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Abstract

25-hydroxyvitamin D (25(OH)D), the precursor of the active form of vitamin D, is recognized as 

the optimal indicator of vitamin D status. Vitamin D3 undergoes conversion through a multitude 

of enzymatic reactions described within the paper and vitamin D levels are dependent on many 

factors, including the vitamin D binding protein (DBP). The free hormone hypothesis postulates 

that protein-bound hormones are not biologically available and that unbound hormones are 

biologically active. The majority of circulating 25(OH)D and 1,25-dihydroxyvitamin D is tightly 

bound to DBP and albumin, with less than 1% circulating in an unbound form. As a result, factors 

affecting DBP alter the interpretation of 25(OH)D levels. The aim of this review is to assess the 

current methodology used to measure total and free 25(OH)D, and DBP. Additionally, we analyze 

the effects of other endocrine hormones and disease processes on DBP levels and subsequently, 

the interpretation of 25(OH)D levels.

1.0 Introduction:

25-hydroxyvitamin D [25(OH)D], the precursor of the active form of vitamin D, is 

recognized as the optimal indicator of vitamin D status. Vitamin D3 is produced in the skin 

from 7-dehydrocholesterol through a two-step process. Pre-vitamin D3 is synthesized non-

enzymatically in the skin from 7-dehydrocholesterol during exposure to ultraviolet rays in 

sunlight. Pre-vitamin D3 undergoes a temperature-dependent reaction forming vitamin D3. 

It is then transported to the liver bound to vitamin D-binding protein (DBP) and metabolized 

to 25(OH)D, through an enzymatic process involving 25-hydroxylase. Alternatively, vitamin 

D, either as D2 or D3, can enter the body from its absorption in the intestine. In either case 

D2 or D3 is metabolized to 25-hydroxyvitamin D2 or 25-hydroxyvitamin D3, respectively, 

by the action of 25-hydroxylases, the most specific of which is CYP2R1. 25-hydroxyvitamin 

D2 and D3 enter the circulation bound to DBP (Please see Figure 1). Within the renal 

tubular cell, 25(OH)D is released from the binding protein, following uptake of the 

DBP-25(OH)D complex by megalin/cubilin in renal tubules and the parathyroid glands. 
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[1]. After dissociation, 1-alpha-hydroxylase and 24-alpha hydroxylase act on 25(OH)D, 

producing 1,25 dihydroxyvitamin D and 24, 25-dihydroxyvitamin D [2].

Low 25(OH)D levels exist in many chronic conditions such as end-stage liver disease, 

nephrotic syndrome, and in critical illness where intact parathyroid hormone levels are not 

elevated. The variations in the 25(OH)D levels in these conditions result from variations in 

the binding of 25(OH)D to DBP (Please see Figure 1). Vitamin D and its metabolites exist 

in blood both bound and unbound. It is the unbound or free form of these metabolites, which 

is active in most cells. This is a classic feature of both sex binding globulin regulation of sex 

hormones and thyroxine binding globulin regulation of thyroid hormones. In this article we 

evaluate conditions that affect DBP and 25(OH)D levels.

2.0 DBP and free 25(OH)D:

The majority of circulating 25(OH)D and 1,25-dihydroxyvitamin D is tightly bound to DBP, 

with a smaller amount (10–15%) bound to albumin. Less than 1% of circulating vitamin D 

metabolites exists in a free, unbound form [3]. The free hormone hypothesis postulates that 

protein-bound hormones are biologically inactive while unbound hormones are biologically 

free to exert their physiologic activity [3]. This hypothesis applies to lipophilic molecules, 

such as 25(OH)D, in cells that have the megalin/cubulin transport system [1]. Specifically 

in this case, binding of DBP impairs delivery of 25(OH)D to vitamin D-activating 1-alpha-

hydroxylase in target cells. Thus, it is the action of unbound, free 25(OH)D that exerts its 

physiologic activity. In the epithelial renal cells in the proximal tubule express both megalin 

and cubulin, which facilitate the entry of the 25(OH)D-DBP complex into the cell. Once 

internalized, through megalin mediated endocytosis, 25(OH)D dissociates from DBP and 

then it can be further metabolized to the free, biological active form [4].

