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Coronavirus disease 2019 (COVID-19) has various manifestations on different body organs, including the lungs, heart, kidneys,
and central nervous system. However, the frequency of electrolyte abnormalities, especially hypophosphatemia, is still debated in
this pandemic. Our main aim in this review is to evaluate the frequency and complications of hypophosphatemia in COVID-19-
infected individuals. A systematic literature review was performed in Web of Science, Scopus, PubMed, EMBASE, and Cochrane
electronic databases with the combination of different keywords till October 2021. We recruited all relevant published records
(including cross-sectional and case-control studies as well as editorials and brief reports) assessing hypophosphatemia among
patients with COVID-19 infection. After assessing all 928 recruited records and discarding duplicates, 4 records met the
inclusion criteria. Three articles were further included during a manual search of the literature. Overall, the included studies
reported 1757 subjects (males: 51.3%), with the mean age ranging from 37.2+13.6 years to 65.9+13.9 years.
Hypophosphatemia prevalence has been reported from 7.6% to 19.5%. Patients with the severe status of COVID-19 had a
higher prevalence of low serum phosphate levels than those with moderate infection. This review indicates that
hypophosphatemia might be categorized as a complication in clinical settings during the COVID-19 pandemic, requiring a
high clinical suspicion to implement appropriate diagnostic and therapeutic interventions to prevent life-threatening outcomes.
However, it needs to be more elucidated by further studies whether hypophosphatemia in severe COVID-19 is directly related
to COVID-19 or is just a complication of severe illness.

1. Introduction

Coronavirus disease 2019 (COVID-19) is now a worldwide
healthcare concern [1]. Although remarkable improvements
in medical care, health promotion programs, and preventive
strategies using modern technologies have been made since
the emergence of this virus, the disease is still taking lives
and negatively affecting individuals’ mental health due to
the disease itself or the lockdown and the consequent restric-
tions [2, 3]. COVID-19 is more than a simple respiratory

viral infection. Cardiovascular, renal, hematologic, and met-
abolic disturbances have resulted in physicians’ complicated
course of management [4]. The situation may become more
complicated in COVID-19 subjects with special baseline
conditions, including renal failure and pregnancy, leading
to considerable physiological alterations [5]. COVID-19 is
associated with many abnormalities in vitamins, electrolytes,
trace elements, and acid-base homeostasis [6-9]. Electrolyte
abnormalities are a common complication observed in
COVID-19 infection due to renal, gastrointestinal,
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metabolic, and adrenal disturbances [6, 10-13]. Among dif-
ferent electrolyte abnormalities, hypophosphatemia is a less
considered phenomenon in which several organs might be
affected and easily overlooked by the symptoms of the dis-
ease [14]. Hypophosphatemia, by itself, is a rare disorder
mostly observed in hereditary conditions such as hereditary
hypophosphatemic rickets. However, it may also be a com-
plication of many diseases such as primary and secondary
hyperparathyroidism, vitamin D deficiency, acute respira-
tory alkalosis, and refeeding syndrome [15]. Hypophospha-
temia may occur in critically ill patients admitted to the
intensive care unit (ICU) due to respiratory failure, massive
burns, and renal disorders [16-18]. Hypophosphatemia
could exacerbate the course of disease in such patients [19,
20]. It has been reported that up to 5% of patients admitted
to hospitals might experience hypophosphatemia despite not
showing clinical symptoms [21]. Serum phosphate levels
lower than 2.5mg/d] may manifest with various organ dis-
turbances [21]. Several studies indicate that hypophosphate-
mia might be associated with an increased mortality rate
among severely ill patients and delay the weaning time in
intubated patients suffering from pneumonia [20]. Also,
respiratory, cardiovascular, and hematologic disorders are
common manifestations of deep hypophosphatemia [14].
Thus, it could be hard to distinguish the exact cause of these
complications. However, the correction of hypophosphate-
mia might reverse the course of the disease. In this system-
atic review, we aimed to gather the available reports of
hypophosphatemia in COVID-19 to better understand the
probable pathophysiological mechanisms, incident, and sub-
sequent management strategies.

