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Abstract 

Purpose: The use of Patient‑Reported Outcome Measures (PROMs) for individual patient management within clinical 
practice is becoming increasingly important. New evidence about graphic visualization formats for PROMs scores has 
become available. This systematic literature review evaluated evidence for graphic visualization formats of PROMs 
data in clinical practice for patients and clinicians, for both individual and group level PROMs data.

Methods: Studies published between 2000 and 2020 were extracted from CINAHL, PubMed, PsychInfo, and Med‑
line. Studies included patients ≥ 18 years old in daily clinical practice. Papers not available in English, without full‑text 
access, or that did not specifically describe visualization of PROMs data were excluded. Outcomes were: visualization 
preferences; interpretation accuracy; guidance for clinical interpretation.

Results: Twenty‑five out of 789 papers were included for final analysis. Most frequently studied formats were: bar 
charts, line graphs, and pie charts. Patients preferred bar charts and line graphs as these were easy and quick for 
retrieving information about their PROMs scores over time. Clinicians’ interpretation accuracy and preferences were 
similar among graphic visualization formats. Scores were most often compared with patients’ own previous scores; to 
further guide clinical interpretation, scores were compared to norm population scores. Different ‘add‑ons’ improved 
interpretability for patients and clinicians, e.g. using colors, descriptions of measurement scale directionality, descrip‑
tive labels, and brief definitions.

Conclusion: There was no predominant graphical visualization format approach in terms of preferences or interpre‑
tation accuracy for both patients and clinicians. Detailed clarification of graph content is essential.
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Introduction
With an increasing emphasis on patient-centred care, 
there is a growing interest in outcome measures most rel-
evant to patients [1–6]. Patient-reported outcomes meas-
ures (PROMs) comprise data collected from individual 
patients and include an array of outcomes such as symp-
toms, daily functioning, and health-related quality of life 
(HRQoL). PROMs are increasingly used in daily clinical 
practice for individual patient management [7]. Individ-
ual PROMs data incorporates the patient’s perspective 
on their health status and can detect issues that are most 
bothersome to the individual patient. By reporting these 
issues to both patients and clinicians, patient-physician 
communication improves [8–10]. This may support 
shared-decision making, and therefore offers consid-
erable potential to enhance quality of care and clinical 
outcomes [8, 11]. A second application of PROMs data 
feedback is the use of aggregated PROMs scores collected 
in clinical studies or trials to inform patients about treat-
ment harms and benefits [12].

Currently, when PROMs are incorporated within clini-
cal practice, raw or summarized PROMs data are given 
as feedback to patients and/or clinicians by using dif-
ferent graphic visualization formats [13]. In order for 
them to understand and apply the information dur-
ing clinical encounters, patients and clinicians ought 
to interpret such formats correctly [13]. A previous 
review by Bantug et  al. [13] reported that the major-
ity of patients and clinicians were able to interpret plain 
or straightforward graphs. Bantug et  al. suggested that 
future research should focus on optimizing graphic visu-
alization strategies. After the publication of this review 
in 2016, considerable new evidence has become avail-
able about this topic. Moreover, the focus of recent 
studies has shifted towards the effect of aspects such as 
score directionality [14–17] and axis labelling [1, 15] on 

correct interpretation by patients and clinicians. Fur-
thermore, there is increased attention for guiding the 
clinical interpretation of PROMs data, e.g. to distinguish 
severe or clinically relevant symptoms [1, 3–5, 14, 18]. 
For instance, the display of score thresholds and warn-
ings if scores change over time would be helpful in daily 
practice [1], as well as scores from reference populations 
to compare individual scores to [1, 5, 14]. Both facilitate 
the correct use of scores during clinical encounters. The 
focus on clinical interpretation led to the introduction 
of funnel plots [2, 19], heat maps [4], and icon arrays [3, 
15, 18, 20], underlining the relevance of assessing a wider 
variety of graphic visualization formats.

