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Abstract

Objective—The objective of this study is to determine whether differential item functioning 

(DIF) due to cognitive status impacted three depressive symptoms measures commonly used with 

older adults.

Methods—Differential item functioning in depressive symptoms was assessed among 

participants (N = 3558) taking part in four longitudinal studies of cognitive aging, using the 

Geriatric Depression Scale, the Montgomery–Åsberg Depression Rating Scale, and the Center for 

Epidemiologic Studies Depression Scale. Participants were grouped by cognitive status using a 

general cognitive performance score derived from each study’s neuropsychological battery and 

linked to a national average using a population-based survey representative of the US population. 
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The Clinical Dementia Rating score was used as an alternate grouping variable in three of the 

studies.

Results—Although statistically significant DIF based on cognitive status was found for some 

depressive symptom items (e.g., items related to memory complaints, appetite loss, lack of energy, 

and mood), the effect of item bias on the total score for each scale was negligible.

Conclusions—The depressive symptoms scales in these four studies measured depression in the 

same way, regardless of cognitive status. This may reduce concerns about using these depression 

measures in cognitive aging research, as relationships between depression and cognitive decline 

are unlikely to have been due to item bias, at least in the ways that were measured in the datasets 

we considered.
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Introduction

There is mounting evidence to support the functional relationship between cognitive 

impairment and depression in older adults. A review reported that depression was one of 

only a few factors to show a consistent association with Alzheimer’s disease or cognitive 

decline across multiple studies (Williams et al, 2010). Proposed explanations for the 

association include (i) depression is an early prodrome of dementia, (ii) depression is a 

clinical manifestation of dementing diseases, and (iii) depression leads to damage to the 

hippocampus by way of a glucocorticoid cascade (Jorm, 2001). To study these hypotheses 

effectively requires a depressive symptoms instrument with measurement equivalence in 

both healthy and cognitively impaired people.

Too often, measurement equivalence has been assumed in research on depression and 

cognitive impairment, without supportive data. Fortunately, it can be tested directly. One 

approach is by testing for differential item functioning (DIF). DIF assesses whether certain 

test items perform differently for ex-aminees from one group compared with another; test 

items may measure “different constructs” for those with cognitive impairment than for those 

without impairment. It may be, for example, that among those with cognitive impairment, 

questions related to memory are related to the cognitive impairment rather than just to 

depression. We are aware of only one study that examined DIF in depression for groups 

differing by cognitive ability. In a sample of Hong Kong Chinese patients with lung disease, 

Tang et al (2005) found that no items demonstrated significant DIF for cognitive 

impairment. However, the authors convey that the lack of DIF was due to only 3% of the 

sample presenting with a Mini-mental state examination below 15 and mention that 

McGivney et al (1994) indicate that the Geriatric Depression Scale (GDS) will remain valid 

until this 15-point threshold. Another study found that the GDS (Sheikh and Yesavage, 

1986) had reduced sensitivity for a diagnosis of major depressive disorder in Alzheimer’s 

patients, compared with those with normal cognition (Gilley and Wilson, 1997). Both 

findings were based on small sample sizes that were not broadly generalizable to racially/

ethnically diverse groups of healthy and non-healthy persons.
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The aim of this paper is to establish whether systematic error in the form of item bias has 

compromised our ability to measure depression in older adults accurately. We examined 

three commonly used depressive symptoms measures, the GDS (Sheikh and Yesavage, 

1986), the Montgomery–Åsberg Depression Rating Scale (MADRS; Montgomery and 

Asberg, 1979), and the Center for Epidemiologic Studies Depression Scale (CES-D; 

Radloff, 1977) in four large, diverse studies of the older people in the USA. We 

hypothesized that some depressive symptoms reported by older adults would be biased by 

cognitive ability; DIF analysis would identify a few scale items that, if not addressed, could 

potentially interfere with the accuracy of the instrument used to measure depression.

