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Abstract

Background: Health domains like pain, disability, and health-related quality of life are commonly used outcomes for
musculoskeletal disorders. Most prognostic studies include only one outcome, and it is unknown if prognostic factors
and models may be generic across different outcomes. The objectives of this study were to examine the correlation
among commonly used outcomes for neck pain (pain intensity, disability, and health-related quality of life) and to
explore how the predictive performance of a prognostic model differs across commonly used outcomes.

Methods: We conducted an observational prospective cohort study with data from patients with neck pain aged
18-84 years consulting Norwegian chiropractors. We used three different outcomes: pain intensity (Numeric Pain
Rating Scale), the Neck Disability Index (NDI), and health-related quality of Life (EQ-5D). We assessed associations
between change in outcome scores at 12-weeks follow-up with Pearson’s correlation coefficient. We used multivari-
able linear regression models to explore differences in explained variance and relationship between predictors and
outcomes.

Results: The study sample included 1313 patients and 941 (72%) completed follow-up at 12 weeks. The strongest
correlation was between NDI and EQ-5D (r=0.57) while the weakest correlation was between EQ-5D and pain inten-
sity (r=0.39). The correlation between NDI and pain intensity was moderate (r=0.53) In the final regression models,
the explained variance ranged from adjusted R? of 0.26 to 0.60, highest with NDI and lowest with pain intensity as
outcome. The predictive contributions of the included predictors were similar across outcomes. Among the investi-
gated predictors, pain patterns and the baseline measure of the corresponding outcome measure contributed the
most to explained variance across all outcomes.

Conclusions: The highest correlation was found between NDI and EQ-5D and the lowest with pain intensity. The
same prognostic model showed highest predictive performance with NDI as outcome and poorest with pain inten-
sity as outcome. These results suggest that we need more knowledge on the reasons for the differences in predictive
performance variation across outcomes.

Keywords: Neck pain, Prognostic factors, Prediction, Outcome measures, Pain intensity, Neck disability index, Health-
related quality of life

Background
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! Department of Interdisciplinary Health Sciences, Institute of Health life health domains that includes physical activity, vital-
and Society, University of Oslo, Blindern, PO. Box 1089, 0317 Oslo, Norway ity, mental well-being, sleep, work, and social relation-
Full list of author information is available at the end of the article ships [1-4]. They also report a wide range of goals for

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-022-05558-5&domain=pdf

Myhrvold et al. BMC Musculoskeletal Disorders (2022) 23:673

treatment, and it is shown that goals set by patients with
low back pain included a mixture of health domains [3, 5,
6]. In response to these challenges, a set of core outcome
measures covering a range of health domains including
pain, disability, and health-related quality of life (HRQoL)
have been suggested [7-9]. Studies that investigate the
association between outcome measures report only a
fair to moderate relationship, this indicate dissociations
between pain, disability and HRQoL [10-12]. Despite
this, most prognostic studies define one single primary
outcome and patients are evaluated on the same out-
come dimension irrespective of their treatment goals and
expectations.

A large variety of individual prognostic factors have
been identified with improvement in patient with neck
pain [13-18]. Age, pain intensity, disability, previous neck
pain history, widespread pain and expectations all have
an individual association with pain intensity, disability,
and global perceived change as outcomes [14—18]. The
same prognostic factors have all been tested for inclu-
sion in prognostic models where the focus is not the
individual predictor effect but rather the performance
of a combination of prognostic factors as a whole [19].
We recently externally validated and updated an exist-
ing prognostic model for patients with neck pain [20].
The model includes seven predictors and was developed
to predict improvement after 12 weeks using Global per-
ceived effect (GPE) as outcome measure. However, it is
unknown how well one single outcome measure will cap-
ture the breath of goals reported by patients with neck
pain. Few studies have investigated if the predictive per-
formance of prognostic factors or models varies across
outcomes representing different health domains [19].
In existing prognostic model studies, a pre-set of candi-
date prognostic factors are defined and subsequently for
each outcome different prognostic models are developed,
and the predictive performance of each model reported
[21, 22]. Studies rarely explore if predictors included in
a model equally predict outcomes that represent differ-
ent health domains (predictive strength), and how well
a model predicts different outcome measures (predic-
tive ability). It is likely that the predictive strength of a
prognostic factor or the predictive ability of a model will
differ depending on the construct and health domain of
the outcome measure selected. As patients may pursue
treatment goals related to diverse outcomes including
pain, disability and HRQoL, clinicians need to know to
what extent prognostic factors and prognostic models
relate to each of these. Thus, to explore prognostic fac-
tors and models regarding their predictive performance
for outcomes that measure different health domains may
provide a more comprehensive picture of prognosis and
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insights into how well the predictions match the wide
range of patients’ goals.

