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Background: Depression might be an independent risk factor for cognitive decline, a prodromal dementia symptom or a reaction to cognitive/functional impairment.

Objective: To investigate the association between (1) depressive symptoms and (2) depressive symptom patterns over 13 years with incident mild cognitive impairment (MCI) 5 years later.

Materials and methods: We included 724/823 cognitively unimpaired men/women who participated in the population-based Heinz Nixdorf Recall study (t1: 2005–2008, ø62.9 years; t2: 2010–2015, ø68.1 years). Depressive symptoms were assessed in the study center and during six postal follow-ups using the short form of the Center for Epidemiologic Studies Depression Scale (CES-D). Relative risks (RR; 95% confidence intervals) for MCI at t2 (men/women: 71/76) were estimated for CES-D at t1 (linear and dichotomized at ≥17, cut-off for clinically relevant depressive symptoms) and CES-D fluctuations over 13 years (stable low, large fluctuations, stable high/stable around cut-off) using log-linear regression models with Poisson working likelihood adjusted for age, sex, education, diabetes mellitus, coronary heart disease, and stroke.

Results: Fully adjusted risk for MCI at t2 (per CES-D point increase at t1) was elevated for the total cohort (1.053, 1.031–1.076), men (1.046, 1.012–1.081), and women (1.059, 1.029–1.090). Applying the dichotomized CES-D, risk for MCI was substantially increased for the total cohort [2.22 (1.38–3.58)] and in women [2.59 (1.46–4.58)]. Large CES-D fluctuations and stable high/stable around cut-off were associated with increased RR for MCI in the total cohort and in women compared to stable low symptoms.

Conclusion: Depressive symptoms predicted MCI in cognitively unimpaired participants of our population-based study. Adequate treatment of depression may therefore contribute to the maintenance of normal cognition and delay dementia onset.
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Introduction

Depression is one of the most common mental disorders worldwide with more than 264 million people affected (GBD 2017 Disease and Injury Incidence and Prevalence Collaborators, 2018). Growing evidence suggests that depression is a risk factor for dementia (Jorm, 2001; Ownby et al., 2006; Almeida et al., 2017). In 2018, the number of people affected by dementia was 50 million worldwide and will triple to 152 million by 2050 (Patterson, 2018). Pathological changes of Alzheimer’s disease (AD) precede the onset of cognitive decline by 20–30 years (Jansen et al., 2015; Jack et al., 2018). Thus, the identification of persons at risk, especially while cognitively normal, is of major importance to delay or even prevent cognitive decline. Assessing depressive symptoms therefore might help to identify individuals at high risk of progression to AD (Dafsari and Jessen, 2020). Relevant biological mechanisms linking depression to dementia include (1) higher level of cortisol due to hyperactivity of the hypothalamic-pituitary-adrenal (HPA) axis leading to hippocampal atrophy (Frodl and O’Keane, 2013), (2) inflammatory changes (Dowlati et al., 2010) that inter alia decrease brain-derived neurotropic factor (Heneka et al., 2015), (3) increased amyloid production and deposition of amyloid plaques (Gatchel et al., 2019) [one of the hallmark pathologies of AD (Jack and Holtzman, 2013)], and (4) cerebrovascular disease that may lead to structural damage in frontal-striatal or frontal-executive circuits (Rashidi-Ranjbar et al., 2020). Depression could not only be a risk factor for dementia, but is also an early symptom or prodromal state of dementia. It might occur as a reaction to cognitive and functional impairment, or might be associated with a underlying common risk factor like stroke or other cerebrovascular diseases (Barnes et al., 2012; Gao et al., 2013; Dafsari and Jessen, 2020). In every mentioned scenario, depression seems to be an important accelerating factor of clinical progression and conversion from a preclinical stage to mild cognitive impairment (MCI) and finally to dementia (Dafsari and Jessen, 2020). There is robust longitudinal evidence for the association between depression and incident dementia (AD or vascular dementia) showing an approximately twofold increased risk (Diniz et al., 2013; Cherbuin et al., 2015; Ford et al., 2018; Livingston et al., 2020). Regarding MCI, the majority of studies found depression to be a contributor to the conversion of cognitively healthy participants to MCI (Barnes et al., 2006; Geda et al., 2006; Steenland et al., 2012; Gao et al., 2013). There is less evidence regarding fluctuations of depressive symptoms over time and the development of MCI. One would assume that recurrent depressive episodes or stable high depressive symptoms result in greater cognitive decline (Geda et al., 2006; Barnes et al., 2012). Dotson et al. (2010) observed a proportional increase in risk for all-cause dementia and AD as a function of the number of depressive episodes. However, recurrence of depression did not increase the risk of incident MCI. A previous analysis showed no association between MCI and a positive history of lifetime depression without current depressive symptoms (Dlugaj et al., 2015). Whether different patterns of depressive symptoms over time (i.e., stable depressive symptoms) influence the probability of MCI remains to be elucidated.

The aim of the present study was (1) to examine the association between depressive symptoms and incident MCI 5 years later in cognitively unimpaired participants, and (2) to examine the association of depressive symptom patterns over 13 years (stable high, stable low, stable around cut-off, large fluctuations) and incident MCI in a prospective population-based cohort study.



Materials and methods


Study participants

Participants of the prospective population-based Heinz Nixdorf Recall (Risk Factors, Evaluation of Coronary Calcification, and Lifestyle; HNR) study were randomly sampled from mandatory city registries in the Ruhr area in Germany and invited to participate in the study as previously reported (Schmermund et al., 2002; Stang et al., 2005). The major aim of the HNR study is to evaluate the predictive value of coronary artery calcification using electron-beam computed tomography for myocardial infarction and cardiac death in comparison to other cardiovascular risk factors (Schmermund et al., 2002; Stang et al., 2005). Briefly, 4,814 participants aged 45–75 years were enrolled in the baseline examination (t0) between 2000 and 2003. Participants were invited for follow-up examinations every 5 years (t1, n = 4157, 2005–2008, median follow-up time between t0 and t1: 5 years; t2, n = 3087, 2010–2015, median follow-up time between t0 and t2: 10 years). Data assessment included standardized interviews, clinical examinations, comprehensive laboratory tests, and self-administered questionnaires. A standardized cognitive performance assessment was introduced at t1 and was extended for t2 (see Section “Cognitive assessment”). In addition to the follow-up examinations in the study center, participants received yearly postal follow-up questionnaires. Depressive symptoms were assessed three times in the study center (t0, t1, and t2) and during six postal follow-ups using the short form of the Center for Epidemiologic Studies Depression Scale [CES-D (Radloff, 1977; Hautzinger and Bailer, 1993), see “Assessment of depressive symptoms”]. Figure 1 shows a timeline of the HNR study and time-points of CES-D assessments [for details see Engel et al. (2020)].
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FIGURE 1
Timeline of the Heinz Nixdorf Recall study, Center for Epidemiologic Studies Depression Scale (CES-D), and cognitive assessments [for details see Engel et al. (2020)].


