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Recent research has implicated vitamin D deficiency (serum levels of 25-hydroxyvitamin 
D <50nmol/L) with a number of chronic conditions including autoimmune conditions 
such as multiple sclerosis, lupus, psoriasis and chronic conditions such as osteoporosis, 
osteoarthritis, metabolic syndrome, fibromyalgia and chronic fatigue syndrome. It has 
been assumed that low levels of 25-hydroxyvitamin D (25-D) accurately indicate vitamin 
D storage and vitamin D receptor (VDR) mediated control of calcium metabolism and 
innate immunity. To evaluate this assumption, 25-D and 1,25-dihydroxyvitamin D3 
(1,25-D) levels were measured in 100 Canadian patients with these conditions. 
Additionally, other inflammatory markers (CK, CRP) were measured. Results showed a 
strong positive association between these autoimmune conditions and levels of 1,25-D 
>110 pmol/L. However, there was little association with vitamin D deficiency or the 
other inflammatory markers, meaning the results challenge the assumption that serum 
levels of 25-D are a sensitive measure of the autoimmune disease state. Rather, these 
findings support the use of 1,25-D as a clinical marker in autoimmune conditions.  High 
levels of 1,25-D may result when dysregulation of the VDR by bacterial ligands prevents 
the receptor from expressing enzymes necessary to keep 1,25-D in a normal range.  


 
There is increasing interest in the role of vitamin D deficiency in a number of chronic 
health problems including autoimmune diseases.1-8 However, other studies have shown a 
deleterious or no beneficial effect of vitamin D supplementation in certain diseases.9-18 

                                                 
1 Stillpoint Centre 
2 Weill Cornell Medical College 
3 Georgetown University 

Page 1 of 14

http://www.nyas.org/forthcoming

Annals of the New York Academy of Sciences

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

mailto:gregblaney@shaw.ca


unedited manuscript

Blaney et al: Vitamin D metabolites as clinical markers 

The effects of vitamin D are the result of genomic and non-genomic actions mediated by 
the active form of vitamin D, calcitriol, also known as 1,25-dihydroxyvitamin D3 (1,25-
D). Yet most of the studies evaluating vitamin D and its association with disease are 
based on 25-hydroxyvitamin D (25-D) serum levels and not 1,25-D.  
 
The definition of deficiency of 25-D is variable. One author recently surveyed the 
literature and determined that 25-D deficiency begins at or below 80 nmol/L.19 Still, a 
number of studies have found levels below that to be common in healthy subjects.20-24 
 
Because of these ambiguities, an evaluation of vitamin D metabolites was conducted on 
100 Canadian patients residing in the Pacific Northwest who suffer from diseases that 
have been associated with vitamin D deficiency.25 Two markers of inflammation, 
creatinine kinase26 and C-reactive protein were also measured.27, 28  


 
Blood samples from 100 randomly selected patients presenting with clinical criteria 
indicating the presence of autoimmune and associated diseases were drawn and analyzed 
by Lifelabs, located in Burnaby, British Columbia, Canada.  
 
Of the 100 patients, 26 were male and 74 female and ranged in age from 20 to 67 years. 
Patients with classical autoimmune disease totaled 30: nine with metabolic syndrome, 43 
with chronic fatigue syndrome/fibromyalgia, 12 with post-Lyme disease syndrome,29 and 
six with osteoarthritis (see Figure 1). 
  
Patients were measured for the presence of four blood markers - elevated levels of C-
reactive protein, elevated levels of creatinine kinase, deficient levels of 25-D and elevated 
levels of 1,25-D. Elevated levels of C-reactive protein were determined by a finding of 5 
mg/L or greater. Elevated levels of creatinine kinase were determined by a finding of 
above 300 U/L (males), 200 U/L (females). 25-D deficiency was determined by the 
finding of levels at or below 50 nmol/L.  
 
