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A B S T R A C T

Subthreshold depressive symptoms (SDS) increase with age and adversely affect cognition, physical health, and 
quality of life. Therefore, this retrospective study investigated the cross-sectional and longitudinal associations 
between the absence or presence of SDS and neuropsychological performance, physical health, and quality of life 
in a large, representative sample of older adults aged 55 + .

Data on cognition, physical variables, and psychosocial measures from a healthy subsample of participants 
aged 55 to 87 years from the population-based 1000BRAINS study were retrospectively analyzed. Cross-sectional 
data were available for 6691000BRAINS participants, and longitudinal data for 255 participants. The relation
ship between the absence or presence of SDS and neuropsychological, physical health, and psychosocial mea
sures was examined by linear regression models and repeated-measures analysis of covariance, adjusted for age, 
sex, educational level, and multiple comparisons.

Greater severity of SDS at baseline was linked to poorer performance in cognitive domains, including pro
cessing speed, executive function, figural and verbal memory, and in the dementia screening test, lower physical 
activity levels, and more physical complaints. Increased SDS over time correlated with accelerated vascular 
ageing, higher body mass index, and lower quality of life.

In older adults, SDS are associated with impaired cognitive function and lower physical activity levels and 
quality of life. Further research in the field of early recognition of late-life depression should assess cognition and 
physical health to identify clinical factors and their interaction in the development of late-life depression.

1. Introduction

The importance of early detection of depressive disorders in the 
prodromal phase and the development of preventive strategies is 
emphasized due to demographic change (United Nations, 2022), the 
high healthcare costs associated with depression, including in older age 
(Olesen et al., 2012; Grochtdreis et al., 2019; Bock et al., 2016), and the 
high comorbidity with somatic diseases such as diabetes mellitus, 

coronary artery diseases, arterial hypertension (Köhler et al., 2018; 
Zhang et al., 2018; Alexopoulos, 2019). In addition, late-life depression 
(LLD), even after remission is associated with impairment in activities of 
daily living and executive functioning (Kiosses and Alexopoulos, 2005). 
A meta-analysis on prodromal symptoms in adults with unipolar 
depression showed that the duration of the prodromal phase varies from 
months to several years and found that common psychopathological 
symptoms are anxiety, tension, irritability and physical complaints 
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(Benasi et al., 2021). One study found that depressive symptoms are 
present in 21.3 % of people aged 50 years and older (Christl et al., 2025), 
and a meta-analysis showed a global prevalence of depressive symptoms 
of 19.47 % in this age group (Volkert et al., 2013). Higher severity of 
depressive symptoms is associated with more physical illness and the use 
of certain medications, such as proton pump inhibitors and antihyper
tensives (Christl et al., 2025).

The term ‘subthreshold depressive symptoms’ (SDS) generally refers 
to patients who experience a cluster of depressive symptoms, but whose 
symptoms are not severe enough in terms of number, duration or quality 
to meet the DSM criteria for a diagnosis of major depressive disorder 
(MDD; Sadek and Bona, 2000). SDS may be part of the clinical high-risk 
state of depression, which implies prospective clinical risk identification 
(CHR–D; Meisenzahl et al., 2024a). Often, the CHR-D involves not only 
one but multiple stressors, with physical and mental health playing a 
particularly important role (Meisenzahl et al., 2024b). SDS may be part 
of the prodrome for LLD and are linked to functional decline, hope
lessness, and increased mortality (Meisenzahl et al., 2024a; Biella et al., 
2019; Benasi et al., 2021; Schoevers et al., 2006; Chopra et al., 2005). 
SDS have a high prevalence and are found in approximately 12 % of the 
general adult population and SDS are associated with an increased 
likelihood of developing MDD, dysthymia, social phobia, and general
ized anxiety disorder over a 3-year follow-up (Tuithof et al., 2018). In 
the Berlin Ageing Study, which examined depression in participants 
aged 79 to 100 years, 9.1 % of participants showed a clinical manifest 
depressive disorder (Linden et al., 1998). When SDS were also included, 
the proportion of participants with depressive symptoms increased to 
26.9 % and was even higher among people with multimorbidity. 
Another study found that people aged 65 years and older with SDS 
showed higher functional impairment than non-depressed people and 
had a similar medical burden as patients with minor depressive disorder 
or MDD (Lyness et al., 2007). Triolo et al. (2023) found that sub
syndromal depression and MDD accelerate the accumulation of multi
morbidity and that cognitive impairment negatively influences the 
development of depression. SDS were associated with an almost 40 % 
risk of developing depression and a number needed to treat of 5.8, 
highlighting the need for preventive strategies in primary care 
(Schoevers et al., 2006).

Impairments in the cognitive domains of psychomotor speed, 
attention, memory and executive functions are evident in the first 
episode of MDD. Furthermore, cognitive impairments are an early 
symptom in the course of depression and represent targets for preven
tion of further progression of depression (Lee et al., 2012). However, 
cognitive symptoms manifest differently in late and mid-life, i.e., 
decreased processing speed, executive function, selective attention, 
working memory, verbal fluency, and spatial planning are more prom
inent in LLD (Aziz and Steffens, 2017), raising the question whether 
prodromal cognitive symptoms are also different in late and mid-life.

