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Objective: To investigate the predictors of hypophosphatemic osteomalacia induced by 

adefovir dipivoxil (ADV) and to monitor for early detection.

Patients and methods: Hospitalized patients who were diagnosed with ADV-related hypo-

phosphatemic osteomalacia were recruited and retrospectively analyzed in our hospital from 

January 2012 to December 2016. A telephone interview was conducted at 1, 3, 6, 9, 12, and 24 

months after cessation of ADV.

Results: In the 8 patients enrolled in the study, the hypophosphatemic osteomalacia symptoms 

developed at an average of 5.14 (4–7) years since ADV treatment (10 mg/d). The average 

alkaline phosphatase (ALP) level was 279.50 (137–548) U/L, which was significantly higher 

than the normal level (45–125 U/L). The serum phosphorus level was an average of 0.59 

(0.43–0.69) mmol/L, which was lower than the normal range (2.06–2.60 mmol/L). Serum calcium 

levels of the enrolled patients remained within normal limits. Reduced estimated glomerular 

filtration rate (eGFR ,29 mL/min/1.73 m2) was seen in 4 cases. The clinical manifestations 

were mainly progressive systemic bone and joint pain, frequent fractures, trouble in walking, 

height reduction (4–6 cm), and so on. After cessation of ADV, symptoms like bone pain resolved 

gradually. Serum phosphorus level restored to normal in 4.5 months after the withdrawal of 

ADV. However, in 4 patients, renal function failed to return to normal in 24 months.

Conclusion: More attention should be paid to the duration of ADV treatment. The level of 

serum phosphorus and ALP, as well as renal function, should be monitored for early detection 

of potential adverse drug reactions.

Keywords: adefovir dipivoxil, hypophosphatemic osteomalacia, long term, follow-up, serum 

phosphate, renal tubular dysfunction

Introduction
Adefovir dipivoxil (ADV) is a single-phosphate adenosine nucleotide analogue, which 

is widely used for the treatment of chronic hepatitis B (CHB), especially in lamivudine-

resistant patients.1 A prospective study showed that dose-dependent renal toxicity is 

associated with ADV, and a low ADV dose of 10 mg/d is safe.2 However, in recent 

years, several cases have been reported showing that long-term application of low 

dose of ADV causes renal damage;3,4 the symptoms of renal damage include not only 

proteinuria but also hypophosphatemic osteomalacia.5 Adverse drug reactions of ADV 

are gaining increasing attention in recent years. The State Food and Drug Supervision 

and Administration has warned that prompt attention should be paid to the risk of 

ADV-induced hypophosphatemic osteomalacia. However, the corresponding symptoms 

do not appear in a short period of time, and the symptoms are often misdiagnosed as 
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orthopedic diseases.6 This study attempts to explore the clini-

cal features of hypophosphatemic osteomalacia induced by 

long-term use of low-dose ADV. A cross-sectional analysis 

was carried out on patients who had been diagnosed with 

ADV-induced hypophosphatemic osteomalacia in Peking 

Union Medical College Hospital in recent 5 years.

Patients and methods
Study patients
Participants in this cross-sectional study were recruited from 

Peking Union Medical College Hospital from January 2012 

to December 2016 after reviewing their medical records. Of 

the 376 hospitalized patients who were diagnosed with hypo-

phosphatemic osteomalacia, the following were excluded: 

those who were not using ADV; those with HIV or hepatitis C 

virus infection, metabolic cirrhosis, diabetes, bone metabolic 

disease, or chronic kidney disease; and those undergoing dialy-

sis. Eight patients with confirmed diagnosis of ADV-induced 

hypophosphatemic osteomalacia were enrolled.

The study design was approved by the Peking Union 

Medical College Hospital Ethics Committee, and written 

informed consent was obtained from all the patients who 

were enrolled.

Data collection
The following clinical information of the 8 patients was 

recorded: gender; age; original disease and course of the 

disease; self-conscious symptom; drug application including 

the name and dosage of the drug, course of treatment, and 

drug withdrawal time; clinical manifestation; and labora-

tory examination results including alkaline phosphatase 

(ALP), serum creatinine, calcium, uric acid (UA), 24-hour 

urine phosphate, urine β2-microglobulin, and so on. A tele-

phone follow-up was conducted to record the prognosis 

of symptoms after 1, 3, 6, 9, 12, and 24 months of discon-

tinuation of ADV. The estimated glomerular filtration rate 

(eGFR) was calculated using the Chronic Kidney Disease 

Epidemiology Collaboration (CKD-EPI) formula: eGFR 

(mL/min/1.73 m2)  =194×  age−0.287  ×  serum creatinine 

(mg/dL)−1.094 (×0.739 if female).7

Definition and criteria
Renal tubular dysfunction
The renal tubular dysfunction can be evaluated based on eGFR 

as follows: normal, eGFR $90 mL/min/1.73 m2; mild renal 

impairment, 60–89 mL/min/1.73 m2; moderate renal impair-

ment, 30–59 mL/min/1.73 m2; severe kidney damage, 15–29  

mL/min/1.73 m2; and renal failure, ,15 mL/min/1.73 m2.