DBP is a polymorphic single chain serum glycoprotein that is primarily produced by the 

liver. DBP is responsible for binding 85% of the circulating 25(OH)D. DBP has three 

main roles in vitamin D physiology: protecting vitamin D from biodegradation, limiting 

its access to target tissues, and reabsorbing vitamin D in the kidneys [5]. The complex 

of DBP with 25(OH)D is filtered in the kidney glomerulus and then reabsorbed at the 

brush border of the tubular epithelial cells. Additional roles for DBP include transporting 

fatty acids, protecting complement C5a from degradation, macrophage activation, neutrophil 

chemotaxis, and functioning as an actin scavenger. For example, tissue injury results in the 

release of intracellular actin, which can further damage the microarchitecture of the cell. 

DBP works in association with other serum proteins to protect the cell from actin-mediated 

damage [6].

2.1 Measurement of total 25OH vitamin D

There are several methods for measurement of vitamin D in plasma. Methods used to 

measure total 25(OH)D include RIA, HPLC, LC-MS, and chemiluminescence assay by 

IDS. The first assay for measuring total 25(OH)D was based on a competitive protein 

binding method, using DBP. The major limitation of this assay was that in addition to total 

25(OH)D, other vitamin D metabolites including 24, 25-dihydroxyvitamin D were detected. 

These other vitamin D metabolites circulate as less than 10-15% of the concentration of 
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total 25(OH)D and are usually biologically inactive [5]. In 1985, a radioimmunoassay was 

developed to detect 25-hydroxyvitamin D. This assay also recognized both 25(OH)D and 

25(OH)D3. However, like the first assay developed, the RIA assay also could not exclude 

other vitamin D metabolites without initial purification and thus, overestimated the total 

25(OH)D levels. Thus, to remove the effects of interfering vitamin D metabolites, liquid 

chromatography tandem mass spectroscopy (LC-MS) was applied for direct measurement of 

total 25(OH)D [7]. The LC-MS is considered the most accurate of all methodologies and is 

currently regarded as the gold standard for measurement. To ensure accurate measurement, 

we encourage endocrinologists to ensure that laboratory participates in an external quality 

program. The inactive 3-epimer form, which is synthesized in significant concentrations in 

infants, is removed through new methodologies prior to MS [8].

2.2 Measurement of DBP: monoclonal vs. polyclonal antibodies

Immunonephelometry with both monoclonal and polyclonal antibodies has been used to 

assay DBP. DBP is a multifunctional plasma protein with 3 major electrophoretic variants 

(Gc2, Gc1s, Gc1f) that differ by amino acid substitutions and extent of glycosylation. The 

majority of studies initially utilized the monoclonal antibody enzyme-linked immunosorbent 

assay. DBP levels measured by a commercial enzyme linked immunosorbent assay that uses 

two monoclonal antibodies in a sandwich may be different when compared to the methods 

using polyclonal antibodies. These differences may due to the monoclonal sandwich 

immunoassay recognizing only one epitope near the polymorphic region of the protein and 

having different affinities for the different variants [9]. In contrast, a polyclonal antibody 

can interact at multiple epitopes. For example, the observations that DBP concentrations 

measured using the monoclonal assay were markedly lower in black compared to white 

participants. Whereas, a recent publication reported that DBP levels did not vary with race 

when the polyclonal assay was utilized [10]. In 2015, Hoofnagle et al. [11] and Nielson 

et al. [12] developed an alternative methodology, LC-MS, in which plasma proteins are 

proteolytically cleaved into peptides that can be more accurately detected and quantified. 

The concentrations determined by tandem mass spectrometry mirrored those obtained with 

the polyclonal immunoassay [11, 12]. There is a lack of standardization of measuring VDBP 

and as a result, it is difficult to compare the different assays and studies.

