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Abstract
[bookmark: _Hlk71528235][bookmark: _Hlk82529411]Objectives: Success rates of spinal surgeries to treat chronic back pain are highly variable and useable prognostic indicators are lacking. We aimed to identify and evaluate preoperative predictors of pain and disability after spinal surgery for chronic low back/leg pain (CLBP). Methods: Electronic database (01/1984-03/2021) and reference searches returned 2622 unique citations. Eligible studies included adults with CLBP lasting ≥3 months undergoing first elective lumbar spine surgery, and outcomes defined as change in pain (primary)/disability (secondary) after ≥3 months. We included 21 reports (6899 participants), 7 judged to have low and 14 high risk of bias. We performed narrative synthesis and determined the quality of evidence (QoE). Results: Better pain outcomes were associated with younger age, higher education, and no spinal stenosis (low QoE); lower preoperative pain, less comorbidities, lower pain catastrophizing, anxiety and depression (very low QoE); but not with symptom duration (moderate QoE), other sociodemographic factors (low QoE), disability, or sensory testing (very low QoE). More favorable disability outcomes were associated with preoperative sensory loss (moderate QoE); lower job-related resignation and neuroticism (very low QoE); but not with socioeconomic factors, comorbidities (low QoE), demographics, pain, or pain-related psychological factors (very low QoE). Discussion: In conclusion, absence of spinal stenosis potentially predicts greater pain relief and preoperative sensory loss likely predicts reduction in disability. Overall, QoE for most identified associations was low/very low. 
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1. Introduction
[bookmark: _Hlk82187865][bookmark: _Hlk82517567][bookmark: _Hlk82516291][bookmark: _Hlk82457389]Approximately 40% of the worldwide population will experience low back pain (LBP) in their lifetime [1]. While most acute episodes resolve within several weeks [2], over 60% of people with LBP are estimated to have persistent or recurring pain a year later [3]. Chronic LBP is the single greatest cause of years lived with disability worldwide [4]. Its rapidly rising prevalence is expected to increase further given an aging population, increase in obesity, and reduction in activity, which are significant risk factors for LBP [5]. Accordingly, the rates of surgeries to treat LBP secondary to spinal pathologies have approximately doubled in the US and UK over the previous decade [6,7]. While spinal surgery costs the UK National Health Service approximately £500 million annually [8], its success rates are highly variable. Only about 60% of patients undergoing index lumbar spine surgery achieve minimal clinically important reductions in pain intensity [9–11]. 
[bookmark: _Hlk82517655]Reliable predictive factors have the potential to inform clinical decision making to help maximize patient benefit and cost-effectiveness, yet there are no clear guidelines on useful predictors. Common surgical indications include symptom severity, non-response to conservative treatment, and imaging evidence of underlying pathology [12,13]. However, regarding prognosis, the UK National Institute for Health and Care Excellence suggests not using factors such as BMI, smoking status, or psychological distress to select patients for spinal surgery due to insufficient high-quality evidence [12]. Therefore, a comprehensive synthesis and evaluation of evidence regarding predictors of spinal surgery outcomes for chronic LBP is warranted. Knowledge of pre-identified reliable prognostic factors could inform clinical decision making regarding the best course of treatment, and also guide individualized preoperative interventions targeting modifiable risk factors to optimize patient outcomes. For instance, fusion surgery for back pain has better outcomes if patients have successfully completed a pain management course with cognitive-behavioral therapy [14].
Previous systematic reviews addressing similar questions were restricted to specific pathologies such as disc herniation [15–19] or surgical interventions such as spinal fusion [20–22]. However, the prognostic value of sociodemographic, health-related, and psychological patient characteristics for reduction in pain and disability may be independent of medical diagnosis and type of surgery, and considering broader LBP population could potentially mitigate the issues of insufficient amount or quality of evidence faced by previous reviews. Notably, the potential impact of LBP duration appears overlooked, as except for a review from 2011 looking at predictors of differential response to fusion versus conservative treatment [20,21], none of the relevant systematic reviews in the field specifically considered individuals with chronic symptoms that may be more resistant to treatment. Indeed, there is little change in pain and disability over the course of LBP if the symptoms do not resolve within several weeks since their onset [2,23] and individuals who have been living with symptoms for longer show poorer response to LBP treatments [24,25]. Given these gaps in evidence, the current review aimed to identify and evaluate preoperative predictors of pain and disability outcomes after spinal surgery for the treatment of chronic LBP and/or radicular pain. 
2. Methods
This systematic review was conducted and reported in accordance with the general principles outlined in the Centre for Reviews and Dissemination (CRD) guidance for conducting reviews in health care [26] and the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) [27]. A review protocol has been prospectively registered at PROSPERO (ref. CRD42020180845) prior to formal screening of search results against eligibility criteria.
2.1. Search strategy
The search strategy was developed in collaboration with an information specialist (MM). For full electronic search strategy, including notes on any limits and search filters, see Text S1, Supplemental Digital Content 1. Electronic database searches (MEDLINE, EMBASE, PsycINFO, CINAHL, Cochrane Central Register of Controlled Trials [CENTRAL]) were performed on 8 April 2020 and updated on 29 March 2021. Search results were exported to EndNote library and de-duplicated. We also manually searched the reference lists of included studies and relevant systematic reviews [15–22,28–30] to identify any additional primary studies [31].
2.2. Eligibility criteria
Table 1 summarizes the eligibility criteria in a modified PICOTS format for reviews of prognostic studies (Population, Index and Comparator prognostic factors, Outcomes, Timing, Setting) [32] with additional specification of eligible study designs and publication formats. For detailed justification for choosing specific criteria and decision rules in case of uncertainty, see Text S2, Supplemental Digital Content 2.
[bookmark: _Hlk82529207]In line with our aim to identify relevant predictors of change in pain and/or disability after spinal surgery, we applied broad and comprehensive inclusion criteria, thus as index prognostic factors, we considered any baseline factors, assessed prior to surgery, investigated for their potential to predict these outcomes. There were no restrictions applied to comparator prognostic factors, defined as ‘adjusted for’ factors used to investigate the independent prognostic value of a particular index prognostic factor over and above other (comparator) factors, as we considered both unadjusted and adjusted prognostic effects, where available. 
[bookmark: _Hlk82600450][bookmark: _Hlk82600497][bookmark: _Hlk82600792]Our primary outcome was change in pain intensity measured as (a) proportion of patients achieving minimal clinically important difference (MCID, as defined by study authors) in back and/or leg pain intensity, or (b) the magnitude of reduction in back and/or pain intensity from baseline to the last available follow-up as a continuous score. We included 0-10 Numerical Rating Scale (NRS) and 0-100 Visual Analog Scale (VAS; scores can be transformed into a 0-10 scale) as recommended pain measures in LBP research [33,34]. Our secondary outcome included change in disability measured as (a) proportion of patients achieving MCID on Oswestry Disability Index (ODI [35]), Roland-Morris Disability Questionnaire (RMDQ [36]), or Core Outcome Measures Index (COMI [37]), (b) the magnitude of reduction in disability on these measures from baseline to the last available follow-up as a continuous score, or (c) return to work. ODI and RMDQ were recommended as the core measures of physical functioning/disability outcomes in back pain research [33,34,38], and COMI has been adapted as multidimensional outcome measure by the European Spine Society [39]. In addition to these condition-specific outcome measures, we also considered non-specific functional measures such as Short Form Health Survey for narrative synthesis. Return to work was also included as an objective measure of functional improvement, however, this outcome will be reported in a separate manuscript. Eligible studies reported at least one of the above-mentioned outcomes with ≥3 months follow-up. Throughout the article, we refer to positive pain and disability outcomes, that is, achieving MCID or greater reduction in pain or disability, consistent with a success of or greater benefit from surgery.
2.3. Study selection
To limit any potential selection bias, two reviewers (MH and RD) independently screened titles and abstracts, and then full texts, against the eligibility criteria for inclusion in the systematic review. Any disagreements were resolved by discussion and consensus, and an opinion from a third reviewer (MW) was sought where necessary. Abstracts with uncertain eligibility were included in the full text screening. Custom screening and selection tables in MS Excel, piloted on five randomly selected full-text articles, were used to record the selection process and reasons for exclusion. If eligibility could not be determined with certainty based on the information provided in the full text, supplementary materials, or related publications, additional details were requested from the study’s corresponding authors (n = 10), who were re-contacted after a week if no response was received. The selection process is outlined in a PRISMA flowchart [27] (Figure 1). 