Hypophosphatemia grading
According to the level of blood phosphorus, hypophos-

phatemia can be sorted into mild, moderate, or severe as fol-

lows: normal, 0.81–1.45 mmol/L; mild hypophosphatemia, 

0.60–0.81 mmol/L; moderate hypophosphatemia, 0.50–0.60 

mmol/L; and severe hypophosphatemia, ,0.50 mmol/L.8

Results
Patient characteristics
Of the 8 patients, 6 were male and 2 female. The average age 

of patients was 55.00 (39–66) years, and all the 8 patients 

had cirrhosis, and took 10 mg/d ADV. The onset time of 

symptoms was an average of 5.14 (4–7) years. Six patients 

were treated with ADV alone, while 2 received ADV com-

bined with lamivudine (LAM) or entecavir (ETV), due to 

drug resistance or poor antiviral effect.

Laboratory test
The laboratory data of the 8 hospitalized patients who were 

diagnosed with ADV-induced hypophosphatemic osteomala-

cia before the drug withdrawal are presented in Table 1. The 

ALP level of the 8 cases was 279.50 (137–548) U/L, which 

was higher than the normal level (45–125 U/L). The serum 

phosphate level was an average of 0.59 (0.43–0.69) mmol/L, 

which was lower than the normal range (0.81–1.45 mmol/L). 

In one of the patients, the serum phosphate level was as low 

as 0.43 mmol/L (Table 2). Serum calcium remained within 

normal limits (2.08–2.60 mmol/L), except for one case in 

which the level was not checked. Based on eGFR calculated 

by the CKD-EPI equation, 4 cases were identified with mod-

erate renal injuries and 2 with mild renal injuries (Table 3). 

In 3 patients, a significantly high level of β2-microglobulin 

was detected in urine.

Clinical manifestations
All the 8 patients had bone pain and joint pain as chief 

complaint. Pain mainly occurred in the double side frame 

and double ankles, knees, hip joint, and lumbosacral por-

tion; among the 8 patients, 3 suffered frequent fracture and 

3 loss of weight and height (4–6 cm). Trouble in walking, 

swaying gait, limb weakness, and squatting difficulties were 

common clinical manifestations. The symptoms had lasted 

for 4 months to 4 years before they were admitted to hospital. 

The symptoms were misdiagnosed as orthopedic disease; in 

2 cases, the symptoms were misdiagnosed as severe osteo-

porosis in other institutions, while in 1 case as lumbar disc 

herniation (Table 4).
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Therapeutic regimen adjustment
ADV was discontinued after hypophosphatemic osteomala-

cia was detected. Antiviral regimens were changed to ETV 

0.5 mg/d, except in 1 case in which the regimen was changed 

to ETV 1 mg/d. Two cases were treated with neutral phos-

phorus and calcitriol capsule. Regular monitoring of renal 

function and serum phosphate level was also carried out.

Prognosis
Eight patients were enrolled in our study of hypophos-

phatemia and renal tubular function after withdrawal of ADV. 

A telephone interview was conducted to record laboratory 

data and prognosis of the patients’ symptoms after 1, 3, 

6, 9, 12, and 24 months of ADV discontinuation. One of 

the patients provided data only for the first month. During 

follow-up, there was a significant increase in virus level in 

1 case 14 months after switching to ETV. Blood phospho-

rus level returned to normal in 4.5 (1–9) months after ADV 

withdrawal in the enrolled patients. eGFR returned to normal 

after 1 month in 2 cases, while in 4 patients renal function 

failed to return to normal in 24 months (Table 5).