2. Methods

This study was designed and reported according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) protocol [22]. We also registered the
current review in the International Prospective Register of
Systematic Reviews (PROSPERO) database registry
(CRD42021255908). It was conducted to review the avail-
able literature in terms of hypophosphatemia in COVID-
19 patients. The study question was “what is the role, inci-
dence, complications, and prognosis of hypophosphatemia
in COVID-19 patients.” Therefore, the eligibility criteria
for study inclusion were defined as any clinical observational
human studies (including cross-sectional and case-control
studies as well as editorials and brief reports) reporting the
frequency, complications, and prognosis of hypophosphate-
mia in the COVID-19 pandemic.

We conducted literature searching in different databases
including Web of science, Scopus, PubMed, EMBASE, and
Cochrane with the following items: (Hypophosphataemia
OR hypophosphatemia OR hypophosphoremia OR fosfor
OR phosphor OR phosphorus OR “inorganic orthophos-
phate” OR “inorganic phosphate” OR “inorganic phospho-
rus” OR orthophosphate OR phosphate® OR electrolyte™)
(in title) AND (“2019 novel coronavirus disease” OR “2019
novel coronavirus infection” OR “2019-nCoV disease” OR
“2019-nCoV infection” OR COVID OR “COVID 19” OR
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“COVID 2019”7 OR “COVID-19” OR “COVID19” OR
“SARS coronavirus 2 infection” OR “SARS-CoV-2 disease”
OR “SARS-CoV-2 infection” OR “SARS-CoV2 disease” OR
“SARS-CoV2 infection” OR “SARSCoV2 disease” OR
“SARSCoV2 infection” OR “Wuhan coronavirus disease”
OR “Wuhan coronavirus infection” OR “coronavirus disease
2019” OR “nCoV 2019 disease” OR “nCoV 2019 infection”
OR “novel coronavirus 2019 disease” OR “novel coronavirus
2019 infection” OR “novel coronavirus disease 2019” OR
“novel coronavirus infection 2019”) (in title, abstract) NOT
Chloroquine (in title, abstract). We did not consider any
time or language limitations during database searching. Case
reports, case series, animal studies, or any records with
incomplete data were excluded. Additionally, we manually
reviewed the references of included studies. We updated
our database search during the manuscript preparation pro-
cess to consider any newly published article. The flow dia-
gram of the study selection process is provided in Figure 1.

Two independent authors screened records, and relevant
articles were selected for abstract and full-text review, as
appropriate. Discrepancies were solved by consensus. In
order to assess the risk of bias, we used the Appraisal tool
for Cross-Sectional Studies (AXIS tool) [23] and Joanna
Briggs Institute (JBI) critical appraisal tools, as appropriate
[24]. The following items were extracted from eligible
records: first author’s name, design of the study, sample size,
gender, age (mean + standard deviation or median and inter-
quartile range, as reported), phosphate levels, criteria for
hypophosphatemia diagnosis, hypophosphatemia frequency,
disease severity classification, and laboratory and clinical
outcomes.

3. Results

3.1. Article Inclusion and Data Extraction. Our primary
database search resulted in 928 records. After removing the
duplicate items, 657 studies remained, and all records were
screened regarding title relevancy. Sixteen articles were cho-
sen for abstract review. Finally, four records on 438 patients
were eligible, and their information was extracted. More-
over, during the article preparation period, we included 3
newly published articles (not published at the time of pri-
mary search) by manually reviewing the databases and refer-
ences with a total of 1319 subjects, resulting in 7 articles with
overall 1757 subjects.

