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Hypophosphatemia: an evidence-based approach 
to its clinical consequences and management
Jamshid Amanzadeh* and Robert F Reilly, Jr

INTRODUCTION
In recent years, numerous studies have evalu-
ated the role of hyperphosphatemia in chronic 
kidney disease and dialysis patients. Less effort 
has gone into assessing the clinical significance of 
hypophosphatemia and scrutinizing its manage-
ment. Identification of sodium–phosphate 
co transporters and regulators of their expression 
and activity has shed light on the mechanisms 
of hypophosphatemia in diseases such as hyper-
parathyroidism, X-linked hypophosphatemia 
(XLH), autosomal dominant hypophosphatemic 
rickets and tumor-associated osteomalacia. 
Hypophosphatemia had previously been linked 
to rhabdomyolysis, hemolysis, and respiratory 
and cardiac failure. In spite of the prevalence of 
hypophosphatemia, these clinical consequences 
are not commonly encountered. 

Severe hypophosphatemia might affect as few 
as 0.43% of hospitalized patients. Certain popu-
lations are likely to include a greater proportion 
of hypophosphatemic patients—for example, 
alcoholics (0.9%), septic patients (2.4%), 
mal nourished patients (10.4%), and patients 
with diabetic ketoacidosis (14.6%). In a retro-
spective study, severe hypophosphatemia was 
associated with a fourfold increase in mortality.1 
Evidence for excess morbidity associated with 
moderate hypophosphatemia is much less 
definitive. This review critically evaluates the 
clinical consequences of moderate (1.0–2.5 mg/dl 
[0.32–0.80 mmol/l]) and severe (<1.0 mg/dl 
[<0.32 mmol/l]) hypophosphatemia, as well as 
safety issues regarding rapid correction of a low 
serum phosphorus concentration.

PHOSPHATE HOMEOSTASIS
Phosphorus is an essential element. Phosphorus-
containing compounds have important roles in 
cell structure (cell membrane and nucleic acids), 
cellular metabolism (generation of ATP), regula-
tion of subcellular processes (phosphorylation 
of key enzymes), and maintenance of acid–base 
homeostasis (urinary buffering). In the average 
adult, total body phosphorus content is 700 g, 

Optimal cellular function is dependent on maintenance of a normal serum 
phosphorus concentration. Serum phosphorus concentration is affected 
by several determinants, the most important of which is regulation of 
phosphorus reabsorption by the kidney. The majority of this reabsorption 
(80%) occurs in the proximal tubule and is mediated by an isoform of the 
sodium–phosphate cotransporter (NaPi-II). Parathyroid hormone, via a 
variety of intracellular signaling cascades leading to NaPi-IIa internalization 
and downregulation, is the main regulator of renal phosphate reabsorption. 
Shift of phosphorus from extracellular to intracellular compartments, 
decreased gastrointestinal absorption, and increased urinary losses, are the 
primary mechanisms of hypophosphatemia, which affects approximately 
2% of hospitalized patients. Hypophosphatemia has been implicated as a 
cause of rhabdomyolysis, respiratory failure, hemolysis and left ventricular 
dysfunction. With the exception of ventilated patients, there is little evidence 
that moderate hypophosphatemia has significant clinical consequences in 
humans, and aggressive intravenous phosphate replacement is unnecessary. 
By contrast, patients with severe hypophosphatemia should be treated. 
Intravenous repletion may be considered, especially for patients who have 
clinical sequelae of hypophosphatemia.
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REVIEW CRITERIA
We searched a variety of medical literature sources including PubMed, 
nephrology journals and textbooks, for information on phosphorus homeostasis, 
clinical consequences of hypophosphatemia, and side effects of parenteral 
phosphate administration. 
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of which 85% is in bone and teeth, 14% in 
soft tissues, and only 1% in extracellular fluid. 
On average, approximately 800–1,400 mg of 
phosphorus is ingested daily. Normal serum 
phosphorus concentration is 2.5–4.5 mg/dl 
(0.80–1.45 mmol/l).2 

The serum assay measures inorganic ortho-
phosphates, of which 10% are bound to protein, 
5% are complexed with calcium and mag nesium, 
and 85% are H2PO4

– and HPO4
2–. In theory, 

there are potentially four species of free ortho-
phosphate that can be measured (H3PO4, 
H2PO4

–, HPO4
2– and PO4

3–), but at physio-
logic pH, H3PO4 and PO4

3– concentrations are 
negligible. When dietary phosphorus intake is 
normal, the serum phosphorus concentra tion 
exhibits a circadian rhythm, rapidly decreasing 
in the early morning, reaching a nadir of 
3.3 ± 0.3 mg/dl (1.1 ± 0.1 mmol/1) at 11:00 h, 
increasing to a plateau at 16:00 h, and peaking at 
4.6 ± 0.2 mg/dl (1.5 ± 0.1 mmol/l) between 1:00 h 
and 3:00 h.3 In plasma, phosphorus circulates in 
monovalent (H2PO4

–) and divalent (HPO4
2–) 

forms. At systemic pH, the divalent form 
predominates. In urine, phosphate is an effective 
buffer, a function of its relatively high tubular 
concentration and pKa of 6.8, which is close to 
the pH of urine under normal conditions.

