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Abstract

Cognitive functioning is disrupted during a depressive episode and cognitive dysfunction persists 

when depression is in remission. A subtype of depressed individuals who exhibit elevated 

inflammatory biomarkers may be at particular risk for cognitive dysfunction. We examined 

whether an elevated inflammatory biomarker (C-reactive protein: CRP) in acute and/or remitted 

depression was associated with specific deficits in executive functioning, episodic memory, and 

verbal fluency. Data were drawn from a population-based sample of Dutch adolescents (N = 

1,066; 46% male) recruited at the age of 11 and followed over the course of eight years. We tested 

whether adolescents with either, (i) a history of depression (Wave 1 – 3) or (ii) current depression 

(Wave 4), and elevated levels of C-reactive protein measured in blood at Wave 3 performed worse 

on cognitive assessments at Wave 4. Eight measures of cognitive functioning were hypothesized to 

load on to one of three dimensions of cognitive functioning (executive functioning, episodic 

memory, and verbal fluency) within a structural equation model framework. Higher levels of CRP 

were associated with worse future executive functioning in adolescents with and without current/

prior depression. A current depression diagnosis also was associated with worse future executive 

functioning. There was consistent evidence linking low socioeconomic status and health-related 

covariates (high body mass index/sedentary behavior) with worse performance across multiple 

measures of cognitive functioning and, importantly, the association of depression/CRP and 

executive functioning was no longer significant when controlling for these covariates. Future 

studies may benefit from investigating whether specific depressogenic behaviors (e.g., sedentary 

behavior/substance use) mediate a relationship between depression and worse executive 

functioning, potentially via a prospective pathway through elevated inflammation.
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1. Introduction

Depression is a highly prevalent, recurrent, and burdensome disorder that typically first 

emerges during adolescence (1, 2). Depression tends to follow a remitting, relapsing course: 

recurrent episodes occur for 50% of individuals who experience a first depressive episode 

and 80% of those who experience a second episode (3, 4). The consequences of depression 

are severe; most depressed individuals (approximately 60%) report that the impact of 

symptoms on functioning is severe or very severe, particularly for social functioning, and 

depression is associated with increased risk of adverse outcomes, such as suicidal behavior 

and cardiovascular disease (4–7). It is the heavy disease burden of depression combined with 

its high prevalence, early onset, and recurrent course that makes it imperative to better 

understand the etiology of depression, particularly during adolescence when it typically first 

emerges.

Cognitive vulnerabilities, that are characterized by negative biases in the way individuals 

attend to, interpret, and recall information from their environment, have been shown to 

precede depression and predict its first onset in prospective, longitudinal studies and in high-

risk designs (8–12). However, in addition to the existence of negative cognitive biases in 

depression, there is accumulating evidence that cognitive processes (e.g., memory, attention, 

and executive functioning) are disrupted in depression. Depressed individuals perform worse 

across a broad range of cognitive domains (e.g., episodic and working memory, sustained 

attention, psychomotor speed, and executive function) when compared to healthy controls 

(13–16). These deficits are observed at first onset (17), in both medicated and unmedicated 

samples (18), and in both community and in-patient samples (19). Moreover, deficits across 

a range of cognitive domains persist in remitted depression (most consistently in 

psychomotor speed, attention, executive functioning, and verbal fluency) (13, 20–22); 

deficits in episodic memory are typically confined to a current depressive state (13, 21, 23). 

There is growing interest in understanding why cognitive dysfunction is observed in 

depression, particularly given its major contribution to functional impairment (24–26).

The association between cognitive functioning and depression may be characterized by four 

relationships. First, cognitive dysfunction may be caused by the presence of depressive 

symptoms, with cognitive dysfunction limited to the duration of a depressive episode (16). 

Second, depression, particularly a more severe and/or chronic course, may lead to 

neuropsychological scarring, such that cognitive dysfunction persists beyond a depressive 

episode (27). Third, cognitive dysfunction may play a causal role in the onset of depression 

(28–31) – for example, cognitive dysfunction may generate stressful life events (e.g., 

academic failure) precipitating a depressive episode. Finally, depression and cognitive 

functioning may not be causally related and, instead, observed associations may be due to 

common underlying causes (e.g., inflammation) (32–34). It should be noted that these 
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relationships are not mutually exclusive, and instead, may exert reciprocal effects. To extend 

our previous example, cognitive dysfunction generates stressful life events (e.g., academic 

failure) leading to depression, which, in turn, leads to substance use that further worsens 

cognitive functioning and, exacerbated by further impairment in cognitive functioning, 

increases the likelihood of further academic failure, resulting in increasing depressive 

symptoms…). In fact, Mac Giollabhui et al. (34) have shown in a single cohort that 

cognitive dysfunction worsens during a depressive episode, persists when depressive 

symptoms abate, and that stress exposure is longitudinally associated with both increased 

depressive symptoms and worse cognitive functioning. The lack of firm conclusions about 

the prospective associations of cognitive functioning and depression may be exacerbated by 

the relative dearth of longitudinal studies examining cognitive functioning prior to first onset 

of depression.

Difficulty in accurately characterizing the relationship between cognitive functioning and 

depression is exacerbated by heterogeneity within depression and variability in how 

cognitive functioning is assessed. Cognitive deficits in depressed individuals vary based on a 

wide range of demographic (age, education, socioeconomic status) and clinical 

characteristics (pre-clinical dementia, severity of depressive symptoms, recurrence of 

depression, comorbid conditions, and medication status) (14, 16, 35–39). Thus, it may be 

that group differences observed in cognitive functioning within depressed samples are driven 

by specific demographic, clinical, and/or biologically-based phenotypes (39, 40). Second, 

discrepant results may be due to differences in the domains of cognitive functioning assessed 

in a given study and/or differences in the functional demands of a specific cognitive test; for 

example, some tasks assessing cogntive flexiblity also capture variability in psychomotor 

speed while others also capture variability in problem-solving/rule learning. Moreover, most 

studies examine a relatively small number of cognitive domains, and typically, it is unclear 

whether cognitive deficits reported are specific to the domain assessed (e.g., differentially 

affecting episodic memory) or reflect difficulties in cognitive functioning that are more 

generalized in nature (e.g., affecting episodic memory and multiple other domains).

