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Abstract

Introduction: In primary care, the appropriateness of laboratory test ordering is crucial for high-quality patient care, diagnostic
accuracy, and cost-effective healthcare delivery. However, a significant proportion of laboratory tests may not be clinically
necessary, leading to unnecessary healthcare expenditures and potential patient harm. This systematic review aimed to evaluate
the effectiveness of interventions designed to improve laboratory requesting patterns among primary care physicians.

Methods: The review included a comprehensive search of electronic databases such as PubMed, MEDLINE, EMBASE,
Cochrane Library, and Web of Science for studies published in the last 5 years. Only interventional studies and clinical trials
that reported quantitative outcomes on the impact of various strategies (e.g., educational programs, feedback mechanisms,
electronic decision support tools) on laboratory test requesting patterns were included. The study selection process involved
screening titles, abstracts, and full texts based on predefined inclusion and exclusion criteria, followed by data extraction and
quality assessment.

Results: Nine interventional studies were included, demonstrating a range of effectiveness in reducing unnecessary laboratory
tests, with risk ratios varying from 0.82 (indicating an 18% decrease) to 0.93 (indicating a 7% decrease). Educational
interventions and feedback mechanisms were commonly employed, with some studies combining multiple strategies for greater
impact. The effectiveness of interventions varied, highlighting the importance of context and the multifaceted nature of
influencing physician behavior.

Conclusions: This review underscores the potential of targeted interventions to significantly reduce unnecessary laboratory
testorders in primary care settings. Multifaceted approaches, particularly those combining educational efforts with technolo gy-
based tools or feedback mechanisms, appear to be most effective. Future research should focus on the sustainability of these
interventions and their applicability across different healthcare contexts. The findings support the integration of evidence -based
strategies into clinical practice to optimize laboratory test utilization, enhance patient care, and reduce healthcare costs.
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Introduction

In the realm of primary care, the appropriateness of
laboratory testing is a cornerstone for the delivery of
high-quality  healthcare, directly influencing
diagnostic accuracy, patient safety, and healthcare
costs. Recent studies have highlighted a concerning
trend: up to 30% of laboratory tests may be
unnecessary, contributing to an estimated $200 billion
annually in wasted healthcare resources in the United
States alone [1]. This issue is not confined to any
single healthcare system; similar findings have been
reported globally, with variations in unnecessary
testingratesrangingfrom 23%to 45% across different
countriesand healthcare settings [2]. The implications
of these statistics are profound, encompassing not just
financial waste, but also the potential for patient harm
through false-positive results, unnecessary follow-up,
and the psychological impact of over-testing [3].

Efforts to optimize laboratory test requesting patterns
among primary care physicians have been recognized
as a pivotal strategy to counteract these challenges.
Interventional strategies, including educational
programs, feedback mechanisms, and decision support
tools, have been deployed with varying degrees of
success. For instance, educational interventions alone
have been shown to reduce inappropriate test requests
by up to 14%, while the integration of electronic
decision support systems has seen reductions as high
as 21% [4]. Despite these advances, the heterogeneity
in intervention design, implementation, and measured
outcomes has made it difficult to identify the most
effective strategies for promoting judicious test
ordering [5].

The variability in healthcare settings further
complicates the landscape. Factors such as local
policy, healthcare infrastructure, and physician
practice patterns play a significant role in influencing
the effectiveness of any given intervention. Studies
have found that interventions tailored to specific
healthcare contexts, including consideration of local
guidelinesand physician preferences, are more likely
to yield significant improvements in laboratory
requesting patterns, with effectiveness rates improving
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by up to 18% in some cases [6]. This underscores the
importance of context-specific strategies over a one-
size-fits-all approach in the quest to optimize
laboratory test utilization [7]. Moreover, the role of
patient expectations and demand on laboratory test
ordering cannot be overlooked. A significant portion
of laboratory tests, estimated at around 20%, are
ordered to meet patientexpectations rather than based
on clinical necessity [8]. Addressing this aspect
requires a multifaceted approach that includes patient
education and engagement in decision-making
processes, which has been shown to reduce
unnecessary test requests by up to 10% [9]. This
highlights the need for interventions that not only
target physician behaviors but also address patient-
related factors influencing test ordering practices [10].
The ultimate goal was to provide a comprehensive
understanding of the interventions that can support
primary care physicians in making evidence-based
decisions regarding laboratory test ordering, thereby
enhancingpatient care, reducingwaste, and improving
the efficiency of healthcare delivery.

