
Page 1 of 18

© AME Publishing Company.   Ann Joint 2025;10:1 | https://dx.doi.org/10.21037/aoj-24-48

Expert Consensus

Expert consensus on vitamin D in osteoporosis
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Background: Adequate vitamin D is essential for maintaining optimal bone health, preventing and treating 
of osteoporosis. However, in recent years, large clinical trials and meta-analyses on the efficacy of vitamin D 
supplementation to prevent fractures in populations at different risks have been equivocal. The optimal level 
of 25-hydroxyvitamin D (25[OH]D) remains controversial. Recommendations vary between societies. The 
lack of standardized assays also poses a challenge in interpreting available research data. 
Methods: We systematically searched for articles in MEDLINE database through PubMed, which 
included meta-analysis, systematic reviews of randomized controlled trials (RCTs) and observational studies 
that assessed measurement, diagnosis and treatment about vitamin D deficiency. The experts evaluated 
the available literature, graded references according to the type of study and described the strength 
recommendations. 
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Introduction

Osteoporosis which was defined by the World Health 
Organization (WHO) in 1994 as a “progressive systemic 
skeletal disease characterized by low bone mass and 
microarchitectural deterioration of bone tissue, with a 
consequent increase in bone fragility and susceptibility 
to fracture” remains a major public health concern (1). 
Osteoporotic-related fractures occur as a result of bone 
fragility, which greatly reduce quality and length of life and 
lead to significant social and economic burden, particularly 
in aging individuals. Approximately 40.9% of the Chinese 
women aged 50 years will have osteoporotic fracture during 
their remaining lifetime (2). Osteoporotic fractures are 
associated with high morbidity, increased mortality, and 
reduced quality of life (3). The aim of osteoporosis therapy 
is to reduce the risk of fragility fractures in patients at 
increased risk.

Vitamin D has been considered crucial for maintaining 
opt imal  bone heal th,  prevent ing and treat ing of  
osteoporosis (4). However, in recent years, numerous 
observational studies and meta-analysis on the efficacy 
of vitamin D supplementation to prevent fractures in 
postmenopausal women have been equivocal (5-7). 
Therefore, it is important to determine the roles of vitamin D 
in osteoporosis. This expert consensus is based on the review 
of relevant clinical evidence and provides recommendations 
on vitamin D measurement and therapy in osteoporosis.

Methods

Primary writers submitted the outlines to all the panel 
members, which were subsequently reviewed by an 
international expert panel in the field of vitamin D 

on controversial topics related to vitamin D. All the 
recommendations were subsequently revised, discussed, 
and integrated into the final document. All authors 
contributed to this process, reaching consensus through 
electronic communications. This consensus was approved 
by all primary writers and invited expert reviewers. 
Evidence was obtained through literature searches 
using the MEDLINE database through PubMed, which 
included meta-analysis, systematic reviews of randomized 
controlled trials (RCTs) and observational studies that 
assessed measurement, diagnosis and treatment about 
vitamin D deficiency in different risk populations, 
especially in patients with osteoporosis. We used the 
assessment of multiple systematic reviews to assess the 
methodologic quality of systematic reviews. The experts 
evaluated the available literature and graded references 
according to the type of study. Levels of evidence were 
defined using the following criteria: level 1: based on 
high level evidence, including systematic overview, meta-
analysis of RCTs and RCT; level 2: based on intermediate 
level evidence, including RCT that does not meet level 
1 criteria; level 3: based on low level evidence, including 
nonrandomized clinical trial or cohort study; level 4: based 
on lower level evidence, including before-after study, case-
control study and case series. This consensus used the 
Grading of Recommendations, Assessment, Development 
and Evaluation (GRADE) system (8) to describe the 
strength recommendations. A “strong” recommendation 
usually refers to recommendations based on high-level 
evidence that clinical behavior and outcome expectations 
are consistent; in contrast, a “weak” recommendation is 
often based on low-level evidence with uncertain clinical 
behavior and outcome expectations. 

Results: This expert consensus is based on the review of relevant clinical evidence and provides nine 
key recommendations on vitamin D deficiency in populations at different risks, especially in patients with 
osteoporosis. Supporting information is provided in the subsequent appendix box. 
Conclusions: This expert consensus is a practical tool for endocrinologists, general physicians for the 
diagnosis, assessment, and treatment of populations at different risks of vitamin D deficiency, especially in 
patients with osteoporosis. Clinicians should be aware of the evidence but make individualized decisions 
based on specific patients or situation.
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Key recommendations
•	Best measurement method: serum 25[OH]D is 

identified as the optimal method for assessing 
vitamin D status (level 1 evidence, strong 
recommendation).

In humans, the skin is the natural source of vitamin 
D. It is produced locally from 7-dehydrocholesterol in 
photoreaction induced by ultraviolet B (UVB) radiation 
from the sun (9). After synthesis in the skin, Vitamin D 
enters the bloodstream reaching various tissues, including 
the liver, adipose tissue, and muscle. In the liver, vitamin D 
is metabolized to 25[OH]D (calcifediol), which is the major 
metabolite of vitamin D (10). 

Serum 25[OH]D circulates in serum bound to a specific, 
high affinity, transport protein, vitamin D-binding protein 
(VDBP), with relatively low free levels. Measurement of 
circulating 25[OH]D is considered to be the best approach 
to assess an individual’s vitamin D status (11). In the 
kidney, 25[OH]D is further metabolized to produce the 
biologically active 1,25-dihydroxyvitamin D3 (10), which 
plays an important role in regulating intestinal calcium and 
phosphate absorption. However, it is not an appropriate 
indicator of clinical vitamin D status (11). 

Key recommendations
•	Standardizat ion issues :  in  the absence of 

standardized 25[OH]D assays, serum 25[OH]
D levels from different clinical laboratories may 
not be comparable (level 2 evidence, strong 
recommendation).

