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Background: Pre-operative depression and anxiety are associated with poorer patient-reported outcomes following cervical spine surgery. Identification of and interventions for these disorders are key to preventing related negative effects. However, most spine surgeons do not routinely evaluate mental health disorders. Few studies have investigated which patients with cervical degenerative disc diseases (CDDD) are susceptible to depression and anxiety.

Objective: To determine the factors associated with depression and anxiety in patients with CDDD.

Methods: Three hundred twelve patients with CDDD were recruited in this cross-sectional case-control study. Patients underwent a structured interview to acquire demographic and clinical characteristic information, which included the Neck Disability Index (NDI), modified Japanese Orthopedic Association (mJOA), and Visual Analog Scale (VAS) for neck/arm pain. Depression and anxiety were evaluated using the Zung Self-Rating Depression and Anxiety Scales. Univariate and multivariate logistic regression analyses were used to identify factors associated with depression and anxiety.

Results: Of all patients, 102 (32.7%) had depression and 92 (29.5%) had anxiety. Two hundred six (66.0%) patients with neither depression nor anxiety were defined as the control group. Univariate analysis indicated that gender, educational level, occupation type, Charlson comorbidity index, symptom duration, symptomatology, surgery history, NDI, mJOA, VAS-neck, and VAS-arm scores were associated with depression and anxiety (except for symptom duration for anxiety). Multivariate logistic regression analysis indicated that females [odds ratio (OR) 1.81, 95% confidence interval (CI) 1.01–3.23], physical work (OR 2.06, 95% CI 1.16–3.65), poor mJOA score (ORmoderate 2.67, 95% CI 1.40–5.07; ORsevere 7.63, 95% CI 3.85–15.11), and high VAS-neck score (OR 1.24, 95% CI 1.11–1.39) were independent risk factors for depression. Physical work (OR 1.84, 95% CI 1.01–3.35), poor mJOA score (ORmoderate 2.66, 95% CI 1.33–5.33; ORsevere 9.26, 95% CI 4.52–18.99), and high VAS-neck score (OR 1.34, 95% CI 1.19–1.51) were independent risk factors for anxiety.

Conclusion: Approximately one-third of patients with CDDD had depression or anxiety. Patients who engaged in heavy work and had severe symptoms (poor mJOA and high VAS-neck scores) are susceptible to depression and anxiety. Additionally, female patients are susceptible to depression. Our findings may help identify CDDD patients with depression and anxiety in clinical practice.
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Introduction

Cervical degenerative disc disease (CDDD) is one of the most common disorders that leads to neck pain, cervical radiculopathy, and/or myelopathy (1). Neck pain is a multifactorial disease, and one of the most common and obvious complaints of patients with CDDD (2–4). Reportedly, neck pain was ranked the fourth leading cause of disability and it affected nearly 15% of the global population (5, 6). Total annual treatment costs for neck pain were estimated at $686 million in Netherlands and $800 million in China (5, 7). Currently, cervical spine surgery is widely accepted as the standard treatment for patients with CDDD and offers significant improvements in patient-reported outcomes (8). However, not all patients experience significant improvements in pain or disability following cervical spine surgery. Several preoperative factors, such as depression and anxiety, have been reported to affect surgical outcomes (9, 10).

Numerous studies have indicated that preoperative depression and anxiety affect surgical outcomes and patient satisfaction (11–17). Unrecognized effects and inappropriate interventions for preoperative depression and anxiety may significantly negatively affect patient-reported outcomes (18). Furthermore, depression and anxiety have been reported as risk factors for complications, readmission, and revision following cervical spine surgery (19). Besides, mental stress related symptoms, including depression and anxiety, are associated with changes in masticatory muscle symmetry, indicating that mental state is related to muscle function (20). Therefore, it is beneficial for spine surgeons to identify CDDD patients who are susceptible to depression and anxiety. Jablonska et al. (21) investigated the demographic factors associated with depression in patients with cervical or lumbar degenerative disc disease. Additionally, Stoffman et al. (18) studied the relationship between the severity of cervical myelopathy and depression/anxiety based on a relatively small cohort. To date, there are little specific attention paid to the factors related to pre-operative depression and anxiety in CDDD patients. Moreover, the negative effects of depression and anxiety on surgery outcomes may currently be underestimated, since mental health status is not evaluated routinely in clinical practice. Generally, patient demographics and clinical characteristics, such as the Neck Disability Index (NDI), modified Japanese Orthopedic Association (mJOA), and Visual Analog Scale (VAS) scores are routinely assessed and recorded. Therefore, it is essential for spine surgeons to understand the relevant factors from the demographics and clinical characteristics of patients to predict which patients are susceptible to depression or anxiety.