Discussion
ADV plays a definite role in the treatment of CHB.9,10 Pro-

spective studies have shown a dose-dependent nephrotoxicity 

is associated with ADV, and a low ADV dose of 10 mg/d is 

safe.2 However, in recent years, a growing number of cases 

have reported that renal impairment could be associated 

with low-dose, long-term application of ADV, which can be 

characterized by hypophosphatemic osteomalacia.11,12 Hypo-

phosphatemic osteomalacia is a metabolic bone disease that 

leads to softening of the bones and can be caused by hypo-

phosphatemia. The mechanism of this adverse drug reaction 

Table 1 Laboratory data of the 8 cases before the drug withdrawal

Test Normal range Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8

ALP (U/L) 45–125 246 305 548 137 217 331 236 216
Serum phosphate (mmol/L) 0.81–1.45 0.58 0.69 0.59 0.59 0.43 0.56 0.56 0.73
Serum calcium (mmol/L) 2.08–2.60 2.4 2.44 NG 2.26 2.26 2.25 2.22 2.26
25(OH)D3 (ng/mL) 8.0–50.0 39.7 NG 11.5 290 11.2 13.5 9.8 NG
Blood β2-microglobulin 
(mg/L)

1.28–1.95 NG 3.800 NG NG NG 3.5 3.62 NG

UA (mmol/L) 210–430 175 173 NG 132 126 80 NG NG
eGFR (mL/min/1.73 m2) .90 57 76 65 52 48 63 55 80
Cr (μmol/L) Male, 44–133; 

female, 70–108
115 89 108 96 101 102 124 87

24-hour urine phosphate 
(mmol/24 hours)

23–48 12.32 1.4 15.2 2,600 NG 23.4 8.10 NG

Urine β2-microglobulin (mg/L) 0–0.2 67.9 ,0.225 33.000 NG NG NG NG NG

Abbreviations: ALP, alkaline phosphatase; UA, uric acid; eGFR, estimated glomerular filtration rate; Cr, serum creatinine; NG, not detected.

Table 2 Classifications of hypophosphatemia in the 8 cases with 
confirmed ADV-induced hypophosphatemic osteomalacia

Grading Serum phosphate 
(mmol/L)

N Abnormal value, 
median (range)

Mild 0.60–0.81 2 0.69–0.73
Moderate 0.50–0.60 5 0.58 (0.56–0.59)
Severe ,0.50 1 0.43

Abbreviation: ADV, adefovir dipivoxil.

Table 3 Classifications of renal tubular dysfunction in the 8 cases 
with confirmed ADV-induced hypophosphatemic osteomalacia

Grading eGFR 
(mL/min/1.73 m2)

N Abnormal value, 
median (range)

Normal .90 0 NG
Mild 60–89 4 63–80
Moderate 30–59 4 48–57
Severe 15–29 0 NG
Renal failure ,15 0 NG

Abbreviations: ADV, adefovir dipivoxil; eGFR, estimated glomerular filtration 
rate; NG, not detected.

Table 4 Clinical manifestations of the 8 cases with confirmed 
ADV-induced hypophosphatemic osteomalacia

Clinical 
manifestations

N Ratio (%)

Bone pain 7 87.50
Joint pain 4 50.00
Frequent fracture 3 37.50
Squatting difficulty 3 37.50
Weight loss 3 37.50
Height reduction 3 37.50
Trouble in walking 1 12.50
Limb weakness 1 12.50
Teeth loss 1 12.50

Abbreviation: ADV, adefovir dipivoxil.
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is unclear. Studies have shown that ADV mainly depends on 

renal tubular secretion. ADV has a strong affinity for human 

organic anion transporter-1 (hOAT-1) on the cellular plasma 

membrane.13,14 Long-term or high-dose administration of ADV 

can result in increased drug concentration, mitochondrial 

DNA synthesis inhibition, cytochrome oxidase deficiency, 

mitochondrial function inhibition, and apoptosis of renal 

tubular epithelial cells. Therefore, renal tubular reabsorption 

capacity is weakened, and phosphorus and other elements in 

urine will be lost, leading to hypophosphatemic osteomala-

cia. Research has also shown this process may be associated 

with gene polymorphism of hOAT-1 and multidrug-resistant 

proteins (SLC22A6 and AVCC2 genotype).15

Among the 8 hospitalized patients, the number of male 

patients was greater than the female (6 male vs 2 female). 

Height and weight loss was seen in 3 osteomalacia patients. 

The severity of osteomalacia depends on the time to onset 

of symptoms. A previous study showed that the average 

duration of ADV treatment was 5 years,16 with the shorter 

time to onset of symptoms being 1.5 years and the longer 

time being 13 years since ADV treatment. In this research, 

the average time to onset of symptoms is 5.14 years, which is 

consistent with the literature results. At the beginning of the 

treatment, the patients were not prone to adverse reactions; 

as time went by, bone pain, joint pain, or fatigue appeared, 

but they were too mild to attract attention. Increased pain 

and walking disorders may easily be misdiagnosed as 

orthopedic diseases, and hence, they need more attention. 