2.3 Free 25(OH)D: calculation vs. direct measurement

Free 25(OH)D levels can be directly measured by centrifugal ultrafiltration and a newer 

commercially available enzyme-linked immunosorbent assay. Centrifugal ultrafiltration is 

the gold standard but not commonly utilized, as it is technically difficult, expensive, and 

requires a very sensitive assay methodology [13]. Utilizing the ELISA assay, a direct 2-step 

process, free 25(OH)D was captured by an antibody during a first incubation and after 

washing, a biotin-labeled 25(OH)D analog is allowed to react with the unoccupied antibody 

binding sites. After incubation with a streptavidin-peroxidase conjugate, bound enzyme is 

quantitated colorimetrically. The level of free 25-vitamin D is inversely proportional to the 

resultant signal measured [14]. Comparison of accuracy between the two mechanisms is 

limited as there are multiple affecting the results and methodologies. The choice of which 

assay/laboratory to utilize should be determined by availability of required equipment, 
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technical expertise, as well as ensuring that the laboratory provides adequate quality control 

mechanisms ensuring accuracy [13].

Free plasma 25(OH)D can also be determined by calculation through two different methods. 

One method involves the knowledge of total 25(OH)D, albumin, and DBP. The second 

method utilizes knowledge of bioavailable 25(OH)D, defined as the fraction of hormone 

that is both free and albumin-bound. Free, bioavailable, and DBP-bound 25(OH)D are 

calculated using equations that have been adopted and validated from equations utilized for 

the calculation for free and total testosterone. Both methodologies utilize the same affinity 

binding constants and produced calculated free 25(OH)D levels that are highly correlated. 

For example, Bikle et al. calculated free 25(OH)D levels are determined using the following 

sample equation: [(Free fraction) 1/F = 1 + Ka dbp[DBP]f + Ka alb[Alb]f, with DBP affinity 

constant (Ka) for 25(OH)D= 7 x 108 M−1, Albumin (Ka) for 25(OH)D = 6 x 105 M−1, 

and F* total 25(OH)D = free 25(OH)D.] The equations to estimate free 25(OH)D rely on 

the albumin concentration, albumin-binding affinity for 25(OH)D, DBP, and total 25(OH)D 

concentration. Inaccuracies in measurement of any of these parameters can affect the results 

of free 25(OH)D, and indeed those measurements have varied especially for DBP but also 

for the assumption of constancy for the DBP affinity constant for the different DBP alleles 

and different physiologic and pathologic conditions [13-15].

Recent studies have demonstrated that calculated free 25(OH)D overestimates measured free 

25(OH)D levels. Shiel et al reported that change in serum intact PTH is more strongly 

associated with change in measured free 25(OH)D than total 25(OH)D, which demonstrates 

that measured free 25(OH)D is an accurate surrogate of vitamin D activity [16].

3.0 Genetics, Medications and Smoking

3.1 Genetic

Gene sequencing has uncovered many variations in the DBP gene. The genetic effects on 

DBP and 25(OH)D are complicated and are still evolving at time of this review. Over 

120 variants of DBP have been found and of these, 3 main phenotypic variants have been 

described-Gc1F, Gc2, and Gc1S. The variants have different characteristics that can alter 

25(OH)D levels. Genetic variants are associated with different serum concentrations and 

affinity for 25(OH)D [17], and likely have effects on binding to 25(OH)D [18].

In regards to race, allelic differences were reported to be correlated with different DBP 

concentrations in the white population but were not shown to be correlated in the black 

population[9]. Powe et al confirmed this finding by conducting a randomized, placebo 

controlled trial in which it was shown that variations in race altered DBP levels and no 

change in DBP occurred with replacement of vitamin D. In addition, the black subjects were 

found to have lower DBP levels than non-black subjects, resulting in similar concentrations 

of estimated bioavailable 25(OH)D [19]. However, this result has been recently refuted in 

that differences between black and white populations, when measured by a polyclonal assay 

rather than a monoclonal assay disappeared, [11][12] as described earlier. Aloia et al also 

found that black Americans had low levels of total 25(OH)D and DBP, but the free 25(OH)D 

was not different when directly measurement [20]. However, a recent report indicates that 
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free 25(OH)D levels are lower in black men when compared to white men, when measured 

directly or calculated from DBP values based on an assay using polyclonal antibodies [12].