Figure 2 shows a flow-chart of participants included in this analysis starting at t1 (n = 4,157), when cognitive assessment was implemented. Due to missing or incomplete cognitive data at t1, 71 participants were excluded. Of the remaining 4,086 participants, 1,043 did not return at t2 and 177 participants had missing or incomplete cognitive data at t2 resulting in 2,866 participants. Seventeen participants were excluded due to missing or incomplete data on subjective cognitive decline (SCD), education, activities of daily living or due to fewer than two CES-D measurements. As we were interested in incident MCI in previously (t1) cognitively healthy participants, we further excluded 947 participants with objective impairment not meeting the MCI criteria, and 341 participants with MCI and 6 demented participants at t1. Of the remaining 1,555 participants, 8 were demented at t2 (see Section “Cognitive diagnosis”). Thus, 1,547 participants (147 with incident MCI at t2 and 1,400 with no MCI at t2) were included in the analysis.
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FIGURE 2
Sample flowchart for the present study. MCI, mild cognitive impairment; t1, first follow-up examination; t2, second follow-up examination.


All participants provided written informed consent. The study was approved by the institutional review board of the University Duisburg-Essen and followed established guidelines of good epidemiological practice.



Cognitive assessment

Briefly, the extended cognitive performance assessment at t2 consisted of eight subtests: (1) immediate and (2) delayed word list, (3) Labyrinth test, (4) verbal fluency “animals,” (5) clock-drawing test, (6, 7) Trail Making Test A and B, (8) Color-word test (card 1, card 2, difference card 3–card 2). For a detailed description of tests (1) to (5) see Wege et al. (2011) and for the extended cognitive assessment (6) to (8) see Tebrügge et al. (2018) and Müller-Gerards et al. (2019). Tests were grouped into the following four domains: (1) attention–Trail Making Test A, Color-word test card 1 and card 2; (2) executive function–Trail Making Test B, Labyrinth test, Color-word test interference performance, verbal fluency; (3) verbal memory–eight word list immediate and delayed recall; (4) visuoconstruction–clock-drawing test (Müller-Gerards et al., 2019). Cognitive impairment was defined as a performance of more than one SD below the age- and education adjusted mean in at least one total domain score of the domains attention, executive function, verbal memory, or as a score of ≥3 in visuoconstruction (Shulman, 2000; Müller-Gerards et al., 2019). For details of domain construction see Müller-Gerards et al. (2019).



Cognitive diagnoses

The MCI diagnosis was based on meeting all of the following published MCI criteria (Winblad et al., 2004): (1) cognitive impairment in at least one of the four domains reported above; (2) subjective cognitive decline (SCD) assessed with the question “In comparison to 2 years ago would you rate your memory function as better, same, or worse?” (SCD was defined as present if the participant’s answer was “worse”); (3) normal functional abilities and daily activities; (4) no dementia diagnosis. To examine incident MCI at t2 in cognitively healthy participants at t1, participants with dementia, MCI or with an objective cognitive impairment without fulfilling the obligate SCD criterion for MCI diagnosis were excluded as detailed above (see Figure 2). Participants at t2 not meeting MCI criteria as detailed above were categorized as “no MCI.”

Dementia diagnosis was defined as a physician’s previous diagnosis of dementia, meeting the DSM-IV (American Psychiatric Association, 1994) dementia diagnosis criteria or taking cholinesterase inhibitors [anatomic-therapeutic-chemical classification (ATC) issued by the World Health Organization, ATC code: N06DA] or other anti-dementia drugs (N06DX).



Depressive symptoms

We assessed depressive symptoms using the German 15-item short form of the CES-D (Radloff, 1977; Hautzinger and Bailer, 1993). It was developed by The National Institute of Mental Health for epidemiological research and showed good sensitivity and specificity and high internal consistency across wide age ranges (Radloff and Teri, 1986; Lewinsohn et al., 1997) including in participants with cognitive impairment (Lewinsohn et al., 1997). The scale assesses the number of symptoms/week associated with depression, such as depressed mood, restless sleep, and feeling lonely. The answers are rated on a Likert scale with four possible categories: “0” = “rarely or none of the time (less than 1 day),” “1” = “sometimes (1–2 days),” “2” = often (3–4 days), and “4” = “almost or all of the time (5–7 days).” Scores range from 0 to 45 in the total t1 sample with higher scores indicating more depressive symptoms. In our final sample, scores range from 0 to 39. For up to three missing answers, missing values were replaced by the mean value of this item. The CES-D is considered an indicator of depression and is highly correlated with a clinical diagnosis of depression (Lewinsohn et al., 1997). A cut-off value of ≥17 was chosen to indicate clinically relevant depressive symptoms (Beekman et al., 1997; Icks et al., 2013; Engel et al., 2020). As mentioned above, the CES-D was assessed at t0, t1, and t2 in the study center. Furthermore, participants received three CES-D postal questionnaires between t1 and t2 and additional three CES-D postal questionnaires after t2 to assess the development of depressive symptoms over time (see Figure 1). Thus, we are able to analyze the course of depressive symptoms over a period of 13 years [for details see Engel et al. (2020)].

Besides using the dichotomized score to define depressive symptoms, participants were grouped into subgroups depending on their intra-individual mean value of the CES-D score form all available time-points (“overall CES-D mean”; minimum two CES-D measurements available) (Engel et al., 2020). The corresponding SD was calculated to show the variation of the CES-D score over time for each participant. Based on these two values (individual mean and SD), the population was stratified into four subgroups: stable low (individual SD < 6.8; overall CES-D mean < 13.6), stable high (individual SD < 6.8; overall CES-D mean > 20.4), stable around cut-off (≥17) for elevated depressive symptoms (individual SD < 6.8; CES-D mean ≥ 13.6; ≤ 20.4) and large fluctuations (individual SD ≥ 6.8; CES-D mean not used for definition of this group). For details see Engel et al. (2020).



Covariates

Computer-assisted interviews at both time points collected information about medical/family history, coronary heart disease, smoking, and socio-economic status (Schmermund et al., 2002; Stang et al., 2005). The continuous education variable was stratified into four categories, with the highest category of ≥18 years of education and the lowest category of ≤10 years. Blood pressure was measured seated with an automated oscillometric blood pressure device (Omron, HEM-705CP, Mannheim, Germany), using the mean of the second and third value of three measurements (Schmermund et al., 2002) and classified according to JNC-7 [Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure; systolic blood pressure and/or diastolic blood pressure: normal (<120 mmHg and <80 mmHg), pre-hypertension (120–139 mmHg or 80–89 mmHg), stage 1 (140–159 mmHg or 90–99 mmHg) and stage 2 (≥160 mmHg or ≥100 mmHg or intake of antihypertensive medication)] (Chobanian et al., 2003). Standardized measured height and weight were used for calculating body mass index (BMI; kg/m2). Diabetes mellitus was defined present if participants reported a diagnosis of diabetes, used anti-diabetic medication or had a fasting glucose of >126 mg/dl (Icks et al., 2008). All participants were asked about known coronary heart disease and stroke using a physician-based questionnaire. “Current smoking” was defined as a history of cigarette smoking during the past year. If there was a history of smoking (longer than 1 year ago), participants were defined as “former smoker,” if there was no history of smoking as “never smoked.” Participants were asked to bring their medication in the original packing or the package insert to the appointment. Medication use was recorded according to ATC classification codes, including use of antidepressants (ATC code N06A). Cardio-Metabochip BeadArrays were used for genotyping of two single nucleotide polymorphisms (SNPs, rs7412 and rs429358) to discriminate between the APOE alleles ε2, ε3, and ε4. Participants defined as APOE ε4 positive had at least one allele 4 (ε2/ε4, ε3/ε4, and ε4/ε4). All other participants were defined as APOE ε4 negative.

