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ABSTRACT

OBJECTIVE: The high prevalence of vitamin D deficiency in the population causes physicians to request more vitamin D tests
and increases laboratory costs. It is aimed at investigating the demanded numbers and cost analyzes of 25-hydroxyvitamin
D (25(0OH)D) tests with the big data obtained from the national information health system of the Turkish Ministry of Health.

METHODS: Between 2017 and 2018, all inpatient and outpatient tests and 25(OH)D tests in all medical biochemistry labo-
ratories in Turkiye were determined based on department and institution type. The cost amount, distribution among health
institutions, and test request rates were calculated. In both years, the top ten most expensive tests, according to health
institutions, were evaluated.

RESULTS: The total number of medical biochemistry tests performed in 2017 and 2018 was 1.424.948.155and 1.713.134.326,
respectively. The number of 25 (OH)D tests analyzed in the same years was 8.698.393 and 13.919.127, respectively. When
the data of the 2 years are compared, the consumption of 25 (OH)D tests increased by 37% in General hospital laboratories,
whereas it increased by 115.09% in primary health laboratories. When all health institutions were evaluated, the increase
rate in 25 (OH)D test demand was 60%, while the cost increase rate was 23%.

CONCLUSION: This report showed that the demands for 25(OH)D testing are increasing steeply, especially in primary
health-care facilities. In this direction, laboratory information system test demand restrictions in accordance with national and
international guidelines are important issues for policymakers.
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Health expenditures are generally accepted as ex-
penditures made on all health screening, di-
agnosis, treatment, rehabilitation, primary care, and
emergency services programs that adopt the aim of

protecting and improving health [1]. The level of per
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capita health expenditures varies according to the de-
velopment level of the countries and is correlated with
the total amount of the country’s budget in developed
countries, according to official statistics [2]. The in-
crease in health expenditures, especially in developed
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countries, can be explained by the prolongation of life
expectancy, chronic diseases, and the increase in hos-
pitalization times in the last 40 years [3]. In addition,
developments and innovations in medical technology
and the increasing demands and expectations of people
in the health-care sector can be counted among these
reasons. The resources allocated in an effective health
system are used to achieve the best health performance
without increasing costs [4]. In recent years, the in-
crease in the health expenditures of the countries has
exceeded the growth of their general economies and se-
riously strains their budgets, so governments must deal
with this inevitable situation [5].

In health-care services, medical laboratories have
a critical role in the evaluation of the health status
of the individual, with a diagnostic potential of 70%
(6]. This potential can be more effective with techno-
logical innovations, newly detected biomarkers, and
molecular developments. Besides the effectiveness and
crucial role of the medical laboratories, the ratio of
their expenditures to total health-care expenditures
is approximately 5-10% [6]. In Turkiye, total health
expenditure, which was $12.467.468.000 in 2002, in-
creased to $39.662.184.539 in 2016. While spending
on the purchase of medical laboratory services in 2002
was approximately $100 million (0.802% of the entire
budget), in 2016 it increased approximately 3.5-fold,
exceeding $350 million (~0.882% of the overall bud-
get) [7]. Although the percentage of medical labora-
tory expenditures is decreasing nowadays, labs have to
test at a lower cost without sacrificing quality. In order
to reach the optimal cost without sacrificing high qual-
ity in health institutions, different purchasing models
(goods purchase, service purchase) and cost analysis
models are generally used. In 2016, medical laboratory
service procurement rates for state, university, and pri-
vate health institutions in Turkiye were 67%, 24%, and
9%, respectively [7]. To minimize costs, reasonable
cost analysis evaluates the costs of medical laborato-
ries by department, device, or test. The immunoassay
group often has the highest cost rate, and the 25-hy-
droxyvitamin D (25(OH)D) test is one of the most
striking tests of recent years; its demand and cost in
this group are increasing uncontrollably day by day
(8—11]. In this study, it was aimed to investigate the
requested 25(OH)D test number and the cost among
the laboratory expenditures according to the big data
obtained from the Turkish Ministry of Health’s na-
tional information health-care system.

Highlight key points
e 25(0OH)D test is inappropriately used as a screening test
around the world.

e In terms of cost, the first ten costliest tests were evaluated
between 2017 and 2018, and the 25(OH)D test was found
to be the second costliest test after CBC.

e Especially primary care physicians demand 25(OH)D test
more and more day by day.

MATERIALS AND METHODS

Data Collection

“Transformation Program in Healthcare,” one of Turkiye's
primary health system reforms, was launched in 2005. This
program has gathered all public health institutions, mili-
tary hospitals, and municipal hospitals under the Ministry
of Health. Health institutions are first divided into public
health facilities, private health facilities, and university in-
stitutions. State health facilities are classified as primary
healthcare institutions and general hospitals according to
their capacities and service delivery areas. All health insti-
tutions have started to provide health-care services under
the General Health Insurance System since 2006 [12].