3.2. Study Characteristics and Risk of Bias. Six out of the
seven recruited studies had cross-sectional designs. The
study by Pal et al. was designed as a case-control study
[25]. The study by Chen et al. had the largest study popula-
tion with 823 subjects and the smallest sample of 32 subjects
in the study by Xue et al. [26, 27]. Four studies compared the
serum phosphate mean between study groups [25, 27-29],
and three studies reported the outcomes of COVID-19 and
laboratory findings between patients with or without hypo-
phosphatemia [26, 30, 31]. The studies by Chen et al. and
Wang et al. defined hypophosphatemia as serum phosphate
levels below 0.8 mmol/l. Yang et al. defined hypophosphate-
mia as serum phosphate levels below 0.85mmol/l [26, 30,
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FIGURrk 1: Flow diagram of the current study.

31]. The summary of the risk of bias assessment of the
recruited studies is shown in the supplementary appendix
(Table S1 and S2).

3.3. Synthesis of Results. Regarding the heterogeneity of the
populations and different patient classifications as well as
measured outcomes, performing a meta-analysis was not
possible. Table 1 provides the detailed extracted information
of recruited articles. Studies by Wang et al. and Chen et al.
on 435 and 823 subjects, respectively, revealed that hypo-
phosphatemia was associated with higher mortality rates in
COVID-19-infected patients. Yang et al, in a study on 226
subjects, attempted to discover the ability of serum calcium
and phosphorus for discriminative diagnosis of severe
COVID-19. The authors reported a higher prevalence of
hypophosphatemia in severe and critical COVID-19
patients. They indicated that lower serum phosphate levels
correlate with liver impairment, lactic acidosis, serum crea-
tine kinase, and C-reactive protein (CRP) [31].

In contrast, Pal et al., in a study comparing nonsevere
COVID-19 patients with healthy controls, reported that
phosphate did not correlate with CRP levels. However, they
indicated that among nonsevere COVID-19 patients, there
was a lower serum phosphate level than the normal popula-
tion [25]. Javdani et al., in a study on 36 subjects, concluded
that patients with the COVID-19 Reporting and Data Sys-
tem (CORADS) scores of V and IV had remarkably lower
serum phosphate levels compared to those with CORADS
scores of II and III. They also postulated that serum phos-
phate levels higher than 4.5 mg/dl were associated with bet-
ter high-resolution computed tomography (HRCT) reports
[29]. Xue et al. reported a high incidence (50%) of hypopho-
sphatemia in severe and critical COVID-19 patients. They

also suggested that phosphate levels might be correlated with
absolute lymphocyte counts. Their results were in favor of
the study by Yang et al., which indicated that combining
serum phosphate levels with lymphocyte count could effec-
tively help determine the prognosis of COVID-19. These
findings might support the theory that hypophosphatemia
could exacerbate the leukopenia in COVID-19 [27]. Arenas
et al. performed a study on patients suffering concurrently
from renal diseases and COVID-19 and found lower serum
phosphate levels in confirmed COVID-19 patients than in
suspected patients. They postulated that hypophosphatemia
might result from malnutrition in these patients [28]. Chen
et al. reported that hypophosphatemia is an independent
risk factor for acute kidney injury (AKI). They also indicated
that renal tubular dysfunction might be the cause of renal
phosphate loss [26].

4. Discussion

Dysregulation in serum phosphate levels in COVID-19
patients may be associated with several pathophysiological
mechanisms [14]. Various clinical conditions, particularly
in critically ill and intensive care unit (ICU) patients, are
accompanied by low serum phosphorus. The etiology of
hypophosphatemia is complex and multifactorial [15]. The
classic classification of the etiology of hypophosphatemia is
categorized as three main mechanisms that could play a role
in the phosphate metabolism disturbances in COVID-19
(Figure 2).