The variables used for model adjustment were selected using a directed acyclic graph (DAG) based on current literature on the topic. The DAG was constructed using the online software DAGitty v3.0 (Textor et al., 2016). The minimally sufficient adjustment set included the following variables: age, sex, education, diabetes mellitus, coronary heart disease, and stroke (see Supplementary Figure 1).



Statistical analyses

To compare participants with incident MCI vs. no MCI at t2 regarding sociodemographic and clinical characteristics, we performed Mann–Whitney U tests for continuous variables and Pearson χ2 tests for categorical variables. We used a log-linear regression model with a Poisson working likelihood to obtain relative risks (RR) and corresponding 95% confidence intervals (CI). The outcome variable was incident MCI at t2, exposure variables were depressive symptoms (CES-D score at t1) and CES-D subgroups over time (“stable low” as reference category). Because only 27 (1%) participants (5 incident MCI vs. 22 no MCI) showed stable high CES-D values over time, we decided to use three CES-D subgroups stable low [n = 2,157 (87%)], stable high or around cut-off [n = 149 (6%)], large fluctuations [n = 173 (7%)] for our analyses.

For each exposure of interest, we calculated three models: first, a crude model with only the exposure as an independent variable; second, a model additionally adjusted for age, sex, and education; third, a fully adjusted model including all variables suggested by the DAG.




Results

Demographic and clinical characteristics of all study participants and stratified by MCI status at t2 are shown in Table 1. Participants with incident MCI at t2 were significantly older, had lower education levels, were more often APOE ε4 carrier and had more often a positive history of stroke than participants without incident MCI. Regarding depressive symptoms, participants with incident MCI at t2 showed higher CES-D scores at t1 and at t2, had more often CES-D scores above the cut-off at t1 and t2, showed a higher intake of antidepressants at t1 and had more often stable high or stable around cut-off CES-D scores since t0 than participants with no MCI at t2.


TABLE 1    Demographic and clinical characteristics of all study participants and stratified by incident mild cognitive impairment (MCI) vs. no MCI at t2.
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Regression analyses revealed a significantly elevated RR for incident MCI per CES-D point increase for the total cohort (RR 1.053, 95% CI 1.031–1.076, all reported RR and 95% CI in the results section are fully adjusted unless otherwise indicated) and in men (1.046, 1.012–1.081) and women (1.059, 1.029–1.090) separately (see Table 2, upper part). When applying the CES-D cut-off of ≥17 points indicating clinically relevant depressive symptoms (see Table 2, lower part), we found a 2.22 (1.38–3.58) fold increased risk for incident MCI in the total sample. When stratifying by sex, we found a 2.59 (1.46–4.58) fold increased risk for incident MCI in women, but no increased MCI risk for men (1.29, 0.52–3.21, unadjusted). Looking at CES-D fluctuation patterns over 13 years (Table 3), stable high or stable around cut-off CES-D values showed a 2.27 (1.38–3.75) fold increased risk for incident MCI in the total cohort. Large fluctuations of CES-D scores were also associated with a 1.89 (1.10–3.23) fold increased MCI risk. When stratifying by sex, we found a 2.93 (1.59–5.41) increased risk for incident MCI in women with stable high or stable around cut-off CES-D scores and a 1.78 (0.89–3.55) fold increased risk for large fluctuations. Due to only five incident MCI cases in men, we cannot adjust our models and found a crude RR of 1.68 (0.68–4.19) for incident MCI in men with stable high or stable around cut-off CES-D scores.


TABLE 2    Association between Center for Epidemiologic Studies Depression Scale (CES-D) score at t1 and CES-D ≥ 17 at t1 and incident mild cognitive impairment (MCI) at t2 for the total sample and stratified by sex.
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TABLE 3    Association between Center for Epidemiologic Studies Depression Scale (CES-D) fluctuations over 13 years and incident mild cognitive impairment (MCI) at t2 for the total sample and stratified by sex.
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Discussion

In our population-based cohort, depressive symptoms on the CES-D in cognitively unimpaired participants were associated with an increased risk of incident MCI 5 years later in both sexes. When applying the cut-off value for clinically relevant depressive symptoms, we found a 2.6-fold increased MCI risk for women. The same pattern was seen regarding fluctuations of depressive symptoms over 13 years: We found stable high or stable around cut-off scores on the CES-D to be associated with a nearly threefold increased risk of incident MCI in women. In addition, large fluctuations of depressive symptoms over time were associated with a nearly two-fold increased risk of incident MCI.

There is strong evidence on the association between depression and incident dementia showing an approximately twofold increased risk (Diniz et al., 2013; Cherbuin et al., 2015; Ford et al., 2018; Livingston et al., 2020). Depression is a contributor to increased dementia risk accounting for 4% of dementia cases worldwide, which might be prevented or delayed by elimination of this risk factor (Livingston et al., 2020). Our results regarding depressive symptoms and incident MCI in cognitively normal individuals are in line with the majority of studies (Barnes et al., 2006; Geda et al., 2006; Goveas et al., 2011; Steenland et al., 2012; Lara et al., 2017). Depressed individuals show a hyperactivity of the central stress response system that increases production of the stress hormones glucocorticoids (Holsboer, 2000). High levels of glucocorticoids lead to damage of the hippocampus (Conrad, 2008) and higher glucocorticoid levels have been associated with impaired cognitive functioning in both healthy and depressed individuals (Gomez et al., 2006), especially in memory and executive functioning (Rogers et al., 2004). The importance of the HPA-axis homeostasis for cognition is further supported by evidence of hypocortisolemia in depression that may occur after a prolonged period of hyperactivity of the HPA-axis (Fries et al., 2005; Miller et al., 2007). Low levels of corticosteroids might have a negative effect on cognition as well (Belanoff et al., 2001). Further biological mechanisms linking depression to dementia include inflammatory changes (Dowlati et al., 2010) and increased amyloid production and deposition of amyloid plaques (Jack and Holtzman, 2013). The association between depressive symptoms and the development of dementia has led to an ongoing debate on the direction of causality in this association (Dafsari and Jessen, 2020). Depression might be a risk factor for dementia, an early sign or prodromal stage of dementia, or occurring in the state of cognitive impairment/dementia as a reaction to cognitive or functional disabilities. Because our depression scores were assessed when participants were cognitively unimpaired, it can be assumed that our data indicate toward depressive symptoms as a risk factor for MCI and dementia in the further course. We cannot strictly rule out that depressive symptoms might also be a prodromal symptom of MCI in some of our participants. Regardless, both scenarios have strong implications. Depression is common among elderly individuals. Thus, identification of depression at an early time point and adequate treatment according to the depression guideline (Deutsche Gesellschaft für Psychiatrie und Psychotherapie, Psychosomatik und Nervenheilkunde) (DGPPN et al., 2015) might delay cognitive decline in the future.

