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Summary
Introduction: Vitamin D is increasingly recognized as playing a significant role in combatting many
diseases. One is the development of secondary hyperthyroidism due vitamin D deficiency. To date,
laboratory quantification methods of serum vitamin D were not well standardized. It could not be established with certainty from which levels of vitamin D certains abnormalities take place, like an elevation of PTH. The present study was aimed at determining below what vitamin D levels we will find
abnormally high levels of PTH, carrying out the vitamin D determination in the laboratory with a standardized, reliable technique.
Methods: This descriptive, retrospective study was conducted with patients over 18 years in which
determinations were made simultaneously with PTH, 25 (OH) vitamin D (25OHD) and which also have
normal values of calcium, glomerular filtration rate and phosphorus.
For determining vitamin D, standardized electrochemiluminescence method was used with gas chromatography-mass spectrometry method. Using the Stava version 11 statistical program, the 25OHD was
calculated where PTH value was above 70 pg/ml with greater sensitivity and specificity.
Results: In all, 4,083 patients were included, of whom 2,858 were women (70%) and 1,225 (30%) males.
The mean age of the study population was 60.60 years (standard deviation, 15.29). 74% of the population had a serum PTH under 70 pg/ml (normal values) and 26% had a serum PTH higher tan 70
ng/ml. By constructing the ROC curve levels of 25OHD, depending on PTH values below or above 70
pg/ml, the area under the curve was 0.5962 (p<0.0001). The cut having jointly account the sensitivity
and specificity that determined vitamin D levels to predict PTH values above 70 pg/ml was 24 ng/ml.
Of the patients with normal PTH, 71% presented normal vitamin D values, while patients with elevated PTH (Greater than 70 pg/ml), almost half had a vitamin D below 24 ng / ml, which increased as
the PTH percentage was elevated.
Conclusions: The 25OHD value that presents better specificity and sensitivity to predict abnormally
high PTH is 24 ng/ml, which is higher than the level reported in previous work, (about 18 ng/ml)
value. The results of this study, carried out with an appropriately calibrated method, showed that 44.9%
of patients with vitamin D values of less than 24 ng/ml PTH had abnormally high levels, with a normal value of calcium and phosphorus and normal renal function. This percentage is less in those individuals between 18 and 40 years (24%) and reaches 49% beyond 60 years. These patients could be treated with vitamin D to prevent possible secondary hyperparathyroidism due to vitamin deficiency. It
is noteworthy that the method of determining vitamin D used must be properly standardized with respect to gas chromatography-tandem mass spectrometry method.
Key words: secondary hyperparathyroidism, vitamin D deficiency, vitamin D standarization program, tandem-mass spectrometry, 25 (OH) vitamin D.
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Introduction

Materials and methods

Vitamin D is involved in the metabolism of phosphorus and calcium. Vitamin D deficiency is associated with osteoporosis and osteomalacia in adults
and rickets in children. Recent studies have also
shown their role in autoimmune diseases, cancer,
cardiovascular disease, etc.1-4.
PTH is a hormone secreted by the parathyroid
gland, involved in calcium metabolism, bone obtaining it if hypocalcemia, and increasing the production of 1,25(OH)2 vitamin D in the kidney, to promote absorption of calcium. Moreover, it also increases renal tubular reabsorption of calcium.
In the clinical laboratory, we often find PTH
higher than the upper normal limit, but with normal creatinine or glomerular filtration, calcium and
phosphorus and which therefore do not correspond to a primary or secondary hyperparathyroidism, data mystifying the clinician. In many of
these cases, the increase in PTH is associated with
vitamin D deficiency, made increasingly found in
our population and that has not been paid much
attention5-10. Vitamin D levels are measured
through levels of metabolite 25(OH) vitamin D
(25OHD), which express the status of this vitamin
in patients11. Until recently, most 25OHD determinations were not adequately standardized and
values varied greatly depending on the different
methods12.
Moreover, it is of great interest to know at what
25OHD levels an abnormal elevation of PTH occurs.
This may help us rule out other likely causes of
hyperparathyroidism13.
Several studies show considerable variation between 25OHD results obtained in the laboratory by
different methods: radioimmunoassay, electrochemiluminiscence, HPLC and tandem-mass spectrometry9,10,14-16. The variability between laboratories
methods leads to a misallocation of patients17, as
well as a lack of standards when applying a health
policy18. All this makes it difficult to establish normal
vitamin D levels and beyond which it is likely that
an abnormal increase in PTH occurs.
Because of this a program of international standardization (Vitamin D Standardization Program)
has been launched in collaboration between the
NIH-ODS (National Institutes of Health, Office of
Dietary Supplements), Centers for Disease Control
and Prevention (DCP) and the National Institute of
Standards and Technology (NIST). This has led to
the emergence of reference calibrators available to
manufacturers so that the values obtained are the
same for all methods12,18. Reference gauges are validated against liquid chromatography technique/tandem-mass, which is certainly the most accurate of
those currently available.
The aim of this study is to determine the 25OHD
value below which PTH abnormally increased. It is
important to use a method of determining 25OHD
properly standardized with respect to the gas-mass
method, which is the gold standard, since most of
the papers published so far in the literature are
carried out with methods of determining 25OHD
that are not properly standardized.