A multitude of techniques are widely used for measuring 
25[OH]D, but assay methodology can be grouped into two 
general categories: immune based and chromatography 
based (12). The chromatography-based assays are becoming 
the gold standard assay method in the assessment of 
the vitamin D status, which offer high specificity and  
sensitivity (13). However, the data used to define range 
levels for normal vitamin D status have been obtained by 
immune-based assays (14). Serum 25[OH]D levels vary 
widely between assay methodologies. It is necessary that 
clinical and research laboratories use standardized 25[OH]D 
assays including application of standard reference material 
such as the National Institute of Standards and Technology 
(NIST) and participation in the Vitamin D External Quality 
Assessment Scheme (DEQAS) quality control program. 
Therefore, in the absence of standardized 25[OH]D assays, 

serum 25[OH]D values from different clinical laboratories 
cannot be assumed to be comparable (15). Therefore, the 
latest consensus on vitamin D states that it is important 
to consider the accuracy and standardization of assay 
methodology when assessing vitamin D status (16).

Key recommendations
•	At-risk patients: measurement of serum 25[OH]

D is recommended for patients at risk of vitamin D 
deficiency (level 2 evidence, strong recommendation).

Vitamin D deficiency is a worldwide condition, and 
may cause secondary hyperparathyroidism, high bone 
turnover, bone loss and mineralization defects that may 
lead to fractures (17). The Institute of Medicine (IOM) 
defined the sufficient 25[OH]D level based on observational 
bone mineral density (BMD) data, as ≥50 nmol/L (18). 
The review of epidemiological studies contained data 
on a total of 168,389 participants from 44 countries on 
vitamin D status conducted in Europe, South America, 
North America, Asia and Oceania concluded that mean 
population-level 25[OH]D values varied considerably 
across the studies (range, 4.9–136.2 nmol/L), with 37.3% 
of the studies reporting mean values below 50 nmol/L (19).  
The screening of vitamin D deficiency by measuring 
serum 25[OH]D is thus recommended in individuals at 
high risk of deficiency. This includes patients with diseases 
affecting vitamin D metabolism and absorption; patients 
with osteoporosis or rickets/osteomalacia; older adults 
with a history of falls or nontraumatic fracture; bariatric 
surgery; people with a debilitating/chronic disease; 
people working long hours indoors; obesity or primary 
hyperparathyroidism; and patients with granulomatous 
disorders (16,20-22).

Key recommendations
•	Osteoporosis and serum levels: serum 25[OH]

D levels should be maintained at ≥75 nmol/L in 
patients with osteoporosis (level 1 evidence, strong 
recommendation).

There is controversy concerning which levels of 
circulating 25[OH]D supplementation should be considered 
as an optimal or adequate serum level. Most endocrine 
societies consider that serum concentration of 25[OH]D 
above 75 nmol/L is necessary to achieve health benefits. 
The American Association of Clinical Endocrinologists 
(AACE) practice guideline recommends that maintenance 
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serum 25[OH]D ≥75 nmol/L in osteoporosis (23). The 
guideline statement from Osteoporosis Canada and the 
Endocrine Society on Vitamin D Deficiency, an optimal 
level of 25[OH]D ≥75 nmol/L is also recommended in 
patients with osteoporosis (24,25). In line with the AACE 
guideline, Chinese vitamin D consensus supports the 
serum 25[OH]D threshold above 75 nmol/L for sufficient, 
which consider that this cutoff is necessary to achieve 
health benefits and these are the recommendations on 
which we should base ourselves. In contrast, other groups 
including the IOM and the National Osteoporosis Society 
of UK recommend that 25[OH]D values ≥50 nmol/L be 
considered adequate (18,26). This value of 50 nmol/L is 
now accepted by major European countries (27).

Vitamin D deficiency results in abnormalities in calcium, 
phosphorus, and bone metabolism. Specifically, vitamin D 
deficiency causes a decrease in the efficiency of intestinal 
calcium and phosphorus absorption from diet, resulting in 
an increase of parathyroid hormone (PTH) levels. A review 
evaluated thresholds for serum 25[OH]D concentrations 
for multiple health outcomes including extremity function, 
dental health, risk of falls, fractures, and colorectal cancer. 
For all endpoints, the optimal serum concentrations of 
25[OH]D begin at 75 nmol/L, and the best are between 90 
and 100 nmol/L (28). Serum PTH levels had a significant 
negative correlation with 25[OH]D and began to plateau 
in adults who had the levels of 25[OH]D between 75 and 
100 nmol/L (29). Consistent with this threshold, one meta-
analysis of double-blind RCT with oral vitamin D showed 
that serum 25[OH]D levels of about 75 to 110 nmol/L 
provided optimal benefits for hip and nonvertebral fracture 
prevention (30). Evidence was reviewed that showed setting 
an optimal threshold of 75 nmol/L was associated with 
increased absorption of calcium from the gut (31). In the 
absence of vitamin D, the intestine is capable of absorbing 
only 10% to 15% of calcium and about 60% of phosphorus 
from the diet. Adequate vitamin D increases the absorption 
of calcium and phosphorus by 30–40% and 80%, 
respectively (32,33). Thus, based on these and other studies, 
we recommend that supplementation of vitamin D should 
be maintained at a serum 25[OH]D level ≥75 nmol/L,  
particularly for individuals with osteoporosis. 

Key recommendations
•	Low-risk adults: in adults under 50 with a low risk 

of vitamin D insufficiency, daily supplementation 
exceeding 400 IU of vitamin D and 1,000 mg of 
calcium is not recommended (level 1 evidence, 

weak recommendation).

The supplementation of vitamin D and calcium has 
long been a subject of controversy within the medical 
and scientific communities. While some studies suggest 
potential benefits, such as improved bone health and 
reduced risk of certain diseases, others raise concerns about 
potential risks, including adverse cardiovascular outcomes 
and kidney stones. As researchers continue to explore the 
complex interactions between these nutrients and their 
impact on overall health, the debate surrounding their 
supplementation remains a topic of ongoing discussion and 
investigation. 

Numerous studies have provided evidence supporting the 
potential benefits of vitamin D supplementation, especially 
in specific populations. Research indicates that individuals 
with inadequate sun exposure, such as those living in 
northern latitudes or confined indoors, are at a higher risk 
of vitamin D deficiency. Moreover, older adults, who might 
have reduced skin synthesis of vitamin D, have shown 
improvements in bone density and fracture prevention with 
supplementation. Additionally, individuals with certain 
medical conditions like osteoporosis or malabsorption 
disorders can also benefit from vitamin D supplementation 
as it aids in calcium absorption and supports bone health. 
These findings have led to recommendations for targeted 
supplementation in these high-risk populations to address 
deficiencies and enhance overall health. However, the 
optimal dosages and potential interactions with other 
factors remain subjects of ongoing research and clinical 
discussion.

