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Introduction: Phosphate in Systemic Homeostasis

Phosphate is the second most abundant cation in the body (85% in bone) and critical for ATP
metabolism, DNA/RNA synthesis, and cellular signaling. Unlike calcium, which is tightly regu-
lated, serum phosphate is more variable and depends largely on dietary intake, renal function, and
FGF-23/PTH axis regulation. A comprehensive understanding of phosphate metabolism is essen-
tial for managing CKD, bone disease, and metabolic emergencies [1].

[limportant] Key Point Phosphate is a “slave” to calcium and PTH in many ways—
disorders of phosphate regulation often reflect underlying disturbances in calcium-
vitamin D-PTH-FGF-23 physiology.

Normal Phosphate Physiology

Phosphate Distribution and Measurement

Compartment  Percentage Significance

Bone 85% Storage pool; releases PO4 during bone resorption
Intracellular 14% ATP, DNA, signaling; buffering
Extracellular 1% Measured serum level (normal 2.5—4.5 mg/dL)

Clinical Pearl: Serum phosphate shows diurnal variation (lower in AM, higher in PM) and post-
prandial rise. Serial measurements preferred to single values.

Renal Handling of Phosphate

The kidney is the primary regulator of serum phosphate: - GFR 90: ~15% of filtered phosphate
reabsorbed, 85% excreted - GFR 30: ~25% reabsorbed, 75% excreted (kidney compensates by
increasing FPTE) - GFR 10: Maximal FPTE, but still progressive phosphate retention

Fractional excretion of phosphate (FPTE):

(PO4urine
FPTE =

x Cr )
plasma
100
(POA 8

x Cr

plasma urine)

FOR EDUCATIONAL USE ONLY urinenephrology.org 1



FGF-23 mechanism: Suppresses sodium-phosphate co-transporters (NaPi-2a, NaPi-
2¢) in proximal tubule — increases phosphate wasting

Hormonal Regulation: PTH and FGF-23

Hormone Stimulus Effect on Phosphate Additional Effects
PTH Low Ca Increases renal phosphate Increases 1a-hydroxylase; T
wasting (FPTE 1) bone resorption
FGF-23 High PO4, Increases renal phosphate Suppresses 1a-hydroxylase;
High 1,25-D wasting (FPTE 1) suppresses PTH
1,25-D Low PO4, Low  Increases intestinal PO4 Increases Ca absorption;
Ca absorption stimulates FGF-23
Acidosis pH<7.35 Increases intracellular — Indirect; buffers hydrogen
extracellular PO4 shift ions

Hyperphosphatemia: Pathophysiology and Causes
Differential Diagnosis of Hyperphosphatemia

Mechanism Primary Causes Laboratory Pattern
J} Renal excretion CKD, acute kidney injury, acute 1 PO4, T PTH (secondary), | FGF-23
(FPTE |) phosphate load early, then 7 late
T Intestinal Vitamin D intoxication, T Ca, T POg4, | PTH
absorption high-dose supplementation
T Cell Tumor lysis syndrome, Acute T POg4, | Ca, T K, 1 uric
lysis/Phosphate rhabdomyolysis, hemolysis acid
release
7 Bone resorption Hyperthyroidism, T Ca, T POg4 (variable), | PTH
immobilization, malignancy
Hypoparathyroidism Post-surgical, autoimmune, 1T POg4, | Ca, | PTH
infiltrative

Systemic Complications of Hyperphosphatemia
Vascular Calcification [2]

« FGF-23 and phosphate stimulate RUNX2 in vascular smooth muscle cells — osteoblastic
differentiation

« Direct calcification of coronary arteries, aorta, heart valves

« Associated with cardiovascular mortality, even in non-CKD populations

« Mechanism independent of (but additive with) calcium-phosphate product

Secondary Hyperparathyroidism Progression

« Initial response: 1 FGF-23 and PTH — 1 FPTE — serum PO4 normalized (early CKD,
Stage 1—2)
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« Later: As GFR declines < 45, kidneys lose ability to increase FPTE further — phosphate
retention begins

« Advanced CKD: Severely elevated PTH + high-normal/elevated PO4 — vascular calcifica-
tion, bone disease, muscle wasting

Cardiac Complications

« Hyperphosphatemia — 1 vascular calcification — coronary artery disease
« Altered cardiac conduction (short QT interval, arrhythmias)

« Diastolic dysfunction; increased left ventricular hypertrophy

« Direct myocardial toxicity (post-hoc; less proven)

