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ABSTRACT
Background: Data collected during initial primary care consultations could be a source of baseline
prognostic factors associated with changes in outcome measures for patients with knee pain.
Objectives: To identify, appraise and synthesize studies investigating prognostic factors associ-
ated with changes in outcome for people presenting with knee pain in primary care.
Methods: EMBASE, CINAHL, AMED, MEDLINE and MedRxiv electronic databases were searched
from inception to March 2021 and repeated in August 2022. Prospective cohort studies of adult
participants with musculoskeletal knee pain assessing the association between putative prog-
nostic factors and outcomes in primary care were included. The Quality in Prognostic Studies
(QUIPS) tool and The Modified Grading of Recommendations Assessment, Development and
Evaluation (GRADE) framework, specific to prognostic reviews were used to appraise and synthe-
size the evidence respectively.
Results: Eight studies were included. Eight knee pain outcomes were identified. Methodological
and statistical heterogeneity resulted in qualitative analysis. All evidence was judged to be of
low to very low quality. Bilateral knee pain (multivariable odds ratio (OR) range 2.60–2.74; 95%CI
range 0.90–8.10, p value ¼ 0.09) and a lower educational level (multivariable (OR) range 1.74–
5.6; 95%CI range 1.16–16.20, p value ¼<0.001) were synonymously associated with persisting
knee pain at 12-month follow up. A total of 37 univariable and 63 multivariable prognostic fac-
tors were statistically associated with outcomes (p� 0.05) in single studies.
Conclusions: There was consensus from two independent studies that bilateral knee pain and
lower educational level were associated with persistent knee pain. Many baseline factors were
associated with outcome in individual studies but not consistently between studies. The current
understanding, accuracy and reliability of the prognostic value of initial primary care consult-
ation data for knee pain outcomes are limited. This review will provide an essential guide for
candidate variable selection in future primary care prognostic confirmatory studies.

KEY MESSAGES

� Bilateral knee pain and lower educational level were associated with persistent knee pain.
� Many baseline factors were associated with outcome in individual studies but not consist-
ently between studies.

� The current understanding, accuracy and reliability of the prognostic value of initial primary
care consultation data for knee pain outcomes are limited.

ARTICLE HISTORY
Received 1 September 2022
Revised 29 November 2022
Accepted 3 January 2023

KEYWORDS
Primary care; prognosis;
knee pain; prognostic
factors; musculoskeletal;
systematic literature review

Introduction

Musculoskeletal (MSK) pain is a leading cause of dis-
ability worldwide and is likely to rise globally with an
ever-growing population and increased life expectancy
[1,2]. MSK pain accounts for 22% of the total burden
of ill health in the UK [3]. Knee pain is one of the

most common complaints observed, with prevalence
rates in the general population estimated to be
between 19 and 35% [4,5].

People suffering from knee pain are frequently
managed in primary care and represent approximately
10% of all primary care consultations for MSK
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conditions [6]. For the purposes of this review, primary
care refers to services provided by registered medical
or healthcare practitioners (generally in community
settings), which provide patients with an initial point
of contact or consultation where they can seek advice
or assessment of a health complaint or condition.
Examples include general practitioners, paramedic
practitioners, physician associates, first contact physio-
therapy practitioners and nurse practitioners.

During initial consultations, practitioners typically
conduct a detailed review of the history of the current
condition and perform a clinical assessment to estab-
lish a working diagnosis. Current primary care man-
agement models recommend an array of further
diagnostic investigations or management options; this
can include advice, physiotherapy, pharmacological
management or onward specialist referral (i.e. transfer
to secondary care) [7–9]. However, selecting the most
appropriate course of action can be challenging and
clinical decisions are usually influenced by, and can be
biased towards, a practitioner’s scientific knowledge
and skillset [10].

To assist practitioners, evidence can be considered
from prognostic factor research [11]. Prognostic factors
are any measurements, characteristics or variables
(such as routine data collected during initial consulta-
tions, for example) that are associated with a change
in risk or probability of the occurrence of a future
health-related outcome among patients with a defined
health condition [12–16]. Variation in the values, levels
or categories of individual factors will result in risk or
probability differences for the occurrence of health
outcomes between patients [11]. This means that
prognostic factors are useful to explain why some
patients have a better or worse prognosis than others
[14]. Furthermore, identification of prognostic factors
can inform treatment recommendations and help
facilitate development of innovative treatment
approaches if there is evidence of a causal link
between the factor and outcome [14].

