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Rotterdam Study 
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A B S T R A C T   

Background: Cognitive and brain reserve aim to explain individual differences in susceptibility to dementia and 
may also affect the risk of late-life depressive events. We assessed whether higher cognitive and brain reserve are 
associated with lower risk of a late-life depressive event. 
Methods: This study included 4509 participants from the population-based Rotterdam Study (mean age: 63.4 ±
10.2 years, 55 % women) between 2005 and 2019. Participants completed cognitive testing and brain-MRI at 
baseline. Cognitive reserve was defined as the common variance across cognitive tests, while adjusting for de-
mographic factors and brain MRI-markers. Brain reserve was defined as total brain volume divided by intra-
cranial volume. Depressive events (depressive symptoms/depressive syndrome/major depressive disorder) were 
repeatedly measured (follow-up: 6.6 ± 3.9 years) with validated questionnaires, clinical interviews, and follow- 
up of medical records. Hazard ratios (HR) with 95 % confidence intervals (CI) were estimated using Cox- 
regressions. 
Results: Higher cognitive (HR: 0.91/SD, 95%CI: 0.84; 1.00) and brain reserve (HR: 0.88/SD, 95%CI: 0.77; 1.00) 
were associated with a lower risk of a depressive event after adjustment for baseline depressive symptoms. These 
associations attenuated when participants with clinically relevant depressive symptoms at baseline were 
excluded (HR: 0.95/SD, 95%CI: 0.86; 1.05, HR: 0.89/SD, 95%CI: 0.76; 1.03, respectively). 
Limitations: No data was available on depression in early-life and the number of participants with major 
depressive disorder was relatively low (n = 105). 
Conclusions: Higher cognitive and brain reserve may be protective factors for late-life depressive events, 
particularly in those who have experienced clinical relevant depressive symptoms before. Further research is 
needed to determine whether cognitive and brain reserve could be used as targets for the prevention of late-life 
depression.   

1. Introduction 

Depression is common late in life and the prevalence is increasing 
(Moreno-Agostino et al., 2021). The prevalence of any depressive event, 
defined by the diagnostic and statistical manual of mental disorders, 4th 
edition, Text Revision (DSM-IV-TR), was found to be 9 % in older adults 
(Sjöberg et al., 2017). The clinical diagnosis major depressive disorder 
was made in 2 % of older adults (Sjöberg et al., 2017). For these late-life 
depressive disorders, it has been suggested that cognitive and brain 
reserve may increase the risk, the expression of symptoms of the disor-
der, and impact functional outcomes (Barnett et al., 2006; Huang et al., 
2019; Ponsoni et al., 2020). The cognitive and brain reserve hypothesis 

was originally developed to explain individual differences in suscepti-
bility to brain changes in age-related neurological diseases (Stern, 
2012). In this hypothesis, cognitive reserve aims to explain the indi-
vidual differences in the functionality of the brain, whereas brain 
reserve aims to explain the individual differences in the structure of the 
brain. The cognitive and brain reserve hypothesis is mostly investigated 
in the context of Alzheimer's disease, but its application may go beyond 
these disorders (Barnett et al., 2006; Stern, 2012). 

A clinical study on late-life depression showed that participants with 
higher cognitive reserve presented with milder degrees of late-life 
depression (Huang et al., 2019).Another study found that scores for 
cognitive reserve were lower in individuals with a major depressive 
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episode as compared to those without a major depressive episode in 
participants aged 65 years and older, but not in participants aged 50 
years and older (Lara et al., 2022). Another cross-sectional study found 
no association between cognitive reserve and depressive symptoms in 
middle-aged and older adults (Altieri et al., 2020). Additionally, a higher 
cognitive reserve has been suggested to be protective against cognitive 
impairment in major depressive disorder (Ponsoni et al., 2020). Yet, 
these studies used educational attainment as part of their proxy for 
cognitive reserve. This may have limitations, as educational attainment 
is measured early in life and could also be related to other factors that 
are associated with depression (van Hek et al., 2016). The residual 
method to estimate current cognitive reserve is considered more precise 
and is calculated as the difference between actual and predicted 
cognitive performance (Nelson et al., 2021; Petkus et al., 2019; Reed 
et al., 2011, 2010; Zahodne et al., 2013). Predicted performance is 
estimated relative to underlying neuropathology and demographics, to 
get more insight into the reserve aspect (Nelson et al., 2021). To date, no 
studies have investigated the association of cognitive reserve, estimated 
with the residual method, with incident late-life depressive events. 

