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Background: Symptoms of depression are present in neurodegenerative disorders (ND). It is important that depression-related symptoms be adequately screened and monitored in persons living with ND. The Quick Inventory of Depressive Symptomatology Self-Report (QIDS-SR) is a widely-used self-report measure to assess and monitor depressive severity across different patient populations. However, the measurement properties of the QIDS-SR have not been assessed in ND.

Aim: To use Rasch Measurement Theory to assess the measurement properties of the Quick Inventory of Depressive Symptomatology Self-Report (QIDS-SR) in ND and in comparison to major depressive disorder (MDD).

Methods: De-identified data from the Ontario Neurodegenerative Disease Research Initiative (NCT04104373) and Canadian Biomarker Integration Network in Depression (NCT01655706) were used in the analyses. Five hundred and twenty participants with ND (Alzheimer’s disease or mild cognitive impairment, amyotrophic lateral sclerosis, cerebrovascular disease, frontotemporal dementia and Parkinson’s disease) and 117 participants with major depressive disorder (MDD) were administered the QIDS-SR. Rasch Measurement Theory was used to assess measurement properties of the QIDS-SR, including unidimensionality and item-level fit, category ordering, item targeting, person separation index and reliability and differential item functioning.

Results: The QIDS-SR fit well to the Rasch model in ND and MDD, including unidimensionality, satisfactory category ordering and goodness-of-fit. Item-person measures (Wright maps) showed gaps in item difficulties, suggesting poor precision for persons falling between those severity levels. Differences between mean person and item measures in the ND cohort logits suggest that QIDS-SR items target more severe depression than experienced by the ND cohort. Some items showed differential item functioning between cohorts.

Conclusion: The present study supports the use of the QIDS-SR in MDD and suggest that the QIDS-SR can be also used to screen for depressive symptoms in persons with ND. However, gaps in item targeting were noted that suggests that the QIDS-SR cannot differentiate participants falling within certain severity levels. Future studies would benefit from examination in a more severely depressed ND cohort, including those with diagnosed clinical depression.
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Introduction

Symptoms of depression are present across a broad range of neurodegenerative disorders (ND), and can negatively impact quality of life, functioning and progression of disease (1–6). Given the comorbidity of depression in ND and its relation to poorer outcomes, it is important that depression-related symptoms be adequately screened and monitored in persons living with ND. Depression in ND can be a challenge to identify, however, as some symptoms of depression overlap with the manifestation of ND-related signs and symptoms, such as difficulties in concentration, fatigue, restlessness, sleep-and appetite-related problem and feeling of being slowed down (7–10).

The Quick Inventory of Depressive Symptomatology Self-Report (QIDS-SR) (11) is a widely used self-reported, symptom-based rating scale that is aligned with DSM-IV criteria for major depressive disorder (MDD) and can therefore be a useful tool to assess and monitor depressive severity across different patient populations. The QIDS-SR was originally developed to assess depressive severity in MDD (11), and since then has been used across a broad range of diverse patient populations (12–19). However, it’s psychometric properties in ND have not been investigated.

Given the overlap of symptoms of depression and ND, it is important that the measurement properties of the QIDS-SR also be assessed in persons living with ND. In this context, we used Rasch Measurement Theory (RMT) (20–26) to assess the psychometric properties of QIDS-SR in ND. For comparison, RMT was also applied to QIDS-SR in a MDD sample, as the QIDS-SR was originally developed in that population (11). RMT considers the probability of an item’s score as a function of both the person’s individual trait level (depressive severity) and the item’s difficulty (severity level where 50% of respondents will endorse the item). RMT provides fundamental criteria for objective scale measurement and determines how well the observed data approximates the Rasch measurement model. Items that do not fit the Rasch model are indications that they are measuring more than one construct, and thus possibly confounded by the presence of ND-related signs and symptoms. Rasch-based criteria assessed included undimensionality and item-level goodness of fit, category ordering, item targeting, person separation index and reliability and item bias (differential item functioning) (22, 25, 26).