Various health organizations and guidelines have taken 
nuanced stances on the supplementation of vitamin D and 
calcium. For instance, the U.S. Preventive Services Task 
Force (USPSTF) suggests that there is currently insufficient 
evidence to recommend routine supplementation of these 
nutrients for the prevention of fractures in postmenopausal 
women and older men. The USPSTF has concluded that 
the current evidence to assess the relative benefits and 
harms of combined vitamin D and calcium supplementation 
for the primary prevention of fractures in premenopausal 
women or men without osteoporosis or vitamin D 
deficiency is insufficient (34). The IOM has recommended 
dietary allowances for 600 IU of vitamin D and 1,000 mg 
of calcium in people younger than 50 years. However, the 
benefits and harms of daily supplementation with greater 
than 400 IU of vitamin D and greater than 1,000 mg of 
calcium to prevent fractures are not clear. Two meta-
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analyses suggest that vitamin D supplementation with or 
without calcium was inappropriate in community-dwelling 
adults (35,36). Another systematic review and meta-analysis 
of 11 RCTs of vitamin D supplementation alone (daily or 
intermittent dose of 400–30,000 IU) did not reduce risk 
of any fracture or hip fracture (37). Moreover, alone or 
combined use of calcium and vitamin D supplementation 
did not improve BMD in the total hip or lumbar spine in 
healthy premenopausal women (38). Recently, a double-
blind, randomized clinical trial including 311 community-
dwelling healthy adults without osteoporosis demonstrated 
that treatment with vitamin D for 3 years at a dose of 
4,000 IU per day or 10,000 IU per day, compared with 
400 IU per day, resulted in statistically significant lower 
radial BMD (39), and thus did not indicate a high-dose 
vitamin D supplementation as beneficial for bone health. 
The Endocrine Society’s guidelines highlight that vitamin 
D supplementation may be warranted for individuals with 
documented deficiencies or those at high risk of deficiency 
due to limited sun exposure. However, they also emphasize 
the need for further research to clarify the optimal dosages 
and potential benefits of supplementation in different 
populations. These studies reflect the ongoing uncertainty 
and complexity surrounding the use of these supplements, 
reinforcing the need for a personalized and evidence-
based approach when considering vitamin D and calcium 
supplementation, especially in adults with low risk of 
fractures.

Meanwhile, several studies have produced results that 
challenge the notion of universal benefits from vitamin 
D and calcium supplementation. Large-scale RCTs have 
failed to consistently demonstrate significant reductions 
in fracture risk or improvements in overall mortality rates 
among individuals taking these supplements (35,37,40,41). 
In fact, some trials have even reported potential harm, 
such as an increased risk of kidney stones or cardiovascular 
events in certain populations (42). For instance, a meta-
analysis published in a prominent medical journal found 
no significant reduction in hip fracture risk with vitamin 
D and calcium supplementation in community-dwelling 
older adults (35). These conflicting outcomes have led to 
skepticism about the widespread use of these supplements 
and emphasize the importance of individualized approaches 
to supplementation based on factors such as baseline 
nutrient levels and medical history. 

Though the l i terature concerning this  issue is 
contradictory, because of the small risk and cost, we believe 
that it is essential not to discourage older adults with calcium 

and vitamin D supplementation. Also, we should consider 
other health outcomes about vitamin D in addition to 
fractures and falls. Therefore, we suggest supplementation 
with vitamin D and calcium for the primary prevention 
of fractures in elderly people. But for people with a low 
risk for vitamin D insufficiency are adults below age 
50 years without osteoporosis, daily supplementation 
with greater than 400 IU of vitamin D and greater than 
1,000 mg of calcium is not recommended, which was 
consistent with the USPSTF recommendation (34).  
There is a need for further studies to address the possible 
benefits of vitamin D supplements on muscle function, 
particularly on falls and fractures.

Key recommendations
•	Supplements for older adults: for adults over 

50 years at high risk of vitamin D deficiency, a 
minimum daily supplementation of 1,200 mg of 
calcium and 800 IU of vitamin D is recommended 
(level 1 evidence, strong recommendation). 

•	P o s t - s u p p l e m e n t a t i o n  t e s t i n g :  r o u t i n e 
measurement of serum 25[OH]D within 3 months 
after initiating supplementation is not necessary 
(level 1 evidence, strong recommendation).

Large clinical trials have shown that supplementation 
with calcium and vitamin D is not effective for preventing 
incident fractures in otherwise healthy postmenopausal 
women, previously mobile elderly people and in healthy 
midlife and older adults who were not selected for 25[OH]D  
deficiency, low BMD or osteoporosis (40,43,44). Hence, 
calcium and vitamin D supplementation should be targeted 
on individuals with a high risk of fracture and those 
documented with or at high risk of vitamin D deficiency. 

The effects of calcium and vitamin D supplementation 
on falls have been demonstrated in several clinical RCTs 
conducted in high-risk individuals. Some randomized trials 
and meta-analyses found that vitamin D supplementation 
reduced the risk of falls (45-48). However, a recent RCT 
in older persons found that vitamin D supplementation at 
doses of 1,000 IU/d or higher did not prevent falls (49). 
Two other RCTs documented that high doses of vitamin 
D may even increase the risk of fall (50,51). Evidence 
have reached divergent conclusions, possibly because of 
differences in vitamin D doses, recruitment of participants 
with vitamin D deficiency or insufficiency, and other design 
features (52). These findings led to a change in the 2018 
USPSTF recommendations, which now do not recommend 
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vitamin D supplementation to prevent falls in older persons 
without osteoporosis or vitamin D deficiency (53).

Fracture is the most important outcome of osteoporosis. 
The effects of calcium and vitamin D on fracture risk have 
also been studied in the elderly, including ambulatory 
individuals living in institutions and elderly community 
residents. These studies found that supplementation with 
vitamin D and calcium reduced the risk of hip fractures 
and other nonvertebral fractures among elderly women  
(54-57). A meta-analysis summarizing eight RCTs 
(n=30,970) found that a daily combination of vitamin D plus 
calcium led to a significant 15% reduction of total fractures 
[relative risk (RR) =0.85; 95% confidence interval (CI): 
0.73–0.98] and a 30% reduction of hip fractures (RR =0.70; 
95% CI: 0.56–0.87) (5). 

