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Abstract

Background—Low vitamin D levels are associated with minority subjects, the metabolic 

syndrome and inflammation. The effect of vitamin D supplementation on markers of inflammation 

has not been well studied.

Objective—To evaluate the effects of high doses of vitamin D supplementation for 1 year on 

serum biomarkers of inflammation in Latino and African-American subjects with pre-diabetes and 

hypovitaminosis D.

Participants and methods—Latino (N =69) and African-American (N = 11) subjects who had 

both pre-diabetes and hypovitaminosis D with a mean age of 52.0 years, a BMI of 32.7 kg/m2 and 

70% of whom were female were randomized to receive weekly doses (mean ± SD) of vitamin D 

(85,300 IU ± 16,000) or placebo oil for 1 year. Serum levels of interleukin-6, tumor necrosis 

factor, highly sensitive C-reactive protein), plasminogen activator inhibitor 1, and insulin-like 

growth factor - 1 were measured at baseline, 6 and 12 months.

Results—Serum 25-OH vitamin D levels of 22 ng/ml at baseline quickly rose to nearly 70 ng/ml 

in subjects receiving vitamin D and did not change in the placebo group. Two-way repeated 

measures ANOVA showed no differences between the 2 groups in any of the five selected 

parameters.

Conclusion—High dose vitamin D supplementation for 1 year in minority subjects with pre-

diabetes and hypovitaminosis D failed to affect serum biomarkers of inflammation.
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Introduction

Individuals with pre-diabetes have lower vitamin D levels than those with normal glucose 

tolerance tests [1-3]. Lower vitamin D levels are also seen in people with the metabolic 

syndrome [4-6], in which pre-diabetes is one of the factors. High concentrations of vitamin 

D were associated with a significantly lower rate of the development of diabetes (hazard 

ratio of 0.52), but when adjustments were made for highly sensitive C-reactive protein 

(hsCRP) and interleukin-6 (IL-6), the hazard rate was attenuated by 18% suggesting that 

incident diabetes may be partially mediated by subclinical inflammation [7]. Inflammation 

characterizes the dysglycemic state [8] and vitamin D has been implicated in the 

inflammatory process [9]. Vitamin D and hsCRP [5,10-12], tumor necrosis factor-α (TNF-

α) [13,14] and IL-6 [12,14] concentrations are inversely related in most, but not all [15,16], 

studies. Furthermore, 1,25 OH vitamin D limits the production of the pro-inflammatory 

cytokines TNF-α and IL-6 in human macrophages [17,18] and plasminogen activator 

inhibitor-1 (PAI-1) in human coronary artery smooth muscle cells [19]. Finally, insulin-like 

growth factor-1 (IGF-1) levels are lower in people with the metabolic syndrome and 

correlate positively with vitamin D levels [4].

Since association does not mean causation, intervention studies are necessary to prove the 

latter. Pro-inflammatory cytokines increase after an acute myocardial infarction. In a 

randomized control trial in such patients, a short course of treatment with vitamin D 

significantly attenuated the rise of hsCRP and IL-6 (but not TNF-α) [20]. To our knowledge, 

the effect of vitamin D supplementation on non-stressed concentrations of pro-inflammatory 

cytokines has not been studied. We recently published the results of a randomized control 

trial of a year-long supplementation with very high doses of vitamin D in 99 Latino and 

African American subjects with pre-diabetes and hypovitaminois D [21]. Since the 

screening characteristics for the trial included central obesity and hypertension, it is very 

likely that most of the subjects fulfilled the criteria for the metabolic syndrome. Here we 

examine the effect of vitamin D supplementation on non-stressed serum concentrations of 

hsCRP, IL-6, PAI-1, TNF-α and IGF-1 in 80 of these subjects.

Material and Methods

Charles R. Drew University (CDU) is sited in South Central Los Angeles in which almost 

all of the inhabitants are Latino or African American. The CDU IRB approved the study and 

determined that an informed consent was not necessary for individuals screened with a 

point-of-care HbA1c test because screening for diabetes often takes place at community 

sites. An informed consent was obtained for those undergoing an oral glucose tolerance test 

(OGTT). A separate informed consent describing the study was obtained for subjects before 

randomization.