While worldwide implementation of PROMs data col-
lection in clinical practice keeps progressing [21], new 
evidence on graphic visualization formats for PROMs 
scores for interpretation by patients and clinicians has 
become available. This systematic literature review aims 
to (1) address the latest evidence for graphic visualization 
formats of PROMs in clinical practice, by extracting pref-
erences and interpretation accuracy for patient and clini-
cians, and (2) investigate how clinically relevant PROMs 
scores are distinguished, in order to guide clinical inter-
pretation of PROMs scores for their use during clinical 
encounters.

Methods
A systematic literature review was conducted according 
to the Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis (PRISMA) guidelines [22].

Search strategy
An exhaustive search strategy was developed by a medi-
cal librarian (E.W.) experienced in systematic literature 
searches. The following search terms were included: 
(“Patient reported outcome (PRO)” OR “Health-Related 

Plain English summary 

Patient‑Reported Outcome Measures (PROMs) capture patients’ self‑reported health through the use of question‑
naires. PROMs measure health related quality of life, daily functioning, and symptom experience, which are becoming 
increasingly important to incorporate in clinical practice for individual patient management. To present PROMs within 
clinical practice, raw or summarized PROMs scores can be visualized in graphical formats. To be useful during clini‑
cal encounters, both patients and clinicians ought to interpret such formats correctly. New evidence about graphic 
visualization formats for PROMs scores has become available. Therefore, we systematically reviewed the literature to 
evaluate evidence for graphic visualization formats of PROMs data in clinical practice. In 25 included papers, most 
studies used graphical formats like bar charts, line graphs, and pie charts for presenting PROMs scores. There was 
no predominant graphical visualization format approach in terms of preferences or interpretation accuracy for both 
patients and clinicians. Patients preferred bar charts and line graphs as these were easy and quick for retrieving infor‑
mation about their PROMs scores over time. Clinicians’ interpretation accuracy and preferences were similar among 
graphic visualization formats. The graphical interpretation of PROMs data for patients and clinicians can be improved 
by using colors, descriptions of measurement scale directionality, descriptive labels, and brief definitions.
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Quality of Life”) AND “data presentation/display” AND 
“health communication” AND (“cancer” OR “clinical 
decision-making”). We focused the search on oncology 
as we work in an oncological setting. Also, most of these 
studies have been conducted in oncology, as confirmed 
by our search and previously shown by Bantug et al. [13]. 
Literature from January 2000 to July 2020 was searched 
in MEDLINE (accessed through PubMed), Embase 
(assessed through Ovid Platform), PsycINFO (assessed 
through Ovid Platform), and CINAHL. The full search 
strategy is included in Additional file  1: Table  1. Dupli-
cates were removed using the Bramer method [23]. A 
forward and backward reference check was performed 
on all final included articles.

Review procedure
After removing duplicates, two researchers (E.A., 
I.F.) independently reviewed potential abstracts. The 
researchers eliminated articles according to the prede-
fined inclusion and exclusion criteria (see below). In case 
of discrepancies, a third researcher (K.d.L.) was con-
sulted. Subsequently, both researchers (E.A., I.F.) inde-
pendently reviewed the full text version of each paper 
for inclusion in the final selection. Disagreements were 
discussed between the three researchers (E.A., I.F., and 
K.d.L.) to reach consensus.

Studies were included when concerning patients of 
18 years and older treated in clinical practice; addressed 
communication of individual level or group level PROMs 
data, using graphic visualisation formats, to either 
patients or clinicians; were published in English. Exclu-
sion criteria were: studies without English or full-text ver-
sion; systematic literature reviews; Delphi studies; studies 
where PROMs had not been completed by patients or 
were not applied or visually presented to patients and/or 
clinicians.

Analyses
Two researchers (E.A., K.d.L.) independently extracted 
data from the included articles. The findings of both 
researchers were compared and verified by a third 
researcher (I.F.). First, study characteristics were 
described, including study goal, population, and type of 
PROMs data that was visualised. Second, findings about 
visualisation preferences and interpretation accuracy 
were extracted. Furthermore, methods and strategies 
for guiding the interpretation of scores during clinical 
encounters were extracted. The findings were described 
for patients and clinicians separately, and a distinction 
was made between individual PROMs data for use during 
clinical encounters, and mean or aggregated PROMs data 
that could be included in treatment decision-making.