Samples to be tested for 1,25-D were refrigerated and then frozen within twelve hours 
after withdrawal. 25-D was measured using the Diasorin LIAISON chemiluminescence 
immunoassay. 1,25-D was measured using the Diasorin radioimmunoassay. 
 
There appears to be a lack of consensus as to the normal serum levels of 1,25-D (see 
Table 1) with various authors citing ranges from 39 - 110 pmol/L,30 33 - 160 pmol/L,31 60 
- 156 pmol/L,32 47 - 162 pmol/L33 and 36 - 108 pmol/L.34 The threshold for elevated 
1,25-D was selected as 110 pmol/L based on the observation that all healthy patients in a 
clinical care setting showed levels under this range.35 
 
Furthermore, levels of 1,25-D have been shown to drop below 110 pmol/L in patients 
participating in later stages of a therapy in which a VDR agonist and pulsed low-dose 
antibiotics are used to eliminate bacteria thought to cause the vitamin D dysregulation 
observed in autoimmune disease.35 
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Levels of 25-D ranging from a low of 20 nmol/L to 50 nmol/L were found in 26 patients 
(see Figure 2). None had below normal levels of 1,25-D (< 40 pmol/L).  
 
Interestingly, 1,25-D rather than 25-D served as a more accurate measure of a chronic 
inflammatory disease state. 
 
Elevated levels of 1,25-D ranging from 110 pmol/L to a high of 350 pmol/L were found 
in 85 patients. Of these patients, 19 had 25-D levels below 50 nmol/L. The mean level of 
1,25-D observed in our sample (143.46 pmol/L +/- 45.56) was significantly higher than 
the laboratory threshold value of 110 pmol/L (p<0.0001 by one-sample t-test). 
 
Levels of C-reactive protein of higher than 5.0 mg/L were observed in 17 patients, with 
the highest being 62.67 mg/L. 
 
Creatinine kinase above the normal reference range were observed in 12 patients with the 
highest being 1109 U/L in a male and 562 in a female. 
 
In diagnosed autoimmune patients, 10 out of 30 were found to have 25-D levels <50 
nmol/L while 27 out of 30 showed 1,25-D levels > 110 pmol/L. 5 out of 30 had C-
reactive protein levels > 5.0 mg/L. 5 out of 30 had creatinine kinase levels above normal. 
 
Levels of 25-D below the normal range were observed in two out of nine patients with 
metabolic syndrome while six had elevated levels of 1,25-D.36, 37 Of the nine patients, 
five showed elevated levels of C-reactive protein while none showed elevated creatinine 
kinase levels. 
 
Of 43 patients with chronic fatigue syndrome/fibromyalgia38, 39 ten had <50 nmol/L of 
25-D while 38 had >110 pmol/L of 1,25-D. Eight patients had elevated levels of C-
reactive protein while only one had an elevated level of creatinine kinase. 
 
Post Treatment Lyme Disease Syndrome40 patients may well represent a subcategory of 
CFS. Of 12 patients tested three showed 25-D levels < 50 nmol/L. 9 showed 1, 25-D 
levels > 110 pmol/L. 2 patients had C reactive proteins > 5 mg/L while 3 had above 
normal creatinine kinase levels. 
 
In six patients with osteoarthritis (OA) and degenerative disc disease (DDD),41 only 1 
patient had < 50 nmol/L 25-D. However all 6 patients had > 110 pmol/L of 1,25-D. None 
had elevated levels of C-reactive protein. Two had elevated levels of creatinine kinase. 
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These findings show that vitamin D deficiency was not as common as speculated in 
Canadian adults living in the Pacific Northwest and was not found in the majority of 
patients with diseases previously associated with vitamin D deficiency. However, 
elevated levels of serum 1,25-D were found in 85% of patients examined.  
 
