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Abstract

Background: It is questionable as to whether total serum 25 hydroxyvitamin D (T25D) levels 

are lower in African Americans. We measured serum T25D, free 25hydroxyvitamin D (F25D), 

and serum parathyroid hormone (PTH) in African American and Caucasian women and studied 

the effect of vitamin D dosing to determine if differences by race or age occur.

Methods: Healthy young and older Caucasian and African American women who were vitamin 

D insufficient were randomized in two clinical trials to escalating daily doses of vitamin D from 

400 IU - 4800IU and placebo for 12 months.

Results: Baseline F25D and T25D were significantly lower in young but not older African 

American compared to Caucasian women. At baseline the rate of change (slope) in F25D with 

T25D was significantly greater in younger women than in older women, but difference in the rate 

of change (slope) in F25D with T25D is similar in African American and Caucasian women.

After vitamin D supplementation there was an increase in F25D, and the dose response was not 

significantly different by age or race. The ratio of F25D/T25D decreased in all groups once T25D 

exceeded ~ 60nmol/L. There was a progressive decrease in serum PTH with increasing vitamin D 

doses and the percent change was similar for F25D and T25D.

Conclusion: Serum F25D and T25D are lower in younger African American women and since 

dietary vitamin D is similar in the groups, it is likely that the cause of low serum 25OHD in 

African American women is due to reduced UV exposure and reduced skin production of vitamin 

D.
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INTRODUCTION

Serum 25 hydroxyvitamin D (25OHD) represents the input of vitamin D from diet and from 

vitamin D synthesized by skin in response to UV light; it is the best biomarker of vitamin D 

nutritional status. Serum 25OHD levels increase in summer and decrease in winter 

particularly in the Northern latitudes when the sun is low over the horizon and UV light is 

unable to penetrate atmospheric pollution and generate vitamin D in skin. It is likely that 

sunlight accounts for 80–90 percent of circulating serum 25OHD in summer (1). Although 

vitamin D deficiency is common in many parts of the world it is not common in countries 

where there is fortification of food and dairy products with vitamin D. In the recent 

NHANES analysis of 7000 people in North America only 9 percent of Caucasians had 

serum 25OHD levels below 37.5nmol/L in winter and 4 percent in summer, but in African 

Americans the number was much larger, with 42 percent in winter and 36 percent in summer 

(2). The Institute of Medicine had set 37.5nmol/L as a goal for 50 percent of the population 

(EAR) or estimated average requirement and 50nmol/L for 97.5 percent of population (3). It 

has been reported previously in population-based studies that serum 25OHD levels are lower 

in African American compared to Caucasians (4–6).
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A recent paper challenged the idea that serum 25OHD levels really were lower in African 

Americans by calculating bioavailable serum 25OHD and showing that levels were similar 

African American and Caucasians (7).

Serum 25OHD is bound to vitamin D binding protein (DBP), but there are problems with 

measuring DBP. Measurement of DBP can vary considerably depending on the antibody 

used in the assay, because a monoclonal antibody gives different values compared to those 

assays that use a polyclonal antibody. There are genetic polymorphisms of DBP that differ in 

their affinity for 25OHD and these polymorphisms are associated with ethnicity. The vitamin 

DBP genotype rs7041 has a T allele that is more common in African Americans, whereas, 

the G allele is more common in Caucasians. Another DBP genotype rs4588 also shows an 

ethnic variant with the A allele being more common in African Americans and C allele in 

Caucasians. Since these genotypes may produce different levels of serum 25OHD there may 

be an advantage in measuring the free 25OHD.

In a recent study, (8) the measurement of lower serum DBP in African Americans compared 

to Caucasians were lower when measured with the monoclonal antibody, which measures a 

limited epitopes of DBP, in contrast to polyclonal antibodies that measure multiple epitopes 

(7). There was no difference in serum DBP levels between African American and Caucasian 

subjects when DBP was measured by proteomics (9). Nevertheless, these measurements do 

not address the issue of affinity of 25OHD for DBP, so it may be important to measure free 

serum 25OHD (F25D), and not a calculated free or bioavailable F25D. The free hormone 

hypothesis predicts that only free 25(OH)D is converted to active 1,25(OH)2D which is the 

biologically active hormone.