The aims of this study were to (1) examine the associa-
tion among commonly used outcomes for neck pain (i.e.,
pain intensity, disability and HRQoL), (2) investigate if
the predictive ability of a recently developed prognostic
model for GPE of neck pain differs across outcome meas-
ures (i.e., pain intensity, disability and HRQoL), and (3)
explore the predictive strength of the included predictors
across outcome measures.

Methods
Study design and setting
This study was part of a one-year prospective observa-
tional cohort study that aimed to identify prognostic
factors for neck pain patients in chiropractic practice in
Norway [20]. The study was reported according to the
STROBE statement [23].

The study was approved by The Norwegian Regional
Committee for Medical and Health Research Ethics
(2015/89).

Recruitment of patients and study samples

Chiropractors invited consecutive patients with neck
pain to participate in the study from September 2015 till
May 2016. The chiropractors (n="71) were located across
Norway representing both urban and rural settings. Prior
to inclusion, patients received oral and written informa-
tion about the study from the chiropractor. We invited
all patients presenting with neck pain as a primary or
secondary complaint to participate. The participants
were included regardless of neck pain classification, pain
duration and time since last chiropractic consultation
or treatment. Thus, the neck pain could be a first epi-
sode or part of an episodic or persistent pain complaint.
Inclusion criteria were as follows: age above 18, adequate
understanding of Norwegian language to complete ques-
tionnaires, own and be able to operate a mobile phone.
Exclusion criteria were as follows: no serious patholo-
gies such as suspected inflammatory disorders, fractures,
infection, malignancy, or nerve root involvement requir-
ing referral to surgery. In addition, we asked the included
chiropractors to report the reason why a patient did not
want to participate or was not invited in the study. We
attempted to contact all non-responders by phone and/or
mail in order to collect information on the reason for the
drop out. Participants signed a written consent.

Measurements

The data collection included self-reported questionnaires
at baseline and after 12 weeks as described in detail
previously [20]. Treatment was not affected by study
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participation. We chose follow-up at 12 weeks as end-
point [24-26].

Patient-reported baseline information

We included predictors from our previous external vali-
dation and update of a prognostic model developed by
Schellingerhout and colleagues [20, 27]. The predictors of
the updated model were pain patterns of neck pain the
previous year and expected pain patterns of neck pain
the upcoming year (described below), radiating pain
to the shoulder and/or elbow (yes/no), number of MSK
pain-sites (0—10) and educational level (low, medium and
high). We measured the physical leisure activity predic-
tor as a 5-point ordered scale (Never/Less than once a
week/Once a week/2-3 time a week/More than 3 times
a week). In order to identify a difference between no
activity versus activity we categorized the physical lei-
sure activity predictor into ‘doing activity once or more
per week’ versus ‘doing activity never or less than once
per week’ (> 1 per week/ <1 per week) [20]. The included
predictors represent a variety of known and well-docu-
mented demographic and psychosocial prognostic fac-
tors that reflects the different aspects of health domains
[20].

Pain patterns were measured by a self-reported visual
trajectory pattern questionnaire [20]. The questionnaire
had descriptions of five different patterns of neck pain
that aim to characterize patients’ neck pain the past
year (Previous pattern) or expectations of neck pain the
upcoming year (Expected pattern) [20]. The five pain pat-
terns were based on existing literature on trajectory pat-
terns [28]. These pain patterns illustrate an increasing
severity from the Single pain episode to the Severe ongo-
ing pain pattern [29, 30].