2.4. Data extraction
Data extraction followed the Checklist for Critical Appraisal and Data Extraction for Systematic Reviews of Prognostic Factor Studies (CHARMS-PF) suggesting the key items to be extracted from primary studies of prognostic factors [32]. Two independent reviewers (MH and SC) piloted the CHARMS-PF-based tool on 2 randomly selected included studies. Data was recorded in a data extraction form in MS Excel, a template of which is provided in Table S3, Supplemental Digital Content 3. Each reviewer extracted the data from half of the included articles and checked the data extracted by the other reviewer for accuracy. Any disagreements between the reviewers’ judgements were successfully resolved by discussion and consensus. 
Where possible, we extracted the adjusted effects of prognostic factors from multivariate models, however, to retain as much of the available data as possible, we also separately extracted unadjusted prognostic effects from univariate models. We aimed to obtain common effect estimates for each type of outcome, that is, odds ratio (OR) for binary outcomes or standardized mean difference for continuous outcomes and confidence intervals or standard errors of these estimates, or correlation coefficients for continuous outcomes where unadjusted associations were reported. To avoid potential selection bias, if the desired effect estimates were not reported, we converted or calculated the desired ones based on available data (e.g. 2x2 tables) using effect size calculators [40,41]. 
2.5. Risk of bias assessment
[bookmark: _Hlk68019497][bookmark: _Hlk82176112]The risk of bias (RoB) was assessed at study level, using Quality in Prognosis Studies (QUIPS) tool [42–44]. Each of 6 QUIPS domains (study participation, study attrition, prognostic factor measurement, outcome measurement, study confounding, statistical analysis and reporting) was rated as being at high, moderate, or low RoB. Domain ratings were guided by prompting items based on criteria suggested by Grooten et al. [42], which we modified and elaborated for the purpose of the current review question. All available reports based on the same study were appraised separately where applicable. Following the calibration of the QUIPS form between 2 independent reviewers (MH and SC), additional criteria were specified that included degrading RoB in the study attrition domain for studies that retrospectively recruited only patients who had complete follow-up data, as complete cases may be systematically different from eligible study sample. We specified the key characteristics of interest (age, sex, socioeconomic status, duration of symptoms, location of pain, underlying pathology, type of surgery) in study participation and attrition domains as relevant to the current review question. The prompting item regarding the source of target population did not contribute to study participation domain RoB ratings as this is not commonly reported in the field under review. No specific set of required confounders was defined a priori as there is no established agreement on which factors should be included, but RoB ratings in the study confounding domain were downgraded in absence of any adjusted analyses. Finally, inadequate sample size or lack of power calculation were considered as potential sources of bias in the statistical analysis and reporting domain. The complete QUIPS template is available in Table S4, Supplemental Digital Content 4. Each reviewer independently rated the RoB for half of the included reports, and each checked the ratings of the other reviewer for agreement. Any disagreements were resolved by consensus. The overall RoB for each report was rated as ‘low’ if all six domains of QUIPS were judged to be at low-moderate RoB, or ‘high’ if one or more domains were judged to be at high RoB [45]. Results of this assessment were considered in the narrative synthesis and grading the level of evidence.
2.6. Data synthesis
Given sufficient and appropriate data for quantitative synthesis, we planned to perform meta-analyses of the effects of predictive factors on the primary and secondary outcomes. However, quantitative synthesis was not possible because many prognostic factors were only assessed in single studies and the remaining studies were too heterogeneous in terms of analysis types and outcome and predictor definitions. In particular, it was not feasible to combine effect estimates from studies using different analysis methods or reporting insufficient information to allow transformations, studies using continuous and dichotomous outcomes or predictors, different cut-offs for dichotomous outcomes, or different categorizations of the same predictors.
Therefore, we presented a tabular summary of adjusted and unadjusted associations between index prognostic factors and each outcome, accompanied by a narrative synthesis of the results. We summarized the number of studies that investigated relationships between each predictor and outcome, discussed the direction and strength of any associations and the consistency of evidence across studies, and evaluated the findings considering the results of RoB assessment at the study and outcome level. 
2.7. Grading of evidence
Two reviewers (MH and MC) simultaneously and collaboratively evaluated the strength of evidence for pain and disability outcomes using the Grading of Recommendations, Assessment, Development and Evaluations (GRADE) tool [46] adapted for reviews of prognostic studies [47]. The overall quality of evidence for association of each category of predictors with each outcome was rated as high, moderate, low, or very low, reflecting the level of confidence that the true effect lies close to the estimate of the effect. 
Phase of investigation determined the starting quality of evidence. This was considered high for phase-3 studies providing evidence of the mechanisms of action of the prognostic factor on the outcome, and for hypothesis-driven phase-2 studies testing independent associations of a prognostic factor with outcome. The starting quality was considered moderate for phase-1 studies exploring potential associations between prognostic factors and the outcomes, thus generating hypotheses about identified relationships [47]. Studies which investigated hypothesized associations but only in unadjusted analyses or for a class of multiple predictors, were classified as phase-1 studies. From this initial grade, the quality of evidence was downgraded for (a) serious study limitations when most evidence was from high RoB studies or from unadjusted analyses; (b) clinically meaningful inconsistency in results across studies (e.g. variable direction of or presence of a significant association) that could not be explained by differences in population characteristics, duration of follow-up, definitions of the predictor or outcome; (c) indirectness where the study sample, predictor, or outcome did not accurately reflect the review question in the majority of studies (e.g., where it was not possible to verify minimum duration of pain in the study sample, or the cut-off for successful outcome markedly differed from its common definition); (d) imprecision of the effect estimate in most studies, which could stem from inadequate sample size or lack of precision in reporting the effect size; and (e) potential publication bias assumed if the value of a specific prognostic factor has not been repeatedly investigated (e.g. in ≥4 studies) or if smaller studies tended to report significant / larger effects relative to larger studies. In case of presence of factors increasing the confidence in available evidence, the quality ratings were upgraded for (f) moderate (d = 0.5, OR = 2.5, r = 0.3) or large (d = 0.8, OR = 4.25, r = 0.5) effect sizes; and (g) possible ‘dose’ effect within or between the studies, where higher levels of the prognostic factor lead to larger effect size.
3. Results
3.1. Study selection
[bookmark: _Hlk68096924]The searches identified 2622 unique records. Figure 1 illustrates the flow of the studies through the selection process. Text S5, Supplemental Digital Content 5 includes a list of screened full text reports that were not eligible for the current review, with specific reasons for exclusion. Most articles were excluded due to ineligible population studied, that is, including patients with symptom duration <3 months or those with history of previous spine surgeries. For 5 reports [48–52] it was not possible to confirm whether all patients experienced symptoms for ≥3 months because the minimum duration data was not available, however, these reports were included in the review based on available average duration data suggesting chronic LBP. In total, 21 eligible reports of 18 studies assessing predictors of pain or disability outcomes were included in the review. Nine studies reported both outcomes [10,48–51,53–57], while 4 focused only on pain [9,11,52,58], and 5 only on disability [59–65].
3.2. Study characteristics
[bookmark: _Hlk92190192]The characteristics of included studies are summarized in Table 2. There were 10 single- and 8 multi-center studies, spanning 13 different countries, with the United States, Sweden, and Switzerland being the most common locations. Ten studies had prospective and 8 retrospective design. Eight reports [10,11,51,53,60–62,64] were classified as phase-2 studies when considering specific independent associations whereas the remaining reports were classified as phase-1 studies. The majority of included cohorts had spinal stenosis or disc herniation pathologies and underwent decompression or fusion surgeries. The follow-up duration ranged from 3 to 48 months after surgery, with a median of 14.5 across all studies. We included only the last available follow-up, unless eligible analysis was only conducted for an earlier time point [54]. 
Note that Gepstein et al. [48] analyzed two ethnic groups separately, which we consider to be 2 cohorts, whereas 2 reports from Kim et al. [49,50] appear to be based on 2 largely overlapping populations, thus we attribute these results to a single study cohort in this review. Three other reports [60–62] were classified as post-hoc subgroup analyses of one interventional study, and since each report conducted separate analyses on spinal stenosis and degenerative spondylolisthesis subgroups, these are considered as two unique cohorts in the current review.
3.3. Risk of bias in included studies
The 2 reviewers agreed on 83% of QUIPS domain ratings across 21 included reports, with Cohen’s kappa = 0.72, 95% CI [0.61 to 0.82] indicating substantial agreement [66,67], before reaching 100% consensus. Table S6, Supplemental Digital Content 6 presents the final domain-specific and overall RoB ratings for each included report, and Figure 2 depicts the summary of these ratings across all reports. 
