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Reference Materials by the American National Institute of Standards and Technology in order to 285 

objectively assess assay performance against assigned target values (21, 37, 38). The Vitamin D 286 

Standardization Program is advocating performance limits for both reference and routine laboratories 287 

(39).  288 

Even though we were one of the early participants in DEQAS prior May 1993, the time span 289 

of this study used four assays with differences as outlined in the supplementary material.  Using 290 

different assays, Barake et al have reported that change in 25OHD assays can lead to differences in 291 

interpretation of vitamin D status (40). Prior to conducting the trend analysis, we considered the 292 

need to quantify the variability between the different methodologies in order to vindicate the 293 

increase in 25OHD observed. Positive and negative biases existed between methods as outlined in 294 

the comparative data in the supplementary material. Taking into account these biases, the Haddad 295 

method, which was used for the year one baseline data point, should correlate well with IDS and 296 

Roche, which were used in the latter years of the study. We therefore deduce that the increase in 297 

25OHD over the 20 years is accurate. Any attempt at standardising results between assays of the 20 298 

years would likely have introduced further error.  299 

Our clinical interpretation of vitamin D status, as judged by measurement of 25OHD, from 300 

the outset has been a probabilistic one (15, 41-43). The concept of 25OHD as a biomarker of nutrient 301 

supply and not as an outcome, which was the basis for the IOM report, is fundamental to the 302 

definition of inadequacy using a probabilistic method (44). This approach of describing the 303 

distribution of 25OHD and its subcomponents is being adopted for the comparison of diverse 304 

populations (45). The IOM report did not pursue an implementation strategy, but many experts have 305 

supported their position and societies such as the National Osteoporosis Society have drafted 306 

guidelines that incorporate the IOM positions (46). 307 

In conclusion, we have demonstrated a steady rise in vitamin D status since 1993 in Ireland, 308 

having already noted a substantive improvement from the early days of measuring 25OHD in the 309 

1970s-1980s. This increasing trend has the potential to keep rising and to cause more harm than 310 
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benefit. Individuals, who are at risk of vitamin D deficiency, need public health strategies of 311 

fortification and supplementation with vitamin D in order to achieve IOM specified intakes. 312 

Whereas, the remainder of the population, who already had adequate vitamin D status, need to be 313 

cautioned against having intakes in excess of those advocated by IOM. 314 
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Legends to Figures 450 

Figure 1 451 

Histogram showing significant change in prevalence of 25OHD categories according to IOM 452 

specifications between the first year (May 1993 to April 1994) and the final year (2013) (χ2 =414, 453 

p<0.001).  454 

Figure 2 455 

Scattergram of monthly average 25OHD since 1993 (n=248) (upper panel) and scattergram of change 456 

in yearly average 25OHD compared to baseline of 1993 (n=21) (lower panel).  457 

Figure 3 458 

Sequence chart of monthly average 25OHD (upper panel) and sequence of same data after smoothing 459 

with 4253H smoothing function (lower panel). 460 

Figure 4 461 

Forecast of average monthly 25OHD levels for 2014-2016 based on the ARIMA model. Predicted 462 

25OHD is depicted in red that is based on ARIMA modelling of monthly average 25OHD as depicted 463 

in light green. 464 

 465 
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Table  1 

Predicted monthly average 25OHD with confidence limits over 3 years from 2014 to 2106 

Month 

25OHD nmol/L 

Average LCL UCL 

Jan-14 50.7 38.0 63.5 

Feb-14 50.8 37.8 63.9 

Mar-14 50.1 37.0 63.1 

Apr-14 52.1 39.0 65.2 

May-14 55.2 42.2 68.3 

Jun-14 59.8 46.8 72.9 

Jul-14 63.9 50.9 77.0 

Aug-14 65.0 51.9 78.0 

Sep-14 66.4 53.3 79.4 

Oct-14 63.6 50.5 76.6 

Nov-14 56.4 43.4 69.5 

Dec-14 54.5 41.4 67.5 

Jan-15 51.1 38.0 64.1 

Feb-15 51.5 38.4 64.6 

Mar-15 50.8 37.7 63.8 

Apr-15 52.8 39.7 65.9 

May-15 55.9 42.9 69.0 

Jun-15 60.5 47.4 73.6 

Jul-15 64.6 51.5 77.7 

Aug-15 65.7 52.6 78.7 

Sep-15 67.0 54.0 80.1 
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Oct-15 64.3 51.2 77.3 

Nov-15 57.1 44.1 70.2 

Dec-15 55.1 42.1 68.2 

Jan-16 51.8 38.7 64.8 

Feb-16 52.2 39.1 65.3 

Mar-16 51.5 38.4 64.5 

Apr-16 53.5 40.4 66.6 

May-16 56.6 43.5 69.7 

Jun-16 61.2 48.1 74.3 

Jul-16 65.3 52.2 78.4 

Aug-16 66.3 53.3 79.4 

Sep-16 67.7 54.7 80.8 

Oct-16 65.0 51.9 78.0 

Nov-16 57.8 44.7 70.9 

Dec-16 55.8 42.7 68.9 

LCL = lower confidence limit; UCL = upper confidence limit 
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