In contrast, the efficacy of calcium with vitamin D 
supplementation for preventing hip and other fractures in 
the elderly remains equivocal. Recent randomized trials 
of calcium with vitamin D supplementation found no 
significant difference in fracture rates for both hip fractures 
or total fractures between the treatment and placebo 
groups (40,58). A systematic review and meta-analysis by 
Bolland et al. (n=53,537) (59) found that vitamin D had 
no effect on total fracture (36 trials; n=44,790; RR =1.00; 
95% CI: 0.93–1.07) or hip fracture (20 trials; n=36,655; RR 
=1.11; 95% CI: 0.97–1.26), which were consistent with the 
findings of the meta-analysis by Zhao et al. (n=51,145) (35). 
A pooled analysis of 11 trials involving 31,022 participants 
estimated actual intake of vitamin D in the treatment groups 
and compared this with those assigned to control groups, 
found a nonsignificant reduction in the risk of hip fracture 
and nonvertebral fracture (60). However, the findings by 
Bolland et al. have been challenged because they excluded 
about 40% of the high-quality trials on the combination of 
vitamin D and calcium, and there were concerns about the 
results biased by the dose of vitamin D. In the re-analysis of 
the Bolland et al. meta-analysis, the recommended dosage 
of 800–1,000 IU of vitamin D with adherence of more than 
50% was included, while large trials of annual vitamin D 
administration were excluded. The results indicated that 
supplementation of vitamin D could achieve a significant 
14% reduction in total fractures (RR =0.86; 95% CI: 
0.75–0.98) (61). Furthermore, calcium and vitamin D 
supplementation is widely recommended in older people 
who are housebound or living in residential or nursing 
homes, where vitamin D deficiency and low dietary calcium 
intake are common (62). Vitamin D supplementation may 
also reduce the risk of falling, and hip and nonvertebral 

fractures, but only with a dose of at least 700 IU/d (47,63). A 
meta-analysis of vitamin D and fracture risk found that anti-
fracture efficacy of vitamin D was reached only in trials that 
gave 700–800 IU/d vitamin D (63). Another meta-analysis 
of 29 randomized trials (n=63,897) including subjects aged 
50 years or older showed that minimum doses of 1,200 mg 
of calcium and 800 IU of vitamin D had the best therapeutic 
effect to prevent fracture and osteoporotic bone loss (64). 
Double-blind RCTs demonstrated that 800 IU/d vitamin D 
resulted in the improvement of lower extremity strength and 
body sway (65,66). Previous meta-analysis and international 
guidelines for older adults (aged ≥65 years) supported a daily 
dose of 800–1,000 IU of vitamin D, with lower doses being 
considered ineffective (60,67). In view of these studies, we 
recommend daily allowance of 1,200 mg calcium and 800 IU  
vitamin D in adults over 50 years of age with high risk for 
vitamin D deficiency. Such a threshold is in line with the 
majority of current vitamin D recommendations in Europe 
guidelines (62,68), as well as those of the IOM (18). 

Serum 25[OH]D can indicate the effectiveness of vitamin 
D therapy. The half-life of 25[OH]D is 15–20 days and 
reaches a plateaus after 3–4 months with a standard dose 
(800–2,000 IU) supplementation (10). Therefore, serum 
25[OH]D should be checked no sooner than 3 months 
after standard dose treatment. Patients taking high doses of 
vitamin D above “tolerable upper intake level” should have 
their serum 25[OH]D monitored (69).

Key recommendations
•	Fracture prevention: evaluating vitamin D 

supplementation alone or in conjunction with 
calcium for primary fracture prevention in 
community-dwelling adults should consider the 
balance of potential harms and benefits (level 1 
evidence, weak recommendation).

The use of vitamin D in combination with calcium has 
increased risk of kidney stones in healthy postmenopausal 
women. The Women’s Health Initiative (WHI) trial 
found that after intake of vitamin D and calcium, the 
incidence of kidney stones was increased by 17% among 
healthy postmenopausal women (40). Furthermore, 
daily supplementation with calcium plus vitamin D for 
7 years was associated with an increase in the number 
of self-reported urinary tract stones (70). A systematic 
review including 11 RCTs (n=51,419) demonstrated that 
supplementation with vitamin D alone or with calcium had 
no significant effect on all-cause mortality, or incidence of 
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cardiovascular disease or cancer, but was associated with an 
increased incidence of kidney stones (42). 

Single high dose vitamin D supplementation has 
significant potential to increase the risk of falls and fractures. 
One clinical trial found that an annual high dose of vitamin 
D (500,000 IU) supplementation was associated with higher 
rates of fall-related outcomes (71). Another recent study 
revealed that high-dose vitamin D supplementation could 
decrease radial and tibial BMD, which is harmful for bone 
health (39). Among older community-dwelling women, 
annual dose of 500,000 IU of vitamin D significantly 
increased the risk of falls and fractures in women aged  
70 years and older (50). Increased risk of falling was 
observed in a RCT that administrated monthly dosing with 
60,000 IU of vitamin D (51). Therefore, high intermittent 
doses of vitamin D were an undesirable dosing regimen.

To determine the association between cardiovascular 
disease and serum levels of 25[OH]D, the large Vitamin D 
Assessment Study administered 100,000 IU of vitamin D 
monthly for 3.3 years to adults age 50–84 years and found 
there was no effect on cardiovascular disease events (72), 
which was consistent with a collaborative meta-analysis in 
postmenopausal women (73). Meanwhile, many studies have 
also found that vitamin D supplementation was not associated 
with reduced major adverse cardiovascular events (74-76).

However, a large observational study demonstrated that 
serum levels of 25[OH]D were associated with cardiovascular 
disease in a reverse J-shaped manner, with the highest risk at 
lower levels (77). Re-analysis the WHI Calcium/Vitamin D 
Supplementation Study, calcium supplements with or without 
vitamin D modestly increase the risk of cardiovascular events, 
especially myocardial infarction (78). Ultimately, the decision 
to supplement with vitamin D and calcium for fracture 
prevention should be made on a case-by-case basis with 
input from healthcare professionals, taking into account an 
individual’s unique health profile and preferences.