[bookmark: _Hlk82704030]Most studies were rated to have low RoB in outcome measurement, prognostic factor measurement, and study confounding domains. Despite a variety of measures used to assess the same predictors or outcomes, most studies used validated instruments and justified cut-offs. Serious study limitations (high RoB) in domains most relevant to prognosis were found in 2 studies for study participation [53,65] and in 9 studies for study attrition [10,49,50,52,54,56,60–62], but none for outcome measurement. High study participation RoB resulted from a lack of reporting regarding sample recruitment and insufficient details to confirm adequate participation of eligible subjects. Serious study limitations in the study attrition domain were most common and stemmed from inadequate response rates and no attempts to record or report reasons for and characteristics of participants lost to follow-up to determine if there were important differences between those who completed the study and those who did not. Regarding other QUIPS domains, 2 studies were judged to have severe limitations in study confounding [49,57], and 4 in statistical analysis and reporting [48,56,57,63] domains. High study confounding RoB was related to unadjusted analysis or only partial reporting of the method of adjustment used and definition of exact confounders. Severe limitations of statistical analysis and reporting concerned inadequate sample size for the number of prognostic factors analyzed, incomplete reporting of the statistical models used (including underlying assumptions, e.g. multicollinearity), and indications of selective results reporting (e.g., lacking information on candidate predictors that were not statistically significant). Notably, the assessment of RoB relies on the level of reporting and in many cases it was downgraded due to unclear reporting or missing information. Overall, 14 reports (66%) were assessed to be at high RoB (with one or more domains judged as high) and 7 (33%) as low RoB (with all domains judged as low or moderate) [45]. 
3.4. Results of syntheses 
In the interest of brevity, below we present detailed syntheses for factors that were found to be predictors of the outcomes of interest, whereas non-predictors are briefly summarized in the main text and more detailed results and discussion can be found in Text S7, Supplemental Digital Content 7.
3.4.1. Primary outcome: change in pain intensity 
Fourteen included reports based on 13 studies examined predictors of pain relief in 14 patient cohorts (5780 participants in total). Most studies measured pain using 0-10 VAS [9,48–50,53] or NRS [10,54,58] scales, however, 0-100 VAS [11,51,52,56,57] and Pain Index [55] scales were also used. Ten studies assessed change in pain intensity as a continuous outcome [10,11,48–52,54–57], and 5 studies as a dichotomous one. The latter defined clinically significant improvement as 30% [53,58], 70% [9], 18/100 points [11], or 2/10 points [10] reduction in pain from preoperative baseline to postoperative follow-up. Change in leg and back pain were examined as separate outcomes in 6 studies [10,11,49–51,56,57], 2 considered leg pain alone [52,54], and 5 assessed pain in general [9,48,53,55,58]. Table 3 presents the results for each of these outcomes separately, however, since the within-study findings were largely consistent across back and leg pain outcomes, in the narrative synthesis we refer to change in pain intensity in general as a single outcome. 
3.4.1.1. Sociodemographic predictors
Four studies investigated the associations between demographic and socioeconomic factors and pain outcomes in 5 cohorts including a total of 680 unique patients.
Three studies (1 low, 2 high RoB) investigated the association between age and pain outcomes, revealing inconclusive evidence. One study (high RoB) reported that older age was associated with less pain relief after surgery in adjusted analysis in an Arab cohort (moderate effect), and in unadjusted analyses in both Arab and Jewish cohorts (moderate and small effects) [48], whereas two studies found no association between these factors across adjusted and unadjusted analyses [9,53]. This inconsistency may stem from the fact that Gepstein et al. [48] recruited a significantly older population (≥65 years) compared to other studies. 
A single high RoB study [48] examined the association of education level with pain outcomes in two ethnic cohorts, reporting better pain outcomes with increasing number of years of education in a Jewish cohort in adjusted and unadjusted analyses (small effects), but no significant association in an Arab cohort in unadjusted analysis. The Jewish cohort had significantly higher average education level compared to the Arab cohort (9.73 vs. 8.06 years), suggesting potential ‘dose’ effect within this study. 
No significant associations with pain relief were found for other sociodemographic predictors, including gender (1 low, 3 high RoB studies [9,48,53,57]), ethnicity (1 high RoB study [48]), work status (1 phase-2 high RoB study [53]), or workers compensation (1 high RoB study [53]).
3.4.1.2. Health-related predictors
Eleven studies investigated the associations between health- and symptom-related factors and pain outcomes in 12 cohorts including a total of 5308 unique patients.
Four studies (2 low, 2 high RoB) [11,48,52,55] investigated whether type of spinal pathology was associated with pain outcomes. One phase-2 low RoB study reported greater reductions in back pain in patients with degenerative disc disease and herniated nucleus pulposus without (but not with) radiculopathy relative to those with spinal stenosis, and greater reductions in leg pain in patients with degenerative disc disease and herniated nucleus pulposus with radiculopathy, relative to spinal stenosis [11]. The second, phase-1 high RoB study reported greater reductions in leg pain in patients with multilevel (relative to single-level) stenosis and those with (relative to without) spondylolisthesis [52]. Analyses in both studies were adjusted for potential confounders, and defined change in pain levels as continuous outcomes. Unadjusted analyses in 2 low and 1 high RoB studies found no significant associations with type of pathology in an isthmic spondylolisthesis cohort [55] or in a Jewish cohort with spinal stenosis [48], except that not having sciatica was related to better outcomes in an Arab cohort with spinal stenosis (small effect) [48], and more patients with degenerative disc disease than with stenosis achieved significant reduction in back pain [11]. 
Four studies (1 low RoB, 3 high RoB) [9,10,54,56] investigated the prognostic effect of symptom duration on pain outcomes, overall showing evidence for no effect. One phase-2 high RoB study found no effect of 6-12 or >12 months duration of conservative treatment on reductions in leg and back pain in adjusted analyses [10]. Unadjusted analyses across three studies corroborated this finding, except for 1 high RoB study suggesting that patients with disc herniation who had symptoms for 3-12 months reported greater reductions in leg and back pain than those who had symptoms for >12 months [56]. The latter effect sizes were small; thus, we did not downgrade the evidence for symptom duration for inconsistency. 
Two studies (1 low RoB, 1 high RoB) investigated the association between preoperative pain intensity and pain outcomes. Anderson [53] found that higher pain intensity was a marginally significant independent predictor of poorer pain outcomes (small effect), whereas Hegarty et al. [9] found no associations between these factors across adjusted and unadjusted analyses. This inconsistency is unlikely to be clinically relevant and may stem from the differences in the definition of outcome and duration of follow-up (30% pain reduction 24 months after surgery [53] vs. 70% pain reduction 3 months after surgery [9]). Average pain intensity was comparable across the two cohorts (6.8/10 [53] vs. 6.5 and 5.7/10 [9]). 
One high RoB study assessed the predictive value of having night-time pain, reporting moderate adverse effect of this factor on pain reduction in unadjusted analyses in both ethnic cohorts [48]. 
A single high RoB study [48] assessed the effects of number, type and severity of comorbidities on pain outcomes in Arab and Jewish cohorts. In adjusted analyses, greater pain relief was predicted by absence of peripheral arterial disease and osteoarthrosis (small effects), absence of diabetes in the Arab cohort (moderate effect); and having lower number of comorbidities, not having peripheral arterial disease, diabetes, osteoarthritis, and no history of total joint replacement in the Jewish cohort (small effects). Unadjusted analyses showed that lower number of comorbidities and not having osteoarthritis (small effects), and absence of peripheral arterial disease and diabetes in the Arab cohort (moderate effects); and lower number of comorbidities, no history of total joint replacement, and lower American Society of Anesthesiologists class (small effects), not having peripheral arterial disease and diabetes (moderate effects), and absence of osteoarthritis in the Jewish cohort (large effect), were associated with more favorable pain outcomes. Lower American Society of Anesthesiologists class reflects patients’ better physical status based on preoperative comorbid conditions. 
The same high RoB study [48] tested the effect of body mass index on pain outcomes. Results of unadjusted analyses in Arab and Jewish cohorts indicate small effects of lower body mass index on greater pain reduction.
We found no significant associations with pain reduction for other investigated health-related factors, including pain quality (1 low RoB study [9]), sensory detection and pain thresholds (2 low RoB studies [9,58]), conditioned pain modulation (1 low RoB study [58]), disability (2 low RoB studies including 1 phase-2 study, 2 high RoB studies [9,51–53]), and smoking (1 high RoB study [53]).
3.4.1.3. Psychological predictors
Four studies (5 reports) investigated the associations between psychological factors and pain outcomes in 5 cohorts including a total of 746 unique patients.