Multiple prognostic factors can also be used in
combination to develop clinical prediction models,
providing patients with individualized estimates of risk
or probability of a future health outcome at the point
of consultation [17]. Prognostic models can also facili-
tate stratified management, where bespoke clinical
management decisions can be informed by an individ-
ual’s risk or probability estimate and profile of prog-
nostic factors [16]. Therefore, if robust prognostic
factors for the likely course of knee pain could be
identified at initial consultation, this may improve the
effectiveness and efficiency of various clinical

decisions, thus benefitting patients and health care
providers alike.

Previous studies conducted in secondary care set-
tings (i.e. acute hospitals) have identified a number of
prognostic factors associated with worsening knee
pain outcomes in adults, including increasing age and
body mass, as well as a history of sustaining a previ-
ous knee injury [18,19]. Several generic prognostic fac-
tors for MSK conditions have been established in the
primary care setting such as pain intensity, widespread
pain, high functional disability, somatization and
movement restriction [20]. However, there is currently
limited evidence related to prognostic factors associ-
ated with changes in health outcomes for people spe-
cifically suffering from knee pain.

Consequently, because of the burden of knee pain
on primary care services and the potential benefits of
utilizing prognostic factors in practice, there is a clear
need to explore whether routine data obtained at the
point of initial consultation has prognostic value.
Therefore, the aim of this systematic review is to sum-
marize, appraise and synthesize the evidence to iden-
tify prognostic factors associated with changes in knee
pain outcome in adult patients, obtained from data
derived from initial primary care consultations. This, to
the best of our knowledge, has not been conducted
previously.

Methods

Our methodology was specified a priori and registered
with the International Prospective Register of
Systematic Reviews (PROSPERO) registration ID;
CRD42021229699. This review was reported in accord-
ance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines [20].
Ethical approval and consent was not required in the
absence of human participants.

Data sources and search strategy

The EMBASE, CINAHL, AMED, MEDLINE and MedRxiv
electronic databases were searched from inception to
March 2021 and repeated in August 2022. The search
strategy is presented in supplementary files 1–4.
Searches were limited to original research articles pub-
lished in the English language. Systematic reviews, edi-
torials and conference abstracts were excluded. A
hand search from all included articles was also under-
taken to avoid omitting potentially relevant articles.
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Eligibility criteria

Participants
Studies were included if participants: (1) were adults aged
18 years or over; (2) sought an initial primary care con-
sultation with a registered health care or medical profes-
sional for MSK knee pain of any duration; (3) had not
received any prior management. Studies were excluded if
participants: (1) underwent surgery or enrolled in post-
operative knee rehabilitation; (2) had non- MSK knee pain
(e.g. malignancy); (3) had referred pain from other sources
(e.g. radiculopathy); (4) had systemic inflammatory condi-
tions with associated knee pain (i.e. that manifested as
monoarticular or polyarticular inflammatory arthropathies;
(5) had a subluxation, dislocation or fracture/s; (6) had a
serious lumbar pathology; (7) had been referred to sec-
ondary care management.

Study design. Studies were included if they: (1) were a
prospective or retrospective cohort, case-control or
nested case-control design; (2) specifically investigated
the association between candidate prognostic factors,
measured within 2 weeks of the initial primary care con-
sultation date and outcome measures relevant to knee
pain; (3) conducted multivariable analyses to adjust for
the prognostic effect of other important candidate prog-
nostic factors, such as age and biological sex. Studies
were excluded if they: (1) were of any other design
(N¼ 4) or; (2) were not exclusively primary care based
(N¼ 29) or; (3) surgery used as an intervention (N¼ 7).

Prognostic factors. Studies were included if any of
the following data (obtained from initial consultations)
were investigated as candidate prognostic factors: (1)
patient characteristics; (2) demographics; (3) recre-
ational activities; (4) radiographic imaging; (5) blood
tests; (6) knee symptoms; (7) clinical examination; (8)
general health; (9) clinical or radiographic findings
that are reported within 2 weeks from initial consult-
ation. Additionally, if there was evidence of the con-
duct of multivariable analyses to adjust for the
prognostic effects of other important prognostic fac-
tors, including age and biological sex.

Outcome measures. Studies were included if they
investigated specific outcome measures for knee pain,
in the domains of pain, function, disability, general
health and quality of life scores.