Meaningful progress toward understanding the relationship between cognitive functioning 

and depression may require a better understanding of the biological mechanism(s) 

underpinning cognitive dysfunction in depression, which, in turn, may identify for whom 

and under which conditions cognitive dysfunction emerges in depression. Multiple, 

overlapping biological pathways are implicated in the development of cognitive dysfunction 

in depression (40). In particular, there is convergent evidence for inflammation as a 

neurobiological mechanism underpinning cognitive dysfunction in depression. Peripheral 

inflammation can act directly upon the central nervous system (41–44) and disrupt neuronal 

processes (e.g., long-term potentiation, synaptic plasticity, and neurogenesis) as well as 

affect brain regions and their respective cognitive associates (e.g., hippocampus: episodic 

memory; anterior cingulate cortex: executive function). Studies have linked inflammatory 

biomarkers with impaired cognition in medical (45–47), healthy elderly (48–50), and 

healthy adult (51–53) samples; however null results also are observed (54). Inflammatory 

biomarkers also have been prospectively associated with worse cognition in healthy middle-

aged samples (55, 56). Inflammation also is implicated in the development of ‘sickness’ 

behaviors that characterize depression (anhedonia, social withdrawal, psychomotor 
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retardation) (57, 58). Experimental induction of inflammation is associated with the onset of 

depressive symptoms (59) and it also prospectively predicts depression in community 

samples (60–62). It is noteworthy that elevated peripheral biomarkers of inflammation are 

likely present in just a subgroup (approximately 30%) of individuals with MDD (63–67). 

Thus, there is strong evidence linking inflammatory physiology in both cognitive 

dysfunction and depression.

A small, emerging body of research has examined the relationship between inflammatory 

biomarkers and cognitive functioning in major depression (MDD) (68), and there is 

convergent evidence linking inflammatory biomarkers with structural and functional brain 

abnormalities observed in MDD as well as cognitive dysfunction (40, 69, 70). Elevated 

inflammatory biomarkers have been associated with psychomotor retardation, memory 

deficits, and impaired executive functioning in adults with current MDD (71–74); however, 

it is notable that, although inflammatory biomarkers are associated with cognitive 

functioning in the depressed group, they also are associated with cognitive dysfunction in 

healthy controls (72, 74). Other studies have shown that inflammatory biomarkers may be 

indirectly associated with worse working memory via higher body mass (53), and 

longitudinal data indicate that higher body mass prospectively predicts both worse executive 

functioning and more severe depressive symptoms in a diverse, community sample of 

adolescents, with interleukin-6 as the mediator of the body mass-executive functioning 

association (32). These studies provide initial evidence implicating inflammatory biomarkers 

in the etiology of cognitive dysfunction in depression. However, many outstanding questions 

exist – two of which will be investigated in this study. First, are depression and 

inflammatory biomarkers independent risk factors for cognitive dysfunction or do these 

factors compound so that individuals with elevated depression and inflammatory biomarkers 

experience greater difficulties than individuals with either depression or an elevated 

inflammatory biomarker alone? Second, is the association between an elevated inflammatory 

biomarker and cognitive dysfunction limited to depressive episodes, or might the presence of 

persistently elevated inflammatory biomarkers explain why cognitive dysfunction is 

observed outside of depressive episodes?

This study examined these two central questions using four waves of data from a population-

based sample of Dutch adolescents (N = 1,066). Specifically, we tested whether adolescents 

with either (1) a history of depression (self-reported symptoms at Waves 1 – 3 or 

retrospective diagnosis at W4) or (2) current depression (self-reported symptoms or 

diagnosis at Wave 4) and elevated levels of an inflammatory biomarker (C-reactive protein: 

CRP) measured in blood at Wave 3 performed differentially worse on cognitive tests at Wave 

4. In addition, we investigated whether CRP and/or depression were associated with specific 

deficits in executive functioning, episodic memory, and verbal fluency or whether they were 

associated with a more generalized pattern of cognitive dysfunction. These three dimensions 

of cognitive functioning were estimated using a structural equation model framework based 

on eight measures of cognitive functioning: executive functioning, episodic memory, and 

verbal fluency.

We hypothesized that:
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1. Individuals with current depression at Wave 4 and elevated CRP at Wave 3 will 

perform worse on tests of executive functioning, episodic memory, and verbal 

fluency at Wave 4 than individuals with either current depression or elevated 

CRP alone.

2. Individuals with a history of depression (Waves 1 – 3) and elevated CRP (Wave 

3) will perform worse on tests of executive functioning and verbal fluency (but 

not episodic memory) at Wave 4 than individuals with either current depression 

or elevated CRP alone.

These hypotheses are generally in line with previous findings of cognitive deficits in current 

depression/depression history (13, 14, 20, 21, 75). It should be noted that, because this study 

only measured CRP and cognitive functioning at a single timepoint, we only investigated a 

single dimension of the possible associations of CRP, cognitive functioning and depression. 

For example, it is equally plausible that CRP may lead to difficulties in self-regulatory 

behavior, which may, in turn, leads to stress generation and depression (76).