Technically, high levels of 1,25-D down-regulate, via the PXR nuclear receptor, the 
amount of vitamin D converted into 25-D, resulting in low levels of 25-D in patients with 
autoimmune disease.42 That 25-D levels remained above range in the majority of our 
cohort suggests that subjects were supplementing with vitamin D or simply eating any 
number of a plethora of foods that are now artificially fortified with the 
secosteroid/hormone. So long as this confounding variable continues to exist, reliable 
data on how 25-D may be affected by the disease process itself and is likely to remain 
inconclusive. 
 
Vitamin D supplementation leads to the formation of 25-D rather than 1,25-D.  High 
levels of 25-D do not appear to prevent inflammatory disease as 34 out of the 100 
patients tested had 25-D levels above 80 nmol/L. This is consistent with other poor 
results of vitamin D supplementation in the treatment of inflammatory disease, 
particularly over long periods of time. Certain studies have documented a therapeutic 
effect of vitamin D over the short term; Lappe et al showed that consumption of vitamin 
D appears to be protective against colorectal cancer in a four-year trial.43 However, a 
similar study done on a larger cohort that lasted only an additional three years found no 
such effect.44 In fact, studies in which patients had been consuming vitamin D over the 
course of decades have shown a negative effect of vitamin D supplementation.45, 46

Also, it is well-documented that those who supplement with vitamin D are qualitatively 
different than those who don't, having higher socioeconomic status,47 better education, 
stronger interest in health education,46 and presumably access to higher quality health 
care. This should give one further pause when assessing observational epidemiological 
studies on vitamin D supplementation.
 
In contrast, 1,25-D appears to be a highly sensitive clinical marker both in diagnosis of 
autoimmune and associated diseases. It may be fruitful to consider why levels of 1,25-D 
are elevated in patients with autoimmune diagnoses. One possibility is that the VDR 
becomes dysregulated when exposed to sufficient quantities of ligands created by 
bacteria that antagonize the VDR.  These ligands include Capase-348 and capnine.49 The 
persistent and difficult-to-culture bacteria that create these ligands may play a role in the 
pathogenesis of autoimmune and related diseases.  
 
As bacterial ligands compromise the activity of the VDR, the receptor is prevented from 
expressing CYP24, an enzyme that breaks the 1,25-D down into its inactive 
metabolites.42 This allows 1,25-D levels to rise without a feedback system to keep them 
in check, resulting in the elevated levels of the hormone as observed in our cohort. 
Acquired hormone resistance has also been recognized with insulin, thyroid, steroid, and 
growth hormone releasing hormone.50, 51 Elevated levels of hormones are seen in some of 
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these conditions.52 
 
Consistent with the hypothesis is that although 85 out of 100 patients in our cohort had a 
1,25-D higher than 110 pmol/L and a significant number (38) had levels greater than 160 
pmol/L, there were no apparent clinical manifestations of hypercalcemia.  
 
This suggests that although 1,25-D rises in inflammatory disease, it is unable to actually 
bind to the VDR and drive the expression of genes associated with calcium absorption.  
This could result because the Receptor is already antagonized by bacterial ligands.   
 
This model is supported by data collected from a trial in which patients with autoimmune 
diagnoses used a VDR agonist to restore VDR activity.  Over the course of therapy, 1,25-
D levels dropped into a normal range as inflammation decreased. This suggests that 
tracking 1,25-D levels may also serve as a valuable clinical marker of therapeutic 
response and efficacy of treatment modalities for autoimmune disease. 
 
Given the potential benefits of serum 1,25-D as a clinical marker both in the diagnosis 
and monitoring of treatment response, further research is warranted. If larger, controlled 
studies continue to associate elevated levels of 1,25-D with an inflammatory disease 
state, it could be used as a reliable marker of the autoimmune disease process. 
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Table 1. Selected research of serum values for 1,25-D 
 
A table has been submitted as a separate Word document. 
 
 
Figure 1. Patients with a given diagnosis. Note that many patients had multiple 
diagnoses. 
 
Both color and black/white images have been uploaded.  
 
 
Figure 2.  25-D vs. 1,25-D in a cohort of 100 patients 
 
Both color and black/white images have been uploaded. 

