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1 | INTRODUCTION

Cognitive abilities and their dysfunctions and impairments are increas-
ingly considered important aspects of public health. Cognitive impair-
ments are not only diagnostic criteria for many mental disorders,
such as depressive disorders or neurocognitive disorders as defined
by Diagnostic and Statistical Manual of Mental Disorders (DSM)-5
(APA, 2013), but they can also be indicators and concomitants of a
wide range of neurological and other somatic diseases. They are also
discussed as risk factors and markers for the development of many
clinical conditions. The assessment of cognitive functions has there-
fore been recognized as an important element not only for improved
clinical management but also for epidemiological research and popula-
tion health surveys (Deary & Batty, 2007). With regard to mental
health, cognitive dysfunctions may explain why mental diseases often
are so disabling in terms of functioning in daily life, work productivity,
and social interaction (Mcintyre & Cha, 2016), having become the most
disabling group of diseases in terms of disability-adjusted life years and
years lived with disability (Wittchen, Jacobi, Rehm, et al., 2011; Wykes
et al,, 2015).

However, population-based studies assessing mental health and
cognitive function with established psychometric instruments at the
same time are rare (Castaneda et al., 2008; Castaneda et al., 2011,
Cullen et al., 2015; Simons et al., 2009; Tuulio-Henriksson et al.,
2011) and have focused on specific disorders or age groups. Studies
across the adult age range combining comprehensive mental health
and cognitive assessments are still lacking.

The mental health module of the German Health Interview and
Examination Survey for Adults 2009-2012 (DEGS1-MH) allows exam-
ining the relationship of cognitive functions and impairment with cur-
rent or past mental disorders. Towards this goal, we included a
neuropsychological test battery to assess cognitive function in a
nationwide sample of the general adult population aged 18-79 years
in Germany (Jacobi et al., 2015; Jacobi et al., 2013). The test battery
was compiled from established individual neuropsychological tests
administered to all participants.

Examining the association between individual neuropsychologi-
cal tests and mental health is a valid and straightforward approach
to uncover differential effects on specific cognitive abilities. How-
ever, the burden of multiple testing and specific measurement char-
acteristics of the individual tests may also reduce the power to
detect effects of mental health on domains of cognition and vice
versa. In order to overcome these limitations, information from mul-
tiple tests assessing the same domain can be combined in one
score that offers a more reliable representation of the cognitive
function of interest. For example, this approach has been proposed
for improved assessment of different aspects of executive functions
and examining their associations to psychopathology (Snyder,
Miyake, & Hankin, 2015).

In this paper, we (a) describe the neuropsychological test battery
employed in DEGS1-MH; (b) derive and validate cognitive domain
scores, report their psychometric properties, and examine associations
between cognitive and socio-demographic variables including age, sex,
and education; and (c) examine to what degree cognitive functions are

associated with the presence of mental disorders.

2 | METHODS

2.1 | Study design and sample

The design and methods of the German Health Interview and Examina-
tion Survey for Adults 2008-2011 (DEGS1) and its DEGS1-MH have
been described in detail elsewhere (G6Rwald, Lange, Dolle, & Holling,
2013; Jacobi et al., 2013; Kamtsiuris et al., 2013; Scheidt-Nave et al.,
2012). In brief, DEGS1 is a nationwide representative health survey
in a population-based sample of n = 7,987 adults aged 18-79 years liv-
ing in Germany. Persons living in institutions, who were unable to pro-
vide written informed consent (e.g., due to severely impaired cognitive
function) or who had insufficient German language skills were
excluded. A sub-sample of 4,483 adults participated in the DEGS1-
MH that collected detailed information on mental disorders and other
aspects of mental health (Jacobi et al., 2014; Jacobi et al., 2015; Jacobi
et al., 2013), with a median time lag of 6 weeks (interquartile range, 5-
25 weeks) between DEGS1 and DEGS1-MH. Data collection in
DEGS1-MH included a standardized Composite International Diagnos-
tic Interview (CIDI) for the assessment of mental disorders according
to the DSM-IV TR criteria and a neuropsychological test battery
(Jacobi et al., 2013). DEGS1 was approved by the federal and state
commissioners for data protection and by the ethics committee of
Charité-Universitatsmedizin Berlin (no. EA2/047/08). DEGS1-MH
was additionally approved by the ethics committee of the Technische
Universitdt Dresden (no. EK174062009). Written informed consent
was provided by all participants prior to the interview.

