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Abstract

Objectives: Clinical biochemistry laboratories (CBL) are the
most frequently utilized laboratory group in healthcare, and
their significance in patient care is indisputable. This study
investigated the frequency and pattern of test utilization rate
in CBL at two large hospitals’ outpatient and inpatient clinics.
Methods: A total of 43,732,428 CBL tests, including clinical
chemistry, immunoassay, coagulation, specific proteins, CBC,
and urinalysis, were conducted for 12,182,382 patients across
two large hospitals in different settings between 2018 and
2022. These tests were analyzed alongside patient admissions
data, with a focus on the distribution across various clinics.

Results: A total of 94 % and 93 % of those admitted to Hos-
pitals 1 and 2 were outpatients. They had applied to CBL
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laboratories for 27.1-30.3 % of outpatients and 81.2—88.7 % of
inpatients for at least one test. When analyzing the rates at
which laboratory tests were requested for outpatients, it was
found that emergency departments had the highest test-
requesting rates, ranging from 19.99 to 45.36 %. This was
followed by internal medicine clinics, with rates ranging
from 13.77 to 14.8 %, and inpatient intensive care units, with
rates between 24.31 and 30.14 %. Outpatients had 10-11 test
requests for each patient and 16-31 for inpatients. The most
frequently requested laboratory tests were CBC, glucose,
creatinine, urea, AST and ALT in two hospitals.
Conclusions: Despite significant variations in location,
structure, medical staff, and patient demographics, approxi-
mately one-third of outpatients and 85 % of inpatients at these
hospitals undergo testing in CBL. CBLs are essential for
screening, diagnosis, prognosis, and healthcare treatment.

Keywords: test ordering; frequency of laboratory testing;
outpatients; inpatients; clinical biochemistry laboratory

Introduction

The contribution of clinical laboratories to clinical practice in
diagnosis, screening, risk analysis, treatment, prognosis, and
treatment follow-up is indisputable. Although laboratory tests
influence 70 % of medical decisions, this information is often
based on observations and lacks sufficient evidence [1-4].
Surveys by Rohr et al. in oncology and cardiology clinics in
Germany and the United States revealed that in vitro diagnostic
products (IVD) were used in 75 % of patients, while laboratory
tests affected clinical decisions in 66 % of cases. In this study,
IVD products were utilized in 88 % of initial diagnoses, 77 % in
treatment follow-up, and 72 % in post-treatment follow-up.
Moreover, research on evidence-based clinical guidelines in-
dicates that at least 80 % of guidelines for diagnosis or disease
management require laboratory testing [5].

We have limited detailed information regarding the
utility rate and pattern of clinical biochemistry laboratory
(CBL) tests. Some study results have indicated that

3 Open Access. © 2024 the author(s), published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0 International License.
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laboratory tests were used in 41 % of emergency room cases
requiring IVD products [6], 38 % of general internist visits,
29 % of family physician visits [7, 8], and 33.9 % of primary
care physician visits [9].

This study aimed to find out how often CBL tests are used
in hospitals, which departments request them the most, and
what types of tests are commonly requested. We looked at how
inpatients and outpatients from different departments use
these tests. We also explored how CBL test distributions vary
across departments. Additionally, we investigated the link be-
tween test requests and insurance reimbursement.

Materials and methods

This study included two major public hospitals, which were distinct in
their geographical locations and clinical infrastructures. Hospital 1,
known as Digkapi Yildirim Beyazit Education and Research Hospital, is
situated in Ankara, in the Central Anatolia region of Turkey. The
hospital has a total capacity of 760 beds, with approximately 127
dedicated to intensive care. It employs around 1,090 physicians, of
which about 440 are specialists, and has a total staff of approximately
5,300. In its emergency department, 17 specialists work 24-h shifts.
Notably, Hospital 1 does not include obstetrics, maternity, and
children’s inpatient wards, as there are specialized hospitals for
these services in the nearby area. Between 2018 and 2021, Hospital 1
attended to 9,986,792 patients and processed 32,615,152 clinical
biochemistry test results.