Maintaining normal phosphorus concentra-
tions is essential for optimal cellular function. 
The kidney and (to a lesser extent) the small 
intestine are the main organs that maintain 
phosphorus homeostasis. A large proportion 
of dietary phosphate is absorbed from the 
gastrointestinal tract and excreted in urine. In 
proximal tubule cells and enterocytes, type II 
sodium–phosphate cotransporters (NaPi-II) 
are expressed in the apical membrane; their 
activity rate limits transepithelial phosphate 
transport. NaPi-II expression in both cell types 
is controlled by hormones and metabolic factors 
in response to homeostatic needs.4

Intestinal phosphorus absorption occurs 
through both cellular and paracellular path-
ways. Transepithelial phosphate transport across 
intact intestinal epithelium is driven by an active 
sodium-dependent process. Compartmental 
analysis indicates that phosphate entering the cell 
across the brush border is transported through 
the cell and sequestered from the intracellular 
phosphorus pool. The form of phosphorus 
absorbed is not known, but both luminal pH and 
ionic strength determine the species available 
for absorption.5 A low phosphorus diet and 

1,25(OH)2 vitamin D3 are the two most impor-
tant positive regulators of the intestinal isoform 
(NaPi-IIb). A low phosphorus diet stimulates 
renal 1α-hydroxylase, which increases levels 
of 1,25(OH)2 vitamin D3. Recent studies of 
transgenic mice demonstrated that adaptation 
of NaPi-IIb to a low phosphorus diet occurs 
independently of vitamin D.6,7 

Metabolic acidosis, estrogen and epidermal 
growth factor (EGF) enhance expression of 
NaPi-IIb.8,9 A novel signaling pathway in 
regulation of intestinal phosphate transport 
involves serum and glucocorticoid-inducible 
kinase 1, and the ubiquitin ligase Nedd4-2. 
Ubiquitination of target proteins tags them 
for removal from the cell membrane and for 
degradation in proteasomes. Serum and 
gluco corticoid-inducible kinase 1 stimu-
lates phosphate transport, at least in part, by 
phosphorylating Nedd4-2, thereby inhibiting 
binding of this ubiquitin ligase to NaPi-IIb.10 
NaPi-IIb is not ubiquitinated and its expression 
in the membrane is increased.

In the kidney, phosphorus homeostasis is 
regulated primarily via control of phosphorus 
reabsorption across the proximal tubule apical 
membrane. When levels of dietary phosphorus 
are normal and parathyroid function is intact, 
about 80% of filtered phosphate is reabsorbed.5 
Low dietary Pi intake leads to near complete 
reabsorption of filtered Pi, whereas high dietary 
Pi intake results in decreased proximal tubule 
Pi reabsorption.11 Three sodium–phosphorus 
cotransporters are expressed in proximal tubule 
cells. NaPi-I and NaPi-II are located in the apical 
membrane, whereas NaPi-III is thought to be 
expressed in the basolateral membrane, where it 
functions as a ‘housekeeping’ co transporter. 

There are three isoforms of NaPi-II: a, b 
and c. NaPi-IIa and NaPi-IIb are electrogenic. 
NaPi-IIa and NaPi-IIc are expressed exclusively 
in the brush-border membrane of proximal 
tubule cells, whereas NaPi-IIb is responsible for 
intestinal absorption of phosphate. About 70% 
of proximal tubule phosphate reabsorption is 
mediated by NaPi-IIa. Parathyroid hormone 
(PTH) is the primary regulator of phosphate 
reabsorption in kidney.

Hormonal (PTH and atrial natriuretic peptide) 
and nonhormonal (nitric oxide) factors activate 
intracellular signaling cascades leading to internal-
ization of NaPi-IIa. Internalization occurs via 
clathrin-coated structures, early endosomes 
and, subsequently, lysosomal degradation of 

GLOSSARY 
PKa
The negative logarithm of 
the dissociation constant, 
which represents the 
tendency of a substance 
to reversibly separate into 
smaller constituents 

PROTEASOMES
The protease part of the 
ubiquitin system, which 
is the proteolytic system 
in eukaryotic cells that 
degrades polyubiquitylated 
proteins

CLATHRIN
A primary protein 
constituent of the ‘coats’ of 
endocytic vesicles that can 
bind specific membrane 
receptors 
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NaPi-IIa. In renal proximal tubule cells, PTH 
binding to apical receptors activates protein 
kinase C (PKC), and binding to basolateral PTH 
receptors activates both PKC and cyclic AMP/
protein kinase A (PKA) pathways. The exact 
steps involved in internalization of NaPi-IIa after 
PKA and PKC activation are not clear; however, 
mitogen-activated protein (MAP) kinase 
(extracellular receptor kinase ERK1/2) might 
be involved. ERK1/2 inhibition prevents PTH-
induced internalization of NaPi-IIa, and also 
completely or partially prevents NaPi-IIa down-
regulation upon pharmacologic activa tion of 
PKA and PKC, respectively. This mechanism indi-
cates that the PKA and PKC pathways converge, 
at least partially, at the level of ERK1/2.12 

Insulin enhances proximal tubule Pi 
reabsorption by stimulating brush-border 
membrane Na–Pi cotransport, and prevents the 
phosphaturic action of PTH. Growth hormone 
stimulates proximal tubule Na–Pi cotransport, 
an effect that is partially mediated by insulin-
like growth factor 1 (IGF1). EGF stimulates Pi 
reabsorption in perfused proximal tubules, but 
inhibits Pi transport in opossum kidney cells. 
Thyroid hormone increases proximal tubule 
Pi reabsorption by specifically enhancing 

brush-border membrane Na–Pi cotransport. 
Calcitonin and glucocorticoids inhibit proximal 
tubule brush-border reabsorption.11 

Several phosphatonins—including fibro-
blast growth factor 23 (FGF23), frizzled-related 
protein 4 (FRP4) and matrix extracellular 

phospho glycoprotein (MEPE)—associated with 
different pathophysiological states of renal phos-
phate handling, also influence apical expression 
of NaPi-IIa.13 Reduced or increased phosphate 
intake results in increased or decreased expression 
of NaPi-IIa, respectively.

