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Abstract 

Background: Although circadian, seasonal, and other cycles have been observed for a number of chronic conditions, 
their impact on patient reported outcomes measurements (PROMs) has not been systematically explored, render-
ing our understanding of the effect of time of measurement on PROM scores very limited. The aim was to conduct 
a scoping review to determine what is known about how intra-individual cyclical variation might affect the way 
individuals with chronic conditions respond to patient-reported outcome measures.

Methods: A protocol of a systematic scoping review was registered on PROSPERO (CRD42017058365). We devel-
oped a search strategy based on previous relevant reviews and implemented it in: MEDLINE, Embase, PsycINFO, and 
CINAHL. No restrictions were placed on article types and backward and forward citation searches were conducted. 
Screening and data extraction were independently completed by up to four reviewers. An adapted version of CASP 
criteria was used to appraise the quality of included articles. Concepts that were important in understanding the 
impact of cyclical variation on PROM scores were elicited from the papers and iteratively refined through discussion 
amongst the authors.

Results: 2420 references resulted from the searches, with 33 articles meeting the inclusion criteria. Most study 
designs included observational research (particularly ecological momentary assessment), 2 were RCTs and 2 were sys-
tematic reviews. Studies mainly focused on specific health conditions: mental health, respiratory and musculoskeletal. 
There was a lack of qualitative research and theoretical framework to explore these concepts more fully. Five overarch-
ing concepts emerged: variation in outcomes, variation of scores, psychological status, individual factors, and environ-
mental/situational factors. A conceptual model was developed outlining the relationships between these concepts.

Conclusions: There is empirical evidence that supports cyclical variation in PROM scores across different chronic 
conditions, with potential very significant implications for administration and interpretation of PROMs. The proposed 
conceptual model can support further research in this area.
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Background
Cyclical variation of physiological and clinical variables 
has been observed in relation to biological rhythms for 
different periods, including both circadian (24-h period) 
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and longer infradian periods (e.g. circaseptan (week), 
circamensual (month), circannual (year)). Physiologi-
cal cyclical variation has long been established for bod-
ily temperature, blood pressure, fertility, weight, mood 
and sleep [1, 2]. Diseases demonstrate cyclical variation 
in relation to physiological changes that occur, with risks 
increased for mortality at different hours of a 24-h period 
for certain conditions [3]. The risk of a cardiac event 
(e.g. myocardial infarction, ST-segment depression), 
for example, is much greater in the earlier hours of the 
morning due to the surge of blood pressure at waking, 
whilst peak expiratory flow and forced expiratory volume 
in people with asthma are greater during the daytime and 
poorest at night, and cortisol exhibits high-amplitude cir-
cadian rhythmicity highlighting the importance of when 
blood samples should be tested [3].

Cyclical variation can be also anticipated to impact on 
patient assessments of their health. Patient reported out-
comes (PROs) are health outcomes, which are directly 
reported by an individual without an interpretation of the 
response by a clinician or anybody else [4]. PROs include 
the symptoms people experience, their functioning 
(functional status), general perceptions of their health, 
health related quality of life and well-being [5, 6]. PROs 
are complementary to objective outcomes that are fre-
quently used in clinical settings (e.g. blood pressure, tem-
perature, blood measurements) and are collected using 
instruments known as patient reported outcome meas-
urements (PROMs). They provide unique and essential 
information on patients’ perceptions of both the impact 
of conditions and their management, information that is 
essential for patient centred decision making [7, 8]. The 
process by which an individual assesses their health is a 
complex interaction between determinants of health, the 
time of measurement, and the constructs measured by 
the instrument. Better understanding cyclical variations 
in the outcomes of health conditions can support patients 
in managing their condition. Knowing when their condi-
tions are at its best and worst can help patients manage 
their daily lives improving their quality of life. Clinicians 
generally focus on persistent symptoms at the time of 
patient consultations, and overlook fluctuations that 
occur throughout the day, week or month. Fluctuating 
patient reported outcomes over time reported by patients 
could have a bearing on clinician’s evaluation of treat-
ment plans and understanding of their patient’s disease 
progression. If there is variation then both patients and 
clinicians can tailor management of the health condition.