Study selection

Studies were initially screened using the title and
abstract for potential full-text review by the primary

author (TC). All potentially eligible full-text studies were
jointly reviewed in an independent blinded manner by
the primary (TC) and secondary author (TH) against all
pre-defined eligibility criteria. Disagreements were
resolved by discussion between the primary and sec-
ondary authors until mutual agreement was reached, no
arbitration was required.

Data extraction
Data were extracted by one reviewer (TC) according to
the Checklist for Critical Appraisal and Data Extraction
for Systematic Reviews of Prediction Modelling Studies
- Prognostic Factors [11] (Supplementary file 5).
Extracted data were checked for consistency by all
reviewers in an unblinded manner.

Risk of bias
Risk of bias (RoB) was assessed for all included studies
using The Quality in Prognostic Studies (QUIPS) tool,
by two reviewers (TC, TH) in an independent blinded
manner. The QUIPS tool is a reliable method of RoB
evaluation for studies of prognostic factors through six
independent domains, which include: (1) study partici-
pation; (2) study attrition; (3) prognostic factor meas-
urement; (4) outcome measurement; (5) study
confounding; (6) statistical analysis and reporting [21].
Studies were classified as low, moderate, or high RoB
based on the QUIPS tool guidance for ROB judge-
ments (see Supplementary file 6) [21,22]. Any disagree-
ments were resolved through discussions. A third
reviewer, acting as an arbitrator, was not required.

Data analysis and synthesis
Extracted data and QUIPS appraisals were tabulated for
each included study to facilitate the evidence synthesis
and assess study heterogeneity (Table 1). Data synthe-
sis was conducted according to the modified Grading
of Recommendations Assessment, Development and
Evaluation (GRADE) framework to assess and grade the
quality of evidence [23]. All statistically significant
prognostic factors that were investigated by single
studies or those that were investigated by two or
more studies were tabulated and grouped according
to each knee outcome (Table 2). Where homogenous
effect measures were reported for the same prognostic
factor across two or more studies, these were summar-
ized using forest plots (Figures 2 and 3). Key judge-
ments for each prognostic factor in the following
modified GRADE domains were made: (1) study limita-
tions; (2) consistency of results; (3) effect sizes; (4) pre-
cision of results; (5) publication bias; and (6) overall
quality (Supplementary files 7 and 8). Decisions on
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prognostic value were made when considering effect
size, subjective interpretation of 95% confidence
interval (CI) width and p value size. Effect estimates
were deemed to be of potential significant prognos-
tic value if there was evidence of a moderate effect
size (in the absence of excessively wide CIs) or small
effect size (with narrow CIs) and were displayed in
bold text and underlined (Table 2). Thresholds for
odds ratio (OR) and hazard ratio (HR) categorization
were obtained and adapted from Huguet et al. [23].
If OR and HR effects were greater than 1, these were
defined as small if OR or HR effect sizes were
between 1 and 2.49, moderate if effect sizes were
between 2.50 and 4.24, or large if effect sizes were
>4.25. In the event of that OR and HR values were
less than 1, effect sizes were defined as small if
between 0.99 and 0.66, moderate if between 0.65
and 0.32 and large if <0.32.

Results

Study selection

The searches returned 123 results with 11 duplicates,
leaving 112 studies. After screening titles and
abstracts, 97 were excluded. The remaining 15 stud-
ies underwent full-text evaluation, where a further
seven were excluded. Eight studies were included
within the evidence synthesis (Figure 1). All excluded
studies are listed, with reasons for exclusion in
Supplementary file 9.

Characteristics and quality of included studies

For all included studies, the characteristics, candidate
prognostic factors, outcomes and QUIPS assessments
are presented in Table 1. A narrative summary of
these elements across studies is provided below.

General

Included studies were of prospective cohort design.
The majority (six) were based in the Netherlands
[25–28,31] and the remaining two based in the UK
[30,32]. Collection of outcome measures ranged from
54months [26–28] to 3 months [24–26,29]. Follow-
up frequency ranged from five follow up time points
in three studies [24,26,28], two in two studies [27,31]
and one in the remaining three studies [25,30,32].Ta
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Sample size

None of the included studies specified a sample size
calculation or justified the sample size used.

Participants

The eight included studies had a total of 3872 partici-
pants, ranging from 705 (25) to 172 (28). One study

Figure 2. Graph comparing poorer education level as a prognostic factor for persisting knee symptoms in two at 12-month follow
up – odds ratio analyses.
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Figure 1. PRISMA flow chart outlining the literature search strategy and study selection process.
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did not specify the number of participants according
to biological sex [30]. The total male and female partic-
ipants in the remaining studies were equivalent to
1231 (39.6%) and 1875, respectively (60.4%) [25–29,31].