Clinician-reported baseline information

The chiropractors recorded the consultation-type, i.e.
when in the clinical course of treatment, participants
were recruited: “First-time consultation” described
patients recruited at the first visit, “Follow-up consulta-
tion” described patients recruited during a clinical course
of treatment, and “Maintenance consultation” described
patients visiting the chiropractor regularly at pre-planned
time points [31].

Outcomes
The outcome measures covered the health domains of
pain intensity, disability, and HRQoL.

Neck pain intensity was measured by a numeric rating
scale (NRS) rating from 0 indicating ‘No pain’ to 10 indi-
cating ‘worst pain imaginable’ [32]. We used the score at
week 12 as pain intensity outcome. The NRS scale has
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been shown to have good test-retest reliability, construct
validity and responsiveness for pain intensity [32].

The Neck Disability Index questionnaire (NDI) was
used to assess disability [33]. It consists of 10 items
evaluating function, pain, sleep quality and work abil-
ity, each scored from 0-5, with a sum-score range of 0 to
50 points. A higher score indicates more disability. The
NDI has been reported to be a reliable, valid and respon-
sive outcome measure in various neck pain populations,
including different neck pain conditions [34-36].

EQ-5D was used to assess the HRQoL [37]. It evaluates
5 dimensions; mobility, self-care, usual activities, pain/
discomfort, and anxiety/depression. We used the ver-
sion with a 5-level response and the scoring algorithm
from the United Kingdom to calculate a health state
index ranging from 0 (equivalent to being dead) to 1 (full
health). EQ-5D was developed to be relevant to a wide
range of health conditions [37] and has been reported
to be a reliable and valid outcome measure for neck pain
[38, 39]. Patient participation was not blinded, as all
outcome measures and prognostic factors were patient-
reported. However, patients completed all questionnaires
independently and in absence of the chiropractor or
researchers.

Statistical analysis

We present patient characteristics and outcomes as fre-
quencies with percentages, means and standard devia-
tions (SD). The outcome change score is presented by
median with interquartile range (IQR) for pain intensity,
NDI and EQ-5D. The statistical difference between base-
line and follow-up measurements were tested by paired
t-tests for all outcome measures.

We assessed the association between change score of
the outcome scales at 12 weeks with Pearson’s correla-
tion coefficient (r). The strength of r was interpreted
according to the coefficient values<0.3 (weak), 0.3 to 0.7
(moderate) and > =0.7 (strong) [40, 41]. In addition, we
used Lowess plots to visualize the relationship between
pairs of change score of the outcomes. For each outcome,
we determined effect sizes by dividing the mean change
between baseline and 12-week follow-up, by the SD of
the baseline score. Cohen’s guidelines define an effect size
of about 0.1 as small, 0.3 as medium, and 0.5 or higher as
large [42].

We conducted a series of multivariable linear regres-
sion analyses using block-wise entry to investigate
the predictive performance of individual predictors
and model for each outcome measure. We divided the
selected predictors into four blocks based on assorted
health domains used when updating the prognostic
model [20]. First, we entered each single block (Block 1
to 4) into the model and we determined their isolated
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contribution to prediction. Thereafter, we sequentially
combined the blocks in four steps, and determined the
combined contribution to prediction of each model. The
final model comprised all 4 blocks. Block 1 included the
pain patterns to account for previous and expected pain
symptoms; block 2 included radiating pain and number
of MSK pain-sites to account for additional pain history;
block 3 included education level, physical leisure activity
and the interaction term ‘physical leisure activity#number
of MSK pain-sites’ to account for sociodemographic vari-
ables. Block 4 included consultation-type.

To clarify the predictive contribution of the baseline
value of outcomes for each outcome measure, we formed
a fifth block (Block 5). Block 5 included the baseline value
of either pain intensity (Block 5a), NDI (Block 5b) or
EQ-5D (Block 5c¢). Separately, we combined each block to
the final model (i.e., Block 5a to the final model; Block 5b
to the final model; Block 5c¢ to the final model). In addi-
tion, we investigated the individual predictive perfor-
mance of each of the three blocks, Block 5a, Block 5b and
Block 5c.