Of 4,483 DEGS1-MH participants, we excluded those who only
participated in telephone interviews (n = 483), did not complete the
neuropsychological test battery (n = 94), did not speak German as their
first language (n = 237), one deaf participant, and one participant with
profound learning difficulties. Therefore, the final study sample for this
cross-sectional analysis was 3,667 participants (1,894 women and
1,773 men).

2.2 | Neuropsychological test battery

The neuropsychological test battery consisted of nine cognitive
performance tests (administration time: mean [M] = 21.4, standard
deviation [SD] = 4.3 min) that were selected to assess several domains
of cognitive functioning. Test selection was based on psychometric
properties (reliability and validity), feasibility, and time burden. The
following tests were chosen:

1. verbal episodic memory (Trial 1-3 [immediate recall] and Trial 4
[delayed recall] of word lists from the German language version
of consortium to establish a registry for Alzheimer's disease
[CERAD] measuring the number of correctly recalled words [range
0-10] per trial [Berres, Monsch, Bernasconi, Thalmann, &
Stahelin, 2000; Luck et al., 2009; Morris et al., 1989]);

2. prospective memory task (remembering two planned actions during
the course of the cognitive assessment) from the Cognitive

Telephone Screening Instrument (Kliegel, Martin, & Jager, 2007);

3. verbal working memory (Wechsler Intelligence Scale for Adults
digit span backwards test measuring the number of digit
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sequences of increasing length [2-8 digits] that were correctly
recalled in reverse order [range 0-14; Von Aster, Neubauer, &
Horn, 2006]);

4. executive function and mental speed (verbal fluency task from
CERAD measuring the number of animals named within 60 s
[Berres et al., 2000; Luck et al., 2009; Morris et al., 1989], letter
digit substitution test measuring the number of digits correctly
substituted within 60 s [range 0-125; van der Elst, van Boxtel,
van Breukelen, & Jolles, 2006], trail making tests [TMT] A and B
measuring the time in seconds needed to correctly and accurately
connect an ordered sequence of 25 consecutive targets [numbers
in TMT-A and alternating numbers and letters in TMT-B; Reitan,
1958]); and a

5. multiple choice vocabulary test (Mehrfachwahl-Wortschatz-
Intelligenztest [MWT-B]) measuring the total number of correctly
identified real words from 37 short word lists each consisting of
one real world and four fictitious pseudowords (Lehrl, 2005).
The MWT-B is an established measure of vocabulary and verbal
IQ, based on lexical decisions regarding words and similar

nonwords.

The number of cognitive dimensions that can be identified in a
data set depends on the number and heterogeneity of tests and on
sample composition. We aimed to aggregate the test scores into a min-
imum number of meaningful cognitive domains. A population-based
study in the Netherlands (Van der Elst, Van Boxtel, Van Breukelen, &
Jolles, 2008) with subjects aged 24-81, using a similar set of tests as
employed here, found that both a one-factor solution and a two-factor
solution of memory versus executive function/speed measures repre-
sented the data well. We therefore examined whether such a two-fac-
tor solution or even a one-factor solution would be sufficient to

describe our data.

2.3 | Other variables

Level of education was measured using the Comparative Analysis of
Social Mobility in Industrial Nations scheme and classified as low (1a,
1b, and 1c), medium (2a, 2b, and 2c), and high (3a and 3b; Mdiller,
Luttinger, Konig, & Karle, 1989), based on self-reported information
on school, academic and professional qualifications (Lampert, Kroll,
Muters, & Stolzenberg, 2013).