The following 4 criteria were used to identify Latino and African American subjects ≥40 

years old who may have pre-diabetes: a) waist circumference measured at the umbilicus of 

40 inches or greater in men and 35 inches or greater in women; b) family history of diabetes 

in first degree relatives; c) hypertension, either being treated or newly diagnosed at 

screening of ≥140/90 mm Hg; and d) history of gestational diabetes. A point-of-care 
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fingerstick HbA1c level was measured and those with values of 40 mmol/mol through 52 

mmol/mol were invited to undergo an OGTT. Pre-diabetes was diagnosed by a 2 hr glucose 

concentration of 140-199 mg/dl and/or a fasting plasma glucose (FPG) concentration of 

110-125 mg/dl. Vitamin D concentrations were measured in those subjects in whom pre-

diabetes was diagnosed. The criterion for hypovitaminosis D was a vitamin D concentration 

of <30 ng/ml. Ninety-nine subjects with pre-diabetes and hypovitaminois D, randomized to 

receive either high weekly doses of vitamin D or placebo in oil completed the year-long 

study. Samples from 80 of these subjects (40 in each group) were randomly selected for the 

current study. Fasting blood samples were collected at baseline, 6, and 12 months and serum 

separated and frozen for subsequent measurements of the pro-inflammatory cytokines, IL-6, 

TNF-α, PAI-1, and hsCRP and IGF-1 (the latter not measured at 6 months) in each group. 

Subjects in the original study were not counseled regarding diet and exercise as we wanted 

to specifically examine the effects of vitamin D supplementation on glycemic parameters.

Vitamin D Dosing

Subjects were given a blinded, identical-appearing and smelling solution in a pre-filled 

syringe containing the weekly dose of either placebo (medium-chain triglycerides) or 

vitamin D3 dissolved in the triglyceride at a concentration of 1,000 IU/drop or 35,714 

IU/ml. The formula for vitamin D supplementation was (100-baseline vitamin D) x kg 

weight x 15.7 = IU per week with a target level of 65-90 ng/ml. The dose was decreased by 

25% when the serum level in the vitamin D group reached ≥80 ng/ml. The average dose (± 

SD) administered was 85,300 IU ± 16,000 per week (range 64,700-134,000). According to 

the number of empty syringes returned at each visit, there was 100% compliance, i.e., none 

were lost and subjects claimed that they took the contents of each one. No increase in serum 

or urinary calcium levels was noted.

Assay Kits

ELISA kits (Invitrogen, Carlsbad, CA) were used to measure IL-6 (normal range 1.3-6.8 

pg/ml, intra-assay variation - 8.3%, inter-assay variation - 10.0%), TNF-α (normal range 

0-3.8 pg/ml, intra-assay variation – 5.8%, inter-assay variation – 8.7%), and PAI-1 (normal 

range 320-8560 pg/ml, intra-assay variation - 5.0%, inter-assay variation – 9.0%). hsCRP 

was measured (normal range, 1.6-3.0 mg/L, intra-assay variation – 7.5%, inter-assay 

variation – 4.1%) using a kit from Cayman Chemical (Ann Arbor, MI). IGF-1 (normal range 

60-298 ng/ml, intra-assay variation – 5.9%, inter-assay variation – 6.7%) was measured 

using a kit from Alpco Diagnostics (Salem, NH). Serum 25-OH vitamin D levels were 

measured by a high performance liquid chromatography/tandem spectrophotometry (Quest 

Diagnostics, San Juan Capistrano, CA).

Statistical Analyses

Since these measurements were not part of the original study, a power calculation was not 

performed. The primary statistical analyses for these biomarkers were performed using 

NCSS 8 (NCSS LLC, Kaysville, Utah, 2012). Data are presented as mean ± SD. A 2-way 

repeated measures analysis of variance model on each of the 5 measurements was used to 
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identify group differences across the three time points. The main statistical measure of group 

difference (vitamin D versus placebo) was the group X time interaction.