We report the predictive performance as predictive
ability and strength of association. For the predictive
ability the adjusted R? i.e. the proportion of the vari-
ance in outcome explained by the prognostic factors,
was compared across models. Furthermore, we report
the relationship between predictors and outcomes as
the strength of association (beta coefficients with 95%
confidence intervals (ClIs)). In all regression analyses, we
transformed both baseline outcome variables and out-
comes to a continuous scale of 0-100, i.e. (score/max of
scale score) x 100, to allow comparison of model expla-
nation and strength of association across outcomes. We
assessed the normality assumptions for linear regres-
sion visually for each model based on the residual plots
and Q-Q plots. We investigated the linear associa-
tion between predictors and outcomes by added-vari-
able plots. The amount of missing data was small and
no predictor had more missing values than 2.9%. We
assumed missing values were due to random processes,
as the main reason for missing were mostly incomplete
paper-based questionnaires, and not due to refusal of
patients or chiropractors to fill inn questionnaires. For
missing values of the predictors, we used the multiple
imputation method. For each outcome, we examined
if the available sample size was enough for exploring
prognostic models [43]. We used the method by Riley
et al. to calculate for the efficient sample size for mul-
tivariable linear regression modeling [44]. In the pre-
sent study, seven candidate predictors (that included 18
parameters) were selected a priori based on an updated
prognostic model for neck pain [20]. We pre-specified
the anticipated R? (0.8), and used mean and standard
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deviation of outcomes in this study sample. This speci-
fies a sample size of 254 is required. Our total sample
size included 941 patients and within acceptable limits.
We set the significance level at 5% for all tests and per-
formed all analyses in STATA/SE 16 (STATA Corp, Col-
lege Stations, TX).

Results

Baseline data from 1313 patients were collected of whom
941 (72%) responded to 12 weeks follow-up and consti-
tuted the study sample used for analyses in this study (see
flowchart in Additional file 3). Study participants and
non-responders (n =372, 28%) were comparable in terms
of demographics, neck pain symptoms and history, gen-
eral health and psychosocial factors with only minor and
not very substantially differences observed (Table 1).

Outcome change score and correlations

There were small to moderate improvements for all
outcomes from baseline to 12 weeks (P <0.001). The
mean (SD) pain intensity decreased from 4.7 (2.4) to
2.7 (2.1), NDI decreased from 11.5 (6.6) to 9.4 (6.4)
and EQ-5D utility score increased from 0.85 (0.13) to
0.88 (0.11). The median (IQR) for the outcome change
scores were -2 (-4 to 0), -2 (-4 to 1) and 0.01 (-0.02 to
0.05), respectively.

There was, however, a large inter-individual variation
in changes score as illustrated with Lowess plots (Addi-
tional file 1). The plots and the Pearson correlation coef-
ficients between change score on the outcome scales at
12 weeks revealed the strongest correlation between NDI
and EQ-5D (r=0.57) and between NDI and pain inten-
sity (r=0.53), while the weakest correlation was between
EQ-5D and pain intensity (r=0.39). The effect sizes for
pain intensity, NDI and EQ5D were 0.76, 0.46 and 0.23,
respectively.

Predictive performance of models

The residuals showed no strong evidence of a violation
of the assumptions for linear regression for any of the
models.

In general, all single blocks contributed to explained
variance of all outcomes, and the relative contribution
of the entered blocks of predictors were quite similar
across outcomes (Additional file 2). The pain patterns
(Block 1) and the baseline variable of the corresponding
outcome measure (Block 5) explained most of the vari-
ance. Regarding the predictive ability of baseline values
of the respective outcome measures (Block 5), baseline
pain intensity contributed less to the explained variance
compared to baseline NDI and EQ-5D. The single Block
2 (radiating pain and number of MSK pain-sites) and 3,
(education level and physical leisure activity) had similar
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Table 1 Baseline characteristics of the study population (n=941) and Non-responders at 12-week follow-up (n=372)