Page 6 of 14

http://www.nyas.org/forthcoming

Annals of the New York Academy of Sciences

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



unedited manuscript

Blaney et al: Vitamin D metabolites as clinical markers 

 


 
 
1. Arnson, Y., H. Amital & Y. Shoenfeld. 2007. Vitamin D and autoimmunity: new 
aetiological and therapeutic considerations. Ann Rheum Dis. 66: 1137-42. 
2. Ascherio, A. & K. L. Munger. 2007. Environmental risk factors for multiple 
sclerosis. Part I: the role of infection. Ann Neurol. 61: 288-99. 
3. Cauley, J. A., et al. 2008. Serum 25-hydroxyvitamin D concentrations and risk for 
hip fractures. Ann Intern Med. 149: 242-50. 
4. Cutolo, M. 2008. Vitamin D or hormone D deficiency in autoimmune rheumatic 
diseases, including undifferentiated connective tissue disease. Arthritis Res Ther. 10: 123. 
5. Dobnig, H., et al. 2008. Independent association of low serum 25-hydroxyvitamin 
d and 1,25-dihydroxyvitamin d levels with all-cause and cardiovascular mortality. Arch 
Intern Med. 168: 1340-9. 
6. Giovannucci, E., et al. 2008. 25-hydroxyvitamin D and risk of myocardial 
infarction in men: a prospective study. Arch Intern Med. 168: 1174-80. 
7. Melamed, M. L., et al. 2008. 25-hydroxyvitamin D levels and the risk of mortality 
in the general population. Arch Intern Med. 168: 1629-37. 
8. Zold, E., et al. 2008. Vitamin D deficiency in undifferentiated connective tissue 
disease. Arthritis Res Ther. 10: R123. 
9. Ahn, J., et al. 2008. Serum vitamin D concentration and prostate cancer risk: a 
nested case-control study. J Natl Cancer Inst. 100: 796-804. 
10. Aloia, J. F., et al. 2005. A randomized controlled trial of vitamin D3 
supplementation in African American women. Arch Intern Med. 165: 1618-23. 
11. Forsmo, S., S. K. Fjeldbo & A. Langhammer. 2008. Childhood cod liver oil 
consumption and bone mineral density in a population-based cohort of peri- and 
postmenopausal women: the Nord-Trondelag Health Study. Am J Epidemiol. 167: 406-
11. 
12. Gates, S., et al. 1986. Abnormal calcium metabolism caused by increased 
circulating 1,25-dihydroxyvitamin D in a patient with rheumatoid arthritis. J Bone Miner 
Res. 1: 221-6. 
13. Palmieri, C., et al. 2006. Serum 25-hydroxyvitamin D levels in early and 
advanced breast cancer. J Clin Pathol. 59: 1334-6. 
14. Patel, R., et al. 2001. The effect of season and vitamin D supplementation on 
bone mineral density in healthy women: a double-masked crossover study. Osteoporos 
Int. 12: 319-25. 
15. Rajasree, S., et al. 2001. Serum 25-hydroxyvitamin D3 levels are elevated in 
South Indian patients with ischemic heart disease. Eur J Epidemiol. 17: 567-71. 
16. Sadeghi, K., et al. 2006. Vitamin D3 down-regulates monocyte TLR expression 
and triggers hyporesponsiveness to pathogen-associated molecular patterns. Eur J 
Immunol. 36: 361-70. 
17. Warner, A. E. & S. A. Arnspiger. 2008. Diffuse musculoskeletal pain is not 
associated with low vitamin D levels or improved by treatment with vitamin D. J Clin 
Rheumatol. 14: 12-6. 