Candidate prognostic factors

Demographic factors were investigated in all eight
studies, including: age, gender, and BMI [22–29].
Health-related factors were reported in six studies,
including: smoking history, skeletal and non-skeletal
comorbidities [24,25,27–30]. One study reported on
co-morbidities [24]. Knee symptoms and signs were
investigated in all eight studies; frequently reported
were knee pain level [24–31], Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC)
pain, stiffness and function questionnaire [24–27], dur-
ation of knee symptoms [25,26,29,31] presence of
locking [25,27,28,30] and symptoms of giving way
[25,27,28,30]. Physical examination factors were
reported in five studies [25–26,28,30] and frequently
included palpable warmth [24–26], presence of a joint
effusion [26,28,29], and collateral ligament testing
[25,26,28]. Physical examination terminology varied.
One study gave the name of the tests (both medial
and lateral) for collateral ligament testing [25].
Another termed ligament testing as instability [27]. Six
studies investigated patient characteristics which com-
monly related to sport participation [25,28] paid
employment [28,31] and marital status [29,31].

Psychosocial factors were investigated in all eight
studies, although some specific factors were reported
in only one study. Education level was the most fre-
quent reported factor [24–26,28,31]. Three studies
investigated coping strategies with pain [24,31] and
fear of movement [31] using the six subscales from
the pain coping inventory (PCI) and the Tampa Scale
for Kinesiophobia respectively. Two studies recorded

anxiety [29,30] and two studies recorded sick leave as
candidate variables [26,27].

Candidate factors derived from radiological and
haematological investigations were infrequent. Two
studies used X-ray investigations [24,30], one assessed
both the knee and hip [24] and one assessed the knee
only [30]. One study included blood markers, specific-
ally erythrocyte sedimentation rate as a potential
prognostic factor [22].

Outcomes

Knee pain outcome measures were reported by two
studies [24,31]; 10 and 11 point numerical rating
scales (NRS) were used, respectively. Two studies
investigated persistent knee symptoms, using several
standardized self-reported symptom questionnaires
where responses were dichotomized [25,27]. Belo
et al. [25] used the WOMAC, the Medical Outcomes
Study Short Form 36 Health Survey (SF-36), the Knee
Society Score (KSS) function questions, the Lysholm
Knee Scoring Scale, the Tampa Scale for Kinesophobia
(assessed at baseline) and questions about experience
of recovery or worsening. Kastelein et al. [27] used the
Knee Society Score, the Lysholm Knee Scoring Scale
and the WOMAC.

One study utilized an unfavourable knee outcome,
defined as the presence of persistent knee symptoms
or having undergone knee replacement surgery during
a six year follow up [26]. Two studies assessed self-
reported perceived knee recovery [28,31]; one used an
ordinal scale that was dichotomized according to
whether clinical recovery occurred or not [31]. The
other also categorized perceived clinical recovery
(completely recovered and much improved versus per-
sistent knee symptoms (slightly improved, no change,
slightly worsened, much worsened and worse than
ever) [28]. Three studies assessed functional outcomes,

Figure 3. Graph comparing bilateral knee symptoms as a prognostic factor for persisting knee symptoms in two at 12-month fol-
low up – odds ratio analyses.
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using the physical functioning subscale of the
WOMAC, lower scores indicated better functioning
[29–31]. Six of the included studies reported on out-
come validity but not reliability [24–28,31].

Statistical analysis

The types of statistical analyses used varied across all
eight studies. Four studies used logistic regression
[24–28], two used cox regression [29,30], one used
both cox and linear regression [24,31] and one used
latent class growth analysis.

All included studies used univariable screening to
inform prognostic factor selection for inclusion in mul-
tivariable models, based upon statistical significance
values [24–31]. The analyses in five studies further
reduced the number of candidate prognostic factors
in multivariable models by employing backwards vari-
able selection procedures [25–28,30,31].

Effect measures

Significant heterogeneity was evident for reported
effect estimates, limiting direct comparisons across
prognostic factors. Four studies reported ORs [25–28]
one reported regression coefficients (RC) and HR [31]
and three reported risk ratios (RR) [24,29,30].