Information on mental disorders were based on the CIDI
interview (Jacobi et al., 2014; Jacobi et al., 2013) for DSM-IV TR
criteria, covering the following diagnostic groups: anxiety disorders,
depressive disorders, bipolar and psychotic disorders, obsessive-
compulsive disorders, post-traumatic stress disorders, and substance
use disorder. Using the CIDI standard conventions for diagnoses,
we defined any mental disorder as meeting the diagnostic criteria
for any of the above mentioned diagnoses for three different time
frames: current disorder (presence during the last 4 weeks),
12 months diagnosis (presence of disorder during the past
12 months, including 4 weeks), and past diagnoses (diagnostic
criteria met not in the past 12 months but at any point in life

before). For the respective analyses, 24 participants with a lifetime

history of a mental disorder but with missing data on the recency

of any mental disorder were excluded.

2.4 | Statistical analysis

Given that we decided to replicate a two-factor solution (see above),
we used confirmatory factor analysis (CFA; Kline, 2011) to confirm
the a priori assignment of test scores to cognitive domains and to
derive aggregated cognitive domain scores. The prospective memory
measures were not feasible for CFA due to the limited score range
for each of the two prospective tasks (0 point for the failure to initiate
any action at the instructed point during the test, 1 point for the initi-
ation of a wrong action at the correct time point, 2 points for the cor-
rect prospectively planned action, resulting in a total score ranging
from O to 4 points). Analyses were carried out in Mplus Version 6.1
(Muthén, 1998-2004) with the full information maximum likelihood
(FIML) procedure for parameter estimation and missing data handling
(Enders, 2010). We used the robust standard error option to correct
for nonnormality. Model fit was evaluated by several absolute and
approximate fit statistics including X statistic, Akaike's information cri-
terion (AIC), comparative fit index (CFl), root mean square error of
approximation (RMSEA), and standardized root mean residual (SRMR).
CFl values above .95, RMSEA values of .05 or less, and SRMR values
below .1 indicate good model fit (Bollen & Long, 1993). Variance and
mean of latent factors were fixed to one and zero, respectively.

The following models were fit: (a) a one-factor model that
assumes all neuropsychological variables load on a common factor
(as we assessed cognitive function on memory and nonmemory
domains, we expected insufficient fit for this model); (b) a “two-factor”
model with two intercorrelated factors. One factor, called “memory
(MEM) factor,” comprised the measures of the verbal episodic memory
domain (CERAD word list Trials 1-4). The second factor, called
“executive (EXEC) factor,”
considered to require executive function and mental speed (verbal
fluency, letter digit substitution test, TMT-A and TMT-B, and digit span

backward). We further investigated intercorrelations of the indicator

comprised the variables generally

loading's residuals to check for method correlations, that is, significant
correlations among indicators from the same test not captured by the
latent construct. Where appropriate, we addressed these by relaxing
conditional independence assumptions among the relevant indicators
that improves overall model fit (Kline, 2011). Factor score estimates
of the latent variables were extracted using the regression method.
We computed factor determinacy coefficients to assure that factor
scores represent the latent factors adequately. Factor determinacy
coefficients >0.90 indicate a reasonable representation whereas
scores <0.80 point to an insufficient accordance of factor scores
and latent variables (Grice, 2001). Finally, we compared the
variance-covariance matrices between persons with a mental
disorder during the last 12 months and persons without any mental
disorder using y2-difference testing to test for measurement invari-
ance between groups (Vandenberg & Lance, 2000). A nonsignificant
difference would indicate complete invariance in factor structures
and latent factor metrics between samples that enables a valid mean

comparison.
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2.5 | Associations of cognitive domain scores and the
vocabulary score with factors that affect cognition

We assessed associations of cognitive domain scores and the vocabu-
lary score (MWT-B) with three socio-demographic variables: age, sex,
and educational level. We conducted a series of linear regression anal-
yses with nested models in SPSS Version 20. Thirteen participants with
missing data on education were excluded from these analyses. In the
first model, we included age, sex (reference = male), and educational
level (reference = low). In the second model, we additionally added
age? to assess for quadratic age effects. In the third and fourth model,
we additionally examined linear interactions of age and age? with sex
and educational level, respectively.

