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Abstract
Background: There are limited clinical studies aimed at solving the problem of the efficiency of
conventional treatment with oral phosphate and calcitriol in adults with hypophosphatemic osteomalacia
(HO). In addition, there still had no good non-hazardous markers to evaluate the severity of bone loss of
osteomalacia before and after treatment. Therefore, the purpose of this study was to assess the efficacy
of conventional treatment with a self-blended phosphate supplementation and calcitriol on patients with
HO and whether bone mineral density (BMD) can helpful for monitoring the efficacy.
Methods: 21 HO
patients and 105 healthy controls were enrolled. HO patients with calcium and calcitriol were divided into
three phosphate treatment groups: Patients in group A (n=3) received continuous phosphate
supplementation, patients in group B (n=5) received intermittent phosphate supplementation and patients
in group C (n=3) received no phosphate supplementation. 11 of 21 HO patients were recalled for
detection of BMD of the lumbar spine (L1–L4), femoral neck, and total left hip three years after the
treatment.
Results: The average initial serum phosphorus level of the patient group was approximately
50% lower than that of the control group. Lower BMD was significantly observed in the HO group than the
control group at the lumbar spine and total hip. Continuous treatment with the phosphate supplement
could increase BMD in the lumbar spine and total hip by 33.4–52.3% and the femoral neck increased by
43.2–79.3% compared with baseline, and the effect appears to be continued once treatment is
discontinued.
Conclusions: These findings suggest that conventional therapy can improve bone mineral
defects in patients with HO, especially in the femoral neck. Detection of BMD in HO patients is a good tool
to assess the extent of bone defects and the therapeutic effect.

Background
Phosphorus, which is ranked as the second most enriched mineral in human body, plays a very important
role in a variety of biological processes. Chronic hypophosphatemia usually occurs due to increased renal
phosphate loss (such as specific hereditary genetic mutations—X-linked hypophosphatemia, Fanconi
syndrome and renal tubular acidosis), decreased intestinal phosphate absorption (such as
malnourishment and short bowel syndrome) and extracellular phosphorus be migrated to cells or bone
(such as vitamin D deficiency) [1]. This condition have decreased serum phosphorus (P) and calcium
(Ca) concentrations [2, 3], and usually impaired mineralization of the bone matrix and results in abnormal
growth and rickets in children, and osteomalacia in adults. It is recommended to use traditional medical
treatment with oral phosphate and calcitriol for children. However, it is uncertain whether conventional
medical treatment is continuously effective for adults and the efficacy has not yet been proved [4]. There
are limited clinical studies showed that conventional therapy is effective for adults. Sullivan et al.
conducted an open-label research which showed that the traditional medical treatment can reduce the
severity of osteomalacia in symptomatic adults from the quantified data of pre- and posttreatment bone
biopsies [5].

The main purposes of therapy for hypophosphatemic osteomalacia (HO) in adults are to relieve pain and
the severity of osteomalacia and/or to promote fracture healing or surgical recovery [6]. Bone biopsies
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and serum levels of alkaline phosphatase, P, Ca are often used to assess the therapeutic response of
osteomalacia. However, it is too invasive to use bone biopsies routinely and it is also not enough to use
biochemical parameters to evaluate the endpoints of treatment due to the time course and eventual
extent of recovery in bone mineral defects are various at different skeletal sites[7]. There still has no good
non-hazardous markers to evaluate the extent of the osteomalacia before and after therapy. Although
bone mineral density (BMD) detected by dual-energy X-ray absorptiometry (DXA) is not necessary for the
diagnosis of osteomalacia, many studies showed that osteomalacia may lead to decreased BMD [7-13],
which in turn leads to increased risk of fracture. In addition, it has been illustrated that the BMD of the
spine and femur is significantly correlated with quantitative histological measurement in patients with a
variety of metabolic bone diseases including osteomalacia [14]. Thus, the measurement of BMD in
patients with HO is important and maybe also beneficial for evaluation of the extent of bone defects and
the following management.

In the present study, we, therefore, performed a self-blended oral phosphate supplement and calcitriol on
patients with HO and measured the BMD of pre- and posttreatment to access the efficacy of conventional
therapy and whether BMD can helpful for monitoring the efficacy.

