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Abstract
Objectives: The aim of this study is to identify the possible
effects of the Ministry of Health regulation on Vitamin D
testing and vitamin D deficiency detection and to investigate the effect of the reflex test algorithm implementation.
Materials and methods: A total of requested 78,919
25(OH)D and 5,653 1,25(OH)2D test results were examined.
Test requests were classified in 3 groups according to the
Regulation; Group 1: Requests from inpatients and
intensive care units, Group 2: Requests from outpatients
of non-restricted departments, Group 3: Requests from
outpatients of restricted departments. In addition, the
reflex test algorithm was simulated and the name of the

1,25-dihydroxyvitamin D test request was changed to
1,25-dihydroxycholecalciferol.
Results: Changing the test name as 1,25 dihydroxycholecalciferol reduced the number of monthly test requests
(−71.7%). The hypovitaminous detection rate was similar in
Group 1, 2, and 3 in the 25(OH)D requests and was higher in
the reflex test algorithm. In 1,25(OH)2D requests, the rate of
hypovitaminous detection was higher in Group 1 than in
Group 2 and 3.
Discussion: With simple acts like using structured test
ordering forms, reflex test algorithms applied in the cliniclaboratory-interface involving Medical Biochemistry Specialists, bigger impact with less underdiagnosis might be
possible in test demand management.
Keywords: 1,25(OH)2D; 25(OH)D; clinic-laboratory-interface; pre-preanalytical phase; rational laboratory use;
reflex test algorithms; vitamin D.
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Amaç: Bu çalışmanın amacı, Sağlık Bakanlığı tarafından
yapılan düzenlemenin VitaminD test istemi ve eksiklik
tespiti üzerine olası etkilerini belirlemek ve reﬂeks test
algoritma uygulamasının etkisini araştırmaktır.
Gereç ve Yöntem: Bir yıl boyunca yapılan 78.919
25-hidroksivitaminD [25(OH)D] ve 5.653 1,25-dihidroksivitaminD
[1,25(OH)2D] test sonucu analiz edilmiştir. Bu test istemleri
yapılan düzenlemeye göre 3 gruba ayrılmıştır; Grup 1: Servis ve
yoğun bakımlardan gelen istemler, Grup 2: Polikliniklerden ve
istem kısıtlaması olmayan bölümlerden gelen istemler, Grup 3:
Polikliniklerden ve istem kısıtlaması olan bölümlerden gelen
istemler. Ayrıca, reﬂeks test algoritması oluşturulmuş ve
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çalışmanın son ayında 1,25-dihidroksi VitaminD test isteminin
adı 1,25-dihidroksikolekalsiferol olarak değiştirilmiştir.
Bulgular: 1,25-dihidroksikolekalsiferol olarak test isminin
değiştirilmesi aylık test istem sayısını (−%71.7) düşürdü.
Hipovitaminöz saptanma oranı, 25(OH)D istemlerinde
Grup 1, 2 ve 3’de benzer iken reﬂeks test algoritmasında
daha yüksekti. 1,25(OH)2D istemlerinde Grup 1’de Grup 2 ve
3’e göre hipovitaminöz saptanma oranı fazlaydı.
Sonuçlar: Bu kısıtlama ile birlikte klinik-laboratuvar
arayüzünde reﬂeks test, yapılandırılmış test istem formları gibi basit uygulamalarla Tıbbi Biyokimya Uzmanlarının dahil edilmesi, test istem yönetiminde daha az yetersiz
tanı ile birlikte daha büyük etki sağlanması mümkün
olabilir.
Anahtar Kelimeler: 1,25(OH)2D; 25(OH)D; akılcı laboratuvar kullanımı; klinik-laboratuvar-arayüzü; pre-preanalitik
faz; refleks test algoritmaları; vitamin D.