MECHANISMS OF HYPOPHOSPHATEMIA
Serum phosphorus concentration is deter-
mined by several factors (Figure 1). Dietary 
phosphorus intake, stage of growth and time of 
day contribute to the variability of fasting serum 
phosphorus concentrations. Hypophosphatemia 
is observed in approximately 2% of hospitalized 
patients,14 and can be related to decreased intes-
tinal absorption of phosphorus, re distribution 
of phosphorus from the extracellular to the 
intracellular compartment, increased loss of 
phosphorus through the kidneys, or any combi-
nation of these processes.2 The most common 
manifestation of hypophosphatemia in hospital-
ized patients is secondary to redistribution of 
phosphorus as a result of respiratory alkalosis.

Decreased intake of phosphorus
It is rare for decreased dietary intake alone to 
cause hypophosphatemia, probably because 
renal phosphate reabsorption is enhanced to 
compensate for decreased intake. On the other 
hand, malabsorption and phosphate binders 
can decrease intestinal phosphate absorp-
tion and result in hypophosphatemia.15,16 In 
a study of normal human volunteers it took 
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Figure 1 Phosphate fluxes and causes of hypophosphatemia. Decreased intake (e.g. as an effect of phosphate-binding agents), 
redistribution (e.g. into the intracellular compartment in response to respiratory alkalosis) and increased excretion (e.g. in the urine) of 
phosphorus are the mechanisms underlying hypophosphatemia.

GLOSSARY 
PHOSPHATONINS
Hormones that regulate 
phosphate metabolism (e.g. 
fibroblast growth factor 23 
and frizzled-related protein 4)
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approximately 3 months for the combination of 
a low phosphorus diet and antacids to reduce 
serum phosphorus concentration to 1.0 mg/dl 
(0.3 mmol/l).17

Redistribution of phosphorus
Hypophosphatemia secondary to phosphorus 
redistribution is commonly caused by respira-
tory alkalosis and refeeding of malnourished 
patients. Acute respiratory alkalosis and meta-
bolic alkalosis decrease serum phosphorus 
concentration. The reduction is much greater in 
respiratory alkalosis than in metabolic alkalosis 
of comparable severity.18,19 During respiratory 
alkalosis, intracellular CO2 decreases, causing 
intracellular pH to rise. This mechanism stimu-
lates the glycolytic pathway, specifically phospho-
fructokinase, a key rate-limiting enzyme of 
glycolysis. Production of sugar phosphates is 
enhanced, which in turn induces intra cellular 
phosphorus entry, thus decreasing serum 
phosphorus concentration.5 

Respiratory alkalosis enhances phosphorus 
uptake by muscle. The kidney responds by 
increasing phosphate reabsorption, inde-
pendent of serum phosphorus concentration 
and becomes re fractory to the phosphaturic 
effect of PTH. This refractoriness is due to 
decreased pco rather than to the concomitant 
extracellular alkalosis.19 Hypophosphatemia is 
also associated with other medical conditions 
of which hyperventilation is a feature, such as 
sepsis, heat stroke and hepatic coma.20–22

One of the earliest reports of refeeding 
syndrome was in starved Japanese prisoners 
of war.23 Patients with anorexia nervosa, and 
those subject to prolonged fasting or parenteral 
or enteral feeding after major surgery, are well 
recognized modern counterparts of the starved 
prisoners. The proposed mechanism of hypo-
phosphatemia in these patients is increased 
insulin release that causes an intracellular 
shift in distribution of phosphorus. Enhanced 
synthesis of ATP, 2,3-diphosphoglycerate (DPG) 
and creatine phosphokinase (CPK) might 
contribute to the hypophosphatemia associated 
with refeeding syndrome.24 Early studies in dogs 
and humans showed that the serum phosphorus 
concentrations of normal dogs and men drop 
after ingestion or infusion of glucose. Fiske 
was the first to call attention to this relation-
ship between carbo hydrates and serum phos-
phorus concentration.25 Sokhey found that the 
decrease in urinary phosphate excretion after 

infusion of glucose was almost as great as that 
induced by insulin.26 Glucose injections in dogs 
made diabetic by pancreatectomy did not cause 
serum phosphorus concentration to change 
unless insulin was coinjected.27 In the same 
study of a series of hepatectomized animals, 
hypophosphatemia after glucose infusion was 
observed, but not in animals from which all 
striated muscle had been removed. The inves-
tigators concluded that the site of phosphorus 
sequestration is muscle. 

Cellular sequestration of phosphorus and 
hypophosphatemia are also observed in leukemia 
patients with rapidly replicating tumor cells, 
following hematopoietic reconstitution after 
allogeneic peripheral blood stem cell transplanta-
tion, and after parathyroidectomy (the so-called 
‘hungry bone syndrome’).28–30 Intracellular shifts 
of phosphorus secondary to correction of respira-
tory acidosis can result in hypophosphatemia 
after institution of mechanical ventilation in 
chronic obstructive pulmonary disease (COPD) 
patients.31 This hypophosphatemia occurs upon 
correction to normal pH.

