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INTRODUCTION

Vitamin D, a steroid hormone, well known as sun vitamin
due to the requirement of sunlight for its synthesis. Skin
is a natural source of 7-dehydrocholesterol which
transforms 7-dehydrocholesterol into cholecalciferol
(vitamin D3) after exposure to ultraviolet rays of sunlight.
Vitamin D deficiency is prevalent all around the world
and according to a recent report about one billion people
are diagnosed with vitamin D deficiency (serum vitamin
D3 levels < 30 ng/ml).1 Despite the fact that South Asia
receives sunlight throughout the year, it is surprising that
vitamin D deficiency is endemic in this region. In Karachi
55% of infants and 45% of nursing mothers were found
vitamin D deficient and their serum 25 (OH) D levels
were < 10 ng/ml.2 Another multicentre study carried out
at Karachi that encompassed all age groups came with
different ailments, revealed that 90% of their subjects
had vitamin D deficiency. Even those with normal
vitamin D levels had values just touching the cut offs.3

Siddiqui et al. stated in 2005 that rickets was highly prevalent
among infants and children of Pakistan's northern areas.4

Vitamin D is mandatory for the maintenance of health,
due to the presence of its highly specific receptors,
VDRs (vitamin D receptors) in all body tissues and a
regulatory role in the encoding of more than 200 genes.
The deficiency of vitamin D therefore, could affect any
tissue or body system.5

Alkaline phosphatase is a group of identical enzymes
that are native to four homologous alkaline phosphatase
genes.6 Three out of these four genes encode for tissue
specific enzymes, while the remaining one is present in
many body tissues like bone, kidneys and liver. In an
adult with normal hepatic function, the total serum pool
of alkaline phosphatases is furnished equally by liver
and bone. However, in children and pubertal age groups,
bone specific isoenzyme is present in abundant form
due to rapidly growing bones.7 Although alkaline
phosphatase is considered to be a factor required for the
synthesis and mineralization of new bone, its exact
function is still unknown. Being a product of osteoblasts
raised serum levels of alkaline phosphatase indicate
state of increased bone turnover. That is why it is used
as a bone formation marker.8 One of the causes of
high levels of serum alkaline phosphatase is osteo-
malacia and these levels are positively correlated with
the severity of the disease.9 Osteomalacia and its counter-
part rickets in children are caused by vitamin D deficiency.10
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Vitamin D anaylsis has been used clinically to diagnose
hypovitaminosis D for the last 16 years. In the pevious
studies raised alkaline phosphatase levels were
correlated with low vitamin D levels.11-13 Keeping in view
the core role of vitamin D in bone metabolism and its use
along with serum alkaline phosphatase, this study was
carried out to determine the correlation between these
two screening tools.

METHODOLOGY

It was an observation based cross-sectional and multi-
centre study carried out at Orthopaedics Clinics of
Liaquat National Hospital and Medical College, National
Medical Centre and Medicare Hospital, Karachi, from
January to October 2009. Blood samples of all adult
females (ages > 12 years) were taken that came with the
complaints of pain in different body regions and had
other clinical features of vitamin D deficiency. Before
drawing blood their informed consents were also taken.
It was a purposive convenient sampling. Blood tests
were used to measure CBC, serum calcium, serum
phosphorus, serum creatinine, serum vitamin D3, serum
alkaline phosphatase and other routine tests. Blood
samples were first allowed to clot and then centrifugation
was done to separate the serum. Levels of serum
alkaline phosphatase were measured by kinetic
photometric analyzer (Architect Abbott USA, Germany),
whereas vitamin D3 was analyzed by ELISA (Bio Vendor
Laboratories Ltd. Germany, Catalogue no.: REA300/96)
at Ziauddin University Hospital Laboratory, North
Nazimabad, Karachi.

Patients having serum vitamin D3 levels < 30 ng/ml were
included in this study. Those who had chronic renal / liver
diseases or taking any medicines that could affect liver
or bone metabolism were excluded.