Risk of bias within and across studies

General
The overall quality of reporting across studies was
variable. Out of 48 domains that were reported across
all studies, 11 domains (23%) were classed as having
low RoB. Most domains across studies were classed as
moderate (20 domains or 42%) or high RoB (17
domains or 35%) (Table 1).

Participation
Five studies were classed as low [24–27,29–31] and
three of moderate RoB [26–28] in terms of participa-
tion reporting. Three did not provide dates of the
study recruitment period [26–28]. Those considered
low RoB reported on recruitment periods, geograph-
ical location and characteristics of the study popula-
tion. Studies considered of moderate RoB
demonstrated variable reporting quality. Key charac-
teristics of the population source and recruitment peri-
ods were unclear but other key information such as
recruitment place and eligibility criteria were specific-
ally stated for all included studies.

Study attrition
Four studies were considered as high RoB as key charac-
teristics of loss and rate of loss to follow-up were either
not described or ambiguously reported [26,29–31]. One
was considered of moderate risk due to ambiguous
reporting of attrition and key characteristics [27]. Three
were considered of low risk; there was low attrition
rates and specific details provided for loss to follow up,
key characteristics of those lost [24,25,28].

Prognostic factors
Five studies were considered of moderate RoB
[25,26,29–31]. Reliability and validity of prognostic fac-
tor measurement methods were not reported; the
method of imputation for missing prognostic factor
data was also not reported in three studies [29–31].

For candidate factors that consisted of continuous
data, the type of variable categorization was not spe-
cifically stated in four studies [26,29–31].

The remaining studies were considered high RoB;
they did not report missing data, state definitions for
categorical data or the reliability of prognostic factor
measurement [24,27,28].

Outcome measurement
No studies were considered of high RoB with respect
to outcome. Four were considered of moderate risk
because they did not report validity and/or reliability
for outcome measures, a potential source of misclassi-
fication bias according to QUIPS criteria
[24,25,27,28,31]. The remaining studies were consid-
ered low risk with follow up time frames were clearly
defined [24,26,29,30]. Two of which described the val-
idity of the outcome measure but did not describe its
reliability [29,30].

Adjustment for other prognostic factors
We pre-specified that as a minimum, studies should
adjust for age and biological sex in their multivariable
analyses as these were common to all participants in
all studies. Four studies adjusted for the prognostic
effect of both, and were considered as moderate RoB
[24,26,27,31]. The remaining four studies were consid-
ered high RoB because only age was adjusted for but
not biological sex [24,26,29,30] and definitions for
other prognostic factors used for adjustment were
either unclear or not reported [24,26,29,30].
Additionally, handling of missing data was not
reported in three of these four studies [24,29,30].
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Statistical analysis
All included studies used univariable screening to
select prognostic factors for inclusion in multivariable
models based upon statistical significance. This data-
driven approach to prognostic factor selection is gen-
erally not recommended for constructing multivariable
models, as it may result in some clinically important
factors being excluded from final analyses; this means
that prognostic effects may not be properly adjusted
for. Instead, recent recommendations are that multi-
variable models should be constructed using prognos-
tic factors identified from the literature and clinical
reasoning [10,33]. Therefore, none of the included
studies could be considered as low RoB. Five studies
were considered high risk, because there was evidence
of selective reporting [24,26,29–31]. Only one had a
study protocol to make a direct comparison between
proposed outcomes and those reported in the full-text
publication [26]. Therefore, outcomes listed in the
methods section of the remaining studies were com-
pared with those reported in the results section.
Although outcomes reported in results were consist-
ent with outcomes specified in methods in all five
studies, there was inadequate reporting of non-signifi-
cant prognostic indicators in the results.

Data synthesis
Unfortunately, due to the observed heterogeneity in
terms of study methodology, prognostic factors, prog-
nostic effect measures and the large proportion of
domains classed as moderate to high RoB, a meta-ana-
lysis could not be performed. Instead, a narrative syn-
thesis is presented below. A summary of all significant
and insignificant prognostic factors derived from all
studies (with their associated effect measures, CIs and
p values) are listed in Table 2 and Supplementary file
10, respectively. Prognostic factors derived from single
studies, or factors that were investigated by more
than one study are grouped according to the specific
outcome measures investigated.

Results of studies
Across all studies and follow up time points, a total of
74 prognostic factors were identified (Table 2). A total
of 38 and 63 statistically significant univariable and
multivariable prognostic factors were identified,
respectively. All evidence was considered to be of low
to very low quality according to GRADE criteria [23].
This was due to phase 1 explanatory cohort designs,
and almost all prognostic factors were established
from single studies. This limited between study

comparisons in terms of effect sizes, precision, consist-
ency of results and publication bias.

