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Summary: During recent years, it has been recognized that
sub-optimum vitamin D-status, often defined as decrease of
PTH concentrations in response to supplementation of vita-
min D, is a ver y widespread finding with potential health
effects on a population level. As a consequence, ther e is a
con tinuously increasing interest in the laborator y-based
asses  sment of the vitamin D status, with 25-hydr oxyvitamin
D as the most widely used analyte. However, there is a num-
ber of challenges in the characterization of the individual
vitamin D status that are addressed in this article; they in clu -
de analytical issues of 25-hydr oxyvitamin D measur ement;
interpretation of results; development of guidelines for ratio -
nal indication for laborator y testing; and evaluation of the
role of 25-hydroxyvitamin D in the context of complementa-
ry markers of the vitamin D status.

Keywords: vitamin D, hypovitaminosis D, r eference
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Kratak sadr`aj: Poslednjih godina je prime}eno da je sub-
optimalni status vitamina D, koji se ~esto defini{e smanjen-
jem koncentracije PTH kao odgovor na suplementaciju vita-
minom D, veoma raspr ostranjeno stanje sa potencijalnim
efektima na zdravlje populacije. K ao posledica, inter es za
laboratorijsko odre|ivanje statusa vitamina D kontinuirano
raste, gde se kao analit naj~e{}e koristi 25-hidroksivitamin D.
Me|utim, postoji veliki br oj izazova u karakterizaciji statusa
vitamina D o kojima se govori u ovom radu; oni uklju~uju
analiti~ke probleme u odr e|ivanju 25-hidroksivitamina D;
interpretaciju rezultata; definisanje preporuka za racionalnu
indikaciju za laboratorijsko odre|ivanje; i procenu uloge 25-
hidroksivitamina D u kontekstu komplementar nih markera
statusa vitamina D. 

Klju~ne re~i: vitamin D, hipovitaminoza D, r eferentne
vrednosti, analitika

disorder in the first half of the last centur y was a
major and ver y impressive success of scientifically
based medicine. However, following the eradication
of severe rickets due to widespr ead supplementation
of vitamin D during the first year of live, the vitamin D
system drew little attention in medicine during the
subsequent decades. This was changed in 1980s
when the measurement of 25-hydroxyvitamin D and
PTH as valid and convenient markers of the vitamin D
status became r outinely available by ligand binding
tests. It became evident that poor vitamin D status,
described as lowering of PTH levels following the
administration of vitamin D, is ver y common in many
populations worldwide at least in the wintertime.
Furthermore, there has been a growing evidence that
vitamin D is of r elevance in many physiological and
potentially pathophysiological systems beyond calci-
um and phosphate homeostasis, leading to the con-
cept of noncalcemic or even pleiotr opic effects of

Introduction

During the past years, the inter est of the scien-
tific community in vitamin D has incr eased continu-
ously (1). In addition, deficiency in vitamin D – »the
sunshine hormone« – has gained substantial attention
in general population. As a consequence, a continu-
ous and substantial increase in ordering of vitamin D
related laboratory tests can be obser ved in many
industrialized countries.  

The identification of vitamin D deficiency as the
cause of rickets, followed by the eradication of this
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vitamin D. High prevalence of hypovitaminosis D is in
sharp contrast to good supply of virtually all other vita-
mins in most industrialized societies. However , it is
well recognized that the vitamin D status is mainly
determined by UV ir radiation of the skin while food
sources of vitamin D are mainly restricted to fatty fish,
unless fortification of foods is given as in some coun-
tries. Consequently, the vitamin D status r eflects
lifestyle, particularly a sedentar y lifestyle, and not the
general situation of food supply in the society .
Notably, the role of direct absorption of the metabo-
lite 25-hydroxyvitamin D from meat may also be rele-
vant (2).

However, the actual impact of low vitamin D sta-
tus on health beyond the first year of life is still poor-
ly characterized. There may be a significant but rather
weak association of laboratory markers of the vitamin
D status with the rate of fractures (3). Moreover, many
of the intervention studies on vitamin D supplementa-
tion display an elusive (and rather disappointing) pic-
ture with r elation to the risk of falls and fractur es
(4–9). This is even more the case for non-skeletal out-
comes including the total mortality during study
observation periods (10). However , in the extensive
number of randomized contr olled studies, there was
very little if any evidence of a potential of doing harm
by supplementing vitamin D. 

For both potential skeletal and non-skeletal
impact of the vitamin D status, the fundamental prob-
lem in the interpretation of study results is that there
is probably an inter-correlation of the active lifestyle
with the outdoor activity as a global and ver y promi-
nent protective health deter minant of UV-irradiation
and thus vitamin D status on the other hand. This
means that the association of a good vitamin D status
with positive health outcome may not be a causal
one. Thus, the vitamin D status may just r epresent a
general indicator of health: a healthy person has
more outdoor activity and thus better vitamin D status
compared to chronically ill person. From the complex
plethora of the epidemiological data and data on
intervention studies, however, it becomes increasing-
ly evident that it is pr obably useful to avoid at least
profound hypovitaminosis D in all age classes, and
that consequently positive effects of vitamin D supple-
mentation can predominantly be expected in chr oni-
cally vitamin D depleted individuals.

Recommendations for oral vitamin D intake,
aiming at maintaining the sufficient vitamin D status
despite the widespread condition of minimal sun light
exposure, have been given by several medical institu-
tions. The most widely r ecognized recommendations
are from the US Institute of Medicine (11) and fr om
the US Endocrine Society (12). The upper range of
these recommended daily doses ar e quite high with
4000 IU per day which reflects the wide range of tol-
erability (which notably is in contrast to maximum cal-
cium intake) (2, 13). However , there are no reliable

available data concer ning the actual extent of oral
vitamin D supplementation on population level; prob-
ably it is very low in most countries, although the cost
for vitamin D supplements is moderate, with appr oxi-
mately 3 € per month in Eur ope. Clear dose r ecom-
mendations for supplementation, now generally
assuming very low risk potential of vitamin D supple-
mentation and availability of the inexpensive supple-
ments, mean that, independently from sun exposure,
vitamin D deficiency can efficiently be avoided in an
individual. This clearly raises the question about the
usefulness of assessing the vitamin D status individu-
ally by use of the expensive laborator y tests. 