This study aimed to determine the factors associated with depression and anxiety in CDDD patients. According to previous studies and our clinical experience, we hypothesized that disease severity is associated with depression and anxiety in CDDD patients; patients with poor mJOA and high VAS scores are more susceptible to depression and anxiety.



Methods


Study population

All patients (n = 346) who underwent cervical spine surgery for CDDD at our institution between January 2019 and June 2021 were invited to participate in this cross-sectional case-control study. Nine patients declined participation and 25 patients did not provide complete information. Therefore, 312 patients with CDDD (effective response rate: 90.2%) were finally recruited in this study. All patients were older than 18 years, presented with typical symptoms and signs of CDDD, and showed no improvement after at least 3 months of conservative treatment. Typical symptoms and signs of CDDD may present with neck pain, radiculopathy (radicular arm pain, paresthesia, numbness, or weakness), myelopathy (spinal cord dysfunction and upper motor neuron impairment), or a combination of these symptoms (1, 22). Patients with non-degenerative (e.g., trauma, tumor, and infection) or neuromuscular diseases (e.g., motor neuron disease) were excluded. Informed consent was obtained from all patients. The study design was approved by the Ethics Committee of Beijing Tiantan Hospital, Capital Medical University (Ethical Approval Number: KY 2020-073-02).



Data collection

Patient demographics including age, gender, body mass index (BMI), occupation type, educational level, smoking and drinking history, hypertension, diabetes mellitus, cardiovascular diseases, cerebrovascular diseases, and Charlson Comorbidity Index (CCI) (23) were recorded in detail. Clinical data comprising preoperative symptomatology, symptom duration, and history of cervical spine surgery were also recorded. Patient-reported outcomes were evaluated during the week before surgery using the following clinical outcome measures: mJOA score, NDI, and 10-point VAS-neck and VAS-arm.

The mJOA score and NDI are two measures that assess the severity of myelopathy symptoms and disability for patients with CDDD (24). According to the literature, mild myelopathy is defined as an mJOA score of 15–17, moderate as an mJOA score from 12 to 14, and severe as an mJOA score of 11 or less (25). NDI scores can be categorized as no disability ( ≤ 8%), mild disability (10–28%), moderate disability (30–48%), severe disability (50–68%), and complete disability (≥70%) (26, 27).

Depression and anxiety were evaluated using the Zung Self-Rating Depression Scale (SDS) (28) and the Zung Self-Rating Anxiety Scale (SAS) (29). The SDS and SAS have been validated as acceptable screening tools for assessing the level of depression and anxiety, respectively (16). SDS and SAS scores of 50 or higher indicate the presence of depression and anxiety, respectively (30).



Statistical analysis

Statistical analyses were conducted using SPSS 23.0 software (IBM Corp., Armonk, NY, USA) by an investigator who was not involved in the data collection. PASS 15.0.5 software (NCSS, LLC, USA) was used to calculate sample size. Shapiro–Wilk test was performed to identify whether continuous data conform to a normal distribution (p > 0.05). Normally distributed continuous variables are presented as means ± standard deviations (SD) and were compared using independent samples t-tests. Non-parametric variables are presented as medians and ranges (25th and 75th percentiles) and were compared using the Mann-Whitney U-test. Categorical variables are presented as frequencies and percentages and were compared using the chi-square test. Bivariate correlations between patient demographic and clinical characteristics were explored using Kendall's tau-b analysis because several variables were categorical, such as gender, educational level, and occupation type. Odds ratios (ORs) and 95% confidence intervals (CIs) for independent risk factors of depression and anxiety in patients with CDDD were calculated using multivariate logistic regression analysis. Variables that had a p < 0.1 in the univariate analysis were controlled in the logistic regression analysis. Tolerance and variance inflation factor (VIF) were calculated to identify potentially multicollinear variables. To address issues of multicollinearity, a stepwise regression method was used to screen out independent variables. Statistical significance was set at p < 0.05.