Patients with Vitamin D deficiency were further
categorized into groups of mild form or insufficiency
(vit.D3 = 20-29 ng/ml), moderate form (vit.D3 = 5 - 19 ng/ml)
and severe deficiency form (vit.D3 < 5 ng/ml).The
reference levels of serum alkalaine phosphatase were
taken as 65-306 IU/L, according to the laboratory
criteria. Information about their life style patterns, marital
status, number of children, exercise, sun exposure,
vitamin D and calcium intake during pregnancy and

lactation were collected on a proforma and then
processed on Statistical Package for Social Sciences
(SPSS) version 12.0. One-sample Kolmogorov-Smirnov
test was used to check the normality of alkaline
phosphatase distribution. ANOVA was applied to
compare the significance of serum alkaline phosphatase
levels in mild, moderate and severe vitamin D deficiency
groups. Pearson correlation was performed to see the
correlation of serum alkaline phosphatase levels with
serum vitamin D3 levels. P-value ≤ 0.05 was considered
to be significant.

RESULTS

One hundred and ten subjects were included in the
study according to the inclusion criteria in a 10 month's
period. Their ages range from 12 to 80 years and their
mean age was 45.33 ± 14.30 years. The highest
frequency, 32 of vitamin D3 deficiency was seen in 50 -
59 years of age group (29.1%), while lowest one was
1 in 80 - 89 years of age group (0.9%). When age groups
were compared in mild, moderate and severe vitamin D
deficient groups the difference was not significant
(p = 0.51).

The frequency of different forms of vitamin D
deficiencies has been shown in Figure 1. Mean serum
levels of vitamin D3, calcium, phosphorus and creatinine
of the total sample (n = 110) has been mentioned in
Table I. There was no significant difference in the serum
levels of calcium, phosphorus and creatinine between
the three vitamin D deficient groups (Table I). Alkaline
phosphatase was normally distributed according to one-
sample Kolmogorov-Smirnov test (p = 0.066). All
patients in the three vitamin D deficient groups had
alkaline phosphatase within normal limits. The highest
and the lowest levels of alkaline phosphatase were seen
in severe and moderate vitamin D deficient groups
respectively (Table I). Intergroup comparison showed
a significant difference between serum alkaline
phosphatase levels of moderate and severe vitamin D3
deficient groups (p = 0.001*). Serum vitamin D3 levels
were also significantly different in all of the groups
(p = 0.001*). The correlation coefficient (r) of serum
alkaline phosphatase and vitamin D was -0.05 (p = 0.593)
which was statistically non-significant (Figure 2).

Table I: Comparison of blood test results in vitamin D3 deficient groups (n=110).

Vitamin D3 deficiency states

Serum levels Mild Moderate Severe Total p-value
n =26 n = 63 n = 21 n = 110

(Mean + SD) (Mean + SD) (Mean + SD) (Mean + SD)

Serum calcium mg/dL 9.158 ± 0.5672 9.089 ± 0. 5329 9.120 ± 0.4979 9.111 ± 0. 5307 0.854

Serum phosphorus mg/dL 3. 3396 ± 0.5730 3. 3513 ± 0. 5708 3.266 ± 0. 5769 3.438 ± 0. 5754 0.216

Serum creatinine mg/dL 0.766 ± 0.2212 0. 863 ± 1.876 0.792 ± 0.1788 0. 827 ± 0.1975 0.69

Haemoglobin g/dL 11.473 ± 0.7780 11.716 ± 1.2515 11.5 62 ± 1.0220 11.629 ± 1.1101 0.618

Alkaline phosphatase IU/L 157.85 ± 68.250 112.30 ± 56.915 179.90 ± 70.902 135.97 ± 68.140 0.001*

* Statistically significant p < 0.05
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DISCUSSION