Methods


Study population and datasets

The present study used de-identified data collected as part of the Ontario Neurodegenerative Disease Research Initiative (ONDRI, NCT04104373) and Canadian Biomarker Integration Network in Depression (CAN-BIND trial 1, NCT01655706). These programs are part of the Ontario Brain Institute’s Integrated Discovery Programs, which supports collaborative research networks focused on various brain conditions, including neurodevelopmental disorders, cerebral palsy, epilepsy, mood disorders, and neurodegenerative diseases (27–29). As part of the overall Integrated Discovery Programs, common data elements (CDEs) are collected across all participating programs as means of supporting cross-disease research, including the demographic information and QIDS-SR assessments used in the present analyses (6).

ONDRI is a prospective multi-site research program designed to characterize and track progression of neurodegenerative and neurovascular disorders (30, 31). Five hundred and twenty male and female participants who met criteria for one of the following ND participated in the study: Alzheimer’s disease or amnestic single or multidomain mild cognitive impairment (AD/MCI, n = 126), amyotrophic lateral sclerosis (ALS, n = 40), cerebrovascular disease (CVD, n = 161), frontotemporal dementia (FTD, n = 53) and Parkinson’s disease (PD, n = 140) (Table 1). Please see Farhan et al. (30) and Sunderland et al. (31) for full protocol details, inclusion and exclusion criteria.



TABLE 1 Demographic and clinical characteristics.
[image: Table1]

CAN-BIND is a multi-site research program designed to identify biomarkers of antidepressant response in MDD (32, 33). Two-hundred and eleven male and female outpatients between 18 and 60 years old whose symptoms met criteria for a major depressive episode in the context of MDD, according to the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR), as determined by the Mini International Neuropsychiatric Interview and had a MADRS score of ≥24, participated in the first CAN-BIND study (CAN-BIND-1). As the MADRS entry criteria in CAN-BIND-1 would in effect restrict the range of scores and skew the data toward higher scores at baseline, Rasch analyses were applied to Week 8 MDD participant data (n = 177) (see Table 1). Please see Lam et al. (33) for full protocol details, inclusion and exclusion criteria.

Studies were carried out in accordance with the Declaration of Helsinki and the International Council for Harmonization of Technical Requirements for Pharmaceuticals for Human Use (ICH) guidelines, and the study designs and procedures were reviewed by the appropriate ethics committees; informed consent was obtained from all participants after full explanation of the nature of the procedures.



Assessments

Demographic and QIDS-SR items are CDEs that were collected across all OBI-funded programs to support cross-disease comparisons and were used in the present analyses (6). All assessments were captured electronically on REDCap (Research Electronic Data Capture)1 within the Brain-CODE informatics platform2 (29).

QIDS-SR is a 16-item self-report measure that assesses the severity of depressive symptoms based on DSM-5 criteria for major depressive episode, with items scored on a 4-point scale (0–3) (11). Scoring of the QIDS-SR converts the 16 items into nine DSM domains (sad mood, concentration, self-criticism, suicidal ideation, interest, energy/fatigue, sleep disturbances and changes in appetite/weight). Because of challenges in providing immediate follow-up with those expressing suicidal ideation, item #12 assessing suicidality was omitted from the ONDRI protocol and therefore removed from all analyses (8 domains with total score ranging from 0–24). This was not expected to impact the scale’s ability to discriminate depression, as removal of suicidality items in similar scales [for example, PHQ-9 (with suicide item) vs. PHQ-8 (without suicide item)] does not impact psychometric properties (34).



Analyses

Demographic and clinical characteristics were calculated and compared across all cohorts; ANOVA was used for comparison of continuous variables (age) and chi-squared for comparison of categorical variables (sex). Analyses were performed using SPSS V27. A level of p < 0.05 was regarded as statistically significant. RMT was used to assess scale performance across cohorts. Rasch analyses were carried out using WinSteps Version 5.1.


Unidimensionality

The Rasch model assumes unidimensionality and local independence of items. Unidimensionality was examined by principal component analysis of the residuals derived from the Rasch model. The scale was considered unidimensional if >40% of variance was explained by the measurement variable and unexplained variance of the first contrast accounts for <10% or has an eigenvalue <2 (35–37). Local dependency was assessed by examining residual correlations between items (38), with correlations of r < 0.4 suggesting no consequential response dependency (36, 37).