Increased urinary excretion of phosphorus
Enhanced urinary excretion of phosphate occurs 
in patients with primary hyper parathyroidism, 
as well as in those with secondary hyper-
parathyroidism associated with hypocalcemia and 
intact renal function. PTH signal transduction 
via cAMP-dependent and cAMP-independent 
pathways promotes internal ization of NaPi-IIa 
cotransporters from the cell membrane and 
their subsequent degradation. This process 
decreases Na–Pi cotransport activity.32 The 
amino-terminal region of PTH-related protein 
has significant homology with that of PTH. As 
such, both substances have a similar effect on 
excretion of urinary phosphorus and nephro-
genous cAMP in vivo, and on sodium-dependent 
phosphate transport in brush-border membrane 
vesicles in vitro.33

Hypophosphatemia associated with primary 
hyperparathyroidism is usually of moderate 
severity; increased urinary phosphate excre-
tion is balanced by mobilization of phosphate 
from bone and enhanced intestinal absorption. 
Serum phosphorus concentrations are seldom 
less than 2.0 mg/dl (0.6 mmol/1) unless patients’ 
phosphorus intake is low or they simultaneously 
ingest phosphate-binding antacids.34 

Impaired reabsorption of phosphate by proxi mal 
tubules and subsequent hypo phosphatemia can 

GLOSSARY 
pCO2
Partial pressure of carbon 
dioxide
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be part of the Fanconi syndrome. In addition to 
traditional, well known causes of this syndrome 
(inheritance, heavy metals, monoclonal gammo-
pathy and metabolic disorders), new causative 
culprits are emerging, including antiretroviral 
medications (e.g. tenofovir, cidofovir, adefovir 
dipivoxil) and aristocholic acid (found in Chinese 
herbal medicines).35,36 Post-transplant hypo-
phosphatemia is also associated with increased 
renal excretion of phosphate. A non-PTH 
circulating serum factor (possibly FGF23) that 
increases fractional excretion of phosphate in the 
initial stages after successful kidney transplanta-
tion might be responsible.37 Steroid therapy in 
the early post-transplant period and persistent 
hyperparathyroidism are other potential causes 
of post-transplant hypophosphatemia.38

Four other conditions must be considered 
in the differential diagnosis of renal phosphate 
wasting: XLH, autosomal-dominant hypo-
phosphatemic rickets, tumor-associated osteo-
malacia and fibrous dysplasia. The primary 
defects in XLH and autosomal-dominant hypo-
phosphatemic rickets are inactivating muta-
tions of a zinc metalloendopeptidase (PHEX) 
and activating mutations of FGF23, respectively. 
Tumor-induced (oncogenic) osteomalacia is 
a rare clinicopathologic entity in which the 
clini cal signs and symptoms of osteomalacia and 
the specific laboratory abnormalities of hypo-
phosphatemia, phosphaturia and low serum 
levels of 1,25(OH)2 vitamin D3, are associated 
with a neoplasm.39 Several proteins expressed in 
tumors (MEPE, FGF23, and FRP4) have emerged 
as potential mediators of the bone–renal patho-
physiology in oncogenic osteomalacia.40 Fibrous 
dysplasia patients sometimes suffer from 
concomitant hypophosphatemic rickets/osteo-
malacia, resulting from phosphate wasting. 
FGF23 originating from dysplasic tissue might 
cause hypophosphatemia in these patients.41

CLINICAL CONSEQUENCES 
OF HYPOPHOSPHATEMIA
Rhabdomyolysis
The effect of chronic hypophosphatemia on 
muscle function and composition in dogs fed a low 
phosphorus diet for 4 weeks has been examined. 
Average resting transmembrane electrical poten-
tial difference fell, and muscle Na+, Cl– and water 
content rose. After 4 weeks of phosphorus reple-
tion, all of these variables returned toward control 
values. The authors concluded that moderate 
phosphorus depletion can induce reversible 

changes in the composition of skele tal muscle and 
transmembrane potential in the dog.42 In hypo-
phosphatemic dogs a sub clinical myopathy might 
set the stage for rhabdo myolysis if acute, severe 
hypo phosphatemia is super imposed.43 In another 
study of phosphate-depleted rats, mito chondrial 
respiration and oxidative phosphorylation in 
skeletal muscle were impaired without change to 
adenine nucleo tide levels.44 

Most human cases of hypophosphatemia-
associated rhabdomyolysis have been asso ciated 
with alcoholism.45–49 A combination of patho-
physiological mechanisms—in appropriate phos-
phaturia, enhanced cellular uptake of phosphorus, 
increased gastrointestinal phosphate loss50—
contribute to hypo phosphatemia in alcoholic 
patients. In hospitalized sufferers these factors 
can be compounded by alcohol withdrawal or 
alcoholic ketoacidosis. Hyperventilation with 
resultant respiratory alkalosis and infusion of 
dextrose-containing fluid exacerbates hypo-
phosphatemia by stimula ting movement of 
phosphorus into cells. Hypophosphatemia can 
accentuate the direct effect of alcohol on striated 
muscle and worsen alcoholic myopathy.5,51 In 
two studies, however, no relationship was found 
between hypophosphatemia and serum CPK or 
myoglobin levels.52,53

There are reports of a link between rhabdo-
myolysis and hypophosphatemia in cases of 
anorexia nervosa, theophylline toxicity, acute 
barium poisoning and toluene sniffing.54–56 In 
the largest series, 36% of 129 patients admitted 
to hospital with hypophosphatemia were diag-
nosed with rhabdomyolysis. Hypophosphatemic 
rhabdomyolysis was defined as an increase in 
the concentration of CPK to more than 1.5 
times the upper limit of normal with no other 
cause that subsequently normalized. Mean 
serum phosphorus concentration was 1.6 mg/dl 
(0.5 mmol/l) and mean CPK concentration was 
872 ± 110 U/l. Rhabdomyolysis was diagnosed 
on the basis of routine laboratory testing; no 
patient had signs or symptoms. Elevated serum 
concentrations of sodium, chloride, glucose, 
blood urea nitrogen and uric acid were asso-
ciated with the occurrence of rhabdomyolysis 
in the hypophosphatemic state.48 