Key recommendations
•	Calcium and vitamin D status: adequate calcium 

intake and vitamin D status are essential before 
initiating anti-resorptive therapy in patients with 
vitamin D deficiency (level 2 evidence, weak 
recommendation).

This is particularly important before the administration 
of potent anti-resorptive agents, such as intravenous 
bisphosphonates or denosumab, which can produce 
hypocalcemia in patients with severe vitamin D deficiency. 

Therefore, intake of calcium and vitamin D should be 
adequate upon starting intravenous bisphosphonates and 
denosumab treatment to minimize the risk of hypocalcemia. 
In postmenopausal women, the increase in lumbar spine and 
femoral neck BMD was found to be positively correlated 
with serum 25[OH]D, which revealed that the degree of 
success of alendronate therapy for osteoporosis may depend 
on the vitamin D status of patients (79). A study comparing 
vitamin D-deficient subjects with vitamin D-replete subjects 
in people treated with bisphosphonate therapy, found that 
the adjusted odds ratio for incident fractures was 1.77 
(95% CI: 1.20–2.59), which demonstrated that optimal 
vitamin D repletion may be necessary to maximize the 
response to anti-resorptive agents in terms of both BMD 
changes and anti-fracture efficacy (80). Study has shown 
vitamin D repletion or combination of bisphosphonate 
and calcitriol to be associated with a significantly higher 
increase in BMD at both spine and femoral neck sites (81). 
Vitamin D and calcium are necessary for combination 
therapy of denosumab which could stop the decrease of 
calcium, inhibit bone resorption and increase BMD (82). 
The Incidence and Characterization of inadequate clinical 
Responders in Osteoporosis (ICARO) Study of 880 patients 
treated with antiresorptive agents for 2 years found that 
lack of supplementation of calcium and vitamin D was one 
of major determinants of poor antiresorptive response (83). 
However, another RCT with 1,000 postmenopausal women 
found that BMD response to therapy at the hip or spine 
was not affected by vitamin D status at baseline (84). It was 
also reported that vitamin D status at initiation of raloxifene 
therapy did not affect the subsequent BMD response when 
co-administered with cholecalciferol and calcium (85). 
Although conflicting data exists, based on physiological 
plausibility, RCT data, and little harms associated with 
supplementation, it is the expert panel opinion that 
adequate calcium intake and vitamin D status is necessary 
before use of anti-resorptive drugs in patients with vitamin 
D deficiency. However, further data concerning the efficacy 
of vitamin D when used with antiresorptive osteoporosis 
medication are needed, especially from prospective studies.

Appropriate doses of calcium and vitamin D have been 
shown to be safe and effective in preventing and treating 
osteoporotic fractures. This expert consensus extensively 
reviewed the literature on controversial vitamin D topics to 
better clarify and summarize the measurement, diagnosis 
and treatment about vitamin D deficiency in different risk 
populations, especially in patients with osteoporosis.

However, there are some limitations. The recommendations 



Annals of Joint, 2025Page 8 of 18

© AME Publishing Company.   Ann Joint 2025;10:1 | https://dx.doi.org/10.21037/aoj-24-48

of the expert consensus are limited by the fact that there 
were flaws in most of the studies regarding baseline levels 
of 25[OH]D, dosage of use, the need for coadministration 
of calcium, and duration of follow-up. Heterogeneity of 
populations, study designs, and outcomes is also an issue. 
The large differences in 25[OH]D assays remain to be 
further clarified. In addition, we excluded non-English-
language articles and studies published only in abstract 
form, and we were unable to assess publication bias due to 
the small number of studies.

In conclusion, more rigorous methodologies are 
needed for future RCT studies to reduce assay variability, 
determine appropriate thresholds for vitamin D deficiency, 
and identify the efficacy of screening and subpopulations 
most likely to benefit.

Discussion

The above consensus was reached through discussion 
among Chinese experts. To gather more extensive views 
on this issue, we also invite experts outside of China to 
comment on several controversial questions included in  
this consensus

Question 1: what is the evidence regarding the effect of 
supplemental vitamin D doses on non-skeletal health 
in the treatment of diabetes, cancer, and cardiovascular 
diseases?
Expert opinion 1: Drs. Richard J. MacIsaac & Jasna 
Aleksova
Associations with low vitamin D and increased risk for 
diabetes, cancer and cardiovascular disease have been reported. 
Interventional trials, however; have been inconclusive. The 
main issue is to exclude reverse causality which remains 
undefined for each of these non-skeletal effects. 

Diabetes: vitamin D receptors are found on beta islet 
cells and animal models have demonstrated their activation 
participates in the regulation of insulin secretion, thus there 
is a plausible physiological association between vitamin D 
status and glycaemia. 

Prospective epidemiological studies have demonstrated 
an association between low vitamin D status and prevalent 
diabetes (type 1 and type 2) and others have shown an 
increased incidence for the development of type 2 diabetes. 
An inverse relationship between vitamin D levels and 
glycated hemoglobin (HbA1c) has also been reported. RCT 
evidence, however, is lacking to support vitamin D and or 
calcium supplementation with positive and (predominantly) 

negative trials.
Expert opinion 2: Dr. Dídac Mauricio
I will not refer hereby to the large number of observational 
studies showing association of vitamin D with these 
conditions. 

Diabetes: to my knowledge, there are no RCTs on 
prevention of type 1 diabetes. Regarding type 2 diabetes, 
there is no solid evidence to support the use of vitamin D 
supplementation to prevent or treat type 2 diabetes (86,87). 

Cancer: there is currently insufficient evidence to 
support the use of vitamin D supplementation aiming at 
cancer prevention (88-92). The same applies to treatment of 
subjects with cancer. However, all these subjects with overt 
vitamin D deficiency (<50 nmol/L) should receive vitamin 
D supplementation.

Cardiovascular disease: there is no clear effect of vitamin 
D supplementation on blood pressure (93). 

Systematic reviews and meta-analyses did not show an 
effect of supplementation on cardiovascular disease and/or 
its risk factors (94-96).