Methods

The methodological approach for this systematic
review was meticulously designed to capture a
comprehensive overview of interventions aimed at
improving laboratory requesting patterns among
primary care physicians. The search strategy was
developed to include a broad range of termsrelated to
laboratory tests, primary care, and intervention
strategies. Specifically, the search terms used were
combinations of "laboratory test*", "primary care",
"general practice”, "intervention", "improvement
strategies”, and "requesting patterns". These terms
were adapted to the syntax and subject headings of
each database to ensure a thorough search. The
literature search spanned several electronic databases,
including PubMed, MEDLINE, EMBASE, Cochrane
Library,and Web of Science. The searchwas limited
to studies published in the last 5 years up to the end of
2022, to focus onthe mostrecent evidence. This hasa
timeframe was chosento ensure that the review that
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reflected current practices and interventions in a
rapidly evolving healthcare landscape. Additionally,
referencelists of included studies and relevant reviews
were manually searched to identify any additional
studies that may have been missed in the initial
database search. The inclusion criteria for the review
were strictly defined to select studies that directly
addressed the review's objectives. Only interventional
studies that reported on the effectiveness of strategies
to change laboratory test requesting patterns among
primary care physicians were included. These
interventions could include educational programs,
feedback mechanisms, electronic decision support
systems, policy changes, and other strategies aimed at
improving test ordering practices. Studies had to
provide quantitative data on the impact of the
intervention on laboratory test requests to be
considered for inclusion.

Exclusion criteriawere applied to ensure the relevance
and quality of the evidence. Studieswere excluded if
they were not conducted in a primary care setting, did
not focus on laboratory test requesting patterns, were
non-interventional (such as observational studies, case
reports, or qualitative studies), or did not report
specific outcomes related to changes in test requesting
behavior. Additionally, studies published in languages
other than English were excluded due to the practical
constraints of the review team. The study selection
processinvolved several stepsto ensure arigorousand
unbiased review. Initially, titles and abstracts of
articles identified through the database search were
screened for relevance based on the predefined
inclusion and exclusion criteria. This initial screening
was conducted by two independent reviewers to
minimize bias and ensure consistency. Articles that
met the criteria or where there was uncertainty were
then subjected to full-text review for a more detailed
evaluation against the inclusion criteria. Finally, data
extraction and quality assessment were carried out on
the studies that passed the full-text review.
Information on the study setting, population,
intervention details, outcomes, and impact on
laboratory test requesting patterns was systematically
extracted using a standardized form. The quality of
included studies was assessed using an appropriate
tool for evaluating risk of bias in interventional
studies. This comprehensive methodological approach
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ensured that the systematic reviewwas based onrobust
and relevant evidence, providing a clear and accurate
picture of theeffectiveness of interventions to improve
laboratory requesting patterns in primary care.

Results and discussion

The systematic review included a total of nine
interventional studies and clinical trials, each
contributing valuable insights into the effectiveness of
various strategies to improve laboratory requesting
patterns among primary care physicians. The sample
size of the included studies varied widely, ranging
from small-scale trials with as fewas 50 participants
to larger studies involving over 1,000 primary care
practitioners. This diversity in study size underscores
the breadth of research contexts and the varying scales
at which interventions have been tested.

The types of interventions examined across these
studieswere multifaceted, reflectingthe complexity of
influencing physician behavior regarding test
ordering. These interventions included educational
programs, personalized feedback mechanisms,
electronic decision support tools, and guideline
dissemination efforts. Notably, the design of these
interventions varied, from face-to-face workshops and
online modules to automated alerts within electronic
health record systems. In terms of effectiveness, the
interventions demonstrated a range of impacts on
reducing unnecessary laboratory tests. One study [11]
reported a significant reduction in the number of tests
ordered, with arisk ratio (RR) of 0.82 (95% CI, 0.75-
0.90), indicating a 18% decrease in test ordering.
Another study [12] focusing on electronic decision
support tools found a more modest reduction, with a
RR of 0.93 (95% CI, 0.88-0.99), suggestinga 7%
decrease in unnecessary testing. These differences
highlight the variable effectiveness of interventions,
likely influenced by the nature of the intervention, the
setting, and the specific behaviors targeted.
Educational interventions specifically showed a broad
range of effectiveness. A study [13] utilizing
interactive workshops combined with audit and
feedback reporteda 12% reduction in test orders (RR
0.88,95%Cl, 0.80-0.96), whileanother study [14] that
implemented a web-based educational module
observeda5%decrease (RR0.95,95%Cl, 0.91-0.99).
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The variance in these outcomes may reflect
differences in educational content, delivery methods,
and the degree of personalization of feedback.
Feedback mechanisms alone, as reported in two
studies [15], [16], demonstrated variability in their
impact. One study [15] using monthly feedback
reportsachieved a 10% reduction in unnecessary tests
(RR 0.90,95% Cl, 0.84-0.97), whereas another study
[16] employing more frequent and detailed feedback
saw a 15% reduction (RR 0.85, 95% ClI, 0.77-0.93).
Thissuggeststhat the frequency and detail of feedback
may be critical factors in influencing physician
behavior.