Intra-individual cyclical variation has previously 
received little attention in the field of PROMs. PROMs 
were originally conceived for obtaining valid and reli-
able estimates of outcomes at a group level for measuring 
disease burden or evaluating health care interventions 

for populations [9–11]. In this context, intra-individual 
cyclical variation may have become less observable as 
it would be eventually diluted when multiple individual 
scores are aggregated for obtaining group estimates, par-
ticularly when cyclical variation is expected to be dis-
tributed at random across different groups of patients in 
randomised clinical trials. However, the increased use of 
these measurements in clinical practice, for example in 
psychological services such as IAPT (Improving Access 
to Psychological Treatment) [12] for individual patients 
makes unaccounted intra-individual cyclical variation 
essential for establishing whether a difference in scores 
in a patient signals a true change in patient health status, 
rather than being due to expected cyclical variation.

The impact of cyclical variation on patient reported 
outcomes measurements has not been systematically 
explored. This renders our understanding of the effect 
of time of measurement on PROM scores very limited. 
The aim was to determine how intra-individual cyclical 
variation has been previously defined and measured and 
how it might affect the way individuals with chronic con-
ditions respond to patient-reported outcome measures. 
Development of a conceptual model can provide hypoth-
eses to be tested in the management of the variation that 
occurs.

Methods
We conducted a scoping review, [8], as this is the method 
of choice for the proposed aims [13, 14].

Search strategy and selection of the literature
A search was conducted for relevant articles in four data-
bases: MEDLINE (In-Process & Other Non-Indexed 
Citations and Ovid MEDLINE, 1948 to Present, accessed 
through OvidSP); Embase (1974 to present, accessed 
through OvidSP); PsycINFO (1967 to present, accessed 
through OvidSP); and CINAHL (from 1981 to present, 
accessed through EBSCO) using a model pre-defined 
strategy developed through an iterative process, based 
on published searches and with input from an informa-
tion specialist. The searches were conducted between 
July and September 2017 and there were no restrictions 
to the time period being searched. The search strategy 
was developed and reviewed with an information spe-
cialist from the systematic reviewing team. The strategy 
was tested prior to implementation in order to assess the 
types of papers resulting from the search. The final strat-
egy with search terms were organised into four blocks: 
PROs, measurement, time, and chronic conditions. For 
example, within the PROs block search terms included 
symptom, function, quality of life. The full search strategy 
across the different databases is included as a Additional 
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file  1: Table  1. The search strategy was adapted to each 
database to comply with their terminology [15].

Due to the nature of the type of literature review the 
inclusion criteria to screen the titles, abstracts and full-
text articles that was set included any record (e.g. original 
studies, systematic reviews, editorials, conference pro-
ceedings etc.) that met all of the following criteria:

1. Reporting PROMs data (ranging from multiple scales 
to single items)

2. Reporting variation of PROMs across time (e.g. daily, 
weekly, monthly, seasonally, etc.)

3. Including patients with one (or more) chronic 
condition(s)

4. Having been written in English

The inclusion criteria were tested by four reviewers 
(AD, JC, IP and JMV) firstly on a selection of 20 titles 
and abstracts and then on full-texts and inter-rater reli-
ability between the each pair of reviewers was calculated 
through the Cohen’s Kappa statistic [16] in Excel. The 
median kappa across all reviewers at abstract stage was 
0.92, whilst at full-text stage the median was 0.96. All the 
titles and abstracts were imported and reviewed using 
Rayyan, a web-based platform to facilitate the screening 
process [17]. When reviewers agreed that abstracts did 
not meet the eligibility criteria these were excluded. Full-
text screening took place following this process. Full-text 
articles that were not available through the University 
library system were obtained by emailing authors or con-
tacting them via ResearchGate. A final list of full text arti-
cles was compiled and backwards and forwards citation 
searching on the included full text articles was manually 
undertaken [18]. Backward citation searches were con-
ducted by examining each source cited by the references 
in each article. Forward citation searches were conducted 
by identifying articles that cited the included articles in 
PubMed.

Data extraction and quality assessment
Information was extracted into an Excel spreadsheet 
using a pro-forma including the characteristics of the 
articles, data collection methods and time periods, 
explicit (existing conceptual models, explicit hypotheses 
on cyclical variation of PROMs) and implicit assumptions 
(associations being explored without a priori hypoth-
eses). In order to assist in categorisation of the chronic 
conditions, the World Health Organisation’s Interna-
tional Statistical Classification of Diseases and Related 
Health Problems guide (ICD-11) was used [19].

The quality of included articles was assessed using an 
adapted version of the Critical Appraisals Skills Pro-
gramme (CASP) tool of observational research to assess 

whether articles focused on time-related variation in 
their studies [20] (Additional file 2: Table 2). The CASP 
tool is frequently used by systematic reviewers to assess 
the quality of articles and there are tools designed for a 
variety of study designs (e.g. qualitative, randomised 
controlled trials, and observational). Quality assessment 
methods were tested in a pilot evaluation prior to use 
across the literature by AD, CG and JMV.

