prescribed by a consultant, leaving 80.5% of abnormal 
calcium, magnesium and phosphorus levels untreated. 
We have identified predictive factors for corrective inter-
ventions of electrolyte disorders through multivariate ana-
lyses (Table 5 and Supplementary File A4). We found that 
patients with chronic obstructive pulmonary disease, and 
those with nausea or vomiting or signs of poor peripheral 
perfusion were more likely to receive corrective treatment. 
Although the bivariate analyses showed that chronic kid-
ney disease, peripheral arterial atherosclerotic disease, dia-
betes, anorexia, tachycardia and an altered level of 
consciousness predict the need for an intervention on any 
abnormal electrolyte, these associations disappeared with 
the subsequent multivariate logistic regression modeling.

Table 1 Baseline Characteristics of Patients (n=1008)*

Characteristics CHUL 
(n = 476)

HDQ 
(n = 532)

Total 
(N = 1008)

Age (mean, SD) 60.3 (23.2) 70.0 (15.2) 65.4 (19.9)

Female 289 (60.7) 252 (47.4) 541 (53.7)

Comorbidities

● Coronary artery disease 72 (15.2) 177 (33.3) 249 (24.8)

● Diabetes type 1 or 2 85 (17.9) 151 (28.4) 236 (23.5)

● Neoplasia 74 (15.6) 254 (47.8) 328 (32.6)

● Metastasis 7 (1.5) 85 (16.0) 92 (9.1)

● Endocrine diseasea 104 (21.9) 133 (25.0) 237 (23.6)

● Chronic renal failure 78 (16.4) 164 (30.9) 242 (24.1)

● Chronic obstructive 40 (8.4) 96 (18.1) 136 (13.5)

pulmonary disease

● Rheumatic diseaseb 24 (5.1) 21 (4.0) 45 (4.5)

● Malnutrition 7 (1.5) 11 (2.1) 18 (1.8)

Charlson index

● 0–1 185 (38.5) 42 (7.9) 227 (22.5)

● 2–4 117 (24.6) 120 (22.6) 237 (23.5)

● 5+ 174 (36.6) 370 (69.5) 544 (54.0)

Medication

● Proton pump inhibitor 161 (34.0) 290 (54.7) 451 (44.9)

● Vitamin D supplements 139 (29.3) 242 (45.7) 381 (37.9)

● Other vitamins 67 (14.1) 78 (14.7) 145 (14.4)

● Calcium supplements 104 (22.0) 199 (37.5) 303 (30.2)

● Furosemide 50 (10.5) 104 (19.6) 154 (15.3)

● Hydrochlorothiazide 28(5.9) 50 (9.4) 78 (7.8)

● Other diureticsc 5 (1.1) 20 (3.8) 25 (2.5)

● Phosphate-bindersd 0 (0) 20 (3.8) 20 (2.1)

Alcohol abusee 63 (13.3) 65 (12.1) 128 (12.7)

Notes: *All data are presented as N (%), unless otherwise specified. aEndocrine 
disease: hypo-hyperthyroidism, hypo-hyperparathyroidism, adrenal insufficiency, 
Cushing disease, Addison disease, multiple endocrine neoplasia (MEN), pheochromo-
cytoma. Diabetes mellitus not included. bRheumatic diseases: Rheumatic disease (eg, 
rheumatoid arthritis, polymyalgia rheumatica) or connective tissue disorder (eg, Lupus, 
Sjogren syndrome, erythrodermia, other connectivitis). cOther diuretics: potassium 
sparing (eg, spironolactone, eplerone, amiloride, triamterene) and acetazolamide. 
dPhosphate-binders or Phosphate-scavengers: Sevelamer (Renvela, Renagel) and 
others. eAlcohol abuse: known alcoholism or >3 drinks per day on a regular basis.

Table 2 Prevalence of Abnormal Calcium, Magnesium and Phosphorus Serum Level*

CHUL HDQ Total

Hypercalcemia 4.7 (3.0–7.2) 2.9 (1.7–4.9) 3.8 (2.7–5.2)
Hypocalcemia 9.9 (7.4–13.0) 18.0 (14.8–21.6) 14.1 (12.1–16.5)

Hypermagnesemia 4.6 (2.9–7.1) 7.0 (5.0–9.6) 5.9 (4.5–7.6)

Hypomagnesemia 12.5 (9.7–15.9) 21.4 (18.0–25.2) 17.2 (14.9–19.7)
Hyperphosphatemia 6.0 (4.1–8.7) 12.3 (9.7–15.6) 9.3 (7.6–11.4)