Results

All subjects had pre-diabetes; 73 with impaired glucose tolerance and 7 with impaired 

fasting glucose only. Twenty-one (27%) had both central obesity and hypertension fulfilling 

the criteria for the metabolic syndrome. Another 49 (61%) had central obesity without 

hypertension and 5 (6%) had hypertension without central obesity. Only 5 (6%) had neither 

central obesity nor hypertension. Although fasting lipids were not measured, it is very likely 

that many of the 66% with one other risk factor had elevated triglyceride and/or decreased 

HDL cholesterol levels that would also define the metabolic syndrome in them.

There were no differences in the baseline characteristics between the placebo and vitamin D 

groups Table 1). Serum 25-OH vitamin D levels quickly rose to nearly 70 ng/ml in those 

receiving vitamin D and did not change in the placebo group. The values of the biomarkers 

at baseline, six months (except IGF-1) and twelve months are summarized in Table 1. There 

were no differences between the 2 groups. There was also no difference in the responses 

between the two sexes (data not shown).

Discussion and Conclusion

In spite of the inverse relationship between the concentrations of vitamin D and hsCRP, IL-6 

and TNF-α [5,10-14] and the inhibition of PAI-1 by 1,25 OH vitamin D in human aortic 

smooth muscle cells [19], we were unable to demonstrate any effect of vitamin D 

supplementation on these non-stressed serum levels of these inflammatory biomarkers nor 

on IGF-1. These negative results with hsCRP and IL-6 are consistent with several prior 

vitamin D supplementation reports [10,22,23] although one group did find decreases in 

hsCRP after ingestion of yogurt that had been fortified with vitamin D [24]. Regarding the 

effect of vitamin D supplementation on cellular immunity [17,18], cell culture supernatants 

from human macrophages harvested from subjects receiving vitamin D showed a decrease in 

IL-6 but no change in TNF-α. The latter is consistent with no changes seen in serum soluble 

TNF-α receptor type 2 levels after vitamin D supplementation [10]. To our knowledge, there 

has been one published report of the effect of vitamin D supplementation on IGF-1 levels 

and another reported in abstract form only. Kamycheva et al [25] found that vitamin D 

supplementation decreased the IGF-I/IGFBP-3 ratio in those without severe obesity but did 

not affect GH, IGF-I, IGFBP-3, or IGF-I/IGFBP-3 ratio when all subjects were examined. In 

an abstract presented at the 2009 Endocrine Society meeting Woodworth and Woodworth 

reported that vitamin D supplementation increased IGF-1 levels [26].

To our knowledge, there are 4 possible explanations for negative studies regarding vitamin 

D supplementation: a) some subjects had normal baseline levels of vitamin D; b) the dose of 

vitamin D was too small; c) high enough levels of 25-OH vitamin D were not achieved; and 

d) duration of supplementation of vitamin D was too short. None of these could explain our 

negative results. All subjects had vitamin D levels at baseline <30 ng/ml, very high doses 

were used achieving levels of nearly 70 ng/ml and supplementation was carried out for a 
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year in all subjects. Thus, we conclude that these cardiovascular markers are not causally 

related to vitamin D status. In our recently published study [20], we could also not show any 

effect on the development of diabetes, insulin secretion or insulin sensitivity in these 

minority subjects with pre-diabetes and hypovitaminosis D.

Although low levels of vitamin D are associated with many disease conditions, the 2011 

report on dietary requirements for vitamin D from the Institute of Medicine concluded that 

the evidence that vitamin D reduces risks of non-skeletal chronic disease outcomes, 

including cancer, cardiovascular disease, diabetes, and autoimmune disorders was 

inconsistent, inconclusive, and did not meet criteria for establishing cause-and-effect 

relationships [27]. A recent meta-analysis on the effect of vitamin D supplementation on 

myocardial infarctions, strokes, fractures or mortality could find no beneficial effects and 

concluded that future trials were unlikely to change these negative findings [28]. The lack of 

an effect of prolonged high dose vitamin D supplementation in Latinos and African 

Americans with pre-diabetes and hypovitaminosis D on these biomarkers of inflammation 

would support the conclusions of these two papers. Perhaps the speculation that low 25-OH 

vitamin D levels are simply a marker for morbidity, including the amount and duration of 

obesity, staying indoors too much, not enough exercise and overall ill health, may have 

merit [29].