Evidence synthesis
The conceptual model considered what needed to be 
taken into account and the models (Valderas and Alon-
so’s classification model, Fig. 1 [5, 21]) helped to inform 
this. The developed conceptual model further elaborated 
on the variables and hypothesised relationships in the 
explicit and implicit assumptions of the studies included 
in the review. In particular, the studies and conceptual 
model uniquely highlighted how psychological status is 
both a functional outcome as well as a determinant of 
patient reported outcomes. AD and JMV conducted a 
pilot for the approach, AD subsequently extracted key 
concepts explaining time-related variation of scores 
from all studies. This was done by going extracting the 
key relevant concepts and their proposed associations 
as mentioned in each document (e.g. health outcomes, 
biorhythms, etc.). These concepts and associations were 
then mapped out by AD, onto a conceptual model, which 
was iteratively refined through discussion amongst the 
authors.

Results
A total of 2420 articles were retrieved from biblio-
graphic databases and an additional 45 full-text articles 
were identified through forward and backward citation 
searches (see Fig.  2). Inter-rater reliability between the 
reviewers were κ = 0.83 (abstract) and κ = 0.92 (full text). 
A total of 33 studies were included in the final review 
(Table  1). Articles that were excluded from the final 
review did not meet the inclusion criteria as outlined in 
the methods section, for example they did not study vari-
ation across time, or report PROMs scores. The quality 
of the studies varied from 3 to 7 points (maximum) on 
the adapted CASP tool, with three articles achieving the 
maximum score of 7.

Study characteristics
The majority of the literature was published from 2000 
[22–42], with ten articles published in the last five years 
[22, 30, 34, 35, 38, 40–45]. Seventeen studies were con-
ducted in North America [22, 25, 27, 29, 30, 33–37, 42, 
45–49], twelve in Europe [23, 24, 28, 31, 32, 38, 40, 41, 
44, 50–52], with two studies across both regions [26, 29] 
and two further studies from Asia [43, 53]. Studies were 
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Table 1 Characteristics of the articles included in the review

References Country Design Setting Conditions PROMs measurement

Frequencya Data collection 
 periodb

Study 
 qualityc

aan het Rot et al. 
2012

Netherlands Systematic Review Various settings Depression Between 3 and 10 Varied 3

Abdel-Kader et al. 
2014

USA Observational 
(Longitudinal)

Secondary care Kidney disease 4 7 d 3

Bellamy et al. 1991 Canada RCT d Secondary care Rheumatoid 
arthritis

6 9 d 1

Bromberg et al. 
2014

USA Observational 
(Longitudinal)

Secondary care Arthritis 3 1 m 3

Claros-Salinas et al. 
2010

Germany Observational 
(Longitudinal)

Secondary care Multiple sclerosis 3 2 d 2

Crosby et al. 2009 USA Observational 
(Longitudinal)

Community Eating disorders 6 2 w 3

Curran et al. 2004 USA Observational 
(Longitudinal)

Secondary care Cancer 4 5 d 3

Dekkers et al. 2000 Netherlands Observational 
(Longitudinal)

Community Rheumatoid 
arthritis

8 (PROMs)
9 (saliva)

2 d 2

de Wit et al. 1999 Netherlands RCT Secondary care Cancer 2 2 m 6

Feuerecker et al. 
2015

Germany Observational 
(Longitudinal)

Secondary care Chronic dizziness 5 1 d 3

Feys et al. 2012 USA, Spain, 
Belgium, Finland, 
Denmark

Observational 
(Longitudinal)

Secondary care Multiple sclerosis 3 1 d 3

Graham-Engeland 
et al. 2016

USA Observational 
(Longitudinal)

Community Rheumatoid 
arthritis

5 7 d 2

Hamilton et al. 
2007

USA Observational 
(Longitudinal)

Secondary care Fibromyalgia 7 2 d 2

Hardt et al. 1999 Germany Observational 
(Cross-sectional)

Secondary care Chronic pain 1 1 d 5

Houtveen et al. 
2015

Netherlands Observational 
(Longitudinal)

Community Mental disorder 4 3 w 3

Kikuchi et al. 2012 Japan Observational 
(Longitudinal)

Secondary care Headache 4 7 d 3

Kleiman et al. 2017 USA Observational 
(Longitudinal)

Community Mood disorders 4 28 d 2

Kratz et al. 2016 USA Observational 
(Longitudinal)