Results


Patient demographic and clinical characteristics

Of the 312 CDDD patients (182 males and 130 females, mean age 57.9 ± 9.8 years), 102 patients (32.7%) had depression, 92 patients (29.5%) had anxiety, and 88 patients (28.2%) had both depression and anxiety. Patients with neither depression nor anxiety (n = 206, 66.0%) were defined as the control group (Figure 1). Description and comparison of patient demographic and clinical characteristics are shown in Table 1.
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FIGURE 1
 Flowchart of the study population.



TABLE 1 Description and comparison of patient demographic and clinical characteristics.
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There were significant differences between the depression and control groups in gender, educational level, occupation type, and CCI category (all p < 0.05). Significant differences were also found between the two groups for symptom duration, symptomatology, surgery history, NDI category, mJOA score category, VAS-neck score, and VAS-arm score (all p < 0.05). However, there were no significant differences in age, hypertension, diabetes mellitus, cardiovascular disease, cerebrovascular diseases, BMI, smoking, or drinking between the depression and control groups (all p > 0.05).

Between the anxiety and control groups, there were significant differences in gender, educational level, occupation type, diabetes mellitus, and CCI category (all p < 0.05). Significant differences between anxiety and non-anxiety groups were also found in symptomatology, surgery history, NDI category, mJOA category, VAS-neck score, and VAS-arm score (all p < 0.05). However, there were no significant differences between anxiety and control groups in age, hypertension, cardiovascular disease, cerebrovascular diseases, BMI, smoking, drinking, and symptom duration (all p > 0.05).



Correlation analysis between variables

Bivariate correlations between patient demographic and clinical characteristics are detailed in Table 2. A significant association was found between educational level and occupation type (r = −0.439, p < 0.001). It should be noted that the mJOA score was significantly associated with several variables, which included gender, educational level, occupation type, CCI, symptom duration, preoperative symptomatology, surgery history, VAS-neck score, and VAS-arm score (all p < 0.05). Furthermore, there were significant associations among NDI score, VAS-neck score, and VAS-arm score (all p < 0.001).


TABLE 2 Bivariate correlations between patient demographic and clinical characteristics.
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Multivariate logistic regression analysis for patients

No significant multicollinearity was found between variables (all tolerance < 0.2 and VIF > 5). Multivariate regression analysis to assess associations between demographic and clinical characteristics and depression or anxiety in CDDD patients, adjusted for possible confounders, identified that females [odds ratio (OR) 1.81, 95% confidence interval (CI) 1.01–3.23], physical work (OR 2.06, 95% CI 1.16–3.65), poor mJOA score (ORmoderate 2.67, 95% CI 1.40–5.07; ORsevere 7.63, 95% CI 3.85–15.11), and high VAS-neck score (OR 1.24, 95% CI 1.11–1.39) were independent factors associated with depression (Table 3, all p < 0.05). Furthermore, physical work (OR 1.84, 95% CI 1.01–3.35), poor mJOA score (ORmoderate 2.66, 95% CI 1.33–5.33; ORsevere 9.26, 95% CI 4.52–18.99), and high VAS-neck score (OR 1.34, 95% CI 1.19–1.51) were independent factors associated with anxiety (Table 3, all p < 0.05).


TABLE 3 Multivariate logistic regression analysis of patient characteristics.

[image: Table 3]




Discussion

Depression and anxiety have been reported as common comorbid mental health disorders in CDDD patients. Previous studies have demonstrated a strong association between depression/anxiety and poorer clinical outcomes following cervical spine surgery (11–17). Our results showed that the prevalence of depression and anxiety among CDDD patients was 32.7 and 29.5%, respectively, which is consistent with several previous studies (31). The prevalence of depression (ranging from 23.9 to 43.0%) and anxiety (ranging from 24.7 to 45.6%) in CDDD patients varies significantly between studies (12, 16, 32–35). Differences in study populations and assessment scales may contribute to this inconsistency. Nevertheless, the prevalence of depression and anxiety in CDDD patients is substantially higher than that in the general population (36–38). Given such high prevalence rates and the closeness of the relationships between depression/anxiety and poorer surgical outcomes in CDDD patients (11–17), more attention should be paid to the mental health of CDDD patients in clinical practice.

