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Abstract
Back pain is a leading cause of disability worldwide and is common in older adults. No clinical prediction models for poor long-term
outcomes have been developed in older patients with back pain. This study aimed to develop and internally validate 3 clinical prediction
models for nonrecovery in this population. A prospective cohort study in general practice was conducted (Back Complaints in the Elders,
Netherlands), including 675 patients .55 years with a new episode of care for back pain. Three definitions of nonrecovery were used
combining 6-month and12-month follow-up data: (1) persistent back pain, (2) persistent disability, and (3) perceived nonrecovery. Sample
size calculation resulted in a maximum of 14 candidate predictors that were selected from back pain prognostic literature and clinical
experience. Multivariable logistic regression was used to develop the models (backward selection procedure). Models’ performance was
evaluatedwith explained variance (Nagelkerke’sR2), calibration (Hosmer–Lemeshow test), anddiscrimination (area under the curve [AUC])
measures. The models were internally validated in 250 bootstrapped samples to correct for overoptimism. All 3 models displayed good
overall performance during development and internal validation (ie, R2 . 30%; AUC . 0.77). The model predicting persistent disability
performed best, showing good calibration, discrimination (AUC 0.86, 95% confidence interval 0.83-0.89; optimism-adjusted AUC 0.85),
and explained variance (R2 49%, optimism-adjusted R2 46%). Common predictors in all models were: age, chronic duration, disability, a
recent back pain episode, and patients’ recovery expectations. Spinal morning stiffness and pain during spinal rotation were included in 2
of 3 models. These models should be externally validated before being used in a clinical primary care setting.

Keywords:Back pain, Older adults, General practice, Family practice, Primary care, Prospective studies, Cohort studies, Clinical
prediction model, Prognostic model, Pain, Prognosis, Recovery, Model development, Internal validation

1. Introduction

Back pain is a common health problemworldwide, with an estimated
mean point prevalence of 11.9% and a 1-month prevalence of
23.2%.24,26 The prevalence is highest in adults aged between 40 and

80 years old.26 Therefore, in a globally ageing population, back pain
plays a significant role in morbidity figures, and it represents the
leading cause of years lived with disability.13,25,27 Persistent disabling
back pain has a substantial personal, public health, and societal
impact.25 Yet, the prognosis of back pain in older people is still poorly
understood.47,48,49

In general, the natural course of a new episode of back pain
shows rapid mean improvements within the first 4 to 6 weeks
after presentation in primary care; thereafter, only minor
improvements are displayed.20,60 Lower levels of pain and
disability often persist and recurrences are common.3,20,21,34,38

Back pain in older adults follows similar variability in pain
patterns,11,15 but the proportion of patients with persisting pain
and disability is reported to be higher compared with younger
adults.19,31,48,49,51 In addition, older adults seem to experience
more severe or disabling back pain—instead of mild pain.12

Several prognostic factors for poor outcomes have been
consistently reported in systematic reviews on back pain:
age,19,31 sex,19,31 pain intensity,2,19,31 disability,2,8,19,31 previous
back pain episodes,2,19,31 back pain duration,2 leg pain,19,31

general health status,8,19,31widespread pain,2 heavy physical work
demands,19,31 job satisfaction,19,31 low expectations of recov-
ery,31 distress,19,31,39,41 depressive symptoms/anxiety,2,31,39,41

somatization,2,8,39 maladaptive pain coping behaviors,8,31,39 and
fear-avoidance beliefs.8,31,39 Combining these factors in a clinical
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prediction model could aid clinicians, and their patients in making
informed decisions on treatment possibilities, taking into account
their prognosis and risk for persistence. Currently existing clinical
prediction models or risk prediction tools all focus on younger
adults10,18,55,57,58 and often focus on acute back pain
alone.10,18,57 Therefore, developing and validating a clinical
prediction model for persistent back pain in an older population
is important to identify elderly patients at risk of poor recovery in
primary care.

