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Persons with multiple sclerosis (pwMS) are often diagnosed with major depressive disorder (MDD). However, there is a paucity of knowledge regarding the association between different demographic features and such co-diagnosis, as well as the clinical implications the co-diagnosis may carry. This study investigated whether specific demographics demonstrated any correlation with co-diagnosis of MS and MDD, and how MDD comorbidity may potentially impact clinical outcomes. In this single-center study, Black pwMS were more likely to have a MDD comorbidity, and Hispanic pwMS were less likely. MDD comorbidity in pwMS was associated with significantly increased time to disease-modifying therapy (DMT), with the greatest increase in time associated with individuals who received the MDD diagnosis after the MS diagnosis. Among inpatient pwMS, individuals with MDD comorbidity were associated with a decreased usage of MRI while hospitalized. Those who received MDD diagnosis prior to MS were associated with an even further decreased usage of inpatient MRI, and greater mortality. These findings suggest that patient demographics play an important role in how clinicians diagnose MDD in patients with MS. Furthermore, co-diagnosis of MDD may be an important variable that affects healthcare resource utilization and health outcomes.
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Introduction

Multiple sclerosis (MS) is an inflammatory demyelinating disease of the central nervous system (CNS) affecting millions of patients worldwide (1). As the global prevalence, incidence, and disease burden have been increasing in recent years (2), a higher number of associated comorbidities with MS are being elucidated. These include psychiatric disorders such as major depressive disorder (MDD) (3, 4), which were specifically identified as the most common comorbidity in persons with MS (pwMS) (5). Nearly 50% of pwMS report having MDD, which is at least 3 to 10 times greater than that of the general population (6, 7). MDD symptoms are also strongly associated with increase in MS symptoms, such as fatigue (8), as well as overall health-related quality of life (9) and greater disability (10).

Furthermore, for pwMS, having at least one psychiatric disorder, including MDD, has been associated with an increased hazard of evidence of disease activity (5), highlighting the importance of MDD as a comorbidity in this patient population. Symptoms associated with MDD have been associated with one of the first symptoms described in pwMS (11), and has also been identified as one of the prodromal symptoms in MS disease course (12). Finally, there is growing evidence that MDD in MS may represent a unique syndrome, separate from standard MDD, with a novel pathogenesis and symptomology (13).

Despite such high prevalence of MS and MDD co-diagnosis, the exact underlying pathobiological mechanism is unknown. Such investigation also becomes exponentially difficult given that MS is a highly heterogeneous disease, with various disease courses and outcomes (14–18). Recent studies have shown that social demographic features, including socioeconomic, non-medical factors influencing health outcomes, are strongly associated with disability accrual in pwMS, potentially contributing to the heterogeneity of MS (19–21). For example, previous studies have identified worse clinical outcomes in Black, Hispanic, and Latinx pwMS compared to White pwMS (22, 23). Furthermore, some studies have shown that there is a discrepancy in clinical outcomes among different sexes, mainly that female pwMS have worse disease courses (23), although some studies suggest the opposite, or mixed outcomes (24).

Importantly, the prevalence of MDD has also been associated with sociodemographic features (25, 26). Although there exists an intricate association between MDD and MS, as well as implications of such variables in disease outcomes in both MS and MDD, there is a paucity of knowledge regarding how they impact the prevalence of MS and MDD co-diagnosis and its potential clinical implications, such as delayed diagnosis of either condition. Delayed diagnosis of MS can also lead to the heterogeneity of the disease course, as delayed time to initiating disease-modifying therapies (DMTs) is associated with poorer clinical outcomes in pwMS (19–21). The overarching goal of the study was to investigate how MDD comorbidity and specific demographics demonstrated any association with MS treatment and outcomes.