2. Materials and methods

2.1 Participants

Data were drawn from the TRacking Adolescents’ Individual Lives Survey (TRAILS), a 

prospective cohort study examining psychosocial development and mental health during 

adolescence and early adulthood. Adolescents aged 11 years were recruited and attended 

regular follow-up assessments every 2–3 years. Two separate cohorts were followed by 

TRAILS: one population-based and another clinic-based (77). This study is based on data 

from the TRAILS population-based cohort. Adolescents were recruited from 135 schools in 

five municipalities in the north of The Netherlands, which included both urban and rural 

areas. Eligible participants were required to be enrolled in primary school, and of 2935 

youth who met this criterion, 2230 (76%) provided informed consent from both parent and 

child to participate.

The current study utilized data from Waves 1 – 4. From the baseline sample, 1,231 

adolescents’ blood was assayed at Wave 3 (W3), of whom 18 participants were excluded 

because CRP > 10mg/L and they also reported either experiencing illness, injury, or a doctor 

visit/hospitalization during the prior week. From the 1,213 remaining participants, 1,066 had 

complete data available on all measures of cognitive functioning. The analytic sample of 

1,066 participants had a mean age of 11.09 years (SD = .56) at W1, 13.52 years (SD = .52) 

at W2, 16.19 years (SD = .65) at W3 and 19.00 years (SD = .57) at W4. In this study, 

depressive symptoms were measured at each assessment (W1 – W4), depression diagnosis 

(lifetime and 30-day prevalence) was assessed via a semi-structured interview at W4, a 

battery of neuropsychological measures were administered at W4 to measure cognitive 

functioning, and a range of covariates used in this study were assessed at W1 (socio-

economic status, age, sex) or W3 (sedentary behavior, body mass index, and substance use).

The analytic sample was less likely than the complete TRAILS sample enrolled at baseline 

to include individuals of low socioeconomic status [(SES); mean difference = .41, p < .001] 
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and males, χ2(1, 2228) = 7.89, p = .005. No difference in baseline age was observed, (p 
= .12).

2.2 Measures

2.2.1 Depressive Disorder—Depressive disorders were assessed at W4 using the 

Composite International Diagnostic Interview, version 3.0 (CIDI) (78). The CIDI is a 

structured diagnostic interview that uses criteria from the Diagnostic and Statistical Manual 

of Mental Disorders, fourth edition to identify individuals meeting criteria for a major or 

dysthymic depressive diagnosis during their lifetime or during the 30 days prior to interview 

(current). The CIDI is a valid, reliable, and widely used instrument to assess depression (79–

81).

2.2.2 Depressive Symptoms—Depressive symptoms were assessed at W1 – W4. 

During the first three waves, depressive symptoms were measured using the Withdrawn/

Depressed scale of the Youth Self-Report (YSR) (82). The scale has demonstrable reliability 

at W1 (8 items; α = .72), W2 (14 items; α = .74), and W3 (14 items; α = .77). At W4, the 

Withdrawn/Depressed scale (14 items; α = .76) from the Adult Self-Report form was 

administered (83).

2.2.3 C-Reactive Protein—C reactive protein (CRP) is a liver-based protein used as an 

indicator of systemic inflammation. The current study used a high sensitivity CRP assay 

capable of reliably measuring CRP at lower levels of detection. At Wave 3, 39.5 ml of blood 

was drawn from fasting participants and breakfast was subsequently provided – 89.9% of 

participants endorsed fasting at the time of the blood draw. CRP was assayed using an 

immunonephelometric method, BN2 of Siemens Medical Solutions USA (Malvern, PA, 

USA) with a lower detection limit of 0.175 mgl−1. Intra-assay coefficients of variance 

ranged from 2.1 to 4.4 mgl−1, and inter-assay coefficients of variance ranged from 1.1 to 4.0 

mgl−1. CRP values were relatively low, as might be expected in a community sample of 

adolescents, with 90% of participants exhibiting hsCRP values < 3.2mg/L.

2.2.4 Cognitive Functioning—Reliable and valid measures of cognitive functioning 

were administered at W4. Measures administered are discussed briefly here and thorough 

descriptions are provided in Supplementary Information. Normative data were not used 

because Dutch norming data were not available across all measures. Cognitive data are 

described in Supplementary Table 1. Auditory, verbal working memory was measured using 

the ‘Digit Span Backwards’ from the Wechsler Adult Intelligence Scale, third edition 

(WAIS-III), Dutch version (84). Visual working memory was assessed using the Self-

Ordered Pointing Task (85); the average number of errors was used as the outcome variable 

for this task, given that it is the most sensitive outcome (86) and to be consistent with prior 

TRAILS studies (87). Visual organization, a component of executive functioning, was 

assessed using the ‘Copy’ trial of the Rey-Osterrieth Complex Figure Test (88), in which 

participants were asked to draw a complex geometric shape. Visuo-constructional and non-

verbal reasoning skills were assessed using the ‘Block Design’ subtest of the WAIS-III (84). 

Immediate (number of words recalled across five trials) and delayed (number of target words 

recalled following a delay) verbal episodic memory was assessed using a list learning task 
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(Rey Auditory Verbal Learning Test) (89). Verbal fluency (phonological and semantic) was 

measured using a modified version of the short test of semantic and phonological fluency

Three latent constructs were hypothesized to underpin these eight measures: executive 

functioning, episodic memory, and verbal fluency. It should be noted that important 

components of executive functioning were not available, such as inhibition and cognitive 

flexibility (90), and less commonly used measures were included, such as visual reasoning 

and visual organization. This decision was based upon the measures available, and when 

these four measures were separated into two latent factors of visual/verbal working memory 

(Self-Ordered Pointing Task/Digit Span Backward) and visual organization/reasoning (Rey-

Osterrieth Complex Figure Test/Block Design), the correlation of the latent factors was .83. 

Although verbal fluency often is considered an index of executive functioning, more recent 

research has identified it as more closely linked with language skills and psychomotor speed 

(91, 92).