Although prognostic factor research in older adults with
back pain has shown that similar demographic, back pain–
related, general health, and psychological factors may play a
role in nonrecovery,47,49 the evidence is still scarce. In fact, the
existing results are preliminary, because, in 2 existing studies,
the focus was on a 3-month follow-up in one49 and only on
univariable associations in the other.47 The current study
aimed to develop a multivariable clinical prediction model for
nonrecovery in a well-characterized population-based general
practice cohort of older adults seeking care for back pain and
to assess its internal validity according to current research
guidelines.53

2. Methods

2.1. Design, setting, and patient recruitment

Back Complaints in the Elders (BACE) is a prospective cohort
study aiming to explore the course and prognosis of back pain in
older people. In total, 103 general practitioners (GPs) from the
southwest area of the Netherlands participated in this study, that
is part of the international BACE consortium.52 Six-hundred and
75 participants aged . 55 years who consulted their GP with a
new episode of back pain in 2009 to 2011 were included. An
episode was defined as “new” if the patient had not consulted a
GP for the same back pain symptoms in the preceding 6months;
back pain was defined as pain in the region from the top of the
shoulder blades to the first sacral vertebra. Patients who were
unable to complete the questionnaires (eg, because of an inability
to read and write in Dutch or cognitive impairment) and/or
undergo the physical examination (eg, patients who use a
wheelchair) were excluded. Back Complaints in the Elders was
approved by the local medical ethics committee, and a detailed
study protocol was previously published.52 This article is reported
according to the Transparent Reporting of a multivariable
prediction model for Individual Prognosis Or Diagnosis (TRIPOD)
guidelines for multivariable prediction model research.9,35 The
Prediction model Risk Of Bias ASsessment Tool (PROBAST) was
used as an additional checklist to minimize the risk of bias of this
study.36,64 According to the Prognosis Research Strategy
(PROGRESS) initiative, this article is part of the first phase of
prognostic model research: model development, including
internal validation.53

2.2. Data collection

Baseline data were collected using questionnaires, history
taking, and physical examination. Baseline measurements
included demographics and patients’ characteristics (eg, age,
sex, body mass index, education level, smoking, use of pain
medication, or care from a physical therapist for current back
pain); measurements on the physical domain, such as back
pain–related factors (eg, back pain duration and pain intensity),
physical functioning, and physical examination items; and

measurements on the psychosocial domain. Health-related
quality of life on a physical and mental level was measured with
the Short Form-36 (SF-36; physical/mental component sum-
mary scales (both range 0-100).63

The BACE cohort included follow-up measurements at 6
weeks, 3, 6, and 9 months and 1, 2, 3, 4, and 5 years. In this
study, responses at baseline (n5 670), 6months (n5 612), and 1
year (n 5 591) were used because the response rates up to 1-
year follow-up were relatively high, and it is a relevant time period
for this condition. For the development of the prediction model,
the baseline data were used as potential predictors; the
combined 6-month and 1-year follow-up data were used as
outcomes.

2.2.1. Outcome measures

There are many potential definitions for nonrecovery in back
pain, but a general and widely used definition of nonrecovery
has not been established yet.29 Nevertheless, various studies
in patients with back pain exhibited that pain and physical
functioning are the 2 most important outcomes, reasons to
seek care, and part of a broad definition of recov-
ery.1,7,28,33,65 Therefore, the following outcome measures
were used: the 11-point numeric rating scale (NRS, ranging
from 0 “no pain” to 10 “worst pain ever”)61 to measure pain
intensity and the 24-item Roland Morris Disability Question-
naire (RMDQ, ranging from 0 “no disabilities” to 24 “maximal
disability”)45 to measure physical functioning. These 2
instruments also represent core outcome measures in
patients with low back pain.6

A previous USA-based cohort of older adults with back pain
(BOLD cohort) defined the presence of persistent pain and
persistent disability using these outcome measures.47 To
facilitate comparability of findings, the same definitions were
used in the current study. Nonrecovery as defined by Scheele
et al.49 was added as a third outcome, dichotomizing the 7-point
Global Perceived Effect (GPE, ranging from 1 “completely
recovered” to 7 “worse than ever”) scale4 to measure self-
perceived recovery. In this case, recovery was defined as a score
of 1 or 2 of 7 (either “completely recovered” or “strongly
improved”) at both time points. Any other response option
(ranging from “somewhat improved” to “worse than ever”) was
defined as nonrecovery.