In general, in all these conditions, the principle of 
treatment of vitamin D deficiency is warranted.
Expert opinion 3: Dr. Andrei P. Sommer
Answer to questions 1 and 2:

What is very important is to assess vitamin D levels 
prior to application-not only once but as a regular control. 
Too much vitamin D can cause severe damage to kidneys, 
and if levels of vitamin D are too high, additional calcium 
supplementation is likely to amplify potential damage. 

During the last several years, and even now during 
coronavirus disease 2019 (COVID-19), supplementation 
became very popular. Unfortunately, some physicians, by 
following obscure advises, recommend to their patients 
extremely high doses of vitamin D. They believe that they 
help their patients, but in fact, the opposite is achieved.
Expert opinion 4: Dr. Joshua I. Barzilay
Using PubMed, the following articles show no effect of 
vitamin D on heart failure. Vitamin D does not prevent 
diabetes (86,97-103).
Expert opinion 5: Dr. John C. Gallagher
No evidence from prospective trials as of 2020 December.
Expert opinion 6: Dr. David Benaiges
A pathophysiological link can be found between vitamin 
D deficiency and the development of diabetes, cancer, and 
cardiovascular diseases. Despite this, there is insufficient 
evidence from RCT and meta-analysis on the benefits of 
vitamin D supplementation on the development of diabetes 
and cardiovascular disease. Currently, there are two ongoing 
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RCTs [FIND, International Polycap Study 3 (TIPS-3) 
and Vitamin D and Type 2 Diabetes Study (D2d)] that will 
shortly provide more robust evidence on the benefits of 
vitamin D supplementation (104,105).

Regarding the effect on cancer, some possible benefits 
have been described. The data of the VITAL study, including 
25,871 adults randomized to a daily dose of 2,000 IU or 
placebo with a mean follow-up of 5.3 years, have been recently 
published. No differences were detected in the incidence of 
cardiovascular events or cancer, but death from cancer over 
time was significantly reduced in the vitamin D group with 
respect to placebo [hazard ratio (HR) 0.79; 95% CI: 0.63 to 
0.99] (106).

Question 2: is it necessary to combine vitamin D 
supplementation with calcium in postmenopausal 
osteoporosis women? What are the differences between 
calcium, vitamin D, and co-administered calcium and 
vitamin D (CaD)?
Expert opinion 1: Drs. Richard J. MacIsaac & Jasna 
Aleksova
Combination calcium and vitamin D supplements are 
generally recommended for patients with osteoporosis and 
most RCT’s of bone protective agents (antiresorptives and 
anabolics) have been co-administered with these agents. 
Combined treatment can reduce the risk of secondary 
hyperparathyroidism and have been shown to reduce 
femoral fractures in older individuals residing in nursing 
homes (64).

Interestingly, calcium and or vitamin D supplementation 
was not shown to reduce hip fracture incidence in a meta-
analysis of 33 randomized trials involving 51,145, mostly 
community dwelling, participants (35), with similar findings 
in an updated meta-analysis in 2019 (37). 

Important limitations amongst the various studies were 
the baseline vitamin D levels were usually >50 nmol/L 
(only 4 trials had baseline measurements <25 nmol/L), and 
vitamin D was used as monotherapy, rather than combined 
with calcium where the effects are thought to be greater. 

Conversely, calcium supplementation alone has been 
associated with an increased risk of myocardial infarction 
(in secondary analysis) raising controversy regarding 
optimal dosing (78). Additionally, large doses of vitamin D 
supplementation have also been associated with an increased 
risk of falls (50).
Expert opinion 2: Dr. Dídac Mauricio
In postmenopausal women with osteoporosis,  the 
recommendation would be to ensure a total daily calcium 

intake of 1,200 mg (diet plus supplementation; supplements 
not higher than 1,000 mg) and 600–800 IU of vitamin 
D, especially to prevent hip fractures. Most clinicians, 
including myself, would recommend the combination of 
calcium and vitamin D to treat these women, not any of 
them alone. 

I have not included here the references of the multiple 
RCTs regarding this matter. In general, absorption of 
oral vitamin D is not an issue, and we clinicians usually 
prefer cholecalciferol. Regarding calcium, we usually 
use calcium carbonate (with meals) or calcium citrate 
(in the fasting state). The latter is preferred for subjects 
receiving some medications (e.g., proton pump inhibitors). 
If calcium supplement higher than 500 mg daily, we 
recommend divided doses. In our country, clinicians use 
both combinations or calcium and vitamin D as separate 
medications. 
Expert opinion 3: Dr. Andrei P. Sommer
See please my answer to Question 1. 
Expert opinion 4: Dr. Joshua I. Barzilay
It makes sense that the combination is most effective. Yet all 
the data above indicates no strong recommendation can be 
made.
Expert opinion 5: Dr. John C. Gallagher
The target should be vitamin D 800 IU + total calcium 
intake 1,000 mg/daily. Only add calcium elemental if 
the diet calcium is low. This applies only to Western 
populations since the data from Asia is insufficient.
Expert opinion 6: Dr. David Benaiges
As shown in different RCT the maximum benefits of vitamin 
D treatment on BMD and risk of fractures are obtained with 
the co-administration of calcium and vitamin D.

Question 3: how can vitamin D deficiency be defined 
when considering variation in age, ethnicity, body mass 
index, and geography?
Expert opinion 1: Drs. Richard J. MacIsaac & Jasna 
Aleksova
Vitamin deficiency has the same definition (according 
to serum levels) for each of these categories (generally 
<50 nmol/L), but there is recognition that insufficiency/
deficiency is more common in older individuals, those 
of African and Asian extraction and with a higher BMI. 
Recommendations for daily vitamin D intake vary according 
to age and level of vitamin D insufficiency/deficiency 
(e.g., in Australia, 1,000–2,000 IU per day for people with 
mild vitamin D deficiency, 3,000–5,000 IU) per day for  
6–12 weeks in moderate to severe deficiency (or 50,000 IU  
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once a month for 3–6 months). Obesity is associated 
with vitamin D sequestration in excess adipose tissue and 
patients may require higher dose supplementation to reach 
equivalent serum values. 

