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In endocrine praxis, all deficiency is defined by a combination
of trophic hormone and target hormone. Why then, is
vitamin D deficiency (VDD) defined by an isolated value of
storage hormone serum 25-hydroxu vitamin D (250HD),
rather than its active hormone, or its relation with target
action of vitamin D? Are better surrogate markers available
for the definition of VDDP? This editorial seeks an answer
to this seemingly simple answer.

VDD has been defined as serum 250HD levels <20 ng/
ml by Institute of Medicine Guidelines.!" In addition,
Endocrine Society Practice Guideline defines vitamin D
insufficiency (VDI) when serum 250HD levels are between
20 -<30 ng/ml.” The main physiological function of vitamin
D is maintenance of calcium homeostasis. This is carried
out mainly by its effect on calcium absorption, which is
evident by reversal of all effects of vitamin D-resistant
rickets type-1I by intravenous calcium.”! In addition, vitamin
D has been associated with maintenance of bone health
in association with parathyroid gland."! Although the
extra-skeletal effects of vitamin D have been highlighted
in many observational studies, their relevance has not been
established conclusively.” Hence, the target organ for action
of vitamin D is the intestine, and its target function, calcium
absorption.

SURROGATE MARKER 1: CaLcium
ABSORPTION

Can VDD be defined by its target function, #7z., calcium
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absorption? Calcium absorption can be determined by
calcium balance studies or by isotope technique using stable
or radioactive tracers and either single- or dual-tracer.
Calcium balance studies required an equilibration period
on a standard calcium intake after fecal collections that
were pooled and analyzed on a 3-6 d basis. These studies
are expensive, time-consuming, and ill-suited for routine
use. Single oral tracer methods require fecal collections or
the use of mathematic calculation called deconvolution
analysis.” However, this methodology is less accurate
and not useful in children. In the dual-tracer method,
one isotope is given orally and another administered
intravenously. This method is rapid, accurate, and does not
require collection of stool. Dual tracer method correlates
highly with calcium absorption,” and is the gold standard
for measuring calcium absorption. This method measures
fractional calcium absorption (FCA) of ingested calcium.

Measurement of FCA has not been used to define VDD
because of several limitations. Firstly, these methods ate
not readily available, require expertise and availability of
radiocalcium tracers, hence, cannot be used in routine
clinical practice. Secondly, FCA varies widely with calcium
intake, as highlighted by Garg ez o/ Lastly, the relation
between serum 250HD and FCA is complex and still
not completely understood.l! Although some reports
indicate optimization at specific concentrations of serum
250HD above those commonly found in the population,
others differ.”" It is widely believed that extremely low
serum 250HD values (<8 ng/ml) are associated, in both
children and adults, with decreased calcium absorption.!'™!!
It is clear, therefore, that as there is no cleatly delineated
negative feedback pathway, measurement of calcium
absorption cannot be used clinically to define VDD.

SURROGATE MARKER 2: PARATHORMONE

As explained above, the most important effect of
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vitamin D is calcium absorption. In VDD, with decreased
calcium absorption, systemic adaptation comes into play
to maintain calcium homeostasis. The first adaptation, as
per current theory, is an increase in parathormone (PTH),
which increases serum calcium acutely by mobilization
of calcium from bones. This makes PTH an indirect, but
early, indicator of VDD, though in all probability, it is not
directly involved in calcium absorption.