Because cerebrovascular disease may lead to structural damage in frontal-striatal or frontal-executive circuits (Rashidi-Ranjbar et al., 2020) which is associated with depressive symptoms, we controlled our models for vascular conditions. This did not change our results.

Regarding symptom fluctuation over 13 years, we found stable high or stable around cut-off CES-D values, but also large fluctuations over time to be associated with a twofold increased risk of MCI. Only few studies examined depressive symptom fluctuations and the development of MCI. Dotson et al. (2010) found that recurrent elevated depressive symptoms increase the risk for all-cause dementia and AD as a function of the number of episodes. However, recurrence of depressive symptoms did not increase risk of incident MCI in their cohort. In our cohort, the RR of stable high or stable around cut-off CES-D scores over time and MCI were higher than the risks for large fluctuations or clinically relevant CES-D scores at one time point. This finding is in line with the postulated pathophysiological mechanisms linking depression and cognitive decline since repeated high depressive scores over time would result in repeated or continuous insult, for example to the hippocampus (Sapolsky et al., 1986). However, single episodes of depressive symptoms (as indicated by large fluctuations or by the CES-D score at t1) might also enhance the vulnerability to the adverse impact of depressive symptoms on cognitive functioning and brain integrity (Geda et al., 2006; Barnes et al., 2012; Dlugaj et al., 2015). This is also in line with a recent study showing early adulthood depressive symptoms to be a risk factor for cognitive impairment independent of mid- or late-life depressive symptoms (Brenowitz et al., 2021).

The stratification of our MCI group in amnestic (aMCI) and non-amnestic MCI (naMCI) reflecting different underlying dementia etiologies [aMCI more likely to progress to AD, naMCI more likely to progress to vascular dementia or other non-AD dementia (Winblad et al., 2004)] showed a similar association with both subtypes (see Supplementary Tables 1, 2). The association with aMCI was more pronounced. The association with both subtypes of MCI seems plausible. For example, it has been shown that glucocorticoids promote amyloid-beta formation in the mouse model of AD (Green et al., 2006). Regarding naMCI, studies showed higher depressive symptoms in participants with cardiovascular diseases (Byers and Yaffe, 2011; Taylor et al., 2013). The same pattern was also found in our previous cross-sectional analysis of MCI subtypes and depression (Dlugaj et al., 2015).

Despite the sex-independent association of depressive symptoms with MCI 5 years later, the association of clinically relevant depressive symptoms was evident only in women. Thus, depressive symptoms seem to increase the risk of MCI in both sexes without the necessity of reaching the level of clinically relevant depressive symptoms. It is known that the prevalence of depression is higher in women (Leach et al., 2008). In our cohort, only 40 (out of 722) men showed clinically relevant depressive symptoms. Only five men with clinically relevant depressive symptoms developed MCI over time. Thus, our models might not have been able to detect associations between clinically relevant depressive symptoms and MCI in men. The same is true for CES-D fluctuations over 13 years with only 32 men with stable high or stable around cut-off CES-D values and 10 MCI cases over time. Although women seem to have a higher lifetime prevalence of depression (Bekker and van Mens-Verhulst, 2007), sex differences seem to persist mainly before menopause (Cyranowski et al., 2000; Cairney and Wade, 2002). However, not all reported sex differences seem to result from circulation gonadal hormones (Bangasser and Cuarenta, 2021). More research is needed to fully understand the circuits and mechanisms that contribute to sex differences in depression as this has implications for adequate treatments for both men and women.

Our study has several strengths. We have examined a large, well-characterized, population-based sample that enabled us to include only cognitively unimpaired participants at a specific time point and examine incident MCI cases 5 years later. The cognitive assessment at t1 that has shown a good accuracy in identifying participants with MCI in a previous study (Wege et al., 2011), and therefore allows a good identification of incident MCI cases. The availability of multiple measurements of depressive symptoms makes it possible to investigate patterns of depressive symptoms over 13 years. There are some limitations that need to be considered. Because this is a longitudinal study with cognitive data assessed at the first and second follow-up examination, cognitively impaired participants might have been less likely to participate resulting in a cohort representing a healthier population. Depression was not diagnosed by a clinician. Thus, we do not have a clinical depression diagnosis or knowledge about the beginning of symptoms. However, the CES-D is a widely utilized and well-established instrument to measure depressive symptoms. Furthermore, we used a well-established cut-off to define clinically relevant depressive symptoms in our cohort (Lewinsohn et al., 1997). Regarding fluctuations of depressive symptoms, not all participants had the same number of CES-D measurements over time. Finally, we do not have any biomarker information to differentiate between underlying pathologies for incident MCI and had small sample sizes of men with incident MCI and depressive symptoms.

In summary, an increase in depressive symptoms in cognitively unimpaired participants was associated with an increased risk of incident MCI after 5 years. Our findings contribute to the knowledge about depression and cognitive decline indicating depression to be a risk factor for MCI and for dementia in the further course. Assessing depressive symptoms and taking them seriously when reported might help to identify individuals at risk of cognitive decline in order to enable early treatment to delay dementia onset.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, upon resonable request.



Ethics statement

The studies involving human participants were reviewed and approved by the Ethics Committee of the Faculty of Medicine, University of Duisburg-Essen, Essen, Germany. The patients/participants provided their written informed consent to participate in this study.



Author contributions

All authors listed have made a substantial, direct, and intellectual contribution to the work, and approved it for publication.



Funding

Parts of this study were supported by the German Research Council (DFG) (DFG project: EI 969/2-3, ER 155/6-1;6-2, HO 3314/2-1;2-2;2-3;4-3, INST 58219/32-1, JO 170/8-1, KN 885/3-1, PE 2309/2-1, and SI 236/8-1;9-1;10-1), the German Ministry of Education and Science (BMBF project: 01EG0401, 01GI0856, 01GI0860, 01GS0820_WB2-C, 01ER1001D, and 01GI0205), the Ministry of Innovation, Science, Research and Technology, North Rhine-Westphalia (MIWFT-NRW), the Else Kröner-Fresenius-Stiftung (project: 2015_A119), and the German Social Accident Insurance (DGUV project: FF-FP295). Furthermore this study was supported by the Competence Network for HIV/AIDS, the deanship of the University Hospital and IFORES of the University Duisburg-Essen, the European Union, the German Competence Network Heart Failure, Kulturstiftung Essen, the Protein Research Unit within Europe (PURE), the Dr. Werner-Jackstädt Stiftung and the following companies: Celgene GmbH München, Imatron/GE-Imatron, Janssen, Merck KG, Philips, ResMed Foundation, Roche Diagnostics, Sarstedt AG & Co., Siemens HealthCare Diagnostics, and Volkswagen Foundation. The funders were not involved in the study design, collection, analysis, interpretation of data, the writing of this article, or the decision to submit it for publication.