Racial differences may exist due to natural skin barrier 
to ultraviolet (UV) irradiation in addition potential 
polymorphisms in the vitamin D receptor. Whether patients 
of various ethnic groups ‘require’ various serum levels of 
vitamin D for optimal health is unclear, and thus adhering 
to current standard guidelines remains bets practice.
Expert opinion 2: Dr. Dídac Mauricio
For skeletal health, vitamin D deficiency is best defined 
as 25[OH]D serum concentrations below 50 nmol/L. For 
other non-skeletal, conditions the evidence is even lower; 
thus, the optimal level for these other conditions has not 
been established.

There is very scarce evidence on specific non-Caucasian 
ethnic groups (dark skin, black subjects) to define a different 
level, including the issue of the assays available in different 
regions. There is also little evidence on the effects of 
vitamin D or calcium in non-Caucasian subjects; here, it 
should be underlined that provided that there are substantial 
ethnic differences in mineral metabolism, we may not apply 
findings from one race/ethnicity to others.

It must be pointed out that the conditions mentioned in 
this question are among those that may define higher risk of 
vitamin D insufficiency/deficiency:
	 Older population, linked to another strong risk 

factor, i.e., institutionalized people;
	 Obesity;
	 Dark skin linked to ethnicity and geographical 

variations;
	 Limited sun exposure also linked to geographical 

variation.
The usually accepted concentration for definitions of 

sufficiency/insufficiency/deficiency would be:
	 Sufficiency: 25[OH]D >50 nmol/L;
	 Insufficiency: 25[OH]D 30–50 nmol/L;
	 Deficiency: 25[OH]D <30 nmol/L.
For fracture prevention in clinical trials, the 25[OH]D  

as a trial endpoint has been defined between 70 to  
100 nmol/L, or even higher. However, this should not be 
used for definition of sufficiency/deficiency.
Expert opinion 3: Dr. Andrei P. Sommer
There is evidence that vitamin D deficiency could be a 
major public health burden in many parts of the world, 
mostly because of sun deprivation. Especially during 
this lockdown era of psychological ice-age, where older 

people are suggested to stay in the house, we can envisage 
a major and unprecedented vitamin D deficiency globally, 
with severe pathological outcomes (osteoporosis, etc.). A 
widespread global vitamin D insufficiency is reported in a 
meta-analysis of cross-sectional study (107).
Expert opinion 4: Dr. Joshua I. Barzilay
Heavy people need more vitamin D than thinner people 
(108-111).
Expert opinion 5: Dr. John C. Gallagher
In Western countries, adults and children, vitamin D 
deficiency is serum 25[OH]D <25 nmol/L. Vitamin D 
insufficiency is serum 25[OH]D 27.5–50 nmol/L. 
Expert opinion 6: Dr. David Benaiges
Although it is well known that vitamin D levels can be 
influenced by age, skin tone, adiposity or the degree of sun 
exposure depending on the latitude, there are no different 
cut-off levels of 25[OH]D that define vitamin D deficiency 
for each of these circumstances. Furthermore, there is still 
controversy surrounding the optimal serum 25[OH]D  
concentrations in the general population and therefore, 
there is no consensus on the levels that define vitamin D 
deficiency. There is also controversy on the evidence used 
to define the optimal levels of 25[OH]D, whereas some 
base these recommendations on the effects on bone health, 
others use indirect factors such as the vitamin D level that 
increase parathyroid hormone.

Question 4: should vitamin D supplementation for 
fracture prevention be continued?
Expert opinion 1: Drs. Richard J. MacIsaac & Jasna 
Aleksova
The effects of vitamin D deficiency and adverse bone 
outcomes are well established. As discussed above, meta-
analysis of vitamin D supplementation for fracture prevention 
have not shown a benefit (however with notable limitations), 
with most studies including patients with normal baseline 
values. Most interventional studies in osteoporosis, however, 
have combined treatment with calcium and vitamin D and 
thus it would inherently be a sensible aim to replicate trial 
conditions in order to achieve maximum results. In general, 
continuation of vitamin D supplementation aiming for 
levels of 50–75 nmol/L and normal calcium and PTH values 
would be consistent with the trial data and recommendations 
from various international societies. Given the low cost, low 
side effect profile with standard dosing, continuation would 
appear reasonable. 
Expert opinion 2: Dr. Dídac Mauricio
I understand that this question refers to vitamin D 
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supplementation once a fracture has occurred. Although 
there is no evidence of an effect of vitamin D on fracture 
healing, it is important to ensure proper nutrition measures, 
including an optimal vitamin D status, provided that the 
prevalence of vitamin D deficiency is high and that doses 
as high as 1,000 IU/daily have low potential of toxicity. 
Additionally, in subjects with previous fractures, it is 
reasonable to maintain the same preventive measures for 
future fractures. 
Expert opinion 3: Dr. Andrei P. Sommer
According to a recent systematic review and meta-analysis, 
neither intermittent nor daily dosing with standard doses 
of vitamin D alone was associated with reduced risk of 
fracture, but daily supplementation with both vitamin D 
and calcium was a more promising strategy (37).
Expert opinion 4: Dr. Joshua I. Barzilay
The WHI showed a borderline significant reduction in hip 
fracture if calcium and vitamin D are taken on average for  
7 years (112).
Expert opinion 5: Dr. John C. Gallagher
Yes.
Expert opinion 6: Dr. David Benaiges
I think that it makes no sense to answer this question because 
it is widely discussed in the fifth key recommendation.

Question 5: what dose of vitamin D is needed to 
achieve adequate 25[OH]D levels in the management 
of osteoporosis?
Expert opinion 1: Drs. Richard J. MacIsaac & Jasna 
Aleksova
RCT’s  have  var i ed  in  the i r  doses  o f  v i t amin  D 
supplementation from 400 IU daily to monthly doses of 
50–500,000 IU. Increments in serum values were not always 
reported consistently. From clinical experience, individuals 
vary in their response to vitamin D supplementation 
and incrementation of serum values. Important factors 
in include absorption concerns [inflammatory bowel 
disease, coeliac disease, and other gastrointestinal (GIT) 
conditions], co-administration of certain medications 
known to affect absorption, distribution, or metabolism 
[e.g., human immunodeficiency virus (HIV) medications, 
cholestyramine, anti-epileptics, cyclosporin, rifampicin, oral 
oestrogens] and polymorphisms in the vitamin D receptor. 
Expert opinion 2: Dr. Dídac Mauricio
This is a specific question for osteoporosis subjects in 
whom it is reasonable to determine serum 25[OH]D 
concentrations. Thereafter, the decision on the dose of 
vitamin D should be based on this initial assessment. 