E-Health uses information and communication
technologies for health and includes the data of health
information systems such as electronic health records,
telemedicine, mobile devices, e-learning tools, and decision
support systems [13, 14]. In Turkiye, for healthcare, in-
surance, and finance, the Social Security Institution (SSI)
uses the Medulla program, which is integrated with the
health-care institutions. The institutions affiliated with
the Ministry of Health also use saglik.net e-health ap-
plications for medical records. The Medulla program can
be defined as an integrated electronic system that trans-
mits information electronically between SSI and health-
care institutions for approval, billing, and reimbursement
of health expenditures [15, 16]. For coding and pricing
of health-care services, The Health Practice Price List
(HPPL) provides a list of medical processes. In addition,
all medical procedures based on this list are collected in a
database (e-saglik) via the health web system [17].

Study Design

The tests performed by the medical biochemical labora-
tories (clinical chemistry, immunochemistry, Complete
blood count [CBC], coagulation, toxicology, urine analy-
sis, erythrocyte sedimentation rate, metabolism, etc.) be-
tween 2017 and 2018 were evaluated on the basis of the
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requested test number, institution type, and cost analysis.
HPPL was used for the cost analysis, and the total cost
was calculated by multiplying the number of the request-
ed tests by the HPPL price for each test [16]. The amount
and distribution of costs and the test consumption be-
tween 2017 and 2018 were evaluated by comparing the
rates among the health-care facilities. All inpatient and
outpatient tests performed in the medical biochemistry
laboratory were also evaluated according to the depart-
ment, and the 25 (OH)D test was evaluated individually.
The tests were listed by cost, and the ten costliest tests
per year were evaluated. Turkish Ministry of Health gave
permission for the data to be published (27.11.2019/
95741342020, permission date and number).

Statistical Analysis

Study data was conveyed in the SPSS statistical package
program (version 20.0; SPSS, Inc., Chicago, IL, USA) for

analysis. Statistics were given as numbers and percentages.

RESULTS

The total number of tests performed by medical bio-
chemistry laboratories obtained through the electronic
health system in 2017 and 2018 was 1.424.948.155 and
1.713.134.326, respectively. When these laboratories are
evaluated on the basis of the department in these years, the
cost rates calculated for both years are given in Table 1. The

number of 25 (OH)D tests analyzed in the same years was
8.698.393 and 13.919.127, respectively ('Table 2).

The number, cost, and increase rates of 25 (OH)D tests
analyzed by health-care facility types in 2017-2018 are
given in Table 2. When we evaluated government facilities
individually in 2017 and 2018, 6.531.683 and 8.966.537

TABLE 1. Cost rates for medical biochemistry laboratories
based on departments in 2017-2018

Departments 2017 (%) 2018 (%)
Clinical chemistry 35.95 36.20
Immunoassay 34.54 36.09
Complete blood count 8.59 8.32
Coagulation 6.44 6.36
Urine analysis 4.64 4.39
High pressure liquid chromatography 2.03 2.04
Blood gas 1.95 2.34
Toxicology 1.57 1.57
Trace elements 1.33 0.13
Point of care test 0.81 0.65
Erythrocyte sedimentation rate 0.74 0.70
Metabolism and Chromatography 0.68 0.65
Other 0.34 0.16
Electrophoresis 0.23 0.23
RIA 0.10 0.10
Gaita 0.07 0.08

RIA: Radioimmunoassay.

25 (OH)D tests were performed in general hospital labo-
ratories, respectively (Table 2). However, primary health-

care laboratories carried out 1.028.731 and 2.212.666 25
(OH)D tests for the same years, respectively.

As a result, the consumption of general hospital labo-
ratory 25 (OH)D tests increased by 37%, while primary
healthcare laboratory consumption steeply increased by
115.09%. When we evaluated public laboratories in terms
of costs, the cost increase rate was 7.17% for general hospi-
tal laboratories and 61.32% for primary health laboratories.

TABLE 2. Number of 25(0H)D tests and cost and increase rates between 2017 and 2018 by health institution type

Test number Cost (TL)
Test number Total Cost
2017 2018 Rise rate 2017 2018 Rise rate
(%) (%)

Government Health-care facilities 6.531.683 8.966.537 37 166.557.917 171.485.020 3
Private health-care facilities 1.191.043 1.848.735 55 30.371.597 35.357.057 16
University health-care facilities 975.667 1.409.474 44 24.879.509 26.956.190 8
Total 8.698.393 13.919.127 60 221.809.020 273.366.954 23
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The top-ten costliest tests evaluated according to
the health-care facilities, the number of requested tests,
and the cost rates within biochemistry laboratory tests
for the years 2017 and 2018 are given in Table 3. When
we evaluated tests individually, the consumption rates
of the 25 (OH)D test were 0.68% (Rank 42"), and
0.84% (Rank 40%), while the cost ratios were 6.88%
and 6.72% for 2017 and 2018.