The above findings underpin the need for further research on SDS 
and their association with cognitive impairment in the older general 
population with the aim to enable healthcare providers to identify this 
symptom-level categorization in late-life. Therefore, this study aimed to 
evaluate whether SDS are associated with cognitive performance, 
physical health, and quality of life in the general population aged 55+. 
To investigate the longitudinal course of SDS and the relationship of 
longitudinal changes in the severity of SDS with cognitive performance, 
physical health, and quality of life, we analyzed whether cognitive 
performance, physical health, and psychosocial factors may predict 
longitudinal changes in the severity of SDS.

2. Methods

2.1. Participants

We included participants aged 55+ from the 1000BRAINS cohort, a 
population-based investigation of structural and functional variability in 

the human brain during ageing (Caspers et al., 2014). Participants in 
1000BRAINS were recruited from the 10-year follow-up of the Heinz 
Nixdorf Recall Study (Schmermund et al., 2002) and the Heinz Nixdorf 
Recall MultiGeneration Study (Kowall et al., 2021) and were only 
excluded if they had a contraindication for magnetic resonance imaging 
(see Caspers et al., 2014).

A total of 9691000BRAINS participants were aged 55 years or older 
(maximum age, 87 years; M = 67.24; SD 6.93) at the first visit (t0); 369 
of these adults had participated in the second assessment (t1). The mean 
interval between visits was 3.8 years (SD 0.73).

Depressive symptoms were evaluated with the Beck Depression In
ventory II (BDI-II), a self-rating instrument (Hautzinger et al., 2006), 
and categorized according to the BDI-II sum score (Storch et al., 2004). 
SDS were defined as minimal (BDI-II score 9 to 13) and mild depression 
(BDI-II score 14 to 19) according to the BDI-II (i.e., BDI-II score < 20). 
Only participants with no depressive symptoms or with SDS were 
included in the cross-sectional analyses (t0) (i.e., BDI-II score < 20).

Participants with prior or current psychiatric treatment at t0 (n =
152) were excluded from the present retrospective analysis, as were 
those with a prescription for antidepressants (n = 15), severe depressive 
symptoms (n = 5; Beck Depression Inventory II [BDI-II] score, > 19), 
current or past neurological treatment (n = 38), and suspected dementia 
(DemTect score, < 9; n = 6). An additional 84 participants were 
excluded because of missing data. Thus, 669 participants were eligible 
for inclusion in the cross-sectional analyses and 255 for inclusion in the 
longitudinal analyses.

All participants had given written informed consent to participate in 
the 1000BRAINS study. The study was approved by the ethics committee 
of the University of Essen (Germany) and performed in accordance with 
the Declaration of Helsinki.

2.2. Neuropsychological variables

At t0 and t1, participants underwent a neuropsychological assess
ment that included a wide range of cognitive tests, i.e., the Trail Making 
Test parts A (visual attention, processing speed) and B (concept shift
ing), Stroop test (Jülich version; susceptibility to interference; note that 
the interference, processing speed, and concept shifting parts of the 
Stroop test are inversely scaled, i.e., elevated scores indicate lower 
cognitive performance), Benton test (visual and figural memory), Visual 
Pattern Test (Jülich version; visual memory), Block Tapping Test (vi
suospatial working memory), Five-Points Test (Jülich version; figural 
fluency), Leistungsprüfungssystem 50+ (problem solving), Verbal Mem
ory Test (verbal memory), Digitspan (forward and backward) from the 
Nürnberger Alters-Inventar (verbal working memory), Regensburger 
Verbal Fluency Test (semantic and phonemic verbal fluency), the Boston 
Naming Test (word retrieval, naming), and the Vocabulary Test (vo
cabulary). Participants were also evaluated with the DemTect (Kalbe 
et al., 2004), a cognitive screening test for mild cognitive impairment or 
early dementia. For a detailed description of all the included tests, see 
Caspers et al. (2014).

2.3. Physical variables

At t0 and t1, physical variables were assessed with a semi-structured 
interview. Participants were asked about physical activity (h/week), 
cigarette smoking (n/day), and alcohol consumption (units/week). Body 
mass index and systolic blood pressure were also recorded (for a detailed 
description, see Lehmann et al., 2018), and physical complaints were 
evaluated with the Freiburger Personality Inventory (Fahrenberg et al., 
2010).

At t0, vascular ageing was calculated by estimating the risk for an 
atherosclerotic cardiovascular disease event with an algorithm that 
included age, sex, total and high-density lipoprotein (HDL) cholesterol, 
systolic blood pressure, treatment for hypertension, smoking, and dia
betes status (D'Agostino Sr et al., 2008).
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At t0, metabolic syndrome was assessed by measuring waist 
circumference, triglyceride levels, HDL cholesterol, blood pressure, and 
fasting blood glucose levels. Metabolic syndrome is defined as elevated 
values for three or more of these measurements, an HDL cholesterol 
value lower than the reference range (women <50 mg/dL, men <40 mg/ 
dL), or use of medication to normalize these values.

