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Abstract
Spinal surgeries to treat chronic low back and/or leg pain (CLBP) have variable success rates, and despite the significant personal and socioeconomic implications, we lack usable prognostic indicators. This systematic review and meta-analysis evaluated the evidence for preoperative predictors of return to work (RTW) after spinal surgery for CLBP. We searched electronic databases and references (01/1984-03/2021), screened 2622 unique citations, and included 8 reports which involved adults with ≥3 months duration of CLBP undergoing first elective lumbar surgery with RTW outcomes assessed ≥3 months later. Five reports had low and 3 high risk of bias. We performed narrative synthesis and meta-analysis where possible and determined the quality of evidence (QoE). Individuals less likely to RTW after surgery were older (odds ratio [OR]=0.58; 95% confidence interval [CI]: 0.46 to 0.72), not working before surgery, had longer sick leave (OR=0.95; 95% CI: 0.93 to 0.97), higher physical workload, legal representation (OR=0.61; 95% CI: 0.53 to 0.71), psychiatric comorbidities and depression (moderate QoE), and longer CLBP duration and opioid use (low QoE), independent of potential confounders. We conclude that RTW after spinal surgery for CLBP likely depends on sociodemographic and affective psychological factors, and potentially also on symptom duration and opioid use.
Perspective
This systematic review and meta-analysis synthesizes and evaluates existing evidence for preoperative predictors of return to work after spinal surgery for chronic low back pain. Demonstrated associations between return to work and sociodemographic, health-related, and psychological factors can inform clinical decision-making and guide further research. 
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Introduction
Low back pain affects 40% of people at some point in their lives [31] and is the leading cause of years lived with disability in the world [44,52]. The personal and socioeconomic burden is particularly high for persistent or recurring low back pain, estimated to affect 60% of people a year after an initial acute episode [25]. When conservative treatment fails to reduce painful symptoms and improve function, surgical interventions can be considered to address the underlying spinal pathology [9,34]. The previous decade has seen more than a twofold increase in the number of lumbar spine surgeries performed in the UK and US [43,51]. While spinal surgery is one of the most invasive and expensive approaches to manage chronic low back pain (CLBP), its benefit is often suboptimal. A minimal clinically important reduction in pain intensity is reported only by 60% of patients undergoing first lumbar spine surgery [28,51,54,55] and long-term healthcare costs of CLBP that persists or recurs after surgery are 50% higher than those for patients without ongoing pain. Nearly 80% of the total cost of low back pain can be attributed to indirect costs associated with work absence and productivity loss [14]. 
Indeed, return to work (RTW) rates after lumbar spine surgery are highly variable (3-100%; [33]), partly due to patient heterogeneity. Identifying which factors can reliably predict the likelihood of RTW could inform development of clinical prediction models, facilitate managing patients’ expectations, which are strongly associated with work participation outcomes in CLBP more generally [26], and help to determine the most beneficial and cost-effective course of treatment based on individual socioeconomic, health-related, and psychological characteristics. For example, preoperative cognitive-behavioral therapy has been shown to improve outcomes of spinal fusion surgery [46].
Two previous systematic reviews suggested that patients who are older, female, have comorbidities and longer symptom duration, who are not working before surgery, have higher physical workload, occupational mental stress, passive pain coping, or depression are less likely to RTW after surgery for radiculopathy due to lumbar disc herniation [33,41]. These results were almost all based on single studies and could not be pooled for meta-analysis. Insufficient or conflicting evidence regarding prognosis of spinal surgery outcomes precludes development of clinical guidelines on relevant predictors [9,34]. Furthermore, the existing reviews were restricted to a specific population, while prognostic factors for RTW may be common across different spinal pathologies and surgical measures and thus provide stronger evidence for the examined associations. Importantly, chances of recovery and response to treatments decrease with longer duration of low back pain [13,15,25,40,49]. While this may affect the prognosis of RTW [48], so far there has been no evidence synthesis focusing on surgical candidates with CLBP. Therefore, we aimed to identify and evaluate preoperative predictors of RTW after spinal surgery for CLBP with or without radicular pain. 