In addition to cognitive reserve, brain reserve may also play a role in 
late-life depressive events (Barnett et al., 2006; Geerlings and Gerritsen, 
2017). It is hypothesized that brain reserve is mainly quantitative, such 
that a brain with more volume has more reserve (Stern, 2012). There-
fore, previous studies have mainly used whole brain volume measures 
(e.g. total brain volume divided by intracranial volume) to estimate 
brain reserve (Stern et al., 2018; van Loenhoud et al., 2018). Whole 
brain volume measures were not investigated in the context of brain 
reserve and depression, but have been investigated in relation to late-life 
depressive events. For example, a previous meta-analysis of cross- 
sectional studies found that late-life depression was significantly asso-
ciated with smaller total brain volume, although this association was 
weak (Geerlings and Gerritsen, 2017). However, this meta-analysis 
included only cross-sectional studies and the longitudinal association 
remains unknown. 

More knowledge of the role of cognitive and brain reserve in late-life 
depressive events could contribute to the identification of those at a 
lower or higher risk for late-life depressive events, which could subse-
quently lead to for example targeted prevention strategies. Also, if it 
would be possible to enhance cognitive reserve, for example with 
cognitive interventions (Stern, 2012), it may also reduce the incidence 
of late-life depressive events. We investigated the associations of 
cognitive and brain reserve with the risk of a late-life depressive event 
over time in the middle-aged and elderly participants of the population- 
based Rotterdam Study. Additionally, we assessed whether these asso-
ciations were independent of multiple factors, including cardiovascular 
risk factors (hypertension, body mass index, alcohol use and smoking) as 
cerebrovascular disease may predispose, precipitate or perpetuate 
geriatric depressive syndromes (Taylor et al., 2013). To improve 
generalizability, we assessed these associations in a sample including 
those with clinically relevant depressive symptoms at baseline and a 
sample excluding those with clinically relevant depressive symptoms at 
baseline to assess incidence. We hypothesized that a higher cognitive 
and brain reserve are associated with a lower risk of a late-life depressive 
event. 

2. Methods 

2.1. Study population 

The study is embedded within the Rotterdam Study, a prospective 
population-based cohort including middle-aged and elderly residents of 
the Ommoord district in the city Rotterdam, the Netherlands (Ikram 
et al., 2020). The study now encompasses four cohorts including 17,931 
participants in total. The first cohort started in 1990 (n = 7983), the 
second cohort in 2000 (n = 3011), the third cohort in 2005 (n = 3932) 
and the fourth cohort in 2017 (n = 3005). For each cohort all residents of 

Ommoord above a certain age (≥ 55 years for the first and second 
cohort, ≥ 45 years for the third cohort and ≥ 40 years for the fourth 
cohort) were invited to participate in the study, no other inclusion or 
exclusion criteria were used. Follow-up visits take place every 3 to 6 
years and consist of a home interview and several visits to a dedicated 
research center. Brain magnetic resonance imaging (MRI) was added to 
the core study protocol from 2005 onwards (Ikram et al., 2015). For this 
study we included participants from the first three cohorts, using data 
from the data collection rounds during which cognitive testing and 
brain-MRI was collected. Follow-up for the first and second cohort was 
until 01-01-2012 and for the third cohort until 01-01-2019. Therefore, 
the measurements in this study were collected between 2005 and 2019. 

A total of 6920 participants who attended the research center visit 
for cognitive testing were also eligible for a brain MRI-scan. We 
excluded participants with no or incomplete data on cognitive testing (n 
= 932), no brain MRI-scan (n = 1018), no depression follow-up (n =
257), prevalent stroke (n = 124) or prevalent dementia (n = 70). In total, 
4509 participants were included in this study, see Supplemental Fig. 1 
for a flow diagram. 