Available markers

There is a number of analytes available for the
characterization of the individual vitamin D status.
Measurement of cholecalciferol, vitamin D3 itself , is
feasible using chr omatographic methods; however ,
biological half-life of this compound is short and this
analyte has not been found useful. On the other
hand, it would seem logical to quantif y serum con-
centrations of the active metabolite of the vitamin D
system, 1,25-dihydroxyvitamin D3. However, this pa -
ra meter can paradoxically r emain within the nor mal
or even high concentration range in hypovitaminosis
D. This might be explained by secondar y hyper-
parathyroidism. Consequently, there is general con-
sensus that this analyte is not useful for the assess-
ment of the individual vitamin D status. In case of
renal diseases, low concentrations may be found due
to reduced hydroxylation of 25-hydroxyvitamin in the
kidney. Anyhow, 1,25-dihydroxyvitamin D is not r ec-
ommended for monitoring of calcium and phospho-
rus homeostasis in patients with end stage r enal dis-
ease. Measurement of this analyte can be necessar y
to differentiate very rare inborn disorders presenting
with hypocalcemia in early childhood (i.e., vitamin D-
resistant rickets due to vitamin D r eceptor deficiency
or 1,25 hydroxylase deficiency) or in the unexplained
hypercalcemia in adults, potentially attributable to
chronic granulomatous diseases such as sar coidosis.

The intermediate metabolite of vitamin D, 25-
hydro xyvitamin D, is generally accepted as the most
useful marker of individual’s vitamin D status; how -
ever, it must be recognized that 25-hydroxyvitamin D
is also a sur rogate marker of the vitamin D -status. It
has biological half-life of several weeks. The analyte is
measured in its total serum concentration; quantifica-
tion of the free fraction, not bound to vitamin D bind-
ing globulin or other proteins, is not established.

Decreased serum calcium is, without any doubt,
an important indicator of sever e hypovitaminosis D,
as also applies to increased alkaline phosphatase as a
marker of bone involvement and osteomalacia. Asses -
sment of the urinary calcium excretion is attractive to
monitor the functional vitamin D status, since calcium
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absorption is, to an important degr ee, controlled by
the vitamin D system. As an alter native to measure-
ment in a 24-hour urinar y collection, the urinar y cal-
cium-to-creatinine ratio can be assessed. However ,
there are few data available on the usefulness of this
technically simple parameter. 

Measurement of serum 25-hydroxyvitamin D in
contrast is rather expensive marker and is of ten still
categorized among »esoteric type tests«. Indeed, when
comparing the costs of 25-hydroxyvitamin D measure-
ment and the expenses for vitamin D supple men -
tation, it becomes evident that global r ecommenda-
tions for laborator y diagnostics in the context of the
vitamin D-status must be considered very carefully. In
Germany, for example, measur ement of ser um 25-
hydroxyvitamin D is charged with about 20 € while less
than 8 € are needed for supplementation with 1000
IU of vitamin D per day fr om December thr ough
February as the most critical months.

Reference ranges and target  
concentration ranges for  
25-hydroxyvitamin D

Similar to serum glucose or cholesterol concen-
trations, it is essential in the case of 25-hydr oxyvita-
min D to distinguish between population based »nor-
mal« concentrations and  desired concentration range
that is optimal for health. The most widely recognized
recommendation statements ar e those fr om the US
Institute of Medicine (11) and from the US Endocrine
Society (12), as also applies to dose r ecommenda-
tions. While the first document declar es serum 25-
hydroxyvitamin D concentrations above 20 ng/mL as
sufficient, the latter document describes the concen-
tration range between 20 and 30 ng/mL as »vitamin
D insufficient«. Concentrations below 10 ng/mL cor-
respond to clear hypovitaminosis D in most patients,
typically with clearly elevated concentrations of PTH
and often with decr eased serum calcium. Calcium
absorption can be often demonstrated to be reduced
in these cases. Affected individual may have bone
pain and muscle weakness, but may as well be free of
any  symptoms. Indeed, it must be noted that 25-
hydroxyvitamin D concentrations below 10 ng/mL are
frequent findings in many populations in winter
(14–15). The lower normal range cut-offs are tried to
be based on the r esponse of PTH concentrations to
administration of vitamin D. Several r eports describe
that 25-hydroxyvitamin D concentration above 20 to
30 ng/mL, increasing the vitamin D supplementation,
does not lower PTH any more. However, some recent
data have also questioned such a »plateau effect« (7). 

Bone histology of individuals which died sud-
denly in accidents or suicide had featur es of the
impaired bone mineralization in some cases in which
the serum concentrations of 25-hydr oxyvitamin D
between 20 and 30 ng/mL wer e found, what con-

tributed to recommendation of the Endocrine Society
for a desired level above 30 ng/mL (16). 

It is suspected by several r esearchers that opti-
mal concentrations of 25-hydroxyvitamin D may differ
with respect to skeletal effects and extra-skeletal
effects.

Intervention studies on vitamin D tend to show
beneficial effects when ser um 25-hydroxyvitamin D
concentration above 30 ng/mL is achieved (5), what
further contributes to observation of 30 ng/mL as the
lower limit of desir ed concentrations. Probably bene-
ficial health effects of vitamin D supplementation ar e
most relevant in the concentration range below 10
ng/mL of a patient’s 25-hydr oxyvitamin D and will
diminish in an asymptotic manner when ser um con-
centrations above 20 ng/mL are obtained. 