Two studies (1 low RoB, 1 high RoB) evaluated the effect of pain catastrophizing on pain outcomes in unadjusted analyses. One low RoB study reported moderate effect size for lower total pain catastrophizing score, and significant effects of lower scores on the helplessness, rumination, and magnification subscales in relation to achieving ≥70% reduction in pain 3 months after surgery [9]. The high RoB study found the opposite effect (although it was not possible to estimate its size), whereby dichotomized high, compared to low, pain catastrophizing group reported greater reduction in back pain up until 12 months after surgery [50]. The latter study also reported no significant effect of pain catastrophizing on leg pain outcome [50]. 
One low RoB study tested the effect of anxiety on pain outcomes in unadjusted analyses [9]. Patients who achieved ≥70% reduction in pain had lower baseline levels on anxiety. While independent t-test analysis indicated a moderate effect, it did not replicate when Spearman’s rank correlation was used. 
Two studies (1 low RoB, 1 high RoB) examined the effect of depression on pain outcomes in unadjusted analyses. One high RoB study reported moderate effects of absence of depression diagnosis on better pain outcomes in Arab and Jewish cohorts [48]. Another, low ROB study found no significant association between self-reported depression score and ≥70% pain reduction [9]. Inconsistent findings may arise from different operationalizations of the predictor, outcome, and the duration of follow-up. 
No significant associations were found for the remaining psychological factors, including pain sensitivity (1 high RoB study [49]), pain drawing (1 low RoB study [55]), and mental functioning (low RoB study [9]).
3.4.2. Secondary outcome: change in disability 
Seventeen included reports based on 14 studies examined predictors of disability outcomes in 15 patient cohorts (6899 participants in total). Several studies measured disability (or physical functioning) using ODI [49–51,54,56,59–62,64,65], SF-36 Physical Functioning (PF) subscale [49,50,57,60–62], SF-12 Physical Component Summary (PCS) [51,54], and RMDQ [53,63]. There were also single studies using COMI [10], PROMIS Physical Function (PF) subscale [51], Disability Rating Index [55], and Barthel Index [48]. Ten studies assessed change in disability as a continuous outcome [10,48–51,54–57,60–63], and 5 studies as a dichotomous one. The latter defined clinically significant improvement as 30% (RMDQ, ODI; [53,64]), 50% (ODI; [59]), 17/100 points (ODI; [65]), or 2/10 points (COMI; [10]) reduction in disability from preoperative baseline to postoperative follow-up. Table 4 presents the results for each of the disability measures separately, however, since the within-study findings were largely consistent across different measures, in the narrative synthesis we refer to change in disability as a single outcome. 
3.4.2.1. Sociodemographic predictors
Four studies investigated the associations between demographic and socioeconomic factors and disability outcomes in 4 cohorts including a total of 656 unique patients. None of the evaluated factors was found to be related to reduction in disability, including age (1 high RoB study [53]), gender (3 high RoB studies [53,57,65]), ethnicity (1 high RoB study [48]), work status (1 high RoB phase-2 study [53]), and workers compensation (1 high RoB study [53]).
3.4.2.2. Health-related predictors
Seven studies (9 reports) investigated the associations between health- and symptom-related factors and disability outcomes in 8 cohorts including a total of 3715 unique patients.
Five studies (1 low, 4 high RoB) examined the prognostic value of disease duration for disability outcomes. One phase-2 study found that patients with spinal stenosis who had symptoms for <12 months reported greater improvement in physical function than those with longer symptom duration (small effect), but duration had no effect on disability in patients with degenerative spondylolisthesis in adjusted analyses [61]. However, another phase-2 study [10] and 1 phase-1 study [54] found no effects of disease duration on disability outcomes in spinal stenosis cohorts across adjusted and unadjusted analyses, resulting in mixed evidence regarding the prognostic value of symptom duration in this type of pathology. Two remaining studies provided inconsistent evidence in disc herniation cohorts, where one suggested that symptom duration <12 months was associated with greater reduction in disability (small effect) [56], and the other found no significant effect of disease duration [64]. 
A single phase-2 low RoB study [64] investigated whether sensory detection threshold is an independent predictor of disability outcomes, reporting that greater sensory loss (higher threshold) was associated with greater odds of achieving a clinically significant reduction in disability (moderate effect) across adjusted and unadjusted analyses. Out of multiple QST parameters measured in this study, the authors considered only sensory detection threshold as a candidate predictor of disability outcomes, as it significantly differed between patients and control participants.
Four studies (2 low, 2 high RoB) examined whether preoperative disability predicts disability outcomes. One phase-2 study (low RoB) and 1 phase-1 study (high RoB) found that less severe baseline disability was an independent predictor of greater improvement postoperatively (unclear and moderate effects, respectively) across a range of continuous disability outcomes except change in ODI [51,63]. Two other studies (low and high RoB) reported no significant association between baseline disability and achieving MCID in disability in adjusted [53] and unadjusted [64] analyses. This inconsistency could not be explained by specific study characteristics, such as population, type of surgery, study design, or follow-up duration - there were no consistent differences between the studies reporting negative association and no association between baseline disability and surgery outcome.
We found no evidence for significant prognostic value of other health-related factors, including having sciatica (1 low RoB study [55]), pain intensity, bothersomeness, and its neuropathic component (1 low, 1 high RoB study [53,64]), body mass index (1 phase-2 low RoB study [60,62]), smoking (1 high RoB study [53]), and sleep quality (1 low RoB study [64]).
[bookmark: _Hlk67235483]3.4.2.3. Psychological predictors
Four studies (5 reports) assessed the relationships between psychological factors and disability outcomes in 4 cohorts including 560 unique patients in total.
A single low RoB study [55] investigated the relationship between pain drawing and disability outcomes. Unadjusted analysis suggested that patients with organic pain drawing reported greater reduction in disability than those with non-organic pain drawing, however, the effect was only marginally significant and due to insufficient results reporting it was not possible to estimate its magnitude or precision.
Two studies (1 low, 1 high RoB) examined the effect of depression on change in disability. One unadjusted analysis suggested that lower depression scores were associated with greater improvement of disability [63], while the other one found no significant association [64]. Both studies examined similar disc herniation cohorts undergoing discectomy, yet the discrepancy in their findings could be attributed to different measures of depression (Psychological general well-being index vs HADS) and disability (continuous RMDQ reduction vs dichotomous 30% reduction in ODI) 
One high RoB study [63] assessed the association between vitality and disability outcomes, indicating that high vitality was related to greater improvement of disability in unadjusted analysis.
A single high RoB study [63] investigated the effect of job-related resignation on disability outcomes, demonstrating a moderate effect of lower resignation on greater improvement of disability in adjusted analysis, and consistent significant effect in unadjusted analysis.
One low RoB study [59] assessed the effect of neuroticism on change in disability. Unadjusted analysis suggested that lower neuroticism was associated with higher odds of achieving at least 50% reduction in ODI (small effect).
The remaining psychological factors, including pain catastrophizing (1 low, 1 high RoB study [50,64]), pain sensitivity (1 high RoB study [49]), kinesiophobia (1 low RoB study [64]), mental functioning (1 low RoB study [64]), and anxiety (1 low RoB study [64]) showed no significant associations with disability outcomes.
3.5. Quality of evidence
Detailed GRADE assessment of the quality of evidence is presented in Supplemental Digital Content 8 (Table S8a for pain outcomes, Table S8b for disability outcomes) and summaries of findings regarding each outcome are presented in Figure 3. GRADE was carried out at the level of the following predictor categories: demographic factors (age, gender, ethnicity), socioeconomic characteristics (education, work status, worker’s compensation), diagnosis (spinal pathology, sciatica), symptom duration, pain (intensity, quality, nigh-time pain, bothersomeness, neuropathic component of pain), quantitative sensory testing (sensory and pain thresholds, conditioned pain modulation), disability, comorbidities (comorbid conditions, body mass index, smoking), pain-related psychological factors (pain catastrophizing, pain sensitivity, pain drawing, kinesiophobia), affective-motivational (mental functioning, anxiety, depression, vitality, job-related resignation), and personality factors (neuroticism). 
Overall, we found moderate-quality evidence that pain reduction after surgery is not related to symptom duration, and low-quality evidence for no association with demographic or socioeconomic factors, although there was some indication that age may have a negative, and education level a positive effect on pain reduction, depending on population characteristics. We also found low-quality evidence that type of spinal pathology may be an independent predictor of pain relief, with absence of stenosis in particular being associated with more favorable outcomes. The evidence for the prognostic value of the remaining factor categories was of very low quality. Specifically, we found very low evidence for negative prognostic value of preoperative pain and comorbidities. There was also very low evidence for associations between psychological pain-related and affective factors with pain outcomes, with some indication of potential negative effects of pain catastrophizing, anxiety, and depression. Finally, there was very low evidence that preoperative disability and quantitative sensory testing are not independent predictors of pain reduction. 