The Rotterdam Study has been approved by the Medical Ethics 
Committee of the Erasmus MC (registration number MEC 02.1015) and 
by the Dutch Ministry of Health, Welfare and Sport (Population 
Screening Act WBO, license number 1071272-159521-PG). The Rot-
terdam Study has been entered into the Netherlands National Trial 
Register (NTR; www.trialregister.nl) and into the WHO International 
Clinical Trials Registry Platform (ICTRP; www.who.int/ictrp/network/ 
primary/en/) under shared catalogue number NTR6831. All partici-
pants provided written informed consent to participate in the study and 
to have their information obtained from treating physicians. 

2.2. Measurements 

2.2.1. Cognitive and brain reserve 
Five cognitive tests were completed at baseline: the 15-word verbal 

learning test (WLT) (Bleecker et al., 1988), measuring verbal learning 
and memory, the Stroop task (Houx et al., 1993), measuring executive 
functioning and attention, the word fluency test (WFT) (Welsh et al., 
1994), measuring efficiency of searching long term memory, the letter- 
digit substitution task (LDST) (van der Elst et al., 2006), measuring 
processing speed and executive function and the Purdue pegboard test 
(PPB) (Tiffin and Asher, 1948), measuring dexterity and fine motor 
speed (Hoogendam et al., 2014). Educational attainment was assessed at 
baseline and classified in four categories according to the UNESCO 
classification: (1) primary education “primary”, (2) lower/intermediate 
general education (e.g. high school) or lower vocational (i.e. profes-
sional) education “low”, (3) intermediate vocational education or higher 
education “intermediate” and (4) higher vocational education or uni-
versity “high”. Neuroimaging was performed at baseline on a 1.5 Tesla 
MRI scanner with an eight-channel head coil (GE Signa Excite, General 
Electric Healthcare, Milwaukee, USA). Image preprocessing and the 
tissue classification algorithm have been described elsewhere (Ikram 
et al., 2015). Briefly, we used images from a T1-weighted sequence, a 
proton density-weighted sequence, and a fluid-attenuated inversion re-
covery sequence. The images were segmented using an computerized 
processing algorithm (de Boer et al., 2009; Vrooman et al., 2007). 
Intracranial volume (cm3) was computed by summing the total brain 
volume and the cerebrospinal fluid volume. Total brain volume (cm3) 
was determined by summing total gray and white matter. Normal 
appearing brain volume (cm3) was computed by summing total gray and 
white matter volumes and subtracting the total white matter hyper-
intensity volume. 

To determine cognitive reserve we used structural equation 
modeling. We based our model on a previously designed model for 
general cognitive reserve by Petkus et al. (2019). It estimated cognitive 
reserve as a latent variable that captures common variance of five 
cognitive tests (Stroop, LDST, WFT, 15-WLT, PPB), adjusted for age, sex, 
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educational attainment, total brain volume, white matter hyperintensity 
volume and intracranial volume (Supplemental Fig. 2). A higher 
cognitive reserve score can thus be interpreted as a better cognitive 
functioning than expected based on the included sociodemographic and 
structural brain MRI-markers. Brain reserve was defined as the propor-
tion of normal appearing brain tissue of the total intracranial volume. 

2.2.2. Incident depression 
Depression was assessed in three ways. First, depressive symptoms 

were assessed in all participants with the Center for Epidemiological 
Studies-Depression scale (CES-D) at baseline and during follow-up visits 
(Radloff, 1977). Participants with a CES-D score of 16 or higher were 
classified as having clinically relevant depressive symptoms. Second, 
those who scored 16 or higher were invited for a semi-structured 
interview, the Schedules for Clinical Assessment in Neuropsychiatry 
(SCAN) (Wing et al., 1990), which was carried out at the participants' 
home by a trained researcher. Third, medical records from the general 
practitioner were evaluated by two trained research assistants to iden-
tify depressive symptoms and disorders. The two research assistants 
extracted symptoms and diagnosis of the medical records according to 
the DSM-IV-TR, and if there was no consensus a third researcher was 
consulted. 