Thus finally, nonrecovery was defined as: (1) persistent back
pain: back pain intensity of 3/10 points or higher on the NRS at
both 6 and 12 months, (2) persistent disability: disability of 4/24
points or higher on the RMDQ at both 6 and 12 months, and (3)
perceived nonrecovery: a score of 3/7 points or higher on the
GPE scale at both 6 and 12 months.

2.2.2. Sample size calculation and predictor selection

Considering the BACE sample size, the maximum number of
predictors in the full model was calculated using the approach of
Riley et al.43 The proportion of nonrecovery outcomes was 48%
for pain, 54% for physical functioning, and 52% for GPE. For all 3
outcomes, this resulted in a maximum number of 14 candidate
predictors.

Potential predictorswere identified as follows: (1) those consistently
found to be significantly and consistently associated to outcomes in
the previous (low) back pain literature5,8,11,14–17,19,20,31,39–41,47,49 and
(2) those deemed potentially clinically relevant, based on the clinical
experience of the BACE project team including GPs and physiother-
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apists, and a discussion meeting with GP trainees.
Forty-five potential predictors that might be of interest were

identified in the data set, all part of the questionnaires and the
physical examination. X-ray variables were not included, because
the clinical prediction model should be easy to use in general
practice, and current guidelines do not recommend routine use of
imaging unless serious pathology is suspected.37 After extensive
literature review and a meeting with the BACE project team, this
number was reduced to 18. Some potential predictors were
excluded because they were not a factor known in the literature;
others were (clinically) highly related to each other, and one of
both measures was chosen. After a discussion meeting with GP
trainees, the number was further reduced to the maximum of 14,
taking into consideration the potential clinical relevance and
usefulness in general practice.

After predictor selection, the 14 candidate predictors were
the following: age, sex, chronic duration (current episode
duration of .3 months at baseline), back pain intensity in the
past week, back pain–related disability, a recent preceding
episode of back pain, musculoskeletal comorbidity, referred
pain to the leg, spinal morning stiffness, pain during spinal

rotation, patients’ expectations to recover, depressive symp-
tomatology, kinesiophobia, and pain catastrophizing.

These candidate predictors were measured as followed
(unless previously mentioned): back pain intensity measured with
the 11-point NRS,61 referring to the average pain intensity over
the last week, back pain–related disability measured with the 24-
item RMDQ,45 the presence of other musculoskeletal symptoms
was explored, patients were asked if they experienced a recent
episode of back pain where they did not seek care for (ie, in the
previous 6 months before study inclusion, without visiting the GP
for these symptoms), radiating pain in the leg(s), spinal morning
stiffness for longer than 30 minutes, and pain during spinal
rotation of the upper body to the left and/or right (all di-
chotomous). Depressive symptomatology was measured with
the Center for Epidemiologic Studies Depression Scale (CES-D,
range 0-60),42 kinesiophobia with the physical activity subscale of
the Fear-Avoidance Beliefs Questionnaire (FABQ, range 0-28),62

and pain catastrophizing with the Pain Catastrophizing Scale
(range 0-52).54 The patients’ expectations to recover was
measured using a 5-point Likert scale ranging from 1 “completely
pain free” to 5 “more pain than ever.”

Table 1

Baseline patients’ characteristics in the Back Complaints in the Elders prospective cohort.

All, n 5 675 Missing, n (%)

General characteristics and demographics

Age in y, mean 6 SD 66.4 6 7.6 0 (0)

Male, n (%) 274 (41) 0 (0)

BMI, mean 6 SD 27.5 6 4.7 7 (1)

Low education level, n (%) 279 (41) 7 (1)

Smoking, n (%) 122 (18) 8 (1)

Use of pain medication for current

back pain, n (%)

485 (72) 9 (1)

Care from a physical therapist for

current back pain, n (%)

299 (44) 17 (3)

Physical domain

Duration of current back pain episode

. 3 mo, n (%)

156 (23) 80 (12)

Average back pain intensity the previous wk

(NRS), mean 6 SD

5.2 6 2.7 11 (2)

Physical functioning (RMDQ), mean 6 SD 9.9 6 5.8 16 (2)

At least 1 back pain episode during

lifetime, n (%)

579 (86) 9 (1)

Recent episode of back pain

(in previous 6 mo), n (%)

487 (72) 10 (2)

Musculoskeletal comorbidity, n (%) 519 (77) 12 (2)