The results of this study confirmed our hypothesis that disease severity is associated with depression and anxiety in patients with CDDD. The univariate analysis showed that high NDI score, poor mJOA score, and high VAS-neck and VAS-arm scores were risk factors for depression and anxiety, which suggested that patients with greater dysfunction in daily life, more severe myelopathy and pain are more susceptible to depression or anxiety. This result is in line with previous studies (5, 13, 33, 39, 40). Levin et al. (33) found that depressed patients have higher preoperative neck pain scores. In addition, another study found that depressed patients have significantly more baseline pain and disability than those of non-depression patients, as measured by NDI, VAS-neck, and VAS-arm scores (39). Similarly, patients who had a mental health disorder before cervical spine surgery have significantly higher NDI and VAS-neck scores and lower mJOA scores than those who didn't (40). It is worth noting that the objective of these studies was to investigate the association between preoperative depression/anxiety and postoperative clinical outcomes rather than to identify risk factors for depression and anxiety. Thus, we designed this cross-sectional case-control study in a relatively large population to determine the preoperative factors associated with depression and anxiety in CDDD patients. We observed significant differences in NDI, mJOA, VAS-neck, and VAS-arm scores between depression and control groups and between anxiety and control groups. Furthermore, the multivariate regression analysis revealed that mJOA and VAS-neck scores were independent factors for depression and anxiety in CDDD patients. The risk of depression and anxiety in patients with moderate myelopathy was 1.67 and 1.66 times higher than that in patients with mild myelopathy, respectively. In patients with severe myelopathy, the risk of depression and anxiety increased to 6.63 times and 8.26 times, respectively. For each 1-point increase in VAS-neck, the risk of developing depression and anxiety increased by 24 and 34%, respectively. This suggests that patients who had severe symptoms (poor mJOA and high VAS-neck scores) are susceptible to depression and anxiety. Long-lasting pain and disability caused by CDDD can be a mental burden to patients and can affect psychological/psychosocial situation, which promote them to developing depression and/or anxiety. This may be the reason for CDDD patients with high VAS-neck and poor mJOA scores susceptible to depression and anxiety. In contrast, anxiety and depressive disorders can affect patient perception of and susceptibility to pain and disability. Severe symptoms of CDDD patients and poor mental health situation interact with each other and form a vicious cycle.

In the present study, the univariate analysis showed that the female gender was significantly associated with depression and anxiety in CDDD patients. Logistic regression analysis indicated that gender was an independent factor for depression. Female CDDD patients had an 81% increased risk of depression compared with male patients, which suggests that female patients are more susceptible to depression. This finding is supported by a longitudinal observational study that revealed that women who underwent cervical or lumbar disc surgery exhibited significantly more symptoms of depression during the preoperative period (31). This gender difference in mental condition was also confirmed in patients with lumbar degenerative disc disease and the general population (21, 41, 42). One possible explanation for this finding is the higher sensitivity to disability and pain in female patients; when experiencing severe disability and pain, female patients may experience more depression than do male patients. The difference in prevalence of depression between men and women is thought to be linked to individual differences in susceptibility in terms of biological and psychological factors, and environmental factors that operate on both micro and macro levels (43).

CDDD patients with a lower educational level who engaged in physical work were also at higher risk of developing depression and anxiety. Compared with patients who engaged in intellectual work, those who engaged in physical work had a 1.06- and 0.84-fold increased risk of depression and anxiety, respectively. We found a significant negative correlation between educational level and occupation type, which indicated that patients with a lower educational level work in professions that involve heavier physical labor. Recent studies have demonstrated that patients with degenerative cervical and lumbar diseases who had a lower education level were at a greater risk of developing depression and anxiety (21, 31). Jablonska et al. (21) found that unemployment and standing at work were risk factors for depression in patients with cervical and lumbar disc disease, respectively. The physical demands of heavy work professions are significantly higher than those of intellectual professions, which may lead to concerns about persisting health problems (31). Moreover, the deterioration of economic status following sickness absence or decreased working competence due to disability and pain may be more problematic in those who engaged in physical work than in patients who are in mental labor professions (21). Previous studies have highlighted that the unmet needs for individual information on the diagnosis and treatment of disease is associated with depression and anxiety (44). However, patients with a lower educational level or those who are engaged in physical work may have limited ability to acquire such information, which may further promote the deterioration of their mental health.