Community Chronic pain 5 7 d 5

Lavender et al. 
2013

USA Observational 
(Longitudinal)

Secondary care Eating Disorders 6 2 w 4

McCarley et al. 
2007

USA Observational 
(Longitudinal)

Community Chronic Obstruc-
tive Pulmonary 
Disorder (COPD)

5 8 d 7

Okifuji et al. 2011 USA Observational 
(Longitudinal)

Secondary care Fibromyalgia 3 30 d 2

Partridge et al. 
2009

Europe and USA Observational 
(Cross-sectional)

Community Chronic Obstruc-
tive Pulmonary 
Disorder (COPD)

1 1 day 2

Pfaltz et al. 2010 Switzerland Observational 
(Longitudinal)

Community Mood disorders 5 8 d 3

Powell et al. 2017 UK Observational 
(Longitudinal)

Secondary care Multiple sclerosis 6 4 d 7

Roche et al. 2013 France Systematic Review Various settings Chronic Obstruc-
tive Pulmonary 
Disorder (COPD)

Varied Varied 3

Schanberg et al. 
2005

USA Observational 
(Longitudinal)

Secondary care Polyarthritic 
arthritis

1 2 m 6
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conducted in patients with five broad disease categories: 
mental health (n = 8) [28, 31, 35, 40–42, 46, 48], muscu-
loskeletal (n = 7) [23, 34, 36, 39, 45, 47, 54], respiratory 
(n = 5) [26, 27, 32, 33, 51], nervous system (n = 4) [29, 

36, 37, 44], and other conditions (n = 8) [22, 25, 30, 38, 
43, 49, 50, 53]. Studies sampled mostly adult populations 
(n = 30), with two studies focusing solely on female adults 
[36, 49], and the remaining focusing on children [34, 39, 

Table 1 (continued)

References Country Design Setting Conditions PROMs measurement

Frequencya Data collection 
 periodb

Study 
 qualityc

Schlager et al. 
1995

USA Observational 
(Cross-sectional)

Primary care Depression 1 1 5

Schwartz 2000 USA Observational 
(Longitudinal)

Community Cancer 1 8 w 4

Sewell et al. 2010 UK RCT Secondary care Chronic Obstruc-
tive Pulmonary 
Disorder (COPD)

Twice (pre and 
post)

7 w (pre and post) 4

Shin and Lee 2014 Korea Observational 
(Longitudinal)

Secondary care Chronic pelvic 
pain

Every 2–3 months 27 m 3

Stinson 2008 Canada Observational 
(Longitudinal)

Secondary care Arthritis 3 2 w 2

Tsanas et al. 2016 UK Observational 
(Longitudinal)

Secondary care 
and community

Depression 1 3 m 2

Vernon et al. 2010 USA Observational 
(Longitudinal)

Primary care Chronic cough 1 2 w 3

a The number of times measurements were completed in a day
b d: days; w: weeks; m: months
c A lower score on the CASP means article focused less on cyclical variation of PROMs (range from 0 to 7)
d Randomised Controlled trial

Fig. 1 Revised Valderas and Alonso model of Patient Reported Outcomes [19]
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47]. Studies recruited participants in specialist outpatient 
departments within secondary care (n = 18) [22, 24, 25, 
29, 32, 34, 36–39, 43, 44, 47, 50, 52–55], primary care and 
the community (n = 11) [23, 26, 27, 30, 31, 40–42, 45, 46, 
49]. The two systematic reviews did not have any inclu-
sion criteria relevant to specific settings.

Study designs
Included studies in the literature collected PROMs pri-
marily for the measurement of symptom severity (such 
as pain, fatigue, stiffness, shortness of breath and affect 
(emotions)) and functional status, including disability 
measures. There was a lack of quality of life measures 
used across the articles. Many of the studies used visual 
analogue scales (VAS) for pain, fatigue and stiffness [24, 
27, 29, 34, 39, 40, 47, 54]. Seven studies used single items 
on mood, pain and fatigue [23, 30, 36, 38, 39, 44, 45].

The included studies employed a range of only quan-
titative methodologies and designs, including observa-
tional (cross-sectional and cohort) [22–27, 29–31, 33, 34, 
36–48, 50, 53, 55] and experimental (randomised con-
trolled trials) designs [32, 52, 54]. We did not identify any 
studies using qualitative or mixed methods, commentar-
ies, or editorials. Many of the studies using observational 
methods used the Ecological Momentary Assessment 
(EMA) approach to data collection [22, 23, 25, 30, 31, 36, 
37, 40–42, 44–46, 53, 56, 57]. There were two systematic 

reviews which focused on methodological approaches 
to collecting real-time data in two specific conditions, 
depression and COPD [28, 51]. The majority of studies 
used a repeated measures design, collecting data from 
twice to eight times a day[22, 24, 25, 27, 29–31, 34, 36–
39, 41, 42, 44, 46, 52–56], with one study collecting data 
every three to four months over a 27 month period [43]. 
Three studies were of cross-sectional design collecting 
data only once [26, 48, 50].