Referred pain to the leg, n (%) 379 (56) 7 (1)

Spinal morning stiffness of the back

for . 30 min, n (%)

160 (24) 14 (2)

Pain during spinal rotation, n (%) 259 (38) 7 (1)

Quality of life (SF-36) physical summary

scale, mean 6 SD

43.2 6 8.9 7 (1)

Psychosocial domain

Patients’ expectation to recover from back

pain, n (%)

291 (43) 17 (3)

Quality of life (SF-36) mental summary

scale, mean 6 SD

49.6 6 10.3 7 (1)

Depressive symptomatology (CES-D),

mean 6 SD

10.0 6 7.8 57 (8)

Kinesiophobia (FABQ), physical activity

subscale, mean 6 SD

13.4 6 5.8 20 (3)

Pain catastrophizing (PCS), mean 6 SD 14.1 6 10.6 33 (5)

BMI, body mass index (kg/m2); NRS, numeric rating scale (range 0-10); RMDQ, Roland Morris Disability Questionnaire (range 0-24); SF-36, Short Form-36, physical and mental summary scale (range 0-100); CES-D, Center for

Epidemiologic Studies Depression Scale (range 0-60); FABQ, Fear-Avoidance Beliefs Questionnaire, physical activity subscale (range 0-28); PCS, Pain Catastrophizing Scale (range 0-52).
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2.3. Statistical analysis

Descriptive statistics were used to describe the baseline patient
characteristics. Frequencies were used for categorical data, and
mean and standard deviation were provided for continuous data.

Primary analyses were performed in the imputed data sets.
Multiple imputation was performed using all predictor and outcome
variables to impute missing data. Following guidelines on missing
data, 25 imputed data sets were created with 50 iterations because
25% of the cases had missing values (a total of 3%missing values),
and predictive mean matching was used.23 In multi-item question-
naires, the separate item scores were imputed instead of the sum
scores, to improve accuracy of the estimates, with the exception of
the RMDQ, where missingness was taken into account using an
existing scoring algorithm.30 Convergence plots were generated to
check if the imputations were correctly performed.

A univariable analysis of the candidate predictorswas performed to
assess the relationship between the separate predictor variables and
the outcomes. This analysis was performed for informative reasons
but not used for predictor selection.44 The linearity assumption for
continuous variableswasevaluatedusing restrictedcubic splines, and
multicollinearity was evaluated by determining tolerance (.0.2) and
the variance inflation factor (,3). When the linearity assumption was
not met, splines were added to the models. All candidate predictors
were included in the multivariable logistic regression analysis.

Amultivariable logistic regression analysiswasperformed for each
of the 3 predefined outcomes in the imputed data sets as primary
analysis. The backward selection method was used, with an entry
and removal P value of 0.157 according to the Akaike’s information
criterion.9 This was repeated until the best-fittedmodelswere found.
Models’ performance was evaluated for each of the 3 models with:
(1) theexplainedvarianceoroverall performance, usingNagelkerke’s
R2; (2) calibration, as estimated by the calibration slope, curve, and
theHosmer–Lemeshow test; and (3) discrimination, asmeasured by
the AUC. A P value . 0.05 of the Hosmer–Lemeshow test was
considered as good calibration. The discriminative performance of
the models was considered acceptable if the AUC was $0.7 and
good if the AUC was$0.8.

To correct for overoptimism of the final models, these were
internally validated in 250 bootstrapped samples. The estimated
slope value was used as a shrinkage factor that was multiplied
with the pooled coefficients, and a new intercept value was
determined that aligned with the shrunken coefficients. These
adjusted linear predictors were reported in the penalized models,
and each adjusted models’ performance was evaluated with an
optimism-adjusted R2 and AUC value. Statistical analyses were
performed using SPSS (IBM, version 24), and (R) Studio version
3.4.3, using the psfmi 0.5.0 package.22

2.4. Sensitivity analysis

A complete case analysis was performed for all outcome
variables as a sensitivity analyses.

3. Results

3.1. Baseline characteristics

A total of 675 patients were included. Table 1 shows the cohorts’
baseline characteristics and the amount of missing per variable.