2.4. Psychosocial questionnaires

At both time points, quality of life, daily activities, and behavioral 
characteristics were assessed with the Nürnberger Lebensqualitäts-Fra
gebogen (quality of life in general) and Nürnberger Alters-Alltagsakti
vitäten-Skala (daily activities in older adults) from the Nürnberger Alters- 
Inventar (Oswald and Fleischmann, 1997); the Activities-specific Balance 
Confidence Scale (ABC; balance confidence; Powell and Myers, 1995), 
and the Frontal Behavioral Inventory (FBI; Jülich version adapted from 
Kertesz et al., 1997; personality and behavioral changes related to de
creases in frontal brain tissue). The ABC and FBI questionnaires are 
inversely scaled, i.e., higher values indicate reduced balance confidence 
and more pronounced changes of personality and behavior. For a 
detailed description of all included questionnaires, see Caspers et al. 
(2014).

2.5. Statistical analysis

First, we performed linear regression models to find cross-sectional 
associations of BDI-II scores with neuropsychological and sociodemo
graphic variables at baseline (t0). Cognitive parameters that showed 
significant associations in these initial analyses were then simulta
neously included into a multiple regression model to determine whether 
they were independently related to depressive symptoms. Next, we 
calculated a ΔBDI-II score (BDI-IIt1 – BDI-IIt0), where positive values 
indicated increased depressive symptoms over time, and performed a 
repeated-measures analysis of covariance (ANCOVA) with the cognitive 
tests or psychosocial measures at t0 and t1 as within-subject variables; 
sex as the between-subject factor; and age, educational level according 
to the International Standard Classification of Education 97 (ISCED 97; 
UNESCO United Nations Educational and Scientific and Cultural Orga
nization, 2003), and ΔBDI-II as covariates. To evaluate the relationship 
between longitudinal changes in depressive symptoms and cognitive 
performance or psychosocial measures, we examined the interaction 
effect of ΔBDI-II score x time on the respective measure.

To predict longitudinal changes in depressive symptoms from neu
ropsychological, physical health, and psychosocial scores at baseline, we 
computed linear regression models between ΔBDI-II and the cognitive, 
physical, and psychosocial measures at t0.

All analyses were corrected for age, sex, and ISCED 97 educational 
level. To account for multiple comparisons, we applied the False Dis
covery Rate (FDR) correction by using the Benjamini-Hochberg pro
cedure. Results were considered statistically significant if the FDR- 
adjusted p value (pFDR) was <0.05. Statistical analyses were per
formed with IBM SPSS Statistics 27 (SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Sample characteristics of participants with or without SDS at t0 and 
t1

Table 1 shows the descriptive statistics of participants. The total 
sample comprised 669 people (303 women, 366 men) at t0 and 255 at t1 
(117 women, 138 men). The sex distribution and educational level did 
not differ between the t0 and t1 subsamples, and no participants had 
severe depressive symptoms at t1 (highest BDI-II score, 17). A significant 
correlation was found between BDI-II scores at t0 and t1 (r = 0.604, p <
.001).

Five participants reported undergoing psychiatric treatment between 

the two assessments; however, none of them was prescribed antide
pressants. Two additional participants were prescribed antidepressants 
at t1. All participants reported significantly lower quality of life at t1, 
but BDI-II and DemTect scores did not significantly change over time 
(Table 1). BDI-II scores correlated significantly with age (β = 0.118, p =
.002, R2 = 0.047), ISCED97 educational level (β = − 0.120, p = .003, R2 

= 0.047), and sex (β = 0.111, p = .006, R2 = 0.047). No correlation was 
found between BDI-II scores and living alone (β = − 0.006, p = .871, R2 

= 0.045). Longitudinal changes in depressive symptoms did not corre
late significantly with age (β = 0.115, p = .068, R2 = 0.002), ISCED97 
educational level (β = − 0.018, p = .787, R2 = 0.002), sex (β = 0.012, p 
= .854, R2 = 0.002), or living status (β = − 0.058, p = .381, R2 = 0.001). 
Consequently, linear regression models were adjusted for age, sex, and 
ISCED97 educational level.

BDI-II, Beck Depression Inventory II; DemTect, screening test for 
dementia; ISCED 97, International Standard Classification of Education 
97; NLQ, Nürnberger Lebensqualitäts-Fragebogen (quality of life); t0, 
baseline assessment; t1, follow-up assessment

3.2. Cross-sectional associations of the absence or presence of SDS with 
cognitive performance at t0

The presence of more depressive symptoms at t0 was associated with 
lower DemTect values. Furthermore, after FDR correction, higher 
depressive symptom severity was significantly negatively associated 
with the following cognitive domains: figural memory, semantic fluency 
(with and without switching), problem solving, figural fluency, visuo
spatial memory (backwards condition), naming, phonemic fluency (with 
and without switching), vocabulary, and verbal memory (Fig. 1, 
Table 2). Moreover, we observed a positive association between 
depressive symptoms and processing speed scores, suggesting that 
greater depressive symptom severity is linked to slower cognitive pro
cessing. To account for the correlations among the cognitive tests, we 
included all significant cognitive measures in a multiple linear regres
sion model. The association between BDI-II and DemTect remained 
significant (β = − 0.103, p = .028, R2 = 0.073), and the results indicated 
that the strongest negative correlation between cognitive tests was be
tween BDI-II and DemTect scores.