Hypophosphatemia 11.3 (8.6–14.7) 11.9 (9.3–15.2) 11.6 (9.7–13.9)

Note: *All data are presented as % (95% confidence interval).
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Discussion
We have identified predictive factors of serum calcium, 
magnesium and phosphorus abnormalities in the ED. In 
our cohort composed of 1008 adults for whom emergency 
physicians felt these tests were indicated, chronic kidney 
disease (hypocalcemia, hypermagnesemia and hyperpho-
sphatemia), diabetes (hypomagnesemia), alcohol abuse 
(hypocalcemia) and peripheral atherosclerotic disease 
(hyperphosphatemia) were associated with at least one 
calcium, magnesium or phosphorus abnormality. 
Similarly, we observed that these electrolytic abnormal-
ities were significantly associated with certain presenting 
complaints (eg, hypercalcemia with bone pain and hallu-
cinations), medications (eg, hypercalcemia with Vitamin 
D) and certain other test results (eg, hypocalcemia with 

Table 4 Protective and Risk Factors of Abnormal Calcium, 
Magnesium and Phosphorus Serum Level in the Emergency 
Departmenta

Abnormality Risk Factors Adjusted OR 
(95% CI)

Hypocalcemia Respiratory distress 3.3 (1.6–6.7)
Diuretics (other than 

furosemide and 
hydrochlorothiazide)

3.2 (1.3–8.4)

Hyperphosphatemia 3.0 (1.6–5.6)

Hypomagnesemia 2.6 (1.6–4.2)

Anti-neoplastic 

medication

2.3 (1.3–4.1)

Long QTc 2.0 (1.2–3.3)

Chronic kidney disease 2.0 (1.2–3.1)

Alcohol abuse 2.0 (1.1–3.4)

Abdominal pain 1.9 (1.2–3.1)

Hypophosphatemia 1.9 (1.1–3.3)

Hypermagnesemia 0.3 (0.1–0.9)

Hypercalcemia Bone pain 5.7 (2.0–15.8)
Hyperphosphatemia 4.6 (1.8–11.6)

Vitamin D 4.1 (2.0–8.6)

Hallucinations 3.9 (1.2–13.1)

Furosemide 0.1 (0.0–0.8)

Hypomagnesemia Diabetes 2.7 (1.8–3.9)

Hypocalcemia 2.3 (1.5–3.7)

Corticosteroids 2.2 (1.3–3.7)

Hypophosphatemia 1.8 (1.1–3.0)

Nausea 1.8 (1.2–2.7)

Calcium intake 1.6 (1.1–2.4)

Hypermagnesemia Hyperphosphatemia 5.9 (2.8–12.4)

Poor extremity 

perfusion

4.3 (1.6–11.3)

Chronic kidney disease 3.0 (1.4–6.3)

Furosemide 2.9 (1.3–6.4)

Hypocalcemia 0.2 (0.0–0.5)

Hypophosphatemia Seizure 4.0 (1.8–8.6)

Hypocalcemia 2.5 (1.5–4.3)

Hypomagnesemia 2.0 (1.2–3.2)

Female 0.6 (0.4–0.9)

Hyperphosphatemia Phosphate-binders 4.8 (1.4–15.9)

Hypermagnesemia 4.5 (2.1–9.5)

Hypercalcemia 4.2 (1.5–11.4)

Chronic kidney disease 4.1 (2.2–7.7)

Hypocalcemia 2.4 (1.2–4.6)

Peripheral vascular 

atherosclerotic disease

2.2 (1.1–4.6)

Abdominal pain 1.9 (1.1–3.4)

Ageb 0.98 (0.96–0.99)

Notes: aStatistically significant associations identified with stepwise selection algo-
rithm of logistic regression model, p value < 0.05. Predictive risk factors OR > 1/ 
Protective effect in italic, OR < 1. bContinuous variable.

Table 3 Most Frequent Presenting Complaints* and Signs in 
Patients Who Had a Calcium, Magnesium or Phosphorus 
Serum Level Measurement

n (%)

● Neurologica 656 (65.1)

Weakness 356 (35.3)
Altered mental status 215 (21.3)

Headache 125 (12.4)

Gait disturbance 97 (9.6)
Paresthesia 81 (8.0)

Seizure 47 (4.7)
Tremors 44 (4.4)

● Gastro-intestinal 477 (47.3)
Nausea/Vomiting 213 (21.1)

Abdominal pain 211 (20.9)

Anorexia 193 (19.1)
Constipation 46 (4.6)

Diarrhea 28 (2.8)

● Cardiovascular 205 (20.3)