Page 5 of 13

Study sample

Non-responders

Number participants, n
Sociodemographic and physical leisure activity
Gender, females (%)
Age, mean years (SD), Range (18-85)
Education level, n (%)
High
Medium
Low
Physical activity, > 1 per week (%)
Employment status, employed (%)
Clinician-reported
Consultation-type, n (%)
First-time consultation
Follow-up consultation
Maintenance consultation
Neck pain symptoms and history
Radiating pain to shoulder and/or elbow, yes (%)
Patient Previous pattern, n (%)
Single episode
Episodic pain
Mild pain/ recovering
Fluctuating pain
Moderate/severe pain
Neither/ Unsure
Pain intensity, (0-10), mean (SD)
Previous episodes, n (%)
No, first
Yes, 1-3 times previously
Yes, > 3 times previously
Yes, More or less chronic
Duration current episode, n (%)
<1 month
1-3 months
>3 months
NDI, (0-50) mean (SD)
General health/Comorbidity
Number of MSK pain-site, (0-10), mean (SD)
EQ-5D-index, (0-1), mean (SD)
Psychosocial
Patient Expected pattern, n (%)
Single episode
Episodic pain
Mild pain/ recovering
Fluctuating pain
Moderate/severe pain
Neither/ Unsure
Expectations, mean (SD)
HSCL, (0-4), mean (SD)
Orebro screening questionnaire, (0-100), mean (SD)

941

693 (74)
45(13)

535(57)
357 (38)
48 (5)

652 (69)
761 (81)

145 (16)
271 (30)
498 (54)

707 (75)

88 (9)
307 (33)
8709
404 (43)
23(2)
24 (2.5)
47(2.2)

591 (63)
11.5 (6.6)

46(2.2)
0.85(0.13)

395 (154)

372

274 (74)
41(13)

172 (46)
177 (48)
20(5)

256 (69)
301 (81)

76 (21)
111(31)
171 (48)

279(75)

3309
105 (28)
36 (10)
161 (43)
15 (4)
14 (4)
49(23)

92 (25)
57 (15)
216 (58)
12.1(6.8)

46(2.2)
0.85(0.12)

68 (18)
119(32)
45(12)

88 (24)
602
45(12)
56(3.0)
1.7 (0.5)
409 (16.2)

Pain intensity from NRS: the 11-point numerical rating scale [32], psychosocial risk factors: Orebro Screening Questionnair [54, 55], HSCL-10, Hopkins Symptom Check-
list measuring emotional stress [56], NDI, Neck Disability Index measuring disability [33], EQ-5D-index measuring HRQoL [37], SD, Standard deviation



Myhrvold et al. BMC Musculoskeletal Disorders (2022) 23:673

Page 6 of 13

Block 1 R’=0.19 R’=0.22
Block 2
Block 3

Block 4

Pain intensity

Block 5

Block 1 R2 =037
Block 2

Block 3

NDI

Block 4

Block 5

Block 1 R’=0.18 R'=0.21

Block 2

Block 3

EQ-5D

Block 4

Block 5

Fig. 1 The predictive performance (Adjusted R?) when sequentially combining the five blocks for each outcome

R'=0.22

2 2
R =0.22 R =0.26

2
R =0.37

2 2
R =0.37 R =0.60

R'=0.21

2 2
R =0.21 R =0.42

contribution to the explained variance across outcomes.
The single Block 4 (consultation-type) did not contribute
significantly to explained variance.

Figure 1 and Tables 2, 3 and 4. presents the block-wise
regression models with pain intensity, NDI and EQ-5D
as outcomes, respectively. During the block-wise entry,
the adjusted R* values were largely unaltered from Block
1 until Block 4 for all outcomes. The final model hav-
ing the highest explained variance, regardless of which
baseline outcome variable. When we included the base-
line variable of the corresponding outcome measure to
the final model (Block 1 to 5), the adjusted R? values
ranged from 0.26 to 0.60 across outcomes. NDI was per-
sistently the outcome with the highest explained vari-
ance compared to pain intensity and EQ-5D, with larger
adjusted R? values for single blocks as well as for the
final model.

The impact of the baseline values for different out-
comes were further explored in Table 5. Adding baseline

values for NDI to the final model (Block 1-4) resulted in
the largest increase in adjusted R? across all outcomes.
Baseline pain intensity had little impact even when pain
intensity was the outcome.