Methods
This review was prospectively registered on PROSPERO (CRD42020180845) before commencing the screening stage. Our methodology and reporting followed the general principles for conducting reviews in health care outlined in the Centre for Reviews and Dissemination (CRD) guidance  [10] and the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) [42]. The current article is one of the two planned review papers on the predictors of spinal surgery outcomes. The current paper focuses on predictors of return to work, and the second paper concerns predictors of patient-reported pain and disability outcomes. To summarize the findings regarding pain and disability outcomes, which will be reported elsewhere, there was moderate-quality evidence that greater preoperative sensory loss was associated with greater reduction in disability, and that symptom duration was unrelated to pain outcomes. There was low-quality evidence that younger age, higher education, and absence of spinal stenosis predicted better pain outcomes, but sociodemographic factors were unrelated to pain or disability outcomes, and comorbidities to disability outcomes. Finally, there was very low-quality evidence that lower preoperative pain, less comorbidities, lower pain catastrophizing, anxiety and depression were related to better pain outcomes, and lower job-related resignation and neuroticism to better disability outcomes, whereas disability and sensory testing were unrelated to pain reduction, and demographics, preoperative pain, and pain-related psychological factors were unrelated to change in disability.
Search strategy
Electronic databases MEDLINE, EMBASE, PsycINFO, CINAHL, and Cochrane Central Register of Controlled trials (CENTRAL) were searched on 08/04/2020 and updated 29/03/2021, following a search strategy developed in collaboration with an information specialist (MM; for full search strategy, see Supplementary Text S1). Search results were exported to EndNote Library and de-duplicated. A manual search for additional primary studies was also conducted through the reference lists of relevant systematic reviews and included studies [7].
Eligibility criteria
Eligibility criteria are outlined according to a modified PICOTS format for reviews of prognostic studies (Population, Index and Comparator prognostic factors, Outcomes, Timing, Setting) [72]. 
Population consisted of adults with CLBP, defined as pain lasting or recurring for ≥3 months [44], with or without lumbar radicular pain, defined as pain radiating to the leg due to nerve root compression [87]. Only patients undergoing primary lumbar or lumbosacral spine surgery, without history of previous spinal surgery, were eligible. We excluded spinal pathologies such as cancer / tumor, inflammatory disease, infection, or trauma, as well as spinal cord stimulator implantation, injections, radiofrequency, chemical interventions, and studies which investigated the impact of pre- or postoperative interventions. 
Index prognostic factors included variables assessed prior to surgery and investigated for their potential ability to predict RTW after surgery. Radiographic, genetic, and any postoperative or intraoperative predictors were beyond the scope of the current review and were excluded, unless used as potential confounders. There is no standardized minimum set of comparator prognostic factors for spinal surgery outcomes, that is, ‘adjusted for’ factors when assessing the independent effect of certain index prognostic factors, therefore, we examined both unadjusted and adjusted prognostic effects, if reported.
Eligible studies reported outcomes including RTW, as an objective measure of functional recovery. The timing of outcome assessment was ≥3 months after surgery, with no upper limit. Study settings such as spinal surgery sites or registries of operated patients were eligible for inclusion.
Study designs had to allow investigation of associations between preoperative prognostic factors and postoperative RTW outcomes, and could include randomized or nonrandomized controlled studies, cohort, case-control, or registry-based studies, with prospective or retrospective designs. Case reports and case series were excluded as providing only low level of evidence in prognosis research [39,53].
Publication formats included original peer-reviewed studies published between 01/1984 (when diagnosis of spinal pathologies and surgical treatments could be informed by magnetic resonance imaging [37]) and 03/2021 in English language. Conference abstracts or unpublished research were not included. 
Study selection
Titles and abstracts of deduplicated records, and then full texts, were screened against the eligibility criteria by 2 independent reviewers (MH and RD) using a piloted form. Disagreements were resolved by consensus or seeking opinion from a third reviewer (MW) where necessary. If eligibility was unclear based on the abstract, the report was moved to full text screening. In case of uncertainty about eligibility based on the information available in the full text, supplement, and any related publications, study authors were contacted to request additional details. The selection process is illustrated in a PRISMA diagram [42] (Figure 1) and presents the primary reasons for exclusion recorded as the first category for which eligibility criteria were not met with certainty. 
Data extraction
A data extraction form was developed based on the Checklist for Critical Appraisal and Data Extraction for Systematic Reviews of Prognostic Factor Studies (CHARMS-PF) [45] and piloted by 2 independent reviewers (MH and SC; for the final template, see Supplementary Table S1). Each reviewer then extracted the data from half of the included reports and verified the accuracy of the data extracted by the other reviewer from the remaining reports. Any inconsistencies were resolved by discussion and consensus. 