Results of the CES-D, SCAN interview and medical records were 
combined to determine incident depressive events. Depressive events 
were categorized as major depressive disorder, depressive syndrome or 
clinically relevant depressive symptoms. For each participant we 
included the first event of major depressive disorder, depressive syn-
drome or clinically relevant depressive symptoms during follow-up. In 
case of multiple subsequent events of different severity, we selected the 
first most severe event (major depressive disorder > depressive syn-
drome > clinically relevant depressive symptoms). 

2.2.3. Other variables 
In addition to sex, age and education we also considered hyperten-

sion, body mass index, alcohol use and smoking as possible confounding 
variables, due to the possible vascular nature of late-life depression 
(Taylor et al., 2013). Data on covariables were collected at baseline. 
Hypertension was defined as a resting blood pressure exceeding 140/90 
mmHg or the use of blood pressure lowering medication according to 
pharmacy records. Systolic and diastolic blood pressures were computed 
as the average of two consecutive measurements after 5 min of rest. 
Body mass index was computed using the height and weight obtained 
with calibrated scales during the research center visit. Alcohol use was 
assessed during the home interview and defined as alcohol intake in 
grams per day (Vliegenthart et al., 2002). Smoking status was also 
collected during the home interview and categorized as never, former 
and current. Dementia was defined using the Mini Mental State Exam 
(MMSE) (Folstein et al., 1975), the Geriatric Schedule organic level 
(Copeland et al., 1976), Cambridge examination for mental disorders in 
the elderly (CAMDEX) (Roth et al., 1986), and through follow-up with 
medical record linkage. 

2.3. Statistical methods 

2.3.1. Structural equations model 
All continuous variables in the structural equations model were 

checked for normality and Z-score standardized; we log-transformed the 
Stroop task and white matter hyperintensity volume before standardi-
zation due to the skewed distribution. To estimate a continuous cogni-
tive reserve latent variable, the score from each cognitive test was 
adjusted for age, sex, educational attainment, total brain volume, and 
log-transformed white matter hyperintensity volume. Total brain vol-
ume and log-transformed white matter hyperintensity volume were also 
adjusted for age, sex, and intracranial volume (Supplemental Fig. 2). 
Multiple indices were used to evaluate model fit: the comparative fit 
index (CFI), the Tucker Lewis Index (TLI), the root-mean-squared error 

of approximation (RMSEA) with 90 % confidence interval (CI) and the 
chi square statistics by degrees of freedom. Standard criteria of CFI >
0.95, TLI > 0.95, and RMSEA < 0.06 were used to assess the model fit 
(Hu and Bentler, 1999). The cognitive reserve latent variable was Z- 
score standardized. A higher cognitive reserve score thus indicates a 
higher cognitive reserve than expected based on current cognition, age, 
sex, educational status and structural brain MRI-markers. The cognitive 
reserve variable was extracted from the structural equation model and 
stored as a variable in order to analyze it in a second stage in the cox- 
regression models. The structural equation model was built with the 
‘lavaan’ package in R 4.0.1. 