Acknowledgments

We are indebted to all study participants and to both the dedicated personnel of the study center of the Heinz Nixdorf Recall study and to the investigative group, in particular to U. Slomiany, E. M. Beck, A. Öffner, S. Münkel, R. Peter, and H. Hirche. Advisory Board: Meinertz T., Hamburg, Germany (Chair); Bode C., Freiburg, Germany; deFeyter P. J., Rotterdam, Netherlands; Güntert B, Halli, Austria; Gutzwiller F., Bern, Switzerland; Heinen H., Bonn, Germany; Hess O., Bern, Switzerland; Klein B., Essen, Germany; Löwel H., Neuherberg, Germany; Reiser M., Munich, Germany; Schmidt G., Essen, Germany; Schwaiger M., Munich, Germany; Steinmüller C., Bonn, Germany; Theorell T., Stockholm, Sweden; Willich S. N., Berlin, Germany. We also thank the Heinz Nixdorf Foundation [Chairman: Martin Nixdorf; Past Chairman: jur. Gerhard Schmidt (deceased)], for their generous support of this study. We acknowledge support from the Open Access Publication Fund of the University of Duisburg-Essen.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnbeh.2022.988621/full#supplementary-material



References

Almeida, O. P., Hankey, G. J., Yeap, B. B., Golledge, J., and Flicker, L. (2017). Depression as a modifiable factor to decrease the risk of dementia. Transl. Psychiatry 7:e1117. doi: 10.1038/tp.2017.90

American Psychiatric Association (1994). Diagnostic and statistical manual of mental disorders: DSM-IV, 4 Edn. Washington, DC: American Psychiatric Association.

Bangasser, D. A., and Cuarenta, A. (2021). Sex differences in anxiety and depression: Circuits and mechanisms. Nat. Rev. Neurosci. 22, 674–684. doi: 10.1038/s41583-021-00513-0

Barnes, D. E., Alexopoulos, G. S., Lopez, O. L., Williamson, J. D., and Yaffe, K. (2006). Depressive symptoms, vascular disease, and mild cognitive impairment: Findings from the Cardiovascular Health Study. Arch. Gen. Psychiatry 63, 273–279. doi: 10.1001/archpsyc.63.3.273

Barnes, D. E., Yaffe, K., Byers, A. L., McCormick, M., Schaefer, C., and Whitmer, R. A. (2012). Midlife vs late-life depressive symptoms and risk of dementia: Differential effects for Alzheimer disease and vascular dementia. Arch. Gen. Psychiatry 69, 493–498. doi: 10.1001/archgenpsychiatry.2011.1481

Beekman, A. T., Deeg, D. J., Van Limbeek, J., Braam, A. W., De Vries, M. Z., and Van Tilburg, W. (1997). Criterion validity of the center for epidemiologic studies depression scale (CES-D): Results from a community-based sample of older subjects in The Netherlands. Psychol. Med. 27, 231–235. doi: 10.1017/s0033291796003510

Bekker, M. H., and van Mens-Verhulst, J. (2007). Anxiety disorders: Sex differences in prevalence, degree, and background, but gender-neutral treatment. Gend. Med. 4(Suppl. B) S178–S193. doi: 10.1016/s1550-8579(07)80057-x

Belanoff, J. K., Gross, K., Yager, A., and Schatzberg, A. F. (2001). Corticosteroids and cognition. J. Psychiatr. Res. 35, 127–145. doi: 10.1016/s0022-3956(01)00018-8

Brenowitz, W. D., Zeki Al Hazzouri, A., Vittinghoff, E., Golden, S. H., Fitzpatrick, A. L., and Yaffe, K. (2021). Depressive symptoms imputed across the life course are associated with cognitive impairment and cognitive decline. J. Alzheimers Dis. 83, 1379–1389. doi: 10.3233/JAD-210588

Byers, A. L., and Yaffe, K. (2011). Depression and risk of developing dementia. Nat. Rev. Neurol. 7, 323–331. doi: 10.1038/nrneurol.2011.60

Cairney, J., and Wade, T. J. (2002). The influence of age on gender differences in depression: Further population-based evidence on the relationship between menopause and the sex difference in depression. Soc. Psychiatry Psychiatr. Epidemiol. 37, 401–408. doi: 10.1007/s00127-002-0569-0

Cherbuin, N., Kim, S., and Anstey, K. J. (2015). Dementia risk estimates associated with measures of depression: A systematic review and meta-analysis. BMJ Open 5:e008853. doi: 10.1136/bmjopen-2015-008853

Chobanian, A. V., Bakris, G. L., Black, H. R., Cushman, W. C., Green, L. A., Izzo, J. L. Jr., et al. (2003). The seventh report of the joint national committee on prevention, detection, evaluation, and treatment of high blood pressure: The JNC 7 report. JAMA 289, 2560–2572. doi: 10.1001/jama.289.19.2560

Conrad, C. D. (2008). Chronic stress-induced hippocampal vulnerability: The glucocorticoid vulnerability hypothesis. Rev. Neurosci. 19, 395–411. doi: 10.1515/revneuro.2008.19.6.395

Cyranowski, J. M., Frank, E., Young, E., and Shear, M. K. (2000). Adolescent onset of the gender difference in lifetime rates of major depression: A theoretical model. Arch. Gen. Psychiatry 57, 21–27. doi: 10.1001/archpsyc.57.1.21

Dafsari, F. S., and Jessen, F. (2020). Depression-an underrecognized target for prevention of dementia in Alzheimer’s disease. Transl. Psychiatry 10, 160. doi: 10.1038/s41398-020-0839-1

DGPPN, BÄK, KBV, and AWMF (2015). S3-Leitlinie/Nationale VersorgungsLeitline Unipolare Depression–Langfassung, 2nd Edn. doi: 10.6101/AZQ/000364

Diniz, B. S., Butters, M. A., Albert, S. M., Dew, M. A., and Reynolds, C. F. I. I. I. (2013). Late-life depression and risk of vascular dementia and Alzheimer’s disease: Systematic review and meta-analysis of community-based cohort studies. Br. J. Psychiatry 202, 329–335. doi: 10.1192/bjp.bp.112.118307

Dlugaj, M., Winkler, A., Dragano, N., Moebus, S., Jöckel, K. H., Erbel, R., et al. (2015). Depression and mild cognitive impairment in the general population: Results of the Heinz Nixdorf recall study. J. Alzheimers Dis. 45, 159–174. doi: 10.3233/JAD-142178

Dotson, V. M., Beydoun, M. A., and Zonderman, A. B. (2010). Recurrent depressive symptoms and the incidence of dementia and mild cognitive impairment. Neurology 75, 27–34. doi: 10.1212/WNL.0b013e3181e62124

Dowlati, Y., Herrmann, N., Swardfager, W., Liu, H., Sham, L., Reim, E. K., et al. (2010). A meta-analysis of cytokines in major depression. Biol. Psychiatry 67, 446–457. doi: 10.1016/j.biopsych.2009.09.033

Engel, M., Jöckel, K. H., Dragano, N., Engels, M., and Moebus, S. (2020). Subgroups with typical courses of depressive symptoms in an elderly population during 13 years of observation: Results from the Heinz Nixdorf Recall Study. Int. J. Soc. Psychiatry 66, 799–809. doi: 10.1177/0020764020925515