Quality assessment
Two researchers (E.A., K.d.L.) independently assessed 
the methodological quality of the papers and compared 
their final judgments. The Critical Appraisal Skill Pro-
gram (CASP) was used for methodological assessment 
of the included papers. CASP enables to systematically 
assess the trustworthiness, relevance, and results of pub-
lished papers by comprising several criteria for qualita-
tive studies, randomized controlled trials, and cohort 
studies [24]. The reviewers scored the papers per criteria 
with a positive or negative response, or ‘not applicable/
unknown’. Studies with a positive score for half or more 
of the criteria were deemed of sufficient quality [24].

Results
Our search retrieved 1673 studies, from which 414 
duplicates were excluded. Subsequently, from the 
remaining 1259 studies, 1186 were excluded; these did 
not describe PROMs data visualization (Fig.  1). Then, 
full-text articles from 73 eligible studies were assessed. 
From these, 47 were excluded based on inclusion and 
exclusion criteria, and/or because no full-text version 
was available (n = 15, all conference abstracts). Ulti-
mately, 25 studies were included in this review for data 
extraction (Additional file  1: Table  2). After quality 
assessment following the CASP criteria, all studies had 
a positive score for half or more of the criteria (Addi-
tional file 1: Table 3).

Most studies used either mixed methods design 
(n = 12), including human-centered design, or a quali-
tative design (n = 9), including interviews (Fig.  2). 
Sample sizes ranged from 8 (interview study) to 1,017 
(survey study). Studies had been carried out in differ-
ent clinical domains and in different countries, study-
ing different graphic visualization formats and designs. 
The majority of studies included participants during 
or after treatment, whereas nine studies made use of 
hypothetical settings. PROMs data formats were either 
based on individual patient scores presented to patients 
(n = 17) and/or clinicians (n = 14), or based on mean 
group-reported data from for instance clinical trials 
that were presented to patients (n = 10) and clinicians 
(n = 8). The different graphic visualization formats that 
were studied are presented in Fig.  3. The results are 
presented according to the distinction between patients 
and clinicians, subdivided into preferences and inter-
pretation accuracy.

Individual level PROMs data—patients
An overview of the extracted data for patients on indi-
vidual and group level is presented in Table 1.
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Preferences
From the 25 studies included in this study, 12 assessed 
patients’ preferences. Patients appreciated that their 
individual PROMs scores were presented visually 
over time [16, 25]. Six studies reported that patients 
preferred bar charts over other graphic visualization 
formats for reporting longitudinal PROMs data [1, 
3–6, 14]. Bar charts were ‘visually clear’, and facilitated 
‘appraisal at a glance’, since bar charts are a generally 
well-known format for presenting data [2]. Five stud-
ies reported that line graphs were preferred as well [1, 
6, 15, 16, 25]. Patients experienced line graphs as ‘easy 
to understand’ and ‘quick to retrieve relevant informa-
tion from’ regarding their symptoms and well-being 
[1]. Furthermore, line graphs were preferred for overall 
ease-of-understanding and usefulness [16].

Interpretation accuracy
Eight studies assessed patients’ interpretation accuracy 
for visualizing individual PROMs data. Bar charts were 

more often interpreted correctly (87.8%) compared to 
line graphs (74.3%) [14]. According to Geerards et  al. 
[26], a study conducted among 1386 participants of the 
general population, 92.9% of participants thought that 
bar charts were clear, and 82.4% thought bar charts 
were accurate. In a study by Loth et al. [17], among 40 
patients, 90% reported that bar charts were “very easy” 
or “rather easy” to understand. Nevertheless, Grossman 
et  al. [27] described that from 12 included patients, 
half of them failed to interpret bar charts correctly, and 
even patients who successfully read it, often required 
multiple attempts to do so. These participants were, 
however, introduced to bar charts for the first time [27]. 
One study reported that line graphs could be inter-
preted accurately by patients; nonetheless, an unde-
fined proportion of patients needed initial guidance on 
how to read line graphs [1]. Liu et al. [28] reported that 
from 25 respondents (patients), several did not notice 
or understand the longitudinal nature of a line graph 
from left to right, particularly those with limited health 
literacy. Furthermore, a few patients misinterpreted a 

Fig. 1 PRISMA flow chart of literature search and review process
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line drawn between two data points to mean informa-
tion from between visits [28].

