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Abstract

Background Hypocalcemia has been identified as a major distinctive feature of COVID-19, predicting poor clinical
outcomes. Among the mechanisms underlying this biochemical finding, high prevalence of vitamin D (VD) deficiency in
COVID-19 patients reported so far in several studies was advocated. However, robust data in favor of this hypothesis are still
lacking. Therefore, aim of our study was to investigate the role of hypovitaminosis D and parathyroid hormone (PTH) levels
in the development of hypocalcemia in COVID-19 patients.

Methods Patients admitted to IRCCS Ospedale San Raffaele for COVID-19 were enrolled in this study, excluding those
with comorbidities and therapies influencing calcium and VD metabolism. Serum levels of total calcium (tCa), ionized
calcium (Ca2+), 25-OH-VD, and PTH were evaluated at admission. We defined VD deficiency as VD below 20 ng/mL,
hypocalcemia as tCa below 2.2 mmol/L or as Ca>* below 1.18 mmol/L, and hyperparathyroidism as PTH above 65 pg/mL.
Results A total of 78 patients were included in the study. Median tCa and Ca>" levels were 2.15 and 1.15 mmol/L,
respectively. Total and ionized hypocalcemia were observed in 53 (67.9%) and 55 (70.5%) patients, respectively. VD
deficiency was found in 67.9% of patients, but secondary hyperparathyroidism was detected in 20.5% of them, only. tCa
levels were significantly lower in patients with VD deficiency and regression analyses showed a positive correlation between
VD and tCa.

Conclusions In conclusion, we confirmed a high prevalence of hypocalcemia in COVID-19 patients and we showed for the
first time that it occurred largely in the context of marked hypovitaminosis D not adequately compensated by secondary
hyperparathyroidism.
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Introduction

Hypocalcemia has been identified as a major biochemical
distinctive feature of COVID-19, predicting disease severity
and poor clinical outcomes [1-3]. Among clinical and
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biochemical features of COVID-19 initially reported in
Chinese studies, no data on calcium levels and mineral
metabolism were available [4-6]. In April 2020, we
reported the first case of severe acute hypocalcemia in a
previously thyroidectomized patient with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infec-
tion and COVID-19 was suggested as possible precipitating
cause of a subclinical postsurgical hypoparathyroidism [7].

Subsequently, several studies worldwide reported wide-
spread low calcium levels in patients with COVID-19 clo-
sely related to higher biochemical inflammation and
thrombotic markers, and negative prognosis including
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mortality [1, 3, 8—11], suggesting that calcium level may be
a useful laboratory marker of disease severity [3].

Despite the consistency of this biochemical finding
across different studies, the mechanisms underlying hypo-
calcemia in COVID-19 remain unclear. In fact, several
factors have been hypothesized to play a pathophysiological
role including calcium dependent viral mechanisms of
action, chronic and acute malnutrition during critical illness,
and high levels of unbound and unsaturated fatty acids
(UFAs) in inflammatory responses [3, 12—16]. Furthermore,
we previously hypothesized that hypovitaminosis D could
play a key role in its determinism [17, 18].

Our hypothesis was based on the accepted notion that
vitamin D (VD) is a crucial hormone for calcium home-
ostasis increasing intestinal calcium and phosphate
absorption [19] and on the high prevalence of VD defi-
ciency in COVID-19 patients reported by several studies
[20-27].

However, in hypovitaminosis D subjects, the compen-
satory increase in parathyroid hormone (PTH) (secondary
hyperparathyroidism) generally maintains eucalcemia [19].

The aim of this study was to investigate the role of VD and
PTH in the pathophysiology of hypocalcemia in COVID-19.

