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Abstract

Background: Direct access of patientsto their web-based patient portal, including laboratory test results, has becomeincreasingly
common. Numeric laboratory results can be challenging to interpret for patients, which may lead to anxiety, confusion, and
unnecessary doctor consultations. Laboratory results can be presented in different formats, but thereislimited evidence regarding
how these presentation formats impact patients’ processing of the information.

Objective: This study aims to synthesize the evidence on effective formats for presenting numeric laboratory test results with
afocus on outcomes related to patients’ information processing, including affective perception, perceived magnitude, cognitive
perception, perception of communication, decision, action, and memory.

Methods: The search was conducted in 3 databases (PubMed, Web of Science, and Embase) from inception until May 31, 2023.
We included quantitative, qualitative, and mixed methods articles describing or comparing formats for presenting diagnostic
laboratory test results to patients. Two reviewers independently extracted and synthesized the characteristics of the articles and
presentation formats used. The quality of the included articles was assessed by 2 independent reviewers using the Mixed M ethods
Appraisal Tool.

Results: A tota of 18 studies were included, which were heterogeneous in terms of study design and primary outcomes used.
The quality of the articles ranged from poor to excellent. Most studies (=16, 89%) used mock test results. The most frequently
used presentation formats were numerical values with reference ranges (n=12), horizontal line bars with colored blocks (n=12),
or acombination of horizontal line barswith numerical values (n=8). All studies examined perception asan outcome, while action
and memory were studied in 1 and 3 articles, respectively. In general, participants satisfaction and usability were the highest
when test results were presented using horizontal line barswith colored blocks. Adding reference ranges or personalized information
(eg, goa ranges) further increased participants’ perception. Additionally, horizontal line bars significantly decreased participants
tendency to search for information or to contact their physician, compared with numerical values with reference ranges.

Conclusions: In this review, we synthesized available evidence on effective presentation formats for laboratory test results.
The use of horizontal line bars with reference ranges or personalized goal rangesincreased participants cognitive perception and
perception of communication while decreasing participants' tendency to contact their physicians. Action and memory were less
frequently studied, so no conclusion could be drawn about a single preferred format regarding these outcomes. Therefore, the
use of horizontal line bars with reference ranges or personalized goal ranges is recommended to enhance patients’ information
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processing of laboratory test results. Further research should focus on real-life settings and diverse presentation formats in
combination with outcomes related to patients’ information processing.

(J Med Internet Res 2024;26:€53993) doi: 10.2196/53993
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Introduction

An increasing number of patients have direct access to their
own web-based patient portal. This includes diagnostic test
results ordered by their health care professional, such as
laboratory test results[1,2]. Providing patients with web-based
access to patient portals aims to enhance patient involvement
in their health management. Improving patients knowledge
and self-efficacy may enhance disease self-management and
interactions with health care providers, and ultimately lead to
better health outcomes and increased satisfaction with care[3-6].

However, patient access to web-based patient portals also has
potentially = negative  consequences. For  example,
misinterpretation or inaccurate knowledge could lead to
underestimation of test results and promote a false sense of
security [7]. Similarly, gaining insight into medical test results
might trigger feelings of insecurity, anxiety, and confusion
[8-12]. Previous studies have shown that poor understanding
of test results canlead to an increase in telephone calls or doctor
consultations, emergency department visits, and even
hospitalizations [13-15]. Asaresult, the overall utility or benefit
of providing lab results directly to patients may depend on how
these data are presented to and interpreted by the patient [ 16,17].

Limited health literacy and numeracy skills are significant
barriers to the effective use of web-based patient portals and
understanding of laboratory test results[18,19]. Although patient
understanding can be improved to some extent by avoiding
medical jargon and using plain language, overcoming the
problem of incomprehension in its entirety remains an ongoing
challenge [19-21]. One of the key issues is the numerical
presentation of test results, especialy for patients with low
numeracy skills (ie, those with limited ability to derive meaning
from numbers), who have been shown to have difficulties in
interpreting basic laboratory test results and identifying results
that fall outside the referencerange[18]. Thelack of supporting
information and guidance on interpretation of results contributes
to the problem of misinterpretation. This challenge becomes
even more pronounced when alarger number of test results are
presented [18].

Basic patient portals typically present laboratory test resultsin
a numerical format, often accompanied by a reference range
(ie, the range that represents normal valuesfor a particul ar test)
[10,22,23]. An dternative approach to communicating test
resultsis the use of visua displays, such as colors or graphics.
These formats require less health literacy and numeracy skills
for interpretation and may improve patients' understanding of
the results [24-28]. Previous studies have examined a variety
of presentation formats for communicating laboratory test
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results. However, direct comparisons between these studies can
be challenging due to the variety of presentation options and
clinical contexts. In addition, not all formats may be appropriate
for every clinical situation [29].

There is only limited evidence on the effect of specific
presentation formats on patients information processing. As
highlighted by Witteman and Zikmund-Fisher [17], |aboratory
test results often lack meaning for the patients receiving them.
Test results represent data, which differs from information and
actual knowledge patients commonly encounter in daily life
[30,31]. Patients have to complete several stepsto go from data
perception to usable knowledge. Ancker et al [32] described
these steps as well, based on the Wickens model of human
information processing [33]. In asequential order, patients need
perception and behavioral intention to achieve actual health
behavior. Therefore, it isimportant that these separate steps of
information processing are taken into account when presentation
formats are eval uated.