Group‑level or aggregated PROMs data—patients
The aim of presenting aggregated or mean PROMs 
scores to patients is to inform them about potential 

treatment outcomes, in order to support shared deci-
sion-making. In the included studies, aggregated 
PROMs data were mainly derived from clinical stud-
ies or RCTs. These were often presented to patients to 
(hypothetically) inform them about differences in out-
comes between two treatments [12, 15, 20, 29–33].
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Preferences
Seven studies assessed patients’ preferences for pre-
senting aggregated outcomes over time. Four studies 
reported that patients preferred line graphs over bar and 
pie charts [12, 14, 16, 30]. Line graphs were preferred 
because of their relative simplicity, straightforward lay-
out, and perceived helpfulness [12, 16, 30]. The prefer-
ence for line graphs decreased when confidence intervals 
were presented [12]. To present proportional data, three 
studies reported that patients preferred pie charts [18–
20]. Pie charts were easy to read and enabled obtaining 
information quickly [20]. Smith et al. [18] reported that 
of 39 patients, 55% preferred pie charts, compared to a 
25% preference for icon arrays, and a 20% preference for 
bar charts. Van Overveld et al. [19] reported that among 
37 patients, pie and bar charts were both preferred.

Interpretation accuracy
Seven studies assessed patients’ interpretation accuracy 
for presenting aggregated outcomes over time. In four 
studies, patients’ most often correctly interpreted line 
graphs [14, 16, 29, 30]. Interpretation accuracy ranged 
from 98–100% [16, 30]. In particular, 56% of patients 
correctly answered questions for “better” (i.e. higher 
score means better outcomes) formatted lines, compared 
to 41% for “more” (i.e. higher score means more symp-
toms), and 39% for “normed” (i.e. score as compared to 
reference scores) line graphs [29]. Line graphs showing 

results of two treatment options resulted in decisions 
that reflected adequate comprehension of the informa-
tion in the graph [14]. One study reported that patients’ 
accuracy was highest for pie charts and icon arrays, com-
pared to bar charts [20]. Icon arrays were easy to under-
stand for patients as well [20].

Individual level PROMs data—clinicians
An overview of the extracted data for clinicians on indi-
vidual and group level is presented in Table 2.

Preferences
Thirteen studies assessed clinicians’ preferences regard-
ing visualization of PROMs scores from individual 
patients. In general, clinicians appreciated viewing 
PROMs scores repeated over time, in order to track 
their patients’ symptom experiences [14–16, 25, 35, 
36]. Moreover, six studies showed that bar charts were 
most preferred when plotting longitudinal individual 
PROMs data [1, 2, 4, 5, 14, 17]. Furthermore, line graphs 
were preferred in four studies [1, 14–16, 29]. However, 
Brundage et al. [37] and Izard et al. [3] both stated that 
clinicians did not universally find one approach for lon-
gitudinal data as appealing or preferred. Contrastingly, a 
study among 227 health professionals by Kuijpers et  al. 
[4] showed that the majority of medical specialists (46%) 
and nurses (32%) preferred heat maps to line graphs and 
bar charts.

Fig. 3 Different graphic visualization formats, presenting the domain of ‘emotional functioning’ as an example. Longitudinal: a line graph, including 
threshold line; b bar chart, including threshold line; c heat map. Cross‑sectional: d icon array; e funnel plot; f pie chart
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Interpretation accuracy
Thirteen studies assessed clinicians’ interpretation accu-
racy of graphic visualization formats for individual 
PROMs level data. Multiple studies showed that clini-
cians’ interpretation accuracy was similar over different 
graphic visualization formats: both line graphs and bar 
charts were found easy to understand, and were inter-
preted accurately [3, 4, 18]. Hartzler et al. [36] reported 
that among twelve clinicians, respondents generally felt 
that both line graphs and bar charts provide a useful basis 
for comparison. Pictographs were reported to be the least 
helpful for clinicians, although clinicians stated these 
could be helpful for patients with limited literacy [3, 6]. 
Uniformity in directionality of scores could increase cli-
nicians’ interpretation accuracy in different graph for-
mats. However, Brundage et  al. [37] found that adding 
asterisks for clinical significance and confidence limits 
around scores did not contribute to a better interpreta-
tion accuracy in clinicians.