3.3. Cross-sectional associations of the absence or presence of SDS with 
physical variables at t0

Higher SDS scores correlated significantly with lower levels of 
physical activity and more physical complaints. However, no significant 
association was found between physical or age-related illnesses (see 
Table 3).

3.4. Cross-sectional associations of to the presence or absence of SDS with 
psychosocial parameters at t0

For psychosocial measures, higher SDS at t0 showed a negative 

Table 1 
Descriptive statistics of participants included at T0 and T1.

Variables1 t0 t1 p (t0 vs t1)

N 669 255
Age, mean (SD), y 67.6 (6.9) 70.8 (6.7) < 0.0012

Female sex, n (%) 303 (45.3) 117 (45.9) 0.8723

ISCED 97, mean (SD) 6.5 (2.0) 6.7 (1.9) 0.0652

Psychiatric treatment, n (%) 0 (0) 5 (2.0) < 0.0013

Psychotropic drug intake, n (%) 9 (1.3) 3 (1.2) 0.8392

Antidepressant intake, n (%) 0 (0) 2 (0.8) 0.0223

BDI-II, mean (SD) 4.4 (3.9) 4.2 (3.8) 0.3862

DemTect, mean (SD) 14.8 (2.4) 14.8 (2.6) 0.6262

NLQ, mean (SD) 135.1 (13.8) 138.3 (12.3) 0.0022

Note: 1 t-test (two-tailed), 2 Х2 test (two-tailed).
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Fig. 1. Scatterplot illustrating the significant associations between baseline Beck Depression Inventory II (BDI-II) scores and different cognitive tests. The x-axis 
represents the unprocessed scores of the respective cognitive test, the y-axis shows the unprocessed BDI-II scores. Data points are semi-transparent and were slightly 
jittered to visualize overlapping observations. Trend lines represent the least-squares linear fit; shaded area denotes the 95 % confidence interval. In the top-left 
corner, results from the multiple regression analysis are displayed, including the β-value, FDR-corrected p-value (p-FDR), and R squared (R2), reflecting the 
strength and significance of the associations.
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association with both quality of life (β = − 0.630, pFDR < 0.001, R2 =

0.418) and daily activities (β = − 0.481, pFDR < 0.001, R2 = 0.148). 
Conversely, they showed a positive association with the sum scores of 
ABC (β = 0.268, pFDR < 0.001, R2 = 0.111) and FBI (β = 0.414, pFDR <
0.001, R2 = 0.215; Fig. S1, Table 2).

3.5. Association of longitudinal changes in SDS with cognitive parameters

Repeated-measures ANCOVA showed no significant interaction be
tween ΔBDI-II score x time and longitudinal changes in cognitive tests 
(see Table S1).

Regression analyses found significant positive associations for ΔBDI- 
II score as the dependent variable and semantic fluency (β = 0.152, p =
.022, pFDR = 0.263, R2 = 0.020) and vocabulary (β = 0.152, p = .033, 
pFDR = 0.197, R2 = 0.016) at baseline as independent variables; how
ever, these results were no longer significant after FDR correction.

3.6. Association of longitudinal changes in SDS with physical variables

Longitudinal changes in depressive symptoms correlated signifi
cantly with the number of cigarettes smoked per day, body mass index, 
and vascular ageing in years at t0 (Table 3).

3.7. Association of longitudinal changes in SDS with psychosocial 
parameters

A significant negative interaction effect of ΔBDI-II score x time was 
found for longitudinal changes in quality of life (NLQ; F(1, 191) =
16.100, pFDR < 0.001, partial η2 = 0.078) and daily activities (NAA; F 

Table 2 
Cross-sectional linear regression analyses of Beck Depression Inventory-II scores 
versus cognitive, physical, and psychosocial variables.

Independent 
variables

B SE β p pFDR R2

Cognitive 
parameters

Problem solving − 0.097 0.032 − 0.130 0.002 0.007 0.052
Stroop test 

(interference)
0.001 0.006 0.009 0.830 0.830 0.047

Figural fluency − 0.070 0.021 − 0.139 < 0.001 0.003 0.062
Processing speed 

(TMT A)
0.029 0.011 0.105 0.013 0.026 0.054

Concept shifting 
(TMT B/A)

0.003 0.004 0.031 0.446 0.495 0.047

Figural memory − 0.165 0.041 − 0.179 < 0.001 0.001 0.063
Visuospatial 

memory 
forwards

− 0.194 0.166 − 0.046 0.243 0.347 0.047

Visuospatial 
memory 
backwards

− 0.337 0.140 − 0.096 0.016 0.027 0.052

Visual memory − 0.075 0.095 − 0.034 0.430 0.506 0.047
Short-term 

memory 
forwards

− 0.066 0.143 − 0.018 0.645 0.679 0.047

Working memory 
backwards

− 0.131 0.137 − 0.037 0.342 0.456 0.049

Word retrieval − 0.417 0.169 − 0.098 0.014 0.025 0.055
Phonemic 

fluency
− 0.047 0.024 − 0.076 0.053 0.081 0.057

Semantic fluency − 0.062 0.024 − 0.105 0.010 0.023 0.057
Switching of 

phonemic 
fluency tasks

− 0.072 0.026 − 0.111 0.005 0.014 0.064

Switching of 
semantic 
fluency tasks

− 0.120 0.033 − 0.144 < 0.001 0.002 0.069

Vocabulary − 0.088 0.033 − 0.114 0.008 0.021 0.055
Verbal memory − 0.051 0.016 − 0.134 0.002 0.008 0.054
DemTect − 0.249 0.066 − 0.152 < 0.001 0.002 0.066
Physical 