Hospital 2, also known as Evliya Celebi Training and Research
Hospital, is located in Kiitahya, Turkey, within the Aegean Region. This
hospital has a total of 770 beds, 200 of which are dedicated to intensive
care. It employs approximately 460 doctors (122 of them are specialist
physicians) and has a total workforce of 2,200 employees. Between 2020
and 2021, Hospital 2 conducted 11,117,276 CBL tests for 2,195,590 patients.

The study was approved by the Ethics Committee of the University
of Health Sciences, Digkapi Training and Research Hospital. It was
conducted according to the Declaration of Helsinki (25.04.2022, 136/17).

In this study, 85 tests (such as clinical chemistry, immunoassay,
coagulation, specific proteins, complete blood count CBC, and urinalysis)
were examined among those conducted by CBL. These tests are also
shown in Supplementary Material 1.

The data were collected from the Hospital Information System
(HIS) named Origo and the Laboratory Information System (LIS) named
ALIS, both of which are commercial products of Ventura Software Inc.
Data were queried by authorized and expert personnel using Oracle
Database 11g Enterprise Edition Release 11.2.0.4, SQL, and PLSQL for
both hospitals. The study data does not include any personal informa-
tion about the patients. Additionally, Microsoft Excel was used for
descriptive analysis and graphical representations.

Results

The data for Hospitals 1 and 2 includes numbers of patient
visits, clinical distributions of CBL tests, percentages of
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patients requiring lab tests, and average test requests per
patient, as detailed in Tables 1 and 2, and Figures 1 and 2.

Analyzing Hospital 1’s data from 2018 to 2021, we find
that 94% of patients were outpatients. Twenty-seven
percent of outpatients and 81.2% of inpatients sought at
least one CBL test. On average, outpatients required 10 tests
each, while inpatients needed 16 biochemistry tests (Table 1,
Figure 1A). When examining the CBL test requests, it was
found that 19.99 % of outpatients were referred to the
emergency department, 14.08 % to internal medicine, and
9.33 % to family medicine. Among inpatients, the top three
departments requesting CBL tests were intensive care
(30.14 %), emergency services (8.82%), and chest diseases
(5.30 %). At Hospital 1, it was noted that an average of 10 tests
per outpatient and 16 tests per inpatient were requested.

Hospital 2’s data shows that 93 % of their patients were
outpatients. Among these, 30.3 % of outpatients and 88.7 % of
inpatients requested a CBL test. Additionally, 45.36 % of
outpatient CBL test requests came from the emergency
department, 13.77 % from internal diseases, and 5.58 % from
pediatric services. The top three inpatient departments
requesting CBL tests were intensive care (24.31 %), infectious
diseases (15.01%), and internal diseases (14.19 %). On
average, Hospital 2 requested 11 tests per outpatient and 31
for inpatients (see Table 2, Figure 1B).

The COVID-19 pandemic significantly impacted test re-
quests in Hospital 1, particularly for CRP, d-dimer, and
additional tests like ferritin and fibrinogen (Figure 3). These
tests saw a 2- to 100-fold increase, significantly affecting
hospital operations, costs, and reimbursements.

In Hospitals 1 and 2, the intensive care units had the
highest number of test requests per patient (77 and 109 tests,
respectively). CBL tests were ordered for almost all patients
(>99 %) in these units.

Our review of CBL test requests found notable patterns
in Hospitals 1 and 2. For outpatients at Hospital 1, the most
frequently requested tests were CBC, creatinine and ALT,
with request rates of 6.4, 6.1, and 5.6 %, respectively. In
contrast, inpatients at this hospital most often required CBC,
creatinine, urea and K tests, with rates of 6.4, 6.0, 5.9
and 5.9 %, respectively (see Supplementary Material 2A,
Hospital 1).

At Hospital 2, the most common tests for outpatients
were glucose, creatinine, and CBC, with rates of 7.76, 6.89,
and 6.1%, respectively. The inpatient group showed a
similar trend, with glucose, creatinine, and CBC being the
most requested at rates of 6.6, 6.3, and 4.9 %, respectively
(Supplementary Material 2B, Hospital 2).