2.3.2. Association analyses 
We first explored the cross-sectional associations of cognitive and 

brain reserve with baseline depressive symptom scores using linear 
regression models. Next, we used cox-proportional hazard models to 
estimate hazard ratios (HR) with 95 % confidence intervals (CI) for the 
associations of cognitive and brain reserve with incident depressive 
events. For the outcome variable ‘any depressive event’, we combined 
incident major depressive disorder, depressive syndrome and clinically 
relevant depressive symptoms. The start of follow-up was defined as the 
date of brain MRI-scan. The censor date was based on the date of 
depressive event, loss to follow-up, death or end of follow-up, whichever 
came first. Cognitive reserve and brain reserve were standardized and 
separately analyzed. Missing data of covariables (0.2 % –0.5 %) were 
imputed six times (Bodner, 2008) and the estimates from the models 
were pooled. In model 1, we analyzed the associations adjusted for age 
and sex. In model 2, we additionally added educational attainment, 
hypertension, body mass index, alcohol use and smoking status. In 
model 3, we additionally added depressive symptoms score at baseline. 
We repeated the analyses of cognitive and brain reserve with incident 
depressive events when excluding participants with baseline clinically 
relevant depressive symptoms (CES-D ≥ 16). Additionally, we repeated 
all previous analyses with only incident major depressive disorder as 
outcome. Lastly, we conducted two sensitivity analyses. First, we 
explored the associations between cognitive and brain reserve with 
incident depressive events in a smaller subsample of participants with 
data available on depressive events in the past three years before 
baseline (n = 1793). In order to investigate the effect of history of 
depression, we compared the effect estimates of the subsample including 
those with major depressive disorder or depressive syndrome in the past 
three years before baseline to the effect estimates of the subsample 
excluding those with major depressive disorder or depressive syndrome 
in the past three years before baseline. Second, we explored the asso-
ciations of cognitive and brain reserve with depressive events when 
excluding participants who developed dementia during the duration of 
the depression follow-up. All statistical analyses were performed in R 
4.0.1. 

3. Results 

3.1. Sample characteristics 

The mean age of de population was 63.4 years (standard deviation 
(SD): 10.2) and 55.4 % were women (Table 1). The model to estimate 
cognitive reserve had good model fit indices (CFI: 0.99, TLI: 0.97, and 
RMSEA: 0.04). The cognitive reserve variable had a mean of 0 (SD: 1). 
The mean brain reserve, estimated as the proportion total normal 
appearing brain volume of intracranial volume, was 0.8 (SD: 0.04) 
(Table 1). During a mean follow up of 6.6 years (SD: 3.9), 539 (12.0 %) 
participants had a depressive event: 105 (2.3 %) developed major 
depressive disorder, 108 (2.4 %) developed depressive syndrome and 
326 (7.2 %) participants developed clinically relevant depressive 
symptoms. 
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3.2. Cognitive reserve 

A higher cognitive reserve was cross-sectionally associated with less 
baseline depressive symptoms (adjusted standardized mean difference, 
per SD: 0.92, 95%CI: 0.90; 0.95), see Table 2. A higher cognitive reserve 
was also associated with less incident depressive events over time after 
adjustment for confounders (HR per SD: 0.88, 95%CI: 0.80; 0.95) and 
baseline depressive symptoms (HR per SD: 0.91, 95%CI: 0.84; 1.00), see 
Table 3. However, when excluding participants with clinically relevant 
depressive symptoms at baseline, the effect estimate of cognitive reserve 
suggested a smaller effect and attenuated to non-significant (HR per SD 
0.95, 95%CI: 0.86; 1.05), see Table 3. The effect estimate of cognitive 
reserve suggested a larger effect when considering only major depressive 
disorder as outcome (HR per SD: 0.82, 95%CI: 0.67; 0.99), but this as-
sociation did not remain statistically significant after adjustment for 
baseline depressive symptoms (HR per SD: 0.87, 95%CI: 0.71; 1.06), see 
Table 3. Additionally, the effect estimate for major depressive disorder 
also attenuated when those with clinically relevant depressive symp-
toms at baseline were excluded (HR per SD: 0.92, 95%CI: 0.72; 1.19), 
see Table 3. 

We conducted two sensitivity analyses. First, we investigated the 
associations for depressive events in a subsample of participants from 
earlier cohorts with data available on depressive events in the three 
years before baseline (n = 1793, events n = 112, mean age: 72.9 years, 
SD: 7.1, mean follow-up 3.2 years, SD: 2.3). The effect estimates were 
similar in the subsample including those with major depressive disorder 
or depressive syndrome in the past three years (HR per SD: 0.86, 95%CI: 

0.71–1.03) and the subsample excluding those with major depressive 
disorder or depressive syndrome in the past three years (HR per SD: 
0.86, 95%CI: 0.71; 1.05), but not statistically significant, see Supple-
mental Table 1. Second, the effect estimates for depressive events in the 
main sample remained similar when excluding participants who devel-
oped dementia during follow-up (n = 48), see Supplemental Table 2. 