variables
Physical activity, 

h/week
− 0.063 0.028 − 0.087 0.023 0.052

Cigarette 
smoking, n/ 
day

0.027 0.031 0.034 0.383 0.046

Alcohol 
consumption, 
units/week

− 0.006 0.014 − 0.017 0.664 0.045

Body mass index − 0.018 0.037 − 0.019 0.625 0.045
Systolic blood 

pressure
− 0.016 0.009 − 0.074 0.067 0.053

Vascular ageing, 
y

− 0.016 0.009 − 0.081 0.076 0.052

Metabolic 
syndrome

− 0.002 0.007 − 0.010 0.787 0.050

Physical 
complaints 
(FPI)

0.872 0.072 0.455 < 0.001 0.222

Cataract − 0.006 0.086 − 0.003 0.942 0.045
Glaucoma 0.004 0.004 0.043 0.251 0.047
Age-related 

hearing loss
0.226 0.172 0.050 0.190 0.048

Hearing aid 0.085 0.164 0.020 0.602 0.046
Joint disease 0.388 0.203 0.072 0.057 0.050
Artificial joint 0.499 0.258 0.073 0.054 0.050
Disc prolapse 0.122 0.189 0.024 0.518 0.046
Polyneuropathy 0.353 0.200 0.067 0.079 0.050
Psychosocial 

variables
NLQ − 0.176 0.009 − 0.630 < 0.001 < 0.001 0.418
NAA − 0.481 0.056 − 0.326 < 0.001 < 0.001 0.148
FBI 0.287 0.025 0.414 < 0.001 < 0.001 0.215
ABC 0.298 0.045 0.268 < 0.001 < 0.001 0.111

Note: Results of the linear regression analyses at baseline. Uncorrected p values 
and p values corrected for multiple comparisons by False Discovery Rate 

correction (pFDR) are reported.
ABC, Activities-specific Balance Confidence; B, regression coefficient; BDI-II, 
Beck Depression Inventory II; β, standardized regression coefficient; DemTect, 
screening test for dementia; FBI, Frontal Behavioral Inventory (Jülich version); 
pFDR, false discovery rate-adjusted p value; FPI, Freiburger Personality In
ventory; NAA, Nürnberger Alters-Alltagsaktivitäten-Skala; NLQ, Nürnberger 
Lebensqualitäts-Fragebogen; R2, adjusted quality measure of the linear model; 
SE, standard error; TMT, Trail Making Test

Table 3 
Linear regression analyses for change in Beck Depression Inventor-II scores 
versus sociodemographic and physical variables at baseline (t0).

Independent variables B SE β p R2

Physical variables
Physical activity, h/week − 0.021 0.035 − 0.040 0.547 − 0.001
Cigarette smoking, n/day 0.098 0.048 0.130 0.042 0.015
Alcohol consumption, units/ 

week
0.002 0.018 0.007 0.918 − 0.002

Body mass index 0.125 0.053 0.149 0.018 0.020
Systolic blood pressure, mmHg 0.015 0.012 0.081 0.224 0.001
Vascular ageing, y 0.034 0.014 0.189 0.013 0.020
Metabolic syndrome 0.004 0.017 0.016 0.797 − 0.004
Physical complaints, FPI score 0.018 0.126 0.010 0.887 − 0.002
Cataract − 0.018 0.114 − 0.010 0.872 − 0.002
Glaucoma − 0.073 0.112 − 0.042 0.517 0.000
Age-related hearing loss − 0.161 0.211 − 0.048 0.446 0.001
Hearing aid − 0.119 0.293 − 0.026 0.684 − 0.001
Joint disease − 0.311 0.257 − 0.076 0.228 0.004
Artificial joint − 0.242 0.324 − 0.047 0.455 0.000
Disc prolapse − 0.054 0.210 − 0.016 0.797 − 0.002
Polyneuropathy − 0.056 0.219 − 0.016 0.799 − 0.002

Note: Results of the linear regression analyses predicting change in Beck 
Depression Inventory II score from baseline sociodemographic and physical 
variables.
B, regression coefficient; BDI-II, Beck Depression Inventory II; ΔBDI-II, BDI-IIt1 – 
BDI-IIt0; β, standardized regression coefficient; FPI, Freiburger Personality In
ventory; ISCED97, International Standard Classification of Education 97; R2, 
adjusted quality measure of the linear model; SE, standard error.
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(1,201) = 6.674, pFDR = 0.021, partial η2 = 0.032). At t0, ΔBDI-II 
showed no significant association with psychosocial measures (see Fig. 2
and Table S2).