Another musculoskeletal condition asso ciated 
with hypophosphatemia is hypophosphatemic 
osteomalacia. Patients with this condition gener-
ally have proximal muscle weakness, high levels 
of alkaline phosphatase, normal levels of CPK, 
low or normal serum calcium concentrations, 
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and low serum phosphorus concentrations. 
Osteomalacic muscle weakness is not myopathic; 
rather, it is due to non specific atrophy prob-
ably caused by disuse and mal nutrition, espe-
cially in states of nutritional deficiency.57 The 
small number of case reports and coexistent 
metabolic abnormalities that have been impli-
cated as etiologies of rhabdomyolysis make it 
difficult to establish a strong cause-and-effect 
relationship between hypophosphatemia and 
rhabdo myolysis in any individual patient. Most 
case report patients have had moderate hypo-
phosphatemia. It seems likely that moderate 
and severe hypophosphatemia are frequently 
asso ciated with mild subclinical rhabdomyolysis 
that in frequently results in clinical sequelae.

Hemolysis
Hypophosphatemia can alter red cell glycolytic 
intermediates and oxygen transport. These 
alterations include markedly reducing levels of 
erythrocyte ATP and 2,3-DPG, which enhances 
the affinity of oxygen for hemoglobin (reflected 
as a drop in p). The fall in ATP decreases red 
cell hexokinase activity and increases phospho-
fructokinase activity. As a result, erythrocyte 
concentrations of glucose-6-phosphate and fruc-
tose-6-phosphate are reduced, and more triose 
phosphates accumulate.58,59 ATP is required 
for maintenance of erythrocyte bi concavity and 
viability in the circulation.60,61 ATP depletion has 
been associated with decreased cell membrane 
deformability and life span,62 but there have been 
few human case reports of hypophosphatemia 
associated with hemolytic anemia (phosphorus 
concentration ≤1.7 mg/dl [0.54 mmol/l]).63–66 In 
these few cases, serum phosphorus concentration 
was either rapidly falling (refeeding) or severely 
depressed (≤0.2 mg/dl [0.06 mmol/l]).

Leukocyte dysfunction
Hypophosphatemia can also reduce the ATP 
content of leukocytes and ameliorate neutrophil 
phagocytosis, intracellular killing, consump-
tion of oxygen and generation of superoxide 
during phagocytosis.67,68 The high rate of 
sepsis during hyperalimentation might result, 
in part, from acquired dysfunctions in leuko-
cyte chemo taxis and phagocytosis, secondary to 
hypo phosphatemia. That these in vitro studies are 
relevant to hyperalimentation-associated hypo-
phosphatemia has been indicated by observa tion 
of a 44-year-old woman. In this patient with 
assumed occult malignancy, development of 

hypophosphatemia (serum phosphorus concen-
tration of 2.0 mg/dl [0.6 mmol/l]) 2 days after 
hyperalimentation was accompanied by pneu-
monia and empyema. Leukocyte studies revealed 
diminished ATP levels (to roughly half normal) 
and impaired chemotaxis. Incubation with phos-
phate and adenosine reversed these changes. After 
termination of hyperalimentation and phosphate 
supplements, serum phosphorus concentration, 
leukocyte ATP and leukocyte chemotaxis rapidly 
returned to normal and pneumonia and empyema 
were resolved.67 

In another study, the relationship between 
serum phosphorus concentration and intra-
cellular concentrations of inorganic phos-
phorus and ATP in red blood cells, leukocytes 
and platelets of patients with hypophosphatemia 
secondary to vitamin-D-resistant rickets was 
studied. Six patients with low serum phos-
phorus concentrations (<3.1 mg/dl [1 mmol/l]) 
were included. Intracellular ATP levels were 
maintained within normal range, even though 
plasma and intracellular phosphorus concen-
trations were low.69 So, although there is 
good evidence from animal models that hypo-
phosphatemia impairs leukocyte function, there 
is no compelling data in animals or humans that 
this impairment is associated with an increased 
risk of infection.

Respiratory failure
Hypophosphatemia might cause respiratory 
failure. In one study, maximal inspiratory and 
expiratory pressures of hospitalized patients 
with serum phosphate concentrations less than 
2.5 mg/dl (0.8 mmol/l) were measured at the 
bedside. These measurements were repeated 
daily during phosphate repletion until serum 
phosphorus concentration reached the normal 
range. In most hypophosphatemic patients—but 
no normophosphatemic patients—respiratory 
muscle weakness (defined as low maximal inspira-
tory pressure or low maximal expiratory pres-
sure) was detected. Respiratory muscle strength 
improved after phosphate repletion. The mean 
serum phosphorus concentration of these 23 
patients was 1.9 ± 0.4 mg/dl (0.61 ± 0.13 mmol/l). 
Twelve patients had a serum phosphorus 
concentration of up to 2.0 mg/dl (0.64 mmol/l) 
and four had a serum phosphorus concentration 
between 1.0 and 1.5 mg/dl (0.3–0.5 mmol/l). 
There was a correlation between the decrease in 
maximal inspiratory pressures and the severity 
of hypophosphatemia (Figure 2).70 