4.1. Hypophosphatemia due to Inadequate Intake. Gastroin-
testinal involvement in COVID-19 is a common finding,
usually manifesting as nausea, vomiting, and diarrhea,
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FIGURE 2: Potential risk factors associated with hypophosphatemia in COVID-19. Green color: associated with low intake and
malabsorption. Vitamin D deficiency decreases intestinal and renal phosphate absorption. Malnutrition could be mostly secondary to
chronic diseases, including end-stage renal disease, pulmonary diseases, or malignancy. Red color: associated with increased renal
excretion of phosphate. Carbonic anhydrase inhibitors, thiazides, and furosemide are among the most common effective factors in
hypophosphatemia induction. Proximal tubular damage in COVID-19 infection might be attributed to renal phosphate loss. Blue color:
associated with cellular shift mechanism. Volume overload is mainly seen in the setting of heart failure. Respiratory alkalosis results in
cellular glycolysis and further phosphate shift into the cells. Glucocorticoids reduce the renal reabsorption of phosphate in addition to
the effects on glucose synthesis. Catecholamine release through induction of glycogenolysis could cause hypophosphatemia. Insulin
therapy increases cellular phosphate demand to produce high-energy phosphate bonds, ultimately resulting in hypophosphatemia.

leading to water and electrolytes disturbances [32]. As
hypothesized by Xue et al., intestinal mucosal inflammation
may contribute to the malabsorption of macro- and micro-
nutrients. Moreover, the complex interconnection between
obesity and hypophosphatemia attracts special consideration
as most hypophosphatemic patients with severe or critical
COVID-19 were overweight male adults [27].

4.2. Hypophosphatemia due to Renal Loss. Renal impairment
may cause both hypo- and hyperphosphatemia in patients.
Although the prevalence of hyperphosphatemia in patients
on dialysis is higher than hypophosphatemia, on the con-
trary, Arenas et al. reported a high incidence of hypopho-
sphatemia in COVID-19 patients with concurrent end-
stage renal diseases (ESRD). They postulated that this find-
ing might be explained by severe malnutrition in ESRD
patients with COVID-19 [28]. Other suggested mechanisms
associated hypophosphatemia with renal dysfunction [26].
AKI may follow the course of COVID-19 through several
mechanisms [13]. Prerenal AKI may occur due to severe
dehydration and sequestration of water in the pulmonary
interstitial tissue. However, the most common cause of renal
impairment in patients infected with COVID-19 has been
reported to be proximal tubulopathies, either vascular
induced or by direct viral invasion, consequently resulting
in electrolyte loss and further complications [33]. Chen

et al. reported hypophosphatemia as an independent risk
factor for AKI in COVID-19. They further indicated that
renal proximal tubular dysfunction is a common finding in
patients with renal dysfunction in COVID-19. They also
reported the association between renal proximal tubular dys-
function and hypophosphatemia incidence [26]. Moreover,
in a recent study on 41 COVID-19-infected patients without
AKI or CKD, the authors reported a remarkable renal elec-
trolyte loss related to renal tubular dysfunction [34].

On the other hand, the effect of COVID-19 on vitamin
D, calcium, and phosphorus homeostasis is suggested to be
associated with phosphate metabolism disturbances. Vita-
min D depletion is common in severely ill COVID-19
patients [7]. The connection between abnormal kidney func-
tion, abnormal vitamin D metabolism, and hypophosphate-
mia has been demonstrated in a recent study done by
Povaliaeva et al. [35]. The authors indicated that patients
with severe COVID-19 had abnormal vitamin D metabo-
lism, higher serum creatinine levels, and lower serum phos-
phate levels [35]. Several mechanisms have been proposed to
explain the role of vitamin D in COVID-19. Regarding the
immune-modulatory effect of vitamin D, the role in the
function of the immune system during COVID-19 has been
widely discussed [36]. However, the effects of vitamin D on
calcium, magnesium, and phosphorus homeostasis are less
investigated. Vitamin D deficiency may cause low serum
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calcium and phosphate levels due to renal loss and intestinal
malabsorption [14]. In response to low serum calcium levels,
the parathyroid hormone (PTH) increases the bone reab-
sorption, renal reabsorption, and intestinal absorption of
calcium but concurrently increases renal phosphate loss
[14]. In this regard, Pal et al. compared serum phosphorus
levels in COVID-19 patients with age, sex, and vitamin D
matched healthy controls. They found lower phosphorus
levels among COVID-19 patients [25]. This finding con-
trasts with the previously proposed mechanisms for the role
of vitamin D deficiency in phosphate metabolism distur-
bances in COVID-19 infection. However, more detailed
investigations are needed to elucidate the interconnection
between COVID-19, vitamin D, and phosphate metabolism.