2.2.5 Covariates

Sociodemographic variables.: Participant sex was measured at W1 (male was coded as 

‘1’). Age was assessed at all assessments, as was SES. SES was estimated using five 

indicators: family income, maternal educational level, paternal educational level, maternal 

occupational level and paternal occupational level using the International Standard 

Classification of Occupations and has been consistently used in TRAILS (93, 94). Height 

and weight were measured at W3 and used to calculate body mass index (kg/m2).

Behavioral variables.: Participant sedentary behavior measured at W3 was calculated as the 

mean number of hours: sitting at a computer (Monday-Friday); sitting at a computer 

(Saturday/Sunday); watching television or video (Monday-Friday); and watching television 

or video (Saturday/Sunday). Substance use was measured at W3 and calculated as the mean 

of the number of cigarettes smoked in the last week (0 = ‘I don’t smoke’; 1 = ‘I haven’t 

smoked in the last week’; 2 = ‘< 1 cigarette a day; 3 = ‘1–5 cigarettes a day’; 4 = ‘6–10 

cigarettes a day; 5 = ‘11–20 cigarettes a day’; 6 = ‘>20 cigarettes a day’) and number of 

days of the last week participant drank alcohol.

2.2.6 Analyses—Analyses were conducted in Mplus (Version 7.4) and missing data 

were handled using Full Information Maximum Likelihood. We used growth mixture 

modelling to identify the smallest number of classes of individuals exhibiting different 

intercepts and trajectories of depressive symptoms measured at Waves 1 – 3, as described by 

Jung and Wickrama (95). Latent class growth analysis, where the variance and covariance 

estimates of the growth factors are constrained to be zero within each class, was not selected 

because of the known heterogeneity in depressive symptoms. Estimated models constrained 

residual variances to be equal and estimation was based on 500 random starts and 200 

optimizations in the final stage. Depressive symptoms (W1-W3) do not exhibit evidence of 

skewness or kurtosis (all estimate < 1.02). We set out with a one-class solution and 

subsequent models were progressively added. Model identification was based upon 

theoretical interpretability of the classes estimated (i.e., latent classes being congruent with 

trajectories of depression in adolescence) and model fit. Model fit was assessed via 
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commonly used indices of fit and likelihood-based statistical tests [Akaike information 

criterion (AIC), Bayesian information criterion (BIC), entropy, Vuong Lo-Mendell-Rubin 

likelihood ratio test] (96, 97).

Next, a structural equation model approach identified the model that best fit the cognitive 

data based on three possible models: single factor model, correlated factors model (three 

latent factors), or a bifactor model (one general factor/three specific factors). Three factors 

were generated from eight cognitive tasks thought to measure: executive functioning (verbal/

visual working memory and visual organization/visuoconstructional abilities), verbal fluency 

(phonological/semantic fluency), and episodic memory (immediate/delayed recall). 

Although, verbal fluency often is considered an executive function, there is strong evidence 

that it indexes verbal abilities (91) and/or psychomotor speed (92). The model that best fit 

our data was selected based on the Comparative Fit Index (CFI), Tucker Lewis Index (TLI), 

Root Mean Square Error of Approximation (RMSEA), AIC and BIC. The Chi-Square test of 

model fit was reported according to convention, but was not interpreted because it has 

limited utility in large samples (i.e., N > 200) (98, 99). For the CFI, good fit consisted of a 

value > .90 and excellent fit by a value > .95. A RMSEA statistic between .05 and .10 was 

indicative of good fit, whereas a value <.05 was indicative of excellent fit (100). Lower AIC 

and BIC values were considered indicative of better model fit.

Third, for predictive analyses, two models were fitted separately for the two measures of 

depression: (i) depressive symptoms measured at Waves 1 – 4 and (ii) lifetime and recent 

depression diagnosis measured at Wave 4. For both models, we examined whether 

depression and CRP were associated with cognitive functioning when controlling for 

demographic and behavioral variables. Subsequently, we included an interactive term of 

CRP by depression (both current and past). Demographic and behavioral variables were 

selected that are known correlates of depression, CRP, and/or cognitive functioning (101, 

102).

Sensitivity analyses [based on recommendations by Mac Giollabhui et al. (103)] evaluated 

the generalizability of results based on how extreme CRP values are handled in analyses;. 

For the main analyses, 18 extreme CRP values were excluded where CRP > 10mg/L and the 

participant reported experiencing illness, injury, or a doctor visit/hospitalization during the 

prior week. Sensitivity analyses were reported where all CRP values > 10mg/L (n = 40) 
were both included and excluded.

3. Results

Bivariate correlations and descriptive statistics for the main study variables are presented in 

Table 1 for the analytic sample of 1,066 adolescents with complete data on cognitive 

measures, whose blood was assayed at Wave 3 (W3), and who did not exhibit evidence of 

acute illness/injury. Notable associations are described below. Identifying as female (W1) 

was generally associated with higher depression across multiple waves, BMI (W3), CRP 

(W3), and episodic memory (W4). Higher SES (W1) also was consistently associated with: 

less severe depression across multiple waves; lower BMI, lower CRP, and sedentary 

behavior (W3); and better performance on all cognitive measures (W4). Depressive 
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symptoms (W1 –W4) were generally associated with higher BMI, CRP, and sedentary 

behaviors. Elevated depression was generally associated with worse working memory, but 

not other aspects of cognitive functioning at W4 and both BMI and CRP were consistently 

associated with measures of executive functioning.

3.1 Latent Class Analysis of Depressive Symptoms

Latent-class analysis identified the best fitting model of depressive symptoms, based on 

depressive symptoms reported (W1 - W3). Fit statistics, latent class intercept and slope, and 

latent class size are provided in Table 2 for all models. A two-class solution was selected 

identifying a group with lower baseline depressive symptoms that decreased across waves 1 

– 3 (intercept: .32, p<.001; slope: −.03, p<.05; n = 883) and a group with higher baseline 

depressive symptoms that increased across waves 1 – 3 (intercept: .49, p<.001; slope: .17, 

p<.001; n = 183). Complete detail on why a two-, rather than three- or four-, class solution is 

provided in supplementary material.