However, we observed a shift in test importance when
comparing the number of tests performed with their finan-
cial reimbursement (see Supplementary Material 3). At
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Figure 1: Percentage of patients for whom laboratory testing is ordered for

Hospital 1, around 50 % of the reimbursements were for
tests like 25-hydroxycholecalciferol (25(0H)D3), CBC, HbA;,,
PT, aPTT, TSH, BGA, procalcitonin, d-dimer, urinalysis,
and vitamin B12. Similarly, at Hospital 2, half of the
reimbursements were attributed to tests like d-dimer, CBC,
PT, troponin, CRP, aPTT, BGA, 25(0H)D3, ferritin, HbA;., and
glucose.

Discussion

The value of laboratory work within a healthcare system
is multifaceted, encompassing disease prevention, early
detection, accurate diagnosis, selection of appropriate
treatment, minimization of treatment delays, support in
recovery, reduction of disability, prevention or delay of
disease progression, and decreasing the reliance on long-
term care. These objectives are central to the purpose of
laboratory testing, as these tests play a crucial role in guiding
clinical decisions at each of these stages [10].

Various studies have examined utilizing laboratory tests
in healthcare [11, 12]. In a study by Ngo et al., it was found
that 35 % of patients had at least one laboratory test ordered.
However, this percentage varied significantly depending
on the patient care area. The study reported that 98 % of
inpatients, 56 % of emergency room patients, and 29 % of
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Hospital 1 (A) and Hospital 2 (B).

outpatients requested at least one laboratory test. In Ngo
et al’s study, the focus was on diagnostic tests, while all
non-diagnostic tests were excluded. A ‘diagnostic test’ was
defined as a procedure used to investigate a patient’s phys-
iological state, with the results helping doctors determine a
diagnosis or treatment plan. Diagnostic tests in this context
included radiology, vital signs, respiratory tests, invasive
cardiology tests, vascular laboratory tests, and pathology
laboratory tests. In contrast, non-diagnostic tests, which do
not influence a clinician’s diagnosis or medical judgment
(such as requests for medication, diet, or physical rehabili-
tation), were not considered. The study found that the most
common diagnostic tests were vital signs (53 %), laboratory
tests (26 %), and respiratory tests (18 %). For outpatients, the
most frequently used diagnostic tests were laboratory tests
(70 %), vital signs (18 %), and radiology tests (7 %). According
to the study, at least one of these diagnostic tests was
requested for 29 % of outpatients, 56 % of emergency room
admissions, and 98.2 % of inpatients [12]. Unfortunately, in
this study, since there was no information on which tests
were conducted in the laboratory, we could not compare
them with our findings.

The group of patients in outpatient services who require
laboratory tests for treatment monitoring typically in-
cludes those with chronic diseases needing regular labora-
tory tests, infectious diseases with mild symptoms, and
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Figure 2: Total test ratio of each department for Hospital 1 (A) and Hospital 2 (B).

individuals undergoing cancer follow-ups. However, not all
services necessitate laboratory testing; physical checkups,
routine outpatient follow-ups, and elective procedures often
do not require such tests [9]. The frequency of lab test re-
quests made by family physicians and general internists in
outpatient treatment varies, ranging between 29 and 38 %
[13]. These figures align with the findings of our study.
Additionally, our study provides detailed information about
the test request rates specific to each clinic.

In a study by Mwape et al. involving interviews with 80
clinicians, 96.2 % reported using laboratory tests in patient
management. Additionally, 77.5% of these clinicians
consistently rely on laboratory results to guide their

decisions in managing patient care. However, the study also
found that many physicians doubted the reliability of these
laboratory test results. This finding underscores the need for
better communication and interaction between laboratory
and clinical departments to bolster clinicians’ confidence in
laboratory data [14]. In a separate study by Moyo et al., which
surveyed 216 physicians, 70 % of the respondents said they
used laboratory tests. Moreover, they reported that 91 % of
the laboratory tests requested by clinicians were directly
related to patient management [15].