Most evidence contributing to the prediction of pain outcomes was from phase-1 studies, resulting in default moderate quality for all but 2 associations. More than half of the studies had high RoB, and in some low RoB studies, only unadjusted analyses were reported or eligible for the current review, resulting in downgrading the quality for severe study limitations in the majority of examined associations. Any inconsistencies in the results could be accounted for by the differences in study characteristics or measures used. In 4 out of 10 examined associations, the quality was downgraded for indirectness, mostly due to insufficient information in some studies to confirm that all patients had chronic pain [48–51]. Imprecision due to inadequate sample size or insufficient results reporting to enable evaluation of the precision of effect estimate (e.g. only reporting p values or omitting standard errors and confidence intervals for effect estimates) also contributed to downgrading the quality of evidence for the majority of associations [9,48,52,58]. Potential publication bias, which is a common issue in prognostic factor research, was further exacerbated by the fact that many associations were evaluated in a very small number of studies. Only a few associations were supported by moderate / large effect sizes (for comorbidities and affective factors) or demonstrated potential ‘dose’ effects (demographic factors), thus there were limited basis for upgrading of confidence in the available evidence. 
[bookmark: _Hlk67235441]Regarding the secondary disability outcomes, there was moderate-quality evidence (from a single study) that greater sensory loss independently predicts more favorable disability outcomes. We found low-quality mixed evidence for the prognostic value of symptom duration, with some studies suggesting potential negative effect of longer disease duration on disability outcomes in patients with spinal stenosis or disc herniation, and others indicating no effect in the same pathologies as well as degenerative spondylolisthesis. Similarly, the effect of baseline disability on disability outcomes was unclear, with low-quality evidence indicating negative or no association. Furthermore, there was low-quality evidence suggesting that work-related socioeconomic factors and comorbidities (body mass index or smoking) are not independent predictors of disability outcomes. The evidence for the prognostic value of the remaining factor categories was of very low quality. Specifically, there was very low evidence that affective-motivational psychological factors (particularly job-related resignation) and neuroticism may be negatively related to improvement of disability. There was also very low-quality evidence that demographic factors, presence of sciatica, baseline pain features, sleep quality, and pain-related psychological factors do not predict disability outcomes. 
Only 5 of the summarized associations were tested in confirmatory studies, while others were only explored in phase-1 studies, resulting in moderate starting quality for over half of the predictor categories. Most were downgraded for severe study limitations, as the majority of the available evidence was based on high RoB studies, with some relying only on unadjusted analyses. For half of the reported associations, inconsistency was not a problem as they were based on single studies. The remaining predictor categories demonstrated consistent findings, except for baseline disability and symptom duration where the discrepancies could not be explained by any differences between the included studies. Only pain-related psychological factors were downgraded for indirectness, where studies with uncertainty regarding pain duration eligibility formed half of contributing evidence. The quality of evidence was downgraded for imprecision in over half of the summarized associations, mainly due to insufficient results reporting to evaluate the precision of reported effect estimates, and in fewer cases inadequate sample size [48,59,63–65]. All associations except for demographic factors, symptom duration, disability, and pain-related psychological factors were downgraded for potential publication bias because the available evidence was based on single or very few studies. The only cases for upgrading the level of evidence based on reported moderate effect size were sensory function and job-related resignation, however, for the latter the overall quality rating remained very low due to other serious concerns. There was no indication of ‘dose’ effects in any of the predictor categories. 
4. Discussion
We systematically reviewed and synthesized the existing evidence regarding preoperative predictors of reduction in pain and disability after spinal surgery for chronic LBP and leg pain. The key findings are that for both outcomes, sociodemographic characteristics have overall limited prognostic value, and there is uncertain evidence for possible importance of psychological factors. Among the health-related factors, there is a potential effect of type of spinal pathology, and less certain effects of preoperative pain and comorbidities on the primary pain outcome, whereas sensory loss is likely associated with the secondary disability outcome, and the evidence is mixed regarding potential effects of symptom duration and preoperative disability on the same outcome.
This review advances the existing literature by summarizing a range of potential predictors of pain intensity and disability outcomes, which are highly important to patients and constitute the most common surgical goals [10,68]. Operationalizing these outcomes as changes from baseline to follow-up allowed for more precise quantification of reduction in pain and improvement in disability. Our synthesis further benefits from the thorough assessment of quality of evidence, both at the study level and the level of particular associations, using tools specifically adapted to prognostic studies [44,47]. 
4.1. Sociodemographic predictors
Although sociodemographic factors appear to be unrelated to pain or disability outcomes (low-quality evidence), we found some evidence suggesting that lower general education level and older age might be associated with less pain relief from surgery, depending on sample characteristics. Specifically, a positive effect of education on pain reduction may only manifest in patients with higher education levels [48]. Similarly, presence of both significant (in older spinal stenosis cohorts [48]) and not significant (in younger discogenic LBP cohorts) effects of age may suggest that this association manifests only in older age groups. Three previous reviews reported similar associations between older age and worse surgery outcomes [15,28], or younger age and better outcomes [19], in populations largely affected by disc herniation. The prognostic effect of age might therefore depend on the type of spinal pathology. 
4.2. Health-related predictors
Several health-related factors were identified as potential predictors of reduction in pain or disability after surgery. Previous systematic reviews concerned with this class of predictors focused only on disc herniation cohorts [15,18,19], thus our review extends the existing evidence synthesis to a broader range of spinal pathologies. In fact, the type of diagnosis itself may be an important predictor, as cohorts with spinal stenosis presented with less reduction in back and leg pain after surgery compared to degenerative disc disease and disc herniation cohorts (low-quality evidence). Another study (not eligible for this review) concluded that differences in outcomes may not depend on the specific pathology, but rather on patients’ age as those with spinal stenosis tend to be older than patients with disc herniation [69]. The impact of these two factors may be difficult to disentangle. 
[bookmark: _Hlk92128355]Contrary to our expectation that patients with chronic LBP (implying longer symptom duration) could experience less benefit from surgery, we found moderate-quality evidence that symptom duration is likely unrelated to pain outcomes, while its effect on reduction in disability appears to be mixed (low-quality evidence). Similar inconsistencies are apparent among previous reviews indicating either no association [18] or negative effect of longer symptom duration on spinal surgery outcomes [19,28]. The mixed evidence may depend on the composition of the studied samples: studies in which most patients experienced symptoms for <12 months tended to report greater benefit from earlier surgery [56,61], and those in which most patients had symptoms for >12 months reported no significant associations with surgery outcomes [10,54]. While 12 months cut-off was commonly used to distinguish longer and shorter symptom duration, it is possible that a lower cut-off, e.g., the point at which LBP becomes chronic, would allow better discrimination between favorable and unfavorable outcomes. 
In line with two previous reviews [15,28], we found very low-quality evidence that less preoperative pain may be an independent predictor of better pain (but not disability) outcomes, although this effect appears sensitive to the pain reduction cut-off used. There was moderate-quality evidence for the association between greater sensory loss in the affected extremity (consistent with nerve root compression) and more favorable disability outcomes, suggesting greater improvement in the context of clear neurological pathology that can be directly addressed by surgery. 
[bookmark: _Hlk82689802]The current inconsistent evidence concerning the effect of baseline disability on pain relief (very low-quality) weights towards lack of association, whereas the evidence for disability outcomes (low-quality) could not be easily reconciled, similar to previous reviews [15,18,28]. Possibly, worse baseline disability may be related to smaller improvement in disability after surgery as a continuous outcome [51,63], but not as MCID [53,64].
Medical comorbidities are known to increase the risk of postoperative complications [70,71], however, their effect on longer-term spinal surgery outcomes is less clear [19,72]. We found very low-quality evidence supporting significant associations between present comorbidities and smaller benefit from surgery in terms of reduction in pain, but not disability (low-quality). 
4.3. Psychological predictors 
We found several significant associations between psychological factors and pain and disability outcomes, but based on very low-quality evidence. Previous systematic reviews identified depression, anxiety, somatization, neuroticism, poor coping, and catastrophizing as important predictors of spinal surgery outcomes [15,22,28,30] and our findings in chronic LBP cohorts are largely in agreement. Lower pain catastrophizing and anxiety appear to be related to improved pain-specific but not disability outcomes. Negative effects of depression were also present, but not consistently for either outcome, potentially due to varying assessment methods. Furthermore, we found a significant independent association between lower job-related resignation and greater improvement in disability, which may be related to higher motivation to return to work after surgery. Finally, neuroticism, which reflects a predisposition to experience negative affect and maladaptive responses to stress and is considered a risk factor for a range of health problems [73], was also found to predict less improvement in disability after spinal surgery. 