Our systematic review aimsto synthesize the existing evidence
on effective components of presentation formats for laboratory
test results focusing on patients' perception, decision, action,
and memory. In this review, we will specifically focus on
numeric laboratory test results, and not on results containing
only textual or nonnumeric findings.

Methods

This review was reported in accordance with the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses, Multimedia Appendix 1) [34]. A protocol for
this review was not previously registered.

Search Strategy

The search was conducted in 3 databases (PubMed, Web of
Science, and Embase) from inception up to May 31, 2023. In
each database, a search was performed, which was devel oped
by the first author (FM) together with an experienced librarian
and contained both thesaurus and free text terms. For the search
in Embase, afilter was applied to remove preprint records and
to exclude MEDLINE citations, since the latter were already
covered by the PubMed search. Additionally, 2 authors (FM
and FS) performed backward snowballing by screening reference
sections of all selected articlesto identify relevant publications
missed with the search strategy. A fully reproducible search can
be found in Multimedia Appendix 2.

Study Selection and Eligibility Criteria

All identified titles and abstracts were downloaded to reference
management software (Endnote) and duplicates were removed.
Two authors (FM and FS) independently screened for potential
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eligible articles using Covidence, a Cochrane's technology
platform [35]. Firgt, titles and abstracts were screened against
the eligibility criteria. Second, full texts of potentialy suitable
articles were rescreened using the same criteria. In case of
disagreement, consensus was reached by discussion or screening
by athird reviewer (JC).

We considered articlesfitting for inclusion if they were original
research. Studies describing or comparing different ways of
presenting diagnostic laboratory test results to patients were
included. Only studies examining numeric laboratory test results
were included. Furthermore, studies are needed to evaluate the
effect of communicating test results on patients
comprehensibility, attitudes, or experiences. Studies conducted
in primary care and secondary/tertiary care settings were
eligible, aswell asstudiesincluding healthy volunteers. Studies
had to be written in English or Dutch.

Studies were excluded if they (1) were protocols, reviews,
systematic reviews, meta-analyses, book chapters, editorials,
letters, practice pointers, oral presentations, or poster
presentations; (2) were about devel opment, implementation, or
adoption of web-based patient portals in general, or about the
type of notification of laboratory test results, if they did not
consider patients' interpretation of the lab results; (3) focused
on web-based access to notes, and not to laboratory test results;
(4) did not mention type of presentation format of lab results;
(5) focused on the development of web-based lifestyle
interventions or web-based applications to collect
patient-reported outcomes; (6) focused on the safety or privacy
issues of web-based patient portals; (7) were about the effect
of communicating test results in web-based patient portals on
patients medication management; (8) tested the effect of test
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result communication on health care providers; (9) examined
communication of other types of diagnostic test results (eg,
pharmacogenomics or genomics, radiology, pathology, or
microbiology); and (10) examined communication of test results
in the context of screening programs.

Data Extraction

Two authors (FM and FS) independently extracted data from
the dligible studiesinto a prepared spreadsheet. The spreadsheet
was developed by the multidisciplinary team and piloted by
both authors. For each study, the year of publication, country
in which the study was performed, study design, number of
participants, description of the study population, and the
inclusion and exclusion criteria were assessed. Furthermore,
information about the presentation of test results in the portal,
the type of laboratory tests studied, and whether real or mock
data were used, was extracted.

Outcome M easures

Previous research regarding this subject focused on a variety
of outcomes related to patients’ information processing. As
stated above, Ancker et a [32] introduced a taxonomy to
categorize different outcome measures when communicating
numbers in health care. These categories include sequentially;
perception, decision/behavioral intention, action/actual health
behavior, and memory. Perception is further divided into 4
subcategories: affective perception, perceived magnitude,
cognitive perception, and perception of communication
[32,36,37]. An explanation of the categorized outcome measures
can be found in Textbox 1 [32]. For this review, the outcome
measures of each study were extracted and classified into the
categories described.

Textbox 1. Explanation of the outcome measure categories based on patients' information processing by Ancker et al.

Affective perception

«  Feelings about the laboratory result communicated.

Per ceived magnitude

«  Perceived size of risk associated with atest result, captured with measures as “how large or small does this value seem to you?’

Cognitive perception

«  Understanding whether alaboratory result is elevated, normal, or below normal. Being able to identify direction of atrend over time.

Per ception of communication

«  Preferencefor presentation format of test result.

Decision

« Intention to seek more information or to change behavior after viewing results.

Action

«  Changein actual health behavior (eg, search for more information).

Memory

« Recall of aspecific test result after viewing (ie, verbatim recall).

https://www.jmir.org/2024/1/e53993

JMed Internet Res 2024 | vol. 26 | €53993 | p. 3
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Quality Assessment

To assessthe quality and risk of bias of al included studies, the
Mixed Methods Appraisal Tool (MMAT) was used [38]. The
MMAT is designed to concomitantly appraise studies with
different designs, such as qualitative, quantitative, and mixed
methods studies [39]. Question sets are specific to the study
design, notably qualitative studies, quantitative randomized
controlled trials, quantitative nonrandomized studies,
guantitative descriptive studies, and mixed methods studies.
For each suitable study, the appropriate category was chosen
and the criteria stated for this specific category were rated as
“yes,” “no,” or “can’'t tell

Two authors (FM and FS) discussed both data and quality
extraction until a consensus was reached.