A retrospective, cross-sectional, descriptive study
was carried out at the Jimenez Diaz Foundation
Hospital Biochemistry Laboratory (Madrid).
Consecutive blood tests were analyzed of the
patients who had been asked for PTH, 25OHD, Ca
and glomerular filtration rate (GFR) simultaneously
during the period from May 2012 to November 2012
in the hospital.
Only those patients over 18 with FG greater than
60 and serum calcium between 8.4 mg/dl and 10.5
mg/dl simultaneously were included. Therefore, all
patients with renal failure and abnormal calcium
levels were excluded to rule out primary hyperparathyroidism or secondary to kidney failure.
A database was created containing all coded
patients in which different variables were included
in the study (age, sex, and analytical parameters)
obtained manually through data from the clinical
laboratory Hospital Foundation Jimenez Diaz.
This study was approved by the Ethics
Committee of Health Research Institute of the FJD.
As the data were drawn from a general
Biochemistry Laboratory database, without using
patients’ names, informed consent was not required.
PTH determination was carried out in an automatic apparatus electrochemiluminescence ADVIA
Centaur (SIEMENS). PTH levels greater than 70 pg/ml
were considered abnormal. The reference range provided by the company was 14-70 pg/ml. As with the
remaining second generation methods, it measures
intact hormone 1-84, with the crosstalk of the truncated PTH at amino-terminal level. The sensitivity of the
method is 5 pmol/ml and the coefficients of intra- and
inter-assay variation are <7% and <10% respectively.
The 25OHD determination was carried out by
electrochemiluminescence in an iSys autoanalyzer
(IDS, UK), a method of determining properly standardized vitamin with respect to the gas-mass
method. The sensitivity of the method is 4 ng/ml
and the coefficients of variation intra- and interassay are <5% and <7%, respectively.
Using the statistical software Stava version 11, the
25OHD value was calculated for which PTH rose
more than 70 pg/ml with a sensitivity and greater
specificity, calculating the area under the ROC curve
and checking that it was statistically significant.
A descriptive analysis of the sample by calculating the percentage of men and women, the mean
and median age was also performed. The percentages were also calculated of patients with PTH above
and below 70 pg/ml and the percentage of patients
with 25OHD with different values (patients with
vitamin D under 10, 10 to less than 24, 24 to less
than 30 and patients with values greater than 30).
The differences between individuals with PTH
higher and lower than 70 pg/ml were described
using the Student t test, Mann-Whitney and Chisquare.

Results
A total of 9,225 patients were studied, of whom
5,142 were excluded for being under age, presenting kidney failure or abnormal calcium levels.
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Therefore, only a total of 4,083 patients, 2,858
women (70%) and 1,225 (30%) men, all over 18
years old were included in the study.
The average age of the population was 60.60
years with a standard deviation of 15.29, and the
median age was 62 years. The minimum age was 18
years and the maximum age of 100 years. 74% of the
population had a PTH below or equal to 70 pg/ml
(normal values) and 26% greater than 70 pg/ml. The
demographics of the patients are shown in table 1.
Regarding 25OHD levels of our population, only
46.4% of the same showed that levels above 30
ng/ml metabolite, 20.9% had levels between 24 and
30 ng/ml, 30% from 10 to 23 ng/ml, and 2.7% levels
≤10 ng/ml (Figure 2).
The baseline description of the sample showed
no clinically significant differences in terms of PTH
values depending on sex (Table 2). However, if
there is significant age difference between patients
with normal and abnormal values of PTH (59.3±15.5
years vs 64.6±13.9 years, p<0.001), with older
patients with abnormal PTH and also presenting
25OHD values significantly lower than in the group
with normal PTH (Table 2).
With patient data we construct the ROC curve
for 25OHD levels in terms of having PTH values
below or above 70 pg/ml. An area below the curve
of 0.5962 (p<0.0001) was obtained, which shows
that there is a relationship between 25OHD and
PTH (Figure 1).
When using vitamin D values for predicting PTH
values above 70 pg/ml, the best cutoff point was 24
ng/ml (Figure 1) considering sensitivity and specificity jointly.
In our population, 32.7% of the sample were
found to have vitamin D levels less than 24 ng/ml,
which were 44.9% of PTH values greater than 70
pmol/ml. By dividing the patients into 3 age groups:
18 to 40 years between 40 and 60 years and older
than 60, a remarkable fact was observed. In the 18
to 24 year group, of the patients with 25OHD less
than 24 ng/ml, only 24% had values of PTH >70
pg/ml. Among patients 40-60 years, 33.7% of
patients with low levels of 25OHD had elevated
PTH value. Finally, in the group of older patients
(beyond 60 years), 49% of the patient group with
PTH >70 pg/ml and 25OHD <25 ng/ml was shown.
Thus, as people reach an advanced age, the likelihood that a low 25OHD level produces a high figure of PTH is higher. There is not the same risk at all
ages. It is also interesting to note that, in our work,
the percentage of patients with 25OHD <24 ng/ml
is 32.7%, and the percentages are similar in the different age ranges: 33.2%, 31.7% and 32%, respectively. That is, in our population we found that there
is a higher percentage of patients with low 25OHD
levels among those over 60 years.