Poor peripheral perfusion 80 (7.9)

Palpitations 73 (7.2)
Syncope/pre-syncope 66 (6.5)

Increased work of breathing or desaturation 62 (6.2)

● Musculoskeletal 232 (23.0)

Non specific musculoskeletal pain 213 (21.1)

Bone pain 41 (4.1)

● Miscellaneous
Weight loss 72 (7.2)
Fever 34 (3.4)

Depressive symptoms 29 (2.9)

Hallucinations 29 (2.9)

Notes: *Based on the Canadian Emergency Department Information Systems 
presenting complaint list. aCategories are not mutually exclusive.
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long QTc). Our data did not show any association of 
syncope or palpitations with calcium, magnesium and 
phosphorus abnormalities, conditions for which these 
tests are frequently ordered. These findings may help 
clinicians make wiser choices and to reduce unnecessary 
laboratory testing.

Taylor et al, in 2020, also retrospectively studied risk 
factors for abnormal levels of calcium, magnesium and 
phosphate in the ED. Their study population was from 
the ED of a tertiary referral hospital in a metropolitan 
area and included 1716 patients over a 6-month period. 
Some risk factors differ between our studies, but corrobo-
rate with the following: chemotherapy (stated as anti- 
neoplastic medication in our study) for hypocalcemia, 
diabetes for hypomagnesemia, chronic kidney disease for 
hypermagnesemia and hyperphosphatemia and seizure for 
hypophosphatemia.19

In 2013, Lindner et al published their work on the 
demographic and clinical characteristics of hypercalcemia 
in the ED. Their retrospective cohort study included 
14,984 patients for whom serum calcium levels had been 
electively drawn by ED physicians. They found that 
malignancy caused hypercalcemia almost half of the 
time.10 Weakness was the most frequent presenting symp-
tom of hypercalcemia, followed by nausea, somnolence 
and disorientation. In the present study, multivariate ana-
lyses showed bone pain to be predictive of hypercalcemia, 
but not cancer. However, about half of patients with hyper-
calcemia (48.6%) did have cancer, compared to 30% of 
normo-calcemic patients, and a significant association 
between hypercalcemia and cancer was found with the 
bivariate analyses. We conclude that calcium-testing is 
likely high yield in patients known to have neoplasia 
presenting with bone pain, weakness or nausea in the 
ED. Conversely, the possibility of malignancy should be 
considered in patients found to have hypercalcemia.

Our analyses found hypocalcemia to be related to 
respiratory distress in multivariate analyses. The main 
diagnoses for 12 out of 19 patients with respiratory dis-
tress were sepsis and pulmonary infections. Our results 
appear to support previous studies reporting that hypocal-
cemia correlates with severity of illness in critically ill 
septic patients.20,21

Even though abdominal pain is not considered 
a classical symptom of hypocalcemia, this association 
has previously been reported.22 The hypothesis underlying 
this manifestation is that low serum calcium level induces 
smooth muscle disorders, thus provoking abdominal pain. 
However, since our cohort was selected among patients 
who the physician judged may have a calcium and/or 
magnesium and/or phosphorus serum level abnormality, 
our results are not generalizable to all ED patients with 
abdominal pain. Therefore, a systematic search for cal-
cium, magnesium or phosphorus imbalances in all patients 
with abdominal pain, regardless of comorbidities and other 
clinical features, would presumably not be cost-effective.

Practice guidelines recommend ordering calcium and 
magnesium serum levels for new onset seizures.23,24 Our 
results do not seem to support this recommendation, as in 
our study seizures were only associated with hypopho-
sphatemia. However, the low number of patients with 
seizures included in our analyses (n=47) precludes any 
firm conclusion on that matter.

Most of our findings between medications and electro-
lyte anomalies are consistent with existing literature. 
Vitamin D increases gut calcium absorption; furosemide 
enhances renal calcium excretion; phosphate-binders bind 
to phosphate in the intestinal lumen, thereby decreasing 
serum phosphate absorption;16 the associations are thus 
intuitive with regards to pathophysiology and support our 
finding that furosemide is a protective factor against 
hypercalcemia. In addition, hypocalcemia has been pre-
viously described in patients taking spironolactone and 
anti-neoplastic medication.25 However, we did not find 
a correlate in the literature for the associations found 
between hypomagnesemia and corticosteroids or calcium 
intake. Also, the association we found between hypermag-
nesemia and furosemide use may seem counterintuitive. 
Indeed, loop diuretics are potential treatments for hyper-
magnesemia, and causes of hypomagnesemia.18,26