In our study, we focused exclusively on CBL tests. Other
types of laboratory tests, such as microbiology, pathology,
genetics, and radiology, were not included. We selected
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Figure 3: Change of d-dimer and CRP, ferritin, and fibrinogen test numbers (A) and rates (B) for Hospital 1 before and after the Covid 19 pandemic.

nearly all the tests that the CBL could perform. Our findings
showed that at least one CBL test was ordered for 27.0-30.3 %
of outpatients, between 81.2 and 88.7% of inpatients, and
19.9-44.7 % of emergency department patients. These data
highlight that clinical laboratory tests are among the most
frequently requested types in a laboratory setting. Addi-
tionally, our study provides detailed information regarding
the specific tests requested by various clinics.

Research on CBL test ordering is limited. Furthermore,
factors such as the country where the tests are ordered, the
structure of the health system, the impact of the pandemic,
hospital characteristics, healthcare provider status, eco-
nomic conditions, and other variables can vary greatly. Our

study was conducted in two hospitals, where we observed
significant differences in the frequency and pattern of test
utilization rate in CBL. Notably, in emergency services, there
was a marked difference in clinical laboratory admissions
(19.9 % in Hospital 1 and 45.36 % in Hospital 2). These vari-
ations could be attributed to the hospital’s location, its
structure, and particularly the impact of the Covid-19
pandemic. While Hospital 1 provided data from both pre-
and post-COVID-19 periods, Hospital 2’s data were solely
from the post-pandemic period. These findings demonstrate
that varying circumstances can significantly affect CBL test
orders. Despite these differences, the overall percentage of
patients for whom laboratory tests were ordered in both
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hospitals was similar (27.0-30.3% for outpatients and
81.2-88.7% for inpatients). In other studies, the rates of
laboratory test orders for patients have been reported as 41
and 56 % [8, 16]. However, our study is distinct in terms of
the definition of tests, duration, the breadth of data, distri-
bution across clinics, and being multicentric. These results
are vital for shaping the interaction between laboratories
and clinics. Based on this data, laboratory specialists will be
better positioned to understand which tests and clinics
require more focus. Particularly, CBL specialists should
establish strong communication channels with departments
like emergency medicine, intensive care, internal medicine,
endocrinology, and infectious diseases. Our study is the
most comprehensive in terms of CBL test utilization in the
existing literature.

The habits of physicians regarding laboratory test usage
in a country are intricately linked to that country’s health
system. In the case of Turkey, the health system reveals some
key figures. The per capita health expenditure is around
$665. Both private and public health systems operate in the
country, with 98 % of the population covered by health
insurance. The health resources are primarily funded by
taxes, with 7.5% collected from employees and 5% from
employers. Approximately 75.2 % of health expenditures are
financed by the public sector [17]. Within this framework,
medical examinations, treatments, and laboratory tests are
provided free of charge.

The clinics that most frequently require laboratory tests
include emergency services and internal medicine for out-
patients, as well as intensive care and internal diseases for
inpatients. Notably, the data from Hospital 2, which is based
on the post-Covid-19 pandemic period, shows a significant
increase in test requests for infectious diseases. A critical
finding of our study is that intensive care units, on average,
request a remarkably high number of Clinical Biochemistry
Laboratory (CBL) tests, ranging from 77 to 109 per patient,
for virtually all (>99 %) patients. This high frequency of
repeated and numerous CBL tests in the monitoring of
patients underscores the essential role of CBL laboratories in
patient care.