3.3. Brain reserve 

A higher brain reserve was cross-sectionally associated with less 
baseline depressive symptoms (adjusted standardized mean difference, 
per SD: 0.94, 95%CI: 0.91; 0.98), see Table 2. A higher brain reserve was 
also associated with less incident depressive events over time after 
adjustment for confounders (HR per SD: 0.87, 95%CI: 0.77; 0.99) and 
depressive symptoms (HR per SD: 0.88, 95%CI: 0.77; 1.00), see Table 3. 
However, when excluding participants with clinically relevant depres-
sive symptoms at baseline, the effect estimate suggested a smaller effect 
and attenuated to non-significant (HR per SD: 0.89, 95%CI: 0.76; 1.03), 
see Table 3. The effect estimate of brain reserve remained of similar 
magnitude but was not statistically significant when considering only 
major depressive disorder (HR per SD: 0.88, 95%CI: 0.65; 1.19), see 
Table 3. Additionally, the effect estimate for major depressive disorder 
also became smaller when excluding those with clinically relevant 

Table 1 
Baseline characteristics of the study population.  

Baseline characteristic N = 4509 

Sex, women, n (%) 2499 (55.4) 
Age, years, mean (SD) 63.4 (10.2) 
Hypertension, n (%) 2723 (60.4) 
Smoking status, n (%)  

- Current 901 (20.0) 
- Past 2218 (49.1) 
- Never 1374 (30.5) 

Body mass index, kg/m2, mean (SD) 27.4 (0.05) 
Alcohol use, grams/day, mean (SD) 9.1 (0.07) 
Education level, n (%)  

- Primary 359 (8.0) 
- Low 1712 (38.0) 
- Intermediate 1359 (30.1) 
- High 1079 (23.9) 

Baseline CES-D, mean (SD) 5.2 (0.07) 
Cognitive reserve, mean (SD) 0.0 (1.00)a 

Brain reserve, mean (SD) 0.8 (0.04)  

a This variable was standardized. Abbreviations: Centre for Epidemio-
logical Studies-Depression scale (CES-D). Missing: hypertension n = 22 
(0.5 %), smoking n = 16 (0.4 %), body mass index n = 10 (0.2 %), alcohol 
use n = 22 (0.5 %), baseline CES-D n = 22 (0.5 %), but missing data was 
imputed in the analyses. 

Table 2 
Cross-sectional analyses of baseline Centre for Epidemiological Studies- 
Depression scale (CES-D) score related to cognitive and brain reserve.  

Measure Mean difference in log-transformed CES-D at baseline 
(95 % confidence interval) 

Model 1 Model 2 

Cognitive reserve, per SD 0.91 (0.89; 0.94) 0.92 (0.90; 0.95) 
Brain reserve, per SD 0.94 (0.90; 0.98) 0.94 (0.91; 0.99) 

Bold results indicate a p-value ≤ 0.05. 
Model 1: Separate models for cognitive and brain reserve, adjusted for age and 
sex. 
Model 2: As model 1, but additional adjustment for education, hypertension, 
body mass index, smoking status, alcohol use. 

Table 3 
Hazard ratios of incident depressive events and major depressive disorder 
related to cognitive and brain reserve.  

Sample and measure Hazard ratios for depressive events and 
major depressive disorder (95 % 
confidence interval) 

Model 1 Model 2 Model 3 

Any depressive event 
Total sample (n = 4509, events n = 539)    

- Cognitive reserve, per SD 0.86 
(0.79; 
0.93) 

0.88 
(0.80; 
0.95) 

0.91 
(0.84; 
1.00) 

- Brain reserve, per SD 0.86 
(0.76; 
0.98) 

0.87 
(0.77; 
0.99) 

0.88 
(0.77; 
1.00) 