3.2 Factor Models of Cognitive Variables

Fit indices for three potential models of the cognitive measures are presented in Table 3. A 

single factor solution fit the data poorly based on the CFI, TLI, and RMSEA and no reliable 

solution was found using a bifactor model. Instead, the correlated factors model 

demonstrated good to excellent fit across all indices. Visual depiction of the correlated 

factors model including factor loadings and path coefficients is presented in Figure 1. Factor 

loadings for each latent variable ranged from .40 to .96 and the measure of association 

ranged from .45 to .67.

3.3 Structural Models Predicting Cognitive Functioning by CRP and prior depression

Following identification of a model that provided a satisfactory fit for the cognitive 

measures, we subsequently extended the correlated factors model to examine the 

associations of CRP and depression with domains of cognitive functioning within a 

structural equation modeling framework. We iteratively examined the following models: 

depression (current depression and history of depression; Model 1); depression, CRP, and 

demographic variables (sex, age, SES) (Model 2); depression, CRP, demographic, and 

biobehavioral variables (sedentary behavior, body mass index, substance use) (Model 3); 

followed by the introduction of the interaction terms (CRP x current depression: Model 4; 

CRP x history of depression: Model 5). Fit indices for all models ranged from good to 

excellent – see Supplementary Table 2 for complete information.

The associations of depressive symptoms [latent trajectory (i.e., history)/current symptoms] 

and depression diagnostic status [history/current diagnosis (within last 30 days)] and CRP 

(in addition to important covariates) with cognitive functioning are reported in Table 4. In 

Model 1, where both current and prior depression were entered, only a current depression 

diagnosis was associated with worse executive functioning. When adjusting for demographic 

covariates and depression (past/current), higher CRP was associated with worse executive 

functioning. Higher SES consistently was associated with higher performance on all 

measures of cognitive functioning. When additional biobehavioral covariates were 

introduced in Model 3, the associations of higher CRP and worse executive functioning was 
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no longer statistically significant. Higher levels of sedentary behavior were associated with 

worse executive functioning and verbal fluency, whereas higher levels of BMI were 

associated with worse episodic memory. CRP did not interact with trajectories of depressive 

symptoms or prior depression diagnosis (Model 4) to predict differential performance in any 

domain of cognitive functioning. It should be noted that, in the case of a current depression 

diagnosis, all 29 individuals who met criteria for acute depression had previously 

experienced a depressive episode and consequently it is not possible to disentangle current 

from recurrent depression.

3.4 Sensitivity analyses and Exploratory Analyses

No meaningful differences were observed in analyses in which all CRP values greater than 

or equal to 10 mg/L were either removed or included. We conducted additional exploratory 

analyses to estimate whether the observed association of CRP and executive functioning 

differed in individuals with current depression/history of depression compared to individuals 

without depression replicating the analysis presented in Table 4 for depressive symptoms 

(Depressive symptoms: Model 2). Models were specified separately by group (‘History/

current depression diagnosis’ vs. ‘No diagnosis history’) and the parameters for executive 

functioning regressed on log-transformed CRP did not differ by group (wald test statistic 

= .541, p = .46).

4. Discussion

In a population-based sample of 1,066 Dutch adolescents who were recruited at age 11 years 

and assessed on three subsequent occasions, spaced approximately 2.5 years apart, we found 

that higher levels of CRP at Wave 3 were associated with worse future executive functioning 

at Wave 4, irrespective of whether they had a history of depression or not (Waves 1 – 4). In 

addition, adolescents experiencing a current depressive episode exhibited worse executive 

functioning than non-depressed peers. There was no evidence of an additive effect whereby 

those with depression and elevated CRP performed worse on measures of cognitive 

functioning than individuals with depression or elevated CRP alone. There was consistent 

evidence linking low socioeconomic status and health-related covariates (high body mass 

index/sedentary behavior) with worse performance across multiple measures of cognitive 

functioning and, importantly, the association of depression/CRP and executive functioning 

was no longer significant when controlling for these covariates. These results provide 

evidence that, in depression, higher CRP is associated with worse executive functioning, but 

that these associations are not unique to depression.

CRP was prospectively associated with worse future executive functioning independent of 

age, sex, SES, and depression. This finding is consistent with concurrent and prospective 

associations observed in middle-aged or elderly samples (48, 49, 104, 105). The strength of 

the association between CRP and executive functioning did not differ depending on whether 

adolescents had experienced depression (either a current diagnosis or a prior diagnosis), 

suggesting that an inflammatory subtype of depression characterized by worse cognitive 

functioning may exist, but that this association is not unique to depression. This finding is 

generally consistent with previous work, although few studies have been conducted in 
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community or youth samples. Similar to this study, salivary CRP was concurrently 

associated with worse performance on some executive functioning tasks in a risk-enriched 

sample of 107 young adolescents (106), irrespective of the level of internalizing, 

externalizing, or subclinical psychotic symptoms present. However, CRP was not associated 

with two measures of cognitive functioning (visual working memory/verbal episodic 

memory) in a prior TRAILS study investigating the cognitive sequelae of herpes viruses (87) 

and was not associated with episodic memory or verbal fluency in this study. These results 

should be considered within a literature where: null results also have been observed, there is 

marked heterogeneity in the domains of cognition implicated, and effect sizes are frequently 

attenuated following adjustment for covariates, such as BMI (54, 55, 107–109). Indeed, the 

magnitude of the association of CRP and future executive functioning was small, although 

this is generally characteristic of effect sizes in the psychological science (110).