The effects of DBP phenotype and sex on different measures of serum 25(OH)D were 

evaluated in 472 subjects in a recent randomized, placebo controlled trial. Results of this 

study showed that serum total 25(OH)D and DBP concentrations were lower in subjects 

with the Gc2/Gc2 phenotype compared to phenotypes with the Gc1S allele, and lower in 

males than in females. However, the differences with DBP phenotype and sex were reduced 

when directly measured free 25(OH)D was determined. Thus, the effects of vitamin D 

supplementation were not dependent on DBP phenotype or sex [21]. As DBP phenotypes 

affect both DBP levels and affinity of DBP, we suggest that the measured free 25(OH)D 

should be considered when comparing vitamin D status among races.

3.2 Medications

Tenofovir: DBP, intact PTH, total 25(OH)D and skeletal markers were measured in 

individuals with HIV treated with tenofovir, lamivudine and efavirenz. Serum samples 

from 134 subjects were collected at the beginning of the study and 24 and 48 weeks after 

initiation of treatment. It was found that DBP and iPTH levels were increased and 25(OH)D 

levels remained unchanged. It was concluded that antiretroviral therapy possibly causes 

elevation of DBP and thus lowers calculated bioavailable 25(OH)D, resulting in an increase 

in iPTH [22].

Oral contraceptive: Use of hormone contraceptives (HC) may have effects on 25(OH)D 

levels due to an increase in DBP. Recent study in 2016 further showed increases in 25(OH) 

D in women using estrogen containing HC [23]. In a study by Moller et al. in 2013, 

25(OH)D levels and DBP were measured in 75 Caucasian women: 23 that did not use HC 

and 52 that did use HC. Results from all 75 subjects showed that 25(OH)D was significantly 

higher and positively correlated with DBP concentrations [24]. Wilson et al. in a study in 

2015 also found that DBP concentrations were increased by HC use [25].

Aspirin: Li et al investigated DBP levels in 18 patients before and after aspirin treatment 

of cerebral thrombotic events via Western blot. Their study demonstrated DBP levels 

significantly increased post-aspirin treatment (114.04 ± 16.69) relative to pre-treatment 

(66.33 ± 5.61), whereas actin showed the opposite trend (p < 0.01 for both comparisons). 

Further investigation is needed to determine if changes in DBP affect total 25(OH)D levels 

[26].

3.3 Smoking

A proteomic approach was used to identify differentially expressed proteins in plasma 

samples from healthy cigarette smokers and healthy nonsmokers. Plasma DBP was found 

to have been down-regulated and DBP levels were lower in smokers compared to those 

of nonsmokers. The authors concluded that smoking influences the profile of the human 

plasma proteome but did not speculate on the possible specific role of DBP as a biomarker 

of smoking related disease [27].
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4.0 Hormones affecting DBP:

4.1 Sex hormones and DBP

DBP is up regulated by estrogen; lower levels of estrogen lead to lower levels of DBP. In 

a 2015 study by Pop et al., estradiol, 25(OH)D, DBP, iPTH and albumin were measured in 

165 females from ages 26 to 75 years. Pre-menopausal women had a higher serum DBP, 

estradiol, and 25(OH)D levels than postmenopausal women. The calculated free 25(OH)D 

was also lower than that of control subjects, but to a much lesser degree than total 25(OH)D 

[28].

Pirani et al. studied the in vitro effects of estradiol on the receptor-mediated endocytosis 

of DBP. Estradiol treatment stimulated the uptake of labeled DBP by hepatocytes isolated 

from the female animals but not by cells from male animals. This results suggests that the 

estradiol effect is dependent on the presence of estrogen receptors [29].

During pregnancy, estrogen levels rise and DBP levels are increased. Several studies had 

high concentrations of DBP and 25(OH)D during pregnancy, but calculated free remained 

relatively stable [30, 31]. On the other hand, Bikle et al. [32] found that both the total 

and calculated free concentrations of 1,25 (OH)2D increased during pregnancy despite the 

increase in DBP. In 2016, DBP levels were measured with respect with estradiol fluctuations 

that occur during the menstrual cycle. Franasiak et al. collected data from infertile women 

undergoing in vitro fertilization (IVF). Interestingly, they found that DBP did not vary 

over early, mid and late follicular phases when estrogen was at baseline and at peak. [33]. 