Data Synthesis

Dueto the heterogeneity of study designsand primary outcomes,
meta-analysis was considered inappropriate. Instead, narrative
synthesis was used to integrate the findings into descriptive

https://www.jmir.org/2024/1/e53993
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summaries regarding ways of presenting laboratory test results
and outcomes of interest.

Results

Overview

Theinitial search identified 10,537 references. A total of 3490
duplicate records were removed. After applying the exclusion
criteriain the primary title and abstract screening, another 6900
records were removed. During full-text screening of the
remaining articles (n=146), it appeared that 1 full text was not
available. Furthermore, 127 articleswere excluded because they
did not meet the dligibility criteria. Describing the
implementation of web-based patient portals, unrelated to
laboratory test results, wasthe most common exclusion criterion
(55/127, 43.3%; Figure 1). A total of 18 studies were found
eligible for this systematic review. Cohen k for interrater
reliability was 0.62 for title and abstract screening and 0.80 for
full-text screening, indicating respectively amoderate and strong
agreement between the 2 reviewers [40].
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Figure 1. Flowchart of the study selection process.
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Study Char acteristics

A total of 2 qualitative studies, 11 quantitative studies, and 5
mixed methods studies were included (n=18). The included
studieswere published between 2012 and 2021, and the majority
were conducted in the United States (n=13, 72%). The total
sample size of the included studies was 12,225 participants,
ranging from 8 to 6766 participants. Among the articles

https://www.jmir.org/2024/1/e53993
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with reasons (n=127)
Wrong study design (n=23)
Implementation or development of online patient
portal (n=535)
Access to notes (n=13)
No information about presentation format (n=8)
Development of lifestyle interventions (n=4)
Safety or privacy issues (n=2)
Effect on health care providers (n=T)
Other types of diagnostic test results (n=2)
Sereening test results (n=1)
Wrong oulcome measure (n=2)
Other (n=3)

reporting the following characteristics, sex was almost equally
distributed (6219/13,155, 47.3% femal€e), and participantswere
predominantly middle-aged (mean 51.1 years) and White
(8429/10,865, 77.6% on average). Fourteen (78%) of the 18
studies reported educational level, with 48% (5676/11,813) of
the participants reporting a higher education (defined as
college-degree or higher). Overall characteristicsof theincluded
studies and populations are summarized in Table 1.
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Table 1. Study and population characteristics of all included studies (n=18).

Author (year) Country Study design Sample  Population characteristics Aim of study
(N

Mean

agein

years

Sex (% (SDor Raceand
Sample female) range) ethnicity Education?

Bar-Leveta Israe Survey 225 Convenience 55.9 35 _b 0% low edu- To examine how
(2020) [41] sample (24) cation, different visual

32.6%, mid-  displaysof person-
dle educa alized medical in-
tion, 61.6% formation affect
high educa- laypersons under-
tion, and standing, percep-
5.8% other  tions, and actions

Brewer et a United States Randomizedcon- 106 Convenience 79.2 46 82% White 0% low edu- To compare the

(2012) [42] trolled trial; non- sample (30- cation, 27%  relative usability of
randomized exper- 83) middle edu-  tablesand horizon-
imental study cation,and  ta bar graphsfor

73%highed- presenting medical
ucation test resultselectron-
icaly to consumers

Elder et United States  Qualitative study 12 Convenience 67 60 83% 0% low edu- To understand pa-

(2012) [43] sample (34- White, 8% cation, 58% tients' experiences

73) Black,and middleedu- with, and prefer-
8% Asian  cation,and  encesfor, results
42%highed- notification and

ucation communication in
primary care set-
tings
Fraccaroeta United King- Nonrandomized 20 Real patients 20 518 — 5% low edu- To investigate if
(2018) [7] dom experimental (10.3) cation, 35% presentationsusing
study middle edu-  color improve pa-

cation,and  tients interpreta-
60%highed- tion of laboratory

ucation test results present-
ed through patient
portals
Hohensteinet  United States Mixed methods 301 Volunteers 51 46.0 66.8% 0% low edu- To explore how
a (2018) [44] study (16.3, White, cation, people interpret

18-90) 19.6%His- 38.2% mid- medical test re-
panic/ Lati- dle educa sults, examined in
no/ Span-  tion, 48.2%  variousinterface
ish, 12.3% high educa- designs developed

Black/ tion, 13.6%  to enable self-care
African unknown and health manage-
American/ ment
Negro, and
4% Asian
Kelmaneta  United States Survey 211 Convenience 90 52.7 89% 05%lowed- Toexplorewaysin
(2016) [45] sample (10.0) White, 4% ucsation,57% which laboratory
African middle edu-  test results can be

American, cation,41% communicatedina
6% other  higheduca- patient-friendly
and 0.5%  tion,and 1% manner

preferred  unknown

not to an-

swer
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Author (year) Country Study design Sample  Population characteristics Aim of study
(N

Mean

agein

years

Sex (% (SDor Raceand
Sample female) range) ethnicity Education?