Methods


Data collection

This was a single-center study performed at Stanford University Hospital. We evaluated patients with electronic medical records between 2008 and 2024 with the diagnosis of MS and/or MDD using the International Classification for Disease versions 9 and 10 (ICD9, ICD10), ages above 18. Detailed methodology has been previously published (27). Patients’ demographic data, including race (White, Black, Asian, or Other/Unknown) and self-identification as Hispanic, age, and biological sex (male or female) were identified. For the inpatient data, inclusion criteria were the first inpatient or emergency department visit after initial MS diagnosis. Within the co-diagnosis cohort, we also subdivided the group into which pwMS had the diagnosis of MDD before or after the diagnosis of MS. Within this population of pwMS, primary outcomes were as follows: usage of magnetic resonance imaging (MRI) of any part of the neuraxis, time to MRI from admission time, hospital length of stay, discharge to outpatient follow-up time frame, prevalence of pwMS on DMTs, and time-to-DMT-use after MS diagnosis. Charlson Comorbidity index score and mortality data (although specific causes of death were not available) were also calculated for each patient and reported as cohort summary statistics.



Statistical analyses

A two-sided p-value of 0.05 was set as the threshold for statistical significance. All analyses were performed using R version 4.2 on the Atropos Health platform (27). All data collection was approved by the Stanford University Institutional Review Board.




Results


Demographics overview of co-diagnosis of MS and MDD

A total of 4,554 pwMS only, and 292 pwMS and MDD, were identified, demonstrating that 6.0% of pwMS were also diagnosed with MDD. Of those, 35.3% (n = 97) had the diagnosis of MDD prior to MS, and 67.7% (n = 178) afterwards. For inpatient individuals, a total of 1,031 pwMS only, and 134 pwMS and MDD were identified, demonstrating that 11.5% of inpatient pwMS were also diagnosed with MDD. Of those, 27.6% (n = 35) had the diagnosis of MDD prior to MS, and 72.4% (n = 92) afterwards.



Sex and co-diagnosis of MS and MDD

There was no significant difference in the proportion of pwMS with or without the co-diagnosis of MDD regarding sex [74.2% of female pwMS only (n = 3,381) vs. 81.2% of female pwMS with MDD (n = 2,377)]. However, among inpatient individuals, female pwMS had a trend toward a decreased association with a diagnosis of MDD after MS diagnosis (83.7% before vs. 71.4% after), and male pwMS had an increased association with a diagnosis of MDD before MS diagnosis (28.6% vs. 16.3%), although this difference was not statistically significant (p = 0.14).



DMT treatment and race and ethnicity

A total of 1,047 pwMS only, and 67 pwMS and MDD, were identified who were treated with DMTs within 1 year of diagnosis, demonstrating that 6.0% of pwMS treated with DMTs were also diagnosed with MDD. Among this group, there was significant difference in the proportion of pwMS with or without the co-diagnosis MDD with regards to race and ethnicity. Specifically, 15.0% (n = 11/73) of Black pwMS carried the co-diagnosis, whereas only 6.1% (n = 43/709) of White pwMS, 7.1% (n = 6/85) of Asian pwMS, and 2.8% (n = 7/247) of pwMS with Other race had the co-diagnosis. Additionally, pwMS identifying as Hispanic only had 2.4% (n = 4/164) with an MDD co-diagnosis. When analyzing these by prevalence ratio (PR), Black pwMS were found to be more likely to be associated with MDD comorbidity (PR 2.77, 95% CI 1.52–4.85), and Hispanic pwMS were found to be less likely to be associated with MDD comorbidity (PR 0.39, 95% CI 0.15–0.95) (Figure 1A). There was no significant difference found for white pwMS (PR 1.01, 95% CI 0.82–1.18) or Asian pwMS (PR 1.19, 95% CI 0.54–2.49) (Figure 1A).
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FIGURE 1
 Differences in DMT usage among pwMS and MDD comorbidity. (A) Among those who received DMT within 1 year of MS diagnosis, Black pwMS showed increased association with MDD comorbidity by prevalence ratio (PR), and Hispanic pwMS showed a decreased associated with MDD comorbidity by PR. (B) pwMS with MDD were associated with a significantly increased time to DMT usage, even after correcting for sex and age by basic matching (BM), and propensity score matching (PSM). (C) When subdivided into those pwMS who received the co-diagnosis of MDD before and after MS diagnosis, the greatest increase in time to DMT treatment was found in those who received the co-diagnosis after. (D) Although there was no significant difference in the proportion of pwMS getting overall DMT treatment when compared to those with MDD comorbidity (left), pwMS who received the MDD diagnosis afterwards were associated with an overall increased DMT usage when compared to those who received the diagnosis before (right). *p < 0.05, **p < 0.01, and ***p < 0.001, n.s., not significant.