Predictors in the models

In the final models (including Block 5), the pain pat-
terns (Block 1) and the corresponding outcome variable
(Block 5) were significantly associated with all outcomes
(Tables 2, 3 and 4). Of the other predictors, consulta-
tion-type (Block 4) significantly associated with NDI
and EQ-5D as outcomes. Number of pain sites were sig-
nificantly associated with pain intensity and NDI as out-
come. For all outcomes, the association with of education
level, radiating pain to the shoulder and/or elbow and
physical leisure activity was weak. The 95% CI were large
for all predictors across outcomes; thus, comparisons
should be interpreted with caution.
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Table 3 The explained variance (Adjusted R%) and associations between disability as outcome and predictors (entered in 5 blocks)

explored by linear regression analysis, (n=939)

Blocks of predictors Block 1 Block 1-2

Block 1-3 Block 1-4 (Final model) Block 1-5b

Adjusted R?

Adjusted R?

Adjusted R?

Adjusted R?

Adjusted R?

0.30 0.37 0.37 0.37 0.60
Coefficients (95% Cl)  Coefficients (95% Cl)  Coefficients (95% Cl)  Coefficients (95% Cl)  Coefficients (95% Cl)
Patient previous course of pain (n, %)
Single episode Block1  Ref Ref Ref Ref Ref

3.54(0.71t0 6.37)
4.66 (1.06 to 8.26)
12.52(9.64 to 15.40)
19.54 (14.17 to 24.92)
5.83(0.74t0 10.92)

Episodic pain

Mild pain/recovering
Fluctuating pain
Moderate/severe pain
Neither/ Unsure

Patient expected course of pain (n, %)

Block2  Ref
5.41 (3.29 to 7.54)
5.12(2.26 to 7.98)
8.35(5.81 t0 10.90)
27.06 (16.64 to 37.48)
4.88 (2.20 to 7.56)

Single episode
Episodic pain

Mild pain/recovering
Fluctuating pain
Moderate/severe pain
Neither/ Unsure

Radiating pain to shoulder
and/or elbow (Ref.: yes)

Number of MSK pain sites

Education level

Low Block 3
Medium

High

Physical leisure activity

(Ref:: yes)

Physical leisure

2.25(-0.48 10 4.97)
3.65(0.19t07.12)
9.86 (7.04 t0 12.67)

16.10 (10.94 to 21.26)

6.42 (1.54t0 11.30)

Ref

4.74 (2.7210 6.77)
4.11 (1.38 t0 6.84)
7.00 (4.58 t0 9.43)

25.62 (15.79 to 35.46)

3.64 (1.08 to 6.20)
-145(-3.18 10 0.29)

1.79(1.43 to 2.14)

2.22(-0.51 10 4.95)
346 (-0.02 to 6.94)
9.68 (6.85 to 12.50)

15.82(10.64 to 21.00)

6.25(1.36to 11.14)

Ref

4.75(2.7210 6.77)
4.27 (1.53 t0 7.00)
6.93 (4.49 t0 9.37)

25.97 (16.12 to 35.82)

3.64 (1.08 to 6.20)
-1.31(-3.06 10 0.43)

1.44 (0.87 to 2.02)

Ref

-1.65 (-4.76 t0 1.47)
-2.19(-5.27 t0 0.89)
-225(-5.63t0 1.12)

048 (-0.17 to 1.13)

2.21 (-0.52 10 4.94)
340 (-0.07 t0 6.87)
9.60 (6.78 to 12.43)

15.77 (10.59 to 20.96)

6.20 (1.31 to 11.09)

Ref

4.67 (2.63 t0 6.70)
4.20 (1.45 t0 6.94)
6.86 (4.37 t0 9.35)

25.75(15.86 to 35.65)

3.61(1.04t06.18)
-1.27 (-3.02 t0 0.48)

1.44 (0.87 to 2.02)

Ref

-1.64 (-4.76 10 1.47)
-2.19 (-5.27 10 0.89)
-2.19(-5.5710 1.18)

047 (-0.191t0 1.12)

0.24 (-1.97 t0 2.44)
1.97 (-0.83 10 4.78)
3.08(0.71 to 5.44)
5.28(1.01 t0 9.55)
2.66 (-1.27 t0 6.60)

Ref

4.33 (2.69 to 5.96)
3.83(1.63 t0 6.02)
5.60 (3.58t0 7.62)
13.73 (5.06 to 22.39)
3.34(1.29 to 5.40)
-1.30 (-2.69 t0 0.09)