Acknowledgments

This work was supported by a grant from the National Institutes of Health grant U54MD007598 (formerly 
U54RR026138; J. Vadgama), and ADA research grant 1-09CR-15. T.C.F. received salary support from 
R24DA017298. M.B.D. received salary support from UCLA CTSI grant UL1TR000124.

References

1. Gupta AK, Brashear MM, Johnson WD. Prediabetes and prehypertension in healthy adults are 
associated with low vitamin D levels. Diabetes Care. 2011; 34:658–660. [PubMed: 21282345] 

2. Pinelli NR, Jaber LA, Brown MB, Herman WH. Serum 25-hydroxyvitamin D and insulin resistance, 
metabolic syndrome, and glucose intolerance among Arab Americans. Diabetes Care. 2010; 
33:1373–1375. [PubMed: 20332348] 

3. Shankar A, Sabanayagam C, Kalidindi S. Serum 25-hydroxyvitamin D levels and prediabetes 
among subjects free of diabetes. Diabetes Care. 2011; 34:1114–1119. [PubMed: 21430085] 

4. Hyppönen E, Boucher BJ, Berry DJ, Power C. 25-hydroxyvitamin D, IGF-1, and metabolic 
syndrome at 45 years of age: a cross-sectional study in the 1958 British Birth Cohort. Diabetes. 
2008; 57:298–305. [PubMed: 18003755] 

5. Lu L, Yu Z, Pan A, Hu FB, Franco OH, Li H, Li X, Yang X, Chen Y, Lin X. Plasma 25-
hydroxyvitamin D concentration and metabolic syndrome among middle-aged and elderly Chinese 
individuals. Diabetes Care. 2009; 32:1278–1283. [PubMed: 19366976] 

6. Kayaniyil S, Vieth R, Harris SB, Retnakaran R, Knight JA, Gerstein HC, Perkins BA, Zinman B, 
Hanley A. Association of 25 (OH) D and PTH with metabolic syndrome and its traditional and 
nontraditional components. J Clin Endocrinol Metab. 2011; 96:168–175. [PubMed: 20980431] 

7. Thorand B, Zierer A, Huth C, Linseisen J, Meisinger C, Roden M, Peters A, Koenig W, Herder C. 
Effect of serum 25-hydroxyviamin D on risk for type 2 diabetes may be partially mediated by 
subclinical inflammation: results from the MONICA/KORA Augsuburg study. Diabetes Care. 2011; 
34:2320–2322. [PubMed: 21873558] 

8. Shoelson SE, Goldfine AB. Inflammation and insulin resistance. J Clin Invest. 2006; 116:1793–
1801. [PubMed: 16823477] 

9. Holick MS. Vitamin D deficiency. N Engl J Med. 2007; 357:266–281. [PubMed: 17634462] 

Sinha-Hikim et al. Page 5

Horm Metab Res. Author manuscript; available in PMC 2015 November 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



10. Chandler PD, Scott JB, Drake BF, Ng K, Manson JE, Rifai N, Chan AT, Bennett CG, Hollis BW, 
Giovannucci EL, Emmons KM, Fuchs CS. Impact of vitamin D supplementation on inflammatory 
markers in African-Americans: results of a four-arm, randomized, placebo-controlled trial. Cancer 
Prev Res (Phila). 2014; 7:218–225. [PubMed: 24327720] 

11. Dobnig H, Pilz S, Scharnagl H, Renner W, Seelhorst U, Wellnitz B, Kinkeldei J, Eng D, Boehm 
BO, Weihrauch G, Maerz W. Independent association of lowe serum 25-hydroxyvitamin D and 
1,25 dihydroxyvitamin D levels with all-cause and cardiovascular mortality. Arch Intern Med. 
2008; 168:1340–1349. [PubMed: 18574092] 