GLOSSARY 
p50
The partial pressure 
of oxygen at which 
hemoglobin is 50% 
saturated with oxygen
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Hypophosphatemia also impairs the contractile 
properties of the diaphragm during acute respira-
tory failure.71 In a group of eight patients with 
moderate hypo phosphatemia and respiratory 
failure or mechanical ventila tion, diaphragmatic 
function was evaluated prior to and following 
infusion of phosphorus. Transdiaphragmatic 
pressure generated at functional residual 
capacity during bilateral supramaximal electrical 
stimula tion of the phrenic nerves was measured. 
Transdiaphragmatic pressure increased in all 
eight patients and the increase correlated with 
the change in serum phosphorus concentra-
tion (Figure 3).71 In another study, hypo-
phosphatemia (≤2.5 mg/dl [0.8 mmol/l]) was 
found in 34 (21.5%) of 158 patients with respira-
tory illness; hypophosphatemia was not asso-
ciated with the severity of the respiratory illness. 
Indices of renal phosphorus handling indicated 
inappropriately high rates of phosphate excre-
tion given the degree of hypophosphatemia (low 
percentage tubular reabsorption of phosphorus, 
and low renal phosphate threshold/glomerular 
filtration rate values). The prevalence of hypo-
phosphatemia was significantly greater among 
COPD patients taking one or more drugs that 
stimulate renal phosphate excretion (xanthine 
derivatives, corticosteroids, loop diuretics, 
β2-adrenergic bronchodilators). Despite the 
phosphorus content of both peripheral and 
respiratory muscles of COPD patients being 
reduced in another series, in this study a relation-
ship between muscle and serum phosphorus 
concentrations was demonstrable in the case of 
peripheral muscles only.72,73 

Hypophosphatemia as a cause of respiratory 
failure and refractory weaning from the venti-
lator has been reported, albeit infrequently. Most 
patients have had severe hypophosphatemia 
(≤1.0 mg/dl [0.3 mmol/l]). Weaning from the 
ventilator was achieved following correction 
of hypophosphatemia.74–77 Diaphragmatic 
contractility can be improved by correcting 
severe and moderate hypophosphatemia. We 
recommend evaluating the serum phosphorus 
concentration carefully in intubated patients 
and correcting it to within the normal range 
if possible.

Impaired myocardial performance
Reversible depression of myocardial performance 
in dogs with moderate diet-induced phosphorus 
depletion (serum phosphorus concentration 
decreased from 5.1 ± 0.1 mg/dl [1.63 ± 0.03 mmol/l] 
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Figure 2 Correlation between the decrease in maximal inspiratory pressures 
and the severity of hypophosphatemia. Maximal inspiratory pressures at 
study entry are shown, plotted as a function of initial serum phosphate 
concentrations for hypophosphatemic patients (open symbols) and 
normophosphatemic control patients (filled symbols); r = 0.50, P <0.02. 
Reproduced with permission from reference 70 © (1988) Excerpta Medica, Inc. 
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Figure 3 Hypophosphatemia impairs the contractile properties of 
the diaphragm during acute respiratory failure. Individual increases in 
transdiaphragmatic pressure are generated during phrenic stimulation after 
correction of hypophosphatemia, as a function of the concomitant increase 
in serum phosphorus concentration. The solid line represents the computed 
regression for the experimental data. The coefficient of correlation (r = 0.73) was 
significant (P <0.0005). Reproduced with permission from reference 71 © (1985) 
Massachusetts Medical Society. Pdi, increases in transdiaphragmatic pressure.
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on day 0 to 0.9 ± 0.1 mg/dl [0.28 ± 0.03 mmol/l] on 
day 35) has been demonstrated.78 Human 
studies of the effect of hypophosphatemia on 
myocardial function, however, show conflicting 
results. Cardiac output, as thermodilution 
and calculated stroke work, was measured in 
seven patients with severe hypophosphatemia 
before, during and after repletion with an 
intravenous potassium phosphate solution. 
Return of serum phosphorus concentration 
to normal improved myocardial stroke work 
independently of the Starling effect.79 In a later 
study, however, hypophosphatemia alone did 
not cause left ventricular dysfunction.80 One 
explanation for this discrepancy might be the 
different mean serum phosphorus concentra-
tions of patients in the two studies (0.97 mg/dl 
[0.31 mmol/l] in the first and 1.88 mg/dl 
[0.61 mmol/l] in the second). The validity 
of this explanation was confirmed by Davis 
et al., who showed that improvement in left 
ventricular performance after correction of hypo-
phosphatemia occurred only in patients with 
severe hypophosphatemia (0.90 ± 0.15 mg/dl 
[0.29 ± 0.05 mmol/l]) and not in those with 
moderate hypophosphatemia (1.40 ± 0.11 mg/dl 
[0.45 ± 0.03 mmol/l]).81 

To determine whether chronic moderate 
hypophosphatemia causes myocardial dysfunc-
tion, 10 patients aged 5–18 years with X-linked 
hypophosphatemic rickets and a mean serum 
phosphorus concentration of 2.6 ± 0.5 mg/dl 
(0.83 ± 0.16 mmol/l) were examined. There was 
no evidence of left ventricular dysfunction (meas-
ured by echocardiography) in this human model 
of clinically significant long-standing hypo-
phosphatemia. The lowest serum phosphorus 
concentration in this group of patients was 
1.5 mg/dl (0.5 mmol/l).82 In another study, low 
serum phosphorus concentration (<2.6 mg/dl 
[0.8 mmol/l]) was a significant predictor of 
ventricular tachycardia in patients with a recent 
myocardial infarction.83 

Correction of severe hypophosphatemia 
increases myocardial contractility by approxi-
mately 20%. The effect is variable between 
patients; some have minimal or no response, 
whereas large effects are observed in others. 
Moderate hypophosphatemia probably has very 
little effect on myocardial contractility.