0.56 (0.09 to 1.03)

Ref

-0.04 (-2.54 10 2.45)
-0.67 (-3.13t0 1.80)
-1.23(-3.94t0 1.48)

0.22 (-0.31 t0 0.74)

activity#Number of MSK

pain-sites
Consultation-type

First-time consultation Block 4
Follow-up consultation
Maintenance consultation

Baseline NDI Block 5b

Ref Ref

131 (-0.73 10 3.35) 2.04 (0.39 to 3.68)

1.12(-0.78 to 3.03) 3.16 (1.62 t0 4.70)
0.56 (0.51 10 0.61)

Note: The 95% C.I not including 0 are marked in bold, The NDI is transformed to a 0-100 scale for both baseline and outcome

Discussion
This study found weak to moderate associations between
improvements on the scales of pain intensity, NDI and
EQ-5D outcome instruments. We also found that the
prognostic model developed for the prediction of GPE
showed large differences in total explained variance
across three outcomes (pain intensity, NDI and EQ-5D).
The prognostic model showed poorer predictive abil-
ity for pain intensity compared to both NDI and EQ-5D.
For all outcomes, the impact of the individual entered
blocks of predictors were quite similar. Among the inves-
tigated predictors, pain patterns accounted for the largest
explained variance in all outcomes.

Our results show that with the chosen set of predictors,
disability is more accurately predicted than pain intensity

and EQ-5D. The difference in explained variance between
pain intensity and NDI is in keeping with previous stud-
ies using pain intensity and disability as outcomes [19, 21,
22, 45]. One study included a large number of psychologi-
cal candidate prognostic factors [21], while another more
recent study included a wide selection of biopsychosocial
candidate predictors [22]. Hence, it is reasonable to sug-
gest that the consistent differences in performance with
different outcomes, is due to measurement properties of
the various outcomes.

One possible explanation for the lower performance
of the prognostic model using pain intensity as outcome
may be due to the poor reliability of a single pain meas-
ure [46, 47]. As neck pain is reported to be episodic or
fluctuating [48-50], it is less likely that an improvement
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Table 5 The explained variance (Adjusted R?) between baseline outcome variables, predictors and NDI, EQ-5D or pain intensity as

outcome after 12 weeks explored by linear regression analysis

Outcomes

Pain intensity NDI EQ-5D

n=941 n=939 n=941
Baseline outcome variables/Model Adjusted R? Adjusted R? Adjusted R?
Baseline pain intensity (only Block 5a) 0.11 0.1 0.05
Baseline NDI (only Block 5b) 0.19 0.53 0.26
Baseline EQ-5D (only Block 5¢) 0.11 0.26 034
Final model (Block 1 to 4), no baseline variable 022 037 0.21
Final model and baseline pain intensity (Block 1 to 5a) 0.25 0.39 022
Final model and baseline NDI (Block 1 to 5b) 0.27 0.60 0.31
Final model and baseline EQ-5D (Block 1 to 5¢) 0.25 047 042

Note: The scales are transformed to a 0-100 scale for both baseline and outcome

of symptoms is captured by one single time point meas-
urement on a group level. The phenomena captured by
the composite measures (e.g., NDI and EQ-5D) might be
less subject to such variation over time. Another explana-
tion may be construct differences of outcome measures
[47]. Multidimensional constructed outcomes may better
capture the complexity of the individual’s experience of
neck pain compared to single dimension outcomes such
as pain intensity [47, 51].

MSK patients emphasize pain as an important goal
and pain is commonly evaluated in clinical practice
[2]. Accordingly, randomized clinical trials use pain
intensity as an outcome. Although it seems relevant to
assess pain, the poorer ability to capture improvement
may lead to weaknesses in the trials. This is a challenge
that needs attention and further studies for instance
through exploring why changes in pain is difficult to
predict and how pain intensity can be used best as an
outcome measure.

The lower correlation between pain intensity and
either of the two other outcomes, than between NDI
and EQ-5D further supports that pain intensity is either
less reliable or have a different construct. Although
pain intensity is a simple one item measure, pain afflic-
tion may be modified by numerous other factors like
expectations, pain beliefs and behaviors [52, 53]. The
more concrete items included in NDI and EQ-5D may
be less vulnerable to such modulation, and some of the
differences may possibly be related to this effect.