In an earlier study, we measured total serum 25D after supplementation with multiple 

vitamin D doses and showed an increase in serum T25D with a plateau ~ 110 nmol/L on 

doses of 4000–4800 IU daily (10). The advent of an assay that measures F25D allowed us to 

repeat the measurements on stored samples. To address the issue of ethnicity and serum 

25OHD, we measured F25D and T25D in African American and Caucasian women and 

studied the effect of vitamin D dosing on F25D and T25D in Caucasian and African 

American women, across young and old age ranges.

METHODS

Subjects

Volunteers were recruited from the local population by advertising the study in local 

newspapers and church bulletins. Those who called in were contacted by the recruiter and 

underwent a telephone screening interview for exclusion and inclusion criteria. If they 

qualified, women were told to stop taking multivitamins containing vitamin D prior to a 

defined washout period of 3 months. The main inclusion criteria were a screening serum 

25OHD level between 12.5–50nmol/L measured by the Diasorin assay. Exclusion criteria 

were as follows: serum 25OHD< 12.5nmol/L which was considered clinically too low not to 

treat, significant co-morbidities, history of cancer except skin cancer within the last 10 years, 

terminal illness, previous hip fracture, hemiplegia, uncontrolled type I diabetes ± significant 

proteinuria or persistent fasting blood sugar >140 mg in type II diabetes, active kidney stone 
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disease or kidney stones > 2 times in lifetime, chronic renal failure (serum creatinine >1.4 

mg/dl), evidence of chronic liver disease including alcoholism, any severe physical 

conditions such as rheumatoid arthritis, osteoarthritis and heart failure, on bisphosphonates 

for more than 3 months in the past, any history of taking fluoride, previous treatment within 

the last 6 months with PTH, calcitonin or estrogen, chronic high dose corticosteroid therapy 

(> 10 mg/d) for over 6 months, or currently on anticonvulsants (Dilantin, Phenobarbital), 

high dose thiazide therapy (> 37.5 mg/d) and any drugs interfering with vitamin D 

metabolism.

Randomization and treatment:

The study design for both randomized clinical trials was parallel dose groups and placebo. 

The primary outcomes of both studies have been published previously (10–12). Older 

women, Caucasian and African American, were randomly assigned equally to one of eight 

groups, vitamin D3 doses of 400, 800, 1600, 2400, 3200, 4000, or 4800 IU per day or 

matching placebo for vitamin D3. Younger women, Caucasian and African American, were 

randomly assigned to one of four vitamin D dose groups 400, 800, 1600, or 2400 IU/d or 

placebo. Both studies were double-blind; i.e., all the study participants as well as staff that 

assessed primary outcomes were blinded to the treatment, and only the statistician had 

access to the treatment code. The randomization method was randomized blocks, stratified 

by race and screening serum 25OHD level (<37.5nmol/L versus >37.5nmol/L for 

Caucasians and <30nmol/L versus >30nmol/L for African Americans). The study statistician 

generated the randomization list with SAS software (SAS Institute Inc., Cary, NC, USA). 

Screening occurred throughout the year from January 2008 to January 2010, and most 

women were recruited in wintertime during January, February, March and early April.

Vitamin D3, 400 IU, 800 IU, 1600 IU, 2400 IU, 3600 IU, 4000 IU, 4800 IU capsules and 

matching placebo capsules were manufactured specifically for these studies by Douglas 

Labs, Pittsburgh, PA. The actual vitamin D3 concentrations in the capsules were measured 

independently in Dr. Hector DeLuca’s laboratory located at the University of Wisconsin 

(Madison, WI) every 12 months over 4 years. The average of the analyses of the vitamin D3 

tablets for each dose are given (in brackets); 400 IU (503 IU), 800 IU (910 IU), 1600 IU 

(1532 IU), 2400 IU (2592 IU), 3200 IU (2947 IU), 4000 IU (4209 IU), 4800 IU (4937 IU). 