Females were found to have 10% higher DBP levels than men in a 2007 study that evaluated 

DBP in healthy subjects [34]. In 2011, Blanton et al. showed that the patients with type 1 

diabetes mellitus and the healthy male subjects had low DBP compared to healthy females 

[35].

4.2 Growth hormone

Treatment with growth hormone (GH) has been shown to increase VDBP levels. Brixen et 

al. demonstrated that short-term use of recombinant GH in normal men initially increased 

serum DBP and IGF-1 levels[36]. Altinova et al demonstrated that acromegaly patients 

had elevated serum DBP levels, normal total 25(OH)D but lower calculated free 25(OH)D 

compared with normal controlled subjects [37].

4.3 Parathyroid hormone

Low total 25(OH)D levels are common in patients with primary hyperparathyroidism 

(PHPT), but the mechanism is not fully understood. In 2013, Wang et al reported that levels 

of 25(OH)D, albumin, and DBP were lower in postmenopausal women with PHPT [38]. In 

their 2016 study, they demonstrated that total 25(OH)D and DBP were 20% lower in PHPT 

patients compared with control subjects but the calculated free 25(OH)D were no different 

from those of the control subjects [39]. These findings were confirmed by a study in 2016 

by Battista et al., which showed that PHPT patients had low DBP [40]. The findings support 

the concept that the low DBP levels contribute to the low total 25(OH)D levels but found a 

lower calculated 25(OH)D in patients with PHPT.
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4.4 Insulin, insulin resistance and obesity

Vitamin D is commonly deficient in patients with obesity. Compared to healthy controls, 

total and measured 25(OH)D levels were found to be lower in patients with obesity but 

did not correlate with DBP levels [41]. Walsh et al. found that DBP, total 25(OH)D and 

measured free 25(OH)D were lower in obese and overweight subjects but did not correlate 

with bone density and bone turnover [42]. A cross-sectional study was performed in 63 

obese children and 21 lean controls. Children with insulin resistance showed higher levels of 

calculated bioavailable 25(OH)D levels compared to non-insulin resistant children, but total 

25(OH)D levels were similar between obese and control populations. The study also showed 

an inverse correlation between insulin resistance and DBP levels. It was concluded that it is 

likely that insulin resistance causes lower DBP and thus changes in the free, active form of 

25(OH)D [43].

Out of concern for low bone mass, Botella-Carretero investigated bioavailable 25(OH)D in 

women after bariatric surgery. 91 women were followed for a mean of 7 years after surgery. 

No significant changes were noted in DBP levels in the cohort of women [44].

5.0 Chronic Conditions affecting DBP:

5.1 End stage liver disease

Low 25(OH)D levels are a common finding in patients with end-stage liver disease (ESLD). 

A study of 82 patients with cirrhosis demonstrated that those with low albumin had low 

DBP with measured free 25(OH)D levels remaining normal [45]. Not only are low levels of 

DBP found in patient’s with ESLD, but it had increased after liver transplant [46]. Patients 

with ESLD are known to have bone disease that is not related to hyperparathyroidism. On 

bone biopsy, pathology is more consistent with osteoporosis than osteomalacia. Moreover, 

vitamin D supplementation does not reverse the bone disease [47, 48]. 25(OH)D, calcium 

and PTH levels, and overall bone health were assessed in 158 patients with ESLD. 

Regardless of vitamin D status, bone disease was present in 64.6% of patients. The author 

proposed that calculated free 25(OH)D and DBP levels are better indicators of vitamin D 

deficiency that total 25(OH)D to confirm true vitamin D deficiency in ESLD [49].

In an earlier study, Bikle et al found that patients with liver disease had reduced levels 

of albumin, DBP and total 25(OH)D compared to normal subjects. However, the levels of 

calculated free 25(OH)D were equivalent in the patients and normal subjects[50].