The following information was extracted from the included reports: study design, setting, method and time of participant recruitment and eligibility criteria, baseline participant characteristics, type of surgery, sample size estimation, number of included participants and participation rate, number, definition, method and time of measurement of index and comparator prognostic factors and outcomes, method of handling continuous factors and missing data, response rate, reasons for loss to follow-up and characteristics of lost participants, analysis methods, assumptions, methods and criteria for selecting predictors for and during multivariable modelling, adjusted and unadjusted effect estimates where available, signs of selective reporting, appropriateness of interpretation and discussion [45].
The desired common effect estimate for binary RTW outcomes was odds ratio (OR) with confidence interval (CI) or standard error (SE), however, depending on the analysis type, regression coefficients or mean differences were also extracted. Where the desired effect estimates were not provided, we calculated these from available data (e.g. 2x2 tables or means and standard deviations) or transformed the reported estimates using effect size calculators [18,35,36]. 
Risk of bias assessment
[bookmark: _Hlk68019497]Risk of bias (RoB) of included reports was assessed using the Quality in Prognosis Studies (QUIPS) tool [19,24,27] in 6 domains, each rated as being at high, moderate, or low RoB: study participation, study attrition, prognostic factor measurement, outcome measurement, study confounding, and statistical analysis and reporting. RoB ratings were guided by prompting items suggested by Grooten et al. [19] and adapted to the current review question (for the final QUIPS template, see Supplementary Table S2). Two reviewers (MH and SC) independently assessed half of the included reports, and each checked the judgements of the other reviewer for agreement or domains with unclear RoB. Any inconsistencies were resolved by discussion and consensus. Finally, the overall ‘low’ or ‘high’ RoB ratings were assigned to each report, reflecting whether all QUIPS domains had low-moderate RoB (‘low’), or if ≥1 domain had high RoB (‘high’) [8]. Results of QUIPS assessment were considered during synthesis of the results and grading the quality of evidence.
Data synthesis
Where there was sufficient and appropriate data for quantitative synthesis, we performed meta-analysis of the effects of index prognostic factors on RTW. Analyses were conducted in R software using meta package [5,23]. A minimum of 2 studies reporting data on the same predictor were required to pool the results. Precalculated prognostic effect estimates (ORs with SE or 95% CI) of included factors were pooled using random effects generic inverse variance. Random effects models were preferred as a degree of clinical and methodological heterogeneity was present among the included studies. The results of each meta-analysis were presented in a forest plot as pooled estimate of the average effect of the predictor with 95% CI and estimates of statistical heterogeneity (I2 and tau2). Tau2 was estimated using Paule-Mandel procedure as a recommended method when outcomes are binary and the number of pooled studies is small [4,50]. Substantial between-study heterogeneity was indicated by I2 >75% or 95% CI of tau2 not including 0 and p < .05 [29]. Meta-analyses were performed for the following candidate predictors deemed suitable for quantitative synthesis: age, gender, marital status, work status, duration of sick leave, worker’s compensation, legal representation, income, disability, and symptom duration. For a large proportion of these associations, only unadjusted effect estimates could be pooled. Due to small number of studies contributing to each meta-analysis, we did not conduct sensitivity analyses that would include only low RoB studies.
Meta-analyses were not conducted for other associations due to methodological heterogeneity or insufficient data. Specifically, it was not possible to quantitatively combine evidence from adjusted and unadjusted analyses, and with different definitions of predictors (e.g. timescales of opioid use and other analgesics). Insufficient results reporting (missing effect estimates and / or their precision), and only single studies contributing evidence for certain associations (e.g. personality traits / disorders, pain-related psychological factors), further prevented meta-analyses.
Since quantitative synthesis was only possible for some predictors, we included a tabular summary of all extracted adjusted and unadjusted associations with RTW, with a narrative synthesis of the findings. This synthesis presented the number of studies investigating each association of interest, the magnitude and direction of any reported effects, and assessed the consistency of available evidence between contributing studies. The evaluation of the findings also accounted for the RoB judgements at the study and outcome level. 