Skeletal Complications

« Adynamic bone disease (suppressed bone turnover, paradoxically low PTH)
» Mixed uremic osteodystrophy (simultaneous high-turnover + low-turnover zones)
« Fracture risk from poor bone quality despite adequate calcium-phosphate product

Management of Hyperphosphatemia: Step-by-Step Approach [3]
Step 1: Dietary Phosphate Restriction

« Target: < 800—-1000 mg/day (standard recommendation)

« Sources: Processed foods (additives), dairy, nuts, seeds, fish, meat

« Hidden sources: Colas, energy drinks (phosphate additives), deli meats
« Counseling: Patient education is often first-line

Step 2: Phosphate Binders Calcium-Based Binders: - Calcium acetate: 667 mg/tablet
(169 mg Ca); dose 2—4 tablets TID with meals - Calcium carbonate: 1250 mg/tablet (500 mg Ca);
dose 2 tablets TID with meals - Advantage: Least expensive; dual benefit of Ca supplementation
- Disadvantage: Risk of hypercalcemia, vascular calcification if Ca-P product > 55

Non-Calcium-Based Binders: - Sevelamer: 800 mg/tablet; dose 1—3 tablets TID; no Ca load,
reduces LDL-C, but expensive - Lanthanum carbonate: 750 mg/tablet; dose 2—3 tablets TID;
no Caload; accumulates with long-term use - Ferric citrate: 210 mg iron/tablet; bind PO4 + iron
repletion (benefit for anemia); dose 1—2 tablets TID - Advantage: Avoid hypercalcemia; preferred
in Stage 4 CKD with baseline hypocalcemia

Emerging/Investigational: - Noncationic binders (magnesium-based, sucroferric oxyhydrox-
ide)

Step 3: Vitamin D Supplementation (if deficient)

« Cholecalciferol (D3): 1,000—4,000 IU/day; requires 1c-hydroxylase activation

« Calcitriol (1,25-D): 0.5—-1 mcg BID in advanced CKD; use with caution—increases in-
testinal PO4 absorption alongside Ca absorption

« Balance: Treat secondary hyperparathyroidism without worsening hyperphosphatemia
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Step 4: Dialysate Phosphate Management (if on dialysis)

« Standard dialysate: 3.5 mg/dL phosphate; acts as sink
+ Nocturnal/twice-weekly: Increased clearance in selected patients

Board Vignette: Tumor Lysis Syndrome (Acute Hyperphosphatemia Emergency)

A 35-year-old with Burkitt lymphoma (pre-treatment): PO4 8.9 mg/dL (normal 2.5—4.5), Ca
5.8 (corrected), K 7.1, Cr 2.2 (baseline 0.9), Uric acid 14.5, PTH 89 (appropriately elevated for
hypocalcemia).

Diagnosis: Acute tumor lysis syndrome with severe hyperphosphatemia
Mechanism: Massive tumor cell lysis — massive PO4 release + ATP hydrolysis

Management: 1. Aggressive IV hydration: 300-500 mL/h normal saline (dilute phosphate,
prevent AKI from uric acid) 2. Rasburicase 0.2 mg/kg I'V: Xanthine oxidase inhibitor; converts
uric acid — allantoin (soluble) 3. Phosphate binders: NOT helpful acutely (need for immediate
removal) 4. Dialysis consideration: If PO4 continues rising or severe AKI develops, hemodial-
ysis most effective 5. Avoid: Vitamin D, calcium supplements (would worsen Ca-P product and
risk soft-tissue calcification) 6. Serial monitoring: Ca, PO4, K, uric acid, Cr q4—6h initially

Hypophosphatemia: Pathophysiology and Causes
Differential Diagnosis of Hypophosphatemia (< 2.5 mg/dL)

Mechanism Primary Causes Laboratory Pattern

7 Renal wasting Hyperparathyroidism, 1T FGF-23 or PTH, | PO4, 1 FPTE
hypophosphatemic rickets,
Fanconi syndrome

J Intestinal Vitamin D deficiency, 1 D, | POg4, | Ca (secondary)

absorption malabsorption, diarrhea

Intracellular shift = Refeeding syndrome, DKA Acute | PO4, T glucose/insulin, 1 pH
treatment, respiratory alkalosis

Dialysis losses Hemodialysis/peritoneal 1 PO4 (post-dialysis nadir)
dialysis

Medications Acetazolamide, theophylline, Variable depending on mechanism
corticosteroids

Causes by Clinical Context
Refeeding Syndrome (Acute Hypophosphatemia)

 Setting: Severely malnourished patient (anorexia, starvation) restarted on TPN or enteral
feeds

+ Mechanism: Glucose + insulin — intracellular shift of K, Mg, PO4; increased glucose
metabolism; sudden anabolic state