5.2 Renal disease

Nephrotic syndrome is defined by proteinuria. In patients affected by nephrotic syndrome, 

DBP is excreted at higher rates in the urine. A study compared 14 children with idiopathic 

nephrotic syndrome and 10 healthy and age matched controls, the authors found that DBP 

levels were below normal range and 10 of 14 patients had 25(OH)D levels below 7 ng/ml. 

They also found a negative correlation between serum DBP and urinary protein excretion 

[51]. It was proposed that DBP loss in urine contributes to the low 25(OH)D levels found in 

nephrotic syndrome. However, a recent study found that serum DBP levels were lower but 

not significant when compared with controls (P>0.05). This suggests that the loss of DBP in 
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urine may not alter serum changes in DBP [52]. Possible causes of the discrepancy between 

the studies may be related to other factors such as duration of renal disease, extent of renal 

disease, and level of vitamin D stores [53]. Aggarwal et al found that calculated bioavailable 

25(OH)D level were reduced and correlated with bone density and bone marker in patient 

with nephrotic syndrome [52].

Another study showed urinary DBP loss occurs in proteinuria and improves with treatment 

of proteinuria; however, the loss of protein was not associated with changes in 25(OH)D 

[54]. Furthermore, urinary DBP loss was evaluated in patients with steroid-resistant and 

steroid-sensitive nephrotic syndromes. Subjects with steroid resistant nephrotic syndrome 

had significantly higher urinary DBP. This study highlighted a noninvasive method to detect 

response to treatment in nephrotic syndrome [55]. Concentration of DBP in the urine was 

found to be correlated with the degree of proteinuria in patients with chronic kidney disease 

and undergoing hemodialysis, and healthy subjects [5]. One group of researchers has used 

urinary DBP as a measure of diabetic nephropathy. The study findings considered urinary 

DBP to be a novel biochemical marker for early diabetic nephropathy [56].

5.3 Critical illness

Vitamin D modulates receptors of immune cells as well as immune cascades. Studies 

have shown that 25(OH)D regulates immune responses of the pro-inflammatory bacterial 

endotoxin in rodent models of sepsis. Serum DBP falls during systemic inflammatory 

response and theoretically is related to a fall in 25(OH)D and was discovered in a study 

performed on patients undergoing orthopedic surgery who were found to have elevated acute 

phase reactants [57]. A study performed on intensive care unit patients showed that direct 

bactericidal activity was positively associated with 25(OH)D concentrations, and DBP was 

decreased in patients with sepsis in comparison to subjects without sepsis [58]. Madden et al 

enrolled 511 children in pediatric intensive care units and found that levels of DBP and total 

25(OH)D were lower than those reported in healthy children [59]. The lower DBP levels 

increased bioavailability of 25(OH)D and the calculated bioavailable 25(OH)D levels were 

also inversely associated with illness severity. We suggest that total 25(OH)D might not be a 

reliable indicator in the critical care situation, but the ability of 25(OH)D bound to DBP to 

influence immune responses might be a better marker of benefit.

5.4 Other chronic diseases

Vitamin D deficiency is a common finding in patients with cystic fibrosis (CF). 28 healthy 

adults, 25 clinically stable adults and children with CF, and 27 adults experiencing a 

CF exacerbation underwent testing for serum concentrations of 25(OH)D, free 25(OH)D, 

albumin, and DBP. It was noted that patients with CF had lower albumin and DBP levels 

compared to normal healthy subjects, which is likely attributed to nutritional challenges 

common to CF. Both calculated and measure free 25(OH)D levels were lower in CF patients 

[60].

DBP has been implicated in contributing to the pathogenesis of multiple sclerosis (MS). 

Vitamin D deficiency has been indicated as an environmental factor causing MS. In a 2014 

study, serum DBP and albumin levels were measured in 28 subjects with MS and 24 healthy 
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subjects. DBP levels were higher in subjects with MS than healthy controls. DBP levels 

were higher in subjects with MS than healthy controls, and as a result the authors found 

that estimated bioavailable 25(OH)D levels were lower in patients with MS compared to 

controls. [61]. However, a recent study in 2016 showed that there were no differences in 

DBP levels healthy controls and patients with MS and lower calculated 25(OH)D levels 

were found in MS patients [62]. It is clear that further studies are needed to delineate the 

levels of DBP in patients with MS.