Knee pain
Thirteen statistically significant prognostic factors were
identified from one low to very low-quality graded
study (Table 2). Eight prognostic factors were related
to short-term follow up (3 months), and five related to
medium term (12 months) follow up [31]. Eleven were
associated with small to moderate effect sizes with
narrow and wide CIs respectively which may have
prognostic value (Table 2). Statistically significant uni-
variable prognostic associations are unknown because
this was not reported, only that univariable factors
met a predefined level of significance (p< 0.20) to be
considered for multivariable analysis.

Persistent knee symptoms
Ten prognostic factors were identified across two stud-
ies [24,27]. There was consensus (in both univariable
and multivariable analyses) that poor education level
(univariable OR range ¼ 2.02� 4.70; 95%CI ¼ 1.36–13;
p value range ¼ 0.002 to <0.20; multivariable OR
range ¼ 1.74–5.6; 95%CI range ¼ 1.16–16.2, p value
¼< 0.001) and bilateral knee symptoms (univariable
OR range ¼ 2.10–3.74; 95%CI range ¼ 0.90–6.0; multi-
variable OR range ¼ 2.60–2.74; 95%CI range ¼ 0.90–
7.51) were associated with persisting knee symptoms
at 12months (Figures 2 and 3). p Values were only
reported for one of the two studies (Table 2).
Although statistical significance was not reported by
Belo et al. [25] in multivariable analysis, age (OR 2.02
95%CI; 1.30–3.13) kinesiophobia (OR 1.85 95%CI; 1.26–
2.72) and comorbidity (OR1.50 95%CI; 0.99–2.28) of
the MSK system may have provisional prognostic
importance.

Unfavourable outcome
Eleven statistically significant prognostic factors were
identified (in univariable and multivariable analyses) at
54-month follow up [26]. In particular, history of non-
traumatic knee symptoms (univariable analysis OR;
3.39 95%CI; 2.03–5.65 p< 0.01, multivariable analysis
OR; 2.59; 95%CI; 1.52–4.41 p ¼< 0.001); bony enlarge-
ment of the knee joint (univariable analysis OR; 3.05
95%CI; 1.38–6.72 p¼ 0.01, multivariable analysis OR;
2.64 95%CI; 1.17–5.96 p¼ 0.02) and poor quality of life
(SF-36 score <50) (univariable analysis OR; 2.81 95%CI;
1.16–6.83, p¼ 0.02; multivariable analysis OR; 2.95;
95%CI; 1.16–7.48; p¼ 0.02) demonstrated the greatest
associations with unfavourable outcome.
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Self-reported perceived recovery
Nine prognostic factors were identified. Eight derived
from one study [28], seven being statistically associ-
ated across both univariable and multivariable analy-
ses. In the short term (�12months) poor general
health (univariable analysis OR 2.64 95%CI ¼ 0.93–
7.52; multivariable analysis OR 3.10 95%CI ¼ 1.18–
8.16; p¼ 0.02) and a floating (unsecure) patella (uni-
variable analysis OR 0.52 95%CI ¼ 0.30–0.91; multivari-
able analysis OR 0.48 95%CI ¼ 0.48–0.84 p¼ 0.02)
demonstrated moderate effect sizes with correspond-
ing large and narrow CIs, respectively, associated with
poorer self-reported perceived recovery [28]. In the
long term, (six years) body mass index (BMI) >27 (uni-
variable analysis OR 3.30 95%CI ¼ 1.72–6.32 p< 0.01;
multivariable analysis OR 2.86 95%CI ¼ 1.44–
5.68 p< 0.001) also demonstrated a moderate effect
size [28].

A history of non-traumatic knee symptoms was also
identified as a prognostic factor in two studies [9,14];
one utilized ORs (univariable analysis OR; 2.96 95%CI ¼
1.53–5.73 p ¼< 0.001 (multivariable analysis OR; 2.28
95%CI ¼ 1.15–4.53 p¼ 0.02) while the other utilized
HRs (univariable analysis HR; 0.47 95%CI ¼ 0.30–0.74
(multivariable analysis HR; 0.51 95%CI ¼ 0.33–0.81 p
¼< 0.001) therefore preventing direct comparisons.
Additionally, although they did not reach statistical sig-
nificance for single studies within which they were
tested, laxity on anterior drawer testing (univariable
analysis OR; 1.70 95%CI ¼ 0.84–3.30 p¼ 0.05 (multivari-
able analysis OR; 1.68 95%CI ¼ 0.98� 2.88 p¼ 0.06)
and a popliteal fossa effusion (univariable analysis RR;
1.61 95%CI ¼ 0.91–2.84 p¼ 0.10 (multivariable analysis
RR 1.68 95%CI ¼ 0.94–3.03 p¼ 0.08) may have some
prognostic (Supplementary file 10) importance [27].