Diabetic ketoacidosis
Hypophosphatemia is associated with impaired 
glucose metabolism in both hyperglycemic 

and euglycemic states. This effect is primarily 
a reflection of decreased tissue sensitivity to 
insulin.84 Serum phosphorus concentration 
can be normal or slightly elevated in patients 
with untreated diabetic ketoacidosis, despite the 
fact that renal phosphate excretion is increased. 
Seldin et al. assessed the metabolism of glucose 
and cellular balance of electrolytes in diabetic 
acidosis. Translocation of phosphorus from the 
intracellular to the extracellular fluid was most 
rapid during the early stages, falling during 
treatment of ketoacidosis with insulin and 
fluids. Initial phosphaturia also decreased after 
correction of ketoacidosis.85

In another study, ketoacidosis inhibited the 
glycolytic enzyme phosphofructokinase in 
erythro cytes. As a consequence, the concentra-
tions of glycolytic intermediates proximal to this 
step were increased; levels of distal inter mediates, 
including 2,3-biphospho glycerate, were 
decreased. Although administration of insulin 
produced hypophosphatemia within 8–12 h, 
which persisted for 24 h or more, in vitro studies 
showed that acidemia was primarily responsible 
for the inhibition of phospho fructokinase.86 
Once again, while acute hemolytic anemia 
secondary to severe hypophosphatemia in 
diabetic ketoacidosis has been reported,87 this is 
not a common clinical finding. 

Perturbed central nervous system
There are several case reports indicating an 
association between hypophosphatemia and 
neurological problems such as altered mental 
status and polyneuropathy including cranial 
nerves, seizure and central pontine myelino-
lysis.88–90 Muscular weakness, paresthesia, 
convulsions and coma were reported in 
three starved patients who developed hypo-
phosphatemia (mean serum phosphorus 
concentration 0.3 mg/dl [0.1 mmol/l]) 
during parenteral hyper alimentation.91 In most 
cases of neurological deficit associated with hypo-
phosphatemia, serum phosphorus concentra-
tions were below 1.0 mg/dl (0.3 mmol/l). A few 
cases of proximal muscle weakness have been asso-
ciated with serum phosphorus concentrations 
of 2.2–3.2 mg/dl (0.7–1.0 mmol/l).92

MANAGEMENT OF HYPOPHOSPHATEMIA
One must keep in mind that serum phosphorus 
concentration might not be a reliable indi-
cator of total body phosphorus, because most 
phosphorus is stored intracellularly.2 The first 
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step in management of the hypophosphatemic 
patient is therefore to determine whether the low 
serum phosphorus concentration is the result of a 
true total body phosphorus deficiency or a reflec-
tion of an intracellular shift of phosphorus (as 
in respiratory alkalosis). Measuring intra cellular 
phosphorus and ATP might be helpful in differ-
entiating between these conditions, but such tests 
are not readily available. Also, a study of intra-
cellular orthophosphate concentration in human 
muscle cells and erythrocytes by 31P nuclear 
magnetic resonance spectroscopy and selective 
chemical assay indicated that these cells can buffer 
or regulate cytoplasmic phosphorus concentra-
tion when the extracellular concentration is 
perturbed.93

A combination of history taking, physical 
examination and laboratory tests—including 
serum calcium concentration, arterial blood gases, 
urinary phosphorus and creatinine concentra-
tions to calculate the renal phosphate threshold—
can identify the cause of hypo phosphatemia in 
most cases. Indices of renal tubular reabsorption 

of phosphate such as phosphate clearance 
(CPO4), phosphate : creatinine clearance ratio 
(CPO4:Ccreat) and fractional tubular reabsorption 
of phosphate, fail to discriminate between the 
three major factors that determine renal phos-
phate excretion (i.e. net inflow from gut, bone 
and soft tissue, tubular reabsorption, and 
glomerular filtration rate). By calculating tubular 
reabsorption of phosphate (1 – CPO4:Ccreat) and 
using a nomogram (Figure 4), renal phosphate 
threshold normalized for the glomerular filtra-
tion rate (TmPi = TmPO4 / GFR) can be calculated. 
The normal range is 2.5–4.2 mg per 100 ml.94

Low TmPi in the hypophosphatemic patient 
indicates an appropriate renal response to hypo-
phosphatemia, and usually implicates gastro-
intestinal loss or intracellular shift. A high TmPi 
in hypophosphatemia is indicative of increased 
renal excretion secondary to a PTH-mediated 
mechanism, Fanconi syndrome, XLH, autosomal 
dominant hypophosphatemic rickets or onco-
genic osteomalacia. As there is little evidence that 
moderate hypophosphatemia (1.0–2.5 mg/dl 
[0.3–0.8 mmol/l]) has significant clinical conse-
quences in humans, there is no need for aggres-
sive intravenous phosphate replacement. This 
is particularly true in situations associated with 
intracellular shifts of phosphorus. As there is 
evidence indicating that respiratory parameters 
of ventilated patients improve after treatment 
of moderate hypophosphatemia, phosphorus 
should be repleted into the normal range in this 
clinical setting.

The role of phosphate replacement in 
management of diabetic ketoacidosis is contro-
versial, particularly with respect to the effect of 
phosphate intermediates on tissue oxygena-
tion. From a prospective, randomized study it 
was concluded that phosphate repletion might 
accelerate regeneration of erythrocyte 2,3-DPG 
in patients with diabetic ketoacidosis, but 
repletion had no demonstrable influence on 
tissue oxygenation or clinical response to low-
dose insulin therapy. Phosphate replacement 
therapy exacerbated hypocalcemia, a finding 
that warrants caution when contemplating use 
of this treatment.95