Item fit

Item-level goodness fit statistics were calculated as an index of how much the observed score for a given item within the scale deviates from the expected score of the Rasch model (i.e., are the items measuring a single underlying construct?). Items that did not fit the model (misfits) do not contribute to measurement of the underlying construct and likely add unwanted noise to the scale. Item “infit” mean square (MNSQ) values provide a fit index for each item that are in near proximity to the person’s severity level, and “outfit” MNSQ values for differences between observed and expected values for items that are far from the person’s severity level. MNSQ values between 0.5 and 1.5 were considered acceptable fit, with values between 1.5 and 2 considered to underfit the model and do not contribute to measurement of the underlying construct but do not distort the results, and values greater than 2.0 flagged as misfits that can distort the scale (39).



Category threshold ordering

Category probability curves were generated to test the ordering of the response categories to determine whether participants can discriminate between the ordered response options, with fit values between 0.5 and 1.5 considered to be acceptable fit, and values greater than 2.0 flagged as misfitting (39).



Item targeting

Person-item maps were constructed that plot individual participants and items on a single continuum to compare the range and position of the person measure distribution to that of the item measure distribution. Both item “difficulty” (i.e., level of depressive severity that item assesses) and person “ability” (i.e., level of depressive severity) are visualized together on a logit scale (i.e., log of the odds); with the right side of the map displaying the items from most difficult (top) to least difficult (bottom) and the left side plotting the individual participants, with those at the top having the highest trait level (symptom severity) and those at the bottom the lowest. The targeting of the scale is assessed by comparing mean person and mean item logit locations, with good measurement targeting evidenced when mean persons and items difficulty are in close proximity to one another (within 1 logit) (40, 41). The clinical utility of summing individual items from a scale to form a total score of overall severity requires that the items be spread out across the severity level of a broad range of persons. Gaps between items are considered problematic, as persons falling within those gaps cannot be differentiated from one another.



Differential item functioning

Ideally, a scale should perform similarly regardless of the subgroup being assessed (i.e., generalizability of the scale). To assess any potential item biases, differential item functioning (DIF) was used to determine whether items have any differences in item difficulty between subgroups of interest. That is, whether subgroups with similar levels of depression have the same probability of endorsing a given item. The existence of DIF was assessed for dichotomous categories based on sex (male vs. female) and cohort (ND vs. MDD), with mean differences in person measures of >0.43 logits representing slight-to-moderate DIF and > 0.64 logits as indications of moderate-to-large DIF (with p < 0.05 in Rasch-Welch test statistic) (40, 41).



Reliability and separation index

Reliability of the QIDS-SR was evaluated using the person separation index and reliability derived from the Rasch model. The person separation index evaluates the scale in terms of its ability to distinguish participants into distinct levels of severity (strata), with person separation indices of >1.5 considered acceptable (representing a minimum required to separate sample into 2 distinct strata, i.e., low and high). Person reliability is analogous to Cronbach’s alpha as a measure of internal constancy among all scale items, with values of >0.70 as indication of acceptable model fit (39).





Results

Demographic characteristics are shown in Table 1. The MDD cohort was predominately female (62.3%); consistent with the higher rates of depression reported by females (42–44). By contrast, the ND cohort was predominantly male (66.5%). The bias toward male participants in the ND cohort is likely related to ONDRI enrollment strategy that required presence of a spousal study partner that may have influenced sample demographics (6, 31). As expected, QIDS-SR total scores were higher in MDD than ND (9.59 ± 4.83 and 4.81 ± 3.39, respectively). Please see (31) and (32) for comprehensive demographic and clinical characteristics of ND and MDD cohorts, respectively.


Unidimensionality

Unidimensionality of the QIDS-SR was supported by PCA with variances explained by the measurement variables of 46.4 and 57.5% and unexplained variance of the first residual of 11.1% (eigenvalue of 1.66) and 7.6% (eigenvalue of 1.42) in MDD and ND, respectively. No consequential response dependency was found, with all residual correlations <0.4.