When analyzing the average number of tests requested
per patient, we found that 7.5 tests were ordered per patient
overall, with this number rising to 9.5 for those visiting the
internal medicine department. A similar study conducted in
America reported an average of 9.67 tests per inpatient,
highlighting that CBC was the most commonly requested test
[10, 18]. Our study yielded comparable results, with an
average of 10-11 tests for outpatients and CBC also being
among the most frequently used tests. However, our
research provided these data with more detailed break-
downs across different clinics. Regarding the emergency
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department, the patient population is diverse, including
cases of minor injuries, infectious diseases, severe acute
illnesses such as stroke and acute myocardial infarction,
and severe trauma. This wide range of conditions, from
simple to life-threatening, suggests that laboratory use in the
emergency department may be less than that in inpatient
services. Studies indicate a variance in the data, with 56 and
41% of individuals seeking emergency department care
requiring laboratory tests [8, 12]. Factors influencing this
include the population served, hospital location, the nature
of the emergency department, the economic structure of
the health system, and the choice of laboratory tests. In light
of this data, health policies can be developed regarding
which tests and units can be used for corrective and pre-
ventive actions in health expenditures.

Upon examining the test requests in CBL (see Supple-
mentary Material 1), it is evident that about half of the
laboratory tests in both hospitals are comprised of CBC,
glucose, creatinine, urea, ALT, AST, sodium, potassium,
bilirubins, and calcium. These tests are fundamental to
most CBL laboratories, offering high sensitivity for various
conditions and are primarily used for monitoring purposes
in patient care. However, a different picture emerges when
looking at the reimbursement data, which reflects the
laboratory’s income. Approximately 50 % of Hospital 1’s
laboratory income comes from tests like 25(0H)D, CBC,
HbA,, PT, aPTT, TSH, BGA, procalcitonin, d-dimer, urinal-
ysis, and vitamin B12. In Hospital 2, the main contributors to
reimbursement d-dimer, CBC, PT, troponin, CRP, aPTT,
BGA, 25(0H)D, ferritin, HbA,., and glucose. These findings
are significant in understanding the tests performed by
hospitals and their relationships with reimbursement.
They should be carefully considered in cost analysis and the
calculation of health expenditures.

Despite their clinical importance, laboratory tests
contribute only between 2 and 5 % to the overall healthcare
budget from an economic perspective, yet they are highly
profitable. Clinical laboratories are not just crucial for
patient care; they also serve as a significant economic asset
for healthcare systems. Some cost-analysis studies have
debated the need to de-emphasize the role of laboratory
medicine. These studies suggest that public laboratory ser-
vices could be reduced or that services could be outsourced
to private institutions outside of hospitals [19]. In line with
this, efforts are underway in Turkey to shift towards larger
central laboratories, separate from hospitals.

Conducting studies on the effectiveness of laboratory
tests is challenging, especially as different countries imple-
ment varied health system procedures. The task of deter-
mining the value of in vitro diagnostic products (IVDs) has
been particularly complex.
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Despite the clinical value of laboratory tests, from an
economic point of view, the impact of laboratory tests on the
healthcare budget is between 2 and 5 %. However, its prof-
itability is very high. Clinical laboratories are not only vital
to patient care but also represent a valuable economic
resource for healthcare systems. In some cost studies, the
concepts that will reduce the importance of laboratory
medicine and that public laboratory services can be reduced
or services can be obtained from private institutions other
than hospitals are discussed (19). Similarly, in Turkey, efforts
to turn to large central laboratories other than hospitals
have begun.

Studying the effectiveness of laboratory tests is com-
plex because health system practices vary across different
countries. The effectiveness of IVD products is defined by
their ability to deliver highly accurate (reliable and
reproducible) results within an optimal turnaround time.
Efficiency is measured by the ratio of clinical decisions
made (clinical benefit) to the costs incurred. Here, ’costs’
refer to the resources utilized for a specific process, while
‘utility’ is defined as the most accurate result achievable
based on the available evidence for a diagnostic test [20, 21].
Unfortunately, funding calculations for laboratory medi-
cine often prioritize the cost of tests over their clinical value
[22]. Our study did not include a cost analysis, which
requires detailed studies. Our knowledge in this area is
extremely limited. However, even the reimbursement data
indicate that laboratory tests contribute significantly to
hospital finances.