Morrow et al  United States Mixed methods 36 — 67 7 — — A pilot study to fi-
(2017)° [46] stuady (65- nalize devel opment

89) of video-enhanced

messages before

conducting formal
evaluation studies

Morrow et al  United States Randomizedcon- 144 — 715 719 — 18.8%low  Toinvestigate how
(2019)°[47] trolled trial (60- education,  to support older
94) 13.2% mid-  adult comprehen-
dle educa- sion of and re-
tion, and sponse to patient
68%highed- porta-based numer-
ucation ical information
Nystrometa United States Mixed methods 14 Real patients — 43 — — To study patient’s
(2018) [48] study (25- ability to generate
73) meaning from each
test result and how
this meaning

would inform their
decision-making

and subsequent ac-
tions
Scherereta  United States Randomizedcon- 6766 Mixed sample  50.9 49.1 78.2% 2% low edu- To test the impact
(2018) [49] trolled trial (15.8) White, cation, of including clini-
14.8% 52.2% mid-  cally appropriate
African dle educa god rangesoutside
America,  tion, and the standard range
and9.7%  45.8%high inthevisua dis-
other education playsof laboratory
test results
Struikmanet  The Nether-  Randomizedcon- 487 Volunteers 50.3 528 — 7.7%lowed- To discover
a (2020) [50] lands trolled trial (15.9) ucation, whether theway of

45.8% mid-  presenting blood
dle educa- test outcomesin an
tion, 46.4%  electronic patient
high educa-  portal isassociated
tion with patient health
engagement and
whether thisvaries
acrossdifferent test
outcomes

Talboom- The Nether-  Survey 354 Real patients — — — — To investigate atti-

Kamp et a lands tudes, experiences,

(2020) [51] and self-efficacy of
patients using an
online patient por-
tal that communi-
cates laboratory
test results

https://www.jmir.org/2024/1/e53993 JMed Internet Res 2024 | vol. 26 | €53993 | p. 7
(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH van der Meeet d

Author (year) Country Study design Sample  Population characteristics Aim of study
(N
Mean
agein
years
Sex (% (SDor Raceand
Sample female) range) ethnicity Education?
Taoet d China Nonrandomized 72 Convenience 56 Young — 1.4%lowed- To examinethe ef-
(2018) [23] experimental sample adult ucation, fectsof 4 graphical
study group: 33.3% mid- formatsand ageon
22.3 dle educa- consumers’ com-
(2.6); tion, and prehension, percep-
older 65.3% high  tions, visual atten-
adult education tion, and prefer-
group: ence of the graphs
65.8 of the use of self-
(3.6) monitoring test re-
sults
Zarcedoolaset  United States  Qualitative study 28 Volunteers 64.3 400 25%Hiss 46.4%low  Toidentify vulner-
a (2013) [52] (12.4, panic, education, able consumers’

21-63) 3.6%non- 53.6% mid- responseto patient
Hispanic  dle educa portals, their per-

White, tion, and 0% ceived utility and
67.9%non- higheduca value, aswell as
Hispanic  tion their reactionsto
Black, and specific portal
3.6% other functions
Zhang et a United States Mixed methods 203 Volunteers 48.3 63.5 69.5% 0% low edu- To examine the
(2020)° [15] study be- White, cation, challenges and

tween 4.4%Asan 19.7% mid- needs of patients
26-49 or Pacific  dle educa when comprehend-
years  islander, tion, 79.9% ing laboratory test

16.7% high educa-  results
African tion, and
American, 0.4% other
5.9% His-
panic or
Latino, 2%
American
Indian, and
1.5% other
Zhang et a United States Mixed methods 8 — 50 18-64 — — To examine how to
(2021)°[53] study help patients under-
stand the connec-
tions between their
medical context

and test results,
and the necessary
support and actions
after receiving
these test results

Zikmund- United States ~ Survey 1620 Volunteers 52.3 48.9 77.4% 19%Ilowed- Toinvestigate the
Fisher et a (15.7) White, ucation, extent to which
(2017)d[22] 13% 49.9% mid-  different visual
African dle educa displays help peo-
American, tion, and ple discriminate
and 7% 48.2% high  between test results
other education that do or do not
require urgent ac-
tion
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Author (year) Country Study design Sample  Population characteristics Aim of study
(N
Mean
agein
years
Sex (% (SDor Raceand
Sample female) range) ethnicity Education?
Zikmund- United States Randomized con- 1618 Volunteers 52.1 48.8 77.8% 0% low edu- Totest the effect of
Fisher et a trolled trial (29- White, cation, 0%  including an addi-
(2018)d [54] 89) 13.2% mifjdle edu- tiona harm anchor
Black, cation, reference point in
13.2%His- 50.1% high  visua displays of
panic, 4%  education, laboratory test re-
Asian, and 49.9%  sults
0.8% na- unknown
tive Ameri-
can, and
4.3% other
or mul-
tirace

3 _ow education: primary school. Middle education: secondary, high, or trade school or some college. High education: 4-year, college, associate,
university, undergraduate, bachelor’s, master’s, advanced, professional, or doctorate degree.

PNot available.

“The following articles are pilot and main studies: Morrow et al (2017) [46] and (2019) [47], aswell as Zhang et d (2020) [15] and (2021) [53].
%The following articles originate from the same parent study: Zikmund-Fisher et a (2017) [22] and (2018) [54].