There was no significant change in potency during the study time period. Calcium tablets 

contained 200 mg of elemental calcium (Citracal; Bayer HealthCare, Morristown, NJ) and 

were given to maintain a total calcium intake of ~1200 mg/d based on baseline calcium 

intake estimated from a 7-day food diary. The average calcium supplement during study was 

600 mg at 12 months.

Every participant was advised to take one vitamin D3 tablet in the morning after breakfast 

and calcium twice daily. Adherence was measured at 3, 6, 9, and 12 months as a percentage 

(number of pills supplied- number of pills returned)/number of pills dispensed x100%). The 

average of the adherence at 3, 6, 9, and 12 months was calculated to give an overall 

adherence value for 12 months. Mean adherence averaged over 12 months was 94% for 

vitamin D3 and 91% for calcium.
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Fasting blood samples were collected at all visits – baseline, 3, 6, 9 and 12 months between 

7AM and 10AM for a basic metabolic panel measured in the University Clinical Chemistry 

Laboratory. Serum 25OHD and serum PTH were collected at baseline, 6 and 12 months. 

After collection, serum samples were stored in multiple aliquots and frozen at –70 C until 

analysis.

This study was approved by the institutional review board at Creighton University, Omaha, 

Nebraska and informed consent was obtained from all participants prior to randomization.

Laboratory Methods

Serum total 25OHD (T25D) was measured by 2 methods; initially serum 25OHD was 

measured by radioimmunoassay (RIA) after an acetonitrile extraction in the Bone 

Metabolism Laboratory using kits manufactured by Diasorin, Inc. (Stillwater, MN), in 2010 

this assay did not detect vitamin D2. The Bone Metabolism Laboratory participates in the 

vitamin D external quality assessment scheme (DEQAS), which is a program that monitors 

the accuracy and precision of 25OHD assays (8); our results were within +/−1 standard 

deviation (SD) of the all-laboratory trimmed mean. We also incorporated National Institute 

of Standards and Technology standards (NIST) (9). The inter assay variation for NIST 

standards was as follows: level 1 −8.4%; level 2 −9%; level 3 −7.7%; and level 4 −10.5. The 

limit of detection in the Diasorin assay is 5 nmol/L.

Samples were re-measured later by Liquid Chromatography Mass spectrophotometry 

(LCMS) (13). The inter assay variation for LCMS was 4%, intra assay variation was 7%. 

DEQAS standards were −2% below the trimmed mean and NIST standards showed a mean 

bias of −4%. Only LCMS measurements are used in this paper. A comparison between the 

measurements performed by the Diasorin assay and LCMS is shown in supplementary figure 

1. There is a systematic difference when total serum 25OHD level is below 50–55nmol/L 

with Diasorin assay reading about 10 nmol/L lower than LCMS, above 50–55nmol/L the 

two measurements are comparable.

Free 25(OH)D (F25D) was measured by Elisa competitive immunoassay using an 

antivitamin D antibody pre-coated onto a microplate (14). The antibody recognizes both 

25OHD3 as well as 25OHD2. The cross-reactivity with D2 is estimated to be 75 percent. 

Free 25(OH)D is captured during this first incubation step, and after washing, a second 

incubation with biotin-labeled 25(OH)D analog reacts with non-occupied antibody binding 

sites, then after incubating with a streptavidin- peroxidase conjugate, absorbance [A450nm] 

is measured using a spectrophotometer. The limit of detection (LOD) for blank serum is 0.7 

pg/ml. At 5.02 pg/mL, the between-run coefficient of variation (CV) is 6.2% and between-

day CV is 4.5%. Assays were performed at Future Diagnostics B.V. This assay was 

validated by comparison with measurements using equilibrium dialysis at 37C in 15 normal 

samples yielding a correlation of 0.83. The lower limit of detection was 1.9 pg/ml, and assay 

precision was ≤6%.

Serum intact PTH was measured by Diasorin immunoradiometric assay (Stillwater, MN). 

The limit for serum PTH detection range in our laboratory was 1.0pg/ml. The inter-assay 
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variation is 4.1% and intra-assay variation 2.9% (10). None of the laboratory measures were 

below the limit of detection.