In this study, 1 patient had bilateral ankle pain after taking 

ADV for 3 years, followed by knee pain a half year later, 

and developed pain in the hip 1 year later. By the time the 

pain was confirmed to be ADV-induced, the patient had taken 

ADV for 6 years continuously, suggesting that ADV-induced 

hypophosphatemic osteomalacia may aggravate with time.

The ALP levels in 8 patients were higher than the normal 

range, while serum phosphorus values were lower than 

normal. It was reported that serum UA is associated with 

bone mass and bone turnover.17 Five of the 8 patients had 

taken the UA test during ADV therapy. The UA levels were 

much lower than the normal range. We used the CKD-EPI 

equation to calculate eGFR and evaluate renal impairment. 

Four cases were identified with moderate renal injuries, and 

2 with mild renal injuries. In 3 patients, a significantly high 

level of β2-microglobulin was detected in urine. It has been 

reported that β2-microglobulin is detected clearly in patients 

with ADV-induced hypophosphatemic osteoporosis, and 

hence can be used as an indicator of renal function in these 

particular patients.18

Once the patients are diagnosed with ADV-induced 

hypophosphatemic osteomalacia, immediate dose adjustment 

or ADV withdrawal should be done.19 Neutral phosphorus, 

calcium, or vitamin D3 should be added to the treatment 

regimen if necessary. Symptoms of ADV-induced hypophos-

phatemic osteoporosis are reversible, and clinical manifesta-

tions such as bone pain, joint pain, and fatigue will gradually 

resolve. Patients could recover in a short period of time after 

ADV withdrawal. In this study, the patients received active 

treatment after diagnosis, and were subjected to regular 

monitoring of serum phosphorus and renal function. We 

found that after an average of 4.5 months, serum phosphorus 

level returned to normal. eGFR returned to normal after 

1 month in 2 cases, while in 4 patients renal function failed 

to return to normal in 24 months, but the symptoms of bone 

pain and joint pain resolved completely.

Table 5 Prognosis of the 8 cases after ADV discontinuation
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ALP 4 1 3 3 0 3 4 1 3 3 1 4 4 1 3 4 2 2
Serum phosphate 2 3 3 2 1 5 2 3 3 1 3 4 0 5 3 0 6 2
Serum calcium 0 4 4 0 2 6 2 2 4 0 3 5 0 5 3 1 4 3
25(OH)D3 0 1 7 0 1 7 0 2 6 0 1 7 0 2 6 0 1 7
Blood β2-microglobulin 1 0 7 0 0 8 0 0 8 0 0 8 0 0 8 0 0 8
UA 3 0 5 1 1 6 1 2 5 0 2 6 2 1 4 1 2 5
eGFR 4 2 2 4 0 4 4 1 3 4 0 4 4 1 3 4 2 2
24-hour urine phosphate 0 3 5 0 2 6 0 4 4 0 2 6 0 2 6 0 2 6
Urine β2-microglobulin 2 0 6 0 0 8 0 0 8 0 0 8 0 0 8 0 0 8

Abbreviations: ADV, adefovir dipivoxil; ALP, alkaline phosphatase; UA, uric acid; eGFR, estimated glomerular filtration rate.
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Clinical features of the 8 patients with hypophosphatemic 

osteomalacia induced by long-term low-dose ADV treat-

ment are summarized in this study. The results suggest that 

patients undergoing long-term ADV treatment should be 

carefully monitored. ADV is widely used in clinic, but the 

associated long-term adverse reactions should be considered 

seriously. Those who take ADV should undergo regular 

testing of serum phosphorus and renal function;3,20 bone 

pain and muscle weakness should be seriously considered 

in these patients. We should pay more attention to the sex 

and age of drug users, as well as the duration of therapy. 

Adjustment of drug regimen should be considered timely if 

abnormal symptoms appear in these patients.

There are some limitations to our research that need to be 

addressed. It was a single-center and cross-sectional study, 

which did not have a large sample size and lacked the base-

line data of patients before the initiation of ADV. Patients 

with multiple medical conditions from one of the biggest 

hospitals in the People’s Republic of China were enrolled in 

this study. There are few such clinical reports to explore the 

risk factors and mechanisms of the adverse drug reactions. 

Further well-designed multicenter studies should be carried 

out on a larger-scale basis.
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