DBP plays a role in the immune system as noted earlier. In 2014, Zhang et al. found that 

patients with aggressive gingival disease had higher plasma DBP concentrations but lower 

gingival fluid DBP concentrations than healthy controls. A correlation was made between 

decreased gingival fluid DBP levels and increased plasma DBP levels in patients with 

periodontitis [63]

Asthma has been linked to common variants of DBP. A study performed on 467 subjects 

confirmed that two common variants of DBP were correlated with asthma susceptibility 

[64]. Thus, DBP has potential for roles as a marker of diseases such as asthma and gingival 

disease as a risk factor for a disease such as MS, and as causal for vitamin D deficiency in 

CF.

5.5 Psychiatric disorder:

Total 25(OH)D levels are lower in chronic psychiatric patients suggesting possible 

correlation. Yee et al compared 31 first episode psychiatric (FEP) patients and 31 healthy 

controls in Singapore; they found that DBP levels is higher in FEP patients compared with 

health subjects, the calculated free 25(OH)D is lower compared with health control even 

the total 25(OH)D remained unchanged. The calculated free 25(OH)D, not total 25(OH)D 

correlated with negative symptoms in FEP patients [65]

6.0 Summary and Conclusion:

A complex relationship exists between DBP and total and free 25(OH)D as discussed 

above. In Table 1, we summarize the many endocrine hormones and disease and theirs 

effects on DBP, which then affect the interpretation of total plasma 25(OH)D levels. Further 

investigation is needed to better understand this intricate relationship. When evaluating 

patients with low 25(OH)D levels, we should now consider the possibility that there are 

factors affecting DBP, which may alter the interpretation of total plasma 25(OH)D levels. 

This possibility should encourage clinician to consider the various clinical situations (please 

see table 1) and may necessitate the need for measuring free 25(OH)D measurements or 

iPTH with corresponding calcium levels if free 25(OH)D is not available.
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Abbreviations:

25(OH)D 25-hydroxyvitamin D

DBP Vitamin D binding protein

PHPT Primary hyperparathyroidism

RIA radioimmunoassay

HPLC high performance liquid chromatography

LC-MS liquid chromatography-mass spectrometry

iPTH intact PTH
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Figure 1. 
Vitamin D metabolism: Abbreviations: 25(OH)D: 25-hydroxyvitamin D, DBP: Vitamin 

D binding protein, PTH: parathyroid hormone, 25-OHase: 25-hydroxylases, 24-OHase: 

24-hydroxylases, 1α-OHase: 1-alpha-hydroxylase
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Table 1.

Summary of DBP and vitamin D metabolites levels in several clinical conditions.

CONDITION DBP 25 (OH) D FREE 25(OH)D REFERENCES

Nephrotic Syndrome
Low Low Normal Grymonprez (51)*

Aggarwal (52)*

ESLD

Low Low High/Normal Lai (45)**

Reese (46)*

Corey (49)**

Bikle (50)*

Critical Illness
Low Low Low/Normal/High Kempker (58)N/A

Madden (59)*

PHPT
Low Low Low/Normal Wang (38, 39)*

Battista (40)*

Smoker Low Bortner (27)N/A

Menopausal Low Low Low Pop (28)*

Cystic Fibrosis Low Low Low Lee (60)*

Acromegaly High Normal Low Altinova (37)*

Pregnancy
High High/ Normal Normal Zhang (30) *

Park (31)*

OCP

High High/ Normal Normal Moller (24)*

Wilson (25)**

Harmon (23)**

Psychosis High Normal Low Yee (65)*

MS
High/Normal High Low Rinaldi (61)N/A

Behrens (62)*

Obesity

Low/Normal Low Low/Normal Holmlund-Suila (41)**

Walsh (42)**

Giudice (43)*

Abbreviations: ESLD: end-stage liver disease, PHPT: primary hyperparathyroidism, OCP: Oral contraceptive pills, MS: multiple sclerosis. N/A: no 
free 25(OH)D

*
calculated free 25(OH)D

**
directly measured free 25(OH)D
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