Item fit

Item difficulty estimates and fit statistics are shown in Table 2. Item difficulty estimates ranged from −2.83 logits (SLEEP) and 1.04 logits (SELF-PERCEPTION) for the ND cohort and from −1.47 logits (SLEEP) to 0.53 logits (PSYCHOMOTOR) in the MDD cohort. All items showed acceptable goodness-of-fit statistics in the ND cohort, with MNSQs ranging from 0.64 to 1.50. In the MD cohort, most items showed acceptable goodness-of-fit, with minor underfitting noted for APPETITE (infit MNSQ = 1.57; outfit MNSQ = 1.61) and SELF-PERCEPTION (infit MNSQ = 1.55) (See Table 2).



TABLE 2 QIDS-SR item difficulty estimates, fit statistics, and differential item functioning.
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Category threshold ordering

Category probability curves for the QIDS-SR showed that scale options functioned in sequential order in capturing increasing levels of severity, with participants with higher levels of depression endorsing higher QIDS-SR options for both ND and MDD cohorts (Figure 1). Underfitting (infit MNSQ = 1.71; outfit MNSQ = 1.94) was noted for the most severe level (option 3) in the ND cohort, which is likely to be related the low endorsement of this option (5%), as compared with MDD (27%).

[image: Figure 1]

FIGURE 1
 Category Probability Curves for the QIDS-SR in ND (left panel) and MDD (right panel).




Item targeting

Person-item locations (Wright maps) for the QIDS-SR in ND and MDD are shown in Figure 2. The proximity of the mean item measure (logit = 0) to the mean person measure (logit = −1.89) in the ND cohort suggests that QIDS-SR items target a more severe depression than experienced by the ND cohort. This is not surprising given that the participants with a diagnosis of MDD were excluded from the study, as per ONDRI protocol (30). Furthermore, the gap of items between −2.83 logits and 0.17 logits suggest poor precision for persons falling between those severity levels (See Figure 2). In the MDD cohort, the proximity of the mean item measure (logit = 0) to the mean person measure (logit = 0.56) indicates satisfactory item targeting in MDD. However, further inspection of Figure 2 shows a gap of items targeting persons between −1.46 logits and 0.03 logits, suggesting poor precision for persons falling within that range of severity (see Figure 2). Please see Supplementary Table S1 for QIDS-SR raw scores and corresponding person measure logit estimates.

[image: Figure 2]

FIGURE 2
 Person-item location (Wright maps) for QIDS-SR items in ND (left panel) and MDD (right panel). The right side of the map displays the items from most difficult (top) to least difficult (bottom), and the left side plots the individual participants, with those at the top having the highest trait level (depression) and those that the bottom the least. M, mean difficulty; S, one standard deviation; T, two standard deviations.




Differential item functioning

As part of the ONDRI protocol, individuals with “unstable psychiatric illness defined as psychosis (hallucinations or delusions), lifelong history of major depression, or untreated late-onset major depression within 90 days of the screening visit” were excluded from the study (30). As a result, individuals with more severe psychiatric symptoms or a clinical diagnosis of MDD were excluded from the ONDRI study. Therefore, to assess DIF in ND and MDD participants within similar ranges of depression, we compared those with total QIDS scores ranging from 6–15, which represents mild-to-moderate levels of depression (MDD = 9.72 + 2.50, n = 114; ND = 8.54 + 2.37, n = 159). DIF between ND and MDD cohorts was noted for 4 of the 8 items, with SADNESS (DIF contrast = 0.44, p < 0.05) and SELF-PERCEPTION (DIF contrast = 0.55, p < 0.05) more likely to be endorsed in MDD than ND, and SLEEP (DIF contrast = −0.77, p < 0.05) and PSYCHOMOTOR (DIF contrast = −0.49, p < 0.05) more likely to be endorsed in ND than MDD (see Table 2). These differences suggest that ND participants presenting with depressive symptoms are more likely to report somatic-related problems (sleep and psychomotor) and less likely to report non-somatic symptoms of sadness and negative self-perception. This latter finding is consistent with ONDRI’s exclusion of persons with an MDD diagnosis (30); a diagnosis that requires the presence of either depressed mood or loss of interest. No DIF was noted based on sex. As this was secondary use of data the impact of additional demographic and clinical factors was not examined, and limited sample sizes precluded subgroup analyses. Future studies would benefit from a better understanding of the generalizability of these results (i.e., ND-diagnosis) and impact of potential confounding factors (i.e., medication use, comorbidities, disease severity).