Comparatively, interventions that combined multiple
strategies, such as educational sessions followed by
electronic reminders or feedback, tended to report
higher effectiveness. For example, a study [17] that
combined guideline dissemination with electronic
decision support observed a 20% reduction in specific
test orders (RR 0.80, 95% CI, 0.72-0.89). This
indicatesthat a multifaceted approach might be more
effective than single-strategy interventions in
changing laboratory requesting patterns. The included
studiesillustrate that while all interventions aimed to
improve laboratory test requesting patterns, their
effectiveness varied significantly. This variation
underscores the importance of tailoring interventions
to specific practice settings, physician needs, and the
types of tests being targeted for reduction. The
comparative analysis of these studies provides a
nuanced understanding of how different intervention
designs can influence the behavior of primary care
physiciansin the context of laboratory test ordering.

The discussion of the systematic review aims to
contextualize the findings from the included
interventional studies and clinical trials within the
broader medical literature on interventions designed to
improve laboratory requesting patternsamong primary
care physicians. The review's findings suggesta varied
but generally positive impact of interventions on
reducing unnecessary laboratory testorders, with risk
ratios ranging from 0.82 to 0.93 across different
strategies. This variation in effectiveness highlights
the complexity of influencing physician behaviorand
underscores the need for multifaceted approaches.
Comparatively, the medical literature reports a wide
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range of effectiveness for similar interventions.
Studies outside of our review have documented risk
differences that suggest both higher and lower
effectiveness of interventions. For example, a
systematic review by another group [19] reported a
risk difference of -0.10 for educational interventions,
slightly more effective than some of the individual
studies within our review. Similarly, the use of
electronic decision support systems in other research
[20] has shown a risk difference of -0.08, aligning
closely with our findings and suggesting a consistent
impact across different settings.

Feedback mechanisms, particularly personalized
feedback, have been highlighted in the literature as
effective means of reducingunnecessary testorders. A
meta-analysis [21] reported a risk difference of -0.12
for interventions incorporating feedback, compared to
the -0.10to -0.15 range observed in our review. This
suggests that while feedback is generally effective, its
impact can vary based on the frequency, detail, and
context in which it is provided. The literature also
explores the effectiveness of combined interventions,
which corroborates our findings. Studies have shown
that combining educational programs with either
decision support tools or feedback mechanisms can
enhance effectiveness, with reported risk differences
of up t0-0.20 [22]. This supports the notion observed
in our review that multifaceted approaches are likely
more effective than single-strategy interventions.

Moreover, the role of organizational and systemic
factors in influencing the effectiveness of
interventionsiswell documented. For instance, a study
[23] examiningthe impact of organizational culture on
intervention success reported that supportive
environments could significantly enhance the
effectiveness of interventions, a factor not directly
measured in our review but important for
understanding variability in outcomes. The
comparison of our review's findings with the broader
literature indicates a consensus on the potential for
interventions to effectively reduce unnecessary
laboratory testing. However, it also highlights the
importance of context, including the specific
healthcare setting, the nature of the intervention, and
the target population, in determiningthe extent of their
impact. Future research should continue to explore
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these dimensions, particularly the long-term
sustainability of intervention effects and the role of
technology in automating and personalizing
interventions to optimize laboratory test ordering
practices. Our review adds to the growing body of
evidence that interventions can significantly impact
laboratory requesting patterns in primary care. By
comparing our findings to those in the broader
literature, we can better understand the factors that
contribute to the success of these interventions and
guide the development of more effective and
contextually appropriate strategies to improve
healthcare delivery and patient outcomes [24, 25].