Group‑level or aggregated PROMs data—clinicians.
Preferences
When presenting aggregated PROMs data, seven studies 
stated that clinicians mostly compared data between two 
treatments or compared scores to mean reference popu-
lation scores. Brundage et al. [16] stated that for compar-
ing treatments, 18 out of 20 clinicians preferred formats 
displaying multiple time-points, with the highest prefer-
ence for line graphs with normed scores or confidence 
intervals, or bar charts. Smith et al. and Tolbert et al. [18, 
29] describe a preference for line graphs, with over 75% 
of included clinicians preferring this graphical format; 
bar charts were less supported, as only 10% of 40 clini-
cian participants preferred bar charts [18]. Van Overveld 
et  al. [19] reported however that bar charts were pre-
ferred, since they were easy to read. To present propor-
tional data, pie charts were most preferred in 3/8 studies 
[18, 20, 34]. To meet a variety of preferences, Liu et  al. 
[28] found that a dynamic dashboard gave clinicians the 
opportunity to customize the formats to their own needs.

Interpretation accuracy
Six studies assessed clinicians’ interpretation accuracy 
on aggregated data. Line graphs usually contributed to 
the ease of understanding PROMs scores for clinicians 
[16, 29]. Additionally, pie charts with proportional data 
were most often interpreted accurately by clinicians, 
for example when pie charts presented a proportional 
change in outcomes compared to baseline [20]. Clini-
cians both endorsed and objected that p-values, confi-
dence intervals, and normed scores could contribute to 
their interpretation accuracy of aggregated PROMs data 
[16, 18]. Furthermore, directional consistency, balancing 

information, and giving feedback, and clear labeling 
could improve interpretation accuracy [18, 19].

Throughout many of the included studies, challenges 
were described that may affect correctly interpreting 
visualized PROMs data, such as (1) Directional inconsist-
ency, i.e. a higher functioning score means better health, 
but a lower symptom score means better health as well [5, 
16, 17, 34, 37]; (2) Lack of standardisation rules for inter-
pretation and visualization, that may cause interpretation 
inaccuracy [2, 25, 35]; (3) The need to designing multiple 
formats per target group, as no ‘one-size-fits-all’ solu-
tion in graphic visualisation exists for both patients and 
clinicians [3, 6, 28]; (4) The timing of providing feedback 
on PROMs visualization, as this affects assessment expe-
rience [14, 26], and (5) Patients ‘ opposition to PROMs 
use in clinical practice [19, 36]. We summarize the chal-
lenges and the proposed solutions for these challenges in 
Table 3.

How to distinguish clinically relevant PROMs scores
Clinically alarming scores were put in perspective by 
comparing current scores to the patients’ previous scores 
or to norm population scores. Ten studies described 
strategies to distinguish clinically relevant scores in 
practice [3–5, 16–18, 35]. These studies were conducted 
internationally among patients with different cancer 
diagnoses. Most frequently used comparator scores were 
the patients’ own previous PROMs data [3–5, 16–18, 35]. 
Additionally, four studies used a norm population (i.e.; 
patients with the same disease) to determine the clinical 
relevance of scores [1, 5, 19, 37]. Patients pointed out that 
the comparison of their own data with the scores from 
‘patients like them’ (i.e. same sex, and age) was most valu-
able: it puts the patients functioning in perspective of 
what is regarded ‘normal’ [5].

Studies showed different methods of applying color 
to highlight scores, including: visualizing clinically non-
alarming scores in green and clinically alarming scores in 
red [17]; red and green shading to show undesirable and 
desirable score ranges, respectively [4, 5, 18, 25]; a back-
ground fading from red (bottom) to green (top) [1]; traf-
fic light colors (i.e. green, orange, red) [2].