Page 7 of 14

http://www.nyas.org/forthcoming

Annals of the New York Academy of Sciences

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



unedited manuscript

Blaney et al: Vitamin D metabolites as clinical markers 

18. Yesudian, P. D., et al. 2008. The effect of ultraviolet B-induced vitamin D levels 
on host resistance to Mycobacterium tuberculosis: a pilot study in immigrant Asian adults 
living in the United Kingdom. Photodermatol Photoimmunol Photomed. 24: 97-8. 
19. Hollis, B. W. 2005. Circulating 25-hydroxyvitamin D levels indicative of vitamin 
D sufficiency: implications for establishing a new effective dietary intake 
recommendation for vitamin D. J Nutr. 135: 317-22. 
20. Arya, V., et al. 2004. Vitamin D status and its relationship with bone mineral 
density in healthy Asian Indians. Osteoporos Int. 15: 56-61. 
21. Binkley, N., et al. 2007. Low vitamin D status despite abundant sun exposure. J 
Clin Endocrinol Metab. 92: 2130-5. 
22. Gordon, C. M., et al. 2008. Prevalence of vitamin D deficiency among healthy 
infants and toddlers. Arch Pediatr Adolesc Med. 162: 505-12. 
23. Lips, P. 2004. Which circulating level of 25-hydroxyvitamin D is appropriate? J 
Steroid Biochem Mol Biol. 89-90: 611-4. 
24. Zargar, A. H., et al. 2007. Vitamin D status in apparently healthy adults in 
Kashmir Valley of Indian subcontinent. Postgrad Med J. 83: 713-6. 
25. Schwalfenberg, G. 2007. Not enough vitamin D: health consequences for 
Canadians. Can Fam Physician. 53: 841-54. 
26. Davis, J. M., et al. 2007. Curcumin effects on inflammation and performance 
recovery following eccentric exercise-induced muscle damage. Am J Physiol Regul 
Integr Comp Physiol. 292: R2168-73. 
27. Galarraga, B., et al. 2008. C-reactive protein: the underlying cause of 
microvascular dysfunction in rheumatoid arthritis. Rheumatology (Oxford). 47: 1780-4. 
28. Wilson, P. W. 2008. Evidence of systemic inflammation and estimation of 
coronary artery disease risk: a population perspective. Am J Med. 121: S15-20. 
29. Cairns, V. & J. Godwin. 2005. Post-Lyme borreliosis syndrome: a meta-analysis 
of reported symptoms. Int J Epidemiol. 34: 1340-5. 
30. Kristal-Boneh, E., et al. 1997. Association of calcitriol and blood pressure in 
normotensive men. Hypertension. 30: 1289-94. 
31. Watson, K. E., et al. 1997. Active serum vitamin D levels are inversely correlated 
with coronary calcification. Circulation. 96: 1755-60. 
32. Levin, A., et al. 2007. Prevalence of abnormal serum vitamin D, PTH, calcium, 
and phosphorus in patients with chronic kidney disease: results of the study to evaluate 
early kidney disease. Kidney Int. 71: 31-8. 
33. Bosch, X. 1998. Hypercalcemia due to endogenous overproduction of active 
vitamin D in identical twins with cat-scratch disease. Jama. 279: 532-4. 
34. Sellers, E. A., A. Sharma & C. Rodd. 2003. Adaptation of Inuit children to a low-
calcium diet. CMAJ. 168: 1141-3. 
35. Blaney, G. 2009. Unpublished data. 
36. Mathieu, P., P. Pibarot & J. P. Despres. 2006. Metabolic syndrome: the danger 
signal in atherosclerosis. Vasc Health Risk Manag. 2: 285-302. 
37. Odrowaz-Sypniewska, G. 2007. Markers of pro-inflammatory and pro-thrombotic 
state in the diagnosis of metabolic syndrome. Adv Med Sci. 52: 246-50. 
38. Nancy, A. L. & Y. Shoenfeld. 2008. Chronic fatigue syndrome with 
autoantibodies--the result of an augmented adjuvant effect of hepatitis-B vaccine and 
silicone implant. Autoimmun Rev. 8: 52-5. 