The most frequently used laboratory tests were lipid profile
(n=10) and hemoglobin A, (HbA,.) or glucose (n=5). In total,
4 studies used real patients as study population, other studies
used healthy volunteers, a convenience sample, or a mixed
sample (n=12) or did not define their study population (n=3).
Studies used mock test results (ie, hypothetical results; n=16),

https://www.jmir.org/2024/1/e53993
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real results (n=1, with real patients), or both (n=1). The mgjority
of studies used numerical values with reference ranges (n=12)
or horizontal line bars with colored blocks (n=12; Table 2). A
more detailed overview of the different ways of presenting test
results is provided in Multimedia Appendix 3
[7,15,22,23,41-54]. An explanation of the different presentation
formats can be found in Figure 2.
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Figure 2. Examples of presentation formats used for displaying laboratory test results. The examples are based on a hypothetical HbA 1 test result. A
combination of different presentation formatsis possible. HbA . hemoglobin A 4.

Numerical value with
evaluative label

Your HbA;. was 55 mmol/mol.
This is too high.

Numerical value with
evaluative label and
reference range

Your HbA;. was 55 mmol/mol.
This is too high.
The reference range is 20-42 mmol/mol.

Horizontal line bar with
colored blocks

Your HbA;. was 55 mmol/mol.

Very high

Reference range High

You

Horizontal line bar with
colored blocks and
evaluative label

Your HbA:; was 55 mmol/mol. This is too high.

Very high

Reference range High

You

Horizontal line bar with
colored blocks and harm
anchors

Your HbA;. was 55 mmaol/mol.

High Very high

Reference range

You Many doctors are not concerned until here

Horizontal line bar with
colored blocks and

Your HbA;. was 55 mmol/mol.

personalized goal range Below goal range Goal range High Very high
for type 2
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Table 2. Laboratory test characteristics and presentation format used in all included studies (n=18).

Author (year) Laboratory test information and presentation format
Laboratory test Typeof data  Presentation format
Numerical Horizontal linebar Graph Video Text only
Bar-Lev eta (2020) [41] Hemoglobin, cholesterol, Mock O g g
progesterone
Brewer et a (2012) [42]  Total chol esterol, HDL2 Mock O O
LDLP
Elder et a (2012) [43] Total cholesterol, HDL, LDL  Mock O O
Fraccaro et al (2018) [7] - Creatinine, eGFRC, potassium  MOCK
Hohenstein et al (2018)  Vitamin B12, procalcitonin,  Mock O O
[44] cholesterol
Kelman et a (2016) [45] Rheumatoid factor Mock O
Morrow et al (2017) [46] Total cholesterol, HDL, LDL, Mock O
TGY HbA,°
Morrow et al (2019) [47] Total cholesterol, HDL, LDL, Mock ad g ad
TG, HbA ¢
Nystrom et al (2018) [48] Total cholesterol, HDL, LDL, Mock O
TG
Scherer et al (2018) [49] HbA;¢ Mock O O
Struikman et al (2020) Hemoglobin, TSHf, vitamin Mock O O
[50] D
Talboom-Kamp et a Type of test differed per pa Rea O
(2020) [51] tient
Tao et a (2018) [23] Glucose (fasting and postpran-  Mock O
dial)
Zarcadoolas et al (2013) Total cholesterol, HDL, LDL, Maock O
[52] TG, HbA ¢
Zhang et a (2020) [15]  Total cholesterol, HDL,LDL, Rea and ad
TG mock
Zhang et al (2021) [53]  Total cholesterol, HDL, LDL Mock
Zikmund-Fisher et al Platelet count, ALTQ, creati- Mock O
(2017) [22] nine
Zikmund-Fisher et a Platelet count, ALT, creati- Mock ad

(2018) [54] nine

8HDL : high-density lipoprotein.

b pL: low-density lipoprotein.

%eGFR: estimated glomerular filtration rate.
drG: triglycerides.

€HbA 1 hemoglobin Alc.

fTsH: thyroid stimulating hormone.

9ALT: aanine aminotransferase.

Quality Assessment

The quality assessment tool (MMAT) includes 5 assessment
criteriaper study design, each of which is given a score of 20%
if present (Multimedia Appendix 4 [7,15,22,23,41-54]). Both
qualitative articles (n=2) scored 100%, indicating excellent
quality. Quantitative articles (n=11) scored between 0% and
100%, indicating a broad range of quality. These articles lost
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points mainly for sampling issues (biased sampling strategies
and unrepresentative samples), randomization issues (unclear
randomization process and incomparable groups at baseline),
unclear blinding process, and lack of clarity about the
completeness of outcome data and nonresponse bias. Mixed
methods articles (n=5) scored between 60% and 100%
(low-to-high quality), for the same reasons as described above.
In addition, weaknesses in these articles included having an
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unclear rationale for using a mixed methods design, unclear
presentation format, and failure to adequately interpret the
results of theintegration of qualitative and quantitative findings.

Outcome M easures

Overview

In al 18 studies, perception was an outcome measure, further
categorized into affective perception (n=7), perceived magnitude

Table 3. The outcomes assessed in all included studies (n=18).

van der Meeet a

(n=6), cognitive perception (n=10), and perception of
communication (n=14; Table 3 and Textbox 1). Additionally,
10 studies assessed behavioral intention, while memory was
considered as an outcome measure in 3 of theincluded studies.