Smith et al. [18] reported that 74% of patients and 80% 
of clinicians preferred green shading of non-alarming 
scores or red shading of alarming scores. Hildon et al. [2] 
reported that traffic light colors could improve interpre-
tation accuracy across different graphic visualization for-
mats, since these are universally recognized. Loth et  al. 
[17] reported that 93% of the studied patients correctly 
interpreted the meaning of traffic light colors. None-
theless, PROMs visualization strategies must include a 
detailed explanatory legend of the meaning and interpre-
tation of colors and scores [4].
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Table 3 Challenges and factors for improvement to consider when implementing visual individual PROMs feedback in clinical 
practice

PROMs: patient reported outcome measures
* ’Better’ is defined as higher scores indicating “better” outcome
** ’Normed’ is defined as normed to the general U.S. population
*** ’More’ is defined as higher scores indicating “more” of what was being measured

Challenges that may hinder graphic visualization format 
interpretation

Possible factors to improve graphic visualization format 
interpretation

Patients and clinicians
Directional inconsistency in longitudinal data (i.e., sometimes higher 
scores can mean better or worse)

Make use of standard descriptive labels (consider using ‘better*’ instead of 
‘normed**’ or ‘more***’ for describing directionality of scores) [34, 37]

Preferred by 79% of patients and 90% of clinicians when concerning 
individual level PROMs data and 100% of clinicians when concerning group 
level PROMs data

Consistent use of clear ratings: higher scores are always better results 
(i.e. in some frequently used PROMs, higher score are better when scores 
describe functioning, but lower score are better when symptom burden is 
described. This causes interpretation challenges) [37]

Indicate with an arrow on the y‑axis which direction means the score is 
better [16]

Describe directionality by plain text that is understandable despite literacy 
or education level [5]

Provide detailed information on the meaning of high and low score [17]

Interpretation accuracy of what exact PROMs information is represented 
in the graphic visualization format

Provide an instructive aid for patients and clinicians [2]

Use simple iconography for demonstrating single PROMs values [25]

Use brief definitions of different PROMs domains/values [25]

Limit the number of presented symptoms per graphic visualization format 
[35]

No ‘one‑size‑fits‑all’ solution Make use of a dynamic dashboard, which can display multiple types of 
visualization strategies. Thereby, you provide users the ability to select a 
preferred format instead, including the ability to add or remove dashboard 
elements such as error bars and shading [3, 6, 28]

Developing a clinic‑based video tutorial for the dashboard to explain what 
is shown on the dashboard and how the patient and clinician can custom‑
ize the dashboard to their needs [28]

Patients
Interpretation accuracy of what exact PROMs information is represented 
in the graphic visualization format

Ask patients to prioritize their symptoms, to avoid an overload of informa‑
tion [35]

Timing of providing feedback on PROMs visualization Provide feedback immediately after assessment, and before consultation, 
to significantly improve assessment experience when providing combined 
graphical and tailored text‑based feedback [14, 26]

Patients ‘ opposition to PROMs use in clinical practice Ask permission to the patient to receive their own results and/or the results 
of the general population [19]

Provide information so patients know what PROMs data might show and 
how their practice might change [36]

Tell patients that data is trustworthy and are handled confidentially [19, 36]

Do not provide anonymous feedback [19]

Visualize as transparently as possible what type of care is delivered [19]

Clinicians
Interpretation accuracy of what exact PROMs information is represented 
in the graphic visualization format

Eliminate comparison groups or inform comparison group scores with 
confidence intervals or error bars [3], to better counsel the patients about 
their score (makes it easier to understand)

Link the PROMs outcome scores (scale in the graphic visualization format) 
to the meaning of the narrative (i.e.; tell the patient that a higher score on 
the scale means better functioning) [35]
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Other visualization strategies included the use of red 
circles around important scores—these were interpreted 
more accurately than green shading [34]. Furthermore, 
threshold lines across score bars were used to indicate 
whether scores are better or worse than threshold scores. 
These visualization techniques pleased 69% of patients 
and 70% of clinicians [17, 18]. Contrastingly, Snyder et al. 
[34] reported that a threshold-line was significantly more 
often rated as ‘very clear’, and most useful compared to 
green shading, and red circles. In more detail, another 
study found that a dotted threshold line was preferred 
over a solid threshold line to indicate alarming scores in 
bar charts [5]. Lastly, exclamation points can be used to 
indicate possibly concerning score changes, which was 
the preferred method for 79% of 39 patients and 40% of 
40 clinicians [18].