Methods

Participants

Differential item functioning in depressive symptoms was assessed among participants (N = 

3558) taking part in the following four longitudinal studies of cognitive aging: the Joseph 

and Kathleen Bryan Alzheimer’s Disease Research Center at Duke University (Duke ADRC; 

N = 511; Carvalho et al, 2015), the University of California, Davis’ Alzheimer’s Disease 

Center Longitudinal Cohort (UC Davis ADC; n = 620; Hinton et al, 2010), the Washington 

Heights/Hamilton Heights-Inwood Columbia Aging Project (WHICAP; n = 2,137; Manly et 

al, 2005), and the Neurocognitive Outcomes of Depression in the El-derly (NCODE) Study 

(n = 290; Steffens et al, 2004). We examined data at the first occasion when depressive 

symptoms were assessed, usually at baseline. The four samples had notable demographic 

heterogeneity (Table 1), but the depression measures were not different because of age, sex, 

years of education, race, ethnicity, or test language (Dmitrieva et al, 2014). The Duke 

ADRC, UC Davis ADC, and NCODE studies did not exclude people with dementia at 

baseline; WHICAP excluded people if they or their caregivers reported that they had 

significant cognitive problems. Clinically significant depression symptoms were found in 

21.5% of subjects (Grunebaum et al, 2008). NCODE enrolled individuals with a diagnosis 

of major depressive disorder (70% of the sample) and controls without depression (30%). 

The other studies did not conduct depression diagnoses; however, we report the percentage 

of each sample scoring above the conventional cut off score for the depression measure 

used.

Measures

Differential item functioning in depressive symptoms was examined across the GDS, the 

CES-D, and the MADRS. The GDS is a 15-item scale, with dichotomous response options, 

that is a well-validated and highly reliable scale among the older adult population (for 

review, see Montorio and Izal, 1996). It was administered in the Duke ADRC and UC Davis 

ADC. Of the three scales, the 20-item version of the CES-D assesses the highest number of 

depressive symptoms, using multiple response categories. This version was administered in 

NCODE. WHICAP administered the 10-item version, using a dichotomous response option. 

Both versions of the CES-D have been validated for use among older adults (Andresen et al, 

1994; Hertzog et al, 1990). NCODE also administered the MADRS, a 10-item scale that has 

also been validated among older adult populations (Engedal et al, 2012; Mottram et al, 

2000).
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Cognitive status grouping variables

To explore DIF between different levels of cognitive status, we grouped individuals on the 

basis of three different criteria, depending on the data available in each study.

1. General cognitive performance (GCP). Items from each study’s neuropsychological 

battery were linked to results from a population-based survey that is representative 

of older adults in the USA, using calibration methods previously reported in Gross 

et al (2014a, 2014b). For this investigation, these scores were dichotomized into 

categories of above and below the mean national score.

2. Clinical Dementia Rating (CDR) score (Morris, 1993). In Duke ADRC, UC Davis 

ADC, and WHICAP, those with normal CDR (CDR = 0) were compared with those 

with questionable, mild, moderate, and severe dementia (CDR = 0.5–3). In 

WHICAP, there were enough participants to also compare CDR scores of 0 and 0.5 

to 1–3.

3. Clinical consensus diagnosis. UC Davis ADC participants also had a clinical 

consensus diagnosis, which was collapsed to compare “no cognitive impairment” 

with the categories ranging from “questionable impairment” to “dementia” 

(Mungas et al, 2010).

Statistical analyses

Differential item functioning was present if different groups of individuals (e.g., impaired 

versus non-impaired or higher versus lower general cognition) at similar levels of depression 

exhibited different probabilities of individual item scores (Hulin, 1987). The literature on 

DIF detection is diverse, and there are a multitude of methods available, such as contingency 

table, item response theory (IRT), structural equation modeling, and logistic regression 

methods (Scott et al, 2010). All of these methods seek to identify which items function the 

same and which items need to be estimated separately in each group, by allowing the item 

parameters to vary across groups and testing whether these differences are statistically 

significant. We employed a logistic regression/IRT approach, using the lordif software 

available in the Comprehensive R Archive Network (Choi et al, 2011).