It is notable that although both educational level and occupation type were identified as risk factors for depression and anxiety, the multivariate logistic regression analysis revealed that only occupation type was an independent risk factor for depression and anxiety in CDDD patients. The bivariate correlation analysis showed a significant association between educational level and occupation type (Table 2). The effect of educational level on depression and anxiety may be influenced by occupation type, and the univariate analysis showed that the effect of occupation type was greater than that of educational level. Therefore, occupation type, rather than educational level, was kept in the final model following stepwise regression analysis.

Previous studies have provided conflicting evidence on whether age affects the mental health of CDDD patients (31, 33). Levin et al. (33) reported that younger patients were more susceptible to developing depression, whereas Lobner et al. (31) found that older age was a significant risk factor for depression. We did not find a significant association between age and depression or anxiety. This result is consistent with a recent review that revealed that the prevalence of depression in patients with degenerative spine diseases did not vary significantly with age (32).

CCI, which assesses patients' general health status in terms of comorbidities (23, 45), was first introduced in this study to determine factors associated with depression and anxiety in CDDD patients. Results of our study suggested that patients with a higher CCI score had a higher risk of developing depression and anxiety; however, it was not an independent risk factor. The bivariate correlation analysis showed that CCI score was significantly associated with mJOA score (Table 2), the latter of which was a strong and stable independent predictive factor for depression and anxiety (Table 3). Moreover, symptom duration, symptomatology, and surgery history were also significantly associated with mJOA score. This indicated that patients with high CCI, long symptom duration, myelopathy or myeloradiculopathy symptoms, and revision surgery had more severe spinal cord dysfunction. Clinically, the mJOA score can be considered a reflection of the combined effects of these factors. However, the effects of these factors on depression and anxiety may be statistically attributed to the mJOA score; thus, they were excluded following the stepwise regression analysis.

This study has several limitations. First, our study design did not allow cause-effect conclusions. Although cross-sectional observational studies cannot determine causality between variables, associations between demographic and clinical characteristics and depression/anxiety can be confirmed using rigorous statistical analysis (46, 47). Indeed, depression and anxiety often coexist with neck pain or spinal cord dysfunction, and their effects interact with each other (5, 48). Second, depression and anxiety status were assessed using screening scales rather than diagnosed by a specialist in psychological medicine, which is the case in numerous previous studies (13, 34, 35, 39, 40, 46, 47, 49). However, given that SDS and SAS have been validated and are widely accepted screening tools for assessing depression and anxiety, respectively (16), the mental health status determined by these assessment scales can be deemed reliable in this study. Third, the present study investigated the factors associated with depression and anxiety in CDDD patients based on single-center experiences. There is the possibility of selection and indication bias given the study design. Fourth, although the interaction between variables has been taken into consideration, its potential influence on results cannot be completely adjusted by the statistical methods in this study. Thus, the effect of independent risk factors on depression/anxiety may be overestimated. Fifth, it is hard to fully include all potential factors that may influence the incidence of depression and anxiety. The absence of these factors, such as refractive error (50, 51) and menopausal women (52, 53), may affect the evaluation of the effect value. Despite these limitations, this is the first report to expressly point out which patients with CDDD are susceptible to depression and anxiety based on the cross-sectional case-control study design.



Conclusion

About one-third of CDDD patients have depression or anxiety. Patients who engaged in physical work and had severe symptoms (poor mJOA and high VAS-neck scores) are susceptible to depression and anxiety. Additionally, female patients are more susceptible to depression than man. More attention should be paid to CDDD patients with higher susceptibility to depression or anxiety. Our findings may help identify CDDD patients with depression and anxiety in clinical practice, leading to detailed psychological assessment and appropriate interventions in these patients before cervical spine surgery.
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