12. Laird E, McNulty H, Ward M, Hoey L, McSorley E, Wallace JMW, Carson E, Molloy AM, Healy 
M, Casey MC, Cunningham C, Strain JJ. Vitamin D deficiency is associated with inflammation in 
older adults. J Clin Endocrinol Metab. 2014; 99:1807–1815. [PubMed: 24606079] 

13. Willis KS, Smith DT, Broughton KS, Larson-Meyer DE. Vitamin D status and biomarkers of 
inflammation in runners. Open Access Journal of Sports Medicine. 2012; 3:35–42. [PubMed: 
24198585] 

14. Barker T, Martins TB, Hill HR, Kjeidsberg, Dixon BM, Schneider ED, Henriksen VT, Weaver LK. 
Circulating pro-inflammatory cytokines are elevated and peak power output correlates with 25-
hydroxyvitamin D in vitamin D insufficient adults. Eur J Appl Physiol. 2013; 113:1523–1534. 
[PubMed: 23292315] 

15. Sun X, Cao Z-B, Zhang Y, Ishimi Y, Tabata I, Higuchi M. Association between serum 25-
hydroxyvitamin D and inflammatory cytokines in healthy adults. Nutrients. 2014; 6:221–230. 
[PubMed: 24451309] 

16. Barker T, Henriksen VT, Rogers VE, Aguirre D, Trawick RH, Rasmussen GL, Momberger NG. 
Vitamin D deficiency associates with γ-tocopherol and quadriceps weakness but not inflammatory 
cytokines in subjects with knee osteoarthritis. Redox Biology. 2014; 2:466–474. [PubMed: 
24624336] 

17. Fabri M, Stenger S, Shin D-M, Yuk J-M, Liu PT, Realegeno S, Lee H-M, Krutzik SR, Schenk M, 
Sieling PA, Teles R, Montoya D, Iyer SS, Bruns H, Lewinsohn DM, Hollis BW, Hewison M, 
Adams JS, Steinmeyer A, Zugel U, Cheng G, Jo E-K, Bloom BR, Modlin RL. Vitamin D is 
required for IFN-γ-mediated antimicrobial activity of human macrophages. Sci Transl Med. 2011 
104ra102, DOI 10.1126/scotranslmed.3003045. 

18. Hewison M. Update on vitamin D and human immunity. Clinical Endocrinology. 2012; 76:315–
323. [PubMed: 21995874] 

19. Wu-Wong JR, Nakane M, Ma J. Vitamin D analogs modulate the expression of plasminogen 
activator inhibitor-1, thrombospondin-1 and thrombomodulin in human aortic smooth muscle 
cells. J Vasc Res. 2007; 44:11–18. [PubMed: 17159355] 

20. Arnson Y, Itzhaky D, Mosseri M, Barak V, Tzur B, Agmon-Levin N, Amital H. Vitamin D 
inflammatory cytokines and coronary events: a comprehensive review. Clin Rev Allergy Immunol. 
2013; 45:236–247. [PubMed: 23314982] 

21. Davidson MB, Duran P, Lee ML, Friedman TC. High dose vitamin D supplementation in people 
with pre-diabetes and hypovitaminosis D. Diabetes Care. 2013; 36:260–266. [PubMed: 23033239] 

22. Pittas AG, Harris SS, Stark PC, Dawson-Hughes B. The effects of calcium and vitamin D 
supplementation on blood glucose and markers of inflammation in non-diabetic adults. Diabetes 
Care. 2007; 30:980–986. [PubMed: 17277040] 

23. Belenchia AM, Tosh AK, Hillman LS, Peterson CA. Correcting vitamin D insufficiency improves 
insulin sensitivity in obese adolescents: a randomized controlled trial. Am J Clin Nutr. 2013; 
97:774–781. [PubMed: 23407306] 

24. Neyestani TR, Nikooyeh B, Alavi-Majd H, Shariatzadeh N, Kalayi A, Tayebinejad, Heravufard S, 
Salekzamani S, Zahedirad M. Improvement of vitamin D status via daily iintake of fortified yogurt 
drink with or without extra calcium ameliorates systemic inflammatory biomarkers, include 
adipokine, in the subjects with type 2 diabetes. J Clin Endocrinol Metab. 2012; 97:2005–2011. 
[PubMed: 22442277] 