Page 8 of 14

http://www.nyas.org/forthcoming

Annals of the New York Academy of Sciences

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



unedited manuscript

Blaney et al: Vitamin D metabolites as clinical markers 

39. Nijs, J., et al. 2004. Chronic fatigue syndrome: intracellular immune 
deregulations as a possible etiology for abnormal exercise response. Med Hypotheses. 62: 
759-65. 
40. Wormser, G. P., et al. 2006. The clinical assessment, treatment, and prevention of 
lyme disease, human granulocytic anaplasmosis, and babesiosis: clinical practice 
guidelines by the Infectious Diseases Society of America. Clin Infect Dis. 43: 1089-134. 
41. Breijawi, N., et al. 2009. Bone mineral density and vitamin D status in female and 
male patients with osteoarthritis of the knee or hip. Eur Surg Res. 42: 1-10. 
42. Marshall, T. G. 2008. Vitamin D discovery outpaces FDA decision making. 
Bioessays. 30: 173-82. 
43. Lappe, J. M., et al. 2007. Vitamin D and calcium supplementation reduces cancer 
risk: results of a randomized trial. Am J Clin Nutr. 85: 1586-91. 
44. Rossouw, J. E., et al. 2002. Risks and benefits of estrogen plus progestin in 
healthy postmenopausal women: principal results From the Women's Health Initiative 
randomized controlled trial. Jama. 288: 321-33. 
45. Payne, M. E., J. J. Anderson & D. C. Steffens. 2008. Calcium and vitamin D 
intakes may be positively associated with brain lesions in depressed and nondepressed 
elders. Nutr Res. 28: 285-92. 
46. Hypponen, E., et al. 2004. Infant vitamin d supplementation and allergic 
conditions in adulthood: northern Finland birth cohort 1966. Ann N Y Acad Sci. 1037: 
84-95. 
47. Hypponen, E. & C. Power. 2007. Hypovitaminosis D in British adults at age 45 y: 
nationwide cohort study of dietary and lifestyle predictors. Am J Clin Nutr. 85: 860-8. 
48. Malloy, P. J. & D. Feldman. 2008. Inactivation of the Human Vitamin D Receptor 
by Caspase-3. Endocrinology. 
49. Marshall, T. G. 2007. Bacterial capnine blocks transcription of human 
antimicrobial peptides. Third International Conference on Metagenomics. 
50. Jameson, J. L. 2004. Molecular mechanisms of end-organ resistance. Growth 
Horm IGF Res. 14 Suppl A: S45-50. 
51. Tjorve, E., et al. 2007. On commonness and rarity of thyroid hormone resistance: 
a discussion based on mechanisms of reduced sensitivity in peripheral tissues. Med 
Hypotheses. 69: 913-21. 
52. Misra, M., et al. 2008. Lower growth hormone and higher cortisol are associated 
with greater visceral adiposity, intramyocellular lipids, and insulin resistance in 
overweight girls. Am J Physiol Endocrinol Metab. 295: E385-92. 
 
 
  
 

Page 9 of 14

http://www.nyas.org/forthcoming

Annals of the New York Academy of Sciences

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



unedited manuscript

Table 1. Selected research of serum values for 1,25-D 
 
 
Population Age  Value of Serum 1,25-D 
100 normotensive male 
industrial employees with 
no history of disease30 

25 to 64 years (range) 39 - 110 pmol/L 

173 subjects) at high and 
moderate risk for coronary 
heart disease31 

Two groups analyzed: 
63.3±7.1 years; 29.5±10.6 

33 - 160 pmol/L 

1,903 chronic kidney 
disease patients who were 
not prescribed vitamin D32 

70.1 (mean) 60 - 156 pmol/L 

10 healthy Inuit children34 5 to 17 years (range) 36 - 108 pmol/L 
1,384 premenopausal and 
1,084 postmenopausal 
women48 

33.1±10.1 years 
(premenopausal); 65.4±8.1 
years (postmenopausal) 

35.5 pg/ml (mean for 
premenopausal women); 
39.1 pg/ml (mean for 
postmenopausal women) 
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