Grading of evidence
Grading of Recommendations, Assessment, Development and Evaluations (GRADE) framework [20] adapted for reviews of prognostic studies [32] guided the evaluation of the quality of evidence for associations between predictor categories and RTW. Two reviewers (MH and MC) collaboratively determined the overall quality of evidence as high, moderate, low, or very low, respectively reflecting high, moderate, limited, and very limited confidence that the true effect lies close to the observed estimate of that effect [20]. 
The starting quality of evidence depended on the phase of investigation, specifically, it was high for phase-3 and phase-2 studies (assessing prognostic pathways / mechanisms, and independent associations between hypothesized predictor and outcome, respectively), and moderate for phase-1 studies (exploring potential associations between prognostic factors and outcome) [32]. If any hypotheses-driven studies presented only unadjusted analyses or investigated broad classes of multiple predictors, they were classified as phase-1. Following the recommendations by Huguet et al. [32], the starting quality rating could be downgraded for severe study limitations (due to dominant evidence from high RoB studies or unadjusted analyses), clinically meaningful inconsistency in the effect estimates, indirectness (e.g. if it was not possible to verify chronic pain status of all included participants), imprecision (due to inadequate sample size or insufficient results reporting), and publication bias (if certain relationship was investigated in <4 studies); and upgraded if moderate (OR ≥ 2.5 or ≤ 0.4) or large (OR ≥ 4.25 or ≤ 0.24) effect size, or ‘dose’ effect (where higher levels of the predictor would lead to greater effect sizes) were present, resulting in an overall quality rating. 
Results
Study selection
We screened 2622 unique records and their flow through the selection process is illustrated in Figure 1. A list of excluded articles with reasons is provided in Supplementary Text S2. The most common reason for exclusion was ineligible population where patients without chronic pain or those who underwent previous spinal surgery were included. We were not able to confirm the chronic pain status of all participants in 3 studies, however, available average symptom duration data suggested that they were likely eligible [2,6,40]. This uncertainty was taken into account during the evaluation of the quality of evidence. Studies without any information about symptom duration were excluded. Reports that assessed surgical and nonsurgical cohorts were included if data specific to eligible surgical group could be extracted [22,38]. Overall, 8 eligible reports of 6 studies assessing predictors of RTW after surgery were included in the current review.
[bookmark: _Hlk68096924]Study characteristics
Table 1 provides an overview of study characteristics. Five reports were based on prospective studies (2 single- [3,47] and 3 multi-center [6,21,22]). Since 2 of them analyzed the same participants from the Swedish Lumbar Spine Study, we considered them to reflect a single cohort [21,22]. Three reports included retrospective cohorts from the Ohio Bureau of Workers' Compensation [2,38,40]. They used the data from overlapping time periods, therefore, 2 reports that focused on fusion surgery were considered to correspond to a single cohort [2,38], while another report on single-level discectomy was considered to reflect a separate cohort [40]. Three of the included studies were based in the United States and the remaining ones in the Netherlands, Sweden, and Switzerland. The most common pathologies were disc herniation, degenerative disc disease and spondylosis, and surgical measures included fusion and discectomy. All participants were employed prior to surgery, except for Haag’s study (86% employed) [21,22], and unclear employment status in Anderson’s 2006 study as not working could also refer to being on sick leave [3]. Most studies defined RTW outcome as return to any (part- / full-time) work, 2 required RTW to be sustained for ≥6 months, and 1 considered only RTW in full capacity relative to before symptom onset. Follow-up duration ranged from 6 to 36 months, and RTW rates were between 26% and 90% across included studies.
Risk of bias in included studies
The reviewers made consistent RoB judgements on 83% of QUIPS domain ratings, with Cohen’s kappa = 0.70, 95% CI: 0.52 to 0.88, suggesting substantial agreement [1,12], before they reached final consensus. RoB ratings in each domain across all reports are illustrated in Figure 2. Overall, 5 reports were judged to have low, and 3 high RoB (where at least 1 QUIPS domain was rated as high) [8]. 
Most reports had low RoB in study participation, prognostic factor and outcome measurement, study confounding, and statistical analysis and reporting domains. Moderate RoB in study attrition domain in almost all included reports resulted from missing information about reasons for and / or characteristics of participants lost to follow-up, despite overall high attrition rates (min. 81% and >90% in most studies). RoB in 2 studies that retrospectively recruited only participants with complete follow-up [2,40] was also rated as moderate. Serious study limitations were identified in study participation, confounding, and statistical analysis and reporting domains in single studies. Specifically, high RoB in these domains was due to insufficient information regarding baseline characteristics, recruitment setting, and number of screened participants [3]; not adjusting for any confounders [22]; and missing information about statistical assumptions and partial results reporting [47].