In the endocrine clinic, one must be aware of limitations
in measurement of PTH. PTH is a polypeptide, which
is degraded quickly by peptidases present in blood, with
half-life of only 3-5 minutes.!"? Due to this, collection of
blood requites a cold syringe, which should be immediately
cold centrifuged and stored at —20°C till measurement
is performed.”! Nevertheless, with proper precautions
taken, PTH can be used as an indicator of VDD. Another
limitation is the cut-off point for PTH to be used to
define secondary hyperparathyroidism (SHPT) associated
with VDD. The upper-off limit of commercially used
PTH assay is ~65 pg/ml, which is taken as a cut-off
for SHPT. The upper limits of PTH provided by
manufacturers are probably too high because VDD is
often not accounted for. In fact, the reference range of
a second generation PTH assay decreased from 65 pg/ml
to 46 pg/ml when subjects with VDD were excluded
in one study."" Similarly, a third generation PTH assay
which is currently used resulted in 20% lower PTH value
with reference interval of 7-36 pg/mlin normocalcemic
individuals.""! Recently, a laboratory-based analysis of
more than 300 000 serum 250HD and PTH pairs
revealed an age-related increase in PTH with similar serum
250HD levels." Hence, it becomes imperative to define
age-related cut-off for PTH for the population, which
is vitamin D sufficient. Lastly, one must also consider
missing normocalcemic primary hyperparathyroidism,!'”)
particularly in a VDD-endemic population. Such subjects
may be mislabeled as SHPT if calcium levels are within
normal range. In a recent study conducted on relation
between serum 250HD, PTH and bone mineral
density in Indian adolescents and adults (>50 years),
the cut-off of PTH defined by significant deterioration
of BMD was 35 pg/ml for adolescents and 55 pg/ml
for adults."™

SURROGATE MARKER 3: BONE MINERAL
DENSITY

Vitamin D is extensively linked with bone health. Can
bone mineral density (BMD) or bone turnover markers
be used to define VDD? A recent review analyzed the
association of specific circulating 25(OH) D concentrations
with bone health outcomes in children, women of

reproductive age, postmenopausal women, and elderly
men."! A positive association between serum 250HD and
BMD was found in adolescents, but not in postmenopausal
women and elderly subjects. There is evidence of a dual,
dose-dependent, antipodal effect of vitamin D on bone
health. Experimental studies on bone cell culture media
suggest that activated VDR stimulate osteoclastogenesis
atlower, but osteoblastogenesis at higher concentration.”!
As the primary role of vitamin D is calcium homeostasis,
VDD and associated low calcium absorption will stimulate
active vitamin D metabolites to increase bone resorption
and maintain circulating calcium levels.? This will also be
reinforced by raised PTH levels in presence of VDD. In
a scenario of vitamin D sufficiency and adequate calcium
supply, active vitamin D metabolites will facilitate calcium
deposition in bone.

Hence, a low BMD can be used as a marker of VDD. As
highlighted by Garg e al., a Z-score of -1 in adolescent
and T-score of —1.5in eldetly is associated with VDD and
SHPT.® However, thetre are many vitamin D-independent
variables which affect BMD. Moreover, VDD will take a
long time to affect BMD, and a short duration of VDD
may not adequately reflect end organ damage. Hence, low
BMD when present can be taken as indicator of VDD, but
absence of it will not rule out presence of VDD.

SURROGATE MARKER 4: BONE TURNOVER
MARKERS

There are several bone turnover markers, which are increased
in patients with rickets/osteomalacia i.e. serum alkaline
phosphatase (total or bone specific), osteocalcin, and serum
N-terminal propeptide of type 1 procollagen (P1NP),
beta C-terminal cross-linked telopeptides of type I
collagen (b-CTX).P" An inverse correlation of serum
250HD and these bone turnover markers”*! have been
observed in most studies; yet other authors have also
reported no association.”**l There has been low accuracy
of bone turnover markers in defining VDD in receiver
operator curve analysis®’ and low sensitivity in detecting
VDD.? No definite cut-off levels of serum 250HD are
defined, at which these bone turnover markers start rising.
Bone turnover markers are also affected by non-vitamin D
factors such as age, sex, puberty, and other systemic and
bone disease.