Author (year) Perception

Affective per-
ception

Perceived mag-
nitude

Cognitive per-
ception

Decision Action

Behavioral inten- Headth behav- Verbatim re-
tion ior cal

Memory

Perception of commu-
nication

Bar-Lev et a
(2020) [41]

Brewer et a
(2012) [42]

Elder et al (2012)
[43]

O

Fraccaro et a
(2018) [7]

Hohenstein et a
(2018) [44]

Kelman et a
(2016) [45]

Morrow et a
(2017) [46]

Morrow et a
(2019) [47]

Nystrom et &l
(2018) [48]

Scherer et a
(2018) [49]

Struikman et al
(2020) [50]

Talboom-Kamp
et al (2020) [51]

Teo et al (2018)
[23]

Zarcadoolas et a
(2013) [52]

Zhang et &
(2020) [15]

Zhang et &
(2021) [53]

Zikmund-Fisher
et al (2017) [22]

Zikmund-Fisher
et al (2018) [54]

O

Affective Perception

Several studies explored participants confidence and concerns
while viewing and interpreting laboratory results
[15,44,47,49,51]. Talboom-Kamp et a [51] demonstrated that

https://www.jmir.org/2024/1/e53993

RenderX

presenting laboratory test results in horizontal line bar format
with colored blocks and evauative labels (ie, textua
explanation) enhanced participants confidence in managing
their own health, although this effect was not significant. No
comparison between different presentation formats and the
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influence on confidence was described. These comparisonswere
also lacking in the other studies.

When resultswere presented in ahorizontal line bar format with
colored blocks and a personalized goal range, the negative affect
was significantly higher than when results were presented
without colored blocks [49].

Scherer et al [49] studied the use of personalized reference
values or goal ranges. A type 2 diabetes mellitus scenario was
studied, in which standard reference ranges are often not
applicable. Replacing standard ranges with goal ranges
significantly reduced perceived discouragement compared with
situations without goal display, highlighting a positive effect
of goal ranges on affective perception [49]. Furthermore, 2 other
studies recommended the use of personalized reference ranges
in their discussion [44,51].

In 3 studies, whether laboratory test results were within
reference ranges seemed to be more important than the
presentation format. Asresults moved further from the reference
range, positive emotions decreased and negative emotions
increased [15,46,47]. This change in affective perception was
not influenced by message format.

Perceived Magnitude

The perceived magnitude of risk of extremely out-of-range
results remained unaffected by the presentation formats in all
studies. However, for near-normal or dlightly out-of-range
results participants encountered difficulties in estimating test
result severity. Accurate risk perception was lacking, since the
severity of these results was inconsistently overestimated or
underestimated [7,22,41,47,54]. Zikmund-Fisher et a [54]
demonstrated that the incorporation of harm anchors (ie, a
threshold line outside the reference range labeled “ many doctors
are not concerned until here”) significantly enhanced adequate
estimations of test result severity for dightly out-of-range
results.

Three studies investigated the effect of presentation format on
the perceived size of risk [22,23,47]. Morrow et al [47]
compared horizontal line bars with both numerical and
video-enhanced formats. For both low- and borderline-risk
scenarios, the perceived magnitude of risk was significantly
higher when horizontal line bars were used, indicating that
participants tend to overestimate risk for normal results [47].
Tao et a [23] did not specify whether result normality affected
risk perception using different types of horizonta line bars.
However, when personalized information was added to the line
bar, therisk was perceived as significantly higher. Interestingly,
despitethis, participants expressed a preference for personalized
line bars [23]. Zikmund-Fisher et a [22] compared different
types of horizontal line bars with a numerical format.
Participants expressed the highest risk perception when
near-normal results were presented in anumerical format with
areference range, whereas the perceived risk was lowest when
horizontal line bars with gradient colors were used [22].

Cognitive Perception

Inal 10 studies ng this outcome, participants consistently
demonstrated the ability to understand or identify out-of-range

https://www.jmir.org/2024/1/e53993
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results. Therewas consensus among these studiesthat presenting
numbers with a reference range only was insufficient and that
tailored information was needed [45,52,53]. A qualitative study
revealed that participants preferred the inclusion of evaluative
labels [43]. In 2 studies using horizontal line bars as the
presentation format, the understanding was significantly
increased when color, text, or personalized information (eg,
goal range) was added [23,49].

Perception of Communication

The magjority of included studies observed a significant
associ ation between presentation format, participant satisfaction,
and ease of use. In general, satisfaction and ease of use were
rated higher when test results were presented using horizontal
line bars with colored blocks, as compared with other
presentation formats [22,23,42,43,47,51,53]. In one qualitative
study, numerical presentation with reference rangeswas deemed
insufficient, while graphs were considered too complex for easy
comprehension [43]. Both quantitative and qualitative studies
demonstrated that adding eval uative labels, such as explanations
about the meaning and normality of test results, and background
information about testing, enhanced understanding and effective
use of results. Particularly, the use of lay terms played an
important role [15,23,44,45,48,51-53]. Furthermore, 2 studies
found a significant positive effect on participant satisfaction
when personalized information or goal rangeswereincorporated
[23,51]. This addition was also recommended by 2 qualitative
studies [43,53]. Zikmund-Fisher et a [54] specifically studied
different types of horizontal line bars and showed no significant
differences in participants preferences among the studied
formats.