Outcomes: The original primary outcomes of this clinical dose ranging trial were changes 

in total serum 25OHD (Diasorin assay) and serum PTH. The measurement of total 25OHD 

by LCMS and Free 25OHD and were part of a post hoc analysis of original stored serum at 

−70 F not previously thawed.

Statistical methods: Comparisons by race and age groups at baseline were conducted 

using t-tests. Dose response of F25D to vitamin D was calculated with linear mixed models, 

including dose as a continuous variable, time, race, and random subject effect. The 

relationship between serum F25D, T25D and PTH was assessed at baseline using linear 

regression and correlation. Multiple linear regression was used to look at baseline levels of 

F25D as the dependent variable with T25D as an independent variable, including age group 

(young vs. old), race, and interactions between T25D, age, and race in the model. Pairwise 

comparisons were adjusted for multiple comparisons with Tukey’s method. P-values less 

than 0.05 are considered to be statistically significant. SAS software version 9.4 was used 

for data analysis (SAS Institute Inc., Cary, NC).

RESULTS

Baseline characteristics are summarized by age and race in table 1. The mean age of the 

older women was 66.8 (±7.4) years and that of younger women 36.7 (±5.6) years. BMI and 

serum PTH were significantly higher in both older and younger African American women. 

Serum 1,25(OH)2D was significantly higher in young African American women. Dietary 

calcium intake was significantly lower in both young and older African American women. 

Serum F25D levels were similar in older African American and Caucasian women, but 

T25D was significantly lower in older African American women compared to older 

Caucasian women. In younger women T25D and F25D were both significantly lower (p< 

0.001) in African American women. There was a high correlation between serum free 

25OHD and total 25OHD measured by LCMS, r=0.73 at baseline and r=0.86 at 12 months 

(Figure 1).

Serum F25D and T25D

The relationship between F25D and T25D was assessed using multiple linear regression, 

adjusting for BMI (Figure 2). The three-way interaction between T25D, age group, and race 

was not significant and removed from the model. There was significant interaction between 

T25D and age group (p=0.0021), but not between T25D and race (p=0.16). In younger 

women, a 1nmol/L increase in T25D results in a 0.18 nmol/L increase in F25D. Whereas, in 

older women, a 1nmol/L increase in T25D results in a 0.13 nmol/L increase in F25D. The 

difference in slope for the two races was negligible at 0.008 nmol/L. The mean proportion of 

serum F25D/ T25D in younger African Americans was 0.025% compared to 0.021% in 

younger Caucasians (p=0.0002). In older women the mean proportion of F25D/T25D was 

0.018% in African Americans versus 0.019% in Caucasians (p=0.98).
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Effect of vitamin D dosing on serum F25D.

As observed in the regression analysis, baseline F25D was higher relative to T25D in 

younger women (Table 1). The effect of increasing vitamin D dose on F25D is shown in 

figure 3a, there is no difference in the response of older African American versus older 

Caucasian women (p>0.5). In younger women, the dose response curve for African 

Americans is significantly lower than Caucasians (p=0.038), but the slope of the dose 

response curve is the same (p=0.96), figure 3b and supplementary figure 2. The slope of the 

regression lines for young and older women are similar (p=0.58), for every 1000 IU/day 

increase in Vitamin D dose, F25D increases on average by 5.2pmol/L in younger women 

and by 4.5pmol/L in older women.

Serum PTH

Baseline mean serum PTH was higher in the older African American women 44(±21) 

compared to Caucasians 38 (±14) pg/ml (p=0.03). In young African American women 

serum PTH was higher 44(±18) than Caucasian women 34(±10) (p<0.01). Percent change in 

PTH from baseline to 12 months, decreased with increasing vitamin D dose and increasing 

percent change in serum T25D and F25D (Figure 4). The decrease in PTH was 6% for each 

1% increase in F25D. The percent change in PTH slope compared to levels of serum T25D 

was steeper in African Americans than Caucasian (p=0.014) but not different by age 

(p=0.41). The percent decrease in PTH was 13% in African Americans and 5% in 

Caucasians for each 1% increase in T25D. The percent change in PTH corresponding to 

percent change in serum T25D or F25D, is similar in Caucasian young and older women at 

5–6%. African American women showed a larger percent decrease in PTH due to T25D at 

13% than F25D at 6%. However, this difference may be partially explained by regression to 

the mean considering that the African American had higher levels of PTH at baseline as well 

as lower levels of T25D, allowing for greater change.