The ten costliest tests were evaluated; while 25(OH)
D, urine analysis, TSH, PT, and creatinine tests were the
same in all health institutions, Vitamin B12 and free T4
tests were in both public and private healthcare facilities.
Ferritin and Troponin I tests were only in public health
institutions; CRP and ALT tests were in private health-
care institutions; and PT;, procalcitonin, blood gas anal-
ysis, and blood urea tests were in university healthcare
institutions (Table 3). The top ten costliest tests were
evaluated in primary health care facilities between 2017
and 2018; while CBC, 25(OH)D, Vitamin B12, TSH,
Free T4, Free T3, Ferritin, LDL cholesterol, and HbA1c
test were the same, the 1,25-Dihydroxy Vitamin D test
in 2017 and the folic acid test in 2018 were on the list.
The 25(OH)D test was second in 2017 but was the most
expensive test in 2018 (Table 4). The costliest top ten
tests did not differ between years. The order of the tests
also did not change between the 2 years, except for the
PT and Vitamin B12 tests (Table 5).

DISCUSSION

In the study, the increase in test consumption in medi-
cal biochemistry laboratories was 20%, and the rate of
increase in cost was 14.20% in 2-year periods. The rate
of increase in health services expenditures in Turkiye be-
tween 2010 and 2018 was 268%, and it is noteworthy
that this increase accelerated significantly after 2012.
Especially in 2017 and 2018, the increase in all health ser-
vice expenditures was 17.48%, while the increase in labo-
ratory test costs was less [7]. Laboratory expenditures on
the basis of departments did not change much between
the 2 years; it was observed that the most demanded and
costly department was clinical chemistry, and the second
test department was the immunoassay group. In a study
by Mouseli et al. [8], laboratory expenditures were clas-
sified as direct (reagents and human resources) and in-
direct (water and electricity supply, etc.), and the largest
expenditures among direct costs were in the immuno-
chemistry group (23.03%) and the clinical chemistry
group 20.84%. In a study covering the years 2006—-2009

in Taiwan, it was shown that clinical chemistry had the
highest rate of direct expenditure, seroimmunology tests
were the second group, and hematological tests were the
third group, and these results are similar to the results of
our study [18]. When the tests are evaluated individually,
in another study conducted in Australia, CBC was the
most requested and costly test between 2000 and 2010.
This study also showed that 25(OH)D testing expenses
increased by 59% from 1.02 million to 96.7 million over
a 10-year period [19]. We also determined that the de-
mand growth rate for the 25(OH)D test was 60%, the
test cost increased 23% in the 2-year period, and both
were above the total laboratory consumption and costs.
The discordance between the consumption rate and cost
rate between the 2 years was related to the 30% decrease
in HPPL test price after June 2018.

In recent years, interest in Vitamin D has increased
both in the wotld and in our country, due to reasons such
as revealing its relationship with diseases, increasing sci-
entific publications, and the influence of the media. In a
study conducted in 2008, it was emphasized that the de-
mand for any laboratory test did not increase by 80—90%,
as in 25(OH)D [20]. In another study conducted by
Bilinski and Boyages (women aged 45—74 years) between
2001 and 2011, the number of 25(OH)D tests and the
number of bone densitometers were compared, and it was
shown that there was a significant increase in 25(OH)D
test requests compared to the number of bone densito-
meters [21]. In our study, the number of laboratory test
requests and the inconsistent increase rate of 25(OH)D
test demand over the 2-year period are similar to the re-
sults published in the literature in recent years [20, 21].

There are studies showing that the 25 (OH)D test
is unnecessarily requested by primary care physicians
around the world as a screening test independent of clin-
ical diagnosis or pre-diagnosis. In the UK, Basatemur et
al. [22] evaluated 772.525 25 (OH)D levels of healthy
children (1-17 years old) requested by 156 family phy-
sicians between 2000 and 2014, reporting an increase
in both test demand and prescriptions. They showed
that this increase was more pronounced, especially after
2008, and was 15 times greater between 2008 and 2013.
In another study, comparing the numbers of 25 (OH)
D tests in 2006—2007 and 2012-2013, Rodd et al. 23]
showed that the number of tests performed increased
from 4,854 to 20,089, and they emphasized that family
physicians were responsible for this trend. In addition, a

study conducted in the UK showed that the demand for
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TABLE 4. Top ten most costly tests in primary health care
laboratories in 2017-2018