Our study has certain limitations, a primary one being
that we did not evaluate the appropriateness of laboratory
test requests. According to a meta-analysis by Zhi, inappro-
priate requests might constitute about 20.6 % of cases, with a
range between 16.2 and 24.9 % [19]. It’s possible that our
study aligns with these figures. We noted in particular that
tests such as Na, Cl, urea, and direct bilirubin may not be
necessary in certain clinical scenarios. This observation
leads us to believe that, especially in outpatient environ-
ments and clinics where such tests are not typically war-
ranted, these requests might be superfluous.

Nearly half of the malpractice cases due to diagnostic
errors are caused by not ordering the right diagnostic test,
with about a third resulting from diagnosis misinterpreta-
tion [23, 24]. This has led to a belief that to avoid malpractice,
doctors in our country might be recommending more lab
tests than necessary. To understand this better, studies
focusing on the reasons behind such trends are recom-
mended. While lab tests don’t greatly burden health system
finances, the costs of unnecessary tests are still significant
[25]. Reducing these unneeded tests could boost trust in
laboratory services. Too many test requests may cause
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‘Ulysses syndrome’, where a minor finding triggers a costly
and potentially harmful chain of further tests and proced-
ures, adding stress to healthcare systems [26]. Our study
is only a descriptive study. However, when the test fre-
quencies and patterns in our study are examined according
to clinical units, it shows that more comprehensive studies
on inappropriate tests or excessive test orders are needed.

Our study had a notable limitation: it only examined 85
laboratory tests listed in Supplementary Material 1. These
tests represent about 98 % of the workload in CBL at both
hospitals. Including additional tests would have made the
study and data analysis more complex. Since nearly every
patient is likely to have at least one of these tests, omitting
others does not greatly impact the percentage of patients
using laboratory services. We did not include tests from
microbiology, molecular genetics, pathology, or radiology.
In our country, as in many others, the areas of expertise,
operating procedures, and procurement systems in CBL
vary significantly. Due to these differences and limitations
in our current software infrastructure, it was not feasible
to add these tests to our study. Moreover, our goal was to
focus on the use of CBL tests, about which there is limited
literature.

Easy access to laboratory tests does not guarantee that
their use will result in sufficient health outcomes. They need
to be combined with the expertise of healthcare pro-
fessionals. Just adding a test to a healthcare system without
proper integration won’t yield the expected benefits. For
instance, in one study, point-of-care systems were intro-
duced to speed up tuberculosis diagnosis. While the detec-
tion of drug-resistant tuberculosis increased by 3-8 times,
there was no decrease in illness or death rates. This shows
that healthcare is complex and involves many factors. Sim-
ply improving diagnostic tests isn’t enough to enhance
patient outcomes [24, 27]. It is essential to have a holistic
view of health systems and to keep communication between
each unit of this system at a high level at all times.

Our study had a limitation where some patients were
moved between different clinics in the hospital, especially to
intensive care units. We counted these as separate visits to
each clinic.

In 2011, the Ministry of Health established the ‘Depart-
ment of Laboratory Services.’ This department conducted
significant work and later expanded to include microbi-
ology, genetics, pathology, radiology, tissue typing, and
nuclear medicine, renaming itself the ‘Department of
Examination and Diagnosis Services.” To enhance and stan-
dardize laboratory practices in Turkey, various ‘Good
Laboratory Practices’ were introduced. These include auto-
verification, laboratory consultation, reflex and reflective
testing, encouraging reasonable test requests and reducing
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unnecessary ones, standardizing critical value applications,
harmonizing measurement units, and standardizing test
reports. These practices are ongoing, and all laboratories are
regularly inspected to ensure compliance.

As a result, CBL is the most active and most frequently
tested laboratory group. Despite their low costs, CBL tests are
of vital importance for patient care. Clinicians, particularly
in internal medicine, intensive care and emergency services,
frequently and consistently rely on these tests for decision-
making. However, the use and frequency of these tests vary
greatly among hospitals and clinics. We need more
comprehensive studies on the effective use of CBL tests, their
clinical value and their effects on outcomes.
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