Sample excluding those with baseline 
clinically relevant depressive 
symptomsa (n = 4106, events n = 401)    
- Cognitive reserve, per SD 0.90 

(0.81; 
0.99) 

0.91 (0.82; 
1.00) 

0.95 (0.86; 
1.05) 

- Brain reserve, per SD 0.87 (0.76; 
1.01) 

0.89 (0.77; 
1.03) 

0.89 (0.76; 
1.03)  

Major depressive disorder 
Total sample (n = 4509, events n = 105)    

- Cognitive reserve, per SD 0.81 
(0.67; 
0.98) 

0.82 
(0.67; 
0.99) 

0.87 (0.71; 
1.06) 

- Brain reserve, per SD 0.85 (0.64; 
1.14) 

0.86 (0.64; 
1.15) 

0.88 (0.65; 
1.19) 

Sample excluding those with baseline 
clinically relevant depressive 
symptomsa (n = 4106, events n = 69)    
- Cognitive reserve, per SD 0.92 (0.72; 

1.18) 
0.92 (0.72; 
1.19) 

0.94 (0.73; 
1.21) 

- Brain reserve, per SD 0.91 (0.64; 
1.31) 

0.94 (0.65; 
1.37) 

0.94 (0.65; 
1.37) 

Bold results indicate a p-value ≤ 0.05. 
Model 1: Separate models for cognitive and brain reserve, adjusted for age and 
sex. 
Model 2: As model 1, but additional adjustment for education, hypertension, 
body mass index, smoking status, alcohol use. 
Model 3: As model 2, but additional adjustment for baseline Centre for Epide-
miological Studies-Depression scale (CES-D) score. 

a This sample was created by excluding those with a baseline CES-D ≥16. 
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depressive symptoms at baseline (HR per SD: 0.94, 95%CI: 0.65; 1.37), 
see Table 3. 

In the sensitivity analyses, the effect estimate for depressive events 
suggested a smaller effect in the subsample excluding those with major 
depressive disorder or depressive syndrome in the three years before 
baseline (HR per SD: 1.00, 95%CI: 0.75; 1.33), compared to the sub-
sample including those with major depressive disorder or depressive 
syndrome in the three years before baseline (HR per SD: 0.95, 95%CI: 
0.73; 1.23), but was not significant in both groups, see Supplemental 
Table 1. Additionally, the effect estimates for depressive events in the 
main sample remained similar when excluding participants who devel-
oped dementia during follow-up (n = 48), see Supplemental Table 2. 

4. Discussion 

In this study of middle-aged and elderly community-dwelling adults, 
we found that both higher cognitive and brain reserve were associated 
with a lower risk of a depressive event over time, also after adjustment 
for depressive symptoms at baseline. However, the associations atten-
uated when participants with clinically relevant depressive symptoms at 
baseline were excluded. When considering only major depressive dis-
order as outcome the effect estimates suggested a larger effect but effects 
were not statistically significant. 

Our study suggests that a higher cognitive and brain reserve might be 
protective factors for incident late-life depressive events. For psychiatric 
diseases in general, it has been hypothesized that cognitive and brain 
reserve coping mechanisms are particularly important in regions that 
are related to neuromodulation of the serotonin system (Barnett et al., 
2006). Animal studies suggest that inactivation of the ventromedial pre- 
frontal cortex might eliminate the influence of cognitive control on 
serotonergic activity and stress-related behavior (Barnett et al., 2006). 
The frontal lobe function might be particularly important since it is has 
been suggested to play a large role in general intelligence (Barnett et al., 
2006), which is also often used as a proxy for cognitive reserve. In 
addition, a previous study found that a higher fluid intelligence was 
associated with lower depressive symptoms in a community-dwelling 
aging population (Murray et al., 2013). As such, it could be that a 
higher cognitive or brain reserve results in a higher functionality or 
integrity of the frontal lobe function, and therefore less depressive 
events. However, the mechanisms underlying the association of cogni-
tive and brain reserve with depression could also be more specific. For 
example, it could be that a higher cognitive or brain reserve affects the 
ability to cope with vascular brain pathology related to late-life 
depression (Taylor et al., 2013). Particularly prefrontal white matter 
hyperintensities are thought to be predictive of late-onset depression 
symptoms (Paulson et al., 2014). For cognitive reserve, this hypothesis 
was supported by a study that showed that in patients with late-life 
depression, high education attenuated the effect of white matter 
hyperintensities on mood and cognition (Lin et al., 2020). For brain 
reserve, this hypothesis was not yet investigated, but it could be 
cautiously hypothesized that a person with a lower brain reserve has less 
neurons and synapses to cope with the structural loss and atrophy 
caused by the white matter hyperintensities. 