Moreover, ethnic specific normative data will be required
for these markers for vitamin D sufficient population.
These data suggest that increased levels of bone turnover
markers are a good indicator of VDD, but normal levels
do not exclude presence of VDD.
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CONCLUSION

Current evidence clarifies that serum PTH levels are, at
present, the best indirect indicator of systemic effects
of VDD. Till a better and simpler indicator of VDD is
available, serum 250HD levels should be interpreted with
PTH levels, rather than in isolation. This will also decrease
the prevalence of VDD by 50% globally as only 50% of
subjects with serum 250HD levels <10 ng/ml showed
presence of SHPT.'“?! There is urgent requirement of
studies specifically comparing the subjects with serum
250HD with and without SHPT. There is also need to
study the beneficial effect of vitamin D supplementation
on clinical, biochemical, and bone health parameters in
these subjects, rather than blindly aiming to raise vitamin D
levels to arbitrarily set levels.

REFERENCES

1. Rosen AC, Manson JE, Abrams SA, Aloia JF, Brannon PM,
Clinton SK, et al. 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;96:53-8.

2. Hollick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM,
Hanley DA, Heaney RP, et al. Evaluation, Treatment, and Prevention
of Vitamin D Deficiency: An Endocrine Society Clinical Practice
Guideline. J Clin Endocrinol Metab 2011;96:1911-30.

3. Tiosano D, Hadad S, Chen Z, Nemirovsky A, Gepstein V, Militianu D,
et al. Calcium absorption, kinetics, bone density, and bone structure
in patients with hereditary vitamin D-resistant rickets. J Clin
Endocrinol Metab 2011;96:3701-9.

4. Cranney A, Horsley T, O’Donnell S, Weiler H, Puil L, Ooi D, et al.
Effectiveness and safety of vitamin D in relation to bone health. Evid
Rep Technol Assess (Full Rep) 2007;158:1-235.

5. Rosen CJ, Abrams SA, Aloia JF, Brannon PM, Clinton SK,
Durazo-Arvizu RA, et al. IOM Committee Members Respond to
Endocrine Society Vitamin D Guideline. J Clin Endocrinol Metab
2012;97:1146-52.

6. Abrams SA. Setting Dietary Reference Intakes with the use of
bioavailability data: Calcium. Am J Clin Nutr 2010;91:1474-7.

7.  Nordin BE, Morris HA, Wishart JM, Scopacasa F, Horowitz M,
Need AG, et al. Modification and validation of a single-isotope
radiocalcium absorption test. J Nucl Med 1998;39:108-13.

8.  GargMK, Mahalle N. Calcium homeostasis, and clinical or subclinical
vitamin D deficiency — Can a hypothesis of “Intestinal Calcistat”
explain it all? Med Hypotheses 2013 [In Press].

9.  Heaney RP, Dowell MS, Hale CA, Bendich A. Calcium absorption
varies within the reference range for serum 25-hydroxyvitamin D.
J Am Coll Nutr 2003;22:142-6.

10. Need AG, Nordin BE. Misconceptions—vitamin D insufficiency
causes malabsorption of calcium. Bone 2008;42:1021-4.

11. Need AG, O’Loughlin PD, Morris HA, Coates PS, Horowitz M,
Nordin BE, et al. Vitamin D metabolites and calcium absorption in
severe vitamin D deficiency. J Bone Miner Res 2008;23:1859-63.

12. Yamashita H, Gao P, Cantor T, Futata T, Murakami T, Uchino S, et al.
Large carboxy-terminal parathyroid hormone (PTH) fragment with a
relatively longer half-life than 1-84 PTH is secreted directly from the
parathyroid gland in humans. Eur J Endocrinol 2003;149:301-6.

13. Endres DB, Villanueva R, Sharp CF Jr, Singer FR. Measurement
of parathyroid hormone. Endocrinol Metab Clin North
Am 1989;18:611-29.

14. Souberbielle JC, Cormier C, Kindermans C, Gao P, Cantor T,
Forette F, et al. Vitamin D status and redefining serum parathyroid
hormone reference range in the elderly. J Clin Endocrinol
Metab 2001;86:3086-90.