Cholecalciferol is the preferred choice.
	 Individuals with concentrations <30 nmol/L, many 

clinicians would recommend 50,000 IU/week for  
6–8 weeks, and then 800 IU/daily thereafter. 
However, you may find different approaches as the 
optimal vitamin D treatment schedule is yet to be 
established and clinician may opt between daily, 
weekly, or monthly dosing.

	 Subjects with 25[OH]D between 30–50 nmol/L: 
ensure a mean of 800 IU daily, and monitor and 
titrate, if necessary, upon follow-up results.

	 Individuals with concentrations >50 nmol/L, ensure 
intake of 600–800 IU daily.

Expert opinion 3: Dr. Andrei P. Sommer
There is no agreement on optimal plasma levels of 
vitamin D, it is apparent that blood 25[OH]D levels seem 
to be often below recommended ranges for the general 
population and are particularly low in some subgroups of 
the population, e.g., who are housebound (113).
Expert opinion 4: Dr. Joshua I. Barzilay
There is no agreement. I would say 1,000–2,000 IU should 
be OK based on what you wrote above.
Expert opinion 5: Dr. John C. Gallagher
Daily oral intake of 800 IU is appropriate.
Expert opinion 6: Dr. David Benaiges
In case of vitamin D deficiency, a dose of 50,000 IU/week of 
vitamin D for 8 weeks should be administered, followed by 
a maintenance dose of 800 to 1,500 IU day orally.

Question 6: does the intake of vitamin D above current 
reference intakes lead to toxicity?
Expert opinion 1: Drs. Richard J. MacIsaac & Jasna 
Aleksova
There is data indicating adverse effects from over-
supplementation of vitamin D. Hypercalcemia and 
hypercalciuria can occur and lead to established secondary 
effects (nausea, dehydration, nephrolithiasis and renal 
toxicity). 

As discussed above, high dose vitamin D supplementation 
was shown to increase the risk of falls in RCTs of older 
individuals supplemented with high doses of vitamin D.

Of relevance to this issue, a recent trial has shown 
that supplementing vitamin D above a dose of 200 IU/d  
does not prevent falls elderly community-dwelling 
participants. Indeed, in that study a dose of only up to 
4,000 IU/d was associated with worse outcomes such as 
time to hospitalization or death compared to participants 
who received 1,000 IU/d. Of note, achieved blood levels of 
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vitamin D were not measure in this study (49).
Expert opinion 2: Dr. Dídac Mauricio
The toxic dose of vitamin D is not clear. It has been defined 
that the upper tolerable intake is as much of 4,000 IU  
of vitamin D a day for healthy adults. However, for those 
with indication of vitamin D replenishment higher doses 
may be used. In this case, the use of megadoses should 
be monitored to avoid toxicity. Toxicity usually occurs 
because of inadequate use of vitamin D. Finally, circulating 
vitamin D concentrations above which toxicity is a risk 
are those >220 nmol/L. Therefore, toxicity should not 
occur at doses usually recommended for management of 
osteoporosis.
Expert opinion 3: Dr. Andrei P. Sommer
See please my answer to questions 1 and 2. 
Expert opinion 4: Dr. Joshua I. Barzilay
One study that I found suggests very little to no risk of 
toxicity with current doses of vitamin D, even for doses 
above those recommended (114).
Expert opinion 5: Dr. John C. Gallagher
Doses >4,000 IU daily cause toxicity. Hypercalcemia will 
only occur when serum 25[OH]D >300–375 nmol/L. New 
indicators of toxicity are increased bone loss on 4,000 IU, 
increased falls and increased fractures.
Expert opinion 6: Dr. David Benaiges
There is no evidence that supplementation with a daily 
dose clearly higher than the recommended one (4,000 IU) 
is associated with any adverse effect beyond hypercalciuria 
when administered alone,  or kidney stones when 
administered in combination with oral calcium (115,116). 

Question 7: is it necessary to monitor routine vitamin D 
supplementation by measurement of serum 25[OH]D?
Expert opinion 1: Drs. Richard J. MacIsaac & Jasna 
Aleksova 
In patients with insufficient vitamin D levels where 
supplementation is prescribed, evaluation of serum levels 
would be advised to ensure adequate incrementation. This 
is particularly important in patients at high risk of vitamin 
D deficiency and or increased risk of fragility fractures. 

Patients with GIT disturbances and abnormal absorption 
may not increment serum levels as expected and alternate 
routes of administration may be sought. Furthermore, 
dosing requirements are seasonally affected and thus 
monitoring levels during the winter months and summer 
months may indicate differences in dosing requirements to 
achieve optimal serum levels. 
Expert opinion 2: Dr. Dídac Mauricio
Monitoring is not necessary in those without insufficiency or 
deficiency at doses usually recommended of 600–800 IU/d.  
It is reasonable to monitor (3 to 4 months period) serum 
vitamin D in those with levels <50 nmol/L, at least until 
sufficiency is reached.
Expert opinion 3: Dr. Andrei P. Sommer
Absolutely and continuously (see please my answer to 
questions 1 and 2).
Expert opinion 4: Dr. Joshua I. Barzilay
I would say that initially check every 3–4 months on a 
certain dose of vitamin D. Once there is a steady level then 
once a year is enough.
Expert opinion 5: Dr. John C. Gallagher
No need to monitor serum 25[OH]D since a dose of 800 IU  
will exceed a serum 25[OH]D of 50 nmol/L. Exceptions are 
patients with GIT problems-bypass, malabsorption.
Expert opinion 6: Dr. David Benaiges
There is no firm evidence on the benefits of monitoring 
vitamin D levels in patients taking supplements for 
osteoporosis. With the recommended doses of vitamin D, 
monitoring cannot be justified to rule out toxicity and it 
could only be recommended to rule out infra-therapeutic 
supplementation.

Conclusions

This is a clinical expert consensus that focuses on who 
and how to evaluate and treat for vitamin D deficiency, 
especially in osteoporosis. Our recommendations for the 
use of vitamin D are listed in Box 1. There are still many 
questions that urgently need to be addressed in future 
epidemiologic, clinical, and economic studies. 
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