The first stage of the DIF analysis began by using IRT to estimate the underlying level of 

depression. Samejima’s Graded Response Model was used for ordinal variables (Samejima, 

1969). The unidimensionality assumption for each depression scale was assessed with a 

single-factor model in Mplus 6.11 (Muthén and Muthén, 1998–2007) using conventional 

criteria for acceptable model fit: confirmatory fit index (CFI) > 0.95, Tucker Lewis Index 

(TLI) > 0.95, and root mean squared error of approximation (RMSEA) < 0.08 (Reeve et al, 

2007). When the assumption of unidimensionality was questionable, we accounted for any 

residual correlations among symptom items in Multiple Indicators Multiple Causes 

(MIMIC) modeling. Moreover, all DIF results were also confirmed in Mplus with MIMIC 

models (Jones, 2006).

The estimation of depression, θ, was then used as an input for the binary and ordinal logistic 

regression analyses. Three models were formed. The first was for the probability of 

endorsing the item in relation to the level of θ (model 1). The second included a term for 
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group membership (model 2), and the third added the interaction between θ and group 

membership (model 3; Juhel and Gaillot, 2012). DIF was present if model 3 was 

significantly better than model 1. Results are presented here if the likelihood ratio (LR) chi 

square p-value was less than 0.01, and the McFadden R2 was greater than 0.02. Two types 

of DIF have been established, non-uniform and uniform (Crane et al, 2006). In uniform DIF, 

the influence or interference is the same across all levels of depressive symptoms. In non-

uniform DIF, the level of interference changes across the latent continuum of depressive 

symptom severity (Gibbons et al, 2009). A significant difference between models 1 and 2 

indicated uniform DIF, and a significant difference between models 2 and 3, non-uniform 

DIF.

Finally, DIF presents with differing degrees of severity; because statistical power is 

dependent on sample size, a trivial but non-zero difference in population parameters will be 

found to be statistically significant given a large enough sample. We evaluated the impact of 

DIF on depressive symptoms measures, by comparing the original IRT scores on each 

depressive symptoms measure, to the constructed score that accounted for all sources of 

DIF. Using IRT, we estimated both the depression level and the standard error of 

measurement (SEM) for each individual. For each measure in each study, we subtracted the 

original IRT depression score from the final score that accounted for all sources of DIF and 

looked for changes larger than the median SEM of the original score. We have referred to 

such changes as salient DIF (Crane et al, 2010; Gibbons et al, 2009).

Results

Alzheimer’s Disease Research Center at Duke University

The GDS sum scores ranged from 0 to 12, with a mean of 1.4 (SD = 2.0; 9% scored >4). The 

single-factor model had excellent fit, with a CFI of 0.97, TLI of 0.97, and RMSEA of 0.03. 

The items “Do you feel full of energy,” “Do you have more problems with memory than 

most,” and “Do you feel happy most of the time” presented with DIF because of the CDR 

(all LR χ2: p < 0.01, R2 = 0.06, 0.06, and 0.04, respectively). “Do you feel full of energy” 

also had DIF because of the GCP (LR χ2: p < 0.01, R2 = 0.07). The impact of DIF on the 

GDS IRT scores was not salient, with the maximum changes of 0.14 for the CDR and or 

0.28 for the GCP, compared with a median SEM of 0.66 for the measure. The impact is 

illustrated in Figure 1, where all changes are well within the vertical bars indicating the 

SEM. MIMIC modeling also failed to uncover salient DIF (results not shown for MIMIC 

models).

University of California, Davis’ Alzheimer’s Disease Center Longitudinal Cohort

Here, the mean GDS score was 2.4 (SD 2.9; range 0–15; 18% scored >4). The single-factor 

model had excellent fit, with a CFI, TLI, and RMSEA values of 0.98, 0.97, and 0.04, 

respectively. The item “Do you have more problems with memory than most” presented 

with uniform DIF, and this was true for all three cognitive groupings: (i) consensus 

diagnosis of no cognitive impairment versus questionable to demented (LR χ2: p < 0.01, R2 

= 0.03); (ii) CDR rating of ≤0.5 versus 1–3 (LR χ2: p < 0.01, R2 = 0.05); and (iii) GCP (LR 

χ2: p < 0.01, R2 = 0.02). There was one other item that presented with DIF, only because of 
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the CDR, “Have you dropped many of your activities and interests” (LR χ2: p < 0.01, R2 = 

0.03). The impact of each of these factors on the IRT GDS score was not salient, as the 

median SEM was 0.56, but the maximum differences between the scores that accounted for 

DIF and the original score were 0.21 for consensus diagnosis, 0.35 for the CDR, and 0.12 

for the GCP (Figure 1). Validation models using the MIMIC model approach also resulted in 

no salient DIF.