Introduction
The use of clinical laboratory test results in diagnostic
decision making is an integral part of clinical medicine and
up to 70% of the clinical decisions are substantially based
on results of diagnostic tests [1]. Laboratory testing and its
associated costs have increased substantially due to increased use. Like other sectors of the health economy,
laboratory medicine is under increasing pressure to
remove inefﬁciencies and reduce costs, while maintaining
or indeed improving standards [2]. As a result for providing
qualiﬁed medicine cost effectively, reduction in the ordering of unnecessary laboratory tests has become a favorite
target of these efforts. The recent emphasis on reducing
health care costs and the emergence of managed care
organizations led to efforts to reduce the abuse (overordering) and misuse (e.g., ordering the right test for the
wrong purpose or vice versa) of these tests [3]. It has been
tried to reduce such unnecessary tests by interventions
targeting the ordering of tests. The easiest and preferred
way of controlling laboratory test requesting is to pick the
test causes to big load to the budget. Vitamin D is one of
the high demand test with more commonly ordered tests
[e.g., complete blood count (CBC), electrolytes (sodium,
potassium, chloride), thyroid stimulating hormone (TSH),
glucose, etc.] routinely performed on site by most hospitalbased clinical laboratories.
Vitamin D is critical for bone and mineral metabolism
and is effective in the prevention and treatment of rickets
and osteomalacia [4, 5]. Classiﬁcation of vitamin D status is
based on serum 25-hydroxyvitamin D [25(OH)D] that is
mainly derived from hydroxylation of vitamin D in the

liver. Compared to vitamin D, 25(OH)D has a much higher
serum concentration and a longer half-life (about 3 weeks
vs. 1 day) and is therefore considered the best parameter to
indicate vitamin D supply from all different sources.
1,25-dihydroxyvitamin D [1,25(OH)2D] is the active vitamin
D hormone that has the highest afﬁnity to the almost ubiquitously expressed vitamin D Receptor. Serum concentrations of 1,25(OH)2D are not accepted as a good indicator
of vitamin D supply due to its short half-life and dependence on substrate availability of 25(OH)D [6, 7]. Epidemiological studies showing low 25(OH)D concentrations
are associated with various acute and chronic diseases
have risen a high interest in vitamin D testing [8, 9]. United
States data indicate that testing for 25(OH)D has increased
by 80–90% annually, yet there are no reports that investigate the cost of either 25(OH)D or 1,25(OH)2D testing in
Turkey [10]. However, data in Ministry of Health strongly
indicate that 25OHD testing is consuming a large amount of
the annual health budget. Due to this increased cost,
Ministry of Health has been released the regulation on
vitamin D testing to prevent unnecessary and excessive
request of some tests, including vitamin D invoiced to the
Social Security Institution (SGK) beginning on January
2020. Although there are private health maintenance
organizations, the main agency, all citizens covered by, is
government-sponsored agency (SGK). According to this
regulation, vitamin D testing reimbursement in primary
health care facilities by SGK has been stopped. In secondary and tertiary health care facilities, vitamin D testing
reimbursement has been limited for patients at emergency
units and outpatients based on specialties. These medical
specialty areas are pediatrics and its subspecialties, internal medicine and its subspecialties, gynecology and obstetrics, physical therapy and rehabilitation, orthopedia
and traumatology and neurologia. There is no limitation
for patients at intensive care units and inpatients [11].
The Ankara City Hospital, where the study was conducted in, is the tertiary and biggest hospital in Turkey
having a total of 3,704 hospital beds. Currently, the hospital
serves approximately 20.000 outpatient patients per day
and this number is expected and planned to further more
increased numbers under normal circumstances. Medical
Biochemistry Laboratory is carried out approximately
150,000 tests daily. The analysis performed in the laboratory
includes general and specific clinical chemistry, haematology and coagulation, cardiac markers, urinalysis, blood gas
testing, immunochemistry, HbA1c, electrophoresis and flow
cytometry. 25(OH)D testing has risen above the general
trend of other common medical biochemistry tests.
In this study, it was aimed to show the possible effects
of vitamin D testing restriction based on medical specialty
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put into practice by the Ministry of Health on hypovitaminosis D detection and testing costs by evaluating the 1-year
Ankara City Hospital vitamin D test requests retrospectively as a tertiary hospital with a high capacity hospital
based laboratory. In addition, it has been investigated
whether medical biochemistry specialists, as a medical
specialty not included in this new regulation, can have a
role in detecting hypovitaminosis D and improving test
cost-effectiveness by using reflex test, reflective test or
other applications involved in the rational laboratory
project of the Ministry of Health.