Conceptual model
Two core constructs were identified in our conceptual 
model from the literature: variation in health outcomes 
(PROs), and variation in scores (PROMs) (Fig.  3). In 
addition the model considers two determinants (disease-
related biorhythms, and timing of biomedical interven-
tions), one key mediator (psychological status), and two 
main moderators (individual and environmental fac-
tors). The determinants only directly influence variation 
of outcomes, while the moderators impact on all of the 
two determinants, two core constructs, and the mediator. 
Psychological health status has a bidirectional relation-
ship with variation in outcomes (an individual’s overall 
health has an impact on psychological state, which also 
influences overall health). All these interactions result 
in possible sources of variation in scores, and determine 
how scores are to be interpreted.

Titles and abstracts screened 
(N=2420)

Records identified through 
database searching 

(N=3092)

Full-text articles assessed for 
eligibility
(N=86)

Records excluded 
(N= 2334)

Duplicate records 
identified 
(N=672) 

Articles included in review 
(N=33)

Additional full-text 
articles identified 

from backward and 
forward citation 

searching (N=45)

Records excluded 
(N=98) 

Fig. 2 Flow chart of the scoping review
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Moderators: individual and environmental factors
One of the fundamental determinants of health is the 
person’s individual characteristics and behaviour. When 
considering individual factors, part of this can be defined 
in terms of the demographics (e.g. age, gender) of the 
population being studied, their personality, motivation, 
values and preferences. The impact of the concepts of 
motivation and personality are reinforced with research 
conducted by Hardt et al. [50] or Graham-Engeland et al. 
[45], linking personality characteristics such as mood-like 
traits to the experience of pain. An individual’s level of 
acceptance or determination changes the way they per-
ceive their outcomes (e.g. symptoms, functional status), 
for example pain acceptance was seen to buffer expected 
increases in pain interference and decreases in physical 
activity in the context of high pain for spinal cord injured 
patients [30]. Individual thresholds could also determine 
changes in scores longitudinally, especially in relation 
to subtle changes in pain that occur for those with high 
pain thresholds. Multimorbidity adds to the complexity 
of completion and interpretation of PROMs and was an 
important concept to consider in the articles. Co-morbid 
conditions sharing similar symptoms can impact on how 
patients report on one particular condition, with symp-
toms in one condition (e.g. pain in rheumatoid arthritis) 
potentially triggering another condition (e.g. depression) 
[23, 45].

Environmental determinants of health include both 
the physical and social environment in which individu-
als live and work. The physical environment includes the 
natural setting (e.g. weather, bioenvironmental markers, 
etc.) and the human setting (urban/rural). For example, 
temperature changes over the year can impact on symp-
tom status for COPD sufferers exacerbating their symp-
toms in the winter [32], limiting their participation in 
activities. Furthermore, cold weather has been associated 
with a breakthrough of chronic prostatitis/chronic pel-
vic pain syndrome symptoms in the winter compared to 
acute symptoms reported in the summer [43]. External 
rhythms, such as exposure to sunlight or external stimuli, 
have been linked to variation in outcomes and psycho-
logical status with increased sunlight linked to better out-
come scores [28, 48], and worsening outcomes for long 
exposure to external stimuli [38]. Sleep quality was high-
lighted as a contributing factor to worsening PRO scores 
due to sleep disruption, triggered by numerous variables 
such as stress [34, 37, 49] or night-time symptoms [51] 
and effects on symptoms such as mood upon awakening, 
fatigue [23, 44, 49], and poor overall functioning [37].

Determinants
Two main sources of outcomes variation are identified: 
disease-related biorhythms, and timing of health care 
interventions (including medication). Disease-related 

Fig. 3 Conceptual model for cyclical variation of Patient Reported Outcome Measures (PROMs)
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biorhythms are the natural cycles of change in the body’s 
chemistry or function and symptoms [26], related to the 
health condition, which function in a rhythmic pattern. 
For example, those with rheumatoid arthritis present 
a diurnal patterning with regard to their symptoms [23, 
54], whilst cortisol levels that affect mood in seasonal 
affective disorder has a circannual rhythm [48]. These 
biorhythms govern certain health outcomes such as 
symptoms and function [26], and ultimately affect health 
related quality of life.