4.4. Limitations
[bookmark: _Hlk92128436][bookmark: _Hlk92138601]Our confidence in the reviewed associations is limited by the quality of available evidence, as detailed in sections 3.3 and 3.5. The overall low / very low quality stems from the dominance of exploratory rather than confirmatory studies, lack of adjustment for potential confounders in several associations, and imprecision of effect estimates related to insufficient results reporting or inadequate sample size. Another reason is high overall RoB in 66% of the included studies, with severe limitations most prevalent in the study attrition and analysis and reporting domains. Therefore, some of the reported relationships are likely to be different for cases with and without complete follow-up, inadequately representing the studied samples, and some of the reported results are likely to be spurious or biased due to inadequate analysis or reporting [44]. Confidence in independent prognostic value of certain preoperative factors is also limited by different sets of potential confounders used across the reviewed studies, as the magnitude and significance of any associations may depend on other included predictors. The quality of evidence is further limited by the fact that many associations were examined only in a small number of studies. This may be because certain potential predictors, such as psychological risk factors, are rarely formally documented before spinal surgery, e.g. in prospective spine registries [74–76]. Considering high exclusion rate due to ineligible symptom duration, it is possible that including studies with unrestricted duration would provide additional evidence for the reviewed associations in LBP more generally, although this would be beyond the scope of the current review concerning chronic LBP populations.
[bookmark: _Hlk92189389]Quantitative synthesis of the results of reviewed studies was not possible due to their methodological heterogeneity and incomplete reporting, and some decisions regarding the review process may have contributed to this. We included several different measures of pain and disability outcomes, as these were commonly used and validated in the population of interest. We further considered both dichotomous and continuous outcomes due to their clinical utility and precision, respectively. Although included follow-up intervals covered a broad range of stages of recovery (3-48 months), patient-reported outcomes following spinal surgery assessed over multiple time periods are known to be strongly correlated [77,78]. The scope of the review included a range of spinal pathologies and types of surgery under the assumption that there are prognostic factors that are common across different populations and interventions. While this approach has further contributed to the heterogeneity of results, at the same time it strengthens the generalizability of identified associations, especially between health-related factors and surgery outcomes, which have been previously summarized only in specific patient populations [15,18,19].
[bookmark: _Hlk92128551]To use all available data, some effect measures had to be estimated based on reported results, extracted from figures, or recalculated for eligible subgroups, which could have added uncertainty to the results synthesis. We also included both adjusted and unadjusted analyses where available. Although unadjusted effect estimates provided lower-quality evidence due to potential alternative explanatory factors, they can uncover predictors of interest worthy of further investigation. 
Our search strategy did not seek non-English language or ‘grey’ literature. Although these restrictions motivated by pragmatic reasons and limited resources may have introduced a potential information bias, there is no consistent evidence that language-restricted reviews lead to biased effect estimates [79], and including unpublished or non-peer-reviewed sources of evidence could have limited the precision and confidence in the results. Finally, while data extraction, QUIPS, and GRADE assessments were conducted dually, the reviewers’ decisions were not entirely independent, as each reviewer primarily assessed half of the included studies and verified the other reviewer’s judgements for the remaining studies before joint discussions to reach consensus.
4.5. Implications
[bookmark: _Hlk92128729]Through comprehensive evaluation of the existing evidence regarding preoperative predictors of reduction in pain and disability after spinal surgery for chronic LBP, we have highlighted certain gaps and issues that should be addressed by further research. Prospective studies could address the participation and attrition biases by reporting the characteristics of patients who were excluded as non-eligible or lost to follow-up. Power analysis and transparent reporting of the analytic assumptions and methods used, and provision of complete data including non-significant results would prevent potentially spurious results contributing to low quality of evidence. Confirmatory studies testing the direction and strength of independent associations while controlling for potential confounders are also needed  to provide higher certainty in evidence regarding prognosis [47]. We propose that factors which presented low or very low-quality evidence of potential significant (baseline pain, comorbidities, and psychological factors) or unclear relationships with spinal surgery outcomes (symptom duration and baseline disability) should be tested as independent predictors, while sensory deficits and type of spinal pathology (possibly interacting with age) are adjusted for. If the prognostic value of these factors is confirmed in future studies, further research would be warranted to evaluate the effectiveness of interventions addressing the modifiable risk factors before surgery to improve its outcomes.
4.6. Conclusions
The success of spinal surgery for chronic LBP is susceptible to clinical heterogeneity of patients. We found a likely association between sensory loss and improved disability outcomes, and a potential relationship of spinal stenosis with less pain relief. Age and general education may also contribute to the extent of pain reduction, depending on population characteristics. While these predictors could potentially assist in weighing risks and benefits when deciding on the best course of treatment, at the current quality of evidence they should not determine qualification for surgery. Other sociodemographic factors do not appear to predict surgery outcomes, while symptom duration is likely unrelated to pain outcomes but may be adversely related to disability outcomes, similar to baseline disability. The associations between spinal surgery outcomes and other potential predictors are less certain. More high-quality confirmatory studies are needed to establish reliable prognostic factors for patients with chronic LBP. 
Acknowledgements
We are grateful to Dr Sarah Nevitt for her insightful comments on the systematic review protocol.
Supplemental Digital Content
Supplemental Digital Content 1.doc Search strategies for electronic databases
Supplemental Digital Content 2.doc Elaboration on eligibility criteria and decision rules
Supplemental Digital Content 3.doc Data extraction form template
Supplemental Digital Content 4.doc Risk of bias assessment form template
Supplemental Digital Content 5.doc Excluded full text reports with reasons
Supplemental Digital Content 6.doc Risk of bias judgements
Supplemental Digital Content 7.doc Results of syntheses and discussion of non-predictors of pain and disability outcomes
Supplemental Digital Content 8.doc GRADE quality of evidence assessment

References
1. 	Hoy D, Bain C, Williams G, March L, Brooks P, Blyth F, et al. A systematic review of the global prevalence of low back pain. Arthritis Rheum 2012;64(6):2028–37. 
2. 	Costa L da CM, Maher CG, Hancock MJ, McAuley JH, Herbert RD, Costa LOP. The prognosis of acute and persistent low-back pain: a meta-analysis. CMAJ 2012;184(11):E613–24. 
3. 	Hayden JA, Dunn KM, van der Windt DA, Shaw WS. What is the prognosis of back pain? Best Pract Res Clin Rheumatol 2010;24(2):167–79. 
4. 	Rice AS, Smith BH, Blyth FM. Pain and the global burden of disease. Pain 2016;157(4):791–6. 
5. 	Manchikanti L, Singh V, Falco FJ, Benyamin RM, Hirsch JA. Epidemiology of low back pain in adults. Neuromodulation Technol Neural Interface 2014;17:3–10. 
6. 	Rajaee SS, Bae HW, Kanim LEA, Delamarter RB. Spinal fusion in the United States: analysis of trends from 1998 to 2008. Spine 2012;37(1):67–76. 
7. 	Weir S, Samnaliev M, Kuo T-C, Choitir CN, Tierney TS, Cumming D, et al. The incidence and healthcare costs of persistent postoperative pain following lumbar spine surgery in the UK: a cohort study using the Clinical Practice Research Datalink (CPRD) and Hospital Episode Statistics (HES). BMJ Open 2017;7(9):e017585. 
8. 	Abbott TEF, Fowler AJ, Dobbs TD, Harrison EM, Gillies MA, Pearse RM. Frequency of surgical treatment and related hospital procedures in the UK: a national ecological study using hospital episode statistics. BJA Br J Anaesth 2017;119(2):249–57. 
9. 	Hegarty D, Shorten G. Multivariate prognostic modeling of persistent pain following lumbar discectomy. Pain Physician 2012;15(5):421–34. 
10. 	Zweig T, Enke J, Mannion AF, Sobottke R, Melloh M, Freeman BJ, et al. Is the duration of pre-operative conservative treatment associated with the clinical outcome following surgical decompression for lumbar spinal stenosis? A study based on the Spine Tango Registry. Eur Spine J 2016/12/17 edn 2017;26(2):488–500. 
11. 	Zweig T, Hemmeler C, Aghayev E, Melloh M, Etter C, Röder C. Influence of preoperative nucleus pulposus status and radiculopathy on outcomes in mono-segmental lumbar total disc replacement: results from a nationwide registry. BMC Musculoskelet Disord 2011;12(1):275–275. 