Methods
Participants

126 participants were identified for this study through medical record review at three affiliated hospitals
of Central South University (Xiang-Ya Hospital, the Second Xiang-Ya Hospital, the third Xiang-Ya Hospital)
from January 1, 2006 to September 1, 2013. 21 patients (13 males and 8 females) diagnosed with HO
were selected as the case group. 105 age, sex, height, and weight matched participants with normal blood
biochemical and BMD measurements and no systemic disease were selected as the control group. The
study was approved by the Ethics Committee of The Second Xiang-Ya Hospital of Central South
University and informed consent was obtained from the subjects before all measurements. Our study
adheres to CONSORT guidelines of clinical trials.

The diagnoses of 21 HO patients were as follows: hereditary hypophosphatemic rickets by genetic testing
(n=5, one of the patients had a pathogenic PHEX mutation, the remaining four patients who refused
genetic testing was diagnosed according to the biochemical characteristics [4]), Fanconi syndrome with
the features of renal tubular acidosis and vitamin D deficiency (n=4), and hereditary vitamin D
abnormality (n=12). Patients with underlying phosphorus imbalance stemming from chronic disease
and/or tumors were excluded. Additionally, patients who were suffering from hyperparathyroidism were
also excluded.

All measurements were collected using standard laboratory methods. During an initial clinical visit, age,
sex, height, weight, current medications, clinical diagnosis, serum P levels, serum Ca levels, serum
alkaline phosphatase (ALP) and parathyroid hormone (PTH) levels were measured. X-rays was used to
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confirm any reported bone deformities. Blood samples (second morning void) were obtained between
08:00 and 09:00 after an overnight fast.

Bone area, mineral content and density

Bone area (BA, cm2), bone mineral content (BMC, g) and BMD of participants were measured using dual-
energy X-ray absorptiometry (DXA) (Prodigy, GE Lunar, Madison, WI, USA). BMD of the projected bone
area was calculated as BMC / BA (g cm-2). Skeletal sites included the lumbar spine (L1–L4), the femoral
neck and total left hip were also examined. Depending on body thickness and the area scanned, scanning
times ranged from 3 to 20 min. Total radiation dose for each participant was less than 1 μSv.

Follow-up

11 Patients with HO were recalled for clinical assessment approximately three years following their initial
visits. The protocol for the formulation of the phosphorus solutions was described as follows: First of all,
the patients need to weigh 253 grams of Na2HPO4 and 126 grams of KH2PO4 respectively, and then mix
them together. The next step is to adjust the PH to 7.2 after adding 1000 ml drinking water to the mixture.
Most importantly, we suggest the participants to administer the phosphate solution from 3-4 ml on, and
take it every 5 hours. However, the does will be adjusted according to the participants’ serum phosphorus
level, and usually the administration is to take the phosphate solution 6 ml each time and four times a
day.

Each patient received continuous calcitriol (0.25µg, qd), calcium treatment (CaCO3，0.3g，bid) and three
treatment levels of a self-blended neutral phosphate solution (0.8 M Na2HPO4, 0.6 M KH2PO4, pH = 7.2):

Patients in group A (n=3) received 6 mL phosphate solution doses at a frequency dependent upon
measured serum phosphorus If serum phosphorus was below 0.7 mmol L-1, phosphate solution was
administered four times a day; daily dose count was reduced by one for each 0.1 mmol L-1 increase
in serum phosphorus.

Patients in group B (n=5) received phosphate solution doses only every three to four days.

Patients in group C (n=3) received no phosphate solution. Patients in this group chose not to take the
phosphate solution due to difficulties in preparing the solution in low-resource environments.

BA, BMC, and BMD of each follow-up participant were measured by the same licensed doctor from
department of endocrinology using the same DXA scanner as during the initial visit. Each participant’s
fracture history and medication history were recorded.

Statistical analysis

Data analyses were carried out using SPSS version 17.0 for Windows (IBM Corp., Armonk, NY, USA).
Student’s t-test was used to compare BA, BMC and BMD levels in the different body sites between the
case and control groups. Changes between the initial-visit and follow-up serum P, Ca, and ALP
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concentrations, as well as BMD in the different body sites were analyzed using paired sample t-test. All
tests were two-tailed and P < 0.05 was considered significant.