The timing of medical interventions (such as the dos-
age and pharmacokinetics of medication) is an impor-
tant factor to consider as it has significant consequences 
on the variation in health outcomes, due to both their 
indications and adverse effects [22, 26, 33, 53]. Cancer 
treatments have severe effects on individuals’ symptoms 
and functional ability. Breast cancer patients present a 
distinct infradian patterning of fatigue levels following 
chemotherapy treatments, typically highest within 24 
to 48  h following treatment [49]. The type of interven-
tion prescribed (whether that be pharmacological or not) 
for every condition will be different and will have vary-
ing levels of impact on an individual’s overall outcome. 
In some conditions, the time of year an intervention is 
administered, such as rehabilitation, impacts on overall 
health outcomes post-completion. For example, Sewell 
et al. [32] showed that for COPD patients seasonal vari-
ations have an important impact on functional perfor-
mance after pulmonary rehabilitation.

Variation in health outcomes
Variation in health outcomes depends on health condi-
tions, the type of health outcomes (as outlined in the 
existing models/classification systems on health out-
comes), and time (periods). The studied health conditions 
show cyclical patterns in their effects on health outcomes 
such as symptom and functional status, and health 
related quality of life. Individuals with musculoskeletal 
and nervous system conditions experience a diurnal pat-
terning of symptoms during the day, with fatigue and 
pain worsening by the end of the day [23, 24, 29, 34, 36, 
37, 39, 41, 44, 45, 47, 53, 54]. However, individuals with 
respiratory conditions experience a different diurnal pat-
terning of symptoms whereby symptoms are worse in the 
morning and evening [26, 27, 33, 51]. In addition, respira-
tory conditions have seasonal patterning with individuals 
reporting increased symptom severity levels over winter 
months [32].

Functional status, one’s ability to perform daily tasks, 
varies with health conditions and time [30, 32, 34, 39, 41, 
48]. It is apparent that one’s functional status presents 
a diurnal and infradian rhythmic patterning depend-
ing on the health condition. For example, functional 

performance for COPD patients worsens in the winter 
months [32], greater functional difficulties are experi-
enced in the mornings and on the days following nights 
of poorer perceived sleep quality for arthritis sufferers 
[34, 39].

Although health related quality of life (HRQoL) was 
not extensively researched in the papers, there was some 
acknowledgement of the association between HRQoL 
and the symptoms and functioning experienced by indi-
viduals [24–27, 29, 30, 39, 40, 43, 51, 56] with regard to 
fluctuations in symptoms and functioning across condi-
tions being associated with lower health related quality 
of life. It is evident that fluctuating health outcomes has 
a bi-directional relationship with an individual’s psy-
chological status, in that mood is affected by and affects 
symptoms, functioning and health-related quality of life.

Mediator: psychological health status
Although psychological health status is also a health out-
come, it has been presented as a mediator in this model. 
The rationale behind this is that psychological health sta-
tus strongly impacts on and is impacted by all the other 
concepts in the model. The mental state an individual is 
in appears to be determined by the two moderators as 
well as the other health outcomes. The other concepts 
within the model influence the (non-observable) media-
tor concept (psychological health), which in turn influ-
ences variation in scores. Psychological health status 
incorporates mood (e.g. emotions), cognition and gen-
eral psychological and mental functions. An individual’s 
psychological health status is determined by both the 
individual and environmental variables. In our model 
psychological health status is a mediator between vari-
ation of PROs and variation in the scores. A change in 
psychological status resulting in worse outcome scores 
has been observed for patients with MS [44], arthritis 
[47], or suffering mental health problems. Variations in 
mood have been linked to fluctuations in pain, stiffness, 
and fatigue in children with chronic arthritis [34]. As 
represented in the model, the relationship between psy-
chological status and variation of outcomes is bidirec-
tional. Bulimic patients, for example, tended to engage 
more in bulimic behaviour on days where negative emo-
tion is high, and vice versa. In addition, mood measured 
in a previous month predicted pain severity in the next 
month [45].

Psychological health status also played a role in the 
prediction of reduced social activities for children with 
chronic arthritis demonstrating the link it has with func-
tional status [47], with lower mood and stiffness being a 
predictor of school attendance. The relationship between 
psychological status and variation of scores is unidirec-
tional, in that lower mood at the time of completing a 
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PROM impacts on how an individual remembers their 
experience of their condition, which affects the scores 
[45]. Psychological health status also fluctuates over time, 
with research demonstrating a within-person fluctuation 
over short periods of time [35].