In Figure 2, the top panel presents the probability of endorsing the item “Do you have more 

problems with memory than most” for the GCP groups. Those subjects with GCP scores 

above the national average have a lower probability of endorsing memory problems, except 

at the highest levels of depressive symptoms. This might be interpreted as the impact of 

depression on cognition, which has an equalizing effect on the probability of endorsing 

memory problems, but only depressive symptoms become severe. The bottom panel shows 

the expected total GDS score at each level of depression for each GCP group. The two 

curves are virtually identical, indicating that in a 15-item scale, one item with DIF, with a 

magnitude of R2 = 0.02, does not have a meaningful impact at the overall test level.

Washington Heights/Hamilton Heights-Inwood Columbia Aging Project

The mean score for the 10-item CES-D was 2.0 (SD 2.1) and ranged from 0 to 10. The IRT 

model required a residual correlation between the two positively worded items (“Happy” 

and “Enjoyed life”) to achieve acceptable CFI, TLI, and RMSEA fit indices of 0.96, 0.95, 

and 0.06, respectively. When compared with the CES-D scores calculated with the 

assumption of unidimensionality, this model showed reduced factor loadings for the two 

correlated items. The correlation between the two IRT scores was 0.99, so we conducted 

analyses with the assumption of unidimensionality but also ran confirmatory analyses using 

MIMIC modeling. When grouping subjects by CDR 0 versus 0.5 and higher, no items were 

flagged for DIF. Grouping subjects by CDR <1 versus 1 and higher and also by GCP each 

resulted in two different pairs of items being flagged for DIF based on the LR criterion. 

However, none of these items reached a significant magnitude, so we identified no 

significant DIF either because of CDR categorization or GCP. The MIMIC model 

accounting for a residual correlation between the two positively worded items also indicated 

no significant DIF for either grouping variable.

Neurocognitive Outcomes of Depression in the Elderly

As previously noted, the NCODE examined depression with both the 20-item CES-D (mean 

22.7, SD 16.4, range 0–58) and the MADRS (mean 23.9, SD 9.2, range 0–54). The single-

factor model for the CES-D presented with acceptable fit (CFI: 0.98, TLI: 0.98, RMSEA: 

0.06). Two items were flagged with DIF because of GCP, “I did not feel like eating; my 

appetite was poor” (LR χ2: p < 0.01, R2 = 0.03) and lonely (LR χ2: p < 0.01, R2 = 0.03). 

However, the impact on the total score was not salient; the largest change was 0.15, and the 

median SEM was 0.24 (Figure 1). The MIMIC model also produced no salient DIF.

In the MADRS, the single-factor model did not have acceptable fit (CFI: 0.93, TLI: 0.98, 

RMSEA: 0.10). Residual correlations were added between “Pes-simistic thoughts” and 

“Suicidal thoughts,” and between “Reported sadness” and “Reduced appetite,” to form a 
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model with acceptable fit (CFI: 0.97, TLI: 0.99, RMSEA: 0.07). When compared with the 

unidimensional model, the standardized factor loadings in this model changed by, at most, 

0.04 units. The two scores were correlated 0.99. We proceeded with the assumption of 

unidimensionality but also ran confirmatory analyses. As with the CES-D, the item 

concerning appetite (“Reduced appetite”) reflected item bias because of GCP (LR χ2: p < 

0.01, R2 = 0.02), and again, the impact was not salient, with the largest change 1.18 and the 

median SEM 0.37 (Figure 1). In the confirmatory MIMIC models, there was no statistically 

significant DIF.

Discussion

We examined the impact of cognitive function on several common instruments used to 

assess depressive symptoms: the GDS, two versions of the CES-D, and the MADRS. 