3.2. Univariable analysis

Table 2 shows the univariable analysis of all candidate predictors
in the imputed data sets. They were all related to the outcomes.
For all 3 outcomes, male sex and a patients’ expectation to
recover from their back pain are negatively associated with
persistence of symptoms.

3.3. Model development and performance

All final clinical prediction models are shown in Table 3. The 3
models predicting, respectively, persistent back pain, persis-
tent disability, and perceived nonrecovery as an outcome all
included age, chronic duration of symptoms, back pain–re-
lated disability, a recent episode of back pain, and patients’

Table 2

Univariable associations.

Univariable analysis Persistent back pain Persistent disability Perceived nonrecovery

Candidate predictors OR* 95% CI P OR* 95% CI P OR* 95% CI P

Age (y) 1.04 1.02–1.06 0.000 1.05 1.03–1.08 0.000 1.04 1.02–1.06 0.001

Gender, male 0.60 0.43–0.84 0.003 0.68 0.49–0.93 0.015 0.64 0.46–0.89 0.008

Chronic duration (.3 mo) 3.40 2.27–5.08 0.000 3.02 1.97–4.62 0.000 3.16 2.09–4.80 0.000

Back pain intensity in the past wk (NRS 0-10) 1.29 1.21–1.38 0.000 1.27 1.19–1.36 0.000 1.20 1.12–1.27 0.000

Disability (RMDQ 0-24) 1.14 1.11–1.18 0.000 1.25 1.21–1.30 0.000 1.11 1.08–1.14 0.000

Recent episode of back pain (previous 6 mo) 4.20 2.81–6.26 0.000 3.70 2.54–5.38 0.000 5.58 3.70–8.42 0.000

Musculoskeletal comorbidity 2.45 1.64–3.67 0.000 2.75 1.83–4.12 0.000 2.12 1.43–3.14 0.000

Referred pain to the leg 1.98 1.44–2.73 0.000 2.31 1.67–3.19 0.000 1.62 1.18–2.24 0.003

Spinal morning stiffness (.30 min) 3.71 2.48–5.54 0.000 4.65 2.98–7.27 0.000 2.54 1.73–3.73 0.000

Pain during spinal rotation 2.53 1.80–3.56 0.000 2.32 1.65–3.27 0.000 2.03 1.44–2.86 0.000

Patients’ expectation to recover 0.32 0.23–0.45 0.000 0.35 0.25–0.48 0.000 0.25 0.18–0.36 0.000

Depressive symptomatology (CES-D 0-60) 1.07 1.05–1.10 0.000 1.11 1.08–1.14 0.000 1.05 1.02–1.07 0.000

Kinesiophobia (FABQ-PA 0-28) 1.08 1.05–1.12 0.000 1.11 1.08–1.14 0.000 1.07 1.04–1.10 0.000

Pain catastrophizing (PCS 0-52) 1.04 1.02–1.06 0.000 1.07 1.05–1.09 0.000 1.03 1.02–1.05 0.000

* Pooled estimates from the univariable regression analysis in the imputed data sets.
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expectation to recover from their back pain. The persistent

back pain model furthermore included pain intensity, spinal

morning stiffness, and pain during spinal rotation as predic-

tors. The persistent disability model additionally contained 2

physical factors, spinal morning stiffness and musculoskeletal

comorbidity, as well as 2 psychosocial factors, namely,

depressive symptomatology and pain catastrophizing. The

perceived nonrecovery model included 1 additional predictor:

pain during spinal rotation.
All 3 developedmodels exhibited good performance (R2 range:

0.32-0.49; AUC range: 0.78-0.86) likewise the optimism-

adjusted models (optimism-adjusted R2 range: 0.30-0.46, re-

spectively, AUC range: 0.77-0.85; Table 3). The Hos-

mer–Lemeshow was nonsignificant in all models, which means

calibration was adequate; calibration plots are presented in

Figure 1A–C. The best performing model is the one predicting

persistent disability, which showed good discrimination (AUC

0.86, 95% CI 0.83-0.89) and explained variance (R2 49%) also

after internal validation (optimism-adjusted R2 46% and AUC

0.85). The other 2 models also performed well after internal

validation (Table 3).