Results
Participants

21 patients (13 males and 8 females) in case group were diagnosed with HO. The duration of illness
averaged 24 ± 13 (mean ± standard deviation) years. All HO patients had some bone pain history. 16 of
them had some bone deformity: vertebral deformities (62.5 %), lower limb deformities (25.0%), and rib-
sternal deformities (12.5 %). 6 patients had a history of bone fracture: 3 with vertebra fractures, 2 with
femur fractures, and 1 with a rib-sternal fracture.

Table 1 showed the demographic and biochemical data for all participants by gender. Ages of 21 HO
patients ranged from 13 to 50 years with an average of 37 ± 10 years. No significant difference in serum
P, Ca and PTH was observed between sexes, but serum ALP of females was significantly higher than that
of males. Average baseline serum P level of case group (0.59 ± 0.18 mmol L-1) was about 25% lower than
that of control group. The case group average baseline serum ALP and PTH levels were 238.95 ± 74.08 u
L-1 and 11.04 ± 5.71pmol L-1, respectively, which were significantly higher than those of control group.

Table 1 Distribution of demographic and biochemical data of patients according to sex

Sex n Height

(cm)

Weight

(kg)

Serum P

(mmol L-

1)

Serum Ca

(mmol L-

1)

Serum ALP

(u L-1)

PTH

（pmol L-1）

Patients              

Males 13 161.1 ±
8.7

60.4 ±
8.6

0.59 ±
0.18

2.02 ±
0.32

235.83 ±
83.56

9.94±5.82

Females 8 140.8 ±
18.2

52.7 ±
22.0

0.60 ±
0.22

2.10 ±
0.29

244.43 ±
65.31

14.68±4.13

Total 21 153.0 ±
16.4

57.3 ±
154

0.59 ±
0.18

2.05 ±
0.30

238.95 ±
74.08b

11.04±5.71b

Controls              

Males 65 163.8 ±
4.5

62.7 ±
6.5

1.16±0.11 2.18±0.09 75.99±19.60 3.88±1.38

Females 40 152.5 ±
5.6

52.1 ±
9.0

1.12±0.13 2.22±0.11 72.31±26.98 3.86±1.26

Total 105 159.5 ±
7.4

58.7 ±
9.1

1.14±0.12 2.20±0.10 74.08±23.34 3.87±1.30
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bP < 0.01

Bone area, mineral content, and density

Table 2 suggested that there were no significant differences in BA between the HO and control groups (P
> 0.05); while the BMC measurements of L1–L4 and femur neck region in patients with HO were
significantly lower than those of control group (P < 0.05). BMD in the L1–L4 regions was 10.4% (P < 0.01)
lower in the HO group than in the control group. Meanwhile, the average BMD of the femur neck was
22.4% decreased in case group than that in control group. The average BMD of the total hip was 21.2 %
lower in HO group than the control group. Our results indicated that BMD of the femur neck showed the
greatest difference (P < 0.05) between the HO and control groups.

Table 2 Distribution of BA, BMC and BMD data in different sites for patient and control groups

Measurements Patient (n=21) Controls (n=105) P value

L1-L4      

BA (cm2) 57.22 ± 5.29 58.15 ± 7.46 0.200

BMC (g) 47.07 ± 15.48 52.86 ± 11.85 0.048a

BMD (g cm-2) 0.807 ± 0.256 0.901 ± 0.126 0.000b

Femur Neck      

BA (cm2) 5.07 ± 0.58 5.04 ± 0.46 0.459

BMC (g) 3.07 ± 1.04 3.84 ± 0.73 0.041a

BMD (g cm-2) 0.589 ± 0.173 0.759 ± 0.117 0.031a

Total Hip      

BA (cm2) 37.78 ± 5.55 35.79 ± 5.17 0.774

BMC (g) 25.57 ± 8.69 31.87 ± 7.59 0.796

BMD (g cm-2) 0.673 ± 0.184 0.854 ± 0.129 0.014a

aP < 0.05; bP < 0.01

Serum biomarkers

Correlations between serum biochemical indices (P, Ca, and ALP) and BMD at various sites were
presented in Table 3 (patient group, n = 21). Serum P level was positively correlated with baseline femur
neck BMD (r = 0.575, P < 0.05), but no significant correlations were observed between serum P and BMD
at the other tested sites.
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Correlations between the first-visit serum Ca and ALP levels and BMD of the different sites were not
significant, suggesting that first-visit serum Ca and ALP levels may not directly influence BMD.