Results of syntheses 
Predictors of RTW were examined in 6 unique patient cohorts (4616 participants in total). Table 2 details the results for the associations analyzed in each included study. Where both adjusted and unadjusted effects were available, we only present the synthesis of independent associations below. Synthesis of unadjusted relationships can be found in Supplementary Text S3.
Sociodemographic predictors of RTW
Five studies (6 reports) investigated the associations between demographic and socioeconomic factors and RTW in 5 cohorts including a total of 4574 unique patients.
Older age was an independent negative predictor of RTW in 2 low RoB studies [2,21] but not in another high RoB study reporting adjusted analysis [3]. This observed inconsistency does not appear to be explained by sample characteristics, specific RTW criteria, duration of follow-up, or whether age was analyzed as a continuous or categorical factor; however, this discrepancy is unlikely to be clinically meaningful, and low RoB studies that did find a significant effect of age consistently reported its negative direction (including in unadjusted analyses). The pooled adjusted effect of age (defined as a categorical predictor, >48 or >50 years) supported a significant negative association (Figure 3A).
[bookmark: _Hlk83664912]The independent effect of preoperative work status on RTW was examined in 1 phase-2 high RoB study, which found a large positive effect of working before surgery [3].
Three low RoB studies assessed the prognostic value of being on sick leave and / or its duration for RTW outcomes in adjusted analyses. Inability to continue working during the week before surgery negatively predicted RTW (small effect; [2]). Longer duration of sick leave was also a negative predictor of RTW in 3 studies (small effects; [6,21,38]), however, its independent effect in one study did not reach statistical significance [6]. Pooled adjusted OR of sick leave duration indicated a significant small negative effect on RTW (Figure 3B).
A relationship between having legal representation and RTW was assessed in 2 low RoB studies, both reporting small-moderate negative effects in adjusted analyses [2,38,40]. Pooled adjusted OR was consistent with a significant small negative effect of having legal representation on RTW (Figure 3C).
One low RoB study investigated the effect of physical workload, showing a small independent negative association between higher physical workload score and RTW [6].
An independent association between income and RTW was found in 2 low RoB studies, where participants with higher weekly wages and household income had higher odds of RTW after surgery (small effects; [38,40]). However, the pooled adjusted OR was not statistically significant and there was some indication of heterogeneity (Figure 3D).
We found no significant independent associations with RTW for other sociodemographic factors, that is, gender (1 high RoB study [3]), general education level (1 low RoB study [6]), or workers’ compensation status (1 high RoB study [3]). Marital status was only investigated in unadjusted analyses in 2 low RoB studies [21,38], with pooled OR indicating no significant effect (Figure 3E).
Health-related predictors of RTW
Six studies (7 reports) examined the associations between health- and symptom-related factors and RTW outcomes in 6 cohorts including a total of 4617 unique patients.
One low RoB study assessed whether type of spinal pathology affected RTW, showing a small independent effect of having spondylosis on lower odds of RTW [2]. Notably, several pathologies were considered in the adjusted analysis, yet only spondylosis was significant and reported.
Independent prognostic value of symptom duration for RTW was examined in 1 low RoB study. Longer time from injury to surgery was a significant negative predictor of RTW after surgery [40], and this association was supported by a pooled unadjusted OR from 3 other low RoB studies [6,21,38] (see Supplementary Text S3).
Two low RoB studies, including a phase-2 study, investigated the independent effect of analgesics use on RTW. Both found significant associations indicating that using (compared to not using) opioids before surgery [40], and using them for longer than (compared to less than) a year [2], was associated with lower odds of RTW (small effects). 
No significant independent associations with RTW were found for other health-related factors, including preoperative pain (1 high RoB study [3]), disability (1 low and 2 high RoB studies [3,6,47]), sensory and motor neurological signs (1 low RoB study [6]), and smoking status (1 high RoB study [3]). Effects of acute symptom onset (1 low RoB study [6]), comorbidities (1 low RoB study [21]), and BMI (1 low RoB study [38]) were only investigated in unadjusted analyses, showing no significant associations with RTW after surgery.