Decision

The behavioral intention was assessed in 10 studies, with
varying focuses among them. Some authors examined whether
participantswould contact their physician [7,22,48,49,54], while
othersinquired about partici pants seeking additional web-based
information [41,45,48], or making lifestyle changes after
reviewing lab results [47,48,51].

Two studies demonstrated that the presentation format did not
significantly influence participants’ need to contact their health
care provider [7,49]. Conversely, Zikmund-Fisher et al [22,54]
demonstrated in 2 studies that participants who viewed
near-normal results in a numerical format were significantly
more likely to contact their doctor compared with those viewing
the same results in one of the horizontal line formats. The use
of harm anchors in horizontal line bars substantially reduced
the number of participants who would want to contact their
physician [22,54].

Participants' tendency to seek web-based information was
significantly influenced by the presentation format, with a
significantly higher inclination observed for the numerical
format compared with the textual format [41]. Kelman et a [45]
and Nystrom et al [48] similarly found that approximately half
of the participants would look for additional information after
receiving test resultsin numerical format with reference ranges
and eval uative labels, or horizontal line barswith colored blocks,
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respectively. However, no comparison was made between
presentation formats in these studies [45,48].

Intention to make lifestyle changes after viewing laboratory
results was mentioned as an outcome in 3 studies [47,48,51].
Only one of these studies compared several presentation formats
but found no significant differences between using a numerical
format, horizontal line bars with colored blocks, or
video-enhanced format in terms of health-beneficial intentions

[47].
Action

There was limited data concerning the actions patients take to
comprehend their test results. One mixed methods study used
a numerical format with reference ranges as a presentation
format [15]. Participants with abnormal test results were
significantly more likely to take action compared with those
with normal test results. Asno comparison between presentation
formatswasinvestigated, the effect of format on action remains
unstudied.

Memory

Variation in the presentation format of test results, using either
anumerical format with reference ranges and evaluative labels,
horizontal line bars with colored blocks, video presentation, or
grouped presentation, did not significantly impact participant
recall [7,42,47]. However, one study found a small but
statistically significant effect of test result normality on memory

[47].

Struikman et al [50] looked at patient health engagement (PHE),
acomposite measure comprising affective perception, cognitive
perception, and behavioral intention. When test results were
presented with explanatory text and visuaization, PHE was
significantly higher compared with when no explanatory
information was provided [50].

Discussion

Principal Findings

Based on reviewing 18 articles assessing various presentation
formats of laboratory test results, we can conclude there is not
only one optimal presentation format in terms of patients
perception, decision, action, and memory. Nevertheless, the
results do indicate that presentation format is important for
patients' information processing.

Presentation formats differed between articles, but numerical
valueswith reference ranges or horizontal line barswith colored
blocks were most commonly used. All included studies
investigated perception as an outcome measure, most frequently
perception of communication (n=14). Patients cognitive
perception and perception of communication improved when
results were presented using horizontal line bars accompanied
with colored blocks and eval uative label s or textual information.
Incorporation of reference ranges or personalized goal ranges
further enhanced patients' perception levels. Using horizontal
line bars with harm anchors significantly reduced the number
of participants who would want to contact their physician
compared with using a numerical format. Furthermore, using
the numerical format significantly increased participants
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tendency to search for web-based information, compared with
a textual format. Therefore, although no specific format is
dissuaded in the included studies, the results suggest that
presenting only numbers with reference ranges is suboptimal.
Furthermore, adding too many colors and other information to
test results could lead to an overload of visual information for
some patients, and therefore ultimately decrease the amount of
usable knowledge[49]. Action and memory werelessfrequently
studied, respectively in 1 and 3 studies. Action was studied in
adescriptive study not comparing different presentation formats,
while memory was not significantly impacted by presentation
format.

Several studies highlighted that patients’ affective perception,
action, and memory were not only influenced by presentation
format, but also by whether test results were within or outside
the reference range. Presentation format appeared to be
secondary to test result normality if results were extremely
out-of-range. Nevertheless, when results were near-normal,
presentation format was more important than result normality
regarding effects on patients’ information processing.

Overdll, the results of this review indicate that presentation
format affects patients’ information processing, especially in
the case of normal or near-normal test results.

Strengths and Limitations

A multidisciplinary team of general practitioners, behavioral
scientists, and clinical chemists was involved in this review,
which is one of its strengths. Both presentation formats and
outcomes used in theincluded studies were standardized by the
authors using a published taxonomy to enable comparison of
different studies. Astheresultsof our review are narrative, there
isapotential risk of bias when describing them, introduced by
the authors. Furthermore, selection bias arising from the
heterogeneity of studies represents a notable limitation of this
review.

A limitation of the included studies is the use of volunteers or
participants recruited via convenience sampling. Only 3 out of
18 studies used real patients, of which one study used real test
results. Sixteen studies used mock test results. Displaying mock
data is common practice in system evaluation. This method
involves less burden and privacy risks for participants, as no
personal medical data are collected. Nonetheless, participants
lack personal relevance of test results when hypothetical
scenarios are used. Therefore, it is possible that most of the
included studiesdid not reflect how participantswould respond
in rea lifeto their own persona health information. This may
limit the generalizability of the findings. However, using
personal test results could have negatively affected the
comparability between studies, as each participant would have
encountered different data.