Data from studies on Massai shepherds, howev-
er, suggest 25-hydr oxyvitamin D ser um concentra-
tions in the range above 50 ng/mL as »natural«. In
contrast, epidemiological studies fr om a lar ge num-
ber of countries and r egions demonstrate ver y high
prevalence rates of vitamin D deficiency with a sub-
stantial impact of season and age. In a large survey in
Germany, for example, even fr om May to October ,
nearly 75% of 65- to 79-year -old women had ser um
25-hydroxyvitamin D below 20 ng/mL in March (14).
This means that deficiency may r epresent the »nor-
mal« situation in many settings. Hypovitaminosis D
may also be highly pr evalent in »sunny« countries
such as the Middle East ones (17). 

Substantial criticism concerning the formulation
of target serum concentrations of 25-hydr oxyvitamin
D is r elated to heter ogeneity of analytical methods
used in respective epidemiological studies.  This was
an important motivation for or ganizations and
researchers to improve the degree of standardization
of 25-hydroxyvitamin D measurement (18–20). 

A very fundamental issue in all attempts to iden-
tify lower limit of serum 25-hydroxyvitamin D concen-
tration is much less discussed: since in most r egions
of the world the vitamin D ser um shows pronounced
seasonal variation, the comprehensive and conclusive
assessment of the vitamin D status of an individual
should be based on several obser vations throughout
the year. A serum 25-hydroxyvitamin D concentration
below 10 ng/mL has pr obably completely differ ent
relevance for health when given to one person for one
or two months in winter or in contrast to another per-
son throughout the year – as of ten observed in insti-
tutionalized elderly people. Assessment of the r ele-
vant long-term vitamin D status, which is pr obably
most important for health condition, is poorly
addressed challenge of laborator y medicine at pr es-
ent (Figure 1). 

Furthermore, it must be critically assessed how
strong the association of low 25-hydr oxyvitamin D
concentrations with different health outcomes is. With



respect to bone, it is  evident that the vitamin D sta-
tus is one among the excess of genetic and envir on-
mental variables that have impact on bone quality .
The attempt to deduce an optimum target concentra-
tion ranges of the sur rogate marker 25-hydr oxyvita-
min D from intervention studies is extremely complex:
these studies typically differ in fundamental variables
such as base-line vitamin D status, dosage of vitamin
D, duration, concomitant supplementation of calci-
um, age of subjects, and monitoring of compliance.

In many countries, vitamin D2 (ergocalciferol) is
used for food fortification, supplementation and for
the therapy of hypovitaminosis D. However, it can not
be assumed that vitamin D2 (which is not part of the
natural diet) and physiologically occurring vitamin D3
are bioequivalent. Consequently, when using the 25-
hydroxyvitamin D assays, which quantify both vitamin
D3 and vitamin D2, the r esult, for example, of 20
ng/mL of total 25-hydr oxyvitamin D may be biologi-
cally of different meaning if this concentration is real-
ized by vitamin D3 or D2. This is primarily independ-
ent of the per centage of r eactivity of particular
vitamin D2 assays and also an ar ea of uncertainty in
100% »equimolar« assay. 

Probably owing to enzyme 24-hydroxylase which
inactivates 25-hydroxyvitamin D by alternative metab-
olization compared to activation by 1-hydroxylase, the
toxicity of vitamin D is har dly to be detected.
Hypercalcemia can be found in 25-hydr oxyvitamin D
concentrations above 100 ng/mL which ar e exclu-
sively observed in individuals under seriously inade-

quate supplementation regimens (e.g., administration
of month-adjusted supplementation doses in a daily
pattern for longer time periods) (21).

Analytics of 25-hydroxyvitamin D

The quantification of 25-hydr oxyvitamin D in
serum is an analytical challenge for several issues.

The analyte is ver y tightly and to ver y high
degree bound to vitamin D -binding protein and reli-
able measurement of total 25-hydro xyvitamin D con-
centrations requires complete dissociation of the ana-
lyte from its pr otein bonds. In radioimmune assays
and in chromatographic methods, this can be achie -
ved by application of the or ganic solvents such as
acetonitrile. However, such solvents in high concen-
trations are incompatible with anti-bodies used in
immunoassays. In manual immunoassays, solvents
can be evaporated to dr yness, but in automated lig-
and binding tests the complete release of the analyte
from its bonds by using antibody-compatible reagents
is the crucial technical challenge. 

In regions where vitamin D2 is used for supple-
mentation and therapy, differential reactivity of tests
with vitamin D2 may contribute to between-method
bias of results in individual samples.

With respect to ligand binding tests for 25-
hydroxyvitamin D, the competitive assay principle has
to be used since the assay offers not enough poten-
tial epitopes for development of sandwich-assays.
Competitive ligand binding assays for small mole-
cules, however, are notably pr one to matrix effects
which can be poorly identified and which can be vari-
able between the samples without an option to nor-
malize these sample-individual effects. 

In ligand binding assays (involving antibodies or
recombinant vitamin D -binding protein) lot-to-lot
consistency of r eagents is a cr ucial technical chal-
lenge for the entire manufacturing process but clear-
ly a prerequisite for meaningful long-ter m epidemio-
logical data.

Between-sample variability of matrix effects is
also an issue in LC-MS/MS, however, it can be equal-
ized and controlled for by the principle of isotope dilu-
tion. Yet, an application of LC -MS/MS in laborator y
medicine is still based on individual instrument instal-
lation and method implementation with a ver y poor
standardization of instr umentation. With such self-
developed and not fully automated tests run on high-
ly complex instruments, the risk of systematic bias is
given for several reasons, also including many poten-
tial sources of gross errors (22, 23). 