[bookmark: _Hlk67235483]Psychological predictors of RTW
Five studies (6 reports) assessed the relationships between psychological factors and RTW in 5 cohorts including 4510 unique patients in total.
One low RoB study assessed the association between psychiatric comorbidity and RTW. Participants with any psychiatric comorbidity (including affective disorders and schizophrenia) had lower odds of RTW after surgery in adjusted analysis (moderate effect size; [40]).
Two studies (1 low, 1 high RoB) [2,47] examined independent effects of depression on RTW. Participants with a clinical diagnosis of depression in one phase-2 study [2], and those with higher depression scores in another study [47], had lower odds of RTW relative to those without depression diagnosis or lower scores in adjusted analyses (moderate and small effect sizes, respectively). 
The prognostic value of pain coping was assessed in one low RoB study, suggesting that passive pain coping was associated with reduced work capacity in adjusted analysis (small effect [6]). 
The same low RoB study assessed the effect of kinesiophobia (fear of movement-related pain) on RTW, showing a small significant negative relationship with work capacity in adjusted analysis [6].
We found no significant independent associations between RTW and 2 work-related psychological factors, that is, job satisfaction (1 low RoB study [6]) and occupational mental stress (1 high RoB study [47]).
The prognostic value of several psychological factors was only examined in unadjusted analyses. A single high RoB study [47] reported significant negative relationships of anxiety and job-related resignation, and a positive relationship of vitality, with RTW after surgery, although effect estimates were not available. There were no significant associations between RTW and other psychological factors, including pain behavior (1 low RoB study [21]), pain drawing (1 high RoB study [22]), negative outcome expectancies (1 low RoB study [6]), and personality traits and disorders (1 low RoB study [21]; except for a small unadjusted negative effect of neuroticism).
Quality of evidence
An overview of GRADE judgements of the quality of evidence is presented in Figure 4, and more detailed assessment is available in Supplementary Table S3. 
[bookmark: _Hlk67235441]There was moderate-quality evidence that demographic, socioeconomic, and affective psychological factors predict RTW. In particular, older age demonstrated independent negative prognostic value, gender, however, was unrelated to RTW outcomes. Regarding socioeconomic factors, participants who were employed before surgery were more likely to RTW even after accounting for potential confounders, whereas longer duration of sick leave, higher physical workload, and having legal representation showed independent negative associations with RTW. Income, workers’ compensation, and general education level did not predict RTW after adjusting for other factors. Among affective psychological factors, particularly depression and having any psychiatric comorbidity were found to be important independent negative predictors of RTW. 
There was also low-quality evidence for independent prognostic value of symptom duration and analgesics use. Specifically, participants with longer duration of CLBP and those with opioids prescription and using opioids for longer were less likely to RTW after surgery. 
The quality of evidence for the remaining associations was very low. Type of spinal pathology, in particular presence of spondylosis, and pain-related psychological factors such as passive coping and fear of movement, were identified as potential independent negative predictors of RTW. Finally, preoperative disability, pain intensity or pain in response to movement or touch, comorbidities, personality, and work-related psychological factors appeared unrelated to RTW outcomes.
The reasons for downgrading the quality of evidence can be summarized as follows. The data came largely from exploratory phase-1 studies, and only 3 of the examined relationships were supported by confirmatory phase-2 studies (analgesics use, depression, and work status; [2,3,40]). Lack of adjustment for any confounders further affected the confidence in some examined associations, especially in the psychological domain. Another issue that decreased the quality of evidence and limited the opportunities for its quantitative synthesis was imprecision related to inadequate sample size and insufficient results reporting, affecting half of the reviewed relationships. Limited number of studies for several candidate predictors presented potential publication bias.
Discussion 
We systematically reviewed the evidence for preoperative predictors of RTW after spinal surgery for CLBP, and performed narrative and quantitative synthesis of results where possible. Our main findings indicate that sociodemographic and affective psychological factors likely predict RTW. Symptom duration and opioid analgesic use also have potential prognostic value. The evidence for other health-related and psychological predictors is less certain.