« Laboratory: | PO4 (often < 1.5), | K, | Mg, rising glucose/insulin
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Symptoms: Seizures, arrhythmias, rhabdomyolysis, resp failure (diaphragm weakness)
Prevention: Slow refeeding (start 500 kcal/day, increase 500 kecal q3—5 days), prophylactic
electrolyte repletion

DKA Recovery Phase (Acute Hypophosphatemia)

Setting: DKA partially treated; glucose falling, pH rising, insulin infusing

Mechanism: Insulin drives glucose + K + PO4 intracellularly; respiratory alkalosis shifts
PO4 intracellularly

Laboratory: | PO4 (can drop < 1.0 within hours), | K, | Mg, low glucose trend

Risk: Rhabdomyolysis from profound hypophosphatemia; resp muscle weakness prolong-
ing mechanical ventilation

Management: Monitor PO4 q2—4h during DKA treatment; prophylactic phosphate reple-
tion (0.5—1.0 mmol/kg IV phosphate if severely depleted)

Hungry Bone Syndrome (Post-Parathyroidectomy)

Setting: Parathyroidectomy for hyperparathyroidism; immediately post-operative
Mechanism: PTH suddenly gone — bone resorption stops — osteoblasts activate to rebuild
bone — ravenously uptake Ca, PO4, Mg

Laboratory: | Ca, | PO4, | Mg (severe), T PTH (transiently low, then rebounds)
Symptoms: Symptomatic hypocalcemia, tetany, seizures

Prevention: Pre-operative vitamin D repletion; careful post-op monitoring

Treatment: IV calcium, phosphate, magnesium; sometimes PTH infusion (teriparatide)

Hypophosphatemic Rickets (Chronic)

X-linked hypophosphatemia (XLH): FGF-23 gain-of-function mutation — 11 FGF-23
— 1 renal PO4 wasting

Laboratory: | PO4, normal/high 1,25-D (inappropriately high for PO4 level), T FGF-23, T
PTH

Clinical: Rickets (children), bone pain/weakness (adults), short stature, dental disease
Treatment: Phosphate supplementation (1—2 g PO4/day divided) + calcitriol (higher doses
needed to suppress FGF-23)

Newer: FGF-23 monoclonal antibody (burosumab) directly blocks FGF-23

Fanconi Syndrome

Definition: Global proximal tubular dysfunction — renal wasting of glucose, amino acids,
phosphate, bicarbonate, urate

Causes: Hereditary (cystinosis, tyrosinemia, Wilson’s), drugs (ifosfamide, tenofovir, val-
proate), heavy metals (uranium, cadmium)

Laboratory: | PO4, glycosuria, aminoaciduria, uric acid wasting, RTA pattern
Treatment: Underlying cause removal + supplementation

Management of Hypophosphatemia

Asymptomatic Hypophosphatemia (> 1.5 mg/dL)
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« Oral phosphate: Potassium phosphate 250 mg (8 mmol) PO TID; sodium phosphate alter-
native
« Monitor: Repeat in 3—5 days; goal 2.5—4.5 mg/dL

Symptomatic Hypophosphatemia (< 1.5 mg/dL with rhabdo risk or seizures)

« IV phosphate: Potassium phosphate 0.08 mmol/kg IV over 6 h (typically 20-40 mmol
over 6—12 h) OR sodium phosphate

« Caution: Avoid over-repletion (hyperphosphatemia risk); IV phosphate can cause soft-
tissue calcification

« Monitoring: Check PO4 q4—6h; target 1.5—2.5 mg/dL initially

Refeeding Syndrome Prevention

1. Assessment: Identify severe malnutrition (BMI < 16, weight loss > 15%, starvation > 2
weeks)

Baseline labs: Glucose, electrolytes, PO4, Mg, Ca, albumin, prealbumin

Slow refeeding: Start 500 kcal/day; increase 500 kcal q3—5 days until goal

Empiric repletion: Consider prophylactic K, Mg, PO4 supplementation

Monitoring: Electrolytes daily initially; daily weights; watch for fluid overload (cardiac,
respiratory)

AP

DKA-Associated Hypophosphatemia

1. During insulin infusion phase: Check PO4 q2—4h
2. If PO4 < 1.0 mg/dL: Administer IV potassium phosphate 20—30 mmol over 4-6 h
3. Caution: Avoid over-replacement (risk of hyperphosphatemia when glucose normalizes)

Board Vignette: Refeeding Syndrome

A 26-year-old female with anorexia nervosa (BMI 14.2, 6 months starvation) admitted for TPN.
Day 2: PO4 0.8 mg/dL, K 2.1 mEq/L, Mg 1.0 mg/dL, glucose 280 (being treated with insulin).
New-onset seizure.