DISCUSSION

The measurement of F25D has emerged recently as a potentially useful test. Although it is 

possible to estimate bioavailable 25OHD based on DBP, albumin and the dissociation 

constants the correlation between bioavailable and F25D shows a wide variance, the changes 

on vitamin D are different and a direct measurement of F25D is more accurate. (15)

In a recent cross-sectional multicenter study of 1661 subjects, F25D was measured in 279 

normal subjects, 90 patients with cirrhosis, 20 pregnant, 479 pre-diabetes and 79 nursing 

home patients. (16) This study showed that mean levels of F25D were 10.75pmol/L in 

normal subjects and were significantly lower compared to patients with cirrhosis, with a 

mean 17.75pmol/L and pre-diabetes, with a mean 13.75pnol/L.

There are a few studies that show F25D to be a better clinical measurement than T25D. In a 

short 12-week study of weekly 50,000IU D2 or D3 the decrease in serum PTH at 4 weeks 

was more highly correlated with F25D than T25D but after 8–12 weeks of treatment this 

was no longer true (17). A recent paper in 1387 Chinese patients with proven coronary 

disease showed that F25D, but not T25D was highly correlated with coronary disease and 

Smith and Gallagher Page 7

J Intern Med. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



mortality during a 6.7 year follow up suggesting that F25D may have an important clinical 

role in cardiovascular disease (18). In a comparison of baseline physical tests of grip 

strength and gait speed there were significant correlations with F25D but not T25D.(19) A 

study of the effect of vitamin D on calcium absorption did not show any significant 

correlation with F25D nor T25D (8). In a previous paper on the effect of vitamin D on bone 

density and bone markers, in this same study group described in this paper, we did not find 

any significant correlation between changes in BMD or bone markers with serum F25D or 

T25D (20). In this paper vitamin D supplementation caused a decrease in serum PTH, but 

neither F25D or T25D were superior compared to the change in serum PTH.

There are no previous placebo-controlled studies that compare the change in F25D on 

vitamin D treatment in both younger and older African American and Caucasian women. In 

younger women baseline F25D was significantly lower in African American 9.2pmol/L 

compared to 11.8pmol/L in Caucasian women, and T25D was significantly lower in young 

African American compared to Caucasian women 36nmol/L and 56nmol/L respectively. But 

in older African American and Caucasian women there was no difference in F25D, and only 

a small difference of 3.4nmol/L in T25D. After vitamin D there was a linear response in 

serum F25D increasing from a baseline mean of 9.25nmol/L and 9.75nmol/L to 21nmol/L 

and 23.25nmol/L on vitamin D 2400 IU, and to 33nmol/L and 32.5nmol/L on vitamin D 

4800 IU in African American and Caucasian women respectively. Similarly, for T25D, 

African Americans versus Caucasians, in young women baseline means increased from 

45nmol/L and 50nmol/L to 96.75nmol/L and 110nmo/L on 2400IU and 128nmol/L (or 

132nmol/L respectively on 4800IU. Thus, after vitamin D supplementation there was no 

significant difference in the 12-month treatment responses for serum F25D, T25D among 

young, old, African American and Caucasian women.

At baseline before treatment with vitamin D when serum 25OHD levels were low, the 

proportion of F25D/T25D was significantly higher in younger women compared to older 

women. In younger women the increase in F25D with T25D (slope of the regression line) 

was significantly higher in younger African Americans than Caucasians (Figure 2). 