The core hypotheses of this study, namely that individuals with depression and higher levels 

of CRP would perform worse across multiple measures of cognitive functioning, was not 

supported. Only one other study has tested a similar hypothesis in a community sample; 

Cullen et al. (106) examined a risk-enriched sample of 107 children (56% of children had a 

history of developmental delays; social/emotional/behavioral problems; psychotic-like 

experiences or a family history of psychosis) and found that children with internalizing 

symptomology and elevated salivary CRP did not perform worse on measures of cognitive 

functioning, although CRP was associated with worse performance on verbal fluency and 

executive functioning tasks – a pattern of results that is broadly in line with the results of this 

study. A consistent pattern also was observed in clinical studies of adults with a current 

major depression diagnosis. Across these studies, elevated inflammatory biomarkers were 

associated with worse cognitive functioning, so that depressed individuals with higher levels 

of inflammatory biomarkers performed worse across tests of cognitive functioning, 

including executive functioning (71–74). Significantly and consistent with our results, the 

two studies that included control groups reported that elevated inflammatory biomarkers also 

were associated with cognitive dysfunction in the control condition (72, 74). It is important 

to note, however, that, despite the large sample, this sample may not have been adequately 

powered to detect a cumulative association of depression and C reactive protein on cognitive 

functioning given the relative low number of depressed individuals with elevated CRP. If we 

use diagnostic status as our indicator of depression, only 3 of 29 individuals with a current 

diagnosis and 22 out of 182 individuals with a lifetime diagnosis have C reactive protein 

values ≥ 3 mg/L.

When examining the association of depression with individual measures of cognitive 

functioning, depression, particularly current depression, was consistently associated with 

visual and verbal working memory and more severe current depressive symptoms (but not 

current diagnosis) were associated with worse verbal fluency (see Table 1). In primary 

analyses, the concurrent associations of depression (current and past) with three latent 

cognitive variables (executive functioning, verbal fluency, and episodic memory) were 

estimated and current depression alone was associated with worse executive functioning. 

These findings were generally consistent with prior meta-analyses that have observed worse 

working memory, and worse executive functioning more broadly, in individuals with acute 

depression, although such difficulties are also typically observed in remitted depression (13, 
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22, 75, 111). Depressed adults (14, 35, 75, 112) and youth (113) frequently perform worse 

on tests of verbal fluency, which also can be observed in remitted depression (22). In this 

study, consistent verbal fluency differences were not observed and, as a result, these results 

are more congruent with the considerable heterogeneity in effect size as well as null results 

that are observed (92). It may be that such deficits are less commonly observed in youth, 

where relatively fewer studies examining verbal fluency have been carried out (22, 75).

Neither past nor current depression was associated with deficits in episodic memory, 

measured using a verbal list-learning task, in the current study. Worse episodic memory has 

long been recognized as impaired in depression (114) and is consistent with reduced 

hippocampal volumes that are consistently observed in depression (115). However, reduced 

hippocampal volumes is often associated with recurrent, prolonged or repeated bouts of 

depression (115–117) and, more importantly, deficits in episodic memory are typically not 

observed in youth with a history of depression (13, 21, 23). It may be that the type of 

episodic memory tasks matters when detecting deficits in depression because memory 

difficulties typically are not observed on list-learning tasks during the first-episode of 

depression and, instead, are more likely to be observed when participants are asked to recall 

narratives (75). In addition, deficits in episodic memory are typically not observed in early 

onset depression but are pronounced in older adults (20). Thus, the null results observed in 

the current study reflect a broader pattern of findings that episodic memory, at least as 

assessed using a list-learning task, is not impaired in depressed youth.

The association of CRP and future executive function was substantially attenuated following 

the inclusion of covariates; however, this does not necessarily imply that CRP is unrelated to 

cognitive functioning. For example, there is strong theory as well as empirical data to 

suggest that inflammation may mediate the association between body mass and cognitive 

functioning (53, 118, 119). For instance, in a longitudinal study of adolescents, Mac 

Giollabhui et al. found that an inflammatory biomarker (interleukin-6), which is closely 

related to CRP, mediated the association between BMI and worse future executive 

functioning, although CRP itself did not (32). It does, however, highlight the need for further 

studies to disentangle the association of multiple overlapping risk or causal factors, such as 

SES, BMI, inflammation, stress, diet, with both depression and cognitive functioning (32, 

34, 76). For instance, low SES is generally associated with greater risk of depression (120) 

and risk factors for both depression and cognitive dysfunction, including BMI (32, 118), 

inflammatory biomarkers (101, 121), and diet (122, 123). An important limitation of this 

study is that it was only capable of examining the association of depression with future 

cognition when it is known that the relationship between depression and cognition is more 

complex (34). Further. a recent meta-analysis by Mac Giollabhui et al. (124) has shown that 

CRP is associated with future depression and that depression is associated with future CRP, 

highlighting the multiple potential ways that depression, inflammation and cognitive 

functioning may be associated. For instance, it also is plausible that, rather than depression 

leading to cognitive dysfunction, inflammation leads to executive dysfunction, which in turn 

leads to depression via stress generation (76, 125).

There is compelling evidence that SES, greater body mass, and increased sedentary 

behaviors are linked with cognitive dysfunction and similar results were observed in this 
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study. In particular, there is a striking difference in youth performance on tests of executive 

functioning, memory, and language based on SES (126, 127). Strong evidence also exists 

linking higher body mass (118, 128, 129) and increased sedentary behavior (130, 131) with 

cognitive dysfunction. Since all of these factors are inter-related (51, 52, 55, 132, 133) and, 

moreover, also are associated with both depression and inflammatory biomarkers (32, 121, 

134), an ongoing challenge for researchers is better characterizing the causal relationships 

between these variables and better understanding whether, for example, SES is associated 

with depression and cognitive dysfunction via the impact of SES on inflammation via 

increased BMI or, alternatively whether other variables, such as diet or genotype, play an 

important role (122, 123, 135–141). Rather than dissociable risk factors, it may also be that 

some of these factors represent expressions of shared biological pathways (40).