3.4. Sensitivity analyses

Results for the complete case analysis are presented in Table 4.
The 3 models showed similar performance measures (R2 range:
0.31-0.47; AUC range: 0.78-0.85) as the final multivariable
prediction models in the imputed data sets, but some
differences in predictors included in the models were identified.
For the model-predicting persistent pain, musculoskeletal
comorbidity was part of the model instead of spinal morning
stiffness. The model-predicting persistent disability included
pain during spinal rotation as an additional predictor; a recent
episode of back pain and pain catastrophizing were no longer
part of the model. The model-predicting perceived nonrecovery
included all predictors of the imputed data set model, except for
pain intensity.

4. Discussion

4.1. Statement of principle findings

An increasing age, chronic duration of symptoms, higher pain
intensity and higher back pain–related disability, a recent back
pain episode, musculoskeletal comorbidity, spinal morning

Table 3

Multivariable clinical prediction models for nonrecovery outcomes in older adults with back pain (Back Complaints in the Elders

cohort, n 5 675, imputed data sets).

Predictors Coefficient (SE) R2 Optimism-adjusted R2 AUC (95% CI) Optimism-adjusted AUC

Persistent back pain model*

Constant 24.47 (1.00) 0.35 0.32 0.80 (0.76-0.83) 0.79

Age (y) 0.03 (0.01)

Chronic duration (.3 mo) 0.77 (0.24)

Average back pain intensity in the past wk

(NRS 0-10) 1 spline

0.24 (0.12)

20.11 (0.11)

Disability (RMDQ 0-24) 0.07 (0.02)

Recent episode of back pain (previous 6 mo) 0.75 (0.24)

Spinal morning stiffness (.30 min) 0.41 (0.25)

Pain during spinal rotation 0.44 (0.22)

Patients’ expectation to recover 20.83 (0.21)

Persistent disability model†

Constant 26.34 (1.14) 0.49 0.46 0.86 (0.83-0.89) 0.85

Age (y) 0.04 (0.01)

Chronic duration (.3 mo) 0.67 (0.29)

Disability (RMDQ 0-24) 1 spline 0.34 (0.06)

20.18 (0.07)

Recent episode of back pain (previous 6 mo) 0.43 (0.26)

Musculoskeletal comorbidity 0.55 (0.26)

Spinal morning stiffness (.30 min) 0.55 (0.28)

Patients’ expectation to recover 20.88 (0.23)

Depressive symptomatology (CES-D 0-60)1
spline

0.09 (0.04)

20.08 (0.06)

Pain catastrophizing (PCS 0-52) 0.02 (0.01)

Perceived nonrecovery model‡

Constant 23.60 (0.95) 0.32 0.30 0.78 (0.74-0.82) 0.77

Age (y) 0.03 (0.01)

Chronic duration (.3 mo) 0.62 (0.25)

Disability (RMDQ 0-24) 1 spline 0.13 (0.05)

20.07 (0.05)

Recent episode of back pain (previous 6 mo) 1.16 (0.23)

Pain during spinal rotation 0.38 (0.21)

Patients’ expectation to recover 20.99 (0.20)

* Penalized persistent back pain model (with adjusted coefficients; slope 0.94) is2 4.231 0.033 age1 0.733 chronic duration1 0.233 back pain intensity2 0.103 back pain intensity spline1 0.073 disability1
0.71 3 recent episode 1 0.38 3 spinal morning stiffness 1 0.42 3 pain during spinal rotation 2 0.79 3 patients’ expectation to recover.

† Penalized persistent disability model (with adjusted coefficients; slope 0.94) is 2 5.97 1 0.04 3 age1 0.63 3 chronic duration 1 0.32 3 disability 2 0.173 disability spline1 0.403 recent episode 1 0.523
musculoskeletal comorbidity 1 0.52 3 spinal morning stiffness 2 0.83 3 patients’ expectation to recover 1 0.08 3 depressive symptomatology 2 0.08 3 depressive symptomatology spline 1 0.02 3 pain

catastrophizing.