These technological challenges of r outine
assays were aggravated by the fact that mass spectro-
metric reference methods as a guideline for assay
development were not available until 2004  – in con-
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Figure 1 Typical long-term courses of serum 25-hydroxyvi-
tamin D. Line A may r epresent a person with continuously
high degree of sun exposure throughout the year as found in
equatorial regions. Line C may r epresent a person in the
Central Europe with substantial outdoor activity in summer
and vitamin D deficiency during winter . Line C r epresents a
person with the sustained vitamin D deficiency thr oughout
the year, e.g. in a chr onically disabled elderly person. Note
that a single measurement of 25-hydroxyvitamin D in winter
may not be appr opriate to display the fundamental differ-
ences in the vitamin D status of the individuals B and C,
respectively (arrow).
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trast to many ster oid analytes which wer e addressed
by mass spectrometric reference methods much ear-
lier. Similarly, in contrast to such analytes as testos-
terone or progesterone, the reference material prepa-
rations have become available only r ecently. The
introduction of LC -MS/MS based methods has pr o-
foundly changed the situation of 25-hydroxyvitamin D
quantification. It has become state-of-the-art within a
short time that r outine ligand binding tests ar e vali-
dated against LC -MS/MS; a pr ocess which is now
based on large series of samples by the manufactur-
ers. Two candidate r eference method pr ocedures
based on LC-MS/MS have been described so far (19,
24), but LC -MS/MS is also applied now for 25-
hydroxyvitamin D measurement in a substantial and
growing number of r outine laboratories,. Availability
of reference methods has also allowed the intr oduc-
tion of the first reference material by the US National
Institute of Standar dization (NIST) in 2010. The
largest vitamin D -proficiency testing scheme, the
DEQAS program from the United Kingdom indeed
demonstrates a tr end to impr oved harmonization of
serum 25-hydroxyvitamin D measur ement. More
than 1000 laboratories worldwide take part in this
scheme; about 10% of these laboratories use LC -
MS/MS at present.

In 2004, a landmark study by Binkley et al. (25)
highlighted the poor agreement of 25-hydroxyvitamin
D results from different routine laboratories. Since
that time an important impr ovement in standardiza-
tion of 25-hydroxyvitamin D measurement has been
achieved, however, a recent survey (26) still demon-
strates standardization problems for several automat-
ed routine tests.

The quality requirements for 25-hydroxyvitamin
D-measurement have been addressed by very impor-
tant theoretical work (27), which incorporates individ-
ual within-person biological variation of the analyte
and addresses both diagnosing and monitoring set-
tings as well as distinct per formance goals for r efer-
ence and routine methods.

25-hydroxyvitamin D – an exemplary
analyte

For several aspects 25-hydroxyvitamin D can be
looked upon as an exemplar y analyte in the clinical
chemistry:

– The analyte impr essively demonstrates the
substantial matrix dependency of ligand
binding assays. Thr ee of the four first NIST
reference materials ar e based on horse
serum; it was found that automated ligand
binding tests give in part drastically biased
results in these non-human materials.

– The analyte has, in line with the immunosup-
pressant monitoring, demonstrated the appli-

cability of LC -MS/MS also for lar ge scale
application in routine laboratories.

– The analyte has demonstrated that LC -
MS/MS may be also limited with r espect to
specificity toward structural isomers. The
more recently identified 3-epi-isomer of 25-
hydroxyvitamin D3 is co -quantified together
with 25-hydroxyvitamin D in standar d LC-
MS/MS methods (as shown for the sample of
DEQAS scheme), while most immunoassays
do not cross-react with this analyte. The r el-
evance of this finding is still elusive since
probably in most individuals (except children)
the concentrations of the 3-epi isomer is low
and there is insufficient knowledge about the
actual biological role of the compound; how-
ever, it is illustrated that the analytical speci-
ficity of LC-MS/MS is not absolute and must
be questioned in a systematic way , as it is
also the case with immunoassays. It further
shows that delicate chromatographic separa-
tion – even including isomer separation –
may be required for the accurate LC-MS/MS
results (28).

– The analyte impr essively demonstrated the
po tential that »home-brew« LC-MS/MS met -
hods generate spurious r esults although
mass spectrometry per se is a ver y powerful
technology. In one of the biggest scandals of
clinical chemistry in the US, the commer cial
Quest Laboratories had to call back thou-
sands of LC -MS/MS results which were tra -
ced back to insufficient quality standar ds in
the calibration and the quality management
of LC-MS/MS analytics (29). It was also shown
that the introduction of common calibration
materials for LC -MS/MS can substantially
improve the r eliability and commutability of
LC-MS/MS results for specific analytes.

– The analyte demonstrated that the automa-
tion of immunoassays (implemented conse-
quent to incr easing numbers of analysis
requests) may compr omise the quality of
analytics. While classical radioimmunoassays
for 25-hydroxyvitamin D were (and still ar e)
rather reliable, a high degr ee of analytical
bias was found in particular for the first auto-
mated tests. This shows that the commer cial
interests of in vitro diagnostics companies
may be in evident competition with the goals
of analytical reliability. It is in some assays evi-
dent that standards of analytical quality have
been in part sacrificed to the potential ear n-
ings in a marker showing the substantial
increase in request volumes. The rapid com-
mercialization and the pr ominent marketing
of 25-hydroxyvitamin D measur ement by
both in vitr o diagnostics companies and by
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other players in healthcare in many countries
demonstrate the ver y high inter est to intr o-
duce new sour ces of commer cial earning –
while the actual contribution of individual 25-
hydroxyvitamin D measur ement in a public
health perspective is at least questionable.
The analyte today exemplifies that quality
goals for a laborator y test, with r espect to
agreement of the r outine assay r esults with
quasi-reference method results, are set more
or less arbitrarily in clinical chemistry. Indeed,
the community of laboratory medicine seems
to tolerate rather limited cor relation and
agreement with reference methods in case of
25-hydroxyvitamin D. On the other hand, the
analyte shows that the method comparison
studies of the routine assays in relation to LC-
MS/MS including hundr eds of samples, in
contrast to ver y few samples in the GC -MS
era, can be r ecognized as a standard proce-
dure in laboratory medicine.  