Discussion
Our work shows an inverse association between
serum 25OHD and PTH. Other authors have observed this correlation19-21.
The value that maximizes 25OHD specificity and
sensitivity, as to produce an abnormal increase in

PTH is 24 ng/ml, greater than presented in previous
work value, which was about 18 ng/ml22.
Since this study corroborates the fact that a vitamin D deficiency may cause an abnormal elevation
of PTH values, we consider it important, in clinical
practice, to determine levels of 25OHD in those
patients who present abnormally high PTH values
without known cause, to rule out hyperparathyroidism secondary to vitamin D deficiency. This could
be corrected by supplementing patients with the
necessary vitamin D, thus avoiding the aggravation
of diseases caused by elevated PTH, as is the case
of osteoporosis19.
The problem with studies until now is that they
have used different methods of determining 25OHD
which were not properly standardized, so there was a
great variation between the results of 25(OH)D obtained. The levels of vitamin D considered normal were
difficult to establish as were those from which it was
likely that an abnormal increase in PTH occurred. The
different laboratory techniques used to determine vitamin D are: radio-immunoassay, electrochemoluminiscence, HPLC or lipid chromatography tandem-mass
spectrometry. Currently the most accurate technique is
the liquid/tandem-mass chromatography, which
undoubtedly is the most accurate of those available11
and no validated reference calibrators against this
technique. In this study we used an electrochemiluminescence in an IDS-iSYS (UK) autoanalyzer, properly
standardized gas-mass relation, so the results are considered valid, and comparable to studies with other
methods that are well calibrated.
In most studies on vitamin D to date, the method
used is not discussed, nor do they specify whether
the method is calibrated with respect to the gasmass technique. Thus it is impossible to know whether the results of the values vitamin D found in the
studies are correct and whether they could be extrapolated to the general population and applied to clinical practice once the clinician finds certain values
in analysis of patients.
In a group of postmenopausal women, Capatina
et al.23 observed that 27.2% of patients with vitamin D
deficiency had secondary hyperparathyroidism, a
lower percentage than what we found, 44.9%.
Laroche et al.24 observed that 13% of patients with
25OHD <30 ng/mL had secondary hyperparathyroidism. However, Sadat Ali et al.25 found in 200 patients
(150 women and 50 men aged 18 to 69 years) all of
whom presented vitamin D deficiency, determined
by gas-mass, had secondary hyperparathyroidism.
As mentioned above, the results of this study, a
properly calibrated method, show that 44.9% of
patients with 25OHD levels <24 ng/mL had serum
PTH values >70 pg/ml, no other proper reasons.
This percentage is lower in the population between
18 and 40 years and more in the population >60
years. It seems, therefore, important that the clinician concerned with vitamin D to patients with
25OHD levels <24 ng/ml in order to avoid possible
secondary hyperparathyroidism deficit of vitamin D.
In order to establish a cut-off, it is important that
25OHD determination methods are properly standardized with respect to the gas-mass technique.
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Table 1. Demographics and media and median values of PTH and 25 (0H) vitamin D in a population of 4,083
patients, 2,858 women and 1,225 men, all aged ≥18 years
Mean

DS

P25

P75

Median

Age (years)

60.69

15.29

51

72

62

PTH (pg/ml)

57.36

38.11

35.50

71.05

50.30

Vit D (ng/ml)

30.70

14.52

21

37

29

Table 2. Comparison of mean age, calcium 25-OH vitamin D, PTH and number of women and men as having
PTH values greater than 70 pg/ml, or less than or equal to 70 pg/ml in a population of 4,083 patients, 2,848
women and 1,225 men
PTH ≤70
Variable

PTH >70

Mean

DS

Mean

DS

Value P

Age (years)

59.3

15.5

64.6

12.9

<0.0001

Calcium (mg/dl)

9.57

3.80

9.52

4.10

0.7231

Vit D25 (ng/ml)

31.8

14.3

27.6

14.6

<0.0001

PTH (pg/ml)

42.5

15.3

99.8

50.0

<0.0001

Women
Men

N

N

2.123

735

900

325
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Figure 2. Groups of patients with 25
(OH) vitamin D under 10 ng/ml, between 10 and 24 ng/ml, between 24 and
30 ng/ml and greater than 30 ng/ml, a
population of 4,083 patients, 2,858
women and 1,225 men, aged ≥18 years
with normal calcium and phosphorus
and without renal failure

Figure 1. ROC curve obtained by relating the values of PTH and 25
(OH) vitamin D in a population of patients 4,083, 2,858 and 1,225
women men ≥18 years of age, with normal calcium and phosphorus
and without renal failure. the number of patients with levels of 25 (OH)
vitamin D greater than or equal to 24 ng/ml and less than 24 ng/ml is
shown at the bottom, and more and less than or equal to 70 pg/ml PTH
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