Sociodemographic predictors
We found moderate-quality evidence supported by meta-analysis that older age independently predicts decreased likelihood of RTW after spinal surgery, in line with previous systematic reviews [33,41]. This seems particularly relevant in light of increasing prevalence of CLBP with age. Its burden will likely increase with aging population [30], and so may the number of people in need of spinal surgery. 
The independent prognostic value of several socioeconomic work-related factors is supported by moderate-quality evidence. Patients working before surgery, with shorter duration of sick leave, lower physical workload, and without legal representation are more likely to RTW after surgery. These findings, with the effects of sick leave and legal representation confirmed in meta-analyses, reinforce the consistent evidence from previous reviews regarding RTW after surgery based largely on unadjusted associations [33,41], and from non-interventional studies on RTW in CLBP [48]. We further found that income may be less relevant to RTW, and that the previously reported effect of workers’ compensation claims on RTW [33] may lose its predictive ability after adjusting for work status. The value of socioeconomic predictors of RTW may depend on national healthcare and insurance systems, yet limited number of studies prevented sensitivity analysis to explore this further. Effects of legal representation, income, and work status were only assessed in US-based studies, however, association between sick leave and RTW was found across US, Swedish, and Dutch studies.
Health-related predictors
Pertinent to our review question regarding CLBP, we found low-quality evidence for an independent effect of longer symptom duration on reduced RTW, further supported by their pooled unadjusted association. These findings are in agreement with a previous review of RTW rates after spinal surgery [33], and with strong evidence from non-surgical CLBP studies that delay in referral for intervention has adverse effects on RTW [48]. Preoperative opioid prescription and prolonged opioid use also independently predicted reduced RTW in the current review (low-quality evidence). Opioids are commonly prescribed for moderate and severe pain that could not be managed with other treatments, therefore these patients likely represent more severe cases [16]. Very low-quality evidence suggests that spinal pathology, particularly presence of spondylosis, may be a negative independent predictor of RTW. Patients with spondylolysis are often older and present with more persistent symptoms. Overall, these prognostic effects, in line with the duration of sick leave, appear to suggest that chances of RTW decrease with increasing duration and severity of CLBP. However, preoperative disability (seemingly closely related to functional recovery indexed by RTW) only predicted this outcome in unadjusted meta-analysis, but not after adjusting for socioeconomic and psychological factors (very low-quality evidence).
Psychological predictors 
Recommendations regarding the prognostic value of psychological distress for spinal surgery outcomes are scarce and vary across countries. For instance, in the case of disc herniation with radiculopathy, the UK National Institute for Health and Care Excellence advises not to use such information during patient selection for surgery, whereas the North American Spine Society suggests that patients should be assessed for signs of psychological distress, such as somatization and depression, based on fair evidence that these signs predict worse outcomes [9,34]. Our review, considering a broader range of degenerative spine diseases, found no evidence for pain behavior or non-organic signs, but passive pain coping and fear of movement may be related to RTW after surgery (very low-quality evidence). Importantly, we found moderate-quality evidence that patients who are depressed or have a psychiatric comorbidity are less likely to RTW, even after controlling for potential confounders. Although the data was not suitable for meta-analysis, this evidence was supported by moderate effect sizes from large studies, including a confirmatory investigation. Unadjusted effects of anxiety and low vitality were consistent with the conclusion that negative affective factors likely predict reduced RTW. 
Strengths and limitations
This review provides a comprehensive evaluation of 33 candidate predictors for RTW, objectively reflecting functional recovery after surgery. We expand upon the previous literature [33,41] by including a broader range of degenerative diseases of the lumbar spine, while specifically focusing on patients with chronic pain. Identifying a larger set of relevant studies allowed to pool the effects of some associations in meta-analysis. Furthermore, our robust quality assessments provide a transparent overview of the certainty in available prognostic evidence in this filed, highlight prevalent methodological issues, and signpost directions for further research.