25. Kamycheva E, Berg V, Jorde R. Insulin-like growth factor 1, growth hormone, and insulin 
sensitivity: the effects of a one-year cholecalciferol supplementation in middle-aged overweight 
and obese subjects. Endocrine. 2013; 43:412–418. [PubMed: 23109222] 

Sinha-Hikim et al. Page 6

Horm Metab Res. Author manuscript; available in PMC 2015 November 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



26. Woodworth S, Woodworth Z. Vitamin D elevates growth factor. Endocrine Soc. 2009; 41:47.

27. Ross AC, Manson JE, Abrams SA, Aloia JF, Brannon PM, Clinton SK, Ramon A, Durazo-Arvizu 
J, Christopher Gallagher, Gallo RL, Jones G, Kovacs CS, Mayne ST, Rosen CF, Shapses SA. The 
2011 Report on Dietary Reference Intakes for Calcium and Vitamin D from the Institute of 
Medicine: What Clinicians Need to Know. J Clin Endocrinol Metab. 2011; 96:53–58. [PubMed: 
21118827] 

28. Bollan MJ, Grey A, Gamble GD, Reid IA. The effect of vitamin D supplementation on skeletal, 
vascular, or cancer outcomes: a trial sequential meta-analysis. Lancet Diabetes-Endocrinol. 2014; 
2:307–320. [PubMed: 24703049] 

29. Pittas AG, Dawson-Hughes B. Vitamin D and diabetes. J Steroid Biochem Mol Biol. 2010; 
121:425–429. [PubMed: 20304061] 

Sinha-Hikim et al. Page 7

Horm Metab Res. Author manuscript; available in PMC 2015 November 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sinha-Hikim et al. Page 8

Table 1

Baseline Characteristics

Placebo (N = 40) Vitamin D (N = 40)

Age (years ± SD) 52.4 ± 6.7 51.6 ± 7.7

Female 70% 70%

Latino/African American 80%/20% 93%/7%

BMI (kg/m2 ± SD) 32.9 ± 4.5 32.5 ± 4.4

FPG (mg/dl ± SD) 98.9 ± 9.5 99.0 ± 8.0

2-hr glucose/OGTT (mg/dl ± SD) 161 ± 18 158 ± 21

HbA1c (mmol/mol ± SD) 43 ± 3 44 ± 2

25-OH Vitamin D (ng/ml ± SD) 22.1 ± 4.7 21.9 ± 4.7

BMI – body mass index; FPG – fasting plasma glucose; OGTT – oral glucose tolerance test
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Table 2

Effect of Vitamin D Supplementation

Baseline Six Months Twelve Months

IL-6 (1.3-6.8 pg/ml) P = 0.67

Placebo 3.2 ± 2.0 2.9 ± 1.9 3.3 ± 2.0

Vitamin D 3.4 ± 2.0 3.3 ± 1.9 3.7 ± 2.4

TNF-α (0-3.8 pg/ml) P = 0.43

Placebo 1.1 ± 0.4 1.2 ± 0.4 0.9 ± 0.3

Vitamin D 1.2 ± 0.4 1.2 ± 0.5 1.1 ± 0.4

hsCRP (1.6-3.0 mg/l) P = 0.43

Placebo 5.6 ± 2.7 5.9 ± 2.9 5.6 ± 2.9

Vitamin D 5.6 ± 2.4 5.6 ± 2.5 5.8 ± 2.9

PAI-1 (320-8560 pg/ml) P = 0.14

Placebo 3700 ± 1800 3460 ± 1800 3230 ± 1740

Vitamin D 3010 ± 1800 3120 ± 1400 3030 ± 1470

IGF-1 (60-298 ng/ml) P = 0.88

Placebo 224 ± 120 ND 207 ± 130

Vitamin D 221 ± 96 ND 210 ± 120

Units and normal ranges are provided in parentheses; values are means ± SD; ND – not done

Horm Metab Res. Author manuscript; available in PMC 2015 November 17.