However, in the older African American and Caucasian women the increase in F25D with 

T25D at baseline was similar, showing almost identical slopes and intercepts. After vitamin 

D treatment the proportion of F25D/T25D was similar in all groups. In subjects with vitamin 

D insufficiency we suggest that the higher proportion of F25D to T25D may be due to 

increased bioavailability of F25D as 25OHD levels decrease, possibly higher circulating 

PTH associated with vitamin D insufficiency or deficiency could increase the bioavailability 

of F25D.

Most African American people have the DBP genotype Gc1F that one study reported to 

have higher affinity for 25OHD (21) but others did not find the same result (22) which is 

more in keeping with our results in this study. We do not have the genotypes available in this 

study.

Although a previous study reported lower levels of serum DBP in African American people 

(7) we know that the explanation for this result was due to the monoclonal antibody used in 

the assay that did not detect all of the DBP genotypes whereas the polyclonal antibody 
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detects all DBP genotypes (16). It has been reported that vitamin D showed a small non-

significant decrease in serum DBP levels in a study in Norway of vitamin D 20,000 IU given 

weekly. (15)

In summary, in this normal population of African American and Caucasian women the effect 

of vitamin D on F25D and T25D were highly correlated. There was no significant difference 

in the response of F25D or T25D to vitamin D supplementation in younger, older, African 

American and Caucasian women. Also, we confirm that F25D and T25D levels are lower in 

some African American women, and since dietary intake of vitamin D is similar amongst 

groups, this implies that low levels in African American women are most likely due to 

reduced UV exposure.

A further question is whether there is any clinical advantage in the use of F25D over T25D. 

In normal subjects the use of serum T25D which is widely available is the optimal screening 

test for assessment of vitamin D insufficiency and deficiency. There may be a role for the 

use of F25D, based on a recent study (18) that showed F25D was more closely associated 

with cardiovascular mortality than with T25D, however, this result needs confirmation in 

other clinical outcomes studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Relationship between serum free 25OHD and total serum 25OHD at baseline and 12 months 

using a spline.
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Figure 2. 
Baseline comparison of serum free 25OHD and total serum 25OHD by age and race. No 

difference in was observed by race in older women, but significant age differences are 

observed as well as race difference in younger women.

Smith and Gallagher Page 13

J Intern Med. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
12 month serum free 25OHD according to vitamin D dose levels by race in a) older women 

and b) younger women.
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Figure 4. 
Percent change in PTH from baseline to 12 months by the change in a) serum free 25OHD 

and b) total serum 25OHD in African American and Caucasian women.
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Table 1.

Baseline characteristics

Older women Younger women

Caucasian (n=140) African American (n=88) Caucasian (n=91) African American (n=39)

Age (years) 66.9 (7.4) 66.7 (7.4) 38.3 (5.1)
35.4 (6.3)

**

BMI (kg/m2) 30.5 (6.0)
32.6 (7.3) 

^^ 29.0 (6.2)
31.4 (5.8)

*

Serum 25 OHD (nmol/L) 50.9 (13.2)
47.5 (14.1) 

^ 55.7 (13.8)
35.8 (10.3)

**

Free 25OHD (nmol/L) 9.21 (2.88) 8.81 (3.20) 11.82 (3.32)
9.24 (2.90)

*

%Free 25D/total 25OHD 0.019 (0.004) 0.018 (0.005) 0.021 (0.004)
0.025 (0.005)

**

Serum 1,25 (OH)2D (nmol/L) 109.0 (36.9) 105.9 (32.0) 113.9 (40.7)
131.4 (47.1)

*

Serum PTH (pg/ml) 36.9 (13.6)
43.8 (20.3) 

^^ 33.5 (10.3)
43.2 (17.1)

**

Dietary vitamin D intake (IU/day) 118.7 (76.9) 113.4 (89.0) 109.8 (68.5) 95.7 (79.8)

Dietary calcium intake (mg/day) 694.0 (225.8)
555.9 (226.4)

^^ 789.0 (265.1)
502.4 (164.8)

**

Table contains Means (Standard Deviations)

Dietary vitamin D intake only available for Omaha site

^
p<0.05

^^
p<0.001 comparing by race in older women

*
p<0.05

**
p<0.001 comparing by race in younger women
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