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ABSTRACT

Vitamin D deficiency is a highly prevalent medical condition associated with various clinical
and biochemical outcomes although these outcomes might be absent in a significant
percentage of patients. Altered serum calcium, phosphorus (PO4), parathyroid hormone
(PTH) and alkaline phosphatase (ALP) activity are expected but not proven by various
research. The current study aims to investigate the possibility of these biomarkers to be used
as indicators of vitamin D deficiency or insufficiency. The study enrolled 150 randomly
selected participants who have no acute or chronic medical condition with various levels of
serum vitamin D ranging from normal to severely deficient. They were investigated for serum
total calcium, PO4, PTH, and ALP activity. The results were statistically compared among the
studied groups and correlated with serum vitamin D levels. There was no significant
difference in mean serum calcium, PO4, and ALP activity among the groups with poor
correlation with vitamin D. Mean serum PTH has shown a significant difference among the
studied groups with a strong negative correlation with vitamin D. This difference was
apparent even in patients with vitamin D insufficiency. Serum calcium, PO4 and ALP activity
seem to have a poor correlation with vitamin D concentration. In addition, serum PTH might
be considered a sensitive marker of both vitamin D deficiency and insufficiency.

INTRODUCTION

Vitamin D is a well-known example of fat-soluble vitamin that has a major role in
physiological bone growth due to its direct relation to calcium, magnesium, and
phosphorus homeostasis. Its deficiency is a commonly encountered medical condition
affecting around one billion individuals of various ages leading to serious clinical
consequences, other than bone disorders, that should be managed properly. Examples
of these medical conditions that have been linked to vitamin D deficiency include
autoimmune diseases, preeclampsia, cardiovascular disease and serious cancers [1].

The endogenous synthesis of cholecalciferol by subcutaneous hydroxylation of 25-
hydroxyvitamin D represents the main source of vitamin D in the human body. This
synthetic process is stimulated by the UVB component of sunlight. This process is
affected by various factors including age, duration of exposure, type of clothes,
application of sunscreen and the condition of the weather in addition to many other
conditions [2]. However, the dietary content of vitamin D has a grave role in
maintaining both circulating and stored vitamin D [3], but unfortunately, most of the
common foods contain no amount of vitamin D [4]. The presence of these multiple
factors related to optimizing the plasma level of vitamin D explains the long list of
causes of its deficiency or insufficiency although underestimating the role of sun
exposure in preventing vitamin D deficiency represents the major cause globally [5].
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The definition of vitamin D deficiency has been repeatedly updated during the last
decades. Depending on various factors such as the correlation of plasma parathyroid
hormone and bone biopsy, plasma vitamin D of > 30 ng/ml is regarded as sufficient
while it is regarded as deficient if it was < 20 ng/ml. Plasma vitamin D of 21-29 ng/ml is
regarded to be insufficient [6]. Certain groups of the population are thought to have a
higher risk for vitamin D deficiency; these groups include pregnant women, obese
individuals, blacks, and Hispanics [7]. In most cases of vitamin D deficiency, the
patients are free of symptoms which will only appear in case of severe and prolonged
deficiency where the patients might develop osteomalacia in adults and rickets in
children[8]. Surprisingly, early stages of osteomalacia might be associated with a high
plasma concentration of vitamin D mediated by high circulating PTH. The level of
vitamin D will decrease in the following stages of osteomalacia [9]. Putting in mind
these facts, in addition to the relatively high cost of frequent estimation of plasma level
of vitamin D, it would be justified to look for a sensitive and specific biomarker of
vitamin D deficiency or insufficiency sparing the need for frequent estimation of
vitamin unless there is a preceded alteration in these specific biomarkers.
Hypocalcemia and hypophosphatemia increased plasma PTH and ALP activity are
expected in patients with vitamin D deficiency. However, the onset of the alteration of
these biomarkers in patients with various degrees of vitamin D deficiency needs to be
established. The aim of this study is to investigate the use of hypocalcemia and
hypophosphatemia, increased plasma PTH and ALP activity as predictors of vitamin D
deficiency.

MATERIALS AND METHODS
Subjects

The current study was performed in Baghdad during February and March 2022. It
enrolled 150 participants who were attending a private clinical laboratory for routine
checking that included serum vitamin D. They were equally classified according to
their serum vitamin D level into 3 groups. Those with vitamin D of 230 ng/ml were
regarded as a control group while those with serum vitamin D of < 20 ng/ml were
regarded as a deficient group. Those with vitamin D of 20-29 ng/ml were regarded as
an insufficient group. Full medical history was taken from each participant including
past medical and drug history in addition to reviewing previous medical records when
present. Both demographic and anthropometric data were recorded for each participant.

Inclusion and exclusion criteria

Adult subjects, with no acute or chronic illness and on no current medications were
included in the study. Others with the following criteria were excluded:

- Age <18 years

- Patients with diabetes mellitus, hypertension, or any chronic illness.
- Subjects on any current medications including supplements.

- Subjects with hypoalbuminemia regardless of its cause.