4. Discussion

This retrospective analysis of data from the general population-based 
1000BRAINS study assessed possible associations of SDS with cognitive 
performance, physical health, and quality of life at baseline (t0) in adults 
aged 55+ and evaluated longitudinal changes in severity of SDS and 
their relationship with cognition, physical health, and psychosocial 
variables in this cohort. The study found that severity of SDS at baseline 
was linked to poorer performance in various cognitive domains 
(including processing speed, executive function, figural, and verbal 
memory) and in the dementia screening test (DemTect), lower physical 
activity, and higher physical complaints. Furthermore, an increase in 
SDS over time correlated with lower quality of life, more vascular 
ageing, and higher body mass index.

In the 1000BRAINS cohort, SDS were present in 14 % of the popu
lation aged 50 years and older (Christl et al., 2025). Lower mental 
functioning in individuals with SDS is associated with an increased 
likelihood of MDD (Pietrzak et al., 2013). Further characterization of 
SDS with regard to cognition, physical health, and psychosocial func
tioning may help to identify individuals at risk for further worsening of 
depressive symptoms and for CHR-D in late life and may support the 
development of preventive strategies (Judd et al., 2002; Cuijpers et al., 
2007; Rosenberg et al., 2010).

At t1, five participants reported new undergoing psychiatric treat
ment and two were prescribed antidepressants. BDI-II scores at the two 
assessments of all participants highly correlated with each other, and 

BDI-II and DemTect scores did not significantly change over time. Of 
note, the small number of participants with manifest depressive symp
toms and no increase in depressive symptom severity in our study may 
be due to the populations-based design, which did not focus on partic
ipants with a higher severity of depressive symptoms, and strict exclu
sion of participants with history of psychiatric and neurological 
treatment. Nevertheless, depressive symptom severity highly correlated 
between the two assessments, underscoring the importance of viewing 
depressive symptoms on a continuum, and imply that a dimensional 
conceptualization of depressive symptoms may help to identify in
dividuals who may be at risk for developing MDD and related disorders 
(Pietrzak et al., 2013; Keller et al., 1992; Judd, 2012; Sadek and Bona, 
2000; DeYoung et al., 2024).

4.1. SDS and cognition

After correction for age, sex, and educational level, SDS correlated 
significantly with poorer cognitive performance in processing speed, 
switching of phonemic and semantic fluency tasks, and figural and 
verbal memory. When all significant cognitive parameters were 
included in one regression model, the correlation between SDS and the 
DemTect score remained significant. This result indicates that after 
correction for other cognitive domains, SDS are most strongly associated 
with the DemTect.

Dillon et al. (2014) showed that patients with SDS in late-life present 
a mixed profile, i.e., they have cognitive deficits in cortical (language) 
and subcortical domains (memory), which could indicate that this group 
is at risk for dementia. Our findings support previous research linking 
depressive symptoms to declines in memory and processing speed (Clark 
et al., 2009), with specific impacts observed on semantic fluency and 
verbal memory. In addition, depressive symptoms in late life are often 
accompanied by impairments in various cognitive domains, particularly 
processing speed and executive function, rather than in one particular 
domain (Dillon et al., 2014; Butters et al., 2004; Alexopoulos, 2019; Lim 
et al., 2013). Furthermore, symptoms can persist even after remission of 
depression and can have a negative impact on quality of life in mid- and 
late-life (Gonda et al., 2015; Nebes et al., 2003; Conradi et al., 2011). 
Zhou et al. (2021) showed that depressive symptoms correlated nega
tively with the various categories in the Mini Mental Status Examina
tion, which—similar to the DemTect—is a screening test for dementia 
and encompasses subtests on word fluency, intellectual flexibility, ver
bal and working memory (Kalbe et al., 2004). Therefore, the observed 
association may reflect a broader cognitive vulnerability in individuals 
with elevated depressive symptoms, potentially involving episodic 
memory, attentional control, and executive functioning. However, it 
could also be argued that SDS are an early risk for developing dementia, 
although our cross-sectional results prevent such a causal inference.

The question whether depression is a prodrome of dementia and/or 
an etiologic risk factor for the development of dementia remains unclear 
(Aziz and Steffens, 2013; Butters et al., 2004; Bennett and Thomas, 
2014; Piras et al., 2021; Almeida et al., 2017; Livingston et al., 2020). 
The interval between a diagnosis of depression and an Alzheimer's dis
ease diagnosis and the odds for developing dementia still correlate 
positively and significantly after adjusting for the length of the interval 
(Jorm, 2001; Ownby et al., 2006). Results from the Whitehall II cohort 
study of 10,308 persons (aged 35 to 55 years) showed that depressive 
symptoms emerge a decade before incipient dementia and that recurrent 
or chronic depression does not increase the risk for dementia (Singh- 
Manoux et al., 2017). A prospective cohort study of 354,313 participants 
aged 50 to 70 years found a reduced likelihood of developing dementia 
after treatment of depression and showed that this effect was significant 
in all groups of patients except those with chronically high levels of 
depressive symptoms (Yang et al., 2023). A large Korean population- 
based cohort study showed an increased risk for dementia in people 
aged 60 years and older with chronic or recurrent SDS over a follow-up 
period of 6 years (Oh et al., 2021). In our sample, longitudinal changes 