We also found that the effect estimates, mainly for cognitive reserve, 
suggested a larger effect when considering only major depressive dis-
order as an outcome. However, these estimates were not significant, 
potentially due to a less statistical power in these analyses. Associations 
for both depressive events and major depressive disorder also attenuated 
when excluding participants with clinically relevant depressive symp-
toms at baseline, suggesting that cognitive and brain reserve may be 
partly dependent on current clinically relevant depressive symptoms. 
This is in line with a recent longitudinal population-based study in 
participants aged 50 years and older which found that depression was 
related to cognitive functioning, although depression was not related to 
faster cognitive decline (Lara et al., 2022). Specifically, a higher 
cognitive or brain reserve might only be a protective factor when they 

occur in the context of depression or when the history of depression 
interfered with the accumulation of cognitive reserve and brain reserve 
(Barnett et al., 2006), although cognitive reserve and depression were 
not found to interact in the association with cognition (Lara et al., 2022). 
Yet in a small subsample, with data available on the history of depres-
sion in the three years before baseline, the effect estimates were slightly 
smaller for brain reserve, but not for cognitive reserve. This is incon-
sistent with the finding that the effect estimates attenuated when par-
ticipants with clinically relevant depressive symptoms at baseline were 
excluded. Possibly, this is because clinically relevant depressive symp-
toms at baseline were assessed at the same time as the cognitive testing, 
rather than spanning a three year history of depressive disorders, or 
because the number of participants with major depressive disorder or 
depressive syndrome in the past three years was low. 

Future studies on cognitive and brain reserve and depression would 
benefit from large samples with more information on history of 
depression being available from a young age, in order to disentangle the 
independent effects of previous depressions and cognitive reserve. 
Additionally, research would be needed to investigate whether selective 
prevention strategies for those with a lower cognitive or brain reserve 
could reduce the incidence of late-life depressive events. 

Our study has several limitations. First, we had no data on history of 
depression available from earlier in life, making it impossible to study 
the associations of cognitive and brain reserve independent of lifetime 
depressive events. Second, we had no data available on social engage-
ment during life, which could have resulted in unmeasured confound-
ing, though we note that this factor could also be a mediator. Third, we 
defined cognitive reserve based on variables in the literature but there 
might be unknown variables, not included in the structural equations 
model, which could also play a role for cognitive reserve (Petkus et al., 
2019). Fourth, we had a relatively smaller number of participants with 
major depressive disorder and depressive syndrome during follow-up 
and in the three years before baseline, potentially limiting power. 
Fifth, participants were excluded based on data availability for cognitive 
testing and brain-MRI, which could have affected the external validity of 
the study. Strengths of the study include the prospective observational 
design with a relatively long follow-up, which encompasses depression 
diagnoses through validated tests and medical records from the general 
practitioner. Due to the large sample size, we were able to adjust for a 
wide range of covariables. And lastly, because the study is based on the 
general population, it is more generalizable to the larger population 
than clinical studies. 

In conclusion, we found that both a higher cognitive and brain 
reserve were associated a lower risk of a late-life depressive event. 
However, our results suggest that cognitive and brain reserve may be 
partly dependent on depression, as the associations attenuated when 
excluding participants with clinically relevant depressive symptoms at 
baseline. Additional research is needed in order to further disentangle 
the association of cognitive and brain reserve independent of previous 
depressive disorders and subsequently assess whether targeted preven-
tion strategies could reduce late-life depressive events. 
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