Reliability and separation index

Person separation indices and reliability were acceptable in MDD, indicating that the QIDS-SR could stratify participants into two separate groups (1.86 and 0.78, respectively). By contrast, person separation indices and reliability were low in ND (1.28 and 0.62, respectively) indicating that the scale is not sensitive enough to separate the present ND cohort into different groups.




Discussion

The present study used retrospective data pooled across two large cohort studies in persons with ND and MDD to evaluate the measurement properties of the QIDS-SR to assess symptoms of depression. Although the psychometric properties of the QIDS-SR have been well established in MDD and other populations (12–19), to our knowledge this is the first time its psychometric properties have been assessed in persons with ND.

In the ND cohort, the QIDS-SR showed favorable psychometric properties that support its construct validity, including unidimensionality and acceptable goodness-of-fit statistics, suggesting that all items contributed to the same underlying construct of depression. With respect to item difficulty, SLEEP was the least difficult/most endorsed item and SELF-PERCEPTION the most difficult/least endorsed item. The low person separation index and reliability, however, suggest that in its present form the QIDS-SR cannot distinguish different levels of severity in the ND sample used. This is further highlighted by the person-item map showing poor targeting at lower person severity levels (see Figure 2). This is not surprising given that the QIDS-SR is based on DSM symptom domain criteria for a major depressive episode and is therefore more targeted to a clinically depressed population. Additional studies are required therefore to assess the performance of the QIDS-SR in a broader ND population that includes individuals with a clinical diagnosis of depression.

Consistent with previous literature, the results of the present analysis provide further support for the utility of the QIDS-SR in assessing symptom severity in MDD (11, 16). With respect to item difficulty, SLEEP was the least difficult/most endorsed item and PSYCHOMOTOR the most difficult/least endorsed item. However, some shortcomings of the QID-SR in assessing depression in MDD were noted. Although person-item maps demonstrated satisfactory item targeting between mean person and item measures in MDD, the lack of items between −1.46 logits and 0.03 logits suggests poor measurement precision for persons falling between those lower severity levels (See Figure 2). The precision of the QIDS-SR would benefit, therefore, with the development of new items that target those severity levels (25). Incorporating Rasch analyses will aid in the development new items that target these gaps (25, 45). In addition, determining which symptoms might be relevant should also incorporate input form those affected and then tested in broader populations (46, 47) For example, previous studies have shown assessment of symptoms such as irritability, rumination and cognitive difficulties that are not assessed in the QIDS-SR can provide additional targeting across severity levels in MDD (25, 47). It is important to also note that the QIDS item #12 that assess thoughts of suicide was omitted from the analysis; and inclusion of this item in the assessment provides additional targeting of those with higher levels of depression (25).

Underfitting was noted for the APPETITE item in MDD (see Table 2), thus calling into question the construct validity of this item and may add unwanted noise to the scale. Indeed, although changes in appetite are included in DSM-5 symptom criteria for MDD, studies have shown that appetite-related depression items show poor psychometric properties in MDD (25, 48), and appetite-related symptoms are variably expressed in MDD (49) and can be confounded by the presence of antidepressant side effects (50). It is also important to note that the QIDS-SR APPETITE item assesses both increases and decreases in appetite and weight as one item domain, whereas the MADRS, that was used to define the CAN-BIND-1 entry criteria, only assesses decreases in appetite. It is possible, therefore, that persons with these “atypical” reverse vegetative symptoms (increased appetite and weight gain) may have been underrepresented in the CAN-BIND cohort. All other items showed acceptable goodness-of-fit to the Rasch model, thus supporting their construct validity in MDD.