In a next step, we evaluated associations between any current
mental disorder (past 4 weeks), any 12 months diagnosis (past
12 months, including 4 weeks), and any past diagnosis (anytime during
lifetime before 12 months) with cognitive domain and vocabulary
scores using linear regression models adjusted for sex, age, age?, and
educational level. Due to CIDI conventions for diagnoses, current diag-
noses and 12-month diagnoses could not be combined in one variable
and were analyzed in separate regression models. p Values at the 5%

level and lower were considered significant.

3 | RESULTS

Socio-demographic and neuropsychological characteristics of the
study sample are presented in Table 1.

3.1 | Confirmatory factor analysis

Results of the CFA showed an insufficient fit for the one-factor model
(x? = 3,011, degrees of freedom [df] = 27, p < .001; AIC = 81,309.810;
CFl =.766; RMSEA = .174, 95% confidence intervals [Cl]: 0.168-0.179,
p (RMSEA <= .05) < .001; SRMR = .087). The two-factor solution fitted
the data significantly better than the one-factor model and achieved an
acceptable model fit ()(2 = 416, df = 26, p < .001; AIC = 78,551.390;
CFl = .969; RMSEA = .064, 95% Cl: 0.059-0.069, p (RMSEA-
.05) <.001; SRMR = .034). The MEM and EXEC factors were moderately
intercorrelated (see Figure 1). We observed nontrivial correlations for the
residuals of the three trials of the CERAD word list immediate recall and
for the residuals of TMT-A and TMT-B, respectively. Including these
method correlations in the model resulted in considerably improved
and excellent fit of the two-factor model to the data ()(2 =177, df = 26,
p < .001; AIC = 78,307.908; CFl = .988; RMSEA = .043, 95% Cl:
0.037-0.049, p (RMSEA = .05) = 0.976; SRMR = .024).

The vocabulary (MWT-B) scores exhibited modest correlations to
both factors (Pearson's r = .232, p < .001 for MEM; r = .268, p < .001
for EXEC), as expected. Prospective memory was more strongly
(Z = 6.66, p > .001) correlated with the EXEC factor (Spearman's
rho = .492) than with the MEM factor (Spearman's rho = .414). For
cases with complete data, factor determinacy coefficients >0.90 were
achieved for MEM (rho = .94) and EXEC (rho = .92) that supports the
use of factor score estimates in subsequent analyses (Grice, 2001).
However, we observed determinacy coefficients <0.80 for 24 cases

(0.7% of the sample) with missing data, resulting in less than three

TABLE1 Characteristics of the study sample with neuropsychological
assessment (n = 3,667)

Age (years; M, SD) 52,7 16, 1
Age group (years; n, %)
18-24 241 6.57
25-34 319 8.70
35-44 487 13.28
45-54 778 21.22
55-64 731 19.93
65-74 882 24.05
75-81 229 6.24
Female sex (n, %) 1,894 51,6
Educational level CASMIN (n = 3,654)
Low (n, %) 1,122 30,7
Middle (n, %) 1,799 49,1
High (n, %) 733 20,1
Mental disorders (n = 3,643)
No mental disorder (n, %) 2,307 63.3
Any mental disorder >12 months (n, %) 413 11.3
Any mental disorder >4 weeks and 481 13.2
<12 months (n, %)
Any mental disorder <4 weeks (n, %) 442 121
Neuropsychological tests
CERAD WL 1 (M, SD) 5,83 1,53
CERAD WL 2 (M, SD) 7,46 1,54
CERAD WL 3 (M, SD) 8,37 1,42
CERAD WL 4 delayed recall (M, SD) 7,27 1,97
CERAD verbal fluency (M, SD) 25,8 6,75
LDST (M, SD) 32,0 7,97
TMT-A (M, SD) 34,9 15,9
TMT-B (M, SD) 84,3 43,0
WMS digit span backward (M, SD) 6, 13 1, 96
Prospective memory (M, SD) 3,02 1,38
MWT-B (M, SD) 27,6 4,92