– The extensive discussion about desir ed se -
rum concentration ranges of the analyte
(e.g., 20 vs. 30 ng/mL) demonstrates what
high degree of standar dization and com-
mutability of results from different assays and
long-term stability of measurement accuracy
in a worldwide setting covering decades of
observation is expected fr om the laborator y
medicine. Consequently, the idea and the
importance of the unbr oken chain of trace-
ability in clinical chemistry – from a reference
preparation of a standar d to individual r ou-
tine method patient’s results – are illustrated
very clearly by this analyte. 

Ordering of tests – when is measuring
25-hydroxyvitamin D useful?

Probably so far, the most important role of quan-
tification of serum 25-hydroxyvitamin D in medicine
has been epidemiological r esearch in the context of
huge number of studies. Based on this analyte, a high
prevalence of vitamin D -responsive high PTH con-
centrations in most population studies has been
demonstrated and recommendations for lifestyle opti-
mization, individual supplementation but also food
fortification have been made. It is intriguing for scien-
tists and physicians that a well-defined and long
known physiologically occurring compound is poten-
tially involved in a huge number of health-r elated
processes and chr onic diseases, that, in contrast to
other vitamins, sub- optimum concentrations have a
high prevalence, and that inter vention is evidently
very simple to achieve. Based on and stimulated by
these results, however, there is evidently continuously
growing interest to characterize the vitamin D status
for the individual person as well. Since this is poten-
tially addressed in a population of wide dimension

with substantial impact on healthcar e economics,
there is an ur gent need to elaborate scientifically
based recommendations for test or dering of 25-
hydroxyvitamin D and/or other tests witch might be
useful to characterize the individual vitamin D status.
Assessing the indication for individual 25-hydroxyvita-
min D quantification at present represents a substan-
tial challenge to laboratory medicine in many regions
and settings.

Measurement of ser um 25-hydroxyvitamin D
can have a useful r ole in diagnosing the sever e and
symptomatic vitamin D deficiency with osteomalacia.
In such not infr equent cases with bone pain, poten-
tially radiological signs of osteomalacia, low ser um
calcium concentrations and incr ease serum alkaline
phosphatase activity together with anamnestic fea-
tures (minimal sun exposur e and no supplementa-
tion) a definite diagnosis can be made by demonstrat-
ing very low ser um 25-hydroxyvitamin D. In these
cases, a speedy correction of the hypovitaminosis D is
warranted and can be achieved by high-dose
schemes continued by maintenance doses. Monito -
ring of the efficiency of this therapy by r epeated
measurement of 25-hydroxyvitamin D might be con-
sidered.

With respect to non-symptomatic individuals,
there seems to be widespr ead agreement that it is
probably useful and r elevant goal that individuals
avoid to have serum 25-hydroxyvitamin D concentra-
tions below 20 ng/mL, and in particular to be in this
deficient concentration range for extended periods of
time. In many countries the pr e-test probability of
being vitamin D deficient is very high in autumn, win-
ter and spring on one hand, and on the other ,  1000
to 2000 IU of vitamin D supplementation is rather
inexpensive and has a ver y favourable risk pr ofile. It
might be concluded that an individual’s decision to
supplement vitamin D does not have to be guided by
analyses performed in healthy people. Given the wide
therapeutic range of vitamin D with maximally tolerat-
ed daily intake of up to 4000 IU accor ding to the
Endocrine Society, a »safety therapeutic dr ug moni-
toring« does not seem necessar y.

The Endocrine Society (12) r ecommends no
»po pulation screening« for vitamin D deficiency but
testing in individuals »at risk for deficiency«, which is
a very imprecise statement. More specifically testing
is further recommended in people in whom »a prompt
response to optimization of vitamin D status could be
expected«. This includes patients with the osteomala-
cia, hyperparathyroidism, older adults with the history
of nontraumatic fractures, but also pregnant and lac-
tating women, or Hispanic adults accor ding to opin-
ion of the Endocrine Society.

Monitoring of an individual vitamin D -steady-
state supplementation r egimen to optimize health
effects might be reviewed for several considerations:
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– Assessment of compliance

– To rule out, individually, diseases which ar e
associated with high vitamin D r equirements
or leading to unfavourable phar macokinetic
conditions. Such conditions may lead to
serum 25-hydroxyvitamin D concentrations
within the deficiency range despite compli-
ance with standar d doses (in particular ,
impaired absorption due to gastr ointestinal
abnormalities like gluten sensitive enter opa-
thy, pancreatic insufficiency, or situations
after major surgery, accelerated metaboliza-
tion (e.g., by antiepileptic dr ugs); renal loss
of vitamin D binding protein and vitamin D in
renal diseases; or over whelming distribution
in fat tissue in obesity). 

– To adjust and r educe long term supplemen-
tation of vitamin D accor ding to individual
lifestyle patterns (sun exposur e in specific
seasons, clothing habits, use of sun pr otec-
tion, latitude of r esidence) and physiological
variables (pigmentation and skin type,
metabolization rate). During which months of
the year the supplementation is not neces-
sary? Is 600, 800, 1000, 2000 or even more
IU/d, vitamin D r equired to achieve ser um
25-hydroxyvitamin D concentrations above
20 or 30 ng/mL in winter? Obviously , this is
a very ambitious appr oach with r espect to
logistics of sampling, financial resources and
the potential to optimize health effects
beyond standard regimens.