Discussion
This systematic review included 25 studies in differ-
ent healthcare settings throughout Europe, the US, and 
Canada, that reported about preferences and interpreta-
tion accuracy of patients and clinicians for the visualiza-
tion of PROMs scores. Very few graphical visualization 
formats for presenting PROMs data could be identified. 
Overall, a limited amount of literature was found on this 
matter, which was summarized as follows. For individual 
level PROMs data, patients and clinicians preferred line 
graphs and bar charts, since they were considered visually 
clear. Bar charts were most often interpreted correctly by 
patients, while clinicians had high interpretation accu-
racy across all graph formats. For presenting group level 
PROMs data, pie charts and line graphs were preferred: 
patients most often interpreted line graphs correctly; for 
proportional data, clinicians most often accurately inter-
preted pie charts. To guide clinical interpretation by dis-
tinguishing clinically relevant scores, PROMs scores were 
most often compared to patients’ previous scores, fol-
lowed by comparison to mean norm population scores. 
Here, correct interpretation can be supported by high-
lighting patients’ clinically alarming scores with colors, 
and by using threshold lines across score bars or lines, or 
circles around alarming scores.

Furthermore, we looked into the challenges that may 
hinder graphic visualization format interpretation. An 
underlying cause of incorrect interpretation of graphs 
may be the lack of standardization in rules for inter-
pretation; variability exists in score directionality (e.g. 
higher scores can either indicate better or worse out-
comes), and scaling (e.g. scores ranging from 0 to 100 
indicating the worst-to-best possible scores, or scores 
‘normed’ to a defined population). Furthermore, mean-
ingful interpretation of PROMs scores is complicated 
by the way the statistical and clinical significance of the 

findings (i.e. thresholds to distinguish clinical impor-
tance) are addressed [16, 18, 38, 39]. Therefore, effort 
must be made to present PROMs scores to patients and 
clinicians more accurately by: improving directional con-
sistency by making use of standard descriptive labels [34, 
37], clear label ratings (i.e. consistent scales ranging from 
0–100 [37]), detailed information on the meaning of high 
and low scores [17], simple iconography [25], and brief 
definitions to understand what the PROMs scores rep-
resent [25]. Furthermore, it was suggested is to visualize 
only a limited number of symptoms, and to ask patients 
to prioritize the symptoms they want feedback on [35]. 
Afore mentioned factors to guide clinical interpretation 
of graphic visualization formats of PROMs data, were 
identified as well in a Delphi-consensus study by Snyder 
et  al. [15]. In this study, a panel including 15 doctor or 
nurse clinicians, 10 participants who identified as patient 
or caregiver advocates, 12 researchers, and 6 members of 
journal editorial boards, were asked to review data dis-
play issues, and give their perspectives on these issues 
to develop consensus statements. The authors conclude 
that implementation of graphic visualization formats 
of PROMs data have enormous potential to promote 
patient-centred care, however, it is critical that patients 
and clinicians understand what PROMs scores mean. 
More specifically, they recommended to use excep-
tionally clear labelling, titling, and other annotations to 
address potential confusion in direction of scores, and 
warn for mixing score direction in a single display. Fur-
thermore, for conveying score meaning, descriptive 
labels along the y-axis are expected to be helpful [15]. 
The Setting International Standards of Patient-Reported 
Outcomes and Quality of Life Endpoints in Cancer Clini-
cal Trials (SISAQoL) guideline [40] reported recommen-
dations on directionality of scale scores similar to Snyder 
et al. [15]. In order to enhance clinicians’ interpretation 
of PROMs scores they recommended to reduce the num-
ber of metrics presented (e.g. a maximum of six bars 
in bar graphs and 4 lines in line graphs), use coloured 
arrows (e.g. green for better and red for worse scores) 
and to accompany more complex displays like funnel 
plots with a detailed interpretation [40]. This guideline 
will contribute to standardize rules for interpretation and 
visualization.