- Subjects who refused to share their data.
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Ethical statement

All procedures performed in studies involving human participants were in accordance
with the ethical standards of the institutional and/or national research committee and
with the 1964 Helsinki declaration and its later amendments or comparable ethical
standards. The ethical approval was obtained from the ethical approval committee at
Al-Rasheed University College, Department of Pharmacy, approval number 4 on
15.1.2022.

Data collection and sample analysis

For all participants, serum vitamin D, calcium, PO4 and PTH were measured. To
ensure that all participants fulfil the inclusion criteria, the following laboratory tests
were estimated as well:

- Complete blood count (by CBC Analyzer Sysmex XP300)

- Blood urea (by Kinetic test with urease and glutamate dehydrogenase)
- Serum creatinine (by Jaffé method)

- Serum albumin (by Immunoturbidimetric assay)

- Serum ALP activity (by measuring the catalytic activity of the enzyme)
- Erythrocyte sedimentation rate (by automated method)

A data collection form was filled out during the interview with each participant after
obtaining written informed consent. Blood samples were collected by a highly skilled
laboratory technician for analysis where 10 ml of whole blood was collected from each
participant. The blood sample of each participant was kept in a vacuum tube for 15
minutes for full clotting before being centrifuged for 10 minutes at 4000 rpm. The
separated serum was collected in a plain tube and stored at -20°C till the day of
measurement.

Calcium ions react with 5-nitro-5'-methyl-BAPTA (NM-BAPTA) under alkaline
conditions to form a complex. This complex reacts in the second step with EDTA.
However, calcium concentration is directly proportional to the change in absorbance
and is measured photometrically.

Inorganic phosphate forms an ammonium phosphomolybdate complex having the
formula (NH4)3[PO4(Mo00O3)12] with ammonium molybdate in the presence of sulfuric
acid. However, the concentration of inorganic phosphate is directly proportional to the
phosphomolybdate formed and is measured photometrically.

In the presence of magnesium and zinc ions, p-nitrophenyl phosphate is cleaved by
phosphatases into phosphate and p-nitrophenol. The p-nitrophenol released is directly
proportional to the catalytic ALP activity. It is determined by measuring the increase in
absorbance.

Serum vitamin D and PTH were measured using a Mybiosure ELISA kit with a fully
automated device while serum PO4, calcium and ALP were measured using a fully
automated spectrophotometer (Roche C111). Also, all laboratory works were
performed on the same day. Noteworthy, the quality control steps were strictly applied
to all procedures using both high and normal values.

Statistical analysis

Statistical analysis was performed using SPSS version 26. In the first place, normality
testing was performed using Cronbach's alpha test. Demographic data were analysed
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next, followed by applying the ANOVA test to find out any significant difference
among groups while Pearson's test was applied to measure the correlations.

RESULTS
Demographic characteristic of all participants stratified by vitamin D

The demographic characteristics of the participants are listed in Table 1. The mean age
of the control, insufficient and deficient groups was 48.3, 51.1 and 54.3 years,
respectively. The BMI of the participants was calculated, and it was 27.4 kg/m2 for the
control group, 29.3 kg/m2 for the insufficient group and 28.8 kg/m2 for the deficient
group. Males represent 42% of the total number of participants while the remaining 58%
were females. Mean serum vitamin D was 36.7 ng/ml in the control group, 23.5 ng/ml in
the insufficient group and 8.3 ng/ml in the deficient group (Table 2). Mean serum PTH
(ng/l) was 38.3 (+14.6) in the control group, 79.2 (+ 17.1) in the insufficient group and
92.5 (¥25.3) in the deficient group where the reference range was 10-65 ng/l (Table 2).
Mean serum calcium (mg/dl) was 9.8 (+2.1) in the control group 9.6 (+3.1) in the
insufficient group and 10.1 (+¥2.9) in the deficient group where the reference range was
8.4-10.4 mg/dl (Table 2). Mean serum POs (mg/dl) was 4.1 (+1.9) in the control group,
4.5(+1.4) in the insufficient group and 4.2 (+1.6) in the deficient group where the
reference range was 2.5-4.5 mg/dl (Table 2). Mean serum ALP activity (IU/l) was 85 (+23)
in the control group, 112 (+ 33) in the insufficient group and 109 (+25) in the deficient
group where the reference range was 30-129 IU/L as shown in Table 2.

Table 1. The demographic characteristic of all participants stratified by vitamin D status.

The control group  Insufficient group  Deficient group

Age (mean), years 48.3 51.1 54.3

BMI (mean), kg/m? 27.4 29.3 28.7

Sex (number) Male: 23 Male: 21 Male: 19
Female: 27 Female: 29 Female: 31

Table 2. A comparison of the measured variables among the studied groups.