Table 3 Correlation between serum P, Ca and ALP levels and BMD at different anatomical sites

  L1–L4 Femur Neck Total

r P value r P value r P value

Serum P 0.135 0.605 0.575 0.044a 0.109 0.699

Serum Ca –0.207 0.425 –0.392 0.120 –0.415 0.124

Serum ALP 0.478 0.137 0.665 0.175 0.469 0.203

aP < 0.05

Follow-up

11 of 21 HO patients returned for follow-up. Figure 1 showed the measured BMD changes during the
treatment period at the different anatomical sites. Compared with the initial pre-treatment measurement,
the BMD of patients who were prescribed phosphate supplementation was noted to increase after
treatment. Patients in group A showed total BMD increased between 37.9% and 52.3%. In particular, an
increase of 43.2–79.3% was noted for the femoral neck. One participant in group B (n = 5) had previously
received phosphate therapy but discontinued the treatment upon relief of pain, and phosphate
supplementation was accepted again when the bone pain subsequently intensified. The rest of 4 patients
in group B were initially treated consistently with a neutral phosphate solution, followed by a period of
intermittent supplementation. The BMD of these patients was noted to increase between 4.9% and 33.5%
in the total hip, and between 17.7% and 33.4% in the femoral neck. However, BMD measurements of
group C were noted to decrease in the femoral neck (–41.7% to –22.5%). During treatment, one
participant in group C had fractures of the right ribs 8-10 and the left ribs 7-9 caused by a turbulent bus
ride. No other follow-up patients in any of the three groups had fractures during the treatment period (Fig
1).

Discussion
The aim of our study is to investigate the changes in BMD in HO patients before and after treatment.
Many investigators have shown that BMD is markedly reduced in osteomalacic bone [7-13]. It has been
reported that up to 70% osteomalacia patients had BMD with osteoporosis in their lumbar spine, and up
to 60% osteomalacia patients had BMD with osteoporosis in their femoral neck by a study from Iran [9].
The results from this study also showed that the BMD of HO patients is markedly reduced before
treatment and increased after conventional treatment with oral phosphate and calcitriol. This indicated
that BMD is decreased in most osteomalacia and it may help in assessing the bone status before and
after treatment.
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In our study, BMD in the L1–L4, total hip and femur neck regions in HO patients were significantly lower
than that in healthy individuals before treatment with the BMD in femur neck decreased the most
obvious. These results are equal to the previous research in which BMD measurements both at the
lumbar spine and the femoral neck are in the osteoporotic range in a Caucasian patient with HO [11].
After treatment with neutral phosphate solution concurrent with calcitriol and calcium, both the BMD in
L1-L4 and total hip showed an improvement in which the femoral neck BMD increased the most (43.2–
79.3%). These results indicated that BMD, especially femoral neck BMD appeared to be better markers to
monitor therapy. The study of Bhambri et. al discovered that within the first few months treatment, there
was a huge improvement in clinical syndrome and biochemical markers in osteomalacia patients, but the
bone mineral defects take much longer to repair and the ultimate extent of recovery at different skeletal
sites is various [7]. Therefore, it is of vital importance to continue treatment until bone mineral defects are
satisfactorily improved.

Although bone biopsy is the most reliable test for bone mineral deficits monitoring in osteomalacia
patients, its clinical routine application is limited due to the invasive nature. Compared with bone biopsy,
BMD measured by DXA is a non-invasive method with minimal radiation exposure. Based on the fact that
BMD of the lumbar spine and femur significantly correlated with quantitative histological measurement
in patients with a variety of metabolic bone diseases including osteomalacia [14], our study
demonstrated that BMD may contribute to the retrospective confirmation of the bone mineral deficits and
also contribute to the evaluation of the therapeutic efficacy in HO. Thus, BMD could be used for clinicians
to determine when to reduce phosphate supplementation so as to avoid overtreatment and maintain
serum phosphate levels close to the lower limit of normal.