Poor functional outcome
Over varying follow up times, 28 statistically significant
multivariable prognostic factors were identified from
three single studies [29–31]. At 3months, 7 were iden-
tified [31]. Longer duration of knee complaint (univari-
able analysis regression coefficient (RC) �3.74
95%CI¼�5.57 to 1.91 p< 0.20; multivariable analysis
RC; �2.58 95%CI¼�4.01 to �1.15 p< 0.001) and
female biological sex (multivariable analysis RC; �8.00
95%CI¼�12.53 to �3.46 p< 0.001), were associated
with poorer functional outcome with moderate and
large effect sizes, respectively.

At 12 months, six factors were identified [31].
Longer duration of knee complaint (univariable ana-
lysis RC �3.74 95%CI¼�5.57 to 1.91; multivariable
analysis RC; �2.71 95%CI¼�4.19 to �1.24 p< 0.001);

middle and higher pain catastrophising scores on the
PCI (retreating sub-scale) questionnaire (univariable
analysis RC 11.48 95%CI ¼ 3.48–19.48; multivariable
analysis RC 6.54 95%CI ¼ 0.18–12.89 p¼ 0.04) and
lower pain coping on the PCI (distraction sub-scale)
questionnaire (univariable analysis RC 24.35
95%CI¼�41.25 to 7.46; multivariable analysis RC;
�28.16 95%CI¼�42.41 to �13.90 p< 0.001) were
associated with worse functional outcomes with mod-
erate, large and large multivariable effect sizes,
respectively (Table 2).

At 18 months, there were 15 statistically significant
prognostic factors consistent in both univariable and
multivariable analysis derived from two studies that
were associated with outcome with narrow CIs [29,30].
Finally, while the presence of bilateral knee pain (RR
1.28 95%CI ¼ 0.98–1.68 p¼ 0.068) and morning stiff-
ness lasting >30min (RR 1.55 95%CI ¼ 0.99–
2.43 p¼ 0.057) were classed as non-significant in multi-
variable analysis (Supplementary file 10), they may still
have some limited prognostic importance due to mod-
erate effect sizes [28].

Discussion

This review has summarized, appraised and synthe-
sized the evidence to identify prognostic factors asso-
ciated with changes in outcomes relevant to knee
pain in adult patients, using data obtained from initial
primary care consultations.

All evidence included in this review was low or very
low quality according to the modified GRADE assess-
ment (Table 2). This could be explained in part
because all included studies were described as phase
1 prognostic studies, i.e. studies that have exclusively
sought to identify and explore any potential associa-
tions between outcomes and candidate prognostic
factors [34]. Consequently, when using the modified
GRADE criteria, a moderate quality of evidence was
the maximum score that could be obtained. Studies
were then downgraded if there was evidence of
imprecision (including absence of sample size calcula-
tion) and inconsistency of results, where associations
have not been confirmed in other studies [23]. In par-
ticular, between-study heterogeneity limited the num-
ber of comparisons that could be made in terms of
effect measures, follow up time points, candidate
prognostic factors and outcome measures. It is clear
that further research is required to provide evidence
of the consistency of these results across other
cohorts.
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A significant issue identified was related to the gen-
eral conduct of multivariable analyses. To establish the
independent association of a prognostic factor and an
outcome, analyses should be adjusted for other
important prognostic factors that may otherwise dis-
tort the true relationship [14,16]. It has been sug-
gested that age [19,35,36] and biological sex [37–39]
have previously been shown to be associated with
worsening knee outcomes. Consequently, we stated a
priori (PROSPERO) registration ID; CRD42021229699)
that these should be essential factors used for adjust-
ment purposes, as these are common to all partici-
pants and thus may have an influence on prognostic
estimates through mechanisms such as confounding,
mediation and moderation [11]. However, only four
studies adjusted for both the prognostic effects of age
and biological sex [25–27,31]. Instead, univariable
screening was commonly used to select candidate
prognostic factors for inclusion in multivariable mod-
els, based upon statistical significance [10,17]. While
this may have been acceptable practice previously, it
is unlikely that models were adjusted appropriately
using other clinically important prognostic factors.
Indeed, current recommendations suggest that candi-
date factors should be selected for inclusion based
upon existing evidence and clinical reasoning, to
ensure all important factors are considered [17].
Several included papers [24,26,29–31] were appraised
as low or very low quality using QUIPS.