Person separation index and reliability (as well as Cronbach’s alpha) were satisfactory and suggest in the present MDD cohort two distinct levels of depression could be differentiated. Category probability curves were also favorable and demonstrate that QIDS-SR response option categories could be differentiated using the 4-point scale. With respect to item hierarchy and difficulty, SLEEP was considered the least difficult/most endorsed item and PSYCHOMOTOR the most difficult/least endorsed item.

DIF between ND and MDD is interesting and suggests that the presentation of depressive symptoms in ND may be more somatic in nature than MDD, with the ND cohort more likely to report PSYCHOMOTOR difficulties and problems with SLEEP, and less likely to report SADNESS and SELF-PERCEPTION (see Table 2). The reduced non-somatic symptoms in the ND cohort can be explained by ONDRI’s exclusion criteria of MDD diagnosis which would have effectively selected against non-somatic depression-related symptoms, such as sadness. It is also possible that non-motor symptoms can go underrecognized in ND, including blunted facial expression that could impact identification of mood-related symptoms (51). With respect to somatic symptoms of depression in the ND cohort, it could be argued that the assessment of depression in ND is confounded by the presence of overlapping ND-related signs and symptoms (8–10). However, the acceptable fit statistic and unidimensionality of the QIDS-SR in the ND cohort would argue against this interpretation and support it’s construct validity as a measure of depression in ND that is not confounded by the presence of ND-related signs and symptoms. Similarly, the PHQ-9, which is also based on DSM criteria for depression, has also been shown to be a valid scale in ND populations despite the presence of overlapping somatic symptoms (7, 10, 52). From a clinical perspective, these results suggest that the presentation of depression may be different between ND and MDD, and that clinicians explore somatic signs and symptoms in persons with ND as possible underlying depression.

It is important to note that age-matched controls were not included in this study, and thus we cannot rule out age-related changes in depression. Indeed, previous studies examining the relationship between age and presentation of depressive symptoms suggests that older adults with depression are more likely to report somatic symptoms of depression than younger depressed adults (53, 54). Therefore, although the differences noted in the present study cannot exclude possible age-related effects, these results none-the-less highlight the importance of recognizing somatic presentation of depression in older adults with ND. This may be particularly important in developing therapeutic interventions in persons with ND and comorbid depression, as somatic symptoms of depression are associated with poorer QoL, worse treatment outcome and treatment resistance (55, 56).

In addition to differentiating ND- and depression-related symptoms, it’s also possible that age-related and cognitive difficulties could impact the ability to understand and elicit appropriate responses from participants. Although the present study did not assess the impact of ND-related difficulties on QIDS-SR responses, previous studies have shown that reliability and validity of patient-reported outcome measures are not impacted by cognition or age in PD (57) and the QIDS-SR has been well validated in aged populations (14). Furthermore, the ONDRI inclusion criteria required a minimum MOCA score, English fluency and visual ability, as part of the ONDRI protocol (30, 31), and participants were offered the option to have the QIDS-SR administered via a coordinator to allow clarification. However, although the ONDRI protocol would be expected to minimize the impact of age and ND-related symptoms, additional studies are required to better understand the impact ND-related difficulties on QIDS-SR responses.

In conclusion, the results of the present study are consistent with previous reports supporting the use of the QIDS-SR in MDD (11, 16) and suggest that the QIDS-SR may also be useful to screen for depressive symptoms in persons with ND. There are caveats, however, including item targeting issues that impacts scale’s ability to differentiate across different levels of severity. In addition to providing a framework to generate validation (i.e., unidimensionality and model fit), RMT also provides empirical evidence as to where scale performance can be improved to reduce noise and increase precision (25, 45). Visual examination of person-item maps, for example, shows that the QIDS-SR lacks precision across the full spectrum of severities, suggesting that more items are needed to target those falling within those gaps (25). Additional studies would also benefit from examination in a more severely depressed ND cohort, including those with diagnosed clinical depression.
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