Ford, E., Greenslade, N., Paudyal, P., Bremner, S., Smith, H. E., Banerjee, S., et al. (2018). Predicting dementia from primary care records: A systematic review and meta-analysis. PLoS One 13:e0194735. doi: 10.1371/journal.pone.0194735

Fries, E., Hesse, J., Hellhammer, J., and Hellhammer, D. H. (2005). A new view on hypocortisolism. Psychoneuroendocrinology 30, 1010–1016. doi: 10.1016/j.psyneuen.2005.04.006

Frodl, T., and O’Keane, V. (2013). How does the brain deal with cumulative stress? A review with focus on developmental stress, HPA axis function and hippocampal structure in humans. Neurobiol. Dis. 52, 24–37. doi: 10.1016/j.nbd.2012.03.012

Gao, Y., Huang, C., Zhao, K., Ma, L., Qiu, X., Zhang, L., et al. (2013). Depression as a risk factor for dementia and mild cognitive impairment: A meta-analysis of longitudinal studies. Int. J. Geriatr. Psychiatry 28, 441–449. doi: 10.1002/gps.3845

Gatchel, J. R., Rabin, J. S., Buckley, R. F., Locascio, J. J., Quiroz, Y. T., Yang, H. S., et al. (2019). Longitudinal association of depression symptoms with cognition and cortical amyloid among community-dwelling older adults. JAMA Netw. Open 2:e198964. doi: 10.1001/jamanetworkopen.2019.8964

GBD 2017 Disease and Injury Incidence and Prevalence Collaborators (2018). Global, regional, and national incidence, prevalence, and years lived with disability for 354 diseases and injuries for 195 countries and territories, 1990-2017: A systematic analysis for the Global Burden of Disease Study 2017. Lancet 392, 1789–1858. doi: 10.1016/S0140-6736(18)32279-7

Geda, Y. E., Knopman, D. S., Mrazek, D. A., Jicha, G. A., Smith, G. E., Negash, S., et al. (2006). Depression, apolipoprotein E genotype, and the incidence of mild cognitive impairment: A prospective cohort study. Arch. Neurol. 63, 435–440. doi: 10.1001/archneur.63.3.435

Gomez, R. G., Fleming, S. H., Keller, J., Flores, B., Kenna, H., DeBattista, C., et al. (2006). The neuropsychological profile of psychotic major depression and its relation to cortisol. Biol. Psychiatry 60, 472–478. doi: 10.1016/j.biopsych.2005.11.010

Goveas, J. S., Espeland, M. A., Woods, N. F., Wassertheil-Smoller, S., and Kotchen, J. M. (2011). Depressive symptoms and incidence of mild cognitive impairment and probable dementia in elderly women: The Women’s Health Initiative Memory Study. J. Am. Geriatr. Soc. 59, 57–66. doi: 10.1111/j.1532-5415.2010.03233.x

Green, K. N., Billings, L. M., Roozendaal, B., McGaugh, J. L., and LaFerla, F. M. (2006). Glucocorticoids increase amyloid-beta and tau pathology in a mouse model of Alzheimer’s disease. J. Neurosci. 26, 9047–9056. doi: 10.1523/JNEUROSCI.2797-06.2006

Hautzinger, M., and Bailer, M. (1993). Allgemeine depressions skala. Göttingen: Beltz Test GmbH.

Heneka, M. T., Carson, M. J., El Khoury, J., Landreth, G. E., Brosseron, F., Feinstein, D. L., et al. (2015). Neuroinflammation in Alzheimer’s disease. Lancet Neurol. 14, 388–405. doi: 10.1016/S1474-4422(15)70016-5

Holsboer, F. (2000). The corticosteroid receptor hypothesis of depression. Neuropsychopharmacology 23, 477–501. doi: 10.1016/S0893-133X(00)00159-7

Icks, A., Albers, B., Haastert, B., Pechlivanis, S., Bokhof, B., Slomiany, U., et al. (2013). Diabetes incidence does not differ between subjects with and without high depressive symptoms–5-year follow-up results of the Heinz Nixdorf Recall Study. Diabet. Med. 30, 65–69. doi: 10.1111/j.1464-5491.2012.03724.x

Icks, A., Kruse, J., Dragano, N., Broecker-Preuss, M., Slomiany, U., Mann, K., et al. (2008). Are symptoms of depression more common in diabetes? Results from the Heinz Nixdorf Recall study. Diabet. Med. 25, 1330–1336. doi: 10.1111/j.1464-5491.2008.02585.x

Jack, C. R. Jr., and Holtzman, D. M. (2013). Biomarker modeling of Alzheimer’s disease. Neuron 80, 1347–1358. doi: 10.1016/j.neuron.2013.12.003

Jack, C. R. Jr., Bennett, D. A., Blennow, K., Carrillo, M. C., Dunn, B., Haeberlein, S. B., et al. (2018). NIA-AA Research Framework: Toward a biological definition of Alzheimer’s disease. Alzheimers Dement. 14, 535–562. doi: 10.1016/j.jalz.2018.02.018

Jansen, W. J., Ossenkoppele, R., Knol, D. L., Tijms, B. M., Scheltens, P., Verhey, F. R., et al. (2015). Prevalence of cerebral amyloid pathology in persons without dementia: A meta-analysis. JAMA 313, 1924–1938. doi: 10.1001/jama.2015.4668

Jorm, A. F. (2001). History of depression as a risk factor for dementia: An updated review. Aust. N. Z. J. Psychiatry 35, 776–781.

Lara, E., Koyanagi, A., Domenech-Abella, J., Miret, M., Ayuso-Mateos, J. L., and Haro, J. M. (2017). The impact of depression on the development of mild cognitive impairment over 3 years of follow-up: A population-based study. Dement. Geriatr. Cogn. Disord. 43, 155–169. doi: 10.1159/000455227

Leach, L. S., Christensen, H., Mackinnon, A. J., Windsor, T. D., and Butterworth, P. (2008). Gender differences in depression and anxiety across the adult lifespan: The role of psychosocial mediators. Soc. Psychiatry Psychiatr. Epidemiol. 43, 983–998. doi: 10.1007/s00127-008-0388-z

Lewinsohn, P. M., Seeley, J. R., Roberts, R. E., and Allen, N. B. (1997). Center for epidemiologic studies depression scale (CES-D) as a screening instrument for depression among community-residing older adults. Psychol. Aging 12, 277–287.

Livingston, G., Huntley, J., Sommerlad, A., Ames, D., Ballard, C., Banerjee, S., et al. (2020). Dementia prevention, intervention, and care: 2020 report of the Lancet Commission. Lancet 396, 413–446. doi: 10.1016/S0140-6736(20)30367-6

Miller, G. E., Chen, E., and Zhou, E. S. (2007). If it goes up, must it come down? Chronic stress and the hypothalamic-pituitary-adrenocortical axis in humans. Psychol. Bull. 133, 25–45. doi: 10.1037/0033-2909.133.1.25

Müller-Gerards, D., Weimar, C., Abramowski, J., Tebrügge, S., Jokisch, M., Dragano, N., et al. (2019). Subjective cognitive decline, APOE epsilon4, and incident mild cognitive impairment in men and women. Alzheimers Dement. (Amst.) 11, 221–230. doi: 10.1016/j.dadm.2019.01.007

Ownby, R. L., Crocco, E., Acevedo, A., John, V., and Loewenstein, D. (2006). Depression and risk for Alzheimer disease: Systematic review, meta-analysis, and metaregression analysis. Arch. Gen. Psychiatry 63, 530–538. doi: 10.1001/archpsyc.63.5.530

Patterson, C. (2018). World Alzheimer report 2018. The state of the art of dementia research: New frontiers. An analysis of prevalence, incidence, cost and trends. London: Alzheimer’s Disease International.