Fig. 2. Scatterplot illustrating the association between longitudinal changes in 
depressive symptoms (ΔBDI-II = BDI-IIt1 – BDI-IIt0) and changes in quality-of- 
life measures (NLQ: Nürnberger Lebensqualitäts-Fragebogen; NAA: Nürn
berger Alters-Alltagsaktivitäten-Skala). The x-axis shows z-transformed ΔNLQ 
(NLQt1 – NLQt0; green) and ΔNAA (NAAt1 – NAAt0; blue) scores. Z-trans
formation was performed by subtracting the mean of each measure from each 
individual score and dividing by its standard deviation, allowing direct com
parison across measures on the same scale. The y-axis represents ΔBDI-II scores. 
Trend lines represent the least-squares linear fit; shaded area denotes the 95 % 
confidence interval. In the top-left corner, results from the repeated measures 
ANCOVA are displayed, including the F-value, FDR-corrected p-value (p-FDR), 
and partial eta squared (η2), reflecting the strength and significance of the as
sociations. (For interpretation of the references to colour in this figure legend, 
the reader is referred to the web version of this article.)
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in depressive symptoms did not correlate with changes in cognitive 
performance; the lack of a correlation may be associated with the shorter 
follow-up period and younger population.

In the present sample, we found no significant association between 
longitudinal changes in SDS and cognitive tests at baseline, i.e., cogni
tive impairment at baseline was not associated with a worsening of 
depressive symptoms. However, Hopper et al. (2024) demonstrated that 
cognitive impairment predicted a worsening in depressive symptoms at 
follow-up. The results may differ from ours because this study included 
participants with higher levels of depressive symptoms at baseline. A 
longitudinal, population-based study found that depression in partici
pants older than 50 years was related to cognitive functioning. However, 
depression was not associated with faster cognitive decline. In in
dividuals with a higher cognitive reserve, however, depression was 
found to have a harmful effect on memory performance (Lara et al., 
2022). A longitudinal examination of depressive events (depressive 
symptoms/depressive syndrome/MDD) in 4509 participants from the 
population-based Rotterdam Study showed that higher cognitive and 
brain reserve was associated with a lower incidence of depressive 
events, although these effects decreased when participants with 
depressive symptoms at baseline were excluded (Zijlmans et al., 2023).

The above findings may indicate that depressive symptoms are a risk 
factor for development of a depressive disorder, but they do not appear 
to indicate that they are a risk factor for a reduction in cognitive and 
brain reserve and therefore an increase in the risk for dementia. 
Furthermore, a reduction in brain reserve due to reduced neuro
plasticity, oxidative stress, inflammatory processes, and vascular 
changes such as increased white matter lesions appears to be relevant for 
the development of a depressive episode in late life (Alexopoulos, 2019; 
Weisenbach and Kumar, 2014). These underlying pathomechanisms of 
depression in late life are shared with neurodegenerative processes that 
lead to mild cognitive impairment and dementia (Alexopoulos, 2019; 
Byers and Yaffe, 2011). Neuroimaging studies concluded that LLD pre
sents along a continuum of common neurobiological substrates 
(Lavretsky et al., 2004; Kumar et al., 1998; Allan et al., 2016; DeYoung 
et al., 2024). For example, the Research Domain Criteria aims to pro
mote research to validate the dimensions defined by neurobiology and 
behavioral measures that cut across current disorder categories. These 
can then inform future revisions of our diagnostic systems (Cuthbert, 
2014). In addition, LLD often has a chronic course, and these patho
mechanisms may contribute to the longitudinal course of the disease 
(Weisenbach and Kumar, 2014; Comijs et al., 2015; de la Torre-Luque 
et al., 2019). To conclude, in SDS, preventive strategies may be 
extremely effective in reducing the risk of progression of not only 
depressive symptom severity but also cognitive decline.

4.2. SDS and physical health

In the cross-sectional analysis, higher severity of depressive symp
toms in participants with SDS were associated with less physical activity 
and more physical complaints. Over the longitudinal course, after cor
recting for age, sex, and educational level, an increase in severity of SDS 
correlated with a higher vascular age, greater number of cigarettes 
smoked per day, and higher body mass index at baseline; however, the 
effects were only small.

In patients with depression, older age is associated with a higher risk 
for physical inactivity (Vancampfort et al., 2017). A comparative 
epidemiological study in older adults with depression and SDS also 
found that people with depression exercised less (Oh et al., 2020). 
Longitudinal analyses of depressive trajectories in late-life showed that 
physical activity increased the hazard ratio of recovery from SDS and 
depression (Triolo et al., 2024). In addition, higher activity-based 
cognitive reserve was associated with a lower risk for development of 
depressive symptoms in late-life (Triolo et al., 2025). In summary, these 
results provide further support for a possible association of low physical 
activity with increased depressive symptoms.

In accordance with our results, a meta-analysis showed that 
depression and obesity have a bidirectional association, i.e., obesity at 
baseline increased the risk for developing depression, and depression 
increased the risk for developing obesity (Luppino et al., 2010). A pre
vious cross-sectional analysis of the total 1000BRAINS cohort at t0 also 
found a significant positive correlation between depressive symptom 
severity and obesity (Christl et al., 2025). A prospective study on adults 
aged 50 to 70 showed that somatic and vegetative symptoms of the BDI- 
II (e.g. fatigue, sleep disturbances and changes in appetite) were asso
ciated with insulin resistance and increased the risk of developing dia
betes, partly by increasing body mass index (Khambaty et al., 2014).