Overall, we found that if people can understand the items enough to be administered the 

measure(s), researchers and clinicians can be confident that the depression scores obtained 

from these scales are not biased when administered to older adults who differ by levels of 

cognitive function. While statistically significant, DIF was found for some items on most of 

the measures, the overall impact on depressive symptoms scores for each of the scales was 

negligible.

The best-performing scale appeared to be the 10-item CES-D, which presented with little or 

no evidence of item bias, even when contrasting groups of older adults with normal 

cognitive ability and those with dementia. Other scales had at least one item with DIF. As 

might be expected, when grouping older adults by cognitive ability, items identified with 

DIF included depressive symptoms associated with memory. The most robust evidence 

emerged for the GDS item, “Do you feel you have more problems with memory than most.” 

This item presented with DIF for scores dichotomized into categories of above and below 

the mean GCP (UC Davis ADC), for the CDR grouping of “no dementia” versus “mild to 

severe dementia” (Duke ADRC and UC Davis ADC), and for consensus diagnosis of no 

cognitive impairment versus questionable to demented (UC Davis ADC). It is worth noting 

here that, despite the observation by Tang et al (2005) of “no DIF” when grouping the GDS 

by cognitive impairment, these authors did report significant misfit for the GDS memory 

item. Using Rasch analysis, the OUTFIT statistic was >1.3, suggesting that the item misfit 

was associated with unidimensionality. Yet, for the current study, even though the GDS item 

met our criteria for significant DIF in four of the five instances, its effect on the total IRT 

score was minor. There were two other cognitive function questions that exhibited no bias: 

“Concentration difficulties” from the MADRS and “Keeping my mind on what I was doing” 

from the 20-item CES-D (NCODE). These items are more related to cognitive abilities 

associated with executive function, such as concentration and attention. Taken together, it 

may be that depression items related to memory work differently for individuals with 

varying levels of cognitive impairment, but items related to concentration and attention are 

less affected by cognition. However, this would need to be verified by administering all 

three depression symptom measures to a group of older adults who exhibit a broader range 

of depressive symptoms.
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Our primary analytic strategy in this study was the hybrid logistic regression/IRT approach. 

In this iterative two-step procedure, the latent trait is estimated using structural equations 

modeling, and DIF is assessed using logistic regression. In the next step, the latent trait is re-

estimated using separate parameters for items with DIF, and then, DIF is re-assessed. This 

process continues as an iterative process until a stable set of items present with DIF. We 

usually use it as our primary method because it is easy to assess non-uniform DIF for 

covariates that are not dichotomous and to account for non-uniform DIF for more than one 

covariate at a time. An alternative approach that is commonly used to assess DIF is the 

MIMIC structural equations model (Jreskog and Goldberger, 1975), in which the covariates 

affect the response via a latent variable only (Skrondal and Rabe-Hesketh, 2005). Of 

particular relevance to two of the depression measures in this study is that MIMIC models 

can include residual correlations between items. We confirmed all our analyses using 

MIMIC modeling. These validation results were consistent with results from the hybrid 

logistic regression/IRT approach, increasing our confidence in our conclusion that the 

impact of DIF was minimal.

It should be noted that a finding of no salient DIF is not the same as establishing 

measurement invariance. There are several types of measurement invariance that can be 

established, but in each, item parameters must be the same in the two groups. In DIF testing, 

we allow the parameters for some of the item to differ between the two groups. For the 

finding of no salient DIF, we have computed scores partly on the basis of differing 

parameters and found that those scores do not change much.

Some limitations should be mentioned. The frequency of cognitive impairment in these 

studies was fairly low. However, the studies included in the analysis recruited participants 

with a broad range of cognitive ability. Our findings are relevant to the typical range of 

cognitive ability observed in other studies and (Gross et al, 2014a) in the general 

community-dwelling population. Thus, our results should be informative to a majority of 

epidemiologic studies of cognitive aging. The process of selection for participation in each 

of these studies may have led to samples for whom cognitive status does not affect responses 

on depressive symptom measures. Even once enrolled, a depressive symptom scale may 

have been less likely to have been administered if the person was showing signs of cognitive 

impairment. Except for NCODE, the levels of depressive symptoms were also fairly low. 