12. 	de Campos TF. Low back pain and sciatica in over 16s: assessment and management NICE Guideline [NG59]. J Physiother 2017;63(2):120. 
13. 	Kreiner DS, Hwang S, Easa J, Resnick DK, Baisden J, Bess S, et al. Diagnosis and Treatment of Lumbar Disc Herniation with Radiculopathy. North American Spine Society; 2012100. (Evidence-Based Clinical Guidelines for Multidisciplinary Spine Care). 
14. 	Rolving N, Sogaard R, Nielsen CV, Christensen FB, Bünger C, Oestergaard LG. Preoperative cognitive-behavioral patient education versus standard care for lumbar spinal fusion patients: economic evaluation alongside a randomized controlled trial. Spine 2016;41(1):18–25. 
15. 	Dorow M, Lobner M, Stein J, Konnopka A, Meisel HJ, Gunther L, et al. Risk Factors for Postoperative Pain Intensity in Patients Undergoing Lumbar Disc Surgery: A Systematic Review. PLoS One 2017/01/21 edn 2017;12(1):e0170303. 
16. 	Huysmans E, Goudman L, Van Belleghem G, De Jaeger M, Moens M, Nijs J, et al. Return to work following surgery for lumbar radiculopathy: a systematic review. Spine J 2018/05/26 edn 2018;18(9):1694–714. 
17. 	Oosterhuis T, Smaardijk VR, Kuijer PPF, Langendam MW, Frings-Dresen MHW, Hoving JL. Systematic review of prognostic factors for work participation in patients with sciatica. Occup Env Med 2019/07/13 edn 2019;76(10):772–9. 
18. 	Rushton A, Zoulas K, Powell A, Staal JB. Physical prognostic factors predicting outcome following lumbar discectomy surgery: systematic review and narrative synthesis. BMC Musculoskelet Disord 2018/09/13 edn 2018;19(1):326. 
19. 	Wilson CA, Roffey DM, Chow D, Alkherayf F, Wai EK. A systematic review of preoperative predictors for postoperative clinical outcomes following lumbar discectomy. Spine J 2016/08/09 edn 2016;16(11):1413–22. 
20. 	Daubs MD, Norvell DC, McGuire R, Molinari R, Hermsmeyer JT, Fourney DR, et al. Fusion versus nonoperative care for chronic low back pain: do psychological factors affect outcomes? Spine Phila Pa 1976 2011/10/05 edn 2011;36(21 Suppl):S96-109. 
21. 	Mroz TE, Norvell DC, Ecker E, Gruenberg M, Dailey A, Brodke DS. Fusion versus nonoperative management for chronic low back pain: do sociodemographic factors affect outcome? Spine Phila Pa 1976 2011/10/05 edn 2011;36(21 Suppl):S75-86. 
22. 	Wilhelm M, Reiman M, Goode A, Richardson W, Brown C, Vaughn D, et al. Psychological Predictors of Outcomes with Lumbar Spinal Fusion: A Systematic Literature Review. Physiother Res Int 2015/08/14 edn 2017;22(2). 
23. 	Vasseljen O, Woodhouse A, Bjrngaard JH, Leivseth L. Natural course of acute neck and low back pain in the general population: The HUNT study. PAIN 2013;154(8):1237–44. 
24. 	Dhondt E, Van Oosterwijck J, Cagnie B, Adnan R, Schouppe S, Van Akeleyen J, et al. Predicting treatment adherence and outcome to outpatient multimodal rehabilitation in chronic low back pain. J Back Musculoskelet Rehabil 2019/07/30 edn 2020;33(2):277–93. 
25. 	O’Donnell JA, Anderson JT, Haas AR, Percy R, Woods ST, Ahn UM, et al. Preoperative Opioid Use is a Predictor of Poor Return to Work in Workers’ Compensation Patients After Lumbar Diskectomy. Spine 03622436 2018;43(8):594–602. 
26. 	Centre for Reviews and Dissemination. Systematic reviews: CRD’s guidance for undertaking reviews in healthcare. University of York: CRD; 2009. 
27. 	Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. 
28. 	Celestin J, Edwards RR, Jamison RN. Pretreatment psychosocial variables as predictors of outcomes following lumbar surgery and spinal cord stimulation: a systematic review and literature synthesis. Pain Med 2009/07/30 edn 2009;10(4):639–53. 
29. 	Gaudin D, Krafcik BM, Mansour TR, Alnemari A. Considerations in Spinal Fusion Surgery for Chronic Lumbar Pain: Psychosocial Factors, Rating Scales, and Perioperative Patient Education-A Review of the Literature. World Neurosurg 2016/11/05 edn 2017;98:21–7. 
30. 	McKillop AB, Carroll LJ, Battie MC. Depression as a prognostic factor of lumbar spinal stenosis: a systematic review. Spine J 2014/01/15 edn 2014;14(5):837–46. 
31. 	Bramer WM, de Jonge GB, Rethlefsen ML, Mast F, Kleijnen J. A systematic approach to searching: an efficient and complete method to develop literature searches. J Med Libr Assoc JMLA 2018;106(4):531. 
32. 	Riley RD, Moons KGM, Snell KIE, Ensor J, Hooft L, Altman DG, et al. A guide to systematic review and meta-analysis of prognostic factor studies. BMJ 2019/02/01 edn 2019;364:k4597. 
33. 	Chiarotto A, Boers M, Deyo RA, Buchbinder R, Corbin TP, Costa LO, et al. Core outcome measurement instruments for clinical trials in nonspecific low back pain. Pain 2018;159(3):481. 
34. 	Pincus T, Santos R, Breen A, Burton AK, Underwood M. A review and proposal for a core set of factors for prospective cohorts in low back pain: a consensus statement. Arthritis Care Res Off J Am Coll Rheumatol 2008;59(1):14–24. 
35. 	Fairbank JC, Couper J, Davies JB, O’Brien JP. The Oswestry low back pain disability questionnaire. Physiotherapy 1980/08/01 edn 1980;66(8):271–3. 
36. 	Roland M, Morris R. A study of the natural history of back pain: Part 1: Development of a reliable and sensitive measure of disability in low-back pain. spine 1983; 
37. 	Deyo RA, Battie M, Beurskens A, Bombardier C, Croft P, Koes B, et al. Outcome measures for low back pain research: a proposal for standardized use. Spine 1998;23(18):2003–13. 
38. 	Ghogawala Z, Resnick DK, Watters WC, Mummaneni PV, Dailey AT, Choudhri TF, et al. Guideline update for the performance of fusion procedures for degenerative disease of the lumbar spine. Part 2: assessment of functional outcome following lumbar fusion. J Neurosurg Spine 2014;21(1):7–13. 
39. 	Mannion AF, Elfering A, Staerkle R, Junge A, Grob D, Semmer NK, et al. Outcome assessment in low back pain: how low can you go? Eur Spine J 2005;14(10):1014–26. 
40. 	Effect Size Calculator [Internet]. [cited 2021 Feb 23]. Available from: https://www.campbellcollaboration.org/escalc/html/EffectSizeCalculator-Home.php
41. 	Lenhard W, Lenhard A. Computation of Effect Sizes [Internet]. 2017. 
42. 	Grooten WJA, Tseli E, Ang BO, Boersma K, Stalnacke BM, Gerdle B, et al. Elaborating on the assessment of the risk of bias in prognostic studies in pain rehabilitation using QUIPS-aspects of interrater agreement. Diagn Progn Res 2019/05/17 edn 2019;3:5. 
43. 	Hayden JA, Côté P, Bombardier C. Evaluation of the quality of prognosis studies in systematic reviews. Ann Intern Med 2006;144(6):427–37. 
44. 	Hayden JA, van der Windt DA, Cartwright JL, Côté P, Bombardier C. Assessing bias in studies of prognostic factors. Ann Intern Med 2013;158(4):280–6. 
45. 	Bruls VEJ, Bastiaenen CHG, de Bie RA. Prognostic factors of complaints of arm, neck, and/or shoulder: a systematic review of prospective cohort studies. Pain 2015/02/07 edn 2015;156(5):765–88. 
46. 	Guyatt GH, Oxman AD, Schünemann HJ, Tugwell P, Knottnerus A. GRADE guidelines: a new series of articles in the Journal of Clinical Epidemiology. J Clin Epidemiol 2011;64(4):380–2. 
47. 	Huguet A, Hayden JA, Stinson J, McGrath PJ, Chambers CT, Tougas ME, et al. Judging the quality of evidence in reviews of prognostic factor research: adapting the GRADE framework. Syst Rev 2013;2(1):1–12. 