Material and methods
Vitamin D test results from subjects who admitted to Ankara City
Hospital for health examination were included in the present study. A
total of 84,572 vitamin D test results, 78,919 25(OH)D and 5,653
1,25(OH)2D result, were examined and analyzed. Due to total number
of vitamin D tests requested by emergency unit was too low to analyze,
these requests were neglected and excluded from the study (n=24).
25(OH)D and 1,25(OH)2D were analyzed seperately and the results
were divided into 3 groups according to the Act of Ministry of Health
such as:
Group 1: Non-restriction group in vitamin D test requests based
on patient type; it covers all vitamin D tests requested from nonrestricted patient groups (vitamin D requested from inpatients and
intensive care units)
Group 2: Non-restriction group in vitamin D test requests based
on medical specialist field; it covers all vitamin D tests requested by
non-restricted specialists (vitamin D requested from outpatients by
pediatricians, internal medicine specialists, obstetrician and gynecologists, physical therapy and rehabilitation specialists, orthopedics
and traumatology specialists and neurologists);
Group 3: Restricted group in vitamin D test requests based on
medical specialist field; it covers all vitamin D tests requested by
restricted specialists (vitamin D requested from outpatients by specialists other than involved in Group 2).
Reflex testing algorithm based on Srivastava et al.study was used
for the diagnosis of low vitamin D [12]. Of the 78,919 patients who has
25(OH)D test request, patients over 55 years of age with serum
albumin-adjusted calcium ≤2.1 mmol/L and serum alkaline phosphatase >150 U/L were selected. In these patients, hypovitaminosis D
was examined by accepting the 25(OH)D level under the replacement
cut-off [<20 ng/mL (50 nmol/L)].
All results were examined on seasonal basis. Additionally, due to
most of 1,25(OH)2D testing was requested with 25(OH)D simultaneusly,
the name of the 1,25-diydroxyvitamin D was changed as
1,25-dihydroxycholecalciferol (the main source of 1,25(OH)2D) at the
beginning of the last month of the study. To evaluate the effects of this
intervention on hypovitaminosis detection, patients with 1,25(OH)2D
results were classified into 2 groups as before intervention and after
intervention. Patients are categorized as normal and deficient. Deficiency is described as 1,25(OH)2D results below cut-off (<26.1 pg/mL).
Categorical data comparisons between groups were conducted by the
chi squared (χ2) test.
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Vitamin D measurements were performed by immunoassay. All
devices in this study: Atellica Immunoassay Analyzer (Siemens
Healtineers, Germany) for for 25(OH)D and IDS-iSYS auto analyzer
(Immunodiagnostic Systems Holding, United Kingdom) 1,25(OH)2D
were used under standardized Westgard’s quality control rules with
approved reagents. Manufacturers’ instructions were followed while
performing all measurements. The allowable total analytical error
(TEa) was calculated using internal and external quality control
results according to Ricos C. et al. study [13] for 25(OH)D and 1,25(OH)
2D and the obtained 7.34 and 10.72% value was under the TEa limit
±15% according to Royal College of Pathologists of Australasia (RCPA)
[14]. The study was approved by the Institutional Ethical Committee.

Results
The numbers of the participants with normal and low
vitamin D levels included into the study has been shown in
Table 1. At ﬁrst, all of the 25(OH)D and 1,25(OH)2D results
were examined. The percentage of requested tests classiﬁed in the Group 1, the Group 2 and Group 3 for 25(OH)D
were 7.2, 77.2, and 15.6; 14.6, 60.7, and 24.7% for 1,25(OH)
2D, respectively. Most of the 25(OH)D and 1,25(OH)2D test
requests were classiﬁed in Group 2 (77.2%, n=60,911;
60.7%, n=3,430). Secondly, the 25(OH)D and 1,25(OH)2D
results below cut-off (<20 ng/mL, <26,1 pg/mL, respectively) (50 nmol/L) were examined and 44.5% of all requests
for 25(OH)D and 10.8% of all requests for 1,25(OH)2D were
below cut-off. The percentage of requested tests found cutoff classiﬁed in Group 1, Group 2, and Group 3 for 25(OH)D
were 7.0, 78.5, and 14.5; 34.4, 48.4, and 17.3% for 1,25(OH)
2D, respectively Most of the 25(OH)D and 1,25(OH)2D test
requests with low vitamin D levels were classiﬁed in Group
2 (78.5 %, n=27,565; 48.4%, n=294). Thirdly, prevalance of
hypovitaminosis in 25(OH)D and 1,25(OH)2D results were
examined. The percentage of prevalance of hypovitaminosis found by requested tests for Group 1, Group 2 and
Group 3 for 25(OH)D were 43.6%, 45.3%, and 41.3; 25.3, 8.6,
and 7.5% for 1,25(OH)2D, respectively.
The requested tests with normal and low 25(OH)D
levels included in the study were analyzed as whole year
and on seasonal basis and were shown in Figure 1. Compared to hypovitaminosis diagnosis throughout the whole
year, hypovitaminosis vitamin D diagnosis in summer was
lower than the whole year (26.3% vs. 44.5%) and hypovitaminosis vitamin D diagnosis in winter was higher than
the whole year (59.2% vs. 44.5%). Compared to hypovitaminosis diagnosis throughout the whole year, hypovitaminosis vitamin D diagnosis in fall and spring was similar
to the whole year (46.4%, 45.5; for fall and spring, respectively vs. 44.5%). The percentage of hypovitaminosis D
diagnosis showed similar distribution based on groups for
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Table : The numbers of the participants with normal and low Vitamin D levels included into the study.
-hydroxyvitamin D