DMT and co-diagnosis of MS and MDD

There was no significant difference in the proportion of pwMS receiving DMTs in this group, when comparing those without MDD co-diagnosis and those with MDD co-diagnosis (23.67% vs. 23.63%, respectively). However, regarding the time to receive DMTs, pwMS and MDD had a longer time to prescription (95.68 vs. 145.83 days, for those without and with MDD comorbidity, respectively, p < 0.001) (Figure 1B). This difference persisted even after basic matching (BM, p < 0.01), correcting for age and sex, and for propensity score matching (PSM, p < 0.01) (Figure 1B). Furthermore, among pwMS and MDD, individuals diagnosed with MDD after MS had longer times to receiving DMTs (161.22 days, p < 0.001) (Figure 1C). When comparing overall DMT usage, there was no significant difference between the proportion of pwMS when comparing those without and those with MDD comorbidity (36.8% vs. 43.2%, respectively) (Figure 1D, left). However, among pwMS and MDD, individuals diagnosed with MDD after MS had a significantly increased proportion of receiving DMTs overall (27.84% vs. 51.12%, for MDD diagnosed before and after, respectively, p < 0.05) (Figure 1D, right).



Co-diagnosis of MS and MDD and inpatient outcomes

Overall, pwMS and MDD had lower utilization of MRI during admission (18.43% vs. 8.96%, without and with MDD, respectively, p < 0.01). Specifically, pwMS and MDD prior to the diagnosis of MS had a lower utilization of inpatient MRI compared to pwMS with MDD diagnosis after MS diagnosis (2.86% vs. 11.96%, p = 0.18), although it was not statistically significant. Similarly, pwMS with the co-diagnosis of MDD had a trend towards a faster time to MRI from admission, (17.3 vs. 7.44 h, for those without and with MDD, respectively, p = 0.11). Finally, there were no significant differences found for mean hospital length of stay (4.82 vs. 3.78 days), time to first outpatient visit (135.5 vs. 118.5 days), or death (8.15% vs. 8.21%) (Figure 2A) when comparing those without and with MDD comorbidity. Similarly, when comparing those who received the MDD diagnosis before MS with those who received it after, there was no significant difference in mean hospital length of stay (2.46 vs. 3.71 days) or time to first outpatient visit (87.8 vs. 124.5 days). However, those who received the MDD diagnosis before MS had a significantly increased risk of death when compared to those who received the diagnosis after (17.15% vs. 5.43%, p = 0.015) (Figure 2B).
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FIGURE 2
 Differences in mortality among pwMS and MDD comorbidity is affected by the timing of diagnosis. Kaplan–Meier survival curves are shown above to compare the impact of MDD comorbidity on pwMS. (A) Among hospitalized pwMS, there was no significant difference in mortality when comparing patients with MDD comorbidity to those without (p = 0.64). (B) However, when comparing the timing of MDD comorbidity, those diagnosed with MDD prior to MS showed were associated with an increased mortality when compared to those who were diagnosed after (p < 0.05).


Furthermore, inpatient pwMS with MDD had overall worse comorbidity score (4.3 vs. 4.0, without and with MDD, respectively), notably including the following comorbidity prevalence differences: diabetes (12.12% vs. 21.64%); chronic pulmonary disease (18.82% vs. 35.82%); and mild liver disease (9.89% vs. 18.66%). Additionally, pwMS diagnosed with MDD before MS had a higher comorbidity score when compared to those diagnosed after (5.9 vs. 3.4).




Discussion

MDD is a common comorbidity in pwMS, affecting greater than 6% of the overall population, and over 11% of hospitalized pwMS, based on our single-center study, and up to 50% in previous studies (6, 7). We demonstrated a strong association between specific SDoH and the diagnosis and treatment of MS and MDD. Overall, Black pwMS had the highest prevalence of co-diagnosis, with a prevalence ratio of nearly three times that of the patient population. Conversely, Hispanic pwMS had the lowest prevalence, with a significantly decreased prevalence ratio of less than half of the overall population. Furthermore, although there was no significant difference between male and female pwMS, there was a trend towards more male patients having the diagnosis of MDD before that of MS when compared to female patients.