TABLE 5. Top ten most costly tests in general hospital labo-
ratories in 2017-2018

Test name Test Cost Test Cost Test name Test Cost Test Cost
number rate  number rate number rate number rate
2017 (%) 2018 (%) 2017 (%) 2018 (%)
2017 2018 2017 2018
CBC 9.789.749 10.9 13.805.890 10.4 CBC 64.817.872 7.81 70.793.605 7.56
25-OH-D 1.028.731 9.7 2.212.666 11.2 25-OH-D 6.485.066 6.64 8.914.500 6.39
Vitamin B12 3.200.523 59 5.175.920 6.5 Urine analysis 21.960.963 441 23.804.760 4.24
TSH 3.464.615 5.8 5.335.789 6.0 TSH 22.275.395 4.03 24.631.594 3.95
Free T4 2.831.497 4.7 4.286.361 4.8 Vitamin B12 15.098.533 3.03 17.485.067 3.11
Ferritin 2.347.566 4.3 3.910.135 4.9 PT 12.841.072 3.09 14.198.685 3.03
Free T3 2.198.440 3.7 3.111.952 35 Free T4 15.181.154 2.74 16.929.050 2.71
LDL cholesterol 3.404.472 3.2 5.043.268 3.2 Creatinine 56.249.392 2.49 64.442.254 2.52
(Hb A1C) HPLC 443.670 2.8 579.511 2.5 Troponin I 6.609.392 2.39 7.729.208 2.48
1.25-Dihydroxy vitamin D 287.479 2.7 Ferritin 11.574.090 2.32 13.757.821 0.52
Folate 1.704.919 2.8

CBC: Complete blood count; 25-OH-D: 25-hydroxy Vitamin D; TSH: Thyroid
stimulating hormone; Free T4: Free thyroxine; Free T3: Free triiodothyronine;
LDL cholesterol: Low-density lipoprotein cholesterol; Hb A1C: Hemoglobin Alc;
HPLC: High-performance liquid chromatography.

25 (OH)D tests in family medicine increased 11 times
(24]. Bilinski et al. [9] also stated that the demand for
25 (OH)D tests increased 94 times between 2000 and
2010 and emphasized that this increase was mainly due
to family physicians. In our study, the increase in demand
for the 25 (OH)D test according to the type of institu-
tion did not show a significant difference in the 2-year
period. Similar to other studies, a large mismatch was
observed between general hospital laboratories and pri-
mary care laboratories in government-owned health-care
facilities. Although the demand for 25 (OH)D testing
increased by 7.17% in general hospital laboratories, the
rate of increase in primary care laboratories is as high as
61.32%. This dissonant increase in vitamin D tests may
be related to increased public interest in media influ-
ence, the demonstration of vitamin D’s association with
chronic disease, and the inclusion of the test in the pri-
mary health laboratory panel in recent years.

Recent studies show that unnecessary, inappropriate,
and uncontrolled test requests in medical laboratories ad-
versely affect healthy individuals and may lead to harmful
treatments [25-27]. Measuring 25(OH)D concentra-
tions is a good example and is not recommended as a rou-
tine screening test. As a result of this report, unless there
is a definite indication, test requests from primary health-

CBC: Complete blood count; 25-OH-D: 25-hydroxy vitamin D; TSH: Thyroid
stimulating hormone; PT: Prothrombin time; Free T4: Free thyroxine.

care institutions are unnecessary, and inappropriate, and
far from evidence-based medicine. Currently, there is no
consensus on testing and frequency for the diagnosis of
25 (OH)D deficiency. The Bone and Mineral Society of
Australia, the American Society of Endocrinology and
the Society of Endocrinology, and Metabolism of Tur-
kiye do not recommend routine screening of the popula-
tion for 25 (OH)D testing. However, it is recommended
to screen only those at high risk of deficiency.

Our study has some limitations: the study only includ-
ed 2-year results, the 25(OH)D method of measurement
was not specified, clinical correlations were not evaluated,
prescription rates and cost were not evaluated, repeated
testing was not evaluated, HPPL cost analysis was per-
formed only, the purchase price of the test was not eval-
uated, and the profitability was not calculated. Further
studies addressing these will further elucidate the issue.

Conclusion

In order to prevent unnecessary and inappropriate
test requests, it will be beneficial for health managers
and policymakers to evaluate the demanding clinics
and the test demand according to clinical correlation
and time interval. Accordingly, laboratory information
systems test demand constraints in line with national
and international guidelines, SSI policies, and HPPL

price management are important issues to support
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evidence-based medicine and health management.
In addition, it may be beneficial to conduct test an-
alyzes with more sophisticated systems and develop
new health policies that will reduce the number of
unnecessary tests with artificial intelligence programs
in order to prevent the health costs of the increasing
population in the future.
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