‡ Penalized perceived nonrecovery model (with adjusted coefficients; slope 0.96) is2 3.461 0.033 age1 0.603 chronic duration1 0.133 disability2 0.073 disability spline1 1.113 recent episode1 0.363 pain

during spinal rotation 2 0.95 3 patients’ expectation to recover.
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stiffness of over 30 minutes, pain during spinal rotation, a lower
expectation of patients to recover from their back pain, de-
pressive symptomatology, and pain catastrophizing were pre-
dictors in multivariable models in older adults with back pain for
persistent nonrecovery after 6 and 12 months. Predictors
consistently reported in all 3 models were age, chronic duration,
disability, a recent back pain episode, and patients’ recovery

expectations. Two of the 3 models also included spinal morning
stiffness and pain during spinal rotation as predictors in the final
prediction model. All models exhibited good explained variance,
calibration, and discrimination after internal validation, with the
disability model being the best performing one (Table 3).
Sensitivity analysis with complete case data set showed some
small differences in the predictors included in the models
(Table 4).

4.2. Comparison with the existing literature

There is a considerable amount of prognostic research in back
pain, but study quality varies, and there is a lack of
standardization in methods and outcomes.31 Some of the
existing prognostic models in back pain lack validation.32

There are few prognostic models focusing on longer-term
outcomes of back pain in the literature, and none of them with
a specific focus on older adults, a population that is often
excluded from participation in studies.50 Previous studies in
older adults examined predictor variables in a univariable
analysis47 or studied prognostic factors for nonrecovery after 3
months.49 Therefore, it is not possible to compare it with other
models in a similar population. It is also different from existing
risk stratification tools, such as the STarT Back Tool,56 that
focus on stratified care by combining a treatment to a risk of
outcome, whereas the current study solely focuses on
prognosis.

Generally speaking, our findings are supported by the existing
literature on prognostic factors for back pain in adults as well as
existing clinical prediction models, and seem applicable to adults
of all ages, such as having an older age at baseline19,31; a higher
pain intensity,2,18,19,31 higher levels of disability,2,8,19,31 more
previous episodes of back pain,2,10,18,19,31 and a longer duration
of back pain symptoms.2,10,18 Interestingly, increasing age was a
predictor in all 3 models. Dionne et al.12 suggested in their review
that the frequency of severe back pain increases with increasing
age, which might be a reason for poor recovery from their back
pain as well. Increasing age could then be seen as a mediator for
often more severe and disabling back pain.

New findings are the importance of predictors such as spinal
morning stiffness and pain during spinal rotation, 2 clinical
features of back pain that were rather unknown as predictors
previously. One hypothesis could be that with increasing age,
these factors become more important for the persistence of pain
and disability. Another reason could be that the development of
symptomatic spinal osteoarthritis becomes apparent in a part of
the older patients with back pain, and this disorder is a prognostic
factor for poor recovery.59

Future research could establish whether thismodel is also valid
in other similar populations and can be applied more widely in
different countries and, perhaps, to different age groups. Once
these models are externally validated, it will be possible to
develop an online calculator for primary care clinicians to estimate
the risk of poor prognosis. This could follow the example of the
PICKUP tool for younger patients with acute low back pain, used
to estimate their risk of chronic low back pain,57 and may provide
a more accurate tool for older adults, such as the patients
included in our cohort.

4.3. Strengths and limitations

This study is conducted in a real life primary care setting, and the
results should be applicable in daily practice. The prediction models
developed in this study had sufficient power to handle the number of

Figure 1.Calibration plots: (A) persistent back pain, (B) persistent disability, (C)
perceived nonrecovery.
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potential predictors initially included, as recent guidance on sample
size calculation was used.43 A general limitation in the field of back
pain is that not yet one definition of “recovery” exists. It is known that
how and when patients call themselves recovered is very personal
and is different for almost each individual.28 We tried to overcome
this limitation by using 3 definitions of recovery on different domains.
However, from the results, it is clear that most key predictors
appeared in everymodel, irrespective of the outcome definition. This
implies these definitions are highly related. Another limitation is that
the BACE cohort did not contain the measures needed for the
definition of widespread pain, awell-known prognostic factor in both
adults and older adults.2,46 However, the presence of comorbid
musculoskeletal symptoms/pain could at least partially link to
widespread pain and may be used as a proxy in this case.