Note. The table shows descriptive statistics of the study sample of
N = 3,667 DEGS-MH participants who completed the face-to-face neuro-
psychological. CASMIN = Comparative Analysis of Social Mobility in Indus-
trial Nations; CERAD = consortium to establish a registry for Alzheimer's
disease; LDST = letter digit substitution test; M = mean; MWT-
B = Mehrfachwahl-Wortschatz-Intelligenztest (multiple choice vocabulary
test); SD = standard deviation; SES = socioeconomic status; TMT = trail
making test; WL (1-4) = word list (Trial 1-4); WMS = Wechsler Memory
Scales.

observed values per factor. For these cases, no factor score estimates
were computed.

Variance-covariance matrices did not differ between persons with
and without any mental disorder in the last 12 months (x* = 27.501;
df = 45, p =.98) indicating identical factor structures and factor metrics

across groups (measurement invariance).

3.2 | Associations between socio-demographic
variables and cognitive domain scores

Using linear regression analyses (Table 2 and Figure 2a and b), we

observed significant effects of age and age?, sex (women scored higher
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making test; VF = verbal fluency

TABLE 2 Associations of age, sex, and education with cognitive performance in linear regression models

Memory factor (N = 3,641) Executive factor (N = 3,628) Vocabulary score (N = 3,589)
B p B p B p

Model 1

Age (beta, p value) -.439 <.001 -.557 <.001 .300 <.001

Sex (beta, p value) 238 <.001 161 <.001 067 <.001

Middle education (beta, p value) .160 <.001 219 <.001 331 <.001

High education (beta, p value) 259 <.001 315 <.001 487 <.001

Explained variance (R?, p value) .335 <.001 477 <.001 226 <.001
Model 2

Age? (beta, p value) -.633 <.001 -.898 <.001 -.599 <.001

Incremental explained variance (R?, p value) 011 <.001 .022 <.001 .010 <.001
Model 3

Sex age (beta, p value) 973 .001 234 .355 .092 .770

Sex age? (beta, p value) -.556 .003 -.163 327 -.043 .837

Incremental explained variance (R?, p value) .003 <.001 <.001 .600 <.001 846
Model 4

Middle educationage (beta, p value) -.379 237 -.492 .080 -.197 574

Middle education age? (beta, p value) 246 211 .304 .078 .087 .686

High education ‘age (beta, p value) -.434 297 -.380 .300 -.039 932

High education age? (beta, p value) 299 208 264 230 -.031 911

Incremental explained variance (R?, p value) .001 374 .001 .302 <.001 714

Note. The table shows results of the linear regression analyses with the two cognitive domain scores (latent factor score estimates derived from the CFA
model in Figure 1) and the Mehrfachwahl-Wortschatz-Intelligenztest (multiple choice vocabulary test) raw score as dependent variables and terms of
age, agez, sex, and educational level as predictors. Beta values are standardized regression coefficients. CFA = confirmatory factor analysis.
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(a) Graphical representation of the association of age with cognitive performance in men and women. (b) Graphical representation of

the association of age with cognitive performance according to level of education

than men), and education (higher educated participants scored higher
than those with lower education) on both cognitive domain scores.
For the MWT-B, we observed a significant positive effect of higher
education, a positive association with age and also a small sex differ-
ence (women better than men). We further observed a significant
interaction of age and age? with sex on the MEM score. The coeffi-
cient for the age'sex interaction was positive (i.e., the linear age effect
on memory performance is less strong for women) whereas it was neg-
ative for the age®'sex interaction (i.e., for women the quadratic age
effect on memory performance is stronger). This combination of
effects is visible in the differently shaped curves in the upper left graph
in Figure 2a.