Methods
Study design

This was a retrospective substudy on a cohort part of the
COVID-BioB study of IRCCS San Raffaele Hospital in
Milano, Italy, which, as previously reported, complies with
the Declaration of Helsinki and was approved by the Hos-
pital Ethics Committee (protocol no. 34/int/2020) and
registered on ClinicalTrials.gov (NCT04318366) [28].
Briefly, adult patients seen at San Raffaele Hospital for
COVID-19 during the first wave of the pandemic (March 18
to May 5, 2020) were enrolled in the COVID-BioB study
after signing informed consent. COVID-19 was confirmed
by positive real-time reverse-transcriptase polymerase chain
reaction nasal and/or throat swab in the presence of clinical
and/or radiological findings suggestive of COVID-19
pneumonia. Patients admitted for other reasons and
subsequently diagnosed with superimposed SARS-CoV-2
infection were excluded [28]. Patients with exhaustive
information regarding concomitant comorbidities, chronic
therapies, and mineral metabolism biochemical evaluations
were included in this substudy cohort.

Data collection

For this substudy, the following variables were collected on
hospital admission: age, sex, body mass index (BMI),
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jonized serum calcium (Ca>") (measured on arterial blood
gas test and adjusted to a standardized pH of 7.4, RapidPoint
500 Analyzer, Siemens Healthcare, VA, USA, mmol/L),
serum not-corrected total calcium levels (tCa) (Roche Cobas
C 8000 WKC/MET/078 using o-cresolphthalein complex-
one method assay kit; mmol/L; coefficient of variation (CV)
3%), 25-OH-VD (Roche Cobas 8000 WKC/MET/036 using
electrochemiluminescence immunoassays (ECLIA); ng/mL;
CV 5%), PTH (PTH 1-84 Roche Cobas C 8000 WKC/MET/
034 ECLIA; pg/mL; CV 6%), and estimated glomerular
filtration rate (eGFR, as estimated by the CKD-EPI equation
and expressed as mL/min/1.73 m?) on admission to the
emergency department (ED). As previously reported [29],
information on comorbidities at admission (including pre-
vious diagnosis of hypertension, osteoporosis, diabetes
mellitus, coronary artery disease [CAD], and chronic kidney
disease [CKD]) and clinical outcomes (discharge from ED
or hospital ward, needs for noninvasive mechanical venti-
lation, admission to intensive care unit, and mortality rate)
for all patients enrolled in our main cohort as well as for
those part of this substudy were collected. Exclusion criteria
were the same for the main cohort [29] (patients with
comorbidities and concomitant active therapies influencing
calcium metabolism including chronic glucocorticoids and
antiepileptic drugs, VD/calcium, loop/thiazide diuretics) but
due to the potential interference of altered renal function and
advanced age on the PTH/VD/calcium axis [30, 31], we did
not include in this substudy data from patients of our main
cohort [29] with previous diagnosis of CKD or eGFR <
60 mL/min/1.73 m* using creatinine levels at initial evalua-
tion, and patients older than 75 years.

VD deficiency was defined as previously reported for the
main cohort, in which the VD levels reported for patients in
this substudy were included [29] as 25-OH-VD level below
20 ng/mL, according to the cutoff values reported by
Sempos et al. [32]. Hypocalcemia was defined as a Ca*"
level below 1.18 mmol/L or as a tCa level below 2.2 mmol/
L [33]. Hyperparathyroidism was defined as a PTH level
above 65 pg/mL [34].

Statistical analysis

Descriptive statistics were obtained for all study variables.
Categorical variables were summarized as counts and per-
centages. Kolmogorov—Smirnov normality test was per-
formed (p < 0.05) and continuous variables were expressed
as medians and interquartile range (IQR) [25th—75th per-
centile]. Fisher exact test or y2 test and the Wilcoxon
signed-rank test or the Kruskal-Wallis test were employed
to determine the statistical significance of differences in
proportions and medians, respectively. Linear regression
analyses were used to correlate continuous variables.
All statistical tests were two-sided. A p value of <0.05 was
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considered statistically significant. Statistical analysis was
conducted using IBM SPSS Statistics IBM SPSS Statistics
for Windows, Version 23.0. Armonk, NY: IBM Corp.).