This study contained a number of notable strengths. Inflammation was assessed in serum 

using a widely-used inflammatory biomarker (CRP) and three domains of cognitive 

functioning were estimated from a large battery of reliable, valid, and widely-used 

behavioral assessments. Moreover, the use of a structural equation modeling approach 

reduced the risk of type I error caused by the increased number of statistical tests that is a 

frequent limitation of many studies examining cognitive dysfunction in depression (21). An 

SEM approach also increased confidence that observed associations were related to the 

constructs being measured, rather than task-specific variance. Finally, the use of a large, 

population-based, representative sample of adolescents likely increases the generalizability 

of these results.

These results also should be considered in the context of important limitations. Cognitive 

functioning was only assessed at a single occasion, and therefore, we cannot exclude the 

possibility that, for example, worse cognitive functioning (e.g., verbal fluency) is a risk 

factor for depression, and consequently, the true temporal relationship is the reverse of that 

observed in this study (142). Similarly, CRP was only assessed at a single timepoint and the 

possibility of reverse temporal relations cannot be excluded. Tests of cognitive functioning 

typically use standardized scores that are age and/or gender-normed; however, norms were 

not available for all tests of cognitive functioning used in this study. Thus, we cannot 

exclude the possibility that subtle effects of age or gender bias results, although this 

possibility is minimized by our same age cohort, a roughly equal number of male and female 

participants, and by controlling for these variables in all analyses. Finally, biased attrition 

may limit the generalizability of results because the analytic sample was less likely to retain 

individuals of low SES and males.

4.1 Conclusions

Depression and CRP are already negatively associated with executive functioning early in 

development when cognitive abilities are critical for academic and psychosocial functioning. 

Importantly, these results do provide evidence that in individuals who experience depression 

are more likely to exhibit executive functioning difficulties, although these associations are 

unlikely to be unique to depression. Future research is needed to disentangle the effect of 

multiple, overlapping risk factors for cognitive dysfunction in youth by examining whether 
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inflammatory biomarkers are risk markers or mediators for other deleterious processes, such 

as adiposity, substance use, sedentary behavior, and/or low socioeconomic status.
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Highlights

Higher levels of CRP were associated with worse future executive functioning.

The association of higher CRP with worse future executive functioning was observed in 

individuals with and without current and prior depression.

A current depression diagnosis was associated with worse executive functioning.

Low socioeconomic status, high body mass index, and increased sedentary behaviors 

were associated with worse cognitive functioning and, importantly, the associations of 

depression and CRP with executive functioning were no longer significant when 

controlling for these covariates.
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Figure 1. 
Visual depiction of the correlated factors model
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Table 1.

Correlation Matrix and Descriptive Statistics for Variables of Interest (n = 1,066)

Variable 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

1. W1 Age

.0
3

.0
4

.00 .00 .00 .01 −.03 .03 .04 .09** .01 −.0

6*
−.04 .03 .00 −.05 −.03 −.03 .03 .03 .03

2. W1 Sex 
(Male = 1)

– .0
3

−.0
2

.15
**

.15
**

−.04 −.12
**

−.05 −.17
**

−.12
**

−.12
**

−.0
3

.17
**

.09** −.07
*

−.07
*

−.05 −.17
**

−.19
**

−.04 −.01

3. W1 SES

– −.0

7*
−.05 −.10

**
−.09

*
−.07

*
−.07

*
−.05 −.15

**
−.10
**

.06 −.18
**

.26** .16** .13
**

.24
**

.17** .10** .22** .28**

4. W1 Dep 

Sxs
a

– .45
**

.33
**

.26
**

.28
**

.09
**

.18
**

.11** .07* .03 .07* .00 .02 .02
−.10

−.01 −.02 −.01 −.06

5. W2 

Dep. Sxs
a

– .53
**

.37
**

.52
**

.14
**

.27
**

.06 .08
**

.02 .04 −.01 .00 .06* −.05 .04 .03 .01 −.02

6. W3 

Dep. Sxs
a

– .53
**

.76
**

.14
**

.31
**

.08* .01 −.0
3

.13
**

−.02 .02 .04 −.07
*

.03 .04 −.04 −.05

7. W4 

Dep. Sxs
b

– .44
**

.21
**

.30
**

.04 .01 −.0
2

.08* −.01 −.03 .04 −.06 −.03 −.02 −.09
*

−.03

8. W1 – 3 
Depression 
Class

– .11
**

.24
**

.06* .01 .05 .07* −.02 .02 .07* −.07
*

.02 .02 −.02 −.02

9. W4 
Current 
Dep. Dx.

– .37
**

.03 .02 .02 .02 −.03 −.03 −.05 −.07
*

−.01 −.02 −.06 .00

10. W4 
Lifetime 
Dep. Dx.

– .08** .04 −.0
2

.06* −.02 −.04 .00 −.05 .01 −.02 .00 .00

11. W3 
BMI

– .30
**

−.0
3

.14
**

−.06 
*

−.08
**

−.07 
*

−.12
**

−.08
**

−.06 −.06 −.03

12. W3 
CRP

– −.0
4

−.02 −.09
**

−.09
**

−.02 −.07
*

−.02 −.01 −.05 −.03

13. W3 
Substance 
Use

– .02 .05 .10** .01 .05 .01 −.02 .03 .07*

14. W3 
Sedentary

– −.14
**

−.11
**

−.13
**

−.14
**

−.13
**

−.10
**

−.15
**

−.14
**

15. W4 
Block 
Design

– .30** .21
**

.29
**

.24** .17** .28** .27**

16. W4 
RCFT: 
Copy

– .12
**

.23
**

.23** .21** .13** .15**

17. W4 
SOPT

– .21
**

.27** .23** .17** .15**

18. W4 
DS: Back

– .35** .27** .22** .34**

19. W4 
Rey: 
Immediate

– .74** .31** .29**

20. W4 
Rey: 
Delay

– .29** .22**
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Variable 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