Total test request (n)
% of requested test
Normal results (n)
% of requested test above cut-off*
Hypovitaminosis (n)
% of requested test below cut-off*
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each season and throughout the year (48.5, 46.9, 43.3% for
fall; 57.2, 59.3, 59.6% for winter; 45.8, 46.0, 42.6% for
spring; 22.9, 27.9, 21.2% for summer and 43.6, 45.3, 41.3%
for whole year of Group 1, Group 2, and Group 3, respectively (Figure 1).
During the same period, reflex test algorithm on vitamin D requests was performed in 66 patients over 55 years
of age with serum albumin-adjusted calcium ≤2.1 mmol/L
and serum alkaline phosphatase >150 U/L. The 25(OH)D
results <20 ng/mL (50 nmol/L) were accepted as hypovitaminosis D. The prevalance of hypovitaminosis D diagnosis during the same period based on reﬂex testing
algorithm was 68%. The prevalance of hypovitaminosis D
diagnosis based on reﬂex testing algorithm was higher
than the prevalance of hypovitaminosis D diagnosis
detected in each group (57.5, 59.5, and 55.9 for Group 1, 2,
and 3, respectively).
The requested tests with normal and low 1,25(OH)2D
levels included in the study were analyzed as whole year
and on seasonal basis and were shown in Figure 2. Compared to low 1,25(OH)2D levels throughout the whole year,

low 1,25(OH)2D levels in each season similar to the whole
year except winter (11,8%, 1.7%, 17.0%, 14.2, and 10.8% for
fall, winter, spring, summer and whole year, respectively.
The prevalance of low 1,25(OH)2D levels were higher in
Group 1 compared to prevalance of low 1,25(OH)2D levels
detected in other groups for each season and throughout
the year (22.8%, 11.0% , 8.4% for fall; 7.0%, 0.9% , 0.4% for
winter; 35.1%, 12.7% , 11.4% for spring; 41.7, 10.5, 7.5% for
summer and 25.3, 8.6, 7.5% for the whole year in Group 1,
Group 2 and Group 3, respectively. The difference in prevalance of low 1,25(OH)2D levels was high between groups
(14.4, 6.6, 23.7, 34.2 and 17.8% for fall, winter, spring,
summer and whole year, respectively.
The numbers of the total test requests, 25(OH)D and
1,25(OH)2D were presented in Figure 3. The highest number
of 25(OH)D test was requested in January 2020 (max:
12,769; min: 3,224). The highest number of 1,25 Hydroxy
vitamin D test was requested in December 2019 (max: 1,153;
min: 263). Because most of the 1,25(OH)2D test result were
normal and the ratio of 25(OH)D to 1,25(OH)2D test requests
remained high up to the beginning of the last month of the

Figure 1: Distribution and percentage of
25(OH)D requests analyzed on seasonal
basis and throughout the whole year.
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Figure 2: Distribution and percentage of
1,25(OH)2D requests analyzed on seasonal
basis and throughout the whole year.