4.3. Hypophosphatemia due to Cellular Shift. Xue et al. dis-
cussed the effect of stress response and severe systemic
inflammation in COVID-19 patients as a contributor to
hypophosphatemia [27]. Inflammation resulting from cyto-
kine storms in COVID-19 poses a significant obstacle to
normal cellular energy metabolism. Heavy oxidative stress
combined with mitochondrial dysfunction leads to severe
depletion of cellular adenosine triphosphate (ATP). The
response to ATP depletion and impaired oxidative ATP syn-
thesis results in upregulation of the glycolysis pathway
requiring inorganic phosphors in the first step of enzymatic
phosphorylation as well as increasing the cellular phosphate
demand and the consequent hypophosphatemia. On the
other hand, the insulin resistance caused by severe systemic
inflammation provokes hyperinsulinemia which could also
cause hypophosphatemia due to cellular shift [37].
Complications of hypophosphatemia are generally attrib-
uted to major consequences of cellular phosphate depletion
as follows: the impairment in cellular ATP metabolism causes
systemic tissue and organ dysfunction and increased affinity of
hemoglobin to oxygen due to the fall in the 2,3-bisphospho-
glycerate (2,3-BPG) concentration in red blood cells (RBC)
which might exacerbate the cellular stress condition due to
hypoxia [14]. In clinical settings, hypophosphatemia might
be associated with neurologic dysfunction, respiratory and
cardiovascular failure, renal failure, hematologic disorders,
and musculoskeletal and smooth muscle dysfunctions [38].
In the context of COVID-19, hypophosphatemia could
exacerbate the disease course through several mechanisms.
The hypoxia due to pulmonary dysfunction accompanies
2,3-BPG depletion and cellular damage and triggers cardiac
injury [11, 27]. The immune system dysfunction in
COVID-19 is very complex and not fully understood. How-
ever, many abnormalities in trace elements, vitamins, and
electrolytes are reported to correlate with immune system
dysfunction in COVID-19 [27, 39, 40]. The role of hypopho-
sphatemia in immune system dysfunction is a matter of
debate. Studies indicate a positive relation of the CD4/CD8
ratio with serum phosphate levels in patients with pneumo-
nia which might be consistent with the reduced CD4/CD8
ratio in COVID-19 [27]. In two separate studies, Heidarpour
et al. [12] and Gaasbeek and Meinders [15] indicated the
correlation between lower serum phosphate levels and leu-
kocyte count in COVID-19 patients. Moreover, hypopho-
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sphatemia in COVID-19 patients may be a major
contributor to other hematologic disturbances, including
neutropenia [14].

Previous studies had associated the adverse outcomes of
COVID-19 with dysregulated cellular and mitochondrial
metabolism and proposed different targets for intervention
to ameliorate the severe mitochondrial dysfunction in
COVID-19 [41]. The effect of hypophosphatemia on energy
metabolism in respiratory muscles might induce early respi-
ratory failure, ultimately leading to intubation and further
poor outcomes in intubated patients [14]. The direct impact
of hypophosphatemia on lung tissue includes early cell apo-
ptosis due to severe ATP depletion and possibly reduced
surfactant secretion leading to acute respiratory distress syn-
drome (ARDS) [29]. Cardiovascular complications associ-
ated with COVID-19 result from complex myocardial and
endothelial damage due to hypoxia, severe oxidative stress,
drug intoxication, and viral invasion. Hypophosphatemia
may worsen this situation by reducing the myocardial cellular
ATP synthesis and endothelial dysfunction, contributing to
cardiomyopathy and ischemia [38]. Renal injury, as a rela-
tively common incident in severely ill COVID-19 patients,
might be associated with proximal tubular dysfunction con-
tributing to hypophosphatemia and be the consequence of
hypophosphatemia in COVID-19 [33]. Although the neurolo-
gic manifestations of this virus are a subject of debate, it is
clearly defined that hypoxia, in combination with endothelial
dysfunction and blood-brain barrier dysfunctions, are major
factors that occur in the context of hypophosphatemia. Thus,
hypophosphatemia may be an aspect of the pathophysiology
of neurologic disorders related to COVID-19 [15, 14, 19].