There is at present an inconsistent body of data
available with respect to that latter issues of phar ma-
cokinetics and individual activation of vitamin D in the
skin (2, 30–39). While the r ecommendations of the
Endocrine Society read that »to raise the blood level
of 25OHD above 30 ng/mL may r equire at least
1500–2000 of supplemental vitamin D«, Gallagher et
al. (40) r eport that »a vitamin D(3) dosage of 800
IU/d increased serum 25-(OH)D levels to gr eater
than 50 nmol/L in 97.5% of women.« A fundamental
flaw of dose-response studies on long-term oral appli-
cation of compounds to outpatients is that the degree
of compliance cannot be assessed in a conclusive
manner.

Long term health effects of serum 25-hydroxyvi-
tamin D in the range of 20–30 ng/mL or above is
more or less speculative and pr obably rather limited.
Any attempts to investigate these potential effects are
extremely demanding and probably hardly to achieve:
it must be assumed that differ ential health effect in
not clearly deficient range but in »sub- optimum«
range of 25-hydroxyvitamin D serum concentrations
(20–30 ng/mL) may be long-ter m effects, r equiring
years or even decades to become detectable.
Randomized, placebo contr olled studies over such
periods of time will har dly be conducted, particularly

because serum concentrations would have to be
titrated to the relevant concentration range. With the
increasing 25-hydroxyvitamin D ser um concentra-
tions, most pr obably beneficial health effects
approach »zero« in an asymptotic manner. 

Habits of vitamin D supplementation on one
hand and measur ement of 25-hydr oxyvitamin D on
the other, and their respective impact on public health
are not necessarily linked and should be discussed
(more or less) separately. Clearly the first point, sup-
plementation and sun exposur e, has much mor e
important impact compared to the latter in other wise
healthy persons. Probably severe hypovitaminosis D is
avoided in the overwhelming majority of healthy indi-
viduals with 1000 IU vitamin D per day during
months with practically absent vitamin D synthesis in
the skin (this roughly means October through March
in the Central Eur ope). According to present knowl-
edge, the risk of side effects is minimal. Incr eased
rates of nephrocalcinosis are to be obser ved only in
combination with calcium supplementation, which
indeed has a much smaller therapeutic range and
should be r ecommended very carefully (13). Inborn
deficiency of 24,25-hydroxylase potentially leading to
hypervitaminosis D during supplementation is extr e -
mely rare (41) and may be detected by measuring the
serum calcium in case of suggestive symptoms. 

Further perspectives and challenges

Historically (including rather r ecent changes in
the predominant lifestyle patter ns in industrialized
societies), the r ole of vitamin D supply may have
changed. In regions with some distance to equatorial
latitudes (but also including the Mediter ranean
region), human population coped with the absence of
endogenous vitamin D pr oduction during several
months of the year for about 100.000 years. Clothing
and lifestyle habits of several last  generations pr oba-
bly have led to decrease of the vitamin D stores which
are acquired during the later summer and which ar e
available for the darker months in the majority of indi-
viduals today. Moreover, today millions of people
experience almost no exposur e to sun light thr ough-
out the year. Anyhow, it is not clear at all to what
extent vitamin D addressing in adults, being initiated
during the past few years, will affect public health.

At present, the laborator y assessment of the
vitamin D status is pr edominantly focused on meas-
urement of 25-hydr oxyvitamin D in ser um, but it is
not at all clear how r eliable this marker actually is to
this end. 25-hydroxyvitamin D represents a meta bolic
precursor pool for further conversion to active prin -
ciple of the vitamin D system (i.e. 1,25-dihydr o xy -
vitamin D3, also ter med D-hormone). The actual
in dividual availability of this pr ecursor for activation
may be determined by the degree and avidity of bind-
ing to vitamin D binding protein, a molecule with well

322 Vogeser, Seger: Vitamin D – Challenges in diagnosing and monitoring of hypovitaminosis D



recognized genetic polymorphism (42). Furthermore,
genetic polymorphism of the vitamin D r eceptor is
recognized. This might be also the case for anabolic
and catabolic enzymes of 25-hydr oxyvitamin D.
Based on these considerations, it is  likely that the true
»optimum« level of total 25-hydr oxyvitamin D might
indeed be highly variable between individuals.
Consequently, it is useful to assess potential function-
al markers of the vitamin D status. Those, however ,
may be differ ent with r espect to calcemic effects of
the vitamin D system and for non-calcemic/extra-
skeletal effects, respectively. 

Doubtlessly, PTH has an important r ole in this
context; in an outpatient setting, however, the partic-
ular preanalytical requirements of this analyte can be
a substantial problem. Serum calcium and phosphate
are less sensitive markers of vitamin D deficiency, but
an assessment of the urinar y calcium excretion (in a
24 h-collection or determined as a calcium-to-creati-
nine ratio) might be also of inter est. 

The quantification of serum 24, 25-hydroxyvita-
min D might have r elevance as well (43). It can be
assumed that the action of the 24-hydr oxylase regu-
lates the vitamin D homeostasis by active metaboliza-
tion and inactivation of 25-hydr oxyvitamin D in case
of the excess vitamin D supply . Consequently, an
increasing ratio of 25-hydr oxyvitamin D3 to 24, 25-
hydroxyvitamin D3 may potentially indicate a func-
tional saturation of the vitamin D metabolic system.

Beyond single laborator y analyses r elated to
vitamin D system to a distinct point of time, protocols
should be elaborated to characterize the individual
vitamin D supply thr oughout the year . Multi-point
measuring procedures, aiming at displaying the 25-
hydroxyvitamin D »area-under-the-year curve« (or for
other markers, r espectively), might be of particular
relevance in epidemiological studies (36). It could be
also studied if multi-marker approaches to character-

ize the vitamin D status wer e useful. Such scor es or
approaches using biomathematical patter n recogni-
tion might include all known markers of the vitamin D
status in synopsis but potentially also new markers to
be determined in studies with the metabolomic
approach.