study, we have considered about a change in test name.
The name of the 1,25(OH)2D was changed as
1,25-dihydroxycholecalciferol in test request panel. With
the name change 1,25 cholechalsiferol requests were
dropped dramatically from 1153 test requests to 296 test
requests (−71.7%) without any complaint from physicians.
There was no statistically difference in detecting deﬁciency
after the intervention of changing the name of the
1,25-dihydroxyvitamin D as 1,25-dihydroxycholecalciferol
(p=0.659).
Additionally, we analyzed the effect of the act cost
effectivity according to SUT (Healthcare Implementation
Communique) released by SGK. Group 3 is the only groups

which have restriction on vitamin D testing. Assuming the
regulation was valid last year, only the tests classified in
Group 3 [15.6% of 25(OH)D tests and 24.7% of 1,25(OH)2D
tests] would be ordered or unpaid by SGK if it would be
allowed to be ordered. The restriction in vitamin D test
ordering would provide 44,137 $ benefit for 25(OH)D and
4,720 $ benefit for 1,25(OH)2D per year. Totally, there
would be a 2.69% benefit of total medical biochemistry
laboratory budget if the regulation was valid during the
past year. However, with the regulation 14.9% of 25(OH)D
tests under cutoff 17.3% of 1,25(OH)2D tests under cutoff
would not be detected due to the restriction of test ordering. By switching the name of the 1,25(OH)2D test to

Figure 3: The numbers of the total test
requests, 25(OH)D and 1,25(OH)2D.
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1,25-dihydroxycholecalciferol in test request panel provides 2,622 $ benefit in one month compared to the previous
month cost.

Discussion
Avoiding screening for patients at low risk of vitamin D
deficiency has been recommended by initiatives and guidelines worldwide [15–19]. Hovewer, in speciﬁc patient
populations, including patients with calcium or parathyroid disorders, malnutrition syndromes, chronic kidney
disease, osteoporosis, and those who are on speciﬁc
medications, especially steroids, speciﬁc antiepileptics, or
certain HIV medications, screening for and treating vitamin D deﬁciency is recommended [15, 20, 21]. In the light of
these guidelines and studies, we investigated whether
implementing the Regulation of Ministry of Health regarding with vitamin D testing is effective on controlling test
demand and affect the hypovitaminosis D diagnosis by
analyzing the database of Ankara City Hospital Medical
Biochemistry Laboratory, a tertiary hospital laboratory
with a high workload. Prior to regulation, the Rational
Laboratory Use Project has been launched by Ministry of
Health in Turkey. Rational test ordering is one of the crucial
parts of the project. According to this project, vitamin D
ordering interval has established for only 25(OH)D as
90 days and it is obligatory to send reminder messages for
reminding the interval via Hospital Information System
(HIS). Also, the manager of medical biochemistry laboratory has the responsibility and authority to audit the feeding back individual doctors’ test ordering patterns to the
hospital management and Ministry of Health at a push.
Department of inspection and diagnosis services. Because
increasingly busy physicians just skip the message,
enough decrease in the number of unnecessary test repetitions via alert messages to the requesting physician could
not be provided. At the beginning of 2020, the Regulation
regarding with vitamin D testing has been launched. With
the act, even though the ordering for vitamin D tests is free
for inpatients and patients in intensive care unit, the
ordering for vitamin D tests has only allowed in some
specialties of medicine for outpatients and patients at
emergy unit. These specialists are pediatricians, internal
medicine specialists, obstetrician and gynecologists,
physical therapy and rehabilitation specialists, orthopedics and traumatology specialists and neurologists. Our
results have shown that main demand for vitamin D testing
comes from Group 2 which covers all vitamin D tests
requested by non-restricted specialists (requests from
outpatients) and 77.2 and 60.7% for 25(OH)D and 1,25(OH)