Results
Demographics

Seventy-eight COVID-19 patients (part of a previously
reported main cohort [29]) were included in the study.
Demographic characteristics and disease outcomes of main
cohort were previously summarized [29]. Median age of the
subgroup of patients included in this study was 55.9
[48.5-64.5] years and 66.7% of patients were male. Twenty-
three patients (29.5%) were affected by arterial hypertension,
15 (19.2%) by diabetes mellitus, and 7 (9%) by CAD. Using
creatinine levels detected at hospital admission, median
eGFR level was 100 [85-108] mL/min/1.73 m.

Mineral metabolism

Median tCa and Ca*" levels were 2.15 [2.05-2.23] and 1.15
[1.1-1.18] mmol/L, respectively (Table 1). Total and
ionized hypocalcemia were observed in 53 (67.9%) and 55
(70.5%) patients, respectively (Table 1).

Male patients presented median tCa and Ca’" levels of
2.11 [2.05-2.19] and 1.13 [1.1-1.18] mmol/L, respectively,
compared to female patients presenting median tCa and Ca*
levels of 2.2 [2.15-2.26] and 1.16 [1.12-1.17] mmol/L,
respectively, (p =0.012 and p =0.29).

Median VD level was 16.4 ng/mL [12.6-24]. VD defi-
ciency was found in 53 (67.9%) patients.

Male patients presented a median VD level of 16.1 ng/mL
[10.5-19.5] compared to female patients presenting a med-
ian VD level of 19.7 ng/mL [13.2-24.5] (p =0.048). Age
was similar in patients with VD deficiency vs sufficiency
(55.5 [49-63] vs 58.3 [47-69] years, p = 0.6).

Table 1 Mineral metabolism evaluation in COVID-19 patients

Variables No. (%)—median (IQR)

Total calcium levels, mmol/L 2.15 (2.05-2.23)

Hypocalcemic 53 (67.9%)
Tonized calcium levels, mmol/L 1.15 (1.1-1.18)
Hypocalcemic 55 (70.5%)
25-OH-vitamin D, ng/mL 16.4 (12.6-24)
Deficiency 53 (67.9%)
Parathyroid hormone, pg/mL 45.9 (36.5-63.3)
Hyperparathyroidism 16 (20.5%)

No. number, IQR interquartile range

tCa levels were significantly lower in patients with VD
deficiency vs sufficiency (2.12mmol/L [2.05-2.21] vs
2.18 mmol/L. [2.13-2.28]; p=0.018) (Table 2). On the
other hand, a trend toward lower VD levels in tCa-
hypocalcemic patients vs tCa-normocalcemic patients
(16.2 ng/mL [10.9-21.4] vs 18.5 ng/mL [13-28.8]; p =0.1)
(Table 2) was observed. No statistical differences on Ca’*
levels between VD deficiency and sufficiency groups were
found (Table 2).

Median PTH level was 45.9 pg/mL [36.5-63.3]. In only
16 patients (20.5%) was found secondary hyperparathyr-
oidism (Table 1).

Male patients presented a median PTH level of 49.1 pg/mL
[39.7-64.6] compared to female patients who had median
PTH level of 40.7 pg/mL [28-53.4] (p = 0.027). No statistical
differences were observed in secondary hyperparathyroidism
rate occurrence between male and female patients (23% vs
15.4%, p =0.55).

We found no significant differences in serum PTH levels
between patients with VD deficiency vs sufficiency and
between Ca’"-hypocalcemic vs Ca*-normocalcemic
patients (p=0.1, p=0.19; respectively), although we
found significantly higher PTH levels in tCa-hypocalcemic
patients compared to tCa-normocalcemic patients (46 pg/
mL [38.6-65.6] vs 44 pg/mL [29.2-53.6], respectively; p =
0.048) (Table 2).

Significantly lower tCa and Ca®" levels were found in
patients with increased vs normal PTH levels (p =0.017,
p =0.029; respectively), while no differences were found
regarding VD (p = 0.3) (Table 2).

Linear regression analyses showed statistically sig-
nificant positive correlation between VD and tCa (p =
0.043; r=0.23) and negative correlations of PTH with tCa
(p=0.001; r=-04) and Ca*" (p=0.008; r=—0.35)
(Fig. 1). Non-significant negative correlation between VD
and PTH (p =0.09; r = —0.18) was also detected. A strong
positive correlation was found between tCa and Ca’" (p <
0.001; r=0.62) Fig. 1). No statistically significant corre-
lations were observed between PTH and either age or BMI.

