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4. Rationale:  

Compelling observational evidence
1-6

 that low 25(OH)D is associated with diabetes, 

cardiovascular disease and cancer has prompted the NIH to make strategic investments in 

randomized clinical trials to test whether vitamin D3 supplementation reduces the risk of 
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developing type 2 diabetes (D2D),
7
 and heart disease, stroke and cancer (VITAL).

8
 Existing 

research has focused on total 25(OH)D; however, as highlighted in a 2015 U.S. Preventive 

Services Task Force Recommendation Statement
9
, it is possible that constructs of vitamin D 

other than 25(OH)D may be most relevant to human health.  

Other biomarkers on the vitamin D pathway of potential clinical importance include 

fibroblast growth factor 23  (FGF23), vitamin D binding protein (VDBP), free 25(OH)D, 

bioavailable 25(OH)D, calcium and phosphorus. While some of these biomarkers are long-

established (e.g. 25(OH)D, calcium and phosphorus), others are novel (e.g. VDBP, FGF23, free 

25(OH)D, bioavailable 25(OH)D) 
10,11

 and their variability has not been well-studied. For the 

more established biomarkers, older evaluations of their variability also require re-examination., 

due to changes in laboratory methodology. For example, historically most studies measured 

25(OH)D using immunoassay methods, while liquid chromatography mass spectrometry 

(LCMS) is now considered the gold standard.
12

 The newer methods typically have less 

laboratory variability, which would result in lower total variability.  

Quantifying the amount of within-person short-term variability inherent in these vitamin 

D markers will provide insight into the extent of potential misclassification of vitamin D markers 

in both research and clinical settings. High within-person variability, or random fluctuations 

around a set point, can lead to false positive results at the individual level, and substantial 

overestimates of disease prevalence on a population level, especially if the biomarker is only 

measured once.
13,14

 It is also possible that measurements from this study and resulting estimates 

of short-term variability could be incorporated into regression models, i.e. regression calibration 

which allows for the simultaneous correction of variation or measurement error in exposure(s) as 

well as accounts for the relationship of that variation with other risk factors, and could have a 

substantial effect on estimates of association.
15

 

  In sum, this study will enable us to quantify the variability of fasting serum 25(OH)D, 

FGF23, VDBP, free 25(OH)D, bioavailable 25(OH)D, calcium and phosphorus over a mean of 6 

weeks. As we await results of randomized clinical trials which will provide insight into whether 

vitamin D is causally associated with health benefits,
16

 it is important to understand the 

biological variability of these markers. This is especially relevant for 25(OH)D, which has a high 

prevalence of inadequacy (81% in blacks and 18% in whites according to NHANES), and is 

frequently measured in clinical settings.
17

 

 

5. Main Hypothesis/Study Questions: 

 

Primary Aim: To quantify the short-term within-person variability of 25(OH)D, FGF23, VDBP, 

calcium and phosphorus in a sample of approximately 200 ARIC participants who were included 

in a repeatability study 4-8 weeks after the original visit 5 examination. 

 

Hypotheses: Fibroblast growth factor 23 has the highest within-person variability while 

25(OH)D, calcium and phosphorus have the lower within-person variabilities. Within-person 

variability of VDBP will be intermediate.  

 

Secondary Aim: To quantify the short-term within-person variability of free 25(OH)D and 

bioavailable 25(OH)D. These biomarkers are calculated from other inputs [i.e. 25(OH)D, VDBP, 

albumin, rs7041, rs4588], and as such, their variability will be a function of the variabilities of 

the inputs.  



6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of 

interest with specific reference to the time of their collection, summary of data analysis, 

and any anticipated methodologic limitations or challenges if present). 

 

Study Design and Study Population 

 

We will include the 200 participants (50 from each field center) who attended the visit 5 exam 

and were asked to return for a repeat visit 4-8 weeks following the initial visit. All laboratory 

measurements needed for this analysis have been completed. 
 

Statistical Analysis: 
 

We will compare measurements of each marker obtained at the two time points in the ~200 

participants.  

1) We will examine descriptive statistics and calculate the mean difference between the 

measures.  

2) To visually compare these two measures, we will create scatterplots and Bland-Altman 

plots.  

3) We will compare the total variability of these biomarkers using the within-person 

coefficient of variation (CVW), Spearman’s rank correlation coefficient (r), intraclass 

correlation coefficient (ICC), and index of individuality (II) for each biomarker. 

 

To calculate some of the aforementioned measures, we will use one-way analysis of variance to 

obtain the within-subject and between-subject variances. We will also obtain the inter-assay CV 

from the lab’s internal quality control. 

 

In sensitivity analyses, we will additionally stratify by time between the initial and repeat visit 

(e.g <4 weeks versus 4 weeks) and participant race (black versus white).  

 

Limitations 

 

In stratified analyses we may have limited precision to estimate variability of these biomarkers, 

depending on the sample size in each stratum. Nonetheless, it will be important to describe 

potential differences in variability of these markers in subgroups. 
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