2D, respectively. with the regulation, only 15.6% for 25(OH)
D and 24.7% 1,25(OH)2D would be limited in our hospital.
This probable rate is less than the achieved rate found in
Felcher et al. study (30% approximately), in which clinical
decision support (CDS) tools were used without test ordering restriction. They evaluated the impact of CDS tools on
rates of vitamin D testing and how rates of vitamin D
screening changed after the implementation of CDS tools
such as an alert that requires clinician acknowledgment of
current guidelines to continue ordering the test (a “hard
stop”), and a modiﬁcation of laboratory ordering preference lists that eliminates shortcuts with a new vitamin D
screening guideline [22].
In Ankara City hospital, not only vitamin D testing but
also all tests of medical biochemistry laboratory has been
rising progressively. This exponential growth in requests
for laboratory tests is common throughout the world due to
the progressive automation of laboratories, the aging
population and the limited physician time availability for
patient care [23–25]. In Whiting et al. study, they identiﬁed
38 studies that discussed factors that may inﬂuence test
ordering and revealed that ﬁve key factors emerged as
reasons for test ordering: diagnostic factors, therapeutic
and prognostic factors, patient-related factors, doctorrelated factors, and policy and organization-related factors
[26]. It has also shown that general practitioners with more
clinical experience, conﬁdence in their clinical judgment,
pride in their work, and who do not fear risk taking or
uncertainty tend to request fewer tests than those who
dislike uncertainty and have less experience [27–29]. Most
factors identiﬁed as inﬂuencing test ordering are doctorrelated factors but the type of testing should also take into
count. Vitamin D is not a kind of test physicians who fear
risk taking other than vitamin D intoxication. Because of
the popularity of vitamin D, patients feel desire for testing
and want to be tested. With the regulation, vitamin D is
excluded from test panel for primary care facilities. Vitamin D is one of the tests used for national health and
nutrition examination surveys and using data from primary care units with standardization is one of easiest way
getting data for this kind of aim. With the regulation,
vitamin D results from primary care facilities cannot be
provided and used for determining vitamin D status which
has a high worldwide prevalence of deﬁciency that may
require public health actions such as vitamin D food
fortiﬁcation.
With the rational laboratory use project, the practice of
adding on laboratory tests as reflex and reflective tests to
existing requests is common in medical biochemistry of
Turkey. In the project, reflex and reflective testing were
defined in accordance with the literature [30, 31]. The
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deﬁnitions are “According to the ﬁrst results in the patient
sample, the automatic addition of new test (s) within the
scope of certain algorithms is the reﬂex test application.
Reﬂex test is applied within the knowledge of the relevant
institution/organization management.” for reﬂex testing
and “According to the results in the patient sample and
evaluating the other clinical and laboratory information of
the patient, the process of studying new tests in the same
patient sample within the knowledge of the clinician, is
reﬂective testing.” for reﬂective testing. In the present
study, we used the same algorithm in Srivastava et al. study
which has revealed the diagnosis of hypovitaminosis D
based on hypocalcaemia and elevated alkaline phosphatase activity in patients over 55 years [12]. We examined the
patients aged over 55 years with serum albumin-adjusted
calcium ≤2.1 mmol/L and serum alkaline phosphatase
>150 U/L. And we have found that, 68% of these patients
have decreased levels 25(OH)D (<50 nmol/L: the target
concentration for replacement in Turkey). This percentage
is higher than the ratio of hypovitaminosis D found in
Group 2 (45.3% for whole year). Besides the ratios of
hypovitaminosis D are found similar for Group 1, 2, and 3.
(43.6, 45.3, 41.3%, respectively). Due to clinical ﬁndings
depend on the degree and duration of vitamin D deﬁciency,
most patients are asymptomatic and serum calcium,
phosphorus and alkaline phosphatase levels are normal in
these patients. Increased serum PTH levels were reported
in 40–51% of patients with 25 (OH) D levels below <20 and
10 ng/mL, respectively [19, 32]. So, the addition of vitamin
D test within the scope of certain algorithms via reﬂex or
reﬂective testing would be beneﬁcial in detecting hypovitaminosis D especially in a situation which vitamin D test
requesting are removed from primary health care facilities
and limited for patients admitted to the hospitals except
patients at intensive care units and inpatients. Additionally, for the follow-up of the patients with high risk of
hypovitaminosis D admitted to primary care facilities and
hospitals, test restriction based on patient hypovitaminosis
D risk would be more beneﬁcial compared to test restriction
based on medical specialty.
Various methods are available for measuring circulating concentrations of 25(OH)D. Current methods include