48. 	Gepstein R, Arinzon Z, Folman Y, Shabat S, Adunsky A. Lumbar spine surgery in Israeli Arabs and Jews: a comparative study with emphasis on pain perception. Isr Med Assoc J IMAJ 2007;9(6):443–7. 
49. 	Kim HJ, Lee JI, Kang KT, Chang BS, Lee CK, Ruscheweyh R, et al. Influence of pain sensitivity on surgical outcomes after lumbar spine surgery in patients with lumbar spinal stenosis. Spine Phila Pa 1976 2014/11/11 edn 2015;40(3):193–200. 
50. 	Kim HJ, Park JW, Chang BS, Lee CK, Yeom JS. The influence of catastrophising on treatment outcomes after surgery for lumbar spinal stenosis. Bone Jt J 2015;97‐B(11):1546‐1554. 
51. 	Patel DV, Bawa MS, Haws BE, Khechen B, Block AM, Karmarkar SS, et al. PROMIS Physical Function for prediction of postoperative pain, narcotics consumption, and patient-reported outcomes following minimally invasive transforaminal lumbar interbody fusion. J Neurosurg Spine 2019;30(4):476–82. 
52. 	Sigmundsson FG, Kang XP, Jonsson B, Stromqvist B. Prognostic factors in lumbar spinal stenosis surgery. Acta Orthop 2012/10/23 edn 2012;83(5):536–42. 
53. 	Anderson PA, Schwaegler PE, Cizek D, Leverson G. Work status as a predictor of surgical outcome of discogenic low back pain. Spine 2006;31(21):2510–5. 
54. 	Cushnie D, Thomas K, Jacobs WB, Cho RKH, Soroceanu A, Ahn H, et al. Effect of preoperative symptom duration on outcome in lumbar spinal stenosis: a Canadian Spine Outcomes and Research Network registry study. Spine J 2019;19(9):1470–7. 
55. 	Ekman P, Moller H, Hedlund R. Predictive factors for the outcome of fusion in adult isthmic spondylolisthesis. Spine 2009;34(11):1204–10. 
56. 	Støttrup CC, Andresen AK, Carreon L, Andersen MØ. Increasing reoperation rates and inferior outcome with prolonged symptom duration in lumbar disc herniation surgery — a prospective cohort study. Spine J 2019;19(9):1463–9. 
57. 	Stromqvist F, Ahmad M, Hildingsson C, Jonsson B, Stromqvist B. Gender differences in lumbar disc herniation surgery. Acta Orthop 2008/10/08 edn 2008;79(5):643–9. 
58. 	Muller M, Limacher A, Agten CA, Treichel F, Heini P, Seidel U, et al. Can quantitative sensory tests predict failed back surgery?: A prospective cohort study. Eur J Anaesthesiol 2019;36(9):695–704. 
59. 	Hägg O, Fritzell P, Ekselius L, Nordwall A. Predictors of outcome in fusion surgery for chronic low back pain. A report from the Swedish Lumbar Spine Study. Eur Spine J 2003;12(1):22‐33. 
60. 	McGuire KJ, Khaleel MA, Rihn JA, Lurie JD, Zhao W, Weinstein JN. The effect of high obesity on outcomes of treatment for lumbar spinal conditions: subgroup analysis of the spine patient outcomes research trial. Spine Phila Pa 1976 2014/11/05 edn 2014;39(23):1975–80. 
61. 	Radcliff KE, Rihn J, Hilibrand A, DiIorio T, Tosteson T, Lurie JD, et al. Does the duration of symptoms in patients with spinal stenosis and degenerative spondylolisthesis affect outcomes?: analysis of the Spine Outcomes Research Trial. Spine Phila Pa 1976 2011/09/14 edn 2011;36(25):2197–210. 
62. 	Rihn JA, Radcliff K, Hilibrand AS, Anderson DT, Zhao W, Lurie J, et al. Does obesity affect outcomes of treatment for lumbar stenosis and degenerative spondylolisthesis? Analysis of the Spine Patient Outcomes Research Trial (SPORT). Spine Phila Pa 1976 2012/05/23 edn 2012;37(23):1933–46. 
63. 	Schade V, Semmer N, Main CJ, Hora J, Boos N. The impact of clinical, morphological, psychosocial and work-related factors on the outcome of lumbar discectomy. Pain 1999;80(1–2):239–49. 
64. 	Tampin B, Slater H, Jacques A, Lind CRP. Association of quantitative sensory testing parameters with clinical outcome in patients with lumbar radiculopathy undergoing microdiscectomy. Eur J Pain 2020;24(7):1377–92. 
65. 	Watkins RG, O’Brien JP, Draugelis R, Jones D. Comparisons of preoperative and postoperative MMPI data in chronic back patients. Spine 1986;11(4):385–90. 
66. 	Altman DG. Practical statistics for medical research. CRC press; 1990. 
67. 	Cohen J. A coefficient of agreement for nominal scales. Educ Psychol Meas 1960;20(1):37–46. 
68. 	Turk DC, Dworkin RH, Allen RR, Bellamy N, Brandenburg N, Carr DB, et al. Core outcome domains for chronic pain clinical trials: IMMPACT recommendations: Pain 2003;106(3):337–45. 
69. 	Herron LD, Turner J, Clancy S, Weiner P. The differential utility of the minnesota multiphasic personality inventory: A predictor of outcome in lumbar laminectomy for disc herniation versus spinal stenosis. Spine 1986;11(8):847–50. 
70. 	Bays A, Stieger A, Held U, Hofer LJ, Rasmussen-Barr E, Brunner F, et al. The influence of comorbidities on the treatment outcome in symptomatic lumbar spinal stenosis: A systematic review and meta-analysis. North Am Spine Soc J NASSJ 2021;6:100072. 
71. 	Luo W, Sun R, Jiang H, Ma X. The effect of diabetes on perioperative complications following spinal surgery: a meta-analysis. Ther Clin Risk Manag 2018;14:2415–23. 
72. 	Jiang J, Teng Y, Fan Z, Khan S, Xia Y. Does Obesity Affect the Surgical Outcome and Complication Rates of Spinal Surgery? A Meta-analysis. Clin Orthop Relat Res 2014;472(3):968–75. 
73. 	Lahey BB. Public Health Significance of Neuroticism. Am Psychol 2009;64(4):241–56. 
74. 	Asher AL, Knightly J, Mummaneni PV, Alvi MA, McGirt MJ, Yolcu YU, et al. Quality Outcomes Database Spine Care Project 2012–2020: milestones achieved in a collaborative North American outcomes registry to advance value-based spine care and evolution to the American Spine Registry. Neurosurg Focus 2020;48(5):E2. 
75. 	Melloh M, Staub L, Aghayev E, Zweig T, Barz T, Theis J-C, et al. The international spine registry SPINE TANGO: status quo and first results. Eur Spine J 2008;17(9):1201. 
76. 	Strömqvist B, Fritzell P, Hägg O, Jönsson B, Sandén B, Swedish Society of Spinal Surgeons. Swespine: the Swedish spine register : the 2012 report. Eur Spine J Off Publ Eur Spine Soc Eur Spinal Deform Soc Eur Sect Cerv Spine Res Soc 2013;22(4):953–74. 
77. 	Parker SL, Asher AL, Godil SS, Devin CJ, McGirt MJ. Patient-reported outcomes 3 months after spine surgery: is it an accurate predictor of 12-month outcome in real-world registry platforms? Neurosurg Focus 2015/12/02 edn 2015;39(6):E17. 
78. 	Staartjes VE, Siccoli A, de Wispelaere MP, Schröder ML. Patient-reported outcomes unbiased by length of follow-up after lumbar degenerative spine surgery: Do we need 2 years of follow-up? Spine J Off J North Am Spine Soc 2019;19(4):637–44. 
79. 	Moher D, Pham, Klassen TP, Schulz KF, Berlin JA, Jadad AR, et al. What contributions do languages other than English make on the results of meta-analyses? J Clin Epidemiol 2000;53(9):964–72. 



Figure legends
Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram [27]. Reports reflect individual published articles, and in some cases more than one report based on the same study was published. Note that some studies reported more than one outcome of interest, therefore, the numbers of included studies and reports per outcome do not add up to the total number of included studies and reports.
Figure 2. Risk of bias across 21 included reports in each Quality of Prognosis Studies (QUIPS) [44] domain and overall assessment of risk of bias across all domains.
Figure 3. Overall quality of evidence for the reviewed associations according to Grading of Recommendations, Assessment, Development and Evaluations (GRADE) framework [46,47].
QST, quantitative sensory testing.
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