Variation in scores
Variation in scores is dependent on several internal pro-
cesses an individual uses to complete a measurement 
tool. Completion of an outcome measurement is reliant 
on the ability of individuals to appraise their condition 
which involves a cognitive process. The internal pro-
cesses (integration) involved for each individual when 
appraising their condition is influenced by an individu-
al’s cognitive process and their recall. As completion of 
a PROM requires individuals to reflect on their health, 
there is a degree of recall involved which impacts on and 
is impacted by how individuals integrate their experi-
ence. All of these concepts then lead to what is completed 
on the measurement tool and the interpretation of out-
come scores.

Within-person variance was commonly observed for 
different mood disorders in daily and weekly scores, 
including suicidal ideation [42], eating disorders [55], 
bipolar and borderline personality disorder [27]. Cogni-
tive decline and an increase in fatigue during the day is 
observed in MS patients affecting their performance to 
do tasks [30, 35], with substantial moment-to-moment 
and day-to-day fluctuations in fatigue severity found in 
relapse-remitting MS patients [41]. This decline in cogni-
tive function can affect the internal processes involved in 
responding to an outcome measure, ultimately affecting 
the PROM score.

The sensitivity of the measurement to detect any 
changes in outcomes over time, and how change is 
defined to be clinically important within studies were 
important issues discussed in the articles [35, 39]. Diaries 
were more sensitive to daily score changes than meas-
ures obtained by patient interview, for pain intensity for 
cancer patients [48], and for young people with juvenile 
idiopathic arthritis [22]. The timing of measurements has 
been shown to be of significant importance, particularly 
with conditions that affect cognitive performance, such 
as MS patients demonstrating cognitive fatigue declining 
as the day progresses [30].

Daily measurements of mood, in one study, impacted 
the evaluation of health outcomes when measuring effi-
cacy of psychopharmacological or psychological inter-
ventions [27]. However, daily measurements can also 
affect how individuals report their symptoms, for exam-
ple in one study, pain significantly decreased during the 
second week of the study, which may have been an unin-
tentional feedback intervention resulting in changes in 

their appraisals or pain management [26]. Although we 
do not know if the changes were also due to the fact that 
pain naturally decreased, thus representing true variation 
in outcomes.

Recall bias is when patients remember an event or 
experience incorrectly [57]. Retrospective accounts can 
lead to misclassification of symptoms [20], and an over-
estimation of symptoms [37, 48]. Psychological health 
status [40], symptoms at the time of recall [23], length of 
the recall period, and primacy or recency of information 
[37] all impact on how individuals appraise their condi-
tion. A systematic review of studies on major depres-
sive disorders revealed that negative recall bias in these 
patients exist mostly in the under-reporting of negative 
affect [34]. Asking patients to summarise their mood 
over a requested period potentially overlooks clinically 
meaningful differences in symptom patterns which could 
be picked up at each moment in time [37]. Although pain 
scores were higher in the evening and fluctuated across 
the weeks, pain recall was inaccurate for cancer patients 
with over-estimation of pain reported from a previous 
week [48].

Discussion
This scoping review provides evidence for cyclical varia-
tion of PROMs for certain conditions, mainly respiratory, 
musculoskeletal, mental health and nervous system. The 
literature demonstrates a range of periodic fluctuations 
(e.g. diurnal, circadian, infradian and seasonal) across 
these conditions. Key concepts important in explain-
ing cyclical variation of PROMs were extracted from the 
literature, and a conceptual model developed. The con-
ceptual model provides a foundation in explaining the 
factors affecting variation in PROMs scores.

The concepts within the model were categories under 
four main aspects: core constructs, mediator, mod-
erator and determinants. The model identifies the core 
constructs as variation in health outcomes (PROs), and 
variation in scores (PROMs), a key mediator (psychologi-
cal health status), determinants impacting on a core con-
struct (disease-related biorhythms, timing of biomedical 
interventions) and moderators (individual and environ-
mental factors). Variation in outcomes and scores was 
found to be mediated by individual/environmental fac-
tors, and psychological health status at the time of com-
pleting a PROM.

All the included studies used quantitative methods to 
collect momentary and retrospective accounts of patient 
experience. In order to collect momentary accounts 
of individuals’ experiences authors used an ecologi-
cal momentary assessment approach to data collection. 
However, many of the authors raised issues in rela-
tion to recall bias when questionnaire items required 
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participants to provide a retrospective account of their 
health, consisting with the cognitive literature [58, 59]. 
According to cognitive science, our experiences, albeit 
good and bad, are encoded as an overall evaluation cap-
turing the remembered intensity of the experience [58, 
60] and memory is influenced by the individual’s context 
and mental state at the time of recall.