21. W4 
Fluency : 
Seman.

– .48**

22. W4 
Fluency: 
Phono.

–

Mean .4
6

.1
6

.35 .35 .37 .23 .17 .03 .17 21.20
1.16

c 0.87 3.17 44.43 31.47 1.56 6.75 51.14 10.53 36.45 21.98

SD = .5
0

.7
7

.29 .28 .32 .27 .38 .16 .38 3.08
2.47

c 1.08 1.29 15.11 3.06 0.78 2.06 8.65 2.64 8.37 7.38

W = Wave; Dep = Depressive; Sxs = Symptoms;

a
Sxs = Measured using the Withdrawn/Depressed scale of the Youth Self Report;

b
Sxs = Measured using the Withdrawn/Depressed scale from the Adult Self-Report; BMI = Body Mass Index; CRP = C-Reactive protein; RCFT = 

Rey-Osterrieth Complex Figure Test; SOPT = Self-ordered Pointing Task; Rey = Rey Verbal Learning Test; Seman. = Semantic; Phono. = 
Phonological; Fluency: Phono; Descriptive statistics for Age = .11.09, SD = 0.56

c
= Mean and standard deviation reported for non-transformed raw C-Reactive Protein values (mg/L)

*
= p <.05

**
= p <.001
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Table 2.

Fit Statistics and Statistical Parameters for Four Latent Class Models: a One Class Model, a Two Class Model, 

a Three Class Model, and a Four Class Model (n = 1,066)

Fit 
Statistics

Model 1: One Class Model Model 2: Two Class Model Model 3: Tdree Class 
Model

Model 4: Four Class 

Model
1

Log 
Likelihood

−333.79 −266.10 −221.14 −199.44

AIC 683.59 554.20 470.28 432.89

BIC 723.36 608.89 539.89 517.41

Entropy – 0.76 .77 .79

LRT – p < .001 p < .001 p = .11

Model 1: One Class Model Model 2: Two Class Model Model 3: Tdree Class 
Model

Model 4: Four Class 
Model

 Classes Intercept Slope N Intercept Slope N Intercept Slope N Intercept Slope N

Class One .35** .01* 1066 .32** −.03* 883 .25** .01 800 .24** .01 783

Class Two

Not estimated – one class 
model

.49** .17* 183 .47** .21** 136 .28** .30** 75

Class 
Tdree Not estimated – two class 

model

.81** −.21
**

130 .79** −.25
**

114

Class Four Not estimated – tdree class 
model

.71** .06 94

AIC = Akaike information criterion; BIC = Bayesian information criterion; LRT = adjusted Vuong-Lo-Mendell-Rubin Likelihood Ratio Test(p 
value)

*
= p <.05

**
= p <.001

1
= Failed to reliably converge on a single solution.
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Table 3.

Fit Indices for Four Potential Measurement Models underlying Cognitive Measures (n = 1,066).

Model χ2 df CFI TLI SRMR RMSEA (90% CI) AIC BIC

Single Factor 442.98 20 .76 .66 .086 .14 (.13−.15) 22768.02 22887.34

Correlated Factors 78.27 17 .97 .94 .032 .06 (.05−.07) 22386.23 22520.46

Bifactor Model failed to converge.

df = degrees of freedom; CFI = Comparative Fit Index; TLI = Tucker Lewis Index; SRMR = Standardized Root Mean Square Residual; RMSEA = 
Root Mean Square Error of Approximation; AIC = Akaike Information Criterion; BIC = Bayesian Information Criterion
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Table 4.

Depressive Symptoms (Wave 1–3 Trajectories/Wave 4) and Depression Diagnosis (History/Current) Predicting 

Domains of Cognitive Functioning

Depressive Sxs – Child Report (n = 1044) Depression Diagnosis (n = 1058)

Models Executive 
Functioning

Episodic 
Memory

Verbal 
Fluency

Executive 
Functioning

Episodic 
Memory

Verbal 
Fluency

Model 1

Depression W4 −.04 −.05 −.09 −.50** −.10 −.28

Depression W1 – W3 −.01 .11 .02 −.08 .06 .04

Model 2

Depression W4 −.02 −.03 −.06 −.31 −.04 −.13

Depression W1 – W3 .01 .07 .07 −.07 −.05 .06

Log-transformed CRP −.11* −.03 −.04 −.11* −.04 −.04

Age −.06 −.01 .07* −.06 −.01 .07*

Sex (1 = male) −.08 −.40** −.10 −.10 −.42** −.10

Socio-economic status 
(Higher status = higher 
values)

.41** .17** .36** .40** .16** .36**

Model 3

Depression W4 .00 −.01 −.04 −.40 −.16 −.13

Depression W1 – W3 −.01 .07 .01 .07 .12 .00

Log-transformed CRP −.08 .00 −.02 −.07 −.01 −.02

Age −.07 −.02 .07 −.07 −.01 .07

Sex (1 = male) −.04 −.20** −.05 −.03 −.42** −.02

Socio-economic status 
(Higher status = higher 
values)

.37** .14** .33** .37** .13** .33**

Sedentary Behavior −.20** −.06 −.13* −.19** −.05 −.14**

Body Mass Index −.08 −.07* .03 −.09 −.08* .03

Substance Use −.07 −.06 −.07 −.05 −.05 −.07*

Model 4 / Model 3 + 
Interactions

Log-transformed 
CRP*Depression W4

.01 .05 .02 −.01 −.01 .00

Log-transformed 
CRP*Depression W1 – 
W3

.01 .06 .06 −.03 .08 .01

*
= p <.05

**
= p <.001

Sxs = Symptoms; Dx = Diagnosis; CRP = C-reactive protein
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