Dietary uptake of calcium and/or calcium sup-
plementation must evidently be addr essed within the
vitamin D status context. Indeed, the tolerable range
of calcium uptake is far smaller compar ed to »thera-
peutic range« of vitamin D, and high calcium load
together with sufficient vitamin D status may induce
the risk of nephrocalcinosis. However, there is no valid
approach to characterize the uptake of calcium indi-
vidually by laborator y tests at pr esent. This would be
very desirable since the prediction of the calcium con-
sumption by food questionnair es is difficult and not
very reliable. With 1000 mg per day as a common
dosage of calcium supplementation, and an upper
tolerable limit of 1200 mg, any significant uptake of
calcium from the diet may already be a problem.

Widespread routine vitamin D testing in some
industrialized countries has become an economic
burden for health care systems. Consequently, for la -
boratory medicine one essential challenge in the
monitoring of the vitamin D status is – despite all ana-
lytical issues – to avoid an over use of testing by utili -
zation management. The community of laborator y
medicine has to moderate between the legitimate
interest in innovative approaches of preventive medi-
cine, on one hand, and the reasonable use of resour -
ces on the other hand, by pr oviding the scientifically
sound recommendation for ordering of tests (44).

Conflict of interest statement

The authors stated that there are no conflicts of
interest regarding the publication of this article.

J Med Biochem 2012; 31 (4) 323

References

1. Holick MF Vitamin D deficiency . N Engl J Med 2007;
357: 266–81.

2. Cashman KD. Dietary reference intervals for Vitamin D.
Scand J Clin Lab Invest 2012; 72: Suppl 243: 136–43.

3. Cauley JA, Lacroix AZ, Wu L, Horwitz M, Danielson ME,
Bauer DC, et al. Serum 25-hydroxyvitamin D concentra-
tions and risk for hip fractur es. Ann Inter n Med 2008;
149(4): 242–50.

4. Bischoff-Ferrari HA, Willett WC, Wong JB, Giovannucci E,
Dietrich T, Dawson-Hughes B. F racture prevention with
vitamin D supplementation: a meta-analysis of random-
ized controlled trials. JAMA 2005; 293(18): 2257–64.

5. Tang BM, Eslick GD, Nowson C, Smith C, Bensoussan A.

Use of calcium or calcium in combination with vitamin D
supplementation to pr event fractures and bone loss in
people aged 50 years and older: a meta-analysis. Lancet
2007; 370: 657–66.

6. DIPART (vitamin D individual patient analysis of ran -
domized trials) gr oup. Patient level pooled analysis of
68500 patients from seven major vitamin D fractur e
trials in US and Europe. BMJ 2010; 340: b5463.
doi:10.1136/bmj.b5463.

7. Sai AJ, Walters RW, Fang X, Gallagher JC. R elationship
between vitamin D, parathyr oid hormone, and bone
health. J Clin Endocrinol Metab 2011; 96(3): E436-46.

8. Ringe JD. The effect of Vitamin D on falls and fractur es.
Scand J Clin Lab Invest 2012; 72: Suppl 243: 73–8.



9. Turner AG, Anderson PH,  Mor ris HA. Vitamin D and
bone health. Scand J Clin Lab Invest 2012; 72: Suppl
243: 65–72.

10. Bjelakovi} G, Gluud LL, Nikolova D, Whitfield K,
Wetterslev J, Simonetti RG, et al. Vitamin D supplemen-
tation for pr evention of mortality in adults. Cochrane
Database Syst R ev 2011; doi: 10.1002/14651858.
CD007470.pub2.

11. Ross AC, Taylor CL, Yaktine AL, Del Valle HB, editors.
Institute of Medicine. Dietar y reference intakes for calci-
um and vitamin D. W ashington, D.C.: The National
Academies Press, 2011.

12. Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM,
Hanley DA, Heaney RP , et al. Endocrine Society .
Evaluation, treatment, and prevention of vitamin D defi-
ciency: an Endocrine Society clinical practice guideline. J
Clin Endocrinol Metab 2011; 96: 1911–30.

13. Lips P. Interaction between vitamin D and calcium. Scand
J Clin Lab Invest 2012; 72: Suppl 243: 60–64.

14. Hintzpeter B, Mensink GB, Thier felder W, Müller MJ,
Scheidt-Nave C. Vitamin D status and health cor relates
among German adults. Eur J Clin Nutr 2008; 62(9):
1079–89.

15. Bischoff-Ferrari HA. »Vitamin D – why does it matter?« –
Defining vitamin D deficiency and its pr evalence.
Scandinavian Journal of Clinical & Laborator y Investi -
gation 2012; 72: Suppl 243: 3–6.

16. Priemel M, von Domarus C, Klatte TO, Kessler S, Schlie
J, Meier S, et al. Bone mineralization defects and vitamin
D deficiency: histomorphometric analysis of iliac cr est
bone biopsies and cir culating 25-hydroxyvitamin D in
675 patients. J Bone Miner Res 2010; 25(2): 305–12.

17. Arabi A, El Rassi R, El-Hajj Fuleihan G. Hypovitaminosis
D in developing countries – pr evalence, risk factors and
outcomes. Nature Rev Endocrinol 2010; 6: 550–61.

18. Sempos CT, Vesper HW, Phinney K W, Thienpont LM,
Coates PM. Vitamin D status as an inter national issue:
National surveys and the pr oblem of standar dization.
Scand J Clin Lab Invest 2012; 72: Suppl 243: 32–40.

19. Thienpont LM, Stepman HCM, V esper HW. Stan dar di -
zation of measur ements of 25-Hydr oxyvitamin D3 and
D2. Scand J Clin Lab Invest 2012; 72: Suppl 243: 41–9.

20. Kobold U. Appr oaches to measur ement of vitamin D
concentrations – mass spectr ometry. Scand J Clin Lab
Invest 2012; 72: Suppl 243: 54–9.