Age, sex, and education together explained 22.6%, 33.6%, and
47.6% of variance in MWT-B, MEM, and EXEC scores, respectively.

3.3 | Associations between mental disorders and
cognitive domain scores

We examined the associations between any current mental disorder
within the past 4 weeks with the two cognitive domains scores
(Table 3). After adjustment for age, agez, sex, and educational level, sig-
nificant but rather subtle impairments of MEM (B = -.118, p = .002)

and EXEC function (8 = -.191, p < .001) were found for current diagno-
ses compared to no current diagnoses. Associations with cognitive
function scores were still significant but with smaller effects estimates
for any mental disorder in the last 12 months, whereas a lifetime diag-
nosis alone (without a diagnosis in the last 12 months) was not at all
associated with any impairment (Table 3). The vocabulary score was
not associated with current or past diagnoses (p > .05) when analyzed

likewise.

4 | DISCUSSION

We assessed cognitive function in the DEGS1-MH general population
sample with a brief battery of established tests and applied CFA to
confirm two cognitive domain scores, respectively of verbal memory
and executive function. These cognitive domain scores, together with
the vocabulary score (based on a single test), are considered to be valu-
able global indicators of cognition for future analyses with the DEGS1
data set. We first discuss some methodological advantages of our
data-reduction approach before addressing the associations with
socio-demographic variables and mental disorders and plans for future

analyses.
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TABLE 3 Associations of any mental disorder with cognitive performance in linear regression models

Executive
Memory function
(N = 3,630) (N = 3,627)
B p B p
Current mental disorder (4 weeks)
Model 1: Adjusted for sex, age, and age?
No current mental disorder (4 weeks) Ref. Ref.
Any current mental disorder (4 weeks) -.128 .001 -.213 <.001
Model 2: Adjusted for sex, age, age?, and educational level
No current mental disorder (4 weeks) Ref. Ref.
Any current mental disorder (4 weeks) -.118 .002 -.191 <.001
Mental disorder in the past 12 months
Model 1: Adjusted for sex, age, and age?
No mental disorder (lifetime) Ref. Ref.
Any mental disorder >12 months .046 276 .002 963
Any mental disorder <12 months -.076 .014 -.129 <.001
Model 2: Adjusted for sex, age, age?, and educational level
No mental disorder (lifetime) Ref. Ref.
Any mental disorder >12 months .035 .383 -.012 723
Any mental disorder <12 months -.064 .031 -111 <.001

4.1 | Comparing the CFA and traditional methods
approach

Traditional summary methods to derive composites, such as z-score
averaging of subtest scores, are commonly used and are easy to han-
dle. However, these techniques have several shortcomings. In contrast
to the z-score averaging method, the CFA approach allows composite
scores to be generated using confirmatory testing and single test
scores can be meaningfully combined into a composite score. CFA pro-
vides measures of overall model fit and information on the fit of indi-
vidual scores within the model (e.g., factor loadings). Therefore, it is
possible to evaluate whether a proposed factor model fits the
observed data, and whether computing composite measures are justi-
fied. Based on previous evidence (van der Elst et al., 2008), we pre-
ferred a two-factor model over a common factor model. Further, our
model fit indices demonstrated that the common factor model did
not represent the observed cognitive data adequately. In addition,
the computation of factor scores ensured that the scores were most
highly correlated with the latent variable and offer a reasonable repre-
sentation of the subject's “true” cognitive abilities. We were also able
to identify a small number of cases (0.7% of the sample) for which
the computation of factor score estimates was not adequate due to
their pattern of missing data. The traditional z-score averaging method

does usually not in incorporate such a detailed analysis.

4.2 | Associations between socio-demographic
variables and cognitive domain scores

Associations found between the three cognitive domains with age, sex,
and education are largely in line with prior expectations, indicating
lower memory and executive function scores with increasing age.