HPLC, RIA with low throughput to high throughput,
automated chemiluminescence immunoassays, and liquid
chromatography-tandem mass spectrometry (LC-MS/MS).
Correlation and agreement studies between immunoassays
and LC-MS/MS methods for 25(OH)D have been reported.
These studies report reasonable correlations but with significant differences which confounds the diagnosis od
hypovitaminosis D [33–35]. Since LC/MS/MS measures
25(OH)D2 and 25(OH)D3 separately, it provides results for
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both of these, in addition to total 25(OH)D. This differs from
immunoassays which only report a single total number for
25(OH)D. The additional information can be helpful to a
physician, to assess compliance by someone on vitamin D
supplementation such as bariatric surgery [36]. Measuring
25(OH)D by high performance liquid chromatography
(HPLC), liquid chromatography/tandem mass spectrometry (LC/MSMS) methods are accepted as reliable [19].
One of the ways of reducing inappropriate testing is
using the structured test ordering form. The introduction of
a structured test ordering form has been found to reduce
test ordering and increases the complexity of laboratory
test selection by increasingly busy physicians [37, 38]. This
kind of structured test ordering form was not in use in our
hospital. For ordering vitamin D test in our hospital,
physicians were searching for vitamin D term and two of
the tests were appeared in the test ordering list at LIS
system. We have realized that 25(OH)D and 1,25(OH)2D
were requested simultaneously and changed the name
1,25(OH)2D as 1,25-dihydroxycholecalciferol. We have
achieved %75 decrease in 1,25(OH)2D test ordering per one
month compared with the previous month. The ratio of
decreased in 1,25(OH)2D test ordering was much higher
than the effect of implementation of the act because only
1,25(OH)2D test requests in Group 3 would be limited (24.7
vs. 75%). Additionally, only 10.8% of all patients with
1,25(OH)2D test request have 1,25(OH)2D levels lower than
cut-off (<26.1 pg/mL). And the percentage of hypovitaminosis detection is highest in Group 1 compared to other
groups (25.3, 8.6, and 7.5% for Group 1, 2, and 3, respectively). Serum concentrations of 1,25(OH)2D are mainly
derived from renal hydroxylation of 25(OH)D and are rather
dependent on regulators of mineral metabolism (e.g.,
parathyroid hormone (PTH), phosphate or ﬁbroblast
growth factor-23 (FGF-23) or kidney function, than on
substrate availability of 25(OH)D, so that they do not well
reﬂect vitamin D supply [8]. 1,25 (OH)D vitamin measures
the bioactive form of vitamin D. It is used in the differential
diagnosis of hypocalcemia and to monitor patients with
renal osteodystrophy or chronic renal failure. This test is
not suitable for diagnosis of vitamin D deﬁciency and
monitoring supplementation in most patients. The 25(OH)
D Vitamin test is the recommended test for those purposes.
So, it is a correct action not to restrict 1,25(OH)2D test
requests for inpatients and patients in intensive care units.
However, rectriction based on diagnosis in addition to
medical specialty basis restriction would be more effective
considering the data that revealed about 90% of 1,25(OH)
2D test results were above cut-off.
In the present study, we could not get the information of
patients’ medications including vitamin D. Although we did
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not evaluate the appropriate use of vitamin D testing, the
effect of restriction on hypovitaminosis D detection and
testing costs might be affected by the number of patients
with vitamin D deficiency undertreatment. Future studies
evaluating appropriate use of vitamin D testing by means of
risk factors for vitamin D deficiency such as hypo- or hypercalcemia, hypo- or hyper-parathyroidism, malnutrition,
inflammatory bowel disease, celiac disease, chronic kidney
disease, osteoporosis, or long-term steroid, antiepileptic, or
specific HIV medication use after eliminating patients under
vitamin D treatments would be beneficial.
At the present time, attention has focused on laboratory medicine as a potential source of savings, because
their costs are perceived as being easily identifiable and
quantifiable. If the aim of the regulation of Ministry of
Health is managing demand for laboratory tests, medical
biochemistry specialists should be considered in the
regulation on vitamin D testing. Although laboratory tests
play a central role throughout the clinical decision making
and managed care, the medical specialty is “laboratory
medicine”, which is limited to a few theoretical courses
spread across the entire curriculum in most medical
faculties as mentioned by Michael Laposata [39]. This statement is valid for our country, and an urgent change in
this direction should be encouraged in curricula at the
medical school. In addition, approaches to rational laboratory use should be a compulsory and inseparable part in
the curriculum of Medical Biochemitry Specialty education
and training. So, the goal of training medical biochemistry
specialitists who play a central role in contemporary
diagnostic medicine would be achieved in the short run.
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