Independent of outcome measure, the pain patterns
and baseline values of outcomes were the predictors
that contributed the most to prediction. Previously, neck
pain history (including previous episodes and duration)
and future expectations assessed by traditional measures
(i.e., numeric scales) have been found to be predictors

of GPE, pain and disability [17, 19, 22, 30, 45]. These
findings support our results on pain history and expec-
tations as consistent prognostic factors. Similar to sys-
tematic reviews on prognostic factors, we also found
baseline pain intensity and disability as robust predictors
of outcomes [14, 16].

Although it can be argued that there is an implicit
perception that pain intensity is included in the pain
patterns (Block 1), we found that pain intensity as
a single predictor or when added to the final model
only contributes little to prediction, regardless of out-
come measure. The association with outcome for the
remaining predictors (radiating pain to shoulder and/
or elbow, physical leisure activity, MSK pain-sites and
education level) were less consistent, in line with pre-
vious research on prognostic factors and models for
neck pain [18, 20, 22]. Consultation-type has previous
proven to be associated with outcome [20], but not to
interact with other predictors [20, 30]. A recent study
used a set of predefined prognostic factors to develop
prognostic models for recovery of patients with neck
pain [22]. This study used pain, disability, and per-
ceived effect as outcomes. Like us, they found the prog-
nostic model with disability as outcome to have the
best predictive performance but found only neck pain
duration as a consistent predictor across all outcomes.
This emphasises that a prognostic factor or model
derived for a specific outcome does not fully represent
all health domains, and thus models need validation on
the outcome they are intended for.

Strengths and limitations

One limitation concerns the loss to follow-up. Since
28% of the included patients did not respond at
12 weeks follow-up a possibility of attrition bias exits.
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The main reason to not answer the questionnaire at
12 weeks follow-up was due to lack of time required to
complete questionnaires. However, the non-responders
did not differ significantly from the analyzed sample
suggesting that a possible impact of attrition bias may
not have substantial influenced the results. Another
concern is that the inclusion criteria to own a mobile
phone and to adequate understand the Norwegian
language may introduce selection bias. The most com-
mon reasons were ‘patient did not wish to participate’
followed by ‘chiropractor forgot or did not have time
to ask; thus we believe the risk of selection bias due
to these parameters is low. The included predictors
were derived using the single item GPE as outcome
in a previous study [20]. We were therefore unable to
directly compare results to other studies because there
is no obvious way of transforming GPE to a compara-
ble scale. However, as GPE do not represent a specific
health domain, GPE as outcome did not favor any of the
investigated outcomes. A strength is that the inclusion
criteria were broad rather than strict, as in RCT’s, and
this can result in a more heterogeneous patient popula-
tion. Consequently, this may support the generalization
of the results to patients with neck pain seen in primary
health care. We included consultation-type because the
participating patients were not included at a uniform
time (zero time). Patients that seek care across health
care settings experience different phases of their neck
pain course (i.e., acute, recurring, or persistent), which
is a challenge for clinicians regarding prognosis. There-
fore, in the regression analyses of this study, we con-
sidered for these differences at inception by adding the
variable consultation-type. We found that consultation-
type did not interact with the included prognostic fac-
tors, but it seems that the inception time is related to
outcome. Although not useful on an individual level,
consultation-type may be one way to achieve additional
prognostic information for a setting where the patient
population are heterogeneous. The Visual trajectory
pattern questionnaire has not been validated. However,
it is quite similar to a questionnaire used for low back
pain that seem to capture peoples prospectively meas-
ured course [29]. Also, the relationship with patient
reported outcomes in the expected direction provides
support for the responses to the questionnaire to be
meaningful.

Conclusions

The highest correlation between outcome change scores
was found between NDI and EQ-5D and lower associa-
tion with pain. The prognostic model also showed best
performance for NDI as outcome and the poorest for
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pain intensity. The predictive impact of the predictors
was consistent across all outcomes. These results sug-
gest that we need more knowledge on the reasons for the
differences in predictive performance variation across
outcomes.
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