Diagnosis: Refeeding syndrome with severe hypophosphatemia-induced seizure

Mechanism: Aggressive nutrition (Day 1 TPN at goal) — glucose + insulin — massive intracel-
lular K, Mg, PO4 shift

Management: 1. Stop TPN temporarily. Reduce to 500 kcal/day. 2. Emergency phos-
phate repletion: IV potassium phosphate 40 mmol over 4—6 h 3. Aggressive K, Mg reple-
tion: K 20 mEq/h IV until > 3.5; Mg 2—4 g IV until Mg > 2.0 4. Restart TPN: Increase 500
kcal/day q4—5 days once electrolytes stable 5. Serial monitoring: Electrolytes q4—6h initially 6.
Goal: PO4 > 2.0, K > 3.5, Mg > 2.0 before advancing nutrition
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FGF-23: The Master Regulator of Phosphate Homeostasis [4]
FGF-23 Physiology

Source: Osteoblasts and osteocytes in bone

Stimulus: 1 Serum phosphate or 1 1,25-D

Mechanism: Binds FGF receptor + Klotho co-receptor in kidney — suppresses NaPi-2a/2¢c — T
FPTE

Key target cells: - Proximal tubule: Suppresses phosphate reabsorption — phosphaturia
- Parathyroid: Suppresses PTH production - Kidney 1a-hydroxylase: Suppresses calcitriol
production

FGF-23 in CKD Progression

CKD Stage FGF-23 Pattern Clinical Significance

1—-2 Normal or 1 (early rise) Earliest hormonal change in CKD;
predicts progression

3a—3b 1T (100—1000 x normal) Maximal compensatory response;
phosphate still normal

4 1 (1000+ x normal) Compensation failing; phosphate starts
rising

5 Markedly 7T (dialysis) Klotho deficient; FGF-23 resistance
develops

Emerging Therapies Targeting FGF-23

« FGF-23 monoclonal antibody (burosumab): Approved for XLH; being studied in CKD
» FGF receptor inhibitors: Experimental; may reduce phosphate wasting
« Klotho agonists: Preclinical

Calcium-Phosphorus Product and Clinical Target

Ca — P Product = Serum Ca (mg/dL) x Serum PO4 (mg/dL)

Product Targets and Rationale

Population Target Rationale

CKD Stage 3—4 < 55 mg2/dL2 Prevents vascular/soft-tissue
calcification

CKD Stage 5 (dialysis) < 55 mg2/dL2 Some guidelines more lenient (<
60) given CVD risk

Post-transplant < 55 mg2/dL2 Minimize long-term calcification
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[!'warning] High-Yield Board Point A patient with Ca 10.0 and PO4 5.0 has a product of
50—acceptable on paper. But the combination of high-normal Ca + high PO4 di-
rectly stimulates vascular calcification more than product alone predicts. Don’t
ignore individual values chasing a product.

Clinical Integration: Treatment Algorithm
Step-By-Step Approach to Hyperphosphatemia in CKD
GFR 30—44 (Stage 4): P04 > 4.5?

- YES

| | Assess dietary P04 compliance — counsel/restrict
| | Check FGF-23 (1) and PTH (1)

| - Start non-calcium-based binder (sevelamer or lanthanum)
| |} Add calcitriol 0.25-0.5 mcg BID if PTH > 70 pg/mL

| L Monitor: Ca, P04, PTH, Ca-P product gq4—-6 weeks

|

L NoO

L Continue dietary counseling; monitor g3 months

Step-By-Step Approach to Hypophosphatemia in Acute Settings

P04 < 2.0 mg/dL with acute drop
I Setting = DKA?
| L Monitor P04 q2-4h; prophylactic repletion if < 1.0
I Setting = Refeeding?
| | Slow refeeding (< 500 kcal/day initial)
| L Prophylactic K, Mg, P04 repletion
L

Setting = Parathyroidectomy day 0-27?
|—— Expect hypocalcemia + hypophosphatemia (hungry bone)
L IV Ca, P04, Mg supplementation
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Related Resources

+ Calcium Integrated Physiology and Disorders
BMP Pattern Recognition Master Guide

« CKD Mineral Bone Disease Overview

Acute Kidney Injury Evaluation Protocol
Refeeding Syndrome Prevention and Management

Last updated: 2026-02-28 | Board-review quality reference. Always assess clinical context, not
laboratory values in isolation.
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