15. John MR, Goodman WG, Gao P, Cantor TL, Salusky IB, Jippner H.
A novel immunoradiometric assay detects full-length human
PTH but not amino terminally truncated fragments: Implications
for PTH measurements in renal failure. J Clin Endocrinol
Metab 1999;84:4287-90.

16. Valcour A, Blocki F Hawkins DM, Rao SD. Effects of Age and Serum
25-OH-Vitamin D on Serum Parathyroid Hormone Levels. J Clin
Endocrinol Metab 2012;97:3989-95.

17. Cusano NE, Silverberg SJ, Bilezikian JP. Normocalcemic primary
hyperparathyroidism. J Clin Densitom 2013;16:33-9.

18. Garg MK, Tandon N, Marwaha RK, Menon AS, Mahalle N. The
relationship between serum 25-hydroxy-vitamin D, parathormone
and bone mineral density in Indian population. Clin Endocrinol (Oxf)
2013 [In press].

19. Yoshida T, Stern PH. How vitamin D works on bone? Endocrinol
Metab Clin N Am 2012;41:557-69.

20. Nordin BE. Evolution of the calcium paradigm: The relation
between vitamin D, serum calcium and calcium absorption.
Nutrients 2010;2:997-1004.

21. Seibel MJ. Clinical application of biochemical markers of bone
turnover. Arq Bras Endocrinol Metabol 2006;50:603-20.

22. Lu HK, Zhang Z, Ke YH, He JW, Fu WZ, Zhang CQ), et al. High
prevalence of vitamin D insufficiency in China: Relationship with
the levels of parathyroid hormone and markers of bone turnover.
PLoS One 2012;7:47264.

23. Kuchuk NO, Pluijm SM, van Schoor NM, Looman CW, Smit JH, Lips P,
et al. Relationships of serum 25-hydroxyvitamin D
to bone mineral density and serum parathyroid hormone and
markers of bone turnover in older persons. J Clin Endocrinol
Metab 2009;94:1244-50.

24. Vanderschueren D, Pye SR, O'Neill TW, Lee DM, Jans I, Billen J, et al.
EMAS Study Group. Active vitamin D (1,25-Dihydroxyvitamin D)
and bone health in middle-aged and elderly men: The European
Male Aging Study (EMAS). J Clin Endocrinol Metab 2013;98:99-100.

25. Hill KM, Laing EM, Hausman DB, Acton A, Martin BR, McCabe GP,
et al. Bone turnover is not influenced by serum 25-hydroxyvitamin D in
pubertal healthy black and white children. Bone 2012;51:795-9.

26. Smith GR, Collinson PO, Kiely PD. Diagnosing hypovitaminosis D:
Serum measurements of calcium, phosphate, and alkaline
phosphatase are unreliable, even in the presence of secondary
hyperparathyroidism. J Rheumatol 2005;32:684-9.

27. Khashayar P, Meybodi HR, Homami MR, Amini MR,
Mohajeri-Tehrani MR, Heshmat R, et al. The discriminative
value of various biochemical parameters in detecting varying
degrees of vitamin D deficiencyin the Iranian population. Clin
Lab 2011;57:163-70.

28. Hashemipour S, Larijani B, Adibi H, Sedaghat M, Pajouhi M,
Bastan-Hagh MH, et al. The status of biochemical parameters in varying
degrees of vitamin D deficiency. J Bone Miner Metab 2006;24:213-8.

29. Marwaha RK, Tandon N, Garg MK, Kanwar R, Narang A, Sastry A,
et al. Vitamin D status in healthy Indians aged 50 years and above.
J Assoc Physicians India 2011;59:706-9.

Cite this article as: Garg MK, Kalra S, Mahalle N. Defining vitamin D
deficiency, using surrogate markers. Indian J Endocr Metab 2013;17:784-6.

Source of Support: Nil, Conflict of Interest: None declared.

Indian Journal of Endocrinology and Metabolism / Sep-Oct 2013 / Vol 17 | Issue 5