Recently, in 2020, Date et al investigated how often 
ordering calcium, magnesium and phosphorus serum 
levels changed ED management. They found only 3.0% 
(n=1716) of patients tested saw a change in their 

Table 5 Protective and Risk Factors of Corrective Interventions 
for Any Calcium, Magnesium or Phosphorus Abnormalitya

Risk Factors OR (95% CI)

Calcimimetics 10.8 (1.8–64.6)

Calcium intake 2.7 (1.6–4.5)

Poor peripheral perfusion 2.5 (1.3–4.9)
COPD 2.0 (1.1–3.6)

Nausea 1.9 (1.1–3.2)

Notes: Statistically significant associations identified with stepwise selection algo-
rithm of logistic regression model, p value < 0.05. Predictive risk factors OR > 1/ 
Protective effect in italic, OR < 1.
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management and stressed for the need to better target 
patients at risk of abnormal results.9 In 1997, Rose et al 
also published a retrospective study investigating this out-
come. They found that, of all the patients tested (n=1477), 
only 5.4% had their treatment affected by the results, 
compared to 6.9% in our own cohort. In their study, 
Rose et al demonstrated that three specific groups of 
patients were at higher risk for needing a corrective inter-
vention: diabetics (Ca,+2 PO4

−3), patients with renal failure 
(Ca,+2 Mg,+2 PO4

−3) and alcoholics (Mg+2). They subse-
quently recommended to limit the ordering of serum levels 
to these patients unless “confounding factors exist”.7 

Adopting a more comprehensive approach, we tried to 
identify those confounding factors through multivariate 
analyses, including not only comorbidities, but presenting 
symptoms and signs, regular medications and other diag-
nostic tests. In our own cohort with a high prevalence of 
multiple comorbidities, predictors of treatment for any 
imbalance include 1) COPD; 2) patients appearing acutely 
unwell (poor peripheral perfusion and nausea). 
Consequently, testing low-acuity patients, without or with 
few comorbidities, is not likely to be of benefit.

Finally, calcium, magnesium and phosphorus blood level 
testing was concomitantly performed in 93% of all patients, 
while only 12.2% had more than one electrolytic anomaly. 
ED doctors might consider testing one electrolyte at a time. 
However, this study and existing literature show that cal-
cium, magnesium and phosphorus anomalies are often inter-
related, particularly phosphate and calcium as they are 
regulated in concert.16 As a result, once predictive factors 
of any abnormalities are identified in patients, testing con-
comitantly for calcium, magnesium and phosphorus appears 
to be a reasonable approach.

Limitations
Our study has a few limitations. First, although patient med-
ical records are accessible sources of data, their use for 
research purposes is affected by the significant amount of 
missing information, and the inconstant legibility of physi-
cian notes. Secondly, we have identified risk factors on an ED 
population that emergency physicians felt were at higher risk 
for an electrolytic imbalance, based on their clinical judge-
ment. Testing all patients with the risk factors we identified 
for electrolyte abnormalities (eg, abdominal pain as 
a predictor of hypocalcemia) may be inappropriate.

Prevalence of calcium, magnesium and phosphorus 
anomalies in this study are similar to those reported in other 
studies. However, results should be considered with caution 

in this matter, since we measured the prevalence in patients 
who had their levels tested, not the whole ED population.

Furthermore, we mainly focused our attention towards 
abnormal laboratory values in this study, but it should be 
emphasized that simply because a test result is normal 
does not necessarily mean it was unnecessary.

Conclusion
In summary, chronic kidney disease is a strong predictive 
factor of calcium, magnesium and phosphorus anomalies in 
the emergency department, and has already been described as 
such in the past. Even though ED physicians often test for 
these anomalies in patients with palpitations and syncope, 
this study found no associations with electrolyte abnormal-
ities. Most importantly, even though patients regularly pre-
sent abnormal calcium, magnesium and phosphorus levels in 
the ED, they rarely require treatment. Based on our results, 
emergency physicians could reduce the unnecessary use of 
this type of blood level testing by targeting patients with 
high-acuity conditions (eg, poor extremity perfusion) and/or 
significant comorbidities (eg, CKD, COPD). These findings 
will help us derive and test a clinical decision rule for 
judicious use of calcium, magnesium and phosphorus 
serum testing in the ED. Further research is also needed to 
evaluate the impact of testing and treating these electrolyte 
imbalances on ED patient-centered health outcomes.
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Ca+2, calcium; COPD, chronic obstructive pulmonary disease; 
CHUL, Centre Hospitalier de l’Université Laval; ED, emer-
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−3, phosphorus; po, per os.
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