Treatment is recommended in hypophosphatemia adults with symptoms including osteomalacia.
However, there are limited clinical studies demonstrated the efficacy of conventional therapy with oral
phosphate and calcitriol in adults with HO [5, 11]. Therefore, our study performed conventional therapy on
patients with HO and evaluated its efficiency. Because commercialized oral phosphate supplements are
unavailable in developing areas such as in rural China, a self-blended phosphate solution according to
the recommended daily elemental phosphorus (750 to 1000 mg/d in 3 to 4 divided dosages) [6] for HO
was used for the treatment so that patients themselves prepared the oral phosphate solution at home.
Femur neck BMD was found to significantly positive correlate with serum P levels before treatment.
Reduced serum phosphorous leads to activation of PTH and 1, 25-dihydroxyvitamin D (1,25(OH)2D), and
consequently causes a reduction of serum Ca [15]. Reduction of serum Ca further increases the synthesis
and secretion of PTH, which results in receptor activation for nuclear factor-κB ligand (RANKL) by
osteoblast cells, thus enhancing osteoblast formation and bone resorption [16]. Increasing serum P
levels, then, is an important component of treatment plans to increase and maintain BMD in patients with
HO. Therefore, self-blended neutral phosphate solution used for the treatment was adjusted according to
measured serum P levels. After treatment, we found that patients who received calcitriol and calcium
without neutral phosphate solution showed decreases in BMD, and in one case, multiple fragility
fractures. While consistent supplementation with neutral phosphate solution, calcitriol and calcium could
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increase the BMD of HO patients, especially in the femoral neck, and the effect appears to be partially
maintained once treatment is discontinued. This is consistent with the study by Sullivan et al. and Harrell
et. al, who showed that calcitriol and phosphorus supplements could reverse the extent of mineralization
defect detected by bone biopsy in HO [5, 17]. Meanwhile, none of the previously reported side-effects such
as hyperparathyroidism, nephrocalcinosis, or other diseases [18, 19] were observed during therapy. These
results indicated that conventional therapy combined calcitriol and phosphate could improve bone
mineralization in both the lumbar spine and hip bone in HO.

This study had a few notable limitations. The duration of illness and time for follow-up were uncontrolled
and only 11 of 21 HO patients returned for follow-up. Small sample sizes, especially in the HO subgroups
limit the statistical power of our results, and preclude adjustment for sex, age and menopause status.
Further research with a larger sample size is needed to better understand the efficacy of phosphate
supplementation and optimize treatment regimens for HO patients of various demographics.

Conclusions
In conclusion, the results from this study suggest that BMD measured by DXA may be a good
noninvasive marker to assess the severity of bone mineral defects before and after treatment.
Furthermore, evaluating changes in BMD with combined self-blended neutral phosphate solution and
calcitriol therapy in HO patients show that conventional medical therapy is beneficial in the treatment of
mineralization defects in patients with HO in China, as proved by the improvement of BMD in the lumbar
spine, hip and femoral neck. Therefore, we suggest that BMD changes should be monitored in patients
with HO at regular intervals to evaluate the therapeutic effect and treatment should be continued until
BMD is satisfactorily improved .

List Of Abbreviations
HO: hypophosphatemic osteomalacia; BMD: bone mineral density ; P: phosphorus; Ca: calcium; DXA:
dual-energy X-ray absorptiometry; ALP: alkaline phosphatase; PTH: parathyroid hormone; BA: Bone area;
BMC:bone mineral content; L1–L4: lumbar spine; 1,25(OH)2D: 1, 25-dihydroxyvitamin D; RANKL: receptor
activation for nuclear factor-κB ligand.
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Figures

Figure 1

Observed BMD changes of HO patients after different treatments. BMD of L1–L4, the femoral neck and
the total hip significantly increased (P < 0.01) after continuous treatment with a neutral phosphate
solution (group A). There was no significant improvement in the BMD after intermittent treatment with a
neutral phosphate solution (group B, P > 0.05). Patients not treated with a neutral phosphate solution
showed decreased BMD (group C, P < 0.05).
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