5. Conclusion and implications for research
and practice

This study presented 3 multivariable clinical prediction models
for nonrecovery in older adults presenting with a new episode
of care for back pain in general practice. The models displayed

good overall performance, calibration, and discrimination
irrespective of the definition of outcome that was used. The
model predicting persistent disability performed best. Be-
cause the BACE cohort study had a pragmatic design and was
conducted in general practice, these models have potential to
help primary care clinicians to determine which of their older
patients may or may not recover from a back pain episode.
Early identification and close follow-up of the patients at risk for
a poor outcome could aid timely referral to intensified
treatment. However, these results should first be externally
validated in a similar population before they can be imple-
mented in clinical primary care settings. If replicated, a next
step could be the translation towards an easy applicable
clinical prediction rule for primary care clinicians. Finally, a
clinical impact analysis should be conducted to evaluate the
effects on the management and recovery of older adults with
back pain in primary care.
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Table 4

Multivariable clinical prediction models for nonrecovery outcomes in older adults with back pain (Back Complaints in the Elders

cohort, n 5 428, persistent back pain; n 5 420, persistent disability; n 5 433, perceived nonrecovery, complete case analysis).

Predictors Coefficient (SE) R2 Optimism-adjusted R2 AUC (95% CI) Optimism-adjusted AUC

Persistent back pain model*

Constant 25.02 (1.22) 0.31 0.27 0.78 (0.74-0.83) 0.76

Age (y) 0.03 (0.02)

Chronic duration (.3 mo) 0.84 (0.27)

Average back pain intensity in the past wk

(NRS 0-10) 1 spline

0.38 (0.15)

20.22 (0.14)

Disability (RMDQ 0-24) 0.07 (0.02)

Recent episode of back pain (previous 6 mo) 0.45 (0.28)

Musculoskeletal comorbidity 0.42 (0.28)

Pain during spinal rotation 0.57 (0.24)

Patients’ expectation to recover 20.64 (0.25)

Persistent disability model†

Constant 26.21 (1.32) 0.47 0.43 0.85 (0.82-0.89) 0.84

Age (y) 0.03 (0.02)

Chronic duration (.3 mo) 0.68 (0.30)

Disability (RMDQ 0-24) 1 spline 0.40 (0.07)

20.25 (0.07)

Musculoskeletal comorbidity 0.57 (0.30)

Spinal morning stiffness (.30 min) 0.72 (0.35)

Pain during spinal rotation 0.62 (0.27)

Patients’ expectation to recover 21.00 (0.27)

Depressive symptomatology (CES-D 0-60)1
spline

0.14 (0.06)

20.12 (0.06)

Perceived nonrecovery model‡

Constant 24.44 (1.21) 0.36 0.32 0.80 (0.76-0.84) 0.78

Age (y) 0.03 (0.02)

Chronic duration (.3 mo) 0.52 (0.27)

Average back pain intensity in the past wk

(NRS 0-10) 1 spline

0.24 (0.14)

20.14 (0.14)

Disability (RMDQ 0-24)) 1 spline 0.17 (0.06)

20.11 (0.06)

Recent episode of back pain (previous 6 mo) 1.16 (0.29)

Pain during spinal rotation 0.54 (0.25)

Patients’ expectation to recover 21.20 (0.25)

* Penalized persistent back pain model (with adjusted coefficients; slope 0.90) is2 4.541 0.033 age1 0.763 chronic duration1 0.343 back pain intensity2 0.203 back pain intensity spline1 0.063 disability1
0.40 3 recent episode 1 0.38 3 musculoskeletal comorbidity 1 0.51 3 pain during spinal rotation 2 0.58 3 patients’ expectation to recover.

† Penalized persistent disability model (with adjusted coefficients; slope 0.90) is2 5.601 0.033 age1 0.613 chronic duration1 0.363 disability2 0.233 disability spline1 0.653 spinal morning stiffness1 0.513
musculoskeletal comorbidity 1 0.56 3 pain during spinal rotation 1 0.13 3 depressive symptomatology 2 0.11 3 depressive symptomatology spline 2 0.91 3 patients’ expectation to recover.

‡ Penalized perceived nonrecovery model (with adjusted coefficients; slope 0.90) is2 4.011 0.023 age1 0.473 chronic duration1 0.223 back pain intensity2 0.123 back pain intensity spline1 0.163 disability2
0.10 3 disability spline 1 1.05 3 recent episode 1 0.49 3 pain during spinal rotation 2 1.08 3 patients’ expectation to recover.
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