A higher level of vascular ageing was associated with longitudinal 
changes in depressive symptoms. To our knowledge, the relationship 
between SDS and vascular ageing has not previously been described. 
However, the relationship between SDS and blood pressure variability 
has been investigated, revealing that elevated diastolic blood pressure 
variability is associated with SDS (Sible et al., 2022). Similar to our 
study, Zhang et al. (2018) found that arterial hypertension, coronary 
artery disease, and diabetes mellitus increase the risk for development of 
LLD. Vascular ageing could be an early biomarker for deterioration of 
depressive symptoms. Compared with not having depressive symptoms, 
having SDS affects health and the self-rating of one's health as poor 
(Ayuso-Mateos et al., 2010; Judd et al., 1996). Furthermore, SDS and 
MDD accelerate the accumulation of multimorbidity (Triolo et al., 
2023).

Even in SDS, i.e., the symptoms do not fulfil the diagnostic criteria 
for depression, depressive symptoms are associated with physical com
plaints and lower physical activity. This association may imply that 
physical complaints and lower physical activity increase the progression 
of depressive symptoms and, vice versa, that SDS may increase the risk 
of multimorbidity.

4.3. SDS and quality of life

Similar to prior studies linking depressive episodes to reduced 
quality of life and increased mortality (Köhler et al., 2018), our findings 
highlight that SDS are significantly associated with lower quality of life, 
fewer daily activities, and poorer balance confidence. Longitudinal 
changes in SDS were associated with a decrease in quality of life and 
daily activities. Thus, our findings indicate that a decrease in quality of 
life reflects an increase in depressive symptoms and that SDS and the 
changes of SDS over time are strongly associated with quality of life.

We found no significant association between quality of life at base
line and changes in depressive symptoms, indicating that quality of life 
may not predict changes in depressive symptoms. However, our study 
showed that quality of life and depressive symptomatology are highly 
correlated with each other; this finding is in accordance with other 
studies that found a significant impact of mild depressive symptoms and 
SDS on quality of life, social relationships, and well-being (Judd et al., 
1997; Judd et al., 1996). SDS are associated with psychosocial impair
ment and disability, and depressive symptom severity shows a linear 
correlation with the degree of impairment. In conclusion, adopting a 
symptom- rather than a cut-off-level approach to viewing depression 
(Lavretsky et al., 2004; Judd et al., 2002; DeYoung et al., 2024) reveals 
that SDS are strongly associated with impairment in quality of life, 
similar to LLD.

4.4. Limitations

A limitation of the study is that depressive symptoms were evaluated 
by a self-rating instrument, the BDI-II. Nevertheless, this instrument has 
high internal consistency (coefficient alpha, 0.89), and in this age group 
and population, the prevalence of depression determined by a physician 
correlates with mean BDI-II scores (Steer et al., 2000; Gallagher et al., 
1982; Segal et al., 2008; Balsamo et al., 2018; Veerman et al., 2009). 
Additionally, in our previous work we showed that the prevalence rates 
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of depressive symptoms in the 1000BRAINS sample were comparable to 
those in other large population-based studies (Christl et al., 2025) 
Depressive symptoms were evaluated at two time points at a mean in
terval of 3.8 years. Limitations include the limited availability of data at 
the second time point, which could result in attrition bias. However, as 
expected, the samples at the two measurement points differed only in 
terms of age and previous psychiatric treatment. This is because subjects 
with previous psychiatric treatment were excluded at t0, and the 
remaining subjects became older. Perhaps because of the relatively short 
interval between the two measurements, longitudinal changes in 
cognitive parameters did not correlate with changes in depressive 
symptoms. Furthermore, the approach to calculating the change in BDI- 
II score may have masked clinically meaningful heterogeneity (e.g. 
stable high symptoms vs. increasing low symptoms). Further analyses 
with a longer interval between tests of SDS and cognition are essential to 
further elucidate the association between cognition and SDS.

5. Conclusion

In summary, cross-sectional analysis showed that SDS in late life are 
associated with cognitive impairment and reduced physical health and 
quality of life. The longitudinal analysis showed that worsening of 
depressive symptoms correlates with a decrease in physical health and 
quality of life. SDS are associated with higher socioeconomic burden, 
more physical illnesses, and impairment in daily functioning and may be 
part of a prodrome for LLD (Meisenzahl et al., 2024a; Biella et al., 2019; 
Benasi et al., 2021; Schoevers et al., 2006; Chopra et al., 2005; Judd 
et al., 1996; Sadek and Bona, 2000). The results highlight the significant 
medical burden of SDS, which is linked to poorer cognitive performance, 
quality of life, and physical health. As SDS preventive strategies are 
likely to reduce the risk of depression and the associated medical 
burden, they are of great importance. Further research is required to 
elucidate the pathomechanisms of SDS. In addition, treatment of SDS 
may reduce the risk for further cognitive decline and physical com
plaints in late life.
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