Discussion

An emerging osteo-metabolic phenotype [35] characterized
by low calcium and VD levels as well as by increased risk
of vertebral fractures was recently reported among the most
prominent endocrine and metabolic conditions in COVID-
19 [36-38].

Our data confirmed hypocalcemia as one of the most
frequent biochemical finding in COVID-19 patients, as
previously reported in the literature [1-3, 39].

Several authors hypothesized different possible patho-
physiological mechanisms underlying COVID-19-related
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Table 2 Differences among
mineral metabolism biochemical
features in COVID-19 patients

Variables p value
VD deficiency VD sufficiency

tCa levels, mmol/L 2.12 (2.05-2.21) 2.18 (2.13-2.28) p=0.018

Ca’* levels, mmol/L 1.14 (1.1-1.18) 1.16 (1.12-1.18) p=024

PTH levels, pg/mL 49.1 (39.1-64.8) 41.8 (30.2-63.1) p=0.1
tCa-hypocalcemic tCa-normocalcemic

VD levels, ng/mL 16.2 (10.9-21.4) 18.5 (13-28.8) p=0.1

PTH levels, pg/mL 46 (38.6-65.6) 44 (29.2-53.6) p =0.048
Ca’*-hypocalcemic Ca’*-normocalcemic

VD levels, ng/mL 16.3 (12.8-23) 16.8 (10.8-28.1) p=041

PTH levels, pg/mL 46 (36.7-64.8) 44.1 (26.1-53.2) p=0.19
Hyperparathyroid Normal PTH

tCa levels, mmol/L 2.05 (1.93-2.17) 2.16 (2.07-2.24) p=0.017

Ca®* levels, mmol/L 1.1 (1.09-1.14) 1.16 (1.12-1.18) p =0.029

VD levels, ng/mL 16.1 (10.3-21.8) 16.5 (13.2-24.1) p=03

P values reported in bold are statistically significant.VD vitamin D, ¢Ca total calcium, Ca**

PTH parathyroid hormone

ionized calcium,
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hypocalcemia, including calcium depletion due to viral
replication mechanisms, malnutrition during critical illness,
and UFAs role in inflammatory response [3].

We and others also hypothesized that chronic preexisting
hypovitaminosis D may predispose to hypocalcemia in
COVID-19. In fact, Sun et al. previously reported in 26
COVID-19 patients a median [IQR] VD level of 10.20 ng/mL
[8.20-12.65] and all patients were affected by hypovitaminosis
D [8]. The median [IQR] serum calcium level in these 26
patients was 2.13 mmol/L [2.03-2.16], and correlation analyses
showed a positive association between calcium and VD levels.

In accordance with these findings, in our study we observed
lower calcium levels in patients with VD deficiency compared
to those with sufficient levels, and, conversely, in hypocalcemic
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tCa (mmol/L)

patients were found lower levels of VD compared to those
normocalcemic. Furthermore, linear regression analyses
showed a positive correlation between VD and calcium levels.
These findings suggest that hypocalcemia in COVID-19
patients may be an epiphenomenon of the widespread hypo-
vitaminosis D which can in turn represent the link between
hypocalcemia and negative outcomes in this clinical context
[1, 18, 35].

As a matter of facts, chronic hypovitaminosis D is
demonstrated to alter calcium metabolism reducing the
intestinal absorption of calcium and phosphorus, and
COVID-19 may trigger and/or exacerbate hypocalcemia
occurrence in patients affected, particularly in those with
hypovitaminosis D and severe infection [40, 41].
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Interestingly, we showed that hypocalcemia occurred
prevalently in a context of a marked hypovitaminosis D not
adequately compensated by secondary hyperparathyroid-
ism. Despite most of patients in our cohort presented VD
deficiency and hypocalcemia, only one-fifth of them had
secondary hyperparathyroidism.