Kover et al. were the first to establish the role of alkaline
phosphatase as a marker for vitamin D3 deiciency  in
premature infants.14 In the present study there was no
correlation between serum alkaline phosphatase and
serum vitamin D3 levels (r = 0.05, p = 0.593).This is in
contrast to all of the previous studies in which serum
alkaline phosphatase levels showed a significant but
inverse correlation with serum vitamin D3 levels as
evidenced by raised levels of later one in vitamin D
deficiency states.11-13 In a retrospective study conducted
by Hedley et al. on histologically diagnosed cases of
osteomalacia; alkaline phosphatase alone was regarded
as a good indicator of vitamin D deficiency, though some
of the subjects had false positive results.15 Contrary to
all above mentioned researches, all the vitamin D
deficient patients in the present study had serum
alkaline phosphatase levels within normal range. It was
also in contrast to a recent study conducted by Baig
et al. in which 19% of vitamin D deficient patients had
raised serum alkaline phosphatase levels.3 Although

the study conducted by Faerk et al. also established that
alkaline phosphatase is not a predictor of degree of
bone mineralization but it was shown only in preterm
infants.16 This study is the first one to display normal
serum alkaline phosphatase levels in patients belonging
to diverse age groups (10-80 years) that had low serum
vitamin D levels. The justification of this variant result is
beyond the scope of this study; as the exact role of
alkaline phosphatase at molecular level is still not well
defined and needs extensive studies. However, the
prevalence of vitamin D deficiency in all age groups
shown by this study is consistent with other studies.17-19

This study also showed moderate vitamin D deficiency
to be more frequent (57%) than other forms of vitamin D
deficiency among the studied subjects, which is
consistent with the results of Baig et al.3

Though serum alkaline phosphatase levels were seen to
be normally distributed among the sample; nevertheless
the mean values of this enzyme had very high standard
deviations (Table I). It was because our sample had a
very wide range of alkaline phosphatase levels (18-301
IU/L). The highest levels of alkaline phosphatase were
seen in the group with severe vitamin D deficiency. The
lowest levels of enzyme were seen in the group with
moderate vitamin D deficiency rather than in the group
having mild deficiency form.

Currently researchers have found that vitamin D has a
preventive role in type I diabetes, heart diseases,20

hypertension21 and some of the autoimmune diseases.22

In one study vitamin D deficient subjects were shown to
have higher levels of triglycerides and lower levels of
HDL-cholesterol in contrast to those that had normal
vitamin D levels.23 Vitamin D was also shown to have
effects against aging and inflammation. Some studies
have established that vitamin D plays an imperative role
in different cancers by inhibiting cell cycle progression;
which also modulates the actions of antigen presenting
cells in addition to T-cells.22 In some studies vitamin D
was regarded to be essential for mental well being and
its deficiency was related to Alzheimer's disease,
schizophrenia24 and depression.25

Due to the vital role of vitamin D for the regulation of
normal body functions, it is mandatory to rule out its
deficiency. In the clinical setup Western population-
based reference levels of vitamin D are used to
diagnose hypovitaminosis D. On the other hand clinician
often recommend vitamin D medication to all patients
presented with body pains without excluding other
causes of body pains (for e.g. fibromyalgias, chronic
fatigue syndrome, depression etc.). In this scenario, the
question arises whether we are intoxicating our
population with vitamin D or not? In the current clinical
practice alkaline phosphatase is still used as a marker of
vitamin D deficiency due to the low cost of the test which
could be misleading. Therefore, there is a need to
estimate cut off values in our population in order to
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Figure 2: Correlation of serum vitamin D3 and alkaline phosphatase levels

(n = 110).

Figure 1: Frequency and percentage of different vitamin D deficiencies in
110 patients.
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diagnose and treat true vitamin D deficient individuals.
Furthermore, the specific role of alkaline phosphatase in
bone metabolism besides a housekeeping enzyme
should also be determined.

The limitation of this study was that this sample
consisted of only females because majority of patients
coming to orthopaedic OPDs with sign and symptoms of
vitamin D deficiency were females.

CONCLUSION

Serum vitamin D3 levels may not be correlated with
serum alkaline phosphatase levels. On this basis serum
alkaline phosphatase may not be considered as a
screening tool to rule out vitamin D deficiency states in
population. The only reliable marker to estimate this
deficiency could be serum vitamin D3 levels. However,
the cut off values of vitamin D3 for our population might
be different from the Western population. Further large
population based multicentre studies are required to
determine the cut off values for vitamin D3 to diagnose
and treat exact fraction of population that has true
vitamin D deficiency.
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