Radloff, L. S. (1977). The CES-D scale: A self-report depression scale for research in the general population. Appl. Psychol. Meas. 1, 385–401.

Radloff, L. S., and Teri, L. (1986). Use of the CES-D scale with older adults. Clin. Gerontol. 5, 119–135.

Rashidi-Ranjbar, N., Miranda, D., Butters, M. A., Mulsant, B. H., and Voineskos, A. N. (2020). Evidence for structural and functional alterations of frontal-executive and corticolimbic circuits in late-life depression and relationship to mild cognitive impairment and dementia: A systematic review. Front. Neurosci. 14:253. doi: 10.3389/fnins.2020.00253

Rogers, M. A., Kasai, K., Koji, M., Fukuda, R., Iwanami, A., Nakagome, K., et al. (2004). Executive and prefrontal dysfunction in unipolar depression: A review of neuropsychological and imaging evidence. Neurosci. Res. 50, 1–11. doi: 10.1016/j.neures.2004.05.003

Sapolsky, R. M., Krey, L. C., and McEwen, B. S. (1986). The neuroendocrinology of stress and aging: The glucocorticoid cascade hypothesis. Endocr. Rev. 7, 284–301. doi: 10.1210/edrv-7-3-284

Schmermund, A., Möhlenkamp, S., Stang, A., Grönemeyer, D., Seibel, R., Hirche, H., et al. (2002). Assessment of clinically silent atherosclerotic disease and established and novel risk factors for predicting myocardial infarction and cardiac death in healthy middle-aged subjects: Rationale and design of the Heinz Nixdorf RECALL Study. Risk factors, evaluation of coronary calcium and lifestyle. Am. Heart J. 144, 212–218. doi: 10.1067/mhj.2002.123579

Shulman, K. I. (2000). Clock-drawing: Is it the ideal cognitive screening test? Int. J. Geriatr. Psychiatry 15, 548–561. doi: 10.1002/1099-1166(200006)15:6<548::AID-GPS242<3.0.CO;2-U

Stang, A., Moebus, S., Dragano, N., Beck, E. M., Möhlenkamp, S., Schmermund, A., et al. (2005). Baseline recruitment and analyses of nonresponse of the Heinz Nixdorf Recall Study: Identifiability of phone numbers as the major determinant of response. Eur. J. Epidemiol. 20, 489–496. doi: 10.1007/s10654-005-5529-z

Steenland, K., Karnes, C., Seals, R., Carnevale, C., Hermida, A., and Levey, A. (2012). Late-life depression as a risk factor for mild cognitive impairment or Alzheimer’s disease in 30 US Alzheimer’s disease centers. J. Alzheimers Dis. 31, 265–275. doi: 10.3233/JAD-2012-111922

Taylor, W. D., Aizenstein, H. J., and Alexopoulos, G. S. (2013). The vascular depression hypothesis: Mechanisms linking vascular disease with depression. Mol. Psychiatry 18, 963–974. doi: 10.1038/mp.2013.20

Tebrügge, S., Winkler, A., Gerards, D., Weimar, C., Moebus, S., Jöckel, K. H., et al. (2018). Olfactory function is associated with cognitive performance: Results of the Heinz Nixdorf Recall study. J. Alzheimers Dis. 63, 319–329. doi: 10.3233/JAD-170863

Textor, J., van der Zander, B., Gilthorpe, M. S., Liskiewicz, M., and Ellison, G. T. (2016). Robust causal inference using directed acyclic graphs: The R package ‘dagitty’. Int. J. Epidemiol. 45, 1887–1894. doi: 10.1093/ije/dyw341

Wege, N., Dlugaj, M., Siegrist, J., Dragano, N., Erbel, R., Jöckel, K. H., et al. (2011). Population-based distribution and psychometric properties of a short cognitive performance measure in the population-based Heinz Nixdorf Recall Study. Neuroepidemiology 37, 13–20. doi: 10.1159/000328262

Winblad, B., Palmer, K., Kivipelto, M., Jelic, V., Fratiglioni, L., Wahlund, L. O., et al. (2004). Mild cognitive impairment–beyond controversies, towards a consensus: Report of the international working group on mild cognitive impairment. J. Intern. Med. 256, 240–246. doi: 10.1111/j.1365-2796.2004.01380.x



OPS/images/fnbeh-16-988621-g002.jpg
S years follow-up

(t1)

n=4157
i == Missing or incomplete cognitive data (t1), n=71
| n=d086
Non-returners (t2), n=1043
v ll Missing or incomplete cognitive data (t2), n=177
\ Rasen Missing or incomplete data on:
Subijective cognitive decline (t1&t2): n=9
> Education for cognitive diagnosis, n=4
v Activities of daily living: n=3
Less than two CES-D measurements: n=1
| n=2849
:{ Dementia/MCl/objective cognitive impairment (t1), n=1294
\ 4
| n=1555
> Dementia (t2), n=8
g
¥ n=147 incident MCI at t2
n=1547 n=1400 no MCI at t2 Analysis sample






OPS/images/fnbeh-16-988621-g001.jpg
5 years 10 years
Baseline follow-up follow-up
(n=4814) (n=4157) (n=3087)
CES-D self CES-D self CES-D self
administered at administered at administered at
study center study center study center
(n=4645) (n=4193) (n=2948)
No cognitive Cognitive Cognitive
assessment assessment assessment
performed (n=4086) (n=2895)
to tl | CES-D CES-D CES-D | t2 | CES-D CES-D CES-D
n=2118 n=3478 n=3223 n=2508 n=2091 n=1138
\ J \ J
L Y






OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Fluctuation of depressive symptoms in cognitively unimpaired participants and the risk of mild cognitive impairment 5 years later: Results of the Heinz Nixdorf Recall study



		Introduction



		Materials and methods



		Study participants



		Cognitive assessment



		Cognitive diagnoses



		Depressive symptoms



		Covariates



		Statistical analyses







		Results



		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Behavioral Neuroscience

Fluctuation of depressive
symptoms in cognitively
unimpaired participants
and the risk of mild cognitive
Impairment 5 years later:
Results of the Heinz Nixdorf
Recall study







OPS/images/fnbeh-16-988621-t003.jpg
Relative risk for incident MCI at t2

No MCI
att2

Total
n=1226
n=101
n=73

Men
n =596
n =30
n=27

Women
n =630
n=71
n=46

Incident
MCI at t2

n=061
n=>5

n=>5

n=>52

CES-D fluctuations
over 13 years

Stable low
Large fluctuations

Stable high or stable
around cut-off

Stable low
Large fluctuations

Stable high or stable
around cut-off

Stable low
Large fluctuations

Stable high or stable
around cut-off

Unadjusted
RR (95% CI)

1.00 (reference)
1.62 (0.96-2.74)
2.34 (1.43-3.85)

1.00 (reference)
1.54 (0.62-3.83)
1.68 (0.68-4.19)

1.00 (reference)
1.76 (0.92-3.37)
2.89 (1.57-5.31)

P-value

0.07
0.001

0.35
0.26

0.09
0.001

Adjusted (1)
RR (95% CI)

1.00 (reference)
1.95 (1.14-3.31)
2.29(1.39-3.77)

1.00 (reference)

N/A!