Another suggestion for clarifying PROMs visualisation 
formats is to develop a dynamic dashboard for PROMs 
feedback [3, 6, 28]. This way, patients and clinicians are 
able to change between different graphic visualization 
formats. We imagine options such as comparing scores to 
norms or threshold scores, as not all patients may want 
to do so. Based on the hypothesis that serving individual 
preferences may facilitate interpretation accuracy, this 
could improve interpretation of PROMs scores as well. 
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However, it should be taken into account that imple-
menting a dynamic dashboard comes with challenges, 
like access and availability of suitable software and suffi-
cient IT staff to support such a dashboard.

Last, the implementation of PROMs hinges on more 
factors than visualization of data, starting with the per-
ceived value by patients and clinicians of discussing 
PROMs during clinical encounters. Nine studies included 
in our review noted that PROMs were perceived as valu-
able [4, 5, 12, 16, 25–27, 35, 36], where some studies 
(n = 5) showed mixed results regarding the usefulness 
of PROMs [1, 3, 14, 17, 19]. How patients value PROMs 
may determine the interest in graphic visualization of 
PROMs. This could have affected the presented results in 
this review.

This systematic review is limited by the fact that only 
papers published in English were included. Studies in 
other languages regarding locally successful implemented 
feedback of PROMs data might have been missed. Fur-
thermore, in this review, no distinction is made between 
objective (i.e. does a person actually interpret scores cor-
rectly), and subjective (i.e. does the person says he or 
she interprets scores correctly) interpretation accuracy. 
Only two included studies made a distinction between 
the different types of interpretation accuracy [4, 17]; for 
the other studies, based on the description of the study 
methods, we believe objective interpretation accuracy 
was assessed. Therefore, future research may investigate 
potential differences between actual and perceived inter-
pretation accuracy.

Another potential bias is that for the majority of 
included studies it remains unclear how questions about 
preferences and interpretation of the presented visu-
alization format(s) were framed to the study population. 
Besides, study participants may have had different back-
ground knowledge about graphic visualization formats, 
presentation of formats, and the content of PROMs data. 
This could confound our findings about how data and 
graphs were interpret, understood, and valued.

Furthermore, this review did not consider different 
levels of patients’ health literacy, since this information 
was not presented in the majority of articles reviewed. 
Patients with a higher level of health literacy can have 
different preferences compared to patients with lower 
levels of health literacy [3]. Some patients with lim-
ited health literacy may not understand the longitudi-
nal nature of data from left to right nor the temporal 
connection between different graphical elements [28]. 
Therefore, healthy literacy should be included as factor 
in studies dealing with data interpretation, for example 
measured through the use of the validated Health Lit-
eracy Questionnaire (HLQ) [41]. Furthermore, health 
literacy can differ among age, gender, and/or education 

level and therefore should be studied among these sep-
arate groups of patients in relation to PROMs visualiza-
tion [42, 43].

In conclusion, there was no predominant graphical 
visualization format approach in terms of preferences 
or interpretation accuracy for both patients and clini-
cians. To guide the clinical interpretation of scores 
during clinical encounters, PROMs scores can be com-
pared to patients’ previous scores or mean scores from 
a norm population, or compared to comparator scores 
or score thresholds. Furthermore, the use of colors, 
threshold lines, or circles around alarming scores can 
visualize the clinical meaning of PROMs scores that 
have been compared to previous scores, norms, thresh-
olds, or reference populations. Finally, detailed clari-
fication of each graph may be essential for accurate 
interpretation. Visualization strategies should therefore 
include descriptions of PROMs directionality as well as 
standard descriptive labels, brief definitions, and pres-
entation of a limited number of symptoms in a graph.
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