Although cross-sectional data cannot provide a reliable estimate of

longitudinal (individual) cognitive decline because of potentially con-
founding birth cohort effects (e.g., higher education levels in younger
birth cohorts), cross-sectional and longitudinal approaches concur in
finding a decrease of most cognitive functions (except vocabulary)
already in midlife (Singh-Manoux et al., 2012).

Vocabulary scores were higher in older participants, consistent
with other studies (Verhaeghen, 2003), attesting to the experience-
dependent “crystalline intelligence” that increases or at least remains
stable over the life span. In part, the apparent increase may result from
age-cohort influences on vocabulary used in such tests, albeit only a
few target items included in the MWT-B are obviously “outdated” (e.
g., “Recke,” an old German word for warrior). Vocabulary was only
modestly correlated with verbal memory and executive function,
respectively. As expected from the literature (Dowling, Hermann, La
Rue, & Sager, 2010; Van der Elst et al., 2008), verbal memory and exec-
utive function were substantially intercorrelated and therefore can be
considered as two facets of “fluid intelligence” according to the Cat-
tell-Horn theory of intelligence (Horn, 1989). Prospective memory
was more closely related to executive function than to verbal memory,
confirming our reasoning that inclusion of prospective memory into
the memory domain would be inappropriate.

Our finding of better memory among women is consistent with
previous studies describing women's superior performance in tests
using auditory verbal stimuli (Pauls, Petermann, & Lepach, 2013). How-
ever, associations between gender and cognitive performance may
change in the presence of neurodegenerative processes that may
affect cognition differentially in men versus women. This has recently
been shown for patients with Parkinson's disease (Fengler et al., 2016).

Sex differences were also found in the executive domain with
women achieving higher scores than men. A possible explanation for
this finding may relate to the inclusion of two timed tasks in this

domain that rely on verbal semantic memory (i.e., category fluency)
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and verbal working memory (i.e., digit span). A trend for better cogni-
tive performance in elderly women as compared to men, across a range
of cognitive tests, has also been noted in another population-based
study (Hayat et al., 2014).

Even though educational level was significantly associated with
current cognitive performance in our analysis, differences in education
explained only a modest proportion (5% variance in memory, 7.5%
variance in executive function, and 17.8% variance in vocabulary) of
differences in cognitive abilities when added to models that were
already adjusted for age and sex. Consequently, educational level
should be considered a poor proxy for current cognitive abilities,
underscoring the need of measuring cognitive abilities in epidemiolog-
ical studies.

Consistent with longitudinal studies on cognitive decline, we
found that the negative association of memory and executive
functions with increasing age is not moderated by education (Singh-
Manoux et al., 2011). This may suggest that “cognitive reserve,” which
is often inferred from education, cannot mitigate the speed of “normal”
age-related cognitive decline until age 80. However, in late life, the
average memory and executive performance difference between the
highest and lowest educational groups is roughly equivalent to 10 years
of age (compare Figure 2b). It is well established that people with
higher education experience clinically and functionally significant cog-
nitive impairment (i.e., dementia) much later in their lives (Stern, 2012;
Valenzuela & Sachdev, 2006a, 2006b). Consequently, improved educa-
tion may have a substantial effect on lowering dementia incidence
rates in the long term (Norton, Matthews, Barnes, Yaffe, & Brayne,
2014).