The control group Insufficient group  Deficient group P value

Vitamin D, ng/ml 36.3 (+11.6) 225 ((£5.3) 8.3 ((+4.2) <0.05
PTH, ng/l 38.3 (+14.6) 792 (+17.1) 92.5 (+25.3) <0.05
Calcium, mg/dl 9.8 (+2.1) 9.6 (3.1) 10.1 (+2.9) >0.05
Phosphorus, mg/dl 4.1 (1.9) 4.5(1.4) 42 (+1.6) >0.05
ALP, IU/1 85 (£23) 112 (+ 33) 109 (£25) >0.05

ALP: alkaline phosphatase; PTH: parathyroid hormone

Comparisons and correlations between vitamin D and other biomarkers

The current study has shown no significant difference in mean serum calcium, PO4 and
ALP among the three studied groups (P >0.05) as shown in Table 2 and all the results of
all participants were within the reference range. In contrast, mean serum PTH has
shown a significant difference among the studied groups (P<0.05) where it was
significantly higher in participants with vitamin D deficiency compared to participants
with normal or insufficient vitamin D. At the same time, mean serum PTH was
significantly higher in participants with insufficient vitamin D compared to those with
normal vitamin D as shown in Table 2. Using Pearson's test, there was a strong negative
correlation between serum PTH and vitamin D where the r value was — 0.787 as shown
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in Table 3. On the other hand, serum calcium, PO4 and ALP activity have shown a very
weak correlation with serum vitamin D, 0.055, - 0.037 and -0.076, respectively. These
correlations are shown as scatter plots in Figures (1-4) where it was so apparent that the
results of calcium, phosphorus and ALP were scattered randomly with respect to
vitamin D levels in contrast to that of PTH.

Table 3. Correlation between serum vitamin D and PTH in the studied groups.

Vit. D PTH

Vit. D Pearson correlation 1 -0.787
Sig. (2-tailed) .003
N 150 150

Vit. D: vitamin D, PTH: parathyroid hormone
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Figure 1. The correlation between vitamin D and PTH levels.
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Figure 2. The correlation between vitamin D and serum calcium levels.
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Figure 3. The correlation between vitamin D and serum phosphorus levels.
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Figure 4. The correlation between vitamin D and serum ALP activity levels.

DISCUSSION

Vitamin D deficiency is a common condition of various severity affecting about 18% of
the population, although this percentage is quite variable according to the definition of
vitamin D deficiency [10]. Nevertheless, insufficient data are present to assess the
balance of benefit versus harm of screening serum vitamin D in asymptomatic
individuals [11]. Moreover, many studies have confirmed inadequate evidence of the
benefit of treating patients with asymptomatic vitamin D deficiency [12]. Taking
previously mentioned factors into account, it is noteworthy to screen for the laboratory
findings that are expected to be present in patients with vitamin D deficiency to avoid
unnecessary treatment, diagnose asymptomatic patients and decrease the cost of
unnecessary screening for vitamin D deficiency. The current study has shown that the
most concurrent laboratory alteration in patients with vitamin D deficiency is the
increase in serum PTH while serum calcium, phosphorus and ALP activity were
surprisingly within the reference range even in patients with severe vitamin D
deficiency. It seems that it requires a prolonged duration of deficiency for the expected
laboratory alterations to occur. This makes the use of hypocalcemia, hypophosphatemia
and increased ALP activity questionable for initial screening of vitamin D deficiency
because of their misleading results. At the same time, using serum PTH as a screening
test for vitamin D deficiency makes no sense because the cost is higher, and the
specificity is relatively low despite its high sensitivity. In addition to the relatively small
sample size, an important limitation of the current study is that we have measured
serum total calcium instead of serum free calcium, which might better reflect the
calcium status although Srinath Rajaraman et al. has shown a strong correlation
between total and free calcium in different vitamin D levels [13]. Numerous studies
have shown various levels of sensitivity of serum calcium, PO4 and ALP activity in
detecting vitamin D deficiency [14-17]. No single biochemical marker is substantiated to
be strongly correlated with vitamin D deficiency. This should be always kept in mind in
the management of a patient with vitamin D deficiency. Serum PTH has a negative
strong correlation with vitamin D as it seems to be increased even in patients with
insufficient vitamin D making bone resorption a possibility even at this level of vitamin
D. This strong negative correlation was repeatedly confirmed by many studies[18-20]
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but what is remarkably of additional clinical importance is that certain researchers have
found an increased serum PTH concentration even at what is supposed to be normal
serum vitamin D level (<38 ng/ml) [21, 22]. These findings highlight the importance of
assessment of serum PTH in the management of vitamin D deficiency and even in
patients with lower normal vitamin D levels yet have clinical features suggestive of
bone resorption. Until now, serum PTH has not been considered an indicator of
response to vitamin D replacement, but as far as we can tell, it is worthy to investigate
such a role as it is not guaranteed to return to its reference range with the correction of
vitamin D unless vitamin D reaches a specific serum concentration.

CONCLUSIONS

In conclusion, serum calcium, PO4 and ALP activity seem to have a poor correlation
with vitamin D concentration and might have misleading results if used to assess
vitamin D status. However, serum PTH seems to be a sensitive marker of vitamin D
deficiency and insufficiency.
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