Whilst we acknowledge that these papers might
have been considered as high quality at the time of
publication, the introduction and advancement of
reporting guidelines (such as the Reporting recom-
mendations for tumour MARKer prognostic studies
[40] and appraisal guidelines (such as QUIPS) in
response to evolving best practice means that unfor-
tunately, these papers inevitably fall short of current
required standards. Importantly though, these papers
have provided an essential foundation to underpin
advancements in primary care prognostic research.

Despite the low quality of graded evidence, there
was consensus from two studies that a lower educa-
tion level and bilateral knee symptoms were inde-
pendently associated with an increased odds of
persistent knee pain at 12-month follow up [25,27].
This has potential clinical importance for healthcare
practitioners working in a primary care setting
because patients who present with bilateral knee pain
that have a lower educational background at initial
consultation may have greater odds of longer-term
symptoms. However, it must be remembered that
because of the low overall quality of the evidence, the

prognostic value of these factors should only be con-
sidered provisional to be confirmed in future studies.
Despite their relatively limited clinical value, in terms
of further prognosis research, these prognostic factors
would be suitable for inclusion in any future studies
to develop a prognostic model to predict changes in
knee pain over time.

Our results are consistent with other similar reviews
of generic prognostic factors MSK outcomes in pri-
mary care [20] and prognostic factors for the shoulder
joint in secondary care [41] which have both sug-
gested caution in their conclusions due to selective
reporting, poor control of confounding, bias in study
design and small sample sizes within primary studies.
We found that some of the potential prognostic fac-
tors identified from low-quality studies were consistent
with those observed for changes in knee pain out-
comes in secondary care [18,19]. Specifically, these fac-
tors (Table 2) include increased age [26,29], increased
body mass [22,26,27,29] and previous knee injury
[24,29]. We also found that some prognostic factors
identified from single, low-quality studies were also
consistent with prognostic factors for generic MSK
pain outcomes observed in primary care [32]. These
factors (Table 2) that may have importance include
higher pain severity at baseline [31], longer pain dur-
ation [31], multiple-site pain [24,26], anxiety and/or
depression [29,31], adverse coping strategies [31] and
older age [26,29]. Nevertheless, because of the similar
issues afflicting the quality of the wider evidence base,
any consistency between our findings and these stud-
ies should be interpreted with caution. There is a
need for a greater number of well-conducted studies
to further our understanding related to prognostic fac-
tors and their relationship with knee pain in both pri-
mary and secondary care settings.

Finally, we found that six of the eight included
studies were based in the Netherlands [25–28,31]. The
south of the Netherlands is particularly prone to sig-
nificant land rise [42] and previously, a mountainous
landscape was found to be an independent prognostic
factor for knee pain [43]. How generalizable the cur-
rent review findings are to other nationalities with flat-
ter gradients is uncertain. Further high-quality
exploratory and confirmatory prognostic factor studies
are required that utilize large cohorts of primary care
patients based in other countries.

Limitations

Our review only considered peer-reviewed published
studies and pre-prints from the MedRxiv database. An
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extensive search of conference abstracts and other
grey literature was not conducted, which may have
inadvertently introduced some publication bias
[44,45].

The QUIPS appraisal tool was used as it is specific
to prognostic research for systematic reviews and has
been demonstrated to have high reliability [21].
However, we did not formally establish inter-rater reli-
ability between reviewers.

Conclusion

This is the first systematic review that has investigated
candidate prognostic factors identified from data col-
lected at initial primary care consultation, and associa-
tions with changes in outcomes for patients with knee
pain. Results from two papers suggest that the pres-
ence of bilateral knee pain and a lower educational
level were independently associated with persisting
knee pain at 12-month follow up. However, this must
be interpreted with caution because results obtained
are derived from a pool of low to very low quality of
evidence. Other factors were identified as having
potential associations with various knee pain outcome
measures, but all were derived from single studies.
Further research is essential to improve the knowledge
base of this important area of primary care MSK
research [46].
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