Assuming COVID-19 as a systemic disease that mainly
affects cellular metabolisms by severe oxidative stress and
hypoxia, hypophosphatemia is a major complicit or imitator
in many serious complications of the disease [42]. The man-
ifestations reported correlating with hypophosphatemia dur-
ing COVID-19 infection are provided in Figure 3.

Although there are heterogeneous reported results about
the incidence and complications of hypophosphatemia in
COVID-19, the fact that serum phosphate levels are nega-
tively correlated with the severity of COVID-19 is eluci-
dated. However, a recent study by Malinowska et al. stated
that hyperphosphatemia could also contribute to the devel-
opment of severe COVID-19. Their findings also indicated
no significant association between hypophosphatemia and
severity of COVID-19, but this finding should be considered
cautiously regarding the small number of subjects (6% of the
total population) [43]. Pal et al. indicated that COVID-19
patients had lower serum phosphate levels than the healthy
population [25]. On the other hand, Javdani et al. postulated
that phosphate levels higher than 4.5 mg/dl might be associ-
ated with better HRCT findings [29]. Moreover, Wang et al.
[30] indicated that hypophosphatemia at admission is asso-
ciated with worse outcomes in COVID-19 patients, and
Chen et al’s study postulated hypophosphatemia with the
incidence of AKI in COVID-19 [26].

Taken altogether, it is clear that phosphate metabolism
abnormalities in COVID-19 are associated with worse out-
comes. It is also notable that in critically ill and ICU patients,

85U801 SUOLLLIOD @AIERID) 3|ced ! dde auy Aq peuenob afe saone O ‘SN JO S3nu Joj Areiq| T 8UIIUO A8|IA UO (SUORIPUD-PU.-SWULIBYW0D" A3 | 1M Aleld 1 BUI|UO//SANY) SUORIPUOD PUe SWwid | 8y} 89S *[202/60/€2] U0 A%iqiTauliuo A8|1m ‘(-uleAnde) eanopesy Aq 98/89%T/2202/SSTT OT/I0p/LI0Y A8 1M Areiqijeul|uo//sdny woiy papeojumod ‘T ‘2202 ‘8ELT



BioMed Research International

Low absolute
value of

lymphocytes

CORADS scores

above III

Liver
impairment

Disease
progression to
severe and
critical states
despite proper
treatment

Early

respiratory

Delayed
weaning from
ventilator

High respiratory

rates

Lactic acidosis

failure

CORADS: COVID-19 Reporting and Data System

FIGURE 3: Manifestations correlated with hypophosphatemia.

regardless of the etiology, hypophosphatemia could occur, and
different studies have evaluated the effect of phosphate supple-
mentation in such patients. However, the results are inconsis-
tent, and there is a need for further clinical trials [26, 30].

To the best of our knowledge, this study was the first in the
literature assessed the frequency of hypophosphatemia in
COVID-19-infected subjects. However, several limitations
are still existing. We tried our best to include all relevant
records in the current review. However, due to the daily basis
of published records in the context of the COVID-19 entity,
we just investigated records till October 2021. Although
recruited records were in favor of the probable association
between hypophosphatemia and severity of COVID-19, this
issue is still a debate, and complementary studies are required
to clarify this cause and effect relation. Moreover, we could not
perform a meta-analysis due to the small number of recruited
studies and high heterogeneity of recruited articles.

5. Conclusion

In conclusion, considering low phosphate levels as an indi-
cator of severe disease in COVID-19 and a significant
contributor to disease progression, serum phosphate mea-
surement could be considered in clinical settings among
patients suffering from COVID-19 infection.
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