Low quality of evidence was a concern for predictors other than sociodemographic and affective psychological factors. Specific shortcomings of the available evidence are outlined in the Risk of bias and Quality of evidence results sections. The current review also has some limitations. First, several examined associations included indirect evidence, where it was not possible to verify chronic pain status of all participants [2,6,40], thus these samples may not accurately reflect the review question. Nonetheless, available data strongly suggested their eligibility and any uncertainty was reflected in the quality assessments. Second, in 2 included studies, not all patients were working before surgery [3,21,22]. While this may seem suboptimal considering RTW outcome, it allowed to examine the prognostic effect of preoperative work status. Third, definitions of RTW were not consistent across all studies, with some specifying sustained RTW, and others work capacity. Although all these definitions were relevant to our review question, they added a degree of study heterogeneity. However, outcome definition was not identified as a potential source of inconsistencies in the results. Ideally, the impact of the above-mentioned limitations should be examined in sensitivity analyses, yet these were not possible due to the small number of studies. This also limits our confidence in the precision of pooled estimates, based only on 2-3 studies for each association examined in meta-analysis. It also affected the feasibility of quantitative synthesis for other candidate predictors. Moreover, moderate or large effect sizes contributed only to prognostic effects of socioeconomic and affective factors, while the magnitude of all pooled estimates was small. Finally, the current article is part of a broader review including predictors of patient-reported pain and disability outcomes. While the decision to report them in a separate article was not made a priori, it allows to provide more in-depth assessment of these distinct outcomes.
Implications
The identified limitations of the existing evidence suggest specific directions for further research. Issues preventing meta-analysis could be addressed at the levels of study design and results reporting, where consensus on consistent measures and definitions of the same predictors and outcomes would reduce heterogeneity [11,17]; monitoring and reporting attrition could ensure representativeness of the studied samples; and transparent reporting of both positive and negative results with precision estimates would allow quantitative synthesis and increase certainty in presented evidence. This review further highlights the importance of controlling for potential alternative explanations in prognosis research. For instance, possible effects of education level, workers’ compensation, disability, and work-related psychological factors were found in unadjusted analyses, but could not be replicated after adjusting for other factors. As there is no recommended set of relevant confounders, we suggest that age, socioeconomic, and affective factors should be adjusted for in future prognosis research. Additional high-quality confirmatory studies should verify the independent prognostic value of symptom duration, analgesics use, pain-related psychological factors, and spinal pathology, which is currently supported by low or very low-quality evidence. Despite overall small effect sizes arising from the current syntheses, combining several prognostic factors could increase the accuracy of outcome prediction, thus the identified likely predictors of RTW after spinal surgery should be considered in the development of clinical prediction models.
There are several practical implications of the presented findings. For instance, the negative effects of socioeconomic factors and symptom duration on RTW suggest that patients might benefit from being operated earlier in the course of CLBP, or working as long as possible until surgery but perhaps with reduced workload. Furthermore, patients with CLBP with signs of depression or maladaptive pain coping may benefit from preoperative cognitive-behavioral therapy [46]. Ideally, multidisciplinary approaches to pain management should be sought as an alternative to opioid pain relief, which, if necessary, should only be prescribed for short periods. 
Conclusions
The likelihood of RTW after spinal surgery for CLBP appears to depend on patients’ demographics, socioeconomic situation, medical history, and affective psychological characteristics. We found likely negative prognostic value of older age, longer sick leave, having legal representation, higher physical workload, not working before surgery, having psychiatric comorbidities and depression for RTW. Longer symptom duration and opioid use also potentially predict reduced RTW, whereas the prognostic value of other preoperative factors is less certain. The current level of evidence may not be sufficient for the development of clinical guidelines regarding prognosis, and more high-quality prospective data would increase confidence in the above associations [53]. However, the identified predictors could inform the design of future confirmatory studies and clinical prediction models, help to estimate the likelihood of functional recovery and choose the best course of treatment at the right time, to reach individual patient goals and maximize the benefit from surgery. 
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Figure legends
Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram [42].
Figure 2. Risk of bias judgements based on Quality in Prognosis Studies (QUIPS) [27]. L, low; M, moderate; H, high risk of bias. Overall assessment of RoB: Low = all domains low or moderate; High = one or more domains high [8].
Figure 3. Forest plots of pooled effects of (A) age, (B) duration of sick leave, (C) legal representation, (D) income, and (E) marital status on return to work after surgery. If standard error or confidence interval of effect estimate was missing, that effect was not included in meta-analysis, but its magnitude is presented alongside other eligible studies (B). adj., adjusted; CI, confidence interval; logOR, log-odds ratio; OR, odds ratio; SE, standard error; unadj., unadjusted effect. 
Figure 4. Overall quality of evidence for the reviewed associations according to Grading of Recommendations, Assessment, Development and Evaluations (GRADE) framework [20,32].
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