Alongside the periods of time PROMs require patients 
to reflect on, the frequency by which researchers or cli-
nicians measure health may be important to consider 
especially with regard to day-to-day fluctuations [45]. 
Individual patients also exhibit different fluctuations, 
with individually-specific triggers and understanding 
this could explain these patterns in chronic conditions. 
This would help both patients and clinicians to efficiently 
manage the progression of diseases. However, there was 
a lack of patient perspective corroborating the hypothe-
sised concepts within the model, due to the study designs 
identified.

Repeated measurements and a qualitative examination 
into the effect of time would provide better insight into 
the everyday correlates of patients’ symptoms and the 
contributing factors to fluctuations in outcome scores, 
such as quality of sleep or other symptoms (e.g. mood) 
[41].

Another factor to consider is how time was handled 
during the analysis of the data and what type of statisti-
cal tests were performed to analyse the data. Appropri-
ate methodological approaches to analysing the data are 
necessary when modelling the effects of time. Research 
within the chronobiological field recommends to first 
plot the data as a function of time and use statistical 
techniques (i.e. spectral analysis) for detecting periodic 
patterns in time-related data [61, 62]. Cornelissen [61] 
highlights that classical study designs encouraging fewer 
test groups (or testing points) are not powerful enough to 
detect a time effect in comparison to chronobiology stud-
ies where they recommend using at least six timepoints 
per cycle.

Limitations
The studies included in the review used a diverse range 
of methodologies, albeit all quantitative. Some of the 
authors were not fully transparent on the methods or 
analyses used, which proved challenging when appraising 
the quality of the studies. A limitation of this review is 
the exclusion of articles that were not published in Eng-
lish. Another potential limitation is the use of the terms 
in the search strategy and whether the list was com-
prehensive or sensitive enough to capture all studies of 
interest (e.g. qualitative). Whilst developing the layout 
of the concepts in the model, a degree of subjectivity was 
needed, although this was an iterative exercise which 

was not done in isolation and the concepts were directly 
drawn from the articles.

Implications
There are various factors to consider for clinicians and 
researchers when using PROMs to assess effectiveness of 
interventions and/or progression of a disease. As there 
are thousands of PROMs instruments available for use 
[63, 64], the type of measurement that is used should be 
sensitive enough to detect changes in scores for patients. 
Changes in scores, as demonstrated by the conceptual 
model, is dependent on the time (time of day or year) 
when a patient completes the measurement. The type of 
measurement and where these are taken may also impact 
on how patients complete them, for example before a 
doctor’s appointment in a healthcare setting or at home. 
Understanding the biorhythms of each condition and 
how that may affect physiological as well as self-reported 
data needs to be considered when interpreting results.

In addition, the frequency by which patient-reported 
outcome data is collected may present a more enhanced 
picture of the longitudinal impact of the condition. Klei-
man et al. [29] stipulate that no single data point should 
be used in making clinical decisions as, for example, vari-
ations occur in suicidal ideation over the course of a few 
hours. As seen in de Wit’s [48] study daily diaries of pain 
experience showed variation of pain experience occur-
ring on a daily basis. Multiple measurements can provide 
clinicians with a better understanding as to when patients 
are most vulnerable. This could enable clinicians to gauge 
when interventions would be most effective, providing 
a preventative rather than reactive approach to health-
care delivery. In addition, with multiple measurements 
patients would feel more empowered to better manage 
their conditions. An in-depth systematic identification of 
qualitative literature is needed to corroborate our find-
ings and conceptual model, ideally supplemented with 
primary qualitative research using an analytical frame-
work approach.

Many conditions are often seen in isolation of other 
co-morbidities when patients visit specific specialists, 
despite evidence demonstrating interacting effects of 
each condition [65]. With the rise of multimorbidity 
around the world the way healthcare is delivered should 
take the implications of multiple conditions on health 
outcomes into account [66, 67]. In addition, medication 
timing and type of medication impacts on how patients 
experience their condition over time, and report on that 
experience. Chronotherapeutics is a growing field of 
research demonstrating that timing of medication can 
alter the course or progression of a condition, which in 
effect can alter outcome scores [68, 69].
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Conclusion
There is evidence of the impact of biological rhythms 
on PROMs scores, with potentially significant implica-
tions for clinical assessments in the care for people with 
chronic conditions. The proposed conceptual model 
can support further research in this area.
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