The above findings show that there are strong associations among patient demographics, especially race/ethnicity and both the co-diagnosis of MS and MDD, as well as the timing of MDD diagnosis in relation to that of MS. Specifically, we demonstrated that Black pwMS carry this co-diagnosis more often. This observation is particularly concerning, given such co-diagnosis was associated with worse health outcomes in both inpatient and outpatient settings. These data are consistent with previous data suggesting increased stress indicators in Black pwMS (28) and raise new concerns for potential treatment disparities, given that a previous study demonstrated that Black pwMS may also be less likely to receive antidepressant treatment (27).

Regarding Hispanic pwMS, previous studies have suggested that they have differences in disability associated with MS (29). Thus, it is surprising that Hispanic pwMS had MDD comorbidity less frequently. However, this lack of MDD diagnosis may not reflect decreased depressive symptoms, but rather may be due to lack of access to psychiatric resources, as previous studies have shown Hispanic pwMS with insufficient access to mental health services (30). Furthermore, there may be other cultural aspects, including stigma towards depression and seeking help, as previously described in Hispanic individuals (31–33). Additionally, there may be other factors, just not race/ethnicity, that may play a role in this finding, including socioeconomic stability and healthcare accessibility.

For pwMS admitted to the hospital, we also demonstrated that co-diagnosis of MDD was associated with significantly different inpatient resource utilization. Although pwMS with MDD overall had lower utilization of MRI during admission, especially if they had MDD diagnosis prior to that of MS, there was a surprising trend toward receiving the scans more quickly. PwMS with MDD also had a longer time to initial DMT prescription, especially those who had MDD diagnosis after MS, who also had a higher proportion of receiving DMTs.

The causes of the difference in MRI utilization between groups remains unclear, although multiple clinical factors may be indicated. For example, individuals with MDD may be more likely to present to the hospital for non-MS related symptoms, and thus they may have fewer indications for imaging. Conversely, given the vulnerability of this population and the other findings of this study regarding delays in DMT, there may also be concern that individuals with MDD may be receiving inadequate imaging while inpatient. Whatever the cause, these data demonstrate the importance of continuing to investigate differences in clinical management in pwMS with MDD.

The timing of MDD diagnosis in relation to MS diagnosis demonstrates complicated results, further providing evidence that MDD in MS may represent a unique entity when compared to traditional MDD. Regarding overall mortality, earlier MDD diagnosis portended a poorer outcome. However, later MDD diagnosis was also associated with other poorer outcomes, including worsening delay to initiation of DMT. Together, these suggest that this area requires further investigation, especially given the fact that both MS and MDD are chronic diseases, and that the current study does not have access to specific causes of death in our cohort. It is possible that MDD may be an early symptom of MS itself, or that having a debilitating, chronic disorder such as MS may increase the risk of development of the disorder (34). Alternatively, it may also represent a different pathobiological mechanism of MS, as MS is a highly heterogeneous disease.

This study has some important limitations. First, this study does not include the exact temporality of the diagnoses and comorbidity; for example, knowing how many days or months the diagnoses are separated by may clarify their relationship. Additionally, this study only included those with formal, recorded MDD diagnoses, which may explain the relatively low prevalence detected in this sample when compared to previous studies of depressive symptoms in MS. The current study also does not have information regarding what treatments each pwMS may be receiving for their MDD. Another limitation of the study is that both MS and MDD are highly heterogeneous disorders, with a wide range of symptomatology and associated disability. Therefore, it is difficult to generalize the association between the two diagnoses. Furthermore, for mortality data, we have not investigated the specific causes of death, which limits our interpretation. Lastly, interpretating demographics data is inherently challenging, especially given the complex, intricate relationship it may have with other features affecting healthcare outcomes, including healthcare accessibility, socioeconomic barriers, and other variables, which can limit the conclusions from these data. Future study may improve on this work by incorporating patient-centered outcomes to better delineate the complex interaction MS and MDD may have.

Despite the limitations, our data suggest that MDD and MS have an intricate association, especially in the context of patient demographics. Our study underlines crucial role they play in both patient experiences, as well as inpatient and outpatient outcomes.
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