1.00 (reference)
1.96 (1.01-3.82)
2.89 (1.57-5.32)

P-value

0.014
0.001

0.046
0.001

Adjusted (2)
RR (95% CI)

1.00 (reference)
1.89 (1.10-3.23)
227 (1.38-3.75)

1.00 (reference)

N/A!

1.00 (reference)
1.78 (0.89-3.55)
2.93 (1.59-5.41)

MCI, mild cognitive impairment; CES-D, Center for Epidemiologic Studies Depression Scale; RR, relative risk; CI, confidence interval, N/A, not applicable.
Data are from log-linear regression models with a Poisson working likelihood; significant p-values are presented in bold.
(1) Adjusted for age at t1, sex (only for the total sample calculations: male/female) and years of education (<10 years, 11-13 years, 14-17 years,>18 years).
(2) Additionally adjusted for diabetes mellitus at t1 (yes/no), history of coronary heart disease at t1 (yes/no) and history of stroke at t1 (yes/no).

No calculation due to small sample sizes of incident MCI cases.

P-value

0.021
0.001

0.10
0.001










OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Behavioral Neuroscience






OPS/images/fnbeh-16-988621-t001.jpg
Age, t1, years
Sex
Male
Education
<10 years
11-13 years
14-17 years
>18 years
APOE &4?
€4 positive
BML, t1, kg/m?
Prevalence of diabetes mellitus, t1
Blood pressure, t1
Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Prevalence of hypertension, t1
JNC 7 stage 13
JNC 7 stage 24
History of coronary heart disease, t1
History of stroke, t1
Smoking status, t1
Never smoked
Former smoker
Current smoker
Depression
CES-D° score, t1
CES-D° score, t2
CES-D® > 17,11
CES-D° > 17, 12
Use of antidepressants, t1
Use of antidepressants, t2
CES-D fluctuations over 13 years
Stable low
Stable high
Stable around cut-off

Large fluctuations

Total(n = 1547)

62.7+6.1

724 (47)

107 (7)
824 (53)
358 (23)
258 (17)

377 (26)
278+ 46
226 (15)

131.0 4+ 18.7
78.9 +10.1

390 (25)
118 (8)
91 (6)
38(3)

652 (42)
653 (42)
242 (16)

7.0+ 6.0
6.9+ 6.1
111 (7)
111 (7)
92 (6)
115 (7)

1339 (86)
16 (1)
75 (5)
117 (8)

Incident MCI at t2(n = 147)

65.6+7.6

71 (48)

14(10)
74 (50)
45 (31)
14(9)

47 (33)
279450
25(17)

131.94+18.3

77.3 £ 8.9

36(25)
11(8)
12(8)
8(5)

67 (46)
59 (40)
21 (14)

94471
98+7.6
20 (14)
21 (15)
15 (10)
13(9)

113 (77)
3(2)
15 (10)
16 (11)

624+7.0

653 (47)

93 (7)
750 (54)
313 (22)
244 (17)

330 (25)
278446
201 (14)

130.9 +18.8
79.0 £10.2

354 (25)
107 (8)
79 (6)
30 (2)

585 (42)
594 (42)
221 (16)

68458
6.6+58
91 (7)
90 (7)
77 (6)
102 (7)

1226 (88)
13(1)
60 (4)
101 (7)

No MCI at t2(n = 1400)

P-value!

<0.001

0.70

0.013

0.026
0.97
0.39

0.46
0.10

0.98

0.22
0.014

<0.001
<0.001
0.001
<0.001
0.022
0.49

0.002

APOE, Apolipoprotein E; BMI, body mass index (kg/mz); JNC 7, Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure; MCI, Mild
cognitive impairment; t1, first follow-up; t2, second follow-up.

Data are presented as means (£SD) or as numbers (%) unless otherwise indicated.

! Comparisons between groups (incident MCI at t2 vs. no MCI at t2) calculated using Mann-Whitney U test or Pearson x 2-test as appropriate; significant p-values are presented in bold.
2e4 positive = at least one ¢4 allele (€2/e4, €3/e4, and e4/e4); genotyping not available for 7 = 72 participants.

3Stage 1 = 140-159 mmHg.

Stage 2 > 160 mmHg,.

®Missing values for n = 9 participants.
©Missing values for n = 45 participants.
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Relative risk for incident MCI at t2

NoMCI  Incident CES-D!scoreattl Unadjusted  P-value  Adjusted (1)  P-value  Adjusted (2)  P-value
att2 MCI att2 RR (95% CI) RR (95% CI) RR (95% CI)
Total!
n=1392 n =146 Increase by one point 1.052 <0.001 1.054 <0.001 1.053 <0.001
(1.030-1.074) (1.032-1.077) (1.031-1.076)
Men
n =651 n=71 Increase by one point 1.044 0.010 1.046 0.006 1.046 0.007
(1.010-1.078) (1.013-1.081) (1.012-1.081)
Women
n=741 n=75 Increase by one point 1.060 <0.001 1.061 <0.001 1.059 <0.001
(1.031-1.089) (1.031-1.091) (1.029-1.090)
CES-D! > 17 at t1
Total!
n=1301 n=126 No 1.00 (reference) 1.00 (reference) 1.00 (reference)
n=91 n=20 Yes 2.04 (1.27-3.27) 0.003 224 (1.39-3.61) 0.001 2.22 (1.38-3.58) 0.001
Men
n=616 n=66 No 1.00 (reference) 1.00 (reference) 1.00 (reference)
n=35 n=>5 Yes 1.29 (0.52-3.21) 0.58 N/A? N/A?
Women
n =685 n =60 No 1.00 (reference) 1.00 (reference) 1.00 (reference)
n=56 n=15 Yes 2.62 (1.49-4.62) 0.001 2.68 (1.52-4.73) 0.001 2.59 (1.46-4.58) 0.001

MCI, mild cognitive impairment; CES-D, Center for Epidemiologic Studies Depression Scale; RR, relative risk; CI, confidence interval, N/A, not applicable.
Data are from log-linear regression models with a Poisson working likelihood; significant p-values are presented in bold.

(1) Adjusted for age at t1, sex (only for the total sample calculations: male/female) and years of education (<10 years, 11-13 years, 14-17 years, >18 years).
(2) Additionally adjusted for diabetes mellitus at t1 (yes/no), history of coronary heart disease at t1 (yes/no) and history of stroke at t1 (yes/no).

! Missing values for # = 9 participants.

2No calculation due to small sample sizes of incident MCI cases.