It is generally recommended that patients 
with severe hypophosphatemia (<1.0 mg/dl 
[0.3 mmol/l]) are treated to avoid potential 
detrimental consequences. Administration of 
inorganic phosphate shows that the phosphorus 
storage compartments are heterogeneous. 
Phosphate enters several pools at varying rates 
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Figure 4 Nomogram for derivation of normalized renal threshold phosphate 
concentration. Reproduced with permission from reference 94 © (1975) Elsevier. 
CPO4, phosphate clearance; Ccreat, creatinine clearance; GFR, glomerular 
filtration rate; TmPO4, renal phosphate threshold; TRP, fractional tubular 
reabsorption of phosphate.
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that can be altered by many factors, including 
simultaneous administration of glucose or 
insulin.96 Lentz and colleagues proposed that, 
in a given hypophosphatemic patient, rapid 
shifting of phosphorus between compart-
ments can occur during phos phorus infusion. 
Accordingly, neither the phos phorus compart-
ments utilized, nor the body’s deficit and 
response to replacement, can be predicted. These 
authors recommended parenteral therapy for all 
causes of hypo phosphatemia, at an initial dose 
of 0.08 mmol/kg body weight (2.5 mg/kg body 
weight) if the onset was recent and the case 
uncomplicated, or 0.16 mmol/kg body weight 
(5.0 mg/kg body weight) if hypophosphatemia 
was long-standing and caused by multiple 
factors. They also suggest that each dose be given 
intravenously over 6 h.97 

Ten adult normocalcemic patients with severe 
hypophosphatemia (≤1.0 mg/dl [0.3 mmol/l]), 
two or more clinical reasons for hypo-
phosphatemia, and normal renal function, 
were studied prospectively. These patients were 
treated with 0.32 mmol phosphorus per kg of 
body weight infused intravenously over 12 h. 
The investigators concluded that this dose was 
safe and efficacious.98 By contrast, intravenous 
phosphate therapy for hypophosphatemia has 
been reported to cause a precipitous fall in 
serum calcium concentration, hypotension 
and acute renal failure.99 In addition to the 
total dose, rate of administration has always 
been a concern in the parenteral treatment of 
hypophosphatemia. Potassium phosphate at a 
rate of 20 mmol/h (15 mmol/h elemental phos-
phorus) for either 1 or 2 h was administered 
to 85 patients. Vital signs and cardiac rhythm 
were continuously monitored. There were 
no changes in heart rhythm, serum calcium 
or magnesium concentra tions, blood pres-
sure or clinical status.100 In a similar study in 
a surgical intensive care unit, 11 patients with 
serum phosphorus concentrations between 1.6 
and 1.9 mg/dl (0.5–0.6 mmol/l) were treated 
with 15 mmol intravenous sodium or potas-
sium (if serum potassium concentration was 
<3.5 mmol/l) phosphate over 2 h. The same 
dose could be repeatedly administered to a 
maximum of 45 mmol in a 24 h period if either 
the 6 h or 18–24 h follow-up postinfusion serum 
phosphorus concentration remained at below 
2 mg/dl (0.6 mmol/l). All patients were success-
fully repleted using this protocol without any 
major adverse effects.101

Although several studies support treatment 
of hypophosphatemic patients with rapid 
phosphorus infusion, the use of intravenous 
phosphorus-containing solutions is best justi-
fied in critically ill intubated patients when it 
has been shown that hypophosphatemia might 
prolong intubation. Other clinical sequelae, such 
as severe hemolytic anemia, might also warrant 
rapid repletion. Patients with moderate hypo-
phosphatemia should be repleted orally unless 
they are on a ventilator (Box 1).

CONCLUSIONS
Hypophosphatemia in hospitalized patients is often 
associated with refeeding, chronic alcohol use, 
antacid therapy, respiratory alkalosis, correction 
of chronic respiratory acidosis and diabetic keto-
acidosis. Severe hypophosphatemia (≤1.0 mg/dl 
[0.3 mmol/l]) can cause respiratory failure, delay 
weaning from the ventilator, and increase the 
duration of intensive care and hospitalization. 
Myocardial contractility is impaired when serum 
phosphorus concentration falls below 1.0 mg/dl 
(0.3 mmol/l), but this does not seem to cause 
clinical congestive heart failure. The response to 
phosphorus repletion is highly variable between 
patients. Hemolytic anemia has been reported in 
patients with rapidly falling serum phosphorus 
concentration or very severe hypophosphatemia. 
Moderate hypophosphatemia has no effect 
on myocardial contractility but does reduce 
diaphragmatic contractility.

Box 1 Indications for different modes of therapy 
in hypophosphatemia.

■ Severe hypophosphatemia (<1.0 mg/dl 
[0.3 mmol/l]) in critically ill, intubated patients or 
those with clinical sequelae of hypophosphatemia 
(e.g. hemolysis) should be managed with 
intravenous replacement therapy 
(0.08–0.16 mmol/kg) over 2–6 h

■ Moderate hypophosphatemia (1.0–2.5 mg/dl 
[0.3–0.8 mmol/l]) in patients on a ventilator should 
be managed with intravenous replacement therapy 
(0.08–0.16 mmol/kg) over 2–6 h

■ Moderate hypophosphatemia (1.0–2.5 mg/dl 
[0.3–0.8 mmol/l]) in nonventilated patients should 
be managed with oral replacement therapy 
(1,000 mg/day)

■ Mild hypophosphatemia should be managed 
with oral replacement therapy (1,000 mg/day) 
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KEY POINTS
■ The kidney is a key regulator of phosphorus 
homeostasis

■ Hypophosphatemia results from inadequate 
phosphorus intake/intestinal absorption, 
redistribution from extracellular to intracellular 
compartments, and/or excessive excretion

■ Aggressive intravenous phosphate repletion 
(0.08–0.16 mmol/kg over 2–6 h) is generally only 
necessary when hypophosphatemia is severe 

■ Untreated severe hypophosphatemia (serum 
phosphorus <1.0 mg/dl [0.32 mmol/l]) can lead to 
hemolysis, rhabdomyolysis, respiratory failure and 
left ventricular dysfunction
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