Among the articles reporting educationa level, 48%
(5676/11,813) of the participants reported a higher education
level, which is higher than in the general population. This may
limit the generaizability of the findings to the overall
population. Another limitation is the study heterogeneity.
Included articles varied widely in methods, presentation formats,
and outcome measures used. Comparison of presentation formats
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is challenging, especialy since laboratory test result
communication can have a wide range of possible purposes,
frominterpreting one single value to identifying important trends
on time [24]. Therefore, useful presentation formats may vary
per clinica scenario, which presents new challenges for
designing a preferred format.

As stated above, patients have to complete several stepsto go
from data perception to usable knowledge [17,32]. The majority
of theincluded studies studied thefirst 2 steps of thistaxonomy,
perception and decision. Only one study examined action as
outcome measure, and 3 studies obtained information about
memory. Therefore, little is known about the impact of
presentation formats on actual health behavior and usable
knowledge.

Comparison With Prior Work

An increasing number of patients can directly access their
laboratory test results via web; thus, it is becoming more
important to make the available data meaningful to laypeople
[55]. As highlighted in this review, presentation format affects
patients’ information processing as described above. In cognitive
science, this principle is generally known as information
evaluability, in other words using relevant contextual reference
information to make it easier to evaluate the meaning of in this
case numerical laboratory test results (eg, isthistest result good
or bad, is it norma or abnormal) [56,57]. The presentation
formatsfor laboratory test resultsas studied in thisreview could
be considered as different forms of contextual information, or
evaluative categories [58]. Prior research has shown that these
evaluative categories add both affective and cognitive meaning
to numeric test results. This enhances patients’ information
processing by adding meaning and evaluability to numeric
information [58-60]. Furthermore, our findings arein line with
recommendations made by Witteman and Zikmund-Fisher [17].
The authors formulated 10 recommendations to communicate
laboratory test results viaweb-based portalsin waysthat support
understanding and actionable knowledge for patients. Our
findings align with several of their recommendations, such as
the importance of providing aclear takeaway message for each
result, establishing thresholds for concern and action whenever
feasible, and personalizing the frame of reference by permitting
custom reference ranges.

This review explored different strategies to improve patients
interpretation and comprehension of their |aboratory test results.
The included studies predominantly focused on the effect of
graphical presentation only including a subset of the available
visualization options. Other formats such as clocks or pie charts
been shown in the broader numeracy literature to improve
cognitive outcomes and could be the focus of further research
in the context of communicating laboratory test results [61].
Graphical presentation formats might mitigate the effects of
low numeracy. However, it is important to acknowledge that
graphical information may not be automatically useful for
individuals with limited graph literacy [62]. Besides numeracy
and graph literacy, other factors such as age, educational level,
health literacy, and statistical literacy (eg, understanding of
concepts of uncertainty and chance) also influence patients
information processing of such graphical results[61-63]. If one
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of these factors causes patients to not completely understand a
specific presentation format, they may consider this format as
not suitable. Therefore, some patients may require extra
instructions to be able to adequately process and interpret
graphical presentation formats [61]. For that reason, the
interaction between patients' literacy, numeracy, age, and
educational level should betaken into account when performing
future work around test result interpretation.

Several initiatives aim to inform and educate patients about
laboratory test resultswhileincorporating the insights described
above. OneexampleisLab TestsOnline, awebsite that provides
patients with general information about laboratory tests and
their meaning [64]. Recently, the usability of ChatGPT (ie, an
upcoming tool based on natural language processing) to interpret
laboratory test results were examined [65]. ChatGPT appeared
to provide somewhat superficial interpretations, which were
not always correct, and is therefore not yet usable as a primary
information source for patients. However, this may change in
the future with the further devel opment of these types of tools.
While our review focused on different presentation formats of
laboratory test results, interpretative comments provided by
laboratory specialists were not studied. Laboratory specialists
often add commentsto test resultsto assist general practitioners
[66,67]. A pilot study by Verboeket-van de Venne et al [68]
demonstrated a positive impact on patient empowerment when
patients had access to these patient-specific comments.
Therefore, further research should explore theimpact of adding
interpretative comments to laboratory test results on patients
information processing.

Patients now have web-based accessto not only their |aboratory
test results but al so to medical imaging and micraobiology results.
Given the variations in these types of diagnostic test results,
further research is warranted to explore effective components
for communicating these other types of test results to patients
in their web-based patient portal.

Conclusions

As patientsincreasingly receive their diagnostic |aboratory test
results via web-based patient portals, it is becoming more and
more important to make test results meaningful to them.
Unnecessary confusion or anxiety should be avoided, especially
when test results are outside of the reference range. The data
from our systematic review suggest that horizontal line bars
with colored blocks and reference ranges or personalized goal
range increase patients’ cognitive perception and perception of
communication. Furthermore, thisformat might reduce patients
concerns and their tendency to contact their physicians.
Therefore, to improve patients’ understanding of near-normal
laboratory test results and prevent anxiety and concerns after
viewing these results, implementing horizontal line bars with
colored blocks and reference ranges or personalized goal ranges
in web-based patient portals would be a prudent choice. Our
review highlights the importance of taking end users (ie,
patients) into consideration when designing new presentation
formats. These results can guide the development and
improvement of (new) web-based patient portals. Neverthel ess,
there is a need for further research that involves more
comprehensive data collection and reporting, as well as more
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systematic evaluation methods. By using these findings, further  support tool for laboratory test results.
research could inform the development of an interpretation
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