21. Lowe H, Cusano NE, Binkley N, Blaner WS, Bilezikian JP.
Vitamin D toxicity due to a commonly available »over the
counter« remedy from the Dominican R epublic. J Clin
Endocrinol Metab 2011; 96(2): 291–5.

22. Vogeser M. Quantification of cir culating 25-hydroxyvita-
min D by liquid chromatography-tandem mass spectrom-
etry. J Steroid Biochem Mol Biol 2010; 121: 565–73.

23. Vogeser M, Seger C. Pitfalls associated with the use of liq-
uid chromatography-tandem mass spectr ometry in the
clinical laboratory. Clin Chem 2010; 56(8): 1234 –44.

24. Stepman HC, V anderroost A, V an Uytfanghe K,
Thienpont LM. Candidate r eference measurement pro-

cedures for serum 25-hydroxyvitamin D3 and 25-hydrox-
yvitamin D2 by using isotope-dilution liquid chr omatog-
raphy-tandem mass spectr ometry. Clin Chem 2011;
57(3): 441–8.

25. Binkley N, Krueger D, Cowgill CS, Plum L, Lake E, Han -
sen KE, DeLuca HF, Drezner MK. Assay variation con-
founds the diagnosis of hypovitaminosis D: a call for
standardization. J Clin Endocrinol Metab 2004; 89(7):
3152–7.

26. Farrell CJ, Martin S, McWhinney B, Straub I, W illiams P,
Herrmann M. State-of-the-art vitamin D assays: a com-
parison of automated immunoassays with liquid chr o-
matography-tandem mass spectr ometry methods. Clin
Chem 2012; 58(3): 531–42.

27. Stöckl D, Sluss PM, Thienpont LM. Specifications for
trueness and precision of a reference measurement sys-
tem for ser um/plasma 25-hydroxyvitamin D analysis.
Clin Chim Acta 2009; 408: 8–13.

28. Van den Ouweland JM, Beijers AM, van Daal H. Fast sep-
aration of 25-hydroxyvitamin D3 from 3-epi-25-hydrox-
yvitamin D3 in human serum by liquid chromatography-
tandem mass spectr ometry: variable pr evalence of
3-epi-25-hydroxyvitamin D3 in infants, childr en, and
adults. Clin Chem 2011; 57(11): 1618–9.

29. Carter GD. 25-Hydr oxyvitamin D assays: the quest for
accuracy. Clin Chem 2009; 55(7): 1300–2.

30. Binkley N. Vitamin D and osteopor osis-related fracture.
Arch Biochem Biophys 2012; 523(1): 115–22.

31. Cashman KD, Wallace JM, Horigan G, Hill TR, Bar nes
MS, Lucey AJ, et al. Estimation of the dietar y require-
ment for vitamin D in fr ee-living adults >=64 y of age.
Am J Clin Nutr 2009; 89(5): 1366–74.

32. Bogh MKB. Vitamin D production after UVB: Aspects of
UV-related and personal factors. Scand J Clin Lab Invest
2012; 72: Suppl 243: 24–31.

33. Farrar MD, Kift R, Felton SJ, Berry JL, Durkin MT, Allan D,
et al. Recommended summer sunlight exposure amounts
fail to produce sufficient vitamin D status in UK adults of
South Asian origin. Am J Clin Nutr 2011; 94(5): 1219–24.

34. Isenor JE, Ensom MH. Is there a role for therapeutic drug
monitoring of vitamin D level as a sur rogate marker for
fracture risk? Pharmacotherapy 2010; 30(3): 254–64.

35. Kiely M, Black LJ. Dietary strategies to maintain adequa-
cy of cir culating 25-hydroxyvitamin D concentrations.
Scand J Clin Lab Invest 2012; 72: Suppl 243: 14–23.

36. Liu E, McKeown NM, P ittas AG, Meigs JB, Economos
CD, Booth SL, et al. Predicted 25-hydroxyvitamin D score
and change in fasting plasma glucose in the Framingham
offspring study. Eur J Clin Nutr 2012; 66(1): 139–41.

37. O'Donnell S, Cranney A, Horsley T, Weiler HA, Atkinson
SA, Hanley D A, et al. Efficacy of food fortification on
serum 25-hydroxyvitamin D concentrations: systematic
review. Am J Clin Nutr 2008; 88(6): 1528–34.

38. Tsiaras WG, Weinstock MA. Factors influencing vitamin D
status. Acta Derm Venereol 2011; 91(2): 115–24.

39. Vieth R. Implications for 25-hydr oxyvitamin D testing of
public health policies about the benefits and risks of vita-

324 Vogeser, Seger: Vitamin D – Challenges in diagnosing and monitoring of hypovitaminosis D



min D fortification and supplementation. Scand J Clin
Lab Invest 2012; 72: Suppl 243: 144–53.

40. Gallagher JC, Sai A. Templin T 2nd, Smith I. Dose r es -
ponse to vitamin D supplementation in postmenopausal
women: a randomized trial. Ann Inter n Med 2012;
156(6): 426–37.

41. Schlingmann KP, Kaufmann M, Weber S, Irwin A, Goos
C, John U, et al. Mutations in CYP24A1 and idiopathic
infantile hypercalcemia. N Engl J Med 2011; 365(5):
410–21.

42. Heijboer AC, Blankenstein MA, K ema IP, Buijs MM.
Accuracy of 6 routine 25-hydroxyvitamin D assays: influ-
ence of vitamin D binding pr otein concentration. Clin
Chem 2012; 58(3): 543–8.

43. Bossuytt PMM. Defining biomarker per formance and
clinical validity. Journal of Medical Biochemistr y 2011;
30: 193–200.

44. Sattar N, Welsh P, Panarelli M, Foroughi NG. Increasing
request for vitamin D measur ement: costly, confusing,
and without credibility. Lancet 2012; 379: 95–6.

J Med Biochem 2012; 31 (4) 325

Received: May 25, 2012
Accepted: June 8, 2012