Our findings may not apply to more severely impaired populations, and the GDS and 10-

item CES-D findings may differ in a more depressed population. Finally, lack of DIF impact 

should be replicated in a population with more heterogeneity with regard to frequency of 

cognition impairment and depression.

Conclusion

When investigating DIF in multiple samples across commonly administered depressive 

symptoms scales, we found few instances of DIF related to cognitive status. Depressive 

symptoms items that had significant for DIF based on cognitive status included items 

associated with memory complaints, appetite loss, lack of energy, mood, and anhedonia. 

However, the impact of DIF due to cognitive status on the total scale scores was negligible. 

Regardless of cognitive status, the scales measured overall depressive symptoms in the same 
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way. Our finding may reduce concerns about using these depression measures in cognitive 

aging research, as relationships between depression and cognitive decline are unlikely to 

have been due to item bias.
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Key points

• Our objective was to examine the significance and practical impact of 

psychometric bias due to cognitive status, across four large heterogeneous 

samples of older adults.

• The three depressive symptoms scales in these four studies measured depression 

in the same way, regardless of cognitive status.

• These findings may reduce concerns about the utilization of these depression 

measures in cognitive aging research, as relationships between depression and 

cognitive decline are unlikely to have been due to item bias, at least in the ways 

that were measured in the current study.
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Figure 1. 
Box plots of the changes in the item response theory based depression scores after 

accounting for differential item functioning (DIF). The plots show the difference between 

unadjusted scores and scores accounting for DIF due to cognitive category. If DIF had no 

impact for an individual, that observation should lie at zero. The grayed boxes represent the 

interquartile range, and the whiskers signify the upper and lower adjacent values as defined 

by Tukey (Tukey, 1977). Observations more extreme than the upper and lower adjacent 

values are outliers, which are represented by dots. Vertical lines are placed at one standard 

error of measurement for each scale in each sample, and observations outside the lines 

would indicate the presence of salient DIF. GCP = General Cognitive Performance. CDR = 

Clinical Dementia Rating. Diag. = Diagnostic category. There was no statistically significant 

DIF detected in the WHICAP CES-D 10.
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Figure 2. 
The probability of endorsing “Do you have more problems with memory than most” (top 

panel) and the expected total Geriatric Depression Scale score (bottom panel), at each level 

of depression (as estimated by the item response theory based Geriatric Depression Scale 

score), for University of California, Davis’ Alzheimer’s Disease Center Longitudinal Cohort 

participants with General Cognitive Performance below and above the US average.
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Table 1

Participant characteristics

Duke ADRC
(N=511)

UC Davis ADC
(N = 620)

WHICAP
(N = 2137)

NCODE

(N = 290
a
)

Characteristic M (SD) or % M (SD) or % M (SD) or % M (SD) or %

Age (years) 72.1 (9.0) 75.8 (7.5) 77.0 (7.1) 69.2 (6.3)

Female 60.9 58.6 67.1 64.8

Race/ethnicity

Black 22.9 23.9 33.1 11.0

Caucasian 77.1 48.7 30.1 89.0

Hispanic — 23.2 36.8 —

Other — 4.2 — —

Education (years) 15.5 (2.8) 13.1 (4.3) 10.2 (4.9) 14.7 (2.5)

Tested in English (versus Spanish) 100.0 88.3 66.3 100.0

Clinical Dementia Rating Scale

0 61.1 40.4 70.4 —

0.5 32.1 44.2 19.6 —

1–3 6.8 15.4 10.0 —

General cognitive performance score above US averageb 72.2 47.1 44.7 85.2

Diagnosis of no cognitive impairment (versus questionable
to dementia)

— 33.6 — —

DUKE ADRC, Alzheimer’s Disease Research Center at Duke University; MADRS, Montgomery–Åsberg Depression Rating Scale; NCODE, 
Neurocognitive Outcomes of Depression in the Elderly Study; UC DAVIS ADC,University of California, Davis’ Alzheimer’s Disease Center 
Longitudinal Cohort.

a
MADRS data were available for n = 153.

b
Computed from each study’s neuropsychological battery and linked to results from a survey of the US population, using calibration methods 

found in Gross et al. (2014a).
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