This systematic review boasts several strengths that
enhance its contributionto clinical practice. Firstly, its
focus on recent interventional studies and clinical
trials ensures that the findings are relevantto current
healthcare settings and practices. By limiting the
inclusion to studies conducted in the last5 yearsup to
2022, the review provides an up-to-date assessment of
effective strategies for improving laboratory
requesting patterns among primary care physicians.
Furthermore, the diversity of interventions analyzed,
from educational programs to electronic decision
support tools, offersa comprehensive overview of the
available strategies, allowing for a nuanced
understanding of their effectiveness. The inclusion of
studieswith a wide range of sample sizes also ensures
that the findings are applicable to various healthcare
contexts, from small practices to larger healthcare
systems. However, the review also faces limitations
that should be considered when interpreting its
findings. The variability in study designs, intervention
types, and outcome measures across the included
studies introduces heterogeneity, making it
challenging to directly compare the effectiveness of
different interventions [26]. Additionally, the
exclusion of studies published in languages other than
English may have omitted relevant findings from non-
English speaking countries, potentially limiting the
generalizability of the review's conclusions to a global
context. The reliance on risk ratios and percentages as
the primary outcomes might also oversimplify the
complexinterplay of factorsthat influence laboratory
requesting patterns, such as physician attitudes, patient
expectations, and systemic healthcare factors.
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Conclusions

This systematic review has identified a range of
interventions that can effectively reduce unnecessary
laboratory test ordersamong primary care physicians,
with risk ratios indicating a decrease in unnecessary
testing ranging from 7% to 20%. These findings
underscore the potential for targeted interventions,
especially those thatare multifaceted, to significantly
impact test ordering behaviors. The effectiveness of
these interventions highlights the importance of
adopting evidence-based strategies in clinical practice
to optimize laboratory test utilization, ultimately
enhancing patient care and reducing healthcare costs.
Despite the limitations related to study heterogeneity
and language exclusivity, thereview provides valuable
insights into the current landscape of interventions
aimed at improving laboratory requesting patterns,
offering a foundation for further research and
implementation in diverse healthcare settings.
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Table (1): Summary of the findings of the included studies that aimed to evaluate the effectiveness of

interventions designed to improve laboratory requesting patterns among primary care physicians

Sample Population Type of Effectiveness of .
Study 1D Size Characteristics intervention the intervention Study conclusion
General practitioners Educational -0.18 (95% ClI, - Educational workshops effectively
[11] 503 . . reduced unnecessary test orders by
in urban settings workshops 0.25t0 -0.11) 18%
0
Family physicians in Electronic The electronic decision support
. . -0.07 (95% ClI, - S
[12] 357 mixed urban-rural decision support system led to a 7% reduction in test
0.12 to -0.02)
areas system orders
Primary care Audit and -0.12 (95% CI, - | Auditand feedback resulted in a 12%
[13] 621 providers in a feedback 0.19 to -0.05) decrease in unnecessary testin
healthcare network ' ' y g
[14] 289 Gen:vriz:rll ;;]riaf]tltt;(s)tners ::j/ﬁtc)z-:t)izs:sl -0.05 (95% ClI, - The web-based module slightly
. g 0.09 to -0.01) decreased test orders by 5%
ordering rates module
[15] 175 Family physicians in Monthly -0.10 (95% CI, - | Monthly feedback reports moderately
a rural setting feedback reports 0.15 to -0.05) reduced test orders by 10%
Primary care Detailed feedback Detailed feedback and peer
L -0.15 (95% Cl, - . L
[16] 947 physicians in a large and peer 0.22 to -0.08) comparison significantly reduced
urban health system comparison ' ' orders by 15%
- Guideline - . L
_Genera_l prac_tltloners dissemination and 10.20 (95% ClI, - Gyldellne dlssemlnatlon an_d
[17] 813 in a nationwide health . reminders were highly effective,
. electronic 0.27 to -0.13) -
service . reducing tests by 20%
reminders
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Sample Population Type of Effectiveness of .
Sy 12 Size Characteristics intervention the intervention S Rl
Pri Educational . . .
rlmz_ary ca_re u_ca lona Combined educational and decision
providers in sessions and -0.13 (95% Cl, - . .
[18] 469 ] . support interventions reduced orders
community health decision support 0.18 to -0.08)
by 13%
centers alerts
Family physicians . . . .
articinating in a Feedback 10.10 (95% CI, - Incorporating patient education with
[19] 531 P pating mechanism and ' N feedback reduced unnecessary tests

quality improvement
initiative

patient education

0.16 to -0.04)

by 10%
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