4.3 | Associations between mental disorders and
cognitive domain scores

Despite the fact that cognitive dysfunctions are explicit diagnostic
criteria for many mental disorders, the cognitive impairments associ-
ated with having any mental disorder were remarkably small (0.1-0.2
SD on average) and were confined to those who met diagnostic criteria
within the last 4 weeks. Given substantial evidence from clinical stud-
ies that, for example, depressive disorders—that account for almost
40% of our study sample—reveal still persisting cognitive dysfunctions
and impairment even months after remission from the episode, this
finding was somewhat unexpected, although it is in line with other
population-based studies who found no association of lifetime anxiety
or depressive disorders with cognition (Castaneda et al., 2008, 2011;
Cullen et al., 2015). We assume that this finding is due to three factors.
First, our findings are based on a sample of the general household pop-
ulation, likely to underrepresent institutionalized and more severe
mental disorder. Thus, subjects who were hospitalized during the field
work period because of mental problems or other reasons are not cov-
ered. It is also noteworthy that more than 80% of the DEGS1-MH par-
ticipants with a 12-month diagnosis of mental disorder had not used
mental health services because of their condition in the past year
(Mack et al. 2014), underlining that population samples of subjects
with mental disorders show only limited overlap with samples from
clinical settings that usually show more pronounced cognitive impair-

ments. Second, subjects with a mental disorder were compared in this

paper with a random sample of controls without a history of mental
disorders. However, we did not screen for the absence of neurological
or somatic diseases, as is usually the case in healthy control groups
employed in clinical studies. Third, the low level of cognitive function-
ing decrements observed might be due to the joint effects of (a) using
crude categorical measures of diagnostic status, (b) lumping all mental
disorders together and not examining differentially the effects of vari-
ous psychopathological syndromes, and (c) not taking into account
their dimensionally measured severity at the time of examination.
The finding of a significant, though modest effect, in acute patients
with mental disorders might indicate that future detailed analyses
might result in more pronounced effects in specific diagnostic
subgroups.

The present study, to our best knowledge, is one of the first pop-
ulation health surveys that combine a detailed mental health examina-
tion with neuropsychological testing. The detailed analysis of specific
(e.g., affective) disorders and syndromes by severity as well as findings
for single tests will be presented in follow-up publications. However,
the current data suggest that, at the population level, most subjects
who suffered from a mental disorder in the past have very limited, if

any, enduring cognitive impairments.

4.4 | Strengths and limitations

The main strengths of this study are the large nationwide sample of
adults aged of 18-79 years from the general population and the
assessment of both cognitive functions and mental health status. Mea-
surement invariance testing showed a highly similar factor structure
and factor metrics in subjects with and without mental disorders.
There are some limitations that should be considered. First, DEGS1
did not include persons living in institutions or those with severe cog-
nitive impairment, and persons with severe medical problems or
impaired functional mobility are also likely to be underrepresented.
Also, excluded participants without personal neuropsychological
assessment and with a non-German first language were on average
younger than the included participants, so that the sample of our study
was on average older than the total DEGS1-MH sample. However,
included and excluded participants did not differ by sex or educational
level. Due to the differences in mean age, our study sample might not
be representative for the German general population, but our analyses
still provide valid factor analytic and psychometric findings of the neu-
ropsychological test battery. Second, our brief battery was not—and
was not meant to be—a comprehensive assessment of cognitive func-
tioning, as, for example, reasoning or spatial tasks were not included.
This was due to time restrictions and followed from our initial decision
to focus on tests with established robust psychometric properties
including sensitivity to change for major medical conditions. Third,
the 10-item word list of the CERAD was rather easy to learn for youn-
ger subjects, resulting in ceiling effects especially for the third learning

trial.

4.5 | Conclusions and implications for future studies

From the cognitive assessment devised for adults aged 18-79 years in

DEGS1-MH, two CFA-derived cognitive factors for verbal memory and
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executive function were validated and, together with the vocabulary
score, will be used in future analyses of the DEGS1 data set to inves-
tigate the complex interplay between cognition, health behaviors,
and disease. A substantial proportion of DEGS1 participants with neu-
ropsychological assessment participated in the previous German
National Health Interview and Examination Survey 1998 (Bellach,
Knopf, & Thefeld, 1998) and its mental health supplement (Jacobi
et al., 2004; Jacobi et al., 2002) about 12 years before DEGS1
(Kamtsiuris et al., 2013; Scheidt-Nave et al., 2012), and the cognitive
measures described herein will provide new opportunities for longitu-

dinal analyses.
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