Our findings are in agreement with previously pub-
lished studies showing a high prevalence of hypovita-
minosis D and hypocalcemia in COVID-19 patients
concomitantly with a low rate of secondary hyperpar-
athyroidism. Herndndez et al. reported a PTH median
level of 44.2 pg/mL in 162 COVID-19 patients with VD
levels below 20 ng/mL [25]; Mazziotti et al. reported
secondary hyperparathyroidism occurrence in only 43.3%
of 97 COVID-19 patients characterized by a median VD
level of 21 ng/mL [26]; finally, a very recent study
reported PTH levels slightly above the normal range
(mean level 63.5 pg/mL) in COVID-19 patients with VD
levels below 20 ng/mL [27].

These findings seem to confirm the central role of PTH
impaired secretion as a strong predictor of acute hypo-
calcemia occurrence, especially in patients affected by
chronic hypovitaminosis D and consequently at higher risk
to develop hypocalcemia. Interestingly, preexisting hypo-
vitaminosis D is able to predict poor PTH compensatory
response also in other clinical settings such as in post-
thyroidectomy hypocalcemia [42].

The mechanism underlying the blunted PTH response
to hypovitaminosis D and hypocalcemia in COVID-19 is
yet to be understood. In fact, parathyroid gland function
may be impaired during systemic critical illness and
inflammatory response with increased circulating cyto-
kines [43].

Moreover, previous studies conducted during severe
acute respiratory syndrome epidemic in 2003, evaluating
tissue samples of patients died of SARS, identified viral
RNA and antigenic materials in parathyroid gland acid-
ophilic cells and expression of angiotensin converting
enzyme 2 receptors in parathyroid glands cells has been,
although not consistently, reported [44—46]. Moreover, in
COVID-19, acute worsening of previous well-tolerated
primary and/or postsurgical hypoparathyroidism leading to
severe hypocalcemia has been reported [7, 47], supporting
the hypothesis that widespread hypocalcemia in COVID-
19 may derive from a preexisting hypovitaminosis D no
more adequately compensated by PTH increase during the
SARS-CoV-2 infection.

Moreover, as previously reported, we observed lower
levels of VD [48] and calcium [1] in male patients com-
pared to female subjects. Interestingly, in male subjects,
despite the above findings, only a modest increase in
PTH, as compared to females, was observed with no
significant sex differences in prevalence of secondary

hyperparathyroidism, supporting the hypothesis of a
suboptimal compensatory PTH response in COVID-19
patients.

Limitations of this study are: firstly, its retrospective
and cross-sectional nature, which did not allow us to
evaluate the longitudinal modifications of these biochem-
ical parameters during disease progression and recovery;
secondly, the relatively limited number of patients enrolled
due to the strict and rigorous inclusion and exclusion cri-
teria used; thirdly, the evaluation of not-corrected tCa
levels since albumin levels were not available (although
we included ionized calcium levels analysis); and finally,
the lack of data on magnesium levels since the latter were
sporadically reported to be decreased in COVID-19
patients [49]. However, it should be noted that hypo-
magnesemia generally increases PTH secretion and it
could hardly explain the impaired compensatory response
of PTH observed in COVID-19 patients. Keeping these
limitations aside, this is the first study to our knowledge
providing mechanistical explanation for hypocalcemia in
COVID-19 patients. Therefore, low calcium levels may be
an easy to obtain and reliable in emergency conditions
marker of VD deficiency which can in turn have, due to the
known immune functions of VD [41], negative impact on
patient prognosis. Finally, VD prophylaxis in high-risk
populations (elderly patients with comorbidities) besides
its positive immunomodulatory actions [31, 50, 51] may
also be thought to be able to prevent severe acute hypo-
calcemia, if endogenous PTH/VD axis is disrupted by the
infection, which may have an additionally negative prog-
nostic impact [36].

In conclusion, we report for the first time that the highly
prevalent low VD is a relevant predisposing factor to hypo-
calcemia in COVID-19 and that a blunted compensatory PTH
response possibly directly related to SARS-CoV-2 infection
may facilitate the occurrence of hypocalcemia in these patients.
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